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L INTRODUCTION

1. My name is Randall Davis, { am a Professer of Computer Science at the
pdassachuseits Institute of Technology. Exhibat [ contains a resume providing details of
my technical backpround and experience. I received my undergraduate degree from
Dartmouth, graduating summa cum laude, Phi Beta Kappa in 1970, and 2 Ph.D. from
Stanford University m arificial intelligence in 1976, [ came te MIT in 1978, served for
five years as Associate Director of the MIT Artificial Intelligence Laboratory, and
curtently serve as a Research Director in the newly formed MIT Computer Science and
Artificial Intelligence Laboratory.

2. 1 kave published some 50 articles on 1ssues related to artificial intelligence and
have scrved on several editorial boards, inclading Arsificial Intelfigence, Al in
Erngineering, and the MIT Press series in AL [ am a co-guthor of Krowledge-Based
Systerns in Af,

1, In recognition of my research in artificial inte]ligence, I was salected in 1984 as
one of America's top 100 scientists under the age of 40 by Science Digest. In 1986 1
received the 47 Award Fom the Boston Computer Socisty for contributions to the field.
In 1930 I was named a Founding Fellow of the American Association for Al and in 1995
was elected 1o a two-vear term as President of the Association, From [995-1998 1 served
on the Scientific Advisory Board of the U, 8. Air Foree.

4. In addition to my work with artificial intelligence, [ have also been active inthe
area of intellectual property and software. Among other things, 1 have scrved as a
metnber of the Advisory Board to the US Congressional Office of Technolopy

Agssegsment study on software and intellectual property, published in 1992 us Finding a
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Balance: Computer Saftware, Intellectual Property, and the Challenge of Technological
Change. I have published a number of articles an the topic, incheding co-authoring an
article in the Cofumbin Law Review in 1994 entitled A Manilksto Concerning Legal
Protection of Computer Programs™ and aw article in the Software Law Journal m 1992
entitled “1he Nature of Software and its Consequences for Establishing and Evaluating
Similarity.”

5. In 1990 I served as expert to the Court (Eastern District ol NY} in Computer
Associates v, Allai, a sofhware copyright infringement case whose decision was upheld by
the Appeals Court for the 2nd Circuit jn June 1992, resuiting in ihe articulation of the
abstraction, filrration, comparison test for software. [ have also been retained by the
Department of Justice in its investigation of the INSLAW matter. In 1992 (and later il
1995) my task in that engagement was to investigate alleged copyright theft and
suhsequent cover-up by the Federal Bureaw of Investigation, the National Security
Apency, the Drug Enforcement Agency, the United States Customs Service, and the
Defense Intellipence Agency.

& Fram 1598-2000 1 served as the chaimman of the National Academy of Sciences
study an intellectual property rights and the emerging information infrastructure entitled
The Digital Dilemma. Intellectual Property in the Information Age, published by the
National Academy Press in February, 2000.

7.1 have been retained as an expert in ovec thirty cases dealing with
misappropriation of intellectual property, such as the aliegations raised in this case. 1
have been retained by plaintifls who have asked me to investigate violations of

mtellectual property, by defendants who have asked me to investigate allegations made
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against them, amd by both sides to serve as the scie arhiter of a hinding arhitration. A list
of vases in which I have been involved is attached as Exhibit IT.
8. 1 have been retained by counsel for IBM in this lawsuit and am being

compensated at a rate of 3550 per hour.

1. THE TASK

9. I have been asked to examine the question of whether the lines of source code
in the 9% files in Table I {the “1BM Cade™) are modilicatrons of, or denvative warks
based on, any source code in any of the 21 versions of Unix System V listed in Table 1

{the “Unix System V Code™).

- 16. T have been instructed by counsel that one work is a “derivative work” of

another under federal copyvight Iaw if it incorporates ia some form a portion of the

preexisting work and is substantially similar to the preexisting wark, In my
* . understanding, and as I usc the term in my analysis, a “modification” based on 2
ij preexisting work must also incorporate in some form a portion of the preaxisting work,
: else there would be no basis for ealling it a moedification,

11. In performing my analysis, I have therefore undertaken to determine whether
the IBM Code incorporates any portion of source code contained n the Umx System V

Code or is any other manner similar to such Unix System V Cade.
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Table II; Versions of Unix Sysiem ¥ nsed in this comparison

—FERSION OF UNLX SYSTEM V NUMBER OF FILES TOTAL LINES OF
) L SOURCE MATERIAL
System W version L0 T 347,099
System v version L 1 153 208,086
~System v version 2.0 T4 898,148
System Y version 2.0 3820 3,256 577,434
st V varsion 2.2.0 3815 4,330 983,196
Syptem ¥ version 2,10V VAKX — 2,401 477,351 |
Syatem ¥ wezsion 2.1 3 _ 1,240 360,281
System ¥ 3.0 - 4,781 R840 _
System V 3,1 - . 3,849 631,382
(B V 3.2 4,369 702,328
Systéan V 3.2 for 385 — 441 ge12iz
"System V 4.0 for 386 5,472 IBs3alE |
Sym.em"u“ith’l [ar 386 11,771 2367903
System ¥ 4.0v3 for 386 ; 5466 1937378
| System V 4.0 MP 13,549 2,276,243
Sysiem v .1 21,798 1,567,560
Systan ¥ 4.1 £S 1,902 2,595,549
System V 4.2 ESME 31577 5,148,564 ]
Unixwiare 1,1 28,869 6,443,708
TnixWarc 2L - 44,340 10,152,663 .
" CnixWarg 7.0.3 ] 70,357 23,759,651
278,542 67,797,560

; TOTALS

12. The conclusions set out here are not mtended as, and do not represent, legal

conclusions. My conclusions are instead based upon my understanding of the law with

respect to the appropriate process and procedures for making a judgment of substantjal

gimilarity,

13. 1 understand the accepled process for determining substantial similarity to call

for abstraction, filtration, and comparison, although when modest amounts of code are

involved, the abstraction step may not be required. I understand filtration to involve the

removal ofat least the following elements: ideas, purposes, functions, procedures,

processes, systems, methods of operation, facts, unoriginal elements {c.g., those in the

pblic domain), expression that is inseparable fom or merged with ideas or processcs,

Davis Deelaration



aﬂd expressions that are standard, stock, of common to a particular topic, or that
mc ogsarily fallow from a comman theme or settihg.

14. T understand forther that with respect to computer programs in particular, the

qeenes A faire doctrine:

excludes from protoction those clements of a program that have been

dictated by external factors. In the area of computer prograros these

external factors may include: hardware standards and mechanical

specifications, software standards and compatibility requirements,

computcr manyfacturer design standards, rarget industry practices and

demands, and computer industry ProgTanming pracices.

Clates Rubber v Bande, all ciiations omitted

15. The opinions ] report here are hased on the documents I have reviewed (a list
is given in Exhibit I11), and on my knowledge, background, and experience in the field of

computer science. [ am continuing work on tios and reserve the right to augment my

findings as additional information becomes available to me.

M., SUMMARY OF FINDINGS

16, Despite an extensive review, I could find no source code in any of the IBM
Code that incorparates any partion of the source code contained in the Unix System V
Code or is in any other manner similar to such source code. Accordingly, the IBM Code
cannot be said, in my opimion, to be a modification or 2 derivative work based on the
Unix System V Cade.

17. As explained in detail below, 1 used two programs, called COMPARATOR and
S, to help automate the process. COMPARATOR looks for lines of toxt that are fitcrally o1
nearty literally identical, while SIM looks for code that 13 syntactically the same.

18. I used both programs to compare all 26,759 lines of the IBM Code identified

by SCO against all 67,747,569 lines in the Unix System V Code.
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19. [ believe that the comparisons I performed usiny these tools are conservative
_-.arui hence resulted in more potential matches than might otherwise be found using a less
conservative approach,

(. These comparisons required on the arder of 10 tours of camputation time e a
dual 3 GHz Xeon pracessor sysiem with 261 of RAM. This is 2 high-end workstatior,
routinely and easily available off the shelf from commercial vendors such as Dell.

21 COMPARATOR reported 13 potential hits. I reviewed each of these potential
hits i detail and determined them not o be true matches of copied code, but rather

- coinctdental matches of common terms in the C programming language. (Paragraphs 27-
" 30 below diseuss coincidental matches in COMPARATOR.}

22, s did not report any potential hits.

Iv. METHODOLOGY

3. T was asked to analyze the spectfic AIX and Dynix files and lines of code
cited by SCO in sheir filings (and listed in Table 1). In instances where SCO failed 10
identify any specific AIX and Dynix code upon which code iu Linux is allegedly based, [
was asked to analyze the Linux files and lines of code cited by SCC (and listed in Table
I). Finally, I was asked to analyze the TFS files and lines of code cited by SCO (and listed
in Table I), even though SCO did not identify any comesponding AIX, Drymix, or Limux
code for such files. All of this IBM Code in Table I was compared to all of the Unix

System Code in Table IT to determine ifthe IBM Cade contains any portion of the Unix
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?ﬁtﬂm v Code or is in any other manner gipnilar to any portion of the Unix System V
‘Cods!
| 34, ToU purposes of my review, [ did not first apply the “abstraction” and
;i:ﬁl-traﬁgn" analyses to the Unix System ¥ Code. Instead, to be conservative, 1 assumed
that all af {he Unix System vV code was in fact protectable (although I do not helieve all
c.f s.u{:h code in fact to be protectable) and proceeded to compare pll of the Unix System
V Code with all of the IBM Code to gee if there were any e matehes of copied cade 1
the first place. To the extent necessary, I then applied the wfiltratien” analysis to the
:El:.;épnrtedly malching code to determine if such code was in fact pcmtectahle.
.I 25, In doing my analysis I psed two prOgrams, emnploying two different
;lgorithms‘ to detect material in the IBM Code that might contain, or be similar to,
_'_}uataﬁa‘.l in the Unix System V Code. The first, called COMPARATOR 1], is designed to
,-'_ﬁ_nd sequences of lines in two differept files that are literally, ot nearly-literally the same.
.:- The second program, SIM 2], is designed to detect non-literal similarities at the level of
syntactic structure.
76. Both programs take two Hsts of files and compare every line in the first set of

files against every line in the second set, and report every match they find. Each match

' In addition to the analysis reviewed herein, T also mamually reviewed the following Linwx code cited in
the 7 juky 2004 Declaration ol Sandeep Gupta: ipeiunl.c {lines 119-52} and kernel/futex.c {139, 175, 187,
18%-91 436, 489, 455, 29%-300, 302-08). This review could be carricd gut mapually pecause Wi, Gopta
Ll spexcified apectfic lines that wore alleged to be similar, There was thas ne need to ran e comparison
tools, which are desipned o find malches. T compared the lines of Linux code identifiod by br. Gua with
the specific lines of System V 4.2 ES-MP code izt M. Gupta claims maches the Lipux code. Asis
ubvicuy upun review {and may be ohviaus pven # a non-technical reviewer), the Linux code cited Ty M
thgﬂa does nol contpin sy of, and is net | any sy similar to, the Unix cide that he cites. The code 15
entirely diffcrent. [n mty opinion, thercfore, the oode cited By M. Gupta for ipofutil.c and kermel/fatexc
cannot be considered modifications or derivative warks of Lpix Systen V.
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conaists of a file name and line members indicating places in each file that the program
pelieves to be similar.

a7 The first step of ty methodology was to compare all the [EM {ode against
4l the Unix System V Code. Atnyy divection, one of my assistants ran the IBM Code
and the Unix System ¥ Cade through ihe COMPMARATOR and SIM programs to generate a
set of initial matches.

98 Next, I manually reviewed ail of the matches repoited by the comparison
tools. All of the matches ihat [ reviewed were not true matches of copied code. Asa
result, I did not have to perform any “filtration” analysis on the code,

9. The matches reported by COMPARATOR between the [BM Code and the Unix
System V Cade consisted of coincidental matches of terminology in the C programming
language, and thus not true matches. These coincidental matches arise i much the same
way that, if we compared the entire text of two novels (e.g., Far and Peace and 4 Tale of
Two Cifies), we would surcty find that they both contain the phrase “and then they”
somewhere within them. Such coincidences of common language are ne more indicative
of copying in English than the corresponding matches of programming text are in the
large badies of code examined here,

30. ‘The box below shows one of the reported matches from the lines of cade cited
by SCO. COMPARATOR reported a match between lines $38-591 in rclock ¢ and lines

1665-1667 from System V UW1.1 ‘src/i3BGatiutstioftarget/sdi.c:

| Lines 588-59] from rolock.c [ines 1665-1667 from sai.c |
#andif /* RCLOCE_FROF */ fendif !
return; ‘
rerur”; }
1 1
11
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‘The two “words”™— endif and return — that appear in the two files are so
copamon in code written in the C language that finding them together like this is purely

an aceident, of no significance in detecting copying. In particular, the code from each file
abave simply sigaifies the ending of a routine; it is as if we had found two bodies of
unrelated English text that each happened to conchude with the words “the end”.

31. Note that there are 4 lines cited from the IBM file but only three from the
Unix file. This is becanse COMPARATOR ignores blank lines {the second line in the IBM
code excerpt is blank), which keeps it from bemyg misled by this sart of immaterial
variation. COMPARATOR also ignores single line comments {1, a line of text that start
with “/#™, hence its finding that the first line in cach of these excerpts = similar.” This is
another way it which it is not misled by immaterial variation. These are two of'the
factors why COMPARATOR 15 described above by saving that it “looks for lines of text that
are liverally ov wregriv Hiterally identical”. |

32, All of the potential hits reported by COMPARATOR were of the type discussed
in paragraphs 29 and 30; i.e., they consisted entirely of coincidental matches of common
terms in the C programming langeage. Evetl two programs known to have no code copied
from one to the other will show these sotts of coincidental matches. Givee the volume of
code in question here (e.p., 68,000,000 Lines of Unix code), the presecce of these type of
matches is both to be expected, and evidence that the tool was in fact performing

success{ully in findinyg potential matches.

! While coMPARATUR ignores a smyle line cominent, e, 8 line of texr that starts with “M", 1t doca
compare the English text. that appears it ol ti-lsie comments, allovwing it to And idenbcal or ncatly
Wentical mudt-line commends in code. This iz usclis] becanse overlaps in English comments can he an
efective indicator that we ought to search for both literal and non-titeral similarity in the soemee code that
lisllows the comment,
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'33 [ this instance; {hen, I did not need to performt a o Eleration” wnalysis with
anect to these ruaiches, because they were 1ot irae matches of code at all. In any case.
ﬁ;ée matches would not be protectable under the filiration analysts. At best, they could
- é thougbt of a3 clichés or stock pheases, the sorts of things thai are routinely “said” i

e code by any author, and that cannot therefore be considered gipnificant when

nfs_,i:"l_c.,'ﬂkiﬂg for copving.

34, The $IM program Jid not report any matches hetween the IBM Code and the
;ﬁnix System V code. As 1 result, I did not have to mamually review any such code for
:;false positives.
35, The remainder of this scetion describes {he algorithms used by the com parison

.p'mgams and the local modifications that were made to enhance the programs.

‘Iv.1. COMPARATOR

36, T'he COMPARATOR program considers each file 3 lines at atime, and identifies
a1l files that share the same 3 (or mote) lines of code.

37 COMPARATOR “normalizes” its mput, 50 that differences resuliing from
comments, case, and white space are jgnored. This prevents immaterial changes that may
arise from code copying from fooling the program. Then, all input is “shredded” into
overlapping 3 line segments and identical segments from different files are gathered
together Adjacent identical sections (€., ince 3—5 and lines 4-6) are thea comabined

inte 2 sinple section (¢.g., lines 3—6).

T We roquire 3-line segments a9 2 hasis fur a mateh in order to avoid the large sumber uf accidental
matehes that weould show up ifonly 1 or 2 lines werc required {0 malelt. A« arough analugy, if we 100k two
nnrelated textual documents and looked for all matching 2-word sequencts, We would find manty of them
(R "and the, ™ “usod by,” “with a7 “were made,” etc, despite the fact that the documents Wete mredated.
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v.2, SIM
| 38, The S program works by breaking soures files into tokens {ie., such as
janguage keyword, punctuation, variables, constants, and the lke) and comparing
gequences of tokens for commenality. This conversion of source info tokens allows the
program t0 focus solely on the structive of the code.

29, For example, 4 statement like
4f {a » bl zTecurn &; glge rectorn b

is structarally the same as

if (¢ » b] return o; mlse retura by
40. Both statements have the same syntactic stucture, namely:

1f (¥ar = Var] Return Var; Elze Return VAr;

which SIMV would identify as & match,”*

IV.3. Modifications to the Programs

41. Slight madifications were made to both of these programs to make them faster
and more efficient, so that they could handle the large amount of source code under
consideration in this case.

42. As publicly distributed, COMPARATOR and its associated scripts have several
major performance bottlenecks, which were identified and removed by my assistant.
These fixes improved the speed at which the program operated; they did not alter the

methodology used by the program to find matches.

Wwe ook for Joword sequences i CoMMAn (e, “usal by the™), we wioukd find far fewer of them, wnd
could nse those mare reliably to build up evidence for matches.

E] ..

This i3 aalgpous to {inding that the following (wo English sentencss have exactly the SAME syntactic

stratture, wes are clearly nof copied from ane anothers (2} “Thetall boy throw the ball to the dog,”™ and
(0] “The caded messape divul ped the secrct to e g
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43, 5IM was madified by iny assistant to reduce the putnber of false matches ft

%{-o.;tu{:ad. Tt was determined that mazy matches reported by SIM arise because the
"PI'-Dgfam treats all nninbers, strings and variable s dentifiers identically. For example, to

sm{, o list of integers such as 2. 2. 3, 4 Jooks just the same as & list of very different

fumbers, such as 73234, 1552, 7182, 3141E, hecause syntactically they are bath

‘giraply @ list of four numers. This pocurs 1. the curett context because oprating

gystems code commanly includes long arrays of numbers that encode instructions for

.-j_:nardwara. This also arises in struchie initializations where {here may be lang sequences
nf identifiers. Arrays of character strings are also commoan a3 means of associating sirings
..with certain numeric values (€.g.. SIT0T codes and messages).

44 These false matches i SIM wers avoided by first making takenizing stiicter —

- sirings and numbers are coosidered to be the same poly if they have the same value.

‘Next, a step within SIM ftself remaves matches that consist 6f a sequence where over 70%

' of the tokens are commas, identifiers, nurmbers, sirings and tokens that are part of C's

“ewrrtel' statetments.

V.4, Altgrmative Toals
45. Most other tocls available to assist in organizing code for expert inspection

operate in a similar manner, Tools like Jplag [3] and MOSS [4] operate similaly to SIM,

tokenizing the input siream in order to compere code SITRCtUTe, bt differing m the way

they optimize the algorithms for performance. MOSS i particelar uses a statistical

5 . ] . .

hMUH‘-' I:Imisd}r, girings ad numbers e considered the same only if they have the same hash value whitt

thash::d into 7 35t-value kev, This 13, in effct, B stightly “npasy” cqualify test: a few strings and numbers
o arc ot in facl equad will he reported as aqual. Note that this, tao, makes pur scarch mane conservative,

i.g., it will repon & fow more false positives.
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earapling technique which resulls in a very stall pro bability that a duplication may be

missed.
46, The combination of ling mafehing and syatactic analysis used in this

comparison is similar ta the tachnique used by Coede Match {51, a coramercial program for

detecting code copyng. Codematch uses the same algorithms a3 COMPARATOR and SIM

and adds three smaller tests: comparing the number of identical words i1 tw0 files,

comparing the number of words in one file that appear as sub-words in apother file, and

checking comment Lines.
47, SN and COMPARATOR were chosen hoth becanse they provided the

capabilities needed, and because they offered full access 10 their source code, making it

possible to understand exactly how they worked and to customize them to the needs of

this case. The comparisons I performed psing SIM and COMPARATOR were intended to be

as conservative as possible and to produce fhe mast poténtial matches for me 1o Teview

individuatly,

¥. SUMMARY

4%, Adter a detailed review that exhaustively compared almost 27,000 Yines of

IBM Code against atmast 68,000,000 lines of Unix System ¥ Cade, I could find e

evidence that any of the [BM Code meoTporates a portion of, or is gimilar to, any of the
Unix System V Cade.

40 1 therefore conclude that the IBM Codc jsmot a modification or a derivative

work based on the Unix System V Code.
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