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STATEMENT OF INTEREST OF AMICI CURIAE1

The amici are law professors, scientists, and statisticians at some of America’s leading 

universities who have devoted a substantial part of their teaching, work, research and/or writing 

to criminal law and procedure, including issues pertaining to the accuracy and reliability of 

evidence and equity in criminal outcomes.  Their work has been published by major university 

presses and in leading scientific and law journals.  The professors, scientists, and statistician 

amici are listed on Appendix A hereto. 

INTRODUCTION 

By ensuring that only valid, reliable expert testimony is admitted into evidence or relied 

upon to secure convictions, courts play a crucial role in the prevention of the injustice of 

wrongful convictions.  To protect the integrity of both individual judicial proceedings and the 

broader justice system, courts must exclude unproven and unreliable forensic testimony at 

criminal trials.  At bottom, “[t]he fair administration of justice requires that science is accurately 

and effectively communicated to the fact finders” in judicial proceedings.  Itiel E. Dror & 

Nicholas Scurich, (Mis)use of Scientific Measurements in Forensic Science, 2 Forensic Sci.  

Int’l: Synergy 333, 333 (2020). 

Firearm and toolmark (“FA/TM”) examiners purport to “match” spent ammunition to one

particular firearm—not a type of firearm, make of firearm, or model of firearm—by visually 

comparing spent ammunition recovered from a crime scene with spent ammunition from a test 

fire from the firearm suspected to have been used in the crime.  FA/TM evidence is premised on 

1  Both parties have consented to the filing of this amici brief.  No counsel for a party authored 
this brief in whole or in part, and no party or its counsel made a monetary contribution intended 
to fund the preparation or submission of this brief.  No persons other than amici, their members, 
or their counsel made a monetary contribution to this brief’s preparation or submission. 
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the unproven assumption that each firearm leaves unique, individualized markings on spent 

ammunition.  Though routinely admitted by courts for decades, the scientific community at large 

has now sounded the alarm that the “fair administration of justice” is severely threatened by the 

admission of FA/TM evidence.  In particular, the current scientific consensus is that FA/TM 

evidence lacks scientific support from well­designed, empirical studies.2  The overwhelming 

majority of studies purporting to demonstrate the validity and reliability of FA/TM evidence, in 

fact, have been poorly designed, having been “developed by insular communities of nonscientist 

practitioners”—members of the AFTE, i.e., practicing FA/TM examiners rather than scientists—

“who did not incorporate effective statistical methods.”  William A. Tobin, H. David Sheets & 

Clifford Spiegelman, Absence of Statistical and Scientific Ethos: The Common Denominator in 

Deficient Forensic Practices, at 1, 4 Statistics & Pub. Pol’y (2017), 

https://www.tandfonline.com/doi/pdf/10.1080/2330443X.2016.1270175. 

The myriad flaws in the design of existing FA/TM studies render their conclusions 

statistically—and scientifically—unreliable.  Poorly designed studies result in narrowly 

applicable data from which proponents of FA/TM analysis draw overbroad and improper 

inferences.  Among other things, while interested proponents of FA/TM analysis assert that it has 

an error rate of “1%,” e.g., FBI Laboratory Response to the Declaration Regarding Firearms and 

Toolmark Error Rates, People v. Winfield, No. 15 CR14066­01 (Cook Cnty. Cir. Ct. May 3, 

2022), at 3 (“FBI Lab Response”), the scientific community has overwhelmingly concluded that, 

because of the design of existing studies, (i) this number is woefully underinclusive and (ii) 

2 The amici will not address here the serious flaws in the entirely subjective methodology 
employed by FA/TM examiners propounded by their trade group, the Association of Firearm and 
Toolmark Examiners (“AFTE”).  Amici understand that Mr. Green has extensively briefed that 
issue.  (See Motion to Exclude Expert Testimony in Firearms Identification and Memorandum of 
Points and Authorities In Support Thereof, Nov. 2, 2021.)   



3 

existing studies have not actually or appropriately shown a “known or potential rate of error.”  

Daubert v. Merrell Dow Pharms., Inc., 509 U.S. 579, 593­94 (1993).  The import of a “known or 

potential rate of error” is obvious: “[k]nowing the error rates in a particular forensic domain is a 

vital measurement needed to ascertain the weight of the evidence.  The appropriate weight of the 

evidence cannot be known without some sense of the rates at which the technique errs.”  Dror & 

Scurich at 333 (citation omitted); see also Thomas D. Albright, How to Make Better Forensic 

Decisions, Proc. Nat’l Acad. of Sci., at 7 (Sept. 2022), https://doi.org/10.1073/pnas.2206567119

(noting that the trier of fact “truly needs to know” the “examiner’s decision, together with an 

estimate of the probability that the decision is correct.”).  Of the few more appropriately 

designed studies, the most recent—a collaboration between the FBI and the Ames Laboratory—

demonstrates that examiners are unable to repeat their conclusions between 21% and 70% of the 

time.  (Ames II, infra Section I.B.2.) 

Though some proponents of FA/TM evidence have attempted to cover over these 

consistent flaws by employing the idea of “convergent validity”—that is, the idea that, when 

taken as a whole, a group of flawed studies can tend to demonstrate reliability—this semantic 

dodge cannot change the fact that the vast majority of FA/TM studies suffer from common flaws 

and, as such, their conclusions do not become any more forceful in the aggregate. 

Moreover, despite this astounding absence of demonstrated validity, FA/TM evidence is 

often presented to juries in broad categorical strokes.  Testifying examiners report their 

conclusions by declaring a definite identification (i.e., the crime scene ammunition came from 

the suspected firearm), definite exclusion (i.e., the crime scene ammunition did not come from 

the suspected firearm), or inconclusive (i.e., the examiner cannot state one way or another).  

Such confident, definitive statements, combined with the uncertainty of how often the FA/TM 
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methodology actually results in errors, can easily cause jurors to be misled—or, at a minimum, 

confused—about the import and weight of FA/TM evidence. 

To prevent future wrongful convictions—and unfair proceedings—based on now­

discredited FA/TM evidence, amici respectfully urge this Court to take the opportunity presented 

by this case to explicitly hold that FA/TM evidence is inadmissible in criminal courts in the 

District of Columbia because it is not scientifically validated, is inherently unreliable, and does 

not meet the well­established standards set forth in Federal Rule of Evidence 702 and Daubert.  

In the alternative, if the Court is unwilling to hold that FA/TM evidence is inadmissible, amici 

respectfully urge the Court to hold that, at most, FA/TM examiners may opine that a firearm 

“cannot be excluded” as the source of the ammunition at issue. 

ARGUMENT 

I. THE SCIENTIFIC COMMUNITY HAS REJECTED THE NOTION THAT 
FA/TM IS RELIABLE OR SCIENTIFICALLY VALIDATED 

District of Columbia courts have “allowed the admission of expert testimony concerning 

ballistics comparison matching techniques” for “decades.”  Gardner v. United States, 140 A.3d 

1172, 1183 (D.C. 2016) (citing Laney v. United States, 294 F. 412, 416 (D.C. Cir. 1923)).  

“Beginning around 2008, however, questions about pattern matching generally, and bullet 

pattern matching specifically, surfaced in the scientific community.”  Id..   

Beyond raising mere “questions,” however, the broader scientific community has re­

assessed and forcefully discredited FA/TM because it has not yet been demonstrated to be 

scientifically valid.    

A. Four Reports By Committees Of Experts From The Scientific Community Have 
Concluded That FA/TM Is Not Scientifically Valid 

Beginning in 2008 and continuing through 2017, three separate panels of distinguished 

independent experts from the broader scientific and academic community (not limited to 



5 

FA/TM)—convened by National Academy of Sciences (“NAS”) and the President’s Council of 

Advisors on Science and Technology (“PCAST”)—authored four separate reports raising serious 

concerns about the scientific validity and reliability of FA/TM evidence (as well as other 

“pattern­matching” fields).3  Importantly, the committees authoring these reports consisted of 

independent scientists and professors with expertise in physics, chemistry, biology, materials 

science, engineering, biostatistics, statistics, scientific methodology and study design, and 

medicine, as well as judges and lawyers—rather than toolmark examiners, whose financial and 

professional stake in the continued embrace of their discipline is apparent.  Each of those 

national scientific committees heard testimony from forensic scientists, reviewed nearly every 

available journal article and study involving toolmark examination, and read every article or 

study submitted by members of the forensic community.4 As such, these bodies were uniquely 

qualified to determine whether this field is based on valid, reliable scientific principles or 

methodologies. 

In the end, the conclusions of these committees were uniform and devastating: the 

“fundamental assumptions” underlying toolmark examination, including the claimed uniqueness 

3 See generally, National Research Council, Ballistic Imaging, National Academies Press (2008), 
https://doi.org/10.17226/12162 (“Ballistic Imaging”); National Research Council, Committee on 
Identifying the Needs of the Forensic Sciences Community, Strengthening Forensic Science in 
the United States: A Path Forward (Aug. 2009), 
https://www.ojp.gov/pdffiles1/nij/grants/228091.pdf (“NAS Report”); President’s Council of 
Advisors on Science and Technology, Forensic Science in Criminal Courts: Ensuring Validity of 
Feature­Comparison Methods (Sept. 2016), 
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/PCAST/pcast_forensic_
science_report_final.pdf (“PCAST Report”); President’s Council of Advisors on Science and 
Technology, An Addendum to the PCAST Report on Forensic Science in Criminal Courts (2017), 
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/PCAST/pcast_forensics
_addendum_finalv2.pdf (“PCAST Addendum”). 
4 See, e.g., PCAST Report at 2, 155­160; NAS Report at xx, 2­3; Ballistic Imaging at xiii–xvi; 
PCAST Addendum. 
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of all striae, have not been proven; the theory of toolmark identification—i.e., 

“individualization” or matching any particular tool to a particular mark—is “not a scientific 

theory”; the method is subjective; and there is insufficient empirical evidence establishing either 

the scientific validity of the field or even estimating the reliability of toolmark examinations.5  In 

short, the committees concluded that FA/TM examination consists of applying a subjective 

methodology to an unvalidated assumption, and it lacks the studies necessary to demonstrate that 

it produces reproducible, repeatable, and valid results. 

B. Since The Ballistic Imaging, NAS, And PCAST Reports, The Scientific Community 
Has Continued To Cast Doubt Upon FA/TM 

Since publication of the Ballistic Imaging, NAS, and PCAST Reports, the scientific 

community has elaborated upon and amplified the criticisms of FA/TM evidence.  A litany of 

publications by authors spanning multiple disciplines have continued to call FA/TM into 

question, including but not limited to: 

x David L. Faigman, Nicholas Scurich, & Thomas D. Albright, The Field of 
Firearms Forensics Is Flawed, Sci.  Am. (May 25, 2022), 
https://www.scientificamerican.com/article/the­field­of­firearms­forensics­is­
flawed/; 

x Itiel E. Dror & Nicholas Scurich, (Mis)use of Scientific Measurements in Forensic 
Science, 2 Forensic Sci.  Int’l: Synergy 333 (2020); 

x William A. Tobin, H. David Sheets & Clifford Spiegelman, Absence of Statistical 
and Scientific Ethos: The Common Denominator in Deficient Forensic Practices, 
4 Statistics & Pub. Pol’y (2017), 
https://www.tandfonline.com/doi/pdf/10.1080/2330443X.2016.1270175; 

x Thomas D. Albright, How to Make Better Forensic Decisions, Proc. Nat’l Acad. 
of Sci., at 7 (Sept. 2022), https://doi.org/10.1073/pnas.2206567119; 

x Alan H. Dorfman & Richard Valliant, Inconclusives, Errors, and Error Rates in 
Forensic Firearms Analysis: Three Statistical Perspectives, at 5, 5 Forensic Sci.  
Int’l: Synergy (June 8, 2022); and 

5 See Ballistic Imaging at 3; NAS Report at 154; PCAST Report at 47, 60, 104, 111, 113. 
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x Heike Hoffman, Alicia Carriquiry & Susan Vanderplas, Treatment of 
Inconclusives in the AFTE Range of Conclusions, 19 Law, Prob., and Risk 317 
(2020). 

1. Existing FA/TM Studies Almost All Suffer From Serious Design Flaws 
Which Prevent Them From Validating FA/TM As A Discipline 

For a scientific method to be valid, it must be: (i) repeatable, i.e., in the context of 

FA/TM evidence, the examiner reaches the same conclusion when presented with the same 

evidence; (ii) reproducible, i.e., different examiners reach the same conclusion when presented 

with the same evidence; and (iii) accurate, i.e., the conclusion is correct.  Validation studies are 

intended to understand the range of conditions under which the method works as required, how 

well it performs, and to identify conditions under which it is likely to fail. 

A high quality study design is needed to achieve these goals.  Existing FA/TM studies, 

however, overwhelmingly suffer from design flaws preventing them from reaching these aims 

and contributing toward the validation of FA/TM.  The scientific community, including leading 

experts in study design, human cognition, statistics, and other scientific disciplines, have noted 

the myriad design flaws in existing FA/TM literature to include: 

Fundamental Study Design.  Two fundamental flaws in the design of nearly all FA/TM 

studies render them incapable of providing meaningful, generalized results applicable to FA/TM 

evidence as a whole—even when considered in the aggregate:

First, existing FA/TM studies have largely used closed rather than open sets.  In a closed­

set study there is a “match” for every test sample in a set.  PCAST Report at 108­09.  As such, a 

closed­set study is easier than one in which a test sample might have no “match,” because in a 

closed set the examiner can merely look for the closest match in the set.  Moreover, a closed set 

allows an examiner to come to correct conclusions simply by process of elimination, akin to a 

Sudoku puzzle.  Indeed, an examiner in a closed set study will be able to come to at least some 
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conclusions without having to perform any analysis.  Id.; see also United States v. Adams, 444 F. 

Supp. 3d 1248, 1264­65 (D. Or. 2020) (error rates in tests using “partly closed sets” were 

“‘nearly 100­fold higher’ than from the closed­set tests” (quoting United States v. Shipp, 422 F. 

Supp. 3d 762, 777­78 (E.D.N.Y. 2019); citing PCAST Report at 109)).  For example, in one 

study, participants were asked to evaluate spent ammunition and match it to 10 potential barrels; 

as a result, random guesses have a 1­in­10 chance of being correct.  Clifford Spiegelman & 

William A. Tobin, Analysis of Experiments in Forensic Firearms/Toolmarks Practice Offered as 

Support for Low Rates of Practice Error and Claims of Inferential Certainty, 12 Law, 

Probability & Risk 115, 127 (2013).  Error rates in a closed set study would not correlate with 

casework error rates, since in casework, of course, there is by definition no guarantee that any of 

the evidence in fact “matches” the test samples. 

Second, existing FA/TM studies do not generally report the drop­out rate for participants.  

Research has found that if less than 5% of participants drop out, “there is little threat to the 

statistical validity of the study, but if more than 20% of participants drop out, the study’s validity 

is severely compromised.”  (Ex. 1 at 4.)  It is simply not known what the effect of participant 

drop­out is on existing FA/TM studies—it could be minimal, or could be significant. 

Participant Sampling.  In order for studies to be generalizable to FA/TM on the whole, 

the participants must be a representative sample from the population at issue—in the case of 

FA/TM, all qualified examiners in the U.S.  (Id. at 5; see also Alan H. Dorfman & Richard 

Valliant, Inconclusives, Errors, and Error Rates in Forensic Firearms Analysis: Three Statistical 

Perspectives, at 5, 5 Forensic Sci.  Int’l: Synergy (June 8, 2022).)  Existing FA/TM studies, 

however, have not randomly selected participants from the population, but have instead relied 

upon self­selected volunteers.  (Ex. 1 at 6.)  This leads to inherent biases in the study population; 
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for example, experienced examiners who may have lower error rates than the population of 

examiners on the whole may be more likely to volunteer “out of a sense of duty to the 

discipline.”  (Id.)  Without a representative sample of participants, a study can speak only to the 

error rate of those participants, not to the discipline as a whole.   

Material Sampling.  Like participant sampling, well­designed studies should also have a 

representative sample of the ammunition and firearms that an examiner could encounter in a real­

world setting.  Existing FA/TM studies largely concern a single type of firearm and/or a single 

type of ammunition.  (Id.)  In many cases, existing studies examine firearms of the same make 

and model manufactured closely in time.  (Id.; see also Spiegelman & Tobin at 124 (noting that 

in one study oft­cited to courts by proponents of FA/TM, only three types of weapons were used, 

“two with sample size 1”), 127 (noting that in another oft­cited study, “one type of weapon” and 

“possibly two types of ammunition” were used).)  In other cases, the studies concern only 

firearm makes and models that are known to mark well.  (Ex. 1 at 6­7.)  Existing FA/TM studies 

are thus not representative of the discipline on the whole, and findings and error rates may not 

generalize well to FA/TM on the whole. 

Missing Data and Non­Responsive Bias.  In addition to those dropping out, participants 

commonly fail to complete the full study, creating two potential sources of missing data.  (Id. at 

7­8; see Dorfman & Valliant, Inconclusives at 5.)  Missing data can create several potential 

biases—particularly if the participants that are the source of missing data are “systematically 

different” from those who do complete the study.  (Ex. 1 at 7.)  FA/TM studies have not reported 

their rates of missing data, and it is thus impossible to assess the magnitude of its effect on the 

error rates reported by those studies. 
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Type of Marks and Study Difficulty.  Marks by firearms can differ significantly based 

upon the make and model of firearm and the ammunition used.  Some firearms leave breechface 

markings, i.e., markings on the flat end of the cartridge where the breechface of the firearm 

makes contact with the cartridge to force it out of the barrel; others leave marks on the sides of 

the cartridge or bullet.  It is “not reasonable” to assume that error rates examining one type of 

marking can be applied to other types of markings.  (Id. at 8.)  Similarly, by design, studies are of 

varying levels of difficulty; error rates discerned in studies of differing levels of difficulty cannot 

be compared or generalized for the obvious reasons.  (Id. at 8­9.) 

Inconclusives.  Finally, and critically, FA/TM studies are fundamentally flawed in how 

they treat inconclusive results.  Where an examiner cannot identify a match or definitively rule 

out a match, AFTE’s theory of identification permits the examiner to report results as 

“inconclusive.”  Dorfman & Valliant, Inconclusives at 1.  However, existing FA/TM error rate 

studies were designed such that test items are prescreened and removed from the study if they 

appear to be inconclusive in nature, and, as such, in these studies no answer of inconclusive 

should be deemed “correct.”  Dror & Scurich at 336.  However, most FA/TM studies count an 

answer of “inconclusive” as a correct answer.  Thus, test takers are effectively allowed to skip 

difficult questions—which are, by definition, more likely to yield wrong answers—by simply 

answering “inconclusive.”6  This method of scoring unquestionably “misrepresents the reality of 

evidence in casework” and inherently, artificially depresses the true error rate.  Id. at 334, 336 

(“A priori presuming that inconclusive decisions can never be an error is problematic.  If some 

6 In Ames I (defined below), more than 20% of test takers labeled every single different­source 
cartridge case comparison (the type of comparison that can produce false positives) as 
inconclusive.  David P. Baldwin et al., Ames Laboratory, USDOE, Technical Report #IS­5207, A 
Study of False­Positive and False­Negative Error Rates in Cartridge Case Comparisons 16 
(2014), https://www.ojp.gov/pdffiles1/nij/249874.pdf. 
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examiners conclude an identification (or exclusion) whereas other examiners conclude as 

inconclusive, then at least some of the examiners are mistaken. . . [I]t is obvious [everyone] 

cannot be correct when examiners reach different conclusions on identical comparisons.”).  

Other studies simply exclude inconclusives from their analysis altogether, which also artificially 

deflates potential error rates and renders reported error rates uninformative.  Dorfman & 

Valliant, Inconclusives at 3; Albright at 5.  At the extreme, these systems would allow an 

examiner to answer “inconclusive” on every test question and nevertheless receive a perfect 

score.  

*  *  * 

In sum, the “‘validation studies’” that exist concerning FA/TM “typically result from,” 

among other things “statistical . . . deficiencies in the design and conduct of the experiments, and 

frequently lead to unjustified inferential extrapolation to universal” application to FA/TM.  

Spiegelman & Tobin at 115.  In other words, “[t]he various ‘validation studies’ may be skilled 

experiments as forensic proficiency tests for specific examiners (test respondents) in controlled 

circumstances, but the same studies as currently exist are inappropriate for extrapolation to 

universal assumption or otherwise representative of rates of error for the field of” FA/TM 

evidence.  Id.  (See also Ex. 1 at 10; Ex. 2 at 34.)  As a result, existing studies have “conclusions 

[that] far exceed statistically sound inferences from the experimental evidence.”  Spiegelman & 

Tobin at 130; see also id. at 118 (“Because most of the studies reviewed by the authors stray to 

varying degrees from the true scientific method, they frequently contain another characteristic of 

‘pathological science’: wishful data interpretation.”).  Leading statisticians (and the scientific 

community on the whole) have therefore reached one inescapable conclusion:  multiple well­

designed studies are still badly needed to demonstrate the general scientific validity and 

reliability of FA/TM evidence.   
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2. The Only Arguably Well­Designed FA/TM Studies Demonstrate 
Alarming Error Rates 

Proponents of FA/TM evidence have asserted that it is impossible or impractical to 

conduct studies establishing a discipline­wide error rate in support of the validity of FA/TM and 

that criticism of existing studies and FA/TM evidence is thus overblown.  Not so.  While it may 

be complex to establish a discipline­wide known or potential rate of error using well­designed 

empirical studies, Spiegelman & Tobin at 130­31, such difficulty should not prevent the FA/TM 

and scientific communities from attempting to do so—life and liberty are at stake.7

Contrary to its proponents’ assertions, it is possible to design FA/TM studies with proper 

study design.  Three existing studies have been arguably well­designed, testing multiple types of 

firearms and substrates.  The results of these studies, however, do not support the validity of 

FA/TM evidence.  They instead demonstrate why more well­designed studies are necessary.  In 

particular, these studies demonstrated alarming error rates in FA/TM evidence—rather than 

establish or in any way support its validity.   

Two studies undertaken by the Ames Laboratory, a Department of Energy national 

laboratory affiliated with Iowa State University, showed astounding error rates in FA/TM 

examinations.   

In the first study (“Ames I”), researchers identified a positive error rate between 1 in 66 

and 1 in 46, i.e., examiners made a false positive or inconclusive identification as frequently as 

every 1 in 46 examinations—a far cry from the near certainty testifying firearms examiners 

portray in their testimony.  See Baldwin et al., supra n.6.   

7 Nor should courts permit proponents of FA/TM evidence to simply dispense with Daubert’s 
requirement that the “known or potential rate of error” be established as a threshold issue for 
reliability and, thus, admissibility.   
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The results of the second Ames study (“Ames II”) are even more troubling.  Participants 

concluded that the results of comparisons were inconclusive 50% of the time with respect to 

bullets and 40% of the time with respect to cartridge casings—a significant portion of the results.  

Dorfman & Valliant, Inconclusives at 6.  The authors of Ames II reported inconclusives as 

“neutral non­errors,” which allowed them to report error rates of less than 0.8%.  Id. at 2.  If 

inconclusives are regarded as potential errors—and logically, they are (see pp. 10­11, supra)—

the potential error rate rises to more than 66%.  Id.

Aside from the alarming potential error rate, Ames II highlighted the utter subjectivity 

and inability of FA/TM to demonstrate the repeatability of its methodology.  With respect to 

bullets, examiners were unable to repeat their own conclusions 21% of the time for known 

matches and 35.3% of known non­matches; they were unable to repeat the conclusions of other

examiners 32.2% of the time for known matches and nearly 70% of the time for known non­

matches.  Stanley J. Bajic et al., Ames Laboratory­US DOE, Technical Report No. ISTR­5220, 

Report: Validation Study of the Accuracy, Repeatability, and Reproducibility of Firearms 

Comparison (Oct. 7, 2020).  The results as to cartridge casings were equally appalling: 

examiners disagreed with their own conclusions 24.4% of the time for known matches and 

37.8% of the time for known non­matches, and disagreed with other examiners 36.4% of the 

time for known matches and 59.7% of the time for known non­matches.  Id.  In total, “examiners 

examining the same material twice, disagree[d] with themselves between 20 and 40% of the 

time.”  Dorfman & Valliant, Inconclusives at 6; see also Alan H. Dorfman & Richard Valliant, A 

Re­analysis of Repeatability and Reproducibility in the Ames­USDOE­FBI Study, Stats. & Pub. 

Pol’y (2022), https://doi.org/10.1080/2330443X.2022.2120137 (Ames II showed “rather weak 

Repeatability and Reproducibility”).   
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For different reasons, the third arguably well­designed study likewise cannot and does 

not support the validity or reliability of FA/TM analysis.  That study was a small, open­set study 

of .40 caliber cartridge cases.  Mark A. Keisler et al., Isolated Pairs Research Study, 50 AFTE J. 

56 (2018).  A single, limited study of one type of spent ammunition, alone, cannot validate the 

entire field, however.  Further, that study is not without a significant design flaw: like many 

FA/TM studies, the author counted inconclusives as correct answers.  Id.  If the inconclusives 

were counted as errors or potential errors, the error rate rises to nearly 20%.   

C. Convergent Validity Does Not Salvage The Failure Of Existing FA/TM Studies To 
Demonstrate That The Field Is Reliable Or Scientifically Valid 

Proponents of FA/TM nonetheless posit that existing studies are sufficiently sound to 

support the scientific validity and reliability of FA/TM evidence and, by extension, the 

introduction of FA/TM evidence in legal proceedings.  They argue, among other things, that the 

concept of convergent validity can be applied to FA/TM literature.  (Ex. 3 at 22.)   

Convergent validity8 is “the possibility that various publications, each with distinct 

limitations when considered by itself, can reinforce each other and collectively support 

conclusions that would not be warranted on the basis of a single article.”  William Thompson et 

al., Latent Fingerprint Examination, Forensic Science Assessments: A Quality and Gap 

Analysis, American Association for Advancement of Science (2017) at 94 (“AAAS Report”).  In 

other words, proponents of FA/TM evidence assert that even if existing studies are flawed (see

Part I.A, supra), taken together, they suffice to establish the validity of FA/TM evidence by 

“drawing a broader picture of how different examiners in various experimental settings, based on 

data drawn from multiple relevant studies.”  (Ex. 3 at 22; see also id. at 7 (“Moreover, multiple 

8 Many research methodology experts would use the term “triangulation” to refer to what is 
described in this subsection.   
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studies, though each with specific limitations, together can complement each other.”).)  Among 

other things, proponents of FA/TM evidence note that the consistent findings of approximate 1% 

error rates in the FA/TM literature support the notion that the error rate is, in fact, around this 

level.  FBI Lab Response at 3.   

Convergent validity, however, is not properly applied to existing studies on FA/TM 

evidence.  Convergent validity could, arguably, provide support for the validity and reliability of 

FA/TM evidence if the literature consisted of well­designed studies that, together, analyze 

FA/TM over a representative sample of examiners, firearms, ammunitions, and conditions.  It 

does not.  Rather, existing studies nearly universally suffer from the same design flaws.  As a 

result, no matter how many there are, these studies cannot support one another: instead of filling 

in the gaps resulting from the limitations or flaws of each other, existing FA/TM studies 

accentuate and widen those same gaps. 

Indeed, the lead author of the publication FA/TM proponents often cite for the 

proposition that convergent validity can and should apply to FA/TM—the AAAS Report, which 

focused on fingerprint analysis—has explicitly rejected its application to existing studies.  In 

particular, Professor William C. Thompson—one of the amici on this submission—has noted 

that the AAAS Report was not “intended to suggest or imply that forensic science techniques can 

be considered valid in the absence of direct empirical tests of their accuracy or on the basis of 

studies that PCAST considered flawed and inadequate.”  (Ex. 4 at 3.)  Rather, as Professor 

Thompson noted, 

The AAAS report was designed to provide a comprehensive review of the scientific 
literature  on  fingerprint  evidence.    Consistent  with  that  goal,  it  discussed  the 
convergence of findings across multiple studies of latent print examiners, including 
a number of studies that PCAST noted as having design flaws or other limitations 
that  prevented  them  from  being  appropriate  empirical  tests  for  establishing 
foundational validity.  The AAAS report also noted these flaws and limitations; it 
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did not suggest that these studies were appropriate tests of the accuracy of latent 
print  examination  under  conditions  appropriate  to  use  in  practice.    It  found, 
however, that many of these studies were nevertheless worthy of consideration for 
other purposes, particularly for identifying factors that might affect the validity of 
latent  fingerprint  examination as applied  (such as  the quality of  the  latent print; 
training of examiners, etc.). 

(Id. (emphasis added).) 

At bottom, while proponents of FA/TM evidence may wish to invoke “convergent 

validity” to prop it up, it simply cannot do so.  Absent any well­founded and generalizable 

conclusions from these studies, the body of evidence concerning FA/TM rests on the tiny 

number of well­designed FA/TM studies—which undermine the validity and reliability of 

FA/TM, rather than establishing it.  (See pp. 12­14, supra.)   

II. THE COURT SHOULD PRECLUDE CONCLUSIONS THAT IMPLY A 
STATISTICAL BASIS 

Among the chorus of critics of FA/TM are statisticians who have found that, in their 

present form, studies in many common pattern matching forensic disciplines such as FA/TM and 

fingerprint comparison, have reported statistically inappropriate conclusions.  E.g., American 

Statistical Association, Position on Statistical Statements for Forensic Evidence, at 2 (Jan. 2, 

2019), https://www.amstat.org/asa/files/pdfs/POL­ForensicScience.pdf (“ASA Report”); 

Spiegelman & Tobin at 115.  Opining that two pieces of ammunition were fired from the same 

gun, for example, “requires knowledge of how common or rare the association is, based on 

empirical data linked to the case at hand.”  ASA Report at 2.  No such probability data currently 

exists, meaning the weight of FA/TM examiners’ observations is undetermined.  The uncertainty 

surrounding FA/TM is compounded by the lack of empirical data appropriately establishing a 

realistic potential or actual rate of error.  (See pp. 4­14, supra.)  See also Karen Kafadar, The 

Critical Role of Statistics in Demonstrating the Reliability of Expert Evidence, 46 Fordham L. 

Rev. 1617, 1620 (2018) (“Scientific validity and reliability require that a method has been 
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subjected to empirical testing . . . that provides valid estimates of how often the method reaches 

an incorrect conclusion.” (quoting PCAST Report at 143).)  Statisticians attribute the paucity of 

such data to the poor design of existing FA/TM studies.  (E.g., Ex. 1 at 10.)  

Despite these failings, FA/TM evidence is often presented in broad—and seriously 

misleading—categorical strokes: there is a definite identification (i.e., a “match”), a definite 

exclusion, or the results are inconclusive.  Dorfman & Valliant, Inconclusives at 1.  Such 

statements inherently imply certainty—or at least a very high probability—where there is none.  

See ASA Report at 2; Albright at 9 (examiner statements “foster an illusion of certainty”).  As 

described above, there is no basis in existing data to suggest that a FA/TM examiner’s 

conclusion can be made with any degree of probability or certainty: there are no established error 

rates or empirical data demonstrating the relative frequencies of various characteristics observed 

on spent ammunition.   

While District of Columbia courts have made important strides in curtailing the false 

sense of certainty portrayed when FA/TM examiners declare a ballistic “match,” this Court 

should advance the interests of justice further and hold that FA/TM evidence is inadmissible 

because it is unreliable.  At a minimum, the Court should hold that FA/TM evidence may not be 

presented in such a way that implies a statistical or probabilistic basis for a conclusion where 

there is none.  At most, FA/TM evidence should go no farther than what the data actually tend to 

support: testimony that a particular firearm “cannot be excluded” as the source of the 

ammunition in question.   

A. District Of Columbia Courts Have Taken Some Steps To Limit Baseless Statistical 
Conclusions In FA/TM Evidence 

Given the ever­growing scientific criticism of FA/TM evidence (see Part I, supra), 

District of Columbia courts have been at the forefront of a nascent nationwide shift toward 
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limiting the admissibility of FA/TM evidence.  While they have yet to entirely exclude FA/TM 

evidence—though this Court should—District of Columbia courts have curtailed how FA/TM 

examiners may present their conclusions to the jury.   

In particular, a number of District of Columbia courts have considered the critiques of 

FA/TM evidence and concluded that the sweeping categorical statements often used by FA/TM 

witnesses are not supported by science.  In United States v. Tibbs, 2016­CF1­19431, 2019 WL 

4359486 (D.C. Super. Ct. Sept. 5, 2019), for example, after a multi­day evidentiary hearing and 

hundreds of pages of briefing, expert affidavits, and other evidence, Judge Edelman held that the 

government’s FA/TM examiner  

may testify that based on his examination, the recovered firearm cannot be excluded 
as the source of the cartridge casing found on the scene of the alleged shooting. . . .  
Any statements by the expert involving more certainty regarding the relationship 
between a casing and a firearm would stray into territory not presently supported 
by reliable principles and methods. 

Id. at *23.  Among other things, Judge Edelman recognized that “threshold design issues” with 

existing FA/TM studies “surely impact the validity of these studies’ conclusions and limit their 

utility to some extent.”  Id. at *14. 

Likewise, in Williams v. United States, 210 A.3d 734 (D.C. 2019), the Court of Appeals 

found that the trial court committed plain error when it allowed a FA/TM examiner’s testimony 

that the ammunition in question “had all been fired from the same gun,” and “fired from” the 

specific gun recovered in connection with the case.  Id. at 738.  The court unequivocally noted 

that “the empirical foundation does not currently exist to permit these examiners to opine with 

certainty that a specific bullet can be matched to a specific gun,” and that “these conclusions are 

simply unreliable.”  Id. at 742; see also Gardner, 140 A.3d at 1184 (“[W]e now hold that the trial 

court erred by allowing Mr. Watkins to give an unqualified opinion about the source of the bullet 

that killed Mr. Kamara.  We further hold that in this jurisdiction a firearms and toolmark expert 
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may not give an unqualified opinion, or testify with absolute or 100% certainty, that based on 

ballistics pattern comparison matching a fatal shot was fired from one firearm, to the exclusion 

of all other firearms.”). 

B. FA/TM Examiners Should Be Precluded From Using Ambiguous Language That 
Implies Any Statistical Or Objective Basis For Their Conclusions 

Without the ability to testify categorically—that a particular piece of ammunition came 

from a particular firearm—the government and proponents of FA/TM techniques have continued 

to advocate for FA/TM evidence and push courts to allow FA/TM testimony to go beyond the 

“cannot be excluded” language in Tibbs.  Recently, in United States v. Sutton, 2018 CF1 009709 

(D.C. Super. Ct. May 9, 2022) (Ex. 5), the court held that the government’s FA/TM examiner 

could not state “without any qualifications or limitations that the ammunition at issue was fired 

from the same firearm,” but allowed the examiner to opine “that the ammunition at issue is 

consistent with being fired from the same firearm.”  Id. at 5 (emphasis added).  This limitation is 

insufficient, and this Court should take this opportunity to hold that, at most, FA/TM examiners 

may opine that a firearm “cannot be excluded” as the source of the crime scene ammunition. 

1. Language Other Than “Cannot Be Excluded” Inappropriately 
Connotes A Statistical Basis For The FA/TM Examiners’ Conclusion 

On the surface, “is consistent with being fired” from the suspect firearm may seem to 

address the serious concerns with examiners’ categorical but statistically unsound statements of a 

“match.”  But conclusions like “consistent with” are both misleading to jurors for at least three 

reasons and insufficient to prevent confusion and overemphasis by jurors of FA/TM evidence.   

First, “is consistent with being fired” from the suspect firearm is inherently ambiguous: 

different people may understand it differently.  Some people may understand “is consistent with” 

to connote that the ammunition at issue definitely came from the same source as the test 

ammunition.  Others may understand it to mean that the two pieces of ammunition are 
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indistinguishable.  Yet others may understand it to mean that the two pieces of ammunition have 

some similarities—to varying extents.  As the American Statistical Association noted, “[t]o 

evaluate the weight of any set of observations made on questioned and control samples,” jurors 

need to be able “to relate the probability of making these observations if the samples came from 

the same source to the probability of making these observations if the questioned sample came 

from another” potential source.  ASA Report, supra, at 2.  Language like “is consistent with” 

gives jurors no ability to make that evaluation.  In an agreement between the Federal Bureau of 

Investigation, the Innocence Project and the National Association of Criminal Defense Lawyers 

concerning hair comparison, the Bureau conceded that the conclusion that a hair was “consistent 

with coming from” a suspect was ambiguous.  See Federal Bureau of Investigation, Innocence 

Project & National Association of Criminal Defense Lawyers, Microscopic Hair Comparison 

Analysis Agreement (Nov. 9, 2012), 

https://www.mtacdl.org/attachments/CPE/Nelson/FBI_Limits_of_Science__%20Microscopic_H

air_Comparison.pdf (“FBI Hair Report”). 

Second, “is consistent with” fails to acknowledge that the conclusion is subjective and 

heavily reliant on the “personal impressions” of the FA/TM examiner.  Id.  Even if cross­

examined and asked to justify their level of certainty, FA/TM examiners will likely cite their 

years of experience and their professional judgment.  But “although training and experience are 

important in applying valid techniques, practitioners’ subjective opinions are not sufficient for 

establishing the uncertainty in measurements or inferences.”  Id.  This is particularly problematic 

because jurors are persuaded by, for example, clinicians who testify as “experts,” even when 

their testimony is based solely on personal experience and has no support by reliable scientific 

studies.  See Daniel A. Krauss & Bruce D. Sales, The Effects of Clinical and Scientific Expert 
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Testimony in Capital Sentencing, 7 Psych., Pub. Pol’y & Law 267, 272 (2001).  This is because 

jurors generally presume that “scientific” evidence presented to them via “expert” testimony has 

been thoroughly vetted and screened by the court before its presentation.  See N.J. Schweitzer & 

Michael J. Saks, The Gatekeeper Effect: The Impact of Judges’ Admissibility Decisions on the 

Persuasiveness of Expert Testimony, 15 Psych., Pub. Pol’y & Law 1, 4 (2009). 

Third, conclusions like “is consistent with” connote a statistical basis for the conclusion.  

The phrase “is consistent with” inherently suggests that the FA/TM examiner has an 

understanding of how common certain markings are, how rare other markings are, etc.: he or she 

could not render such an opinion and make such a comparison without information about the 

relative frequencies of the characteristics at issue.  No such relative frequency data has been 

established for FA/TM evidence; compounding this problem, examiners often lack a sufficient 

understanding of statistics, statistical models, and the statistical issues inherent in the evaluation 

of forensic evidence.  Kafadar at 1634­35.   

2. Language Going Beyond “Cannot Be Excluded” Is Confusing To 
Juries And Does Not Sufficiently Protect Against The Overstatement 
Of The Probative Value Of FA/TM Evidence 

A recent study highlights the power FA/TM conclusions connoting a degree of statistical 

certainty, i.e., anything other than “cannot be excluded,” is confusing to jurors and fails to 

adequately protect against the overstatement of the probative value of FA/TM evidence.   

Mock jurors presented with seven different potential conclusions by a FA/TM examiner, 

including one incorporating the “is consistent with” language espoused in Sutton and one that is 

merely inconclusive, were significantly more likely to convict on the basis of the FA/TM 

evidence alone under any one of the six non­inconclusive conclusions than under the 

inconclusive conclusions.  Brandon L. Garrett, Nicholas Scurich & William E. Crozier, Mock 

Jurors’ Evaluation of Firearm Examiner Testimony, 44 Law & Hum.  Behav. 412, 415­16 
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(2020).  Similarly, participants were also significantly more likely to convict under any of the 

conclusions (other than inconclusive) than under the Tibbs “cannot be excluded” condition.  Id.

at 416.  Notably, when presented with the conclusion that ammunition “is consistent with” 

coming from a particular firearm, participants were 1.8 times more likely to convict than when 

presented with the conclusion that the firearm “cannot be excluded” as the source of the 

ammunition.  Id.  There was little practical change in results when participants were shown 

cross­examination of the FA/TM examiner.  Id. at 419­22; see also Lora M. Levett & Margaret 

Bull Kovera, The Effectiveness of Opposing Expert Witnesses for Educating Jurors about 

Unreliable Expert Evidence, 32 Law & Hum.  Behav. 363 (2008) (even when cross­examination 

is well­constructed and exposes considerable flaws, it has little to no effect on juries).   

At bottom, other than Tibbs’ “cannot be excluded” language, “adopting types of modified 

conclusion language . . . did not affect guilty verdicts [and] many judicial and prosecution­driven 

interventions to limit conclusion language for firearms testimony are not likely to be effective.”  

Garrett, Scurich & Crozier at 422. 

Indeed, because of the problems with language like “is consistent with” and other phrases 

tested in the above­referenced study, the FBI has conceded in another pattern­matching forensic 

discipline lacking in empirical studies, hair comparison, that the only “appropriate” conclusion 

by hair examiners concerning an association between known and questioned hair is “that a 

contributor of a known sample could be included in a pool of people of unknown size, as a 

possible source of the hair evidence (without in any way giving probabilities, as an opinion to 

the likelihood or rareness of the positive association, or the size of the class).”  FBI Hair Report 

at 1 (emphasis added).
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3. FA/TM Examiners, If Permitted To Testify, Should Not Be Permitted 
To Connote A Statistical Basis For Their Conclusions And Should 
Expressly Acknowledge No Such Basis Exists 

The American Statistical Association recommends that where possible, forensic 

witnesses in comparative disciplines couching their conclusions with some level of statistical 

certainty—or implying such certainty—should include in their testimony explanations of the 

features compared, the process used to determine the level of similarity/dissimilarity, relative 

frequencies of the features compared, relative frequencies of combinations of features compared, 

quantitative statements of confidence, and the sensitivity of the methodology.  See ASA Report 

at 4­5.  Such information has not been developed at all with respect to FA/TM evidence, and 

such important contextual information thus cannot be presented to juries.  (See Part I, supra.)  Cf.

ASA Report at 5 (“Currently, not all forensic disciplines can support statistical statements.”).  

Accordingly, the American Statistical Association recommends that “the absence of models and 

empirical evidence be acknowledged both in testimony and in written reports” by FA/TM 

examiners when presenting their conclusions.  Id. (emphasis added).  The American Statistical 

Association also recommends, if the examiner “has no information on sources of error in 

measurements and inferences, or has no validation data” (as is the case with FA/TM), “that this 

fact be stated.”  Id. at 4.

If FA/TM examiners are permitted to make statements connoting a statistical basis like 

“is consistent with” —which this Court should not permit them to do—they should first be 

required to present information that “permits a valid statistical statement regarding the probative 

value of comparisons or computations (e.g., how rare is an observed positive association when 

two items arise from the same source and when they arise from different sources?).”  ASA 

Report, supra, at 3.  This information includes: “(1) a defined relevant database describing 

characteristics, images, observed data, or experimental results; (2) a statistical model that 
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describes the process that gives rise to the data; and (3) information on variability and errors in 

measurements or in statistics or inferences derived from measurements.”  Id.

If, therefore, the Court were inclined to follow the holding in Sutton and permit the 

government’s FA/TM examiner to opine that the ammunition at issue in this case is “consistent 

with” the suspect firearm, the Court should, consistent with the American Statistical 

Association’s recommendations above, require such testimony to be accompanied by statements 

acknowledging that the examiner has no statistical basis to do so because of the limitations of 

FA/TM evidence.   

CONCLUSION 

For the foregoing reasons, amici respectfully urge the Court to exclude firearms 

identification testimony because it lacks scientific validation and is inherently unreliable.  At a 

minimum, the Court should follow the holding in Tibbs, limiting any such firearms identification 

testimony to the opinion that a suspect firearm cannot be excluded as the source of ammunition. 
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Dated: September 29, 2022        Respectfully submitted, 

 
Tania Brief* 
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Ze declare under penalty of perjury and pursuant to the laws of the state of Lllinois that the following is true
and accurate to the best of my knowledge4

Dlicia Farriquiry

Keike Kofmann

Nori Nhan

Vusan Yanderplas

7

Susan Vanderplas (Jan 3, 2022 15:38 CST)
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L2 Dlicia Farriquiry2 hold a Eachelor of Vcience in Dgricultural Hngineering from the Xniversidad de la
Uep�blica del Xruguay2 a Paster of Vcience in Dnimal Jenetics from the Xniversity of Lllinois at Xrbana3
Fhampaign2 a Paster of Vcience in Vtatistics from Lowa Vtate Xniversity2 and a ShG in Vtatistics and Dnimal
Vcience from Lowa Vtate Xniversity4

L am a Gistinguished Srofessor of Oiberal Drts and Vciences at Lowa Vtate Xniversity2 which is the highest
rank that a professor can achieve4 L am also the inaugural Sresident/s Fhair in Vtatistics4 Eetween 8666
and 866:2 L was Dssociate Srovost at Lowa Vtate Xniversity2 and was Girector of Jraduate Vtudies in the
Gepartment of Vtatistics at Lowa Vtate Xniversity between 866: and 867:4

Vince 867;2 L have been the Girector of the Fenter for Vtatistics and Dpplications in Iorensic Hvidence
0FVDIH12 a Qational Lnstitute of Vtandards and Wechnology 0QLVW1 Fenter of Hxcellence4 Whe Fenter is a
consortium of universities that includes the Xniversity of Falifornia Lrvine2 Farnegie Pellon Xniversity2 the
Xniversity of Yirginia2 Guke Xniversity2 the Zest Yirginia Xniversity2 Lowa Vtate Xniversity2 the Xniversity
of Qebraska Oincoln2 the Xniversity of Sennsylvania2 and Vwarthmore Follege4

L am the only statistician in the history of Lowa Vtate Xniversity to be elected to the Qational Dcademies4
L became a member of the Qational Dcademy of Pedicine in 867< thanks to my applied work in statistics2
that includes the design and analysis of studies and surveys4 L am a member of the Ddvisory Eoard for the
Givision of Eehavioral and Vocial Vciences and Hducation 0GEDVVH12 of the Ueport Ueview Fommittee2 and
of the Fommittee on Dpplied and Wheoretical Vtatistics at the Qational Dcademies of Vcience2 Hngineering
and Pedicine4 L am also a member of the Lntelligence Vcience and Wechnology Hxperts Jroup 0LVWHJ12 a
group of members of the Qational Dcademies that is available to the XV intelligence agencies when questions
about science and technology arise4

L was elected Iellow of the Dmerican Dssociation for the Ddvancement of Vcience 0DDDV1 in 867<2 and an
Dssociate Pember of the Dmerican Dcademy of Iorensic Vcience 0DDIV1 in 867?4 Vince 867>2 L have been a
Wechnical Ddvisor for the Dssociation of Iirearms and Woolmark Hxaminers 0DIWH14 L am an elected Iellow
of almost all major professional statistical organizations@ the Dmerican Vtatistical Dssociation2 the Lnstitute
of Pathematical Vtatistics2 the Lnternational Vtatistical Lnstitute2 and the Lnternational Vociety for Eayesian
Dnalysis4

L have published over 7:6 peer3reviewed manuscripts in the scienti&c literature and have co3edited several
books4 L have directed the doctoral research work of 86 students in statistics and related areas2 and have
been invited to speak at national and international conferences2 and at other venues hundreds of times4 L
have received competitive research funds from the Qational Vcience Ioundation2 the Qational Lnstitutes of
Kealth2 the Qational Lnstitute of Vtandards and Wechnology2 the R(ce of Qaval Uesearch2 the Xnited Vtates
Gepartment of Dgriculture2 the Iederal Eureau of Lnvestigations2 and several other federal2 state2 and private
organizations2 totaling well over ,;6P during my professional career4
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L2 Keike Kofmann2 am a tenured full professor in Vtatistics at Lowa Vtate Xniversity and the professor in charge
of the data science program4 L have been a faculty member of the Fenter for Vtatistics and Dpplications in
Iorensic Hvidence 0FVDIH1 since 867;4 FVDIH is supported by a cooperative agreement with the Qational
Lnstitute of Vtandards and Wechnology 0QLVW14 Ln my role as FVDIH faculty L have been a key contributor for
the work that received the DVD VSDLJ 0Vtatistical Sartnerships Dmong Dcademe2 Lndustry . Jovernment1
award in 867>4

L am an elected member of the Lnternational Vtatistical Lnstitute and an elected fellow of the Dmerican
Vtatistical Dssociation 0DVD14 L have been named a Wechnical Ddvisor to the Dssociation of Iirearms and
Woolmark Hxaminers4 L serve as a member of the DVD committee on forensic statistics4

L have published extensively in peer reviewed2 scienti&c journals4 Py publications cover several areas including
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computationally intensive methodology for automatic matching of pattern and image evidence2 error rate
analyses and development of open3source software for reproducible2 accessible comparison of &rearm evidence4
L maintain the 6C<<8BEB@7B@ and E(?B>><A U packages2 which have been released to the community to
facilitate analysis of bullets and 9G scans respectively4

'%) 8NQI 8HAM

L2 Nori Nhan2 hold a Eachelor of Vcience in Sublic Kealth in Eiostatistics from the Jillings Vchool of Jlobal
Sublic Kealth at the Xniversity of Qorth Farolina at Fhapel Kill2 a Muris Goctorate from the Poritz Follege
of Oaw Vchool at the Rhio Vtate Xniversity2 a Pasters of Vcience in Vtatistics from the Rhio Vtate Xniversity2
and a Sh4G in Vtatistics from the Rhio Vtate Xniversity4

L am an Dssistant Srofessor in Vtatistics at Lowa Vtate Xniversity4 Py areas of expertise include the analysis of
dependent data2 which can include repeated observations of individuals in experiments4 L frequently serve as a
referee for the top journals of statistics and applied statistics2 including the Dmerican Vtatistics Dssociations/
'agship journal4

L have in the past and continue to provide consultations regarding the design and analysis of complex
data collection e%orts and experimental design for studies focused on human subjects for researchers at
organizations including the Poritz Follege of Oaw at the Rhio Vtate Xniversity2 Zeill Fornell Pedicine2 and
the Lnstitute for Sopulation Uesearch at the Rhio Vtate Xniversity4

L currently serve as sub3committee member on the Rrganization of Vcienti&c Drea Fommittees 0RVDF1 for
Iorensic Vcience Iorensic Qursing and the Vtatistics Wask Jroup4 L have2 in the past2 served as a member of
a Vcienti&c . Wechnical Ueview Sanel for the same organization4

L have personally reviewed the experimental designs2 reporting of the obtained data2 and statistical method3
ologies of the 76 studies referenced in Dppendix E4
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L2 Vusan Yanderplas2 hold a Eachelor of Vcience in Dpplied Pathematical Vciences and Ssychology from Wexas
D.P Xniversity2 a Pasters of Vcience in Vtatistics from Lowa Vtate Xniversity2 and a Sh4G4 in Vtatistics from
Lowa Vtate Xniversity4

L am an Dssistant Srofessor in Vtatistics at Xniversity of Qebraska Oincoln4 Py areas of expertise include
data visualization2 perception2 and communication of statistical information2 as well as machine learning
algorithms for statistical analysis of forensic pattern evidence2 including &rearms and footwear4

Eetween 867> and 8686 L served as a research assistant professor at the Fenter for Vtatistics and Dpplications
in Iorensics 0FVDIH1 at Lowa Vtate Xniversity $ FVDIH is a collaboration among several university scholars
conducting research on how to collect more accurate forensic evidence and more reliably convey that forensic
evidence in court4 FVDIH is supported by a cooperative agreement with the Qational Lnstitute of Vtandards
and Wechnology 0QLVW1$a federal agency whose mission is to advance measurement science2 standards2 and
technology4

L am the author or co3author of more than a dozen peer3reviewed scienti&c papers4 Sublications most relevant
here are published in the Kandbook of Iorensic Vcience2 Oaw2 Srobability and Uisk2 and Iorensic Vcience
Lnternational4 Whese papers cover machine learning methods for automatic matching of forensic pattern
evidence2 error rates in forensic studies2 and the treatment of inconclusive results in &rearm studies4 Ln
addition to my own publications2 L have served or been asked to serve as a reviewer for Iorensic Vcience
Lnternational2 the Karvard Gata Vcience Ueview2 Iorensic Vciences Uesearch2 Whe Dmerican Vtatistician2
Mournal of the Dmerican Vtatistical Dssociation2 Vcience . Mustice2 and the Mournal of Fomputational and
Jraphical Vtatistics4 L also serve on the editorial board of the U Mournal and the Mournal of Fomputational
and Jraphical Vtatistics4

L am the primary investigator 0SL1 of a research and development grant on the acquisition and identi&cation
of footwear class characteristics funded by the Qational Lnstitute of Mustice4 L am also SL on the FVDIH
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sub3award at XQO2 which covers research in &rearms2 footwear2 and human factors4 L am also a co3SL on
grants from the Qational Vcience Ioundation and the Xnited Vtates Gepartment of Dgriculture4
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Where are an impressive array of existing studies of the !validity" of &rearms and toolmark comparisons
]Neisler2 P4 D42 Kartman2 V42 and Nil2 D4 0867>1A Oightstone 086761A Uiva et al4 0867=1A Eunch and Purphy
086691A Erian Payland and Wucker 086781A Guez et al4 0867>1A Sauw3Yugts et al4 086791A Qeel and Zells
0866=1A Kamby et al4 0867?1A Jouwe2 Kamby2 and Qorris 0866>1A Jiroux 0866?1A Vtroman 0867:1A Oyons
0866?1A Pattijssen et al4 086861A Vmith2 Vmith2 and Vnipes 0867<1^ across di%erent &rearms2 ammunition types2
types of marks made2 and even across di%erent countries with di%erent protocols for training and &rearms
and toolmark examination4 Ds statisticians2 however2 we have signi&cant qualms with the state of error rate
studies in &rearms and toolmark examination4 Pany studies are poorly designed2 with problems ranging
from a complete inability to characterize the full error rate 0Kamby et al4 867?A Jouwe2 Kamby2 and Qorris
866>A Jiroux 866?A Whomas J4 Iadul2 Mr et al4 8679A Oyons 866?1 to the acknowledged inability of examiners
to follow the instructions set out by the researchers 0Ealdwin et al4 867:14 Iurthermore2 all of the studies
we are aware of which are applicable to the state of &rearms and toolmark examination as practiced in the
Xnited Vtates at this time su%er from sampling and non3response bias that renders them unreliable for the
purposes of establishing the science of &rearms and toolmark examination as a reliable discipline4

Kere2 we will lay out some of the fundamental problems with the state of &rearms and toolmark examination
error rate studies4 Ze approach these problems both as statisticians who have experience in the design of
scienti&c experiments and as researchers in statistical applications to forensic evidence4 Ze have worked
extensively with forensic examiners2 metrologists2 and other subject3matter experts2 and we have an un3
derstanding of both the process of &rearms and toolmark examination and the statistical underpinnings of
estimation of error rates4 Eefore we begin assessing the current state of error rate studies2 however2 it is
useful to establish the characteristics necessary to have a reliable study4

) >STDV 3ERIGM

D statistical estimate is only as reliable as the data used to generate that estimate4 Ln the case of black3box
studies2 this data originates from the examiners who participate in the study4 Ln order for statistical estimates
to be unbiased2 the participants selected from the population to participate in the study 0the sample1 must
be representative4 Whe best way to ensure that a sample is representative is to randomly select this set of
participants from the population4

Sractically speaking2 it is relatively rare that all participants selected for a study complete the study4 Vcienti&c
ethics requires that research using human participants be undertaken with the participants/ consent2 and that
consent can be withdrawn at any time4 Ds a result2 it is common for studies to have some level of drop3out
rate4 Ln these situations2 the risk to the statistical validity of the study is that participants who drop out of
the study vary systematically relative to those who remain in the study4 Rne general guideline is that if less
than ;- of the participants drop out2 there is little threat to the statistical validity of the study2 but if more
than 86- of the participants drop out2 the study/s validity is severely compromised 0Vchulz and Jrimes 866814
Lt is extremely important that when reporting study results2 authors clearly state the level of participant
drop out and assess whether there is any evidence of bias in the participants who remain relative to the
participants who dropped out4

Dnother important factor in study design is that studies should be designed in such a way as to directly
evaluate the desired conclusions and5or produce the desired numerical estimates4 Lf a study is intended to
assess the false positive error rate of &rearms and toolmark evaluation2 then examiners need to have the
opportunity to make a false positive error4 Zhile this seems straightforward2 many common &rearms and
toolmark black3box study designs do not allow for estimation of the number of di%erent3source comparisons2
which ensures that it is not possible to calculate the overall error rate2 the correct decision rate2 or the true
negative rate 0the speci&city14 Whis problem is detailed at length in Kofmann2 Yanderplas2 and Farriquiry
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086871 as well as in Sresident/s Founcil of Ddvisors on Vcience and Wechnology 0867<1 and Qational Uesearch
Founcil 0X4V41 0866?14 D well designed black3box study should have a de&ned number of pairwise comparisons2
where each comparison is completed by the examiner with no possibility of eliminating comparisons based on
the structure of the test set4 Ln practice2 this means that black3box studies should be open set studies 0no
guarantee that an unknown item matches any provided knowns in the set1 and should involve the comparison
of one standard 0known sample1 and one or more unknown samples at a time4

Hxecuting a well3designed study is not an easy task2 but it is important that during the study experimenters
not provide participants with additional information4 Whis means that experimenters must take care to
provide di%erent examiners with test samples which are not shared between examiners in the same lab2 and
which may have di%erent numbers of same3source and di%erent3source samples4 Whis prevents information
from !leaking" from examiner to examiner within a relatively small community4 Ln addition2 experimenters
should observe strict protocols when communicating with participants to avoid sharing information about
the task beyond what is speci&ed in the instructions4

Iinally2 it is important that experimenters provide the community with all relevant information when reporting
study results4 Lt is di(cult 0and sometimes2 impossible1 to reconstruct the full set of aggregated answers
when the only data reported in a study is the error rate4 Hxperimenters should provide data at the individual
level if it is possible to do so without identifying participants2 and if this is not possible2 data should be
provided at the lowest level of aggregation which maintains participant anonymity4

* ;AQSICIOAMS >ALOKIMG ;QNBKELR

Rne of the primary concerns with error rates provided by !well3designed" studies is that even well designed2
well3executed studies cannot compensate for sampling bias in the participant pool4 What is2 no matter how
well the experiment is laid out2 if the participants are not a representative sample from the population 0in
this case2 all quali&ed &rearms examiners in the Xnited Vtates12 the results of the study do not generalize to
that population4 Whis principle is taught in even basic undergraduate statistics coursesA it is fundamental
to our discipline4 Rne of the easiest ways to ensure that a sample is representative is to randomly select
participants from the populationA a more labor3intensive option is to conduct a full census of the population
at a certain time4

Iundamentally2 because almost all current black3box studies use volunteers2 we can conclusively state that the
participants in these studies are likely to meaningfully di%er from those who did not volunteer to participate4
Vome of these di%erences are likely not related to the error rates estimated by the studies2 but there are
many potential lurking covariates that would meaningfully a%ect the error rates estimated by the studies4 Ior
instance2 it is possible that experienced examiners are more likely to volunteer to participate in these studies
out of a sense of duty to the discipline@ these examiners might have lower error rates due to their experience2
which would lead to an estimated error rate that is lower than the error rate of the general population of all
&rearms examiners 0including those who are inexperienced14 Ln fact2 in studies which di%erentiate between
trainee and quali&ed examiners2 we &nd a higher error rate among trainees0Guez et al4 867>14

Qot all potential biases are this direct@ it is possible that examiners who have time to volunteer to participate
in studies would tend to have lower case loads4 Whus2 these examiners would be over3represented in the
study3wide estimate of the error rate2 in that they account for fewer cases than the examiners who do not
have time to participate in a voluntary study4 Whus2 the estimated error rate from the study would not
be representative of the error rate of all examiners4 Where are many variables which might be expected to
increase likelihood of volunteering for a study and also change the expected error rate@ education2 experience2
con&dence2 amount of time available for study participation4

Dn additional source of participant recruitment bias is that many studies recruit via the DIWH membership
forums 0Whomas J4 Iadul2 Mr et al4 8679A Neisler2 P4 D42 Kartman2 V42 and Nil2 D4 867>A Fhumbley et al4
868712 which lead to an over3representation of DIWH members and certi&ed examiners 0and in particular2
those who spend time on the membership boards14 Where is not a list of examiners who are allowed to testify
in court which could be used for sampling for such a study2 but we might expect that people who are active
in DIWH are more invested in the discipline2 may have more training2 and may thus have a lower error rate4
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Zithout a random sample of all quali&ed examiners2 there is no way to generalize the results of a biased
sample to the whole populationA any study only speaks for the error rate of the participants of that study4
Uandom selection of participants mitigates these potential biases by ensuring that any di%erences in the
sample of selected participants are the product of random assortment 3 while any single experiment might
have a random sample of participants who are not fully representative of the population2 each experiment/s
di%erent samples will produce overall unbiased results4 Whis is why it is not only important that study
participants be randomly sampled from the population2 but also that there are multiple studies4

Xnfortunately2 sampling bias is one of the hardest biases to work around4 Eecause we cannot determine how
the volunteer examiners might di%er from the whole population of examiners2 we cannot say that it is likely
that the error rate is higher or lower than what is reported from the 'awed studies4 Zhile in some areas it
is necessary to work with volunteer populations 0for instance2 clinical trials take place on volunteers12 this
requires that statisticians can reasonably expect that there are no di%erences between the volunteer and
non3volunteer populations2 which is a claim that is more easily made in medicine than in forensics4!

Whis bias a%ects all studies conducted in the Xnited Vtates to date4 Furrently2 there is no way to randomly
sample all quali&ed examiners and compel them to participate4 Whis problem is less pervasive in Hurope2
where lab certi&cation and validation studies are conducted to assess this type of error rate and certi&cation
is conditioned upon participation4

+ 9ASEQIAK >ALOKIMG ;QNBKELR

Ds scientists2 we want to derive knowledge that is generalizable to the population4 Whe population includes
all decisions made from a combination of one or more &rearms of interest2 and the ammunition that interacts
with those &rearms4 Whis combination of characteristics is then evaluated by an examiner4 Ze have previously
addressed the fact that we need a random sample of examiners in order to generalize to the whole population
of &rearms examiners4 Kowever2 we also need a representative set of ammunition5&rearm combinations used
in black3box studies in order to validate the discipline as a whole4

Pany black3box studies are performed on a single type of &rearm and a single type of ammunition4 Ln some
cases2 these &rearms are consecutively manufactured2 which allows &rearms examiners to prove that they
can distinguish individual &rearms on the basis of &ne details2 even when these &rearms are manufactured
closely in time4 Kowever2 this does reduce the generalizability of the conclusions from these small studies@ by
examining only &rearms of the same make and model manufactured closely in time2 we lose the ability to
make broad2 sweeping claims about the discipline as a whole4 Ln some cases2 studies explicitly document that
small manufacturing companies with limited operations 0and thus generalizability to the wider population1
were selected because it was more convenient to obtain consecutively manufactured components 0Oyons 866?14

Ze need black box studies that examine large numbers of &rearms as well as those that examine minute
di%erences4 Ze are not currently aware of any study of a large number of &rearms of even one speci&c
model2 though we are aware of some data which has been collected but not published examining <66 Eerettas
con&scated by the ODSG4 Ze cannot generalize error rates from small consecutively manufactured &rearm
studies to the entire population of &rearms examinations2 and as a result2 we do not know how to assess the
error rate of the discipline as a whole on the basis of these studies4

Uesearchers are well aware of these limitations and typically characterize their &ndings in a much more limited
fashion than some professional expert witnesses4 Uiva et al4 0867=1 suggest their study is limited in scope and
conclusions@ !Iinally2 even if the results obtained in this study illustrate the impact of subclass characteristics
for a given make and model of &rearm2 they cannot be easily transposed to all &rearms at this stage4 Ze
remain conscious of the limitation of the sample used here4 Lt is known that the quality and the quantity of
these features will vary as a function of the type of &rearms and the manufacturing process4" Whis makes it
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extremely di(cult for researchers to provide a general estimate of the error rate of &rearms and toolmark
comparisons2 as the discipline is so broad and the data under examination are a%ected by so many di%erent
factors@ type of tool or &rearm2 ammunition2 manufacturing process2 material interactions2 and so on4

Ze know that not all &rearms and ammunition mark equally well 3 Jlocks are renown for being di(cult to
compare bullets2 but for having easy cartridge comparisons4 Ln addition2 some ammunition marks better
than other ammunition4 Zhile it is possible to characterize the error rates of certain studies 0subject to the
sampling and non3response biases noted earlier12 studies are generally conducted with well3marking tools or
&rearms4 Ealdwin et al4 0867:1 did not examine the samples for issues before sending them to examiners
for evaluationA due to the design of the study the researchers estimated that 839- of known samples were
judged to be inappropriate for comparison due to not marking well4 Lf studies are done on ammunition that
is generally known to mark well2 then we should expect that this non3marking issue is more likely to show up
in casework than in studies 3 that is2 currently existing studies are not representative2 and error rates from
these studies may not generalize well to &rearms and ammunition with di%erent properties4
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Ln addition to the fundamental problems with volunteer3only participation in black3box studies2 there are
additional statistical issues which plague most black3box studies@ even participants who volunteer for the
study may not return the full set of answers 0or any answers14 What is2 most studies have a drop3out rate
where participants who initially volunteered for the study did not complete the full study4 Ln statistics2 this
sort of missing data is more problematic if it is !missing not3at3random" 3 that is2 if the participants who do
not return full sets of answers are systematically di%erent from those who do return full sets of answers4 Vome
studies deal with this issue in ways that would not be considered statistically valid@ Oyons 0866?1 contacted
someone who returned an incomplete answer sheet to prompt them to complete the questions and provide
more satisfactory answers4 Ln other studies2 such as Fhumbley et al4 0868712 the issue is acknowledged but
not mitigated or even assessed for its/ impact on the error rate estimates reported"4

Dn example of a situation in which non response or missing not3at3random bias is common is in telephone
surveys4 Ze know that people who are more likely to answer a phone call from an unknown number are
di%erent from those who do not answer phone calls from unknown numbersA we also know that those people
who continue on the phone call to answer all of the poll questions are more likely to be engaged in their
communities and have a higher sense of civic responsibility4 Whese biases can sometimes be corrected for
statistically when they are a well3studied quantity 0as in political polling12 but even the models which allow for
pollsters to adjust their estimates to account for these biases are sometimes wrong2 leading to systematically
biased polls4 Whe same set of problems arise when we ignore non3response bias or missing3not3at3random data
in black3box studies2 but we do not have su(cient data to adjust the estimates based on the issues2 because
black3box studies in forensics are not nearly as well studied as political polling4 Whe scienti&c community also
do not have the ability to start studying these issues because the authors of black box studies almost never
make the data publicly available4 Whis last point is particularly concerning given that the broader scienti&c
community recognizes that publicly available data is necessary to ensure studies are reaching valid statistical
conclusions 0Zicherts2 Eakker2 and Polenaar 0867712Vtodden 0867;11

Zhat is concerning is that most studies do not even indicate levels of non3response bias4 Whis issue is seldom
mentioned when describing the conduct of the study2 so there is no way for us to assess the magnitude of the
problem given the current conventions for reporting non3response bias4 Rne option to bound the problem
is to estimate the error rate with an assumed drop3out rate in order to determine just how bad the issue
would be if the participants who dropped out had completely incorrect responses4 Qote that this requires
two assumptions@ one2 that the drop out rate is a certain percentage 3 in this case2 86-2 and two2 that
the participants who dropped out would have been completely wrong on every comparison4 Neisler2 P4 D42
Kartman2 V42 and Nil2 D4 0867>1 has one of the lowest error rates and highest number of comparisons of any
study reported 08;86 comparisons2 6- error counting inconclusives as correct14 Zith a 86- non3response
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rate 0which is conservative relative to rates reported in the literature12 the overall error rate in the population
0counting inconclusives as correct1 could be as high as 7<4;<- if all non3responses made completely incorrect
decisions4 Zhile this is unlikely2 it does provide an upper bound of the order of magnitude of the possible
bias that participant drop3out might have on estimated error rates4

Whis missing data may occur at the participant level 0drop out bias1 or at the question level 0item non3response
bias12 but the likely reasons for non response in either form include insu(cient time to commit to completing
the study or &nding the study more di(cult than expected and not wanting to return the wrong answers4 Ln
either case2 this is a potential source of bias for the estimated error rates 3 if the individual is not sure of the
answers or does not have enough time to dedicate to the study2 it is likely that estimated error rates with
complete data would be higher than estimated error rates with incomplete data4 What is2 given what we
know about why people drop out of black3box studies2 we would expect that studies with non response bias
under3estimate the error rate4
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Lt is common to talk of error rates for &rearms and toolmark examination as a whole4 Zhile it is certainly
true that there are some similarities across di%erent comparison types 0toolmarks and land3engraved areas
both involve comparisons of striae12 there are many di%erent types of marks used for &rearms and toolmark
examination2 and it would not be reasonable to assume they all have the same error rates4 Ior example2
striations on land engraved areas usually involve comparison of a number of di%erent lands2 most of which
must match for the overall comparison to be deemed an identi&cation 3 there is some redundancy in this
comparison2 whereas the comparison of a single scrape from a screwdriver involves only one set of striae4
Hven though the two comparisons are objectively similar in that the examiner is visually comparing striae2
we would not expect them to have similar error rates because there is an internal check on incidental matches
when bullets are compared that does not exist with screwdriver engraving comparisons4

Hxpert witnesses# have previously testi&ed about high error rates in a closed3set study ]Erian Payland and
Wucker 086781^ and low error rates in an open3set study 0Neisler2 P4 D42 Kartman2 V42 and Nil2 D4 867>14
Zhat is particularly remarkable about this portion of the testimony is that Erian Payland and Wucker 086781
examined obturation marks2 while Neisler2 P4 D42 Kartman2 V42 and Nil2 D4 0867>1 examined breech face
impressions4 Whese two types of marks are entirely di%erent in character2 and thus the error rates should never
be directly compared4 Rf the studies we have cited on &rearms and toolmark examination2 some examine
bullet striae 0Kamby et al4 867?A Sauw3Yugts et al4 867912 extractors 0Oyons 866?12 cartridge cases 0Ealdwin
et al4 867:A Fhapnick et al4 8687A Sauw3Yugts et al4 8679A Eunch and Purphy 8669A Guez et al4 867>A Neisler2
P4 D42 Kartman2 V42 and Nil2 D4 867>12 aperture marks 0Pattijssen et al4 868612 obturation marks 0Erian
Payland and Wucker 867812 and tool marks 0Jiroux 866?14 Lt is not reasonable to assume that the error rates
in these di%erent disciplines 0with di%erent amounts of information available to the examiners1 would be
similarA after all2 studies which provide examiners with the full cartridge case instead of a sub3region of the
case 0such as the aperture shear or obturation marks1 give examiners more information on which to make a
decision2 which should lower the error rate signi&cantly4

Eefore we make direct comparisons between error rates in studies2 we should also consider other factors
beyond the type of comparison made which might make a di%erence in the reported error rate4 Vome open
set studies include comparisons from marks with similar class characteristics as knowns in the set 0Pattijssen
et al4 8686A Sauw3Yugts et al4 867912 while others include comparisons with items that do not share class
characteristics 0this allows for examiners to eliminate based only on class characteristics2 as some labs do not
allow for elimination based only on individual characteristics1 0Eunch and Purphy 866914 Whus2 the level
of di(culty of comparisons varies considerably between studies4 Ln addition2 the proportion of same source
comparisons and di%erent source comparisons varies considerably between studies@ Ealdwin et al4 0867:1 has
about 759 same3source comparisons and 859 di%erent3source comparisons2 while Guez et al4 0867>1 has 95:
same3source comparisons and 75: di%erent3source comparisons4 Rbviously2 the proportion of same3source and
di%erent3source comparisons may in'uence the precision with which any study can estimate certain error
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rates4

Whe di(culty level across di%erent studies is not necessarily comparable@ in studies of Huropean examiners2
the goal is typically to di%erentiate di%erent labs and procedures in skill and e%ectiveness2 so the evaluations
may be more di(cult in order to separate good examiners and labs from those who are uniquely skilledA in
these studies 0Sauw3Yugts et al4 8679A Pattijssen et al4 868612 comparisons are typically harder and error
rates much higher than in studies conducted in the XV2 where the study goal is typically to validate the
process of &rearms and toolmark evaluation4
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Ln fact2 the &rearms examination community is very aware of the fact that sometimes samples are di(cult to
match to each other4 Whis issue is so pervasive that the DIWH theory of identi&cation allows for a middle
category between identi&cation and elimination@ inconclusive4 Dctually2 more accurately2 the DIWH theory
of identi&cation allows for 9 di%erent levels of inconclusive on the continuum between identi&cation and
elimination4 Xnder the DIWH theory of identi&cation2 all of the hard decisions are automatically correct
because &rearms and toolmark examiners don/t have to make a decision between elimination and identi&cation4
Whe treatment of inconclusives under the DIWH theory of identi&cation is controversial and has recently
seen signi&cant scrutiny from the scienti&c community 0Gror and Vcurich 8686A Gror and Oangenburg 867?A
Eiedermann et al4 867?1$4

Vcienti&cally2 an inconclusive result has to be automatically incorrect@ a comparison is either from a same3
source or a di%erent3source4 DIWH rules allow inconclusives to be counted as both identi&cations and
eliminations2 and therefore arti&cially decrease error rates4 Lf we focus on a correct source decisions only2 the
percentage of correct decisions can be as low as :?-2 leaving at least ;7- of the decisions as errors 0correct
source identi&cation rate taken from bullet comparisons in Sauw3Yugts et al4 08679114 Whis is statistically
worse than random chance 3 that is2 examiners would perform about as well if they were 'ipping a coin to
make the decision)

Iurthermore2 when we examine which comparisons are more likely to result in an inconclusive decision2 we &nd
that the overwhelming majority of inconclusive decisions in black3box studies were made on di%erent3source
comparisons4 Whis suggests that examiners are more willing to make an identi&cation2 and less willing to
make an elimination when there is some doubt about the strength of the match4 Elack box studies conducted
outside of the XV legal system and forensic training system suggest that this bias is not as strong@ Pattijssen
et al4 0868612 which was conducted on primarily Huropean and XN examiners2 did not reveal nearly as
strong of a bias towards inconclusive decisions for di%erent3source comparisons 0though the scales used di%er
by jurisdiction14 Whis bias is only obvious when we look at the positive and negative predictive values2 as
discussed in Kofmann2 Yanderplas2 and Farriquiry 0868714

Whe bias towards identi&cation at the expense of elimination is in some cases encoded within the lab evaluation
rules4 Ln some laboratories2 including at the IEL2 examiners are not allowed to make an elimination based on
individual characteristics4 Whis is one reason why studies involving the IEL &rearms lab often do not report
sensitivity2 speci&city2 or the correct source decision rate directly@ when inconclusives are considered2 the
correct source decision rate looks abysmal@ ;8488- in Eunch and Purphy 086691 and 9=4;- in Jiroux 0866?14
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Ze have outlined several problems with the state of error rate studies on &rearm and toolmark examination4
Iundamentally2 we do not know what the error rate is for these types of comparisons4 Whis is a failure of the
scienti&c study of toolmarks2 rather than the examiners themselves2 but until this is corrected with multiple
studies that meet the criteria described in Vection 92 we cannot support the use of this evidence in criminal
proceedings4
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Lf inconclusives are errors2 even if these errors are not necessarily attributable to the examiners/ skill level2
then examiners make the correct decision in black3box tests of screwdriver and bullet evaluations at rates that
are worse than if they used coin 'ips to determine their answers 09=4;- and :?4<>-2 respectively14 Forrect
source decision rates for many studies mentioned in this assessment are provided in Dppendix D4 Hven if
inconclusives are considered correct decisions2 as recommended by the Dssociation of Iirearms and Woolmark
Hxaminers2 however2 there are still other problems with this evidence4

Whe error rates on di%erent types of toolmarks are substantially di%erent2 and there are not multiple studies
that even allow the estimation of the necessary error and accuracy rates 0false positive rate2 false negative
rate2 and correct source decision rate1 for most types of evidence4 Pultiple studies are necessary because
any set of participants and required comparisons may be non3representative in some way4 Vcience thrives on
replication of studies in slightly di%erent conditions over a period of timeA &rearms and toolmark examination
is no exception4 Ln only one discipline 0cartridge case evaluation1 are there more than two studies which
are designed in such a way that the full set of error rates are estimable4 Ln these studies2 overall error rates
0counting inconclusives as correct decisions1 are between 6- and >487-4 Zhile these error rates are relatively
low2 the studies these error rates are based on still have fundamental 'aws that suggest that the true error
rates in casework may be signi&cantly higher4

Rne of the major issues with the studies that do exist is that they are plagued by non3response bias4 Ln
many disciplines2 non3response biases of greater than 86- are su(cient to invalidate study results2 and rates
greater than ;- are su(cient cause for concern4 Post studies in this discipline do not report non3response
rates4 Iew studies report su(cient details to begin to estimate the non3response rates2 as seen for the studies
reviewed in Dppendix E4 Ior these studies2 where su(cient details were reported2 drop3out rates are up to
9;- and item non3response are up to 7=-4 What most studies do not report drop3out rates is statistical
malpracticeA failure to report or address this information when reported is particularly egregious in studies
that have practicing statisticians as authors4 Zhile it is theoretically possible that examiners who drop out
of studies or leave missing items are similar to examiners who complete the studies 0leading to an unchanged
error rate12 it is signi&cantly more likely that if these examiners had completed the study2 the error rate
would have been higher4 Ln the worst case scenario2 the actual error rate could be as high as the sum of the
dropout rate and the reported error rate4 Ze stress again that there is no possibility of assessing the true
impact of non3response bias in these studies when the authors do not make their data available to other
researchers@ as was the case in every study reviewed in Dppendix D4

Hven when non3response bias is ignored2 there are further issues with the state of error rate studies in
&rearm and toolmark examination@ studies do not cover a wide enough range of &rearms and ammunition to
generalize to the discipline as a whole4 Ze know that not all &rearm and ammunition combinations mark
equally well2 but studies are conducted using &rearms and ammunition that are known to mark4 Ds a result2
there is a potential di%erence between the &rearms and ammunition used in studies and those evaluated as
part of casework that impacts our ability to generalize error rates from studies to a speci&c combination of
ammunition and &rearm in a particular case4 Vimilarly2 the &rearms examiners who participate in studies
are likely to be fundamentally di%erent from the full population of &rearms examiners4 Whis2 too2 means
that we cannot generalize error rates from studies conducted on volunteers the entire set of quali&ed &rearms
examiners4 Zhat we can say with con&dence is that the sampling issues with &rearms examination studies are
problematic and cast doubt on the ability to generalize error rates from these studies to the wider population
of all examiners4

Ds a result of these compounding issues2 it is our opinion as statisticians and researchers in forensic science
that error rates established from studies with sampling 'aws2 methodological 'aws2 non3response and attrition
bias2 and inconclusive results are not su(ciently sound to be used in criminal proceedings4
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Rbturation Erian Payland and Wucker
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7?? VV2 :9= GV 64?98:

Fartridge Fases Guez et al4 0867>1 99< VV2 778 GV 64?9=;

Vtudies that have an unknown number of di%erent source comparisons cannot be analyzed to produce a
correct source decision rate because the total number of comparisons performed 0and the number of correct
eliminations1 cannot be computed4 Whese studies are usually closed3set designs2 which have been cited as
problematic in Sresident/s Founcil of Ddvisors on Vcience and Wechnology 0867<14 Wotals from Vmith2 Vmith2
and Vnipes 0867<1 are recreated using reported marginal totals and internal countsA the study results are
internally inconsistent2 so the approach with the least obfuscation and adjustment was taken for simplicity4
Whe discrepancy in Vmith2 Vmith2 and Vnipes 0867<1 also stems from the study design/s inability to determine
how many comparisons were conducted2 but it is at least designed in a way that allows for the calculation of
the minimal number of necessary comparisons4
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1 ?ABKE NF ;AQSICIOAMS >ALOKIMG# 3ASA 0UAIKABIKISV# 3QNO$NTS

=ASER# AMD 7SEL :NM$=ERONMRE =ASER

.KIJ$INM 7<M@@ Sroportion of examiners who agreed to participate in the study and were not included in the
&nal analysis4 !Xnreported"* indicates the authors did not provide su(cient information to calculate this
number4
1M@G 4IH$7@LJIHL@ 7<M@@ Whis is a conservative measure4 Ze are calculating the proportion of items
missing only for participants who are included in the &nal analysis4 Qote this is a lower bound for the
item non3response as it does not account for the items not responded to by participants who dropped out4
!Xnreported" indicates the authors did not provide su(cient information to calculate this number4

Wable 8@ Sarticipant sampling types2 data availability2 drop3out
rates2 and item non3response rates4 Rnly studies for which one
of drop3out rates and item non3response rates are speci&ed are
included4 Whis table focuses on data used to calculate accuracy of
examiners conclusions4

Vtudy
Yolunteer
Sarticipants

Gata Sublicly
Dvailable

Grop3out
Uate

Ltem Qon3
Uesponse
Uate

Oyons 0866?1 [es Qo Xnreported 6-
E Payland and Wucker
086781

[es Sartially% Xnreported 6-

Whomas J4 Iadul2 Mr et al4
086791

[es Qo 89-& 6-

Vtroman 0867:1 [es Qo 7=- Xnreported
Ealdwin et al4 0867:1 [es Qo 89- 646<-
Vmith2 Vmith2 and Vnipes
0867<1

[es Qo 9:- Xnreported

Neisler2 P4 D42 Kartman2 V42
and Nil2 D4 0867>1

[es Qo Xnreported 6-

Fhapnick et al4 086871 [es Qo ! 8?-' 9-
Fhumbley et al4 086871 [es Qo Xnreported 7=-
Vmith 086871 [es Qo 9;- Xnreported

%GQN J^]QX[\ MRM [NYX[] ]QN YJ[]RLRYJW] JW\`N[\ Kb ]N\],
&GQR\ [N%NL]\ ]QN Y[XYX[]RXW XO RWMR_RM^JU\ `QX LXVYUN]NM ]QN ]N\] \N]\ K^] `N[N NaLU^MNM O[XV JWJUb\R\ KNLJ^\N ]QNb QJM

WX] QJM ]`X bNJ[\ XO ][JRWRWP,
'GQN J^]QX[\ MRM WX] [NYX[] ]QN W^VKN[ XO YJ[]RLRYJW]\ `QX JP[NNM ]X YJ[]RLRYJ]N, .-4 YJ[]RLRYJW]\ LXVYUN]NM \XVN ]QN ]N\]

\N]\, GQN J^]QX[\ NaLU^MNM JUU K^] 43 XO ]QNV O[XV JWJUb\R\ OX[ ]QN [N\^U]\ [NYX[]NM RW ]QN JK\][JL] M^N ]X ]QN YJ[]RLRYJW] KNRWP
!^WZ^JUR$NM" X[ `X[TRWP X^]\RMN XO ]QN HWR]NM F]J]N\ X[ 8JWJMJ, BX]N* X]QN[ \]^MRN\ QJ_N NaYURLR]Ub RWLU^MNM NaJVRWN[\ X^]\RMN
XO ]QN HWR]NM F]J]N\ JWM 8JWJMJ (N,P,* <JVKb N] JU, (/-.6) JWM ?NR\UN[* A, 7,* <J[]VJW* F,* JWM ?RU* 7, (/-.5)), GQN J^]QX[\
RWMRLJ]NM ]QN NaLU^MNM YJ[]RLRYJW]\ QJM LXVVR]]NM VX[N N[[X[\ ]QJW ]QX\N RWLU^MNM,

E Wable of Sarticipant Vampling2 Gata Dvailability2 Grop3out Uates2 and Ltem Qon3Uesponse Uates 7:
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October 2021 

ALICIA L. CARRIQUIRY 

RESUME 

Department of Statistics 

Iowa State University 

Ames, IA 50011­1090, USA 

Phone: (515) 294­7278 (Office), (515) 451­3322 (Cell) 

Fax: (515) 294­4040                

E­mail: alicia@iastate.edu 

EDUCATION 

  •  Ph.D. in Statistics and Animal Science, Iowa State University, May 1989. 

  •  M.Sc. in Statistics, Iowa State University, December 1986. 

  •  M.Sc. in Animal Science, University of Illinois at Urbana, May 1985. 

  •  Ing. Agr., Universidad de la República, Uruguay, December 1981. 

EXPERIENCE 

President’s Chair in Statistics, Iowa State University, October 2016 – date. 

Director, Center for Statistics and Applications in Forensic Evidence, June 2015 – date. 

Associate Provost, Iowa State University, January 2000 – June 2004. 

Director of Graduate Education, Department of Statistics, Iowa State University, August 2004 to October 2014. 

Associate Chair, Department of Statistics, Iowa State University, August 2008 to October 2014. 

Distinguished Professor, Department of Statistics, Iowa State University, July 2010 ­­ date. 

Professor, Department of Statistics, Iowa State University, July 2001 – July 2010. 

Associate Professor, Department of Statistics, Iowa State University, July 1995 – July 2001. 

Assistant Professor, Department of Statistics, Iowa State University, August 1990 – July 1995. 

Adjunct Professor, MS Program in  Bioinformatics and Biological Statistics, Universidad de la República del Uruguay, 

Montevideo, Uruguay, March 2009 – date. 

Adjunct Professor, Doctoral Program in Statistics, Pontificia Universidad Católica de Chile, Santiago, Chile, July 2007 – 

December 2014. 

Visiting Professor, Institute of Statistics and Decision Sciences, Duke University, Spring 1997. 

Visiting Professor, Department of Statistics, Pontificia Universidad Católica de Chile, Santiago, Chile, Fall 1993, Fall 1996 

and 2007 – 2008. 
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Post­doctoral Research Associate, Department of Economics and Center for Agricultural and Rural Development (CARD), 

Iowa State University, January – August 1990. 

AWARDS AND HONORS

Florence N. David Award, Committee of Presidents of Statistical Societies, 2021. 

Zellner Medal, International Society for Bayesian Analysis, 2021. 

Foundational Lecturer, International Society for Bayesian Analysis, 2020. 

Elected Associate Member of the American Academy of Forensic Sciences, 2020. 

Invited to join the Intelligence Science and Technology Experts Group (ISTEG) of the National Academies of Science, 

Engineering and Medicine, 2019. 

Founders Award, American Statistical Association, 2018. 

Named Technical Advisor to Association of Firearm and Toolmark Examiners (AFTE) 2018 – 2023. 

Elected Fellow of AAAS, 2016. 

Elected to the National Academy of Medicine, 2016. 

Appointed President’s Chair in Statistics, 2016 

Elected Fellow of ISBA, 2014. 

Promoted to Distinguished Professor at Iowa State University, 2011. 

Presidential Invited Lecture at the annual meeting of the Western North American Region of the International 

Biometrics Institute, Seattle, Washington, 2010. 

Plenary lecture at the annual meeting of the Texas Defense Lawyers Association, Houston, TX October 2009. 

Elected Fellow of the Institute of Mathematical Statistics, 2006. 

Drafting Expert in the FAO­WHO Workshop on Nutritional Risk, held in Geneva, Switzerland, on May 2 – 6 2005. 

Keynote address at the Statistics Applied to Agriculture conference, Kansas, April 2005. 

20/20 Visionary Award, Iowa State University, October 2000. 

Distinguished International Service Award, Iowa State University, April 2000. 

Elected Fellow of the American Statistical Association 1999. 

Elected member of the Iowa State University Nutritional Sciences Council. December 1998. 

Elected Member of the International Statistical Institute 1995. 
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Invited to the Forum, “Meeting the Challenge. Health, Safety, and Food for America,” organized by the Executive Office 

of the Office of Science and Technology Policy, and by the National Academy of Sciences. Washington, D.C., November 

21 – 22 1994. 

Member of Sigma Xi, Mu Sigma Rho, and Gamma Sigma Delta. 

SERVICE (since 1993) 

Editorial Activities: 

Guest Editor, Statistical Science special issue on reproducibility in statistical research. 2021 – 2022. 

Editorial Board, Annual Review of Statistics and Its Application, 2017 – date. 

Editor, Electronic Encyclopedia of Statistics, 2009 – 2013.  In representation of the International Statistical Institute. 

Associate Editor, The Annals of Applied Statistics, January 2007 – May 2012. 

Editor, Bayesian Analysis, July 2003 – June 2006. 

Editor, Statistical Science,  January 1998 – December 2007. 

Editorial Board, Case Studies in Bayesian Statistics IV, V, VI, VII, VIII.  September 1997 – August  2008. 

National Panels and Committees and Advisory Boards: 

Institute for Mathematics and Statistics Innovation (IMSI), Scientific Advisory Committee, 2021 – 2024.  

National Academies of Science, Engineering and Medicine, Intelligence Science and Technology Experts Group (ISTEG). 

Member, 2019 – date. 

Center for Integrity in Forensic Sciences, University of Wisconsin Madison,  Board of Advisors, 2018 – date. 

National Academy of Medicine, Committee to Review Dietary Reference Intakes for Sodium and Potassium, 2018 – 2019 

National Academy of Sciences, Report Review Committee, 2017 – 2019, 2020 – 2022. 

National Academy of Sciences, Standing Committee on Applied and Theoretical Statistics, 2003 – 2006, 2017 – 2019, 

2020 – 2022. 

National Academy of Sciences, Division of Behavioral and Social Sciences Education, 2016 – 2019, 2020 – 2023. 

National Institutes of Health, Advisory Committee on Review of DRIs for Chronic Disease Outcomes, 2014 – 2015.  

National Academy of Medicine and National Research Council, Committee to Review the WIC benefits package, 2014 – 

2016. 

National Academy of Medicine and National Research Council, Committee on Evaluating the Veteran’s Affairs Mental 

Health Services, 2013 – 2017,  Chair of the committee. 

National Academy of Sciences, Committee on Assessing the Value of Research on Advancing National Goals, 2012 – 

2013. 
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US Department of Transportation, Advisory Council on Transportation Statistics,  2012 – 2014. 

National Academy of Sciences, Committee on Advancing Institutional Transformation for Minority Women in Academia: 

a Workshop, 2011 – 2012. 

National Academy of Sciences, Committee to Assess the Feasibility of Estimating the Number of Illegal Border Crossings 

between Mexico and the United States,  2011 – 2012,  Chair of the committee. 

US Environmental Protection Agency, Scientific Advisory Board, 2012 – 2014. 

Institute of Medicine, Committee to Review the Child and Adult Care Food Program, 2009 – 2010. 

National Academy of Sciences, Vitamin D and Calcium Review Committee (consultant), 2009 – 2010. 

National Academy of Sciences, Standing Committee on National Statistics (CNSTAT), 2008 – 2014. 

National Academy of Sciences, Standing Committee on Social Science Evidence to Use in Policy Decision­Making. 2007 – 

2012. 

US Environmental Protection Agency, Human Studies Review Board, 2006 – 2008. 

National Academy of Sciences, Committee on Assessing the Technical Feasibility of a National Ballistics Database, 2004 – 

2007. 

National Academy of Sciences, Committee on Gender Differences in the Careers of Science, Engineering and 

Mathematics Faculty, 2004 – 2007. 

National Academy of Sciences, Board on Technology and the Law: Advisability and Ethics of the Use of Third Party 

Intentional Dosing Studies with Human Subjects by the Environmental Protection Agency, 2002 – 2003. 

National Research Council, Committee on National Statistics: Estimating Eligibility and Participation Rates in the Women 

and Infant Children (WIC) Program,  2000 – 2003. 

Food and Nutrition Board, Institute of Medicine, National Academy of Sciences:  Committee on Uses and Interpretations 

of Dietary Reference Intakes, 1997 – 2003. 

Report Monitor of four National Academy of Sciences reports and reviewer of over 12 reports. 

Conferences: Organizing or Program Committees: Multiple, both in the United States and abroad. 

Academic review, advisory and visiting committees: 

Review Board, Committee on National Statistics, Chair, March 2019. 

External Review Committee, Army Research Office, Research Triangle, NC. August 2018. 

Data Safety Monitoring Committee, NewLink Genetics, 2010 – 2018 (Chair from 2014 – 2018). 

External Review Committee, Department of Statistics, Universidad de la República, Montevideo, Uruguay, February 

2018. 
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External Review Committee, Department of Statistics, Virginia Tech University, April 2017. 

External Review Committee, Department of Statistics, Colorado State University, November 2015. 

External Review Committee, Department of Statistics, University of Nevada at Reno, February 2015. 

External Auditing Review Committee, Institute of Mathematical Statistics (IMS), April 2014. 

External Review Committee, Graduate Program in Statistics, University of Toronto, Canada, October 2009. 

External Review Committee, Department of  Statistics, Universidad de la República del Uruguay, Montevideo, Uruguay, 

2008. 

External Advisory Board, Centro de Investigaciones Matemáticas (CIMAT) (Center for Mathematics Research), 

Guanajuato, Mexico, 2007 – 2009. 

Advisory Board member for Department of Statistics, Carnegie Mellon University, 2006. 

External review committee for Department of Statistics, Harvard University, 2003 – 2006. 

External Review Team (Chair) for Department of Statistics, Universidad Nacional de Colombia, Bogotá, Colombia, August 

1998. 

Professional Associations: 

American Statistical Association: 

Chair, Wilks Award Committee, 2018 – 2021. 

Chair, Section on Bayesian Statistical Sciences, 2013 (Elected). 

Vice President, 2007 – 2009  (Elected). 

Chair,  Budget Committee, 2009. 

Chair, Task Force on Graduate Education in Statistics in Vietnam, 2005 – 2006. 

Task Force on Science Policy, 2006 – 2007. 

Fellows Committee, Section on Statistics and the Environment, 2005 – 2007. 

Strategic Planning Committee on Meetings, member, 2000. 

Program Chair, Joint Statistical Meetings, 1999. 

Committee on Meetings, 1998 – 2000. 

Biometrics Section, member of the Executive Committee (Proceedings Editor) 1995 – 1997. 

Section on Bayesian Statistical Sciences, member of Nominations Committee, 1996. 

Iowa Chapter, President­Elect,  1995 –1996, President, 1996 – 1997 (Elected). 
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Program Chair, Biometrics Section, Joint Statistical Meetings, 1997. 

International Society for Bayesian Analysis (ISBA)  

Committee on Fellows, 2019 – 2022 (Chair, 2021). 

Board of Directors, 2018 – 2020. 

Chair, Bylaws Committee, 2018 – 2020. 

Chair, Nominations Committee, 2002 (Elected). 

President,  2001 (Elected). 

Co­Chair, Ad­hoc Journals Committee, 2000 – 2003. 

President­Elect, 2000 (Elected). 

Member, Board of Directors, 1998 (Elected). 

Program Chair,  1996 – 1997. 

Program Committee, Fifth World Meeting, Oaxaca, Mexico, 1995. 

Program Committee and co­Chair of Finance Committee, Seventh World Meeting, Crete, Greece, 2000. 

National Institute of Statistical Sciences (NISS)  

Executive Committee member, 2000 – 2002. 

Chair, Jerome Sacks Award Committee, 2002. 

Member of the Board of Trustees, 1998 – 2003 and 2004 – 2008 (Elected). 

Member of the Corporation, 2001 – 2003 (Elected). 

Institute of Mathematical Statistics (IMS)  

Member, Committee on Fellows, 2018 – 2020 (Chair 2020). 

Member, External Audit Committee, 2014. 

Chair, Committee to Select Officers, 2011. 

Chair, Committee to Establish an IMS Meetings Cycle in Latin America, 2007 – 2008. 

Member of the Executive Committee 1999 – 2005. 

Member, Nominations Committee, 1999.  

Committee on Meetings, and Joint Meetings Advisory Committee, 2001 – 2005. 
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Committee of Presidents of Statistical Societies (COPSS)  

Chair, Diversity, Equality, and Inclusion Task Force, 2020 – 2021.  

Chair, Fisher Lectures, 2017 – 2018. 

Member, Elizabeth Scott Award Committee in representation of the Institute of Mathematical Statistics (IMS). 

1998 – 2000 (Chair in 2000). 

International Biometric Society Eastern North American Region (ENAR) 

Member of the Regional Advisory Board (RAB), 1996 – 1999 (Elected). 

International Statistical Institute (ISI) 

Chair, Short Course Committee, World Statistical Congress, 2015. 

              Member, Council of the Bernoulli Society, 2013 – 2017. 

Editor, Electronic Encyclopedia of Statistical Sciences, 2009 – 2012. 

Member, ISI Council, 2007 – 2009 (Elected). 

Nominations Committee, 2009 – 2010. 

Publications Committee, 2008 – 20011. 

Proposal and Manuscript Panels and Review 

National Institutes of Health, Biostatistical Methods and Research Design Study (BMRD) Section, 2013 – 2015. 

National Science Foundation Education and Human Resources Core Research Review Panel, 2013. 

National Institutes of Health, Kidney, Nutrition, Obesity and Diabetes Study Section, 2011 – 2012. 

National Science Foundation Review Panel. February 2011. 

National Science Foundation Review Panel. December 2010. 

National Science Foundation Review Panel. December 2009. 

National Institutes of Health, Kidney, Nutrition, Obesity and Diabetes Study Section, 2005 – 2008. 

National Science Foundation Review Panel for Statistics proposals, December 2004. 

National Science Foundation Review Panel for Industry/University research cooperation, February 2000. 

National Science Foundation Review Panel on Digital Government, February 1999. 

Environmental Protection Agency and National Science Foundation Review Panel for Partnership for Environmental 

Research, May 1999. 

National Science Foundation Review Panel for Statistics research proposals, December 1999. 
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Refereed research proposals for United States Department of Agriculture, the National Council on Science and 

Technology of Chile, the National Science Foundation, South African Foundation for Research Development, 

Environmental Protection Agency, National Institutes of Health, Department of Agriculture and the Iowa Pork Producers 

Association. 

Refereed papers for Journal of the American Statistical Association, Biometrics, The American Statistician, Theoretical 

and Applied Genetics, Génétique Sélection Evolution, Revista Chilena de Estadística, Revista Colombiana de Estadística, 

Revista Brasileira de Estadística, American Journal of Public Health, Communications in Statistics (Theory and Methods), 

Journal of Computational and Graphical Statistics, Statistics and Probability Letters, Biometrika, International Journal of 

Agricultural Economics, Journal of Nutrition, Metrika, Statistical Science, Journal of the American Dietetics Association, 

Public Health Nutrition, American Journal of Agricultural Economics, Journal of Agricultural, Biological and 

Environmental Statistics, Journal of the Royal Statistical Society, Springer­Verlag Publications, Elsevier Publications, 

Wiley Publications, National Academy of Sciences, Journal of Statistics Education. 

Iowa State University: 

Search committee for Vice President for Research, 2020. 

Ad­Hoc committee to review appointments of NTER faculty, 2014. 

Search committee for Dean of the College of Liberal Arts and Sciences, 2011. 

Member of the Iowa Computational Biology Laboratory, 1998  – date. 

Plant Sciences Initiative, Strategic Planning Committee for Laurence H. Baker Center for Bioinformatics and Biological 

Statistics, 1999 – 2000. 

Bioinformatics and Computational Biology interdisciplinary major, Curriculum Development Committee member, 1999 – 

2000. 

Plant Sciences Institute, member of PSI Council, 2000 – 2004. 

Plant Sciences Institute, search committee for Institute director, member, 2000. 

Committee on Strategic Planning for Information Technology at Iowa State University, member, 2000. 

Advisory Committee, International Institute for Theoretical and Applied Physics, member. 2000 – 2001. 

Search committee for Dean of the College of Veterinary Medicine, representative of Provost, 2000.  

Search committee for Dean of the College of Agriculture, representative of Provost, 2001. 

Search committee for Dean of the College of Business, representative of Provost, 2002. 

Search committee for Chief Information Officer, representative of Provost, 2003. 

Search committee for Dean of the College of Family and Consumer Sciences, representative of Provost, 2003. 

Search committee for Dean of the College of Veterinary Medicine, representative of Provost, 2003. 

Search committee for Dean of the College of Engineering, representative of Provost, 2004. 
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College of Agriculture, Iowa State University: 

Member, International Agriculture Programs Faculty Advisory Committee, Iowa State University, 1993 – 2000. 

College of Liberal Arts and Sciences, Iowa State University: 

Committee to Review Nominations for Distinguished Professors (Chair), 2011 – 2014. 

Awards Committee, 2009 – 2014. 

Promotion and Tenure Committee, College of Liberal Arts and Sciences, 2004 – 2006. 

Liberal Arts and Sciences Minority Advisory Board, 1996.  

Member of the Liberal Arts and Sciences Committee on Academic Standards, August 1995 – December 1999. 

Department of Statistics, Iowa State University: 

Distinguished Lectures Committee Chair, 2016 – 2018 

Admissions Committee 2009 – 2014 (Chair,  2009 – 2014). 

Search Committee, 1992 – 1997, 2000, 2002 – 2005, 2014, 2016, 2018 – 2019. 

Advisory Committee on Promotion and Tenure, 2009 – 2011, 2018 – date. 

Snedecor Hall Renovation and Expansion committee, 2006 – 2007. 

Co­Director of Graduate Education, 2004 – 2014. 

Strategic Planning committee, Chair, 2004 – 2005. 

Advisory Committee to the Department Chair, 2003 – 2006. 

Capital Campaign Committee, 1995 – 1998. 

Non­thesis Master Exam Committee, Department of Statistics, 1993 – 1995, 1997 – 1998 (Chair 1995 – 1996). 

Seminar Committee, 1991 – 1992, 1998 – 1999. 

GRANTS AND CONTRACTS (Funded) 

Uemura, E., Carriquiry, A. L., and Kliemann, W. Mathematical Approach to Modeling Dendritic Growth. National 

Institutes of Health (NIH), May, 1991. $300,000 over three years. 

Carriquiry, A. L. and Kliemann, W. Mixed Linear Models and Quantitative Genetics. Iowa Agriculture Experiment Station 

Innovative Research Grant. 1991. $3,810 over one year. 

Carriquiry, A. L. and Jensen, H. H. Assessing the Health Risk Associated with Groundwater Contamination. Iowa State 

University Research Grant, Spring 1991 Competition. $7,500 over one year. 

Bouzaher, A. and Carriquiry, A. L. Multiproduct Yield Prediction when Products are not Independent. May 1991. Iowa 

Corn Promotion Board. $17,000 over one year. 

Bouzaher, A., Carriquiry, A. L., and Jensen, H. H. Efficiency Analysis of Ukrainian Agriculture. National Council for Soviet 

and East European Research. May 1992. $48,000 over 15 months. 

Carriquiry, A. L. and Jensen, H. H. Collection of Data on Inputs in the Ukraine for Estimating Agricultural Productivity and 

Impacts of the Economic Reform. Office of International Cooperation and Development, 
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USDA. January 1993. $6,761 over one year. 

Jensen, H. H. and Carriquiry, A. L. NIS/Baltic Research Exchange, Agriculture Experiment Station, Iowa State University. 

March 1994. $2,700 over one year. 

Johnson, S. R. and Carriquiry, A. L. Research Budget Expenses. Egyptian Cultural and Educational Bureau. March 1994. 

$13,000 over two years. 

Johnson, S. R., Fuller, W. A., Carriquiry, A. L., Jensen, H.H., and Nusser, S. M. Cooperative Agreement with Human 

Nutrition Information Service (HNIS) USDA. October 1994. $203,625 over one year. 

Carriquiry, A. L.  International Travel Grant. American Statistical Association.  June 1995. $1,600. 

Carriquiry, A. L.  International Travel Grant.  College of Agriculture, Iowa State University.  July 1995.  $1,600. 

Carriquiry, A. L. and Martinez, S. International Cooperation Programs, National Science Foundation. October 1995. 

$35,280. 

Kliemann, W., Breidt, F. J., Budhiraja, A., Carriquiry, A.L., Mirkovic, D., and O'Donnell, B. Nonlinear Filtering Approaches 

to Multitarget Tracking. Office of Naval Research (ONR). November 1995. $604,342 over 3 years. 

Del Pino, G., Marshall, G., and Carriquiry, A. L. Topics in nonlinear mixed models.  Fondo de Ciencia y Tecnologia 

(FONDECYT), Chile. $15,000 over 2 years. 

Carriquiry, A. L. and Nusser, S. M.  Estimating usual intakes and biochemical measurement distributions for NHANES III. 

National Center for Health Statistics, Department of Health and Human Services. October 1996. $25,000 for one year. 

Carriquiry, A. L. International Travel Grant. American Statistical Association.  June 1997. $1,800. 

Carriquiry, A. L. Data collection and processing in Extension. Extension Service, Iowa State University. June 1997. $5,500. 

Carriquiry, A. L.  International Travel Grant.  College of Liberal Arts and Sciences, Iowa State University.  July 1997.  

$1,050. 

Carriquiry, A. L. and Nusser, S. M.  Statistical issues associated to NHANES III. National Center for Health Statistics, 

Centers for Disease Control and Prevention. October 1997. $48,000 for one year.  

Nusser, S.M. and Carriquiry, A. L. Development of sampling methods to support the USDA. Nutritional Data Laboratory, 

U.S. Department of Agriculture. April 1998. $31,650 for one year. 

Carriquiry, A. L. Cooperation with Argentina. National Science Foundation. May 1998. $32,100 for one year. 

Carriquiry, A. L. Analysis of nonresponse patterns in the Supplementary Nutrition Survey of Elderly Americans. National 

Center for Health Statistics, Centers for Disease Control and Prevention. October 1998. $84,000 for one year. 

Carriquiry, A. L., Daniels, M., and Stern, H. Statistical treatment of class evidence. Federal Bureau of Investigation (FBI). 

October 1998. $150,000 for one year. 

Carriquiry, A. L. Analysis of antioxidant intake data. Food and Nutrition Board, IOM. 1999. $9,045 over three months. 

Carriquiry, A.L. and Rotniztky, A.  Eighth Latin American Congress on Probability and Mathematical Statistics, La Habana, 

Cuba. National Science Foundation, January 2001. $31,070 for one year. 
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Devaney, B. and Carriquiry, A. L. Using the new Dietary Reference Intakes to assess nutrient adequacy among vulnerable 

groups.  Economic Research Service, USDA. May 2001.  $247,000 for 18 months. 

Carriquiry, A.L. PC software for dietary assessment. National Cancer Institute, NIH. November 2001. $25,000 for one 

year. 

Carriquiry, A.L. Ninth Latin American Congress on Probability and Mathematical Statistics. Punta del Este, Uruguay. 

National Science Foundation, January 2004. $16,500 for one year. 

Carriquiry, A.L. International Society for Bayesian Analysis 2004, Vina del Mar, Chile. National Science Foundation, 

March 2004. $12,000 for one year. 

Meeker, W.Q., Carriquiry, A.L., Cook, D., Maitra, R., Nettleton, D., Opsomer, J. Computing equipment for the Statistics 

Department at Iowa State University. SCREMS program, National Science Foundation. January 2004. $127,000 for one 

year. 

Carriquiry, A.L. Bayesian analysis of traffic safety data. Iowa Department of Transportation. September 2004. $75,000 

for three years. 

Carriquiry, A.L., Meeker, W.Q., Morris, M., Vardeman, S. and Wu, H. Statistics for the Physical and Engineering Sciences: 

A Research Training Group. $1,101,547 for four years.  National Science Foundation, July 2005. 

Jensen, H.H., Carriquiry, A.L. and Schalinski, K. Assessing intake of choline in at­risk groups. Egg Nutrition Council, August 

2006. $45,000 for one year. 

Wolt, J., Carriquiry, A.L., Correia, A., Hurd, S., Jensen, H.H., O’Connor, A., Rodriguez, L., Sandve, G. and Stecker, G. 

Enabling graduate learning in risk analysis with emphasis on food, agriculture and veterinary medicine. Higher Education 

Commission, May 2006. $146,813 over two years. 

Srinivasan, R., Carter, D., Harkey, D., Eccles, K., Council, F., Persaud, B., Lyon, C., and Carriquiry, A.L. Evaluation of safety 

strategies at signalized intersections. NCHRP 17­35 Transportation Research Board, June 2006. $750,000 over three 

years. 

Jahns, L. and Carriquiry, A.L. Epidemiologic tools to assess obesity­related energy and other nutrient intake. USDA NRI, 

December 2006. $345,000 over three years. 

Kurkalova, L., Kling, K., Carriquiry, A.L. Economic benefits and water quality consequences of ethanol production in the 

upper Mississippi river basin.  USDA NCR­SARE, October 2006. $676,000 over three years. 

Hallmark, S., Maze, T., Carriquiry, A.L. and Boyle L.N. Development of analytical tools to evaluate road departure crashes 

using naturalistic driving study data. Federal Highway Administration. December 2006. $99,000 over two years. 

Hallmark, S., Maze, T., Carriquiry, A.L. and Boyle L.N. Development of analytical tools to evaluate road departure crashes 

using naturalistic driving study data – Phase II. Federal Highway Administration. April 2008. $130,000 over two years. 

Carriquiry, A.L. Planning food fortification in developing nations. World Health Organization. January 1 2008 – December 

31 2009. $79,400. 

Welk, G., Nusser, S.M. and Carriquiry, A.L. A measurement error approach to estimating usual daily physical activity 

distributions. National Institutes of Health. October 1 2008 – September 30 2012. $2,453,000. 
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Carriquiry, A.L. Measurement error in non­linear models – An application to serum vitamin D. National Institutes of 

Health. October 1 2009 – September 30 2011. $176,000. 

Carriquiry, A.L. A comparison of various methods for estimating usual food intake distributions. National Institutes of 

Health. October 1 2009 – September 30 2011. $162,000. 

Carriquiry, A.L. XI Latin American Congress on Probability and Mathematical Statistics. National Institutes of Health, 

Office of Dietary Supplements. October 1 2009 – March 31 2010. $8,500. 

Genschel, U.,   Carriquiry, A.L., Dougherty, B., Johnson, E., Kliemann, W. Exploring the STEM gender gap: Introductory 

college mathematics and statistics instruction and its association with self­efficacy. National Science Foundation. January 

1 2011 – December 31 2012. $543,000. 

Wiser, R., Balent­Kurti, P., Holland, J., Nelson, R. Lauter, N., Carriquiry A., Payne, G.  Genetic and histological dissection 

of phenotypic variation in quantitative resistance to maize diseases.  National Science Foundation. November 15 2011 – 

November 14 2014.  $3,997,779.  Carriquiry is PI for the Iowa State portion, which amounts to approximately $950,000. 

Carriquiry, A.L. Bayesian methods in traffic safety. Iowa Department of Transportation. January 2014. $125,000 for two 

years. 

Carriquiry, A.L., Baldwin, D., Fienberg, S.E., Kafadar, K., Stern, H. NIST Center of Excellence in Forensic Science and 

Statistics. $19,999,722 over 5 years.  June 1 2015 – May 31 2020. 

Carriquiry, A.L., Garrett, B, Kafadar, K., Mejia, R., Morris, K., Stern, H. NIST Center of Excellence in Forensic Science and 

Statistics  Renewal. $20,000,000 over 5 years.  June 1 2020 – May 31 2025.  

PUBLICATIONS, REFEREED 

1.  Carriquiry, A. L., Gianola, D., and Fernando, R. L. 1987. Mixed Model Analysis of a Censored Normal Distribution with 

Reference to Animal Breeding. Biometrics, 43:929­939. 

2.  Nusser, S. M., Carriquiry, A. L., Jensen, H. H., and Fuller, W. A. 1990. A Transformation Approach to Estimating Usual 

Intake Distributions. Proceedings of the Second Annual Kansas State University 

Conference on Statistics Applied to Agriculture. Manhattan, KS 120­132. 

3.  Carriquiry, A. L., Jensen, H. H., and Nusser, S. M. 1991. Modeling Chronic vs. Acute Human Health Risk from 

Contaminants in the Food.  In: J. A. Caswell (ed.) The Economics of Food Safety, Elsevier, New 

York, 69­89. 

4.  Carriquiry, A. L., Ireland, W., Kliemann, W., and Uemura, E. 1992. Statistical Evaluation of Dendritic Growth Models. 

Bulletin of Mathematical Biology, 53:579­589. 

5.  Bouzaher, A. and Carriquiry, A. L. 1992. Multiproduct Yield Prediction when Products are not Independent. 

Proceedings of the Third Annual Kansas State Conference on Statistics Applied to Agriculture. Manhattan, KS 102­114. 

6.  Fink, D., and Carriquiry, A. L. 1992. Having Babies or Not – Household Composition in Rural Iowa and Nebraska, 1900­

1910. Great Plains Quarterly, 12:157­168. 

7.  Harville, D. A., and Carriquiry, A. L. 1992. Classical and Bayesian Prediction as Applied to an Unbalanced Mixed Linear 

Model. Biometrics, 48:987­1003. 
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8.  Bouzaher, A., Archer, D., Cabe, R., Carriquiry, A. L., and Shogren, J. F. 1992. The Effects of Environmental Policy on 

Trade­Offs in Agri­chemical Management. Journal of Environmental Management, 36:69­80. 

9.  Bouzaher, A., Lakshminarayan, P. G., Cabe, R., Carriquiry, A. L., Gassman, P., and Shogren, J. F. 1993. Metamodels and 

Nonpoint Pollution Policy in Agriculture. Water Resources Research,  29:1579­1587. 

10. Mansur, L., Carriquiry, A. L., and Rao­Arelli, M. 1993. Resistance to Race 3 of the Soybean Cyst Nematode. Crop 

Science, 33:1249­1253. 

11. Johnson, S. R., Bouzaher, A., Carriquiry, A. L., Jensen, H. H., and Lakshminarayan, P. G. 1994. Production Efficiency 

and Agricultural Reform in Ukraine. With discussion. American Journal of Agricultural Economics, 76:629­635. 

12. Uemura, E., Carriquiry, A. L., Kliemann, W., and J. Goodwin.  1995. Mathematical Modeling of Dendritic Growth in 

vitro. Brain Research, 671:187­194. 

13. Jensen, H. H., Lakshminarayan, P. G., Bouzaher, A., Carriquiry, A. L., Johnson, S. R., and Sabluk, P.  1996. Stochastic 

frontier analysis of technical efficiency of Ukrainian crop and livestock enterprises and implications for reform. Ukrainian 

Economic Review, 2:4­­22. 

14. Nusser, S. M., Carriquiry, A. L., Dodd, K. W., and Fuller, W. A. 1996. A Semiparametric Approach to Estimating Usual 

Intake Distributions. Journal of the American Statistical Association, 91:1440­1449. 

15. Breidt, F. J., and Carriquiry, A. L. 1996. Improved quasi­maximum likelihood for stochastic volatility models. In: Lee J. 

C., Johnson, W. O., and Zellner, A. (eds.) Modeling and Prediction:  Honoring Seymour Geisser. Springer­Verlag, 228­247. 

16. Babcock, B. A., Carriquiry, A. L., and Stern H. S. 1996. Evaluation of soil test information in agricultural decision 

making. Journal of the Royal Statistical Society (C), Applied Statistics, 45:447­461. 

17. Guenther, P. M., Kott, P. S., and Carriquiry, A. L. 1997. Development of an approach for estimating usual nutrient 

intake distributions at the population level.  Journal of Nutrition, 127:1106­1112. 

18. Carriquiry, A. L. 1997. Bayesian legal decision­making: impossible task? In: Allen, R.J., and Redmayne, M. (eds.) 

Bayesianism and Juridical Proof. International Journal of Evidence and Proof,  Special Issue, 299­304. 

19. Allen, R. J., and Carriquiry, A. L. 1997. Factual ambiguity and a theory of evidence reconsidered: a dialogue between 

a statistician and a law professor. 31 Israel Law Review, 464­505. 

20. Carriquiry, A. L., and Fienberg, S. E. 1998. Log linear models. Armitage, P., and Colton, T. (eds.). Encyclopedia of 

Biostatistics 3:2333­2349.  

21. Fienberg, S. E., and Carriquiry, A. L. 1998. Rasch Models. Armitage, P., and Colton, T. (eds.). Encyclopedia of 

Biostatistics 5:3724­3730.  

22. Carriquiry, A. L., Breidt, F. J., and Lakshminarayan, P. G. 1998. Sampling schemes for policy analyses using computer 

simulation experiments.  Journal of Environmental Management 22:505­515. 

23. Carriquiry, A.L. 1999. Assessing the prevalence of nutrient inadequacy. Public Health Nutrition 2:23­33. 

24. Breidt, F. J., and Carriquiry, A. L. 2000. Highest density gates for multiple target tracking.  IEEE Transactions on 

Aeronautics and Electronic Control, 36:47­55. 
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25. Fernandez, S., Fernando, R., and Carriquiry, A.L. 2001. An algorithm to sample marker genotypes in a pedigree with 

loops. Case Studies in Bayesian Statistics, Vol. V, Gatsonis, C. et al. (eds.). Lecture Notes in Statistics, 

Springer­Verlag. 309­328. 

26. Carriquiry, A. L., and Daniels, M. 2001. Adjusting for measurement error of a dietary risk factor in age­related 

maculopathy. ISBA 2000 Proceedings: Bayesian Methods with Applications to Science, Policy, and Official Statistics.  Italy: 

European Communities Press. 51­61.

27. Fernandez, S. A., Fernando, R. L., and Carriquiry, A. L.. 2001. An algorithm to sample unobservable genotypes in 

complex pedigrees.  ISBA 2000 Proceedings: Bayesian Methods with Applications to Science, Policy, and Official Statistics.  

Italy: European Communities Press. 125­135. 

28. Fernandez, S. A., Fernando, R. L., Guldbrandtsen, B., Totir, R., and Carriquiry, A. L.  2001. Sampling genotypes in large 

pedigrees with loops. Genetics, Selection, Evolution, 33:337­367. 

29. Daniels, M. J., and Carriquiry, A. L. 2002. Computing the posterior distribution of individual level usual intakes with 

application to diseases models. Research in Official Statistics, 1: 67­81. 

30. Kurkalova, L., and Carriquiry, A.L. 2002. An analysis of grain production decline during the early transition in Ukraine: 

Bayesian inference. American Journal  of Agricultural Economics, 84: 1256­1263. 

31. Fernandez, S. A., Fernando, R. L., Guldbrandtsen, B., Stricker, C., Schelling, M., and Carriquiry, A. L. 2002. 

Irreducibility and efficiency of ESIP to sample marker genotypes in large pedigrees with loops. Genetics, Selection, 

Evolution. 34:537­555. 

32. Carriquiry A.L., Nusser SM. 2002. Latent class analysis of complex sample survey data: Application to dietary data – 

Comment.  Journal of the American Statistical Association. 97:729­731. 

33. Arab, L. Carriquiry, A.L., Steck­Scott, S., and Gaudet, M. 2003. Ethnic differences in the nutrient intake adequacy of 

premenopausal women: results from the National Health and Nutrition Examination Survey III.  Journal of the American 

Dietetics Association,  103:1008­1014. 

34. Carriquiry, A.L. 2003. Estimation of usual intake distributions of nutrients and foods. Journal of Nutrition.  133:601­

608. 

35. Jahns L, Arab L, Carriquiry A. 2003. Dietary reference intakes still used incorrectly in Journal articles. Journal of the 

American Dietetics Association 103(10):1292­3; author reply 1293. 
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102.  Taylor , C., Bailey, R., Carriquiry, A.L.  2015.  Use of folate­based and other fortification scenarios illustrate different 

shifts for tails of the distribution of serum 25­hydroxyvitamin D concentrations.  Journal of Nutrition, 145:1623­1629. 

doi:10.3945/jn.115.211185 

103. Carriquiry, A.L., Spungen, J.H., Murphy, S.P., Pehrsson, P.R., Dwyer, J.T., Juan, W.Y., Wirtz, M. 2016. Variation in the 

iodine concentration of foods: considerations for dietary assessment.  American Journal of Clinical Nutrition, 104 (Suppl. 

3): 877­887. 

104. Juan, W.Y., Trumbo, P.R., Spungen, J.H., Dwyer, J., Carriquiry, A.L., Zimmerman, T.P., Swanson, C.A., Murphy, S.P. 

2016. Comparison of two methods for estimating the prevalence of inadequate and excessive iodine intake. American 

Journal of Clinical Nutrition, 104:888S­897S. 

105. Shamah­Levi, T., Rodriguez­Ramirez, S., Gaona­Pineda, E.B., Cuevas­Nasu, L., Carriquiry, A.L., Rivera, J.A. 2016. 

Three 24­h recalls in comparison with one improve the estimates of energy and nutrient intakes in an urban Mexican 

population.  The Journal of Nutrition, 146:1043­1050. 

105. Lopez­Olmedo, N., Carriquiry, A.L., Rodriguez­Ramirez, S., Ramirez­Silva, I., Espinosa­Montero, J., Hernandez­

Barrera, L., Campirano­Nunez, F., Martinez­Tapia, B., Rivera, J.A. 2016. Usual intake of energy and macro­nutrients in the 

Mexican population.  The Journal of Nutrition, 146:1856S­1865S. 

106. Orozco, A., Yeung, L.F., Guo, J., Berry, R.J., Carriquiry A. 2016. Characteristics of US adults aged 19 years and older 

with usual daily folic acid intake above the tolerable upper intake level: National Health and Nutrition Examination 

Survey, 2003­2010. Nutrients, 8:195, doi:10.3390/nu8040195. 

107. Zimmermann, M.b., Hussein, I., Al Ghannami, S., El Badawi, S., Al Hamad, N,M., Abbas Hajj, B., Al­Thani, M., 

Winichagoon, P., Pongcharoen, T., van der Haar, F., Qing­Zheng, J., Dold, S., Andersson, M., Carriquiry, A.L. Estimation of 

the prevalence of deficient and excessive iodine intakes in school­age children from the adjusted distribution of urinary 

iodine concentrations from population surveys. The Journal of Nutrition, 146:1204­1211. 

108. De Moura, F.F., Moursi, M., Angel, M.D., Angeles­Agdeppa, I., Atmarita, A., Gironella, G.M., Muslimatun, S., 

Carriquiry, A.L.. 2016.  Biofortified beta­carotene rice improves intake of vitamin A and reduces the prevalence of 

inadequacy among women and young children in a simulated analysis in Bangladesh, Indonesia and Philippines.  The 

American Journal of Clinical Nutrition, 104:769­775. 

109. Pedroza­Tobias, A., Hernandez­Barrera, L., Lopez­Olmedo, N., Garcia­Guerra, A., Rodriguez­Ramirez, S., Ramirez­

Silva, I.,Villalpando, S., Carriquiry, A.L., Rivera, J.A. Usual intake of vitamins in the Mexican population: Results from the 

National Health and Nutrition Survey 2012.  The Journal of Nutrition, 146:1866S­1873S. 
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110. Sanchez­Pimienta, T.G., Lopez­Olmedo, N., Rodriguez­Ramirez, S., Garcia­Guerra, A., Rivera, J.A., Carriquiry, A.L., 

Villalpando, S. 2016.  The usual intake of iron, zinc, calcium and magnesium in the Mexican population. The Journal of 

Nutrition, 146:1874S­1880S. 

111. Saheed, M.S., Gkritza, K., Carriquiry, A., Hallmark, S. 2016. Analysis of occupant injury severity in winter weather 

crashes: a fully Bayesian multivariate approach. Analytic Methods in Accident Research, 11:33­47. 

112. Fiorentino, M., Landais, E., Bastard, G., Carriquiry, A., Wieringa, F.T., Berger, J. 2016. Nutrient intake is insufficient 

among Senegalese urban school children and adolescents: Results from two 24­h recalls in state primary schools in 

Dakar.  Nutrients 8:650­667. 

113. Carriquiry, A.L. Understanding and assessing nutrition.  2017. Reviews in Statistics, 4:123­146 

114. Hare, E., Hofmann, H., Carriquiry, A. 2017. Automatic matching of bullet lands.  Annals of Applied Statistics.  

4:2332­2356. Arxiv: 1601.05788v1. 

115.  Howard, R., Carriquiry, A.L., Beavis, W.. 2017. Application of response surface methods to determine conditions for 

optimal genomic prediction.  Genes, Genetics and Genomics, 7: 3103­­3113. 

116. Raatz, SK, Jahns, L., Johnson, LK., Scheett, A., Carriquiry, A., Lemieux, A., Nakajima, M., al’Absi, M.  2017. Smokers 

report lower intake of key nutrients than nonsmokers, yet both fall short of meeting recommended intakes.  Nutrition 

Research, 45:30 – 37. 

117. Basulto­Elias, G., Carriquiry, A., De Brabanter, K., Nordman, D. 2017. Fourierin:  an R package to compute Fourier 

integrals. The R Journal, 9:72—83. 

118. Hare, E., Hofmann, H., Carriquiry, A. 2018. Algorithmic approaches to match degraded bullet land impressions.  

Law, Probability and Risk, 16: 203­221. 

119. Denney, L., Angeles­Adepta, I., Capanzana, M.V., Toledo, M.B., Donohue, J. , Carriquiry, A.L. 2018. Nutrient Intakes 

and Food Sources of Filipino Infants, Toddlers and Young Children are Inadequate: Findings from the National Nutrition 

Survey 2013. Nutrients, 10: 1730­ 1739    https://doi.org/10.3390/nu10111730.

120. Castellanos­Gutierrez, A., Sanchez­Pimienta, T.G., Carriquiry, A.L., da Costa, T.H.M., Ariza, A.C. 2018. Higher dietary 

magnesium intake is associated with lower body mass index, waist circumference and serum glucose in Mexican adults. 

BMC Nutrition Journal 17: 114­121. doi.org/10.1186/s12937­018­0422­2

121. Shook, R., Hand, G., O’Connor, D., Thomas, DM., Hurley, TG., Drenowatz, C., Welk, G., Reis, D., Carriquiry, A., Blair, 

S. 2018. Energy intake derived from an energy balance equation, validated activity monitors, and dual X­ray 

absorptiometry can provide acceptable caloric intake data among young adults.  Journal of Nutrition, 148:490­496. 

doi.org/10.1093/jn/nxx029. 

122. Reis, D., Carriquiry, A. 2019. Measuring energy balance while correcting for measurement error via free knot 

splines. PLoS.  doi.org/10.1371/journal.pone.0201892

123. Park, S., Carriquiry, A. Machine learning methods to compare the elemental composition of glass fragments.  2019. 

Annals of Applied Statistics, 13: 1068­1102. 

124. Hubbard, D.W., Carriquiry, A.L.  2019. A straw man proposal for a new framework for statistical inference in 

science. The American Statistician, 73 sup1: 46­55. doi.org/10.1080/00031305.2018.1543138.
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125.  Allen, L.H., Carriquiry, A.L., Murphy, S.P. 2019. Proposed harmonized nutrient reference values for populations. 

Advances in Nutrition, 00: 1­15.  doi.org/10.1093/advances/nmz096. 

126. Carriquiry, A.L., Reid, N., Slavkovic, A.B. 2019.  Stephen Elliott Fienberg 1942­2016, Founding Editor of the Annual 

Reviews of Statistics and Its Application. Annual Reviews of Statistics and Its Application, 6: 1­18. 

doi.org/10.1146/annurev­statistics­030718­105334. 

127. Angeles­Agdeppa, A., Ye, S., Denney, L., Tanda, K.V., Octavio, R.A.D, Carriquiry, A.L., Capanzana, M.V. 2019. Food 

sources, energy and nutrient intakes of adults: 2013 Philippines National Nutrition Survey. BMC Nutrition Journal, 18: 1­

12. doi.org/10.1186/s12937­019­0481­z. 

128.  Angeles­Agdeppa, A., Denney, L., Toledo, M.B., Obligar, V.A., Jacquier, E.F., Carriquiry, A.L., Capanzana, M.V. 2019. 

Inadequate intakes in Filipino schoolchildren and adolescents are common among those from rural areas and poor 

families. Food and Nutrition Research, 63: 1­12.  

129.  Carriquiry, A., Hofmann, H., Tai, XH., VanderPlas, S. 2019. Machine learning in forensic applications. Significance 

Magazine, 16(2): 29­35. 

130.  Basulto­Elias, G., Carriquiry, A.L., De Brabanter, K., Nordman, D. 2020. Bivariate kernel deconvolution with panel 

data. Sankhia B.  doi.org/10.1007/s13571­020­00226­x.

131. Crawford, A., Ray, A., Carriquiry, A.  2020. A database of handwriting samples for applications in forensic statistics.  

Data in Brief, 28. doi.org/10.1016/j.dib.2019.105059. 

132. Park, S., Carriquiry, A. 2020. An algorithm to compare 2D footwear outsole images using maximum clique and 

SURF. Statistical Analysis and Data Mining. doi.org/10.1016/j.dib.2020.105508. 

133.  Garton, N., Niemi, J. Carriquiry, A.L. 2020.  Knot selection in sparse Gaussian processes with a variational objective 

function. Statistical Analysis and Data Mining, 13:324­336. doi.org/10.1002/sam.11459. 

134.  Crawford, A.M., Berry, N.S.,  Carriquiry, A.L. 2020.  A clustering method for graphical handwriting components and 

statistical writership analysis.  Statistical Analysis and Data Mining. In press. 

135.  Murphy, S.P., Yaktine, A.L., Carriquiry, A.L.. 2020.  Planning nutritionally adequate diets for groups: Methods used 

to develop recommendations for a Child and Adult Care Food Program.  Advances in Nutrition.  

doi.org/10.1093/advances/nmaa119.

136. Park, S., Carriquiry, A.   2020. Similarity of two­dimensional images:  An application to the forensic comparison of 

footwear impressions.  Journal of Applied Statistics. In press. 

137. Raatz, S.K., Johnson, L.K., Carriquiry, A.L., King, W.C., Kalarchian, M.A., Devlin, M.J., Marcus, M.D., Mitchell, J.E. 

2021. Reported nutrient intake over seven years after Roux­en­Y gastric bypass in the longitudinal assessment of 

bariatric surgery – 3 (LABS – 3) psychosocial study. Surgery for Obesity and Related Diseases. In press.  

138. Hofmann, H., VanderPlas, S., Carriquiry, A.L. 2021. Treatment of inconclusives in the AFTE range of conclusions. 

Law, Probability and Risk.  In press. 

PAPERS SUBMITTED OR IN PREPARATION 

1. Garton, N., Niemi, J., Carriquiry, A.L.  Being revised for Journal of Machine Learning Research. January 2020. 
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2. Crawford, A.M., Carriquiry, A.L. , Ommen, D.M.  A Bayesian approach to the forensic analysis of handwriting. 

Submitted to Annals of Applied Statistics.  

3. Garton, N., Carriquiry, A., Ommen, D., Niemi, J. Submitted to Statistical Science.  December 2020. 

4. Lee, H.N., Qiu, Y. Carriquiry, A., Ommen, D. Optimal matching rule with application in forensic science. In 

preparation. 

5. Reis, D., Carriquiry, A. A Bayesian two­part model to evaluate compliance with physical activity guidelines by US 

adults. In preparation. 

6. Moursi, M., Angel, MD., De Moura, FF., Angeles­Agdeppa, I., Atmarita, A., Gironella, GM., Muslimatun, S., Carriquiry, 

A.  An ex­ante analysis of the impact of rice biofortified with zinc on dietary zinc inadequacy:  Evidence from 

Bangladesh, Indonesia and the Philippines.  Review requested, American Journal of Clinical Nutrition. August 2020. 

7. Curley, B., Carriquiry, A.L., Fuller, W.A. Nonlinear measurement error approach to modeling the association 

between vitamin D intake and serum 25(OH)D in adults.  In preparation. 

8. Joseph, M., Carriquiry, A.L., Fuller, W.A. A change­point model with errors in variables: An application assessing the 

association between iPTH and 25(OH)D in adults.  In preparation.  

VOLUMES WRITTEN OR EDITED 

Case Studies in Bayesian Statistics, Volume IV. 1998.  Gatsonis, C., Kass, R., Carlin, B. Carriquiry, A. L., Gelman, A., 

Verdinelli, I., and West, M. (eds.). Springer­Verlag, Lecture Notes in Statistics, 138. New York.

Case Studies in Bayesian Statistics, Volume V. 2002.  Gatsonis, C., Kass, R., Carlin, B. Carriquiry, A. L., Gelman, A., 

Verdinelli, I., and West, M. (eds.). Springer­Verlag, Lecture Notes in Statistics, 162. New York. 

Case Studies in Bayesian Statistics, Volume VI.   2002. Gatsonis, C., Kass, R., Carriquiry, A. L., Gelman, A., Higdon, D., 

Pauler, D., and Verdinelli, I.(eds.). Springer­Verlag, Lecture Notes in Statistics 167, New York.  

Dietary Reference Intakes: Applications in Dietary Assessment 2000. Murphy, S., Arab, L. Barr, S., Borra, S., Carriquiry, A., 

Devaney, B., Dwyer, J., Habitch, J.P., King, J., Kuhnlein, H. . Institute of Medicine, National Academy Press, Washington, 

D.C.  285 pp. 

Estimating Eligibility and Participation for the WIC Program: Phase I Report. 2001. Betson, D., Buescher, P. Carriquiry, 

A.L., Currie, J., DaVanzo, J., Geweke, J.F., Greenberg, D., Inman, R.P., Lepkowski, J., Scholtz, J.K., Suitor, C.W. National 

Academy Press, Washington, D.C. 86 pp. 

Estimating Eligibility and Participation for the WIC Program: Final Report. 2003. Betson, D., Buescher, P. Carriquiry, A.L., 

Currie, J., DaVanzo, J., Geweke, J.F., Greenberg, D., Inman, R.P., Lepkowski, J., Scholtz, J.K., Suitor, C.W. National 

Academy Press, Washington, D.C. 162 pp. 

Dietary Reference Intakes: Applications in Dietary Planning. 2003.  Barr, S., Agurs­Collins, T.D., Carriquiry, A.L., Coulston, 

A.M., Devaney, B., Dwyer, J.T., Hunt, J.R., Murphy, S., and Tarasuk, V. Institute of Medicine, National Academy Press.  

Intentional Human Dosing Studies for EPA Regulatory Purposes: Scientific and Ethical Issues. 2004. Childress, J., Taylor, 

M.R., Bruckner, J., Carriquiry, A., Clayton, E.W., Doull, J., Greely, H.T., Harlow, S.D., Lave, L.B., Lo, B., Louis, T.A., Rodricks, 

J.V., Schroeder, C.H., Temple, R. National Academy Press. 208 pp. 
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Ballistic Imaging. 2008. Rolph, J.E., Meiran, E.S., Blumstein, A., Carriquiry, A.L., Chumbley, S., Cook, P.J., De Graef, M., 

Donoho, D.M., Eddy, W.F., Gray, G., Grimson, E., Huttenlocher, D., Meyer, M., Nair, V., Ninivaggi, A., Pisenti, D.W., 

Pregibon, D., Reininga, H.M., Stewart, J.K., Stonebraker, M., Weschler, H., Weertman, J. National Academy Press, 322 pp. 

Gender Differences at Critical Transitions in the Careers of Science, Engineering, and Mathematics Faculty.2010. 

Canizares, C., Shaywitz, S., Abriola, L., Buikstra, J., Carriquiry, A., Ehrenberg, R. Girgus, J., Leibowitz, A., Morawetz, C.S., 

Taylor, T., Wu, L., Yu, X. National Academy Press.  National Academy Press, 365 pp. 

Child and Adult Care Food Program­ Aligning Dietary Guidance for All. 2011. Murphy, S.P., Birckhead, N.D., Carriquiry, 

A.L., Chernoff, R. Coto­Moreno, S., Cullen, K.W., Fox, M.K., Henchy, G., Jensen, H.H., Russell­Tucker, C., Stallings, V.A., 

Tucker, K.L. National Academy Press, 296 pp. 

Using Science as Evidence in Public Policy. 2012. Prewitt, K., Bohrnstedt, G.W., Bradburn, N.M., Carriquiry, A.L., 

Cartwright, N.D., Cooper, H., Farrell, M.J., Fienberg, S.E., Jasanoff, S.S., Jervis, R.L., Littan, R.E., Morning, A., Pollak, R.A., 

Schneider, S.H.,  Schwandt, T.A., Verba, S. National Academy Press.  National Academy Press, 110 pp. 

Options for Estimating Illegal Entries at the U.S.­Mexico Border. 2013. Carriquiry, A.L., Majmundar, M. Eds. National 

Academy Press, 156 pp. 

Furthering America’s Research Enterprise. 2014. Celeste, R.A., Griswold, A., Straf, M. Eds. National Academy Press, 200 

pp. 

Evaluation of the Department of Veterans Affairs Mental Health Services. 2018. Carriquiry, A., Mitchell, A., Aiuppa, L. 

Eds. National Academy Press, 440 pp. 

Statistics in the Public Interest: In Memory of Stephen E. Fienberg. Carriquiry, A.L., Eddy, W., Tanur, J.M.  Springer. In 

press. 

TEACHING AND INSTRUCTION 

PhD students: 

•  Kevin W. Dodd, 1999 (joint with W. Fuller, Statistics). National Cancer Institute. 

•  Chad Hart, 1999 (joint with S. Lence, Economics).  Iowa State University, Dept. of Economics. 

•  Soledad Fernández, 2001 (joint with R. Fernando, Animal Science). The Ohio State University, Dept. of 

Biostatistics. 

• Tanzy Love, 2005.   Tenured Associate Professor, University of Rochester, Dept. of Statistics.

• Gabriel Camano, 2006.  Universidad de la Republica, Uruguay, Dept. of Statistics.

• Wuyan Zhang, 2007 Abbott Laboratories.

• Wen Li, 2009 (joint with C. Yu and W. Kliemann). Merck Laboratories.

• Wei He, 2011 (joint with R. Fernando).  Monsanto.

• Kristian Schmidt, 2012.  Capital One, Richmond, VA.

• Yu­Yi Hsu, 2013.  Food and Drug Administration, Washington, DC.

• Maria Joseph, 2013. General Dynamics, Des Moines, IA.

• Hui Lin, 2013 (joint with Chong Wang).  Google Research, Mountain View, CA.

• Reka Howard, 2016 (joint with W. Beavis). Tenure­track assistant professor, Dept. of Statistics, U Nebraska 

Lincoln.

• Guillermo Basulto, 2016 (joint with D. Nordman and Kris de Brabanter). Scientist, INTRAN, ISU.

• Brenna Curley, 2017 – Tenure­track assistant professor, Dept. of Mathematics, Moravian College, PA.

• Eduardo Trujillo, 2017 (joint with D. Nordman) – Assistant research professor, Clinical Research and Leadership, 

George Washington University.
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• Daniel Ries, 2017 – Scientist, Sandia National Laboratory, Albuquerque, NM.

• Soyoung Kim, 2018.  Tenure­track assistant professor, National Pusan University, Busan, South Korea.

• Amy Crawford, 2020 (joint with D. Ommen).  Statistical Scientist, Berry Consulting, Austin, TX.

• Nate Garton, 2020 (joint with J. Niemi). Commonwealth Computer Research, Inc., Charlottesville, VA.

• Jason Saporta, 2022 expected (joint with J. Tian). 

MSc students: 

• 38 students completed their MSc in Statistics under my supervision since 1990.   

Have supervised, in addition, a Bachelor of Science and a Master of Science thesis from the Pontifical Catholic University 

of Chile, a Master of Science thesis from the Catholic University of Valparaiso, Chile, a Master of Science thesis from the 

Universidad Nacional Autónoma de México, and the MS  of three students in the Department of Nutrition, University of 

Antioquia, Colombia. Was member of the doctoral committee of Dr. Lisa Jahns, School of Public Health, University of 

North Carolina at Chapel Hill. Was External Examiner of the doctoral dissertation of Mr. Robert Denham, The University 

of Newcastle, Australia. Was External Examiner of a doctoral student in the University of Aaborg, Denmark. 

Undergraduate students: 

Honors Students: Anyesha Rey, Dept. of Statistics, ISU.  Emily Allen, Dept. of Statistics, ISU.  

Elsewhere:  Alexandria Arabio, Forensic Science major in Cedar Crest College in Allentown, PA. Madison McGregor, 

Forensic Science major in Columbia College in Columbia, MO. 

Have mentored multiple undergraduate students who participated in Research Experiences for Undergraduates in the 

Dept. of Statistics and in CSAFE, ISU. 

Courses taught 

Introductory Statistics Stat 101 (2 times). 

Introduction to Business Statistics Stat 226 (1 time). 

Business Statistics Stat 326 (1 time). 

Applied Business Statistics Stat 328 (1 time). 

Applied Multivariate Methods Stat 407 (4 times). 

Statistical Methods for Research Workers Stat 401 (3 times). 

Design of Experiments for Research Workers Stat 402 (1 time). 

Introduction to Bayesian Data Analysis Stat 444 (6 times). 

Honors Project Stat 490 (1 time). 

Statistical Methods Stat 500 (1 time). 

Multivariate Analysis Stat 501 (4 times). 

Response Surface Methodology Stat 513 (3 times). 

Bayesian Analysis Stat 544 (3 times).  

Assessment of Nutritional Status FSHN 572 (1 time, as part of a team). 

Mixed Linear Models and Longitudinal Data Analysis (1 time, Chile). 

INVITED PRESENTATIONS AND SEMINARS (After 1990) 

Bayesian estimation of variance components in mixed linear models.  IV Congress on Genetics Applied to Livestock 

Production. Edinburgh, Scotland. July 1990. 

Classical and Bayesian approaches to the estimation of variance components in mixed linear models. X Winter School on 

Probability and Statistics. CIENES and Pontificia Universidad Católica de Chile. July 1991. 

Topics on Bayesian estimation from components of variance models. First Congress of Mathematics Capricornio. 

Universidad Católica del Norte, Antofagasta, Chile. August 1991. 
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Statistical aspects of the genetic evaluation of livestock. Forum on Livestock Production at the Onset of MERCOSUR. 

Instituto Nacional de Investigaciones Agropecuarias (INIA). Montevideo, Uruguay, August 1991. 

Approximate Inference for posterior means in mixed linear models. Department of Statistics, Universidad Nacional 

Autónoma de México. Mexico City, Mexico. February 1992. 

Topics on estimation and prediction from components of variance models. XI Winter School on Probability and Statistics. 

Pontificia Universidad Católica de Chile and CIENES. Santiago, Chile. 

July 1992. (Series of 5 invited lectures.) 

Computation of posterior modes in mixed linear models. XX Annual Meeting of the Chilean Statistical Society, 

Antofagasta, Chile. November 1992. 

Posterior surfaces in mixed linear models.  NSF­NBER Workshop of the Americas on Recent Advances in Bayesian 

Statistics and Econometrics. Caracas, Venezuela. December 1992. 

Bayesian approaches to prediction in mixed linear models. Department of Statistics, Carnegie­Mellon University, 

Pittsburgh, PA. March 1993. 

An overview of Bayesian prediction in components of variance models. Department of Statistics, Purdue University, 

West Lafayette, IN. April 1993. 

Modern approaches to prediction in mixed linear models. IV Statistics Symposium, Universidad Nacional de Colombia, 

Bogotá, Colombia. June 1993. 

Classical and Bayesian approaches to components of variance models. Semana de la Estadistica. Universidad Católica de 

Valparaiso, Valparaiso, Chile. October 1993. 

Estimation of usual intake distributions. Department of Statistics, Pontificia Universidad Católica de Chile, Santiago, 

Chile. October 1993. 

Bayesian estimation of signal to noise ratios. NSF Conference on Bayesian Hierarchical Models. Rio de Janeiro, Brazil. 

December 1993. 

Stochastic volatility models: Introduction and an Application. Department of Statistics, Iowa State University, Ames, IA. 

January 1994. 

Stochastic volatility models for futures returns. Department of Finance, Iowa State University, Ames, IA. March 1994. 

Estimating usual Intake distributions. U.S. Department of Agriculture, Human Nutrition Information Service. Hyattsville, 

MD. April 1994. 

Economic ­ environmental models: Applications in agriculture. Department of Natural Resources, Universidad Autónoma 

de Chihuahua, Chihuahua, Mexico. May 1994. 

Dietary assessment: A comparison of different procedures. Food and Drug Administration, Center for Food Safety and 

Applied Nutrition, Washington, D.C. June 1994. 

Robust QML for stochastic volatility. International NSF­NBER Forecasting, Prediction and Modeling in Statistics and 

Econometrics Meeting. Hsinchu, Taiwan, December 1994. 
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Improved quasi­maximum likelihood for stochastic volatility models. Learning and Knowledge: 19th Annual Conference 

of the German Classification Society. Basel, Switzerland, March 1995. 

Exploring stationary surfaces for Markov chain Monte Carlo iterations.  Department of Statistics, University of 

Washington, Seattle, WA. May 1995. 

ISU Method and software for estimating distributions of usual nutrient intake.  Agricultural Research Service (ARS), US 

Department of Agriculture (USDA), Hyatsville, MD. May 1995. 

Estimation of the usual intake distribution of ratios of dietary components.  Agricultural Research Service (ARS), US 

Department of Agriculture (USDA), Hyattsville, MD. May 1995. 

 [Métodos de estimación en problemas de volatilidad estocástica.]. II Congreso Iberoamericano de Estadistica, Oaxaca, 

Mexico, September 1995.   

Change­point problems in agriculture: The case of response to fertilizer. III World Meeting of the International Society 

for Bayesian Analysis (ISBA). Oaxaca, Mexico, September 1995. 

Assessing the dietary status of populations. Department of Biostatistics, University of Minnesota, Minneapolis, MN. 

October 1995. 

Assessing the proportion of the population at dietary risk: A brief commentary. Meeting of the Food and Nutrition 

Board, Institutes of Medicine, National Academy of Sciences. Washington, D. C., December 12 1995. 

Statistical issues in multi­target tracking. Tracker Workshop. NRaD, U.S. Navy, San Diego, California, February 6 – 8 1996. 

Transformation of dietary intake records into estimates of population intakes. Invited special address in the Session: 

New Perspectives Underlying Recommended Dietary Allowances: Food and Nutrition Board Update, Washington, D.C., 

April 17 1996. 

A Bayesian hierarchical approach to change point problems. German Cancer Research Institute, Heidelberg, Germany, 

June 17 1996. 

Mixed models with dynamic random effects. III Congreso Latinoamericano de Sociedades de Estadistica (III CLATSE). 

Santiago, Chile. October 9 1996. 

Methodological issues in defining dietary recommendations.  Defining Dietary Recommendations Workshop. Center for 

Human Nutrition and Biostatistics Department, Johns Hopkins University, Baltimore. October 24 1996. 

Improved maximum likelihood for stochastic volatility estimation.  Department of Statistics, Pontificia Universidad 

Católica de Chile, Santiago, Chile. November 1997. 

Estimation of genetic trend. IV World Congress of the International Society for Bayesian Analysis (ISBA). Capetown, 

South Africa. December 19 1996.  

Analyses of dietary intake data.  Institute for Statistics and Decision Sciences, Duke University, Durham, NC. April 1997. 

Highest density gates for multiple target tracking.  V Congreso de Matemáticas Capricornio. Antofagasta, Chile, July 30 

1997. 

Metamodeling for environmental policy evaluations.  Joint Statistical Meetings, Anaheim, August 10, 1997. 
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Risk assessment based on 24 – hr food intake data. Joint Statistical Meetings, Anaheim, August 13 1997.  

Statistical issues in the analysis of dietary intake data. Department of Food Science and Human Nutrition, Iowa State 

University, Ames, IA. April 1998. 

Bayesian methods in dietary assessment. VII Annual Meeting of the Portuguese Statistical Association. Tomar, Portugal, 

June 9 1998.  

A maximum entropy approach to estimating the prevalence of nutrient inadequacy. Sixth Purdue Symposium on 

Statistics, Workshop on Nutrition and Statistics.  Purdue University, West Lafayette, Indiana, June 18 1998. 

Assessing the prevalence of nutrient inadequacy. 81st Annual Meeting and Exhibition of the American Dietetic 

Association. Kansas City, Kansas, October 19 1998. 

Using reversible jump MCMC to estimate the density of usual nutrient intake. Department of Statistics, Purdue 

University, West Lafayette, IN. March 1999.  

Analyses of dietary intake data. Department of Statistics, University of Iowa, Iowa City, IA. April 1999. 

Preliminary methodological investigation of the Supplementary Nutrition Survey of Older Americans. Experimental 

Biology Meetings, Washington, D. C., April 19 1999. 

Issues in the analysis of complex dietary intake surveys. Department of Statistics, Pontificia Universidad Católica de 

Chile, Santiago, Chile. June 1999. 

Analysis of the non­response in the Supplementary Nutritional Survey of Older Americans. National Conference on 

Health Statistics, Centers for Disease Control and Prevention. Washington, D.C., August 4 1999.  

A Bayesian approach to estimate the density of a random variable observed with measurement error. Department of 

Biostatistics, University of Rochester, Rochester, NY. October 1999. 

Adjusting intake distributions and estimating prevalence of nutrient inadequacy.  Department of Nutrition and 

Epidemiology, School of Public Health, University of North Carolina, Chapel Hill, NC. November 1999. 

Do bullets have fingerprints?  Fourth International Conference on Forensic Statistics, North Carolina State University.  

Raleigh, North Carolina, December 6 1999. 

A hierarchical model to adjust for heterogeneous measurement error.  Sixth World Meeting of the International Society 

for Bayesian Analysis, Crete, Greece, May 31 2000. 

A method to assess the proportion of undernourished individuals in a population.  Sixth International Conference on 

Dietary Assessment. Tucson, Arizona.  September 19 2000. 

Technical efficiency in the use of a single input.  Workshop of the Midwest Econometrics Group.  Chicago, October 20­21 

2000. 

Exploring the surface of a product form poly­t density. Department of Biostatistics, University of Minnesota, 

Minneapolis, MN. December 2000. 

Estimation of the distribution of a random variable measured with error. Workshop on Robust Statistics.  Argentinean 

Academy of Exact Sciences, March 4 – 9 2001. Buenos Aires, Argentina. 
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Forensic statistical methods for ballistic trace evidence.  Los Alamos National Laboratory, Santa Fe, NM. May 2001. 

An analytical approach to estimation in mixed models. IV Bayesian Statistics Workshop. Northern Catholic University, 

Antofagasta, Chile, October 1 2001. 

Non­linear, non­Gaussian models for target tracking. Meetings of the Chilean Statistical Society, Antofagasta, Chile, 

October 3 2001. 

Assessing nutrient adequacy in the U.S. Meeting of the American Society of Public Health, Atlanta, GA, October 22 2001. 

Statistical methods for assessing trace evidence. I Congreso Bayesiano de América Latina, Ubatuba, Brazil, February 4 

2002. 

An analysis of the volatility of the British pound to guide arbitration. Department of Statistics, Stanford University, Palo 

Alto, CA. February 2002. 

Using the Dietary Reference Intakes for group and individual assessment. School of Public Health, University of North 

Carolina at Chapel Hill, NC. March 2002. 

Estimating usual intake distributions. Workshop on the Integrated NHANES survey: What We Eat in America. United 

States Department of Agriculture and Department of Health and Human Services, Rockville, Maryland, June 20­21 2002.  

An analysis of the volatility of the British pound to guide arbitration. Fifth International Conference on Forensic 

Statistics, Venice, Italy, September 1 2002. 

Estimating the distribution of usual nutrient and food intakes. Fifth International Conference on Dietary Assessment, 

Bangkok, Thailand, January 26 2003. 

Estimated association between added sugar and micronutrient intake using nationwide food consumption data.  ILSI, 

March 22 2003. 

Challenges in the application of the Upper Tolerance Levels (UL) to dietary assessment. ILSI, March 23 2003. 

Assessing usual nutrient intakes.  National Cancer Institute, September 3 2003. 

Series of invited lectures at the Latin American Congress on Nutrition, Acapulco, Mexico, November 10 – 14 2003. 

EDA, Bayes, and the subjectivist versus objectivist controversy. Panel discussion, Eighth World Meeting of ISBA, Viña del 

Mar, Chile, May 22 – 27 2004. 

The probative value of bullet lead evidence. Sixth International Conference on Forensic Statistics, College of Law, Arizona 

State University, Tempe, AZ, March 17­19 2005. 

The analysis of microarray data. Keynote address, Conference on Statistics Applied to Agriculture, Kansas State 

University, Manhattan, KS, April 25 2005. 

Estimation of usual nutrient exposure. Workshop on Nutrient Risk Assessment, World Health Organization, Geneva, 

Switzerland, May 2­6 2005. 

An analysis of the volatility of exchange rates in a financial forensic problem. Dept. of Economics, Iowa State University, 

Ames, IA. May 2005. 

F Dlicia Farriquiry FY :9



29

Quantitative approaches to dietary assessment. Conference of the Brazilian Society of Nutrition, Sao Paulo, Brazil, 

November 17 2005. 

Sampling issues in the construction of nutrient compositional databases. Conference of the Brazilian Society of Nutrition, 

Sao Paulo, Brazil, November 18 2005. 

Incorporating multiple array scans in the analysis of microarray data. Departments of Statistics and Biostatistics, 

University of Wisconsin at Madison, WI. December 2005. 

The many flavors of Bayesian analysis: an illustration using four­lane to three­lane conversion data from Iowa. Annual 

meeting of the Transportation Research Board, Washington, D.C., January 2006. 

Sources of error in forensic analyses; what matters and what doesn’t.  Joint Statistical Meetings, Seattle. August 7 2006. 

Dietary assessment using intake data from complex surveys. Annual meeting of the Colombian Society of Nutrition, 

Medellin, Colombia, August 10 2006. (Keynote address). 

Estimating the probability of a coincidental match in bullet lead analysis. Department of Statistics, Michigan State 

University, Lansing, MI. March 2007. 

Graduate statistics education in Vietnam. Joint Statistical Meetings, Salt Lake City, Utah, August 2007. 

Statistical issues in food intake assessment and planning. Academy for Educational Development, Washington, D.C. 

August 2007. 

Statistical methods to guide food and nutrition policy in developing countries. Infinite Possibilities Conference. Raleigh, 

NC, November 1 2007. 

Challenges in the analysis of periodically consumed foods and other substances. Office of Dietary Supplements, National 

Institutes of Health. Bethesda, MD. December 5 2007. 

Revisiting stochastic volatility models. Department of Statistics, Catholic University of Chile. May 2008. 

Clustering posterior densities.  Conference in Honor of Daniel Gianola’s 65th Birthday. University of Wisconsin – Madison, 

May 6 – 9 2009. 

Divergence metrics to cluster densities. Department of Statistics, University of Toronto, Canada. September 2009. 

Assessing the probative value of evidence. Plenary talk. Annual Meeting of the Texas Defense Lawyers Association, 

Houston, TX., October 21 2009. 

How well are women faring?  A comparison of men and women in RI universities at critical transition points. Washington 

Statistical Society, Washington, D.C. October 28 2009. 

Statistical challenges in the analysis of dietary intake observations.  National Academy of Sciences, Washington, DC. 

February 2010. 

How well are women faring?  A comparison of men and women in RI universities at critical transition points. Presidential 

Invited Address. Annual Meeting of the Western American Region of the International Biometric Society. June 2010. 

Designing and analyzing dietary intake data. Conference on Probability and Statistics. Renmin University, Beijing, China, 

July 2010.
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Evaluating and planning intakes and their impact on nutrition policy in The Philippines.  Food and Nutrition Research 

Institute. September 2010. 

Dietary and physical activity assessment – some methodological issues. Joint Statistical Meetings, Miami, FL, August 

2011. 

Statistics in nutrition and health.  Department of Biostatistics, University of Rochester, NY. October 2011. 

Analyzing physical activity data to guide policy. XII Latin American Congress on Probability and Mathematical Statistics, 

Viña del Mar, Chile, March 2012. 

Software for dietary assessment. ICDAM, Rome, Italy, May 2012. 

Using toxicological risk assessment principles from a nutrition perspective.  ILSI, Washington, June 2012.

A risk/benefit approach to assess nutrient intake – Do we need a new DRI?  ILSI Annual Meeting, Miami, January 2013. 

Biomarkers in nutrition epidemiology.  ENAR Meetings, Orlando, FL, March 2013. 

A measurement error model for physical activity data.  International Conference on Diet and Activity Methods. June 

2013. 

Argentina and its corrupt statistical system ­­ When intervention by the judiciary is a good thing.  World Statistical 

Congress, Hong Kong, China, August 2013. 

Statistical issues in nutrition epidemiology.  Department of Statistics, University of Nebraska, Lincoln, NE. September 

2013. 

IMAPP:  A new tool to assess and plan intakes.  International Congress on Nutrition.  Granada, Spain, September 2013. 

Statistics and public policy.  StatFest.  Rice University, Houston, TX. October 2013. 

A statistician’s look at STAR METRICS – Sample size, validation, measurement error.  STAR METRICS Level I Workshop.  

Bethesda, MD, November 2013. 

Measurement error in biomarker data.  National Institutes of Health, Office of Dietary Supplements.  Gaithersburg, MD.  

November 2013. 

Statistical tools to work with big data.  Pontifical Catholic University of Chile, Santiago, Chile, November 2014. 

Adjustment for within­person variability in serum 25(OH)D.  Workshop on Vitamin D Assessment, Office of Dietary 

Supplements, NIH. Bethesda, MD. December 2014. 

Design, analysis and interpretation of national food consumption surveys.  Ministerio de Bienestar Familiar, Bogota, 

Colombia. July 2015. 

How to Lie with Statistics and the Veterans Administration.  Joint Statistical Meetings, Seattle, WA.  August 2015. 

Statistical methods in nutrition epidemiology.  International Center for Tropical Agriculture, Cali, Colombia.  September 

2015. 
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Survey non­response and approaches to prevent and correct its effects.  Annual Meeting, Sociedad Uruguaya de 

Estadistica, Montevideo, Uruguay.  October 2015. 

From daily intakes to usual intake distributions.  Latin American Congress on Nutrition, Punta Cana, Dominican Republic.  

November 2015. 

Introducing CSAFE.  Midwest Crime Lab Directors’ Meeting, Kansas Criminal Bureau of Investigations, Topeka, KS, June 

2016. 

Statistics and applications in forensic evidence.  Annual Meeting of the International Biometric Society. Victoria, BC, July 

2016. 

Statistics for pattern evidence. World Congress of ISBA, Sardinia, Italy, July 2016. 

Bivariate kernel deconvolution density estimation: an application to vitamin D absorption.  Workshop on Advances and 

Critical Needs in Measurement Error Modeling.  Banff International Research Station, Banff, Canada, August 2016. 

Databases in forensic research and casework:  completeness, representativeness, usefulness.  Workshop on Probability 

and Statistics in Forensic Science.  Isaac Newton Institute, University of Cambridge, Cambridge, UK. September 2016. 

Advances in automated matching of bullet lands.  Annual Meeting of the Royal Statistical Society, Manchester, UK. 

September 2016 (had to cancel at the last minute.) 

Putting science in forensic sciences (and in many other places).  Celebration of Stephen Fienberg.  Carnegie Mellon 

University, Pittsburgh, October 2016. 

How to select a research topic.  Conference for Women in Statistics.  Charlotte, NC. October 2016. 

Remembering Stephen E. Fienberg.  International Conference in Forensic Statistics, Minneapolis, MN September 2017. 

Statistics and the law.  Annual Meeting of the Sociedad Uruguaya de Estadistica, Montevideo, Uruguay, September 

2017. 

Inference for the 21st century:  beyond p­values.  Symposium on Statistical Inference, Washington, DC October 2017. 

Forensic statistics.  Women in Statistics Conference, San Diego, CA, October 2017. 

Statistics and the fair administration of justice.  American Association for the Advancement of Science annual meeting. 

Austin, TX, February 2018. 

The analysis of dietary intake data.  School of Medicine, Peking University, Beijing, China, May 2018. 

Statistics and forensic evidence. Department of Statistics, Peking University, Beijing, China, May 2018. 

Quantitative evaluation of evidence.  American Bar Association annual meeting, Fordham University, New York City, NY, 

June 2018. 

Two­step approach for firearms examination.  Association of Firearms and Toolmark Examiners annual meeting, 

Charleston, WV, June 2018. 

Design of food consumption surveys in Latin America.  Meeting of the Pan­American Health Association, Mexico City, 

Mexico, July 2018. 
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Sample size estimation for nationwide food consumption surveys.  National Institute of Nutrition, Hanoi, Vietnam, July 

2018. 

Machine learning in forensic science.  ASA annual meeting, Vancouver, BC, August 2018. 

Research program in CSAFE.  International Association of Identification annual meeting, San Antonio, TX, August 2018. 

Statistics in the Courts.  American Bar Association, Judicial Section annual meeting. Chicago, IL, August 2018. 

Design of a nationwide food consumption survey in Kenya.  FAO, Nairobi, Kenya, August 2018. 

Machine learning and forensic evidence.  Division of Behavioral and Social Sciences and Education, National Academy of 

Sciences, Washington, DC. October 2018. 

Building successful professional collaborations.  Conference for Women in Statistics (Plenary talk). Cincinnati, OH. 

October 2018. 

Nutrient and food consumption in Colombia.  University of Antioquia, Medellin, Colombia, October 2018. 

Statistics and the law.  Science Achievement Lecture, College of Science, Pennsylvania State University, State College, PA. 

November 2018.  Inaugural Lecture. 

Statistical challenges in the analysis of pattern evidence.  Center for Integrity in Forensic Sciences Inaugural Meeting. 

Washington University School of Law, St. Louis, MO. December 2018. 

Learning algorithms and forensic evidence.  Women in Data Science Conference, College of Engineering, Stanford 

University. February 2019. 

Statistics and the Fair Administration of Justice.  Hari Shankar Lecture.  Department of Mathematics, University of 

Northern Iowa.  April 2019. 

Statistics and the evaluation of forensic evidence.  Sandia National Lab, Albuquerque, NM. May 2019. 

Forensic analysis of handwriting.  Latin American Congress on Bayesian Statistics (COBAL).  Pilar Iglesias Lecture.  

Pontifical Catholic University of Peru, Lima. June 2019. 

Machine learning and forensic evaluation of pattern evidence.  Joint Statistical Meetings, Denver, CO. July 2019. 

Decisions in the forensic context.  SAMSI Working Group on Statistical Decision Theory.  Raleigh, NC. August 2019. 

Similarities between outsole impressions using SURF.  Annual meeting of the International Association for Identification, 

Reno, NV. August 2019. 

Using machine learning to match striae pattern on land­engraved areas of bullets.  SimStat Conference, Salzburg, 

Austria. September 2019. 

Using machine learning to match striae pattern on land­engraved areas of bullets.  Annual meeting of the European 

Network of Forensic Science Institutes, Section on Firearms and Toolmarks.  Krakow, Poland. October 2019. 

Data science and forensic applications.  45th Annual Meeting of the Chilean Statistical Society.  Puerto Varas, Chile. 

October 2019. 
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Statistics and the fair administration of justice. Iowa Louis Stoke Alliance for Minority Participation (LSAMP) , University 

of Northern Iowa, Waterloo, IA. February 2020. 

Statistical learning algorithms and the evaluation of forensic evidence.  Third Data Science Symposium, College of Liberal 

Arts and Sciences, South Dakota State University, Brookings, SD. February 2020. 

A statistician’s look at Risk Assessment Tools.  Annual Conference, Judicial Division of the American Bar Association. 

Austin, TX. February 2020. 

Quantifying the similarity between shoe outsole impressions. Annual Meeting of the American Academy of Forensic 

Sciences, Anaheim, CA. February 2020. 

Assessing and planning nutrient intake for populations. US­AID, Washington, DC. February 2020. 

P­values are rarely used in forensic science – That is (not) too bad.  NISS Webinar, May 6 2020. (Virtual) 

Who wrote it?  A hierarchical model for forensic handwriting analysis.  Dept. of Statistics, University of California Irvine, 

October 29 2020. (Virtual) 

Research and training in CSAFE.  Canadian Forensic Science Firearms Symposium, November 4 2020. (Virtual) 

Statistics, mathematics, and the fair evaluation of evidence.  Canadian Mathematical Society, Inaugural MITACS 

Innovation Lecture, December 4 2020. (Virtual) 

[Note:  Most of the conferences to which I was invited to speak after March in 2020 were rescheduled for 2021.] 

Toward more science in forensic science.  Law School, College of William and Mary. March 3 2021. (Virtual) 

The forensic analysis of handwriting.  Webinar, CSAFE, March 11 2021. (Virtual) 

Machine learning and the fair evaluation of forensic evidence.  Women in Data Science, ISU. March 25 2021. (Virtual) 

A hierarchical model for forensic handwriting analysis.  Department of Statistics, University of Nebraska Lincoln. March 

31 2021. (Virtual) 

Forensic handwriting analysis at CSAFE.  Annual Conference of the European Association of Questioned Document 

Examiners (ENFHEX).  June 17 2021. (Virtual) 

CSI Bayes:  Comparing and interpreting images in forensic evaluations.  World Meeting of the International Society for 

Bayesian Analysis, plenary Foundational Lecture. June 29 2021. (Virtual) 

Footwear research in CSAFE.  Annual meeting of the International Association for Identification. Nashville, August 3 

2021.  

Statistics in the pursuit of justice:  A more principled strategy to analyze forensic evidence.  Joint Statistical Meetings, 

F.N. David Lecture. August 12 2021. (Virtual) 

Pattern evidence research in CSAFE. Annual meeting of the American Society of Crime Lab Directors. Boston, August 24 

2021. 

Toward the quantitative evaluation of patterns evidence. Department of Forensic Science, University of Cordoba, 

Argentina. September 4 2021. (Virtual) 
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Forensic handwriting analysis. Annual meeting of the Scientific Association of Forensic Examiners (SAFE). October 1 

2021. (Virtual) 

CSI Statistics:  How the principled use of quantitative methods can contribute to the fair administration of justice. 

Department of Mathematics and Statistics, Carleton College. Math Across the Cannon Lecture. Northfield, October 12 

2021. 

Quantifying the similarity between images for forensic analysis.  Department of Mathematics and Statistics, Carleton 

College and St. Olaf College.  October 13 2021. 

The forensic analysis of handwriting. Congreso Latinoamericano de Sociedades de Estadistica, Plenary Lecture. October 

18 2021. (Virtual) 

TBA. Department of Statistics, University of Michigan.  Ann Arbor, November 5 2021. 

SHORT COURSES TAUGHT (After 1990) 

[Tópicos sobre Regresión Lineal y No Lineal.] Curso­Taller Interamericano Para Usuarios de Estadística. Organization of 

American States/CIENES. Santiago, Chile. June 1990. 

Bayesian Econometrics. Department of Agricultural Economics. University of California, Berkeley. May 1993. 

 [Modelo de Efectos Mixtos y Mejores Predictores Lineales, Insesgados (BLUP).] IV Statistics Symposium, Universidad 

Nacional de Colombia, Bogotá, Colombia. June 1993. 

Topics in Regression Analysis. Interamerican Center for Statistics. Organization of American States/CIENES. Santiago, 

Chile. September 1993. 

Sampling Techniques and PC CARP. Sampling Techniques and Applications. Organization of American States/CIENES. 

Santiago, Chile. October 1993. 

Applied Bayesian Analysis: hierarchical models, numerical methods, and applications in agriculture.  International 

Statistics Symposium: Statistics in Agriculture and the Environment.  Santa Marta, 

Colombia, June 1995. 

Bayesian approaches to linear models. International Statistics Symposium: Bayesian Statistics. Santa Marta, Colombia, 

June 1996. 

Bayesian decision theory.  African Educational Workshop. Capetown, South Africa, December 1996. 

Using the new Dietary Reference Intakes (DRIs) to assess nutrient adequacy.  Workshop on Measurement Error 

Adjustment Evaluation. School of Public Health, University of North Carolina, November 4 1999. 

Statistical methods in forensic science.  Short course presented to investigators and agents at the Federal Bureau of 

Investigations (FBI). May 8 and 9 2000. 

Quantitative assessment of nutritional status,  Latin American Congress on Nutrition, November 2003. 

Bayesian methods in agriculture, Conference on Statistics in Agriculture, Kansas State University, Manhattan, KS. April 24 

2005.  
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An introduction to Bayesian data analysis. ENAR Meetings, Tampa, Florida, March 26 2006. 

An Introduction to Bayesian data analysis. CDC, Atlanta, Georgia, May 2006. 

Bayesian data analysis. Universidad de Costa Rica, May 2007. (Invited, but had to cancel at last minute) 

Analysis of geo­spatial data. VI Escuela de Invierno de Analisis Estocastico y sus Aplicaciones, Universidad de Valparaiso, 

Chile. July 2008. 

Collection, analysis and interpretation of dietary intake data. Instituto Nacional de Salud Pública, Cuernavaca, Mexico. 

August 2010. 

Collection, analysis and interpretation of dietary intake data. Food and Nutrition Research Institute, Manila, Philippines. 

September 2010. 

Design and analysis of micro­array experiments.  MS Program in Bioinformatics, Universidad de la República, Uruguay. 

November 2010. 

Chewing over the numbers:  how food consumption data drive Nutrition policy. Iowa State University, College of Liberal 

Arts and Sciences.  Dean’s Lecture Series, November 2010.   

An introduction to statistical thinking ­­ Iowa Public Defender’s Office.  Tama, Iowa, June 2011. 

Dietary assessment.  Universidad La Molina, Lima, Peru. October 2011. 

Collection, analysis and interpretation of dietary intake data. Food and Nutrition Research Institute, Jakarta, Indonesia. 

May 2012.  

Collection, analysis and interpretation of dietary intake data. Instituto Nacional de Salud Pública, Cuernavaca, Mexico. 

August 2012. 

Assessing and planning intakes.  Ministry of Health.  Jakarta, Indonesia.  January 2013. 

Design, analysis and interpretation of nationwide food consumption surveys.  Ministry of Health and Human Services.  

Quito, Ecuador, April 2013. 

Design, analysis and interpretation of nationwide food consumption surveys.  Ministry of Health and Human Services.  

Bogota, Colombia, December 2013. 

Design, analysis and interpretation of nationwide food consumption surveys.  Ministry of Family Wellbeing.  Bogota, 

Colombia, July 2015. 

Design, analysis and interpretation of nationwide food consumption surveys.  School of Medicine, University of Buenos 

Aires. Buenos Aires, Argentina, May 2016. 

Introduction to statistics for forensic practitioners.  Tri­County Regional Forensic Laboratory, Andover, MN. September 

2016. 

Using PC­SIDE to analyze the 2015 national food consumption survey of The Philippines.  Food and Nutrition Research 

Institute, Manila, Philippines. December 2016. 

Evaluating and planning intakes.  Institute of Public Health, Cuernavaca, Mexico.  August 2017. 
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Methods to analyze and interpret consumption information from the 2015 Food Consumption Survey in Colombia.  

Ministry of Health and Human Services, Bogota, Colombia. September 2017. 

Collecting, analyzing and interpreting food consumption information.  Ministry of Health, Buenos Aires, Argentina. 

December 2018. 

Collecting, analyzing and interpreting food consumption information.  Department of Nutrition, Universidad de La 

Republica, Montevideo, Uruguay. October 2019. 

An introduction to machine learning for forensic applications.  Annual Meeting of the American Academy of Forensic 

Sciences, Anaheim, CA. February 2020. 

Statistical thinking for forensic practitioners. Texas Forensic Science Commission, Fall 2020. 

Sampling for forensic practitioners.  CSAFE, Fall 2021. 

PROFESSIONAL PRACTICE  

International (1991­2015, not updated between 2015 and 2017): 

FAO Kenya. Design of a food consumption survey for Kenya. 2018 – 2019. 

Food and Health International (FHI360).  Technical assistance on design and analysis of food consumption surveys in 

Nigeria, Vietnam and Kenya. 2018 – 2019. 

New York Academy of Sciences.  Planning intakes. 2018 – 2020. 

Food and Nutrition Research Institute, Manila, Philippines. Analysis of the 2015 food consumption survey. 2018. 

Ministry of Health. Bogota, Colombia. Design and methods in the 2015 national food consumption survey.  2013. 

Ministry of Health and Human Services, Quito, Ecuador. Training on dietary assessment methods and analysis of the 

2012 nutrition survey. 2013 

Ministry of Health, Jakarta, Indonesia. Training on dietary assessment methods and analysis of the 2010 nutrition 

survey. 2013. 

Food and Nutrition Research Policy, Philippines.   Analysis of the 2003 National Nutrition Survey and training of FNRI 

personnel in the analysis and interpretation.  2009 – 2011. 

Harvest Plus. Baseline analysis and modeling of fortification strategies in Bangladesh, Philippines and Indonesia. 2010 – 

2012. 

Universidad de Chile, Departamento de Nutricion. Encuesta Nacional de Consumo de Alimentos (ENCA2010), 

consultant. 2008 – 2012. 

Pontificia Universidad Católica de Chile, Escuela de Salud Pública Encuesta Nacional de Salud (ENS2008), co­

investigadora. 2008. 
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Ministerio de Salud Pública, Chile  Encuesta Nacional de Consumo de Alimentos (ENCA) – Statistical Consulting. May 

2008 – 2010. 

International Food Research Policy Institute  Analysis of nutrient intake data from a survey of women and children in 

Uganda. July – September 2008. 

Academy for Educational Development Analysis of nutrient intake data from the 2005 food intake survey in Palestine, 

2005. September – December 2008 and September – December 2009. 

Academy for Educational Development Analysis of nutrient intake data from a multiregional food intake survey in 

Uganda. 2008. 

Academy for Educational Development Analysis of nutrient intake data from the 2003 Philippines survey of women and 

children. June 2007 – 2010. 

International Food Research Policy Institute Analysis of nutrient intake and diet diversity data using data collected in 

Bangladesh. January 2007 – December 2007. 

WHO Designing and evaluation food fortification programs in the developing world. A background paper and a suite of 

computer programs (with their manuals) will be produced in the context of this project. June 2007 – December 2008. 

WHO/FAO Expert on assessing exposure for nutritional risk assessment. May, 2005. A background paper and a report 

were written in connection to this assignment. 

Colombia 2004  – 2007 – Advisor to the Ministry of Health and Human Services on the design and analysis of a dietary 

intake survey. Two reports written to the Ministry of Health and Human Services of Colombia. 

New Zealand 2000 – 2002.   Advisor to the Ministry of Health and Human Services in New Zealand on the design and 

analysis of a dietary intake survey of children.  

Center for Indigenous People's Nutrition and Environment, McGill University, Canada 1999 – 2000.  Analysis of a 

dietary intake survey conducted in Baffin Island to assess the nutritional status and intake patterns of Innuit populations. 

A manuscript is under preparation.  One MSc student in Statistics (D. Zaun) based his MSc Creative Component on this 

project.  

EUROSTAT 1997 – 2000. Joint organization of a meeting to discuss the uses of Bayesian methods in Official 

Statistics. Collaboration resulted in ISBA 2000, the Sixth World Conference of ISBA, co­sponsored by EUROSTAT. 

University of Pasto, Colombia. 1997 – 1999.  Analysis of production data of cuyes, (guinea pigs), to assess the 

performance of breeding programs.  Cuyes provide the main source of protein in the diet of native Colombian and 

Equatorian populations in the region. Report submitted to the Dean of the College of Agriculture, 2000. 

National University of Colombia. 1993 – 1998. Advice on the establishment of a graduate program in Statistics in Santa 

Fé de Bogotá, Colombia. Chaired the committee established by the ASA charged with accreditation of the MSc program 

in Statistics at the National University in Colombia, and reviewed plans for a doctoral program in Statistics at the same 

institution.  A report was written and submitted to the President of the National University of Colombia. 

Pontifical Catholic University of Chile. 1995 – 1997.  Collaborated in the writing of the proposal for the creation of a PhD 

in Statistics at the Catholic University in Chile, that was sent to the Secretary of Education of Chile for approval. The PhD 

program in Statistics at the Pontifical Catholic University of Chile, the first in the country, was approved and launched in 

1999.  
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Ministry of Social Affairs, Vilnius, Lithuania. Spring 1993. Analysis of household expenditure survey data, including 

design issues. Estimation of proportion of families living in poverty.   

Agriculture CANADA. 1992 – 1994. Development of an integrated agro­ecological economic system to estimate 

economic and environmental impacts of agricultural activities in Western Canada.  Several reports were written under 

this project. 

Ministry of Agriculture/USAID, Lusaka, Zambia. Spring, 1992. Adjustment for nonresponse of the 1991 Household 

Expenditure Survey.  A final report to the Ministry of Agriculture and to USAID was written.  Software for non­response 

adjustment was written and provided to Zambian officials. 

Ukrainian Institute of Agrarian Economics, Kiev, Ukraine. September 1991 – 1994. Issues relating to collection of data 

on farm productivity, and efficiency analysis, including the estimation of efficient 

frontiers. Several reports and three published articles have been written under this project.  

Institute of Economics, Riga, Latvia. Fall 1991 – 1993. Design of household expenditure surveys, adjustment for 

nonresponse, and impact analysis due to price restructuring. No report written. 

National Association of Milk Producers/GTZ, Montevideo, Uruguay. June 1991 and June 1992. Organization of a 

national scheme for selection of genetically superior dairy animals. Including sampling schemes, creation and 

management of data bases, and development and adaptation of statistical procedures for estimating breeding values of 

animals. A report was written. 

National (1991­2013, not updated since then): 

Consultant to CDC on development of calibration equations for of urine sodium collected from partial voids. 2011 – 

2013. 

Consultant to CDC on analysis of iodine intake data. 2012.  

Consultant to the Institute of Medicine on estimation of the distribution of serum vitamin D biomarkers and their 

association with levels of PTH. 2009 – 2011. 

Consultant to Centers for Disease Control and Prevention (CDC) on analysis of folate and folic acid intake and its 

association with the incidence of birth defects in the United States. 2010.  

Consultant to Center for Disease Control and Prevention (CDC) on analysis of food and supplement intake data. 2007 –

2008.  

Consultant to ABT Associates. Analysis of food intake data collected from a nation­wide school breakfast program. 2006. 

Consultant to Mathematica Policy Research. Design and analysis of food intake data collected from a federally funded 

nationwide school lunch program. 2003. 

Expert witness in a murder trial in October 2001.  Was certified as an expert in the State of Alaska. 

Kemin Industries, Des Moines, IA.  Design and analyses of lutein bioavailability trials.  2003. 

Consultant to ABT Associates in project entitled Evaluation of the School Breakfast Program Pilot Project.  2001. 
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Department of Public Safety, Oklahoma.  Analysis of traffic stop, warning, and citation data by the special drug 

interdiction units, to investigate whether troopers in certain special operations units engage in racially motivated stops 

and citations.  2000 – 2001. 

Collaboration with Dr. Hank Harris, School of Veterinary Medicine, Iowa State University, Dr. Scot Hurd, National 

Animal Disease Center, USDA, and Dr. Barry Weisman, Nextran, on estimation of the risk of public health impacts of 

xeno­transplantations.  The work involved estimation of risks, elicitation of expert opinion, and combination of expert 

opinions into a probability model. 1999 – 2000. 

Consulting for Nutrition Research Group, 1999.  Analysis of boron intake data.  Using boron intake data collected by 

Nutrition Research Group, we estimated usual boron intake distributions for various gender/age groups.  Report written. 

Consulting for Environ, 1999  – 2002.  Analyses of iron, vitamin A, copper, and zinc intake data, and iron and vitamin A 

blood biomarker data. Using data from the two major nationwide dietary surveys, we assessed the nutritional and 

health status of all gender/age groups.  Report written. 

National Pork Producers Council, Des Moines, Iowa. Statistical analyses of marketing data and data arising from taste 

panel tests. 1997 – 1999.  Two reports written. 

National Center for Health Statistics, Centers for Disease Control and Prevention.  1996 – 1999.  Analysis of the Third 

National Health and Nutrition Examination Survey and of the Supplementary Survey of Older Americans.  Work has 

included research on non­response patterns and imputation for the surveys, assessment of the nutritional status of 

populations, estimation of prevalence of nutrient inadequacy, and development of statistical methods to estimate 

distribution of usual nutrient intakes with limited data on individual daily intakes.  Various reports, several MSc Creative 

Components (Y. Liu, G. Camaño) and two manuscripts  have resulted from this project. 

Affiliate, Law and Economics Consulting Group, San Francisco, California. Statistical analyses of financial data, including 

derivatives in the S&P500, and foreign exchange spot, futures, and options returns. 1994 – 1997. Two reports written.  

One published paper resulted from this work as well. 

United States Environmental Protection Agency (USEPA), Office of Policy Analysis. 1992 – 1995. Development of an 

objective system to evaluate the environmental and economic impacts of livestock production. Statistical aspects of the 

project include sampling, experimental design, design of computer experiments, and model fitting. Various reports 

written under this project.  One published manuscript resulted from this work. 

Consulting for the United States Environmental Protection Agency (USEPA), Washington, DC, USA. 1991 – 1995. 

Assessment of risks from ground water, surface water, and air contamination from agriculture non­point source 

pollution. One published manuscript resulted from this project. 

Consulting for the United States Department of Agriculture, Human Nutrition Information Service, Washington, DC, 

USA. January 1990 to 1998. Estimation of distributions of usual intake of nutrients, and of the proportion of individuals 

in the (sub)populations deficient in those nutrients. Various reports, three published manuscripts, various MSc creative 

components (B. Bai, J. Goyeneche, K. Dodd) and one doctoral dissertation (K. Dodd) resulted from this work. 
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5746 Rja`a_kn G]hh
Cal]npiajp kb Rp]peope_o ]j` Rp]peope_]h K]^kn]pknu
CJAH<II/H<DG"D<MN<N@"@?O

1IKVIIW-

Od1C1 @qco^qnc Tjeranoepu ,Fani]ju- Rp]peope_o Ca_1 5333
L1R_1 @qco^qnc Tjeranoepu ,Fani]ju- L]pdai]pe_o Ea^1 4<<;

,iejkn ej Bkilqpan R_eaj_a-

<VSJIWWMSREP 2\TIVMIRGI-

Hks] Rp]pa Tjeranoepu ]llkejpiajp=
Onkbaookn ej Bd]nca C]p] R_eaj_a I]j 5354 w Iqja 5356
Hjpanei Onkbaookn ej Bd]nca C]p] R_eaj_a Mkr 534< w Ca_ 5353
Eqhh Onkbaookn Rp]peope_o @qc 5346 w lnaoajp
@ook_e]pa Onkbaookn Rp]peope_o @qc 533: w @qc 5346
@ooeop]jp Onkbaookn Rp]peope_o I]j 5335 w @qc 533:

Hks] Rp]pa Tjeranoepu ]$he]pekjo=
Bkna BR@ED b]_qhpu @qc 5348 w lnaoajp
Bkna Lai^an Aekejbkni]pe_o ]j` Bkilqp]pekj]h Aekhkcu L]u 533< w lnaoajp
Gqi]j Bkilqpan Hjpan]_pekj L]u 533< w lnaoajp

Okoepekjo ahoasdana=
Okop0Ck_ @S*S K]^o Ehknd]i O]ng MI Rp]peope_o L]n_d 5334 w Ca_ 5334
Okop0Ck_ @qco^qnc Tjeranoepu L]pdai]pe_o Cal]npiajp Ca_ 5333 w L]n_d 5334

.[EVHW ERH 5SRSVW

@J@ <ZSQbSR DS[PS` 53541

@JL @\bS`RWaQW^ZW\O`g KSO[ ISaSO`QV 8eO`R 5354/ C]p] R_eaj_ao bkn pda Oq^he_ Fkk` sepd Sk`` @^n]0
d]i/ B]oo]j`n] Ckneqo/ Rd]sj Ckneqo/ Iei Qaa_u/ Bdneopkldan Raacan/ ]j` @`eo]g Rqgqh1

@JL <fbS\aW]\ O\R Fcb`SOQV <fQSZZS\QS W\ ISaSO`QV*9OaSR G`]U`O[[W\U 8eO`R 5354 pk pda C]p] R_e0
aj_a bkn pda Oq^he_ Fkk` Xkqjc R_dkh]no Onkcn]i pa]i

BW\UZO\R =OQcZbg =SZZ]e 5353w5355

FcbabO\RW\U 8QVWSdS[S\b W\ KSOQVW\U K@R/ 5353

8J8 JG8@> OeO`R bkn BR@ED ]j` MHRS l]npjanodel> gau _kjpne^qpkn/ 534;1

DWR :O`SS` <fQSZZS\QS W\ ISaSO`QV,8`bWabWQ :`SObWdWbg K@R/ 5349

<ZSQbSR =SZZ]e ]T bVS 8J8 53481

<O`Zg <fQSZZS\QS W\ ISaSO`QV,8`bWabWQ :`SObWdWbg K@R/ 5339
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Aaop O]lano2Bkilapepekjo=

DO\OUS`WOZ >S\RS` ;WdS`aWbg O\R =W`[ GS`T]`[O\QS6 8\ @\bSU`ObW]\ ]T ;W!S`S\b KVS]`SbWQOZ GS`a^SQ*
bWdSa[ Aaop L]_nk O]lan 5349/ sepd R_ds]^ @1/ Van^ah I1C1/ ]j` Gajnemqao O1K11 Oq^heoda` ej
Fnkql * Nnc]jev]pekj L]j]caiajp/ 74,4-/ 8w64/ 5349/ `ke= %$"%%++#%$)-*$%%%)),,*(%1

MWacOZWhW\U abObWabWQOZ []RSZa6 IS[]dW\U bVS PZW\RT]ZR+ @R@0Vehau Aaop R@L O]lan @s]n` 5349/ sepd
G1 Ve_gd]i ]j` C1 Bkkg1

ISRSaWU\W\U bVS b`ORWbW]\OZ Z]U] aS_cS\QS ^Z]b Eenop lh]_a ej pda Qa`aoecj Bkilapepekj kb HDDD UeoVaag
,sepd G1 Gkbi]jj0Rea^an-/ 53461

;SZOgSR) :O\QSZZSR) F\ KW[S) 9]O`RW\U) +++ #gW\U ]dS` bVS LJ8 Ra_kj` Oneva sepd Ce]jja Bkkg ]j`
opq`ajpo bnki pda Rp]peope_]h Fn]lde_o skngejc cnkql/ @R@ C]p] Dtlkoepekj 533<1

>ZOQWS`a [SZb Oa D]c\bOW\a eO`[ Ra_kj` Oneva sepd Ce]jja Bkkg ]j` G]`hau Ve_gd]i/ @R@ C]p]
Dtlkoepekj 53391

9]][ O\R 9cab ]T KSQV\]Z]Ug :][^O\WSa Ob bVS Kc`\ ]T bVS /.ab :S\bc`g Eenop Oneva sepd Ce]jja Bkkg/
G]`hau Ve_gd]i/ Iqjfea Rqj ]j` Bdneope]j Qykppcan/ HDDD HjbkUeo C]p] Bkjpaop 53381

Aaop Rpq`ajp O]lano ,H s]o ejrkhra` ej ]j ]`reoknu nkha-=

KVS US\S`OZWhSR ^O`OZZSZ Q]]`RW\ObS ^Z]b+ @R@ Rp]peope_]h Fn]lde_o O]lan Bkilapepekj/ ]qpdkn= X]sae
Fa/ 53531

DObQVW\U 9cZZSba+ @R@ Rp]peope_]h Hi]cejc O]lan Bkilapepekj/ ]qpdkn= Dne_ G]na/ 53491

LaW\U bVS US][\Sb GOQYOUS6 MWacOZWhW\U 8T`WQO\ JZOdS K`ORS) .2.1 i .533+ @R@ Rp]peope_]h Fn]lde_o
O]lan Bkilapepekj/ ]qpdkn= R]i Sujan/ 53491

W\bI]+ @R@ Rp]peope_]h Bkilqpejc O]lan Bkilapepekj/ ]qpdkno= @j`aa J]lh]j ]j` Dne_ G]na ,sepd
Ce Bkkg-/ 53481

KVS Qc`aS ]T bV`SS RW[S\aW]\a6 NVg g]c` P`OW\ Wa ZgW\U b] g]c+ @R@ Rp]peope_]h Fn]lde_o O]lan Bki0
lapepekj/ ]qpdkn= Rqo]j U]j`anOh]o/ 53471

8`S g]c E]`[OZ7 KVS G`]PZS[ ]T :]\T]c\RSR ISaWRcOZ Jb`cQbc`Sa W\ ?WS`O`QVWQOZ CW\SO` D]RSZa+ @R@
Rp]peope_]h Fn]lde_o Rpq`ajp O]lan Bkilapepekj/ ]qpdkn= @`]i Kku/ 53461

NVS`S&a NOZR]6 :Z]aS` C]]Y Ob CW\S*c^ GZ]ba @R@ Rp]peope_]h Fn]lde_o Rpq`ajp O]lan Bkilapepekj/
]qpdkn= Meh]`ne Qku0Bdks`dqnu ,sepd Ce]jja Bkkg-/ 53451

MWacOZ JbObWabWQOZ @\TS`S\QS T]` ISU`SaaW]\ GO`O[SbS`a @R@ Rp]peope_]h Fn]lde_o Rpq`ajp O]lan Bki0
lapepekj/ ]qpdkn= L]d^q^ L]fqi`an ,sepd Ce]jja Bkkg-/ 53441

2\XIVREP 4VERXW

MHRR 486:34 @\bS`OQbWdS MWacOZWhObW]\ T]` <RcQObW]\ ;ObO O\R JbObWabWQa !67/697133/ 3<234253540
3826425355

MRE 4<0897 :EJ * J::6 /-/-i/-/0) !.)2--)--- FdS`Q][W\U bVS Ic`OZ ;ObO ;S"QWb b] @[^`]dS HcOZWbg
]T CWTS O\R :][[c\Wbg JS`dWQSa W\ J[O`b :]\\SQbSR J[OZZ :][[c\WbWSa/ Jei^anhu Y]na_kn ,OH-/
Aeos] C]o/ C]re` I Oapano/ Rqo]j U]j`anOh]o/ Ydajcuq]j Ydq/ GG ,oajekn lanokjjah-

,Mkj0_kilapepera- 534:w5354= !469/57< Rp]peope_]h Bkilqpejc bkn Dtlhkn]pknu C]p] @j]huoeo/ R_djae0
`an Dha_pne_1
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FRNB 534<= !9/333 ej oqiian bqj`ejc bkn cn]`q]pa opq`ajp kj pda lnkfa_p GO`OZZSZ :]]`RW\ObS GZ]ba
W\ UU^Z]b/ ,sepd Ce]jja Bkkg-1

FRNB 534:= !8/333 ej oqiian bqj`ejc bkn cn]`q]pa opq`ajp kj pda lnkfa_p JgabS[ObWQ ZWdW\U `SdWSea
,sepd @jjappa N+Bkjjkn-1

FRNB 534:= !8/333 ej oqiian bqj`ejc bkn cn]`q]pa opq`ajp kj pda lnkfa_p DSbV]Ra T]` _cO\bWZS*
_cO\bWZS ^Z]ba W\ UU^Z]b/ ,sepd @`]i Kku-1

FRNB 5349= !8/333 ej oqiian bqj`ejc bkn cn]`q]pa opq`ajp kj pda lnkfa_p UU[]aOWQ6 O US][ T]`
[]aOWQ ^Z]ba W\ UU^Z]b/1

MRE CLR 433:;::= :]ZZOP]`ObWdS ISaSO`QV ]\ JbObWabWQOZ @\TS`S\QS T]` ;ObO ;Wa^ZOga/ OH sepd Bk0OHo
Ce]jja Bkkg/ @j`na]o Aqf]/ G]`hau Ve_gd]i/ !4;</<:7/ bqj`a` Ral 5343 0 @qcqop 5347

MHG lnklko]h=8RdO\QW\U ;`cU ;SdSZ]^[S\b T`][ [SRWQW\OZ ^ZO\ba caW\U b`O\aQ`W^b][WQa O\R [SbOP]Z][WQa/
Bk0OH ,kqp kb ]^kqp 43-/ OHo= Ikoald Bd]llahh ,Tjeranoepu kb Jajpq_gu-/ R]n]d N+Bkjjkn/ Ca]j Cah0
h]lajj]/ !6/35:/8:8/ bqj`a` bnki Ral 63 533< 0 @qc 64 53431 Lu _kjpne^qpekj= op]peope_]h ]j]huoeo kb
lh]jp i]pane]h _khha_pa` ]p Hks] Rp]pa1

MRE CLR 3:39<7<=JbObWabWQOZ >`O^VWQa ISaSO`QV W\ 8aa]QWObW]\ eWbV >>]PW/ Bk0OH sepd Ce]jja Bkkg
,OH-/ !749/794/ bqj`a` 533: 0 5345

MRE LBA 3749:63==c\QbW]\OZ >S\][WQa ]T bVS 9W]bW\ DSbOP]ZWQ ESbe]`Y ]T 8`OPWR]^aWa/ Bk0OH/
!6:</<<9133/ bqj`a` ,3<234237 0 3;264239-1

MRE CAH 38359:= 8`OPWR]^aWa /-.-6 DSbESb6 @\bSU`ObSR J]TbeO`S T]` 8`OPWR]^aWa JgabS[a 9W]Z]Ug
ISaSO`QV/ Rajekn Oanokjjah/ !<9</967/ bqj`a` ,3<234238 0 3;26423:-1

6RXIVREP 4VERXW

,Mkj0_kilapepera- 5349w5354 oq^]s]n` kran !4/5:i bnki BR@ED JbObWabWQOZ O\OZgaWa ]T 9cZZSb [ObQV*
W\U1

534: Gkjkno Rqiian Qaoa]n_d Fn]jp= !4/333 bqj`ejc bkn Enaodi]j Gkjkn opq`ajp Qu]j Fkhq_d
5349 OHHQ CCRH= 9`WRUW\U bVS RWUWbOZ RWdWRS W\ RObO aQWS\QS6 W\dS\bW]\ O\R `S"\S[S\b ]T aVO`SR RObO
aQWS\QS W\T`Oab`cQbc`Sa OH= Gne`aod Q]f]j/ H ]i kja kb ]^kqp paj Bk0OHo1
K@R Rpn]pace_ Hjepe]perao Onklko]ho/ FD Ga]hpd C]p]/ !63/333 ,sepd C1 Bkkg-/ 53441
K@R Eknaecj Sn]rah Fn]jp/ !;93/ 533;1
K@RB@B BNKK cn]jp/ [ga_Z ;ObOPOaS T]` ]\ZW\S ab]`OUS ]T Q]c`aS [ObS`WOZ/ !7/3331
K@R Eknaecj Sn]rah Fn]jp/ !846/ 53381

=IJIVIIH 7SYVREP .VXMGPIW

#!#" 41 Gkbi]jj G1/ U]j`anOh]o R1/ B]nnemqenu @1= Sna]piajp kb Hj_kj_hqoerao ej pda @ESD Q]jca kb
Bkj_hqoekjo/ K]s/ Onk^]^ehepu ]j` Qeog/ 4<,607-/ 5354/ 64:w6971

51 U]j`anOh]o R1/ Qykppcan Bdn1/ Bkkg C1/ Gkbi]jj G1= Rp]peope_]h Recje"_]j_a B]h_qh]pekjo bkn
R_aj]neko ej Ueoq]h Hjbanaj_a/ RS@S/ 43,4-/ a66:/ 5354/ `ke=CNNK.##?R"?JD"JLB#%$"%$$&#MN<("

''+1

61 Fkk`a J1./ Gkbi]jj G1= Ueoq]h Ce]cjkope_o kb ] Lk`ah Dtlh]ejan w Skkho bkn pda @ooaooiajp
kb KHLD Dtlh]j]pekjo/ Rp]peope_]h @j]huoeo ]j` C]p] Lejejc/ 47,5-/ 4;8w533/ Ea^nq]nu 5354/
`ke=CNNKM.##?JD"JLB#%$"%$$&#M<H"%%)$$"

#!#!71 Kuq @1./ Aanc D1/ Gkbi]jj G1= Dilene_]h A]uao oi]hh ]na] lna`e_pekj kb odaap ]j` nehh ankoekj
qj`an ] vank0ej#]pa` hkcjkni]h ik`ah/ Aekiapne_]h Ikqnj]h/ Ca_ 5353/ 95 ,;-/ 4;8<w4;:;/ `ke=%$"

%$$&#=DHE"&$&$$$$&-1
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81 K]qnajp @1. / Kuq @1./ Juranuc] O1 / L]gksoge C1 / Gkbi]jj G1/ Lecqav E1= Hjpan]_pera sa^0
^]oa` `]p] reoq]hev]pekj ]j` ]j]huoeo pkkh bkn oujpdaoevejc kj0b]ni naoa]n_d japskngo `]p]/ Qa0
oa]n_d Rujpdaoeo Lapdk`o/ 5353/ `ke=%$"%$$&#ELMH"%(($1

91 U]j`anOh]o R1/ Gkbi]jj G1/ M]hhu L1/ Jhal S1/ B]n`kr]h B1= Bkil]neokj kb pdnaa oeieh]nepu
o_knao bkn ^qhhap KD@ i]p_dejc/ Eknajoe_ R_eaj_a Hjpanj]pekj]h/ L]n 5353/ (44349:/ `ke=%$"

%$%*#E"AJLM>DDIN"&$&$"%%$%*+1

:1 U]j`anOh]o R1/ Gkbi]jj G1/ Bkkg C1= Saopejc Rp]peope_]h Bd]npo= Vd]p i]gao ] ckk` cn]ld?/ 8\*
\cOZ ISdWSe ]T JbObWabWQa O\R @ba 8^^ZWQObW]\/ `ke=%$"%%(*#<IIOL@P!MN<NDMND>M!$'%&%-!$(%&)&1

#!"* ;1 Qe_a J1!/ Fajo_dah T1/ Gkbi]jj G1/ @ Qk^qop @llnk]_d pk @qpki]pe_ Fnkkra H`ajpe"_]pekj ej
6C Aqhhap K]j` R_]jo/ A]c`\OZ ]T =]`S\aWQ JQWS\QSa/ 63,4-/ 534</ `ke=%$"%%%%#%))*!($&-"%(&*'1

<1 Jneodj]j F1!/ Gkbi]jj G1= @`]lpejc pda Bdqi^hau R_kna pk L]p_d Rpne]a kj K]j` Djcn]ra`
@na]o ,KD@o- kb Aqhhapo/ A]c`\OZ ]T =]`S\aWQ JQWS\QSa/ 97 ,6-/ :5;w:73/ 534</ `ke=%$"%%%%#

%))*!($&-"%'-)$1

431 B]nnemqenu/ @1/ Gkbi]jj/ G1/ S]e/ W1G1 ]j` U]j`anOh]o/ R1= L]_deja ha]njejc ej bknajoe_ ]llhe_]0
pekjo/ JWU\W"QO\QS/ 49/ 5<w68/ 534<1 `ke=%$"%%%%#E"%+($!-+%'"&$%-"$%&)&"R

441 U]j`anOh]o R1/ Fkhq_d Q1!/ Gkbi]jj G1= En]ia`& Qalnk`q_ejc 483 ua]n kh` _d]npo / A]c`\OZ ]T
:][^cbObW]\OZ JbObWabWQa O\R >`O^VWQa/ lq^heoda` kjheja= @ln 534</ CNNKM.##?JD"JLB#%$"%$,$#

%$*%,*$$"&$%,"%)*&-'+1

#!") 451 @hiae`] @1!/ Kku @1/ Gkbi]jj G1= cclhkp5 Bkil]pe^ha Pq]jpeha0Pq]jpeha Ohkpo ej Q / KVS I A]c`*
\OZ/ 43,5-> 57;w594/ 534;/ `ke=CNNKM.##EJOLI<G"L!KLJE@>N"JLB#<L>CDP@#&$%,#75!&$%,!$)%#

75!&$%,!$)%"K?A1

461 Qku Bdks`dqnu M1/ Bkkg C1/ Gkbi]jj G1/ L]fqi`an L1/ Yd]k X1/ La]oqnejc Kejaql Ce$_qhpu
^u L]p_dejc Ceop]j_a Lapne_o sepd Rq^fa_p Bdke_ao ej Bnks`0Rkqn_a` C]p]1 A]c`\OZ ]T >`O^VWQOZ
O\R :][^cbObW]\OZ JbObWabWQa/ 5:,4-/ 465w478/ 534;/ `ke=%$"%$,$#%$*%,*$$"&$%+"%')*'&'1

#!"( 471 Gkbi]jj G/ Ve_gd]i G1/ J]b]`]n J1= Kappan U]hqa Aktlhkpo/ A]c`\OZ ]T >`O^VWQOZ O\R :][^c*
bObW]\OZ JbObWabWQa/ 59,6-/ 79<w7::/ 534:/ `ke= %$"%$,$#%$*%,*$$"&$%+"%'$)&++1

481 G]na D1/ Gkbi]jj G1/ B]nnemqenu @1= @hcknepdie_ @llnk]_dao pk L]p_d Cacn]`a` K]j` Hilnao0
oekjo1/ COe) G`]POPWZWbg O\R IWaY/ 49,7-/ 536w554/ 534:/ `ke=%$"%$-'#GKL#HBR$%,1

491 U]j`anOh]o R1/ Gkbi]jj G1= @hh kb pdeo d]o d]llaja` ^abkna1 @hh kb pdeo sehh d]llaj ]c]ej= C]p]
R_eaj_a> ] naolkjoa pk C1 Ckjkdk+o l]lan kj C]p] R_eaj_a / ejrepa` oq^ieooekj pk Ikqnj]h kb
Fn]lde_]h ]j` Bkilqp]pekj]h Rp]peope_o/ 59 ,7-/ ::80::;/ 534:/ `ke= %$"%$,$#%$*%,*$$"&$%+"

%',)(+(1

4:1 G]na D1/ Gkbi]jj G1/ B]nnemqenu @1= @qpki]pe_ L]p_dejc kb Aqhhap K]j`o1/ 8\\OZa ]T 8^^ZWSR
JbObWabWQa/ 44,7-/ 5665w5689/ 534:/ `ke= %$"%&%(#%+!0608%$,$1

4;1 Kku @1/ Gkbi]jj G1/ Bkkg C1= Lk`ah Bdke_a ]j` Ce]cjkope_o bkn Keja]n Leta`0a!a_po Lk`aho
Toejc Rp]peope_o kj Rpnaap Bknjano/ A]c`\OZ ]T >`O^VWQOZ O\R :][^cbObW]\OZ JbObWabWQa/ 59,6-/
7:;w7<5/ 534:/ `ke=%$"%$,$#%$*%,*$$"&$%+"%''$&$+1

4<1 Sujan R1/ Ane]ppa E1/ Gkbi]jj G1/ Sdnaa ]llnk]_dao pk reoq]hevejc japskngo ej pda cclhkp5
bn]iaskng/ I A]c`\OZ/ <,4-/ 5:w8</ 534:/ `ke= CNNK.##LEJOLI<G"BDNCO="DJ#<L>CDP@#&$%+#

75!&$%+!$&'#DI?@R"CNHG1

531 J]lh]j @1/ Mkn`i]j C1/ Gkbi]jj G1= @j ejpan]_pera cn]lde_]h iapdk` bkn _kiiqjepu `apa_pekj
ej japskng `]p]/ :][^cbObW]\OZ JbObWabWQa/ 65,5-/ 868w88:/ 534:/ `ke=%$"%$$+#M$$%,$!$%*!$**'!)1
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541 U]j`anOh]o R1/ Gkbi]jj G1= Bhqopano Aa]p Snaj`&? Saopejc Ea]pqna Gean]n_du ej Rp]peope_]h
Fn]lde_o/ A]c`\OZ ]T >`O^VWQOZ O\R :][^cbObW]\OZ JbObWabWQa/ 59,5-/ 564w575/ 534:/ `ke=%$"%$,$#

%$*%,*$$"&$%*"%&$-%%*1

#!"' 551 R_dhkanga A1/ Ve_gd]i G1/ Bkkg C1/ Gkbi]jj G1=/ Do_]la bnki Akth]j`= Fajan]pejc ] Ke^n]nu
kb Gecd0Ceiajoekj]h Fakiapne_ Rd]lao/ I A]c`\OZ/ ;,5-/ 576w58:/ 5349/ `ksjhk]`= CNNKM.##

EJOLI<G"L!KLJE@>N"JLB#<L>CDP@#&$%*!&#M>CGJ@LF@!QD>FC<H!>JJF!@N<G"K?A1

561 Bdajc W1/ Bkkg C1/ Gkbi]jj G1= Dj]^hejc Hjpan]_perepu kj Ceolh]uo kb Lqhper]ne]pa Seia Raneao
]j` Kkjcepq`ej]h C]p]/ A]c`\OZ ]T :][^cbObW]\OZ O\R >`O^VWQOZ JbObWabWQa/ 58,7-/ 438:w43:9/
5349 / `ke=%$"%$,$#%$*%,*$$"&$%)"%%$)+(-1

571 Kku @1/ Ekhhapp K1/ Gkbi]jj G1= U]ne]pekjo kb P0P lhkpo w pda Oksan kb kqn Duao/ KVS 8[S`WQO\
JbObWabWQWO\/ :3 ,5-/ 535w547/ 5349/ `ke=%$"%$,$#$$$'%'$)"&$%)"%$+++&,1

581 R_ds]^ @1/ Van^ah I1C1/ Gkbi]jj G1/ Gajnemqao O1K1= L]j]cane]h Faj`an Ceranoepu ]j` Eeni
Oanbkni]j_a= @j Hjpacn]pekj kb Ce!anajp Sdaknape_]h Oanola_perao/ >`]c^ % F`UO\WhObW]\ DO\*
OUS[S\b/ 74,4-/ 8w64/ 5349/ `ke= %$"%%++#%$)-*$%%%)),,*(%/ oaha_pa` ]o 5349 Aaop L]_nk O]lan1

#!"& 591 Bdajc W1/ Bkkg C1/ ]j` Gkbi]jj G11 Ueoq]hhu Dtlhknejc Leooejc U]hqao ej Lqhper]ne]^ha C]p]
Toejc ] Fn]lde_]h Toan Hjpanb]_a1 A]c`\OZ ]T JbObWabWQOZ J]TbeO`S/ 9; ,9-/ 5348/ `ke=%$"%,*'+#

EMM"P$*,"D$*1

5:1 Kku @1/ Gkbi]jj G1= @na ukq jkni]h? Sda Onk^hai kb Bkjbkqj`a` Qaoe`q]h Rpnq_pqnao ej
Gean]n_de_]h Keja]n Lk`aho/ A]c`\OZ ]T :][^cbObW]\OZ O\R >`O^VWQOZ JbObWabWQa/ 57,7-/ 44<4w453</
5348 ,]__alpa` ej 5347-/ `ke= %$"%$,$#%$*%,*$$"&$%("-*$$,(1

5;1 U]j`anOh]o R1/ Gkbi]jj G1= Recjo kb pda oeja ehhqoekj 0 sdu sa jaa` pk _]na/ A]c`\OZ ]T :][*
^cbObW]\OZ O\R >`O^VWQOZ JbObWabWQa/ 57,7-/ 44:3w44<3/ 5348 ,]__alpa` ej 5347-/ `ke= %$"%$,$#

%$*%,*$$"&$%("-)%)(+1

5<1 Ve_gd]i G1/ Bkkg C1/ Gkbi]jj G1= Ueoq]hevejc op]peope_]h ik`aho= Qaikrejc pda ^hej`bkh`/
JbObWabWQOZ 8\OZgaWa O\R ;ObO DW\W\U6 KVS 8J8 ;ObO JQWS\QS A]c`\OZ/ l]lan sepd `eo_qooekj/
5348/ `ke= 264.%$"%$$&#M<H"%%&+%1

631 Seik Rea^an ]j` Dne_ G]na ]j` Gaega Gkbi]jj ]j` L]npej Snalah= Aeki]pdai]pe_]h Cao_nelpekj
kb Oalpe`a Ke^n]nu Onklanpeao/ GC]J FE< 43,9-/ 5348/ a345<533/ `ke= %$"%'+%#EJOLI<G"KJI@"

$%&-&$$1

641 G]na D1/ Aqf] @1/ Gkbi]jj G1= L]jelqh]pekj kb Ceo_napa Q]j`ki U]ne]^hao sepd `eo_napaQU/ I
A]c`\OZ/ :,4-/ 4;8w4<7/ 53481

651 @hagah CK/ Fajo_dah T/ Jkadhan JI/ Gkbi]jj G/ U]j Kk]j LC/ Aaan A/ G]jokj KM/ Oapanokj
BS/ Jqnvan LR1 Sda Rku Hok#]rkjao bkn Qa`q_ejc Akja Kkoo ,RHQAK- Rpq`u= D!a_p kb ] pdnaa0
ua]n pne]h kj dknikjao/ ]`ranoa arajpo/ ]j` aj`kiapne]h pde_gjaoo ej lkopiajkl]qo]h skiaj1
DS\]^OcaS1 55,5-=4;8w4<:/ 53481 Oq^La` (58336957 ,ej lnk_aoo-1 OLBHC=OLB75;986;
MHGLRHC (93;8791

661 Rp]j"hh/ A1/ Fajo_dah/ T1/ Mkn`i]j C1/ Gkbi]jj G1 Mkjl]n]iapne_ Bkj"`aj_a Qacekjo bkn pda
Bajpn]h Nneajp]pekj kb Q]j`ki Qkp]pekjo/ A]c`\OZ ]T DcZbWdO`WObS 8\OZgaWa/ 458/ 439w449/ 5348/
`ke=%$"%$%*#E"EHP<"&$%("%&"$$'1

#!"% 671 Qku Bdks`dqnu M1/ Bkkg C1/ Gkbi]jj G1/ L]fqi`an L1/ Kaa D1J1/ Skpd @1= Toejc Ueoq]h
Rp]peope_]h Hjbanaj_a pk Aappan Tj`anop]j` Q]j`ki Bh]oo Ral]n]pekjo ej Gecd Ceiajoekj/ Kks
R]ilha Reva C]p]/ :][^cbObW]\OZ JbObWabWQa/ 4w57/ 5347/ `ke= %$"%$$+#M$$%,$!$%(!$)'(!R1
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681 Wea X1/ Gkbi]jj G1/ Bdajc W1= Qa]_pera Onkcn]iiejc bkn Hjpan]_pera Fn]lde_o/ JbObWabWQOZ JQW*
S\QS/ 5<,5-/ 534w546/ 825347/ `ke= %$"%&%(#%(!898(++1

691 Ekhhapp K1/ Gkbi]jj G1/ Fajo_dah T1= D!a_po kb pda AO Neh Rlehh= @ cn]lde_]h Dtlhkn]pekj/
:][^cbObW]\OZ JbObWabWQa/ Ukhqia 5</ Hooqa 405/ ll1 454w465/ Ea^nq]nu 5347

6:1 Rp]j"hh A1/ Gkbi]jj G1/ Fajo_dah T1= nkp]pekjo= @j Q O]_g]ca bkn RN,6- C]p]/ KVS I A]c`\OZ/
9,4-/ 9;w:;/ 39253471

6;1 @j`aa J]lh]j ]j` Dne_ G]na ]j` Gaega Gkbi]jj ]j` Ce]jja Bkkg= B]j Xkq Aqu ] Onaoe`ajp?
Okhepe_o @bpan pda Sehhi]j @_p/ :?8E:</ rkh 5: ,4-/ 53471

#!"$ 6<1 Rp]j"hh A1/ Fajo_dah T1/ Gkbi]jj G1= Okejp Dopei]pekj kb pda Bajpn]h Nneajp]pekj kb Q]j`ki
Qkp]pekjo1 KSQV\][Sb`WQa/ 88,7-/ 857w868/ 45253461 CNH= %$"%$,$#$$($%+$*"&$%'",&*%()

731 Yd]k X/ Bkkg C/ Gkbi]jj G/ L]fqi`an L/ Qku Bdks`dqnu M= Lej` Qa]`ejc= Toejc ]j Dua0
Sn]_gan pk Raa Gks Oaklha ]na Kkkgejc ]p Kejaqlo1 @\bS`\ObW]\OZ A]c`\OZ ]T @\bSZZWUS\b KSQV\]Z]*
UWSa O\R 8^^ZWSR JbObWabWQa/ 9,7-/ 6<6w746/ 45253461

741 Kku @1/ Gkbi]jj G1= GKL`e]c= @ Rqepa kb Ce]cjkope_o bkn Gean]n_de_]h Keja]n Lk`aho ej Q1
A]c`\OZ ]T JbObWabWQOZ J]TbeO`S/ 89 ,8-/ 56 l]cao/ 5346/ CNH= CNNK.##QQQ"EMN<NMJAN"JLB#P)*#

D$)1

751 L]fqi`an L1/ Gkbi]jj G1/ Bkkg C1= U]he`]pekj kb Ueoq]h Rp]peope_]h Hjbanaj_a/ @llhea` pk Keja]n
Lk`aho1 A]c`\OZ ]T bVS 8[S`WQO\ JbObWabWQOZ 8aa]QWObW]\/ 43;,836-/ <75w<89/ 53461 CNH=%$"%$,$#

$%*&%()-"&$%'",$,%)+

761 Gkbi]jj G/ Tjsej @1/ Bkkg C1= Fkk` On]_pe_ao bkn Fn]lde_o ej Q/ I A]c`\OZ/ Ukhqia 8/ jqi^an
4/ ll1 44:w463/ Iqja 53461

771 Kku @1/ Gkbi]jj G1= Ce]cjkope_ Skkho bkn Gean]n_de_]h Keja]n Lk`aho/ NWZSg @\bS`RWaQW^ZW\O`g
ISdWSea6 :][^cbObW]\OZ JbObWabWQa1/ Ukhqia 8/ Hooqa 4/ ll1 7; w 94/ I]jq]nu2Ea^nq]nu 53461

781 Dianokj I1/ Fnaaj V1/ R_dhkanga A1/ Bkkg C1/ Gkbi]jj G1/ Ve_gd]i G1= Sda Fajan]heva` O]eno
Ohkp1 A]c`\OZ ]T :][^cbObW]\OZ O\R >`O^VWQOZ JbObWabWQa/ 55=4/ :<0<4/ 53461

791 Masahh/ L1/ Bkkg/ C1/ Gkbi]jj/ G1 ]j` I]jjejg/ I10K1= @j ]hcknepdi bkn `a_e`ejc pda jqi^an
kb _hqopano ]j` r]he`]pekj qoejc oeiqh]pa` `]p] sepd ]llhe_]pekj pk atlhknejc _nkl lklqh]pekj
opnq_pqna/ 8\\OZa ]T 8^^ZWSR JbObWabWQa/ Ukh1 :/ Mk1 7/ 4;<;04<49/ 53461 CNH= CNNK.##?R"?JD"

JLB#%$"%&%(#%'!0608*+%

#!"# 7:1 Ve_gd]i G1/ Gkbi]jj G1/ Ve_gd]i B1/ Bkkg C1= Fhuld0i]lo bkn Ueoq]hhu Dtlhknejc Sailkn]h
O]ppanjo ej Bhei]pa C]p] ]j` Lk`aho1 <\dW`]\[Sb`WQa/ Ukhqia 56/ Hooqa 8/ ll 6;5 w 6<6/ @qcqop
53451

#!"" 7;1 Ve_gd]i G1/ Bkkg C1/ Gkbi]jj G1/ Aqf] @1= pkqnn= @j Q l]_g]ca bkn atlhknejc iqhper]ne]pa
`]p] sepd lnkfa_pekjo1 A]c`\OZ ]T JbObWabWQOZ J]TbeO`S/ rkh1 73/ jk1 5/ ll1 44;/ 53441

7<1 Rda``0Veoa JL/ @hagah CK/ Gkbi]jj G/ U]jKk]j LC= Sdnaa0ua]n oku eok#]rkja ejpanrajpekj
d]o ik`an]pa a!a_po kj lPBS ^kja ia]oqnao ej lkopiajkl]qo]h skiaj1 A]c`\OZ ]T :ZW\WQOZ
;S\aWb][Sb`g) 8aaSaa JYSZSbOZ ?SOZbV/ 53441 CNH= 43143492f1fk_`1534314413361

831 L]preajgk N@/ @hagah CK/ Adql]pden]fq RM/ Gkbi]jj G/ Qeph]j` KL/ Qa``u LA/ U]j Kk]j
LC/ ]j` Oannu BC1= @j`nke`]h b]p i]oo eo pda opnkjcaop ]j` ikop _kjoeopajp lna`e_pkn kb _]n0
`ekiap]^khe_ neog ej da]hpdu lkopiajkl]qo]h skiaj1 :O`RW]Z]Ug ISaSO`QV O\R G`OQbWQS/ @npe_ha
HC <37;:;/ `ke=4317394253442<37;:;/ 53441

841 C]re` Qk_gk!/ Gaega Gkbi]jj= Gks ckk` eo ukqn Dua^]hhejc? :?8E:</ rkh 57 ,5-/ 53441
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851 Gkbi]jj G1/ Bkkg C1/ Jeahekj B1/ R_dhkanga A1/ Gk^^o I1/ Kku @1/ Lkohau K1/ Qk_gk! C1/ Gq]jc
X1/ Vnkhop]` C1/ Xej S1= Cah]ua`/ B]j_aha`/ kj Seia/ Ak]n`ejc%D Ehuejc ej pda TR@1 A]c`\OZ ]T
:][^cbObW]\OZ O\R >`O^VWQOZ JbObWabWQa/ Ukh1 53/ Mk1 5/ 5;:05<3/ 53441

861 L]nea Uaj`appqkhe/ Dnej Ckuha/ Gaega Gkbi]jj= Bhqopanejc ie_nk]nn]u `]p] pk `apanieja jkni]h0
ev]pekj iapdk`1 8RdO\QSa W\ :][^cbObW]\OZ 9W]Z]Ug/ Rlnejcan/ ll1 478w486/ 53441

#!"! 871 Gkbi]jj0Rea^an G1/ Veh` I1/ Eea`han M1/ Seo_dan J1/ rkj Dejai I1/ Nopannea`an M1/ Gkbi]jj G1/
Jykophan I1 ]j` V]cjan Q1= Hil]_p kb DSHE Cahapekj kj R]bapu ]j` Hiiqjkcaje_epu kb DGU04
Ua_pkna` U]__ejao1 A]c`\OZ ]T MW`]Z]Ug/ l1 44935w44946/ 53431

881 I1 Gk^^o/ G1 Ve_gd]i/ G1 Gkbi]jj/ ]j` C1 Bkkg= Fh]_eano iahp ]o ikqjp]ejo s]ni= @ cn]ld0
e_]h _]oa opq`u1 :][^cbObW]\OZ JbObWabWQa/ Hjrepa` oq^ieooekj1 Rla_e]h eooqa bkn 8J8 JbObWabWQOZ
:][^cbW\U O\R >`O^VWQa) ;ObO <f^] /--4/ 58,7-/ 89<w8;9/ 53431

891 Lkohau K1/ Bkkg C1/ Gkbi]jj G1/ Jeahekj B1/ ]j` R_dhkanga A1= Lkjepknejc pda Dha_pekj Ueoq]hhu1/
:?8E:</ rkh 56 ,6-/ 53431

#!!*

/0 ,+0.-,0

8:1 Aqf] @1/ Bkkg C1/ Gkbi]jj G1/ Rs]uja C1E1/ K]snaj_a L1/ Kaa D1J1/ Ve_gd]i G1= Rp]peope_]h
Hjbanaj_a bkn Dtlhkn]pknu C]p] @j]huoeo ]j` Lk`ah Ce]cjkope_o1 GVWZ]a]^VWQOZ K`O\aOQbW]\a ]T
bVS I]gOZ J]QWSbg) 8 ,Hjrepa`-/ jk 69:/ 7694w76;6 533<1

8;1 Ve_gd]i G1/ K]snaj_a L1/ Bkkg C1/ Aqf] @1/ Gkbi]jj G1/ Rs]uja C1= Sda lhqi^ejc kb ejpan0
]_pera cn]lde_o1 :][^cbObW]\OZ JbObWabWQa/ L]u/ 533</ 57/ 5/ 53:w5481

8<1 Aqf] @1/ Rs]uja C1E1/ Keppi]j L1/ Ca]j M1/ Gkbi]jj G1/ Bdaj K1= Hjpan]_pera C]p] Ueoq]hev]pekj
sepd Lqhpe`eiajoekj]h R_]hejc1 A]c`\OZ ]T :][^cbObW]\OZ O\R >`O^VWQOZ JbObWabWQa/ 4:/ 5/ 777w7:5/
533;1

931 X]j @/ Jhk_vgksoge @/ Gkbi]jj G/ Ianjec]j QK1= Ona`e_pekj kb oe`a _d]ej kneajp]pekjo ej lnkpaejo
^u op]peope_]h i]_deja ha]njejc iapdk`o1 A]c`\OZ ]T PW][]ZSQcZO` ab`cQbc`S % Rg\O[WQa/ 6/ 5:8w
5;;/ 533:1

941 Gkbi]jj G1= Hjpanreas sepd ] Bajpajje]h Bd]np1 :?8E:</ 53 ,6-/ ll1 59w68/ 533:1

951 Bkkg C1/ Gkbi]jj G1/ Megkh]q A1/ Vqnpaha D1/ Kaa Dqj0guqjc/ X]jc G1= Dtlhknejc caja atlnao0
oekjo qoejc lhkpo1 A]c`\OZ ]T ;ObO JQWS\QS/ 8,5-/ 533:/ ll1 48404;51

961 @dj I1R1/ Bkkg C1/ Gkbi]jj G1= @ Onkfa_pekj Oqnoqep Lapdk` kj pda iqhpe`eiajoekj]h omq]na`
Bkjpejcaj_u S]^ha1 :][^cbObW]\OZ JbObWabWQa/ Ukh 4;/ ll1 938w959/ 5336

971 Vqnpaha D1R1/ Ce_ganokj I1C1/ Bkkg C1/ Gkbi]jj G1/ Ke I1/ Ce]k K1=LapMap= okbps]na pk ^qeh`
]j` ik`ah pda ^ekcajape_ h]ppe_a kb @n]^e`kloeo1 :][^O`ObWdS O\R =c\QbW]\OZ >S\][WQa1 Ukh 7/
ll156<w578/ 53361

981 Gkbi]jj G1= Bkjopnq_pejc ]j` na]`ejc iko]e_lhkpo1 A]c`\OZ ]T :][^cbObW]\OZ JbObWabWQa O\R
;ObO 8\OZgaWa/ Ukh 76/ Mk1 7/ ll1 89808;3/ 53361

991 Tjsej @1/ Gkbi]jj G1/ Vehdahi @1= Cena_p L]jelqh]pekj Fn]lde_o bkn C]p] Lejejc1 @\bS`\O*
bW]\OZ A]c`\OZ ]T @[OUS O\R >`O^VWQa/ Ukh1 5/ Mk1 4/ ll1 7<098/ 53351

9:1 Gkbi]jj G1= Fajan]heoa` N``o Q]peko bkn Ueoq]h Lk`ahhejc1 A]c`\OZ ]T :][^cbObW]\OZ O\R
>`O^VWQOZ JbObWabWQa/ 43/ ll 95;0973/ 53351

9;1 Gkbi]jj G1/ Tjsej @1 Vehdahi @1= C]p] Lejejc ]j` Rp]peope_o 0 Hjpnk`q_pekj1 :][^cbObW]\OZ
JbObWabWQa/ 49,6-/ll1 64:0654/ 53341

9<1 Gkbi]jj G1/ Vehdahi @1= Ueoq]h Bkil]neokjo kb @ook_e]pekj Qqhao1 :][^cbObW]\OZ JbObWabWQa/
49,6-/ ll 6<<0749/ 53341
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:31 Vehdahi @1/ Gkbi]jj G1= Fn]lde_o bkn B]packne_]h C]p] ]j` pdaen @llhe_]pekjo ej C]p] Lejejc1
Hj B1 Onkr]oe ,D`1-/ D]RSZZW :][^ZSaaW S DSb]RW :][^cbOhW]\OZW @\bS\aWdW ^S` ZO JbW[O S ZO
G`SdWaW]\S/ ll1 84089/ 53341

:41 Gkbi]jj G1= Dtlhknejc B]packne_]h C]p]= Hjpan]_pera Lko]e_ Ohkpo1 DSb`WYO/ 84,4-/ 44059/ 53331

:51 Gkbi]jj G1/ Sdaqo L1= Raha_pekj Ramqaj_ao ej L@MDS1 :][^cbObW]\OZ JbObWabWQa/ 46,4-/ ::0;:/
4<<;1

:61 Tjsej @1/ G]sgejo F1/ Gkbi]jj G1/ Reach A1= Hjpan]_pera Fn]lde_o bkn C]p] Rapo sepd Leooejc
U]hqao 0 L@MDS1 A]c`\OZ ]T :][^cbObW]\OZ O\R >`O^VWQOZ JbObWabWQa/ 8,5-/ ll1 4460455/ 4<<91

=IJIVIIH <VSGIIHMRKW JVSQ :ENSV 0SRJIVIRGIW-

#!"' 41 U]j`anOh]o R1 Gkbi]jj G1= Rl]pe]h Qa]okjejc ]j` C]p] Ceolh]uo/ @<<< K`O\aOQbW]\a ]\ MWacOZ*
WhObW]\ O\R :][^cbS` >`O^VWQa/ HjbkUeo 5348/ rkh 55/ jk 4/ ll1 78<w9;/ I]j 53491 CNH=%$"%%$-#

9:13"&$%)"&(*-%&) ,@__alp]j_a n]pa ]^kqp 58)-

#!"$ 51 Gkbi]jj G1/ Uaj`appqkhe L1/ Bkiikj @jcha Ohkpo ]o lan_alpekj0pnqa reoq]hev]pekjo kb _]packne_]h
]ook_e]pekjo/ @<<< K`O\aOQbW]\a ]\ MWacOZWhObW]\ O\R :][^cbS` >`O^VWQa/ HjbkUeo 5346/ rkh 4</
jk 45/ ll1 55<:w5638/ Ca_ 53461 CNH=%$"%%$-#9:13"&$%'"%($ ,@__alp]j_a n]pa 58)-

#!"# 61 Gkbi]jj G1/ Ekhhap K1/ L]d^q^ L1/ Bkkg C1/ Fn]lde_]h Saopo bkn Oksan Bkil]neokj kb Bkilapejc
Caoecjo/ @<<< K`O\aOQbW]\a ]\ MWacOZWhObW]\ O\R :][^cbS` >`O^VWQa/ HjbkUeo 5345/ rkh 4;/ jk
45/ ll1 5774w 577;/ Ca_ 53451 ,@__alp]j_a n]pa 5:)-

#!"" 71 Ve_gd]i G1/ Gkbi]jj G1= Onk`q_p Ohkpo @<<< K`O\aOQbW]\a ]\ MWacOZWhObW]\ O\R :][^cbS`
>`O^VWQa/ HjbkUeo 5344/ rkh 4:/ jk 45/ ll1 5556 w 5563/ 53441 ,@__alp]j_a n]pa 58)-

#!"! 81 Ve_gd]i G1/ Bkkg C1/ Gkbi]jj G1/ Aqf] @1= Fn]lde_]h ejbanaj_a bkn ejbkreo ,^aop l]lan-1 @<<<
K`O\aOQbW]\a ]\ MWacOZWhObW]\ O\R :][^cbS` >`O^VWQa/ '+/ ll1 <:6w<:</ 53431 ,@__alp]j_a n]pa
59)-

/SSOW-

41 Tjsej @1/ Sdaqo L1/ Gkbi]jj G1 ,_k0a`epkno-= Fn]lde_o kb K]nca C]p]oapo1 Rlnejcan/ 53391

51 Gkbi]jj G1= Fn]lde_]h Skkho bkn pda Dtlhkn]pekj kb Lqhper]ne]pa B]packne_]h C]p]1 ANC/ 53341
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/SSO 0LETXIVW-

41 Rqo]j U]j`anOh]o/ @he_e] B]nnemqenu/ Gaega Gkbi]jj/ I]iao G]i^u/ We]k0Gqe S]e= @j Hjpnk`q_0
pekj pk Eena]nio Dt]iej]pekj bkn Qaoa]n_dano ej Rp]peope_o/ ej G]j`^kkg kb Eknajoe_ Rp]peope_o/
a`1 ^u C1 A]jgo/ J1 J]b]`]n/ C1 J]ua/ ]j` L1 S]_gapp/ Ak_] Q]pkj Ehkne`]= BQB Onaoo/ 53531

51 Gkbi]jj G1= Lko]e_ lhkpo ]j` pdaen U]ne]jpo1 ej G]j`^kkg kb Bkilqp]pekj]h Rp]peope_o ,Ukhqia
HHH- C]p] Ueoq]hev]pekj/ 533;1

61 Gkbi]jj G1= Gks pk Ueoq]heva ] Lehhekj B]packneao1 ej Fn]lde_o kb K]nca C]p]oapo/ 53391

71 Tjsej @1/ Gkbi]jj G1= Mas Hjpan]_pera Fn]lde_o Skkho bkn Dtlhkn]pknu @j]huoeo kb Rl]pe]h C]p]1
Hjjkr]pekjo ej FHC 8/ a` B]nran/ 4<<:1

>SJX[EVI

= TEGOEKIW #SRP] 0=.; TYFPMWLIH TEGOEKIW EVI PMWXIH$=

0 t6lpkkho w Rqiian 534;/ kj BQ@M/ jks kj ranoekj 313161<333

0 pkkhi]Qg ,Ianaiu G]`han- w Rlnejc 534;/ kj BQ@M/ jks kj ranoekj 31513

0 mmlhkpQ ,@hat]j`na @hiae`]/ @`]i Kku- w Rqiian 534:/ kj BQ@M

0 cciko]e_ ,G]hau Iallokj- w Rqiian 5349/ kj BQ@M

0 aa_de`j] ,sepd Ce Bkkg/ Qk^ Guj`i]j/ Sdki]o Kqihau/ Aaj L]nse_g/ B]nokj Rearanp/
Me_dkh]o Seanjau/ M]pd]jeah Ski]oappe/ E]jc Ydkq- w Rlnejc 5349/ kj BQ@M

0 ^qhhapn ,Dne_ G]na- w E]hh 5348/ kj BQ@M

0 cakijap ,R]i]jpd] Sujan- w E]hh 5348/ kj BQ@M

0 cchkck w E]hh 5347/ kj BQ@M oej_a Rqiian 5349/ jks kj ranoekj 31416

0 lalpe`an ,Dne_ G]na- w E]hh 5346/ kj BQ@M

0 rejbanaj_a w E]hh 5346

0 `eo_napaQU ,Dne_ G]na- w Rqiian 5346/ kj BQ@M

0 cc^ktlhkpo w E]hh 5345

0 ccl]n]hhah w E]hh 5345 w jks/ BQ@M i]ejpaj]j_a ,ranoekj 31513-

0 `^C]p] ,Rqo]j U]j`anlh]o- w E]hh 5345

0 `^FTH ,C]okj Jqngeare_- w E]hh 5344

0 GKLCe]cjkope_o ,@`]i Kku-/ kj BQ@M

0 hr^ktlhkpo ,G]`hau Ve_gd]i-/ kj BQ@M> ]``a` caki bqj_pekj]hepu ej Rlnejc 5349

0 LancaFTH ,We]kuqa Bdajc-/ kj BQ@M

0 LeooejcC]p]FTH ,We]kuqa Bdajc-/ kj BQ@M

6RZMXIH ?EPOW

#!#"K9;
@qcqop 5355,?-/ Bkiop]p/ Akhkcj]/ Hp]hu/ knecej]hhu lh]jja` bkn @qc 53531
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Ke]*G`]\USR JbcRg ]T 9cZZSba =W`SR Pg :]\aSQcbWdSZg IW#SR 9O``SZa
,sepd Laheoo] M]hhu/ Gkqopkj ERB- Ca_ 5354/ MHI Eknajoe_ Sa_djkhkcu Bajpan kb Dt_ahhaj_a
Eena]ni Va^ej]n Raneao1

;`OeW\U W\TS`S\QS T`][ ZW\Sc^a
N_p 5354/ Raiej]n kj C]p] Ueoq]hev]pekj/ BHL@S2HMDFH1

JQWS\bW"Q 8RdO\QSa W\ K]]Z[O`Y :][^O`Wa]\a
I]j 5354/ 9pd @jjq]h Pqaopekjejc Eknajoe_o Bkjbanaj_a1

#!#!
DOQVW\S CSO`\W\U W\ =]`S\aWQ JQWS\QS

Iqhu 5353/ IRL/ Odeh]`ahlde]/ kjheja bkni]p1

MWacOZWhW\U LJ <ZSQbW]\a
Iqhu 5353/ CRRU/ Cqnd]i/ MB/ jks kjheja bkni]p1

8 T`O[Se]`Y T]` dWacOZ W\TS`S\QS
Iqja 5353/ RCRR/ Oeppo^qncd/ O@/ jks kjheja bkni]p1

#!"*
@[[SRWObS W\bS`OQbWdWbg W\ abObWabWQOZ U`O^VWQa

Ral 534</ Cena_pekjo kb Rp]peope_]h Bkilqpejc ,CRB-/ Rp]jbkn` Tjeranoepu/ B@1

9cZZSb [ObQVW\U eWbV [OQVW\S ZSO`\W\U [SbV]Ra
Ral 534</ p]hg ceraj ^u @1 B]nnemqenu/ ReiRp]p/ Ueajj]/ @qopne]1

CSaa]\a 'K] 9S( CSO`\SR W\ ;g\O[WQ O\R @\bS`OQbWdS >`O^VWQa
@qc 534</ IRL/ Cajran/ Bk1

9cZZSb [ObQVW\U eWbV [OQVW\S ZSO`\W\U [SbV]Ra
Iqja 534</ MHRR skngodkl kj Onarajpejc Fqj Uekhaj_a/ @nhejcpkj/ U@

MWacOZ @\TS`S\QS6 ZSdS`OUW\U bVS ^]eS` ]T ]c` SgSa+
L]n 534</ C@Fop]p/ Lqje_d/ Fani]ju1

#!")
MWacOZ @\TS`S\QS6 ZSdS`OUW\U bVS ^]eS` ]T ]c` SgSa+

N_p 534;/ Cal]npiajp]h Raiej]n/ B]njacea Lahhkj Tjeranoepu1

8 RWaQcaaW]\ ]T dWacOZ W\TS`S\QS+
Ral 534;/ Eeah`o Hjopepqpa/ Sknkjpk1

:OaS dOZWRObW]\ abcRWSa T]` Ocb][ObWQ PcZZSb [ObQVW\U+
@qc 534;/ IRL/ U]j_kqran1

@\bS`OQbWdS U`O^VWQa * bVS\ O\R \]e+
L]u 534;/ RCRR/ A]hpeikna1

#!"(
MWacOZ @\TS`S\QS * <fO[^ZSa O\R ;WaQcaaW]\+

Iqhu 534:/ HRH _kjbanaj_a/ L]nn]ga_d/ L]nkggk1

#!"':cbbW\U*SRUS `SaSO`QV W\ []RS`\ abObWabWQOZ aQWS\QSa6 D]RS`\ K]]Za O\R @[^OQb W\ RObO aQWS\QS+
@qcqop 5349/ IRL1

MWacOZWhObW]\ T]` @;8+
Iqhu 5349/ RSQ@SNR ejepe]pera/ A]j!1

MWacOZ @\TS`S\QS * <fO[^ZSa O\R ;WaQcaaW]\+
@lneh 5349/ Raiej]n/ VDGH/ Lah^kqnja/ @qopn]he]1
@lneh 5349/ Cal]npiajp oaiej]n/ Lah^kqnja Tjeranoepu/ Lah^kqnja/ @qopn]he]1
L]n 5349/ Cal]npiajp oaiej]n/ TSR/ Ru`jau/ @qopn]he]1
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DObQVW\U PcZZSba+
L]n 5349/ Mqi^]p skngejc cnkql/ Lkj]od Tjeranoepu/ @qopn]he]1

MWacOZ @\TS`S\QS * <fO[^ZSa O\R ;WaQcaaW]\+
L]n 5349/ Cal]npiajp oaiej]n/ Lkj]od Tjeranoepu/ @qopn]he]1

:ZcabS`a PSOb b`S\R$7 KSabW\U TSObc`S VWS`O`QVg W\ abObWabWQOZ U`O^VWQa+
Ea^ 5349/ VNLA@S _kjbanaj_a/ Lah^kqnja/ @qopn]he]1

#!"&G]eS` O\R JWU\W"QO\QS ]T MWacOZ @\TS`S\QS
@lneh 5348/ C]p] Ueoq]hev]pekj * Dtlhkn]pekj Skkho ,Aek0HS Vknh` * Dtlk-/ Akopkj/ L@1

#!"%;WaQcaaW]\ ]T >`O^VWQOZ @\TS`S\QS
I]j 5347/ BB@R@/ Bde_]ck/ HK1

;WaQcaaW]\ ]T >`O^VWQOZ @\TS`S\QS
I]j 5347/ MNQB/ Bde_]ck/ HK1

#!"$ISRSaWU\W\U bVS b`ORWbW]\OZ C]U] ^Z]b
N_p 5346/ AekUeo/ @ph]jp]/ F@1

;WaQcaaW]\ ]T >`O^VWQOZ @\TS`S\QS
@qc 5346/ La]jejcbqh Toa kb Bkilhat La`e_]h C]p]/ Kko @jcahao/ B@1

K]]Za T]` @\bS`OQbWdS >`O^VWQa
@qc 5346/ Bajoqo Aqna]q/ V]odejcpkj/ C1B1

GOW\bW\U O GWQbc`S ]T CWTS W\ bVS LJ * JbObWabWQa O\R bVS :S\aca 9c`SOc
@qc 5346/ IRL 5346/ Lkjpna]h/ B]j]`]1

>`O^VWQOZ @\TS`S\QS
@lneh 5346/ Hjpanb]_a Laapejc/ Nn]jca Bkqjpu / B@1

;WaQcaaW]\ ]T >`O^VWQOZ @\TS`S\QS
I]j 5346/ Rk_eapu bkn Sa_djkhkcu ej @jaopdaoekhkcu @jjq]h Laapejc/ R_kppo`]ha/ @Y1

#!"#@\bS`OQbWdS >`O^VWQ agabS[a W\ I
Ca_ 5345/ R@LRH0ENC@U@ skngodkl kj Hjpan]_pera Ueoq]hev]pekj ]j` @j]huoeo kb L]ooera C]p]/
MB1

;WaQcaaW]\ ]T >`O^VWQOZ @\TS`S\QS
N_p 5345/ Tjeranoepu kb Bde_]ck Hhhejkeo/ HK1

=OQW\U F!6 G]eS` ]T MWacOZ O\R :ZOaaWQOZ KSaba
L]u 5345/ Hjpanb]_a Laapejc/ Gkqopkj/ Sat]o1

:O\ eS aOg bVOb a][SbVW\U&a bVS`S7
L]n 5345/ @qco^qnc Tjeranoepu/ Fani]ju1

JbObWabWQOZ @\TS`S\QS T]` >`O^VWQa
Ea^ 5345/ Hjbkni]pekj Ueoq]hev]pekj/ Ueoq]h C]p] Lejejc ]j` L]_deja Ka]njejc/ C]copqdh Raie0
j]n 453;4/ Fani]ju1

JbObWabWQa :]c`aS6 MWacOZ :][[c\WQObW]\
Ea^ 5345/ Le]ie Tjeranoepu/ NG1

#!""
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MWacOZ @\TS`S\QS ,Aaop kb Hjpanb]_a-
Ca_ 5344/ Ikejp Laapejc kb S]elae Hjpanj]pekj]h Rp]peope_]h Ruilkoeqi ]j` :pd Bkjbanaj_a kb pda
@oe]j Qacekj]h Ra_pekj kb pda H@RB/ S]elae1

@\bS`OQbWdS JbObWabWQOZ >`O^VWQa T]` ;ObO <f^Z]`ObW]\
L]u 5344/ Bkjbanaj_a kj Onk^]^ehepu/ Rp]peope_o/ ]j` C]p] @j]huoeo/ HHR@/ Q]haecd/ MB1

DOW\ ;W`SQbW]\ T]` I]bObW]\ DOb`WQSa
@lneh 5344/ @qco^qnc Tjeranoepu/ Fani]ju1

#!"!@\TS`S\QS T]` >`O^VWQOZ ;Wa^ZOga
N_p 5343/ Vkngodkl kj Dtpnaia R_]ha Ueoq]h @j]hupe_o/ R]hp K]ga Bepu/ TS1

CSb bVS ;ObO =WUc`S$
Iqja 5343/ Hjpanb]_a Ruilkoeqi/ Ra]ppha/ V@1
I]jq]nu 5343/ @jpkju Tjsej+o 93pd Aenpd`]u/ @qco^qnc/ Fani]ju1

9]Rg :][^]aWbW]\ * JbObWabWQOZ MO\bOUS G]W\b
L]u 5343/ MQVB Vkngodkl/ @iao/ H@1

#!!*

/0 ,+0.-,0

>`O^VWQOZ <f^Z]`ObW]\ ]T MS`g CO`US ;ObO
N_p 533</ @niu Bkjbanaj_a kj @llhea` Rp]peope_o/ Saila1 @Y1

MWacOZ 8aaSaa[S\b ]T 8W`ZW\S :O``WS`a
L]u 533</ DTQHRAHRxN3</ R]n`eje]/ Hp]hu1

@\Q]`^]`ObW\U @\bS`OQbWdS U`O^VWQa W\b] DSbOP]Z][WQa ;ObO G`S*^`]QSaaW\U-
,sepd Ce]jja Bkkg/ Le_d]ah K]snaj_a/ Rqd0uakj Bdke/ Dra Vqnpaha- L]n_d 533</ DM@Q/ R]j
@jpkjek1

MWacOZWhW\U CO`US ;ObO
L]u 533;/ K]nca C]p] Ueo Bkjbanaj_a/ Anaiaj1

MWacOZWhObW]\ ]T :ObSU]`WQOZ ;ObO
L]u 533;/ @qco^qnc Tjeranoepu1

JbObWabWQOZ CSaa]\a ZSO`\SR T`][ bVS ESb#Wf :VOZZS\US ,sepd HRT Rp]peope_o Sa]i-
N_pk^an 533:/ Vejkj] Rp]pa Tjeranoepu/ Vejkj]/ LM1

C]\UWbcRW\OZ ;ObO W\ 7 ,sepd Ce Bkkg-
@qcqop 533:/ qoaQ& Bkjbanaj_a/ @iao/ Hks]1

JQOU\]abWQa T]` G`]XSQbW]\ Gc`acWb
@qcqop 533:/ Ikejp Rp]peope_]h Laapejco/ R]hp K]ga Bepu/ TS1
N_p 533:/ Tjeranoepu kb Hks]/ Hks] Bepu/ LM1

D]RSZW\U DOaaWdS ;ObO JSba6 KVS ESb#Wf :VOZZS\US T`][ O JbObWabWQOZ GS`a^SQbWdS ,sepd C]j Mapphapkj-
L]u 533:/ Rlnejc Qaoa]n_d Bkjbanaj_a/ @iao/ Hks]1

JQOU\]abWQa T]` G`]XSQbW]\ Gc`acWb
Ea^ 533:/ DM@Q iaapejc/ @ph]jp]/ F@1

MO`WObW]\a ]T D]aOWQ ^Z]ba
@qc1 5339/ BRB Bkjbanaj_a= Vkngodkl kj C]p] ]j` Hjbkni]pekj Ueoq]hev]pekj 5339/ Aanhej/
Fani]ju1
@qc1 5339/ Bkilop]p 5339/ Qkia/ Hp]hu1

9]][ O\R 9cab ]T ?WUV*KSQV @\Rcab`g Ob bVS bc`\ ]T bVS DWZZS\Wc[ * ;ObO :VOZZS\US
N_p1 5338/ HjbkUeo/ Lejja]lkheo/ LM ,l]np kb pda ]s]n` _anaikju-1
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@\bS`OQbWdS PW^Z]ba T]` dWacOZ []RSZZW\U
@qc1 5337/ Bkilop]p 5337/ On]cqa/ Bva_d Qalq^he_1

?]e b] dWacOZWhS O [WZZW]\ PW\a
@qc1 5336/ Ikejp Rp]peope_]h Laapejc/ R]j En]j_eo_k1

?]e b] dWacOZWhS O [WZZW]\ PW\a
Iqja 5336/ Hjpanj]pekj]h Laapejc kb pda Oou_dkiapne_ Rk_eapu/ B]che]ne/ Hp]hu1

>`O^VWQa * O\ 8QS c^ O JbObWabWQWO\&a JZSSdS
Iqja 5336/ VM@Q Onaoe`ajp+o Hjrepa` @``naoo Iqja 5336/ Fkh`aj/ Bkhkn]`k1

>`O^VWQOZ F^^]`bc\WbWSa W\ <f^Z]`W\U DWQ`]O``Og ;ObO
L]u1 5336/ Skte_kcajkie_o= Sdnkqcd pda Duao kb Hjbkni]pe_o/ knc]jeva` ^u pda Uenceje] Aekej0
bkni]pe_o Hjopepqpa ]j` MHDGR/ V]odejcpkj C1B1

?]e b] dWacOZWhS O [WZZW]\ PW\a
N_p1 5335/ 6n` Vkngodkl kb C]p] Ueoq]heo]pekj/ Q]ej ]i Ka_d/ Fani]ju1

?]e b] dWacOZWhS ]\S [WZZW]\ ^]W\ba
Ca_1 5334/ Tjeranoepu kb @qco^qnc/ Fani]ju1

MWacOZWaObW]\ ]T 8aa]QWObW]\ IcZSa
Iqja 5334/ Hjpanb]_a Ruilkoeqi/ R]jp] @j]/ B@1

D]aOWQa) D]aOWQa) O\R D]aOWQa
L]u 5334/ 5j` Vkngodkl kb C]p] Ueoq]heo]pekj/ V]odejcpkj C1B1

;] g]c Y\]e g]c` TSSZW\Ua7 * 8 abObWabWQOZ O\OZgaWa ]T ZW\UcWabWQ RObO
Mkr1 5333/ Hjp+h Ruilkoeqi kj C]p] Lejejc * Rp]peope_o/ @qco^qnc/ Fani]ju ,p]hg ej Fani]j-1

>S\S`OZWaSR FRRa IObW]a T]` MWacOZ D]RSZZW\U
L]u 5334/ @S*S Qaoa]n_d K]^o/ Rp]peope_o Raiej]n/ Ehknd]i O]ng/ MI1
@lneh 5334/ Hks] Rp]pa Tjeranoepu/ H@1
Ea^1 5334/ Tjeranoepu kb L]`eokj/ VH1
@qc1 5333/ Hks] Rp]pa Tjeranoepu/ H@1

D8E<K * O\ W\bS`OQbWdS U`O^VWQOZ agabS[
Ea^1 5333/ B]i^ne`ca Tjeranoepu/ TJ1
@qc1 4<<:/ @S*S Qaoa]n_d K]^o/ Ehknd]i O]ng/ MI1

@\bS`OQbWdS JbObWabWQOZ >`O^VWQa
N_p1 5333/ BVH @iopan`]i/ Sda Mapdanh]j`o1

MWacOZWaObW]\ W\ ;ObO DW\W\U * JQ`SS\W\U DcZbWdO`WObS :ObSU]`WQOZ ;ObO
@qc1 4<<</ HRH+<</ Gahoejge/ Eejh]j`1

>L@ O\R :][[O\R*ZW\S * :]\#WQb ]` Jg\S`Ug7
Iqja 4<<</ Hjpanb]_a +<</ Bde_]ck1

@\bS`OQbWdS 9W^Z]ba
N_p1 4<<;/ MSSR+<;/ Mas Sa_djemqao ]j` Sa_djkhkceao bkn Rp]peope_o/ Rknnajp/ Hp]hu1

D]aOWQ^Z]ba W\ O\ W\bS`OQbWdS U`O^VWQOZ agabS[
Iqja 4<<;/ X]ha Tjeranoepu/ Mas G]raj1

MWacOZWaW\U O\R N]`YW\U eWbV :ObSU]`WQOZ ;ObO
Iqja 4<<;/ Kq_ajp Sa_djkhkceao/ Bde_]ck1
Iqja 4<<;/ Ueoq]h Hjoecdp/ Bde_]ck1

:O\ eS aSS eVOb Wa \]b bVS`S7 <f^Z]`W\U O\R YSS^W\U b`OQY ]T [WaaW\Ua
@qc1 4<<:/ Ikejp Rp]peope_]h Laapejco/ @j]daei1
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.HZMWMRK-

Fn]`q]pa @`reoejc=

L1R_1 ej lnkcnaoo
.RHVI[ :EPSRI] ,Rlnejc 5354-

L1R_1 _kilhapa`
AERKUMER 7Y ,Rqiian 5354-
0LEVPSXXI =SMKIV ,Rlnejc 5354-
CE[IM 4I ,E]hh 5353-
7SWITL DIQQIPW ,Rlnejc 5353-
2V]R /PEKK ,Rlnejc 5353-
?EMOKYR >SRK ,Rqiian 534;-
8MIKER =MGI ,E]hh 534:-
7SI <ETMS ,Rqiian 534:/ Rp]peope_o sepd C]re` Oapanokj/ Okhepe_]h R_eaj_a-
>EQ 5IPQMGL ,Rlnejc 5348/ Rp]peope_o-
>EQERXLE ?]RIV ,Rlnejc 5348/ Rp]peope_o-
8VMWS]I >QMXL ,E]hh 5347/ Rp]peope_o-
.PI\ >LYQ ,Rlnejc 5347/ Rp]peope_o-
2VMG 5EVI ,Rlnejc 5347/ Rp]peope_o-
.RHII 8ETPER ,Rlnejc 5347/ Rp]peope_o/ sepd C]j Mkn`i]j-
9IRHMI 3SPPIXX ,Rlnejc 5347-
?EOMWLE 5EVVMWSR ,Rlnejc 5346/ Rp]peope_o/ sepd Thnega Fajo_dah-
0EVWSR >MIZIVX ,Rlnejc 5346-
1EWSR 8YVOMIZMG^ ,Rlnejc 5345/ Rp]peope_o/ sepd Thnega Fajo_dah-
8EVWXIR :EYVIV ,E]hh 5344/ Rp]peope_o-
/V]ER >XER"PP ,Rqiian 5344/ Rp]peope_o/ sepd Thnega Fajo_dah-
BMERK AY ,E]hh 5343/ Rp]peope_o-
CYRLYM 0ES ,Rlnejc 5343/ Rp]peope_o-
1EZMH =SGOS! ,Rlnejc 5343/ Rp]peope_o-
.HEQ 9S] ,E]hh 533</ Rp]peope_o-
1ERMIPPI AVSPWXEH ,Rqiian 533</ Rp]peope_o-
=EGLIP 4VELEQ ,Rlnejc 533;/ Rp]peope_o-
1SQMRMO /MVOQIMIV #>YQQIV (&&,$ ,Rp]peope_o-
.MQMR CER #>YQQIV (&&,$ ,Rp]peope_o-
7MI DLY #3EPP (&&+$ ,_k0i]fkn sepd D_kjkie_o-
5SRK /EM #3EPP (&&+$ ,_k0i]fkn sepd D_kjkie_o-
7YRNMI >YR #>TVMRK (&&+$ ,_k0i]fkn sepd D_kjkie_o-
>Y^ERRE >XIZIRW #3EPP (&&*$ ,Rp]peope_o-/
7I! ?LSWXIRWSR #3EPP (&&*$ ,Rp]peope_o--/
9MJIRK CSY #>TVMRK (&&)$ ,Rp]peope_o-/

Od1C1 ej lnkcnaoo
AERKUMER 7Y ,Rp]peope_o-
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CE[IM 4I ,Rp]peope_o/ sepd Xqikq Peq-
7SWITL DIQQIPW ,Rp]peope_o/ sepd Rqo]j U]j`anOh]o/ TMK -
4ERIWL%8VMWLRER ,Rp]peope_o2GBH-
7EWSR >ETSVXE ,Rp]peope_o/ sepd @he_e] B]nnemqenu-

Od1C1 _kilhapa`
5EPI] 7ITTWSR ,Rp]peope_o/ E]hh 5354-
8EXLIVMRI 4SSHI ,Rp]peope_o/ Rqiian 5354-
BMESHER 9MY ,Rqiian 5353/ Rp]peope_o/ sepd Diehu Aanc-
8MIKER =MGI ,Rqiian 5353/ Rp]peope_o/ sepd Thnega Fajo_dah-
;EXEPME .GIZIHS%9YRE ,Rqiian 534</ ABA _k0i]fkn sepd Faapq Sqpaf]-
>EQERXLE ?]RIV ,E]hh 534:/ Rp]peope_o-
;EXEPME HE >MPZE ,Rqiian 534:/ _k0i]fkn sepd Ce Bkkg-
2VMG 5EVI ,Rlnejc 534:/ Rp]peope_o-
0EVWSR >MIZIVX ,E]hh 5349/ Rp]peope_o-
8EVWXIR :EYVIV ,Rqiian 5348/ Rp]peope_o-
Cn L]qnan eo ]j @ooeop]jp Onkbaookn ]p Le]ie Tjeranoepu/ NG1
>YWER @ERHIV<PEW ,Rlnejc 5348/ Rp]peope_o-
Cn U]j`anOh]o eo ]j @ooeop]jp Onkbaookn ]p pda Tjeranoepu kb Ma^n]og] Kej_khj1
;MPEHVM =S] 0LS[HLYV] ,Rlnejc 5347/ _k0]`reokn= Ce]jja Bkkg-/
Cn Qku Bdks`dqnu eo skngejc bkn Mkr]npeo Hj_ ej Mas Ianoau1
CMLYM BMI ,E]hh 5346/ _k0]`reokn= Ce]jja Bkkg-/
Cn Wea eo Rkbps]na Djcejaan ]p QRpq`ek/ Hj_1 Ga eo pda ]qpdkn kb pda Q l]_g]ca gjepn/ sde_d d]o
^aaj pn]jobkni]pera ej pd]p ^kpd da ]j` Cn Ve_gd]i d]ra ^aaj iajpekja` ^u j]ia ej C]re`
Ckjkdk+o sdepa l]lan kj \83 ua]no kb C]p] R_eaj_a+ ,CNNK.##>JOLM@M">M<DG"HDN"@?O#%,"''+#

&$%)#?J>M#)$;@<LM2<N<8>D@I>@"K?A- ]o d]rejc h]nca eil]_p kj pda _kiiqjepu= KVWa S!]`b
[Og VOdS []`S W[^OQb ]\ b]ROg&a ^`OQbWQS ]T RObO O\OZgaWa bVO\ [O\g VWUVZg*`SUO`RSR bVS]`SbWQOZ
abObWabWQa ^O^S`a+ ,Ckjkdk/ 5348-
:ELFYF :ENYQHIV ,Rqiian 5346/ _k0]`reokn sepd Ce]jja Bkkg-
Cn L]fqi`an eo ]j @ook_e]pa Onkbaookn kb Rp]peope_o ej pda Cal]npiajp kb L]pdai]pe_o ]p pda
Tjeranoepu kb Ma^n]og] ]p Ni]d]1
:EVMI @IRHIXXYSPM ,Rqiian 5346/ ABA ]j` GBH> _k0]`reokno= Ce]jja Bkkg/ Dra Vqnpaha-/
Cn Uaj`appqkeh eo ] Bkilqpan R_eajpeop ]p TRC@1
.HEQ 9S] ,Rqiian 5346-
Cn Kku eo ]j @ooeop]jp Onkbaookn kb Rp]peope_o ej pda Cal]npiajp kb L]pdai]pe_o ]j` Rp]peope_o ]p
B]nhapkj Bkhhaca/ LM1

5EHPI] AMGOLEQ ,Rlnejc 533;/ Rp]peope_o> _k0]`reokn sepd Ce]jja Bkkg-/
Cn Ve_gd]i eo Bdeab R_eajpeop ]p QRpq`ek/ Hj_1 Ga eo ]`fqj_p ]ooeop]jp lnkbaookn kb Rp]peope_o
]p Qe_a Tjeranoepu/ ]j` Gkjkn]nu @ook_e]pa Onkbaookn kb Rp]peope_o ]p @q_gh]j` Tjeranoepu1 Ga
d]o ^aaj aha_pa` ] Eahhks kb pda @iane_]j Rp]peope_]h @ook_e]pekj ej 53481 Ga eo ] iai^an kb
pda Q Ekqj`]pekj ]j` _qnnajphu oanrao ]o pda Onaoe`ajp kb pda Q Bkjoknpeqi1 Geo skng eo dqcahu
ej#qajpe]h ]ikjc pda op]peope_]h _kilqpejc _kiiqjepu= da ]qpdkna` oet kb pda pkl paj Q l]_g]cao
ej 5348> a]_d kb pdaoa l]_g]cao s]o `ksjhk]`a` ]p ha]op 733/333 peiao1

<VSJIWWMSREP <VEGXMGI

41 Vkngodklo * Bkjbanaj_a Nnc]jev]pekj

0 ;ObO JQWS\QS T]` bVS GcPZWQ >]]R/ ha]` kb pda Rqiian 5354 Xkqjc R_dkh]n lnkcn]i bkn HRT ,"ra
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b]_qhpu/ jeja qj`ancn]`o/ pdnaa cn]`q]pa bahhkso/ psk cn]`q]pa opq`ajp ]ooeop]jpo-> iajpkn ]j`
ejopnq_pkn bkn kja kb pda lnkfa_po ]j` pa]io1

0 ;ObO JQWS\QS T]` bVS GcPZWQ >]]R/ iajpkn ]j` ejopnq_pkn ej pda Rqiian 5353 Xkqjc R_dkh]no
lnkcn]i1

0 IO\R][T]`Saba6 ^`]^S`bWSa O\R ZW[WbObW]\a , aO[S Uc\ ]` RW!S`S\b Uc\7 * HcO\bWTgW\U bVS JW[*
WZO`Wbg 9SbeSS\ 9cZZSb Jb`WObW]\a/ d]hb `]u skngodkl ,sepd @he_e] B]nnemqenu-/ @@ER/ @j]daei/
B@/ Ea^ 53531

0 MWacOZWhObW]\ ]T 9W]Z]UWQOZ ;ObO W\ I/ 518 `]u lnkcn]i ,sepd Ce]jja Bkkg-/ RHRAHC/ Ra]ppha/
Iqhu 53491 Iqhu 534:/ Iqhu 534;/ Iqhu 534</ Iqhu 5353 ,kjheja-/ Iqhu 5354 ,kjheja-/ Iqhu 5355
,kjheja-1

0 @\b`] b] I) MWacOZWhW\U ;ObO/ psk oaooekjo ,_] 9d pkp]h-/ Le`saop Aec C]p] Rqiian R_dkkh/ Hks]
Rp]pa/ Iqja 5349/ Iqhu 534:/ Iqja 534;1

0 JbObWabWQOZ [SbV]R]Z]Ug W\ "`SO`[ SfO[W\ObW]\ BR@ED olkjokna` 418 `]u skngodkl pk pn]ej
Eena]ni ]j` pkkhi]ng at]iejano kj op]peope_]h iapdk`khkcu/ ejpnk`q_a l]npe_el]jpo pk pda h]^
b]_ehepeao kj pda HRT _]ilqo kb BR@ED/ ]j` lnkre`a `ap]eho kj ]qpki]pe_ i]p_dejc ,]j` okia
kb epo heiep]pekj-1 ; ESDo bnki `e!anajp hk_]pekjo ,Gkqopkj ERH/ Rp Kkqeo OC/ Cajran OC/ ]j`
Uenceje] OC- ]ppaj`a` pda skngodkl/ ]o sahh ]o kqn pa_dje_]h ]`reokn @h]j Ydajc bnki MHRS/
Ca_ 534;1

0 N]`YaV]^ JS`WSa W\ I/ "ra `]u lnkcn]i/ knc]jev]pekj/ nqj ^u cn]`q]pa opq`ajpo ,G]hau Iallokj/
Ika O]lek/ R]i Sujan- ]p Hks] Rp]pa/ L]u 534:1

0 N]`YaV]^ JS`WSa W\ I/ bkqn `]u lnkcn]i/ knc]jev]pekj/ nqj ^u cn]`q]pa opq`ajpo ,Dne_ G]na/
@j`na] J]lh]j/ ]j` R]i]jpd] Sujan- ]p Hks] Rp]pa/ L]u 53491

0 N]`YaV]^ JS`WSa W\ I/ bkqn `]u lnkcn]i/ knc]jev]pekj/ nqj ^u cn]`q]pa opq`ajpo ,B]nokj Rearanp/
@j`na] J]lh]j/ ]j` Dne_ G]na- ]p Hks] Rp]pa/ Iqja 53481

0 N]`YaV]^ JS`WSa W\ I/ arajejc _h]ooao/ knc]jev]pekj/ nqj ^u cn]`q]pa opq`ajpo ,J]nopaj L]qnan/
B]nokj Rearanp/ Rqo]j U]j`anOh]o/ ]j` Dne_ G]na- ]p Hks] Rp]pa/ E]hh 53471

0 N]`YaV]^ JS`WSa W\ I/ bkqn `]u lnkcn]i/ knc]jev]pekj/ nqj ^u cn]`q]pa opq`ajpo ,J]nopaj L]q0
nan/ Rqo]j U]j`anOh]o/ ]j` Dne_ G]na- ]p Hks] Rp]pa/ L]u 53471

0 N]`YaV]^ JS`WSa W\ I/ bkqn `]u lnkcn]i/ knc]jev]pekj/ nqj ^u cn]`q]pa opq`ajpo ,J]nopaj L]q0
nan/ Rqo]j U]j`anOh]o/ ]j` Dne_ G]na- ]p Hks] Rp]pa/ @qcqop 53461

0 N]`YaV]^ JS`WSa W\ I/ "ra `]u lnkcn]i/ knc]jev]pekj/ nqj ^u cn]`q]pa opq`ajpo ,@`]i Kku/
J]nopaj L]qnan/ ]j` Rqo]j U]j`anOh]o- ]p Hks] Rp]pa/ L]u 53461

0 >`O^VWQa W\ I O\R UU]PW sepd Ce]jja Bkkg/ Vejopkj Bd]jc ]j` Xedqe Wea/ HDDD Hjbkreo pqpkne]h/
N_p 53451

0 N]`YaV]^ JS`WSa W\ I/ "ra `]u lnkcn]i/ knc]jev]pekj/ nqj ^u cn]`q]pa opq`ajpo ,@`]i Kku/
J]nopaj L]qnan/ ]j` C]okj Jqngeare_v- ]p Hks] Rp]pa/ @qcqop 53451

0 N]`YaV]^ JS`WSa W\ I/ "ra 8d skngodklo/ nqj sepd cn]`q]pa opq`ajpo ,@`]i Kku/ J]nopaj
L]qnan/ ]j` C]okj Jqngeare_v- ]p Hks] Rp]pa/ L]u 53451

0 >`O^VWQa W\ I/ ejrepa` kja0`]u skngodkl/ Le]ie Tjeranoepu/ Ea^ 53451
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0 R@QL@2Seao skngodkl/ MWacOZWhObW]\ ]T :ZW[ObS ;ObO/ sepd G1 Ve_gd]i ]j` C1 Bkkg/ Qaug0
f]reg/ @qc 4704;/ 53441

0 C]]YW\U Ob ;ObO ,sepd Ce]jja Bkkg/ G]`hau Ve_gd]i-/ V]odejcpkj CB/ Iqhu 533<1

0 MWacOZWhW\U ;ObO eWbV I ,sepd Ce]jja Bkkg-/ Hks] Rp]pa Tjeranoepu/ Iqhu 533<1

0 BD _kqnoa >`O^VWQa ]T CO`US ;ObOaSba sepd @jpkju Tjsej p]qcdp ]o ] bqhh `]u odknp _kqnoa ]p
pda Ikejp Rp]peope_]h Laapejco 533; ej Cajran/ BN1

0 Lai^an kb pda knc]jevejc _kiieppaa kb qoaQ& 533: _kjbanaj_a/ @iao/ H@1

0 BD _kqnoa >`O^VWQa ]T CO`US ;ObOaSba sepd @jpkju Tjsej p]qcdp ]o ] bqhh `]u odknp _kqnoa ]p
pda Ikejp Rp]peope_]h Laapejco 533: ej R]hp K]ga Bepu1

0 Vkngodkl bkn pda @R@ @h]og] _d]lpan ,sepd Ce]jja Bkkg-/ MWacOZWhW\U DcZbWdO`WObS ;ObO/ Iqja
53361

0 BD Vkngodkl MWacOZ ;ObO DW\W\U ]p pda Ikejp Rp]peope_]h Laapejco/ Hj`e]j]lkheo 53331

0 BD Rdknp Bkqnoa >`O^VWQOZ DSbV]Ra T]` :ObSU]`WQOZ ;ObO ,sepd @jpkju Tjsej- ]p pda Hjpanb]_a
Laapejc/ Bde_]ck 4<<<1

>IVZMGI

41 Bkiieppaa Vkng

E]hh 534< w UOQ Hjpanj]h Eqj`ejc Onklko]h Dr]hq]pekj Bkiieppaa
E]hh 534: UOQ _kiieppaa iai^an bkn ejpanj]h nareas kb pda Uenpq]h Qa]hepu @llhe_]pekjo Bajpan
E]hh 5349 w Tjeranoepu Bqnne_qhqi @`reoknu Ak]n` bkn C]p] R_eaj_a
Rlnejc 5349 0 Rlnejc 534: K@R Carahkliajp Bkiieppaa bkn L]fkn ej C]p] R_eaj_a
E]hh 5348 0 E]hh 5353 K@R O*S Bkiieppaa
Rlnejc 534< Bd]en Ra]n_d Bkiieppaa

51 Bkiieppaa Vkng ,ej pda Rp]peope_o Cal]npiajp-
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Rlnejc 534< w C]p] R_eaj_a Bqnne_qhqi @`reoknu Ak]n` ,Bd]en oej_a Rlnejc 5353-
E]hh 534< @` Gk_ Bkiieppaa bkn Hilnkrejc Rp]peope_o LR ]j` OdC Dt]i Onk_a`qnao
E]hh 534< Ra]n_d Bkiieppaa ,BR@ED-
E]hh 534; w Bkilqp]pekj @`reoknu Bkiieppaa
E]hh 534; w Gkjkno ]j` @s]n`o Bkiieppaa
E]hh 5348 w Rlnejc 534; @`reoknu Bkiieppaa kj Sajqna ]j` Onkikpekj ,Bd]en= E]hh 534: w Rlnejc 534;-
E]hh 534: Ra]n_d Bkiieppaa
E]hh 534: Ra]n_d Bkiieppaa ,BR@ED-
E]hh 5348 w E]hh 534: O*S Bkiieppaa ,Bd]en ej 534:-
E]hh 5347 Ra]n_d Bkiieppaa fkejp sepd Okhepe_]h R_eaj_a
E]hh 5345 Ra]n_d Bkiieppaa fkejp sepd Bkilqpan R_eaj_a
E]hh 5344 0 Rlnejc 5345 Bqnne_qhqi Bkiieppaa
E]hh 5344 0 Rlnejc 5346 @`ieooekjo Bkiieppaa
E]hh 5344 0 Rlnejc 5345 Ke^n]nu
E]hh 5344 0 Rlnejc 5348 Rpq`ajp2E]_qhpu Bkiieppaa kj Hjopnq_pekj
Rlnejc 5335 0 Rlnejc 5344/
E]hh 5345 0 Rlnejc 5346 Bkilqp]pekj @`reoknu Bkiieppaa ,Bd]en= E]hh 533< 0 Rlnejc 5344-
E]hh 533; 0 Rlnejc 5348 Tj`ancn]`q]pa Bkiieppaa
E]hh 533; 0 Rlnejc 533< Ceranoepu Bkiieppaa
Rlnejc 533; Ra]n_d Bkiieppaa
E]hh 533: Ra]n_d Bkiieppaa
E]hh 53380Rlnejc 533: LR Dt]i Bkiieppaa
E]hh 5338 Rk_e]h Bkiieppaa
E]hh 5336 0 Rlnejc 5338 Fn]`q]pa @`ieooekj
Rlnejc 5336 Ra]n_d Bkiieppaa
LR Dt]i mqaopekj L]u 5338/ 5339/ 533:/ I]j 5339/ 533:/ 533;/ 533</ 5343

61 Bkiieppaa Vkng ,bkn ABA- Rlnejc 5347/ Rlnejc 5348/ Rlnejc 5349 Fn]`q]pa @`ieooekj Bkiieppaa

71 Rp]peope_]h Rk_eapu

0 Lai^an kb @R@ @`reoknu Bkiieppaa kj Eknajoe_ R_eaj_a 3425355 w 45253571

0 Lai^an kb Onkcn]i Bkiieppaa Hjbkreo 5346/ 5348/ 5349/ 534:/ 534;/ 534</ 5353/ 5354/ 53551

0 Lai^an kb pda Rpq`ajp O]lan Bkilapepekj @s]n` _kiieppaa kb pda Rp]peope_]h Bkilqpejc ]j`
Fn]lde_o Ra_pekjo 534;

0 @`0dk_ Qareasan bkn pda Enaj_d R_eaj_a Ekqj`]pekj/ E]hh 5354 ,kja lnklko]h-1

0 @`0dk_ Qareasan bkn pda Aahce]j R_eaj_a Ekqj`]pekj/ E]hh 534: ,kja lnklko]h-1

0 MRE O]jah Lai^an/ N_p 53461

0 Ak]n` Lai^an kb Hjpanb]_a/ 5345w5347/ 534:w1

0 Dtpanj]h Qareasan bkn Ck_pkn]h Sdaoeo 534<

0 Qareasan bkn pda @qopne]j R_eaj_a Ekqj`]pekj/ E]hh 5345 ,kja lnklko]h-1

0 Iq`ca kb MRE HFDQS Okopan Bkilapepekj 5344/ L]u 48049/ ,Dr]hq]pa` ]j` n]jga` 53 lkopan
_kjpne^qpekjo-1

0 @R@ Rp]peope_]h Fn]lde_o O]op Bd]en/ IRL 53461
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0 @R@ Rp]peope_]h Fn]lde_o Bd]en/ IRL 53451

0 @R@ Rp]peope_]h Fn]lde_o Bd]en Dha_p/ IRL 53441

0 @R@ Rp]peope_]h Fn]lde_o Onkcn]i Bd]en/ IRL 53431

81 Bkjbanaj_a Nnc]jev]pekj

0 8\OZgaWa O\R W\bS`^`SbObW]\ ]T PcZZSb O\R QO`b`WRUS QOaS SdWRS\QS caW\U 0; bSQV\]Z]UWSa/ psk `]u
MHRS Bajpan kb Dt_ahhaj_a skngodkl ,sepd @he_e] B]nnemqenu- ]p Hks] Rp]pa 0 Ca_ 53531

0 Nnc]jevan Hjpanb]_a oaooekj= ZHjpan]_pera Fn]lde_o ej Q'/ 53481

0 GOW\bW\U O ^WQbc`S ]T bVS L\WbSR JbObSa oaooekj knc]jevan/ ejrepa` oaooekj/ IRL 53461

0 ;ObO <f^] &.06 J]cZ ]T bVS :][[c\Wbg/ knc]jevan/ IRL 53461

0 Raooekj Nnc]jevan kb Hjrepa` Raooekj/ DO\ 8E; DOQVW\S6 bVS :]\dS`aObW]\ caW\U bVS ZO\UcOUS
]T W\bS`OQbWdS U`O^VWQa/ Hjpanb]_a 53451

0 Raooekj Nnc]jevan kb Skle_ Bkjpne^qpa` Raooekj/ 8RdO\QSa W\ JbObWabWQOZ >`O^VWQa/ IRL 53441

0 Raooekj Nnc]jevan kb Hjrepa` Raooekj/ ;SOZW\U eWbV CO`US ;ObO/ IRL 533;1

0 Lai^an kb pda lnkcn]i _kiieppaa kb pda bkqnpd Hjpanj]pekj]h Bkjbanaj_a kj Bkkn`ej]pa` *
Lqhpelha Ueaso ej Dtlhkn]pknu Ueoq]hev]pekj ,BLU5339-/ Iqhu 7pd/ Kkj`kj/ TJ1

0 Raooekj Nnc]jevan/ ;WaQ`SbS ;ObO/ IRL 53351

0 Lai^an kb pda Nnc]jevejc Bkiieppaa= Sden` Hjpanj]pekj]h Vkngodkl kj C]p] Ueoq]hev]pekj bkn
h]nca `]p] oapo ]j` C]p] Lejejc/ N_pk^an 9 0 </ 5335/ @qco^qnc/ Fani]ju1

0 Lai^an kb pda Nnc]jevejc Bkiieppaa= Hjpanj]pekj]h Ruilkoeqi kj C]p] Lejejc ]j` Rp]peope_o/
Mkrai^an 53054/ 5333/ Tjeranoepu kb @qco^qnc/ Fani]ju1

91 Qabanaaejc ]j` D`epejc

Fqaop D`epkn kb pda :][^cbObW]\OZ JbObWabWQa& ola_e]h eooqa kj Rkqh kb pda Bkiiqjepu/ 53471

@ook_e]pa D`epkn bkn A]c`\OZ ]T :][^cbObW]\OZ O\R >`O^VWQOZ JbObWabWQa/ Ea^ 5335 0 I]j 53381

@ook_e]pa D`epkn bkn :][^cbObW]\OZ JbObWabWQa/ N_p 5335 0 N_p 53371

Bk0D`epkn kb ZFn]lde_o bkn K]nca C]p]oapo'1

Fqaop D`epkn kb pda :][^cbObW]\OZ JbObWabWQa& ola_e]h eooqa kj C]p] Lejejc ]j` Rp]peope_o/ rkh1 49
,6-/ 53341

Qabanaa bkn ^kkg ]j` ^kkg _d]lpano ,Rlnejcan/ Bd]li]j *G]hh-/ ]j` fkqnj]h oq^ieooekjo ,IBFR/
S@R/ BRC@/ IRR/ Q Ikqnj]h/ SBFU/ Aekejbkni]pe_o/ 111-
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HVS DVW] GbObS I\WdS`aWbg+ ;`]f^Sfd+ G@
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6aaWabO\b E`]TSaa]` W\ GbObWabWQa 9fXfde 0.0.,HcVdV_e

352)(66,21$/ (;3(5,(1&(

HSOQVW\U

,IP< 6M<M@ 8HDO@KLDMQ 9fXfde 0.0.,HcVdV_e

079B7CC;@? 8@B 1@5;4= 4?6 %7:4F;@B4= 15;7?57C )>R]] 0.0.*

1D4D;CD;54= .7D:@6C 8@B 07C74B5: 3@B<7BC )JacZ_X 0.0/*

2CDI 6M<M@ 8HDO@KLDMQ 9fXfde 0./4,9fXfde 0./5

.4D: 4?6 1D4D;CD;5C -74B?;?9 &7?D7B

075;D4D;@? -7467B# 1D4D;CD;5C 8@B %EC;?7CC 15;7?57C

2745:;?9 $CC;CD4?D# 1D4D;CD;54= .@67=;?9 8@B ';C5@F7BH **

2745:;?9 $CC;CD4?D# %4H7C;4? $?4=HC;C 4?6 1D4D;CD;54= '75;C;@? .4<;?9

&IFNG=NL 6M<M@ &IGGNHDMQ &IFF@B@ 9fXfde 0./2,HcVdV_e

&4=5E=EC 4?6 1D4D;CD;5C -74B?;?9 1EAA@BD 1A75;4=;CD

GbObWabWQOZ FSaSO`QV

,HLMDMNM@ AIK 3IJNF<MDIH 5@L@<K>C <M 2CDI 6M<M@ 9fXfde 0./5,9fXfde 0./7

)B46E4D7 07C74B5: $CC;CD4?D

H Nori Nhan FY =<



,@B; ,:4? 0

0IKDMR &IFF@B@ IA /<P &DODF &FDHD> ERj 0./4,JVaeV^SVc 0./4

1D4D;CD;54= &@?CE=D4?D

ASUOZ 8ZW\WQOZ K]`Y

0IKDMR &IFF@B@ IA /<P -NLMD>@ AIK &CDF?K@H &FDHD> BR_fRcj 0./3,ERj 0./3

1DE67?D -794= *?D7B?+ ;`]f^Sfd+ G@

0IKDMR &IFF@B@ IA /<P &DODF /<P &FDHD> 9fXfde 0./2,ERj 0./3

1DE67?D -794= *?D7B?+ ;`]f^Sfd+ G@

/@B<F $D? IA 1@=K<LE< Jf^^Vc 0./2

.;9B4?D /EDB745: -4G &=7B<+ F`ceY H]ReeV+ F=

/@B<F $D? 6I>D@MQ IA &IFNG=NL Jf^^Vc 0./1

-;D;94D;@? -4G &=7B<+ ;`]f^Sfd+ G@

ASUOZ FSaSO`QV

3KIA@LLIK $GH< $E=<K <M MC@ 2CDI 6M<M@ 8HDO@KLDMQ ERj 0./1,9fXfde 0./3

07C74B5: $CC;CD4?D+ ;`]f^Sfd+ G@

3KIA@LLIK 0<K> 6JDH?@FG<H <M MC@ 2CDI 6M<M@ 8HDO@KLDMQ ERj 0./2,ERj 0./3

07C74B5: $CC;CD4?D+ ;`]f^Sfd+ G@

3KIA@LLIK $GQ &IC@H <M MC@ 2CDI 6M<M@ 8HDO@KLDMQ ERj 0./1,ERj 0./3

07C74B5: $CC;CD4?D+ ;`]f^Sfd+ G@

(F@>MDIH /<P # 0IKDMR &IFF@B@ IA /<P BR_fRcj 0./2,ERj 0./3

07C74B5: $CC;CD4?D+ ;`]f^Sfd+ G@

38%/,&$7,216

ESS`(FSdWSeSR

/ :c`h_Z_X+ ;- I-+ ;R]UVc+ ;- 9-+ :`Vee_Vc+ :-+ KRccV_TV+ B-+ /=<>! /#+ J`]]Vc+ :-+ R_U >`cU+ B- D- )0.0/*- FVZXYS`c,

Y``Ud+ RTeZgZej daRTVd+ R_U eYV daR_ `W RU`]VdTV_e Via`dfcVd- $>7B;54? 1@5;@=@9;54= 07F;7G+ 64)0*80./!011-

0 /=<>! /# R_U ;R]UVc+ ;- 9- )0.0.*- IVdecZTeVU daReZR] cVXcVddZ`_ ^VeY`Ud8 A^a]ZTReZ`_d W`c Z_WVcV_TV- +@EB?4= @8

D:7 $>7B;54? 1D4D;CD;54= $CC@5;4D;@?+ aRXVd /!/1-

>\ E`]U`Saa

/- /=<>! /# ' :RccVee+ ;-+ IV,eYZ_\Z_X daReZR] T`_W`f_UZ_X Z_ daReZR] XV_VcR]ZkVU ]Z_VRc ^ZiVU ^`UV]d

0- /=<>! /+ Df` @-+ ' OZ+ N-+ ;`^afeZ_X hZeY I,AFD98 9TTfcRTj R_U cVac`UfTZSZ]Zej hZeY Z^a]ZTReZ`_d W`c eYV

R_R]jdZd `W ;GMA<,/7 UReR )dfS^ZeeVU*

1- /=<>! /#+ KYV ^ZddZ_X UReR ac`S]V^ Z_ eYV 9^VcZTR_ TcZ^Z_R] [fdeZTV djdeV^

2- /=<>! /# ' @fXYVd+ =-+ 9 UReRSRdV `W TcZ^Z_R] ecZR]d Z_ >cR_\]Z_ ;`f_ej+ G@

H Nori Nhan FY ==



,@B; ,:4? 1

7$/.6

/- L_ZgVcdZURU HmS]ZTR UV FRgRccR+ BR_fRcj 06+ 0.0/ )Z_gZeVU*

JaReZR] ;`_W`f_UZ_X R_U IVdecZTeVU JaReZR] IVXcVddZ`_ EVeY`Ud

0- JK9: JV^Z_Rc+ L_ZgVcdZej `W NRdYZ_Xe`_+ F`gV^SVc /5+ 0.0. )Z_gZeVU*

IVdecZTeVU JaReZR] IVXcVddZ`_ EVeY`Ud R_U A^a]ZTReZ`_d

1- ;`^afeReZ`_R] R_U >Z_R_TZR] =T`_`^VecZTd- D`_U`_+ LC- <VTV^SVc /2,/4+ 0./7 )T`_ecZSfeVU*

IVdecZTeVU JaReZR] IVXcVddZ`_ EVeY`Ud8 A^a]ZTReZ`_d W`c A_WVcV_TV

2- B`Z_e JeReZdeZTR] EVVeZ_Xd- MR_T`fgVc+ :-;- Bf]j 06 , 9fXfde 0+ 0./6 )T`_ecZSfeVU*

9 :RjVdZR_ Ef]eZ]VgV] <ZcZTY]Ve IVXcVddZ`_ E`UV] W`c 9U`]VdTV_e 9TeZgZej HReeVc_ <ReR

5(6($5&+ )81',1*

FAJK >`cV_dZT JTZV_TV ;V_eVc `W =iTV]]V_TV8 KcZR] KcR_dTZaed )_`_,T`^aVeZeZgV* ERj 0.0/ , ERj 0.00

)T`,HA hZeY 9]ZTZR ;RccZbfZcj*

K`eR] >f_UZ_X8 %/23+740

$'9,6,1*

EDG 8][[WbbSS [S[PS`

BRd`_ JRa`ceR )HY-< JeRed* >R]] 0.0/ ! HcVdV_e

B`dVaY QV^^V]d )HY-< JeRed* >R]] 0.0/ ! HcVdV_e

JaV_TVc NRUdh`ceY )E-J- JeRed* >R]] 0.0/ ! HcVdV_e

6(59,&(

D`UO\WhSR GS[W\O`a

J`fcTV ;`UV `_ KcZR] )`cXR_ZkVc* ERcTY 0.0/

E`]TSaaW]\OZ GS`dWQS O\R Dcb`SOQV

GcXR_ZkReZ`_ `W JTZV_eZ#T 9cVR ;`^^ZeeVVd JeReZdeZT KRd\ ?c`fa GTe`SVc 0.0/ ! HcVdV_e

EVUZTZ_V JTZV_eZ#T 9cVR ;`^^ZeeVV(d >`cV_dZT FfcdZ_X JfST`^^ZeeVV GTe`SVc 0.0/! HcVdV_e

JTZV_eZ#T DZeVcRTj Hc`[VTe 9fXfde 0.0. ! HcVdV_e

GcXR_ZkReZ`_ `W JTZV_eZ#T 9cVR ;`^^ZeeVVd JTZV_eZ#T ' KVTY_ZTR] IVgZVh HR_V] 9fXfde 0.0. ! ERcTY 0.0/

9H JeReZdeZTd IVRUVc Bf_V 0./4+ Bf_V 0./5+ Bf_V 0./6

P`f_X EReYV^ReZTZR_d ;`_WVcV_TV 9fXfde 0./4

GYZ` JeReV JTZV_TV >RZc BfUXV ERj 0./4+ 0./5+ 0./6

;V_ecR] <ZdecZTe JTZV_TV <Rj BfUXV ERcTY 0./4

Bf]ZR I`SZ_d`_ EReY >VdeZgR] ERj 0./3

8][[WbbSSa

EJ R_U HY< =iR^ ;`^^ZeeVV 0.0/

L_UVcXcRUfReV IVTcfZe^V_e ;`^^ZeeVV 0.0/

9U^ZddZ`_d ;`^^ZeeVV 0.0/

H Nori Nhan FY =>



,@B; ,:4? 2

JK9K;GE 9UgZd`c 0.0.,HcVdV_e

H`]ZTj ;YRZc+ JVifR] MZ`]V_TV ;`^^ZeeVV Re GYZ` JeReV L_ZgVcdZej 0./1,0./2

FSTS`SS

%4H7C;4? $?4=HC;C+ (?F;B@?>7DB;5C+ 2:7 $>7B;54? 1D4D;CD;5;4? + +@EB?4= @8 D:7 $>7B;54? 1D4D;CD;54= $CC@5;4D;@?

%$5 $'0,66,216

NVde MZcXZ_ZR+ L_ZeVU JeReVd <ZdecZTe ;`fce W`c eYV J`feYVc_ <ZdecZTe `W NVde MZcXZ_ZR+ A`hR

+21256 $1' $:$5'6

<ZdeZ_XfZdYVU L_ZgVcdZej >V]]`hdYZa+ 0 jVRcd+ 0./3+ 0./7

NYZe_Vj 9hRcU+ 0./7 ):Vde IVdVRcTY 9dd`TZReV*

DfScZk`] >V]]`hdYZa+ Jf^^Vc 0./5

@ZeV >R^Z]j =_U`h^V_e IVTZaZV_e+ Wf]] efZeZ`_+ 0./0,0./3

<VR_(d JTY`]Rc 0./1,0./2 )K`a /3&*

;9DA =iTV]]V_TV W`c eYV >fefcV 9hRcU+ EZUU]V =Rde ;`_$ZTe+ 0./2 )e`a XcRUV*

;9DA =iTV]]V_TV W`c eYV >fefcV 9hRcU+ <ZdafeV IVd`]feZ`_ Z_ =^a]`j^V_e+ 0./3 )e`a XcRUV*

KRj]`c Jf^^Vc L_UVcXcRUfReV IVdVRcTY >V]]`h+ 0./.

DRde faUReVU8 <VTV^SVc 0/+ 0.0/

H Nori Nhan FY =?



5 >TRAM @AMDEQOKAR 2@

I Vusan Yanderplas FY >6



"0.$+ #$+&'-,)$.
!0--(%0)0* #(/$'

./4N >N_QV[ >NYY C\_aU LV[T
..,+ >\YQ_RTR Ha_RRa

AV[P\Y[' C; 13/3.(+41,
/+-(/2-(2-4+

! `b`N[)cN[QR_]YN`6b[Y)RQb
`_cN[QR_]YN`

%4C31B9>=
#!"&

! @R4. HaNaV`aVP`. FemW PjWj[ Rd_l[hi_jo0
A_ii[hjWj_ed< Q^[ M[hY[fj_ed e\ PjWj_ij_YWb DhWf^_Yi

#!""

! =C. HaNaV`aVP`. FemW PjWj[ Rd_l[hi_jo0

#!!*

! 2C. E`fPU\Y\Tf % 7]]YVRQ BNaURZNaVPNY HPVR[PR`. Q[nWi >+J Rd_l[hi_jo0

,@>65AA9>=1; %F?5@95=35
#!#! 1\\S\]KW] @[XPO\\X[. HaNaV`aVP` :R]N_aZR[a. Rd_l[hi_jo e\ K[XhWiaW. I_dYebd0

#!")

#!"*
BO\OK[MR 1\\S\]KW] @[XPO\\X[. 9R[aR_ S\_ HaNaV`aVP` N[Q 7]]YVPNaV\[` V[ <\_R[`VP ;cVQR[PR.
FemW PjWj[ Rd_l[hi_jo0

#!")

#!"*
C]K]S\]SMKU 3XW\^U]KW]. CRO_N`XN EbOYVP E\dR_ :V`a_VPa0
Mhel_Z[Z _dZ_l_ZkWb c[djeh_d] WdZ fhe`[Yj b[WZ[hi^_f je Yedj_dk[ j^[ ?ki_d[ii Fdj[bb_][dY[ BcX[ZZ[Z
>][dj fhe]hWc WdZ fhel_Z[ ikffehj \eh O/h[bWj[Z fhe`[Yji0

#!"&

#!")
C]K]S\]SMKU 1WKUb\]. CRO_N`XN EbOYVP E\dR_ :V`a_VPa0

#!"&

#!"&
@X\]NXM. ?\dN HaNaR J[VcR_`Vaf D#PR \S aUR KVPR E_R`VQR[a S\_ GR`RN_PU0

.38>;1@A89?

/BAFD<5GF<BA C8D68AF4:8E 8EF<@4F87 9DB@ :<F 6BAFD<5GF<BAE GE<A: $%' #!&" I;8D8 CBEE<5?8% 1BF 4?? CDB=86FE

;4H8 :<F;G5 D8CBE<FBD<8E 9BD I;<6; F;<E <E @84A<A:9G?%

)>C@=1; ,C2;931B9>=A

360 #!#"

! Ee\cWdd. E[_a[. C^\KW FKWNO[YUK\. WdZ >b_Y_W @Whh_gk_ho ,4243-0 !Qh[Wjc[dj e\ FdYed/
Ybki_l[i _d j^[ >CQB OWd][ e\ @edYbki_edi"0 Fd< ANd' E_\ONOVYVaf' N[Q GV`X0 PkXc_jj[Z
LYj 4242. >YY[fj[Z A[Y 42420
3XW][SL^]SXW/ 3D<F<A: ")&!#0

350 #!#!

! FKWNO[YUK\. C^\KW. @^h_ij_Wd Owjj][h. A_ @eea. WdZ E[_a[ Ee\cWdd ,Kel0 4242-0 !PjW/
j_ij_YWb P_]d_%YWdY[ @WbYkbWj_edi \eh PY[dWh_ei _d S_ikWb Fd\[h[dY["0 Fd< HaNa0 >YY[fj[Z LYj
42420
3XW][SL^]SXW/ 2DB:D4@@<A: 4A7 4A4?JE<E "(&!#$ 3D<F<A: "*)!#0

340 #!#!

! FKWNO[YUK\. C^\KW. >b_Y_W @Whh_gk_ho. E[_a[ Ee\cWdd. GWc[i EWcXo. WdZ U_We Ek_
QW_ ,4242-0 !>d _djheZkYj_ed je %h[Whci [nWc_dWj_ed \eh h[i[WhY^[hi _d ijWj_ij_Yi"0 Fd<
>N[QO\\X \S <\_R[`VP HaNaV`aVP`0 BZ0 Xo ?Wdai. A0. HW\WZWh. H0. HWo[. A0. WdZ QWYa[jj.
J0 K[m Veha< @^WfcWd WdZ EWbb1@O@ 42420 !$"< &%#&'%&$.,-%(+,*',,%.0
3XW][SL^]SXW/ 3D<F<A: ")&!#0

330 #!#!

! FKWNO[YUK\. C^\KW. J[b_iiW KWbbo. Qobeh Hb[f. @h_ij_dW @WZ[lWbb. WdZ E[_a[ Ee\cWdd
,GWd0 4242-0 !@ecfWh_ied e\ j^h[[ i_c_bWh_jo iYeh[i \eh Xkbb[j IB> cWjY^_d]"0 Fd< <\_R[`VP

,*2

I Vusan Yanderplas FY >7



HPVR[PR ?[aR_[NaV\[NY0 !$"< &%#&%&+$;#9>@A7::=B#'%'%#&&%&+,0
3XW][SL^]SXW/ 2DB:D4@@<A: 4A7 4A4?JE<E "'&!#$ 3D<F<A: "))!#0

320 #!#!

! FKWNO[YUK\. C^\KW. A_Wdd[ @eea. WdZ E[_a[ Ee\cWdd ,JWh0 4242-0 !Q[ij_d] PjWj_ij_YWb
@^Whji< T^Wj JWa[i W DeeZ DhWf^=" Fd< 7[[bNY GRcVRd \S HaNaV`aVP` N[Q ?a` 7]]YVPNaV\[
903. ff0 3503#3504:0 !$"< &%#&&)+$5==C@8D"AB5B:AB:7A"%(&'&."%)&'*'0
3XW][SL^]SXW/ 3D<F<A: ",)!#0

;0 #!"*

! Okjj[h. I_dZiWo. C^\KW FKWNO[@UK\. A_Wdd[ @eea. WdZ J_Y^[bb[ DhW^Wc ,423;-0 !]][d[Wb/
e]o< >d O MWYaW][ \eh S_ikWb_p_d] D[d[Wbe]_YWb AWjW"0 Fd< @\b_[NY \S HaNaV`aVPNY H\SadN_R
:;035. ff0 3#530 "%%#< 376:/98820 !$"< &%#&-+(,$;AA#D%-.#:&(0

:0 #!"*

! FKWNO[@UK\. C^\KW. OoWd DebkY^. WdZ E[_a[ Ee\cWdd ,423;-0 !ChWc[Z( O[fheZkY_d]
WdZ O[l_i_j_d] 372 o[Wh ebZ Y^Whji"0 Fd< @\b_[NY \S 9\Z]baNaV\[NY N[Q =_N]UVPNY HaNaV`aVP`0
!$"< &%#&%-%$&%+&-+%%#'%&-#&*+'.(,0
3XW][SL^]SXW/ 2DB:D4@@<A: 4A7 4A4?JE<E "*&!#$ ID<F<A: ")&!#0

90 #!"*

! P_[l[hj. @Whied. C^\KW FKWNO[@UK\. Gkd @W_. H[l_d C[hh_i. CW_pWd RZZ_d CW^WZ H^Wd. WdZ
QeXo AobWd EeYa_d] ,423;-0 !Bnj[dZ_d] ]]fbej4 \eh b_da[Z WdZ Wd_cWj[Z m[X ]hWf^_Yi"0
Fd< @\b_[NY \S 9\Z]baNaV\[NY N[Q =_N]UVPNY HaNaV`aVP` 4:04. ff0 4;;#52:0 !$"< &%#&%-%$

&%+&-+%%#'%&-#&*&((+,0
80 #!"(

! FKWNO[YUK\. C^\KW WdZ E[_a[ Ee\cWdd ,4239-0 !@bkij[hi ?[Wj Qh[dZ(= Q[ij_d] C[Wjkh[
E_[hWhY^o _d PjWj_ij_YWb DhWf^_Yi"0 Fd< @\b_[NY \S 9\Z]baNaV\[NY N[Q =_N]UVPNY HaNaV`aVP`
4804. ff0 453#4640 !$"< &%#&%-%$&%+&-+%%#'%&+#&'%.&&+0
3XW][SL^]SXW/ 2DB:D4@@<A: 4A7 4A4?JE<E "-&!#$ ID<F<A: ")&!#0

70 #!"(

! HbOZVaaRQ N` N[ V[cVaRQ _R`]\[`R a\ :\[\U\&` !0+ fRN_` \S :NaN HPVR[PR$0
Ee\cWdd. E[_a[ WdZ C^\KW FKWNO[YUK\ ,4239-0 !>bb e\ Q^_i EWi EWff[d[Z ?[\eh[0 >bb
e\ Q^_i T_bb EWff[d >]W_d< AWjW PY_[dY["0 Fd< @\b_[NY \S 9\Z]baNaV\[NY N[Q =_N]UVPNY
HaNaV`aVP` 4806. ff0 997#99:0 !$"< &%#&%-%$&%+&-+%%#'%&,#&(-*),)0
3XW][SL^]SXW/ 3D<F<A: "+)!#0

60 #!"'

! FKWNO[YUK\. C^\KW WdZ E[_a[ Ee\cWdd ,4238-0 !PfWj_Wb O[Wied_d] WdZ AWjW A_ifbWoi"0
Fd< ?;;; I_N[`NPaV\[` \[ KV`bNYVgNaV\[ N[Q 9\Z]baR_ =_N]UVP`0 !$"< &%#&&%.$34/1#

'%&*#')+.&'*0
3XW][SL^]SXW/ 2DB:D4@@<A: 4A7 4A4?JE<E "-&!#$ ID<F<A: "+)!#0

50 #!"&

! $ ,4237-0 !P_]di e\ j^[ P_d[ Fbbki_ed / m^o m[ d[[Z je YWh["0 Fd<
@\b_[NY \S 9\Z]baNaV\[NY N[Q =_N]UVPNY HaNaV`aVP` 4606. ff0 3392#33;20 !$"< &%#&%-%$

&%+&-+%%#'%&)#.*&*),0
3XW][SL^]SXW/ 2DB:D4@@<A: 4A7 4A4?JE<E ")&!#$ ID<F<A: "*&!#0

40 #!"!

! Qem%Y. CWZ_. C^\KW FKWNO[@UK\. @Wi[o > Lb_l[h. Lb_l[h @ekjkh[. @^h_ijef^[h H Qk]]b[.
J E[Wj^[h T[ij Dh[[db[[. WdZ SWiWdj EedWlWh ,4232-0 !A[j[Yj_ed e\ ][d[ ehj^ebe]o \hec
][d[ Ye/[nfh[ii_ed WdZ fhej[_d _dj[hWYj_ed d[jmehai"0 Fd< 8B9 OV\V[S\_ZNaVP` 330Pkffb 5.
P90 !$"< &%#&&-+!'0&),&"'&%*"&&"2("2,0

30 #!!*

! Ekbb. OWY^[b. E[Wj^[h ?ehj\[bZ. WdZ C^\KW ;XXW\ ,422;-0 !K[Wh/_d\hWh[Z if[YjheiYefo
WdZ Yehj_YWb h[ifedi[i je if[[Y^ fheZkYj_ed"0 Fd< IUR \]R[ [Rb_\VZNTV[T W\b_[NY 5. f0 480
!$"< &%#'&,)!'0&-,)))%%%%.%(%&%%'+0

+B85@ ,C2;931B9>=A

40 #!"*

! @Whh_gk_ho. >b_Y_W. E[_a[ Ee\cWdd. U_We Ek_ QW_. WdZ C^\KW FKWNO[@UK\ ,423;-0 !JWY^_d[
b[Whd_d] _d \eh[di_Y Wffb_YWj_edi"0 Fd< HVT[V"PN[PR 3804. ff0 4;#570 !$"< &%#&&&&$;#&,)%"

.,&(#'%&.#%&'*'#E0
3XW][SL^]SXW/ 3D<F<A: ")&!#0

30 #!"$

! ?kZhki. PWhW^. PkiWd SWdZ[hfbWi. WdZ A_Wdd[ @eea ,4235-0 !Fd j[dd_i. Ze icWi^[i m_d
cWjY^[i=" Fd< HVT[V"PN[PR 3205. ff0 57#5:0 !$"< &%#&&&&$;#&,)%".,&(#'%&(#%%++*#E0

-*2

I Vusan Yanderplas FY >8



Fd Mhe]h[ii @O[MOY]SXW XP <XQ CMKUO\ >ii[iic[dj e\ f[hY[fj_ed WdZ ki[ e\ be] iYWb[i je Z_ifbWo
[nfed[dj_Wb ]hemj^0 AWjW Yebb[Yj_ed ijW][0

1 3XW_XU^]SXWKU >O^[KU >O]`X[T PX[ ?^]\XUO BOMXQWS]SXW Ri[ @KKi je WkjecWj[
_Z[dj_%YWj_ed e\ YbWii Y^WhWYj[h_ij_Yi _d _cW][i e\ \eejm[Wh ekjieb[i0 O[l_i_ed ijW][0

2^UUO] CSQWK]^[O BO\KVYUSWQ J[j^eZ \eh h[iWcfb_d] Xkbb[j i_]dWjkh[i ki[Z je YWbYkbWj[
cWjY^ WdZ ded/cWjY^ iYeh[ Z_ijh_Xkj_edi0

'@1=BA
#!#"

#!##
>9: B$4 SW 6X[OW\SM CMSOWMO. 7ba\ZNaVP 7P^bV`VaV\[ N[Q ?QR[aV"PNaV\[ \S <\\adRN_
9YN`` 9UN_NPaR_V`aVP`. MF. CkdZ[Z. )5:2.872 jejWb0

#!#!

#!#&
>9CD. 9R[aR_ S\_ HaNaV`aVP` N[Q 7]]YVPNaV\[` V[ <\_R[`VP ;cVQR[PR. MF. CkdZ[Z ,)42 c_bb_ed
jejWb. )678.;52 ikX/WmWhZ-0

#!#!

#!#$
EC41 397?66. ?Z]_\cV[T aUR ;P\[\ZVP N[Q ;P\Y\TVPNY Hb`aNV[NOVYVaf \S JH 9_\]
E_\QbPaV\[ aU_\bTU D[(<N_Z E_RPV`V\[ ;e]R_VZR[aNaV\[. MF. CkdZ[Z ,)6.222.222 jejWb.
)622.222 RKI ikXYedjhWYj ifb_j X[jm[[d 5 RKI MFi-0

#!#"

#!##
EC41 >961 16B9. 9\_[ GR`VQbR 7QN]aVcR =_NgV[T Ha_NaRTVR`. @ebbWXehWjeh. CkdZ[Z.
)522.2220

#!#!

! EC41 >961 16B9. E_NPaVPNY <_NZRd\_X a\ <NPVYVaNaR 7Q\]aV\[ \S ?[(HRN`\[ C BN[NTR(
ZR[a IRPU[\Y\Tf V[ 9\ZZR_PVNY <VRYQ`. @ebbWXehWjeh. Kej \kdZ[Z. )522.2220

#!#!

! >C6. 7? ?[`aVabaR5 7T_\7?5 IUR ?[`aVabaR S\_ 7QcN[PV[T 7T_VPbYab_R N[Q <\\Q V[ N 9UN[TV[T
L\_YQ J`V[T 7?. @ebbWXehWjeh. Kej CkdZ[Z. QejWb ]hWdj )42 c_bb_ed. RKI ikXYedjhWYj
h[gk[ij )5.777.5490

#!#!

#!#$
>C6. DcR_P\ZV[T aUR Gb_NY :NaN :R"PVa a\ ?Z]_\cR FbNYVaf \S AVSR N[Q 9\ZZb[Vaf
HR_cVPR` V[ HZN_a % 9\[[RPaRQ HZNYY 9\ZZb[VaVR`. MF. CkdZ[Z ,)3.722.222 jejWb. )345.667
ikXYedjhWYj-0

#!"*

! EC41 16B9)C1C. 7 9fOR_(EUf`VPNY Hf`aRZ S\_ :NaN(?[aR[`VcR <N_Z BN[NTRZR[a. MF.
Kej \kdZ[Z. )5.222.222 jejWb0

#!"*

! >9: B$4 SW 6X[OW\SM CMSOWMO. HaNaV`aVPNY ?[S_N`a_bPab_R S\_ aUR J`R \S ;__\_ GNaR HabQVR`
V[ aUR ?[aR_]_RaNaV\[ \S <\_R[`VP ;cVQR[PR. @ebbWXehWjeh. CkdZ[Z \eh CV 423;. )3;9.8;;
jejWb. )79.7;8 FPR ikX/WmWhZ0

#!")

! >9: B$4 SW 6X[OW\SM CMSOWMO. EN``VcR 7P^bV`VaV\[ \S <\\adRN_ 9YN`` 9UN_NPaR_V`aVP` V[
A\PNY E\]bYNaV\[`. MF. Kej \kdZ[Z. )5:5.3260

#!")

! >9: B$4 SW 6X[OW\SM CMSOWMO. ;cNYbNaV[T EU\a\T_NZZRa_f S\_ .: <\\adRN_ ?Z]_R``V\[
GRP\cR_f. MF. Kej \kdZ[Z. )4:3.9770

(=D9B54 /1;:A
#!#"

! 8X` NX bX^ NO"WO K MS[MUO0 @O[MOY]SXW KWN 3XVY^]O[ FS\SXW 4SKQWX\]SM\. @HB.
P[Yj_ed ed PjWj_ij_YWb DhWf^_Yi. P[Wjjb[. T>0

#!#!

! 4X IX^ COO GRK] 9 COO0 <O_O[KQSWQ 8^VKW @O[MOY]SXW SW 3XVY^]O[ FS\SXW
DK\T\. @HB. P[Yj_ed ed PjWj_ij_YWb DhWf^_Yi. Ldb_d[. P[ii_ed @WdY[bb[Z Zk[ je @LSFA0

#!#!

! @O[MOY]SXW KWN FS\^KU 3XVV^WSMK]SXW SW K 7UXLKU @KWNOVSM. :NaN HPVR[PR' HaNaV`aVP`'
N[Q KV`bNYVgNaV\[ 9\[SR_R[PR. P>JPF. Ldb_d[0

#!#!

! ?WO XP ]RO\O ]RSWQ\ S\ WX] USTO ]RO X]RO[\/ FS\^KU C]K]S\]SM\ KWN DO\]SWQ SW C]K]S\]SMKU
7[KYRSM\. :NaN HPVR[PR HfZ]\`VbZ. Pekj^ AWaejW PjWj[ Rd_l[hi_jo. ?heea_d]i. PA0
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#!#!

! 2SQ 4K]K( 2SQ 5aYO[SVOW]\( KWN 2SQ @[XLUOV\. MbWdj WdZ >d_cWb D[dec[. PWd A_[]e.
@>0

#!"*

! C]K]S\]SMKU <SWO^Y\ PX[ 2KbO\SKW\. @HB. P[Yj_ed ed PjWj_ij_YWb DhWf^_Yi. A[dl[h. @L0

#!")

! 3U^\]O[\ 2OK] D[OWN#0 DO\]SWQ 6OK]^[O 8SO[K[MRb SW C]K]S\]SMKU 7[KYRSM\. H:HH.
O[ijed. S>0

#!"&

! 1WSVSW]/ 9W]O[KM]S_O GOL)2K\ON 1WSVK]SXW\ E\SWQ 7QYUX],%\ 7[KVVK[ XP 7[KYRSM\.
@HB. P[Wjjb[. T>0

#!"%

! DRO M^[\O XP ]R[OO NSVOW\SXW\/ GRb bX^[ L[KSW S\ UbSWQ ]X bX^. @HB. P[Yj_ed ed
PjWj_ij_YWb DhWf^_Yi PjkZ[dj MWf[h P[ii_ed. ?eijed. J>0

#>=B@92CB54 /1;:A
#!#"

! GOUMXVO ]X 6X[OW\SM C]K]S\]SM\. :NaN BV`UN]` CVTUa. Ldb_d[0

#!")

! 6[KVON# BOY[XN^MSWQ +-* bOK[ XUN MRK[]\. @HB. SWdYekl[h. ?@0

#!"(

! 1 2KbO\SKW 1YY[XKMR ]X FS\^KU 9WPO[OWMO. @HB. ?Wbj_ceh[. JA0

#!"'

! 3U^\]O[\ 2OK] D[OWN#0 DO\]SWQ 6OK]^[O 8SO[K[MRb SW C]K]S\]SMKU 7[KYRSM\. @HB.
@^_YW]e. FI0

#!"&

! FS\^KU 1Y]S]^NO KWN C]K]S\]SMKU 7[KYRSM\. ?[S\KV`. @^_YW]e. FI0

#!"&

! 1WSVSW]/ 9W]O[KM]S_O( GOL)BOKNb 7[KYRSM\ `S]R B. =_RNa EYNV[` G J`R_ =_\b]. P_ekn
@[dj[h. F>0

#!"%

! 4X IX^ COO GRK] 9 COO0 E\SWQ CRSWb PX[ E\O[ DO\]SWQ. @HB. ?eijed. J>0

#!"$

! CSQW\ XP ]RO CSWO 9UU^\SXW ! `Rb `O WOON ]X MK[O. @HB. Jedjh[Wb. LK0

(=B5@=1; /1;:A
#!#"

! 5aYUX[SWQ B^[KU A^KUS]b XP <SPO E\SWQ 4K]K CMSOWMO KWN @^LUSM 4K]K. FFEB HRZV[N_0

#!#"

! 9WMXWMU^\S_O 3XWMU^\SXW\/ 2SK\O\ KWN 3XW\OZ^OWMO\. ANd N[Q E`fPU\Y\Tf 8_\d[ 8NT
HRZV[N_0

#!#"

! FS\^KU C]K]S\]SM\/ 3XVV^WSMK]SXW KWN 7[KYRSMKU DO\]SWQ. 7[VZNY HPVR[PR HRZV[N_0

#!#"

! 8X` ]X =KTO 7XXN 3RK[]\. 8V\Y\TVPNY N[Q Hf`aRZ` ;[TV[RR_V[T =H70

#!#!

! C]K]S\]SMKU 5_KU^K]SXW XP 6S[OK[V\ KWN DXXUVK[T 5_SNOWMO. HaNaV`aVP` :R]N_aZR[a
HRZV[N_0

.>6BE1@5

04F8E E;BI <A<F<4? <AHB?H8@8AF. BA?J C46>4:8E I;<6; 4D8 AB ?BA:8D @4<AF4<A87 ;4H8 8A7 74F8E%

#!#!

! 8.1+*4*1(*. 7[NYf`V` \S cV`bNY V[SR_R[PR Re]R_VZR[a`0

#!"*

! %-2*%(47'$. 9YRN[V[T `U\R ]_V[a QNaN S\_ Sbab_R `aNaV`aVPNY N[NYf`V`0

#!"*

! ,4228*+.1)*4. ?QR[aV"PNaV\[ \S T_\\cR` V[ `PN[` \S ObYYRa YN[Q R[T_NcRQ N_RN`0

#!")

! %-2*%(4&3*$. 7P^bV`VaV\[ \S HU\R ?ZNTR` N[Q BRaNQNaN S_\Z D[YV[R GRaNVYR_`0

#!")

! '7//*6964(64. 7ba\ZNaRQ ZNaPUV[T \S .Q ObYYRa `PN[`0

#!")

! 9!3622/5. GRNQV[T' ZN[V]bYNaV[T' N[Q cV`bNYVgV[T e.] "YR`0

#!")

! '7//*65&03/4. GR`NZ]YV[T \S ObYYRa `VT[Nab_R`0
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#!")

! #0&,*"/.,1$. ?ZNTR _RTV`a_NaV\[ NYT\_VaUZ` S\_ S\_R[`VP`0

#!"$

#!"&
&1.0.16. N[VZNaRQ' V[aR_NPaVcR dRO T_N]UVP` S\_ G b`V[T Q.)W`0

/51389=7
#!#"

! C]K] ,+. ) 9W][XN^M]SXW ]X C]K]S\]SM\. J[VcR_`Vaf \S CRO_N`XN' AV[P\Y[. Ldb_d[.
WiodY^hedeki0

#!#!

! C]K] .-* ) 3XVY^]SWQ DXXU\ PX[ C]K]S\]SMSKW\. J[VcR_`Vaf \S CRO_N`XN' AV[P\Y[. EoXh_Z.
&_ff[Z YbWiiheec. iodY^hedeki. @ekhi[ cWj[h_Wbi< ^jjfi<11ihlWdZ[hfbWi0]_j^kX0_e1kdb/
ijWj:7210

#!#!

! C]K] ,+. ) 9W][XN^M]SXW ]X C]K]S\]SM\. J[VcR_`Vaf \S CRO_N`XN' AV[P\Y[. Fd f[hied
iodY^hedeki0
J[Wd [lWbkWj_ed< 604. J[Z_Wd< 602

#!"*

! C]K] -.- ) 4K]K DOMRWXUXQSO\ PX[ C]K]S\]SMKU 1WKUb\S\. ?\dN HaNaR J[VcR_`Vaf. Fd f[hied
iodY^hedeki0
@e/jWk]^j. Wii_ij[Z m_j^ Ykhh_Ykbkc Z[l[befc[dj0 J[Wd [lWbkWj_ed< 60;4. J[Z_Wd< 702

#!"(

#!")
2^\SWO\\ 9W]OUUSQOWMO 5VLONNON 1QOW] @[XQ[KV. CRO_N`XN EbOYVP E\dR_ :V`a_VPa.
EoXh_Z0
A[i_]d WdZ _cfb[c[dj W fhe]hWc je c[djeh [cfbeo[[i. fhel_Z_d] _dijhkYj_ed _d ZWjW iY_[dY[ WdZ
effehjkd_j_[i je Wffbo d[m ia_bbi m_j^_d j^[ YecfWdo0 I[WZ ed[/ed/ed[ WdZ ]hekf c[djeh_d]
i[ii_edi je Yh[Wj[ W i[di[ e\ Yecckd_jo WdZ h[_d\ehY[ ia_bbi b[Whd[Z j^hek]^ edb_d[ Yekhi[i0 38
ijkZ[dji0

#!"$

#!"%
B GX[T\RXY\. ?\dN HaNaR. Fd f[hied iodY^hedeki0
FdjheZkYj_ed je O. ]]fbej4. ZWjW cWdW][c[dj WdZ Yb[Wd_d]. fWYaW][ Z[l[befc[dj. b_j[hWj[ fhe/
]hWcc_d]. WdZ P^_do0

*5=B>@9=7 1=4 "4D9A9=7

'@14C1B5 .BC45=BA
#!#"

! :KbNOW C]KMT. HaNaV`aVP`. JP. >kjecWj_Y O[Ye]d_j_ed e\ P^e[ @bWii @^WhWYj[h_ij_Yi0

#!#!

#!#"
5VSUb BXLSW\XW. HaNaV`aVP`. M^0A. M[hY[fj_ed WdZ S_ikWb Fd\[h[dY[0
@e/WZl_i[Z m_j^ O[aW EemWhZ

#!#!

#!#"
4OWS\O 2[KNPX[N. HaNaV`aVP`. M^0A. AWjW PY_[dY[ WdZ Fdj[hWYj_l[ DhWf^_Yi0

#!#!

! FON @Sb^\R. HaNaV`aVP`. JP. JWY^_d[ I[Whd_d] WdZ @ecfkj[h S_i_ed0

#!"*

#!#"
:X\OYR JOVVOU\. HaNaV`aVP`. JP. M^0A. >dWboi_i WdZ JWjY^_d] e\ @Whjh_Z][ @Wi[i0
@ecfb[j[Z JP ,Pfh_d] 4242-0 @e/WZl_i[Z m_j^ E[_a[ Ee\cWdd0

#!"*

#!#!
5[bW 2UKQQ. HaNaV`aVP`. JP. M^0A. >dWboi_i e\ T[Wh A[l[befc[dj _d Q^h[[/A_c[di_edWb
P^e[ PYWdi0 0
@ecfb[j[Z JP ,Pfh_d] 4242-0 @e/WZl_i[Z m_j^ E[_a[ Ee\cWdd

#!")

#!"*
=S[KWNK DSU]XW. HaNaV`aVP`. JP. Ceejm[Wh @bWii @^WhWYj[h_ij_Yi WdZ @ecfkj[h S_i_ed0 0
@ecfb[j[Z JP ,Pfh_d] 423;-0

0=45@7@14C1B5 .BC45=BA
#!#"

! HSWb^ <S^. 7PabN_VNY HPVR[PR N[Q 9\Z]baR_ HPVR[PR. RKI CVOB Mhe]hWc. JWY^_d[
b[Whd_d] \eh i^e[ ieb[ _cW][i0

#!"*

! :K\XW COX. 9\Z]baR_ HPVR[PR N[Q HaNaV`aVP`. RdZ[h]hWZkWj[ O[i[WhY^. O fWYaW][ \eh
l_ikWb_pWj_ed e\ d[khWb d[jmehai ki_d] j^[ foj^ed b_XhWho a[hWi/l_i00
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#!")

#!"*
DKUOW 6S\RO[. 9\Z]baR_ ;[TV[RR_V[T. RdZ[h]hWZkWj[ O[i[WhY^. Qeebi \eh meha_d] m_j^
n5f %b[i. ZWjWXWi[ Z[i_]d \eh ijeh_d] Xkbb[j iYWdi WdZ _dj[hc[Z_Wj[ WdWboi_i fheZkYji00

.C<<5@ -5A51@38 ,@>7@1<A
#!"*

! =XUUb =M4O[VX]] KWN 1WN[O` =KUXWOb. GR`RN_PU ;e]R_VR[PR S\_ J[QR_T_NQbNaR`.
Pkcc[h 423;. ?kbb[j PYWd NkWb_jo WdZ JWY^_d[ I[Whd_d]0

#!"*

! CbOVK 1SUSK( 5VVKW^OUUO 8O[WKWNOc =X[KUO\( DSQO[ :S. GR`RN_PU ;e]R_VR[PR S\_
J[QR_T_NQbNaR`. Pkcc[h 423;. OWf_Z NkWb_jo @edjheb Qeebi \eh @ed\eYWb J_YheiYefo
PYWdi0

#!")

! 2OW GXWNO[USW KWN :OWWb ;SV. M\b[T ;[TV[RR_` N[Q HPVR[aV`a`. Pkcc[h 423:. Ceejm[Wh
@bWii @^WhWYj[h_ij_Yi WdZ @ecfkj[h S_i_ed0

+CB@5138

&>@5=A93 ,@13B9B9>=5@A
#!#"

! 2UXQ @X\]. 9H7<;. N+> / Qh[Wjc[dj e\ FdYedYbki_l[ O[ikbji _d Bhheh OWj[i e\ C_h[Whc
PjkZ_[i ,I_da-0

#!#"

! GOLSWK[. 9H7<;. Qh[Wjc[dj e\ FdYedYbki_l[ O[ikbji _d Bhheh OWj[i e\ C_h[Whc PjkZ_[i0

#!#!

! 3C165 6S[OK[V\ GX[T\RXY. Fdl_j[Z QWba< Lf[d PekhY[ Pe\jmWh[ _d Ceh[di_Yi0

.5@D935

.5@D935 B> B85 $9A39?;9=5
#!#"

#!#%
1\\XMSK]O 5NS]X[. @\b_[NY \S 9\Z]baNaV\[NY N[Q =_N]UVPNY HaNaV`aVP`0

#!#!

#!#$
1\\XMSK]O 5NS]X[. G @\b_[NY0

#!#!

#!##
7[KYRSM\ COM]SXW @[XQ[KV 3RKS[ &,*,+'. 7H7. L'Y_Wb Zkj_[i _dYbkZ[ fbWdd_d] GPJ
i[ii_edi _d 4242 WdZ hkdd_d] j^[ AWjW Bnfe _d 42440

#!#!

! @[XQ[KV 3XVVS]]OO &7[KYRSM\'. HfZ]\`VbZ \[ :NaN HPVR[PR N[Q HaNaV`aVP` -+-+.
S_ikWb_pWj_ed QhWYa Ye/Y^W_h0

#!"*

#!#"
7O[][^NO 3Xa CMRXUK[\RSY 3XVVS]]OO =OVLO[. 7H70
>ii_ij[Z m_j^ i[b[Yj_ed e\ j^[ D[hjhkZ[ @en PY^ebWhi^_f h[Y_f_[dji WdZ ^edehWXb[ c[dj_edi

#!"*

! EWMXK\] EWMXWPO[OWMO ?[QKWScSWQ 3XVVS]]OO. A[i Je_d[i. F>0
Lh]Wd_p[Z j^[ %hij O RdYeWij RdYed\[h[dY[ je Xh_d] O Z[l[bef[hi _d &oel[h Yekdjho je][j^[h \eh
W 5/ZWo [l[dj0 Ll[h 72* e\ j^[ fWhj_Y_fWdji Wj j^[ Yed\[h[dY[ m[h[ mec[d eh c_deh_j_[i. WdZ
fWhj_Y_fWdji _dYbkZ[Z ijkZ[dji. WYWZ[c_Yi. WdZ _dZkijho O fhe]hWcc[hi m_j^ W lWh_[jo e\ [nf[h_[dY[
b[l[bi _d O fhe]hWcc_d]0

#!"(

#!"*
7[KYRSM\ COM]SXW BOY[O\OW]K]S_O ]X ]RO 3X^WMSU XP COM]SXW\. 7H70

$5?1@B<5=B 1=4 (=AB9BCB9>=1; .5@D935
#!#"

! 4K]K CMSOWMO :XSW] 3XVVS]]OO0
@ecc_jj[[ e\ JWj^. @ecfkj[h PY_[dY[. WdZ PjWj_ij_Yi Z[fWhjc[dji je Z[l[bef W Yecfh[^[di_l[
kdZ[h]hWZkWj[ ZWjW iY_[dY[ fhe]hWc0

#!#!

#!#"
COVSWK[ ?[QKWScO[0
>hhWd][ if[Wa[hi \eh j^[ Z[fWhjc[dj i[c_dWh0

#!#!

! C39< +*+ @X\]O[ :^NQO. <NYY HRZR`aR_0
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#!"*

#!#!
EWNO[Q[KN^K]O @[XQ[KV 3XVVS]]OO0
A[i_]d Wd kdZ[h]hWZkWj[ ijWj_ij_Yi cW`eh WdZ ikXc_j j^[ fhefeiWb je j^[ kd_l[hi_jo0

/@19=9=7 ! ,@>65AA9>=1; $5D5;>?<5=B
#!#"

#!##
@OO[ BO_SO` XP DOKMRSWQ @[XQ[KV0
@h[Wj[ W Yekhi[ fehj\eb_e \eh PjWj :72 _d ehZ[h je Wii[ii Yekhi[ Z[i_]d WdZ WdWbop[ ijkZ[dj
[d]W][c[dj WdZ b[Whd_d]

#!#!

! >O` 6KM^U]b 4O_OUXYVOW] @[XQ[KV0

#!#!

! C^VVO[ 9W\]S]^]O PX[ ?WUSWO DOKMRSWQ0
Ldb_d[ Yekhi[ ijhkYjkh[ WdZ XWYamWhZi Z[i_]d fh_dY_fb[i
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$%&'(
)*+&,"-.$*("/012%( 3433#45#46

7%0&(0$8 3433#45#46

9:8 ;0*<0";2'=&++">?2'=&++@*&A(&(0B0$.C

D(&(.A8 D*E+0$

F%&+A&G(*2+"HI8 79J7;97--9--;KLM/?N7FOPQ/R2=?/RDGS2T&UVV*WAX

Z$%&'(Z";*A(2%:

I2G.=0+("G%0&(0$"[:";0*<0";2'=&++">?2'=&++@*&A(&(0B0$.C

3433#45#46"#"W8\68\5"M]"Q]F#"HM"&$$%0AA8"34^B6^B33^B65

I2G.=0+("0=&*,0$"(2"D.A&+"P&+$0%1,&A">A.A&+B_&+$0%1,&A@.+,B0$.C"'2%"A*E+&(.%0

3433#45#46"#"W8`483a"M]"Q]F

I2G.=0+("0=&*,0$"(2"Rb/H"R;-K"><<?&+@*&A(&(0B0$.C"'2%"A*E+&(.%0

3433#45#46"#"W8`483a"M]"Q]F

I2G.=0+("0=&*,0$"(2"-,*G*&"7&%%*V.*%:">&,*G*&@*&A(&(0B0$.C"'2%"A*E+&(.%0

3433#45#46"#"W8`483a"M]"Q]F

I2G.=0+("0=&*,0$"(2";0*<0";2'=&++">?2'=&++@*&A(&(0B0$.C"'2%"A*E+&(.%0

3433#45#46"#"W8`483^"M]"Q]F

I2G.=0+("0#A*E+0$"[:";0*<0";2'=&++">?2'=&++@*&A(&(0B0$.C
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EXHIBIT 2



_2THv iQ _2bTQMb2 #v 6"A G�#Q`�iQ`v }H2/ BM
AHHBMQBb pX qBM}2H/ �M/ �{/�pBi #v "B2/2`K�M

2i �HX UkykkV }H2/ BM la pX E�2pQM amiiQM
UkyR3 *6R yyNdyNV

amb�M o�M/2`TH�b- EQ`B E?�M- >2BF2 >Q7K�MM- �HB+B� *�``B[mB`v

CmHv R- kykk

h�#H2 Q7 +QMi2Mib

R S`2HBKBM�`B2b k
RXR a+QT2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k
RXk *QM~B+i Q7 AMi2`2bi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k
RXj P`;�MBx�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k

k AMi`Q/m+iBQM j

j a?QmH/ � .Bb+BTHBM2@qB/2 1``Q` _�i2 #2 i?2 :Q�H\ j

9 hvT2b Q7 o�HB/Biv e

8 S�`iB+BT�Mi �M/ J�i2`B�H a�KTHBM;, h?`2�ib iQ 1ti2`M�H o�HB/Biv 3
8XR oQHmMi�`v S�`iB+BT�iBQM �M/ o�HB/Biv *QM+2`Mb X X X X X X X X X X X X X X X X X X N
8Xk J�i2`B�H a�KTHBM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R8
8Xj *QMb2+miBp2 J�Mm7�+im`BM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RN

e aim/v .2bB;M, h?`2�ib iQ AMi2`M�H �M/ 1ti2`M�H o�HB/Biv kR
eXR *HQb2/ �M/ PT2M a2i aim/B2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X kR
eXk >mK�M@BM@i?2@GQQT aim/v .2bB;M �M/ �M�HvbBb X X X X X X X X X X X X X X X X X X kj
eXj �`2 h2bib GBF2 *�b2rQ`F\ �M �bb2bbK2Mi Q7 1ti2`M�H o�HB/Biv X X X X X X X X X kd
eX9 LQM`2bTQMb2 "B�b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k3

d AM+QM+HmbBp2b jy
dXR h?2 AKTQ`i�M+2 Q7 "Qi? A/2MiB}+�iBQM �M/ 1HBKBM�iBQM X X X X X X X X X X X X X X jy

R



dXk S`Q#�iBp2 o�Hm2 Q7 AM+QM+HmbBp2b X X X X X X X X X X X X X X X X X X X X X X X X X X jk

3 *QM+HmbBQM j9

R S`2HBKBM�`B2b

RXR a+QT2

h?2 �BK Q7 i?Bb /Q+mK2Mi Bb iQ `2bTQM/ iQ Bbbm2b `�Bb2/ BM 62/2`�H "m`2�m Q7 AMp2biB;�iBQMR

�M/ �H2t "B2/2`K�MM- "`m+2 "m/QrH2 � *?`BbiQT?2 *?�KTQ/kX

RXk *QM~B+i Q7 AMi2`2bi

q2 �`2 bi�iBbiB+B�Mb 2KTHQv2/ �i Tm#HB+ BMbiBimiBQMb Q7 ?B;?2` 2/m+�iBQM UAQr� ai�i2 lMBp2`bBiv
�M/ lMBp2`bBiv Q7 L2#`�bF�- GBM+QHMV �M/ ?�p2 MQi #22M T�v2/ 7Q` Qm` iBK2 Q` 2tT2`iBb2 r?2M
T`2T�`BM; 2Bi?2` i?Bb `2bTQMb2 Q` i?2 Q`B;BM�H �{/�pBiXj q2 T`QpB/2 i?Bb BM7Q`K�iBQM �b �
Tm#HB+ b2`pB+2 �M/ �b b+B2MiBbib �M/ `2b2�`+?2`b BM i?Bb �`2�X

RXj P`;�MBx�iBQM

h?2 `2bi Q7 i?2 /Q+mK2Mi T`2+2/2b �b 7QHHQrb, r2 #2;BM #v QmiHBMBM; Qm` K�BM TQBMib Q7 �;`22@
K2Mi rBi? i?2 62/2`�H "m`2�m Q7 AMp2biB;�iBQM9 U?2`2�7i2`- 6"AV �M/ "B2/2`K�MM- "m/QrH2-
�M/ *?�KTQ/8 U?2`2�7i2`- ""*V BM a2+iBQM kX �b � i?`2b?QH/ Bbbm2- r2 +QMbB/2` i?2 +QM+2Ti Q7
� ;2M2`�H /Bb+BTHBM2@rB/2 2``Q` `�i2 BM a2+iBQM j BM Q`/2` iQ +Q``2+i bi�iBbiB+�H KBb+QM+2TiBQMb BM
"B2/2`K�MM- "m/QrH2- �M/ *?�KTQ/eX q2 i?2M /2b+`B#2 i?2 bi�iBbiB+�H +QM+2Tib mM/2`HvBM;
Qm` �bb2bbK2Mi Q7 i?2 /Bb+BTHBM2 Q7 }`2�`Kb �M/ iQQHK�`F 2t�KBM2`b BM a2+iBQM 9X 6BM�HHv-
r2 �//`2bb bT2+B}+ Bbbm2b rBi? T�`iB+BT�Mi �M/ K�i2`B�H b�KTHBM; Ua2+iBQM 8V- bim/v /2bB;M
Ua2+iBQM eV- �M/ i?2 mb2 Q7 BM+QM+HmbBp2b Ua2+iBQM dVX

R6"A G�#Q`�iQ`v _2bTQMb2 iQ i?2 .2+H�`�iBQM _2;�`/BM; 6B`2�`Kb �M/ hQQHK�`F 1``Q` _�i2b 6BH2/ BM AHHBMQBb
pX qBM}2H/ U�zX }H2/ BM la p E�2pQM amiiQM /�i2/ J�v j- kykkVX

k6Q`2MbB+ 72�im`2@+QKT�`BbQM �b �TTHB2/ iQ }`2�`Kb 2t�KBM�iBQMb, 2pB/2MiB�H p�Hm2 Q7 }M/BM;b �M/ 2tT2`i
T2`7Q`K�M+2 +?�`�+i2`BbiB+b U�zX }H2/ BM la p E�2pQM amiiQM /�i2/ �T`BH k3- kykkVX

jamb�M o�M/2`TH�b 2i �HX- 6B`2�`Kb �M/ hQQHK�`F 1``Q` _�i2b U�zX }H2/ BM AHHBMQBb p qBM}2H/- C�Mm�`v kykkVX
9amT`� MQi2 RX
8amT`� MQi2 kX
eamT`� MQi2 kX

k



k AMi`Q/m+iBQM

_2�/BM; i?2 `2bTQMb2b bm#KBii2/ iQ Qm` Q`B;BM�H �{/�pBi- i?2`2 �`2 bQK2 �`2�b Q7 #`Q�/ �;`22@
K2Mi #2ir22M i?2 �MQMvKQmb BM/BpB/m�Hb �i i?2 6"A- "B2/2`K�M- "m/QrH2- �M/ *?�KTQ/-
�M/ Qm`b2Hp2b,

Ç h?2`2 �`2 p2`v ;QQ/ }`2�`Kb 2t�KBM2`b r?Q ?�p2 � p2`v HQr 7�Hb2@B/2MiB}+�iBQM `�i2X
Ç 6B`2�`Kb �M/ iQQHK�`F 2t�KBM2`b �`2 Q#b2`pBM; `2�H T?2MQK2M� @ i?2 +QM+HmbBQMb i?2v

/`�r �`2 #�b2/ BM Q#b2`p�#H2- p2`B}�#H2 K�`FBM;b QM i?2 2pB/2M+2 i?�i +�M T`QpB/2 BM@
7Q`K�iBQM �#Qmi i?2 HBF2Hv bQm`+2 Q7 i?2 2pB/2M+2X

Ç h?2`2 b?QmH/ #2 �//BiBQM�H `2b2�`+? QM }`2�`Kb �M/ iQQHK�`F 2t�KBM�iBQM 7Q+mbBM; QM
b+B2MiB}+ 7QmM/�iBQMb �M/ 2``Q` `�i2bX

�//BiBQM�HHv- r2 �;`22 rBi? ""* i?�i i?2 +m``2Mi bim/B2b �`2 MQi mb27mH 7Q` B/2MiB7vBM; �
/QK�BM@rB/2 2``Q` `�i2X

>Qr2p2`- r2 �`2 bi�iBbiB+B�MbX �b bi�iBbiB+B�Mb- r2 `2;mH�`Hv ?2HT Qi?2` b+B2MiBbib /2bB;M 2t@
T2`BK2Mib i?�i �`2 �#H2 iQ K�F2 b+B2MiB}+�HHv p�HB/ +H�BKb �#Qmi Q#b2`p�#H2 T?2MQK2M�X q2
?�p2 2tT2`B2M+2 rQ`FBM; BM bBim�iBQMb r?2`2 HBp2b ?�M; BM i?2 #�H�M+2 r?2M 2``Q`b �`2 K�/2,
Tm#HB+ ?2�Hi?- Mm+H2�` 2M;BM22`BM;- �M/ i?2 H�r- �KQM; Qi?2`bX AM i?2b2 bBim�iBQMb- Bi Bb 2p2M
KQ`2 BKTQ`i�Mi i?�i 2tT2`BK2Mi�H /2bB;Mb #2 �b `B;Q`Qmb �b TQbbB#H2- �M/ i?�i i?2 +QM+HmbBQMb
7`QK i?2 bim/B2b #2 BMi2`T`2i2/ �b +�`27mHHv �b TQbbB#H2- #2+�mb2 i?2 +QMb2[m2M+2b 7Q` #2BM;
r`QM; �`2 bQ b2`BQmbX Ai Bb rBi? i?Bb KBM/b2i i?�i r2 �TT`Q�+? i?2 iQTB+ Q7 2``Q` `�i2 bim/B2b
BM }`2�`Kb �M/ iQQHK�`F 2t�KBM�iBQMX q2 K�F2 MQ �TQHQ;B2b 7Q` i?2 7�+i i?�i r2 Qz2` r?�i
K�v b22K iQ #2 ?�`b? +`BiB[m2b Q7 i?2 bi�i2 Q7 b+B2MiB}+ 2pB/2M+2 BM i?Bb }2H/X Pm` BMi2Mi BM �T@
T`Q�+?BM; i?2 /Bb+BTHBM2 BM i?Bb r�v Bb +QMbi`m+iBp2, mMiBH i?2 2ti2Mi Q7 i?2 +�M+2` Bb B/2MiB}2/-
i`2�iK2Mi +�MMQi #2;BMX

j a?QmH/ � .Bb+BTHBM2@qB/2 1``Q` _�i2 #2 i?2 :Q�H\

� 7mM/�K2Mi�H TQBMi Q7 +QMi2MiBQM BM ""* Bb i?�i /Bb+BTHBM2@rB/2 2``Q` `�i2b �`2 MQi mb27mH Q`
T`Q/m+iBp2X h?Bb TQBMi b22Kb iQ #2 +2Mi`�H iQ i?2B` �`;mK2Mi- /2bTBi2 MQi #2BM; � 7Q+mb Q7 Qm`
bi�i2K2MiX AMbi2�/- i?2v �`;m2 i?�i i?2 2tBbiBM; p�HB/�iBQM bim/B2b �`2 p�Hm�#H2 BM7Q`K�iBQM
`2;�`/H2bb Q7 r?2i?2` i?2v +�M #2 ;2M2`�HBx2/ iQ i?2 /Bb+BTHBM2Xd

� /QK�BM@rB/2 2``Q` `�i2 Bb- mHiBK�i2Hv- � T`�+iB+�H BKTQbbB#BHBiv #2+�mb2 i?2`2 Bb
+QMbi�Mi p�`B�iBQM BM UBV i?2 TQTmH�iBQM Q7 2t�KBM2`b UM2r 2t�KBM2`b 2Mi2` i?2
}2H/- Qi?2`b H2�p2c BM/BpB/m�H T`Q}+B2M+v 2pQHp2b Qp2` iBK2V- �M/ UBBV i?2 ivT2b
Q7 }`2�`Kb �M/ �KKmMBiBQM K�Mm7�+im`2/ U�M/ bm#b2[m2MiHv T`2b2Mi BM ;2M2`�H
+B`+mH�iBQMVX h?mb- Bi Bb �Hr�vb TQbbB#H2 iQ �`;m2 i?�i 2tBbiBM; bim/B2b �`2 bQK2?Qr

d"B2/2`K�MM- "m/QrH2- �M/ *?�KTQ/- bmT`� MQi2 k- T;b kk@kjX

j



BKT2`72+i- r?B+? `2M/2`b i?2 +�HH 7Q` � /QK�BM@rB/2- +QMi2KTQ`�M2QmbHv p�HB/ 2``Q`
`�i2 mHiBK�i2Hv b2H7@/272�iBM;X U""*- T;X 3V

h?2 [m2biBQM Q7 r?2i?2` � /Bb+BTHBM2@rB/2 2``Q` `�i2 Bb mb27mH iQ i?2 +Qm`i Bb QmibB/2 Qm` �`2� Q7
2tT2`iBb2- bQ r2 /Q MQi �//`2bb i?BbX q2 MQi2 BMbi2�/ i?�i- Bi Bb- BM 7�+i- TQbbB#H2 iQ 2bi�#HBb?
p�HB/ /Bb+BTHBM2@2``Q` `�i2b rBi? T`QT2`Hv /2bB;M2/ bim/B2b- �M/ r2 i�F2 � KQK2Mi iQ �//`2bb
bQK2 Q7 ""*Ƕb KBb+QM+2TiBQMb �#Qmi i?Bb TQbbB#BHBivX

ai�iBbiB+�H BM72`2M+2 /Q2b MQi `2[mB`2 � bi�#H2 TQTmH�iBQM Q7 2t�KBM2`b Q` }`2�`KbX � +QKKQM
2t�KTH2 mb2/ iQ BHHmbi`�i2 i?Bb 7�+i BM BMi`Q/m+iQ`v bi�iBbiB+b +Qm`b2b Bb � b+2M�`BQ r?2`2 �
+QKT�Mv rQmH/ HBF2 iQ 2biBK�i2 i?2 HB72iBK2 Q7 � bT2+B}+ KQ/2H Q7 HB;?i #mH#X h?2 +QKT�Mv
i�F2b � `�M/QK b�KTH2 Q7 jy HB;?i #mH#b 7`QK i?2 T`Q/m+iBQM HBM2 �M/ K2�bm`2b ?Qr HQM; i?2
HB;?i #mH# i�F2b iQ #m`M QmiX h?2 bim/2Mi Bb i?2M �bF2/ iQ mb2 i?2 HB72iBK2b Q7 i?2 jy b�KTH2
HB;?i #mH#b iQ +�H+mH�i2 �M BMi2`p�H /2b+`B#BM; i?2 TQTmH�iBQM �p2`�;2 HB72iBK2 rBi? � +2`i�BM
H2p2H Q7 +QM}/2M+2X h?2b2 +�H+mH�iBQMb �`2 p�HB/ 2p2M i?Qm;? i?2 +QKT�Mv Bb biBHH K�Mm7�+im`BM;
M2r HB;?i #mH#b @ i?�i Bb- i?2 TQTmH�iBQM Bb MQi bi�#H2X

h?2 T2`+2TiBQM i?�i � bi�#H2 TQTmH�iBQM Bb `2[mB`2/ iQ /2`Bp2 BM72`2M+2b Bb MQi i?2 QMHv bi�@
iBbiB+�H KBb+QM+2TiBQM /2KQMbi`�i2/ #v ""*X �i i?2 ?2�`i Q7 i?Bb 7m`i?2` +QM7mbBQM �`2 irQ
ivT2b Q7 bi�iBbiB+b, /2b+`BTiBp2 bi�iBbiB+b- �M/ BM72`2MiB�H bi�iBbiB+bX .2b+`BTiBp2 bi�iBbiB+b �`2
bi�iBbiB+b r?B+? /2b+`B#2 +?�`�+i2`BbiB+b Q7 �M Q#b2`p2/ /�i� b2i- bm+? �b ǳh?2 �p2`�;2 ?2B;?i
Q7 i?2 K2M BM i?Bb `QQK Bb 8 722i- N BM+?2bXǴ AM72`2MiB�H bi�iBbiB+b- #v +QMi`�bi- �`2 bi�iBbiB+b
r?B+? i�F2 �M Q#b2`p2/ /�i� b2i �M/ ;2M2`�HBx2 i?2 BM7Q`K�iBQM 7`QK i?Bb /�i� b2i iQ � rB/2`
b2i Q7 BM/BpB/m�Hb @ i?2 TQTmH�iBQMX AM72`2MiB�H bi�i2K2Mib KB;?i BM+Hm/2 bQK2 /Bb+mbbBQM Q7
p�`B�#BHBiv- #2+�mb2 r?BH2 i?2 b�KTH2 p�Hm2 Bb FMQrM- BM72`2M+2 iQ � TQTmH�iBQM BMpQHp2b �+@
+QmMiBM; 7Q` i?2 p�`B�#BHBiv BM?2`2Mi BM i?2 �+i Q7 i�FBM; � b�KTH2 7`QK i?2 TQTmH�iBQMX �M
2t�KTH2 rQmH/ #2 i?2 bi�i2K2Mi ǳq2 �`2 N8W +QM}/2Mi i?�i i?2 �p2`�;2 ?2B;?i Q7 � K�H2 BM
i?2 lMBi2/ ai�i2b Bb #2ir22M 8 722i 3X8 BM+?2b �M/ 8 722i NX8 BM+?2bXǴ

LQM2 Q7 i?2 �mi?Q`b Q7 ""* �`2 bi�iBbiB+B�Mb- M2p2`i?2H2bb- i?2v bi�i2 ǳbi�iBbiB+B�MbǶ T`BK�`v
7Q+mb (Bb) QM BM72`2MiB�H bi�iBbiB+bǴ U"B2/2`K�MM- "m/QrH2- �M/ *?�KTQ/3 T;X kkVX h?Bb Bb
BM+Q``2+iX h?2`2 �`2 2MiB`2 �`2�b Q7 bi�iBbiB+�H `2b2�`+? 7Q+mb2/ QM /2b+`BTiBp2 bi�iBbiB+bX ao
�M/ >> bT2+B�HBx2 BM �M/ +QM/m+i `2b2�`+? QM bQK2 Q7 i?2b2 �`2�bX �b i`�BM2/ �M/ T`�+iB+BM;
bi�iBbiB+B�Mb- #Qi? BM72`2MiB�H �M/ /2b+`BTiBp2 bi�iBbiB+b �`2 }`KHv rBi?BM �HH Q7 Qm` �`2�b Q7
2tT2`iBb2X

q2 �bbmK2 i?�i ""* K2�Mi iQ BKTHv i?�i r2 +?Qb2 iQ 7Q+mb QM BM72`2MiB�H bi�iBbiB+b BM Qm`
BMBiB�H bi�i2K2Mi �b � K�ii2` Q7 T`272`2M+2X q2 /B/ MQi@ r2 7Q+mb2/ QM ?Qr p�HB/�iBQM bim/B2b
�`2 +m``2MiHv #2BM; mb2/X �HH bi�i2K2Mib r2 ?�p2 `2pB2r2/ i?mb 7�` BM i?Bb +�b2 ?�p2 #22M BM72`@
2MiB�H bi�i2K2MibX 6Q` 2t�KTH2- 62/2`�H "m`2�m Q7 AMp2biB;�iBQMN- T�;2 9 bi�i2b ǳAM bmK- i?2
bim/B2b /2KQMbi`�i2 i?�i }`2�`KfiQQHK�`F 2t�KBM�iBQMb- T2`7Q`K2/ #v [m�HB}2/ 2t�KBM2`b
BM �++Q`/�M+2 rBi? i?2 bi�M/�`/ K2i?Q/QHQ;v- �`2 `2HB�#H2 �M/ 2MDQv � p2`v HQr 7�Hb2 TQbBiBp2

3A/X
NamT`� MQi2 RX

9



`�i2XǴ � /2b+`BTiBp2 bi�i2K2Mi rQmH/ ?�p2 `2�/ �b, ǳAM bmK- i?2 bim/B2b /2KQMbi`�i2/ i?�i
pQHmMi22` T�`iB+BT�Mib 2M`QHH2/ BM i?2 bim/v 2MDQv2/ � HQr 2``Q` `�i2 QM i?2 i2bi b2ib i?2v +?Qb2
iQ `2bTQM/ iQXǴ aBKBH�`Hv- i?2 6"Af�K2b bim/v U+Bi2/ #v 62/2`�H "m`2�m Q7 AMp2biB;�iBQMRy QM
T�;2 9V K�F2b i?2 BM72`2MiB�H bi�i2K2Mi ǳ(h?Bb) bim/v r�b /2bB;M2/ iQ T`QpB/2 � `2T`2b2Mi�iBp2
2biBK�i2 Q7 i?2 T2`7Q`K�M+2 Q7 6fh 2t�KBM2`b r?Q i2biB7v iQ i?2B` +QM+HmbBQMb BM +Qm`iXǴRR

� /2b+`BTiBp2 bi�i2K2Mi rQmH/ `2�/, ǳh?Bb bim/v r�b /2bB;M2/ iQ T`QpB/2 2biBK�i2b Q7 i?2
T2`7Q`K�M+2 Q7 i?2 Rdj 6fh 2t�KBM2`b r?Q T�`iB+BT�i2/ BM i?2 bim/vXǴ

h?2 6"A �M/ ""* +�MMQi ?�p2 i?2B` +�F2 �M/ 2�i Bi iQQĜ B7 i?2 mb2 Q7 BM72`2MiB�H bi�i2K2Mib
T2`bBbib- i?2M i?2 T`Q#H2Kb rBi? bim/v /2bB;M +QMiBMm2 iQ #2 � `2H2p�Mi Bbbm2 U a2+iBQM 8 �M/
a2+iBQM e VX h?2 ""* �mi?Q`b �`;m2 i?�i r2 �`2 +QM+2�HBM; mb27mH /2b+`BTiBp2 BM7Q`K�iBQM
#v �`;mBM; i?�i i?2 p�HB/�iBQM bim/B2bǶ /2bB;Mb K�F2b i?2K BM�TT`QT`B�i2 7Q` BM72`2M+2X �b
T`2pBQmbHv bi�i2/- r2 K�/2 MQ �`;mK2Mib �#Qmi /2b+`BTiBp2 BM7Q`K�iBQM #2+�mb2 MQ QM2 Bb
mbBM; p�HB/�iBQM bim/B2b 7Q` i?�i Tm`TQb2X q2 i�F2 � KQK2Mi iQ ?B;?HB;?i � 72r TQBMib `2H2p�Mi
iQ mbBM; /2b+`BTiBp2 BM7Q`K�iBQM BM i?2 +QMi2ti Q7 2``Q` `�i2 bim/B2bX

.2b+`BTiBp2 BM7Q`K�iBQM +�M #2 Q7 p�`vBM; [m�HBivX h?2 7QHHQrBM; i?`22 bi�i2K2Mib �`2 �HH
/2b+`BTiBp2 bi�i2K2Mib,

Ç Jv bQM QMHv �Mbr2`2/ QM2 [m2biBQM BM+Q``2+iHv QM ?Bb K�i? i2biX
Ç Jv bQM QMHv �Mbr2`2/ QM2 [m2biBQM BM+Q``2+iHv QM ?Bb K�i? i2bi- #mi /B/MǶi �Mbr2` jyW

Q7 i?2 [m2biBQMbX
Ç Jv bQM QMHv �Mbr2`2/ QM2 [m2biBQM BM+Q``2+iHv- #mi /B/MǶi �Mbr2` jyW Q7 i?2 [m2biBQMbX

h?2 [m2biBQMb ?2 bFBTT2/ r2`2 7`2[m2MiHv �Mbr2`2/ BM+Q``2+iHv #v ?Bb T22`bX

AM /�v iQ /�v HB72- � bT2�F2` +QMp2vBM; i?2 }`bi bi�i2K2Mi r?2M i?2 i?B`/ Bb i`m2 rQmH/
#2 +QMbB/2`2/ KBbH2�/BM;X u2i- 2``Q` `�i2 bim/B2b +m``2MiHv K�F2 +H�BKb `2b2K#HBM; i?2 }`bi
bi�i2K2Mi- /2bTBi2 ?�pBM; +QHH2+i2/ bm{+B2Mi BM7Q`K�iBQM iQ K�F2 �i H2�bi QM2 Q7 i?2 Qi?2` irQ
bi�i2K2MibX h?2b2 bi�i2K2Mib i?2M- BM im`M- �`2 +QMp2v2/ iQ +Qm`ib- BM+Hm/BM; i?Bb QM2 Ub22
62/2`�H "m`2�m Q7 AMp2biB;�iBQMRk �i T;X 9VX �b i?Bb 2t�KTH2 b?Qrb- Bi Bb TQbbB#H2 iQ +`2�i2
KBbH2�/BM; /2b+`BTiBp2 bi�iBbiB+b- #mi i?2 /�K�;2 TQi2MiB�H Bb Km+? ?B;?2` r?2M bm+? bi�iBbiB+b
�`2 i?2M mb2/ 7Q` BM72`2MiB�H Tm`TQb2bX

qBi? +QKTHB+�i2/ /�i�- KBbH2�/BM; /2b+`BTiBp2 bi�iBbiB+b +�M #2 +`2�i2/ mMBMi2MiBQM�HHvX hQ
+QmMi2`�+i i?Bb- BM KQbi Qi?2` b+B2MiB}+ �`2�b- ?QMQ`BM; Qi?2` `2b2�`+?2`bǶ `2[m2bib 7Q` /2@
B/2MiB}2/ /�i� U/�i� r?B+? +�MMQi B/2MiB7v �M BM/BpB/m�HV Bb +QMbB/2`2/ �M 2bb2MiB�H T�`i Q7
;QQ/ b+B2M+2X PM .2+2K#2` kR- kykR r2 `2[m2bi2/ i?2 6"Af�K2b bim/v /�i� 7`QK �K2b H�#
`2b2�`+?2`b �M/ r2`2 iQH/ i?2 6"A ?�b MQi ;Bp2M �K2b `2b2�`+?2`b T2`KBbbBQM iQ b?�`2 i?2
/�i�X PM i?2 b�K2 /�i2- r2 `2[m2bi2/ i?2 /�i� 7`QK i?2 6"A +QMi�+i- E2Bi? JQMbQMX Pm`
`2[m2bib ?�p2 ;QM2 mM�Mbr2`2/X AM �Mv +�b2- r?2i?2` #2+�mb2 i?2 `2b2�`+?2`b /Q MQi ?�p2 i?2

RyA/X
RRE2Bi? G JQMbQM- 1`B+? . aKBi? � ai�MH2v C "�DB+- SH�MMBM;- /2bB;M �M/ HQ;BbiB+b Q7 � /2+BbBQM �M�HvbBb

bim/v, h?2 6"Af�K2b bim/v BMpQHpBM; 7Q`2MbB+ }`2�`Kb 2t�KBM2`b- 9 6Q`2MbB+ a+B2M+2 AMi2`M�iBQM�H,
avM2`;v RyykkR UkykkVX

RkamT`� MQi2 RX
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bi�iBbiB+�H bQT?BbiB+�iBQM iQ i�F2 � KQ`2 Mm�M+2/ HQQF �i i?2B` /�i�- Q` #2+�mb2 i?2v /Q MQi
r�Mi iQ b?�`2 i?2 /�i� bQ i?�i Qi?2`b K�v T`QpB/2 i?�i �//BiBQM�H Mm�M+2- r2 �`2 bim+F BM �
bBim�iBQM r?2`2 i?2 QMHv bQHmiBQM Bb iQ /2b+`B#2 i?2 b?Q`i+QKBM;b Q7 i?2 /�i� �M/ bim/B2b i?�i
�`2 �p�BH�#H2X

9 hvT2b Q7 o�HB/Biv

�b r2 rBHH bT2M/ i?2 `2bi Q7 i?Bb /Q+mK2Mi /Bb+mbbBM; p�HB/�iBQM bim/B2b- Bi Bb rQ`i? i�FBM;
i?2 iBK2 iQ /Bb+mbb i?2 /Bz2`2Mi FBM/b Q7 b+B2MiB}+ p�HB/BivX .Bz2`2Mi 7�+iQ`b BM i?2 /2bB;M Q7
}`2�`Kb �M/ iQQHK�`F bim/B2b �z2+i /Bz2`2Mi ivT2b Q7 p�HB/BivX AM �//BiBQM- i?2 +QMb2[m2M+2b
7Q` bm#@QTiBK�H 2tT2`BK2Mi�H /2bB;M- bim/v 2t2+miBQM- �M/ bi�iBbiB+�H �M�HvbBb �`2 /Bz2`2Mi
/2T2M/BM; QM r?B+? ivT2 Q7 p�HB/Biv Bb BKT�+i2/ #v i?2 bm#@QTiBK�H +?QB+2bX

6B`bi- H2i mb bi�`i Qz rBi? i?2 MQiBQM Q7 p�HB/Biv BM ;2M2`�HX o�HB/Biv Bb � K2�bm`2 Q7 ?Qr i?2
`2bmHib Q7 `2b2�`+? `2T`2b2Mi bQK2 7�+2i Q7 `2�HBivX h?�i Bb- p�HB/Biv Bb � K�TTBM; #2ir22M i?2
b+B2MiB}+ T`Q+2bb Q7 2tT2`BK2Mi�iBQM �M/ �M�HvbBb Q7 `2bmHib �M/ i?2 `2�H rQ`H/X h?`Qm;?Qmi
i?Bb b2+iBQM- r2ǶHH +QMbB/2` � bBKTH2 [m2biBQM, >Qr /Q2b i?2 �KQmMi Q7 r�i2` T`QpB/2/ BM~m2M+2
i?2 ;`Qri? Q7 TH�Mib �b K2�bm`2/ #v i?2 ?2B;?i Q7 i?2 b22/HBM; �#Qp2 i?2 ;`QmM/\

AMi2`M�H p�HB/BivRj Bb i?2 2ti2Mi iQ r?B+? i?2 p�`B�#H2 K�MBTmH�i2/ BM i?2 2tT2`BK2Mi Ui?2
BM/2T2M/2Mi p�`B�#H2V +�M #2 HBMF2/ iQ i?2 Q#b2`p2/ 2z2+i Ui?2 /2T2M/2Mi p�`B�#H2VX AM
Qm` 2t�KTH2- i?2 BM/2T2M/2Mi p�`B�#H2 Bb i?2 �KQmMi Q7 r�i2` T`QpB/2/ �M/ i?2 /2T2M/2Mi
p�`B�#H2 Bb i?2 ?2B;?i Q7 i?2 b22/HBM;bX AMi2`M�H p�HB/Biv K2�bm`2b ?Qr r2HH i?2 2tT2`BK2Mi
+�M b?Qr +�mb2@�M/@2z2+i Q` `mH2 Qmi �Hi2`M�i2 2tTH�M�iBQMb 7Q` Bib }M/BM;b U2X;X bQm`+2b Q7
bvbi2K�iB+ 2``Q` Q` #B�bVX AMi2`M�H p�HB/Biv Bb Q7i2M �+?B2p2/ #v +QMi`QHHBM; Qi?2` 7�+iQ`b i?�i
K�v �z2+i i?2 /2T2M/2Mi p�`B�#H2X 6Q` BMbi�M+2- BM Qm` bim/v Q7 r�i2` �M/ b22/ ;`Qri?- Bi
rQmH/ #2 mb27mH iQ 2Mbm`2 i?�i Qi?2` 7�+iQ`b �z2+iBM; TH�Mi ;`Qri? U72`iBHBx2`- bQBH [m�HBiv- HB;?i
�p�BH�#BHBivV �`2 �b +QMbBbi2Mi �b TQbbB#H2 bQ i?�i QMHv i?2 2z2+i Q7 i?2 �KQmMi Q7 r�i2` Bb b22M
BM i?2 `2bmHibX

1ti2`M�H p�HB/BivR9 Bb i?2 2ti2Mi iQ r?B+? i?2 2tT2`BK2Mi�H `2bmHib +�M #2 ;2M2`�HBx2/ #2vQM/
i?2 bim/vX h?�i Bb- ;Bp2M i?2 `2bmHib Q7 i?2 bim/v- r?�i +�M A b�v �#Qmi i?2 `2�H rQ`H/\ AM Qm`
2t�KTH2- r2 rQmH/ HBF2 iQ #2 �#H2 iQ b�v i?�i B7 Qm` bim/v `2p2�Hb i?�i b22/b ;`Qr #2ii2` r?2M
i?2`2 Bb KQ`2 r�i2` �p�BH�#H2- i?�i i?Bb rQmH/ �HbQ #2 i`m2 BM � ;�`/2M b2iiBM;X 1ti2`M�H p�HB/Biv
Bb �Hr�vb �z2+i2/ #v i?2 �KQmMi Q7 2tT2`BK2Mi�H +QMi`QH r2 BKTH2K2Mi2/ Ur?B+? �z2+ib BMi2`M�H
p�HB/BivV �M/ i?2 MmK#2` Q7 p�`B�#H2b Qm` 2tT2`BK2Mi +Qp2`bX A7 r2 �`2 QMHv p�`vBM; i?2 H2p2Hb
Rjq?BH2 qBFBT2/B� Bb Q7i2M MQi `2HB�#H2 7Q` +QMi`Qp2`bB�H iQTB+b- Bi /Q2b +QMi�BM ;QQ/ BM7Q`K�iBQM �M/ 2t�KTH2b

7Q` K�Mv bi�iBbiB+�H +QM+2TibX q2 HBMF iQ Bi i?`Qm;?Qmi i?Bb b2+iBQM #2+�mb2 Bi Bb 2�bBHv �++2bbB#H2- mMHBF2
i?2 bi�iBbiB+�H i2ti#QQFb r?B+? rQmH/ T`QpB/2 KQ`2 `2bT2+i�#H2 +Bi�iBQMb #mi KB;?i `2[mB`2 � HB#`�`v `2[m2biX
h?2 T�;2 QM BMi2`M�H p�HB/Biv +QMi�BMb � MmK#2` Q7 ;QQ/ BHHmbi`�iBQMb Q7 ?Qr BMi2`M�H p�HB/Biv Bb 2bi�#HBb?2/
�M/fQ` i?`2�i2M2/ #v 2tT2`BK2Mi�H /2bB;M +QMbB/2`�iBQMbX AMi2`M�H p�HB/Biv- qBFBT2/B� UkykkV- ?iiTb,ff2M
XrBFBT2/B�XQ`;frfBM/2tXT?T\iBiH24AMi2`M�Hnp�HB/Biv�QH/B/4Ry3Ny9939k UH�bi pBbBi2/ CmM ky- kykkVX

R91ti2`M�H p�HB/Biv- qBFBT2/B� UkykRV- ?iiTb,ff2MXrBFBT2/B�XQ`;frfBM/2tXT?T\iBiH241ti2`M�Hnp�HB/Biv�QH/B/
4RyeyNRR88k UH�bi pBbBi2/ CmM ky- kykkVX

e



Q7 r�i2` �p�BH�#H2- 7Q` BMbi�M+2- Bi rQmH/ #2 ?�`/ 7Q` Qm` +QM+HmbBQMb iQ ;2M2`�HBx2 2z2+iBp2Hv
iQ � ;�`/2M r?2`2 2X;X i2KT2`�im`2 ~m+im�iBQMb K�v �HbQ BKT�+i b22/ ;`Qri?X q?2M i`vBM;
iQ 2Mbm`2 #Qi? BMi2`M�H �M/ 2ti2`M�H p�HB/Biv- 2tT2`BK2Mi2`b Kmbi 2tT2`BK2Mi�HHv K�MBTmH�i2
K�Mv /Bz2`2Mi 7�+iQ`b- 2Mbm`BM; i?�i �HH +QK#BM�iBQMb Q7 i?2 7�+iQ`b �`2 i2bi2/X q?BH2 i?Bb
Bb i2/BQmb #mi 72�bB#H2 BM bQK2 b2iiBM;b- Bi Bb KQ`2 /B{+mHi BM Qi?2` b2iiBM;b r?2`2 r2 ?�p2
H2bb 2tT2`BK2Mi�H +QMi`QH @ 7Q` BMbi�M+2- r2 +�MMQi �bbB;M b2t iQ T2QTH2 7Q` i?2 Tm`TQb2b Q7
2tT2`BK2Mi�iBQM- #mi r2 +�M 2Mbm`2 i?�i r2 i2bi BM/BpB/m�Hb Q7 #Qi? b2t2bX q?2M ?mK�M #2BM;b
�`2 BMpQHp2/ BM 2tT2`BK2Mib �b T�`iB+BT�Mib- 2ti2`M�H p�HB/Biv Bb T�`iB�HHv /2T2M/2Mi QM r?2i?2`
Qm` b�KTH2 K�i+?2b Qm` TQTmH�iBQM QM p�`BQmb /BK2MbBQMb Q7 BMi2`2bi, BM i2bib Q7 2t�KBM2` 2``Q`
`�i2- 7Q` BMbi�M+2- r2 T`Q#�#Hv /Q MQi M22/ iQ 2Mbm`2 i?�i Qm` b�KTH2 T�`iB+BT�MibǶ ?2B;?i
Bb � K�i+? iQ i?2 rB/2` TQTmH�iBQM- #mi r2 b?QmH/ 2Mbm`2 i?�i i?2 b�KTH2Ƕb 2tT2`B2M+2 Bb
`2T`2b2Mi�iBp2 Q7 i?2 rB/2` TQTmH�iBQM Q7 }`2�`Kb �M/ iQQHK�`F 2t�KBM2`bX

1ti2`M�H p�HB/Biv Bb +HQb2Hv `2H�i2/ iQ i?2 MQiBQM Q7 bi�iBbiB+�H BM72`2M+2- r?B+? Bb i?2 �#BHBiv
iQ K�F2 #`Q�/ bi�i2K2Mib �#Qmi � TQTmH�iBQM `2T`2b2Mi2/ #v �M 2tT2`BK2Mi�H b�KTH2X

� bm#b2i Q7 2ti2`M�H p�HB/Biv- +QMbi`m+i p�HB/BivR8 Bb i?2 2ti2Mi iQ r?B+? �M 2tT2`BK2Mi
UK2i?Q/- bim/v /2bB;M- �M�HvbBb- 2i+XV K2�bm`2b i?2 `2�H@HB72 i?BM; Q7 BMi2`2biX 6Q` BMbi�M+2-
B7 r2 �`2 KQ`2 #`Q�/Hv BMi2`2bi2/ BM TH�Mi ?2�Hi? BM Qm` b22/HBM; bim/v- r2 rQmH/ M22/ iQ
2bi�#HBb? i?�i b22/HBM; ?2B;?i Bb � ;QQ/ K2�bm`2 Q7 Qp2`�HH TH�Mi ?2�Hi?- �i H2�bi Qp2` i?2 `�M;2
Q7 iBK2 r2 �`2 bim/vBM;ReX a?QrBM; +QMbi`m+i p�HB/Biv `2[mB`2b i?�i i?2`2 Bb �M mM#`QF2M HBMF
#2ir22M i?2 2tT2`BK2Mi �M/ i?2 `2�H@rQ`H/ T?2MQK2MQMX *QMbi`m+i p�HB/Biv +�M #2 i?`2�i2M2/
r?2M T�`iB+BT�Mib �`2 �r�`2 i?2v �`2 #2BM; Q#b2`p2/ Ui?2 >�ri?Q`M2 2z2+iV- r?2M i?2`2 Bb
#B�b BM i?2 2tT2`BK2Mi�H /2bB;M UBMi2MiBQM�H Q` mMBMi2MiBQM�HV- r?2M T�`iB+BT�Mib �`2 �r�`2 Q7
`2b2�`+?2` 2tT2+i�iBQMb �M/ /2bB`2b- �M/ r?2M i?2`2 �`2 +QM7QmM/BM; p�`B�#H2b i?�i �`2 MQi
K2�bm`2/ Q` �bb2bb2/ BM i?2 2tT2`BK2MiX PM2 +`BiB[m2 Q7 i?2 +HQb2/@b2i bim/v /2bB;MRd Bb i?�i
Bi mM/2`@2biBK�i2b i?2 7�Hb2 B/2MiB}+�iBQM `�i2 UBM �//BiBQM iQ � +QKTH2i2 BM�#BHBiv iQ 2biBK�i2
i?2 7�Hb2 2HBKBM�iBQM `�i2VR3c i?Bb Bb � +`BiB[m2 #�b2/ QM i?2 bim/vǶb +QMbi`m+i p�HB/Biv U�M/ �b
� `2bmHi- Bib 2ti2`M�H p�HB/Biv VX

�M �//BiBQM�H +QM+2Ti +QMi�BM2/ rBi?BM 2ti2`M�H p�HB/Biv Bb 2+QHQ;B+�H p�HB/BivRN, i?2 2t@
i2Mi iQ r?B+? i?2 bim/vǶb T`Q+2/m`2b- K2�bm`2K2Mib- �M/ Qi?2` /2bB;M p�`B�#H2b `2H�i2 iQ i?2

R8*QMbi`m+i p�HB/Biv- qBFBT2/B� UkykRV- ?iiTb,ff2MXrBFBT2/B�XQ`;frfBM/2tXT?T\iBiH24*QMbi`m+inp�HB/Biv�QH/
B/4RyeyNRR8y8 UH�bi pBbBi2/ CmM ky- kykkVX

Re6Q` BMbi�M+2- Bi Bb TQbbB#H2 i?�i /m`BM; i?2 ;2`KBM�iBQM �M/ BMBiB�H bT`QmiBM; T2`BQ/- TH�Mi ?2B;?i Bb � ;QQ/
K2�bm`2 Q7 ?2�Hi?- #mi i?�i �7i2` i?2 BMBiB�H TH�Mi Bb 2bi�#HBb?2/- r2 KB;?i M22/ iQ +QMbB/2` 2X;X TH�Mi +QHQ`-
MmK#2` Q7 H2�p2b- `QQi /2Ti?- �M/ bQ QM �b r2HHX A7 i?Bb Bb i?2 +�b2- Bi Bb BKTQ`i�Mi i?�i �Mv bi�i2K2Mib �#Qmi
i?2 #`Q�/2` +QMbi`m+i �`2 +�`27mH iQ B/2MiB7v i?2 iBK2 T2`BQ/ 7Q` r?B+? i?Qb2 Q#b2`p�iBQMb KB;?i #2 p�HB/X

Rd� +HQb2/@b2i bim/v Bb QM2 BM r?B+? 2p2`v mMFMQrM iQ #2 2t�KBM2/ +Q``2bTQM/b iQ � T`QpB/2/ FMQrM b�KTH2X
AM +HQb2/@b2i bim/B2b- 2t�KBM2`b +�M `2Hv QM i?2 +HQb2bi K�i+?BM; FMQrM b�KTH2 iQ K�F2 �M B/2MiB}+�iBQM-
2p2M B7 BM � +�b2rQ`F bBim�iBQM rBi? i?2 b�K2 mMFMQrM �M/ FMQrM b�KTH2- i?2 2t�KBM2` rQmH/ `2im`M �
/Bz2`2Mi `2bmHiX

R3>2BF2 >Q7K�MM- amb�M o�M/2`TH�b � �HB+B� *�``B[mB`v- h`2�iK2Mi Q7 BM+QM+HmbBp2b BM i?2 �6h1 `�M;2 Q7
+QM+HmbBQMb- RN G�r- S`Q#�#BHBiv �M/ _BbF jRdĜje9 UkykRV- ?iiTb,ff/QBXQ`;fRyXRyNjfHT`fK;�#yykX

RN1+QHQ;B+�H p�HB/Biv- qBFBT2/B� UkykkV- ?iiTb,ff2MXrBFBT2/B�XQ`;frfBM/2tXT?T\iBiH241+QHQ;B+�Hnp�HB/Biv�QH/
B/4Ryd3e39N3k UH�bi pBbBi2/ CmM ky- kykkVX

d



`2�H@rQ`H/ +QMi2tiX h?�i Bb- /Q2b � bim/v T2`7Q`K2/ BM � H�#Q`�iQ`v b2iiBM; ;2M2`�HBx2 iQ i?2
QmibB/2 rQ`H/\ 6Q` }`2�`Kb �M/ iQQHK�`F 2``Q` `�i2 bim/B2b- 2tT2`BK2Mi2`b Kmbi 2bi�#HBb?
i?�i i?2 bim/v T`Q+2/m`2b �`2 � ;QQ/ `2T`2b2Mi�iBQM Q7 i?2 T`Q+2bb Q7 }`2�`Kb �M/ iQQHK�`F
2t�KBM�iBQM BM +�b2rQ`F @ B7- �b BM bQK2 ?BbiQ`B+�H bim/B2b- T�`iB+BT�Mib 2p�Hm�i2/ � HQr@[m�HBiv
T?QiQ;`�T? Q7 � #mHH2i i?`Qm;? � KB+`Qb+QT2 7Q` i?2 bim/v- #mi M22/ iQ 2p�Hm�i2 �+im�H }`2/
�KKmMBiBQM BM +�b2rQ`F- i?2 bim/v KB;?i TQi2MiB�HHv H�+F +QMbi`m+i p�HB/BivX JQ+F@Dm`v bim/@
B2b Q7i2M T`QpB/2 BM/BpB/m�H T�`iB+BT�Mib rBi? r`Bii2M i`�Mb+`BTib- #mi i?Bb T`Q#�#Hv /Q2b MQi
�/2[m�i2Hv KBKB+ i?2 2tT2`B2M+2 Q7 bBiiBM; QM � Dm`v- HBbi2MBM; iQ i2biBKQMv- Q#b2`pBM; i?2 /B7@
72`2Mi T�`iB+BT�Mib BM i?2 i`B�H- �M/ i?2M /2HB#2`�iBM; BM � `QQK rBi? Qi?2` BM/BpB/m�Hb iQ `2�+?
+QMb2MbmbX 1tT2`BK2Mi2`b T2`7Q`KBM; bm+? bim/B2b K�v r�Mi iQ 7QHHQr mT i?2 r`Bii2M i`�M@
b+`BTi bim/v rBi? � bim/v BMpQHpBM; pB/2Qb Q7 � KQ+F i`B�H UiQ �bb2bb i?2 2z2+i Q7 bBiiBM; i?`Qm;?
i?2 i`B�HV �M/ i?2M T2`7Q`K �M �//BiBQM�H ;`QmT bim/v r?2`2 T�`iB+BT�Mib Kmbi /2HB#2`�i2 �b
B7 QM � Dm`v BM Q`/2` iQ /2KQMbi`�i2 i?�i `2bmHib ?�p2 ;QQ/ 2+QHQ;B+�H p�HB/BivX

�MQi?2` ivT2 Q7 p�HB/Biv Bb bi�iBbiB+�H p�HB/Biv, i?2 2ti2Mi iQ r?B+? i?2 bi�iBbiB+�H +�H+mH�iBQMb
�M/ i2bib r?B+? bmKK�`Bx2 i?2 2tT2`BK2MiǶb `2bmHib �`2 #2HB2p�#H2X ai�iBbiB+�H p�HB/Biv `2[mB`2b
i?�i b�KTHBM; T`Q+2/m`2b- K2�bm`2K2Mi T`Q+2/m`2b- �M/ i?2 bi�iBbiB+�H +�H+mH�iBQMb �`2 �HH
�TT`QT`B�i2 7Q` i?2 2tT2`BK2Mi�H /2bB;M �M/ 7Q` i?2 p�`B�#H2b mM/2` BMp2biB;�iBQMX h?Bb ivT2
Q7 p�HB/Biv �z2+ib #Qi? BMi2`M�H �M/ 2ti2`M�H p�HB/Biv- #2+�mb2 i?2 `2H�iBQMb?BT #2ir22M i?2
BM/2T2M/2Mi �M/ /2T2M/2Mi p�`B�#H2b Bb /2i2`KBM2/ i?`Qm;? bi�iBbiB+�H +�H+mH�iBQMb UBMi2`M�H
p�HB/BivV #mi i?2 �#BHBiv iQ K�F2 bi�i2K2Mib �#Qmi i?2 TQTmH�iBQM U2ti2`M�H p�HB/BivV Bb �HbQ �
`2bmHi Q7 bi�iBbiB+�H +�H+mH�iBQMb �M/ bi�iBbiB+�H BM72`2M+2X

Ai Bb rQ`i? MQiBM; i?�i �HKQbi �Mv 2tT2`BK2Mi +QM/m+i2/ rBHH MQi ?�p2 T2`72+i BMi2`M�H- 2ti2`M�H-
bi�iBbiB+�H- +QMbi`m+i- �M/ 2+QHQ;B+�H p�HB/BivX >Qr2p2`- Bi Bb BKTQ`i�Mi r?2M �bb2bbBM; �M
2tT2`BK2Mi iQ /2i2`KBM2 r?2i?2` i?2`2 �`2 i?`2�ib iQ i?2 /Bz2`2Mi ivT2b Q7 p�HB/Biv- �M/- B7
KmHiBTH2 2tT2`BK2Mib ?�p2 #22M +QM/m+i2/ QM i?2 b�K2 #�bB+ iQTB+- r?2i?2` i?2 iQi�H b2i Q7
2tT2`BK2Mib +QHH2+iBp2Hv /2KQMbi`�i2b 2�+? ivT2 Q7 p�HB/BivX h?Bb Bb r?�i Bb `2[mB`2/ iQ T`Q/m+2
+QMp2`;2Mi p�HB/Biv- �M B/2� K2MiBQM2/ #v ""* UT;X kRVX �b r2 /2KQMbi`�i2/ BM Qm` BMBiB�H
bi�i2K2Mi- �M/ rBHH /2KQMbi`�i2 �;�BM BM i?Bb `2bTQMb2- #2+�mb2 i?2 p�HB/�iBQM bim/B2b r?B+?
+m``2MiHv 2tBbi ?�p2 +QMbBbi2Mi ~�rb- Bi Bb MQi TQbbB#H2 iQ i�F2 i?2 iQi�H b2i Q7 p�HB/�iBQM bim/B2b
�M/ �`;m2 i?�i i?2v ?�p2 +QMp2`;2Mi p�HB/BivX

8 S�`iB+BT�Mi �M/ J�i2`B�H a�KTHBM;, h?`2�ib iQ 1ti2`M�H o�HB/Biv

PM2 Q7 i?2 T`BK�`v +QM+2`Mb rBi? 2``Q` `�i2b T`QpB/2/ #v ǳr2HH@/2bB;M2/Ǵ bim/B2b
Bb i?�i 2p2M r2HH /2bB;M2/- r2HH@2t2+mi2/ bim/B2b +�MMQi +QKT2Mb�i2 7Q` b�KTHBM;
#B�b BM i?2 T�`iB+BT�Mi TQQHX h?�i Bb- MQ K�ii2` ?Qr r2HH i?2 2tT2`BK2Mi Bb H�B/
Qmi- B7 i?2 T�`iB+BT�Mib �`2 MQi � `2T`2b2Mi�iBp2 b�KTH2 7`QK i?2 TQTmH�iBQM UBM
i?Bb +�b2- �HH [m�HB}2/ }`2�`Kb 2t�KBM2`b BM i?2 lMBi2/ ai�i2bV- i?2 `2bmHib Q7 i?2
bim/v /Q MQi ;2M2`�HBx2 iQ i?�i TQTmH�iBQMX Uo�M/2`TH�b 2i �HX- kykkV

3



AM Qm` BMBiB�H bi�i2K2Mi- r2 B/2MiB}2/ b�KTHBM; #B�b �b � i?`2�i iQ 2ti2`M�H p�HB/Biv i?�i r2
+QmH/ MQi #QmM/ MmK2`B+�HHv i?`Qm;? bi�iBbiB+�H K2�bm`2bX h?�i Bb- r2 /Q MQi ?�p2 2MQm;? BM@
7Q`K�iBQM iQ �bb2bb r?2i?2` bim/B2b +QM/m+i2/ iQ /�i2 ?�p2 � `2T`2b2Mi�iBp2 b�KTH2 Q7 }`2�`Kb
�M/ iQQHK�`F 2t�KBM2`bX q?BH2 i?2 6"A �M/ ""* #Qi? `2K�`F2/ mTQM Qm` ǳT2bbBKBbiB+Ǵ pB2r
Q7 2X;X i`2�iK2Mi Q7 T�`iB+BT�Mi /`QTQmi `�i2b- +H�BKBM; Bi r�b BM+`2/B#Hv mMHBF2Hv 2p2`v MQM@
`2bTQMb2 rQmH/ #2 �M 2``Q`X q2 bi�i2/ �b Km+? BM Qm` BMBiB�H bi�i2K2MiX Pm` +�H+mH�iBQMb
b2`p2/ i?2 BMi2M/2/ Tm`TQb2 Q7 T`QpB/BM; �M mTT2` #QmM/ 7Q` i?2 TQbbB#H2 2``Q` `�i2X *m`@
`2MiHv- i?2 +�H+mH�iBQM Q7 2``Q` `�i2b �`2 �bbmKBM; i?�i MQ �//BiBQM�H 2``Q`b rQmH/ ?�p2 #22M
K�/2 @r?B+? Bb �HbQ mMHBF2Hv ;Bp2M i?2 MmK#2` Q7 KBbbBM; `2bTQMb2bX h?Bb 2z2+iBp2Hv +�H+m@
H�i2b � HQr2` #QmM/ 7Q` i?2 2``Q` `�i2X >Qr2p2`- mMHBF2 mb- i?2 `2b2�`+?2`b TmiiBM; 7Q`i? i?2b2
2biBK�i2b /Q MQi 2tTHB+BiHv bi�i2 i?2B` �bbmKTiBQMb Q` i?�i i?2v ?�p2 +�H+mH�i2/ � #QmM/X �b
� `2bmHi- +�bm�H Q#b2`p2`b U�M/ i?2 +Qm`iV �`2 H27i iQ �bbmK2 i?�i i?2 2``Q` `�i2 Bb i?2 HQr2`
#QmM/- r?B+? Bb KBbH2�/BM;X

AM i?2 +�b2 Q7 T�`iB+BT�Mi b�KTHBM;- ?Qr2p2`- r2 +�MMQi +`2�i2 mTT2` �M/ HQr2` #QmM/b 7Q`
TQbbB#H2 2``Q` `�i2bX h?Bb /Q2b MQi K2�M i?�i T�`iB+BT�Mi b�KTHBM; +QM+2`Mb �`2 MQi BKTQ`i�Mi
iQ +QMbB/2`- ?Qr2p2`, #B�b2/ b�KTHBM; T`Q+2/m`2b �`2 � +QMbBbi2Mi bQm`+2 Q7 TQi2MiB�H #B�b i?�i
�z2+ib 2p2`v M�iBQM�H p�HB/�iBQM bim/v +QM/m+i2/ BM i?2 la iQ /�i2X

8XR oQHmMi�`v S�`iB+BT�iBQM �M/ o�HB/Biv *QM+2`Mb

q2 bT2+B}+�HHv B/2MiB}2/ i?�i #2+�mb2 bim/B2b mb2 pQHmMi�`v T�`iB+BT�Mib- i?2 bim/v T�`iB+B@
T�Mib �`2 HBF2Hv iQ /Bz2` 7`QK i?2 rB/2` TQTmH�iBQM Q7 }`2�`Kb �M/ iQQHK�`F 2t�KBM2`b BM
BKTQ`i�Mi r�vb- #mi BM r�vb i?�i r2 +�MMQi bi�iBbiB+�HHv [m�MiB7vX

h?2 6"A +Q``2+iHv B/2MiB}2/ i?�i i?2`2 Bb MQ r�v iQ +QKT2H T�`iB+BT�iBQM 7`QK T�`iB+BT�Mib BM
`2b2�`+? bim/B2b +QM/m+i2/ �++Q`/BM; iQ +m``2Mi 72/2`�H ;mB/2HBM2bX

aBM+2 RN98- K�Mv Q`;�MBx�iBQMb ?�p2 �/QTi2/ +Q/2b bi�iBM; i?�i pQHmMi�`v �M/ BM@
7Q`K2/ +QMb2Mi Q7 ?mK�M bm#D2+ib BM `2b2�`+? Bb 2bb2MiB�HX h?2 BKTQ`i�M+2 Q7 i?Bb
+QM+2Ti ?�b #22M +Q/B}2/ BM i?2 *Q/2 Q7 62/2`�H _2;mH�iBQMb- r?B+? bT2+B}+�HHv
`2[mB`2b i?�i `2b2�`+?2`b Q#i�BM BM7Q`K2/ +QMb2Mi r?2M mbBM; ?mK�M bm#D2+ib U98
*X6X_X Ȝ 9eXRyR@RkkVX h?2b2 `mH2b �`2 #BM/BM; QM �HH 72/2`�H �;2M+B2b �M/ +QMi`�+@
iQ`bX U6"A 8V

q?BH2 r2 +�MMQi bT2�F iQ r?2i?2` i?Bb ivT2 Q7 T�`iB+BT�iBQM K22ib i?2 `2[mB`2K2Mib b2i Qmi
BM 98 *6_ 9eXRyj- r2 MQi2 bQK2 2``Q` `�i2 bim/B2b K2MiBQM i?�i T�`iB+BT�Mib r2`2 +QKT2HH2/
iQ T�`iB+BT�i2 #v i?2B` 2KTHQv2`kyX >Qr2p2`- r2 �;`22 i?�i i?2`2 �`2 `2�bQMb r?v `2b2�`+?

kyǳAM Q`/2` iQ ;2i � #`Q�/ +`Qbb@b2+iBQM Q7 i?2 H�i2Mi T`BMi 2t�KBM2` +QKKmMBiv- T�`iB+BT�iBQM r�b QT2M iQ
T`�+iB+BM; H�i2Mi T`BMi 2t�KBM2`b 7`QK �+`Qbb i?2 }M;2`T`BMi +QKKmMBivX � iQi�H Q7 ReN H�i2Mi T`BMi 2t�KBM2`b
T�`iB+BT�i2/c KQbi r2`2 b2H7@b2H2+i2/ pQHmMi22`b- r?BH2 i?2 Qi?2`b r2`2 2M+Qm`�;2/ Q` `2[mB`2/ iQ T�`iB+BT�i2
#v i?2B` 2KTHQv2`bXǴ U"`�/7Q`/ hX lH2`v 2i �HX- �++m`�+v �M/ `2HB�#BHBiv Q7 7Q`2MbB+ H�i2Mi }M;2`T`BMi /2+BbBQMb-
Ry3 S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b ddjjĜddj3 UkyRRV- ?iiTb,ffrrrXTM�bXQ`;f/
QBf7mHHfRyXRydjfTM�bXRyR3dydRy3 UH�bi pBbBi2/ CmM ky- kykkVV
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bim/B2b ?�p2 iQ K�F2 /Q rBi? pQHmMi�`v T�`iB+BT�iBQMX

qBi? � b2H7@b2H2+i2/ b�KTH2- Bi #2+QK2b 2p2M KQ`2 +`BiB+�H iQ i�F2 bi2Tb iQ 2Mbm`2 i?2 T�`@
iB+BT�Mib �`2 `2T`2b2Mi�iBp2 Q7 i?2 TQTmH�iBQM Q7 BMi2`2biX AMi2`2biBM;Hv- 62/2`�H "m`2�m Q7
AMp2biB;�iBQMkR K2MiBQMb i?�i +HBMB+�H i`B�Hb �`2 +QM/m+i2/ QM pQHmMi22`bX h?Bb +QKT�`BbQM Bb
MQi T2`72+ikk- #mi i?2 6"AǶb `2HB�M+2 QM +HBMB+�H i`B�Hb Bb +`m+B�H #2+�mb2 i?2 b�KTHBM; /2bB;M BM
p�HB/�iBQM bim/B2b Bb bQ 2;`2;BQmb `2H�iBp2 iQ K2/B+BM2 U�M/ Qi?2` }2H/bVX h?2 L�iBQM�H AMbiBimi2
7Q` >2�Hi? ULA>V Bb Qm` +QmMi`vǶb K2/B+�H `2b2�`+? �;2M+vX h?2 LA> ?�b p2`v bi`B+i 7mM/BM; `2@
[mB`2K2Mib, `2b2�`+?2`b �`2 `2[mB`2/ iQ 2bi�#HBb? i?�i i?2B` b�KTH2 rBHH #2 `2T`2b2Mi�iBp2 Q7 i?2
TQTmH�iBQM- BM+HmbBp2 Q7 KBMQ`Biv ;`QmTb- �M/ Qi?2`rBb2 rBHH K22i i?2 p2`v ?B;? #�` b2i 7Q` 2t@
T2`BK2Mi�H /2bB;M �M/ +QKTQbBiBQMkjX q?2M rQ`FBM; rBi? pQHmMi22` T�`iB+BT�Mib- `2b2�`+?2`b
mb2 bi`�i2;B2b HBF2 +�b2 K�i+?BM;- r?2`2 irQ BM/BpB/m�Hb �`2 K�i+?2/ QM 2p2`v /BK2MbBQM i?�i
Bb 72�bB#H2 rBi?BM i?2 iQi�H b2i Q7 pQHmMi22`b �M/ i?2M i?2b2 irQ BM/BpB/m�HbǶ T2`7Q`K�M+2 QM
i?2 /`m; pbX TH�+2#Q Bb +QKT�`2/X AM Qi?2` bim/B2b- i?2 7mHH b2i Q7 pQHmMi22`b Bb MQi BM+Hm/2/ BM
i?2 bim/vc BMbi2�/- � /2KQ;`�T?B+�HHv `2T`2b2Mi�iBp2 b�KTH2 Q7 i?2 rB/2` TQTmH�iBQM Bb +?Qb2M
7`QK �KQM; i?2 pQHmMi22`b UrBi?BM T`�+iB+�#H2 +QMbi`�BMibVX ai�i2/ KQ`2 #`Q�/Hv- K2/B+�H
`2b2�`+?2`b i�F2 +�`2 iQ 2Mbm`2 i?�i i?2 bim/v /2bB;M T`QpB/2b 7Q` #Qi? 2ti2`M�H �M/ BMi2`M�H
p�HB/Biv- rQ`FBM; rBi?BM i?2 +QMbi`�BMib Q7 � TQTmH�iBQM Q7 pQHmMi22`bX h?Bb �//BiBQM�H +�`2 iQ
2Mbm`2 #Qi? BMi2`M�H �M/ 2ti2`M�H p�HB/Biv Bb KBbbBM; BM 6h1 p�HB/�iBQM bim/B2b- r?B+? Bb r?v
r2 `�Bb2/ i?2 Bbbm2 Q7 `2T`2b2Mi�iBp2 b�KTH2b BM i?2 }`bi TH�+2X

lMHBF2 K2/B+�H i`B�Hb- p�HB/�iBQM i`B�Hb /Q MQi ivTB+�HHv i�F2 bi2Tb iQ 2Mbm`2 i?2 TQTmH�iBQM Bb
`2T`2b2Mi�iBp2X aQK2 bim/B2b K�F2 �M 2zQ`i iQ �i H2�bi MQi 2t+Hm/2 T�`iB+BT�Mib- bm+? �b i?2
lH2`v 2i �HXk9 bim/v, ǳAM Q`/2` iQ ;2i � #`Q�/ +`Qbb@b2+iBQM Q7 i?2 H�i2Mi T`BMi 2t�KBM2` +QK@
KmMBiv- T�`iB+BT�iBQM r�b QT2M iQ T`�+iB+BM; H�i2Mi T`BMi 2t�KBM2`b 7`QK �+`Qbb i?2 }M;2`T`BMi
+QKKmMBivXǴ

>Qr2p2`- K�Mv �`#Bi`�`BHv �/QTi BM+HmbBQM +`Bi2`B� `2[mB`BM; i?�i T�`iB+BT�Mib #2 �+iBp2 2t�K@
BM2`b 2KTHQv2/ #v � +`BK2 H�#- +m``2MiHv +QM/m+iBM; }`2�`Kb 2t�KBM�iBQMb- K2K#2`b Q7 �6h1-
2i+X 6Q` 2t�KTH2- i?2 6"Af�K2b bim/v +Bi2/ #v i?2 6"Ak8 ?�b � MmK#2` Q7 BM+HmbBQM +`Bi2`B�X
Ai Bb MQi +H2�` ?Qr i?2 BM+HmbBQM +`Bi2`B� r2`2 �TTHB2/ #2+�mb2 i?2 i2+?MB+�H `2TQ`ike Q7 i?2
bim/vǶb BM+HmbBQM +`Bi2`B� /Bb�;`22b rBi? � T22`@`2pB2r2/ T�T2`Ƕbkd /2b+`BTiBQM Q7 i?2 BM+HmbBQM
`2[mB`2K2Mib rBi? i?2 mb2 Q7 ǳ�M/Ǵ �M/ ǳQ`Ǵ 7Q` i?2 HBbi2/ +QM/BiBQMbX

kRamT`� MQi2 RX
kk1t�KBM2`b +QMi`QH i?2B` `2bTQMb2 iQ i?2 #H�+F@#Qt bim/B2b- r?2`2 KQbi T2QTH2 /Q MQi ?�p2 +QMb+BQmb +QMi`QH

Qp2` #BQHQ;B+�H `2bTQMb2b iQ 2X;X /`m;b Q` p�++BM2b- �M/ r2 TQBMi2/ Qmi i?Bb /BbiBM+iBQM BM Qm` Q`B;BM�H `2bTQMb2
kjL�iBQM�H AMbiBimi2b Q7 >2�Hi?- AM+HmbBQM Q7 qQK2M �M/ JBMQ`BiB2b �b S�`iB+BT�Mib BM _2b2�`+? AMpQHpBM;

>mK�M am#D2+ib % ;`�MibXMB?X;Qp- LA> :`�Mib � 6mM/BM; UkykkV- ?iiTb,ff;`�MibXMB?X;QpfTQHB+vfBM+HmbBQ
MfrQK2M@�M/@KBMQ`BiB2bX?iK UH�bi pBbBi2/ CmM R3- kykkVX

k9amT`� MQi2 k3X
k8b22 62/2`�H "m`2�m Q7 AMp2biB;�iBQM- bmT`� MQi2 R T�;2 9
keai�MH2v "�DB+ 2i �HX- o�HB/�iBQM aim/v Q7 i?2 �++m`�+v- _2T2�i�#BHBiv- �M/ _2T`Q/m+B#BHBiv Q7 6B`2�`K *QKT�`@

BbQMb- Rkd UkykyVX
kdJQMbQM- aKBi?- �M/ "�DB+- bmT`� MQi2 RdX

Ry



Ç ǳPMHv `2bTQM/2Mib r?Q `2im`M2/ � bB;M2/ +QMb2Mi 7Q`K �M/ r2`2 +m``2MiHv +QM/m+iBM;
}`2�`K 2t�KBM�iBQMb �M/ r2`2 K2K#2`b Q7 �6h1- Q` 2Hb2 r2`2 2KTHQv2/ BM i?2 }`2�`Kb
b2+iBQM Q7 �M �++`2/Bi2/ +`BK2 H�#Q`�iQ`v rBi?BM i?2 lXaX Q` � lXaX i2``BiQ`v r2`2 �++2Ti2/
BMiQ i?2 bim/vXǴk3

Ç ǳS�`iB+BT�iBQM r�b HBKBi2/ iQ 7mHHv [m�HB}2/ 2t�KBM2`b r?Q r2`2 +m``2MiHv +QM/m+iBM;
}`2�`K 2t�KBM�iBQMb- r2`2 K2K#2`b Q7 �6h1- �M/ r2`2 2KTHQv2/ BM i?2 }`2�`Kb b2+iBQM
Q7 �M �++`2/Bi2/ Tm#HB+ +`BK2 H�#Q`�iQ`v rBi?BM i?2 lXaX Q` � lXaX i2``BiQ`vXǴkN

h?2`2 Bb M2p2` �Mv DmbiB}+�iBQM ;Bp2M 7Q` i?2 BM+HmbBQM +`Bi2`B�- �M/ i?2`2 Bb bQK2 2pB/2M+2
i?2b2 BM+HmbBQM +`Bi2`B� �`2 MQi `2T`2b2Mi�iBp2 Q7 T`�+iB+BM; 6fh 2t�KBM2`bX 6Q` 2t�KTH2- r2
+QHH2+i2/ ey mMB[m2 2tT2`i rBiM2bb +m``B+mHmK pBi�2 7Q` 6fh 2t�KBM2`b 7`QK q2biH�r 1/;2X
A7 r2 mb2 bQK2 Q7 i?2 +`Bi2`B� HBbi2/ 7Q` i?2 6"Af�K2b bim/v BM JQMbQM- aKBi?- �M/ "�DB+jy

QMHv ejW r2`2 +m``2Mi �6h1 K2K#2`b- e8W r2`2 2KTHQv2/ #v � Tm#HB+ �;2M+v- �M/ QMHv j3W
r2`2 #Qi? +m``2Mi �6h1 K2K#2`b �M/ 2KTHQv2/ #v � Tm#HB+ �;2M+vX AM Qi?2` rQ`/b- ekW Q7
i?2b2 2t�KBM2`b rQmH/ ?�p2 #22M 2t+Hm/2/ 7`QK i?2 6"Af�K2b bim/v mbBM; H2bb i?�M ?�H7 Q7
i?2 BM+HmbBQM +`Bi2`B� /2}M2/ BM i?�i bim/vX JQ`2 T`Q#H2K�iB+�HHv- i?2`2 Bb �HbQ 2pB/2M+2 i?�i
bQK2 BM+HmbBQM +`Bi2`B� i?�i ?�p2 #22M mb2/ ?�p2 #22M �bbQ+B�i2/ rBi? `2/m+2/ 2``Q` `�i2b BM
Qi?2` /Bb+BTHBM2bX 6Q` 2t�KTH2- >2B/B 1H/`B/;2- J�`+Q .2 .QMMQ � *?`BbiQT?2 *?�KTQ/jR

`2TQ`ib i?�i T�HK�` T`BMi 2t�KBM2`b 2KTHQv2/ QmibB/2 Q7 i?2 lXaX /BbT`QTQ`iBQM�i2Hv �++QmMi
7Q` 7�Hb2 TQbBiBp2bX h?2 6"Af�K2b bim/v 2tTHB+BiHv 2t+Hm/2b 6fh 2t�KBM2`b 2KTHQv2/ QmibB/2
Q7 i?2 lXaX

h?2b2 bQm`+2b Q7 #B�b /Bb+mbb2/ BM i?Bb b2+iBQM �`2 bm#iH2- �M/ `2[mB`2 � +HQb2 `2�/BM; Q7 i?2
bim/vǶb K2i?Q/b b2+iBQMX q?BH2 K�Mv b+B2MiB}+ DQm`M�Hb `2Hv QM T22` `2pB2r iQ B/2MiB7v �M/
+Q``2+i i?2b2 Bbbm2b- i?2 `2pB2r r?B+? i�F2b TH�+2 BM i`�/2 DQm`M�Hb bm+? �b i?2 �6h1 DQm`M�H
/Q MQi M2+2bb�`BHv +�i+? �M/ +Q``2+i Bbbm2b rBi? i?2 /2b+`BTiBQM �M/ T`2b2Mi�iBQM Q7 bim/v
`2bmHibX >Qr2p2`- �HH DQm`M�Hb `2Hv QM i?2 bim/vǶb �mi?Q`b iQ /2b+`B#2 i?2 bim/v `2+`mBiK2Mi
�M/ b2H2+iBQM K2i?Q/b +H2�`Hv �M/ BM /2i�BHX h?Bb /Q2b MQi ivTB+�HHv ?�TT2M BM p�HB/�iBQM
bim/B2bX

ai�iBbiB+�HHv- r?�i Bb `2[mB`2/ 7Q` 2ti2`M�H p�HB/Biv Bb iQ �`;m2 i?�i i?2 b�KTH2 Bb `2T`2b2M@
i�iBp2 Q7 i?2 TQTmH�iBQM +?�`�+i2`BbiB+bjkX h?Bb #m`/2M 7�HHb QM i?2 2tT2`BK2Mi2`bc Bi Bb mT iQ
i?2K iQ K�F2 i?2 �{`K�iBp2 �`;mK2Mi i?�i i?2 b�KTH2 Bb `2T`2b2Mi�iBp2 Q7 i?2 TQTmH�iBQMX
q2 ?�p2 bm;;2bi2/ i?�i TQHHBM; �6h1 K2K#2`b KB;?i `2�+? � b2i Q7 T�`iB+BT�Mib r?Q �`2 KQ`2

k3"�DB+ 2i �HX- bmT`� MQi2 j9X
kNJQMbQM- aKBi?- �M/ "�DB+- bmT`� MQi2 RdX
jyA/X
jRh2biBM; i?2 �++m`�+v �M/ `2HB�#BHBiv Q7 T�HK�` 7`B+iBQM `B/;2 +QKT�`BbQMbĜ� #H�+F #Qt bim/v- jR3 6Q`2MbB+

a+B2M+2 AMi2`M�iBQM�H RRy98d UkykRVX
jk*QMi`�`v iQ i?2 b2H2+i2/ [mQi2 BM ""* T;X RN- r2 bi�i2 i?Bb 2tTHB+BiHv BM Qm` Q`B;BM�H bi�i2K2MiX h?2

bm;;2biBQM i?�i � 7mHH +2Mbmb Q7 i?2 TQTmH�iBQM Q7 2t�KBM2`b Bb M2+2bb�`v Bb #2+�mb2 bm+? � +2Mbmb rQmH/
K�F2 Bi 2�bB2` 7Q` `2b2�`+?2`b iQ K�F2 i?2 `2T`2b2Mi�iBp2 �`;mK2Mi �#Qmi �M BM/BpB/m�H bim/vX h?2 +2Mbmb
rQmH/ M22/ iQ +QMbBbi Q7 /2KQ;`�T?B+ +?�`�+i2`BbiB+b, i`�BMBM;- 2tT2`B2M+2- ;2M/2`- 2/m+�iBQMc i`�+FBM; i?Bb
b�K2 /2KQ;`�T?B+ BM7Q`K�iBQM BM i?2 p�HB/�iBQM bim/B2b rQmH/ �HHQr `2b2�`+?2`b iQ +QKT�`2 i?2 irQ b2ib Q7
p�Hm2b �M/ K�F2 i?2 �`;mK2Mi i?�i i?2 b�KTH2 Bb `2T`2b2Mi�iBp2 Q7 i?2 rB/2` TQTmH�iBQMX

RR



BMp2bi2/ BM i?2 /Bb+BTHBM2 �M/ i?�i BM/BpB/m�Hb r?Q ?�p2 i?2 iBK2 �M/fQ` HQr2` +�b2HQ�/b iQ
T�`iB+BT�i2 BM bim/B2b KB;?i MQi #2 `2T`2b2Mi�iBp2 Q7 i?2 rB/2` TQTmH�iBQM Q7 }`2�`Kb 2t�KBM@
2`b BM T�`i #2+�mb2 i?2b2 �`2 i?BM;b i?�i r2`2 MQi �//`2bb2/ #v bim/v �mi?Q`b r?2M /2b+`B#BM;
i?2 T�`iB+BT�Mi b2H2+iBQM BM i?2 bim/vX AM Q`/2` iQ K�F2 i?Bb �`;mK2Mi- bim/v �mi?Q`b M22/
iQ i`�+F T�`iB+BT�iBQM- +QKTmi2 /2KQ;`�T?B+ bmKK�`B2b Q7 i?2 b�KTH2 r?B+? K�v #2 `2H2p�Mi
U;2Q;`�T?v- �;2- i`�BMBM; H2p2H- +�b2 HQ�/- T`Q72bbBQM�H K2K#2`b?BTbV- �M/ +QKT�`2 i?2b2 iQ
i?2 rB/2` TQTmH�iBQMX hQ bmTTQ`i i?Bb- Bi KB;?i #2 ?2HT7mH B7 �++`2/BiBM; Q`;�MBx�iBQMb K�BM@
i�BM2/ � `2;Bbi2` Q7 T2QTH2 r?Q ?�p2 �++`2/Bi�iBQM BM 2�+? /Bb+BTHBM2 iQ �bbBbi rBi? ?�pBM; bQK2
bi�iBbiB+b Q7 i?2 TQTmH�iBQM iQ +QKT�`2 �;�BMbiX

8XRXR ai�iBbiB+�H G�M;m�;2 �M/ GQ;B+

"Qi? i?2 6"A �M/ ""* `�Bb2/ i?2 Bbbm2 Q7 ?vTQi?2iB+�H H�M;m�;2 r?B+? r�b mb2/ BM Qm` BMBiB�H
�{/�pBi- `2T`Q/m+2/ ?2`2 iQ T`QpB/2 +QMi2tiX

i?2`2 �`2 K�Mv TQi2MiB�H Hm`FBM; +Qp�`B�i2b i?�i rQmH/ K2�MBM;7mHHv �z2+i i?2
2``Q` `�i2b 2biBK�i2/ #v i?2 bim/B2bX 6Q` BMbi�M+2- Bi Bb TQbbB#H2 i?�i 2tT2`B2M+2/
2t�KBM2`b �`2 KQ`2 HBF2Hv iQ pQHmMi22` iQ T�`iB+BT�i2 BM i?2b2 bim/B2b Qmi Q7 � b2Mb2
Q7 /miv iQ i?2 /Bb+BTHBM2, i?2b2 2t�KBM2`b KB;?i ?�p2 HQr2` 2``Q` `�i2b /m2 iQ
i?2B` 2tT2`B2M+2- r?B+? rQmH/ H2�/ iQ �M 2biBK�i2/ 2``Q` `�i2 i?�i Bb HQr2` i?�M
i?2 2``Q` `�i2 Q7 i?2 ;2M2`�H TQTmH�iBQM Q7 �HH }`2�`Kb 2t�KBM2`b UBM+Hm/BM; i?Qb2
r?Q �`2 BM2tT2`B2M+2/VX AM 7�+i- BM bim/B2b r?B+? /Bz2`2MiB�i2 #2ir22M i`�BM22 �M/
[m�HB}2/ 2t�KBM2`b- r2 }M/ � ?B;?2` 2``Q` `�i2 �KQM; i`�BM22b U.m2x 2i �HX kyR3VX
Uo�M/2`TH�b 2i �HX- kykk- T;X 8V

h?2`2 �`2 K�Mv p�`B�#H2b r?B+? KB;?i #2 2tT2+i2/ iQ BM+`2�b2 HBF2HB?QQ/ Q7 pQHmM@
i22`BM; 7Q` � bim/v �M/ �HbQ +?�M;2 i?2 2tT2+i2/ 2``Q` `�i2, 2/m+�iBQM- 2tT2`B2M+2-
+QM}/2M+2- �KQmMi Q7 iBK2 �p�BH�#H2 7Q` bim/v T�`iB+BT�iBQMX Uo�M/2`TH�b 2i �HX-
kykk- T;X 8V

""* bT2+B}+�HHv +�HH2/ Qmi i?2b2 bi�i2K2Mib,

h?Bb +`BiB[m2 Bb � `?2iQ`B+�HHv bm#iH2 7Q`KmH�iBQM #2+�mb2 Bi mb2b � i`m2 bi�i2K2Mi
U?2`2, ?B;?2` 2``Q` `�i2 �KQM; i`�BM22bV iQ +`2�i2 � /Qm#i 7Q` r?B+? MQ /B`2+i 2pB@
/2M+2 Bb T`QpB/2/X h?�i Bb- o�M/2`TH�b 2i �HX UkykkV ;Bp2 MQ 2pB/2M+2 7Q` r?2i?2`
2tT2`B2M+2/ 2t�KBM2`b �`2 �+im�HHv KQ`2 BM+HBM2/ iQ T�`iB+BT�i2 i?�M H2bb 2tT2`B@
2M+2/ 2t�KBM2`bX U""* T;X k8V

�M/ i?2 6"A �HbQ `2bTQM/2/,

h?2 ai�i2K2Mi 7�BHb iQ +Bi2 �Mv 2pB/2M+2 iQ bmTTQ`i i?Bb +H�BKX AM 7�+i- H2bb 2tT2`B@
2M+2/ 2t�KBM2`b r2`2 +QKKQMHv `2T`2b2Mi2/ �b T�`iB+BT�Mib BM MmK2`Qmb bim/B2bX
a2p2`�H bim/B2b HBbi2/ BM h�#H2 R ?�p2 [m2`B2/ i?2 2tT2`B2M+2 H2p2H Q7 T�`iB+BT�Mi
2t�KBM2`b- �M/ i?Qb2 �M�Hvb2b +QM+Hm/2/ i?�i 2tT2`B2M+2 H2p2H /B/ MQi bB;MB}+�MiHv
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�z2+i T2`7Q`K�M+2X A7 b�KTHBM; #B�b ?�/ �z2+i2/ i?2 Qmi+QK2 Q7 QM2 Q` KQ`2 Q7
i?2b2 bim/B2b- QM2 rQmH/ 2tT2+i i?2 `�i2 Q7 `2TQ`i2/ 7�Hb2 TQbBiBp2b iQ p�`v +QMbB/@
2`�#HvX U6"A T;X dV

Ai b?QmH/ #2 MQi2/ i?�i i?2 `?2iQ`B+�H /2pB+2 2KTHQv2/ BM Qm` Q`B;BM�H bi�i2K2Mi Bb +QKKQM
BM bi�iBbiB+bc Bi Bb MQi BMi2M/2/ iQ KBbH2�/- #mi Bi /Q2b K�F2 i?2 BKTHB+Bi �bbmKTiBQM i?�i i?2
`2�/2` Bb 7�KBHB�` rBi? b+B2MiB}+ HQ;B+X h?2 T`2b2M+2 Q7 � +QM7QmM/BM; p�`B�#H2 U� p�`B�#H2
r?Qb2 2z2+i QM i?2 `2bTQMb2 +�MMQi #2 b2T�`�i2/ 7`QK i?2 2tTH�M�iQ`v p�`B�#H2V Bb bm{+B2Mi
iQ `2KQp2 Qm` �#BHBiv iQ K�F2 � +�mb�H bi�i2K2Mi �#Qmi i?2 �bbQ+B�iBQM #2ir22M irQ p�`B�#H2b
U2X;X i?2 2tTH�M�iQ`v p�`B�#H2 +�mb2b i?2 +?�M;2 BM i?2 `2bTQMb2 p�`B�#H2VjjX h?mb- bi�iBbiB+B�Mb
rBHH i2M/ iQ K�F2 bi�i2K2Mib r?B+? `�Bb2 i?2 T`2b2M+2 Q7 � +QM7QmM/BM; UQ` ǳHm`FBM;ǴV p�`B�#H2
UBM i?Bb +�b2- �M 2t�KBM2`Ƕb 2tT2`B2M+2- /miv- 2/m+�iBQM- +QM}/2M+2- �M/ �p�BH�#H2 iBK2V i?�i
KB;?i +Q@p�`v rBi? i?2 /2T2M/2Mi p�`B�#H2 UBM i?Bb +�b2- i?2 HBF2HB?QQ/ i?�i �M 2t�KBM2` b2H7@
b2H2+ib BMiQ � bim/vVX h?2b2 bi�i2K2Mib �`2 �HKQbi �Hr�vb ?vTQi?2iB+�H #2+�mb2 i?2 T`2b2M+2
Q7 bm+? � p�`B�#H2 Bb bm{+B2Mi iQ `�Bb2 /Qm#i �#Qmi i?2 `2bmHibj9X AM i?Bb +�b2- i?2 T`2b2M+2
Q7 bm+? Hm`FBM; p�`B�#H2b rBi?Qmi i?2 �#BHBiv iQ +QKT�`2 i?2 pQHmMi22` b�KTH2Ƕb /2KQ;`�T?B+b
iQ i?2 rB/2` /2KQ;`�T?B+b Q7 i?2 TQTmH�iBQM K�F2b Bi HQ;B+�HHv /B{+mHi iQ �`;m2 i?�i `2bmHib
7`QK � b2H7@b2H2+i2/ b�KTH2 +�M #2 ;2M2`�HBx2/ iQ i?2 TQTmH�iBQMX

AM �//BiBQM- r2 ?�p2 �bF2/ 7Q` i?2 BM7Q`K�iBQM r?B+? rQmH/ �HHQr mb iQ K�F2 i?2b2 ?vTQi?2iB+�H
bi�i2K2Mib KQ`2 +QM+`2i2 #v �TTHvBM; bi�iBbiB+�H i2+?MB[m2b 7Q` +Q``2+iBM; 2biBK�i2b �z2+i2/
#v /`QT@Qmi `�i2bX lM7Q`imM�i2Hv- Qm` `2[m2bib ?�p2 #22M `2#mz2/, Bi Bb +QKKQM 7Q` 7Q`2MbB+
b+B2MiBbib iQ /2+HBM2 Q` B;MQ`2 `2[m2bib iQ b?�`2 bim/v /�i� rBi? Qi?2` `2b2�`+?2`bX h?Bb Bb
+QMi`�`v iQ i?2 rB/2bT`2�/ mM/2`bi�M/BM; Q7 i?2 `2[mB`2K2Mib Q7 2i?B+�H b+B2M+2j8 �b r2HH
�b i?2 MQ`Kb 7Q` `2b2�`+? T`�+iB+2 BM K�Mv Qi?2` /Bb+BTHBM2b U2p2M /Bb+BTHBM2b r?B+? +QHH2+i
?mK�M@bm#D2+ib /�i� bm#D2+i iQ 72/2`�H T`Qi2+iBQMVX �b bi�iBbiB+B�Mb- r2 +QKKQMHv TQbi Qm` U/2@
B/2MiB}2/V /�i� QM bBi2b bm+? �b :Bi>m# Q` 6B;a?�`2 7Q` �`+?Bp�H Tm`TQb2b �b r2HH �b iQ 2M�#H2
Qi?2` `2b2�`+?2`b iQ �++2bb i?2 /�i�- bi�iBbiB+�H +QKTmi�iBQMb- �M/ K�Mmb+`BTi T`2T�`�iBQM
`2+Q`/bjeX

jja2+iBQM 9XR amKK�`v- L�i?�M hBMiH2 2i �HX- AMi`Q/m+iBQM iQ bi�iBbiB+�H BMp2biB;�iBQMb UkyR8VX
j9PM2 2�bv 2t�KTH2 Q7 � Hm`FBM; p�`B�#H2 Bb i?�i i?2 MmK#2` Q7 #�#v #B`i?b �`2 +Q``2H�i2/ rBi? i?2 MmK#2`

Q7 biQ`Fb BM 1m`QT2�M +QmMi`B2bX Ai rQmH/ #2 `2H�iBp2Hv 2�bv iQ 7�Hb2Hv /`�r i?2 +QM+HmbBQM i?�i biQ`Fb �`2
�bbQ+B�i2/ rBi? #�#B2b- #mi i?Bb B;MQ`2b i?2 Hm`FBM; p�`B�#H2 Q7 i?2 ;2Q;`�T?B+ bBx2 U�M/ TQTmH�iBQM bBx2V Q7
i?2 +QmMi`vX *�mb�iBQM +�MMQi #2 BM72``2/ r?2M i?2`2 �`2 Hm`FBM; p�`B�#H2b Q` r?2M i?2 bim/v Bb Q#b2`p�iBQM�H
BM M�im`2X �H2t J�vv�bB- .Q aiQ`Fb .2HBp2` "�#B2b\- S`B+2QMQKB+b UkyR9V- ?iiTb,ffT`B+2QMQKB+bX+QKf/Q@
biQ`Fb@/2HBp2`@#�#B2bf UH�bi pBbBi2/ CmM kj- kykkVX

j8>Qr�`/ "�m+?M2`- _Q#2`i JX :QHm# � S?BH "X 6QMi�M�`Qb�- .�i� a?�`BM;, �M 1i?B+�H �M/ a+B2MiB}+ AKT2`@
�iBp2- jR8 C�J� Rkj3ĜRk9y UkyReV- ?iiTb,ff/QBXQ`;fRyXRyyRfD�K�XkyReXk9ky UH�bi pBbBi2/ CmM kj- kykkVc
*HBzQ`/ aX .mF2 � CQ?M >X SQ`i2`- h?2 1i?B+b Q7 .�i� a?�`BM; �M/ _2mb2 BM "BQHQ;v- ej "BQa+B2M+2
93jĜ93N UkyRjV- ?iiTb,ff/QBXQ`;fRyXR8k8f#BQXkyRjXejXeXRy UH�bi pBbBi2/ CmM kj- kykkVc JB+?�2H qX _Qbb-
J�`iBM uX A;m+?B � a�M;22i� S�MB+F2`- 1i?B+�H �bT2+ib Q7 /�i� b?�`BM; �M/ `2b2�`+? T�`iB+BT�Mi T`Qi2+iBQMb-
dj �K2`B+�M Sbv+?QHQ;Bbi Rj3ĜR98 UkyR3Vc *�`QH h2MQTB` 2i �HX- .�i� a?�`BM; #v a+B2MiBbib, S`�+iB+2b
�M/ S2`+2TiBQMb- e SGPa PL1 2kRRyR UkyRRV- ?iiTb,ffDQm`M�HbXTHQbXQ`;fTHQbQM2f�`iB+H2\B/4RyXRjdRfDQm`M
�HXTQM2XyykRRyR UH�bi pBbBi2/ CmM kj- kykkVX

jePM2 2t�KTH2 Q7 i?Bb Bb i?2 :Bi>m# `2TQbBiQ`v 7Q` Qm` T�T2` QM BM+QM+HmbBp2b BM i?2 �6h1 `�M;2 Q7 +QM+HmbBQMb-
�p�BH�#H2 �i ?iiTb,ff;Bi?m#X+QKf?2BF2fBM+QM+HmbBp2bX �HH Q7 i?2 /�i� �M/ +Q/2 �`2 �p�BH�#H2 7Q` �MvQM2 iQ
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�M �//BiBQM�H TQBMi Q7 +QMi2MiBQM ?2`2 Bb i?�i i?2 6"A bi�i2b i?�i ǳi?Qb2 �M�Hvb2b +QM+Hm/2/
i?�i 2tT2`B2M+2 H2p2H /B/ MQi bB;MB}+�MiHv �z2+i T2`7Q`K�M+2ǴX h?2 6"A Bb Qp2`bi�iBM; i?2B`
+H�BK ?2`2- �b r2HH �b b2H2+iBM; QMHv bim/B2b r?B+? bmTTQ`i i?2B` +QM+HmbBQMX *?�TMB+F 2i
�HX UkykRVjd 7QmM/ i?�i 2``Q` `�i2b 7Q` i`�BM22b r2`2 ?B;?2` i?�M i?Qb2 7Q` [m�HB}2/ 2t�KBM2`bX
"�H/rBM UkyR9Vj3 2tTHB+BiHv /B/ MQi 2t�KBM2 i`�BM22 2t�KBM2`b,

�Hi?Qm;? Bi KB;?i #2 /2bB`�#H2 iQ mM/2`bi�M/ ?Qr MQM@T`�+iB+BM; Q` mMi`�BM2/
T�`iB+BT�Mib KB;?i T2`7Q`K mM/2` i?2 b�K2 +B`+mKbi�M+2b �b i`�BM2/ 2t�KBM2`b-
i?2`2 �`2 BKTQ`i�Mi bi�iBbiB+�H `2�bQMb 7Q` MQi BM+Hm/BM; i`�BM22bX h?2 2tT2+i2/
`�i2b Q7 2``Q` �`2 HQr 2MQm;? i?�i /BpB/BM; Qm` T�`iB+BT�Mi TQQH BMiQ bm#;`QmTb
i?�i �`2 i`�BM2/ �M/ MQi i`�BM2/ rQmH/ �// +Qbi iQ i?2 bim/v rBi?Qmi �//BM;
2MQm;? T�`iB+BT�Mib iQ �HHQr � T`2+Bb2 K2�bm`2K2Mi Q7 2``Q` `�i2b 7Q` i?Bb ;`QmT
Q7 i`�BM22bX Ai r�b /22K2/ KQ`2 BKTQ`i�Mi iQ K2�bm`2 i?2 2``Q` `�i2b 7Q` i`�BM2/
T`�+iB+BM; 2t�KBM2`b �++m`�i2Hv �M/ T`2+Bb2Hv i?�M iQ K2�bm`2 i?2 2z2+i Q7 �MQi?2`
p�`B�#H2 rBi? Km+? H2bb T`2+BbBQM �M/ �++m`�+vX U"�H/rBM kyR9- T;X dV

h?2 QMHv Qi?2` K2MiBQM Q7 2tT2`B2M+2 BM "�H/rBM UkyR9V BMpQHp2b � }M/BM; Q7 � r2�F +Q``2H�iBQM
#2ir22M i?2 MmK#2` Q7 BM+QM+HmbBp2 +�HHb �M/ v2�`b Q7 i`�BMBM;,

h?2`2 �`2 KBH/ BMp2`b2 +Q``2H�iBQMb #2ir22M i?2 MmK#2` Q7 BM+QM+HmbBp2fMQM`2bTQMb2
+�HHb K�/2 rBi? i?2 FMQrM /Bz2`2Mi@bQm`+2 +�b2b- �M/ i?2 `2TQ`i2/ MmK#2` Q7 v2�`b
Q7 i`�BMBM; U+Q``2H�iBQM 4 @yXRjNjV �M/ MmK#2` Q7 v2�`b Q7 2tT2`B2M+2 U+Q``2H�iBQM
4 @yXRyj9Vc i?�i Bb- i?2`2 Bb � r2�F i2M/2M+v 7Q` 2t�KBM2`b rBi? KQ`2 i`�BMBM; Q`
2tT2`B2M+2 iQ K�F2 72r2` BM+QM+HmbBp2 +�HHbX U"�H/rBM kyR9- T;X ReV

h?Bb Bb MQi � +QM+HmbBQM i?�i 2tT2`B2M+2 /Q2b MQi �z2+i 2``Q` `�i2bc r?BH2 i?2 }M/BM;b `2TQ`i2/
?2`2 �`2 MQi 2p�Hm�i2/ 7Q` bi�iBbiB+�H bB;MB}+�M+2- �M/ K�v MQi `Bb2 iQ K22i i?�i #�`- i?2v
/Q 2tTHB+BiHv ?B;?HB;?i i?2 TQbbB#BHBiv i?�i 2tT2`B2M+2 Bb �bbQ+B�i2/ rBi? �M 2t�KBM2`Ƕb `�i2 Q7
`2TQ`iBM; BM+QM+HmbBp2 `2bmHibX AM �//BiBQM- i?2`2 Bb MQ bi�iBbiB+�H i2bi Q7 r?2i?2` 2``Q` `�i2b
�`2 `2H�i2/ iQ 2tT2`B2M+2 �Mvr?2`2 2Hb2 BM i?2 "�H/rBM T�T2`X

6BM�HHv- i?2 6"AǶb }M�H `2bTQMb2 iQ Qm` ?vTQi?2iB+�H- ǳA7 b�KTHBM; #B�b ?�/ �z2+i2/ i?2 Qmi+QK2
Q7 QM2 Q` KQ`2 Q7 i?2b2 bim/B2b- QM2 rQmH/ 2tT2+i i?2 `�i2 Q7 `2TQ`i2/ 7�Hb2 TQbBiBp2b iQ
p�`v +QMbB/2`�#HvXǴ- Bb 7�Hb2- HBF2Hv #2+�mb2 Bi bi2Kb 7`QK � KBbmM/2`bi�M/BM; Q7 i?2 /Bz2`2M+2
#2ir22M `�M/QK 2``Q` �M/ #B�bX a�KTHBM; 2``Q` Bb i?2 2``Q` BM �M 2biBK�i2 /m2 iQ i?2 /Bz2`2M+2
#2ir22M QM2 b�KTH2 �M/ i?2 M2ti @ i?�i Bb- r?Q Bb �M/ Bb MQi BM+Hm/2/ BM i?2 bim/v @ /m2 iQ
`�M/QK b�KTHBM;X _�M/QK b�KTHBM; 2Mbm`2b i?�i Qp2` K�Mv /Bz2`2Mi b�KTH2b- r2 biBHH T`Q/m+2
mM#B�b2/ 2biBK�i2b #2+�mb2 i?2 b�KTHBM; K2i?Q/ Bib2H7 Bb MQi #B�b2/X h?2 T`Q#H2K Bb i?�i
r?2M i?2 b�KTHBM; K2i?Q/ Bib2H7 Bb #B�b2/ U�M/- BM K�Mv +�b2b- #B�b2/ BM i?2 b�K2 bi`m+im`�H

�++2bb- BM �//BiBQM iQ i?2 7mHH b2i Q7 2/Bib iQ i?2 K�Mmb+`BTi /`�7i Qp2` iBK2X
jd*?�/ *?�TMB+F 2i �HX- _2bmHib Q7 i?2 j. oB`im�H *QKT�`BbQM JB+`Qb+QTv 1``Q` _�i2 Uo*J1_V aim/v 7Q`

}`2�`K 7Q`2MbB+b- ee CQm`M�H Q7 6Q`2MbB+ a+B2M+2b 88dĜ8dy UkykRV- ?iiTb,ffQMHBM2HB#`�`vXrBH2vX+QKf/Q
Bf�#bfRyXRRRRfR88e@9ykNXR9eyk UH�bi pBbBi2/ .2+ e- kykRVX

j3.�pB/ SX "�H/rBM 2i �HX- � aim/v Q7 6�Hb2@SQbBiBp2 �M/ 6�Hb2@L2;�iBp2 1``Q` _�i2b BM *�`i`B/;2 *�b2
*QKT�`BbQMb,- UkyR9V- ?iiT,ffrrrX/iB+XKBHf/Q+bf+Bi�iBQMbf�.�eRR3yd UH�bi pBbBi2/ C�M kN- kykyVX
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r�vV- r2 ?�p2 MQ bi�iBbiB+�H ;m�`�Mi22b i?�i i?2 `2bmHiBM; 2biBK�i2b �`2 bBKBH�`Hv mM#B�b2/X AM
7�+i- r2 ?�p2 `2�bQM iQ bmbT2+i i?�i i?2 bi`m+im`�H #B�b2b KB;?i #2 bBKBH�` �+`Qbb /Bz2`2Mi
bim/B2b #2+�mb2 i?2 b�KTHBM; #B�b Bb Q7 i?2 b�K2 ivT2 BM 2�+? bim/v- r?B+? KB;?i r2HH H2�/ iQ
� #B�b BM QM2 /B`2+iBQM 7Q` i?2 +QHH2+iBp2 b2i Q7 bim/B2bX

8XRXk �bb2bbK2Mi Q7 aB;MB}+�M+2

q?BH2 T�`iB+BT�Mi b2H2+iBQM �M/ BM+HmbBQM #B�b Bb QM2 Q7 i?2 #B;;2bi Bbbm2b r2 B/2MiB}2/- BM i?�i
r2 +�MMQi 2�bBHv #QmM/ i?2 2z2+i Bi ?�b QM 2``Q` `�i2b- Bi Bb #v MQ K2�Mb i?2 QMHv Bbbm2 rBi?
2tBbiBM; #H�+F@#Qt bim/B2bX A7 i?2 QMHv Bbbm2 rBi? i?2 bim/B2b i?�i �`2 ivTB+�HHv +Bi2/ BM +Qm`i
BM bmTTQ`i Q7 }`2�`Kb �M/ iQQHK�`F �M�HvbBb �b � /Bb+BTHBM2 r2`2 i?�i Bi BM+Hm/2/ b2H7@b2H2+i2/
pQHmMi22`b r?Q K�v K2�MBM;7mHHv /Bz2` 7`QK i?2 TQTmH�iBQM- i?2M Bi rQmH/ #2 `2�bQM�#H2 iQ
BMi2`T`2i i?2 `2bmHib Q7 i?2b2 bim/B2b rBi? i?�i +�p2�i BM KBM/X >Qr2p2`- i?2 bBim�iBQM �b Bi
+m``2MiHv bi�M/b Bb QM2 Q7 � `Qr#Q�i, B7 i?2`2 Bb QMHv QM2 bK�HH ?QH2 BM i?2 `Qr#Q�i- i?2 #Q�i
+�M bi�v �~Q�i r?BH2 Bib Q++mT�Mib #�BH Bi Qmic B7 i?2`2 �`2 K�Mv ?QH2b BM i?2 `Qr#Q�i Q7 p�`vBM;
bBx2b- Bi Bb Km+? KQ`2 HBF2Hv i?�i i?2 #Q�i rBHH bBMFX aQ Bi Bb rBi? i?2 2``Q` `�i2b 7`QK i?2b2
bim/B2b, i?2`2 �`2 K�Mv ~�rb BM i?2 bim/B2b- �M/ r?BH2 r2 +�M #QmM/ i?2 2z2+i QM i?2 2``Q`
`�i2b 7Q` bQK2 ~�rb- i?2 Qp2`�HH 2z2+i Bb i?�i i?2 bim/B2b �`2 bBMFBM;X

8Xk J�i2`B�H a�KTHBM;

AM Qm` Q`B;BM�H bi�i2K2Mi- r2 �`;m2 i?�i �b rBi? 2t�KBM2`b- r2 M22/ iQ #2 �#H2 iQ K�F2 i?2
+H�BK i?�i }`2�`Kb bim/B2b +Qp2` � `2T`2b2Mi�iBp2 b2i Q7 �KKmMBiBQM �M/ }`2�`K +QK#BM�iBQMb
BM Q`/2` iQ bm;;2bi i?�i bm+? bim/B2b �`2 #`Q�/Hv ;2M2`�HBx�#H2X q2 �`2 MQi i?2 }`bi ;`QmT
Q7 bi�iBbiB+B�Mb iQ ?B;?HB;?i i?Bb Bbbm2, i?2 T`Q#H2K Bb K2MiBQM2/ BM i?2 kyyN L_* `2TQ`ijN-
7QHHQr@mT 2tT2`BK2Mib ?�p2 #22M T`QTQb2/ 7Q` b2p2`�H /Bz2`2Mi T`2pBQmbHv Tm#HBb?2/ bim/B2b9y-
�M/ i?2 kyRe S*�ah `2TQ`i9R /2b+`B#2/ i?2 M2+2bb�`v +?�`�+i2`BbiB+b 7Q` bim/B2b 2bi�#HBb?BM;
7QmM/�iBQM�H p�HB/Biv- BM+Hm/BM;

ǳh?2 bim/B2b Kmbi BMpQHp2 � bm{+B2MiHv H�`;2 MmK#2` Q7 2t�KBM2`b �M/ Kmbi #2
#�b2/ QM bm{+B2MiHv H�`;2 +QHH2+iBQMb Q7 FMQrM �M/ `2T`2b2Mi�iBp2 b�KTH2b 7`QK
`2H2p�Mi TQTmH�iBQMb iQ `2~2+i i?2 `�M;2 Q7 72�im`2b Q` +QK#BM�iBQMb Q7 72�im`2b
i?�i rBHH Q++m` BM i?2 �TTHB+�iBQMXǴ US*�ah T;X 8kV

jNai`2M;i?2MBM; 7Q`2MbB+ b+B2M+2 BM i?2 lMBi2/ ai�i2b, � T�i? 7Q`r�`/- UL�iBQM�H _2b2�`+? *QmM+BH
UlXaXV 2/X- kyyNVX

9y*X aTB2;2HK�M � qX �X hQ#BM- �M�HvbBb Q7 2tT2`BK2Mib BM 7Q`2MbB+ }`2�`KbfiQQHK�`Fb T`�+iB+2 Qz2`2/ �b
bmTTQ`i 7Q` HQr `�i2b Q7 T`�+iB+2 2``Q` �M/ +H�BKb Q7 BM72`2MiB�H +2`i�BMiv- Rk G�r- S`Q#�#BHBiv �M/ _BbF
RR8ĜRjj UkyRjV- ?iiTb,ff�+�/2KB+XQmTX+QKfHT`f�`iB+H2@HQQFmTf/QBfRyXRyNjfHT`fK;byk3 UH�bi pBbBi2/ P+i kj-
kyR3VX

9RS`2bB/2Miǰb *QmM+BH Q7 �/pBbQ`b QM a+B2M+2 �M/ h2+?MQHQ;v- 6Q`2MbB+ a+B2M+2 BM *`BKBM�H *Qm`ib,
1Mbm`BM; a+B2MiB}+ o�HB/Biv Q7 62�im`2 *QKT�`BbQM J2i?Q/b- UkyReV- ?iiTb,ffQ#�K�r?Bi2?Qmb2X�`+?Bp2bX;
QpfbBi2bf/27�mHif7BH2bfKB+`QbBi2bfQbiTfS*�ahfT+�bin7Q`2MbB+nb+B2M+2n`2TQ`in7BM�HXT/7 UH�bi pBbBi2/ J�`
d- kyRNVX
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h?2 6"A `2bTQMb2 KBbbi�i2b Qm` TQbBiBQM �b Km+? KQ`2 2ti`2K2 i?�M i?2 `2�HBiv,

h?2 ai�i2K2Mi +H�BKb i?�i 2tBbiBM; }`2�`Kb 2``Q` `�i2 bim/B2b +�MMQi `2~2+i �M
�++m`�i2 2``Q` `�i2 #2+�mb2 i?2v 7�BH iQ 2M+QKT�bb i?2 7mHH `�M;2 Q7 }`2�`Kb �M/
�KKmMBiBQM �p�BH�#H2 iQ i?2 Tm#HB+ �M/ �`2 i?mb MQi `2T`2b2Mi�iBp2 Q7 b�KTH2b
2M+QmMi2`2/ /m`BM; +�b2rQ`FX U6"A T;X 3V

AMbi2�/- i?2v �`;m2 i?�i Bi rQmH/ #2 #2ii2` iQ 7Q+mb QM K�Mm7�+im`BM; K2i?Q/b,

LQ bBM;H2 bim/v UQ` 2p2M MmK2`Qmb bim/B2bV +�M 7mHHv +�Tim`2 �HH }`2�`Kb �M/
�KKmMBiBQM i?�i +m``2MiHv 2tBbi BM i?2 lMBi2/ ai�i2bX >Qr2p2`- i?2 KQ`2 `2H2p�Mi
p�`B�#H2 iQ bim/v Bb i?2 K�Mm7�+im`BM; T`Q+2bb2b mb2/ iQ +`2�i2 i?2b2 }`2�`Kb i?�i
BKT�`i i?2 +H�bb �M/ BM/BpB/m�H +?�`�+i2`BbiB+b �M�Hvx2/ /m`BM; �M 2t�KBM�iBQMX
U6"A T;X 3V

q2 H�`;2Hv +QM+m`- /2bTBi2 i?2 �ii2KTib iQ T�BMi Qm` TQbBiBQM �b bQ 2ti`2K2 �b iQ `2[mB`2
i?�i bim/B2b 2tBbi 7Q` �HH +QK#BM�iBQMb Q7 }`2�`Kb �M/ �KKmMBiBQM r?B+? +m``2MiHv 2tBbi BM
i?2 lMBi2/ ai�i2bX >Qr2p2`- Bi Bb BKTQ`i�Mi 7Q` i?Qb2 +QM/m+iBM; bm+? bim/B2b iQ B/2MiB7v i?2
K�Mm7�+im`BM; K2i?Q/ �M/ iQ HBbi i?2 ivT2b Q7 r2�TQMb � bim/v KB;?i #2 `2�bQM�#Hv �TTHB2/
iQ QM i?2 #�bBb Q7 bBKBH�` K�Mm7�+im`BM;X h?�i Bb- i?2 �mi?Q`b Q7 � bim/v b?QmH/ #2 `2bTQMbB#H2
7Q` QmiHBMBM; i?2 `2�bQM�#H2 b+QT2 Q7 ;2M2`�HBx�iBQM 7Q` � bim/v- �M/ i?Bb b?QmH/ #2 2tTHB+BiHv
bi�i2/ BM i?2 /Bb+mbbBQM Q7 i?2 bim/vǶb `2bmHibX

""* ?�p2 bBKBH�` Q#D2+iBQMb iQ Qm` /2bB`2 iQ b22 #2ii2` +QK#BM�iQ`B�H bim/B2b- #mi 7Q` /Bz2`2Mi
`2�bQMbX

ǳAM a2+iBQM 8 Q7 o�M/2`TH�b 2i �HX Ukykk- �i TTX eĜdV- i?2 �mi?Q`b K2MiBQM i?�i
2tBbiBM; bim/B2b +Qp2` QMHv � HBKBi2/ MmK#2` Q7 }`2�`Kb �M/ �KKmMBiBQM ivT2b-
i?mb T`2p2MiBM; i?2 TQbbB#BHBiv iQ ;2M2`�HBx2ĘǴ U""* T;X k8@kec �//BiBQM�H [mQi2b
7`QK Qm` �{/�pBi �`2 T`QpB/2/V

AM i?2B` `2bTQMb2- i?2v ?B;?HB;?i i?2B` BMbBbi2M+2 i?�i i?2`2 Bb MQ �p2`�;2 2t�KBM2` �M/ MQ
�p2`�;2 +QK#BM�iBQM Q7 }`2�`K �M/ �KKmMBiBQMX

ǳa2+QM/- �b Km+? �b i?2`2 Bb MQǴ�p2`�;2Ǵ 2t�KBM2`- i?2`2 Bb MQ ǳ�p2`�;2Ǵ +QK#BM�@
iBQM Q7 }`2�`K �M/ �KKmMBiBQMX AMbi2�/- i?2`2 �`2 K�Mv }`2�`K �M/ �KKmMBiBQM
+�i2;Q`B2b UQ` ivT2bV 7Q` r?B+? � bBM;H2 �p2`�;2 2``Q` `�i2 +QmH/ MQi K2�MBM;7mHHv
`2~2+i 2t�KBM2` T2`7Q`K�M+2X Ai rQmH/ #2 � iQQ QTiBKBbiB+ };m`2 7Q` `2Tmi2/Hv
/B{+mHi }`2�`K �M/ �KKmMBiBQM ivT2b- �M/ iQQ +QMb2`p�iBp2 QM2 7Q` H2bb +?�HH2M;@
BM; +QKT�`BbQM T�B`bX >Qr2p2`- Bi rQmH/ #2 2t�;;2`�i2/ iQ `2[mB`2 i?�i �M 2tT2`i
?�b T`2pBQmbHv b22M UBX2X- rQ`F2/ rBi?V �HH TQbbB#H2 +QK#BM�iBQMb Q7 }`2�`Kb �M/
�KKmMBiBQMXǴ U""* T;X keV

Re



h?2 +`BiB[m2 Q7 Qm` TQbBiBQM #v ""* `2T`2b2Mib � 7mM/�K2Mi�H KBbmM/2`bi�M/BM; �b iQ r?v
r2 r�Mi iQ b22 � #`Q�/ b2i Q7 bim/B2b QM K�Mm7�+im`BM; K2i?Q/b �M/ �KKmMBiBQM ivT2b, Bi
Bb MQi iQ /2i2`KBM2 �M �p2`�;2 +QK#BM�iBQM Q7 }`2�`K �M/ �KKmMBiBQM- Q` �M �p2`�;2 2``Q`
`�i2- Q` iQ 2Mbm`2 i?�i 2tT2`ib ?�p2 rQ`F2/ rBi? �HH TQbbB#H2 +QK#BM�iBQMb Q7 }`2�`Kb �M/
�KKmMBiBQMX ai�iBbiB+b i2M/b iQ #2 QMHv T2`BT?2`�HHv +QM+2`M2/ rBi? �p2`�;2b, BMbi2�/- r2
bim/v p�`B�#BHBiv �M/ Bib 2z2+i QM i?2 /Bz2`2Mi 2biBK�i2b r2 +QKTmi2X q?2M r2 BM/B+�i2
i?�i T�`i Q7 i?2 b+B2MiB}+ 7QmM/�iBQM 7Q` }`2�`K �M/ iQQHK�`F bim/B2b Bb i?�i r2 mM/2`bi�M/
i?2 r�vb BM r?B+? K�`Fb KB;?i p�`v #�b2/ QM }`2�`K K�Mm7�+im`BM; K2i?Q/ �M/fQ` ivT2
Q7 �KKmMBiBQM- Bi Bb #2+�mb2 r2 r�Mi iQ #2 �#H2 iQ �bb2bb i?2 2ti2`M�H p�HB/Biv Q7 i?2 2``Q`
`�i2 bim/B2b �+`Qbb i?2 rB/2 `�M;2 Q7 +QM/BiBQMb 7QmM/ BM +�b2 rQ`FX q?BH2 r2 �//`2bb2/ i?2
Bbbm2 Q7 � ;2M2`�H /Bb+BTHBM2@rB/2 2``Q` `�i2 �b #2BM; rBi?BM i?2 `�M;2 Q7 bi�iBbiB+b BM �M 2�`HB2`
b2+iBQM- i?Bb 7m`i?2` BHHmbi`�i2b i?2 KBb+QM+2TiBQMb i?�i ""* ?�p2 �#Qmi i?2 mb2 Q7 bi�iBbiB+bX
Ai Bb T`2+Bb2Hv #2+�mb2 Q7 i?2 p�`B�#BHBiv BM /B{+mHi }`2�`K �M/ �KKmMBiBQM ivT2b pbX H2bb
+?�HH2M;BM; +QKT�`BbQM ivT2b i?�i r2 M22/ #`Q�/ bim/B2b, r2 `2+Q;MBx2 i?�i p�`B�#BHBiv �M/
r�Mi iQ b+B2MiB}+�HHv 2bi�#HBb? i?2 +QMb2[m2M+2b 7Q` 2``Q` `�i2bX

A7 r2 `2im`M KQK2Mi�`BHv iQ i?2 ;`�/2@b+?QQH b+B2M+2 bim/v r2 T`QTQb2/ BM i?2 p�HB/Biv b2+iBQM-
r2 �`2 2bb2MiB�HHv �`;mBM; i?�i Bi Bb BKTQ`i�Mi iQ mM/2`bi�M/ MQi QMHv ?Qr TH�Mi ;`Qri? +?�M;2b
rBi? r�i2`BM;- #mi iQ 2Mbm`2 i?�i i?Qb2 b�K2 }M/BM;b ?QH/ �+`Qbb /Bz2`2Mi i2KT2`�im`2 `�M;2b
�M/ bQBH ivT2b +QKKQMHv 2M+QmMi2`2/ BM bT`BM; ;�`/2MbX qBi?Qmi bvbi2K�iB+ K�MBTmH�iBQM
Q7 i?Qb2 p�`B�#H2b �+`Qbb bQK2 bim/B2b i?�i `2Hv QM i?2 b�K2 T`BM+BTH2b Q7 TH�Mi #BQHQ;v �M/
/2p2HQTK2Mi- r2 +�MMQi 2Mbm`2 i?�i Qm` bim/vǶb }M/BM;b ;2M2`�HBx2 r2HH iQ M2r +QM/BiBQMbX

Cmbi �b r2 r�Mi iQ 2Mbm`2 i?�i p�HB/�iBQM bim/B2b +�M #2 ;2M2`�HBx2/ iQ i?2 TQTmH�iBQM Q7
2t�KBM2`b �M/ /Q MQi +QMi�BM bvbi2K�iB+ #B�b2b i?�i KB;?i Qp2`@ Q` mM/2`@2biBK�i2 i?2 2``Q`
`�i2 Q7 }`2�`Kb �M/ iQQHK�`F +QKT�`BbQMb- r2 �HbQ r�Mi 2Mbm`2 i?�i 2``Q` `�i2 bim/B2b �`2
+QM/m+i2/ QM ivT2b Q7 }`2�`Kb UQ` K�Mm7�+im`BM; K2i?Q/bV �M/ �KKmMBiBQM r?B+? �`2 HBF2Hv
iQ #2 +QKT�`2/ BM +�b2rQ`FX h?�i Bb- Qm` +QM+2`Mb �#Qmi }`2�`K K�Mm7�+im`2 �M/ �KKmMBiBQM
K�i2`B�Hb #QBH /QrM iQ +QM+2`Mb �#Qmi i?2 2ti2`M�H p�HB/Biv Q7 2``Q` `�i2 bim/B2bX �i i?2 `BbF Q7
K�FBM; �MQi?2` ?vTQi?2iB+�H bi�i2K2Mi- B7 2``Q` `�i2 bim/B2b �`2 +QM/m+i2/ QM +QK#BM�iBQMb Q7
}`2�`Kb �M/ �KKmMBiBQM r?B+? �`2 FMQrM iQ K�`F r2HH9k- i?2M i?2`2 Bb � `BbF i?�i i?2 2``Q`
`�i2 bim/B2b mM/2`@2biBK�i2 i?2 2``Q` `�i2b r?B+? KB;?i #2 2M+QmMi2`2/ BM +�b2rQ`F- r?2`2
MQi �HH +QK#BM�iBQMb Q7 �KKmMBiBQM �M/ K�Mm7�+im`BM; K2i?Q/ �`2 B/2�HBx2/X q?2M i?2`2 ?�b

9kq2 �`2 MQi 2tT2`ib QM i?2 BMi`B+�+B2b Q7 /Bz2`2Mi ivT2b Q7 �KKmMBiBQM- #mi Bi Bb r2HH FMQrM U�M/ Q7i `272`2M+2/
BM b+B2MiB}+ Tm#HB+�iBQMb BM i?2 }2H/V i?�i bQK2 ivT2b Q7 �KKmMBiBQM /Q MQi ǳK�`FǴ r2HH /m2 iQ +Q�iBM;b
Q` Qi?2` K�i2`B�H i`2�iK2Mib Q7 i?2 �KKmMBiBQM bm`7�+2X 1t�KTH2b Q7 bim/B2b r?B+? BMp2biB;�i2 Q` /Bb+mbb
i?2 T?2MQK2M� Q7 ǳK�`FBM; r2HHǴ BM+Hm/2 LB+QH2 :`Qb?QM- h?2 2z2+ib Q7, G�+[m2`2/ �KKmMBiBQM QM i?2
iQQHK�`F i`�Mb72` T`Q+2bb- kyky- ?iiTb,ffBM/B;QXmB+X2/mf�`iB+H2bfi?2bBbfh?2n1772+ibnQ7nG�+[m2`2/n
�KKmMBiBQMnQMni?2nhQQHK�`Fnh`�Mb72`nS`Q+2bbfRj9d8yj9f7BH2bfk83ekN9yXT/7 UH�bi pBbBi2/ CmM ky-
kykkVco�H2MiBM� J�Mx�HBMB 2i �HX- h?2 2z2+i Q7 +QKTQbBiBQM �M/ KQ`T?QHQ;B+�H 72�im`2b QM i?2 bi`B�iBQM Q7
XkkG_ �KKmMBiBQM- kNe 6Q`2MbB+ a+B2M+2 AMi2`M�iBQM�H NĜR9 UkyRNV- ?iiTb,ffrrrXb+B2M+2/B`2+iX+Q
Kfb+B2M+2f�`iB+H2fTBBfayjdNydj3R3jRyek9 UH�bi pBbBi2/ CmM ky- kykkVc .2BQM S *?`BbiQT?2- �TT`Q�+?BM;
P#D2+iBpBiv BM 6B`2�`Kb A/2MiB}+�iBQM, liBHBxBM; A"Aa "lGG1hh_�s@j.Ƕb a2MbQ` *�Tim`BM; h2+?MQHQ;v-
kyRR- ?iiTb,ffb?�`2QFXQ`;f#Bibi`2�Kf?�M/H2fRRk99fjk9eejf*?`BbiQT?2.SkyRRXT/7\b2[m2M+24R UH�bi
pBbBi2/ CmM ky- kykkVX

Rd



MQi #22M �Mv bvbi2K�iB+ �ii2KTi iQ �bb2bb i?2 BKT�+i Q7 i?2b2 7�+iQ`b QM 2``Q` `�i2b Q` QM i?2
pBbm�H BM7Q`K�iBQM �p�BH�#H2 iQ 2t�KBM2`b i?�i rQmH/ #2 2tT2+i2/ iQ BM~m2M+2 2``Q` `�i2b- i?Bb
Bbbm2 Q7 2ti2`M�H p�HB/Biv `2K�BMb mM`2bQHp2/X

Ai Bb �HbQ rQ`i? MQiBM; i?�i r2 �`2 MQi i?2 }`bi bi�iBbiB+B�Mb iQ bm;;2bi i?Q`Qm;? bim/v Q7 i?2
/Bb+BTHBM2 Bb M2+2bb�`v- MQ` i?2 }`bi iQ #2 �++mb2/ Q7 K�FBM; BKTQbbB#H2 `2[m2bibX

ǳrBi?Qmi mM/2`bi�M/BM; i?2 T`QT2` /2bB;M Q7 2tT2`BK2Mib- KQ/2HHBM; �M/ b�KTHBM;
T`Q+2/m`2b- MmK2`Qmb �`iB+H2b BM i?2 }`2�`KbfiQQHK�`Fb /QK�BM HBi2`�im`2 �bb2`i-
�M/ b2p2`�H Dm/;2b ?�p2 KBbi�F2MHv Q#b2`p2/ Q` BKTHB2/- i?�i �bb2bbBM; `�i2b Q7
2t�KBM2` 2``Q` �`2 BKTQbbB#H2 #2+�mb2 2p2`v }`2�`K 2p2` K�/2 +�MMQi #2 i2bi2/XǴ9j

h?2`2 �`2 KmHiBTH2 K2�Mb #v r?B+? bm+? 2ti2`M�H p�HB/Biv KB;?i #2 �+?B2p2/- H2bi r2 #2 �++mb2/
Q7 7�BHBM; iQ Qz2` +QMbi`m+iBp2 bQHmiBQMb iQ i?2 T`Q#H2Kb r2 ?�p2 B/2MiB}2/99X 6B`bi- Q7 +Qm`b2-
rQmH/ #2 iQ +QM/m+i 2``Q` `�i2 bim/B2b i?�i +QMbB/2` �KKmMBiBQM �M/fQ` r2�TQM ivT2 �b �
p�`B�#H2 Q7 BMi2`2bi �M/ K�MBTmH�i2 i?�i p�`B�#H2 �b T�`i Q7 i?2 2tT2`BK2Mi�H /2bB;M- i?2M
i2bi r?2i?2` 2``Q` `�i2b �`2 /Bz2`2Mi �+`Qbb /Bz2`2Mi ivT2b Q7 �KKmMBiBQM �M/ K�Mm7�+im`BM;
K2i?Q/bX h?Bb rQmH/ #2 i?2 KQbi /B`2+i r�v iQ �//`2bb i?Bb T`2KBb2- #2+�mb2 2``Q` `�i2b
rQmH/ #2 /B`2+iHv iB2/ iQ i?2 K�Mm7�+im`BM; K2i?Q/ �M/ �KKmMBiBQM ivT2X lM7Q`imM�i2Hv-
KQbi p�HB/�iBQM bim/B2b +Qp2` QMHv QM2 /2bB;M �M/ QM2 Q` irQ ivT2b Q7 �KKmMBiBQM- �b b?QrM
BM h�#H2 R98X h?Qb2 bim/B2b r?B+? �`2 +QM/m+i2/ Qp2` KmHiBTH2 ivT2b Q7 �KKmMBiBQM �M/fQ`
}`2�`Kb /Q MQi #`2�F /QrM `2bTQMb2b #v }`2�`K �M/ �KKmMBiBQM ivT2X9e

�MQi?2` r�v iQ �//`2bb i?Bb T`2KBb2 rQmH/ #2 iQ +QM/m+i b2p2`�H bim/B2b �bb2bbBM; i?2 MmK@
#2`- [m�HBiv- �M/fQ` p�`B2iv Q7 BM/BpB/m�H Q` �++B/2Mi�H K�`FBM;b bmBi�#H2 7Q` +QKT�`BbQM �+`Qbb
KmHiBTH2 ivT2b Q7 �KKmMBiBQM �M/fQ` K�Mm7�+im`BM; K2i?Q/bX h?Bb K2i?Q/ rQmH/ MQi bT2+B7@
B+�HHv �//`2bb 2``Q` `�i2b- #mi Bi rQmH/ #2 `2�bQM�#H2 iQ �`;m2 i?�i B7 i?2 ivT2 �M/ [m�MiBiv Q7
BM/BpB/m�H K�`FBM;b bmBi�#H2 7Q` +QKT�`BbQM r�b bBKBH�` �+`Qbb �KKmMBiBQM �M/fQ` K�Mm7�+@
im`BM; K2i?Q/b i?�i i?2 2``Q` `�i2b 7Q` bm+? +QKT�`BbQMb b?QmH/ �HbQ #2 bBKBH�` #2+�mb2 i?2
7mM/�K2Mi�H BM7Q`K�iBQM �p�BH�#H2 iQ i?2 2t�KBM2`b rQmH/ #2 2tT2+i2/ iQ #2 bBKBH�`X LQi2
9jaTB2;2HK�M �M/ hQ#BM- bmT`� MQi2 93X
99�b BM ""*- T;X 3- ǳh?2 /BbKBbbBp2 �iiBim/2 iQr�`/b 2tBbiBM; 2``Q` `�i2 bim/B2b- BX2X- i?2B` r?QH2b�H2 `2D2+iBQM- Bb

MQi ?2HT7mH BM i?�i Bi Qz2`b MQ +QMbi`m+iBp2 �/pB+2 QM ?Qr i?2 /�i� +QmH/ #2 mb2/ rBi? T`QT2`Hv �+FMQrH2/;2/
HBKBi�iBQMbXǴ

98PM2 ivT2 Q7 �KKmMBiBQM �M/ QM2 T`BK�`v ivT2 Q7 r2�TQM UrBi? b2p2`�H FMQrM MQM K�i+? +QKT�`BbQM r2�TQMb
Q7 bBKBH�` K�Mm7�+im`2V BM C�BKB2 � aKBi?- "2`2ii� #�``2H }`2/ #mHH2i p�HB/�iBQM bim/v- ee CQm`M�H Q7
7Q`2MbB+ b+B2M+2b 89dĜ88e UkykRVc QM2 ivT2 Q7 }`2�`K �M/ QM2 ivT2 Q7 �KKmMBiBQM BM "�H/rBM 2i �HX-
bmT`� MQi2 9ec QM2 ivT2 Q7 }`2�`K �M/ irQ ivT2b Q7 �KKmMBiBQM BM �H7`2/ "B�bQiiB- � bi�iBbiB+�H bim/v Q7
i?2 BM/BpB/m�H +?�`�+i2`BbiB+b Q7 }`2/ #mHH2ib- 9 CQm`M�H Q7 6Q`2MbB+ a+B2M+2b j9 URN8NVc QM2 ivT2 Q7
}`2�`K �M/ QM2 ivT2 Q7 �KKmMBiBQM BM C�K2b 1X >�K#v 2i �HX- � qQ`H/rB/2 aim/v Q7 "mHH2ib 6B`2/ 6`QK
Ry *QMb2+miBp2Hv _B~2/ NJJ _l:1_ SBbiQH "�``2Hbě�M�HvbBb Q7 1t�KBM2` 1``Q` _�i2- e9 CQm`M�H Q7
6Q`2MbB+ a+B2M+2b 88RĜ88d UkyRNV- ?iiTb,ffQMHBM2HB#`�`vXrBH2vX+QKf/QBf�#bfRyXRRRRfR88e@9ykNXRjNRe
UH�bi pBbBi2/ C�M kN- kykyVX

9eh�b?� SX aKBi?- :X �M/`2r aKBi? � C2z`2v "X aMBT2b- � o�HB/�iBQM aim/v Q7 "mHH2i �M/ *�`i`B/;2 *�b2
*QKT�`BbQMb lbBM; a�KTH2b _2T`2b2Mi�iBp2 Q7 �+im�H *�b2rQ`F- eR CQm`M�H Q7 6Q`2MbB+ a+B2M+2b NjNĜ
N9e UkyReV- ?iiTb,ffQMHBM2HB#`�`vXrBH2vX+QKf/QBf�#bfRyXRRRRfR88e@9ykNXRjyNj UH�bi pBbBi2/ .2+ Rk- kykRVc
E2BbH2`- JX �X- >�`iK�M- aX � EBH- �X- AbQH�i2/ S�B`b _2b2�`+? aim/v- 8y �6h1 CQm`M�H 8eĜ83 UkyR3VX
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i?�i i?Bb `2[mB`2b �M �//BiBQM�H /2;`22 Q7 �#bi`�+iBQM U�KKmMBiBQMfK�Mm7�+im`BM; @= K�`F@
BM;b @= 2``Q` `�i2bV- #mi i?�i i?2 b+B2MiB}+ HQ;B+ biBHH ?QH/b- 2p2M B7 i?2 +QMM2+iBQM Bb KQ`2
i2MmQmbX �M �//BiBQM�H +QKTHB+�iBQM rBi? i?Bb QTiBQM Bb i?�i r2 �`2 MQi �r�`2 Q7 �M Q#D2+@
iBp2 K2i?Q/ 7Q` �bb2bbBM; i?2 [m�MiBiv Q7 �++B/2Mi�H BM7Q`K�iBQM T`2b2Mi BM � }`2/ +�`i`B/;2
+�b2 Q` #mHH2i- MQ` 7Q` �bb2bbBM; ?Qr Km+? BM/BpB/m�HBxBM; BM7Q`K�iBQM Bb M2+2bb�`v iQ K�F2
�M BM7Q`K2/ +QKT�`BbQMX AMi`Q/m+BM; �M �//BiBQM�H /2;`22 Q7 bm#D2+iBp2 �bb2bbK2Mi 7Q` i?2
K�`FBM; [m�HBiv rQmH/ BMi`Q/m+2 �//BiBQM�H p�`B�#BHBiv i?�i K�v K�bF i?2 +QmTHBM; #2ir22M
i?2 �KKmMBiBQM �M/ }`2�`K +QK#BM�iBQM �M/ i?2 2``Q` `�i2b BM #H�+F@#Qt bim/B2bX >Qr2p2`-
i?2`2 �`2 +2`i�BMHv 2tTHQ`�iQ`v bim/B2b r?B+? �bb2bb i?2 [m�HBiv Q7 K�`FBM;b 7Q` /Bz2`2Mi ivT2b
Q7 �KKmMBiBQM BM � bT2+B}+ }`2�`KX9d Ai KB;?i �HbQ #2 `2�bQM�#H2 iQ �bb2bb i?2 [m�MiBiv Q7
BM/BpB/m�H +?�`�+i2`BbiB+b mbBM; �M �miQK�iB+ bvbi2K- bm+? �b LA"AL Q` A"Aa93 �M/ K�F2 i?2
�`;mK2Mi i?�i B7 � +QKTmi2` bvbi2K +�M K�F2 i?2 /BbiBM+iBQM Bi Bb `2�bQM�#H2 7Q` � ?mK�M
2t�KBM2` iQ /Q bQ �b r2HH9NX

8Xj *QMb2+miBp2 J�Mm7�+im`BM;

�MQi?2` +QM+2`M r2 Q`B;BM�HHv `�Bb2/ BM Qm` �{/�pBi r�b i?�i Q7 i?2 mb2 Q7 +QMb2+miBp2Hv
K�Mm7�+im`2/ }`2�`Kb 7Q` 2``Q`@`�i2 bim/B2bX

a2p2`�H bim/B2b mb2/ +QMb2+miBp2Hv K�Mm7�+im`2/ #�``2Hb �M/fQ` bHB/2b iQ BM+`2�b2
i?2 /B{+mHiv Q7 i?2 +QKT�`BbQMb- bBM+2 i?2b2 ivT2b Q7 b�KTH2b +`2�i2 i?2 ;`2�i2bi
TQi2MiB�H iQ T`Q/m+2 iQQHK�`F T�ii2`Mb �M/fQ` bm#+H�bb +?�`�+i2`BbiB+b i?�i �`2
bBKBH�` BM �TT2�`�M+2 �Hi?Qm;? T`Q/m+2/ 7`QK irQ /Bz2`2Mi bQm`+2bX U6"A T;X jV

Pm` +QM+2`M Bb QM2 Q7 2ti2`M�H p�HB/BivX q2 �;`22 i?�i +QMb2+miBp2Hv K�Mm7�+im`2/ #�``2Hb
K�v T`QpB/2 � ?B;?2` /2;`22 Q7 +?�HH2M;2 BM bQK2 +B`+mKbi�M+2b- #mi i?Bb �//BiBQM�H /B{+mHiv
+QK2b rBi? � +Qbi, Bi Bb ?�`/2` iQ ;2M2`�HBx2 `2bmHib iQ i?2 #`Q�/ +H�bb Q7 }`2�`Kb Q7 s ivT2
r?2M vQm ?�p2 QMHv i2bi2/ 2X;X Ry +QMb2+miBp2Hv K�Mm7�+im`2/ #�``2HbX AMbi2�/- i?2 `2bmHib Q7
bm+? � bim/v +�M QMHv #2 ;2M2`�HBx2/ iQ � bT2+B}+ TQBMi BM iBK2X h?Bb Bb QM2 7�+2i Q7 �M Q7i@
/Bb+mbb2/ i`�/2Qz BM 2tT2`BK2Mi�H /2bB;M, vQm +�M BM+`2�b2 2tT2`BK2Mi�H +QMi`QH- `�M/QKBx2
bm#D2+ib iQ i`2�iK2Mi +QM/BiBQMb- �M/ i�F2 Qi?2` T`2+�miBQMb iQ 2Mbm`2 i?�i vQm` 2tT2`BK2Mi
Bb T`QpB/BM; i?2 �Mbr2` iQ vQm` 2tT2`BK2Mi�H [m2biBQM UBMi2`M�H p�HB/BivV- #mi K�Mv Q7 i?2b2
+QMi`QH K2�bm`2b `2/m+2 i?2 �#BHBiv iQ ;2M2`�HBx2 i?2 `2bmHib iQ rB/2` b2iiBM;b #2+�mb2 i?2

9dJ�Mx�HBMB 2i �HX- bmT`� MQi2 8yc :`Qb?QM- bmT`� MQi2 8yc "`B�M J�vH�M/ � *�`vM hm+F2`- o�HB/�iBQM Q7
P#im`�iBQM J�`Fb BM *QMb2+miBp2Hv _2�K2/ *?�K#2`b- 99 �6h1 CQm`M�H RedĜReN UkyRkV- ?iiTb,ff�7i2XQ
`;fmTHQ�/bf/Q+mK2MibfT�B/n7Q`n/QrMHQ�/nT`Q/m+ibf99nknkyRknaT`BM;XT/7 UH�bi pBbBi2/ CmM kd- kykkVX

93C�M .2 EBM/2`- 6`2/2`B+ hmHH2M2`b � >m;m2b h?B2#�mi- _272`2M+2 #�HHBbiB+ BK�;BM; /�i�#�b2 T2`7Q`K�M+2- R9y
6Q`2MbB+ a+B2M+2 AMi2`M�iBQM�H kydĜkR8 Ukyy9V- ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfay
jdNydj3yjyy8jdR UH�bi pBbBi2/ CmM ky- kykkVc *?`BbiQT?2- bmT`� MQi2 8yX

9NP7 +Qm`b2- Bi Bb Km+? 2�bB2` iQ i2bi � +QKTmi2` �H;Q`Bi?KǶb �#BHBiv iQ K�F2 i?2b2 +QKT�`BbQMb- rBi? i?2 �//2/
#2M2}i i?�i bm+? �H;Q`Bi?Kb /Q MQi mbm�HHv T`QpB/2 BM+QM+HmbBp2 /2+BbBQMbX

RN



h�#H2 R, 6B`2�`Kb bim/B2b HBbi2/ #v i?2 6"A �HQM; rBi? ;mM K�Mm7�+im`2` �M/ �KKmMBiBQM
ivT2- r?2`2 bT2+B}2/X LQi2 i?�i bim/B2b mbBM; i?2 b�K2 r2�TQMb ?�p2 #22M ;`QmT2/
iQ;2i?2`- /2pB�iBM; 7`QK i?2 Qi?2`rBb2 +?`QMQHQ;B+�H Q`/2`BM;X S`Q}+B2M+v i2bib rBi?
p�`BQmb }`2�`Kb �L. #mHH2ib U2X;X MQi bvbi2K�iB+�HHv K�MBTmH�i2/V r2`2 2t+Hm/2/
7`QK i?Bb i�#H2X

aim/v u2�` hvT2 *QMb2+ :mM �KKQ
"`mM/�;2 RNN3 "mHH2i u2b _m;2` S38 NKK qBM+?2bi2`
CX >�K#v 2i �HX kyRN "mHH2i u2b _m;2` S38 NKK qBM+?2bi2`
"mM+? � Jm`T?v kyyj *�`i`B/;2 u2b :HQ+F Gm;2` NKK lMbT2+B}2/
.26`�M+2 � o�M �`b/�H2 kyyj "mHH2i u2b aKBi? � q2bbQM Xj8d J�;MmK lMbT2+B}2/ R83 ;`�BM D�+F2i2/

bQ7i@TQBMi
1X aKBi? kyy8 "Qi? LQ _m;2` S3N _2KBM;iQM lJ* RR8 ;`�BM-

+QTT2`@D�+F2i2/
GvQMb kyyN 1ti`�+iQ` u2b *QHi RNRR �R- *�bTB�M �`Kb

1ti`�+iQ`b
aT22` G�rK�M X98 �miQ kjy ;`�BM
6JC
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2tT2`BK2Mi�H +QMi`QH /Q2bMǶi KB``Q` M�im`�H +QM/BiBQMbX8y h?Bb T�`�/Qt Bb �HbQ K2MiBQM2/ #v
aTB2;�HK�M � hQ#BM8R BM i?2B` kyRj �bb2bbK2Mi Q7 i?2 bi�i2 Q7 }`2�`Kb p�HB/�iBQM �M/ 2``Q`
`�i2 bim/B2bX

�b MQi �HH bim/B2b +QM/m+i2/ mb2 +QMb2+miBp2Hv K�Mm7�+im`2/ }`2�`Kb- i?Bb Bb QM2 Q7 i?2 H2bb
+`BiB+�H i?`2�ib iQ 2ti2`M�H p�HB/BivX Aib BM+HmbBQM ?2`2 b2`p2b T`BK�`BHv iQ ?B;?HB;?i i?2 /Bz2`2M+2
#2ir22M i?2 bi�iBbiB+�H +QM+2Ti Q7 ;QQ/ 2tT2`BK2Mi�H /2bB;M �M/ i?�i Q7 }`2�`Kb �M/ iQQHK�`F
2t�KBM2`b- r?Qb2 ;�x2 Bb Km+? KQ`2 M�``QrHv 7Q+mb2/ QM i?2 T`Q+2bb Q7 iQQHK�`F +`2�iBQMX

e aim/v .2bB;M, h?`2�ib iQ AMi2`M�H �M/ 1ti2`M�H o�HB/Biv

Pm` +QM+2`Mb �#Qmi i?2 /2bB;M Q7 }`2�`Kb �M/ iQQHK�`F 2``Q` `�i2 bim/B2b �`2 �HbQ `2H�i2/ iQ
+QM+2`Mb �#Qmi p�HB/Biv- #mi bim/v /2bB;M BKT�+ib #Qi? BMi2`M�H p�HB/Biv �M/ 2ti2`M�H p�HB/BivX
"27Q`2 r2 /Bb+mbb i?2 Mm�M+2b Q7 2tT2`BK2Mi�H /2bB;M �M/ �TT`QT`B�i2- b+B2MiB}+�HHv bmTTQ`i2/
+QM+HmbBQMb- r2 r�Mi iQ [mB+FHv �//`2bb bQK2 #`Q�/ +H�BKb �#Qmi i?2 BKTQ`i�M+2 Q7 ;QQ/
2tT2`BK2Mi�H /2bB;M BM p�HB/�iBQM bim/B2bX

h?2 6"A K�BMi�BMb i?�i i?2 p�`BQmb bim/v /2bB;Mb r?B+? ?�p2 #22M +QM/m+i2/ bBM+2 .�m#2`i
Ur?B+? Bb � Km+? 2�`HB2` i?`2b?QH/ i?�M 2tT2+i2/ ;Bp2M i?2 b2� +?�M;2 i?�i ?�b Q++m``2/ BM
7Q`2MbB+b bBM+2 i?2 kyyN L�iBQM�H _2b2�`+? *QmM+BH �M/ kyRe S*�ah `2TQ`ibV T`QpB/2 K2�M@
BM;7mH r�vb iQ �bb2bb 2t�KBM2`bǶ �#BHBiB2bX

aBM+2 i?2 .�m#2`i /2+BbBQM BM RNNj- i?2`2 ?�p2 #22M k8 }`2�`KfiQQHK�`F 2``Q` `�i2
bim/B2b +QM/m+i2/X h?2v BM+Hm/2 #H�+F #Qt bim/B2b rBi? QT2M b2i /2bB;Mb- bim/B2b
rBi? T�`iB�HHv QT2M b2i /2bB;Mb- �M/ +HQb2/ b2i bim/v /2bB;MbX h?2b2 p�`BQmb 2tT2`@
BK2Mi�H /2bB;Mb ?�p2 T`QpB/2/ K2�MBM;7mH r�vb iQ �bb2bb i?2 �#BHBiv Q7 2t�KBM2`b
iQ K�F2 �++m`�i2 bQm`+2 +QM+HmbBQMbX U6"A kV

q?BH2 r2 rBHH MQi 2MiB`2Hv /Bb+QmMi i?2 B/2� i?�i i?2`2 K�v #2 bQK2 �KQmMi Q7 mb�#H2 /�i� BM
bQK2 Q7 i?2 TQQ`Hv /2bB;M2/ bim/B2b- r2 /Q 722H i?�i Bi Bb BKTQ`i�Mi iQ bi�i2 BM bi`QM; i2`Kb i?�i
i?2 /2bB;M ~�rb BM K�Mv Q7 i?2b2 bim/B2b �`2 bB;MB}+�Mi 2MQm;? iQ i?`2�i2M i?2 bim/vǶb 2ti2`M�H
p�HB/BivX h?Bb K2�Mb i?�i i?2v �`2 MQi K2�MBM;7mH 7Q` �bb2bbBM; i?2 #`Q�/ +�T�#BHBiv
Q7 6h1b iQ K�F2 �++m`�i2 bQm`+2 +QM+HmbBQMbX

eXR *HQb2/ �M/ PT2M a2i aim/B2b

aim/v /2bB;Mb r?B+? �`2 +HQb2/@b2i �M/ BMpQHp2 KmHiBTH2 FMQrMb i?`2�i2M BMi2`M�H p�HB/Biv- �b
i?2 bim/v /2bB;M Bb bm+? i?�i Bi /Q2b MQi �HHQr mb iQ 2biBK�i2 i?2 MmK#2` Q7 +QKT�`BbQMb

8y.QM�H/ hX *�KT#2HH- 6�+iQ`b `2H2p�Mi iQ i?2 p�HB/Biv Q7 2tT2`BK2Mib BM bQ+B�H b2iiBM;bX- 89 Sbv+?QHQ;B+�H
"mHH2iBM kNdĜjRk URN8dV- ?iiT,ff/QBX�T�XQ`;f;2i/QBX+7K\/QB4RyXRyjdf?yy9yN8y UH�bi pBbBi2/ CmM RN-
kykkVX

8RaTB2;2HK�M �M/ hQ#BM- bmT`� MQi2 93X

kR



T2`7Q`K2/ #v i?2 2t�KBM2` U�M/ i?mb- �M Qp2`�HH 2``Q` `�i2 +�MMQi #2 +�H+mH�i2/VX AM �//BiBQM-
i?2b2 /2bB;Mb BMi`Q/m+2 +QMbi`�BMib i?�i �HHQr +QM+HmbBQMb #�b2/ QM 7�+iQ`b mM`2H�i2/ iQ i?2
}`BM; T`Q+2bbX �b � `2bmHi- +HQb2/@b2i- KmHiBTH2@FMQrM bim/B2b T`Q/m+2 � #B�b2/ 2``Q` `�i2
i?�i `2~2+ib Qi?2` 7�+iQ`b BM �//BiBQM iQ i?2 2t�KBM2`bǶ T`Q}+B2M+v BM K�FBM; 2pB/2M+2 #�b2/
+QM+HmbBQMbX

h?2 +QKKmMBiv Q7 `2b2�`+?2`b �M/ T`�+iBiBQM2`b �TT2�`b iQ ?�p2 i�F2M i?Bb +QM+2`M
iQ ?2�`iX AM � `2+2Mi `2pB2r Q7 b2H2+i2/ bim/B2b #2ir22M RNN3 �M/ kykR- JQMbQM 2i
�HX Ukykk- T;X kV }M/ i?�i i?2 +HQb2/ b2i /2bB;M Bb K�BMHv mb2/ BM bim/B2b T`BQ` iQ
i?2 Tm#HB+�iBQM Q7 i?2 S*�ah _2TQ`i Ub2p2M Qmi Q7 ir2Hp2 bmKK�`Bx2/ T`2@S*�ah
bim/B2bVX AM im`M- QMHv irQ Q7 bBt TQbi@S*�ah bim/B2b bmKK�`Bx2/ #v JQMbQM 2i
�HX Ukykk- T;X kV mb2 i?2 +HQb2/ b2i /2bB;MX U""* T;X k9V

q2 �+FMQrH2/;2 i?�i KQbi bim/B2b +QM/m+i2/ bBM+2 i?2 S*�ah `2TQ`i ?�p2 mb2/ BKT`Qp2/
/2bB;Mb- ?Qr2p2`- r2 biBHH 722H i?2 M22/ iQ 2KT?�bBx2 i?2 Bbbm2b BMpQHp2/ BM +HQb2/@b2i /2bB;Mb
#2+�mb2 bQK2 2tT2`i rBiM2bb2b U�M/ i?2 6"AV biBHH +Bi2 i?2b2 bim/B2b �M/ �`;m2 i?�i i?2v �`2
mb27mH r?2M 2biBK�iBM; 2t�KBM2` 2``Q` `�i2bX

h?2 6"A mb2b i?2 i2`K � ǳT�`iB�HHv QT2M b2i bim/vǴ iQ BM/B+�i2 � bim/v rBi? KmHiBTH2 FMQrMb
�M/ QM2 mMFMQrMX

� ǳT�`iB�HHv QT2MǴ i2bi /2bB;M Bb �M BMi2`@+QKT�`BbQM /2bB;M r?2`2 i?2`2 �`2 bQK2
mMFMQrMb ?�pBM; MQ K�i+?BM; T�B`X U6"A T;X kV

h?Bb Bb r?�i r2 rQmH/ +�HH �M QT2M@b2i /2bB;Mc i?2 6"A Bb +QM~�iBM; irQ /Bz2`2Mi 2tT2`BK2Mi�H
/2bB;M +QMbB/2`�iBQMb, r?2i?2` Q` MQi 2p2`v mMFMQrM b�KTH2 ?�b � FMQrM BM i?2 b2i- �M/
r?2i?2` i?2`2 �`2 KmHiBTH2 FMQrMb BM+Hm/2/ BM i?2 b2iX h?Bb /BbiBM+iBQM Bb BKTQ`i�Mi- #2+�mb2
Bi bT2�Fb iQ ?Qr r2 /2`Bp2 i?2 MmK#2` Q7 +QKT�`BbQMb K�/2 #v i?2 2t�KBM2`,

Ç AM �M QT2M b2i rBi? KmHiBTH2 FMQrM b�KTH2b- B7 i?2`2 Bb � K�i+? #2ir22M i?2 mMFMQrM
�M/ QM2 Q7 i?2 FMQrMb Ur?B+? Bb MQi ;m�`�Mi22/V- i?2 2t�KBM2` /Q2b MQi ?�p2 iQ 2t�KBM2
i?2 +Q``2bTQM/2M+2 #2ir22M i?2 mMFMQrM �M/ �Mv `2K�BMBM;- mM2t�KBM2/ FMQrMbX h?Bb
K2�Mb i?�i r2 /Q MQi FMQr ?Qr K�Mv 2HBKBM�iBQM +QKT�`BbQMb r2`2 +QKTH2i2/ #v i?2
2t�KBM2`X A7 i?2`2 Bb MQ K�i+? #2ir22M i?2 mMFMQrM �M/ �Mv Q7 i?2 FMQrMb- i?2M r2
+�M �bbmK2 i?2 2t�KBM2` +QKT�`2/ i?2 mMFMQrM iQ �HH Q7 i?2 FMQrM b�KTH2bX q2 +�M
�``Bp2 �i �M mTT2` #QmM/ �M/ � HQr2` #QmM/ 7Q` i?2 MmK#2` Q7 +QKT�`BbQMb T2`7Q`K2/-
#mi r2 +�MMQi T`2+Bb2Hv 2biBK�i2 i?2 Qp2`�HH 2``Q` `�i2- i?2 b2MbBiBpBiv- Q` i?2 bT2+B}+BivX

Ç AM � +HQb2/ b2i rBi? KmHiBTH2 FMQrM b�KTH2b- r2 +�MMQi /2i2`KBM2 ?Qr K�Mv +QKT�`BbQMb
r2`2 T2`7Q`K2/ 7Q` �Mv Q7 i?2 mMFMQrM b�KTH2b- #2+�mb2 2t�KBM2`b biQT HQQFBM; QM+2 �
K�i+? Bb 7QmM/X "2+�mb2 2t�KBM2`b i2M/ iQ �bbmK2 i?�i bim/B2b �`2 +HQb2/@b2i 2p2M r?2M
MQi /B`2+iHv iQH/ i?�i i?Bb Bb i?2 +�b2- Bi Bb TQbbB#H2 iQ mb2 HQ;B+�H /2/m+iBQM iQ `2/m+2 i?2
TQi2MiB�H 7Q` 2``Q` BM i?2b2 bim/B2bX

kk



Ç AM �M QT2M b2i rBi? QMHv QM2 FMQrM U� ǳFBiǴ bivH2 b2iV- r2 FMQr i?�i i?2 2t�KBM2`
+QmH/ QMHv T2`7Q`K QM2 +QKT�`BbQMX h?2b2 bim/B2b K�F2 i?2 +�H+mH�iBQM Q7 i?2 2``Q` `�i2
Km+? 2�bB2` #v `2KQpBM; �Mv bi�iBbiB+�H ;m2bbrQ`F �M/fQ` �K#B;mBiv 7`QK i?2 2``Q` `�i2
+�H+mH�iBQM T`Q+2bbX

Ç LQ QM2 ?�b �ii2KTi2/ UMQ` b?QmH/ �ii2KTiV � +HQb2/@b2i bim/v rBi? QMHv QM2 FMQrM-
#2+�mb2 i?Bb rQmH/ #2 `2/m+iBp2 iQ i?2 TQBMi Q7 T`QpB/BM; MQ BM7Q`K�iBQMX

h?2 MmK#2` Q7 +QKT�`BbQMb K�/2 #v i?2 2t�KBM2` Bb 2bb2MiB�H r?2M +�H+mH�iBM; i?2 2``Q` `�i2
7Q` i?2 bim/v- bBM+2 i?2 iQi�H +QKT�`BbQMb Bb i?2 /2MQKBM�iQ` Q7 i?�i `�iBQX h?2 mM7Q`imM�i2
i2`K ǳT�`iB�HHv QT2MǴ bm;;2bib i?�i i?2 6"A /Q2b MQi 7mHHv mM/2`bi�M/ i?�i i?2 QT2M@b2i Bbbm2
Bb QMHv T�`i Q7 i?2 /2bB;M T`Q#H2Kc i?2 BMi2`@+QKT�`BbQM /2bB;Mb r?B+? BM+Hm/2 KmHiBTH2 FMQrMb
�`2 BM 7�+i � H�`;2 Bbbm2 �b r2HHX

6mM/�K2Mi�HHv- i?2 T`Q#H2K rBi? +HQb2/@b2i bim/B2b Bb i?�i i?2v mM/2`@2biBK�i2 i?2 7�Hb2 2HBK@
BM�iBQM `�i2 U#2+�mb2 2t�KBM2`b FMQr i?�i i?2 mMFMQrM K�i+?2b QM2 Q7 i?2 FMQrMbV �M/ �HbQ
mM/2`@2biBK�i2 i?2 `�i2 �i r?B+? 2t�KBM2`b T`QpB/2 BM+QM+HmbBp2 /2+BbBQMbX h?Bb Bb � i?`2�i iQ
i?2 BMi2`M�H p�HB/Biv Q7 i?2 bim/v UBM i?�i 2``Q` `�i2b +�MMQi #2 +�H+mH�i2/ T`QT2`HvV �M/ i?2
2ti2`M�H p�HB/Biv Q7 i?2 bim/v U#2+�mb2 BM7Q`K�iBQM Bb T`2b2Mi BM i?2 i2bi r?B+? Bb MQi T`2b2Mi
BM +�b2 rQ`FVX h?2 T`Q#H2K rBi? BMi2`@+QKT�`BbQM /2bB;Mb U/2bB;Mb rBi? KmHiBTH2 FMQrMbV Bb
i?�i i?2v i?`2�i2M i?2 BMi2`M�H p�HB/Biv Q7 i?2 bim/v- #2+�mb2 r2 +�MMQi +�H+mH�i2 i?2 MmK#2`
Q7 +QKT�`BbQMb +QKTH2i2/ #v i?2 2t�KBM2`X

eXk >mK�M@BM@i?2@GQQT aim/v .2bB;M �M/ �M�HvbBb

PM2 �`;mK2Mi Tmi 7Q`i? #v ""* bm;;2bib i?�i r2 +�MMQi p�HB/�i2 i2bib r?B+? `2[mB`2 bm#D2+iBp2
?mK�M Dm/;2K2Mi BM i?2 b�K2 r�v �b +?2KB+�H �M/ K2/B+�H H�#Q`�iQ`v i2bib �`2 p�HB/�i2/X h?Bb
Bb 7mM/�K2Mi�HHv r`QM;X

AM bm+? p�HB/�iBQM bim/B2b- K�Mv i2bi Bi2Kb rBi? FMQrM ;`QmM/ i`mi? bi�imb �`2
T`Q+2bb2/ �M/ i?2 MmK#2` Q7 +Q``2+i �M/ BM+Q``2+i `2bTQMb2b �`2 `2+Q`/2/- H2�/BM;
iQ bi�M/�`/ T2`7Q`K�M+2 K2i`B+b bm+? �b b2MbBiBpBiv �M/ bT2+B}+BivX _2bmHib Q7
bm+? p�HB/�iBQM bim/B2b +�M i?2M b2`p2 �b �M BM/B+�iBQM Q7 i?2 T2`7Q`K�M+2 rBi?
r?B+? � i2bi +�M #2 2tT2+i2/ iQ QT2`�i2 r?2M �TTHB2/ #v +QMbmK2`b U�bbmKBM;-
�;�BM- i?2v T`QT2`Hv QT2`�i2 i?2 i2biVX *QMb2[m2MiHv- i?2`2 +�M #2 /Bb+mbbBQM �#Qmi
r?2i?2` i?2 T2`7Q`K�M+2 +?�`�+i2`BbiB+b Q7 � +�M/B/�i2 i2bi �`2 ǳ;QQ/ 2MQm;?Ǵ iQ
#2 /2THQv2/ BM � T�`iB+mH�` +QMi2ti Q7 �TTHB+�iBQMX U""* T;X Re@RdV

�`;m�#Hv- i?2`2 Bb MQ ;2M2`B+ �M/ ?mK�M@BM/2T2M/2Mi T2`7Q`K�M+2 K2�bm`2 7Q`
72�im`2 +QKT�`BbQM BM 7Q`2MbB+ }`2�`K 2t�KBM�iBQM- �FBM iQ T2`7Q`K�M+2 +?�`�+i2`@
BbiB+b mb2/ 7Q` i`�/BiBQM�H H�#Q`�iQ`v i2biBM; T`Q+2/m`2bX U""* T;X R3V

kj



6B`bi- i?2`2 Bb MQi?BM; BM i?2 /2b+`BTiBQM Q7 p�HB/�iBQM bim/B2b BM ;2M2`�H r?B+? rQmH/ b22K iQ
MQi �TTHv iQ }`2�`Kb �M/ iQQHK�`F 2t�KBM�iBQM- Qi?2` i?�M i?2 B/2� i?�i � +QMbmK2` Bb i?2
QM2 QT2`�iBM; i?2 i2biX A7 r2 +QMbB/2` � ǳbi�M/�`/Ǵ +?2KB+�H i2bi bm+? �b � ?QK2 T`2;M�M+v
i2bi- i?2 2t�KBM2` Bb �M�HQ;Qmb BM i?Bb +�b2 iQ i?2 i2bi bi`BT Ur?B+? Bb � bHB;?iHv /2?mK�MBxBM;
+QKT�`BbQM- #mi r2 rBHH rQ`F rBi?BM i?2 �M�HQ;v b2i mT #v ""*VX h?2 ;Q�H Q7 �Mv 2MiBiv
`2;mH�iBM; i?2 mb2 Q7 bm+? i2bib- r?2i?2` i?2 +Qm`i Q` i?2 6.�- rQmH/ #2 iQ /2i2`KBM2 r?2i?2`
i?2 i2bi Bb `2HB�#H2 BM /Bb+`BKBM�iBM; #2ir22M i?2 TQbbB#H2 bi�i2b Q7 M�im`2 i?2 i2bi Bb /2bB;M2/
iQ /Bb+`BKBM�i2 #2ir22M, T`2;M�Mi Q` MQi T`2;M�Mi- b�K2 bQm`+2 Q` /Bz2`2Mi bQm`+2X A7 i?2`2
Bb p�`B�#BHBiv BM i?2 i2biǶb T2`7Q`K�M+2 mM/2` /Bz2`2Mi +B`+mKbi�M+2b UQ` /Bz2`2Mi 2t�KBM2`bV-
i?2M Bi Bb BKTQ`i�Mi iQ FMQr i?�i �i i?2 Qmib2i- #27Q`2 i?2 i2bi Bb �TT`Qp2/ 7Q` ;2M2`�H mb2 @
i?�i p�`B�#BHBiv rBHH 7�+iQ` BMiQ i?2 Qp2`�HH 2``Q` `�i2- H2�/BM; iQ � `�M;2 Q7 TQbbB#H2 2``Q` `�i2b
Ur?B+? Bb bQK2i?BM; i?�i bi�iBbiB+�H +�H+mH�iBQMb �`2 /2bB;M2/ iQ ?�M/H2, �7i2` �HH- bi�iBbiB+b
Bb i?2 bim/v Q7 p�`B�#BHBivVX aQ r?BH2 r2 �;`22 i?�i i?2`2 Bb p�`B�#BHBiv BM i?2 T2`7Q`K�M+2 Q7
/Bz2`2Mi 2t�KBM2`b- r2 /Q MQi �;`22 i?�i Bi Bb mb2H2bb iQ +QMbB/2` � /Bb+BTHBM2@rB/2 2``Q` `�i2 7Q`
i?2 +QKT�`BbQM Q7 /Bz2`2Mi ivT2b Q7 K�`Fb QM i?2 #�bBb i?�i i?2`2 Bb �//BiBQM�H p�`B�#BHBiv /m2
iQ i?2 ?mK�M ǳBM@i?2@HQQTǴX q2 rQmH/ 2tT2+i i?�i BKT`2bbBQM@#�b2/ K�`Fb rQmH/ TQi2MiB�HHv
M22/ iQ #2 +QMbB/2`2/ b2T�`�i2Hv 7`QK bi`B�iBQM@#�b2/ K�`Fb U#2+�mb2 i?2 M2+2bb�`v 72�im`2b
7Q` +QKT�`BbQM �`2 p2`v /Bz2`2MiV- #mi mMHBF2 ""*- r2 /Q MQi +QMbB/2` � ;2M2`�H bmKK�`v
bi�iBbiB+ �#Qmi i?2 2``Q` `�i2 Q7 2p�Hm�iBM; QM2 ivT2 Q7 K�`Fb iQ #2 � mb2H2bb K2�bm`2X AM
7�+i- i?2B` BMbBbi2M+2 i?�i /Bb+BTHBM2@rB/2 2``Q` `�i2b �`2 mb2H2bb Bb �i Q//b rBi? � MmK#2` Q7
bi�i2K2Mib 7`QK `2b2�`+?2`b BM i?2 /Bb+BTHBM2 i?�i �`2 7QmM/ BM 2``Q` `�i2 bim/B2b �b r2HH �b
BM `2TQ`ib bm+? �b i?Qb2 Bbbm2/ #v S*�ah �M/ L�aX JQ`2 7mM/�K2Mi�HHv- i?2 2``Q` `�i2 Q7 �
i2+?MB[m2 Bb �i i?2 ?2�`i Q7 �Mv b+B2MiB}+ 2p�Hm�iBQM Q7 i?�i i2+?MB[m2c i?Bb Bb QM2 `2�bQM r?v
Bi Bb HBbi2/ BM i?2 +`Bi2`B� 7Q` �/KBbbB#BHBiv mM/2` .�m#2`iX

1p2M B7 r2 +QM+2/2 i?�i i?2 ?mK�M@BM@i?2@HQQT M�im`2 Q7 }`2�`Kb 2t�KBM�iBQM K�F2b Bi mMHBF2
p�HB/�iBQM Q7 � +?2KB+�H i2bi- i?�i /Q2b MQi K2�Mi i?�i 2``Q` `�i2b �`2 BMp�HB/ Q` i?�i bim/v@
BM; i?2 T2`7Q`K�M+2 Q7 ?mK�Mb BM � ;2M2`�H b2Mb2 Bb MQi BKTQ`i�MiX J�Mv K2/B+�H BK�;BM;
T`Q+2/m`2b �HbQ `2[mB`2 � ?mK�M iQ K�F2 � [m�HBi�iBp2 �M/ 2p2M #BM�`v Dm/;2K2Mib U+�M+2` Q`
#2MB;M HmKT\ �TT2M/B+BiBb Q` MQi\V i?�i BM+Hm/2 i?2 T`2b2M+2 Q7 BM+QM+HmbBp2 `2bmHib Ur?2M-
2X;X i?2 �TT2M/Bt +�MMQi #2 B/2MiB}2/ QM � b+�M Q7 i?2 �#/QK2MV-8k #mi i?2 K2/B+�H +QK@
KmMBiv �HbQ �+iBp2Hv bim/B2b i?2 2``Q` `�i2b Q7 i?2b2 /B�;MQbiB+b �M/ i?2 T2`7Q`K�M+2 Q7 i?2
?mK�M 2t�KBM2`b- +�H+mH�i2b /Bb+BTHBM2@rB/2 2``Q` `�i2b �M/ /B�;MQbiB+ miBHBiv `�i2b UBM+Hm/BM;
BM+QM+HmbBp2b �b M2;�iBp2 Qmi+QK2bV- �M/ Bb �+iBp2Hv BMp2biB;�iBM; i?2 +HBMB+�H mb2 Q7 �H;Q`Bi?Kb
i?�i bmTTQ`i ?mK�M /2+BbBQM@K�FBM;X8j

h?2`2 �`2 Qi?2` r�vb BM r?B+? +QKT�`BM; T�ii2`M 7Q`2MbB+b #H�+F@#Qt bim/B2b iQ K2/B+�H bim/B2b
Bb mb27mHX GBF2 #H�+F@#Qt bim/B2b- K2/B+�H bim/B2b �`2 ivTB+�HHv +QM/m+i2/ QM pQHmMi22`b- ?Qr@
2p2`- i?2`2 �`2 bB;MB}+�Mi /Bz2`2M+2b BM i?2 bi�iBbiB+�H �M/ b+B2MiB}+ `B;Q` BM K2/B+�H bim/B2b

8kC�+Q# GX C�`2KFQ 2i �HX- AM+B/2M+2 �M/ aB;MB}+�M+2 Q7 AM+QM+HmbBp2 _2bmHib BM lHi`�bQmM/ 7Q` �TT2M/B+BiBb
BM *?BH/`2M �M/ h22M�;2`b- ek *�M�/B�M �bbQ+B�iBQM Q7 _�/BQHQ;Bbib CQm`M�H RNdĜkyk UkyRRV- ?iiTb,
ff/QBXQ`;fRyXRyRefDX+�`DXkyRyXyjXyyN UH�bi pBbBi2/ CmM N- kykkVX

8jL�M qm 2i �HX- .22T L2m`�H L2irQ`Fb AKT`Qp2 _�/BQHQ;BbibǶ S2`7Q`K�M+2 BM "`2�bi *�M+2` a+`22MBM;- jN
A111 i`�Mb�+iBQMb QM K2/B+�H BK�;BM; RR39ĜRRN9 UkykyVX
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i?�i �`2 rQ`i? 2t�KBMBM;,

Ç J2/B+�H bim/B2b i�F2 ;`2�i T�BMb iQ 2Mbm`2 i?�i i?2 pQHmMi22`b b2H2+i2/ 7Q` � bim/v �`2
/2KQ;`�T?B+�HHv `2T`2b2Mi�iBp2 Q7 i?2 TQTmH�iBQM89X

Ç h?2`2 �`2 bi`B+i ;mB/2HBM2b 7Q` T`2`2;Bbi`�iBQM Q7 bim/v /2bB;MbX88

Ç aim/v `2bmHib 7Q` T`2`2;Bbi2`2/ /2bB;Mb Kmbi #2 `2TQ`i2/ 2p2M B7 i?2 +QM+HmbBQMb 7`QK i?2
bim/v �`2 MQi bi�iBbiB+�HHv bB;MB}+�MiX h?Bb `2[mB`2K2Mi Bb BMi2M/2/ iQ +QK#�i i?2 ǳ}H2
/`�r2` T`Q#H2KǴ- �M �`2� Q7 TQi2MiB�H #B�b i?�i r2 /B/ MQi 2p2M bi�`i iQ �//`2bb BM Qm`
BMBiB�H �{/�pBiX h?2 }H2 /`�r2` T`Q#H2K Bb � r2HH FMQrM T?2MQK2M� BM K�Mv Qi?2` �`2�b
Q7 b+B2M+2- ?Qr2p2`- �M/ Bi Bb `2�bQM�#H2 iQ 2tT2+i i?�i 7Q`2MbB+ b+B2M+2 Bb MQi 2t2KTiX

Ç aim/v `2bmHib �`2 `2TQ`i2/ �M/ �M�Hvx2/ �++QmMiBM; 7Q` T�`iB+BT�Mi /`QT@Qmi #B�b2b
Ç *QHH2+i2/ /�i� UBM �MQMvKBx2/ 7Q`KV �`2 Tm#HBb?2/ �HQM; rBi? i?2 bim/v bQ i?�i Qi?2`

b+B2MiBbib +�M `2T2�i i?2 �M�HvbBb 7Q` i?2Kb2Hp2bX

q?�i Bb `2K�`F�#H2 �#Qmi i?2 +QKT�`BbQM iQ K2/B+�H bim/B2b Bb i?�i MQM2 Q7 i?2 +QMp2MiBQMb
7Q` �TT`QT`B�i2 b+B2MiB}+ `B;Q` BM K2/B+BM2 �`2 Q#b2`p2/ BM bim/B2b Q7 }`2�`Kb �M/ iQQHK�`F
2t�KBM2` 2``Q` `�i2bX :`�Mi2/- bim/v T`2`2;Bbi`�iBQM Bb MQi � +QMp2MiBQM Q#b2`p2/ BM �HH /Bb@
+BTHBM2b- #mi B7 r2 �++2Ti i?2 �M�HQ;v iQ +HBMB+�H i`B�Hb #2+�mb2 Q7 i?2 b2`BQmb +QMb2[m2M+2b Q7
i?2 `2bmHib- Bi bi�M/b iQ `2�bQM i?�i p�HB/�iBQM bim/B2b b?QmH/ #2 Q#b2`pBM; i?Bb H2p2H Q7 2tT2`@
BK2Mi�H �M/ b+B2MiB}+ `B;Q`X PM2 Q7 i?2 #B;;2bi Bbbm2b rBi? 7Q`2MbB+ p�HB/�iBQM bim/B2b Bb i?�i
i?2 +QHH2+i2/ /�i� �`2 MQi K�/2 �p�BH�#H2 iQ Qi?2` `2b2�`+?2`b 7Q` `2�M�HvbBb @ i?Bb Bb +QMi`�`v
iQ #�bB+ +QMp2MiBQMb Q7 b+B2MiB}+ 2i?B+bX

eXkXR h?2 lb2 Q7 P#D2+iBp2 �bb2bbK2Mi hQQHb

�Hi?Qm;? `2b2�`+? Bb +m``2MiHv mM/2`r�v QM +QKTmi2`@#�b2/ K2i?Q/b 7Q` +QKT�`@
BM; [m2biBQM2/ �M/ FMQrM Bi2Kb- �M/ �bbB;MBM; T`Q#�iBp2 p�Hm2 iQ +QKT�`BbQMb- BM
i?2 +m``2Mi bi�i2 Q7 7Q`2MbB+ T`�+iB+2 bm+? K2i?Q/b �`2 MQi v2i rB/2Hv 2KTHQv2/
7Q` +�b2@bT2+B}+ 2p�Hm�iBQMb- B7 �i �HHX AMbi2�/- �miQK�iB+ +QKT�`BbQM K2i?Q/b �`2
K�BMHv mb2/ 7Q` BMp2biB;�iBp2 Tm`TQb2b- bm+? �b i?2 b+`22MBM; Q7 H�`;2 /�i�#�b2b �M/
`2i`B2pBM; bT2+BK2Mb rBi? bBKBH�` 72�im`2b �M/ `�MFBM; i?2b2 bT2+BK2Mb �++Q`/BM;
iQ i?2B` /2;`22 Q7 bBKBH�`Biv rBi? `2bT2+i iQ � b2�`+?2/ Bi2KX U""* T;X RyV

J�Mv Q7 i?2 T`Q#H2Kb B/2MiB}2/ rBi? T�`iB+BT�Mi b�KTHBM; #2+QK2 H2bb T`Q#H2K�iB+ 7Q` 2ti2`@
M�H p�HB/Biv B7 Q#D2+iBp2 K2i?Q/b �`2 mb2/ r?B+? `2/m+2 i?2 p�`B�#BHBiv Q7 2t�KBM2` +QM+HmbBQMb
#v T`QpB/BM; [m�MiBi�iBp2 BM7Q`K�iBQM i?�i Bb bBKBH�` �+`Qbb 2t�KBM2`b- `2HB�#H2 7Q` /2+BbBQM@
K�FBM;- �M/ i?2 `2bmHi Q7 �m/Bi@�#H2- 2tTH�BM�#H2 +�H+mH�iBQMbX q2 }`KHv #2HB2p2 i?�i i?Bb Bb
i?2 #2bi T�i? 7Q`r�`/ 7Q` T�ii2`M@#�b2/ 7Q`2MbB+ 2pB/2M+2- �M/ r2 ?�p2 #22M �+iBp2Hv BMpQHp2/

89LA> 7mM/BM; ;mB/2HBM2b MQr `2[mB`2 i?�i bim/B2b T`QTQb2/ 2Mbm`2 BM+HmbBQM Q7 rQK2M �M/ KBMQ`BiB2b BM T`QTQ`@
iBQMb i?�i �HHQr ;2M2`�HBx�iBQM iQ i?2 `2H2p�Mi TQTmH�iBQM mM/2` BMp2biB;�iBQM UL�iBQM�H AMbiBimi2b Q7 >2�Hi?-
bmT`� MQi2 jRVX

88.�pB/ hX J2HHQ` � "`B�M �X LQb2F- 1�bv T`2`2;Bbi`�iBQM rBHH #2M2}i �Mv `2b2�`+?- k L�im`2 >mK�M "2@
?�pBQm` N3ĜN3 UkyR3V- ?iiTb,ffrrrXM�im`2X+QKf�`iB+H2bfb9R8ek@yR3@ykN9@d UH�bi pBbBi2/ CmM R3- kykkVX
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BM /2p2HQTBM;- BKTH2K2MiBM;- �M/ p�HB/�iBM; �H;Q`Bi?Kb BMi2M/2/ 7Q` /B`2+i Bi2K@iQ@Bi2K +QK@
T�`BbQMb8eX h?2b2 �H;Q`Bi?Kb �`2 /Bz2`2Mi 7`QK /�i�#�b2 b2�`+?2b bm+? �b LA"AL �M/ A"Aa
i?�i �`2 /2bB;M2/ iQ `2im`M i?2 ԃ +HQb2bi K�i+?2b 7`QK i?2 /�i�#�b2 BM i?�i i?2v T`QpB/2 �
/B`2+i K2�bm`2 Q7 72�im`2 bBKBH�`Biv #2ir22M irQ bT2+B}2/ b�KTH2bX

PM2 Bbbm2 `�Bb2/ #v #Qi? i?2 6"A �M/ ""*- �b r2HH �b Qi?2` 2tT2`i rBiM2bb2b- Bb i?�i `2b2�`+?2`b
�i i?2 *2Mi2` 7Q` ai�iBbiB+b �M/ �TTHB+�iBQMb BM 6Q`2MbB+ 1pB/2M+2 U*a�61V ?�b mb2/ /�i� 7`QK
2``Q` `�i2 bim/B2b BM Qm` QrM `2b2�`+?X PM2 `2�bQM r2 ?�p2 #22M �#H2 iQ K�F2 mb2 Q7 i?Bb /�i�
Bb i?�i #2+�mb2 r2 /2bB;M �H;Q`Bi?Kb- r2 +�M #2 bm`2 i?�i bQK2 Q7 i?2 #B�b2b r?B+? 2tBbi BM
p�HB/�iBQM bim/B2b /Q MQi 2tBbi BM Qm` `2b2�`+?X h?Bb /BbiBM+iBQM Bb BHHmbi`�iBp2 Q7 i?2 /Bz2`2M+2b
#2ir22M �H;Q`Bi?K p�HB/�iBQM bim/B2b �M/ 2t�KBM2` p�HB/�iBQM bim/B2bX *QMbB/2`- 7Q` BMbi�M+2-
Qm` mb2 Q7 /�i� 7`QK +HQb2/@b2i bim/B2b8d r?2M /2p2HQTBM; �M �H;Q`Bi?K 7Q` �bb2bbBM; i?2 bBKB@
H�`Biv Q7 /Bz2`2Mi #mHH2ibX q2 Q#i�BM2/ b2p2`�H i2bi b2ib mb2/ BM i?2 bim/v �M/- mbBM; � /B;Bi�H
KB+`Qb+QT2- +`2�i2/ j. b+�Mb Q7 i?2 bm`7�+2 Q7 i?2 }`2/ #mHH2ibX h?2M- r2 /2p2HQT2/ bi�iBbiB+�H
K2i?Q/b iQ +�H+mH�i2 72�im`2b 7`QK i?Qb2 j. b+�Mbc i?2b2 72�im`2b r2`2 72/ BMiQ �M �H;Q`Bi?K
i?�i i�F2b irQ b+�Mb- +QKTmi2b i?2 72�im`2b- �M/ 2p�Hm�i2b i?2 bBKBH�`Biv Q7 i?2 irQ 72�im`2b-
2p2Mim�HHv #QBHBM; /QrM �HH Q7 i?�i /�i� BMiQ � MmK#2` #2ir22M y �M/ R- r?2`2 y BM/B+�i2b
2ti`2K2 /BbbBKBH�`Biv �M/ R BM/B+�i2b 2ti`2K2 bBKBH�`Biv #2ir22M i?2 irQ b+�MbX q2 FMQr i?�i
Qm` �H;Q`Bi?K Bb MQi +�T�#H2 Q7 mbBM; �Mv Q7 i?2 BM7Q`K�iBQM �#Qmi i?2 7�+i i?�i i?2 b+�Mb �`2
7`QK � +HQb2/@b2i bim/v- #2+�mb2 r2 +�M b22 2t�+iHv r?�i 72�im`2b �`2 #2BM; +QKTmi2/ �M/
?Qr i?Qb2 72�im`2b �`2 +QK#BM2/ iQ �``Bp2 �i i?2 }M�H bBKBH�`Biv b+Q`2X h?�i Bb- Qm` �H;Q`Bi?K
Bb �m/Bi@�#H2 �M/ 7mM/�K2Mi�HHv i`�MbT�`2Mi BM � r�v i?�i i?2 2t�KBM2`Ƕb +QM+HmbBQM Bb MQiX
q2 FMQr 2t�+iHv r?�i BM7Q`K�iBQM r�b mb2/ iQ i`�BM i?2 �H;Q`Bi?K- �M/ ?Qr ;2M2`�HBx�#H2
i?2 �H;Q`Bi?K Bb iQ /�i� QmibB/2 Q7 i?2 i`�BMBM; b2i U7Q` BMbi�M+2- Bib T2`7Q`K�M+2 QM � /Bz2`@
2Mi KQ/2H Q7 }`2�`K rBi? bBKBH�` K�Mm7�+im`BM; i2+?MB[m2bV83X "2+�mb2 Qm` �H;Q`Bi?K /Q2b
MQi /2T2M/ QM 2t�KBM2` `2bTQMb2b iQ i?2 p�HB/�iBQM bim/v- #mi BMbi2�/ /2T2M/b QMHv QM i?2
j. b+�Mb Q7 #mHH2ib b2Mi iQ 2t�KBM2`b- r2 +�M mb2 i?2 #mHH2i b+�Mb rBi?Qmi +QKT`QKBbBM; Qm`
�H;Q`Bi?KǶb BMi2`M�H Q` 2ti2`M�H p�HB/BivX

AM �//BiBQM- bQK2 *a�61 `2b2�`+?2`b r?Q �`2 MQi T�`i Q7 i?Bb /Bb+mbbBQM ?�p2 mb2/ p�HB/�iBQM
bim/v /�i� BM Q`/2` iQ /2KQMbi`�i2 i?2 mb2 Q7 bi�iBbiB+�H �M�HvbBb i2+?MB[m2b BM 7Q`2MbB+b +QM@
i2tibX q2 �`2 MQi i?2 2ti`2KBbib i?�i ""* �M/ i?2 6"A ?�p2 T�BMi2/ mb �b, r2 rBHH +QMiBMm2
rQ`FBM; rBi?BM i?2 bvbi2K iQ BKT`Qp2 bi�iBbiB+�H �M�HvbBb K2i?Q/QHQ;v �i i?2 b�K2 iBK2 �b
r2 Tmb? 7Q` #2ii2` bim/v /2bB;Mb �M/ i?2 mb2 Q7 Q#D2+iBp2 �bb2bbK2Mi K2i?Q/bX q2 b22 i?Bb
�b i?2 KQbi T`�;K�iB+ �TT`Q�+? iQ BKT`Qp2 i?2 /Bb+BTHBM2 �b � r?QH2, r?BH2 r2 rBHH +QMiBMm2
iQ �`;m2 i?�i 2``Q` `�i2b /2`Bp2/ 7`QK 6h1 p�HB/�iBQM bim/B2b �`2 MQi bm{+B2MiHv `2HB�#H2 7Q`
mb2- r2 rBHH �HbQ Tmb? 7Q` i?2 �/QTiBQM Q7 #2ii2` bi�iBbiB+�H �M�HvbBb K2i?Q/b BM i?2 �+�/2KB+

8e1`B+ >�`2 2i �HX- �miQK�iB+ K�i+?BM; Q7 #mHH2i H�M/ BKT`2bbBQMb- RR h?2 �MM�Hb Q7 �TTHB2/ ai�iBbiB+b
kjjkĜkj8e UkyRdVc amb�M o�M/2`TH�b 2i �HX- *QKT�`BbQM Q7 i?`22 bBKBH�`Biv b+Q`2b 7Q` #mHH2i G1� K�i+?BM;-
6Q`2MbB+ a+B2M+2 AMi2`M�iBQM�H RRyRed UkykyV- ?iiT,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayjd
Nydj3kyjyykNj UH�bi pBbBi2/ 62# Ry- kykyVc CQ2 w2KK2Hb- >2BF2 >Q7K�MM � amb�M o�M/2`SH�b- +K+_,
�M BKTH2K2Mi�iBQM Q7 i?2 ǰ+QM;`m2Mi K�i+?BM; +2HHbǰ K2i?Q/ UkykkVX

8d>�K#v 2i �HX- bmT`� MQi2 89X
83o�M/2`TH�b 2i �HX- bmT`� MQi2 e8X

ke



7Q`2MbB+ 2p�Hm�iBQM HBi2`�im`2X

eXj �`2 h2bib GBF2 *�b2rQ`F\ �M �bb2bbK2Mi Q7 1ti2`M�H o�HB/Biv

PM2 Q7 ""*Ƕb �`;mK2Mib �;�BMbi i?2 +�H+mH�iBQM Q7 � ;2M2`�H /QK�BM@rB/2 2``Q` `�i2 Bb i?�i
2tBbiBM; bim/B2b 7�HH b?Q`i Q7 KBKB+FBM; +�b2rQ`F �M/ K�v MQi �TTHv iQ � T�`iB+mH�` +�b2,

("H�+F #Qt) bim/B2b ;Bp2 QMHv � bM�Tb?Qi Q7 i?2 T2`7Q`K�M+2 Q7 � b2H2+i2/ MmK#2` Q7
2t�KBM2`b BM +QM/m+iBM; � T�`iB+mH�` i�bF mM/2` KQ`2 Q` H2bb +QMi`QHH2/ 2tT2`BK2M@
i�H +QM/BiBQMbX h?2 2tT2`BK2Mi�H M�im`2 Q7 i?2b2 bim/B2b BKTHB2b i?�i- #v /2}MBiBQM-
i?2v 7�HH b?Q`i Q7 KBKB+FBM; +�b2rQ`F +QM/BiBQMb iQ �i H2�bi bQK2 2ti2Mi �M/ K�v
MQi �TTHv iQ i?2 +B`+mKbi�M+2b BM � T�`iB+mH�` +�b2X U""* T;X R3V

h?2`2 Bb �i H2�bi QM2 bim/v8N i?�i mb2/ #HBM/ T`Q}+B2M+v i2biBM;- r?B+? KBKB+b +�b2rQ`F #2ii2`
i?�M KQbi bim/B2b BM i?�i RV Bi Bb i`mHv #HBM/- i?�i Bb- i?2 T�`iB+BT�Mib �`2 MQi �r�`2 i?�i i?2v
�`2 #2BM; i2bi2/ey- �M/ kV i?2 bim/v BM+Q`TQ`�i2b i?2 p2`B}+�iBQM T`QiQ+QHb mb2/ �i >QmbiQM
6Q`2MbB+ a+B2M+2 *2Mi2` U>6a*V- r?B+? �`2 MQi mbm�HHv BM+Q`TQ`�i2/ BMiQ i?2 2``Q` `�i2 +�H@
+mH�iBQMb BM #H�+F@#Qt bim/B2bX AM �//BiBQM- i?Bb bim/v Bb 7`22 7`QK bQK2 Q7 i?2 T�`iB+BT�Mi
b2H2+iBQM #B�b2b T`2b2Mi BM Qi?2` bim/B2b #v pB`im2 Q7 i?2 7�+i i?�i 2t�KBM2`b r2`2 2bb2MiB�HHv
+QKT2HH2/ iQ T�`iB+BT�i2 �b T�`i Q7 +QMiBMm2/ 2KTHQvK2Mi- �M/ i?mb b�KTHBM; �M/ b2H2+iBQM
#B�b2b r2`2 MQi � +QM+2`MX �b rBi? KQbi i?BM;b- ?Qr2p2`- i?2`2 �`2 i`�/2@Qzb, i?2 KQ`2 M�``Qr
i?2 bim/vǶb T�`iB+BT�Mib- i?2 HQr2` Qm` �#BHBiv iQ ;2M2`�HBx2 `2bmHib iQ � rB/2` TQTmH�iBQMX h?Bb
bim/v QMHv +Qp2`2/ i?2 >QmbiQM 6Q`2MbB+ a+B2M+2 *2Mi2`- bQ Bi Bb /B{+mHi iQ ;2M2`�HBx2 i?2
`2bmHib QmibB/2 Q7 2t�KBM2`b �i >6a*- r?2`2 /Bz2`2Mi T`QiQ+QHb rQmH/ #2 mb2/ �M/ 2t�KBM2`b
rQmH/ #2 2tT2+i2/ iQ ?�p2 /Bz2`2Mi i`�BMBM; �M/ K2MiQ`BM; QTTQ`imMBiB2bX

� bBKBH�` bi�i2K2Mi Bb 7QmM/ BM i?2 6"AǶb `2bTQMb2,

�MQi?2` BKTQ`i�Mi TQBMi Bb i?�i i?2b2 bim/B2b +�Tim`2 i?2 T�`iB+BT�MibǶ +QM+HmbBQMb
rBi?Qmi i?2 #2M2}i Q7 i?2 p2`B}+�iBQM T`Q+2bb �M/ Qi?2` [m�HBiv +QMi`QH K2�bm`2b
miBHBx2/ /m`BM; �+im�H +�b2rQ`FX h?2b2 K2�bm`2b BM+Hm/2 BM/2T2M/2Mi 2t�KBM�iBQM
Q7 i?2 2pB/2M+2 #v �MQi?2` [m�HB}2/ 2t�KBM2` UBX2X- p2`B}+�iBQMV #27Q`2 � `2TQ`i K�v
#2 Bbbm2/X h?2v �HbQ BM+Hm/2 �/KBMBbi`�iBp2 �M/ i2+?MB+�H `2pB2r Q7 �M 2t�KBM2`Ƕb
`2TQ`iX h?2b2 [m�HBiv +QMi`QH K2�bm`2b rQmH/ HBF2Hv HQr2` i?2 2``Q` `�i2b `2TQ`i2/
BM i?2b2 bim/B2b 2p2M 7m`i?2`X U6"A T;X 9V

8NJ�//Bb2M L2mK�M 2i �HX- "HBM/ i2biBM; BM }`2�`Kb, S`2HBKBM�`v `2bmHib 7`QK � #HBM/ [m�HBiv +QMi`QH T`Q;`�K- ed
CQm`M�H Q7 6Q`2MbB+ a+B2M+2b Ne9ĜNd9 UkykkV- ?iiTb,ffQMHBM2HB#`�`vXrBH2vX+QKf/QBf�#bfRyXRRRRfR88e@
9ykNXR8yjR UH�bi pBbBi2/ CmM R3- kykkVX

eyMQi2 i?�i i?Bb /2}MBiBQM Q7 ǳ#HBM/Ǵ Bb KQ`2 bi`B+i i?�M i?�i bQK2iBK2b mb2/ #v 7Q`2MbB+ b+B2MiBbib- BM r?B+?
� #HBM/ i2bi K2�Mb i?�i i?2 T2`bQM #2BM; i2bi2/ /Q2bMǶi FMQr i?2 �Mbr2`b U+Bi2 "mM+? � Jm`T?vVXAM
2tT2`BK2Mi�H /2bB;M- i?2 MQiBQM Q7 ǳ#HBM/Ǵ i2biBM; `272`b iQ T�`iB+BT�Mib �M/ 2tT2`BK2Mi2`b MQi FMQrBM; r?Q
r�b �bbB;M2/ iQ 2�+? i`2�iK2Mi ;`QmT #2+�mb2 bm+? FMQrH2/;2 KB;?i BM~m2M+2 i?2 i2bi 2p�Hm�iBQMX AM Q`/2`
7Q` i?2 b�K2 �BK iQ #2 �+?B2p2/ BM 7Q`2MbB+ i2bib- r2 Kmbi BMbi2�/ 2Mbm`2 i?�i i?2 2t�KBM2` /Q2b MQi FMQr
i?�i i?2v �`2 #2BM; i2bi2/ bQ i?�i r2 +�M KQ`2 �++m`�i2Hv K2�bm`2 ?Qr i?2v `2bTQM/ iQ +�b2 rQ`FX
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q2 rQmH/ HQp2 iQ b22 KQ`2 2``Q` `�i2 bim/B2b +QM/m+i2/ mbBM; #HBM/ T`Q}+B2M+v i2bibc bm+?
bim/B2b +H2�`Hv ?�p2 #2ii2` 2ti2`M�H p�HB/Biv BM bQK2 `2bT2+ib- 2p2M B7 i?2v Q7i2M +�MMQi #2
;2M2`�HBx2/ QmibB/2 Q7 i?2 H�#Q`�iQ`v r?2`2 i?2v r2`2 +QM/m+i2/X q2 `2+Q;MBx2 i?�i MQi �HH
H�#Q`�iQ`B2b ?�p2 i?2 `2bQm`+2b Q7 >6a*- �M/ i?�i bm+? i2biBM; Bb 2tT2MbBp2c �b � `2bmHi- Bi Bb
biBHH #2M2}+B�H iQ i?2 /Bb+BTHBM2 iQ ?�p2 2``Q` `�i2 bim/B2b r?B+? b2`p2 �b 2biBK�i2b Q7 2t�KBM2`
2``Q` rBi?Qmi i?2 #2M2}i Q7 p2`B}+�iBQM T`Q+2bb2b- #2+�mb2 bm+? 2biBK�i2b �`2 mbm�HHv /2`Bp2/
7`QK 2t�KBM2`b �+`Qbb KmHiBTH2 H�#Q`�iQ`B2b �M/ i?mb +�M- mM/2` i?2 `B;?i b�KTHBM; T`Q+2/m`2b-
#2 ;2M2`�HBx2/ iQ � rB/2` TQTmH�iBQM Q7 2t�KBM2`bX A7 i?2 /�i� 7`QK i?2b2 T`Q}+B2M+v i2bib r2`2
K�/2 �p�BH�#H2 iQ i?2 +QKKmMBiv BM �M �MQMvKBx2/ r�v- Bi KB;?i 2p2M #2 TQbbB#H2 iQ �bb2bb
i?2 2z2+i Q7 i?2 p2`B}+�iBQM T`Q+2bb QM i?2 2``Q` `�i2b- r?B+? rQmH/ #2 mb27mH BM7Q`K�iBQM 7Q`
BMi2`T`2iBM; bim/B2b rBi?Qmi i?�i p2`B}+�iBQM T`Q+2bb UBi KB;?i #2 TQbbB#H2 iQ 2biBK�i2 2X;X i?2
K�;MBim/2 Q7 i?2 `2/m+iBQM BM 2``Q` #�b2/ QM � p2`B}+�iBQM T`Q+2bb bBKBH�` iQ i?�i mb2/ �i
>6a*VX

A7 i?2 +B`+mKbi�M+2b Q7 � T�`iB+mH�` +�b2 �`2 bm+? i?�i 2``Q` `�i2 bim/B2b �`2 MQi �TTHB+�#H2- �b
bm;;2bi2/ #v ""*- i?2M i?�i Bb bQK2i?BM; i?�i b?QmH/ HBF2Hv #2 #`Qm;?i mT r?2M i?2 }`2�`Kb
�M/ iQQHK�`F 2tT2`i Bb i2biB7vBM; �M/ /m`BM; +`Qbb@2t�KBM�iBQMX q?BH2 Bi Bb mMHBF2Hv i?�i �
bT2+B}+ 2``Q` `�i2 Q` MmK2`B+�H �/DmbiK2Mi +QmH/ #2 B/2MiB}2/- i?Bb rQmH/ �i H2�bi �HHQr i?2
Dm/;2 �M/fQ` Dm`v iQ B/2MiB7v � bi�`iBM; TQBMi �M/ � /B`2+iBQM BM r?B+? i?2 2``Q` `�i2 KB;?i #2
`2pBb2/X

Pm` T`BQ` bi�i2K2Mi- �M/ i?Bb bi�i2K2Mi- �//`2bb i?2 ;2M2`�H /Bb+BTHBM2 Q7 }`2�`Kb �M/ iQQH@
K�`F 2t�KBM�iBQMX q2 7Q+mb QM �bb2bbBM; i?2 [m2biBQM Q7 r?2i?2` }`2�`Kb �M/ iQQHK�`F
2pB/2M+2 ?�b #`Q�/ b+B2MiB}+ bmTTQ`i- rBi? i?2 +QM+HmbBQM i?�i r?BH2 i?2`2 Bb bQK2 b+B2MiB}+
2pB/2M+2 iQ bmTTQ`i i?2 B/2� i?�i }`2�`Kb �M/ iQQHK�`F 2t�KBM�iBQM Bb mb27mH 7Q` �bb2bbBM;
[m2biBQMb Q7 bQm`+2- i?2 [m�HBiv Q7 i?�i 2pB/2M+2 7�HHb r2HH b?Q`i Q7 i?�i `2[mB`2/ 7Q` ǳ#`Q�/ b+B@
2MiB}+ bmTTQ`iǴ /m2 iQ 7mM/�K2Mi�H Bbbm2b rBi? BMi2`M�H �M/ 2ti2`M�H p�HB/Biv BM i?2 p�HB/�iBQM
bim/B2b r?B+? 2tBbi iQ /�i2X

eX9 LQM`2bTQMb2 "B�b

Ai Bb +QKKQM 7Q` bim/B2b BMpQHpBM; ?mK�M bm#D2+ib iQ BMpQHp2 bQK2 /2;`22 Q7 /`QT@Qmi Q`
MQM`2bTQMb2X AM/BpB/m�Hb K�v �;`22 iQ T�`iB+BT�i2 BM � bm`p2v �M/ i?2M 7�BH iQ �+im�HHv 2M;�;2
U/`QT QmiV Q` i?2v K�v H2�p2 bQK2 bm`p2v [m2biBQMb mM�Mbr2`2/ UBi2K MQM`2bTQMb2VX h?2`2
�`2 K�Mv bi�iBbiB+�H K2i?Q/b iQ ?�M/H2 i?2b2 T`Q#H2KbXeR

AM Q`/2` iQ #2;BM iQ �//`2bb i?2b2 T`Q#H2Kb- `2b2�`+?2`b }`bi ?�p2 iQ �+FMQrH2/;2 i?2KX AM
2p2`v bim/v r2 ?�p2 `2pB2r2/- i?2 HBKBi�iBQMb /m2 iQ MQM`2bTQMb2 �M/ /`QT@Qmi #B�b �`2 MQi

eRh?2`2 �`2 BM 7�+i- 2MiB`2 �`2�b Q7 bi�iBbiB+�H `2b2�`+? /2pQi2/ iQ bm+? K2i?Q/bX 6Q` bQK2 2t�KTH2b- b22
_Q/2`B+F C� GBiiH2 � .QM�H/ " _m#BM- dNj- ai�iBbiB+�H �M�HvbBb rBi? KBbbBM; /�i� UkyRNV �M/ C�2
Er�M; EBK � CmM a?�Q- ai�iBbiB+�H K2i?Q/b 7Q` ?�M/HBM; BM+QKTH2i2 /�i� UkyR9VX
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�+FMQrH2/;2/X LQ bim/v miBHBx2b +QKKQM bi�iBbiB+�H K2i?Q/b 7Q` �bb2bbBM; i?2 BKT�+i Q7 MQM`2@
bTQMb2 �M/ /`QT@Qmi #B�bekX JQ`2 i`Qm#HBM;- i?2b2 bim/B2b /Q MQi `2H2�b2 �Mv /�i� iQ 7�+BHBi�i2
Qi?2` `2b2�`+?2`b }HHBM; BM i?2b2 ;�TbX

�b i?2 ?QH/2`b Q7 i?2 /�i�- i?2 `2b2�`+?2`b +QM/m+iBM; p�HB/�iBQM bim/B2b �`2 i?2 QM2b r?Q
#2�` i?2 #m`/2M Q7 �//`2bbBM; i?2 KBbbBM;M2bb BM i?2B` �M�Hvb2bX *?QQbBM; i?2 +Q``2+i K2i?@
Q/b /2T2M/b QM 2tTHQ`BM; i?2 T�ii2`Mb Q7 KBbbBM;M2bb BM i?2 /�i�X AMbi2�/- +m``2MiHv- i?2b2
`2b2�`+?2`b B;MQ`2 i?2 T`Q#H2K �M/ T`Q+22/ rBi? BM�TT`QT`B�i2 bi�iBbiB+�H �M�Hvb2b@ /2bTBi2 i?2
�p�BH�#BHBiv Q7 2tBbiBM; �TT`QT`B�i2 K2i?Q/b i?�i +QmH/ #2 mb2/X

h?2 �mi?Q`b Q7 ""* �M/ i?2 6"A `2bTQMb2b /Q MQi `27mi2 i?2b2 bi�i2K2MibX AMbi2�/- i?2v
�ii2KTi iQ /Bbi`�+i 7`QK i?2 Bbbm2X

h?Bb �bb2`iBQM Bb � 7m`i?2` 2t�KTH2 Q7 i?2 mb2 Q7 � i`m2 bi�i2K2Mi U?2`2, i?2 2tBb@
i2M+2 Q7 MQM@`2bTQMb2bV 7Q` bm;;2biBM; +QM+HmbBQMb #�b2/ QM �bbmKTiBQMb 7Q` r?B+?
�+im�H 2pB/2M+2 Bb H�+FBM;X h?�i Bb- o�M/2`TH�b 2i �HX UkykkV T`QpB/2 MQ #�bBb iQ
#2HB2p2 i?�i �HH MQM@`2bTQM/2Mib rQmH/ `2M/2` 2``QM2Qmb �Mbr2`bc �M 2``Q` `�i2
#�b2/ QM bm+? �M 2ti`2K2 �bbmKTiBQM Bb ?vTQi?2iB+�H �M/ MQi +QM/m+Bp2 Q7 �/p�M+@
BM; � +QMbi`m+iBp2 /Bb+Qm`b2 Qp2` r?�i i?2 TQi2MiB�H Q7 2``Q` +QmH/ `2�HBbiB+�HHv #2X
AM HBM2 rBi? Qm` /Bb+mbbBQM i?`Qm;?Qmi i?Bb /Q+mK2Mi- r2 `2Bi2`�i2 i?�i UBV i?2
BKT2`72+iBQM Q7 2tBbiBM; bim/B2b �M/ `2H�i2/ /�i� Bb MQi +QMi2bi2/- UBBV BKT2`72+i
/�i� b?QmH/ MQi #2 /BbKBbb2/ 2MiB`2Hv UT`QpB/2/ i?�i HBKBi�iBQMb �`2 T`QT2`Hv �+@
FMQrH2/;2/V- #mi BMi2`T`2i2/ rBi?BM i?2 `2H2p�Mi b+QT2 U2X;X- HBKBiBM; +QM+HmbBQMb
iQ i?Qb2 2t�KBM2`b r?Q T`QT2`Hv `2bTQM/2/V- �M/ UBBBV 2p2M B7 /�i� r2`2 T2`72+i UBM
bi`B+i bi�iBbiB+�H i2`KbV- i?2 `2bmHiBM; /QK�BM@rB/2 2``Q` `�i2 rQmH/ +?�`�+i2`Bx2
�M �#bi`�+i [m2biBQM �M/- ?2M+2- #2 Q7 HBKBi2/ T`�+iB+�H mb27mHM2bbX U""* T;X kdV

�b r2 ?�p2 /Bb+mbb2/- HBKBi�iBQMb �`2 MQi #2BM; �+FMQrH2/;2/X q2 �`2 �HbQ MQi �`;mBM; BK@
T2`72+i /�i� M22/b iQ #2 /BbKBbb2/ 2MiB`2HvX AMbi2�/- r2 �bb2`i i?2 bBKTH2 7�+i, `2b2�`+?2`b
�`2 BM�TT`QT`B�i2Hv mbBM; K2i?Q/b /2p2HQT2/ 7Q` +QKTH2i2Hv Q#b2`p2/ /�i� 7Q` /�i� r?B+? �`2
7�` 7`QK +QKTH2i2Hv Q#b2`p2/X .2~2+iBM; �;�BM 7`QK i?Bb Bbbm2- i?2 �mi?Q`b Q7 ""* i�F2 mK@
#`�;2 rBi? Qm` bm;;2biBQM i?�i i?2 MQM`2bTQMb2 Bb HBF2Hv H2�/BM; iQ mM/2`2biBK�i2b Q7 i?2 2``Q`
`�i2bX

h?2 ai�i2K2Mi +H�BKb i?�i ǳ(;)Bp2M r?�i r2 FMQr �#Qmi r?v T2QTH2 /`QT Qmi Q7
#H�+F #Qt bim/B2bc r2 rQmH/ 2tT2+i i?�i bim/B2b rBi? MQM@`2bTQMb2 #B�b mM/2`2biB@
K�i2 i?2 2``Q` `�i2XǴ Ai Bb mM+H2�` r?�i i?2 ai�i2K2Mi ǳFMQrbǴ �#Qmi r?v T2QTH2
/`QT Qmi Q7 #H�+F #Qt bim/B2b- �b Bi +Bi2b MQ /�i� i?�i bmTTQ`ib i?Bb +H�BKX U6"A
T;X RRV

_2b2�`+? BMiQ i2biBM; �M/ �bb2bbK2Mi BM i?2 2/m+�iBQM�H b2iiBM; ?�b +QMbBbi2MiHv BM/B+�i2/ i?�i
ǳBMimBiBQM �M/ 2KTB`B+�H 2pB/2M+2Ǵ bmTTQ`i i?�i ǳ(1)t�KBM22b �`2 KQ`2 HBF2Hv iQ QKBi Bi2Kb
ek�M;2H� J qQQ/- A�M _ q?Bi2 � aBKQM : h?QKTbQM- �`2 KBbbBM; Qmi+QK2 /�i� �/2[m�i2Hv ?�M/H2/\ �

`2pB2r Q7 Tm#HBb?2/ `�M/QKBx2/ +QMi`QHH2/ i`B�Hb BM K�DQ` K2/B+�H DQm`M�Hb- R *HBMB+�H h`B�Hb je3Ĝjde
Ukyy9V- ?iiTb,ff/QBXQ`;fRyXRRNRfRd9ydd98y9+MyjkQ� UH�bi pBbBi2/ CmM kj- kykkVX
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r?2M i?2v i?BMF i?2B` �Mbr2`b �`2 BM+Q``2+i i?�M Bi2Kb i?2v i?BMF i?2B` �Mbr2` rQmH/ #2
+Q``2+iXǴej A7 �M 2t�KBM22 Bb T`Q}+B2Mi 2MQm;? iQ FMQr r?2M i?2v �`2 HBF2Hv iQ #2 BM+Q``2+i- i?2M
i?Bb ivT2 Q7 #2?�pBQ` rBHH H2�/ iQ �M mM/2`2biBK�i2 Q7 2``Q` `�i2b B7 KBbbBM;M2bb Bb B;MQ`2/X

q2 `2Hv QM r?�i Bb FMQrM �#Qmi i2biBM; KQ`2 ;2M2`�HHv iQ bm;;2bi � /B`2+iBQM Q7 #B�b #2+�mb2
i?2 /�i� 7`QK p�HB/�iBQM bim/B2b �`2 ivTB+�HHv MQi b?�`2/X hQ Qm` FMQrH2/;2- MQ #�HHBbiB+b
p�HB/�iBQM bim/v ?�b `2H2�b2/ �Mv /�i� +�T�#H2 Q7 #2BM; �M�Hvx2/ #v � i?B`/ T�`ivX >Qr2p2`-
� `2+2Mi bim/v 7Q` T�HK�` T`BMib #v 1H/`B/;2- .2 .QMMQ- �M/ *?�KTQ/e9 /B/ `2H2�b2 bQK2
/�i�X q?BH2 i?2 `2H2�b2/ /�i� /Q2b MQi +QMi�BM bm{+B2Mi BM7Q`K�iBQM iQ �TTHv K2i?Q/b iQ
�/Dmbi 7Q` KBbbBM;M2bb- Bi /Q2b �HHQr 7Q` i?2 #2;BMMBM; Q7 �M 2tTHQ`�iBQM Q7 i?2 T�ii2`Mb Q7
KBbbBM;M2bbX 6Q` 2t�KTH2- 1H/`B/;2- .2 .QMMQ- �M/ *?�KTQ/e8 B/2MiB}2/ irQ 7�+iQ`b i?�i
r2`2 �i �bbQ+B�i2/ rBi? ?B;?2` 7�Hb2 TQbBiBp2 2``Q` `�i2b �KQM; 2t�KBM2`bX h?2b2 7�+iQ`b r2`2
#2BM; � MQM@�+iBp2 2t�KBM2` �M/ #2BM; 2KTHQv2/ #v �M �;2M+v QmibB/2 Q7 i?2 lMBi2/ ai�i2bX q2
2tTHQ`2/ #Qi? +?�`�+i2`BbiB+b �M/ i?2B` `2H�iBQMb?BTb rBi? KBbbBM;M2bbX Pm` �M�Hvb2b BM/B+�i2/
i?�i #2BM; 2KTHQv2/ #v �M �;2M+v QmibB/2 Q7 i?2 lMBi2/ ai�i2b r�b �HbQ �bbQ+B�i2/ rBi? �
?B;?2` HBF2HB?QQ/ Q7 2t�KBM2`b 7�BHBM; iQ `2bTQM/ iQ Qp2` 8yW Q7 i?2B` �bbB;M2/ +QKT�`BbQMbX AM
Qi?2` rQ`/b- � ;`QmT Q7 2t�KBM2`b r?Q r2`2 /BbT`QTQ`iBQM�i2Hv HBF2Hv iQ K�F2 7�Hb2 TQbBiBp2b
r2`2 �HbQ /BbT`QTQ`iBQM�i2Hv HBF2Hv iQ bFBT +QKT�`BbQMbX h?mb- 7Q` i?Bb bim/v- i?2`2 Bb 2pB/2M+2
i?�i i?2 7�Hb2 TQbBiBp2 2``Q` `�i2 +�H+mH�i2/ B;MQ`BM; i?2 KBbbBM;M2bb Bb �M mM/2`2biBK�i2X

d AM+QM+HmbBp2b

dXR h?2 AKTQ`i�M+2 Q7 "Qi? A/2MiB}+�iBQM �M/ 1HBKBM�iBQM

q?2M +Qm`ib +?QQb2 iQ +QMbB/2` i?2 FMQrM Q` TQi2MiB�H `�i2 Q7 2``Q` �b � 7�+iQ`
#2�`BM; QM `2HB�#BHBiv- i?2 F2v +QM+2`M 7Q` �/KBbbB#BHBiv Bb i?2 7`2[m2M+v Q7 7�Hb2
B/2MiB}+�iBQMbX U6"A T;X R@kV

h?2 6"A Bb MQi �HQM2 BM i?2B` �bb2`iBQM i?�i QMHv 7�Hb2 B/2MiB}+�iBQMb �`2 BKTQ`i�MiX am+? +H�BKb
�`2 K�/2 #v 2tT2`i i2biBKQMvee �M/ 2p2M BM i?2 S*�ah `2TQ`i- i?2 +`Bi2`B� 7Q` 7QmM/�iBQM�H
p�HB/Biv Q7 � 7Q`2MbB+ /Bb+BTHBM2 �`2 i?2 b2MbBiBpBiv `�i2 �M/ i?2 7�Hb2@TQbBiBp2 `�i2Xed q2 �;`22
i?�i i?2 7�Hb2 TQbBiBp2 U7�Hb2 B/2MiB}+�iBQMV `�i2 Bb BKTQ`i�Mi- #mi i?2`2 �`2 7mM/�K2Mi�H Bbbm2b

ej_Q#2`i C JBbH2pv � S�Q@Em2B qm- JBbbBM; `2bTQMb2b �M/ A_h �#BHBiv 2biBK�iBQM, PKBib- +?QB+2- iBK2 HBK@
Bib- �M/ �/�TiBp2 i2biBM;- RNNe 1ha _2b2�`+? _2TQ`i a2`B2b BĜje URNNeV T;X ReX a22 �HbQ- ai2{ SQ?H-
GBM/� :` 72 � LQ`K�M _Qb2- .2�HBM; rBi? QKBii2/ �M/ MQi@`2�+?2/ Bi2Kb BM +QKT2i2M+2 i2bib, 1p�Hm�iBM;
�TT`Q�+?2b �++QmMiBM; 7Q` KBbbBM; `2bTQMb2b BM Bi2K `2bTQMb2 i?2Q`v KQ/2Hb- d9 1/m+�iBQM�H �M/ Sbv+?Q@
HQ;B+�H J2�bm`2K2Mi 9kjĜ98k UkyR9V �M/ a?2M;?�B .�B- >�M/HBM; KBbbBM; `2bTQMb2b BM Tbv+?QK2i`B+b,
J2i?Q/b �M/ bQ7ir�`2- j Sbv+? edjĜeNj UkykRVX

e9amT`� MQi2 jNX
e8A/X
eehQ// q2HH2` BM S2QTH2 pX _Qbb- e3 JBb+X j/ 3NN- RkN LXuXaXj/ ekN- kyky LXuX aHBT PTX kyR8j ULXuX amTX *iX

kykyV
edS`2bB/2Miǰb *QmM+BH Q7 �/pBbQ`b QM a+B2M+2 �M/ h2+?MQHQ;v- bmT`� MQi2 9N- T;X R8NX

jy



rBi? i?2 7Q+mb QMHv QM B/2MiB}+�iBQMb r?2M r2 HQQF �i i?2 bi`m+im`�H b2imT Q7 2p�Hm�iBM;
2t�KBM2` +QM+HmbBQMb- bmKK�`Bx2/ BM 6B;m`2 RX

6B;m`2 R, A7 2t�KBM2`b QMHv bTQi bBKBH�`BiB2b- i?2M i?2 +H�bbB}+�iBQM b+?2K2 QM i?2 H27i Bb �T@
T`QT`B�i2 �M/ 2t�KBM2`b b?QmH/ +QM}M2 i?2Kb2Hp2b QMHv iQ +H�BKBM; iQ #2 �#H2 iQ
K�F2 B/2MiB}+�iBQMb- ;`QmTBM; BM+QM+HmbBp2b �M/ 2HBKBM�iBQMb iQ;2i?2` �b ?�pBM; BM@
bm{+B2Mi bBKBH�`Biv iQ K�F2 �M B/2MiB}+�iBQMX A7 2t�KBM2`b bTQi bBKBH�`BiB2b �M/
/Bz2`2M+2b- i?2M Bi Bb BKTQ`i�Mi iQ 2p�Hm�i2 i?2 2``Q` `�i2 Q7 #Qi? 7�Hb2 B/2MiB}+�@
iBQMb �M/ 7�Hb2 2HBKBM�iBQMb- �b Bi bT2�Fb iQ i?2 7mM/�K2Mi�Hb Q7 i?2 +H�BKb 2t�KBM2`b
K�F2 �#Qmi i?2B` �#BHBiB2bX

A7 2t�KBM2`b �`2 QMHv �#H2 iQ bTQi bBKBH�`BiB2b- i?2M i?2`2 b?QmH/ #2 QMHv QM2 i?`2b?QH/, 2Bi?2`
i?2 b�KTH2b mM/2` +QKT�`BbQM �`2 bm{+B2MiHv bBKBH�`- Q` i?2v �`2 MQiX h?Bb `2bmHib BM � #BM�`v
+H�bbB}+�iBQM T`Q#H2K @ QM2 r?B+? M2�iHv K�i+?2b i?2 i`m2 bi�i2 Q7 i?2 2pB/2M+2, 2Bi?2` i?2
irQ Bi2Kb r2`2 7`QK i?2 b�K2 bQm`+2- Q` i?2v r2`2 7`QK /Bz2`2Mi bQm`+2bX

A7 2t�KBM2`b +�M bTQi bBKBH�`BiB2b �M/ /Bz2`2M+2b- #mi QMHv 7Q+mb QM bBKBH�`BiB2b- i?2M i?2v
�`2 B;MQ`BM; �p�BH�#H2 2pB/2M+2 r?B+? KB;?i #2 2t+mHT�iQ`v- 2Bi?2` #2+�mb2 Q7 i`�BMBM; #B�b2b
iQ HQQF 7Q` bBKBH�`BiB2b Q` #2+�mb2 B/2MiB7vBM; /Bz2`2M+2b Bb � ?�`/2` +Q;MBiBp2 T`Q#H2KX AM
i?Bb +�b2- i?2 bvbi2K Bb b2i mT iQ 2p�Hm�i2 2t�KBM2`b #�b2/ QM r?2i?2` i?2v +�M B/2MiB7v
#Qi? bBKBH�`BiB2b �M/ /Bz2`2M+2b- rBi? � KB//H2 +�i2;Q`v Q7 BM+QM+HmbBp2 7Q` 2t�KBM2`b iQ mb2
r?2M i?2`2 Bb BMbm{+B2Mi 2pB/2M+2 BM 2Bi?2` /B`2+iBQMX lbBM; bm+? �M 2p�Hm�iBQM bvbi2K r?BH2
7Q+mbBM; QMHv QM QM2 ivT2 Q7 2``Q` Bb T`Q#H2K�iB+ 7`QK i?2 bi�M/TQBMi Q7 Q#D2+iBp2Hv 2p�Hm�iBM;
2t�KBM2`bǶ +H�BKb �#Qmi i?2 b+B2MiB}+ M�im`2 Q7 i?2B` /Bb+BTHBM2X

h?2 6"AǶb /Bb+mbbBQM Q7 i?2 +QM+2Ti Q7 i?2 ǳ"2bi EMQrM LQM J�i+?Ǵ bm;;2bib i?�i i?2v �`2
HQQFBM; QMHv �i bBKBH�`BiB2b,

h?2 �#BHBiv iQ �bb2bb T�ii2`M �;`22K2Mi /2p2HQTb /m`BM; i`�BMBM; r?2M �M 2t�KBM2`
2p�Hm�i2b i?2 ǳ#2biǴ �;`22K2Mi #2ir22M irQ bT2+BK2Mb FMQrM iQ ?�p2 Q`B;BM�i2/
7`QK /Bz2`2Mi bQm`+2b ě ǳi?2 "2bi@EMQrM LQM@J�i+?XǴ U6"A T;X jV

r?BH2 ""* bm;;2bi i?�i i?2`2 Bb MQi 2p2M �;`22K2Mi QM r?�i /Bz2`2Mi 2t�KBM2`b KB;?i +QMbB/2`
bBKBH�`BiB2b �M/fQ` /Bz2`2M+2b,

jR



/Bz2`2Mi 2t�KBM2`b K�v �bbB;M /Bz2`2Mi 2pB/2MiB�H p�Hm2b iQ Q#b2`p2/ 72�im`2b- �M/
i?2v K�v 2p2M /Bb�;`22 �#Qmi r?�i 2t�+iHv +QMbiBimi2 bBKBH�`BiB2b �M/ /Bz2`2M+2b
UBM �++B/2Mi�H +?�`�+i2`BbiB+bV 7Q` � ;Bp2M T�B` Q7 +QKT�`2/ Bi2KbX U""* T;X RyV

q2 #`BM; mT i?2 Bbbm2 Q7 ?Qr 2``Q`b �`2 +QmMi2/ BM T�`i iQ TQBMi Qmi i?�i 2p2M i?2 #�bB+ +`Bi2`B�
mM/2`HvBM; bm#D2+iBp2 �bb2bbK2Mi Q7 }`2�`Kb �M/ iQQHK�`F 2pB/2M+2 �`2 MQi �;`22/ mTQM #v
2t�KBM2`b- �M/ BM T�`i #2+�mb2 i?2`2 Bb � 7mM/�K2Mi�H KBbK�i+? #2ir22M i?2 2p�Hm�iBQM +`Bi2`B�
2t�KBM2`b �TT2�` iQ mb2 �M/ i?2 r�v i?2 2``Q`b �bb2bb2/ BM i?2 +QKKmMBivX h?Bb Bbbm2 Bb �i
i?2 ?2�`i Q7 Qm` T�T2` QM BM+QM+HmbBp2be3X q?BH2 ""* B/2MiB7v bi�i2K2Mib K�/2 BM i?Bb T�T2`
�b BM+QMbBbi2Mi rBi? bi�i2K2Mib BM Qm` �{/�pBi- r2 rQmH/ HBF2 iQ ?B;?HB;?i i?2 /Bz2`2M+2 BM
+QMi2ti, BM i?2 G�r- S`Q#�#BHBiv- �M/ _BbF T�T2`- r2 r2`2 2t�KBMBM; bT2+B}+�HHv i?2 mb2
Q7 BM+QM+HmbBp2b BM 2``Q` `�i2 bim/B2bc BM Qm` �{/�pBi r2 r2`2 2t�KBMBM; i?2 miBHBiv Q7 2``Q`
`�i2 bim/B2b r?2M 2p�Hm�iBM; i?2 /Bb+BTHBM2 Q7 }`2�`Kb �M/ iQQHK�`F 2t�KBM�iBQMX h?2 H�ii2`
Bb � Km+? #`Q�/2` [m2biBQM r?B+? `2[mB`2b +QMbB/2`�iBQM MQi QMHv Q7 bim/v /2bB;M- #mi �HbQ
Q7 b�KTHBM; �M/ ;2M2`�H bi�iBbiB+�H T`Q+2/m`2bX q2 �`2 �++mbiQK2/ iQ i?2 Mm�M+2b Q7 /�i�
+QHH2+iBQM �M/ �M�HvbBb- BM+Hm/BM; 7`�KBM; i?2 [m2biBQM mM/2` BMp2biB;�iBQM BM bm+? � r�v i?�i
Bi +�M #2 T`2+Bb2Hv �Mbr2`2/ rBi?BM i?2 #QmM/b Q7 i?2 /�i� r?B+? ?�b #22M +QHH2+i2/X

dXk S`Q#�iBp2 o�Hm2 Q7 AM+QM+HmbBp2b

ǳĘ � ivTB+�H Bi2K Q7 2pB/2M+2 UQ` Q#b2`p�iBQM K�/2 #v � b+B2MiBbiV K�v MQi QMHv Q++m`
r?2M QM2 ?vTQi?2bBb UBX2X- QM2 p2`bBQM Q7 � +QMi2bi2/ 2p2MiV Bb i`m2- #mi �HbQ r?2M
�M �Hi2`M�iBp2 ?vTQi?2bBb Bb i`m2XǴ Ę ǳq2 MQi2 i?�i r?�i Bb Q7 +`m+B�H BKTQ`i�M+2
7Q` Qm` /Bb+mbbBQM i?`Qm;?Qmi i?Bb /Q+mK2Mi Bb i?�i- BM ;2M2`�H- 7Q` 2pB/2M+2 iQ ?�p2
T`Q#�iBp2 p�Hm2 rBi? `2bT2+i iQ irQ +QKT2iBM; ?vTQi?2b2b- i?2 T`Q#�#BHBiv i?�i i?2
2pB/2M+2 rQmH/ �`Bb2 mM/2` QM2 ?vTQi?2bBb Kmbi #2 /Bz2`2Mi 7`QK i?2 T`Q#�#BHBiv
Q7 i?�i 2pB/2M+2 iQ �`Bb2 mM/2` i?2 `2bT2+iBp2 �Hi2`M�iBp2 ?vTQi?2bBbX AM 2bb2M+2- r2
rQmH/ HBF2 iQ ?�p2 2pB/2M+2 i?�i Bb UKm+?V KQ`2 ivTB+�HHv 2M+QmMi2`2/ B7 QM2 p2`bBQM
Q7 � +QMi2bi2/ 2p2Mi Bb i`m2 `�i?2` i?�M bQK2 �Hi2`M�iBp2 p2`bBQMX 1pB/2M+2 i?�i
?�b i?Bb T`QT2`iv Bb b�B/ iQ ?�p2 /Bb+`BKBM�iBp2 +�T�+Biv Ĝ BX2X- Bi ?�b UT`Q#�iBp2V
p�Hm2XǴ U""* T;X Ry@RRV

lbBM; i?Bb /2}MBiBQM- r2 ?�p2 T`2pBQmbHv b?QrMeN i?�i BM+QM+HmbBp2b ?�p2 T`Q#�iBp2 p�Hm2 @ i?2v
�`2 Km+? KQ`2 HBF2Hv iQ Q++m` r?2M 2pB/2M+2 Bb 7`QK /Bz2`2Mi bQm`+2b i?�M r?2M 2pB/2M+2 Bb
7`QK i?2 b�K2 bQm`+2X q?BH2 r2 �+FMQrH2/;2 i?�i i?2`2 Bb +QMbB/2`�#H2 /Bb�;`22K2Mi #2ir22M
2tT2`ib BM i?2 �`2� Q7 BM+QM+HmbBp2b- r2 }`KHv #2HB2p2 i?�i i?2 i`2�iK2Mi Q7 BM+QM+HmbBp2b �b
+Q``2+i /2+BbBQMb #v 6h1b �M/ 2``Q` `�i2 bim/B2b Bb MQi +Q``2+i #�b2/ QM i?2 HQ;B+ i?�i mM/2`HB2b
KQbi b+B2MiB}+ bim/B2b, bi�iBbiB+�H ?vTQi?2bBb i2biBM;X

e3>Q7K�MM- o�M/2`TH�b- �M/ *�``B[mB`v- bmT`� MQi2 kec Ai Bb +mbiQK�`v BM bi�iBbiB+b iQ +Bi2 i?2 T`BMi 2/BiBQM
QM+2 i?2 T�T2` ?�b #22M `2H2�b2/c i?Bb Bb r?v BM i?2 `2bTQMb2b i?2 T�T2` Bb ;Bp2M i?2 v2�` kyky �M/ BM Qm`
+Bi�iBQM Bi Bb HBbi2/ �b kykRX h?2 T�T2` r�b `2H2�b2/ QMHBM2 #27Q`2 i?2 Q{+B�H `2H2�b2 Q7 i?2 T`BMi 2/BiBQMX

eN>Q7K�MM- o�M/2`TH�b- �M/ *�``B[mB`v- A/X

jk



AM � bi�iBbiB+�H ?vTQi?2bBb i2bi- r2 bi�`i Qmi rBi? � +QM+HmbBQM i?�i r2 r�Mi iQ /BbT`Qp2- +�HH2/
i?2 MmHH ?vTQi?2bBb UӽЈ BM K�i?2K�iB+�H MQi�iBQMVX h?2 MmHH ?vTQi?2bBb KB;?i #2 ǳSH�Mi
;`Qri? Bb MQi �bbQ+B�i2/ rBi? BM+`2�b2/ KQBbim`2Ǵ- Q` Bi KB;?i #2 ǳi?2 irQ Bi2Kb Q`B;BM�i2
7`QK /Bz2`2Mi bQm`+2bǴX h?2M- � bi�iBbiB+�H 2tT2`BK2Mi Bb +QM/m+i2/ �M/ 2pB/2M+2 Bb �bb2K#H2/-
rBi? i?2 �bbmKTiBQM i?�i i?2 MmHH ?vTQi?2bBb Bb i`m2X � T`Q#�#BHBiv Bb +�H+mH�i2/ r?B+? `2bib
QM i?2 �bbmKTiBQM i?�i ӽЈ Bb i`m2c B7 i?�i T`Q#�#BHBiv Bb bm{+B2MiHv bK�HH- i?2M r2 +QM+Hm/2
i?�i r2 �`2 mMHBF2Hv iQ ?�p2 Q#b2`p2/ Qm` /�i� B7 ӽЈ Bb i`m2- �M/ i?�i Bi Bb KQ`2 HBF2Hv i?�i ӽЈ
Bb 7�Hb2 �M/ i?�i i?2 �Hi2`M�iBp2 Bb i`m2X

PM i?2 H27i bB/2 Q7 6B;m`2 R- Bi Bb TQbbB#H2 iQ b22 ?Qr i?Bb TH�vb Qmi BM }`2�`K �M/ iQQHK�`F
�bb2bbK2MiX q2 bi�`i #v �bbmKBM; i?�i i?2 irQ TB2+2b Q7 2pB/2M+2 +QK2 7`QK /Bz2`2Mi bQm`+2bX
�b i?2 6"A ?�b BM/B+�i2/- 2t�KBM2`b �`2 i`�BM2/ iQ HQQF 7Q` bBKBH�`BiB2b- bm;;2biBM; i?�i �b
bBKBH�` 72�im`2b �++mKmH�i2- i?2 +QM+HmbBQM KQp2b 7`QK ǳ/Bz2`2Mi bQm`+2bǴ iQ ǳb�K2 bQm`+2Ǵ @
i?�i Bb- i?2 �++mKmH�iBQM Q7 bBKBH�`BiB2b #2ir22M i?2 irQ Bi2Kb +�mb2b i?2 2t�KBM2` iQ `2D2+i i?2
MmHH ?vTQi?2bBb �M/ +QM+Hm/2 i?�i i?2 Bi2Kb Kmbi ?�p2 #22M Q`B;BM�i2/ 7`QK i?2 b�K2 bQm`+2X
A7 bm{+B2Mi 2pB/2M+2 iQ `27mi2 ӽЈ /Q2b MQi �++mKmH�i2- r2 +�MMQi b�v �Mvi?BM; �#Qmi ӽЈ Q`
i?2 �Hi2`M�iBp2- ӽբX h?�i Bb- r2 /Q MQi 2p2` ǳ�++2TiǴ i?�i ӽЈ Bb i`m2 Ui?�i Bb- �M 2t�KBM2`
rQmH/ M2p2` M22/ iQ +QM+Hm/2 i?�i i?2 bQm`+2b Q7 i?2 Bi2Kb r2`2 /Bz2`2MiVc r2 bBKTHv /Q MQi
?�p2 2MQm;? bBKBH�`BiB2b iQ `2D2+i i?2 ?vTQi?2bBb i?�i i?2 irQ Bi2Kb �`2 7`QK /Bz2`2Mi bQm`+2bX
Ai rQmH/- Q7 +Qm`b2- #2 TQbbB#H2 iQ bi�`i 7`QK i?2 QTTQbBi2 +QM+HmbBQM, r2 +QmH/ bi�`i rBi? �
MmHH ?vTQi?2bBb i?�i i?2 irQ Bi2Kb �`2 7`QK i?2 b�K2 bQm`+2- �M/ HQQF 7Q` /Bz2`2M+2bX h?Bb
Bb MQi- ?Qr2p2`- ?Qr 2t�KBM2`b b22K iQ �``Bp2 �i i?2B` +QM+HmbBQMbX _�i?2`- Bi b22Kb i?�i #v
i`�BMBM; �M/ BM /2b+`B#BM; ?Qr i?2v �``Bp2 �i i?2B` /2+BbBQMb- 2t�KBM2`b Qp2`r?2HKBM;Hv 7Q+mb
QM bBKBH�`BiB2bX

h?Bb bi�iBbiB+�H ?vTQi?2bBb i2biBM; HQ;B+ Bb p2`v bBKBH�` iQ i?2 7`�K2rQ`F Q7 i?2 +`BKBM�H DmbiB+2
bvbi2KX A7 i?2 Dm`v Bb +QMpBM+2/ ǳ#2vQM/ � `2�bQM�#H2 /Qm#iǴ- i?2M i?2 /272M/�Mi Bb /2+H�`2/ iQ
#2 ;mBHiv Ui?2 T`2bmKTiBQM Q7 MQi ;mBHiv- ӽЈ- Bb `2D2+i2/ BM 7�pQ` Q7 i?2 ӽբ Q7 ;mBHiVX Pi?2`rBb2-
i?2 /272M/�Mi Bb /2+H�`2/ iQ #2 ǳMQi ;mBHivǴX h?2`2 Bb MQ r�v 7Q` i?2 /272M/�Mi iQ #2 /2+H�`2/
BMMQ+2Mi- #2+�mb2 i?2 bvbi2K Bb b2i mT iQ `27mi2 i?2 bi�`iBM; T`2KBb2 i?�i i?2 /272M/�Mi Bb
MQi ;mBHiv- rBi? 2pB/2M+2 T`2b2Mi2/ i?�i �++mKmH�i2b �;�BMbi i?�i ?vTQi?2bBb mMiBH � +2`i�BM
i?`2b?QH/ Bb K2iX

q?�i i?2 6"A �M/ ""* �`2 �/pQ+�iBM; 7Q`- i?�i Bb- i?2 miBHBiv Q7 BM+QM+HmbBp2b- Bb �FBM iQ ?�pBM;
� H2;�H bvbi2K BM r?B+? BM/BpB/m�Hb �`2 Dm/;2/ ;mBHiv- MQi ;mBHiv- Q` mMFMQrMX q?BH2 i?�i Bb
bQK2i?BM; i?�i rQmH/ `2/m+2 i?2 T`Q#�#BHBiv i?�i i?2 BMMQ+2Mi �`2 +QMpB+i2/ Q` i?2 ;mBHiv ;Q
7`22- Bi �HbQ �HHQrb 7Q` � H�`;2 ;`2v �`2� BM r?�i Bb b2i mT iQ #2 � /2+BbBp2- #BM�`v bvbi2KX h?2
Dm/B+B�H bvbi2K rQmH/ MQi 7mM+iBQM r2HH B7 � H�`;2 T`QTQ`iBQM Q7 +�b2b r2`2 BM+QM+HmbBp2 �M/
/B/ MQi `2�+? bQK2 bQ`i Q7 /2+BbBp2 `2bQHmiBQM- #mi 7Q`2MbB+ /Bb+BTHBM2b iQH2`�i2 i?Bb bBim�iBQM
#2+�mb2 Bi /2+`2�b2b MQKBM�H 2``Q` `�i2bX
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3 *QM+HmbBQM

�b r2 ?�p2 /2KQMbi`�i2/ BM i?Bb /Q+mK2Mi �M/ Qm` T`2pBQmb �{/�pBi- i?2`2 �`2 bm#bi�MiB�H
i?`2�ib iQ #Qi? i?2 BMi2`M�H �M/ 2ti2`M�H p�HB/Biv Q7 +m``2MiHv �p�BH�#H2 }`2�`Kb bim/B2bX ai�@
iBbiB+�HHv- i?2b2 +QM+2`Mb �`2 T`BK�`BHv i?2 `2bmHi Q7 i?2 /2bB;M �M/ �M�HvbBb Q7 }`2�`Kb �M/
iQQHK�`F 2``Q` `�i2 bim/B2b- `�i?2` i?�M �b � `2bmHi Q7 i?2 rQ`F i?�i 2t�KBM2`b /Q QM � /�v@
iQ@/�v #�bBbX h?2 2ti2`M�H p�HB/Biv Q7 6h1 2``Q` `�i2 bim/B2b Bb i?`2�i2M2/ #v T�`iB+BT�MibǶ
b2H7@b2H2+iBQM BMiQ i?2 b�KTH2 TQTmH�iBQM- HBKBi2/ �bb2bbK2Mi Q7 i?2 BKT�+i Q7 /Bz2`2Mi +QK#B@
M�iBQMb Q7 �KKmMBiBQM �M/ }`2�`Kb- �M/ TQQ` �bb2bbK2Mi Q7 i?2 BKT�+i Q7 MQM`2bTQMb2 #B�b
QM i?2 2``Q` `�i2b `2TQ`i2/ BM 2�+? bim/vX AM �//BiBQM iQ i?2b2 i?`2�ib iQ i?2 ;2M2`�HBx�#BHBiv
Q7 `2bmHib- i?2`2 �`2 �HbQ i?`2�ib iQ i?2 BMi2`M�H p�HB/Biv Q7 i?2 bim/B2b, T�bi mb2 Q7 +HQb2/@b2i
�M/ KmHiBTH2@FMQrM +QKT�`BbQM b2i bim/v /2bB;Mb- TQQ` bi�iBbiB+�H T`�+iB+2- �M/ i?2 i`2�iK2Mi
Q7 BM+QM+HmbBp2bX

q2 `2K�BM }`K BM Qm` +QM+HmbBQM i?�i i?2 2biBK�i2b 2bi�#HBb?2/ 7`QK 7mM/�K2Mi�HHv ~�r2/
bim/B2b rBi? i?`2�ib iQ #Qi? BMi2`M�H �M/ 2ti2`M�H p�HB/Biv �`2 MQi bm{+B2MiHv bQmM/ iQ #2
mb2/ BM ?B;?@bi�F2b bBim�iBQMb- BM+Hm/BM; K2/B+BM2- H�r- �M/ 2M;BM22`BM; �TTHB+�iBQMb r?2`2
BM/BpB/m�HbǶ HBp2b- ?2�Hi?- Q` 7`22/QK �`2 �i bi�F2X

q2 /2+H�`2 mM/2` i?2 T2M�Hiv Q7 T2`Dm`v �M/ Tm`bm�Mi iQ i?2 H�rb Q7 i?2 bi�i2 Q7 AHHBMQBb i?�i
i?2 bi�i2K2Mib �#Qp2 �`2 i`m2 �M/ �++m`�i2 iQ i?2 #2bi Q7 Qm` FMQrH2/;2X

�HB+B� *�``B[mB`v >2BF2 >Q7K�MM EQ`B E?�M amb�M o�M/2`TH�b
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1 Preliminaries

1.1 Authors’ biographic abstracts

1.1.1 Alex Biedermann, Ph.D.

I, Alex Biedermann, Ph.D., am an Associate Professor (since 2016) at the School of Criminal Justice (SCJ) of
the Faculty of Law, Criminal Justice and Public Administration of the University of Lausanne (UNIL, Lausanne,
Switzerland).1 I hold a Master of Science degree in Forensic Science. My Ph.D. thesis focused on graphical
models and probabilistic inference for evaluating scientific evidence in forensic science (2007).

From 2003 to 2010, I worked as a scientific advisor on forensic evidence in the Swiss Federal Department of
Justice and Police (Berne, Switzerland) in cases investigated by the Office of the Attorney General of Switzerland.
Subsequently, I worked as a co-developer of the worldwide first postgraduate education program (e-learning)
in forensic interpretation,2 delivered by the Foundation for Continuing Education UNIL-EPFL3 (Lausanne,
Switzerland, 2009–2015). I am currently affiliated with this program as a member of the board of academic
directors.

In my position as Associate Professor at UNIL, I teach interpretation of scientific evidence and decision
analysis for Master students in law (at UNIL’s School of Law) and Master students in forensic science (at
UNIL’s SCJ), with previous visiting appointments at partner institutions in China and Australia. The teaching
for Master students in forensic science includes a series of specialized lectures on the interpretation of results of
firearms examinations and of gunshot residue analyses. I also co-developed UNIL’s MOOC (Massive Open Online
Course) Challenging Forensic Science: How Science Should Speak to Court (freely available on coursera.org in
English, French and Italian).

I have conducted visiting research stays in Australia, Italy, the United Kingdom and the United States. I
am the principal investigator of the research project NORMDECS (Normative Decision Structures of Forensic
Interpretation in the Legal Process),4 initially funded by the Swiss National Science Foundation (2016–2021), and
hosted at UNIL’s SCJ. This project studies fundamental questions of forensic interpretation through probability
and decision theory. It aims at conceptualizing and substantiating forensic inference, both on a theoretical and
practical account, as an integral part of a wider framework for coherent decision analysis in the law. The
project features a highly multidisciplinary perspective by connecting core forensic science and the law with
computational statistics and philosophy of science acting as supporting disciplines.

I have authored or co-authored 150 publications (peer-reviewed articles, law review articles, commentaries,
chapters and books), including 3 books on probabilistic and decision theory methods for forensic evidence
interpretation. I publish in English, German and French. Some of my articles have been translated into Chinese,
Spanish and Italian. I served on the writing committees of the ‘ENFSI Guideline for Evaluative Reporting in
Forensic Science’ (2015),5 issued by the European Network of Forensic Science Institutes (ENFSI) and, more
recently, the document ‘The Use of Statistics in Legal Proceedings: A Primer for Courts’ (2020),6 jointly issued
by The Royal Society (UK) and The Royal Society of Edinburgh.

I am a fellow of the Royal Statistical Society (RSS, since 2013), a member of the American Association for
the Advancement of Science (since 2015) and a councilor of the International Association of Evidence Science
(since 2017). From 2018 to 2021, I served on the RSS Section Committee ‘Statistics and the Law’.

My qualifications are summarized in my resume (see Appendix A).

1The SCJ was founded in 1909 and was the first forensic science school in the world. It remains one of the only
institutions in Europe to offer complete training in forensic science covering Bachelor, Master and Ph.D. levels, as well as
continuing education. The SCJ has a longstanding international reputation of excellence for research in forensic science,
education, casework and expert consultancy.

2Certificate of Advanced Studies in ‘Statistics and the Evaluation of Forensic Evidence’ (https://www.formation-
continue-unil-epfl.ch/formation/statistics-evaluation-forensic-evidence-cas/), currently in 11th edition, along with a fur-
ther 6 specialized courses. Since the launch of these courses in 2010, over 200 practicing forensic scientists (laboratory
analysts, expert witnesses, case managers, etc.) from across the world (mainly Europe, U.S./Canada and Australia/New
Zealand) have successfully completed one or more of these courses (course lengths vary between 6 and 18 months).

3Swiss Federal Institute of Technology Lausanne (École Polytechnique Fédérale Lausanne, EPFL)
4www.unil.ch/forensicdecision
5https://enfsi.eu/wp-content/uploads/2016/09/m1_guideline.pdf
6https://royalsociety.org/-/media/about-us/programmes/science-and-law/science-and-law-statistics-primer.pdf
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1.1.2 Bruce Budowle, Ph.D.

I, Bruce Budowle, recently retired as Regents Professor in the Department of Microbiology, Immunology, and Ge-
netics at the University of North Texas Health Science Center at Fort Worth Texas. I also served as the Director
for the Center for Human Identification where I performed research and managed an operational criminal jus-
tice agency dedicated to anthropology and DNA services. I maintained an active role in research, development,
validation, and implementation of forensic genomics methods to increase capabilities for human identification,
microbiome research and bioinformatic solutions for genomic applications. Prior to these appointments, I was
employed for 26 years at the Federal Bureau of Investigation’s Laboratory Division where I was involved in the
research, development, and validation of numerous DNA methods. I led the team that developed DNA typing
capabilities at the FBI Laboratory in Quantico, Virginia. I ended my tenure at the FBI as Senior Scientist in
the Laboratory Division.

I have extensive experience in all aspects of forensic DNA analyses, including analyses of low-level samples,
mixture analyses, population genetics, statistical interpretations, STR markers, SNP markers, and mitochondrial
DNA. I worked on laying some of the foundations for the current statistical analyses in forensic genetics and
defining the genetic parameters of relevant population groups. I have published more than 700 articles, made
more than 800 presentations (many of which were as an invited speaker at national and international meetings),
and testified in well over 300 criminal cases in the areas of molecular biology, population genetics, statistics,
quality assurance, and forensic biology. In addition, I have authored or co-authored books on molecular biology
techniques, electrophoresis, protein detection, forensic genetics, and microbial forensics.

I was directly involved in developing quality assurance (QA) standards for the forensic DNA field in my role
serving on the DNA advisory Board. I served as Chair and a member of the Scientific Working Group on DNA
Methods, Chair of the DNA Commission of the International Society of Forensic Genetics, and a member of
the DNA Advisory Board. I was one of the original architects of the CODIS National DNA database, which
maintains DNA profiles from convicted felons, from evidence in unsolved cases, and from missing persons. Over
the past two decades I also worked in counterterrorism specifically efforts involving microbial forensics and
bioterrorism. I was involved directly in the scientific aspects of the anthrax letters investigation. I was one
of the architects of the field of microbial forensics and served as the Chair of the Scientific Working Group
on Microbial Genetics and Forensics (hosted by the FBI), whose mission was to set QA guidelines, develop
criteria for biologic and user databases, set criteria for a National Repository, and developed forensic genomic
applications.

I currently research in forensic genomics, particularly in dense SNP analyses for genetic genealogy. I also
currently serve as a Commissioner on the Texas Forensic Science Commission and as a member or the Texas
Governor’s Sexual Assault Survivor’s Task Force.

I led the internal team at the FBI Laboratory to investigate foundations and validity of friction ridge analyses
after the wrongful identification made by the FBI Latent Print Unit in the Mayfield case. I also was the one
who identified the errors in mixture interpretation of DNA evidence by the Department of Forensic Sciences
(DFS) in Washington, DC and supported further investigation into the matter at the request of the United
States Attorney’s Office (USAO). More recently, I was part of the team requested by USAO and the Office of
the Attorney General of Washington, DC that investigated and identified issues related to firearms evidence
generated by the DFS.

My qualifications are summarized in my resume (see Appendix B).

1.1.3 Christophe Champod, Ph.D.

I, Christophe Champod, Ph.D., am a Full Professor of forensic science at the School of Criminal Justice (SCJ,
Ecole des Sciences Criminelles in French) of the Faculty of Law, Criminal Justice and Public Administration
of the University of Lausanne (UNIL, Lausanne, Switzerland). I am the Director of the SCJ and Vice-Dean of
the Faculty. I am in charge of education and research on identification methods (interpretation of DNA, facial
images, fingerprints, toolmarks, footwear marks and firearms).

I received my M.Sc. and Ph.D. (summa cum laude) both in Forensic Science, from the University of Lausanne,
in 1990 and 1995 respectively. I remained in academia until holding the position of assistant professor in forensic
science. From 1999 to 2003, I led the Interpretation Research Group of the Forensic Science Service (UK), before
taking a full professorship position back at UNIL.

I have the privilege to work with a group of about 20 Ph.D. students. The research carried out by my
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group is mainly devoted to the inferential aspects associated with forensic identification techniques. I currently
supervise three Ph.D. students conducting research associated with toolmarks and firearms. The first is working
on the 3D modelling and statistical assessment of toolmarks left on wires by cutting pliers. The second focuses
on the development of an automatic comparison system to discriminate bullets fired from AK-47. The third is
investigating the use of a commercial system called Evofinder

® to assess the weight of evidence associated with
marks found on fired bullets.

I maintain an activity as an expert witness in areas of marks and biological evidence interpretation both at
a national and international level. For example, I led a team of forensic specialists tasked with the detection
and interpretation of potential toolmarks found on the inside of the plastic cap of secured anti-doping bottles in
the context of the alleged state doping actions carried out by the Russian authorities during the Sochi Olympic
games.7

Over the years, I published extensively (more than 120 peer-reviewed papers) in the areas of marks and
impressions mainly on the weight to be attached to these marks. In 2001, I co-authored the first black box
study on palmar friction ridge comparison. On the specific aspects of firearms and toolmarks, I published 3
papers in the AFTE (Association of Firearm and Tool Mark Examiners) Journal and 3 papers in, respectively,
the journals Forensic Science International and Journal of Forensic Sciences.

I am a member of several professional bodies and scientific committees. For example, I am an affiliate
member of Friction Ridge subcommittee of the Organization for Scientific Area Committees (OSAC).

For my contribution to forensic science, I received in 2015 the Distinguished ENFSI Scientist Award. ENFSI
is the European Network of Forensic Science Institutes. In 2018, for my contribution to the good of the
Profession, I received the Henry Medal Award from the Fingerprint Division (formerly The Fingerprint Society)
of the Chartered Society of Forensic Sciences (CSFS). In 2020 I was awarded the Douglas M. Lucas Medal of
the American Academy of Forensic Sciences for my “contributions to forensic identification.”

My qualifications are summarized in my resume (see Appendix C).

1.2 Request

This statement has been prepared in reply to a request received from Sharon Donovan, Deputy Chief
(Homicide Section) from the U.S. Attorney’s Office, District of Columbia. Specifically, we have been
requested to opine on the affidavit authored by four CSAFE (Center for Statistics and Applications in
Forensic Science) members (herein referred to as Vanderplas et al. (2022)), submitted by the defense in
US v Kaevon Sutton (2018 CF1 009709) in support of their request to exclude or limit the testimony
of the government’s firearms and toolmark expert.

1.3 Aims and scope

The aim of this document is twofold. First, we aim to provide assistance to the Judiciary, legal
professionals, and lay persons in understanding essential concepts pertaining to the field of forensic
feature-comparison as applied to forensic firearms examination. This primer includes (i) the assessment
of the probative value of results of comparative examinations (i.e., forensic feature-comparison), and
(ii) expert performance characteristics in this discipline, especially their measure through error rate
studies. Second, we respond to general and recurrent critiques levelled against error rate studies and
their use in legal proceedings. This response also includes a number of specific critiques expressed in
the affidavit prepared by Vanderplas et al. (2022).

This document is structured as follows. Section 3 introduces the theoretical background on the
probative value of results of comparative examinations performed on elements of spent ammunition
(i.e., bullets and cartridge cases). Based on these background notions, Section 4 examines recurrent
questions and concerns about expert performance in forensic feature-comparison as applied to forensic
firearms examination, and the measurement of such performance through error rate studies. Some of

7A summary of the methodology used on this case has been publicly released:
https://tinyurl.com/Appendix-VII-ESC-LAD-Report (last consulted April 19, 2022)
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these high-level (general) critiques have been expressed in the affidavit by Vanderplas et al. (2022).

In Section 5, we consider and respond to a series of more specific, technical critiques that were
proffered by Vanderplas et al. (2022), levelled against studies of examiner performance (i.e., so-called
error rate studies). Discussion and conclusions are presented in Section 6.

In this document, we seek to adopt a balanced position as independent academics (see also Section
1.4) who have no interest in the specific outcomes of this case. We take balance to mean that we give our
account of forensic feature-comparison in full knowledge that there are two sides represented in court.
Even though our presentation of the properties of forensic feature-comparison will, at times, appear
to favor one side or the other, our views of the discipline of forensic feature-comparison as a whole are
not directed to “proving” the case for any particular side. Instead, our goal is to provide assistance
to anyone asked to give an informed assessment about the merits and limitations of the discipline.
Balance also means that we will express both, points of agreement and points of disagreement with
respect to the various criticisms (of the discipline) that we will discuss. In particular, we will not
refrain from making concessions on any point of criticism (of the discipline) with which we agree.

The scope of our statement is strictly delimited by the following:

• We express no opinion on whether the field of forensic feature-comparison, as applied to firearms
examination, meets or should be considered to meet any specific legal requirement(s) or test(s)
regarding, for example, for admissibility. Our document is intended to serve the decision makers
in these tasks.

• We express no opinion on the quality, accuracy or reliability of any actual forensic feature-
comparison examinations conducted in the particular case, i.e., we do not seek to approve or give
credit to any such work (e.g., its level of quality control or the suitability of the chosen reporting
format and language) as well as the qualification and proficiency of any examiner involved in
such work. We did not review any work performed in this case.

• We express no opinion, nor do we make a recommendation on how conclusions in forensic feature-
comparison should be expressed by reporting examiners in the event that such examinations will
be considered admissible in this case. We solely mention the principal characteristics of the main
reporting formats currently used by practitioners and how the scientific status of those formats
is judged both within and outside the profession.

1.4 Conflict of interest statement

We declare that, to our knowledge, we have no financial connection or family relationship with the
parties involved in this case. Specifically, we (AB and CC) declare that our roles in preparing this
document have been unremunerated. All charges for preparing this document have been directly and
entirely recouped by our employer (The University of Lausanne, Switzerland). BB contributed to the
work in this document pro bono.

We also declare that we are entirely disinterested in how, ultimately, the court will decide on the
admissibility of forensic feature-comparison as applied to firearms examinations. Though we (AB and
CC) conduct research and teach on forensic feature-comparison as part of our academic positions, we
have no direct professional dependence on the discipline of feature-comparison itself and, hence, the
acceptance or otherwise of this field by the Judiciary. Moreover, we (AB and CC) hold critical positions
regarding forensic feature-comparison methodology and have done so in the past, especially in relation
to questions of identification (e.g., Biedermann et al., 2008; Cole and Biedermann, 2020; Champod,
1995, 2000). BB was part of the audit team commissioned by the USAO and Office of the Attorney
General of Washington, DC that recently investigated the firearms issues at the Department of Forensic
Sciences in Washington, DC. We see our role as experts and academicians that are critically assessing
what exactly forensic science can and cannot legitimately purport to achieve in the evaluation and
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interpretation of scientific evidence.

1.5 How to read this document

Section 2 provides an executive summary. Section 3 provides a general introduction to the topic of
forensic feature-comparison as applied to firearms examination. Attention will be drawn to the main
considerations that affect the assessment of the probative value of results of comparative examinations
performed on elements of spent ammunition (i.e., bullets and cartridge cases).

At the end of some of the subsections, grey boxes are inserted. They summarize the key points
addressed in the respective subsections. We recommend readers to take notice of the entire Section 3 as
it will help them understand the position of error rate studies in the area of forensic feature-comparison
as compared to other considerations affecting the probative value of results of feature-comparison
examinations.

Section 4 will build upon the notions introduced in Section 3 in order to address a series of general
questions and concerns about expert performance in forensic firearms examination and the measure-
ment of this performance using error rate studies. Some of these concerns are expressed by Vanderplas
et al. (2022). This section will be structured in a question-and-answer format. Again, a series of
grey boxes with summaries is included to help readers keep track of the main points discussed in the
respective subsections.

Section 5 addresses and further discusses a series of specific critiques that Vanderplas et al. (2022)
raise against the use of error rate studies in the field of forensic feature-comparison as applied to the field
of forensic firearms examination (i.e., the comparative examination of elements of spent ammunition).
A summary and conclusions are presented in Section 6.

2 Executive summary

This report is a response to positions taken by Vanderplas et al. (2022) in their affidavit submitted in
US v Kaevon Sutton (2018 CF1 009709). Vanderplas et al. (2022) advocate a number of positions. The
primary ones, among others, being that (i) a domain-wide error rate is needed for the practitioners of
the firearms and toolmark discipline, and (ii) existing studies regarding the performance of practitioners
have too many flaws to be considered sufficiently sound for use in legal proceedings (e.g., Vanderplas
et al., 2022, at p. 10).

We do not support the position of a domain-wide error rate because it is an ineffective and ill-
defined concept to assess expert performance in a specific case. It is not achievable, and even if it were
achievable, it is dynamic and changing. Moreover, it would overvalue poor performers and undervalue
good performers. Regarding the quality of existing studies, we advocate sound statistical approaches.
However, we do not support the draconian position that because a study is not perfect (as most studies
have limitations) that it does not add value. There is information, such as providing descriptive (i.e.,
summary) statistics, that may aid investigative and judicial proceedings. Moreover, multiple studies,
though each with specific limitations, together can complement each other. Lastly, we point out where
Vanderplas et al. (2022) are inconsistent with the positions they take and where some of the same
authors have advocated alternate views in another recent publication (i.e., Hofmann et al., 2020).

We respond to the affidavit by Vanderplas et al. (2022) by providing, first, some background
information on forensic feature-comparison as applied to firearms examinations. Then, we address
general questions and concerns about expert performance and its measurement in forensic firearms
examinations, drawing also upon relevant discussions, works and (review) reports in other forensic
disciplines. Next, we provide a point-by-point reply to a series of specific, technical critiques that
Vanderplas et al. (2022) have levelled against studies of examiner performance.
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Overall, we respond to the affidavit by Vanderplas et al. (2022) as follows:

Points of agreement
• We agree that existing error rate studies are imperfect in several respects.
• We agree that generalization to the whole population (of examiners) is difficult, but that

“any study only speaks to the error rate of the participants of that study.” (Vanderplas
et al., 2022, at p. 6)

Points of disagreement
• We disagree with the assertion that due to their lack of generalizability, existing data

should be discarded altogether, i.e., suggesting that there is no useful information in such
data.

– All scientific studies suffer from limitations, yet they are not necessarily rendered
unhelpful for advancing a discipline.

– Discarding imperfect data would contradict the view that data can speak – given
suitable acknowledgment of any limitations – to at least the actual participants of a
study.

– Discarding individual and somewhat limited studies would deprive one from seeing
where individual studies can complement each other.

• We strongly disagree that generalizability and, hence, the establishment of a single domain-
wide error rate should be the overarching aim:

– While not entirely useless, because it can provide a starting point for assessments of
performance, a domain-wide error rate would neither be directly informative about
the performance of an individual examiner nor about the probability that an error
was committed in the instant case (i.e., the case at hand).

– Reducing considerations to only a nonspecific, domain-wide error rate would be prone
to overlooking potential problems associated with the mandated laboratory and/or
the individual examiner(s) having worked in a particular case.

– A domain-wide error rate is, ultimately, a practical impossibility because there is con-
stant variation in (i) the population of examiners (new examiners enter the field, oth-
ers leave; individual proficiency evolves over time), and (ii) the types of firearms and
ammunition manufactured (and subsequently present in general circulation). Thus,
it is always possible to argue that existing studies are somehow imperfect, which
renders the call for a domain-wide, contemporaneously valid error rate ultimately
self-defeating.

Conclusions
• Given the elusive nature of the idea of a domain-wide error rate, we conclude that existing

error-rate studies – despite their limitations – are not fatal to the field of forensic firearms
examination as a whole.

• When considering the broad variety of pillars that make up the field of forensic feature-
comparison, we contend that the isolated technical critique of the lack of generalizability
of existing error rate studies is at best unhelpful and, at worst, misleading.

– The critique is ultimately unhelpful because even if a generalized error rate could be
available, it would be of limited value for a direct, case-based assessment of examiner
performance. In addition, the dismissive attitude towards existing error rate studies,
i.e., their wholesale rejection, is not helpful in that it offers no constructive advice on
how the data could be used with properly acknowledged limitations.

– The critique of lacking generalizability is misleading if it induces recipients of expert
evidence to believe that the assessment of the suitability, capacity and merits of
forensic feature-comparison as a whole would only hinge upon a generalized (i.e.,
domain-wide) and unspecific notion of error rate — it surely does not.
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3 The probative value of results of comparative examinations of ele-
ments of spent ammunition (forensic feature-comparison)

3.1 Preliminaries: forensic feature-comparison as applied to firearms examination

This section provides a brief overview of the kinds of materials forensic firearm and toolmark examiners
(FFTE) work with as well as the nature and the purpose of the examinations conducted on these
materials. The examinations we refer to here pertain to the category known as forensic feature-
comparison.

FFTE are commonly asked to help address the question of whether or not particular items of
spent ammunition, typically bullets and cartridge cases, have been fired using a particular firearm
(e.g., seized from a person of interest).8 Such a firearm sometimes also is referred to as ‘firearm in
question’, ‘suspect firearm’ or, simply, ‘potential source’ (of marks and traces observable on elements
of ammunition).

FFTE typically work with two types of items: items of unknown source, also called questioned or
evidentiary items (e.g., a bullet recovered from a crime scene), and items of known source, also called
reference or control items. The latter comprise elements of ammunition test-fired under controlled
laboratory conditions.

When comparing questioned and known items, FFTE focus on different types of features and
marks.9 A feature can be, for example, a design aspect of an examined item, such as the caliber of a
bullet. In turn, a mark is an observable (surface) modification of an examined item. Broadly speaking,
marks can be impressions or striations. Impressions can be produced when a target surface (of a tool
or firearm) is pressed against (the surface of) another object with sufficient force. For example, the
firing pin of a firearm that hits the base of a cartridge case can leave an impression mark. In contrast,
striations result from one surface moving across the surface of another object with enough force. For
example, striation marks will be produced on a bullet when it is fired through a rifled barrel.

Methodologically, FFTE follow an approach that goes from the general to the particular. That
is, FFTE generally start by looking at so-called class characteristics. Class characteristics refer to
measurable features that characterize a group of sources, such as firearms of a certain caliber and/or
with a certain type of rifling (e.g., with right- or left-hand twisted grooves inside the barrel).10 Such
features pertain to well-defined, intentionally designed aspects of the manufacturing process of the
firearm. When class characteristics of questioned and known specimens are found to correspond,11

examinations may proceed further by focusing on accidental characteristics.12 This term refers to
marks believed to come from random imperfections or irregularities of various surfaces of the firearm,
such as the inner surface of the barrel. These surface features arise accidentally during manufacture
but also during the subsequent use of a firearm, cleaning and maintenance operations, corrosion,
and damage. Generally, configurations of accidental marks tend to vary considerably (e.g., National
Research Council, 2008) between sources (firearms) and, therefore, are widely used by FFTE to help
discriminate between candidate sources.

The comparative examination of class and accidental characteristics on pairs of items (e.g., ques-

8For an accessible overview of this and other firearms-related forensic examinations, see e.g. the primer for courts
issued recently by The Royal Society and The Royal Society of Edinburgh (2021):
https://royalsociety.org/-/media/about-us/programmes/science-and-law/royal-society-ballistics-primer.pdf

9Hereinafter, we will use the terms ‘feature’, ‘mark’ and ‘trace’ broadly as synonyms.
10Strictly speaking, there are also subclass characteristics, shared only by a subset of a given class of firearms.
11When there are obvious discrepancies between class characteristics, e.g., when the caliber of a questioned bullet is

clearly larger than the caliber of the firearm of interest (the potential source), the latter can be discarded from further
examinations. The same holds when, for example, the direction of twist of the grooves on a bullet and a barrel are
different.

12In the US the term “individual” or “individualizing” characteristics is sometimes used.
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tioned and known) is called forensic feature-comparison. Hereinafter, we will use the expressions
‘forensic firearms examination’ and ‘forensic feature-comparison (as applied to firearms examination)’
as synonyms.13

The fundamental purpose of forensic firearms examination is to assess the value of observed sim-
ilarities and differences between questioned and known items (of ammunition) for helping to support
whether or not compared items share a common source, i.e., they have been fired by the same firearm
(Section 3.2).

There is no default or pre-established probative value for any comparison between a pair of ques-
tioned and known items. For example, the quality and the quantity of corresponding and non-
corresponding features may vary from one comparison to another because some firearms are known to
mark better than others.14 In addition, elements of ammunition recovered from crime scenes may be
damaged, fragmented, distorted and/or corroded to varying degrees. Last but not least, different ex-
aminers may assign different evidential values to observed features, and they may even disagree about
what exactly constitute similarities and differences (in accidental characteristics) for a given pair of
compared items.

Although research is currently underway on computer-based methods for comparing questioned and
known items, and assigning probative value to comparisons,15 in the current state of forensic practice
such methods are not yet widely employed for case-specific evaluations, if at all. Instead, automatic
comparison methods are mainly used for investigative purposes, such as the screening of large databases
and retrieving specimens with similar features and ranking these specimens according to their degree
of similarity with respect to a searched item.16

Thus, currently, computer-based systems are – at best – supporting FFTE in their search and
comparison tasks. But these systems do not replace the need for a FFTE in reaching a conclusion
regarding a given comparison. This current practice raises the question of how a recipient of a FFTE’s
report should deal with reported results of comparative examinations between questioned and known
items of spent ammunition. In the next two subsections, we address two important considerations in
this respect: the discriminative capacity of features observed on elements of ammunition (Section 3.2)
and expert performance characteristics in forensic feature-comparison (Section 3.3).

3.2 Probative value of observations made in feature-comparison

3.2.1 Basic notions of probative value applied to firearms examination

In order for observed features on elements of ammunition to be of value for helping to assess whether or
not two compared items may have been fired by the same gun, the features must have discriminative
capacity. To understand the concepts of value and discriminative capacity, it is useful to start by
introducing the notion of typical evidence (Robertson et al., 2016). We first explain this notion using
general terms and then reconsider it in the context of marks present on elements of fired ammunition.

Typical evidence, in this context, refers to evidence that is less than perfect, i.e., it is only probative
to some extent. Stated otherwise, a typical item of evidence (or observation made by a scientist) may
not only occur when one hypothesis17 (i.e., one version of a contested event) is true, but also when an

13More generally, marks left by a variety of tools, such as screwdrivers, bolt cutters etc., also fall into the category of
forensic feature-comparison, hence the discipline termed ‘forensic firearms and toolmark examination’.

14A possible reason for this is design features. For example, certain types of rifling, such as polygonal rifling, are
known to leave marks that are more difficult to discern, hence posing a challenge during comparative examinations (e.g.,
Heard, 1997), compared to other barrel productions.

15See e.g. Mattijssen et al. (2020) for a study on the judgments by FFTE compared to results of a computer-based
method.

16This application is comparable to the use of AFIS (Automatic Fingerprint Identification Systems) for sorting (known)
fingerprints from persons of interest and fingermarks of unknown source.

17Throughout this document, we use hypothesis and proposition interchangeably to refer to statements (e.g., versions
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alternative hypothesis is true.18 We will give examples for this situation in due course. Meanwhile, we
note that what is of crucial importance for our discussion throughout this document is that, in general,
for evidence to have probative value with respect to two competing hypotheses, the probability that
the evidence would arise under one hypothesis must be different from the probability of that evidence
to arise under the respective alternative hypothesis (e.g., Friedman, 2017, at p. 70). In essence, we
would like to have evidence that is (much) more typically encountered if one version of a contested
event is true rather than some alternative version. Evidence that has this property is said to have
discriminative capacity – i.e., it has (probative) value.

Let us now turn to features and marks observable on elements of spent ammunition and see how
such observations can have discriminative capacity in the sense described above. Consider an example
involving the observation of class characteristics on a fired bullet, such as the caliber, the number of
landmarks19 and the direction of their twist. Suppose further that (i) there is a candidate firearm
thought to have been used to fire the bullet in question, and (ii) the firearm at hand is “compatible” in
terms of the caliber and the rifling of the barrel (number of lands and grooves and the direction of its
twist). Clearly, in such a case, the observation of these class characteristics on the questioned bullet
is more probable20 if the firearm at hand was used to fire the questioned bullet than if some unknown
firearm was used. The reason for this position is the uncontested fact that firearms vary widely in their
class characteristics.

To take these ideas further, we can say that the rarer the combination of observed class charac-
teristics, the greater is their discriminative capacity. There is value, thus, in class characteristics in
that they allow one to narrow down the potential source population (Champod, 2000). Here, potential
source population means the population of firearms capable of firing the bullet in question. Stated
otherwise, the rarer an observed feature combination is, the smaller is the probability of encountering
those features by chance. So, as a general principle, we can say that the smaller the probability of
occurrence of features by chance, the greater is their discriminative capacity and, thus, the greater is
their value in helping to assess whether or not two compared items have been fired by the same gun,
rather than two different guns. Conversely, if many firearms possess a given configuration of (class)
characteristics, then those characteristics have less probative value for narrowing down the population
of potential sources.

The above notion of discriminative capacity also applies to accidental characteristics, i.e., traces
believed to come from features that are not repeatable from one firearm to another. A typical example
for such traces is striation marks on a bullet caused by the rifling features of the inner surface of
the barrel through which the bullet was fired. There is a long history of research in forensic science
devoted to understanding the discriminative capacity – i.e., the probative value – of such traces. For
example, researchers have studied the number of neighboring (consecutively corresponding) striation
marks between pairs of fired bullets known to have been fired using either the same gun or different
guns. While it was found that it is possible to observe a certain number of corresponding striation
marks on pairs of bullets fired from different guns, bullets fired by the same gun tend to have higher
numbers of corresponding (neighboring) striation marks (e.g., Biasotti, 1959).21 Thus, striation marks
have discriminative capacity in the sense defined above.

of contested events) that are either true or false, and that can be affirmed or denied (Anderson et al., 2005).
18This is different for ideal evidence which always occurs when what one is trying to prove is true, and never occurs

when what one is trying to prove is not true.
19When a bullet is fired through a rifled barrel of suitable caliber, the lands and grooves of the inside surface of the

barrel leave marks on the bullet.
20Actually, if the firearm at hand is the one used to fire the questioned bullet, then it is expected that class charac-

teristics correspond.
21This observation is conditional on there being no intervening factor (capable to substantially affect the surface

properties of the barrel) between the firing of the two bullets being compared.
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Key points
• Elements of fired ammunition, i.e., bullets and cartridge cases, bear observable features that

can be of value for helping to assess whether or not two compared items have been fired
by the same gun, rather than different guns: such features are said to have discriminative
capacity.

• The probative value (discriminative capacity) of observable features depends on their na-
ture (class and accidental characteristics), their quality, their quantity, and their prevalence
in the population of firearms.

• In principle, a feature (or a combination of features) has probative value for helping to
assess whether two compared items have been fired by the same gun, rather than different
guns, when the probability of observing the feature of interest (or configuration of multiple
features) is greater among pairs of bullets fired by the same gun than among pairs of bullets
fired by different guns.

3.2.2 The difference between categorical conclusions and statements of probative value

Generally, as explained in Section 3.2.1, the smaller the probability of finding corresponding marks and
features is by chance, the higher is the probative value of such corresponding characteristics. Just how
probable it is to find a given configuration of corresponding marks for a given pair of questioned and
known elements of ammunition is, however, a recurrent matter of contention.

Forensic examiners who claim that they are capable of identifying the firearm (to the exclusion
of all others) used to fire a questioned bullet or cartridge assert that they can reduce the potential
source population to a single firearm – i.e., the (seized) firearm examined in that particular case. In
essence, these examiners assert that the probability of observing the corresponding marks is zero in
the event of the two compared items coming from different sources. Stated otherwise, they assert that
it is impossible to observe the corresponding features by chance between two bullets fired by different
weapons. This type of statement is one of the strongest that examiners could provide. Identifications
expressed to this degree – also often referred to as individualization – are controversial. For example,
it has been argued that such individualizations are not scientifically based because they go beyond
what can be supported by empirical evidence, and thus they require (euphemistically) a “leap of faith”
(Stoney, 1991, at p. 198). This limitation of categorical identification statements is also acknowledged
in recent reference documents issued by the U.S. Department of Justice (2020) and the Organization
of Scientific Area Committees (OSAC) for Forensic Science (2019).

Other examiners refrain from giving categorical conclusions. Instead, they restrict their reporting
to an expression of probative value.22 That is, they are willing to explain the reasons why they believe
that the probability of observing corresponding features by chance is low (or very low, but not zero),
and hence that there is high (or very high) value in the observations for helping to establish whether or
not the compared items have been fired by the same weapon. Importantly, these examiners do not go
as far as to suggest that the probative value is so high as to conclusively and factually establish that
the firearm in question is the firearm used to fire the questioned bullet. They consider that it is more
defensible and more sensible not to assert that it is impossible to observe the corresponding features
by chance in a pair of questioned and known bullets from different sources.

22An example of an expression of probative value, adapted from Kerkhoff et al. (2017), is: “In my opinion, the
observations are in the order of x times more probable if the questioned bullet was fired by the seized firearm rather than
some unknown firearm. The forensic observations made on the bullets thus provide slight (moderate/strong/very strong
etc.) support for the proposition that the questioned bullet was fired by the seized firearm rather than the proposition
that the bullet was fired by some unknown firearm.” Here, x stands for an order of magnitude that expresses the probative
value. Generally, the larger the value of x, the higher the probative value of the findings. Note also that x depends on
the discriminative capacity of the corresponding features.
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So, while there is disagreement among FFTE about the extent to which the population of potential
sources (firearms) can be reduced23 in a given case, all FFTE rely upon the concept of discriminative
capacity of features and marks described in Section 3.2.1.

Thus, what is important for our discussion in the remainder of this document is that there is
intrinsic potential discriminative capacity in features and marks and that this potential represents one
important aspect of forensic feature-comparison as applied to firearms examination, in addition to
other important aspects, such as examiner proficiency (discussed in Section 3.3).

Key points
• There is broad agreement among FFTE that marks present on fired ammunition can have

value for helping to assess whether a pair of questioned and known bullets have been fired
by the same firearm, rather than two different firearms.

• There is disagreement, however, about the extent to which observable features (e.g., cor-
responding striations) allow one to reduce the population of potential sources (firearms).

• Part of the community of FFTE contends that, in certain cases, observable features allow
one to reduce the population of potential sources to a single firearm, resulting in a cat-
egorical identification (or individualization) of that firearm as the source of the features
observed on a pair of questioned and known elements of ammunition (bullets or cartridges).

• Other FFTE do not contest that there can be (high) value in observable features for helping
to assess whether a pair of questioned and known bullets (or cartridges) have been fired
by the same firearm, rather than two different firearms. However, these latter FFTE do
not assert that the value can be so high as to result in an absolute identification.

3.3 The role of expert performance characteristics in value of evidence assessments

In the previous section, there was discussion that corresponding features observed on a pair of ques-
tioned and known items of fired ammunition can have probative value regarding the question of whether
or not the compared elements have been fired by the same firearm. This notion of probative value
is fundamentally rooted in the broad variability of the design features (i.e., class characteristics) of
firearms as well as in the nature of accidental characteristics that vary substantially from one firearm
to another.

On their own, however, physical features are of practical value only to the extent that FFTE can
reliably recognize such features. This consideration is generally known as the reliability of an expert’s
report of observed corresponding features (Koehler, 2008). Thus, consumers of expert information
need to consider both, the discriminative capacity of reportedly corresponding features (as outlined in
Section 3.2) and the reliability of the expert’s report (Koehler, 2008; Thompson et al., 2003). In the
remainder of this document, we will mainly focus on the latter topic, expert reliability.

In recent years, there has been an increase in debates over the reliability of forensic examiners,
i.e., their proficiency in giving accurate answers. For example, the report of the President’s Council
of Advisors on Science and Technology (PCAST)24 takes one end of the spectrum of the debate and
notes:

“Without appropriate estimates of accuracy, an examiner’s statement that two samples are
similar – or even indistinguishable – is scientifically meaningless: it has no probative value,
and considerable potential for prejudicial impact.” (PCAST, 2016, at p. 6)

23Examiners who identify unequivocally essentially claim that they reduce the potential source population to a single
firearm.

24Hereinafter referred to as PCAST Report.
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This issue brings us to the question of how are we to know how “good” FFTE are? To what extent
are FFTE capable of doing what they claim to be able to do? The concern here, simply stated, is the
issue of the extent to which examiners make errors.

In more formal terms, the capacity of examiners refers to the notion of expert performance char-
acteristics. In common parlance, these characteristics are often called error rates. This topic raises a
host of interrelated questions, such as how to define performance characteristics (e.g., at the level of
the discipline, the laboratory and/or the individual examiner)?; what is to be counted as an error or
how to design and conduct empirical studies for measuring expert performance?; how should one make
use of information about error?; as well as others (e.g., Dror, 2020).

In order to approach the notion of error in a structured way, it is helpful to start by distinguishing
generally between what is and what is not contested about errors in forensic science in general. There-
fore, in this section, we concentrate on the main uncontested understandings about the topic of error
in forensic science. We will take a broad view on the notion of error in forensic science because consid-
erations regarding the field as a whole also apply, without loss of generality, to individual disciplines,
such as feature-comparison in forensic firearm examination. We will address contested aspects and
recurrent concerns about examiner performance characteristics, and their measurement, in Sections 4
and 5.

First and foremost, it is important to recognize that in forensic science practice (casework and
proficiency testing) errors occur. They do so even in what is one of the most highly regarded forensic
science disciplines: DNA analysis (e.g., Kloosterman et al., 2014; Thompson, 1995). In this regard,
calls for monitoring laboratory error rates can be traced back to at least the early 1990s. For example,
in 1992, the National Research Council emphasized that “laboratory error rates must be continuously
estimated in blind proficiency testing and must be disclosed to juries” (National Research Council,
1992, at p. 89). Interestingly, the second National Research Council Report (1996) took a different
perspective and espoused re-testing to address certain types of potential error in a specific case.

Second, error is not a mere practical possibility, but can be shown – using formal developments
(e.g., Thompson et al., 2003) – to logically affect the value of a reported correspondence between a pair
of questioned and known items (regardless of the nature of the compared materials, e.g., DNA, finger-
marks, toolmarks, etc.). In essence, one argument has been that with decreasingly small probabilities
for the occurrence of corresponding features by chance alone (i.e., high discriminative capacity), the
potential of error becomes an increasingly relevant consideration;25 to the point that the value of a
reported correspondence is essentially bound by the probability of error.26 Thus, recipients of expert
evidence should inquire about both, the discriminative capacity of features, i.e., their “rarity”, and the
potential of error. As an aside, this conceptual consideration of the impact of the potential of error
on probative value is also one reason why part of the forensic science community considers that “iden-
tification” is not a defensible conclusion and is an overstatement. There should be no disagreement
among experts that error occurs; the debate centers on how to make best use of such information.

Third, despite its crucial importance in value of evidence assessments, the potential of error remains
an under-researched area, compared to the extent of studies devoted to quantifying the occurrence by
chance of corresponding features (i.e., the discriminative capacity of features). This issue has been and
continues to be addressed for forensic DNA analysis, but also should be developed more so for forensic
firearms examination. For example, the PCAST report took the position that, in the latter area, there
is a lack of appropriately designed studies on expert performance (PCAST, 2016, at p. 112).

25More generally, we contend that the potential of error is always a relevant question not just with decreasing error
probabilities, especially when lay people will be making judgements.

26In the context forensic DNA analysis, for example, it has been noted that “the strength of the evidence is limited
by the chance of an erroneous inclusion, be it due to clerical error, accidental switching of samples or whatever. (...) In
the end the value of forensic or any other type [sic] evidence is totally dependent on the reliability and validity of the
process by which it is generated.” (Zabell, 2012, at p. 109)
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As a fourth and last uncontested fact we note that, historically, forensic scientists have not always
been open to admitting the existence of errors and/or the possibility of measuring their occurrence.
Some scientists and commentators have actually asserted that their discipline is error-free.27 This un-
supportable stance has been challenged in a constant stream of publications over the last three decades
(e.g., Thompson, 1995; Koehler, 1997; Cole, 2005; Cole and Scheck, 2018). In recent years, however,
forensic science, particularly the feature-comparison discipline, has seen a move toward a better ac-
knowledgment of the reality of examiner error. Several observations attest to this trend. In 2020, for
example, researchers funded by the U.S. National Institute of Justice (2017-DN-BX-0170) published “A
primer on error rates in forensic fingerprint examination” (Eldridge and Champod, 2020). In the same
period, the U.S. Department of Justice published a series of documents entitled “Uniform Language
for Testimony and Reports” (ULTR). These documents provide guidance for examiners in drafting
reports and testifying. Specifically, the approved ULTR for the forensic firearms/toolmarks discipline
(on pattern examination) states that “[a]n examiner shall not assert that examinations conducted in
the forensic firearms/toolmarks discipline are infallible or have a zero error rate” (U.S. Department of
Justice, 2020, at p. 3). Most recently (February 2022), a paper jointly authored by members of the
FBI and the Ames Laboratories reports on the design of a “study to assess the performance of qual-
ified firearms examiners working in accredited laboratories in the United States in terms of accuracy
(error rate), repeatability, and reproducibility of decisions involving comparisons of fired bullets and
cartridge cases” (Monson et al., 2022, at p. 1).28 This research will add to over a dozen existing studies
on the performance of firearms examiners reported since approximately the late 1990s.29 However,
what exactly, if anything, may be concluded about expert performance based on existing studies is a
recurrent matter of concern which we address in Sections 4 and 5.

Key points
• Conclusions reported by forensic examiners bear a potential of error.
• The extent to which examiners err (especially in any specific case) is as much an important

consideration as is the consideration of the discriminative capacity of corresponding features
between questioned and known items of fired ammunition (bullets and cartridge cases).

• Informed forensic firearms examiners refrain from asserting that their field of practice has
a zero-error rate.

4 General questions and concerns about expert performance and its
measurement in forensic firearms examination

4.1 Overview of this section

After having introduced fundamental concepts of forensic feature-comparison, in particular the origin
and nature of marks left by firearms on elements of ammunition (Section 3.1), and considerations af-
fecting the probative value of examiners’ observations (Sections 3.2 and 3.3), we are now in a position to
conduct a more detailed examination of general questions and concerns about expert performance and
its measurement in forensic firearms examinations. Some of the topics we discuss in this section have
also been raised by Vanderplas et al. (2022). Where applicable, we include a reference to Vanderplas
et al. (2022).

A common view among critics of forensic feature-comparison is that existing studies regarding

27Practical examples are reported by Cole (2005) and Saks and Koehler (2005).
28This publication is devoted to explaining the study design. Results from this study have not yet been published at

this point.
29For an overview, see e.g., Monson et al. (2022, at p. 2)
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the performance30 of FFTE have too many flaws to be considered sufficiently sound for use in legal
proceedings (e.g., Vanderplas et al., 2022, at p. 10).

In order to examine the pertinence and foundation of this viewpoint, and of specific arguments
advanced in support thereof, it is first necessary to critically review a series of common assumptions
about forensic feature-comparison as well as the strengths and limitations of studies designed to char-
acterize the performance of human examiners (i.e., error rate studies). We will address these topics in
the remainder of this section, using a question-and-answer format. A series of more specific critiques,
formulated by Vanderplas et al. (2022), will be addressed later in Section 5.

The structure of the remainder of this section is as follows. Section 4.2 will start by examining the
broad question that most end-users of forensic science services ask at the outset: Is feature-comparison
in forensic firearms examination a valid method (technique)? Based on elements introduced in Section
3, we will explain why this is not a question that can be answered by reference to a single criterion
only, such as a threshold value for an error rate.

Subsequent sections will address the more general claim that existing error rate studies cast doubt
on examiner performance in forensic feature-comparison. We analyze this claim by breaking it down
to a series of specific questions, namely: do existing black-box type error rate studies characterize the
“goodness” of the discipline of forensic feature-comparison as a whole? (Section 4.3), how useful is the
establishment and pursuit of a (single) domain-wide error rate? (Section 4.4), and is it meaningful to
dismiss imperfect survey data? (Section 4.5).

The essence of our argument will be that because error rates serve, at best, only as an indirect
measurement of examiner performance, the importance and practical impact of the critiques of existing
error rate studies tend to be largely diffused.

4.2 Is feature-comparison in forensic firearms examination a valid method (tech-
nique)?

This question would appear to be a simple one, but this section will explain why it has no easy answer.
The question is elusive because the comparative examination of spent elements of ammunition (by
feature-comparison) is not akin to the operation of a standard laboratory test or technique, such as
a screening test for the presence of particular biological material (e.g., blood, saliva, semen, etc.) in
a specimen, or a (home use) pregnancy test. Hence, traditional ways of thinking about (diagnostic)
testing and related performance assessment (through so-called validation studies) fall short of providing
a suitable framework for evaluating the trustworthiness of forensic feature-comparison. To understand
the reasons for this position, it is useful to recall a few design elements of conventional testing procedures
and associated validation studies.

In principle, standard laboratory tests are designed to function regardless of the person who con-
ducts the test, assuming they follow the protocol properly. That is, once brought into contact with
the substance to be tested (e.g., a fluid, a powder, etc.), such tests “crank out” a result without any
further human input:31 they function as a black-box. Broadly speaking, such tests focus on a target
substance (or marker), thought to be systematically associated with a particular condition (e.g., the
pregnancy hormone in case of a do-it-yourself pregnancy test). For such tests, it is relatively easy to
conduct validation studies prior to marketing and deployment of the test in the field. In such validation
studies, many test items with known ground truth status are processed and the number of correct and
incorrect responses are recorded, leading to standard performance metrics such as sensitivity32 and

30Hereinafter such studies are called, for simplicity, “error rate studies”.
31However, some minimal user intervention, such as reading a color signal, might still be necessary.
32The sensitivity is the proportion of true positives that a test correctly recognizes as positive (e.g., the percentage of

people infected with a particular virus that a test correctly identifies as being infected).
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specificity.33 Results of such validation studies can then serve as an indication of the performance with
which a test can be expected to operate when applied by consumers (assuming, again, they properly
operate the test). Consequently, there can be discussion about whether the performance characteristics
of a candidate test are “good enough” to be deployed in a particular context of application.

Contrary to what is largely portrayed in the forensic and legal literature,34 the above description
of standard diagnostic testing does not fit well with forensic feature-comparison methods, in particular
the comparative examination of elements of fired ammunition as conducted by FFTE. One cannot
easily conduct validation studies for feature-comparison in forensic firearms examination in the same
way as can be done for conventional laboratory tests as mentioned above. The reason is that there is no
independently operating (i.e., without user intervention) testing device that could render conclusions
about pairs of questioned and known elements of ammunition.35 Instead, a characterizing aspect of
the result (output) of a forensic feature-comparison is that it involves human judgment(s). That is,
ultimately, a human examiner is required to attest to (i) the similarities and differences in a given
comparison, and (ii) the extent to which the observed features provide support for the proposition of
same source, rather than different sources.

The above argument implies that we cannot seamlessly talk about the general validity of feature-
comparison in forensic firearm examination in the same way as we can do for standard analytical tests.
More specifically, there is no single and generic – i.e., human-independent – performance characteristic
to inquire about for the discipline of forensic feature-comparison.

Notwithstanding this fundamental obstacle, efforts have been made to derive approximate standard
performance characteristics (such as sensitivity and specificity) for forensic feature-comparison. The
challenge is how to cope with the human examiner as part of the procedure, i.e., the black-box itself.
This view is prominently highlighted in the PCAST report:

“(...) the method must be evaluated as if it were a “black box” in the examiner’s head.
Evaluations of validity and reliability must therefore be based on “black-box studies,” in
which many examiners render decisions about many independent tests (typically, involving
“questioned” samples and one or more “known” samples) and the error rates are determined”
(PCAST, 2016, at pp. 5–6)

This way of looking at forensic feature-comparison is the main reason for the current and revived
interest in black-box studies (i.e., error rate studies). While we support error rate studies as a legitimate
and valuable area of inquiry, we caution against reducing the assessment of the discipline of forensic
feature-comparison to the sole notion of error rate.

To come back to the question posed in the title of this section – the validity of the discipline – we
find that the current state of development of the field offers only a partial reply. That is, in our view,
the capacity of the discipline of forensic feature-comparison is a function of two main considerations.
We have introduced them earlier in Section 3: on the one hand, the potential of observed features to
have discriminative capacity (Section 3.2) and, on the other hand, the performance of human examiners
in capturing such features and conveying their probative value (Section 3.3).

The first of these two aspects, the potential36 discriminative capacity of traces on elements of spent
ammunition, is largely uncontested, due to what is generally known about the large variability of design
features introduced during manufacturing processes of firearms, as well the various mechanisms and

33The specificity is the proportion of true negatives that a test correctly recognizes as negative (e.g., the proportion
of people not infected by a particular virus that a test correctly recognizes as not being infected by that virus).

34Including official reports such as the PCAST Report.
35As mentioned in Section 3.1, there exist computer-based comparison methods, but they are used for database

searching, not for identification.
36We talk about potential discriminative capacity because, clearly, not all observable marks on fired elements of

ammunition are of value in helping to discriminate between candidate firearms (i.e., potential sources).
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phenomena that lead to configurations of surface features that leave highly variable traces on elements
of fired ammunition (e.g., Bonfanti and De Kinder, 1999). We will not pursue this topic any further
here other than by repeating that features on elements of fired ammunition (bullets and cartridge cases)
have intrinsic probative value, conditional on being correctly assessed and interpreted by a proficient
and knowledgeable examiner (Section 3.2).

The second aspect, the performance of human examiners in conducting feature-comparisons, is
more nuanced to tackle because of the debates over what, if anything, one can legitimately conclude
from existing error rate studies. In the forthcoming sections, we will address this controversy through
a series of questions and answers that we believe are helpful to anyone asked to assess the suitability
of forensic feature-comparison for use in legal proceedings.

Key points
• Forensic feature-comparison cannot be compared to conventional laboratory tests that

produce outputs essentially without user intervention.
• Arguably, there is no generic and human-independent performance measure for feature-

comparison in forensic firearm examination, akin to performance characteristics used for
traditional laboratory testing procedures.

• The capacity of forensic feature-comparison is a function of two main considerations: (i)
the discriminative capacity of features (marks and traces present on elements of spent am-
munition) and (ii) the ability (proficiency) of examiners to correctly discern and assess the
probative value of such features. Currently, point (i) is largely uncontested. Disagreements
exist over point (ii).

4.3 Do existing black-box type error rate studies characterize the “goodness” of
the discipline of forensic feature-comparison as a whole?

To address this question, it is important to be clear about the object of existing black-box type error
rate studies:37 such studies give only a snapshot of the performance of a selected number of examiners in
conducting a particular task under more or less controlled experimental conditions. The experimental
nature of these studies implies that, by definition, they fall short of mimicking casework conditions to
at least some extent and may not apply to the circumstances in a particular case. For example, usually,
examiners know that they are working on items submitted as part of a study or a proficiency test,
which may affect the way they approach the comparison task (e.g., in terms of the care and attention
devoted to the task). In addition, the study design may involve a (common) combination of firearm
and ammunition which may be easier or more difficult to examine than a more unusual set of materials.

Due to their design, black-box type error-rate studies thus neither inform about the performance
of the discipline of forensic feature-comparison as a whole or in an abstract sense (i.e., disconnected
from an intervening human examiner).38 Instead, such studies focus on the human component which,
as we have outlined in Section 3, represents only one aspect of forensic feature-comparison.

Key point
• Error rate studies serve, at best, only as an indirect way to inform about whether selected

37Black-box studies are understood here as studies “in which many examiners render decisions about many independent
tests (typically, involving “questioned” samples and one or more “known” samples) and the error rates are determined”
(PCAST, 2016, at pp. 5–6).

38Recall, as explained in Section 4.2, forensic feature comparison is not comparable to a standard laboratory test that
can be characterized by a general performance metric that is valid regardless of the particular examiner who applies the
test.
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members in the profession of forensic feature-comparison examiners are “any good” in doing
what they purport to be able to do under the test conditions.

4.4 How useful is the establishment and pursuit of a (single) domain-wide error
rate?

Critics of the discipline of forensic feature-comparison assert that existing error rate studies fall short
of the requirement of being representative of “all qualified firearms examiners in the United States”
(Vanderplas et al., 2022, at p. 5). They take the position that error rate studies should focus on
representative samples obtained by random selection of participants from the relevant population or
even “a full census of the population at a certain time” (Vanderplas et al., 2022, at p. 5). Doing
otherwise, as they suggest, would go against what “is taught in even basic undergraduate statistics
courses” (Vanderplas et al., 2022, at p. 5).

Clearly, the use of sound statistical methodology is advocated. However, one should raise the
question – should an error rate in pure statistical terms represent a minimum requirement, or even a
meaningful aim? To think through this question, suppose that we had an error rate derived from one
or more studies, satisfying statistically rigorous requirements for participant selection.39 How useful
would such an error rate be? We contend that, while not being completely useless, it would be affected
by clear limitations.

On the upside, we agree that a domain-wide error rate (if it were possible to achieve) could be of
value for providing a starting point (termed “anchor” by Koehler (2008)) for thinking broadly about the
occurrence of errors. As Koehler has concisely noted (in the context of data derived from proficiency
testing):

“(...) the industrywide error-rate estimates provide anchors for judgments about the risks
of error in individual cases. This is an elementary and critical point: if the industrywide
false positive error rate is 20% for technique A and 2% for technique B, then the risk of this
type of error in any given case is generally higher when technique A is used rather than
technique B” (Koehler, 2008, at pp. 1088–1089).

There are, however, three downsides to this position.

First, despite serving as an anchor, a domain-wide error rate cannot directly be interpreted as the
probability that an error has been made in the instant case (i.e., the case at hand) because the practice
of forensic feature-comparison involves different levels of difficulty and a variety of combinations of
materials (i.e., combinations of types of ammunition and firearms). There is, currently, no single
study, or combination of studies, capable to measure expert performance across a range of materials
and levels of difficulty as encountered in casework. As an aside, note that this is a further dimension in
which studies would need to achieve representativeness, in addition to the above-mentioned criterion
of representativeness on the level of participant selection.

Second, the application of an anchor, i.e., representing some sort of average error rate across many
examiners, is not directly informative about the performance of a given forensic examiner. Clearly,
relying integrally and exclusively upon a domain-wide error rate when assessing the performance of a
given examiner would be prone to overvaluing a poor (i.e., under-performing) examiner and undervalu-
ing a proficient examiner (i.e., one with above-average capabilities). The former case would be prone
to relying on potentially unsafe information whereas the latter case would tend to reduce reliance on
potentially high quality evidence.

Third, individual and group proficiency evolves by technology advancement and external factors

39Note that participant selection is only one statistical dimension of experimental design.
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such as an effective quality assurance system should identify nonconformities, perform root cause
analyses, and put in place corrective actions.

These difficulties have long been recognized in some forensic feature-comparison disciplines, such as
latent fingermark examination. For example, a report of the American Association for the Advancement
of Science (Thompson et al., 2017), making reference to Kellman et al. (2021), noted:

“it is unreasonable to think that the ‘error rate’ of latent fingerprint examination can mean-
ingfully be reduced to a single number or even a single set of numbers. At best, it might be
possible to describe, in broad terms, the rates of false identifications and false exclusions
likely to arise for comparisons of a given level of difficulty.” (Thompson et al., 2017, at p.
45)

Even one of the most insistent supporters of the proper acknowledgment of the phenomenon of human
error in forensic casework, Dr Itiel Dror, admits that the theoretical notion of error – despite its
importance – faces serious practical challenges:

“Establishing error rates is crucial for knowing how well one is performing, determining
whether improvement is needed, measuring whether interventions are effective, as well as
for providing transparency. However, the flurry of activities in establishing error rates
for the forensic sciences has largely overlooked some fundamental issues that make error
rates a problematic construct and limit the ability to obtain a meaningful error rate. These
include knowing the ground truth, establishing appropriate databases, determining what
counts as an error, characterizing what is an acceptable error rate, ecological validity, and
transparency within the adversarial legal system.” (Dror, 2020, at p. 1034; emphasis added)

Dror goes so far as to ask whether these obstacles are so substantive that they call the whole endeavor
of establishing error rates into question:

“(...) given the time and effort it [the proper establishment of error rates] requires, as well
as the inherent limitations of the very notion of error rates, is it worth it? And, how does it
compare (or complement) other measures of performance (e.g., effective proficiency testing,
quality assurance checks such as dip sampling and blind verification, accreditation, and
ongoing training and development)[?]” (Dror, 2020, at p. 1038)

In summary, the above considerations explain that a domain-wide error rate, derived in a statis-
tically rigorous way regarding participant selection, would at best inform about an abstract question:
i.e., an average performance under a set of test conditions. We call this notion abstract because it
does not directly inform about the performance of a given examiner or the probability of an event of
error having occurred in the individual case. But, – we repeat – an average error rate may serve as an
anchor for such assessments in a general way about use and performance.

The limitations in the practical usefulness of the idea of a domain-wide error rate discount, to a
large extent, the importance of the critiques of existing error rates studies regarding representativeness
at the level of participant selection. This conclusion is not an endorsement for giving poor statistical
practice a pass. The point is not even statistical. Rather, it is a recognition of the fact that a perfect
answer to a question is of limited helpfulness if that question itself is off the target. A perfect answer
cannot remedy the shortcomings of the question asked.

Key points
• A domain-wide error rate cannot directly be used for assessing (or, interpreted as) an

individual examiner’s performance or the probability of an event of error having occurred
in a particular case.

• At best, a domain-wide error rate can provide an anchor for reasoning about a particular
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case.
• The limited operational usefulness of a domain-wide error rate weakens, to a large ex-

tent, the importance of the criticism that existing studies fall short of certain statistical
requirements, such as representativeness in participant selection.

4.5 Is it meaningful to dismiss imperfect survey data?

As mentioned at the beginning of Section 4, critics of existing error rate studies in forensic feature-
comparison assert that shortcomings in methodological design should prevent data from such studies
from being used in practical proceedings.40 This viewpoint seems to be predicated on the idea of
looking at one study at the time, finding each of the studies deficient in some way, and then concluding
that none of the studies is suitable.

We contend that proceeding in such a manner is questionable on three grounds. First, this sort of
proceeding is prone to lead readers to commit one version of the “imperfection fallacy” (Koehler, 2008).
Second, this way of proceeding ignores “convergent validity”, a concept previously highlighted in the
AAAS Report by Thompson et al. (2017, at p. 94). Third, dismissing data because of limitations in
generalizability is prone to oversee the differences between descriptive and inferential statistics: that
is, while data may have limitations for drawing conclusions about a (larger) population, such data may
still be of value in a descriptive sense. Below, we explain each of these three drawbacks regarding that
proffered by Vanderplas et al. (2022).

4.5.1 The imperfection fallacy

Controversies over how to use data have previously been encountered in discussions about the use of
proficiency testing data for assessing the probability of error in casework. In this context, it is largely
uncontested that data are imperfect and, hence, cannot – on their own – establish error rates (e.g.,
Cole, 2005; Tobin and Thompson, 2006). Yet, design imperfections should not necessarily be taken
to mean that such data are irrelevant altogether. Dismissing data hastily by applying too stringent
requirements has been called a fallacy:

“A skeptic could point to one or more of the study’s imperfections and draw the mistaken
inference that the study is irrelevant (...). Such an inference would be an instance of what
might be called the “imperfection fallacy” (i.e., a tendency to treat imperfect information
as irrelevant).” (Koehler, 2008, at p. 1100)

These elements of discussion about proficiency testing data also provide guidance for dealing with
results from error rate studies.

Clearly, no serious commentator would contest that data from error rate studies are imperfect to
some extent and that, in practice, a perfectly flawless study is difficult to realize, especially in such
a heterogenous field as forensic feature-comparison.41 One ready way to deal with this challenge
is by being transparent and stating the identified limitation(s), followed by an assessment of the
impact of those limitation(s) on the conclusions to be drawn from the data. For example, when a
study encountered non-responding participants (non-volunteers), attention should be drawn to the
proportion of non-respondents, e.g., by asking how substantial that proportion is and to what extent
it compromises generalizability.

In any case, even if generalizability is compromised, the presence of non-respondents in a study

40See e.g. the conclusion in Vanderplas et al. (2022, at p. 10).
41As noted by Judge Edelman in the case United States v. Tibbs, No. 2016-CF1-19431, 2019 WL 4359486 (D.C. Super.

Ct. Sept. 5, 2019), “[u]ndoubtedly, experts with extensive training in research methods could likely find fault with the
methodology of any study” (at p. 33).
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does not prevent one from considering what a given study could, at least, say – descriptively – about
the participants who have responded properly.42

4.5.2 Falling short of the concept of convergent validity

The second drawback of focusing on individually imperfect studies one at the time – also called “atom-
istic approach” (Thompson et al., 2017, at p. 94) – is to ignore the concept of “convergent validity”,
defined as follows:

“the possibility that various publications, each with distinct limitations when considered
by itself, can reinforce each other and collectively support conclusions that would not be
warranted on the basis of a single article.” (Thompson et al., 2017, at p. 94)

Recognizing that “studies will have different strengths and limitations, and that the literature as a
whole will have strengths and limitations” (Thompson et al., 2017, at p. 44), there is no valid reason
why one should not try to see what conclusions can be drawn from literature as a whole, especially
how individually imperfect studies can complement each other.43 We note, however, that the notion
of “convergence” here should not be taken as tending toward (or suggesting the existence of) a single
statistic (i.e., a discipline-wide error rate). Instead, the idea is that of drawing a broader picture of
how different examiners perform in various experimental settings, based on data drawn from multiple
relevant studies.

We believe that convergent validity is as much applicable in the field of fingerprints, discussed by
Thompson et al. (2017), as it is in the discipline of forensic feature-comparison applied to firearms
examination.

4.5.3 The missed distinction between descriptive and inferential statistics

A primary line of argument advanced by critics of existing error rate studies is that imperfect data,
e.g., due to participant or material sampling problems (Vanderplas et al., 2022, at pp. 5–7), limit
the use of such data for drawing conclusions about the wider population (i.e., profession) of forensic
feature-comparison examiners. It is important to understand that this is an argument about inferential
statistics,44 which should be clearly distinguished from the notion of descriptive statistics.45

Specifically, drawing attention only to shortcomings in the inferential usage of data, and to leave it
at that, is prone to concealing the descriptive dimension in which data may be used. Though widely
considered as less prestigious, compared to statisticians’ primary focus on inferential statistics, the
factual description of data remains an important preliminary to inferential statistics. For example, one
can ask – quite factually – “in this study, how many examiners have failed to report ‘identification’
for pairs of items known to come from the same source?”, “which examiner(s) has (have) committed
errors (i.e., what are the characteristics of examiners who committed errors)?”, “is a majority of errors
committed by a small number of examiners or do the errors distribute differently (e.g., over a larger
number of examiners)?” There is no reason why such information – which is descriptive on the level
of study participants who have properly responded – should be ignored in principle, regardless of
how well (if at all) the data will allow one to draw conclusions about the entire profession of forensic

42Even critical commentators admit to the obvious point that “any study only speaks for the error rate of the partic-
ipants of that study” (Vanderplas et al., 2022, at p. 6).

43Again, even critics appear to be open to this point when they write “it is not only important that study participants
be randomly sampled from the population, but also that there are multiple studies” (Vanderplas et al., 2022, at p. 6).

44Broadly speaking, inferential statistics aims at providing information about the population from which a sample
(data) is available (e.g., The Council of the Inns of Court and The Royal Statistical Society, 2017; The Royal Society
and The Royal Society of Edinburgh, 2020)

45Descriptive statistics summarize and hence describe different aspects (e.g., the mean) of a given sample (e.g., The
Council of the Inns of Court and The Royal Statistical Society, 2017; The Royal Society and The Royal Society of
Edinburgh, 2020).
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feature-comparison examiners. More importantly, taking a deeper dive in the naked numbers can reveal
information that a mere average, obtained by generalization, cannot provide. Valuable data, otherwise,
would be ignored.

Next, rather than just asking how many examiners have given a particular answer when comparing
a particular pair of items (of same or different source), one can summarize the data and produce
descriptive statistics such as the missed identification rate or the failed elimination rate, just to name
two examples.

Even critics, such as Vanderplas et al. (2022), appear to acknowledge the above points. In fact,
several authors of Vanderplas et al. (2022) have, in a recent paper (Hofmann et al., 2020),46 reviewed
a series of studies on examiner performance in forensic feature-comparison. They have produced
different types of summary statistics (of the kind mentioned above), compared them between studies
and summarized their results graphically. They observed, for example, that “examiner error rates are
low for both missed elimination and missed identifications in most studies” (Hofmann et al., 2020, at
p. 335). They also found that “examiners are extremely good at working with same-source evidence,”
but “have much more difficulty when evidence arises from different sources.” (Hofmann et al., 2020, at
p. 336) Underlying their approach is the idea of what may be called “zooming” into data at different
levels of detail, i.e. looking descriptively at the performance of examiners when conducting known
same- and different-source pairs, respectively.47 We interpret this Hofmann et al. (2020) study as their
acknowledgment of the fact that data from existing error rate studies can be used to at least some
extent, given the proper acknowledgment of limitations.48 Hofmann et al. (2020) even admit that,
“[a]s discussed in Dror (2020), additional statistics that provide context to error rates can be extremely
beneficial in court.” (at p. 325; emphasis added)

Key points
• While it is widely uncontested that existing studies of expert performance in forensic

feature-comparison are imperfect to varying degrees, it would be shortsighted to dismiss
data from imperfect studies altogether.

• The tendency to treat imperfect information as irrelevant is known as the “imperfection
fallacy” (Koehler, 2008, at p. 1100), i.e., depriving oneself of information that a study could
offer when properly acknowledging and discounting for the respective limitations.

• Considering imperfect studies in isolation ignores the concept of “convergent validity”
(Thompson et al., 2017, at p. 94), i.e., the possibility that different studies, though in-
dividually limited, can complement each other and support conclusions that none of the
studies could have warranted individually.

• While imperfect data may be of limited use for inferential purposes (e.g., drawing conclu-
sions beyond the sample to a wider population), it does not follow that these data could not
be used for more factual and descriptive purposes (e.g., summarizing observations made on
study respondents rather than making assertions about the wider population of members
of the profession).

46Note that Vanderplas et al. (2022) refer to this paper as “Hofmann, Vanderplas, and Carriquiry (2021)”. While the
latter paper was officially published in 2021, it was – technically – included in Volume 19 (2020), which is why we refer
to it here as “Hofmann et al. (2020)”.

47The authors call these summaries “separate accuracy rates for comparisons of same or different-source evidence”
(Hofmann et al., 2020, at p. 325)

48For example, Hofmann et al. (2020) note that the methodological design of some studies is such that no summary
statistics can be computed.
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5 What specific, technical critiques are levelled against studies of
examiner performance and how to respond to those critiques? –
Responses to Vanderplas et al. (2022)

Based on the general elements of discussion introduced so far, we are now in a position to review
a series of specific, more technical critiques levelled against studies of the performance of forensic
feature-comparison examiners. For this purpose, critiques expressed in Vanderplas et al. (2022) are
addressed.

5.1 Study design: closed set vs. open set

Critique: “many common firearms and toolmark black-box study designs do not allow for estimation of
the number of different-source comparisons, which ensures that it is not possible to calculate the overall
error rate, the correct decision rate, or the true negative rate (the specificity).” (Vanderplas et al., 2022,
at p. 4) To help overcome this problem, the commentators recommend the following: “black-box studies
should be open set studies (no guarantee that an unknown item matches any provided knowns in the
set) and should involve the comparison of one standard (known sample) and one or more unknown
samples at a time.” (Vanderplas et al., 2022, at p. 5)

Response: To address this critique, it is first necessary to explain the difference between closed set and
open set studies (e.g., PCAST, 2016, at p. 106–110).

A closed set study is one in which examiners receive a set of questioned items (bullets or cartridge
cases) and they are asked to compare these items to a set of reference items (bullets or cartridge cases).
The latter represent the possible guns used for firing the questioned elements of ammunition. A key
feature of closed set studies is that the firearm at the “source” of each questioned item is always present
in the test (in the form of the reference items). In turn, an open set study is one in which not all
questioned items have their “source” present among the reference items.

Generally, closed set studies are considered problematic in that they may compromise the com-
putation of performance metrics when the number of different source comparisons is unknown. In
addition, closed set studies are generally viewed as easier to accomplish because examiners can draw
upon knowledge that each questioned item has a corresponding reference item. Accordingly, such
studies are expected to lead to too favorable assessments of the error rate.

Given the known problems associated with closed set studies, it is widely recommended that studies
should use the open set design, which was noted in the PCAST Report (2016).

The community of researchers and practitioners appears to have taken this concern to heart. In a
recent review of selected studies between 1998 and 2021, Monson et al. (2022, at p. 2) find that the
closed set design is mainly used in studies prior to the publication of the PCAST Report (seven out of
twelve summarized pre-PCAST studies). In turn, only two of six post-PCAST studies summarized by
Monson et al. (2022, at p. 2) use the closed set design. As an aside, we also note that, most recently,
the field has seen what may be the first report on preliminary results of a blind testing program in
forensic firearms examination (Neuman et al., 2022), implemented at the Houston Forensic Science
Center since December 2015 (Guerra Thompson and Bremner Cásarez, 2020).

Regarding the impossibility to calculate the correct source decision rate, there is a marked difference
between pre- and post-PCAST studies. In the list of studies summarized in Table 1 of Vanderplas
et al. (2022, at p. 13), three of the four studies where the correct source decision rate is not calculable
appeared prior to the PCAST Report. The single post-PCAST study for which Vanderplas et al.
(2022) report that the correct source decision rate is not calculable is the one by Hamby et al. (2019),
but this study is already marked as problematic because of its use of the closed set design.
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In summary, we thus observe49 that the critiques of Vanderplas et al. (2022) regarding the study
design (closed set vs open set) and the impossibility to calculate correct source decision rates, while
being technically correct, should be put in perspective: specifically, these critiques mainly apply more
so to pre-PCAST studies, rather than the more recent post-PCAST studies.

5.2 Participant sampling problems

Critique no. 1: “if the participants are not a representative sample from the population (in this case,
all qualified firearms examiners in the United States), the results of the study do not generalize to that
population. This principle is taught in even basic undergraduate statistics courses; it is fundamental
to our discipline. One of the easiest ways to ensure that a sample is representative is to randomly
select participants from the population; a more labor-intensive option is to conduct a full census of the
population at a certain time.” (Vanderplas et al., 2022, at p. 5)

Response to no. 1: It is not contested that existing studies do not generalize to the population com-
prized of all qualified firearms examiners in the United States. It should go without saying that the
imperfect nature of the data calls for caution and restraint, such as limiting conclusions to only those
examiners who agreed to participate in the study and to respond properly. By the way, as noted
earlier, this issue is what the commentators recommend themselves when they write that “any study
only speaks for the error rate of the participants of that study.” (Vanderplas et al., 2022, at p. 6)

Note also that, following our discussion in Section 4.4, the importance of the critique regarding the
lack of generalizability is weakened by the fact that a domain-wide error rate, even if available, would
have limited operational usefulness.

Critique no. 2: “there are many potential lurking covariates that would meaningfully affect the error
rates estimated by the studies. For instance, it is possible that experienced examiners are more likely
to volunteer to participate in these studies out of a sense of duty to the discipline: these examiners
might have lower error rates due to their experience, which would lead to an estimated error rate that
is lower than the error rate of the general population of all firearms examiners (including those who
are inexperienced). In fact, in studies which differentiate between trainee and qualified examiners, we
find a higher error rate among trainees (Duez et al. 2018).” (Vanderplas et al., 2022, at p. 5; emphasis
added)

Response to no. 2: This critique is a rhetorically subtle formulation because it uses a true statement
(here: higher error rate among trainees) to create a doubt for which no direct evidence is provided.
That is, Vanderplas et al. (2022) give no evidence for whether experienced examiners are actually
more inclined to participate than less experienced examiners. The same holds for the variables the
commentators mention in this sentence: “There are many variables which might be expected to increase
likelihood of volunteering for a study and also change the expected error rate: education, experience,
confidence, amount of time available for study participation.” (Vanderplas et al., 2022, at p. 5)

Critique no. 3: “sampling bias is one of the hardest biases to work around. Because we cannot determine
how the volunteer examiners might differ from the whole population of examiners, we cannot say that
it is likely that the error rate is higher or lower than what is reported from the flawed studies.”
(Vanderplas et al., 2022, at p. 6)

Response to no. 3: See above response to no. 1.

5.3 Material sampling problems

Critique: In Section 5 of Vanderplas et al. (2022, at pp. 6–7), the authors mention that existing studies
cover only a limited number of firearms and ammunition types, thus preventing the possibility to

49Note, however, that the lists of articles summarized by Vanderplas et al. (2022) and Monson et al. (2022) do not
exactly overlap.
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generalize:

• “we lose the ability to make broad, sweeping claims about the discipline as a whole” [at p. 6]

• “We cannot generalize error rates from small consecutively manufactured firearm studies to the
entire population of firearms examinations, and as a result, we do not know how to assess the
error rate of the discipline as a whole on the basis of these studies.” [at p. 6]

• “This makes it extremely difficult for researchers to provide a general estimate of the error rate of
firearms and toolmark comparisons, as the discipline is so broad and the data under examination
are affected by so many different factors: type of tool or firearm, ammunition, manufacturing
process, material interactions, and so on.” [at pp. 6–7]

Response: This critique goes along the critique of participant sampling problems discussed in Section
5.2 and the problem of generalizability addressed in Section 4.4. Thus, we can draw upon discussion
developed in those sections.

We reiterate that, first, a single and domain-wide error rate would be of limited usefulness because
an “average” examiner does not exist. An average error rate in this sense would either overvalue a poor
examiner or undervalue (penalize) an above average or even outperforming examiner (Section 4.4).

Second, as much as there is no “average” examiner, there is no “average” combination of firearm and
ammunition.50 Instead, there are many firearm and ammunition categories (or types) for which a single
average error rate could not meaningfully reflect examiner performance. It would be a too optimistic
figure for reputedly difficult firearm and ammunition types, and too conservative one for less challenging
comparison pairs. However, it would be exaggerated to require that an expert has previously seen (i.e.,
worked with) all possible combinations of firearms and ammunition. Rather, what is important for
recipients of expert evidence is to see whether the examiner can demonstrate technical knowledge about
the relevant category (type) of materials examined in the instant case and proficiency in examining
such materials. For example, the expert will need knowledge about the design differences between
conventional groove rifling (in barrels) as compared to a polygonal rifling (or even microgroove rifling)
and the impact of these design features on the production of marks present on fired bullets. Clearly,
the examiner does not need to have seen all existing barrels with conventional (or polygonal) rifling
prior to explaining the kind of marks he/she would expect to see for a barrel of this particular type.
Likewise, a proficient examiner can be familiar with the kind of marks present on different types of
bullets, such as jacketed versus non-jacketed bullets, without having seen all existing exemplars of
jacketed and non-jacketed bullets. Thus, as noted above, the point here is that the examiner should be
able to demonstrate knowledge and understanding with the kind of examined items (general category
of firearm and ammunition) encountered in a particular case. As a simple example, an expert who
specializes mainly in modern handguns might naturally need to declare limitations with respect to
his/her competence in examining antique rifles dating prior to 1900s (if the latter are beyond his/her
primary field of expertise).

Third, requiring that studies should cover many or all dimensions of combinations of firearms and
ammunition types is a practical impossibility, not only due to the combinatorial complexity, but also
because the relevant population is never stable. New firearms and ammunitions are being manufactured
regularly, while the production of certain weapons and types of ammunition is discontinued.

50We make the assumption here that Vanderplas et al. (2022) suggest that generalization should not only be the
goal at the level of participants, but also at the level of materials subjected to feature-comparison. If this assumption
misinterprets the intention of Vanderplas et al. (2022), and their suggestion instead is that error rates should be computed
individually for each category of materials (i.e., combination of firearm and ammunition type), then this would amount
to a practically almost impossible task (due to combinatorial complexity) and, hence, represent a self-defeating proposal.

26/229



US v Kaevon Sutton (2018 CF1 009709) Biedermann, Budowle and Champod

5.4 Missing data and non-response bias

Critique: In Section 6 of Vanderplas et al. (2022, at pp. 7–8), the authors note that the quality of
existing studies suffers from participants who fail to respond. Next, these commentators explain that
the error rate would turn out to be higher if the non-respondents would have been included in the
results and if their answers would have been consistently erroneous.

Response: This assertion is a further example of the use of a true statement (here: the existence of
non-responses) for suggesting conclusions based on assumptions for which actual evidence is lacking.51

That is, Vanderplas et al. (2022) provide no basis to believe that all non-respondents would render
erroneous answers; an error rate based on such an extreme assumption is hypothetical and not conducive
of advancing a constructive discourse over what the potential of error could realistically be.

In line with our discussion throughout this document, we reiterate that

(i) the imperfection of existing studies and related data is not contested,

(ii) imperfect data should not be dismissed entirely (provided that limitations are properly ac-
knowledged), but interpreted within the relevant scope (e.g., limiting conclusions to those exam-
iners who properly responded),52 and

(iii) even if data were perfect (in strict statistical terms), the resulting domain-wide error rate
would characterize an abstract question and, hence, be of limited practical usefulness.

5.5 Types of marks and study difficulty

Critique: In Section 7 of Vanderplas et al. (2022, at pp. 8–9), the authors note that “there are many
different types of marks used for firearms and toolmark examination, and it would not be reasonable
to assume they all have the same error rates” [at p. 8] and that “[t]he difficulty level across different
studies is not necessarily comparable” [at p. 9]. As a consequence, according to the commentators,
error rates will differ as a function of these variables (i.e., types of marks and levels of difficulty).

Response: We agree with the above statements by Vanderplas et al. (2022) which notably seem at
odds with their advocacy for a domain-wide error rate. They confirm our position that the attempt to
derive a domain-wide error rate is neither practically possible53 nor particularly useful. We reiterate
that what is important is that the examiner is able to demonstrate knowledge and understanding with
the kinds and types of materials examined in a particular case (see also our discussion in Section 5.3).

5.6 Inconclusives

Critique: “Scientifically, an inconclusive result has to be automatically incorrect: a comparison is either
from a same-source or a different-source.” (Vanderplas et al., 2022, at p. 9)

Response: One of us has recently discussed at length elsewhere why this assertion falls short of a
meaningful account of the problem (Biedermann and Kotsoglou, 2021).

To start with, it is important to acknowledge that no reasonable scientist ignores that “inconclusives”
can represent a problem. Indeed, suppose an extreme situation in which an examiner would report
“inconclusives” only. Such an examiner would – obviously – never commit a false identification or a false
exclusion and hence would have a zero-error rate. However, such a reporting strategy would be noted
in a transparent or quality system, and the examiner would reveal him-/herself as entirely unhelpful
(i.e., she/he would never give a supportive conclusion).

51A previous example of this kind was discussed in our reply to critique no. 2 in Section 5.2).
52Further, one should properly distinguish between descriptive and inferential uses of data (see also discussion in

Section 4.5.3).
53The main reason for this is combinatorial complexity when considering multiple dimensions in which examiners,

firearms/ammunition as well as marks and study difficulty may vary.
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Conversely, no reasonable scientist would assert that “inconclusives” should be completely ignored.
Instead, “inconclusives” should be monitored for what they are: the rate of “inconclusives” provides
a measure of the assertiveness of (or, the level of caution exerted by) an examiner. But inquiries
into inconclusive results should dive deeper. It is also important to examine the circumstances under
which “inconclusives” are given. For example, it makes a difference whether an examiner renders an
“inconclusive” in a very difficult case (e.g., where the marks are poor and/or of limited informative
value)54 or an easy case (e.g., with good/high quality marks with many discriminative features). In
the first case, an “inconclusive” might be a suitable (i.e., scientifically defensible) conclusion,55 whereas
in the latter case an “inconclusive” might reflect overcautiousness by falling short of what a majority
of proficient examiners would assign as probative value.

Thus, labelling “inconclusives” generically as errors is of little help in practice. A meaningful
discussion about expert performance requires clarity about the kind of error. For example, in our
experience, recipients of expert evidence typically have a primary interest in the proportion of false
positive errors. It is clearly unsuitable then to conceal the inconclusive statistic (if it were treated solely
as error [sic]) by transforming it into an unspecific notion of error that comprises several different types
of potential error.56

In our view, the key to dealing with “inclonclusives” is transparency. “Inconclusives” fall into a
response category in its own right that can and should be summarized in a separate statistic that is
useful for monitoring various aspects of a study (e.g., examiners’ level of responsiveness). “Inconclu-
sives” should not be dismissed; they should be used within the scope in which they can be meaningfully
informative.

Overall, our view is in line with standpoints expressed elsewhere in the legal literature, which
emphasizes balance and clarity in the use of “inconclusives”:

“Similarly, when an examiner offers an “inconclusive” opinion (...) there is a sense in which
he has erred. After all, he did not get the answer right, and the consequences of this
failure may be serious (e.g., missed opportunity to exonerate a suspect). However, in the
more usual sense of the meaning of error, an inconclusive is not an error. It is a pass. An
inconclusive means that the examiner offers no judgment about whether two prints do or do
not share a common source. Therefore, for the purpose of computing the errors and error
rates (...), I set inconclusives aside.” (Koehler, 2008, at pp. 1080–1081; emphasis added)

Finally, we note that by labelling “inconclusives” by default as errors, Vanderplas et al. (2022) take
a more extreme position than what some of the same authors have conveyed elsewhere. Specifically,
in Hofmann et al. (2020), they explain that there are ways to summarize data that “do not require
inconclusive results to be explicitly handled as errors or correct decisions” (at p. 325) and that this
represents an “advantage” (at p. 325).

5.7 Further observations on the affidavit by Vanderplas et al. (2022)

Hereafter, we note a few additional and more general observations on the affidavit by Vanderplas et
al. (2022):

• Overall, Vanderplas et al. (2022) present a narrow view because it is almost exclusively tailored
towards the (statistical) argument of generalizability (i.e., the lack thereof), resulting from a

54Another example could be so-called “close non-matches” (Koehler and Liu, 2021).
55See e.g. Biedermann et al. (2019) for a decision-theoretic justification of this argument.
56This view is also echoed by the Judiciary. For example, Judge Edelman, though acknowledging that “inconclusives”

represent “an error of some kind”, questioned the idea of jointly considering different types of errors: “such a character-
ization fails to make logical sense: while under laboratory conditions such inconclusives are surely some type of error,
it does not follow that inconclusives are functionally the same as a false conclusion by an examiner who attributes a
cartridge casing to a gun that did not fire it.” (United States v. Tibbs, supra note 41, at pp. 40–41)
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variety of methodological study design problems.

• We do not contest that, technically speaking, the various methodological aspects that Vanderplas
et al. (2022) critically espouse have the potential to adversely affect generalizability. But for
reasons we have discussed in Section 4.5, we do not share their ultimately extreme position that
the currently existing data, though imperfect, “are not sufficiently sound to be used in criminal
proceedings.” (Vanderplas et al., 2022, at p. 10) For example, data can be used in a descriptive
sense with respect to those examiners who volunteered and who have properly responded, without
making claims about whether or not these data generalize to the profession of feature-comparison
examiners as a whole.

• The dismissive, categorically extreme position of Vanderplas et al. (2022) is inconsistent with
respect to a more nuanced prior position that some of these same authors have taken elsewhere,
i.e., in the paper by Hofmann et al. (2020). In Hofmann et al. (2020), the authors have described
ways (in technical parlance called “statistics”) whereby data from different studies can be mean-
ingfully summarized and compared. They stated that “additional statistics that provide context
to error rates can be extremely beneficial in court.” (Vanderplas et al., 2022, at p. 325)

• We find Vanderplas et al. (2022) imbalanced in the sense that the authors lean towards a “worst
case scenario” (at p. 10). For example, they conjecture about what the error rate would be under
the assumption that all non-respondents would have replied and that all of their responses would
have been erroneous (at p. 10). This conjecture is problematic because the authors provide no
actual, supportive evidence of the assumptions underlying their worst-case scenario. Quite to the
contrary, the authors actually diffuse the veil of the worst-case scenario themselves when they
write:

– “there is no possibility of assessing the true impact of non-response bias in these studies
when the authors do not make their data available (...).” (Vanderplas et al., 2022, at p. 10)

– “we cannot say that it is likely that the error rate is higher or lower than what is reported
from the flawed studies.” (Vanderplas et al., 2022, at p. 6)

6 Summary and conclusions

6.1 Summary of the points of agreement and disagreement with the affidavit by
Vanderplas et al. (2022)

In their statement, Vanderplas et al. (2022) argue along the following lines:

• They start by defining the goal to be generalizability : “As scientists, we want to derive knowledge
that is generalizable to the population.” (at p. 6)

• Next, they observe that existing error rate studies are imperfect in various respects, such as
representativeness in participant recruitment, material sampling as well as types of marks and
study difficulty.

• They conclude by asserting that these imperfections “cast doubt on the ability to generalize error
rates from these studies to the wider population of all examiners” (at p. 10) and, more broadly,
that “error rates established from [such] studies (...) are not sufficiently sound to be used in
criminal proceedings.” (at p. 10)

• Subsidiarily, they argue that within the limited scope that the existing studies do offer data, the
design problems of those studies “suggest that the true error rates in casework may be significantly
higher” (Vanderplas et al., 2022, at p. 10) than what is commonly said or believed.

Overall, we respond to this position statement as follows:
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Points of agreement

• We agree that existing error rate studies are imperfect in several respects.

• We agree that generalization to the whole population (of examiners) is difficult, but that
“any study only speaks to the error rate of the participants of that study.” (Vanderplas
et al., 2022, at p. 6)

Points of disagreement

• We disagree with the assertion that due to their lack of generalizability, existing data
should be discarded altogether, i.e., suggesting that there is no useful information in such
data.

– Arguing in the way Vanderplas et al. (2022) do would amount to a sort of imperfection
fallacy (Koehler, 2008); on this point, see our discussion in Section 4.5. All scientific
studies suffer from limitations, yet they are not necessarily rendered unhelpful for
advancing a discipline.

– Discarding imperfect data would contradict the view that data can speak – given
suitable acknowledgment of any limitations – to at least the actual participants of a
study, a point to which even Vanderplas et al. (2022) agree; see quote above in points
of agreement and our discussion in Section 4.5.3 of the position taken by some of the
authors of Vanderplas et al. (2022) in a different paper (i.e., Hofmann et al., 2020). In
essence, the point here is that data with limitations for broad and all-encompassing
inferential use can still be of use for descriptive purposes.

– Discarding individual and somewhat limited studies would deprive one from exploiting
the notion of “convergent validity” (Thompson et al., 2017, at p. 94), i.e., seeing where
individual studies can complement each other (see also discussion in Section 4.5).
Technically, Vanderplas et al. (2022) appear to agree on this point, too, when they
write that “it is not only important that study participants be randomly sampled from
the population, but also that there are multiple studies.” (at p. 6; emphasis added)

• We strongly disagree that generalizability and, hence, the establishment of a single domain-
wide error rate should be the overarching aim:

– While not entirely useless, because it can serve as a starting point for assessments on
the level of individual cases (Koehler, 2008), a domain-wide error rate would neither
be directly informative about the performance of an individual examiner nor about
the probability that an error was committed in the instant case (i.e., the case at
hand).

– Reducing considerations to only a nonspecific, domain-wide error rate would be prone
to overlooking potential problems associated with the mandated laboratory and/or
the individual examiner(s) having worked in a particular case. For examples of such
cases in firearms examination see Garrett (2022).

– A domain-wide error rate is, ultimately, a practical impossibility because there is con-
stant variation in (i) the population of examiners (new examiners enter the field, oth-
ers leave; individual proficiency evolves over time), and (ii) the types of firearms and
ammunition manufactured (and subsequently present in general circulation). Thus,
it is always possible to argue that existing studies are somehow imperfect, which
renders the call for a domain-wide, contemporaneously valid error rate ultimately
self-defeating.
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Given the elusive nature of the idea of a domain-wide error rate, we conclude that existing
error-rate studies – despite their limitations – are not fatal to the field of forensic firearms
examination as a whole. Indeed, they can add value. The reason, in part, for this positive
position is that the notion of error rate is not the only dimension that characterizes the
discipline of forensic feature-comparison (e.g., Dror, 2020).

6.2 Conclusions

Inquiring about the quality of error rate studies in forensic feature-comparison is an important un-
dertaking. However, focusing attention only on the notion of error rate is not conducive of achieving
a suitable assessment of the forensic discipline. As explained in Section 3, examiner performance
is merely one component among others that one should inquire about when dealing with a forensic
feature-comparison report. A further component is the existing – and widely uncontested – scien-
tific knowledge about the intrinsic potential probative value (i.e., discriminative capacity) of class and
accidental characteristics present on elements of fired ammunition.

But even if one were to restrict attention to the notion of error rate, it is important to keep in
mind that it is not the only measure of examiners’ overall performance.57 Strictly speaking, error rates
can serve, at best, as an indirect measurement of examiner performance. However, even if an error
rate of some sort would be available, it would still be necessary to scrutinize the trustworthiness of
the examiner on a case-based level. As recommended by the PCAST Report, the examiner should be
required to demonstrate that he/she “has undergone rigorous proficiency testing on a large number
of test problems to evaluate his or her capability and performance, and discloses the results of the
proficiency testing” (at p. 113).

We thus conclude that the limited practical usefulness and necessarily restricted scope of a general
error rate weakens, considerably, the critiques of the quality (and hence generalizability) of existing
error rate studies. Stated otherwise, the critique – however statistically well-grounded – in the sense
that existing studies do not allow one to generalize to the whole population of examiners is of reduced
importance if generalizabilty itself is of limited usefulness.58 On this latter point, as discussed in
Section 4.4, we agree with the position of the AAAS Report by Thompson et al. (2017) that noted that
“it is unreasonable to think that the ‘error rate’ (...) can meaningfully be reduced to a single number
or even a single set of numbers.” (at p. 45)59

While we agree that existing error rate studies can be criticized on some grounds, we reject the
view that data from such studies should be discarded altogether, and that nothing can be said about
examiner performance. Excessive insistence on flawlessness in study design is ultimately self-defeating
and would deprive one from what data could support as a conclusion given a suitable acknowledgment
of limitations. Error rate studies do not need to meet a best possible design criterion in order to
be useful.60 For example, studies can still be exploited with respect to those examiners who have
actually participated and responded, which may give some idea of the general performance with a test
or a set of tests used in the study. One observation, for instance, is that trained firearms examiners
may exhibit a better performance than trainees (Duez et al., 2018), a point that even critics admit
(e.g., Hofmann et al., 2020, at p. 328). Finally, dismissing individually imperfect data sets will also

57Another common performance indicator, not discussed here, is proficiency testing (e.g., Dror, 2020; Koehler, 2008).
58As noted in Section 5.3, an average error rate is not directly usable because it would either overvalue a poor examiner

or undervalue (penalize) an above average or even outperforming examiner.
59On this viewpoint, see also our discussion in Section 4.2, explaining why forensic feature-comparison is not akin

to a standard laboratory (or field) test for which a validation study with the classic performance metrics (error rates,
sensitivity and specificity) could easily be conducted.

60Similarly, Judge Edelman has noted that “Daubert does not necessarily require the proponent of a theory or method-
ology to present only studies with the best possible design.” (United States v. Tibbs, supra note 41, at p. 33)
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deprive one from the potential of studies to complement each other and, hence, from the possibility of
“convergent validation”, emphasized in the AAAS Report by Thompson et al. (2017).

In conclusion, when considering the broad variety of pillars that make up the field of forensic
feature-comparison, we contend that the isolated technical critique of the lack of generalizability
of existing error rate studies is at best unhelpful and, at worst, misleading.

The critique is ultimately unhelpful because even if a generalized error rate could be available,
it would be of limited value for a direct, case-based assessment of examiner performance. In
addition, the dismissive attitude towards existing error rate studies, i.e., their wholesale rejection,
is not helpful in that it offers no constructive advice on how the data could be used with properly
acknowledged limitations (e.g., within a perspective of convergent validation).

The critique of lacking generalizability is misleading if it induces recipients of expert evidence to
believe that the assessment of the suitability, capacity and merits of forensic feature-comparison
as a whole would only hinge upon a generalized (i.e., domain-wide) and unspecific notion of error
rate — it surely does not.

6.3 Statement of truth

We declare that the foregoing statement is true and correct to the best of our knowledge.

Alex Biedermann Bruce Budowle Christophe Champod
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Curriculum vitae

Alex Biedermann

Associate Professor

University of Lausanne
Faculty of Law, Criminal Justice and Public Administration
1015 Lausanne-Dorigny (Switzerland)
T +41 (0)21 692 46 07
E alex.biedermann@unil.ch
ORCID: orcid.org/0000-0002-0271-5152
http://www.unil.ch/unisciences/alexbiedermann
http://ch.linkedin.com/in/abiedermann/en

EDUCATION

Ph.D. in Forensic science 03/2003 – 03/2007
Title: Bayesian networks and the evaluation of scientific evidence in forensic science (summa cum laude)
University of Lausanne (UNIL), Faculty of Law, Criminal Justice and Public Administration, School of Criminal
Justice (thesis defense: 27.03.2007; date of certificate: 04.09.2007)

M.Sc. (formely called “Licence”) in Forensic science 10/1997 – 07/1998, 10/1999 – 07/2002
Faculty of Law, Criminal Justice and Public Administration (UNIL) (date of certificate: 07/2002)

B.Sc. in Chemistry (exchange program, 2 semesters/1 year) 10/1998 – 07/1999
Faculty of Chemistry and Pharmacy, University of Innsbruck, Austria

CURRENT POSITIONS

Associate Professor (with tenure) 02/2016 – present
Faculty of Law, Criminal Justice and Public Administration (UNIL)

Scientific consultant 01/2022 – 12/2024
Consultant for the NIJ research project no. 15PNIJ-21-GG-04192-RESS (National Institute of Justice, U.S. De-
partment of Justice, Office of Justice Programs 2021 Research and Development in Forensic Science for Criminal
Justice Purposes; Principal investigator: Dr. David Stoney).

PREVIOUS POSITIONS AND PROFESSIONAL EXPERIENCE

Associate Professor (part-time, fixed term, 50%) 01/2016 – 12/2021
Faculty of Law, Criminal Justice and Public Administration (UNIL), Research professorship as principal inves-
tigator of the Swiss National Science Foundation (SNSF) Starting Grant Project (equivalent to an ERC Starting
Grant) ‘Normative decision structures of forensic interpretation in the legal process’ (NORMDECS)1 (see also
section ‘Funding ID’)

Lecturer (Maître assistant) (part-time, 50%) 09/2010 – 01/2016
Faculty of Law, Criminal Justice and Public Administration (UNIL)

1www.unil.ch/forensicdecision
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Scientific collaborator (part-time, 50%) 01/2009 – 12/2015
Fondation pour la Formation Continue UNIL-EPFL (FORMC),2 University of Lausanne and Ecole Polytechnique
Fédérale Lausanne (EPFL, Swiss Federal Institute of Technology in Lausanne): development and tutoring of
postgraduate e-learning courses in forensic statistics (see also section ‘Teaching’)

Senior lecturer (part-time, 20%) 09/2010 – 07/2011 (12 months)
Faculty of Law, Criminal Justice and Public Administration (UNIL), during sabbatical leave of Prof. F. Taroni

External scientific collaborator 09/2007 – 08/2010
Faculty of Law, Criminal Justice and Public Administration (UNIL)

Scientific collaborator (100% until 2009, 70% afterwards) 04/2003 – 08/2010
Swiss Federal Department of Justice and Police (Berne, Switzerland): provided forensic science services for the
Office of the Attorney General of Switzerland

Researcher (100%) 08/2002 – 01/2003 (6 months)
Faculty of Law, Criminal Justice and Public Administration (UNIL) and Department of Mathematics (EPFL):
joint research project on forensic case analyses using graphical models

FELLOWSHIPS AND VISITING RESEARCH STAYS

University of Zürich 01.02. – 30.04.2021 (3 months)
Faculty of Law, Zürich
Chair for Criminal Law and Criminal Procedure, including Commercial and Administrative Criminal Law
Visiting scholar with Prof. Marc Thommen

Federal Judicial Center 09.03. – 20.03.2020 (2 weeks)
Research Unit, Washington, D.C.
Visiting Foreign Judicial Fellow (visit interrupted due to covid pandemic)

The University of Adelaide 19.08. – 13.09.2019 (1 month)
Adelaide Law School, Litigation Law Unit, Adelaide, South Australia
Visiting research stay, Guest lecturer in the course ‘Evidence and Advocacy’

Northwestern University 01.07. – 28.07.2019 (1 month)
Pritzker School of Law, Chicago, IL
Visiting research stay with Prof. Ronald J. Allen

University of California Irvine 02.01. – 30.01.2019 (1 month)
Department of Criminology, Law and Society, Irvine, CA
Visiting research stay with Prof. Simon A. Cole

University of Michigan 16.07. – 24.08.2018 (1.5 months)
Law School, Center for International and Comparative Law, Ann Arbor, MI
Visiting research stay with Prof. Richard Friedman, supported by a ‘Michigan Grotius Research Scholarship’

The University of Adelaide 09.02. – 12.03.2018 (1 month)
Adelaide Law School, Litigation Law Unit, Adelaide, South Australia
Visiting research stay, supported by a University of Adelaide ‘Aim for the Stars’ Grant

2Formation Continue UNIL-EPFL is a foundation that groups together the continuing education activities of UNIL and EPFL.
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University of California Berkeley 17.06. – 15.07.2016 (1 month)
School of Public Health, Berkeley, CA
Visiting research stay with Prof. George Sensabaugh

The University of Nottingham 05. – 12.02.2016 (1 week)
School of Law, Nottingham (UK)
Visiting research stay at the Criminal Justice Research Centre with Prof. Paul Roberts

The University of Adelaide 07/2015 (1 month)
Adelaide Law School, Litigation Law Unit, Adelaide, South Australia
Research stay for the comparative analysis of legal cases involving scientific evidence
Supported by a Research Mobility Grant of the Fondation de l’Université de Lausanne (The University of Lau-
sanne Foundation)

Università Ca’ Foscari Venezia 03/2013, 08/2013 – 02/2014 (8 months)
Department of Economics (Statistics), Venice (Italy)
Research project ‘Potential of error in forensic DNA analyses: comparative study of evaluative approaches using
graphical probability models’
Exchange program supported by the Société Académique Vaudoise (Research mobility grant)

Università IUAV di Venezia 07/2012 (1 month)
Faculty of Arts and Design, Cognitive Science Research Unit, Venice (Italy)
Research project ‘Interpretations of probability and the ‘problem’ of individualization in forensic science’
Exchange program supported by the Fondation de l’Université de Lausanne

Università IUAV di Venezia 11/2011 – 01/2012 (3 months)
Faculty of Arts and Design, Cognitive Science Research Unit, Venice (Italy)
Research project ‘Decision-theoretic analysis of forensic sampling criteria using Bayesian decision networks’
Exchange program supported by the Swiss National Science Foundation

Università Ca’ Foscari Venezia 07/2008 (1 month)
Department of Economics (Statistics), Venice (Italy)
Research project ‘Bayesian statistical analysis of rare count data for forensic science applications using compu-
tational procedures and graphical probability models’
Exchange program jointly supported by the Swiss National Science Foundation and the Italian National Research
Council

AWARDS

NIFS Award: Best Literature Review (Highly Commended) 2019
Award received from the National Institute of Forensic Science (NIFS, Australia and New Zealand) for the paper
‘Evaluation of forensic genetics findings given activity level propositions: a review’ (by Duncan Taylor, Bas
Kokshoorn and Alex Biedermann, Forensic Science International: Genetics (Elsevier), 36 (2018), 34–49).

NIFS Award: Best Paper in a Refereed Journal (Highly Commended) 2018
Award received from the National Institute of Forensic Science (NIFS, Australia and New Zealand) for the
paper ‘A template for constructing Bayesian networks in forensic biology cases when considering activity level
propositions’ (by Duncan Taylor, Alex Biedermann, Tacha Hicks and Christophe Champod, Forensic Science
International: Genetics (Elsevier), 33 (2018), 136–146).
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Best Paper Award 2017
Award received from the Editorial Board of the Journal of Forensic Science and Medicine for the paper ‘The role
of the subjectivist position in the probabilization of forensic science’ (Journal of Forensic Science and Medicine,
1 (2015), 140–148).

Prix de la Banque Cantonale Vaudoise (BCV) 2007
Award received from the Banque Cantonale Vaudoise3 (BCV), Switzerland, for the quality of the Ph.D. thesis

Prix de l’Association des Diplômés en Sciences Criminelles (ADSC) de l’Université de Lausanne 2002
Award received from the ‘Association of Graduates of the School of Criminal Justice’ (UNIL, www.adsc.ch), for
the quality of the M.Sc. studies

LANGUAGES

German: Mother tongue; English, French: Professional skills; Italian: Basic knowledge

FUNDING ID

Since obtaining my Ph.D. in 2007, I was awarded 13 grants as main applicant (funding agencies: Italian National
Research Council, Fondation de l’UNIL, UNIL, Academic Society of the Canton of Vaud, Swiss National Science
Foundation/SNSF, University of Michigan Law School). In addition, in the last decade, I also acted as co-
applicant for 8 SNSF research grants. These awarded funds exceed 2.3 million CHF (Swiss Francs).4

Projects as main applicant

10BP12_208532/1: Swiss National Science Foundation Book Open Access Funding 12/2021
Funding for the Open Access publication of the research monograph “Bayes factors for forensic decision analyses
with R” (co-authored with S. Bozza and F. Taroni), edited by Springer Nature (New York) as part of the series
“Springer Texts in Statistics”.
15’000 CHF

Fondation pour l’Université de Lausanne 03 – 04/2021 (1.5 months)
Research mobility grant for the project ‘(Un-)interpretability of scientific evidence’
2’000 CHF

Société Académique Vaudoise 02 – 04/2021 (3 months)
Research mobility grant for the project ‘(Un-)interpretability of scientific evidence’
2’000 CHF

BSSGI0_155809: Swiss National Science Foundation Starting Grant 2014 01/2016 – 12/2021 (72 m.)
SNSF ‘Starting Grant’ Research project ‘Normative decision structures of forensic interpretation in the legal
process (NORMDECS)’5 (equivalent to an ERC Starting Grant)
1’293’456 CHF (+ 100’000 CHF matching funds obtained from the Faculty of Law, Criminal Justice and Public
Administration, UNIL)

3The BCV is a Swiss cantonal bank (www.bcv.ch).
4A detailed history of my SNSF funding record is available on the SNSF Data Portal: https://data.snf.ch/grants/person/55553
5https://wp.unil.ch/forensicdecision/
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10001A_156290: Swiss National Science Foundation 03/2015 – 10/2016 (18 months)
Research project ‘Probabilistic inference schemes in forensic handwriting examination: a diagrammatic approach
to support evaluation and reporting’
87’220 CHF

FIP 2014: Think Cloud – Pré-évaluation de Cas Assistée 03 – 12/2014 (10 months)
Fonds d’innovation pédagogique de l’Université de Lausanne (Teaching Innovation Fund of the University of
Lausanne)
45’000 CHF

Société Académique Vaudoise 03/‘13, 08/2013 – 02/2014 (8 months)
Research mobility grant for the project ‘Potential of error in forensic DNA analyses : comparative study of
evaluative approaches using graphical probability models’
3’500 CHF

Fondation de l’Université de Lausanne 07/2012 (1 month)
Research project ‘Interpretations of probability and the ‘problem’ of individualization in forensic science’
1’300 CHF

IZ32Z0_143013: Swiss National Science Foundation 10/2012 (2 days)
International Exploratory Workshop ‘Inference and decision modeling in forensic science’
6’510 CHF

FIP 2012: éICAR – étude Interdisciplinaire de Cas par Annotation de Rapport 2012 (12 months)
Fonds d’innovation pédagogique de l’Université de Lausanne (Teaching Innovation Fund of the University of
Lausanne)
29’900 CHF

IZK0Z1_139483: Swiss National Science Foundation 11/2011 – 01/2012 (3 months)
Research project (Short International Visit) ‘Decision-theoretic analysis of forensic sampling criteria using Bayesian
decision networks’
9’300 CHF

IZAI10_121282: Swiss National Science Foundation 07/2008 (1 month)
Research project (Short International Visit) ‘Bayesian statistical analysis of rare count data for forensic science
applications using computational procedures and graphical probability models’
1’500 CHF

Total amount of funding awarded as main applicant: > 1’590’000 CHF

Projects as associated applicant

100014_150276: Swiss National Science Foundation 02/2014 (24 months)
Research project ‘Ontology for normative combinations of evidence in forensic science: an approach using
graphical probabilistic analyses’
100’841.65 CHF

105315_144557: Swiss National Science Foundation 11/2012 (24 months)
Research project ‘Current challenges of forensic DNA mixture analysis: a probabilistic approach to evaluate
results of a novel DNA marker system’
117’312.00 CHF

5 / 31

US v Kaevon Sutton (2018 CF1 009709) Biedermann, Budowle and Champod

41/229



100014_135340: Swiss National Science Foundation 05/2011 (12 months)
Research project ‘Rational decisions in forensic science: case studies and applications’
57’288.00 CHF

100014_124615: Swiss National Science Foundation 04/2009 (1 month)
Research project ‘Utilisation des Object-Oriented-Bayesian Networks dans la combinaison des indices scien-
tifiques’
49’685 CHF

100014_122601: Swiss National Science Foundation 02/2009 (24 months)
Research project ‘How to make rational decisions: Bayesian networks and decision theory in forensic science
applications’
96’967.00 CHF

K-11K1_116620: Swiss National Science Foundation 09/2008 (24 months)
Research project ‘Progress in handwriting analysis: towards shape quantification of characters and probabilistic
assessment of their evidential value’
263’127.00 CHF

105214_120750: Swiss National Science Foundation 07/2008 (27 months)
Research project ‘Analysis of recurrent complications in the evaluation of Low Copy Number (LCN) DNA pro-
filing results in forensic science: a graphical probability approach’
95’967.00 CHF

100015_111736: Swiss National Science Foundation 08/2006 (30 months)
Research project ‘Bayesian networks and the analysis of combinations of items of evidence’
94’302.00 CHF

Total amount of funding awarded as co-applicant: ⇠ 870’000 CHF

Other grants/scholarships

University of Michigan, ‘Michigan Grotius Research Scholarship’ 07–08/2018 (1.5 months)
Law School, Center for International and Comparative Law, Ann Arbor, MI (obtained as main applicant)

University of Adelaide, ‘Aim for the Stars’ Grant 02/2018 (1 month)
Principal applicant: Mr. David Caruso, University of Adelaide Law School; Beneficiary: Alex Biedermann
Visiting research stay at University of Adelaide Law School, Litigation Law Unit
AUD 5’750.00

SUPERVISION OF GRADUATE STUDENTS AND PARTICIPATION IN PHD-COMMITTEES

Teaching module ‘Complex/transdisciplinary cases’ 09/2010 – present
Faculty of Law, Criminal Justice and Public Administration (UNIL)
15-25 M.Sc. students in forensic science per year

Participation in 11 Ph.D.-committees (6 completed) 09/2007 – present
Faculty of Law, Criminal Justice and Public Administration (UNIL)

Tutoring 01/2003 – present
Faculty of Law, Criminal Justice and Public Administration (UNIL)
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approx. 50 M.Sc. students in forensic science per year, tutorials and practical exercise sessions on probabilistic
evaluation

TEACHING

University

Associate Professor, Faculty of Law, Criminal Justice and Public Administration (UNIL) 01/2016 – today

• Course ‘Interprétation de l’indice scientifique et prise de décision’ (Interpretation of scientific evidence
and decision-making), for M.Sc. students in forensic science, 14 weeks (2h/w), 6 ECTS,6 09/2016 – today

• Course ‘Interprétation et prise de décision’ (Interpretation and decision making), for students of the MLaw
in Judicial Careers, 14 weeks (2h/w), 5 ECTS, 09/2019 – today

• Seminar ‘MOOC (Massive Open Online Course): La science forensique au tribunal: témoin digne de foi?’
(MOOC ‘Challenging Forensic Science: How science should speak to court’), 18h/semester, for students
of the MLaw in Judicial Careers, 2 ECTS, 01/2019 – today

• Practical module ‘Cas pratiques transversaux’ (Transversal case studies), for M.Sc. students in forensic
science, 14 weeks, 10 ECTS, 09/2021 – today

• Course ‘Identification d’armes à feu à partir d’éléments de munition’ (Firearms identification based on
elements of ammunition), for M.Sc. students in forensic science, 14 weeks (2h/w), 3 ECTS, 01/2016 –
today

• Practical module ‘Cas complexes/transversaux’ (Complex/transdisciplinary cases), for M.Sc. students in
forensic science, 14 weeks (1 day/w), 10 ECTS, 09/2016 – today

Invited lecturing (ad-hoc)

Invited Professor, China University of Political Science and Law (CUPL), Beijing, China 12/2021
Invited by the National Collaborative Innovation Center of Judicial Civilization (Key Laboratory of Evidence
Science of the Ministry of Education at CUPL and the 111th Program of Evidence Science Innovation and
Intelligence Base)
Course (delivered online) ‘Introduction to the evaluation of scientific evidence and decision analysis’ (32 h, for
graduate students in ‘Evidence science’)

Invited Professor, Swiss Graduate School of Public Administration, University of Lausanne 29.10.2020
Guest lecture (3 h) ‘Decision-making: theoretical perspectives and practical applications’ (‘La prise de décision:
courants théoriques et applications pratiques’) as part of the Certificate of Advanced Studies ‘Law and Public
Action’ (‘Droit et Action Publique’)

Invited Professor, University College London, Centre for the Forensic Sciences, London (UK) 23.01.2020
Guest presentation as part of the seminar series of the Centre for the Forensic Sciences

Invited Professor, Adelaide Law School, Litigation Law Unit, Adelaide, South Australia 08–09/2019
Guest lectures (3 h, for undergraduate law students) ‘Elements of interpreting scientific evidence’ given as part
of the LLB course ‘Evidence and advocacy’

Invited Professor, China University of Political Science and Law, Beijing, China 09/2018
Course ‘Introduction to the evaluation of scientific evidence and decision analysis’ (32 h, for graduate students
in ‘Evidence science’)

6European Credit Transfer and Accumulation System (ECTS) credits are used in higher education across the European Union and
other collaborating European countries for comparing volume of learning and workload.
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Invited Professor, Adelaide Law School, Litigation Law Unit, Adelaide, Australia 02–03/2018
Guest lectures (6 h, for undergraduate law students) ‘Elements of interpreting scientific evidence’ given as part
of the intensive course ‘Miscarriages of Justice’

Invited lecturer, Adelaide Law School, Litigation Law Unit, Adelaide, Australia 07/2015
Guest lecture ‘Incriminating forensic evidence: what strategy for the defendant?’ given in the intensive course
‘Miscarriages of Justice’

Senior lecturer, Faculty of Law (UNIL) 08/2010 – 07/2011
Courses ‘Interpretation I’ (B.Sc. students in Forensic science, MLaw students) and ‘Interpretation II’ (M.Sc.
students in Forensic science), during sabbatical leave of Prof. F. Taroni

Continuing education (e-learning)

Massive Open Online Courses (MOOCs) focusing on the public understanding of forensic science
MOOC ‘Challenging forensic science: How science should speak to court’ launched 11/2018
MOOC ‘La science forensique au tribunal: digne de foi?’ launched 04/2019
On Coursera (www.coursera.org): Faculty of Law, Criminal Justice and Public Administration, UNIL; also avail-
able in Italian

Specialised postgraduate e-learning courses in forensic interpretation 01/2009 – today
Developer and tutor in a unique long-distance education project (e-learning) on forensic interpretation, offered
by the Foundation for Continuing Education of UNIL and EPFL :

• ‘Statistics and the evaluation of forensic evidence’, Certificate of Advanced Studies (in 11th edition, 18
months each, awarded 20 ECTS)

• ‘Essentials of DNA interpretation’ (in 10th edition, 6 months each, awarded 5 ECTS)
• ‘Essentials of Bayesian networks in forensic science’ (in 5th edition, 6 months each, awarded 5 ECTS)
• ‘Essentials of forensic interpretation’ (in 7th edition, 6 months each, awarded 5 ECTS)
• ‘DNA interpretation given activity level propositions’ (in 3rd edition, 9 months, awarded 5 ECTS)
• ‘Advanced interpretation of transfer material given activity level propositions’ (in 1st edition, 12 months,

awarded 5 ECTS)

Training courses, workshops and round-tables (participation as organiser, co-organiser and/or instructor)

Webinar ‘Computational methods for decision support in the law’ 16.12.2020
Royal Statistical Society ‘Statistics and the Law Section’, London (co-organised with Dr. Anjali Mazumder, The
Alan Turing Institute). Half a day, number of participants: approx. 50.

Webinar ‘Interpretation and communication of expert evidence in digital imaging’ 29.09.2020
The Chartered Society of Forensic Sciences (UK) (co-organised with Prof. Graham Jackson, Abertay University,
UK). Number of participants: 10

Seminar ‘Digital evidence in investigative and evaluative proceedings’ 04.05.2020
Royal Statistical Society ‘Statistics and the Law Section’, London, co-organised with Dr. Amy Wilson, University
of Edinburgh, School of Mathematics, and Dr. Anjali Mazumder, Alan Turing Institute, London. Half a day,
number of participants: approx. 50

Case assessment and interpretation workshop 18. – 19.06.2019
Evaluative Reporting Symposium, Ontario Centre of Forensic Sciences, Toronto (co-organised with Prof. Graham
Jackson, Abertay University, UK). Two days, number of participants: approx. 80
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Seminar ‘The statistics of drug testing in sport’ 18.04.2019
Royal Statistical Society ‘Statistics and the Law Section’, London (co-organised with Dr. Amy Wilson, University
of Edinburgh, UK, and Prof. Julia Mortera, Università Roma Tre). Half a day, number of participants: approx. 30

Conference round table ‘Identification’ 06.09.2018
18th ENFSI Fingerprint Working Group Annual Meeting, University of Lausanne (co-organised with Prof.
Christophe Champod). Number of participants: approx. 100

Workshop ‘Fingerprints and probabilities’ 04.09.2018
18th ENFSI Fingerprint Working Group Annual Meeting, University of Lausanne (in collaboration with Prof.
Christophe Champod, Dr. Glenn Langenburg and Marco De Donno). Number of participants: approx. 30

Workshop ‘Fingerprints and probabilities’ 27.08.2018
8th European Academy of Forensic Science Conference, Lyon (in collaboration with Prof. Christophe Champod,
Dr. Glenn Langenburg and Marco De Donno). Number of participants: approx. 30

Pre-symposium Workshop ‘Expert evidence in the legal process in an international and 25.06.2018
comparative perspective’
3rd International Symposium on Sino-Swiss Evidence Science (‘Pursuing Truth from Different Perspectives),
Hangzhou, China, China University of Political Science and Law and Guanghua Law School (Zhejiang Univer-
sity). Number of participants: approx. 60.

Advanced Case Assessment and Interpretation Workshop 26. – 27.03.2018
For members of the Swedish National Forensic Centre, University of Lausanne

Research workshop ‘Interpretation of probabilistic test results and inductive reasoning’ 27.–28.04.2017
Workshop organised at the University of Lausanne as part of the research project NORMDECS. Total number of
participants: 7 (of which 4 externally invited scholars)

Pre-symposium Workshop ‘Forensic science reporting: scope, diversity and potential 06.09.2016
for improvement’
2nd International Symposium on Sino-Swiss Evidence Science (‘Exploring Scientific Evidence and Judicial
Proof in an International Perspective’), University of Lausanne

Session on the ENFSI Guideline for Evaluative Reporting 17.06.2016
Information session given to the EUROJUST College of National Members (Agency of the European Union
dealing with judicial co-operation in criminal matters), The Hague (Netherlands)

Advanced Case Assessment and Interpretation Workshop 18. – 19.04.2016
For members of the Swedish National Forensic Centre, University of Lausanne

Advanced forensic interpretation workshop for scientific researchers and caseworkers of the 22. – 23.03.2016
Netherlands Forensic Institute, University of Lausanne

Workshop ‘L’évaluation et l’expression des résultats de la police scientifique: 03.02 and 09.03.2016
une approche scientifique’ (A scientific approach to evaluating and reporting forensic science results)
University of Lausanne (two half a days)

Workshop ‘Introduction to inference and decision analysis using Bayesian networks’ 07.10.2015
University of Lausanne, Doctoral School Program

Workshop ‘A guideline for reporting evaluative evidence in Court’ 09.11.2015
7th European Academy of Forensic Science Conference, Prague
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Pre-symposium workshop ‘A Standard (guideline) for reporting evaluative evidence in court’ 19.01.2015
1st International Symposium on Sino-Swiss Evidence Science
Hainan University, Law School, Haikou, Hainan, China

Lecture ‘Neue Entwicklungen der Kriminalistik (DNA, Mikrospuren) und Probleme 09.09.2014
von Wahrscheinlichkeitsaussagen’ (New developments in forensic science (DNA, trace evidence) and problems
with probabilistic expressions), Conference ‘StrafR! Der Beweis’, organised by Prof. M. Killias and lic. iur. B.
Gut, University of Zürich

Workshop ‘Introduction to inference and decision analysis using Bayesian networks’ 26.06.2014
23rd International Meeting on Forensic Medicine Alpe-Adria-Pannonia
University Center of Legal Medicine Lausanne–Geneva

Advanced case assessment and interpretation workshop 13. – 14.05.2013
For members of the Swedish National Forensic Centre, University of Lausanne

Workshop ‘Ce que la justice fait dire aux moyens de preuve dits scientifiques (et ce que 29.08.2012
ceux-ci ne disent pas vraiment)’
For members of the judiciary of the Canton of Berne, University of Lausanne

Workshop ‘Introduction to Bayesian networks in forensic science’ 23.08.2012
6th European Academy of Forensic Science Conference, The Hague

Workshop ‘Bayesian networks in forensic science: applications’ 30.05. – 01.06.2012
For members of the Swedish National Forensic Centre, Linköping

Workshop ‘Bayesian networks in forensic science’ 18.07.2011
8th International Conference on Forensic Inference and Statistics, University of Washington, School of Public
Health, Department of Biostatistics, Seattle

Workshop ‘Introduction aux modèles graphiques probabilistes: l’utilisation des Réseaux 19. – 21.01.2009
Bayesiens en science forensique’
For members of law enforcement agencies in Switzerland, University of Lausanne

Workshop ‘The use of Bayesian networks in forensic science’ 20.08.2008
7th International Conference on Forensic Inference and Statistics, University of Lausanne

HOSTING OF VISITING SCHOLARS

Since 2016, I have hosted 13 visiting researchers and professors at UNIL (Faculty of Law, Criminal Justice and
Public Administration). Total duration of visiting time: 88 months. Origin of visitors: Australia, China, Italy,
Switzerland, U.K., U.S.

ORGANIZATION OF SCIENTIFIC MEETINGS

4th International Symposium on Sino-Swiss Evidence Science, University of Lausanne 2022 (forthcoming)
Member of the local scientific and organising committee

3rd International Symposium on Sino-Swiss Evidence Science, Hangzhou (China) 25. – 29.06.2018
Member of the scientific and organising committee
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2nd International Symposium on Sino-Swiss Evidence Science, University of Lausanne 05. – 09.09.2016
Member of the scientific and organising committee

Inference and Decision Modelling in Forensic Science (International Exploratory Workshop) 25. – 26.10.2012
Responsible organiser, meeting financed by the Swiss National Science Foundation, hosted at the University of
Lausanne, 2 days, 11 invited participants

7th International Conference on Forensic Inference and Statistics 20. – 23.08.2008
Member of the organising committee and co-organiser of a workshop, hosted at the University of Lausanne, 4
days, 150 participants

SERVICE TO THE PROFESSION

Panel discussant

Decision-support in Litigation 06.12.2019
Royal Statistical Society ‘Statistics and Law Committee’, The University of Edinburgh, Bayes Centre, Edinburgh
Centre for Statistics

IPTES 2018, Impression, Pattern and Trace Evidence Symposium, Arlington, VA (USA) 24.01.2018
Discussant of the panel ‘Statistical approaches to forensic interpretation’

DFRWS Europe 2016, 3rd Annual Digital Forensics Research Conference, Lausanne 01.04.2016
Discussant of the panel ‘Conclusions scales or likelihood ratios in digital forensic science’

Section Chair

7th International Conference on Evidence Law and Forensic Science, Freiburg (Germany) 31.07. – 02.08.2019
Chair of the section ‘Forensic science: Topics impacting many or all of forensic science’

2nd International Symposium on Sino-Swiss Evidence Science, Lausanne 05. – 09.09.2016
Chair of the section ‘Current issues in scientific evidence and proof’

Section Co-Chair

5th International Conference on Evidence Law and Forensic Science, Adelaide 22. – 23.07.2015
Co-Chair of the section ‘Miscarriages of justice: lessons of proof and practice’

Scientific advisor

11th International Conference on Forensic Inference and Statistics, Lund (SE) 2023 (forthcoming)
Member of the scientific committee

10th International Conference on Forensic Inference and Statistics, Minneapolis, MN 05. – 08.09.2017
Member of the scientific committee

6th International Conference on Evidence Law and Forensic Science, Baltimore, MD 14. – 16.08.2017
Member of the expert review panel for the forensic science full paper submissions

ISFG (International Society of Forensic Genetics) 31.01.2017 – 10.11.2017
Advisor for the ISFG DNA Commission for the development of a recommendation entitled ‘Evaluation of evi-
dence’.
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9th International Conference on Forensic Inference and Statistics, Leiden (NL) 19. – 22.08.2014
Member of the scientific advisory board

Editorial responsibilities

Frontiers (http://www.frontiersin.org), Review Editor 2014 – today

Frontiers in Genetics 08/2016 – 08/2020
Topic Editor (Guest Associate Editor) of the Research Topic ‘The dialogue between forensic scientists, statisti-
cians and lawyers about complex scientific issues for court’

Frontiers in Statistical Genetics and Methodology 11/2012 – 12/2013
Guest Associate Editor for the issue ‘DNA, statistics and the law : a cross-disciplinary approach to forensic
inference’

Editorial assistance

Revue Internationale de Criminologie et de Police Technique et Scientifique 09/2010 – 2020
Article and book reviews for the section ‘Notes de police scientifique’ (Notes on Forensic Science) (28 contribu-
tions)

Reviewer for peer reviewed journals

AFTE Journal, Association of Firearm and Toolmark Examiners (number of assignments: 1) 2015
Annals of Applied Statistics, Institute of Mathematical Statistics (1) 2012
Artificial Intelligence and Law, Springer (3) 2013 – today
Augmented Human Research, Springer (1) 2020
Australian Journal of Forensic Science, Taylor & Francis Group (1) 2013
Emerging Topics in Life Sciences (Biochemical Society), Portland Press (1) 2021
Forensic Science International , Elsevier Science (78) 2010 – today
Forensic Science International: Digital Investigation (formerly: Digital Invest.), Elsevier (4) 2019 – today
Forensic Science International: Genetics, Elsevier Science (6) 2013 – today
Homicide Studies, SAGE (1) 2015
International Journal of Evidence and Proof, SAGE (3) 2016 – today
Journal of Forensic and Legal Medicine, Elsevier (1) 2014
Journal of Forensic Sciences, Wiley (2) 2015 – today
Law, Probability & Risk, Oxford University Press (9) 2007 – today
Palgrave Communications, Springer Nature (1) 2020
Psychonomic Bulletin & Review, Springer (1) 2020
Revue Internationale de Criminologie et de Police Techique et Scientifique (1) 2012
Science & Justice, Elsevier Science (5) 2013 – today
Theoretical Criminology, SAGE (1) 2019

Reviewer for book proposals

Cambridge University Press (number of assignments: 1) 2019
Hart Publishers (1) 2020
John Wiley & Sons (1) 2010

Reviewer for research proposals and research reports

Since 2017, I have completed 17 reviews for the following entities: Czech Science Foundation, National Science
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Centre Poland, Netherlands Organisation for Scientific Research, Royal Statistical Society’s Working Group on
Statistics and the Law, University of Lausanne Teaching Innovation Fund, U.S. National Institute of Justice.

Reviewer for University teaching programs

Panel member for the external assessment of the Master in Forensic Science degree programme of the University
of Amsterdam 13.–14.03.2017 and 2022/23 (forthcoming)

Scientific working group membership

Member of the ENFSI project group ‘Development and implementation of an ENFSI standard for reporting
evaluative forensic science’ 03/2012 – 12/2014

MEMBERSHIP AND ACTIVITIES IN SCIENTIFIC SOCIETIES

The International Association of Evidence Science (IAES) (theiaes.cupl.edu.cn) 2017 – today
Member of the Council

American Association for the Advancement of Science (AAAS) (www.aaas.org), Member 2015 – today

Royal Statistical Society (www.rss.org.uk), Fellow 2013 – today

Member of the group ‘Publications Network of Advisors’, 01/2020 – 12/2021

Member of the Section Committee ‘Statistics and the Law’, 01/2018 – 12/2021

Société Académique Vaudoise (Academic Society of the Canton of Vaud, www.s-a-v.org) 2013 – today
Lifetime member

Association of Graduates of the School of Criminal Justice (UNIL, www.adsc.ch) 2002 – today
Member

Lausanne, April 2022

The rest of this page is intentionally left blank.
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Publications

Alex Biedermann
Associate Professor

University of Lausanne
Faculty of Law, Criminal Justice and Public Administration
1015 Lausanne-Dorigny
T +41 (0)21 692 46 07
E alex.biedermann@unil.ch
ORCID: orcid.org/0000-0002-0271-5152
http://www.unil.ch/unisciences/alexbiedermann
http://ch.linkedin.com/in/abiedermann/en

My h-index on Scopus is 24 and the total number of citations for papers is 1717.7

MONOGRAPHS

150. Bozza S., Taroni F., Biedermann A., Bayes factors for forensic decision analyses with R, Springer (forth-
coming 2022).

149. Taroni F., Biedermann A., Bozza S., Garbolino P., Aitken C.G.G. 2014, Bayesian networks for probabilistic
inference and decision analysis in forensic science, Statistics in Practice, 2nd Ed., Chichester: John Wiley
& Sons, Ltd., 443 p. + xxiv.

148. Taroni F., Bozza S., Biedermann A., Garbolino P., Aitken C.G.G. 2010, Data analysis in forensic science:
a Bayesian decision perspective, Statistics in Practice, Chichester: John Wiley & Sons, Ltd., 367 p. + xvii.

147. Taroni F., Aitken C.G.G., Garbolino P., Biedermann A. 2006, Bayesian networks and probabilistic infer-
ence in forensic science, Statistics in Practice, Chichester: John Wiley & Sons, Ltd., 354 p. + xviii.

CHAPTERS

146. Taroni F., Bozza S., Biedermann A. 2021, The logic of inference and decision for scientific evidence,
in: Philosophical Foundations of Evidence Law, Dahlman C., Stein A., Tuzet G. (Eds.), Oxford: Oxford
University Press, 251–266.

145. Taroni F., Bozza S., Biedermann A. 2020, Decision theory, in: Handbook of Forensic Statistics, Banks D.
L., Kafadar K., Kaye D.H., Tackett M. (Eds.), Chapman & Hall/CRC Handbooks of Modern Statistical
Methods, 103–130.

144. Vuille J., Biedermann A., Taroni F. 2015, Accounting for the potential of error in the evaluation of
the weight of scientific evidence, in: Understanding Wrongful Conviction. The Protection of the Inno-
cent Across Europe and America, collana editoriale ‘Giustizia penale europea’, Luparia L.(Ed.), Milano:
Wolters Kluwer, 39–55.

143. Mazzella W.D., Biedermann A. 2014, Interpretation: printed document examination and evidence, in:
Wiley Encyclopedia of Forensic Science, Jamieson A., Moenssens A. (Eds.), Chichester: John Wiley &
Sons (online publication).

7All counts are taken from Scopus on March 23rd 2022 (Period 2004–2022). On the same date, Google scholar states a h-index of
29 and a total citation count of 3104.
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142. Biedermann A., Taroni F. 2014, Evaluation probabiliste, in: Traces d’armes à feu, Expertise des armes et
des éléments de munitions dans l’investigation criminelle, 2nd Ed., Gallusser A. (Ed.), Lausanne: Presses
Polytechniques Universitaires Romandes, 375–440.8

141. Taroni F., Biedermann A. 2014, Probability and inference in forensic science, in: Encyclopaedia of Crim-
inology and Criminal Justice, Bruinsma G.J.N., Weisburd D.L. (Eds.), New York: Springer Science +
Business Media, 3947–3957.

140. Vuille J., Biedermann A., Taroni F. 2013, L’arbre qui cache la forêt, Correspondances fortuites et erreurs
lors des analyses ADN, in : Criminology, Criminal Policy and Criminal Law in an International Perspec-
tive, Essays in honour of Martin Killias on the occasion of his 65th birthday, Kuhn A. et al. (Eds.), Bern:
Stämpfli Verlag, 1095–1110.

139. Aitken C.G.G., Taroni F., Biedermann A. 2013, Statistical interpretation of evidence: Bayesian analysis, in:
Encyclopedia of Forensic Sciences, Second Edition, Siegel J.A., Saukko P.J. (Eds.), Waltham: Academic
Press, vol. 3, 292–297. – Reprinted in:

• Forensic Anthropology, First Edition, 2017, Houck M. (Ed.), San Diego: Academic Press/Elsevier,
325–331.

• Forensic Chemistry, First Edition, 2015, Houck M. (Ed.), San Diego: Academic Press/Elsevier, 331–
336.

• Forensic Biology, First Edition, 2015, Houck M. (Ed.), San Diego: Academic Press/Elsevier, 155–
161.

• Professional Issues in Forensic Science, First Edition, 2015, Houck M. (Ed.), San Diego: Academic
Press/Elsevier, 119–125.

138. Taroni F., Biedermann A. 2013, Bayesian networks, in: Encyclopedia of Forensic Sciences, 2nd Ed., Siegel
J.A., Saukko P.J. (Eds.), Waltham: Academic Press, vol. 1, 351–356. – Reprinted in:

• Forensic Biology, First Edition, 2015, Houck M. (Ed.), San Diego: Academic Press/Elsevier, 221–
227.

137. Vuille J., Biedermann A., Taroni F. 2013, The importance of having a logical framework for expert conclu-
sions in forensic DNA profiling: illustrations from the Amanda Knox case, in: Wrongful Convictions and
Miscarriages of Justice: Causes and Remedies in North American and European Criminal Justice Systems,
Huff R.C., Killias M. (Eds.), New York: Routledge Chapman & Hall, 137–159.

136. Taroni F., Biedermann A. 2010, La valeur probante de l’indice ADN: juristes et scientifiques face à
l’incertitude et aux probabilités, in: 300 ans d’enseignement du droit à Lausanne, Peter H. (Ed.), Zürich:
Edition Schulthess, 337–374.

135. Taroni F., Biedermann A. 2008, Inference problems in forensic science, in: Bayesian Belief Networks: a
Practical Guide to Applications, Pourret O., Naïm P., Marcot B.G. (Eds.), Chichester: John Wiley & Sons,
Ltd., 113–126.

8This monograph was nominated as a finalist for the 27e édition du Prix Roberval 2014 Enseignement Supérieur (The Roberval
Prize, prixroberval.utc.fr). The Roberval Prize is an international competition to encourage the production of works (in French) devoted
to the explanation of technology.
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E-BOOKS

134. Pope S., Biedermann A. (Eds.) 2020, The dialogue between forensic scientists, statisticians and lawyers
about complex scientific issues for court, Frontiers in Genetics (Statistical Genetics and Methodology),
Lausanne: Frontiers Media SA, doi: 10.3389/978-2-88966-049-0, 62 p. (11 articles, 22 authors).

133. Biedermann A., Vuille J., Taroni F. (Eds.) 2014, DNA, statistics and the law: a cross-disciplinary approach
to forensic inference, Frontiers in Genetics (Statistical Genetics and Methodology), Lausanne: Frontiers
Media SA, doi: 10.3389/978-2-88919-250-2, 39 p. (11 articles, 18 authors).

PH.D. THESIS

132. Biedermann A. 2007, Bayesian networks and the evaluation of scientific evidence in forensic science,
Université de Lausanne, Faculté de droit, des sciences criminelles et d’administration publique, Ecole des
sciences criminelles, no. XXXV.

LAW REVIEW AND PEER–REVIEWED ARTICLES

131. Biedermann A., Koehler J. J. 2022, Influence diagrams for complex litigation, Jurimetrics: The Journal of
Law, Science, and Technology (American Bar Association), 62, 131–171.

130. Biedermann A., Kotsoglou K. N. 2022, (Un-)Interpretability in expert evidence: an inquiry into the fron-
tiers of evidential assessment, Quaestio facti (Revista Internacional sobre Razonamiento Probatorio Quaes-
tio facti. International Journal on Evidential Legal Reasoning), 3, 481–515.

129. Biedermann A. 2022, The strange persistence of (source) “identification” claims in forensic literature
through descriptivism, diagnosticism and machinism, Forensic Science International: Synergy, 4, 100222.

128. Biedermann A., Caruso D., Kotsoglou K. 2021, Decision theory, relative plausibility and the criminal
standard of proof, Criminal Law and Philosophy, 15, 131–157.

127. Biedermann A., Kotsoglou K., 2021, Forensic science and the principle of excluded middle: “Inconclusive
decisions” and the structure of error rate studies, Forensic Science International: Synergy, 3, 100147.

126. Kotsoglou K., Biedermann A., Vuille J. 2020, DNA und Beweiswürdigung – Der statistische Rubikon und
die Dogmatik der Identitätsfeststellung, Zeitschrift für die gesamte Straftrechtswissenschaft, 132, 891–937.

125. Biedermann A., Kotsoglou K. 2020, Digital evidence exceptionalism? A review and discussion of concep-
tual hurdles in digital evidence transformation, Forensic Science International: Synergy, 2, 262–274.

124. Lau T., Biedermann A. 2020, Assessing AI output in legal decision-making with nearest neighbors, Penn
State Law Review, 124, 609–655.

123. Cole S.A., Biedermann A. 2020, How can a forensic result be a “decision”? A critical analysis of ongoing
reforms of forensic reporting formats for federal examiners, Houston Law Review, 57, 551–592.

122. Biedermann A., Bozza S., Taroni F. 2020, Normative decision analysis in forensic science, Artificial Intel-
ligence and Law, 28, 7–25.

121. Biedermann A., Bozza S., Taroni F., Vuille J. 2020, Computational normative decision support structures
of forensic interpretation in the legal process, SCRIPTed: A Journal of Law, Technology and Society, 17,
83–124.

120. Vuille J., Biedermann A. 2019, Une preuve scientifique suffit-elle pour fonder une condamnation pénale?,
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Revue de droit suisse, 138, 491–512.

119. Caruso D., Biedermann A., Vuille J., Gilby D. 2019, Sterben in support of a decisional paradigm for
assisted dying, Criminal Law Journal, 43, 254–273.

118. Biedermann A., Bozza S., Taroni F., Vuille J. 2019, Are inconclusive decisions in forensic science as
deficient as they are said to be?, Frontiers in Psychology (Cognition), 10, Article 520, 1–9.

117. Vuille J., Biedermann A. 2019, Correspondances partielles d’ADN et identifications erronées, Forumpoe-
nale, 1, 58–64.

116. Biedermann A., Vuille J. 2018, The decisional nature of probability and plausibility assessments in juridical
evidence and proof, International Commentary on Evidence, 16, 1–30.

115. Biedermann A., Bozza S., Taroni F., Garbolino P. 2018, A formal approach to qualifying and quantifying
the ‘goodness’ of forensic identification decisions, Law, Probability and Risk, 17, 295–310.

114. Biedermann A., Vuille J. 2018, Understanding the logic of forensic identification decisions (without num-
bers), sui-generis, 397–413.

113. Biedermann A., Kotsoglou N. 2018, Decisional dimensions in expert witness testimony – A structural
analysis, Frontiers in Psychology (Cognition), Research topic ‘Judgment and Decision Making Under
Uncertainty: Descriptive, Normative, and Prescriptive Perspectives’, 9, Article 2073, 1–15.

112. Taroni F., Garbolino P., Biedermann A., Aitken C., Bozza S. 2018, Reconciliation of subjective probabili-
ties and frequencies in forensic science, Law, Probability and Risk, 17, 243–262.

111. Taroni F., Biedermann A., Vuille J., Bozza S. 2018, Statistical adhockeries are no criteria for legal decisions
– The case of the expert medical report on the assessment of urine specimens collected among athletes
having participated to the Vancouver and Sochi Winter Olympic Games, Frontiers in Sociology (Research
topic ‘The interface between forensic scientists and statisticians when calculating likelihood ratios for low
template and complex DNA results’), Frontiers in Sociology, 3, 1–3.

110. Aitken C., Nordgaard A., Taroni F., Biedermann A. 2018, Commentary: Likelihood ratio as weight of
forensic evidence: A closer look, Frontiers in Genetics, 9, 1–2.

109. Taylor D., Kokshoorn B., Biedermann A. 2018, Evaluation of forensic genetics findings given activity level
propositions: A review, Forensic Science International: Genetics, 36, 34–49.9

108. Biedermann A., Taroni F., Bozza S., Augsburger M., Aitken C. 2018, Critical analysis of forensic cut-offs
and legal thresholds: a coherent approach to inference and decision, Forensic Science International, 288,
72–80.

107. Thompson W.C., Vuille J., Taroni F., Biedermann A. 2018, After uniqueness: the evolution of forensic
science opinions, Judicature, 102, 18–27. Translated as:

• Thompson W.C., Vuille J., Taroni F., Biedermann A. 2018,
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独特性之后：法庭科学意见的演进
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【摘! 要】!法庭科学正在发生巨变，尤其是对从事指纹、鞋印、刀痕、笔迹及诸如此类图形比对的鉴

定专家们而言。司法鉴定人正在以新的方式得出结论，并在改变他们报告和证言中所使用的语言。本文

解释了这些变化，及其给律师和法官们带来的挑战。

【关键词】法庭科学；专家；图形比对科目；确定性与可能性；似然比；出错率

【中图分类号】EF%!2%#

【文献标识码】@
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patterns found in fingerprints, footwear impressions, toolmarks, handwriting, and the like. Forensic examiners 
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+【7$8&9/%:+】  Forensic science, Expert, Pattern-matching disciplines, Certainty and probability, Likelihood 

>/L-5K+P>>5>+>/L:

虽然有关司法鉴定比对的证言早在一个世纪前就已在法庭上提出，其在近期却引发了争议。对

图形比对科目的科学性基础与法庭科学家们结论背后的逻辑已经出现疑问。传统的假设"诸如指

纹和刀痕之类的被检测物具有独特图形使得专家能够准确地判断其来源"已经遭到了挑战，并且

正在被一种新的司法鉴定报告逻辑所取代。这种新型逻辑要求专家们去评估和衡量可能性而非主张

D+
@.:A+B-:C:>0/88Q瑞士洛桑大学法律、刑事司法与公共管理系副教授；95:..:+;<-..:Q+瑞士洛桑大学刑事司法学院

高级研究员；,-..-/0+12+34506758：美国加州大学尔湾分校犯罪学、法律与社会荣休教授；=>/8?5+3/>58-Q+瑞士

洛桑大学司法统计学教授、法律、刑事司法与公共管理系教授。B-:C:>0/88和 ;<-..:感谢瑞士国家科学基金通

过编号 RS""R%TU!(F!!和 BVVW%"T%!!&"F资助对本文的支持。34506758感谢来自美国法庭科学统计及应用

中心（1V@=P）的支持。原文载于美国杜克大学法学院《司法》杂志第 %"$卷第 %编第 %&X$G页（$"%&年春）+

)9YEZ1@3Y[PK+;5.2+%"$K+\52%K+%&X$GK+V6>-8I+$"%&*。订阅请见 QO<C-?-/.7L<C-:72C<k:2:C<]O<C-?/L<>:+
DD+证据科学教育部重点实验室（中国政法大学）、司法文明协同创新中心、中国政法大学证据科学研究院副教授。电

子邮箱：N/8I^4<4/5_?<6.2:C<2?8

(After unique-
ness: the evolution of forensic science opinions), Evidence Science, 26, 503–513.

106. Biedermann A., Bozza S., Taroni F. 2018, Analysing and exemplifying forensic conclusion criteria in terms
of Bayesian decision theory, Science & Justice, 58, 159–165.

105. Taylor D., Biedermann A., Hicks T., Champod C. 2018, A template for constructing Bayesian networks
in forensic biology cases when considering activity level propositions, Forensic Science International:

9This article has received the NIFS (National Institute of Forensic Science, Australia and New Zealand) Award ‘Best Literature
Review’ (Highly Commended) 2019. By July 2021 (3 years after publication) this paper has been cited 50 times.
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Genetics, 33, 136–146.10

104. Biedermann A., Bozza S., Taroni F., Aitken C. 2017, The meaning of justified subjectivism and its role in
the reconciliation of recent disagreements over forensic probabilism, Science & Justice, Special Issue on
Measuring and Reporting the Precision of Forensic Likelihood Ratios, 57, 477–483.

103. Gaborini L., Biedermann A., Taroni F. 2017, Towards a Bayesian evaluation of features in questioned
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Inference and Statistics (ICFIS 2017), Invited special session to honor Colin Aitken’s work, University of
St. Thomas, Minneapolis, Minnesota, 05.–08.09.2017.

58. Biedermann A., Champod C., Willis S., Recent Pan-European advances in harmonising evaluative re-
porting in forensic science: scope, principles and pending challenges, Invited presentation, The nature of
questions arising in court that can be addressed via probability and statistical methods (Workshop), Isaac
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Newton Institute for Mathematical Sciences, Cambridge (UK), 30.08.–02.09.2016.

57. Biedermann A., Champod C., Willis S., Development of European standards for evaluative reporting in
forensic science: the gap between intentions and perceptions, 5th International Conference on Evidence
Law and Forensic Science, University of Adelaide, 22.–23.07.2015.

56. Biedermann A., Voisard R., Sironi E., Gallidabino M., Furrer J., Supporting collaborative and reflective
learning activities on pre-assessment in forensic science, Keynote presentation, 9th International Confer-
ence on Forensic Inference and Statistics, Leiden University, Leiden, 19.–22.08.2014.

55. Juchli P., Biedermann A., Taroni F., Analysing convergent and conflicting evidence in forensic scenarios,
Keynote presentation, 9th International Conference on Forensic Inference and Statistics, Leiden University,
Leiden, 19.–22.08.2014.

54. Bozza S., Taroni F., Biedermann A., How to assess the number of contributors to a DNA mixture: a
Bayesian approach, Invited conference paper, S.Co. 2013 Complex data modeling and computationally
intensive statistical methods for estimation and prediction, Milano, 09.–11.09.2013.

53. Biedermann A., Taroni F., Interpreting results of forensic analyses using probabilistic expert systems: what
about hair?, Invited plenary lecture, 18th Meeting of the Society of Hair Testing, Geneva, 28.–30.08.2013.

52. Cereda G., Biedermann A., Taroni F., Bayesian networks in forensic science: a three decade history, 3rd In-
ternational Conference on Forensic Genetics (FORENSICA 2012), The Czechoslovak Society for Forensic
Genetics, Lednice, Czech Republic, 21.–23.05.2012.

51. Cereda G., Biedermann A., Taroni F., Use of Bayesian networks for interpretation of DNA profiling results,
3rd International Conference on Forensic Genetics (FORENSICA 2012), The Czechoslovak Society for
Forensic Genetics, Lednice, Czech Republic, 21.–23.05.2012.

CONTRIBUTIONS TO INTERNATIONAL CONFERENCES AND WORKING GROUP MEETINGS

50. Lau T., Biedermann A., Assessing AI output in legal decision-making with nearest neighbors, Vanderbilt
Law School Evidence Summer Workshop (online), 06.08.2020.

49. Hicks T., Biedermann A., Taroni F., Champod C., Reflections and examples of problematic reporting in
DNA cases: the need for accredited formats and certified reporting competence, The 28th Congress of the
International Society for Forensic Genetics, Prague, 09.–13.09.2019.

48. Hicks T., Taroni F., Biedermann A., Champod C., Back to fundamentals: issues, propositions and value,
ENFSI DNA Meeting, Madrid, 07.05.2019.

47. Biedermann A., Evidence evaluation given activity level propositions: current issues and pending chal-
lenges, Workshop ‘Probabilistic Reasoning and Decision-Making of Forensic Evidence’, The Alan Turing
Institute, London, 15.–16.04.2019.

46. Biedermann A., Kotsoglou K. N., Decisional dimensions in expert witness testimony – A structural analy-
sis, 3rd International Symposium on Sino-Swiss Evidence Science, Hangzhou, China, 25.–27.06.2018.

45. Hicks T., Biedermann A., Champod C., Taroni F., El Bez C., Monti D. Development of a massive online
open course (MOOC) “Challenging forensic science: how science should speak to Court ”, 14th European
CODIS User Conference, 54th EDNAP and 42nd ENFSI DNA Working Group meetings, Rome, 17.–
20.04.2018.

44. Biedermann A., Vuille J., Expertises en science forensique – Les nouvelles lignes directrices de l’ENFSI
(Forensisch-wissenschaftliche Gutachten – Der neue ENFSI-Standard), Annual meeting of the Swiss Cham-
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ber of Technical and Scientific Forensic Experts (SWISS EXPERTS), Solothurn, 20.04.2018.

43. Biedermann A., Bozza S., Taroni F., Garbolino P., A formal approach to qualifying and quantifying the
‘goodness’ of forensic identification decisions, 10th International Conference on Forensic Inference and
Statistics (ICFIS 2017), University of St. Thomas, Minneapolis, Minnesota, 05.–08.09.2017.

42. Biedermann A., Taroni F., Bozza S., Augsburger M., Aitken C., Critical analysis of forensic cut-offs and
legal thresholds: a coherent approach to inference and decision, 6th International Conference on Evidence
Law and Forensic Science (ICELFS 2017), Office of the Chief Medical Examiner, State of Maryland, and
China University of Political Science and Law (Beijing, China), Baltimore, USA, 14.–16.08.2017.

41. Bozza S., Taroni F., Biedermann A., Statistical issues in the evaluation and reporting of scientific evidence
at trial, Statistics4@Florence, Dipartimento di Statistica, Informatica, Applicazioni “Giuseppe Parenti”
(DISIA), Università degli Studi di Firenze (UniFI), Florence, Italy, 03.–05.07.2017.

40. Biedermann A., Bozza S., Taroni F., Normative decision analysis in forensic science, The 16th Interna-
tional Conference on Artificial Intelligence and Law, Workshop ‘Evidence & Decision Making in the Law:
Theoretical, Computational and Empirical Approaches’, King’s College, London, 16.06.2017.

39. Mazzella W., Fürbach M., Biedermann A., Li B., Bozza S., Magnetism analysis of black & white elec-
trophotographic printed documents, 74th Annual General Meeting of the American Society of Questioned
Document Examiners, Pensacola Beach, Florida, 20.–25.08.2016.

38. Biedermann A., Champod C., Jackson G., Gill P., Taylor D., Butler J., Morling N., Hicks T., Vuille J.,
Taroni F., Evaluation of forensic DNA traces when propositions of interest relate to activities: analysis and
discussion of recurrent concerns, 2nd International Symposium on Sino-Swiss Evidence Science, Univer-
sity of Lausanne, 05.–09.09.2016.

37. Marquis R., Hicks T., Biedermann A., Taroni F., Une conclusion catégorique: et si ce n’était pas scien-
tifique?, Journée Romande de Médecine Légale et Sciences Forensiques, Université de Lausanne, 08.06.2016.

36. Biedermann A., Forensic science reporting: scope, diversity and potential for improvement, Presentation
given to the EUROJUST College of National Members, The Hague, 07.06.2016.

35. Biedermann A., Vuille J., Digital evidence, ‘absence’ of data and ambiguous patterns of reasoning, DFRWS
2016 Europe (Digital Forensic Research Workshop), 3rd Annual Digital Forensics Research Conference,
University of Lausanne, 29.03.–01.04.2016.

34. Taroni F., Hicks T., Biedermann A., Champod C., Vuille J., Improving DNA evidence in court: bettering
the questions, not only the answers, Genetics in Forensics Congress, London, 14.–15.03.2016.

33. Juchli P., Biedermann A., Taroni F., An investigation of the structural properties of evidential combinations,
7th European Academy of Forensic Science Conference, Prague, 6.–11.09.2015.

32. Cereda G., Biedermann A., Taroni F., An investigation of the potential of DIP-STR markers for DNA
mixture analyses, 9th International Conference on Forensic Inference and Statistics, Leiden University,
Leiden, 19.–22.08.2014.

31. Biedermann A., McKenna L., ENFSI Monopoly Programme 2010 M1: Development and implementation
of an ENFSI standard for reporting evaluative forensic evidence, Annual Meeting of the ENFSI Quality and
Competence Liaison Group, Barcelona, 05.–06.11.2014, and Opening Seminar of the ENFSI FSAAWG
Monopoly 2011 Project ‘Methodological guidelines for semi-automatic and automatic speaker recognition
for case assessment and interpretation’, École Polytechnique Fédérale (Swiss Federal Institute of Technol-
ogy), Lausanne, 21.–22.05.2013.

30. Taroni F., Biedermann A., Corander J., Uhlig S., New Aspects on Bayesian Applications, Round Table at
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the ENFSI Workshop ‘Applications of the Bayesian Approach in Gunshot Residue Investigation’, Helsinki,
19.05.2014.

29. Hicks T., Massonnet G., Biedermann A., Champod C., Muehlethaler C., Taroni F., Assessing the results
of paint examination given source and activity level propositions: an example based on a proficiency test,
ENFSI EPG working group, Larnaca, 23.–25.09.2013.

28. Taroni F., Biedermann A., ‘What does the Bayesian approach do and not do?’, ‘Why is the Bayesian
approach useful for GSR evaluation?’, ‘Evaluation of GSR evidence using Bayesian networks: practical
tools for participants’, Invited talks at the ENFSI Workshop ‘Applications of the Bayesian Approach in
Gunshot Residue Investigation’, Dresden, 11.–12.06.2013.

27. Hicks T., Biedermann A., Vuille J., Taroni F., Can we improve communication? An example of statement
writing on a case of possible parentage, ENFSI/EDNAP/CODIS meeting, Bratislava, 23.–25.04.2013.

26. Biedermann A., Hicks T., Voisard R., Taroni F., Champod C., Aitken C.G.G., Evett I. W., E-learning
initiatives in forensic interpretation: report on experiences from current projects and outlook, 6th European
Academy of Forensic Science Conference, The Hague, 20.–24.08.2012.

25. Taroni F., Schmittbühl M., Biedermann A., Thiéry A., Marquis R., Application of multivariate Bayesian
assessment to handwriting evidence in evaluative and investigative proceedings, 6th European Academy of
Forensic Science Conference, The Hague, 20.–24.08.2012.

24. Gittelson S., Biedermann A., Bozza S., Taroni F., Decision analysis for the allelic designation in low-
template-DNA profiles, 6th European Academy of Forensic Science Conference, The Hague, 20.–24.08.
2012.

23. Gittelson S., Biedermann A., Bozza S., Taroni F., The database search problem: a question of rational deci-
sion making, 8th International Conference on Forensic Inference and Statistics, University of Washington,
Department of Biostatistics, School of Public Health, Seattle, 19.–21.07.2011.

22. Hicks T., Biedermann A., Taroni F., Champod C., Voisard R., Evett I.W., Aitken C.G.G., Online education
and the evaluation of forensic evidence, 8th International Conference on Forensic Inference and Statistics,
University of Washington, Department of Biostatistics, School of Public Health, Seattle, 19.–21.07.2011.

21. Gittelson S., Biedermann A., Taroni F., Analysing complex inference problems in forensic science using
Bayesian networks: the example of the two-trace transfer problem, European Academy of Forensic Science
Conference, Glasgow, 08.–11.09.2009.

20. Biedermann A., Taroni F., Bozza S., Mazzella W.D., Evaluating results of black toner analyses in foren-
sic document examination using Bayesian networks, International Conference on Forensic Inference and
Statistics, Lausanne, 21.–23.08.2008.

19. Biedermann A., Taroni F., Graphical probability models and the evaluation of scientific evidence, European
Academy of Forensic Science Triennal Meeting, Helsinki, 13.–16.06.2006.

18. Taroni F., Bozza S., Biedermann A., Aitken C.G.G., Evidence pre-assessment and decision making in
forensic science, European Academy of Forensic Science Triennal Meeting, Helsinki, 13.–16.06.2006.

17. Taroni F., Dobler A., Bernard M., Biedermann A., Bayesian networks and the evaluation of DNA evidence
in victim identification cases, European Academy of Forensic Science Triennal Meeting, Helsinki, 13.–
16.06.2006.

16. Biedermann A., Taroni F., Evaluation of scientific evidence in a graphical probability environment, Trans-
disciplinary Seminars on Law, Probability and Risk, Criminal Investigation and Evidence Evaluation II,
Edinburgh, 02.–03.12.2005.

29 / 31

US v Kaevon Sutton (2018 CF1 009709) Biedermann, Budowle and Champod

65/229



15. Taroni F., Bozza S., Biedermann A., Aitken C.G.G., Forensic scientists and decision making, Transdisci-
plinary Seminars on Law, Probability and Risk, Criminal Investigation and Evidence Evaluation II, Edin-
burgh, 02.–03.12.2005.

14. Biedermann A., Taroni F., Bayesian networks and the assessment of scientific evidence: the use of qual-
itative probabilistic networks and sensitivity analyses, 14th International Forensic Science Symposium
(Interpol), Lyon, 19.–22.10.2004.

13. Gallusser A., Biedermann A., Specht Y., Esseiva P., Anglada F., Supporting complex criminal investi-
gations by information derived from the systematic profiling of illicit drugs,14th International Forensic
Science Symposium (Interpol), Lyon, 19.–22.10.2004.

12. Taroni F., Biedermann A., Bayesian networks for inference in forensic science, Transdisciplinary Sem-
inars on Law, Probability and Risk, Criminal Investigation and Evidence Evaluation, Edinburgh, 07.–
09.05.2004.

11. Biedermann A., Taroni F., Semadeni C., Davison A.C., Reasoning under uncertainty in forensic fire cause
analysis (Part I): an approach using Bayesian networks, European Academy of Forensic Science Triennal
Meeting, Istanbul, 22.–27.09.2003.

10. Biedermann A., Taroni F., Semadeni C., Davison A.C., Reasoning under uncertainty in forensic fire cause
analysis (Part II): a practical example of the use of Bayesian networks, European Academy of Forensic
Science Triennal Meeting, Istanbul, 22.–27.09.2003.

9. Biedermann A., Taroni F., Semadeni C., Davison A.C., Reasoning under uncertainty in fire cause analysis:
an approach using Bayesian networks, S.CO. 2003, Modelli complessi e metodi computazionali intensivi
per la stima e la previsione, Treviso, 04.–06.09.2003.

8. Biedermann A., Taroni F., Buloncelli F., Transfer and persistence of glass fragments: a study of the relation
between fragments found on different parts of the breaker, Annual Meeting of the International Association
of Forensic Science, Montpellier, 02.–07.09.2002.

7. Massonnet G., Monard-Sermier F., Huguenot K., Biedermann A., Vayne F., Fillon C., A survey of glass
fragments in automotive cars: population study and secondary transfer from a contaminated person into
cars, Annual Meeting of the International Association of Forensic Science, Montpellier, 02.–07.09.2002.

6. Mailvaganam B., Biedermann A., Sink-float method for glass density comparison using sodium poly-
tungstate, 48th Annual Meeting of the Canadian Society of Forensic Science, Toronto, 06.–11.11.2001.

INVITED SEMINARS

5. Biedermann A., The ongoing decisional transformation of forensic individualisation, University College
London, Centre for the Forensic Sciences, 23.01.2020.

4. Biedermann A., Bozza S., Taroni F., Normative decision analysis at the intersection between forensic
science and the law, University of California, Irvine, Center for Statistics and Applications in Forensic
Evidence (csafe), Department of Criminology, Law and Society, and Department of Statistics, Irvine,
California, 22.01.2019.

3. Biedermann A., The evolution of forensic science reporting, CPD Presentation (Continuing Professional
Development) for members of the Office of the Director of Public Prosecutions (DPP) and Forensic Science
South Australia (FSSA), Adelaide, South Australia, 06.03.2018.

2. Biedermann A., NORMDECS: Normative decision structures of forensic interpretation in the legal pro-
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cess, Stanford Law School, CodeX (The Stanford Center for Legal Informatics) Group meeting (presented
remotely), 26.01.2017.

1. Biedermann A., Vuille J., Scientific evidence as criminal proof: a Swiss homicide case-study, University
of Nottingham, School of Law, Criminal Justice Research Centre, Criminal Justice Discussion Group,
Nottingham, 10.02.2016.

OTHER PRESENTATIONS

Biedermann A., ThinkCloud: Pré-évaluation de cas assistée (‘ThinkCloud: assisted case pre-assessment’),
4ème Journée de l’Innovation Pédagogique – ‘Le feedback comme levier d’apprentissage’ (4th Teaching
Innovation Day – Feedback as a learning lever), University of Lausanne, 28.11.2017.

Lausanne, April 2022
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NAME:  Bruce Budowle 
 
TITLE: Regents Professor (Retired), Consultant 
 
b.budowle@att.net 
 
EDUCATION: 
           
King College        B.A. - 1975 (Biology) 
Bristol, Tennessee 
 
Virginia Polytechnic Institute and  Ph.D. - 1979 (Genetics) 
State University 
Blacksburg, Virginia 
 
DISSERTATION:  Phase Change in Hedera helix L. 
 
RESEARCH AND/OR PROFESSIONAL EXPERIENCE: 
 
1974   Undergraduate Research Scientist, King College, 

Bristol, Tennessee 
 
1976 - 1979  Graduate Teaching Assistantship in Biology, 

  Virginia Polytechnic Institute and State 
University, Blacksburg, Virginia 

 
1979 - 1982  Postdoctoral Fellow in Immunogenetics, Awarded by 

  the National Cancer Institute, University of 
Alabama in Birmingham, Alabama 

 
1982   Consultant to Department of Criminal Justice 

  University of Alabama in Birmingham 
 
1983 - 1985  Consultant to Beckman Instruments, Inc. 

  Palo Alto, California 
 
1983 - 1994  Research Chemist, Forensic Science Research and 

Training Center, Laboratory Division, FBI Academy, 
  Quantico, Virginia 

 
1994 - 1997     Chief, Forensic Science Research Unit, Laboratory Division, 

FBI Academy, Quantico, Virginia 
 
1985 - 2008  Adjunct Professor, School of Continuing Education, 

University of Virginia, FBI Academy Campus 
 
1987 - 1988  Council Member, International Electrophoresis Society 
 
1987 - 1988  Vice President, America's Branch of the Electrophoresis 

Society 
 
1988 - 1990  Vice President, International Electrophoresis Society 
 
1989 - 1991 Council Member, American Electrophoresis Society 
 
1989 - 1998 Associate Editor, Applied and Theoretical Electrophoresis 
 
1990 - present Editorial Board, BioTechniques 
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1990 - 1991 Visiting Instructor, Rush Presbyterian - St. Luke's Medical 
                  Center. 
 
1990 - present Editorial/Advisory Board, International Journal of Legal 

Medicine 
 
1991 - 2005  Chairman of the DNA Commission of the International Society 

of Forensic Haemogenetics  
  
1994   Defense Science Board, Mitochondrial DNA, AFDIL 
 
1994 - 1998  Editor, Crime Laboratory Digest 
 
1995 - 2000     Chairman of The Scientific Working Group on DNA            

Analysis Methods 
 
1995 - 2000     DNA Advisory Board, DNA Identification Act,    
   Federal Bureau of Investigation 
 
1995 - 2005  Editorial Board, Genetic Analysis: Biomolecular     

Engineering 
 
1998 - 2001  The Research and Development Working Group, National 

Commission on the Future of DNA Evidence, National 
Institute of Justice 

 
1998 - 2009  Senior Scientist - Biology, Laboratory Division,   
   Federal Bureau of Investigation 
 
1999 - 2009  Editorial Board, Forensic Science Communications 
 
1999 - present  Editorial Board, Legal Medicine (Japanese Society            

of Legal Medicine) 
 
1999 - 2003  Research Professor, Institute for Biosciences, 

Bioinformatics, and Biotechnology, George Mason University, 
Manassas, Virginia 

 
1999 - 2003  Affiliate Professor, Department of Biology, George Mason 

University, Fairfax, Virginia 
 
2000   Outside Reviewer for German Proficiency Testing   
   System (GEDNAP) 
 
2001-2002  Celera DNA Advisory Board, Mitochondrial DNA/WTC  
 
2001-2003  Kinship and Data Analysis Panel for WTC Victim    
   Identification 
 
2002   Steering Committee, Colloquium on Microbial    
   Forensics, American Society of Microbiology 
 
2002 - 2004  Chair of Scientific Working Group Microbial    
   Genetics and Forensics 
 
2002   Co-organizer of Microbial Forensics Meeting, The   
   Banbury Center, Cold Spring Harbor Laboratory 
 
2002 - 2008  Adjunct Faculty, Department of Pathology, University of 
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North Texas Health Science Center, Ft. Worth, Texas 
 
2003 - 2008  National Biodefense Analysis and Countermeasures Center 

Advisory Group 
 
2002 - 2007 National Interagency Genomics Science Coordinating 

Committee, National Science Foundation 
 
2003   Disease Informatics Senior Coordinating Committee, National 

Science Foundation   
 
2004   Co-organizer of Second Microbial Forensics Meeting, 

Identifying Gaps, sponsored by the Department of Homeland 
Security, The Banbury Center, Cold Spring Harbor Laboratory 

 
2004 - 2007 Editorial Board, Forensic Science International 
 
2004   Participant in Expert Meeting on Microbial Forensics, 

National Academy of Sciences, Washington, D.C., June 22-25, 
2004 

 
2004   Participant in Biosecurity Threats in the 21st Century: Re-

examining how we define the “problem” and mitigate the 
effects, National Academy of Sciences, Minneapolis, MN, 
July 15, 2004 

 
2004   Invited Lecturer, Post Graduate Course in Forensic 

Genetics, Finish Graduate School in Population Genetics and 
department of Forensic Medicine, University of Helsinki, 
Finland, September 20-21, 2004 

 
2004   Member of Steering Committee on the Animal Forensics 

Working Group of the International Society of Animal 
Genetics 

 
2004 – 2009  Member of Scientific Working Group for the NIAID-funded 

Bioinformatics Resource Center (BRC) at The Institute for 
Genomic Research (TIGR) 

 
2005   Co-organizer of Third Microbial Forensics Meeting, 

sponsored by the Department of Homeland Security, Evidence 
Collection, Storage, and Extraction, The Banbury Center, 
Cold Spring Harbor Laboratory 

 
2006   Participant in Advancing the International Biosecurity 

Dialogue: Clarifying Definitions, National Academy of 
Sciences, Washington, D.C., January 27, 2006 

 
2006   Participant in Genomics and Global Pathogens, The American 

Academy of Microbiology, Washington, D.C., September 27-28, 
2006 

 
2006   Lecturer in Science Exposition and Ethics Course, Watson 

School of Biological Science, Cold Spring Harbor, New York, 
November 29, 2006 

 
2006   International Fellow, Institute of Environmental Science 

and Research, New Zealand, December 1-13, 2006 
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2006 - 2008  Steering Committee Member, Scientific Working Group on 
Chemical, Biological, Nuclear and Radiological Analyses  

 
2007   Member of National Planning Committee for Workshop on Plant 

Pathogen Forensics: Filling the Gaps, sponsored by Oklahoma 
State University, Oklahoma City, Oklahoma, January 11-13, 
2007 

 
2007 - present Editorial Board, Forensic Science International Genetics 
 
2007   Co-organizer of Fourth Microbial Forensics Meeting, 

Enduring Research Pathways, sponsored by the Department of 
Homeland Security, The Banbury Center, Cold Spring Harbor 
Laboratory 

 
2008   Invited Outside Reviewer on DNA Technology for National 

Research Institute of Police Science, National Police 
Agency, Chiba, Japan, January 15-16, 2008 

 
2008   Visiting Fellow, Faculty of Health Science and Medicine, 

Bond University, Gold Coast, Australia, June 23-July 5, 
2008 

 
2008 – 2009  Visiting Professor, Faculty of Health Science and Medicine, 

Bond University, Gold Coast, Australia 
 
2008 – 2009  Member, Expert Working Group on Human Factors in Latent 

Print Analysis, NIST and NIJ 
 
2009 – 2013  Professor, Department of Forensics and Investigative 

Genetics, University of North Texas Health Science Center, 
Ft. Worth, Texas 

 
2009 – 2013  Executive Director, Institute of Applied Genetics, 

University of North Texas Health Science Center, Ft. Worth, 
Texas 

 
2009   Invited Speaker, Overview of Microbial Forensics and the 

Concepts of Validation, Committee on Review of the 
Scientific Approaches used during the FBI's Investigation 
of the 2001 Bacillus anthracis Mailings, First Meeting, 
National Academy of Sciences, July 30-31, 2009 

 
2009   Invited Speaker, Low Copy Number Typing Issues, Mixture 

Interpretation Issues, Committee on Science, Technology and 
Law, National Academy of Sciences, October 19, 2009 

 
2009 - 2011  Co-Editor-in-Chief, BMC Investigative Genetics 
 
2010   Member of Steering Committee for Forensic Death 

Investigation Symposium, National Institute of Justice, 
Scottsdale, AZ, June 7-9, 2010 
 

2010   Consultant to Cyprus Institute of Neurology and Genetics 
Laboratory of Forensic Genetics UN Missing Persons 
Identification Program, Cyprus, September 20-24, 2010 

 
2010 - present Adjunct Faculty, Department of Biological Sciences, 

University of North Texas, Denton, TX 
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2010   Co-organizer of Fifth Microbial Forensics Meeting, 

Microbial Forensics in the Era of Genomics, sponsored by 
the Department of Homeland Security, The Banbury Center, 
Cold Spring Harbor Laboratory, November 7-10, 2010 

 
2011   Co-organizer of Lyme Disease Diagnostics in the Proteomics-

Genomics Era, The Banbury Center, Cold Spring Harbor 
Laboratory, April 10-13, 2011 

  
2011   Visiting Professor, Department of Forensic Medicine, 

Faculty of Medicine, Chulalongkorn University, Bangkok, 
Thailand, June 2011. 

 
2011   Member of Organizing Committee, Microbial Evolution and 

Cutting Edge Tools for Outbreak Investigations, Center for 
Disease Control and Prevention, Atlanta, GA, September 14-
16, 2011. 

 
2011 - present Editorial Board, American Journal of Forensic Medicine and 

Pathology 
 
2012   Member of planning committee for the Forum on Microbial 

Threats Workshop: The science and applications of microbial 
genomics: predicting, detecting, and tracking novelty in 
the microbial world, Institute of Medicine, Board on Global 
Health, National Academy of Sciences, June 12-13 2012.""

"
2012- 2017  Member of the Technical Advisory Group to the Board of the 

Houston Forensic Science Center, LGC, Inc. 
 
2013-2016  Member of the International Expert Committee for the 

Biology Division of Health Sciences Authority, Singapore 
 
2013- present Appointment with Center of Excellence in Genomic Medicine 

Research (CEGMR), King Abdulaziz University, Jeddah, Saudi 
Arabia. 

 
2013-2014    Member of Committee for the Science Needs for Microbial 

Forensics: Developing an Initial International Science 
Roadmap, Institute of Medicine, Board on Global Health, 
National Academy of Sciences.  

 
2013-2015  Visiting Professor, Science Without Borders, Universidade 

Federal Do Rio De Janeiro, Centro De Ciências Da Saúde, 
Instituto De Biofísica Carlos Chagas Filho 

 
2014-2015    Member of Committee on PCR Standards for the BioWatch 

Program,  Board of Life Sciences, Division on Earth and 
Life Sciences, Board of Health Sciences Policy, Institute 
of Medicine, Board on Global Health, National Research 
Council, National Academy of Sciences.  
 

2014 – present Associate Editorial Board of Biosafety and Biosecurity of 
Frontiers in Bioengineering and Biotechnology 

 
2016 – present Director of the Center for Human Identification, University 

of North Texas Health Science Center, Ft. Worth, Texas 
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2016 – 2022  Professor, Department of Microbiology, Immunology, and 
Genetics, University of North Texas Health Science Center, 
Ft. Worth, Texas 

 
2016   GAO Meeting on Gaps in Capabilities for Attributing the 

Source of a Biological Attack, Washington, DC, April 20-21, 
2016. 

 
2016   Tackling Low Cost Nucleic Acid Test for the Developing 

World: Catalyzing Innovation in Sample Preparation, 
Scientific Advisory Board, Bill & Melinda Gates Foundation, 
Seattle, WA, May 25, 2016. 

 
2016 - present Member of the Texas Forensic Science Commission. 
 
2017 - 2019  Vice-Chair, Department of Microbiology, Immunology and 

Genetics, University of North Texas Health Science Center, 
Ft. Worth, Texas. 

 
2020 - present Member of the Sexual Assault Survivors’ task force, Office 

of the Gevernor. 
 
2020   Interim Chair, Department of Microbiology, Immunology and 

Genetics, University of North Texas Health Science Center, 
Ft. Worth, Texas. 

 
2020 - present Editorial Board, Genes 
 
2021 - present Member of the Texas Evidence Collection Protocol Advisory 

Board, Office of the Attorney General, Texas A&M University 
College of Nursing, Texas A&M Health Center of Excellence 
in Forensic Nursing. 

 
2022   Regents Professor, Department of Microbiology, Immunology 

and Genetics, University of North Texas Health Science 
Center, Ft. Worth, Texas. 

 
 
MEMBERSHIPS IN PROFESSIONAL AND SCHOLARLY ORGANIZATIONS: 
 
International Society for Forensic Genetics 
 
 
HONORS AND OTHER SPECIAL COMMENTS: 
 
1) Pi Alpha Sigma (1972) 
2) Undergraduate Research Award (1974) 
3) Graduate State Tuition Scholarship (1976 - 1979) 
4) Phi Kappa Phi (1976) 
5) Sigma Xi (1978) 
6) American Academy of Forensic Sciences Recognition Award (1981) 
7) Attorney General's Award for Exceptional Service (1991) 
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8th European Academy of Forensic Science Conference, Lyon, France, 2018. 
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FUNDING 
 
PI; Improved Tools and Interpretation Guidelines for Examining Limited Low 
Copy Number DNA Obtained from Degraded Single Source Samples: Bones, Teeth, 
and Hairs; Awarded by the National Institute of Justice; Award Number: 2009-
DN-BX-K188; 10/01/2009 – 9/30/2011; Total: $935,992.00. 
 
Co-PI; Development of an Expert System for Automated Forensic mtDNA Data 
Analysis; Awarded by the National Institute of Justice; Award Number: 2009-
DN-BX-K171; 10/01/2009 - 03/31/2011; Total: $353,857.00. 
 
Co-PI; Establishing the quantitative basis for sufficiency: threshold and 
metrics for friction ridge pattern detail quality and foundation for a 
standard; Awarded by Virginia Tech subcontract; the National Institute of 
Justice; Award Number: 2009-DN-BX-K229; 10/01/2009 - 09/30/2011; Total: 
$854,907.00; Subcontract: $123,120.00. 
 
PI; Addressing Quality and Quantity; the Role of DNA Repair and Whole Genome 
Amplification in Forensically Relevant Samples; Awarded by the National 
Institute of Justice; Award Number: 2010-DN-BX-K227; 10/01/2010 – 09/30/2012. 
Total: $363,613.00 
 
PI; Identity, Lineage, and Phenotypic SNP Identification, Assay Development, 
and Data Interpretation; Awarded by the 2010 Intelligence Community 
Postdoctoral Research Fellowship Program; Award Number: 2010*0937130*000; 
09/01/2010 – 08/31/2010; Total: $239,076.00. 
 
PI; Indel Study; Awarded by Life Technologies; Project ID RP0060; 10/18/2010 
–04/01/2011; Total: $30,000.00. 
 
PI; Research Collaboration; Awarded by Promega Corporation; 10/01/2010 – 
09/30/2012; Total: $142,006.28 
 
Co-PI; Comprehensive Training Program in Forensic DNA Interpretation and 
Statistics; Awarded by National Institute of Justice; Award number: NIJ-2010-
93494, 2010-DN-BX-K239; 10/01/10-09/30/12; Total:  $999,481.00. 
 
PI; Microbial Forensics Technical and Scientific Process; Awarded by 
Signature Science; Award number: 2012-030-0002; 02/01/2012-01/31/2013; Total: 
$131,164.98.  
 
Co-PI; Testing, Evaluation and Demonstration of New Technologies; Awarded by 
RTI International subcontract; Awarded by the National Institute of Justice; 
Award number: 2011-DN-BX-K564; 10/01/2011 – 09/30/2012; Total: $375,000.00. 
 
PI; Development of Reference Sample DNA Profiling for Databases Using Next 
Generation Sequencing Technologies; Awarded by the National Institute of 
Justice; Award Number: 2012-DN-BX-K033; 10/01/2012 – 6/30/2014; Total: 
$747,797.00. 
 
PI; NIJ Ph.D. Graduate Research Fellowship Program FY 2012; Awarded by the 
National Institute of Justice; Award Number: Award 2012-IJ-CX-0016; 10/01/2012 
– 09/30/2013; Total: $24,988.00. 
 
PI; Validation of Rapid DNA Typing System; Awarded by Department of Defense; 
Contract Number: HQ0034-13-P-0002; 1/28/2013 – 01/27/2014; Total: $32,659.80. 
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PI; Microbial Forensics Technical and Scientific Process; Awarded by 
Signature Science; Renewal of Award number: 2012-030-0002; 02/01/2013-
01/31/2014; Total: $131,164.98.  
 
Co-PI; Testing, Development of Improved Insertion-Deletion Assays for Human 
and Ancestral Identifications from Degraded Samples; Awarded by the National 
Institute of Justice; Award number: 2013-DN-BX-K036; 10/01/2013 – 09/30/2015; 
Total: $336,282.96. 
 
PI; Microbial Forensics Technical and Scientific Process; Awarded by 
Signature Science; Renewal of Award number: 2012-030-0002; 02/01/2014-
01/31/2015; Total: $131,164.98. 
 
PI; Deadwood Project, Historic Preservation Archives Department Deadwood, 
South Dakota; 09/01/2014-12/31/2014; Total: $3000.00.  
 
PI; Familial Searching; Awarded by RTI International subcontract; 09/05/2014-
12/31/2014; Total: $ $71,550.77.  
 
PI; Novel Collection Device for Enhanced DNA Recovery and Release from 
Biological Stain Samples; Awarded by the National Institute of Justice; Award 
Number: 2014-DN-llX-K031; 01/01/2015 – 12/31/2016; Total: $487,884.00.  
 
PI; Human Microbiome Species and Genes for Human Identification; Awarded by 
the National Institute of Justice; Award Number: 2015-NE-BX-K006; 01/01/2016 
– 12/31/2017; Total: $589,701.00. 
 
PI; Enhancing Mixture Interpretation with Highly Informative STRs; Awarded by 
the National Institute of Justice; Award Number: 2015-DN-BX-K067; 01/01/2016 
– 12/31/2017; Total: $585,415.00. 
 
Co-PI; Enhanced Sample Preparation and Data Interpretation Strategies for 
Massively Parallel Sequencing for Human Identification in Missing Persons and 
DVI Casework; Awarded by the National Institute of Justice; Award Number: 
2015-DN-BX-K067; 01/01/2016 – 12/31/2017; $294,805.59. 
 
PI; DNA Capacity Enhancement and Backlog Reduction Program, FY15, Awarded by 
the National Institute of Justice; Award Number: 2015-DN-BX-0057, 01/01/2016 
– 12/32/2017; $507,165.00. 
 
PI; Using DNA Technology to Identify the Missing, FY15, Awarded by the 
National Institute of Justice; Award Number: 2015-DN-BX-K070; 01/01/2016 to 
12/31/2017; $2,238,750.00. 
 
PI; Management and Support of the National and Missing and Unidentified 
Persons System (NamUs), FY15, Awarded by the National Institute of Justice; 
Award Number: 2011-MU-BX-K063; 10/01/2016 to 09/30/2017; $5,866,325.85. 
 
PI; DNA Analysis of Sexual Assault Evidence, Interagency Agreement Texas 
Department of Public Safety; 09/01/2016 – 12/31/2016; $192,990.00. 
 
PI; Typing Highly Degraded DNA Using Circularized Molecules and Target 
Enrichment; Awarded by the National Institute of Justice; Award Number: 2016-
DN-BX-0154; 01/01/2017 – 12/31/2018; $682,474.00"!
"!
PI; Application for Funding to Support the National Missing and Unidentified 
Persons System (NamUs); Awarded by the National Institute of Justice; Award 
Number: 2016-MU-BX-K007; 10/01/2016 – 09/30/2017; $4,700,000.00. 
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PI; FY 2016 DNA Capacity Enhancement and Backlog Reduction Program; Awarded 
by the National Institute of Justice; Award Number: 2016-DN-BX-0114; 
01/01/2017 – 12/31/2018; $473,465.00. 
 
PI; Evaluation and Implementation of High Throughput Second Generation 
Sequencing for Mitochondrial DNA Testing in Missing Persons and Forensic 
Casework at the UNT Center for Human Identification; Awarded by the National 
Institute of Justice; Award Number: 2016-DN-BX-K001; 01/01/2017 – 12/31/2018; 
$727,072.00. 
 
PI; FY17 Graduate Research Fellowship in Science, Technology, Engineering, 
and Mathematics; Awarded by the National Institute of Justice; Award Number: 
Award 2017-IJ-CX-0010; 08/01/2017 – 07/31/2019; Total: $89,194.00. 
 
PI; Reducing Human Trafficking Through Forensics in Central America; Awarded 
by the U.S. Department of State; Award Number: S-INLEC-17-GR-1013; 09/20/2017 
– 09/20/2018; $3,301,122.48. 
 
PI; Development of a Mitochondrial Mixture Database and Interpretation Tool; 
Awarded by the National Institute of Justice; Award Number: 2017-DN-BX-0134; 
01/01/2018 – 12/31/2019; Total: $556,910.00. 
 
PI; Application for Funding to Support the National Missing and Unidentified 
Persons System (NamUs); Awarded by the National Institute of Justice; Award 
Number: 2016-MU-BX-K007 (continuation); 10/01/2017 – 09/30/2018; 
$7,455,832.00. 
 
PI; Research Project; A Sustainable Approach to High Confidence Metagenomics 
Analysis of Complex Samples; Awarded by Signature Science; 05/30/17- 
05/07/18; Total: $24,932.82.  
 
PI; FY 2017 DNA Capacity Enhancement and Backlog Reduction Program; Awarded 
by the National Institute of Justice; Award Number: 2016-DN-BX-0114; 
01/01/2018 – 12/31/2019; $494,555.00. 
 
PI; Victims of Crime Act; Awarded by the National Institute of Justice; 
10/01/16-09/30/18; $999,999.00. 
 
PI; Office of Violence Against Women; Awarded by the National Institute of 
Justice; 10/01/16-09/30/18; $187,860.00. 
 
PI; FY 2018 Forensic DNA Laboratory Efficiency Improvement and Capacity 
Enhancement Program: Backlog Reduction of Missing Persons' Samples; Awarded 
by the National Institute of Justice; Award Number: 2018!DN!BX!0198; 
01/01/2019!12/31/2020; Total: $ 2,260,781.00. 
 
PI; DNA Analysis of Sexual Assault Evidence, Interagency Agreement Texas 
Department of Public Safety; Sponsor number: 405-17-P012859; 01/01/2017 – 
12/31/2019; $1,800,000.00. 
 
PI; Application for Funding to Support the National Missing and Unidentified 
Persons System (NamUs); Awarded by the National Institute of Justice; Award 
Number: 2016-MU-BX-K007 (continuation); 10/01/2018 – 09/30/2019; 
$5,000,000.00. 
 
Co-I; Research Project; Awarded by Signature Science; Sponsor number: S1110; 
07/02/2018!07/01/2019; Total: $80,986.02.  
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Co-I; Better algorithms and chemistry for mixture interpretation; Awarded by 
the National Institute of Justice; Award Number: 2018-DU-BX-0177; 01/01/2019-
12/31/2020; $694,525.00. 

PI; Application for Funding to Support the National Missing and Unidentified 
Persons System (NamUs); Awarded by the National Institute of Justice; Award 
Number: 2016-MU-BX-K007 (continuation); 10/01/2019 – 09/30/2020; 
$5,500,000.00. 
 
PI; Reducing Human Trafficking Through Forensics in Central America; Awarded 
by the U.S. Department of State; Award Number: S-INLEC-19-GR-0383; 10/01/2019 
– 09/20/2020; $3,500,00.00. 
 
PI; FY 2019 DNA Capacity Enhancement and Backlog Reduction; Awarded by the 
National Institute of Justice; Award Number: 2019-DN-BX-0087; 01/01/2020 – 
12/31/2021; $477,688.00. 
 
PI; Development of Dense DNA Data for Enhanced Missing Persons 
Identification; Awarded by the National Institute of Justice; Award Number: 
2019-DU-BX-0046; 01/01/2020 – 12/31/2021; Total: $743,927.00. 
 
PI; Reducing Human Trafficking Through Forensics in Central America; Awarded 
by the U.S. Department of State; Award Number: S-INLEC-20-GR-3160; 07/15/2020 
– 07/15/2021; $3,500,00.00. 
 
Co-I; Interpretation of Y chromosome STRs for missing persons cases; Awarded 
by the National Institute of Justice; Award Number: 2020-DQ-BX-0018; 
01/01/2021 – 12/31/2021; Total: $198,362.00. 
 
Co-I; Efficient and Effective SNP System for Analysis of Highly Degraded DNA 
Samples; Awarded by the National Institute of Justice; Award Number: 2020-DQ-
BX-0005; 01/01/2021 – 12/31/2022; Total: $444,723.00. 
 
PI; National Missing and Unidentified Persons System; Awarded by the National 
Institute of Justice; Award Number: 016-MU-BX-K007 (suppl 4); 10/01/2020 – 
09/30/2021; Total: $4,288,461. 
 
PI; Best Practices for Cold Case Investigations in American Indian and Alaska 
Native Jurisdictions; Awarded by the Community Oriented Policing Services; 
Award Number: 2020HEWXK001; 01/01/2021 – 12/31/2022; Total: $399,902.00. 
 
PI; National Missing and Unidentified Persons System; Awarded by the National 
Institute of Justice; Award Number: 016-MU-BX-K007 (suppl 5); 02/01/2021 – 
09/30/2021; Total: $ $3,341,165. 
 
PI; Reducing Human Trafficking Through Forensics in Central America; Awarded 
by the U.S. Department of State; Award Number: S-INLEC-19-GR-0383; 9/21/2020 
– 03/31/2023; $7,000,00.00. 
 
PI; Reducing Human Trafficking Through Forensics in Central America; Awarded 
by the U.S. Department of State; Award Number: S-INLEC-20-GR-3160; 07/16/2021 
– 08/31/2023; $9,999,222.16. 
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GRADUATED STUDENTS 

Masters 
Shamika Kelley, Masters, Thesis Practicum: Assessment of DNA transfer events 
involving routine human behavior, May 2010. 
 
David Warshauer, Masters, Thesis Practicum: An evaluation of saliva-based DNA 
transfer, August 2011. 
 
Alyssa Koehn, Masters Thesis: Identification of unknown PCR products 
generated during STR analysis of bone samples, May 2013. 
 
Andrea Moore, Masters Thesis: STR typing of reference samples with rapid DNA 
technology, May 2014. 
 
Lisa Skandalis, Masters Thesis: Population variances in the whole 
mitochondrial genome impacting capture for human identification, May 2015. 
 
Allison Conway, Masters Thesis: A validation of STRmix for forensic casework, 
May 2017. 
 
Natalie Colon, Masters Thesis: Variation in mitochondrial DNA heteroplasmy 
from blood, buccal, and hair samples, May 2020. 
 
Gemma Campos, Masters Thesis: Validation study of the RapidHIT ID System for 
human identification, May 2020. 
 
Doctoral 
Pamela Marshall, Doctoral Dissertation: Improved tools for the robust 
analysis of low copy number and challenged DNA samples, May 2014. 
 
David Warshauer, Doctoral Dissertation:"Development of a comprehensive 
massively parallel sequencing panel of single nucleotide polymorphism and 
short tandem repeat markers for human identification, August 2015. 
 
Xiangpei Zeng, Doctoral Dissertation: Selection of Highly Informative Markers 
for Apportionment of Ancestry and Population Affiliation, May 2016. 
 
Sarah Schmedes, Doctoral Dissertation: Genetic Profiling of Skin Microbiomes 
for Forensic Human Identification, September 2017. 
 
Frank Wendt, Doctoral Dissertation: Pharmacogenetics of Select Genes in the 
Opiate Metabolism and Response Pathways, July 2018. 
 
Nicole Novroski, Doctoral Dissertation: Highly Informative Short Tandem 
Repeat Markers for Enhanced DNA Mixture Deconvolution, July 2018. 
 
Carey Davis, Doctoral Dissertation: Increased Resolution Screening of the 
Pharmacogenetic Gene CYP2D6 with Microarray Technology, July 2019. 
 
Racel Kieser, Doctoral Dissertation: Typing Highly Degraded DNA Using 
Target Enrichment, May 2020. 
 
Monika Stoljarova, Doctoral Dissertation: Massively Parallele Sequencing of 
Human Mitochondrial Genome for Forensic Analyses. Institute of Chemistry and 
Biotechnology, Tallinn University of Technology, June 2020.  
 
Allsion Sherier, Doctoral Dissertation: Improving Human Identification Using 
the Human Skin Microbiome, January 2022. 
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POST-DOCTORAL FELLOWS 
 
Meredith Turnbough 2010-2011 
 
Bobby Larue 2010-2012 
 
Seung Bum Seo 2012-2014 
 
Jennifer Churchill 2014-2018 
 
Angela Ambers 2015-2018 
 
Maiko Takahashi 2015-2018 
 
Xiangpei Zeng 2016-2017 
 
August Woerner 2016-2017 
 
Magdalena Bu" 2018-2019 
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C Resume of Christophe Champod

The resume starts on the next page. The rest of this page is intentionally left blank.
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#$$%" &'()" )*+,-.*/" 0*+12" 3)*4+.5-16" 7489" 7+-1:/" ;#" <4=/>?@" A+4-1*+/2" B@" C41<*+" 41<" C@"
D*E*1F*+6*+@"

#$$G" H4//*<":5*"*IE-,48*1.*":*/:"JK+":5*")L-//"D*,*8"#"J-16*+7+-1:"*M7*+:"/:4:E/@"B*1*L48/"JK+"
D*,*8"#"41<"D*,*8"N"J-16*+7+-1:"*M7*+:"/:4:E/"L*+*"1K:".K1:-1E*<"<E*":K"9="-1,K8,*9*1:"
-1":5*")L-//"'-16*+7+-1:"OK+P-16"C+KE7"4/":5*".KK+<-14:K+"KJ":5*":+4-1-16"JK+"D*,*8"N"JK+"
:5*"'+*1.5".KE+/*"41<"8*4<"4//*//K+"JK+":5*"7+4.:-.48":*/:"JK+"14:-K148"D*,*8"#".KE+/*@"

#$$!" 'K+*1/-." (<*1:-J-.4:-K1"A+4-1-16" )*9-14+/Q" DDR2" 3&<,41.*<"B-<6*K8K6="RK974+-/K1"
A*.51-IE*/?";S"<4=/>Q":+4-1*+2"H4:"O*+:5*-9@"

#$$$" 'K+*1/-.").-*1.*")*+,-.*2":5+**":+4-1-16"LK+P/5K7/";N"<4=/"*4.5>"K1"!"#$%&##$##'$()%
"(*% +()$,-,$)")./(" ;C@" T4.P/K1" 41<" )@" U.R+K//41>Q" 012% .()$,-,$)")./(" ;(" V,*::Q" D@"
'K+*941"41<")@"HK7*>"41<"3,45#%.()$,-,$)")./(%;C@"0KK:5>@"

!WW!X!WWS" Y1-,*+/-:="KJ"D4E/411*Q"(1/:-:E:"<*"HK8-.*").-*1:-J-IE*"*:"<*"R+-9-1K8K6-*";(H)R>Q"D4L"
'4.E8:=Z"!"#$#%!"##$%&"#%'$"()%&'%()*+',&-%,-&+'-+"E1<*+":5*"<-+*.:-K1"KJ"H+KJ@"H@X&@"
U4+6K:@"A5*"[E+="L4/".54-+*<"F="H+KJ@"U@"\-88-4/";Y1-,*+/-:="KJ"D4E/411*Q")L-:]*+841<>Q"
L-:5" ^+@" R@"T@" D*114+<" ;&E/:+48-41" '*<*+48" HK8-.*>" 41<" ^+@" ^@"&@"):K1*=" ;U.R+K1*"
(1/:-:E:*Q"R5-.46K>"4/"*M:*+148"*M7*+:/@"A5*":5*/-/"<*48:"L-:5".K97E:*+X4//-/:*<"4148=/-/"
KJ"9-1E:-4*"K..E++*1.*/"-1"J-16*+7+-1:/@"

!WW#X!WWN" Y1-,*+/-:="KJ"D4E/411*Q"(1/:-:E:"<*"HK8-.*").-*1:-J-IE*"*:"<*"R+-9-1K8K6-*";(H)R>Q"D4L"
'4.E8:=Z".KE+/*"K1":5*"/*.E+-:="KJ"-1JK+94:-K1"/=/:*9/@"

!WW!X!WW#" )L-//"'*<*+48"(1/:-:E:*"KJ"A*.51K8K6=Q"D4E/411*Z".KE+/*/"K1"7+KF4F-8-:="41<"/:4:-/:-./@"

!W%GX!WW$" Y1-,*+/-:=" KJ" D4E/411*Q" (1/:-:E:" <*" HK8-.*" ).-*1:-J-IE*" *:" <*" R+-9-1K8K6-*" ;(H)R>Z"
./,0+*1,%2+3*++%&'%4)*+',&-%5-&+'-+%/'2%6*&7&')8)39%:;&0"%")')*,<@"U4-1"/EF[*.:/"
/:E<-*<" -1.8E<*<2"R5*9-/:+=Q" H5=/-./Q"U4:5*94:-./Q" 'K+*1/-."A*.51-IE*/" ;4148=/-/" KJ"
684//Q" /K-8Q" 74-1:/Q" J-F+*/Q" 747*+Q" -1P/Q" IE*/:-K1*<" <K.E9*1:/Q" JK+6*<" .E++*1.=Q" *:.@>@"
B*/*4+.5" 7+K[*.:/" K,*+" :5*" :LK" 84/:" =*4+/" L*+*" K1" :5*" 4778-.4:-K1" KJ" 'A(B"
9-.+K/7*.:+K9*:+="41<"^B('A)"-1"JK+*1/-."/.-*1.*@"

!W%NX!W%G" _-65" ).5KK8" -1"`*E.5a:*8Z"=/--/8/>*+/0+" ;_-65" ).5KK8"R*+:-J-.4:*>"L-:5" 4"94[K+" -1"
).-*1.*";:=7*"R>@"

1&%F#&F("!&%-!+%*.$'&,+.%!,(E0%.1.F+("!!

[%&8U'!)+'BC7H!TE,'B&!DB<E897!L:+%E!%B$!A+8&&'BN!%B$!^'+F%B!L+'%$8B<NO!

D\#'+&!C:F#'&'BC'!8B!:TT8C'!9:T&A%+'H!8F%<'!#+:C'998B<!%B$!9&%&89&8C%E!#+:<+%FF8B<!LXF%<'R!%B$!_NO!

&G&$-"!

XB!././H!T:+!789!9'+U8C'!&:!T:+'B98C!9C8'BC'!%B$H!8B!#%+&8C,E%+H!&:!T:+'B98C!8$'B&8T8C%&8:B!&'C7B8I,'9H!

+'C'8U'$!&7'!6:,<E%9!3O!V,C%9!F'$%E!:T!&7'!2F'+8C%B!2C%$'F-!:T!):+'B98C!@C8'BC'9O!

XB!././H!T:+!&7'!#%#'+!A8&7!Taylor D., C. Champod & L. Samie, Using Bayesian Networks to track 
DNA movement through complex transfer scenarios, Forensic Science International: Genetics, 
2019, 42, 69-80, the award “Best Paper: Capability Enhancement and Innovation” of &7'!
2,9&+%E8%B![%&8:B%E!XB9&8&,&'!):+'B98C!@C8'BC'!L[X)@NO!

XB!./;?H!T:+!&7'!#%#'+!Taylor D., A. Biedermann, T. Hicks and C. Champod, A template for 
constructing Bayesian networks in forensic biology cases when considering activity level 
propositions, Forensic Science International: Genetics, 2018, 33: 136-146H!&7'!%A%+$!`18<7E-!
0:FF'B$'$a!8B!%!+'T'+''$!#%#'+!:T!&7'!2,9&+%E8%B![%&8:B%E!XB9&8&,&'!):+'B98C!@C8'BC'!L[X)@NO!
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XB!./;YH!T:+!789!:,&9&%B$8B<!C:B&+8*,&8:B!&:!&7'!<::$!:T!&7'!4+:T'998:BH!+'C'8U'$!&7'!1'B+-!3'$%E!

2A%+$!T+:F!&7'!)8B<'+#+8B&!68U898:B!(formerly The Fingerprint Society) :T!&7'!07%+&'+'$!@:C8'&-!
:T!):+'B98C!@C8'BC'9!L0@)@NO!

XB!./;>H!T:+!&7'!#%#'+!b%-E:+H!6OH!2*%+B:!6OH!18CZ9!b!c!0O!07%F#:$H!DU%E,%&8B<!):+'B98C!G8:E:<-!

_'9,E&9!<8U'B!@:,+C'!V'U'E!4+:#:98&8:B9H!):+'B98C!@C8'BC'!XB&'+B%&8:B%E(!^'B'&8C9H!./;>H!.;d!KWJ

>YH!&7'!%A%+$!`18<7E-!0:FF'B$'$a!8B!%!+'T'+''$!#%#'+!:T!&7'!2,9&+%E8%B![%&8:B%E!XB9&8&,&'!

):+'B98C!@C8'BC'!L[X)@NO!

XB!./;KH!T:+!789!C:B&+8*,&8:B!&:!T:+'B98C!9C8'BC'H!+'C'8U'$!&7'!3)8;),5<)87%:6=>?-26-.)%,;)8;6(!(#:O 
ENFSI is the European Network of Forensic Science Institutes. 
XB!.//=H!T:+!&7'!#%#'+!G,CZE'&:BH!ROH!0O!b+8<<9H!)O!b%+:B8H!0O!07%F#:$H!%B$!^O!e'U'+9H!D\#'+8F'B&%E!

6'98<B! T:+! 2CI,8+8B<! _'E'U%B&! 6%&%! &:! 2$$+'99! &7'! X99,'! :T! 0:F#%+8B<! 0:B9'C,&8U'E-!

3%B,T%C&,+'$!b::E9!%B$!)8+'%+F9H!Science and JusticeH!.//?H!W?(!;Y?J;?;, the P.W. Allen award 
for the best paper published in Science and Justice in 2008. 
XB!.//KH!T:+!&7'!#%#'+!Champod, C., I.W. Evett and G. Jackson, Establishing the Most Appropriate 

Database for Addressing Source Level Propositions, Science and Justice, 2004, 44 (3): 153-164, 
the P.W. Allen award for the best paper published in Science and Justice in 2004.!
XB!;==YH!T:+!&7'!$:C&:+%E!$899'+&%&8:B!̀ _'C:BB%899%BC'!%,&:F%&8I,'!'&!%B%E-9'!9&%&89&8I,'!$'9!F8B,&8'9!

9,+!E'9!'F#+'8B&'9!$8<8&%E'9a!&7'!%BB,%E!#+8M'!T+:F!&7'!@(,A<%61(,;",(*%6B(<:")8%O!XB!;==?H!T:+!
&7'!%*:U'!$899'+&%&8:BH!&7'!T8+9&!#+8M'!`?",:(;)",61*(<:%6B%#:(,aO!

>$.*(""+.%&1!(H>($+(%E(!/(*.$(!I#%(!JKKL!

'+K9"b.:KF*+"!WWW":K"U4="
#$$N"
5+'&)*% ()*+',&-% ,-&+'0&,0" 6+4<*" &#" JK+" :5*" 'K+*1/-." ).-*1.*" )*+,-.*Q"
4.:-16" 4/" :*49"9*9F*+" -1" :5*" -1:*+7+*:4:-K1" B*/*4+.5" C+KE7" ;Bc^>Q"
E1<*+":5*"<-+*.:-K1"KJ"^+@"(41"V,*::@"'+K9"T41E4+="#$$!2"/*1-K+"JK+*1/-."
/.-*1:-/:" 6+4<*"&#" JK+" :5*"'K+*1/-.").-*1.*")*+,-.*Q" 4.:-16" 4/"?*)@+-0%
/*+/%7/'/3+*"KJ":5*"(1:*+7+*:4:-K1"B*/*4+.5"C+KE7";74+:"KJ"Bc^>@"A5*"
7K/-:-K1"-1.8E<*/"94146-16"4"+*/*4+.5"6+KE7"KJ"W"/.-*1:-/:/"41<"<-+*.:-16"
+*/*4+.5"K1"-1:*+7+*:4:-K1"-//E*/"-1",4+-KE/"J-*8</"49K16":5*9"̂ `&Q":+4.*"
*,-<*1.*" 41<" 94+P" *,-<*1.*@" A5*" 7K/-:-K1" -1,K8,*/" 48/K" :+4-1-16"
.K99-:9*1:/" -1:*+1488="41<"*M:*+1488="41<"4.:-16"4/"41"*M7*+:"L-:1*//"
JK+"RKE+:/"-1":5*"Y\"41<"4F+K4<@"
"

'+K9"U4+.5"!WWG":K"
)*7:*9F*+"!WWW"
A,,&,0/'0% !*)(+,,)*" 4:" :5*" (1/:-:E:" <*" HK8-.*" ).-*1:-J-IE*" *:" <*"
R+-9-1K8K6-*";(H)R>@"'-*8</"KJ" :*4.5-16"41<"+*/*4+.5" -1.8E<*2"JK+*1/-."
/:4:-/:-./" ;SG" 5KE+/" .KE+/*>Z" J-16*+7+-1:" <*:*.:-K1" :*.51-IE*/" 41<"
-<*1:-J-.4:-K1" ;d$" 5KE+/" .KE+/*" e" 84FK+4:K+=" *M*+.-/*/>Z" /5K*94+P"
.K88*.:-K1"41<"-<*1:-J-.4:-K1";N$"5KE+/2".KE+/*/"41<"7+KJ-.-*1.=":*/:/>@"
A5*"7K/-:-K1" 48/K" -1.8E<*/"<E:-*/" -1" *M7*+:" 477+4-/48" JK+" :5*" JK88KL-16"
J-*8</2"-<*1:-J-.4:-K1Q"J-16*+7+-1:"<*:*.:-K1Q"684//Q"74-1:"41<"J-F+*"4148=/-/Q"
<K.E9*1:"4148=/-/";:K1*+Q"-1PQ"/-614:E+*"41<":=7*L+-:*+>@"(1"4"J*L".4/*/Q"
:5*"*,-<*1.*"L4/"7+*/*1:*<"-1".KE+:@"

'+K9"b.:KF*+"!WWS":K"
'*F+E4+="!WWG"
H4+:X:-9*" ;N$f>" *+?8/-+7+'0% ()*% !*)(+,,)*% !#BA#% ./*3)0" ;-1"
/4FF4:-.48>"JK+"J-16*+7+-1:"8*.:E+*/"41<"+*/*4+.5"4:":5*"(H)R@"

'+K9"b.:KF*+"!WWd":K"
'*F+E4+="!WWG"
_*8<" :5*" 7K/-:-K1" KJ" ?*&'-&?/8% /,,&,0/'0" S$f" ;:5*+*4J:*+" 4//-/:41:"
7+KJ*//K+>"JK+"H+KJ*//K+"H@X&@"U4+6K:"4:":5*"(H)R@"

'+K9"`K,*9F*+"!WW!":K"
U4+.5"!WWG"
'KE1<4:-K1" 41<" <*,*8K79*1:" KJ" 4" FE+*4E" KJ" ()*+',&-% -)',>80/'0,"
!6"'-/*% 7% 1",/(." R_X#$#%" g4E94+.E/" ;`V>@" A5-/" /*+,-.*" L4/"
-1:*1<*<" JK+" 84L=*+/" 41<" [E+-/:/" -1" ,4+-KE/" J-*8</" KJ" JK+*1/-." /.-*1.*@"
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&FKE:" :L*1:="7*148" .4/*/"L*+*" :+*4:*<" -1")L-:]*+841<"41<" (:48=Q" /K9*"
L-:5".KE+:+KK9"4::*1<41.*@"

'+K9"`K,*9F*+"!WW$"
:K")*7:*9F*+"!WWd"
C+,+/*-"% /,,&,0/'0" :K" H+KJ*//K+" H@X&@"U4+6K:" 4:" :5*" (H)RQ" -1.8E<-16"
*M7*+:"477+4-/48"-1":5*"JK88KL-16"J-*8</2"J-16*+7+-1:"<*:*.:-K1Q"684//Q"74-1:"
41<"J-F+*"4148=/-/Q"IE*/:-K1*<"<K.E9*1:/"4148=/-/";:K1*+Q"-1PQ"/-614:E+*"
41<":=7*L+-:*+>@"

'('/($"0+>M!E..>($&,+.%!&%-!(-+,.$+&1N"E+(%,+*+E!$(">.%"+/+1+,+("!

"#$%#&'()*!

2TT8E8%&'!F'F*'+!:T!&7'!?"#%,8).6-.)%,.%6-".)%;C!L"fN!98BC'!;==;O!
V8T'!2C&8U'!F'F*'+!:T!&7'!2,;%#,(;)",(*6D88".)(;)",6"E62:%,;)E).(;)",!L"@2NH!%C&8U'!F'F*'+!98BC'!
;==;O!

3'F*'+!:T!&7'!9C8'B&8T8C!A:+Z8B<!<+:,#!:B!T+8C&8:B!+8$<'!9Z8B!8F#+'998:B9!L@e^)2@b!J @C8'B&8T8C!
e:+Z8B<!^+:,#!:B!)+8C&8:B!2B%E-989H!@&,$-!%B$!b'C7B:E:<-N!T+:F!.//W!&:!./;WO!

2TT8E8%&'!F'F*'+!:T!)+8C&8:B!_8$<'!9,*C:FF8&&''!L#%+&!:T!&7'!47-98C9!%B$!4%&&'+B!DU8$'BC'!@C8'B&8T8C!

2+'%!0:FF8&&''N!:T!&7'!5+<%B8M%&8:B!T:+!@C8'B&8T8C!2+'%!0:FF8&&''9!L5@20N!98BC'!./;WO!b7'9'!
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In the past 15 years, more than CHF 3.5 million have been obtained for research activities either as 
principal investigator (PI), co-PI or co-investigator. 
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Cours on-line de photographie 
scientifique et forensique –  
phase de maintenance de 
Nicephor[e] 

Sept. 2006 
Aug. 2007 

Swiss Virtual 
Campus and  
« matching 
funds » UNIL 

C. Champod S. Süsstrunk 
(EPFL) 
R. Gschwind 
(UNIBA) 
P. Etique (HES-
ARC) 

Total : CHF 128’830 
ESC : 108'830 
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A Topological Model for the 
Evidential Value Assessment 
of Partial Fingerprints Design 
and deployment –  TSWG task 
IS-FE-2478, NIJ contract 
2005-IJ-R-051 

Nov. 2006 
Nov. 2008 

US Department of 
Defence (DoD) –
TSWG and 
National Institute 
of Justice (NIJ). 

C. Champod –  

USD 562’166 
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Fingerprints : Distortion and 
data acquisition 

Sept. 2004 
Sept. 2006 

Forensic Science 
Service (UK) 

C. Champod –  CHF 350’000 
 

ABID 1 et ABID 2 –  Applying 
Biometry to Identity 
Documents 

Sept. 2006 
Sept. 2009 

FNRS 
105211-108294 
105211-118049 
PhD thesis of M. 
Espinoza 

C. Champod A Drygajlo 
(EPFL) 
B. Cottier 
(UNISI) 
G. Domenighetti 
(UNISI) 

Total : CHF 240’000 
ESC : CHF 113’000 

The forensic use of antibodies 
for the detection of latent 
fingermarks 

Sept. 2006 
Sept. 2009 

FNRS  
200021-113809 
200020_125126/1 
PhD thesis of 
Valérie Drapel 

P. Margot C. Champod 
A, Bécue 

CHF 68’280 
CHF 29’135 

Digital Ink library Feb. 2007 
Jan. 2009 

US Homeland 
Security ARPA 
for the US Secret 
Service 
 

C. Champod Collaboration 
with Camag USA 
and C. Neumann 

Total : USD 559’135 
ESC : USD 276’622 

PiAnoS : Picture Annotation 
System 

May 2007 
May 2008 

UNIL –  FID C. Champod RISET 
R. Voisard 
J. Furrer 
 CHF 29’445 

PiAnoS : Integration with FSS 
calculator 

 Forensic Science 
Service (UK) 
 
 

C. Champod T. Genessay 

GBP 27’418 

 
Testing for Potential 
Contextual Bias during the 
Verification Stage of the ACE-
V Methodology When 
Conducting Latent Print 
Examinations 
A Statistical Analysis of the 
Application of the ACE-V 
Methodology During Friction 
Ridge Skin Examinations 

2006 
 
 
and 
 
 
2009 

Midwest 
Forensics 
Resource Center 

Glenn 
Langenburg 

C. Champod 

Funds (about USD 
30’000) for the thesis of 

Glenn Langenburg 
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+
HI"U+ 52(79+gA(2>;=h*+$=4:=36=(+"W*+HI"U*+^-+N=+N&>>&*+0-+01234&)*+N-+$:&>=F+2>)+5-+$:&>=F*+<77%77*/2('G%(%J5%&'%1(
.77#&*.'*6%(6.+-%(#B(B*/2%"=."A7(1%%=%1(#B(h/#(6.+-%j(-7*/2(.(7&#"%93.7%1(+*A%+*G##1(".'*#*+aTA$G+'7>?=(4(7>:+
%&(C7>?+ ?(&E4+ 2>>E28+3==:7>?+ g$=4:=36=(+ "We"Z*+ HI"Uh-+@89&+ 4(=9=>:=)+ 7>+P=7L7>?+ g017>2h+ 2:+ :1=+ ""'(+ GA<`+
3==:7>?-+
+ P=7L7>?+ g017>2h*+ Y;:&6=(+ "]*+ HI"U*+ :%&+ 424=(9+ g&>=+ 29+ 4(=9=>:=(h+ ?7D=>+ 2:+ :1=+ ""'(+ 67=>>728+ 3==:7>?+ &'+ :1=+
G>:=(>2:7&>28+A7>?=(4(7>:+<=9=2(;1+`(&E4+GA<`+gY;:&6=(+"K[HI*+HI"UhB+
.-+,288=(*+0-+`(79&>7*+^-+N=+N&>>&*+2>)+0-+01234&)*+X*/-'*.%(1*BB%"%/&%7(3%'@%%/(5.+=."(./1(B*/2%"(1%+'.7(
B"#=("*2G'(./1(+%B'(G./17U(
,-+a8)(7)?=*+2>)+0-+01234&)*+<77%77*/2(./1("%1-&*/2(6."*.3*+*'4(*/(B"*&'*#/("*12%(7-*'.3*+*'4(1%'%"=*/.'*#/7U 
+ +
+
HI"K+ M29+R=?29+gS$@h*+X2[^2>+5E>+/+0-+01234&)*+S97>?+P2F=972>+T=:%&(C9+'&(+:1=+G>:=(4(=:2:7&>+&'+M&%[Q=3482:=+
NT@+5(&'78=9+;&>97)=(7>?+@;:7D7:F+M=D=8+4(&4&97:7&>9*+K]'(+@>>E28+$;7=>:7'7;+^==:7>?+&'+:1=+@3=(7;2>+@;2)=3F+
&'+A&(=>97;+$;7=>;=9+gA=6(E2(F+HH[HU*+HI"Kh-+
+ M73299&8+g0F4(E9h*+^2(;1+W*+HI"K*+<-+,2(2C973*+@-+@>:1&>7&j*+0-+01234&)*+^-+Y89=>*+.-+a887>?9?22()*+0-+PE9;1*+
@8:=(=)+A7>?=(4(7>:+N=:=;:7&>+e+@8?&(7:137;+5=('&(32>;=+aD28E2:7&>*+V'(+ G>:=(>2:7&>28+f&(C91&4+&>+P7&3=:(7;+
2>)+A&(=>97;9+gGfPA+HI"Kh+g^2(;1+W[V*+HI"Kh+!5(&;==)7>?9#-+

+ G94(2+ gG:28Fh*+ ^2F+ W"*+ HI"K*+ 0-+ 01234&)+ 2>)+ A-+ P&;1=:*+ C5%&*B*&( n9=%'"*&7( B#"( B*/2%"=."A7*+ f&(C91&4+ &>+
A7>?=(4(7>:+dE287:F+7>+:1=+;&>:=c:+&'+$G$[GG*+.&7>:+<=9=2(;1+0=>:(=+g^2F+WI[W"*+HI"Kh-+
+ MF&>9+gA(2>;=h*+Y;:&6=(+HI*+HI"K*+0-+01234&)+2>)+@-+PO;E=*+0*/2%"=."A7(./1(#'G%"(D=5"%77*#/7(R(<(E%6*%@(
:F-+4( ^e_oRF-+4( ^e_c;K+ "]'(+ G>:=(>2:7&>28+ A&(=>97;+ $;7=>;=+ ^2>2?=(+ $F34&97E3+ gY;:&6=(+ ""["W*+ HI"Kh-++
!5(&;==)7>?9#-+
+
HI"Z+ 52:7282+gG>)72h*+:1(==+424=(9+g&>=+29+4(=9=>:=(h+?7D=>+2:+:1=+"I'(+67=>>728+3==:7>?+&'+:1=+G>:=(>2:7&>28+A7>?=(4(7>:+
<=9=2(;1+`(&E4+GA<`+gY;:&6=(+"\[HW*+HI"ZhB+
+ ^-+N=+N&>>&*+T-+a?87+@>:1&>7&j*+@-+@>:1&>7&j*+0-+01234&)*+^-+@>)=(99&>*+^-+,=8?=99&>*+`-+X7)'=8:*+2>)+
P-+<293E99&>*+)#@."17(./(#5%".'*#/.+(1%5+#4=%/'(#B(.(OE93.7%1(=#1%+('#(.77*7'(B*/2%"5"*/'(%J.=*/.'*#/U+
+ J. Abraham, C. Champod, C. Lennard, and C. Roux, Modelling the Variability of Minutiae using Statistical 

Analysis to Calculate Likelihood Ratios for Multiple Suspect Case Scenarios. 
 S. Liu and C. Champod, Study on accuracy of judgments by Chinese fingerprint examiners.+
+
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#S"

HI"W+ f2917>?:&>+N0+gS$@h*+0-+T=E32>>*+0-+01234&)*+^-n&&*+`-+M2>?=>6E(?+2>)+Q-+`=>=992F*+k/1%"7'./1*/2('G%(
&#/&%5'(#B(W7-BB*&*%/&4W(*/(B"*&'*#/("*12%(%J.=*/.'*#/*+KZ)'+@>>E28+$;7=>:7'7;+^==:7>?+&'+:1=+@3=(7;2>+@;2)=3F+&'+
A&(=>97;+$;7=>;=9+gA=6(E2(F+"][HW*+HI"Wh-+524=(+289&+4(=9=>:=)+7>+5(&D7)=>;=+g<1&)=+G982>)*+S$@h*+2:+:1=+\])'+
@>>E28+a)E;2:7&>28+0&>'=(=>;=+&'+:1=+G>:=(>2:7&>28+@99&;72:7&>+'&(+G)=>:7'7;2:7&>+g@E?E9:+V[]*+HI"Wh+2>)+2:+:1=+
HI"V+TG.+?(2>:==9+3==:7>?+1=8)+2:+:1=+@3=(7;2>+@;2)=3F+&'+A&(=>97;+$;7=>;=9+7>+$=2::8=+gf@*+S$@h+&>+A=6(E2(F+
"]*+HI"V-+
+ .=(E928=3+gG9(2=8h*+:%&+424=(9+?7D=>+2:+:1=+\'(+67=>>728+3==:7>?+&'+:1=+G>:=(>2:7&>28+A7>?=(4(7>:+<=9=2(;1+`(&E4+
GA<`+g.E>=+"I["V*+HI"WhB+
+ 0-+ 01234&)*+ 0-+ T=E32>>*+ ^-+ n&&*+ `-+ M2>?=>6E(?+ 2>)+ Q-+ `=>=992F+ </( */T-*"4( */'#( 'G%( &#/&%5'( #B(
p7-BB*&*%/&4p(*/(B*/2%"5"*/'("*12%(%J.=*/.'*#/-++
+ A-+P&;1=:+2>)+0-+01234&)*+)G%(-7%(#B(./(<0DC(+*2G'79#-'(747'%=('#(#5'*=*N%('G%(@#"AB+#@(#B(B"*&'*#/("*12%(7A*/(
=."A7(./1(5"#6*1%(%."+4(*/'%++*2%/&%U(
+ MF&>9+ gA(2>;=h*+ Y;:&6=(+ "I*+ HI"W*+ T-+ a?87*+ $-+ ^&(=:*+ @-+ PO;E=+ 2>)+ 0-+ 01234&)*+ 0*/2%"=."A7( ./1( #'G%"(
D=5"%77*#/7(R(<(E%6*%@(:<-2-7'(^e_e(R(F-/%(^e_o;*+"U'(+ G>:=(>2:7&>28+A&(=>97;+$;7=>;=+^2>2?=(+$F34&97E3+
gY;:&6=(+]["I*+HI"Wh+!5(&;==)7>?9#-+
+
HI""+ 017;2?&+gS$@h*+A=6(E2(F+HZ*+HI""*+.-+RE788=+/+0-+01234&)*+E%+%6./'K(E%+*.3+%K(./1(Y.+*1(0#"%/7*&(C&*%/&%(*/(
8#/'*/%/'.+( >-"#5%( 8"*=*/.+( F-7'*&%( C47'%=7*+ KW&"+ @>>E28+ $;7=>:7'7;+ ^==:7>?+ &'+ :1=+ @3=(7;2>+ @;2)=3F+ &'+
A&(=>97;+$;7=>;=9+gA=6(E2(F+H"[HK*+HI""h-+
+ Q=8'&()+gSXh*+@4(78+\'(*+HI""*+T-+a?87*+0-+01234&)*+`-+X7)'=8:+/+^-+,=8?=99&>*+</(>6.+-.'*6%(X#1%+(H.7%1(#/(
<0DC( C&#"%7( ./1( 8.7%@#"A( 8#=5."*7#/7( R( D77-%7K( C#+-'*#/7( ./1( !%"B#"=./&%*+ HI""+ @>>E28+ a)E;2:7&>+
0&>'=(=>;=+&'+:1=+A7>?=(4(7>:+$&;7=:F*+S>7D=(97:F+&'+f&8D=(1234:&>+g@4(78+][""*+HI""h-+
+ M7>Cˆ47>?+g$%=)=>h*+:%&+424=(9+?7D=>+2:+:1=+U'(+67=>>728+3==:7>?+&'+:1=+G>:=(>2:7&>28+A7>?=(4(7>:+<=9=2(;1+`(&E4+
GA<`+g.E>=+"W["U*+HI""hB+
@-+<2>)+Q&44=(+.(-+/+0-+01234&)*+<(C'.'*7'*&.+(</.+47*7(#B(X*/-'*.%(#/(!"*/'7(Q3'.*/%1(B"#=('G%(!.5*++."4(
C-"B.&%7(#B(D/'%"=%1*.'%(!G.+./2%7-+
0-+`=7996t18=(*+T-+a?87*+Q-+`=>=992F+/+0-+01234&)*+,%6%+#5=%/'(#B(.(C%'(#B(Q3$%&'*6%(8"*'%"*.(./1(.(X%'G#1(
B#"(0*/1*/2(8+#7%(?#/9X.'&G%7(.B'%"(.(C%."&G(#/(./(<0DC(C47'%=-+
+
HI"I+ $4&C2>=+gf@*+S$@h*+̀ -+M2>?=>6E(?*+0-+01234&)*+Q-+̀ =>=992F*+.-+.&>=9*+D/B#"=*/2('G%(F-12=%/'7(#B(0*/2%"5"*/'(
</.+47'7(k7*/2(n-.+*'4(X%'"*&( ./1( C'.'*7'*&.+( <77%77=%/'( )##+7*+ \Z>)+@>>E28+ a)E;2:7&>28+0&>'=(=>;=+ &'+ :1=+
G>:=(>2:7&>28+@99&;72:7&>+'&(+G)=>:7'7;2:7&>+g.E8F+""["U*+HI"Ih-+
+ N=8':+gQ1=+T=:1=(82>)9h*+0-+01234&)*+D1%/'*B*&.'*#/(@#"A7G#5(@*'G(!*</#C+g%&(C91&4h*+)G%(k7%(#B(!"#3.3*+*7'*&(
?%'@#"A7(*/('G%(<"%.(#B(0*/2%"5"*/'7+g424=(h*+"I'(+aTA$G+aE(&4=2>+A7>?=(4(7>:+f&(C7>?+`(&E4+@>>E28+^==:7>?+
g$=4:=36=(+HH[HV*+HI"Ih-+
+ MF&>9+ gA(2>;=h*+ Y;:&6=(+ K*+ HI"I*+ @-+ PO;E=*+ T-+ a?87*+ 0-+ 01234&)+/+ 5-[@-+^2(?&:*+0*/2%"=."A7( ./1( #'G%"(
D=5"%77*#/7( O%B'( 34( 'G%( V-=./( H#14( R( <( E%6*%@( :<-2-7'( ^eeqRF-+4( ^e_e;*+ "K'(+ G>:=(4&8+ A&(=>97;+ $;7=>;=+
$F34&97E3*+gY;:&6=(+Z[]*+HI"Ih+!5(&;==)7>?9#-+
+
HII\+ R7(?7>72+6=2;1+gS$@h*+0-+01234&)+2>)+@-+@>:1&>7&j*+C'.'*7'*&.+(<77%77=%/'(#B(O.'%/'(!"*/'(>6*1%/&%(:+%6%+(_K(^(
./1(o;*+01=924=2C=+P2F+N7D797&>+&'+:1=+G@G+a)E;2:7&>28+0&>'=(=>;=+g^2(;1+H\*+HII\+e+@4(78+IW*+HII\h-+
+
HII]+ ^2)(7)+g$427>h*+A-+<7D2*+N-+Nˆ(7?*+N-+$E8;2*+`-+^2(:7+2>)+0-+01234&)*+,%6%+#5=%/'(#B(.(!"#'#'45%('#(P%/%".'%(
^,(C'./1."17( B"#=(CG#%(C#+%7(-7*/2(o,(C&.//*/2()%&G/#+#24*+@>>E28+3==:7>?+&'+ :1=+aTA$G+$5Q^+%&(C7>?+
?(&E4*+^2F*+HII]-+
+ MF&>9+ gA(2>;=h*+ .E>=+ K*+ HII]*+ T-+^-+ a?87*+ 0-+ 01234&)+ 2>)+ 5-+^2(?&:*+>6*1%/&%( >6.+-.'*#/( */( 0*/2%"5"*/'(
8#=5."*7#/(-7*/2(<0DC*+G>:=(4&8+Z'(+G>:=(>2:7&>28+$F34&97E3+&>+A7>?=(4(7>:9+e+A(&3+0(73=+$;=>=+:&+G>:=(>2:7&>28+
$=2(;17>?*+.E>=+V[K*+HII]-+
+ M2E92>>=+g$%7:j=(82>)h*+G-+@(97;*+0-+N2E8F*+@-+@>:1&>7&j*+0-+01234&)+2>)+N-+@9162E?1*+8#=5-'*/2(O*A%+*G##1(
E.'*#7( B#"(!."'*.+(0*/2%"5"*/'7(k7*/2(.(V*%"."&G*&.+( C47'%=(#B(X.'&G%7*+Q1=+U'(+ G>:=(>2:7&>28+0&>'=(=>;=+ &>+
A&(=>97;+G>'=(=>;=+2>)+$:2:79:7;9*+@E?E9:+HI[HW*+HII]-+
+ $487:+ g0(&2:72h*+ T-+ Q176E(;=*+ @-+ PO;E=+ 2>)+ 0-+ 01234&)*+ ,%7*2/( #B( 8#/'"#+( C.=5+%( B#"( 84./#.&"4+.'%(
!#+4=%"*7.'*#/K(D'7(<55+*&.'*#/('#('G%(84./#.&"4+.'%(I(H+-%7'."!(C%T-%/&%*+aE(&4=2>+A7>?=(4(7>:+f&(C7>?+`(&E4+
e]:1+@>>E28+^==:7>?*+"K+["\+$=4:=36=(*+HII]+e$487:+e0(&2:72-+
+
HIIU+ 02>6=((2+g@E9:(2872h+g:%&+29+4(=9=>:=(h+?7D=>+2:+:1=+K'(+67=>>728+3==:7>?+&'+:1=+G>:=(>2:7&>28+A7>?=(4(7>:+<=9=2(;1+
`(&E4+(IFRG)+g@4(78+HK[WI*+HIIUhB+
+ @4(78+ HU*+ HIIU*+ a-+ $:2E''=(*+ @-+ PO;E=*+ 0-+ 01234&)+ 2>)+ 5-+^2(?&:*+O-=*/%7&%/'( /./#5."'*&+%7( 3.7%1( #/(
7%=*&#/1-&'#"7(R(C4/'G%7*7(./1(.55+*&.'*#/('#(B*/2%"=."A7(1%'%&'*#/-+
+ @4(78+ H]*+ HIIU*+ @-+ PO;E=*+ a-+ $:2E''=(*+ 0-+ 01234&)+ 2>)+ 5-+^2(?&:*+k7%( #B( 2#+1( /./#5."'*&+%7( B#"( +.'%/'(
B*/2%"=."A7(1%'%&'*#/-+
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#G"

+ @4(78+H\*+HIIU*+T-+a?87*+0-+01234&)+2>)+5-+^2(?&:*+>6*1%/&%(>6.+-.'*#/(*/(0*/2%"5"*/'(8#=5."*7#/(-7*/2(
<0DCZ(E%1-&*/2('G%(/-=3%"(#B(=."A7('#(3%(.&T-*"%1-+
+ @4(78+H\*+HIIU*+0-+01234&)*+@-+@>:1&>7&j*+<-+<&j9>F&*+G-+@(97;*+0-+0&33=>:+2>)+N-+@9162E?1*+<('#5#+#2*&.+(
.55"#.&G('#(.77%77('G%(%6*1%/'*.+(&#/'"*3-'*#/(#B(5."'*.+(B*/2%"5"*/'7-+
+ ^2)(7)+g$427>h*+̀ -+̂ 299&>>=:*+5-+PEjj7>7*+<-+R&792()*+.-+0E(;1&)*+$-+,2'97*+0-+01234&)*+.-+AE((=(*+Q/9+*/%(&#-"7%(
#/(=*&"#7&#54Z(C@*77(Y*"'-.+(8.=5-7(8YC*+aTA$G+aE(&4=2>+A76(=+`(&E4+3==:7>?*+^2)(7)+g.E>=+K[]*+HIIUh-+
+ $2>+N7=?&+gS$@h+2:+:1=+\H!"+@>>E28+a)E;2:7&>28+0&>'=(=>;=+&'+:1=+G>:=(>2:7&>28+@99&;72:7&>+'&(+G)=>:7'7;2:7&>+
g.E8F+HW[HU*+HIIUhB+
+ .E8F+HV*+HIIU*+0-+01234&)*+@-+@>:1&>7&j*+<-+<&j9>F&*+G-+@(97;*+A-+P&;1=:+2>)+N-+@9162E?1*+<()#5#+#2*&.+(
<55"#.&G('#(<77%77('G%(>6*1%/'*.+(8#/'"*3-'*#/(#B(!."'*.+(0*/2%"5"*/'7-+
+ .E8F+HV*+HIIU*+0-+01234&)*+)G%(k7%(#B(C'.'*7'*&7(*/(0*/2%"5"*/'(>6.+-.'*#/(R(O*A%+*G##1(".'*#7(=.1%(%.74U(
+ MF&>9+gA(2>;=h*+Y;:&6=(+HK*+HIIU*+@-+PO;E=*+0-+01234&)+/+5-[@-+^2(?&:*+0*/2%"=."A7K(H*'%=."A7(./1(#'G%"(
D=5"%77*#/7(:H."%B##'K(>."7K(O*57;(R(<(E%6*%@(:C%5'%=3%"(^ee`(R(F-+4(^eeq;*+"Z'(+G>:=(>2:7&>28+A&(=>97;+$;7=>;=+
$F34&97E3+gY;:&6=(+HH[HK*+HIIUh+!5(&;==)7>?9*+(=D7=%#-+
+
HIIK+ Helsinki (Finland), A&E(:1+aE(&4=2>+@;2)=3F+&'+A&(=>97;+$;7=>;=+^==:7>?+a@A$IK*+.E>=+"W["K*+HIIKB 
+ T-+ a?87*+ 0-+ 01234&)*+ 2>)+ 5-+ ^2(?&:*+ >6*1%/&%( >6.+-.'*#/( */( 0*/2%"5"*/'( 8#=5."*7#/( ./1( <-'#=.'%1(
D1%/'*B*&.'*#/(C47'%=7(R(X#1%++*/2(L*'G*/(0*/2%"(Y."*.3*+*'4(!524=(#-(
+ <-+R&792()*+0-+01234&)*+.-+AE((=(*+.-+0E(;1&)*+@-+R2E:7=(*+`-+^299&>>=:*+5-+PEjj7>7*(?*&%5G#"r%sZ(<(L%3(
H.7%1(C#+-'*#/(B#"()%.&G*/2(0#"%/7*&(./1(C&*%/'*B*&(!G#'#2".5G4(!524=(#-+
+ @-+@>:1&>7&j*+T-+ a?87*+ 0-+ 01234&)*+<-+ 5E;1[$&879*0-+T=E32>>*+@-+P(&32?=[`(7''7:19*+LG.'( ."%( +%6%+( o(
&G.".&'%"*7'*&7(./1('G%*"("#+%(*/(B*/2%"5"*/'(*1%/'*B*&.'*#/d(<(7-"6%4(.=#/2(5".&'*'*#/%"7+!5&9:=(#-+
+ N-+ N=9973&j*+ .-+ <7;172()7*+ 0-+ 01234&)+ 2>)+ @-+ N(F?2L8&*+X-+'*=#1.+( H*#=%'"*&7( B#"( D1%/'*'4( ,#&-=%/'7(
:XH*#D,;(!5&9:=(*+524=(#-+
+ P-+ $;17''=(+ 2>)+0-+01234&)*+>J5%"*=%/'.+( E%7%."&G( #/( 'G%( !#77*3+%( :?%2.'*6%;( D=5.&'( #B(Q37%"6.'*#/.+(
H*.7%7(*/('G%(</.+47*7(C'.2%(#B(0*/2%"=."A(D/1*6*1-.+*7.'*#/(!5&9:=(*+524=(#-+
+ @-+PO;E=*+0-+01234&)+2>)+5-+̂ 2(?&:*+k7%(#B(P#+1(?./#5."'*&+%7(.7(X#+%&-+."(D/'%"=%1*.'%7(B#"('G%(,%'%&'*#/(
#B(0*/2%"=."A7(!5&9:=(#-+
+ $-+^7j(217*+5-+a99=7D2*+<-+R&792()+2>)+0-+01234&)*+0#"%/7*&(D=.2%7(X./.2%=%/'(k7*/2(X%'.1.'.+!5&9:=(#-+
+ 0-+@86(=;1:*+<-+0&bE&j*+$-+P7((=(*+0-+01234&)+2>)+5-+^2(?&:*+O8?(</.+47*7(*/(0#"%/7*&(P%/%'*&7Z(C'-14(#B(
'G%(C-&&%77(E.'%(#/(,*BB%"%/'(C-"B.&%7+!5&9:=(#-+
+ P&9:&>+gS$@h*+.E8F+W*+HIIK*+C. Neumann, P. Chamberlain and C. Champod, Facing the Coming Paradigm Shift 

in Fingerprint Identification, The International Association for Identification’s 91st International Educational 
Conference, Boston MA (July 2-7, 2006). 

(
HIIZ+ Arizona (USA), March 2005, C. Neumann, R. Puch-Solis, A. Bromage-Griffiths, C. Champod, N. Egli, A. 

Anthonioz, Statistical Evidential Assessment of Partial Fingerprints, the Sixth International conference on 
Forensic Statistics, Arizona State University, USA (March 11-19, 2005). 

 The Hague (The Netherlands), April 14, 2005, two papers (one as presenter) given at the Z'(+67=>>728+3==:7>?+&'+
:1=+International Fingerprint Research Group (IFRG), The Hague, The Netherlands (April 11-15, 2005). 

 C. Neumann, R. Puch-Solis, A. Bromage-Griffiths, C. Champod, N. Egli, A. Anthonioz, Statistical Evidential 
Assessment of Partial Fingerprints. 

 C. Champod and N. Egli, Computing likelihood ratios for partial fingermarks using AFIS technology: A proof 
of Concept. 
+ M=74j7?+g`=(32>Fh*+.E>=+HK-+HIIZ*+.-a-+$42>?=>6=(?*+`-+57=((7>7*+0-+01234&)+2>)+A-+Q2(&>7*+C'.3+%(D7#'#5%7(.7(
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AAAS, PCAST and Validation:  
Questions and Answers 

Prepared by William C. Thompson, Chair  
AAAS Latent Fingerprint Examination Working Group 

 
 

The 2017 AAAS Report on Latent Fingerprint Examination and the 2016 PCAST report on 
forensic science both discussed validation of feature comparison methods in forensic science.   
 
With respect to a recent suggestion that the AAAS report contradicts the PCAST report, the 
Chair of the AAAS working group on latent fingerprint examination provided this response.   
 
 
**Does the AAAS report suggest or imply that forensic techniques ought to be used without 
direct empirical tests of their accuracy? 
 
No, the report says exactly the opposite.  It declares that empirical tests to measure the accuracy 
of the technique under conditions appropriate to its use in practice (sometimes called ‘black-box 
studies’) are absolutely necessary for establishing the validity of latent fingerprint examination.  
For example, the report states:   
 

…when examining the scientific foundation of latent print examination, it is 
necessary to consider more than the degree of inter-finger and intra-finger 
variability, one must also consider research on how well examiners can, in practice, 
distinguish the impressions of different fingers (p. 14) 
 

 
**Does the AAAS report contradict the PCAST report with regard to the need for direct 
empirical testing of forensic science techniques? 
 
No.  The AAAS report and the PCAST report are in complete agreement on the necessity of 
direct empirical testing to assess the accuracy of a forensic science method under conditions 
appropriate to its use in practice.   
 
The AAAS report states this agreement clearly:  
 

The PCAST report concludes, and we agree, that foundational validity can only be 
established by empirical research [emphasis added] (AAAS report, p. 14) 
 

The AAAS report goes on to quote with endorsement and approval several passages from the 
PCAST report on the necessity of empirical testing for establishing foundational validity, 
including the following: 
 

Scientific validity and reliability require that a method has been subjected to 
empirical testing, under conditions appropriate to its intended use, that provides 
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valid estimates of how often the method reaches an incorrect conclusion…. Without 
appropriate estimates of accuracy, an examiner’s statement that two samples are 
similar—or even indistinguishable—is scientifically meaningless: it has no probative 
value, and considerable potential for prejudicial impact. Nothing—not training, 
personal experience nor professional practices—can substitute for adequate 
empirical demonstration of accuracy. (AAAS report p. 14, quoting PCAST report p 
46) 
 
 
For subjective methods, foundational validity can be established only through black-
box studies that measure how often many examiners reach accurate conclusions 
across many feature-comparison problems involving samples representative of the 
intended use. In the absence of such studies, a subjective feature-comparison 
method cannot be considered scientifically valid (AAAS report, p. 43, quoting 
PCAST report, p. 66) 
 

 
**Did the PCAST report and the AAAS report differ in their analysis of what kinds of studies 
are needed in order to establish the validity of latent fingerprint examination?   
 
The PCAST report distinguished what it called “foundational validity” (whether the method can 
in principle be reliable) from what it called “validity as applied” (whether the method has been 
applied in a manner that will produce accurate results in the case at hand).  It concluded that 
sufficient research has been done to establish the “foundational validity” of latent fingerprint 
examination but called for a continuing program of “proficiency testing,” and for careful and 
transparent assessment of the work in particular cases, to help assure that the technique is valid 
as applied.   
 
The AAAS report agreed explicitly: “[O]ur conclusions largely align with those of the PCAST 
report…” (p. 44).  However, the AAAS report offered a more detailed assessment and discussion 
of the kinds of research needed to assure that latent print examination is valid as applied, 
declaring “[p]articularly with regard to the performance of human examiners we find that more 
and better research is needed.” (p. 14).  It called for assessing examiner performance in a blinded 
manner by introducing known-source test samples into the flow of casework in forensic 
laboratories, so that examiners do not know when they are being tested.  The PCAST report also 
mentioned the desirability of conducting what it called “proficiency testing” in a test-blind 
manner, and urged that such research be “vigorously pursued, with the expectation that it should 
be in wide use, at least in large laboratories, within the next five years.” (PCAST report, p. 59).  
The AAAS report went beyond the PCAST report by providing recommendations on how 
blinded research might be performed.  It also discussed how the blinded research on examiner 
performance could be used to answer important questions about factors that affect examiner 
accuracy and to provide the feedback needed to improve laboratory performance.    
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**The AAAS report mentions the concept of “convergent validity.”  Was the report’s mention 
of this concept intended to suggest or imply that forensic science techniques can be considered 
valid in the absence of direct empirical tests of their accuracy or on the basis of studies that 
PCAST considered flawed and inadequate? 
 
No.  The AAAS report was designed to provide a comprehensive review of the scientific 
literature on fingerprint evidence.  Consistent with that goal, it discussed the convergence of 
findings across multiple studies of the accuracy of latent print examiners, including a number of 
studies that PCAST noted as having design flaws or other limitations that prevented them from 
being appropriate empirical tests for establishing foundational validity. The AAAS report also 
noted these flaws and limitations; it did not suggest that these studies were appropriate tests of 
the accuracy of latent print examination under conditions appropriate to use in practice.  It  
found, however, that many of these studies were nevertheless worthy of consideration for other 
purposes, particularly for identifying factors that might affect the validity of latent fingerprint 
examination as applied (such as the quality of the latent print; training of examiners, etc.).   
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SUPERIOR COURT OF THE DISTRICT OF COLUMBIA 

Criminal  Division 

UNITED STATES  OF AMERICA   :      
            :    Case No. 2018 CF1 009709   
      v.          :                   
            :     
KAEVON SUTTON        :     Hon. Robert Okun 
     

ORDER 
 

  Defendant’s Motion to Exclude Expert Testimony in Firearms Identification (“Defendant’s 

Motion to Exclude”) is pending before the Court.  For the reasons set forth below, Defendant’s 

Motion  to Exclude  will  be granted  in  part. 

RELEVANT  PROCEDURAL  HISTORY 

  On  February  2,  2021,  Defendant  filed  his  Motion  to  Exclude,  requesting  the 

following limitations on the Government’s presentation of ballistics comparison evidence in this 

case:  1) the  examiner  be precluded  from  testifying  to the source  attribution  opinion  that,  based on 

pattern­matching,  casings  and bullets  were identified  as having  been fired  from  the same weapon; 

and 2) the examiner’s discussion of markings on the ammunition be limited to class characterist ics.  

In  support  of  this  request,  Defendant  asserted  that  there  was  a  lack  of  scientific  support  for  the 

Government’s claim that a firearms examiner can reliably make a source determination – i.e., that 

the  examiner  can match  markings  on expelled  casings  and bullets  to a single  firearm.   Defendant 

cited the findings  of three reports – 1) the 2008 Ballistics  Imaging  Report by the National  Research 

Council (“2008 NRC Report”); 2) the 2009 Forensic Science Report by the National Research 

Council (“2009 NRC Report”); and 3) the 2016 Forensic  Science  Report  by  the President’s 

Council of Advisors on Science and Technology (“2016 PCAST Report”)  –  in  support  of  his 

argument, as well as Judge Edelman’s opinion in United States v. Tibbs, 2016 CF1 19431, cited  at 

2019 D.C. Super. LEXIS 9 (Sept. 5, 2019).  
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On  March  12, 2021, the Government filed its Opposition to Defendant’s Motion to 

Exclude.   In  its  Opposition,  the Government  asserted  that  studies  issued  subsequent  to  the 2016 

PCAST  Report  undercut  the  conclusion  reached  by  Judge  Edelman  in  Tibbs,  and  cited  Judge 

Contreras’s opinion in United States v. Harris,  502 F.Supp.3d 28 (D.D.C. 2020), in  support  of its 

argument  that  a firearms  examiner  could  reliably  testify  that ammunition  was fired  from  the same 

firearm  if  there  were  sufficient  levels  of  agreement  among  the  individual  characteristics  of  the 

firearm.   The  Government  noted  several  limitations  in  any  expert  testimony  it  would  offer  – 

namely, the expert would not use unqualified terms such as “match,” would not state his expert 

opinion  with  any  level  of  scientific  certainty,  and would  not render his opinion “to the exclusion 

of all other firearms” or use the phrase “to a reasonable degree of scientific certainty.” 

  On March 31, 2022, Defendant filed his Amended Reply to the Government’s Opposition.  

In  his  Amended  Reply,  Defendant  argued  that  the  Government  ignored  the  growing  number  of 

judicial  opinions,  including  those  from  this  jurisdiction,  that  placed  greater  limits  on  firearm 

testimony  than  those  proposed by  the  Government.   Defendant  also  asserted  that  the  scientific 

landscape had not changed in the Government’s favor since the 2016 PCAST report was issued 

and that the weight of the evidence supported Defendant’s proposed limitations.  In addition, 

Defendant claimed that the Government’s firearms expert (Jay  Stuart)  did  not  reliably  apply 

firearms  identification  methodology  in  this  case. 

  Finally,  on  May  3, 2022,  the  Government  filed  its  Sur­Reply to Defendant’s Motion to 

Exclude.   In  its  Sur­Reply,  the Government  noted  that  another  firearms  expert  (Rick  Wyant)  had 

examined  the relevant  ammunition  and had  reached  almost  an almost  identical  conclusion  as Mr. 

Stuart, and that another examiner (Aaron Brundenell) verified Mr. Wyant’s conclusions.     In 
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addition, the Government argued that Defendant’s proposed limitations  exceeded  those  imposed 

by the Court of Appeals  or by Judge  Edelman  in  Tibbs. 

RELEVANT  LEGAL  STANDARDS 

The  case law concerning  the admission  of testimony  from a firearm  or toolmark  expert  has 

evolved over the past several years, but the Court of Appeals’ two most recent cases are very 

informative.   In Gardner v. United States, 140 A.3d 1172 (D.C. 2016), the Court  of Appeals  held 

that a firearm and toolmark expert “may not give an unqualified opinion, or testify with absolute 

or 100% certainty,  that  based on ballistics  pattern  comparison  matching  a fatal  shot was fired  from 

one firearm, to the exclusion of all other firearms.”  Id. at 1177.  The  Court  further  noted  that  its 

holding was limited “in that it allows toolmark experts to offer an opinion that a bullet or shell 

casing  was  fired  by  a  particular  firearm,  but  it  does  not  permit  them  to  do  so  with  absolute 

certainty,” and noted  that  it  had doubts  as to whether  toolmark  experts  should  be allowed  to state 

their opinions “with a reasonable degree of certainty.”  Id. at 1184, n.19. 

In Williams  v. United States, 210 A.3d 734 (D.C.  2019), the  Court  of Appeals  reiterated 

that  it is error to allow a firearm and toolmark examiner to “provide unqualified opinion testimony 

that purports  to identify  a specific  bullet  as having  been fired by a specific  gun via  toolmark  pattern 

matching.” Id.  at  743. The  Court  of  Appeals  did  not  resolve  the  Government’s argument that 

Gardner  only  prohibited  certainty  statements  and  otherwise  continued  to  authorize  opinion 

testimony  identifying  a specific  bullet  as having  been fired  by a specific  gun,  because the examiner 

in  that  case had  given  a certainty  statement.    Id. at  741­42.  However,  the  Court  noted  that  the 

Government’s argument was “difficult to square” with the Court’s holding in Gardner that  the 

trial court had erred by admitting the examiner’s unqualified opinion that a specific gun was the 

murder  weapon.    Id. at 739.  The Court also noted that its opinion did “not limit firearms and 
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toolmark  examiners  from  making  other  observations  about  the ballistics  evidence  recovered  in  a 

particular case,” because those observations were not at issue in the case. Id. at 743, n.19. 

In  addition,  two  relatively  recent  trial  court  decisions  are  informative.    In  Tibbs,  Judge 

Edelman,  after  conducting  an  extensive  evidentiary  hearing,  precluded  the  government  from 

eliciting  testimony  identifying  the  recovered  firearm  “as the source of the recovered cartridge 

casing,” and instead ruled that the government’s expert must limit his testimony to a conclusion 

that “based on his examination of the evidence and the consistency of the class characteristics and 

microscopic  toolmarks, the firearm cannot be excluded as the source of the casing.”  2019 D.C. 

Super LEXIS  9 at *3.   

By  contrast,  in  Harris, Judge Contreras disagreed with Judge Edelman’s analysis, after 

conducting an evidentiary hearing, and held that the Government’s firearms and toolmark expert 

could  testify  that  casings  were  fired  from  the  same  firearm  when  all  class  characteristics  were  in 

agreement and “the quality and quantity of corresponding individual characteristics is such that 

the examiner  would not expect to find  that  same combination  of individual  characteristics  repeated 

in  another  source  and has found  insufficient  disagreement  of individual  characteristics  to conclude 

that they originated from different sources.”  502 F.Supp.3d at  45.  Judge  Contreras  also  noted 

with approval that the Government had agreed that its expert would not use terms such as “match” 

or state  his  opinion  with any level of statistical or scientific certainty or to the “exclusion of all 

other firearms.”  Id. at 44.  

APPLICATION  OF THE RELEVANT  LEGAL  STANDARDS 
 

  Although  the issue  is  not free  from  doubt,  the Court finds  that  the  legal  standards  set forth 

above preclude the Government’s firearm expert from conclusively stating that the various pieces 

of  ammunition  that  are  at issue  in  this  case were  fired  from  the  same  firearm.   While  the  Court 
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acknowledges that the Government’s expert  will  not  testify  as to any  level  of  scientific  certainty 

or use unqualified terms such as “match,” the Court nonetheless believes that opinion  testimony 

that  ammunition  was fired  from  a particular  firearm,  without  any qualifications  or limitations  on 

that opinion,  is inconsistent  with Williams, where  the Court noted that the Government’s argument 

on  appeal was “difficult to square” with the Court’s holding in Gardner that  the  trial  court  had 

erred by admitting the examiner’s unqualified opinion that a specific gun was the murder weapon.  

210 A.3d at 739.  Thus, the Court will preclude the Government’s expert from stating without any 

qualifications  or  limitations  that  the  ammunition  at  issue  was  fired  from  the  same  firearm,  and 

instead will limit the examiner’s opinion to a conclusion that the ammunition at issue is consistent 

with  being  fired  from  the  same  firearm. 

  However,  the  Court  does  not  agree  with  the  other  limitation  proposed  by  Defendant  – 

namely, that the examiner’s testimony about the markings  on  the  ammunition  be limited  to class 

characteristics.   Such  a limitation  goes beyond  the  limitations  set forth  in  Williams  and Gardner, 

and  even  goes  beyond  the  limitations  imposed  by  Judge  Edelman  in  Tibbs,  because  the 

Government’s firearms expert in Tibbs was allowed  to testify  about  his  observations  concerning 

individual  ammunition  characteristics  such  as the similarity  in  striations.   

Therefore,  it  is  this  9th day of May, 2022, hereby 

ORDERED  that Defendant’s Motion  to  Exclude  Expert  Testimony  in  Firearms 

Identification  is GRANTED IN PART AND DENIED IN PART;  and it  is   

ORDERED that  the Government  may  present  expert  testimony  on firearms  identifica t ion 

in  a manner  that  is consistent  with  the limitations  described  above. 
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Judge Robert Okun 

Copies to: 

Terrance  Austin,  Joseph Wong 
Defendant’s Counsel    
 
Jack Korba, Marybeth  Manfred 
United States Attorney’s Office  
 


