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EXAMPLES OF COMPUTER AIDS TO ALGORITHM VERIFICATION

W. D. Maurer

The following descriptions of programs and sample input and
output were produced by students in the fall quarter of 1971 as
class term pr03ect°. Each is an aid to the verification of programs
which are written in a specific languages. The languages and the
students who wrote the computer aids (all of which have themselves
been written in SNOBOL 4) are as follows:

COMPASS (assembly language, CDC 6400) -- Michael Megas

SNOBOL 4 -- Joon Chang

PL/I -- Edward Gould

Extended SYMBOL (assembly language, XDS Sigma 2) --
Mark Burnside

ALGOL -- Richard Harris ‘ T

ALGOL -- Pavel Stoffel

ALGOL -- Hideki Nakano

DAP-16 (assembly language, Honeywell 416) --
Jean-Yves Le Goic

PDP-8 Assembly Language -- Alan Campbell

The minimum amount of work accepted for credit was a program
which listed out the control paths, relative to an arbitrary set of
control points, of a program written in a well-defined subset of the
given language. Specifically, suppose that the input program has
assertions given before certain of its statements (the control points).
Then a control path is any way that the program can get from one con-
trol point to another. Each of these is listed as follows. First, the
assertion attached to the initial control point is printed out. Any
a551gnments occurring in the control path are listed as they are. If
a conditional transfer appears in the control path, then some condi-
tion (either the given condition or its negation) must be satisfied
if this particular control path is to be taken, and this condition
(and not the entire conditional statement) is printed out at the point
in the path where the conditional transfer occurred. Finally, the as-
sertion attached to the final control point is printed. All this is
done for all control paths. This is the tedious part of the job of
proving a program (partially) correct; the person who is proving the
correctness of a program is expected to go through the control paths
as listed and prove, for each one, that if it is started with its
initial assertion valid, and if it is actually taken, then when it
finishes the final assertion glven will be valld

~8till another program verlfler, not described here, has been
written by Pauline Wong, for the handling of FORTRAN.input programs.

It was written in SNOBOL 4 and later recoded in FORTRAN by a group
of six students under Pauline Wong's direction.
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PRESENT FUNZTIONS OF THE COMPASS VERIFIZATION PROGRAM

Mihae| C- Meﬂas

Lists the input program

Determines the Control Paths of that program

Lists those control paths, with the following information
and notations: ~

1.
2.

3.

The specified preconditions
The proaram statements
The register assignment(é) made by each statement

REG B33 SET TO :1

A .
25
© means rezister 8% set to the Integer value 5

REG A6 SET TO :44J:
refers to the address of variable J

REG X1 SET TO :VOSL:
, refers to initial value of variable L
REG A2 SET TO :S3ARY(VOSRL):
refers to address of the subscripted
variable ARY(L) (initial value of L)

REG X2 set

=3
o

:VO3ARY(VO3L):
refers to initial value of ARY(L)

Notes assignments of new values to variables

FYEW VALUE IN VALS :V13ARY(I%5) .EQ. I1313:
means ARY(5) has been assigned the integer 13 as its
new value (V1) :

Post Sonditiong (which it does not yet verify)

The final value string showing all of the values each
varlable has had thruout the control path, including
those which were assigned by the preconditions.

Error messages whenever combinations are attempted
which are not meaningful to ths prozram, e.g., add ing
the address of one variable to the address of another
variable.
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Status Report of Program Verifier for SNOBOL source program

The abilities of the verifier at the present and proce-
¢ dures for input deck preparation are as follows;

15. Verifier first checks the syntax of input program, and
provides error-message if any error is detected.
2), Verifier enumerates control paths of the input program,
For each control path, verifie; tries to verify the
. final assertions with respect to the initial assertions
and staterpnts in the control path itself, Only simple
algebraically expressed assignment statements and condi-
tional statcments in the final assertions are verified
at the present,
If a closed loop is found inside a control path, Verifier
prints out the error-message together with thé loop.

3). For ecach SNOBOL statement which has eithsr successful or
failure brahch condition, Verifier explicitely prints
out which condition the current control path assumes,

If additional information about the possible wvalues of
indirectly referenced variable is given, branching with
indirect referencing is also possible,

L4). Preparation of input deck.

8). commentse—--—- -start with # in the first column,
, b). assertions --- start with %/ in the first two columms.
— ¢)., Formula(s) defining an assertion inductively ---
: start with #% in the first two columns.

d), To supply informations about possible values of a

indirectly referenced variable -- start with #$ .



e). Thé syntax of assertion statements are the same as spe-
cified by the SNOBOL language, using a comma as the
' delimiter between assertions.
Assertions about logical conditions should be punched

following the syntax of FORTRAN,
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dward M. Gould
9 December, 1971

USING THE PL/I PROGRAM VERIFICATION AID

The PL/I program verification aid is a SNOBOL. 4 program designed
to aid in the verification of correctness of a program written in PL/L
It is very simple to use, but a few constraints must be placed on the
program to be verified. These constraints are such that existing programs
will most likely not be in acceptable format. Even so, if they are kept in
mind while writing a PL/I program, there is only a very limited number of
features that cannot be either used directly or written in another form,
using only allowable statements.

The constraints that must be imposed are as follows:

1. The only comments that are allowed are those to be used
as assertions in verification.

2. Statements must be contained on one card, and must be
terminated with a semicolon.

3. DO statements, ELSE clauses, BEGIN blocks, and internal
procedures are not yet supported.

4, All declarations and similar non-executable statements must
precede the first assertion, and the first assertion must precede the first
executable statement.

5. The verification aid assumes that the program to be verified
is correct and legal PL/I. Statements that are not PL/I statements, but
are in the correct format, will be accepted, although their meaning is not
defined. Some faults, such as attempting to transfer to an undefined label,
will cause error termination of the verifier.

Actual use of the verification aid is quite simple and straightforward.
The program to be verified is submitted as data to the verification program.
The deck setup for the 6400 follows.

Job card

SNOBOL.

7-8-9

verifier source deck
7-8-9
program to be verified

6-7-8-9
Output from the verifier is also easy to use. The control paths through the
data program are scanned from the assertion indicating the first control
point until all paths have been indicated. Scanning then begins at the next
control point, and so on until all possible paths are indicated. All statements
before the first control point are skipped. A listing of the verification aid
and a sample output may be fould in the accompanying sample run.
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1=1-J3
GO TO Ls
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CIINTRTIL

PATH IS5 RUGTINS AT CONTROC POINT I
* M>0 N>O */
I=*4
J=N
/% M>) N>0 1>0 J>0 GCCUI,J)=GCD(My,N} */

CONTROL

PATH 2, BEGINS AT CONTROL POINT 2
/% M>D N>0 I>0 J>0 GCD(I,J)=GCD(M,N) */
(1=J) ‘
/% 1=GCD(M,N) */

CONTROL

PATH 3, BCGINS AT CONTRUL POINT 2
J% M>) N>0 I>0 J>0 GCD(I:J)=GCD(M,N) */
«(1=J) )
{1<d)
J=J4-1

JETIST NS0 TSSO ISD GCOT TR JVE0COTM N ¥/ ]

CONTROL PATH 4, SEGINS AT CONTROL POINT 2
J% M>0 M>0 I>0 J>0 GCO{I,J)=GCD(M,N) */
RI=J) ’
w{T<J}
I=1-J

CAONTROL

/% M>0 N>0 I>0 J>0 GCO{I1,3)=GCD{M,N) */

PATH S5, BEGINS AT CUNTRGL POTNT 3

7% I=GCOH, N} */
RFTURN(T)
gk CONTROL RETUSNS TO CALLING PROGRAM

PRUOGRAM

-

ENDED SCANNER EXECUTTON COMPLETE




This writeup describes the program for determining program
cérrectness of assembly programs written in Xerox Data Systems
(XDS), formerly Scientific Data Systems (SDS) , Extended
Symbol for operation on XDS Sigma 2 and Sigma 3 computérs.

It defines limitations on the format of the Symbol program
as imposed by the correctness program.

The general function of the program is to read in a
syntactically correct symbol program and produce complete
copies of all possible control paths (like branches of a
tree) by selectively permuting the conditional branch in-
structions. )

The symbol program statements must be placed in the
following required order: The first card must have an asterisk
in column one followed by an initial assertion concerning
- initial values. This card may be followed by any humber
of statéﬁénts having no branch or transfer instructions.
Following this is the intermediate assertion (asterisk in
column one) concerning the status of the function being
processed. The following statements contain labels and
both conditional and unconditional branch statements which
eventually determine the value of the function along with
terminatién branch. After this is the finglassertion on

the value of the function followed by card containing the

label of the termination branch.

Example
(1) * Initial assertion

(2) Statements contain no branch or transfer



(3) *+ Intermediate assertion
(4) Evaluation of function
(5) - ¢ Final assertion

(6) Termination label as specified in (4).



XDS STGMA 2 CXTENDCD SYMBOL [INPUT PRUGRAM

*° M>0, N>O

LDA M
STA 1
T LDA N
STA J
¥  I>0, J>0, GCDUI,J)=GCH(M,N)
‘ ONE LDA 1
sus J
BAM TWO
- BAZ END
LDA I
sus3 J
STA 1
B ONE
J40 LDA J
T SUB T
STA Jd
8 ONE
&  I=GCLD(M,N)

END

ABOVE PROGRAM CONDENSED WITH SEMI-COLONS

¥ M>0, N>Q

LDA Ms STA Is LDA N3 STA Ji

¥ I>0y J>0, GCDI{I,J)=GCO(M,N)

3

¥ I>0, J>0, GCO(I,J)=GCB({M,N)

.DNE LDA I3 sSuB Ji: BAN THWO; BAZ END; LDA Is SuB STA i B ONE
TWO LDA Je SUB T STA J. B ONE.
*  I=GCD{M,N)
END; )
AB0VE PROGRAM BRUKEN DOWN INTO ALL POSSIBLE CONTROL PATHS
- *# M>0, N>O
PATH 1 AC = M, I = AC. AC = N. J = AC.
e FT>0y IS0y GUIT T T=GCOTMTN)
i *  I1>0, >0, GCD(I,J)=GCD(M,N)
PATH 2 AC = T. AC = AC - J. (AC & 9)e AC = J., AC = AC I. J AC.
- * 150, J>0, GCO1,J)=GCN{M,N)
) ¥ I>0, J>0, GCOH(TI,J)=GCD(M,N)
PATH 3 AC = I. AC = AC - J. (AC 2 0). (AC = 0).
*  I=GCD{M,yN)
*  I>0, J>0, GCH{1,4)=GCDI{M,N)
PATH 4 AC = I, AC = AC - J. (AC 2 0)e (AC % 0). AC I. AC AC - J. I = AC



Richard L. Harris
EECS 198-3, Prof. Maurer
Fall, 1971

TERM PROJECT WRITE-UP
This SNOBOL program accepts as input a series of ALGOL

statements which must be syntactically correct. Statements may

have any of the foliowing forms:

(1) label part 'IF' condition 'THEN' action 3
(2) label part °‘IF' condithon ‘THEN' action
'EISE' alternative action;
(3) latel part ‘'GCTO' 1label;
() label part variable = expression ;
(5) 'COMMENT' (any string of symbols not containing
i) s

vhere
label part is a valid ALGOL iabel (may be nulil)
condition is an ALGOL boolean expression not involving
‘IR
action is either (2) or (3) where the label part is null
alternative action is the same form as action
variable is an ALGOL varible
expression is any valid ALGOL arithmetic expression not
involving ‘'IF*, |
Any symbol valid as an equivalent of an ALGOL symbol on the
AIGOL compiler at the Berkeley Computer Center (cpc 6400 only)
is acceptable to this progeam. ( example: the ALGOL symbol
may be represented as =, or 'EQ', or 'EQUAL' as is consistent
with the AIGOL available on the 6400,

Output from the program is a listing of control paths from
each assertion to the next one. (It is assumed that every 'COMMENT'
is an assertion.) If the program transfers’ to a statement not in
the input deck, either by a 'GOTO' or by "running off the end",
the last line in the control path indicates that this is what

has happened, rather than being an assertion.

RREERRIL PR S
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If the ALGOL program part transfers to a statement previously’
listed in the current control path,without passsng by an asseriion,
an error message is printed , followed by those lines of the
program which might loop back on themselves , At this moint
all attempts to trace control paths which start at the same assertion

are abandoned and normal tracing resumes with the next assertion,

If an ALGOL statement is included which does not begin
with *IF' or "COMMENT' or °‘GOTO' (or its equivalent, GO TO')
and is not a simple variable assignment, it is treated as though

it were.

Statements of the form (4) are listed in the control path
in their original form, but with all blanks removed.

Statements of the form (1) or (2) cause the listing of
the condition or its negation in parentheses. If. the action
or alternative action is taken, it is listed, without blanks,
if it is of the form (&),

Statements of the form (3) cause ho output, but serve to
direct the SNOBOL program in its tracing of control.

Statements of the form (5) are listed, with blanks,
and the ALGOL symbol *COMMENT' replaced by the word assertion.

}‘/”Le: & /’27’— ”{ ’4‘{‘6_’0(“ Sy;nLo/s a,,,\f a(cgf)?[aéQ 47011/&((4(,‘/1
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TECS 198.3 PAVET, STOFFETL
FATT, 1971

YERIFICATION PROGRAM FOR
PROGRAMS WRIT'PEN IN AT.GOL
(USERS HANUAL)

T. Introduetinan, nurpose, and function.

This program has been designed to be used and has
been tested on the CAIL CDGC 6400 computer, It is a veri-
fication progran, Tts purpose is to aid the user in
verifying that a program written by him in a subset of
ALGOL is correct, namely that it does what it is supposed
to do, This is accomplished in the following way:
This program zccepts 2s input a program written in a subset

of AIGOT,. At varinus points in the ALGOL oprogram the
user might insert COMMENT cards which contain certain
assertions, Thee assertions must be valid during the

execution of the ALGOL program when conitrol passes through
these points if the prozram under test is correct at all,
The verification program will analyze 311 possible
ways the control can flow in - the progranm under test.
(Note that by "all possible ways the control can flow"
does nnot mean 2n actual contrel flow when the progran is
executed given a set of data)., The 2nalysis consists of
constructing what it is called “contol paths", A con-
trol path is a seguence of statements that are executed
in the given order under certain conditions, A control
path always starts when a COMWENT card is encountered
and the given ASSERTION will be stated, Durint the con-
trol path if at any time one or more statements are exe-
cuted because a certain condition is met then the con-
dition is listed in brackets, This condition can be
either the true or false case of a Boolean expression
encountered in an IF statement. A control path is ended
and the program goes into searchimg for another possible
path whenever control flows into a COMMENT statement or
there is a transfer to a statement which follows immediately
a COMMENT statement, Thus, any control path will begin
and end with an ASSERTION.

A1l what the program does is to list the ALGOL
program which is under verification and as an output a
numbered list of all possible control paths, It is
left to the user to prove that given that the ASSERTION
from the beginine of any path is true, as well as the
faect that the program variables are under the restrains
stated by the Boolean expressions enclosed in parentheses,
the execution of the statements of the path under consi-
deration will have a total effect on the variables of the



program such that the ASSERTION from the end of the path
will hold true.

The prosram can detect if the input program contains

an infinite loop, In this case an error message is
printed and the program halts.

IT, How -ton use the nrogram, input format and restrictions.

The verification program has been written in SNOBOL,
and it can be c2lled either by SNOBOT,. or XSNOBOI. control
czrds.,

The inpui cards contain the ALGOI statements accor-
ding to a free format (i.e. a statement c2n be extended
on more cards if necess2ry or even two or more statements
can .be punched on the same card, Leading, trailing and
inserted blanks can be used as desired.,. Though,:no
blanks can be inserted in the name of any -abel.s. The
last statement of the ALGOL vrogram must be blank (i.e.
empty) . '

The ALGOL subset accepted by this program is res-
tricted by the following rules:

- arithmetic expressions should not contain con-
structions of the form:
<if clzuses><simple arithmetic expressiony
elgse<arithmetic expressions
(if they do analysis is done in one path, No
different paths are constructed for different
conditions of the Boolean expression(s)).

- Boonlean expresSions should not contain the construc-
tion of the form:
<if clauses><simple Booleanyelse<Boolean expressions,

no blocks and conpound statements are allowed.

no FOR statements are z2llowed.

- a statement inside an IF statement cannot have a

- a designational expression must be a label,

- no designational expression is allowed in an
expression,
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The following program looks at the PDP-8 assembly
language program of a simple version of Euclid's algorithm
for finding the greatest common divisor of two integers M
and N, and finds the control paths. Determining ﬁhese paths
is essential in the field of programing verification. In
this particular program there are only two branching stata-
ments considered, SPA- skip on positive ACC , and SKEA -~ skip
on negative Acc, liowever the remaining skip functions
can easily be implemented usindg techniques similar to those
_ used in the SPA and SNA routines. The only restriction
being that only one branch instruction is allowed per line,
This program also changes DCA n into n = ACC, Acc = 0¢ TAD n
into (XBEX¥XHEX) ACC = ACC + nj and CMA into ACC = -ACC.
The PDP-8 assemrbly program is inserted at the end of
the SNOBOL program between the 7/8/9 card and the 6/7/8/9
card,

/%/t1m~ <:>km~r9b<5! ‘



FACC = Dy Aol 0, H.0T.0. . N )
ACC = ACC + M:i I= ACCi ACC = 0 3 ACC = ACC + N3 J=-ACC; ACC = 0 3
* 1 .GTa Oy J oGT.0, GCO(I,4) = GCDIM,N}, ACC = O

L1, ACC = ACC + I; ACC = =ACC,3 ACC = ACC + J: SNA3 JMP L4;
SPAT JMP L33 J= ACC: ACC = 0 3 JMP Ll:
137 ATC = =ACC,. T=E7ACUT ACC =0 . JMP LI, :
# I = GCND{M,N)
L&,
PATH1
#ACC = 0y M.GT. Oy NGTLO
ACC = ACC + M3 I= ACC: ACC = 0 5 ACC = ACC + N3 J=
# 1 6T 0, J .6T.0, GCD{I,4) = GCD(M,N), ACC = O
PATH2 —
¥ T 6T, 0y J .6GT.0, 6COTIL%Y = GCDUMINY, ACT = 0
ACC = ACC + I3 ACC = —=ACC,s ACC = ACC + J. (ACC.NE.O).
{ACC.GT.0)s J= AGC: ACC = 0 ;
¥ 1 GTe 0y, J GT.0, 6GCN{I,4) = GCHIM,N), ACC = O
PATHY
1 J6T. 0, J 6T.C, GCDI(T,4) = GCD(M,N), ACC = O
ACC = ACC + T3 ACC = —-AC(C,3 ACC = ACC + J. (ACC.NE.O).
{(ATCLELOTS
. ACC = —ACC,: .I= ACC: ACC = O ;
# 1T J6Te Cy J GT.0y, GCDIT,44) = GCDO{M,N), ACC = O
PATHE

* 1 .6T. Uy J GT.0, GCD(T,4) = GCD(M,N), ACC = O
ACC = ACC + I3 ACC = -ACC,3 ACC = ACC + J:i (ACC=0)3
¥ T = GCD(#M,N) ‘
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EECS 198-3

USERS MANUVAL.

This ev‘ogram 'S -}'o check. ~“\-e COWec'l';AeSS. of an

Hidele! Nake NG |

\
i

ALGOL Su\s@royﬁv\-. B assertion (ov condition) Ul\od/\

Wil be used o check "H/\e program ok ik correctness
'S 'l'o be tweerted as 'COMMEUT in the progirans.
Theve ts 1o be 2 tnitizl assertion at the 84w+ ot
the gukpro%rm, > Dinal assertion 2t the end | 2nd
»lso ) 2R wter medizte 2csevtion which st be
hserted Chenever dhere ts & value 2ssigument.

The ALCOL Sub‘oro}mm 1o be vun own thisg prograu
must be runehle on 2 computer. Thet 15, ite pro§reim
wust be tn accordence with the ALCOL 6O \—e(mw‘ll-
'nxere. Bire Cortein E&é:'{.‘ov\al |t 'l’aJ(%om also. 6} The
Su\a(lm.%v*m T be MQU* must be within the block 04
“BEGIN and “END’ shtenente; Hut s, fhe stotements
VEGIN' 2wl “END! wxa-\‘vw'l' be tn the prograi

) Reolecn %V'Avlv»ew"s F\'\&-\ v\o-\— be used. (3 ‘Then’ .Mus-l' :

be followed \o»\ 2 “G0T0’ stetement. &) ‘ELSE’ s
V\O"[ eerm\'\‘“’eé tn ’H\e ‘1‘:’ &+&+€w~€v\.+; .

When 2 Su\opv‘w‘r?,u od ALGOL , vnden~ thes ¢
V‘Q.s'\rt"LJr?o&s, 1S wun ow *\“/\15 p\m%waw\ I+ we ll
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print ot 2l the Pa—H\s thet 2ve fo be teken , with
dhetw 3ssertions e,koreav%v\% at the beétvm\% and
ot the end ol each ()a‘l'\\g . All of the conditione|
'aw%u»wew‘\'& will zg?ea«- tn eareo\{'luesis . KAlso
‘ERY, 6T, GE', LT, and ‘LE’ will be printed

N "H\e 'Q'O\rvw o& =, ;)3)(_) and &= wcseeo‘%‘.‘uel% .
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Jean-Yves le Goic December 9 1971

PrOGKAN Vel IBR rOR 4.iE DAP-16 LANGUAGE

ine Program verifier is a program written in SKOBOL, wnich

accepts as input DAP-16 programs with preconditions inserted,

input data for ihe Program Verifier

The DAP-16 program to be verified may consist of:

1) Condition. cards: Taey contain a star (¥) in column 1, followed

by COiDjx ; j is an integer denoting tne level of subsection and
X 1s an optional identirier. The main section being verified is
taken_as level zero.

Li there is a controlled expression in a given section, this ex-
pression appears after COWDLjx, separated from this by a blank.
The conditions follow; tney are prececed eitaer by ,GLOBAL, it
iney are global conditions or preconditions for this section, or
by ,COND, if they are preconditions for the iirst executable sta-
tement oi this secition, or by both; they are separaved by commas.
On any such card, if ihe last non-blank cnaracter is a comma, a
continuation card is to follow, which may be any card with a star
in colwm 1 and is scanned from its first non-blank character.

2) Comment cards:Taoey contain a star in column 1, but this star may

not be followed hy COND.

3) DAP-16 statements: the prrogram verifier accepts tne following subset

of the standafd Honeywell 316/516 insiruciion repertoire:
~load and svore insiructions,
—-Arithmevic instructions,
~Logical instructious,
~Snift instructions,

~five Control instructions, wnich are:

-1~



- CAS Compare

- IS Increment, Keplace and skip
- JuP Unconditional Jump

- 0P No Operation

- SZE Skip if [AJd= ©

A memory relerence irstruction may use direct addressing, indexing,
and indirect addressing. |
Note: In the conditions as well as in the listing of the paths, a
quantity beitween brackets représents the contents of the location
whose address is the quantity itself : for example, [lab] representis
the contents of location lab ; lab may be a Symbolic address, or an
absolute address, or a hardware register. The accumulator is represented

by .A. and the index register by .X. or location O,

Qutput of the Program Veriiier

The output oi ine Program Verifier consisis of four parts:

1) Icho of the DAP-16 input program:

Errors messages are given for syniax errors which prevent further
. processing of the DAP-16 program by the Program Verifier., These
nessages rollow tae siavements whicn are incorrect and are indicated
as £44141 ERROR IH SPALEmMBNT ABOVE,
If such messages are printed, the output will consist of this

first part only.

2) lListing of the DAP-16 statements:
7 Each executable svatement is printed in this part. It is prefixed
with an identirication number wnich will later allow tne user tou

know which statenents have been itaken in a given path.

3) Listing of the condiwvions:
9%he conditions appearing in the DAP-16 program are listed in

this part.

-



4) Listing of the paths:

All ine paths iound in the DAP-16 program are listed in +this
part. They appear in the following form:
.= PATH.n
- Assertion at the beginning of the path (condition or precondition).
~ Instructions execufed.in the path; tney are prefixed by the
identification of part 2.
~ Conditions imposed Ly the program for this path; taey are
prefixed vy vhe ideniification number of part 2, followed by
an arrow. ror example; if, in part 2, tne statement IRS BETA
appears as 13 IRS BEfA
it will appear as
13- [BETA)} + 1 = O
or 13 [BELA] + 1 £ 0
according ﬁo the path which is taken.

-~ The assertion at the end of tThe path.

Diagnostics are given in this part for loops which are not
- broken by an assertion, and may thnerefore never terminate. fThey
follow the incorrect statement and have ihe following form:
$41911 ERROR 3 IN PAYH ABOVE: PATH COUTAINS A LOOP.

This indicates that such a stvatement should be preceded by an
assertion., The listing of the other paths is not affected by this
error, but an error messaye will be printed before the listing of
the paths for each occu%%nce of such an error , in the following

form: ERROR 3 1K rATH.n AT SwALEmBNT x.



8

JAPUT PEG3RA L L y3e o osaesan shg

s

-

i .

- . _— s N

F v 2O 0E) )y LA 15 ] =R,
,f @ ) o

1oLy LOA AT

P 1 MY
o s
Loy
Y.

L

-

(]

{4

V

-

=
e e

—

——

L]

I

Ji

v "@
-V

‘e
TEA 5
! STA I o
e Lo AnD 3T L1 TGO
. 5 T4 5 *
: &

b -
o FO B SO

{
r s t. v { ‘-l.'1<v} ]mLT :\]]7

Ll I SN TSR 1D~
i ® ToA *
i - 5TA Ju ;
f LEX =3
& % e &a 1y 00 200 UL by 0D aR ) LaX L D=L JA T e BT g2 14tis
l/ : ' ']r \-l,(i. l '([J ]*‘l“,,
2

JIMP TO LARS

l-(:‘:.a Q‘*’i QXD]

& B
R R
:: :

S

Lol I SN ELES - I JU.,-’ T3 LADL

G ALt 2T (]

@
,
C

R IS FTINLE I S A LS SR RS E A W S Y
; ¥t (A K PR BN B {

!
0 = ASC (2,1 W2, 1)y i el WX 1= 08I0 £ T, 0L X, 130
i Lind? LTAx 15 CEPOWT (UTA]) AT EHllX, ]
o STA%  A0D5 " '
@ I5s ) :
oo TR
FAENRS [

3
—
0N
pe]
i
-

[
A]
-~
]
_:\

i 1 Latz tZas 10
1 8 : STAT A0
L s 0
o ST
0! R S
¢ ; g 4w LA o [ A 1A, Junte T LAB]
o I T LT Y P RN RS I I S L VLR EHE R S LR R
& % Ld =3, 0du)< .
>—:§ b ‘Jtvi‘,{':('!, i Lo >V

¢
i

& ®» ®




§
. 3
¥
1
¥
H
! .
i
. H
i
. }
-
—
L.
s
— h
[
>
o
-
-—— 4
—
-
=< 3
- . 3 2 5
) Y g uL/ . 40 IR (¥ <N ~F
_ i - < SR - - X P o
- : o -, H - . e - g .
- ] .- - RESI R IR oo Ll el - (SO R et
L T ) < K N . L - . X - . H
a.\ i o !w. ..1\L [ERE S BTSN Toen Y b e b T e T e b e ey TS e I e e,
H - - -’ . -
’ 4 R oy o oo
- ~ . " - " . ” v
: .. o PO A Ve B S DR Y R Vs B I L7 A I N N P LIRS SN, Lo lin o
. NI TN Kl et L e o b A e e € flame 2 R . DO E
3 ) - . N P ~ S far' i ] [ O A S A FO S A R —y - R T -
LA R S A LI Wal J e Ty YRS e et e ™ 1 e - - - e ) . o
] . - -l - - PR A e by T Y ) P bt ey Y 15 b han 3 e
" . 3t I i i~ D — i
! s . :
; . . I O N gy
K ad -~
-~ . - A s =
m. = . Bxd .. e - oy
-~ - —d Ll ] 3 i
i o J
i < o IR AT BN CA NN, ST R g B S o S 100 v T e T ~ A em . .
i - N AT I D N 0 O s et gl g SO ST TR N D § e N B S DN D 0T
i N SRR B I EatS it B Al S A8 R T o U IS S R o N A O N T Fa N T S SR a N 2§ R0 0Y GV 0 0O NV T
'
!
: . . ; O S SR
@ o o ¢ e e o )
: , @ @ @ @ . ¢ @
[ o X e LR - “ g
g . Lt e Co R et e s -
4 A g o i AR Bt oy ke PR T o




T MNP DI TGP S S E S S v e eate

: Piiliphzg Cohpllfins adhensayndson

e Seadhak il bt e e e el B Coate ot s e e e e e e e e m amma it A TMTL e AL e ke ave AP IA ACE Al mt plerarters ot

f“, : Cl‘l : i i o
r LAY, GLIENL [Afﬁ}]:&,[ﬂﬁf;)=\ﬂ,[ﬁ5571*“,[*H54]=1§yL£DﬂD}=P,
‘ * RS0 0Ee TN T POy M) NEDD RN

13

(401458 ) 0. i=lda den sl JET4+NE

] .
NI T LT ER SRS S
gr(vf[o)\tz)![(\*’l9)‘.]"’1]5{[1"]]]
X, d=110 0111, 0.X.1>0)

co HCUHDLZ GO PESE (a5 )+47) 30 X e 120 Ja b e At dB 1485,

- RN Lt J21T T 1091 . Xa 120

‘ {‘ i » E/’ :
i | I O Y Piéh(iJ:}4?!.(J?}*«:),[,K.l=[J¢1+wa+LJBl+Mjs

5 ; * /;\F{-(::‘l,'i.-;'::n,!),[f':'!{s(l}"'l 1’21{:{‘]if{ l\<|}>g

AN T N SR T R P = S N O P N ER

T * ACE (g1 W 1 dy #RE0T 0 Ey iR

o

c
-
e

N

-l

- et s e




PRINTING DF THE

S PATHLL ¢
| . : .
’ HCON) GLL =l (b T=r, 0 p0Dn )she a0 1=, (/A 0D41="12,{A005]=R,
: 3 ARl il el TGl nt Ty P a0t 7o0
: 1 LOA ALY
: 2 “Th HE
3 L2 Al
4 TC
! 5 ST A
6 Lis RV
7 STA HE]
, 8 LDE LLL4
i 9 T 8
; 10 R Je
i1 1.OX = {
MOUMEs Lyl o %s JHCF NG ﬁ?v”‘[Jh]+%f,[JF}f\“)f(.x,}=[JN]+NA+[J“J+\t,
. ok i, ﬁ,(C-(JE](ﬁ,IL~3—:+lJn]+ﬁi,{1\1=i+iJQ1+mvy
(%, 1=0 C tasi(z, X 1)y elona1=10s00i2] ],
3 P30 X J=7 101831 ],0.%X.150)
‘ PaTH 2 3
i HCLMDEh Lo Ko 1y LORNG PELA (L] Tl DI T 45 P)yl oo Y=L A THHAFL JETHNE
: 3¢ [5r]<0, 00140, 00 2 =2+0 12 VeNA, (T )= 84003 THNE,
| % [.A.1=C Clk {aSCUR,T, x.ll,s‘,:n.-u..x.]—;é.]st.[lfe.n,
i 3% A L?+{,X.1-3}$T[IR]]'[=X,]>G)
’ 12 Lavsl LCA= [
; 13- CleAL) < LL1AL)
i 15 STam ALDG
- 17 (31 & =0
! 19> (Jl + o= ¢
. #CCHDL2,C0ND D8 (Ve s LadsTreir) [ L,X, 1= fJr 1+Ra+0 8 1+05,
j W Ld 1guy, D38 E=0,
E A ACO U 0 e e VYl bkl aX e 1= 150074101, 0 X5 150
1
i
i
i




