
7 DAD-AlGI 490 AIR FORCE INST OF TECH WRIGHT-PATTERSON AFB OH F/6 9/2
A LFRDTTOOL FOR DETECTING PLAGIARISM IN PASCAL PROGRAMS.(U
DEC 80 S L GRIER

UNCLASSIFIED AFIT-CI-SO-74T N1 -2. flllfffflllff I
EEEmhEmhEohh

EEEmhmhhEEEmhE
mEohhEEEohhhhI
smmhEmhEmhhhh
EhhEEEEEEEEmmohE



SECUHITY Ci ASII-ICA110N OF TiIS PAGI, (Wl aim,1.... - -b1

if REPORT DOCUMENTATION PAG Al)-0W IN( I HU.1( I IJN

I. REPORT N hIDER 2 GVT ACCESSION NO. 3 RECIPIENT'S CATALO(. NUMBER

80-74 i y i

TITLE (awd Subtf-si.w) 5 TYPE OF REPORT a PERIOD COVERED

U A Tool for Detecting Plagiarism in Pascal TEI/YWAY0
Programs,___ 

________

0 '.-. - 6sar17" -iPERFOHMING 04G. REPORT NUMBER

7 AUHR~w .8, CONTRACT OR GRANT NUMBER(-)

A 'amuel L-Grier, f.,L Y
"n 9 PERFORMING PFIGANIZATIUN NAME AND ADDRESS 10 PROGRAM EL EMENT PROJECT. T ASK

AREA 8 WORK UNIT NUMBERS

AFIT STUDENT AT: University of Colorado

I I CONTROLLING OFFICE NAME AND ADDRESS 12. R I QRT PATE

AFlT/NR O
WPAFB OH- 45433 3 M OPAE

O111
14 MONITORtNG AGENCY NAME & ADDRESS(II dillarronl fr.nrt Crunrolling Mitre)j IS. SECURITY CLASS. (of rhos report)

U NC LASS
Ns.6EfSF CATION'DOi )WNGRAOI1N G

SCHEDULE

16. DISTRIBUTION STATEMENT (.1 this Reprtrit

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED DI

17 DISTRIBUTION STATEMENT (o~f the abstrac~t entered in Block 20, if diflooruint fromt Repott)

10 SUPPLEMENTARY NOTESk±'

APPROVED FOR PUBLIC RELEASE: IAW AFR 190-17 F r .LNZM S23 UNr~81Dfroor of public Affcir
23 JU 198 AftForce fnstftute Of Technology (ArC)

19 K EY WORDS (Continue on reverse aide if neceoisary mrid Identify by block nuflber57"FnturattersonQfk B OH 453

20. ABSTRACT (Continue on reverse side if nrecesary arid identify by block number)

C ATTACHED

Look

7 16 02819 2DD I,0RF 1473 EDITION OF I NOV 65 15 OBSOLETE UNCLASS
SEURT Cb~S~2AN FTHSPAE is., rt. Era



80-74T
AFIT RESEARCH ASSESSMENT

The purpose of this questionnaire is to ascertain the value and/or contribution of research
accomplished by students or faculty of the Air Force Institute of Technology (ATC). It would be
greatly appreciated if you would complete the following questionnaire and return it to:

AFIT/NR
Wright-Patterson AFB OH 45433

RESEARCH TITLE; A Tool for Detecting Plagiarism in Pascal Programs

AUTHOR: Samuel L. Grier Jr. __

RESEARCH ASSESSMENT QUESTIONS:

1. Did this research contribute to a current Air Force project?

( ) a. YES ( ) b. NO

2. Do you believe this research topic is significant enough that it would have been researched
(or contracted) by your organization or another agency if AFIT had not?

( ) a. YES ( ) b. NO

3. The benefits of AFIT research can often be expressed by the equivalent value that your
agency achieved/received by virtue of AFIT performing the research. Can you estimate what this
research would have cost if it had been accomplished under contract or if it had been done in-house
in terms of manpower and/or dollars?

a. MAN-YEARS (_) b. $

4. Often it is not possible to attach equivalent dollar values to research, although the
results of the research may, in fact, be important. Whether or not you were able to establish an
equivalent value for this research (3. above), what is your estimate of its significance?

a. HIGHLY ( ) b. SIGNIFICANT ( ) c. SLIGHTLY ( ) d. OF NO
SIGNIFICANT SIGNIFICANT SIGNIFICANCE

5. AFIT welcomes any further comments you may have on the above questions, or any additional
details concerning the current application, future potential, or other value of this research.
Please use the bottom part of this questionnaire for your statement(s).

NAME GRADE P01TI N

ORGANIZATION LOCATION

STATEMENT(s_:



FOLD DOWN ON OUTSIDE -SEAL WITH TAPE

I IT/NI NO POSTAGE
WRIGHT-PATTERSON API O 543 NECESS I AE

OFFICIAL BUSINESS IN THE
PENALTY FOR PRIVATE USE. $300 UJNITED STATES

BUSINESS REPLY MAIL_ _ _ _ _

FIRST CLASS PERMIT NO. 73236 WASHINGTON D.C.

POSTAGE WILL BE PAID BY ADDRESSEE ____________i

AFJT/ DAA___ ____

Wright-Patterson AFB OH 45433 _______

IRSO
FOLD IN



DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.

iI



p

A TOOL FOR DETECTING PLAGIARISM IN PASCAL PROGRAMS

P by

Samuel L. Grier, Jr.

B.S., USAF Academy, 1973

A thesis submitted to the

Faculty of the Graduate School of the

University of Colorado in partial fulfillment

of the requirements for the degree of

Master of Science

Department of Computer Science

1980 . n .i r

" C TAB

Av:.) hli.YCcdBS
Av: ai..nd/or

D1izt SpecialI-A"



I

This Thesis for the Master of Science Degree by

Samuel L. Grier, Jr.

has been -kproved for the

Department of

Computer Science

by

LYoyd D. Fosdick

4alcolmC.Nw

Date

$i

. . .. i



Grier, Samuel L., Jr. (M.S., Computer Science)

A Tool for Detecting Plagiarism in Pascal Programs

Thesis directed by Professor Lloyd D. Fosdick

Plagiarism has become a problem in introductory

Computer Science courses. Programmed assignments can be

copied and transformed with little human effort. A

P pertinent recommendation has resulted from this realiza-

tion: an on-line system to detect programs that are "too

similar" and hence suspected of plagiarism should be

developed [51. The purpose of this thesis has been to

construct such a system in the form of Program Accuse.

Program Accuse analyzes Pascal programs to detect

those pairs of programs such that plagiarism is a possi-

bility.

An overriding concern of the development of Accuse

has been that it be inexpensive to use. In addition, the

use of Accuse is intended for introductory Computer

Science courses. The result is a program that is effi-

cient, but limite d in its ability to detect sophisticated

P plagiarism. Efficiency means low cost; lack of compre-

hensive analysis is rationalized with the assumption that

the student clever enough to plagiarize with sophistica-

tion has no need to plagiarize.

P Accuse measures 20Oparameters in each program:

for example, total lines in the program, variables
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declared and not used, and the number of control state-

ments. Seven of these parameters were chosen through

testing as a means to compute a correlation number that

determines if two programs are similar.

If two programs are considered similar, they are

flagged for the user to inspect and make the j udgement

as to whether plagiarism occurred.~

Signed c J. -i
Facut member incargeof tesis
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CHAPTER I

t INTRODUCTION

Plagiarism has become a problem in introductory

Computer Science courses. Programmued assignments can be

copied and transformed with little human effort. A

pertinent recommendation has resulted from this realiza-

tion: an on-line system to detect programs that are "too

similar" and hence suspected of plagiarism should be

developed [5]. The purpose of this thesis has been to

construct such a system in the form of Program Accuse.

Program Accuse analyzes Pascal programs to detect

those pairs of programs such that plagiarism is a possi-

bility.

An overriding concern of the development of Accuse

has been that it be inexpensive to use. In addition, the

use of Accuse is intended for introductory Computer

Science courses. The result is a program that is effi-

cient, but limited in its ability to detect sophisticated

plagiarism. Efficiency means low cost; lack of compre-

hensive analysis is rationalized with the assumption that

the student clever enough to plagiarize with sophistica-

tion has no need to plagiarize.

Accuse measures 20 parameters in each program:

for example, total lines in the program, variables
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declared and not used, and the number of control state-

ments. Seven of these parameters were chosen through

t testing as a means to compute a correlation number that

determines if two programs are similar.

If two programs are considered similar, they are

flagged for the user to inspect and make the judgemenit

t as to whether plagiarism occurred.



CHAPTER II

BACKGROUND

An attempt to construct such an on-line system

has been made at Purdue University by K.J. Ottenstein [4].

He developed a program that quantifies the sameness of

Fortran programs using the four basic Software Science

parameters suggested by M4. Halstead as useful measures of

program length [3]. These parameters are: (1) the number

of unique operators, (2) the number of unique operands,

(3) the total number of occurrences of operators, and (4)

the total number of occurrences of operands. It seems

the first suggestion to use these parameters as measures

of similarity or dissimilarity (depending on your view-

point) came from N. Bulut as a by-product of his study of

invariant properties of algorithms Il1].

M. Halstead developed the notion of Software

Science in 1972. He advances the four parameters above

as properties of any computer program that are capable of

being counted or measured. He defines these parameters

and their relationships as follows [3]:

ni = number of unique operators

n2 = number of unique operands

Nl=ttlnmero prtr

N2 = total number of operators
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vocabulary n = nl + n2

length N = NI + N2

9 He also provides data to support the following relation-

ship (31:

N = nl log nl + n2 log n2

Ottenstein's program utilizes only the four basic

Software Science parameters, and it counts them in a

straightforward manner. He acknowledges his program

detects only cosmetic changes: reordering time inde-

pendent statements, recommenting, reformatting of text,

and renaming variables and labels. He believes that

plagiarism can be deterred both by the knowledge of the

existence of a program like his and its ability to make

it reasonably difficult to cheat successfully [4].

Ottenstein uses the length N to categorize his

input programs. Those that have identical Nl, N2, nl,

and n2 counts are then suspected of plagiarism [4].

Inherent in M. Halstead's theories is the assump-

tion that programs are well-written and polished. For

example, in almost all cases for which the length indi-

cator (N) was tested, the programs had been prepared for

publication [2].

M. Halstead recognized that not all programs

would be well-written, and hence derived and defined six

classes of impurities as follows [3]:
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(1) complementary operations: the successive

application of two complementary operators to the same

operand

example: R := T * T + T - T

(2) ambiguous operands: the same operand name is

used to represent two or more variables within a program

example: R := P + Q; R := R * R

(3) synonymous operands: using two operand names

to represent the same variable within a program

example: Tl := P + Q; T2 := P + Q; R := Tl + T2

(4) common subexpressions: the same subexpression

occurs more than one time within a program

example: R := (P*Q) + (P*Q)

(5) unwarranted assignment: an expression is

assigned to a temporary operand that is used only once

example: T := P + Q; R := T;

(6) unfactored expressions: the same operators and

operands repeat in an expression (making the expression

difficult to understand)

example: R := P * P + 2 * P * Q + Q * Q

Fitzsimmons and Love conjecture that a compiler

can detect all of these impurities [2], and only (6)

above cannot be mechanically corrected [31. Any system

)that attempts to detect plagiarism can expect to encounter

these impurities.



CHAPTER III

DESIGN OF ACCUSE

Two principle ideas guided the development of

Accuse: (1) that Accuse be as inexpensive to use as

possible, and (2) that the individual able enough to

plagiarize cleverly has no need to plagiarize.

When construction of Accuse was being planned,

the idea of using the front end of a compiler as the

driver was considered. There were several reasons for

this: (1) the desire to use as much shelf material as

possible, and (2) the lack of awareness of Software

Science for this particular application.

After the discovery of Ottenstein's attempt and

his method, it was felt that a counter could be written

that would be faster than even a stripped down compiler.

However, because Accuse is not a compiler, it needs to be

used in the context of a larger tool that retrieves pro-

grams, compiles them and saves their output for graders,

and then sends them to a file for processing by Accuse.

The result of not using a compiler is a compro-

mise between speed and comprehensive analysis. Accuse

processes over 170 lines per second. However, as noted

above, it will not discover changes made by the sophis-

ticated plagiarist. Again, this is rationalized with
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the assumption that the student intelligent enough to

plagiarize with sophistication has no need to plagiarize.

t Accuse was designed top-down, but implemented

from the bottom up. Each module was developed as needed;

for while we knew the main components of the system, it

was impossible to predict the support routines. A

module's ability to achieve the desired counts was certi-

fied before construction of the next module.

Program Accuse was constructed with the belief

that additional parameters are available beyond the four

basic Software Science parameters, and that heuristics

can be employed to achieve more than detection of cosmetic

changes. Using these heuristics and seven parameters,

Accuse computes a correlation number that is used to deter-

mine the similarity of two programs.

Accuse measures 20 parameters. The seven that

comprise the correlation number were selected by testin7

different combinations of them.

Accuse measures the following 20 parameters (for

full definitions see Appendix A):

1. total lines

2. code lines

3. code comment lines

4. multiple statement lines

5. constants and types

6. variables declared (and used)
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7. variables declared (and not used)

B. procedures and functions

99. var parameters

10. value parameters

11. procedure variables (includes 9 and 10)

12. for statements

13. repeat statements

14. while statements

15. goto statements

16. unique operators

17. unique operands

18. total operators

19. total operands

20. indenting function

The seven parameters that comprise the correlation

number are:

1. unique operators

2. unique operands

3. total operators

4. total operands

5. code lines

6. variables declared (and used)

7. total control statements

While being constru'-ted, it was believed that an

"indenting function" would play an important role in the

detection of plagiarism. Since Computer Science 210
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students use cards and do not have access to the sophis-

ticated editing features of a time sharing terminal, it

t was thought that changes to the style of a copied pro-

gram would be clumsy at best. This resulted in the

rejection of any sophisticated indenting functions and

the selection of a simple one. The function currently

counts the number of left, right, and unindented lines of

code. The indenting function is created as follows:

indenting function =I

((left indentations) mod 1000) * 1000000 +
(right indentations) mod 1000) * 1000 +
(zero indentations) mod 1000)

The results have proved disappointing. If all of

the input programs were processed through a "pretty

printer," an indenting function might become important.

This additional cost is presently considered prohibitive,

and it is contrary to the intent of Accuse being inex-

pensive to use. The unimportance of an identing function

necessitated the search for an alternate parameter that

would reflect some characteristic of the lines of a pro-

gram. The result was the idea to count lines of execut-

able code in a program, and the results of this decision

are thus far promising.

The decision to introduce the use of heuristics

in the way counts are made in Accuse was two-fold: (1)

to make plagiarism difficult to achieve, and (2) to make

Accuse's repeated use feasible in light of the fact that
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its use will quickly become common knowledge. The

heuristics are simple and straightforward.

"Total operators* does not include assignment

operators. In addition, for every assignment operator

found, two operands are subtracted from "total

operands," and *code lines" is decremented. The purpose

of this is to prevent Accuse from being misled by

unnecessary initializations and unnecessary assignment

statements. This desire roughly correlates to the pre-

vention of M. Halstead's fifth defined impurity,

"unwarranted assignments."

"Code lines" ignores blank lines, comment lines,

and declarations. It counts only the lines of executable

code within a program. This is intended to prevent

excess declarations and comments from affecting this

parameter's value.

Accuse is also selective about what it calls

operators. A "BEGIN END" combination and "W combina-

tion are considered operators in Software Science.

Because BEGINs, ENDs, and parentheses can be added to

Pascal code where not required, Accuse chooses to ignore

them. A semicolon is ignored for essentially the same

reason. IF is considered an operator while THEN is not.

ELSE is considered an operator because it is not a

necessary part of an IF statement.



As Accuse only counts variables, the obvious

tactic of changing variable names makes no difference to

Accuse. Since Pascal requires declarations, Accuse can

keep track of variables declared and subsequently used

or not used. Hence, declaring extra variables and then

not using them does not affect Accuse's analysis. Con-

) stants of enumerated types and tag fields in case

clauses of record declarations that contain a declara-

tion are considered variables. Since these constants

cannot be read or written, their nonuse is considered

notable.



CHAPTER IV

SHORTCOMINGS

Accuse has three main drawbacks. The first is

that it is unable to detect five of the impurities

defined by Halstead. This may in fact not be that

critical; for any system to detect and then "undo" any

impurities once found would at the least be expensive;

in addition, the individual we wish to catch plagiarizing

is not likely to introduce these impurities.

The second is that because the input program is

not parsed, but is guided by a driver that expects a

compilable program, syntactically incorrect programs may

be accepted by Accuse. Accuse uses a modified Pascal

scanner, specifically the Pascal-J scanner made available

to students at the University of Colorado for graduate

work. Hence it detects some syntax errors: for example,

incorrect literal strings and commnits that lack their

left part. However, it may very well accept syntactically

incorrect programs.

The final drawback is that since the current

policy in conjunction with the use of Accuse does not

include the user making the students "graded runs,0

there is nothing to prevent a student from changing or

sabotaging his program before he submits it for processing
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by Accuse. The cost of rerunning all students' pro-

grams is presently considered prohibitive, and checking

) every student's final listing against an unordered

listing of 150 programs is impractical.

The first drawback is not a detriment if grading

enforces a policy that does not allow these impurities

by exacting a severe penalty for their use.

The second and third are resolved if Accuse is

used in the context of a larger tool.

4
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CHAPTER V

OUTPUT

Accuse prints four results for the user. The

first is a dump of each program's identifier and its

values of the 20 parameters measured by Accuse. This

dump is sorted on the "indenting function."

The second result is a dump of each program's

identifier and its respective values of the seven

parameters used to compute the correlation number; each

parameter list is sorted smallest to largest. In the

output, the column headed FOR STMT actually contains the

total number of control statements. This is the result of

the implementation of summing parameters.

The third result is a frequency distribution

graph that indicates the number of pairs of programs with

like correlation numbers. A new addition to the listings

is the Tukey estimate for suspicion of plagiarism.

The final result is a list of all pairs of pro-

grams with correlation number greater than or equal to

28. Twenty-nine is currently identified as the number

that indicates the possibility of plagiarism, with 32

the maximum correlation number possible.



CHAPTER VI

DEFINING THE CORRELATION SCHEME

The scheme that computes the correlation number

is only a tentative one. The current scheme was

developed and tuned by using a group of 43 programs from

an introductory course. Code for three of the programs

was written together, but finished individually. The

"importance" values for the seven correlation parameters

were then adjusted until these three programs were

brought into the domain of "those programs suspected of

plagiarism."

The current correlation scheme involves computing

an increment for each pair of affected programs based on

the equation

increment = "importance" - (pcounta - pcountb)

where pcounta and pcountb represent parameter counts and

(pcounta - pcountb) is less than or equal to some "window"

size depending on the particular parameter.

The computation of the correlation number may

well be subject to improvement by a more elaborate scheme

or by simple changes to the importance factors.

Five runs of Accuse follow the text of this paper.

The first run (Appendix B) processed 13 programs, three of

which were input twice. Included in this run is a
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printout of the triangular matrix that contains cor-

relation values of the pairs of programs. This matrix

is not printed in a production model of Accuse.

Below we illustrate the computation of the

correlation number for a pair of programs in the first

run. Before proceeding, it is necessary to note the

following "window" sizes and "importance" factors for

each of the correlation parameters:

1. total operators
window size =5
importance factor =6

2. total operands
window size =5
importance factor =6

3. unique operators
window size =3
importance factor =5

4. unique operands
window size =3
importance factor = 5

5. code lines
window size = 3
importance factor = 5

6. declared variables (and used)
window size =2
importance factor = 3

7. control statements
window size =1
importance factor = 2

The correlation number for the pair of programs

T102 and T107 (see Appendix B, p. 32 )is computed as

follows:
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1. T107 - T102 =8

Eight is greater than the window size for
this parameter, hence these are not "affected"
programs.

2. T1107 - T102 = 16
Again, these are not "affected" programs.

3. T107 - T102 = I
These programs are now within the window

size, and an increment is calculated for this
pair of programs:

increment = 5 - (25 -24) = 4
correlation number =4

4. T102 - T107 = 0
increment =5 - (13 - 13) = 5
correlation number = 9

5. T102 - T107 = 1
increment = 5 - (64 - 63) = 4
correlation number = 13

6. T107 -T102= 0
increment =3 - (11 - 11) = 3
correlation number = 16

7. T102 - T107 = 0
increment = 2 - (4 -4) = 2
correlation number =18

The second listing (Appendix C) is a production

run of Accuse. There were 137 input programs consisting

of 13,374 lines of code. Accuse processed the code on a

CDC machine at a cost of $12.32. It required:

FL TO LOAD 110700 FL TO RUNh 77100
89.956 CP SECS 105237B CM USED

The maximum number of asterisks printed in the

distribution graph is 40; hence the "flat" distribution.

Accuse prints all pairs of programs with correla-

tion number greater than or equal to 28, though 29 is the

number that indicates the possibility of plagiarism.



CHAPTER VII

t ANALYSIS OF RESULTS

Effectiveness

A question that arises is, "What are the chances

that two programs will be declared similar when they have

been independently wri.tten?" A similar question is, "How

many programs can Accuse accept before so many programs

are suspected of plagiarism that Accuse's results

become unacceptable?"

These questions are not addressed by Ottenstein.

He analyzes his findings and concludes that the way he

categorizes the input programs results in a somewhat

normal distribution, in agreement with our intuition.

He makes the observation that if two programs are sus-

pected of being similar (because they have the same N

value), the odds that they are similar ace greater if

the correlation number occurs at one of the extreme

values of N. He concludes that any correlation function

that one could derive that produces a constant distribu-

tion would not be accurate or necessarily desirable

because, in general, meaningful measurements of human

behavior produce uneven distributions [4].

I see two aspects to these questions. The first

addresses the size of the problem being solved. A
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problem that takes only 12 lines of code to solve will

certainly result in a different answer to these questions

tthan if we consider a problem that takes 100 lines of
code to solve. The second considers how many parameters

are used to compute the correlation number.

One interesting result of the current data avail-

able from Accuse has been that the less code a student

writes into a given program, the more even the distribu-

tion of the parameters appears to be. Note the third

listing (Appendix D). In this assignment students were

responsible for approximately 14 lines of code; the rest

was given to the student. Ignoring the anomolies, we

compute the differences between the minimum and maximum

values:

TOTAL TOTAL UNIQ UNIQ CODE DECL CONT
OPERS OPNDS OPERS OPNDS LINES VARS STMTS
19 20 4 8 18 8 2

These compressed ranges imply the occurrences of

higher correlation numbers since the correlation numbers

are computed using the proximity of values. The frequency

distribution graph tells us nine pairs of programs have a

correlation number of 28 or higher.

If we go back to the second listing (Appendix C)

and again, ignoring anomolies, note the differences between

the maximum and minimum values:

TOTAL TOTAL UNIQ UNIQ CODE DECL CONT
OPERS OPNDS OPERS OPNDS LINES VARS STMTS
48 55 12 11 49 6 4
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These larger ranges imply the occurrences of

lower correlation numbers. The frequency distribution

t graph tells us six pairs of programs have a correlation

number of 28 or higher.

These observations appeal to our intuition. The

wider the ranges, the lower the correlation numbers, and

vice versa.

Another attractive conjecture is that the more

input programs, the higher the correlation numbers

generated. In our examples above, our expectation is

incorrect. The first set of data where nine pairs of

programs correlate at 28 or higher inputs 43 programs.

The second inputs 137 programs, and only six pairs of

programs correlate at 28 or higher.

We make three assertions: (1) that a simple and

short program is going to generate more pairs of programs

with high correlation numbers than will a more difficult

and longer program when both generate the same number of

pairs of programs, (2) that the number of programs that

Accuse can accept before its results are unacceptable is

a function of both the number of input programs and the

complexity and length of those programs, and (3) that the

more independent correlation parameters, the lower the

correlation numbers.

The first two have already been argued. The third

can be argued as follows: let us consider the seven
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correlation parameters as independent events; for each

parameter, one can calculate a theoretical probability

9 that two programs will have the same value; multiplying

these seven probabilities together will give the theo-

retical probability that two programs will have the same

* value for every parameter; removing any of the given

parameters will clearly increase this product, hence

increasing the likelihood of two programs having a maxi-

mum correlation number.

When Plagiarism Occurs

Available data supports the selection of 29 as

the number that suggests plagiarism. This choice was

made through observation, and is by no means absolute.

The interesting point of analyzing our data is

that we can look at it from two different aspects. The

first is as above, where we viewed the results in terms

of the individual parameters. Bulut makes the statement

that the probability of using nl and n2 exactly Nl and N2

times in two different algorithms is very slim [1). BothI our results and Ottenstein's results verify his assertion.

The second way to view our results comes from the

manner in which we categorize or "fingerprint" the input

programs. Ottenstein uses N to categorize his input pro-

grams, and it is the distribution that N creates that

Ottenstein analyzes. We categorize our programs using a

correlation number, and if we analyze the distribution
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created by our correlation numbers, we come to somewhat

the same conclusions.

First, the correlation numbers create a somewhat

normal distribution, though they appear not to fit any

Ustandard" distributions [7].

Second, by the way we have built our correlation

scheme, two programs are declared similar only if the

correlation number occurs at an extreme value of the

distribution. In Ottenstein's categorization, two pro-

grams can be declared similar in the center of his dis-

tribution. Hopefully, then, our correlation scheme is

better.

Finally, since the distribution created by our

correlation scheme is not a uniform one, it is likely to

be an accurate measurement of human behavior [4].

Looking at the data from this viewpoint, it would

be nice to have a verification of our selection of 29 as

a choice for the number that suggests plagiarism. J.W.

Tukey suggests a way to analyze distributions that fit

no standard distributions [6]. This analysis fits well

with our desire.

He suggests taking two "hinges," one each at the

midpoints between the outer edges and the median of the

distribution (these hinges correspond to the quartiles).

He defines one and one half times the difference between

the values that occur at these points as a "step."
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Finally, any values that occur beyond the value at these

hinges plus two steps (called the "outerfences") are

considered unreasonable.

For a hypothetical example, then, if the lower

hinge occurs at 14 and the upper hinge at 17, our outer-

fence occurs at

17 + 2 * (1.5*(17-14)) = 26

and any correlation number greater than 26 is considered

unreasonable; or, in our application, considered

plagiarism.

Accuse has been altered to compute this value;

test results, though inconclusive, are encouraging.

Though the fourth listing (Appendix E) provided gives a

number of 27 as being the outerfence (hence 28 implies

plagiarism), it is easy to see that there are no programs

that are beyond the outerfence. One can conclude that in

this case, 29 is as good a guess as the computed 28.

Computing the probability that two programs would

have the same value for a given parameter was discussed

earlier. This computation could lead to supplying the

user with some additional information that will help him

in his judgement as to whether or not plagiarism has

occurred. If we look at the fourth listing, we can make

some observations.

First, let us make the assumption that for each

range of values for a given parameter, each value has an

t
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equal likelihood of occurring. Second, let us arbitrarily

throw away the largest and smallest values of each

parameter. Then, f .ach range of values observed, we

can calculate the i. .- er of expected pairs of programs

with equal values for that given parameter. Let us begin

with TOTAL OPERS. Range = 151 - 67 + 1 = 85. Any two

programs written independently will be assumed to have a

total operator count of between 67 and 151, and the

probability of them having any one of the possible values

is 1/85 * 1/85 = 1/7225. The probability of their having

any of the possible values over the entire range is

1/7225 + 1/7225 + . + 1/7225 = 1/85. Given that

there are 31 input programs, and hence (31 * 30)/2 = 465

pairs of programs, one can expect 5.5, or approximately

six pairs of programs to have equal values. We observe

four. Following this through, we can calculate expected

versus observed pairs for every parameter:

TOTAL OPERS
expected = 465/85 = 5.5 = 6
observed = 4

TOTAL OPNDS
expected = 465/62 = 7.5 = 8
observed = 11

UNIQ OPERS
expected = 465/7 = 66.4 = 67
observed - 73

UNIQ OPNDS
expected = 465/24 = 19.4 = 20
observed = 24
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CODE LINES
expected = 465/45 =10.3 =11

observed = 19

DECL VARS
expected = 465/24 18.6 =19

observed = 21

FOR ST?4TS
expected - 465/6 =77.5 =78

observed - 104

Fron the results , it appears not to be unreasonable to

assume that all values are equally likely. A statistician,

then, can calculate these values and make a judgement as

to whether it appears that plagiarism occurred for any

parameter. Doing this for every parameter would allow one

to conjecture if plagiarism occurred over all parameters

and hence over an entire program. Coming up with some

final probability that plagiarism occurred for the input

programs would contribute to the successful use of Accuse.

Side Issues

one of the most revealing aspects of this research

has been the often enormous variations in the measured

parameters. It is incredible to think that two programs

as analyzed by Accuse could possibly solve the same

problem. This gives rise to a suggested alternate use of

Accuse.

Accuse, modified appropriately, could measure the

"goodness" of a program. Its analysis could identify both

excesses (for example, the programmer used an excessive
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number of variables) and shortcomings (for example,

the programmer used few comments). Accuse is also

capable of identifying variables declared and not used.

This information could allow a grader to make a quanti-

tative analysis of any program at a glance and grade the

program accordingly.



27

CHAPTER VIII

CONCLUS ION

The sabotaged programs given as input to Accuse

show that it cannot stand alone as a detector of

plagiarism, but must in fact be part of a larger system.

This system should be one that retrieves the student's

program, compiles it, runs it on data the student has

never seen, and then sends the student's program into a

file that will eventually be processed through Accuse.

Accuse accomplished its goal of being inexpensive

to use. Results were actually better than expected.

Finally, Accuse needs to be put into production

use to verify or reject assertions made here.
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APPENDIX G

EXAMPLE OF A PAIR OF PROGRAMS WITH
CORRELATION NUMBER EQUAL TO 29

0

2 - o 0- -

0 z

0 07..-I 700 io 0 a

- -*-C 7 7
ft 4I.A --0 n

z .-e 0 -C C 2Se

a--a ------ 2 o. 07 ;;o ;o

..0 -.... . . . .. L L : -25-

o;z-- -

-, 0 2 I2 en 4"" 5S0 22 0..- °..0 : 20 2- 40 -2-



APPENDIX H

CODE FO1~ PROGRAM ACCUSE

a

OW

00.

-e

00
ma

0

2
0- 0
a.. *0

-'a -'
40 0.
02
140 0

0.0 14

0
0. 1 -
0.0 0 - U

*0~ - 0 14 - 0
0 - C~ 142

- 0. 0 aO 2 7
* 2~ - 0. 0 -. 0 0

- 0 I~ - - 0 -- -
- 02W 4 *0J~* 0U *14

* . - -- a a. .1?. 00 0
* -- Liz 1- l-aO C~ 71 -
* .- .4 0 0 4)4.OI 0141 04.-

- C. .- 700 0740 0 4 00
0 0 0 VIP-rU-a 0..aOOAaOa -o,..a14- 02 '-V
- L1J a u - . 0 0010 7I.~ - *Z70*140 *0 1010-'

CC 2 0.40 0 070 .20.14 .- 0..i 70 0..* 001.1
0 0.7 -
I - Ia4'--0.- -~ 140. In7.-7Z-.'~.. 0 Li ti-fl

2 '-0,14. .J14..I -Ct 2 li..id..,0.q a
* -a 0 UCt0 * a-zoo a-in- :ce-o 07...0fl00

0 000 Ca - Z--a..iZni- 1414' tO? 1~ 4!..0. COO0 - In w a'n .4-a 2-4 ~C0 4 .~
C CO 7 4t"-,fl2 4:.- 14?an...- It C,?..J0.L.04 .. ,r0J 20.3

0 -. 0... -- 7..,.,In 0.In.C~.. -. 2 0.,.~..a C~
* C--------0 t~C,.t- -r'7.a?..-., O.C 00
- fl~. 00 1072 020424.0 0010:2 2C~0C01 000100.0.
4 4 n-c n ... i-~ 0L,0->>C2... 0020 o z to I

* .., baInojZ -004 0 a 0, - UT In...I., CC4444
I I 44-4*14= 0.-U 14 0C.14~.. L0.~ .. t. 0.140 U 0 20 .2242 2020W000140000I.-OZ...D0. 1414141414141414

14 W - 00..0
2

2..t.4.o .0C - 0 02 -0
- 4 0 no: uo - .. ,:oaozmfbo aa-.,0
2 5 -122.. VI.------V VI..' 04 .,t..Jt)UL.L.
2 7 0 0 ~CzoO0~0 0.0 o.u..,n-n-aCaO0...,..'0..,.4 C~- OntO oc'or

I., 0. ..- 2r-i0-.-o. 0.-0 1000?0010-0 0..*0000 p
U - 01~~n.-~ m?0 ~ C.0.l.40tI.0.

002 .. '0.-210270270..'W20800
0. U 0 0~W44 -. 0
O - raIn mu.- t2
1. 0

...............- UUIJUUa * 4 NIt EflaC 1 01 0,0,oial .bO N . ... -0..-040480.0200 0 00.-'2t. CC OOOOU
0 - On. e-oewO.ye .. '0000010000Lia-US-UOOS -,200.JO00
*0 U S as. nr.MPY co a a0.a20..maCOCo. 10.0.4.224 00CCG0t
-- 2 -o...,s0.u,140.o...,d 0B.no>,- 00 -.. U.-00&~
2.. 0. 2
02 2 -

- hI 0 VI £0 10
- - 0 4 0 VI

70 0' 2 0 0 0I-.-4 VI
02 a - 0 7 ~220. 4
-- 0 0 - 30 -
00 U - S n-C 0 14020db, U S
102 U - -. 110-20 0..'U2A -
20. 4 30 . WU.-14.'22040 N

0- .0 U0-~ *00-. 0 0VI - .40-2144 04-U 0 0
.0 2 ZUO2-Ufluaau U -

It ~. SI .1 -
@0 - a -

.. 50 0 2 0.
0~0 3 4 0 a

o -a - a U

0
ou ~ -I1q14Cr.
10 flq.qflIft..%nflflflISflPb@* *** 94W WtrOnmaaSnS%

bS.se...ooeooo.o...oo.e.a..o..o..aooo.eee .o**S*eS0@@0~*O0
a

~. ****.**q*.****W..*...w**...W.*Wq*W.w... -- .- . W*@Wq4*W**qWCYW
0a OOOeOOOOeOoeOOOoocoooeeooeooeeeocoeocr -- coon-eec coeceoco
14- 00C0Ze0en-ct.'0C0oc~5tCO0eCecoocc.n-cecnt . .P~CcCcC (CC 50000
42 O0OC0C00OtOOO00O0CLCi000Cjn~C~0CCCCCn-CCiCC0t, CCLCC' i.,.CtCOCCO
0.0 0000'sOO000COOUS'.'..'Q050000n-o0005LCZ (0Z~JC,0(Z~CO 0LtS..~ .,(00000



56

O52

V. .

000

'(00

020

-- 0

a2 aV -I

Off~~~~w WWW WWO mo0m 0,m e v,!a !

QtA-.



57

o. u2..4

@0

oD

200

4 z o s

XU. 0 4 2 D 00 1 2 iii

0 cc 40 Z 2 .05~
4I g-* 0 C - C- Li. cc 0

"i I7 zt OZ 02 21 l- 0 a
w u -4, - - -- 2 0.- ow r 0

00 0 00 000a0 0000 DOD *an DOO4 O Do*** ODD Do 00 0 4>0

4. MA m0 400 Z X-i

0zC O ct c - 0 c > oc 6 -3, . . .. . C s

4 0 3- 0 L.-*21 0 "0



58

. . D z z

1- 7 1 D

Z, *. - 4 2 -

- . n I a I.23 t

u a~=1 . .~- ~. a

4 . A ..... .4 .4 . .0 .-.. :

Za a0 Dot 0 h

0~~~~ Ct 0 3 ..
0A odft a53 47. '4.4 z

s7 M 0 . 0 N~ 00 1 C m3 L. ft

0~tA.? -. 0? '' C 3 3 Z- ft3 ft

z Z . A . 0 t O C I - 3 4

- a a :a . C~a - --u------- n-C77



59

o t

c

-e
00
so

Io

Cz

40
14z

"*.IJ2" .. .~. .72" . .......... 22 "22A .. ~I. . ..22 2

,tnt ,,t.. 7t> t..~t.. ,> -ts• ,- 7.I1 IIttn 1A. I >. ~z

7 7277z 7 zz Z 2 .7 _;_; _I.Z 2.2..Z Z.

- - zzz-zzz ---- - - -z z 7zz zz zz -z zz r z z

Z . 2 z °. 77.

. . . .... . .° . .4 . ....

-00 x2 0

W 0 It Z 020- Is *o 00 oIa o-z.4 l0Ao-t ........ ... .. ...... ...S 1404.A4407 .- t ). 1I-. tn t tt Z - -grz l~

X0

147

G



60

-o

Jo

z 700 -O z .

-c" zM4 ----a--:Z

2 2 2 2 2 .22 2227 2 -

. P. . . . ... .. . .. . . . . . . . . .2. . . .. . . . .. .2 . . .. .2 u

---
--- 7-- -: -

o -'-- oooAoo AJoo oooooooooooo oo'A'A~ ooo o...o.oo

Za :e .0 0 .- ' . -



61

. . .. . ....

a

00

3t 3 3 . . -- AV...A.. -

-- . m~ow

7-01

-. ~O 0 0

nn~
as 00

a - - - - - - - -f-V-t - -t - IC-tt-O-D--- -~ ,.t- a- - - CC- -lC' 00 0



62

C!

x00

Cg 3. nf

Z4 2. .z ..
vu 3 1f* u- o0 - g

0 = -- C-

0 ftJ OV mo -n v nc Cttft ft
1 2 Oft & - C

C 2 ft 2. 7 0 -
S - OO..-, .0 ..

0. c ocov.... c-
- 0-. 'C.oc cooooo .* 0 2 2 . U 0 f



63

z o
00
o

090

09

aa

0 z

u

o .

2 •
*z

u au

2"- -- " o ,

- . -- ... .. . . . . . . . . . . . ...
-- ; : 9 -_.. . .. -

0.00 Z Uw - 0.m.

00 no I

a"-0000000 -----------------------------------

0 
0 0

o . . 9 C 0 N 'r .t C S S w 2s.J 2 A S.iC-.
Co



64

-ol

Oftwf~ M O
acc

20

0 0
aZ

*.'0a~

a .- 14 0 0
ftl A w

0 .0 31 U, U

00 -- - - " " - 0 0 9 0 0 ----- f

cc 00 00 1 "0 00 1
Q'a ft.. 00 ,O 0 00

C 0 c 0 0
2- V 0 ..



65

ao;o
.! 20 Oz

0 - Z 2,n

*~tc ai -S

20 0at 4

In - 3 2. U 2.

cc 0 061 00 at 0 0 0 0, .40 0 a o

0, 40 -v. 0 "0. U-00 0 " ft . . .0 0
Ocu 00 QC Ccc 0090004

0 O4to % U o

c. . .- o a CCz 4 0



66

SOS

coO

z 0

40 42 0

x 0

4z 7- 1 m" --

co 0 0 00

4 17

ou OZ. an87

0 C. C.--

- a w2 a

.000a0000003

Do 0.0,0 3 ; 000

-i000 0 3 0 - 0 00 -OC C 00 0



67

110
u, 7

00

a.a

01

2 0

02 V 0-Z t

0 01
2z

415

00

w wo ow -o

C t ff- D -- - - "g tf--t ft

000 15 ..o

4 4 15 4 - I



r 68

00

C!%

4.42 t

40 0

0 -z

4'.

z 9. 0c z.

2 0 -z - -
m 4

o 0o wo zoc0o

oo o o.-oo * -- - -- -D - ------

4o~ .4o o o4 0..- Q 4
coo0. . . .. 

- " -

wl i ............4 imn



69

o Ia

400

070

00 -

x z
Mi r

00 a

S 
0-

a E

cc . 7o

- .O. 77



70

.. C

* 2

.4'Z

400

x

* .2
4m 44a

o CC,00

-& 4-- U



71

-

00 m 2 u0:;

0 02 I 0
o.

a 0

2 2

o - a = z I

-- -a a: :.. . -- .

a ... . oo

* oU. o o Aoooo
oo 2 S o ~ o

-~ ~ . - o0 0000 0000 000 00 - ---
a .- 0 a -



72

o -

u Z

a.

a z

0 0 D

2U-c

zc ow0z

S0S

0

oo - -0

z

wa Z....a

8. Z: - ..n

D a m7
x 0 n

i C.

U 00
2a a

21
z z

c 0

a,4 ca m0a ea c 0 L,

-- - - - 0 -- --

St --- DODO*oo - . 0....

40 - -- -,,

- -- 00 0 2 .-



73

z.

00

ID -21 N

-o

x 00

Z 2 2

o a, - -

a cc coo co aaaoa.- " n.vvaon&ii

-- ? ~I- ------ zo--v

o oacAo 00 'Jw..atA **

o o z o- *oo oo o cccz Co



74

00

CO

-o

o

zz
Liz a

2 0

go -a 0

o w

xi 4z l

- - -

- -

4o.

c 000

Li

2 a

- oooo

- i2

S



75

o @0
-. t

40

too

0 t

5 o

C- -o.o..f

o~~~ to ft toOt

to C . zo z - 0 -

z ,a -. .. 2 " . -2

Z- 0. LN Z- 0 - 0 ft 1
- 4 >- a - !-:z ft f &a

*~ ~~~~ ft 4J z 7-- 0 4 - a 5 f

ww.
3 -- to-- t!

O 4 .. . . .... - -4 t to> 4 -- ........ oo

Lo

-> f - -. - -f - - - -- UI - - t --4. -
iC tA .4' t oft C M M Z o a - 1Q C s.4 t .Q



76

CaCz

c 0

we Z

xa x

u 00 -w. ttt. t

a 0 t fcc -zo oce..-- 000

Z C. ocooeo.a..0502. o a z

"0--.0000 ......* 0000-0 ...-.. ........ ... Vt 0

t 0 C,~W~t
Ni) r .. C a 2s 2 .-. IC-42 f a -



77

-0z

00032

o :Do x*

ID 00Z O 0a

-l a

l 2 o '- :7

ro .0 - 50-

u>- ->.

a0 10, 1U c1; 0Z v
LA X.. X XJ 9 A- t .% , Z . ,a XXXAf

- -- - - -- - -- - - ----- ----

0 - . ...... 0 0 0 0 0 0 * ....

00 C O. 's 0. @ a0AA-L.... 4 LA S 3



78

0ll

ow

0

oo

a A•o ab

u2

48

m AM

oz 0. 0.. . 0



79

00'

ow

@0

00

0 0

-- - -- - -- - --- - - ----

4~f 0 4 00 -

- 00 o a 0 0 a0



80

40
w x

L a

a

0 0
- - - - - - - -

- - - - - - -
&4m0



81

.7n

11a C,

a, cc

a0

0-a

a-az

-j 2. a -

-~~ w

2 

-w

4.- - ~5 a1-

o Oao t330 o.

c an c c o o



82

u;z

at

02

.;! . z~ -. ; .

0.

- - -- -. .. -"-, I .. .. ..

u I

-I- -

o0 * -

,. a a



83

Ia z

-o

@!0

I -z 72 3 4 0 - -

0. EO 0 - o

a 0;
0! - Oa

W4 0 u

0 0 00 1

77, a 00a -
o - -

Wa I 0 Q-.. . .. R

o z - - -M -

o~ O 
a A

0.0 0 a 0.s w

a-a 2 a -,0

-t -----------

000 
06000

aCo cc 0Q*R4



84

00

0 C

.0

C, 
0

24x v

0 a~ 02.:
00

. . : 0 71W0 .

-I o a a ZeC

Is -0: C C! CA a

o~-t Ins - C

2 C 0 0/00 IA -o U 1n

-C - - -k-...% o ttff" v - - - - - -If C0 0

a z . C 00 * .a UC 00
* CC - z aC-0000

0 C C



851

04%

Z ID

00

40 0

02 0

.1 0

a.0 0 17

1.- 0; 00z

0410 Q 0 j]X v

4% z io. -

. 0- We4C a.

- - - - - - --- - - - - -

-a afto 2-oc o o o o oo o o o o o -- - - - --- 00 -----

- 00 2 t 4



86

00

1 0:

0 .- f .- In "In' -X WS .. -1 ft .
IA~ ~~~ A t ' ~ 0

* . 0 G In 3B

To- A-.- lu -M - 2 * z
-. ~ ~ 22 ZZX 221 -

CO~ ~~~~ 00 .0- .LI- -
I. - *.A * *.. I---..t2 f ft I - I f

-- ~ ~~~~~~~~~~ 2*. . .. . .. , - , - ~
z4 0 ---- ~ ----------- - A R

9 . f ~ s ~ t . . I ~ 0

-s 0------------2..II2.a
'A A- f ,ftfb

*40 0 co0
0-.2-.2

-9 t .2.~f2.i - *

c a..C..aS



871

7

!,2 o

mo 3

'a 0
wf r. - ; ft - ft w - C. w

ft 0 - . 0 1 0=

7, o 2 - -- -o 0 0

o -~ -~ U -' -

ai U ft U L a11

o0 a..0

IL a :! - f

- -- - - - - - - - - - -

u >. 4~



7 AD-AlO 490 AIR FORCE INST OF TECH WRIGHT-PATTERSON AF OH F/ 9/2
A TOOL FOR DETECTING PLAGIARISM IN PASCAL PROGRAMS. (U)
DEC 80 S L GRIER

UNCLASSIFIED AFIT-C-aO-74T

EEEEEEEEEEEEEEI
.iIilll4



88

my

0 0

0

aa

4

a0 T-

Uo U
- - -u

o .- 0

Li U ai

*& a4.
-a 0 Aa - 0

z 40 3" z .
* 1 0 0 .0

, 4 -, 3 ai - Si o ,,

S.0 Z. =1 o ..a

-: _ - -. ..0 4.° .2

Sa r . a w- a U . U

0 Oa 0 a~ C, 0

v. 1 2 . 0. z 0

S0 aoo 2 0 Oa e 8 a _ .0l
t - 0 0

ooooooo

o ' " . . . I . a U. .go "M , -I2 .. o ... . .... .. ...

- Ulfoi - ---- - - - - ---

*~~ ~ 0, 20 N . .0 .U 4 m 0 2 . - I
0. - 1 i- ........ 3 U 4 0, 2 0000

4 ~ .a i S . o ooo ov 4' 0 4 * 42 a



89

0.0 a

ma

zo- 2- ,-

40 0

aa -'0

-1~ 0 ZI

,a5 4"
-; Zox Iz0' 0

*z 2to WZ S C

* C a- ra&umo

-.4 &~s *. LI-
- -- 70 - a Ca(2 7 Z 2lA- SC

- -- 4 0

Co -000 2 5
tMJ.0 00 2......- s

coo -o c oco~ N s



90

10

as..

-a-

z I

*01

a. 0

V. 0

U? I

as 1 42 0 Itl
-v -Ca.1

200

24 W

1; Za

-o ----

420

04 Z00



91

oft'

@0

00

'0

000

azt

X

Co CS xt a

0- CV Zs > - 2

Si 0 .nna .

2. a..&..~.

.- i-f. a C, 0 Si;

Si030u0 2t ft-Si ftf C I

----- 0 -0 0 - -- 0 -

OL-v I 1 ft 0 3 100" "ot"

zznF ~ a o . - a - a - a

Zz0 , 00c loo o . - 0 00 m.-' 2 IW C Of0



92

0 0
e-i

zo L3

wa I1 a 31% a~u

L*!: 2 -2 o z
2 :s .: G . .. Z

2..223-' - as
4C' 4 0 w 2 0 02 00--

z 0. z 42 * u a*

2 o- 0a- - - .-a - - - .

=~~ Vt .133 .. ... .. . .

t 0a4 43 S .4 Z 2 0 .3. 0 *. 20 $3 C *Z
z- ' 14 t 23...m a. S -. 2 - C



93

-00

0

ma .

Z I

oo

no0

0 2 zShi~7 - -a0

*~~~~A I aA L 0IO

A 00. L A 1i OW2

Si ft~i iZ LA -6 fii

2 0003.15 ft" 0fa "....f

- -- a a - 0 0



94

sA

0 ft

-20

vS - 214 - .C

.54z .5..

400 000-.IO

U! ~5. Liz . .:

- 5000 0 a

a Z; on! 05 .29

0 u 00z

1. St 00 " o0 m 0 0 0

W - tf Nt -tvsa

go* "M .s T. IT.- Vt S- 10 V



95

41

-00

-Z ftt -~

so Cc

2. a 44

I 4 uU2.

xo 1

*W I'

40 O V t D

02 0 ,V 5lI E 1t 1 m g I -0 I

woo I* vt. v v q m' oC00 a MM . ! V '

as LU 41.00-.~ . .10



96

4C)

ax u a

a

a Na

-I w 0- Ow

o 0 4 16 . t 0 1ta

74-0 M- IA u

20 0

z t- N !;wa* ., 7

- -*g~t A C win03 - -- -



97

0q0

LAz -

A~Z

. 4

Vz -. 0

UZI uz 4.oa O

o- -- Mo U

-o 2 a
U Z z

-A *O m

-04

0

L.A ooA co
ILL ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 Qh- .. AA.. J.* *. . A. . LA..



98

o v

00 0 -

C 0

0a 2 n* a

W.1 Zi D 0.1

ft 4. AOIft*ftt**.I1

404 a CID- - a 0 
.14olow Tf T!1*0 t Ovo;;4

00 Oft0000000-4 -----



99

z 47

00 0 0z1
a z

I D 2

00 a
44 a a

z a

MN N .- N.-

- - - - - - - - T - ' T2 2 2 - - -C



100

00

-00

44

-t vtz o !0 1

0 0 0

z 04. 0

'a i

0f 7 . . . . fo0 .0 .

0 7 .
ow v0



101

* V. 4 &
C. S

Vi~, C -
r ft

0,-i -. i 0

-- '0 -

0*%
- C -

L% C ftC
- C - -

-' 20 -a. U
- a 0 U!; y

La - C
S a..o - St.-,

2 1 02 2
a - S 200~0-

-. 5 -2,.jO2-o a a-. .aftuau
C- 41 La 4
C. La ,atA .. -On a.~ ,0o - 0 .~ -

- - -J C *fl -' 0 a -.
CCC - .J 5 4'

40 . Va -r La - 4 b.~ . - S
LOW 7 La*iI~ La a .sru.... U a
tOO ft Za * *.J 0 *OO..L..&fl a -

Oft C 4 *--.Oau La.. a
as .- C .... Ja tO - *540 IC N

a -~ La 4 ih .'u4flft 4
I Lou 2 >" tfl -L 0 coaL Os a
O .5 -2-.. - 1 2 > 4
a - -to - -2~..4 0 2 0 - 0 0 0 - - - - -
a ~ - 20-U'.

WWC C
- CI - ZftLAL.U 2
ft tO - 0
0 - a .. - a 2 p
O -o a a 2 0 - a - a
- C L" I

o .tO 7" 2 Os 23 o -a ti tin tnt 00 Q.~Lfl2 2 1a a p .- sa -'a. -- Zsa a
a tA -24 010 * -2121 0
0 0 .4 ~--u.4a 4-r .4.-..tfl.LOot- 2 0 esCO

2-4 2 CCS LObs, 4 t.uLuO - 2 Oft-'
4 L C a 2 -a 0004 -0? -'22 0 tA 45

t.LLC. -- ra .4-Ow 0 '4
- t 0C~ t00410 0..UOVi 0 4 ?t ->

4u 2-tu. 2 .0 ... ~, *a-. OaO-J -LOLL - -a-:
ft Lu -t
a 2 a ft

a 2=

ft fl0~0Lj- CO - CL* .- waOOD-2.a 7 1 ZsaI a CC
4 a z ftuuuahaa3 3 aft-.- CuLL
O 2 I'
0 0 a
a 0 0
- 22 Er:--':: --
- .~ ... ~4 2 ftS -.. 2Ut) 0 a

* -:000 - S
C. -L--.U-LOOS C
O 5 SCtLLLC C
0 ~J77
- ~ZLa
- -04a'
a LaUC
* a*U*U

'a

2- -
fl -

a 7-U a

20
'Jr

-~0
0a
-U

C
-u

N

-C
- a

C

a
SLL flqinmftftCNViWftCCfnflC4'WhftViCf-MW0WV.W@OnMq4'4'f-ESC-r.n.0,f-ft0,
a ftf-r.Nlnf-rrLLflM-~r' flf-LnWCC OWCV 000000i, OViLC It LO LO DC 0 LVWICC -or-I-V-f- i-n
.4a swwCwwCwa2cLbLoccaDCaLnwcwCwcwLbCL~wLcCItItQce2LbCcw.-C2wCccDCwwa.
-0 flflflflflflntifltoflfnftnftftnnftftflnnnnnnflflflh'Lnr.nfwnfte.nmftflftnnnnnnan
a

aaeef--t-mmema,.feaaIoc~..-ooopmmpsoooo.--~nnnnnnn~oss,~mmuuamu

5 CO co-n.io..-nur-oowsieoe.r,.04ww.-.. -nCqUir-CC~rInqqg.oqq.a4'qq~--i3
Ca USOSi- f-CC---NNNnNNMftYtniIttrCmwI-i-,-Nt-.-t------WCCtIIWIP
U *WYWWWflqC C intO001000tIiLLittnItIC 4,2,J. OtOfltC'indiL.VUflfltOCCLftWCWCtCLCWO
42 CCOOCCOOOOOCCOOOOOOOuCtCuCOCuC.t4 CCCCOCCCOOOOCiC.OOCCoOCCC.C@
to COCCVCOOOCOOCJOCOOC,0Li'OLo000-.ZLOO:aOLcCOCOOOOOVOaVCCCO-JCC

S
6



102

00

:-

z C

.4M 0

00
2. 2

a Z M a

22

0 2

WW W 50 'as:c- . .- . ..

ftx ft va-



103

o.

00

0

I C%

all

4o m

-a al 2-1,L

OS 0 z -
So 'a a.0 Ub 0

-~ c -- - - -. a

oogo oovo o o * oc "o ci



104

01(

C

0

40

0

3-wp

D m

o4 
ao -

"- -f o -- --

-. . 7 ooQ .



APPENDIX I

ACCUSE USER MANUAL

U

U
a

2
0

U
U
U
4

V



106

u 0 aL

o~ Z z 0 Z Q

-~~~ ~ ax-- - S. ? 04

10 09- L

a - S 4 S 0 . S 0 z n I aL

ac 0 1

a a z0 ~ - I -L

w . sI :A LI 0 w
*~~; -O- -Oww.- * as

-o - - a 5 f - - a a

454 4- 7 2 - L a a - a a 0a



107

0 I-

2 2 .

a - n

0 2 z

o 
z

0 z

-4 -2 00 -
2 4 U- - ZA

-0 a Z a ha

u 0

4 U a g

m ~ 4 - 3 3 02 - - a 2 - 20
ha -0 4

2 2 a a U ~ ."T

U 4 h V



108

a V
-~ 0. S 4

a 0. z

a~~~ Ix .4 0 2 -, B C .4B

.4 ~~~ 6_x0 0

o - -~ 2 2 0 2 aw-.4 .

-~~~~~ 0ac . - .

.4 - .2 A 0

B. z i . - 0 0 .

-~~~ a 0 B 0 4-- -

-Z 0u 0 x

o~ .4 .



109

z 0

0 o

U a 0

a LI la -

-~ ~~~~~ 4o 5 - n

- 4 4 a 2 a 4 -
* 0n a a a S -

-~ I.L - 0 1 L

ISa 0 0 ;

21 0 2' 2 5- 4 2 a II



110

Li 2

a~~ ~ a z

MI~ CS 0%6 u

z it an 4 "oa

Li I %c o a a . - z
4 ~ ~ o -o 2 n a a

D . -- . --

I o o ao a 0

to w. o- .2 2 -- T woaa

a ~ " lo oz z o o 4 2

o ci z a i Y2i

o 0 i i i
ci in 2 Z0 C 0 a

2 4 in 2 a 0% in A Li 0 c V



APPENDIX J

APPENDIX TO USER MANUAL

0

u~ a

4 0 Z a 0 0 a

a~~ 2 a a -0

az a 3 4aU

a o :0 0 : - - 037-

o~ - aa

a~~~~a 02 0 0 i4 4 a S

ooa - a aoo - z aa 4 a a a L
-~~~ ~~ cs . - 0 0 .



112

LA 0

m, x a 4

-1 0 4 z

oo 7

ax 0 5-

-~~~~ 0 M U a

D 02

a 77 a

70 0 g

o -Lu w
a 4 7 2- 0 0



113

Si 5- Si Si

o a Si -*

Si Li S 3
Si 3 0 -2 0 0 I- hi C a S a SiC Si 0 Si C - 0 Si a a

- 0 Si - a a Si ai a a - a o 0 a -i~ 0 2 2 1 Si 2 Si 0a o 2 ci *0 - ci to a o a
- 2 Si a ~ 0 4

-, 2 - 0 Si 3 5o - 0 ci U' a - a ci a2 - VI 2 U 4 3 2 0- a -i aO - 0 2 C hi Si
2 ci Si - C a

- o a : ci a a oo ci a 3 Si o Si - az a a ci ci - r a Si a 2 a -- 2 2 0 - Si a a a a hi
Si 3 2 3 Li 2 22 

40 
0 

*&i 
Si 

~ 
-

-
Si 

6i

Si Si Si 2 - - a - -
a a Si - a* a a a aa - Si Si hi a 0 hi 2 Si SiI C' Li C Si 40 Z C Si a 0 0 2 ciSi a ci a a Si 0 - 0 Si
-i a a a - Si 3Si Si a a 0 Si U' 0

Li I' 4 3 - Lici 2* Si 0 - a Si ci a t.Si C' ci 2 5 C Si a ! a a u a a ... 2OSiSi 0 ~~~cia40 0 3-Si 01,332 ' L~ - 5'
C 2 0 - Si 0 a 0 0 Si 2 0 '- a aSi - C - *0 Si Si Si Li Si Si Si Si 4 Ci 0O ci a,-.-3SiSi - a z si 2 2 3 to a-' I . -i 2 - ci a ci ci Si Si Si I 3 Si Si ci a40 ~ a 2 - Si C I Si ci a a Si2 Li S a 0 0 ci Si 3 - - U' Si ci ~ 3 3 Si -
o--------------------L 6. Si 0 Li Si mA Si Si ) 0 a au Si a Si S C Li 0 a so Si 0 - a ua - - 2 a I, a - ci 0 a - a ~U' L~ 0 0 2 Si 5 0 Si Si a a .. 2 ci C'- 4 - Si -0 00 .. 2 0 U' a 2 UC a a Si Si a U' Si 2 3 Si a VI Si Si 2 2- a a Si U' Si a a a a* ..i 0 a Si 2 a si 0 0 C' a- S Si 2 4 0 Si a Si ci 2 Li - Si - -2 Li Si U C Si 0 0 Si a a ci Si Si 0 Si a51 0 Si. - 2 Si Si Si U Si Si 'a C - 3 2 a a aO1SiZ.~Si 

Si
Si - - Li 4 Si 0 a Si Si U' Si Si 3 0 Li a a 2a a a S - 0 a a Si a a -- C Si Si a SiC - a - - 73 ~ 003*0 0 2 a a a 3 a a 3 Si 0 a Si a Li Li Sia a. 0 a U C ma 0 a C Si a Si 3Si Si 0 Si 3 Li 3 SI U' 0 a 0 3 Si Si 07 2 a. - a - S 3 a a 0 0 2 a a aa 0 % Li I a a A Si - Si Si 2 Si C Si Si a 4 Si aSi Li Si Z 2 a. Si 2 Si C 54 Z Si Si 3 C 3'a Si ci a a - cia. Si 0 3 0 2 2 0 a Si2 Si 2 - Si Si Si a a a 3 3 Si . - =o 0 Si Si a a a a a - - - a C t' a a 0 Si Li 0Li a ci a ci a a 0 - 0 Si a Si 0 a ~ a a SiSi a a a Si 0 6* 2 3 0 a C Si Si Si 2 SiSi Si ci~ A Si a. Si 2ZA~SiSi00 4 3 Si2 Li 0 6* - Si *Si4ci..i33Si-a SiSi2.5D2

1

ama Si UZSi - a * - - tiSi Li Li ci Si .5 0 0 ci4 0 0 ci 0 C 0 Si ci *'1
a I Si 2 0 a a Si 54 . ~ ciSiUS SilaS SiC 54 aaa.atX S.

I



114

a a- 3
u - 0 s2

z 0 i
a ~~ 4 - L

43 2 n I

a 0a t s
D0 0 x

tt 4

IA I

ft -t a a Z

a 0 a

2

x a - 0
o x -

C 0 U 0S-
hi M D :0 i~ :4.

2- ,
m 10 X 1



I


