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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 projects. 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/1 -- Edward Gould

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

ALGOL -- Richard Harris

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
assignments 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. Ail 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 given will be valid.

- Still another program verifier, 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.



PRESENT PUN3TI0NS OF THE COMPASS VERIFICATION PROGRAM

tly i<il( ^
I. Lists the input program

II. Determines the Control Paths of that program

III. Lists those control paths, with the following information
and notations;

1. The specified preconditions

2. The program statements

3. The register assignment(s) mads by each statement

REG 33 SET TO ; l|5:
means register sjf set to the Integer value 5

• REG A6 SET TO :A|J:
refers to the address of variable J

REG XI SET TO :VO.$L;
refers to initial value of variable L

REG A2 SET TO : S^^ARYC VOJL);
refers to address of the subscrii)ted
variable ARy(L) (initial value of L)

REG X2 set TO ;VO|ARY(VO^L);
refers to Initial value of ARy(L)

4. Notes asvsignments of new values to variables

NEW VALUE IN VAL3 ;Vl|ARY{lj5) .SQ. if13;
means ARY(5} has been assigned the integer 13 as its
new value (VI)

• 5. Post Conditions (which it does not yet verify)

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

7. Error messages whenever combinations are attempted
which are not meaningful to the program, e.g., adding
the address of one variable to the address of another
variable.
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Tl- F INPUT PP NUPaN 15 :

1 J • '"C. . -0 . 7

C SrtS 5

3 SXo B 3 - 2

4 S A6 J

5 Y{5) .TQ. 13

6 SAT L •

7 S A

8 AP V

9 S 'i' A1 +5

10 5A4 A 2 +5

11 SA5 A3 4 5

12 5X6 X3

1 '' P A '. A3 .

14 5 A4 a:4l

15 SA5 A3+L

16 FIRST .SQ. OnSEC 6

17 S A? JOE

IB -5X6 XI-4
1 Q SA6 Tf-'fRST

20 XI ,L 1

2" SX3 X6+Isrc UO IC EXP>T

22 L) S.'':4 IS^C

23 *LPr :tc Tf. ST

24 S A1 n

25 A2 A1+3 NO 3^: -X:^T

26 S A3 J UU iNY

2 7 SA4 K QUMYY

25 I ,E0. 3:J • L')« 45 :K • TQ. 9 : AKYvS) • EO • 2
29 S A1 J

30 5A2 J

31 S 1/

32 T X6 x: +x?

33 5 A6 A1

34 X6 Xl

25 5 A6 nb

36 I X6 X? /X3

37 S An ,1

X1-^X3

40 ' X •' X6

41 5 A7 AP Y+ Xl

42 •"L' ST r/ '[AT 1

43
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.JO LA!i tl±^

11 SA5 M' +5

IZ SX6 X3

lo SA4 II.

TCC;)^ a^F'jRF SI e'-i/5NCH is :v:
.>:;r, 34 S6T Tt.) : s'»^ 0:«L + I 15 ) J
r/7V ni AG VA»' :/^P/{MVO "?L +IfS)J VAL : VOTARY (MVOm +IS5 )

X4 SET TO. ; VJ<;ARY t MVO i.L-1-1S5 ) :

Tf:---)- T pR.\irn is ;[;

G A5 S ET TO : s?. ah Y( 1510 ) :
•iVV GI AG VAR :AHY(I^10): VAL ;VOSARYII S10 ):

X5 SET TO : V1$ARY( I lilQ) ^

p.LG set to

A6 SET TO : SliAHYl IT5):
NG-W VALUE IN VALS : BA F^Y (I $5 ) . EO . I l-l 3 :

14 SA4 A2+L
COMP IT ING SUG. ADOR . Vf AG OR.
FIR A)iD SEC :STARY( VOID: all:

JL5 SA3 Ll±l— —
16 FIR ST .EO. 0:1 SEC .EO. 6

CF CCTTRCL PATH 2 v-s^»'v:^«--s '̂-

FIN-\L VALUE STRING :VIBARY{ I$5 ).GO . I$13:VOLARYIILS).EQ.I 3•

35r.-S3>»!!5>i-.i!s:::5**CCNT«!jL PATH ^

16 'S'I FIR ST .GO. 8: I SEC .EC. 6
17 SM .JCE

18 SX6 Xl-4

19 SA 6 I F I P>5 T

^'G A"* CRT T.*" : An JOE:

GVV CIAG VAP : JC-': VAL ;\OSJOE:
PEG XI SET TC :VOJ.JCE:

REG X6 SET TO : f^VO AJOE-154:

A6 SET TO rALIFIPST:

N;;W VALUE IT VALS ; VI51 FI RST .EQ .MVO 5J OE-I 54:
20 ( X> .I.T. ZF FP)

• 21 SX? X61-ISEC. NO 5C EXPT
CO T6 I !| [ TEl Al) Op . V/ •C ^0

" FIR ATC SEC ;MVC5JOE-Io4:ALIGrC:
77 t 1 SO4 T ^rr DISIV
23 ="-ER-R.:R T'-ST
Av-4.y£-«ytyr:;sv:i^ r EF CC'i^F CI. PMh H

FIN \L V\L'JE ST FINO : vI f IFJSST. FQ .FVO 5JCE -1 54 :V 05 TFIR S"^. EQ. 15 3:VO$I SEC. EQ. I 56



:jt5k ««:):>>!P4TH 4 -=!«-=•

16 *IFIKST .ro. 8:IS?C . £0

17 S/il JOE

3^:(! Jt' A jf :)£sjr •.!:sfe?'« 3}tS' 5!«;t; 5{f #

6

REG Al SC-T TC :ASJOE:

GVV DIAG VAR :JQE: VAL

RTQ XI SET TO tVO$JGE:

: VOtJOE:

18

19

20

SX6

SA6

Xl-4

IFIPST

PEG X6 SET TO :MV0^jnE-n4:

PEG A6 SET TO :A$IPIRST:

N;:W VALUE irj VALS : VI $ I FIRST . FQ .MVO $J GE-111'+:

( . G - . ZERO )

LI SA4 I SiC CU'VMY

p'-:g a4 set tg

GVV 01 AG VAR

PEG X4 SET TG

23 «tRI-rtR TEST
r- I r; C'" CC'iTLCL PATH

A?iISEC

;I sec:

U6:

-t jfi ij: A j,"! ^ jjt A jjt A sjt A 5l-. ft is ;

VAL :l$6:

FIMAL VALUE ST 9 I r>'G : VISI FI RST . TO .M VO $JGE - Hi-V : V0$ I FI RST.EQ. I$0 :VO$I SEC-EO. I $6

ftft sir .j;ft ,:sft c r T R0, L PATH S '• ^• ft ft ft ft ft ft ij ft ft ft i is ftftft ft. ft ft ft ft ft ft

23 '^'ERRJH T^ST

2^ SAT I I

PEG y. SET TC : Afill:

GVV CIAG VAF :II: VAL :VC$II:
-"G X' SET TO ; VO ? T T :

25 SA2 A1 + 3 N'J SC EXFT

• CO MB I rjl f.'G CP., V. / I - C-^ C F

FI P. A-JD SEC : A4, 11 :1 :
1 ' 26 ST 3 J DU!"Y

27 SAA K CUflY

[ =• I H:.! .-ij. . -C. 9 : TRY(3) . EC. 2
:!:ftS:s^>;:sftftj' is r j j- i;p CClT'-'L PATH 5 ^ AV i=."--5::;i^i^•5^-

FI^!AL V*-LUE STRING : VO PR CP TF ST :
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Status Report or Program Verifier for SNOBOL source program

The abilities of the verifier at the present and proce

dures for input deck preparation are as follows;

1). 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, verifier tries to verify the

final assertions with respect to the initial assertions,

and stateiJBnts in the control path itself. Only simple

algebraically expressed assigrmient statements and condi

tional statements 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 the loop,

3)* For each SNOBOL statement which has either successful or

failure brahch condition. Verifier oxplicitely prints

out which condition the current control path assumes.

If additional information about the possible values of

indirectly referenced variable is given, branching irith

indirect referencing is also possible,

ij.). Preparation of input deck.

a), comments start with -JJ- in the first column,

b), assertions start with in the first two columns,

c). Formula(s) defining an assertion inductively ---

start with -Jhs- in the first two columns.

d). To supply informations about possible values of a

indirectly referenced variable — start with ,



e). The 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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Jiidward iVL. uouid

9 December, 1971

USING THE PE/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/I.
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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TnNTRTir-Frm--'rT-^rcrrNS-7rr-co'qTTTnr-po-m
M>0 N>0 */

1='^

J=N
M>o N>0 I>0 J>0 GCD( I ,J)=GCD( M,N) */

COMTROL PATH 2, L^EGINS AT CONTROL POINT 2
N>0 N>0 I>0 J>0 C.CD( I» J) = GCD{MtN) */

(I = J)
I = GCO(MtN)

CONTROL PATH 3t BFGINS AT CONTROL POINT 2
/❖ N>0 N>0 I>0 J>0 GCD(I,J)=GCD(M,N)

(KJ)

J=J-1 _
/^^-~r'T5^n-Ti^o~"r> cr~J>T)"nc GCTTCi^-, nt~^t"

CONTROL PATH 4f BEGINS AT CnNTPOL POINT 2
/=!•- M>0 N>0 I>0 J>0 GCD{ I,J)=GCD(N,N) */

iKCr<T7

r = i-j

M>0 N>0 I>0 J>0 GCO(I,J)=GCr)(H,N)

CONTRfiL PATH 5t BECTIHS AT CC-NTRCil POINT 3
^I=GCDlH,N)

KFTURNII)
CONTROL RETURNS TO CALLING PROGRAM

^ PKOGRAH ENDED SCANNER EXECUTION COMPLETE

ri



This writeup describes the program for determining program

correctness of assembly programs written in Xerox Data Systems

(XDS), formerly Scientific Data Systems (SDS) j Extended

Symbol for operation on XDS Sigma 2 and Sigma 3 computers.

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 coliimn one followed by an initial assertion concerning

initial values. This card may be follov;ed by any number

of statements 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

termination branch. After this is the findl assertion 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 SfGMA 2 CXTENDri) SYMBOL IMPUT PROGRAM

» • M>0, N>0
LOA M

STA I
U D A' N

STA J

* I>0, J>0, GCD(I,J} = GCD(M,N)
• ONE LDA I

SUB J

BAM TWO

r ETAI ENIT
LDA I

; SUB J
STA I

B ONE
JWO LOA J

"SUB 1

STA J

B OiME

I=GCO(M,N)
END

ABOVE PROGRAM CONDENSED WITH SEMI-COLONS

* M>Ot N>0

LOA h; STA l; LDA N; STA j;

* T>0, J>0, GCD(I,J)=GCD(M,N)

ONE LDA l; SUB j; BAN TWO; BAZ END; LOA I; SUB J; STA I; B ONE;

TWO LDA J, SUB I. STA J. B ONE.

« I=GCD(M,N)

end;

ABOVE PROGRAM BROKEN DOWN INTO ALL POSSIBLE CONTROL PATHS

« M>0, N>0
rath 1 AC = M. I = AC, AC = N. J = AC.

y I->y^ GC!J( i,J J= GCOTM7TT)

* l>Qf J>0, GcniI,J)=GCD(M,N)
path 2 AC = I. AC = AC - J. (AC & ')) . AC = J, AC = AC - I. J = AC.

* I>0, J>0, GC)(I,J)=GCO<M,N)
i
1
i

* I>0, J>0, GCOII,J)=GCD(M,N)
rath 3 AC = I. AC = AC - J. (AC > 0). (AC = 0).

* I=GCO(M,N»

* I>0, J>0, GC!)( I,J) = GCn(M,N)
rath 4 AC = I. AC = AC - J. (AC > 0). (AC * 0). AC = I. AC = AC - J. I = AC;

* r>0, J>0, GC;)( I ,J ) = GCO(M,.M)



Richard L, Harris

EECS I9P-3, Rrofo Maurer

Fall, 1971

TERM PROJECT WRITE-UP

This SNOEOL program accepts as input a series of AI/IGL

statements which must be syntactically correct. Statements may

have any of the following forms:

(1) label part 'IF* condition 'THEN* action }

(2) label part 'IF' conditfeon 'THEf^ * action

•ELSE' alternative action;

(3) label part 'GOTO' label;
(4) label part variable expression ;

(5) 'COMMSMT' (any string of symbols not containing
•)»/ •

where

label part is a valid ALGOL label (may be null)
condition is an ALGOL boolean expression not involving

'IF*

action is either (2) of (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

ALGOL compiler at the Berkeley Computer Center (CDC 6A00 on3v)
is acceptable to this progeam, ( example: the ALGOL symbol »

may be represented as «, of *EQ', or 'EQUAL' as is consistent

with the ALGOL available on the 6AOO,

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.
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If the ALGOL program part transfers to a statement previously*

listed in the current control path.without passsng hy an assertion,

an error message is printed , followed "by those lines of the

program which might loop hack on themselves • At this r>oint

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 "COKMSStT' or 'GOTO* (or its equivalent, •GOTO*)

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 (l) 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 "f:.he form (4),

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 •C0MI4ENT* replaced by the word assertion.

/l/sf-e ; a. AL6-0L

IS 'SLVXi'iA/l-css
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ESCS 198.3 PAVEL STOFPEL
FALL 1971

VERIFICATION PROGRAM FOR

PROGRAMS mimm in algol
(USERS MANUAL)

^• Introduction, purpose, and function.

This prp.-^rarTi has been designed to be used and has
been tested on the GAL CDC 6^00 coraputer. It is a veri
fication program. Its 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 v/hat it is supposed
to do. This is accomplished in the follov/ing ways
This progra.m accepts as input a program written in a subset
of ALGOTi. At various points in the ALGOL program the
user might insert COMMENT cards which contain certain
assertions. Thse assertions must be valid during the
execution of the ALGOL program when control passes through
these points if the program under test is correct at all.

The verification program will analyze all possible
ways the control can flow in" the program under tost.
(Note that by "all possible ways the control can flov/"
does not mea.n an actual control flow when the program is
executed given a set of data). The analysis consists of
constructing what it is called "contol paths". A con
trol path is a sequence of statements that are executed
in the given order under certain conditions, A control
path always starts v/hen a COMMENT 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 searching 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 v/ith an ASSERTION.

All 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 begining of any path is true, as well as the
fact 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
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pro^ram sunh that the ASSERTION from the end of the path
will hold true.

The program can detect if the input program contains
an infinite loop. In this case an error message is
printed and the program halts.

II. How-to use the progrem, input format and restrictions.

The verification program has "been written in SNOBOL,
and it can be called either by SMOBOT.. or XSNOBOL, control
cards.

The input cards contain the ALGOL statements accor
ding to a free format (i.e. a statement can be extended
on more cards if necessary or even tv/o 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 label,;. The
last statement of the ALGOL program must be blank (i.e.
empty).

The ALGOL subset accepted, by this program is res
tricted by the fo31ov/ing rulest

- arithmetic expressions should not contain con
structions of the form!

<if clausexsimple arithmetic expression>^
else<a.rithmetic expression>

(if they do analysis is done in one path. No
different paths are constructed for different
conditions of the Boolean expression(s)).

- Boolean expressions should not contain the construc
tion of the form!

<if clausexsimple Boolean>QlsQ<Boolean expressions,

- no blocks and compound statements are allowed.

- no FOR statements are allowed.

- a statement inside an IF statement cannot have a
label,

- 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, these paths

is essential in the field of programing verification.^ in

this particular program there are only two branching state

ments considered, SPA- skip on positive ACC , and SKA - skip

on negative Acc, However the- remaining skip functions

can easily be implemented usin^ techniques similar to those

used in the SPA and SNA routines.. The only restriction

being thai only one branch instruction is allowed per line.

This program also changes DCA n into n = ACC, Acc = O7 TAD n

into (XSKX2tXSgK) ACC = ACC + n;; and CMA into ACC = -ACC.,

The PDP-8 assembly program is inserted at the end- of

the SNOBOL program between the 7/8/9 card and the 6/7/8/9

card.

Al
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Jean-Yves Le Goic December 9 1971

PiiOG-ii.lM x'OR iL/iE DAP—16 LAnGJAGS

Ine JbTOejram verifier is a prot^ram written in SI>IOBOL, wnich

accepts as input DAP-16 programs with preconditions inserted.

input data for ohe Pro.^ram Verifier

I'he DAP-16 program to be verified, may consist of:

1) Condition, cards: Iney contain a star in column 1, followed

by COilDjx ; ^ is an integer denoting txie level of subsection and

X is an optional identifier. The main section being verified is

taken as level zero.

if there is a controlled expression in a given section, this ex

pression appears after COlvDjx, separated from this by a blank.

The conditions follow; tney are preceaed eitner by ,GDOBAL, if

tney are global conditions or preconditions for this section, or

by jGOdD, if they are preconditions for the first executable sta

tement of this section, or by both; they are separated by commas.

On any such card, if the last non-blank ciiaracter is a comma, a

continuation card is to follow, which may be any card v/ith a star

in column 1 and is scanned from its first non-blanic ciiaracter.

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

not be followed by COHD.

3) DAP-16 statements: the program verifier accepts the follov/ing subset

of rhe standard Honeywell 516/516 instruction repertoire:

-Load and soore ins'oructions,

-Arithmetic instructions,

-Logical instructions,

-Snift instructions,

-five Control instructions, which are:

-1-,



- CAS Compare

- IKS Increment, Replace and skip

- JiviP Unconditional Jump

- iiOP Ko Operation

- SZE Skip if LA^] = 0

A memory reference instruction may use direct addressing, indexing,

and indirect addressing.

Note; In the conditions as well as in the listing of the paths, a

quantity betv/een brackets represents the contents of the location

whose address is the quantity itself : for example, [lab] represents

the contents of location lab ; lab may be a Symbolic address, or an

abso3.ute address, or a hardware register, 'the accumulator is represented

by .A. and the index register by .X, or location 0.

Output of the Program Verifier

Ihe output of tne Program Verifier consists of four parts :

1) Echo of the PAP-16 input program:

Errors messages are given for syntax ex'rors v/tiich prevent further

processing of the i)AP~16 program by the Program Verifier. These

messages follow tne staxements v/hicn are incorrect and are indicated

as tttttt ERROR IN STA'xEiviENT ABOVE.

If such messages are printed, the output will consist of this

first part only.

2) Listing of the BAP-IG statements:

Each executable statement is printed in this part. It is prefixed

with an identification number wnich will later allow the user to

know which statements have been taken in a given path.

3) Listing of the condixions;

The conditions appearing in the I)AP-16 program are listed in

this part.
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4) Listing o.f the paths;

All tne paths lound in the DAP-16 program are listed in this

part. I'hey appear in the follov/ing form:

. ~ PASH.n

- Assertion at the beginning of the path (condition or precondition^

~ Instructions executed in the path; tney are prefixed by the

identification of part 2.

- Conditions imposed by the program for this path; tney are

prefixed by ohe identification number of part 2, followed by

an arrow, for example, if, in part 2, the statement IRS BETA

appears as 15 IRS BEIA

it will appear as

13^ [BEl'Al + 1 = 0

or 13-> [BETA] + 1/0

according to the path which is taken,

- I'he assertion at the end of the path.

Diagnostics are given in this part for loops which are not

broken by an assertion, and may therefore never terminate. Ihey

follow the incorrect statement and have the following form:

Untt EREOit 3 IH PATH ABOVE: PATH COHTAIIiS A LOOP.

Ihis indicates that such a statement should be preceded by an

assertion. Ihe listing of the other paths is not affected by this

error, but an error message will be printed before the listing of

r
the paths for each occurence of such an error , in the following

form: ERROR 5 IE lAlH.n AI S'iA'iEivTEHf x.

-3-



'o=fxrj»rj'•M1^::•••••:)A•;.ld:1V-:Mivnivo.?

jcrinv'3/i'i\3;trX'11vlP!
r=.

Lill"J3.13i>•fSXIi^
I{:!3.v.!iiu'IGil

I^X•3^;i:iwi.[0S'M
t

5Of"..=^Vis!!

[•X•14H!/ff<!1i'
•t!,Tav:;iiPtvi

Od*X*3Miin)3>ii-i°v-IfilMi•>;•]'M-
•r*£

'0>[••rJM-=i'r3❖i®
'h14l'ui3^-V3-Mvr1:^1•X*3Ml-4l3ij^.>':4['rJ)/;'•joij"V10Mi:iVO:!t

*

iGVllidi:?ir'D/ivPJ.V'•:1V1c-iv-P
1
:

[Vf3VrVP
c.7

i4
I"•]3.^:-•A::3:')-I

..1TS>I
n

l'X*3l.vj/v::./S>.;
o

1

'rIr(\AVi3j(i
f•X•3+•!IV[[1133-ir:I)JSV::v:;iGi.vo••i

'^iVI3.Lo.-Mxr^rx^in301-:d.1

sen01rji-.or'o-ivf3M•>;Vv1.dvr1(S
tvn.idiAi•'Jil'.I'

CV
v>•

ivn..;.,a::•;ji•3'\ISvii
(*X'J131X1cMiV^ri

vVis
1

[*XM4diV[[^1311•<:•Jii.-\:I1

0<['X*3MiVJ3J>[•..-i'X*3-^3)MI'x^Mi)J5V
kk<

'J"

'0=i•:(•1'C11VP3'A!

f?i\j4tiV4[VP3-1*X*3M3;MtVf'iMM1.•1])/••>•.jc'in'V

•

lOVIPidoripH.*[v\-3iJi1V'"1di-p•

iijr3jii.iAiOJVLIfoi
i

[Gili.KiAluO'"'I
;*5TSXI

•t\TIS•*"•I'MJfiCv:I'm
IAJJ..•:J.:.-jJ.3i.*••

.-

f*X"3+i-:•OO'ljV[[iI31V0!P'M13Go:s\\vVI"•.

fOvTOidT'l'SMtVt3J<[[jjJ:il-

llvl]!C'JVi{'/i]3~Jv"d/\rj^
{0<[*->:'j'UfuJjMx~['y'j-i-.M-

Mfvm>r'-(*>:'1-fviMi'X'1'->(•=•['>•]

^;!^:+^5-;rJ-Ki-iV:U-3'vX-ft•:f3-1V-tV]J'r>1i:r.}'C>1ViiV
'v3;^i+[brj+vh-uvr]=i'X'iMbx+[brjx+i-f1)3M*>"3*'•

C-XG';

xrV'JS

:;•.•VX'.1.
VX-~l ^,r'~XI[:irJ1X^

C.1

•-^.1.

.:!}i.-Sv

:VC

vTjJ:.?:-

eVV1

Vi

i

'/0::\-

>.i

GCi3X

\f

dCGV

V3

Vt...ifVi]1'j•-•••.V

c<bh4*o<V>Mi-\'ri)J3'/M\v'r

x-fSG1V3'c;K=[]'r-[^.jOv1'331V3^b-1'"C:V'1Ivir-10*fCil-:j:^

c-l.f"

::^S\3

VIS.

Vj"1

v'jS

V0..i.

^31

ri-I

J,;V;••;:;.•:.il*;i\I'f'V331ij1IklII



VV"i

;!r

r1

/i

•I;

j.I

:->v']

'/r

Cr•/"i

r

[

i•

r.•••/I

i1

"!i

r

i

.i.1

<i\.'j

C"i-

\*7

.rU-C
\

!TU£i

Il£i -T
O£

.sf:.Z,

,

•C

i?.Z
fT"'.6

/•;.J
1

\be

na'iv"!G^

rLZ

S•:•I

l""-C-I

•VwtIV:'••,

:!//r

Si

Sc:I

{

:2.11
:f

fj•1

OAP

•^0

:..;1:s\:l

XJ

•'IS

/-X

•'tI

Xs

:•.!

Xs

>s1.

^y'c
c?

JJi.
Ic

Cc

61

GX

/T

6i

i>X

Z'i

li
OT.

6

0

Z

9

6

J7
C

i^

•..i

.Li
©1

CiP:J

cipit^'9;'^"I

©.:1

i
*ai>'

•w

(.=i'VI•:<•
s:

•Ah

'1
<Sj^II



Fi:eiGn-.-.1 Ci'NO I T r. ^

t 'iacMi::.aGL')PPl [APA; ! = •at
/, PPc 3-=xA J [ a P *i

•

❖ ASM . A ) t I- sc(iaxa

o
A

^ i
c.i::; :

.1 A }4 • .Vt [ J 1
^Cl;"- iiaa t( .X. ijCPX's f'': •a{ [ \ •<

f J A] ^1 }I J;. )<0 » t ! 7- ]

C" ! si: f . >>. ] r: 0 C!S ( ' SC ( P I

o*
1

I .X

C,
':=CP:5PI2 jCi.Ai;

C'O'') ] = ! BTCA0' 1!3 3= P »

i'zc. ir a .X /i), I' ^t l lA ] 3a .X. j>o
r

C

c

c

c

c

c

;C-

r

c

2

SccAr^ XjcuiMi pp' (̂ai• ]ii'a fjva )a ,x. i=[ ja i+'a +t jp h--p3
.;c».!) / c a . <. 3-1 a 11 •> i." 11»c . X. i>0

C.-O :

apc(k a

'j'CLGia4',gc-nl) 'a; •• u. • r • x) a .x, i= ^ +=-' ?
- Aa Ip!' .X. 1) j ---'aa (• AjGf?)

i j A1 - •), [ j I'a=0
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1
PATM.i J

• i

'-CCMl) J ,GL(j;:;a. I ACO: ] =A ,[ ALOr , f 1= 3,C Ar.O<*, 1= '«B,fA005J=P,
SC ( ; , f A ) , ^ S( { 2 t M- } , '• A >iJ

1 L.3A ABLl

2 ST A I '*•

3 LOA Ai'lX

8 i 4 TC A

a i 5 STA- JA

6 Li) A Ai.)U:5

e-
7 5T A * li

.1 •-<

8 LDA /.Uf4

1 9 TC A

10 ST3\ •JP

' U
1 n V
L -J A

—

- L-

3 -L

v..

f.;<,]-i: C:'̂ ( { - , 1 . X, J ) , 1. . X. 3-1 I<C [ I ^ 1 Ir
5!^ l[;4[ .X , ]<{ [ IB 1 1 ,l .X . ]>0)

PATH .X :

=HCC.:!C: ,UX. j,C{ FD l +ri ^ , t J B1^ B) , t -X. 1=[ J Al+H A+CJ I: 3+ 7
^ f J <C r [ jn ]<0 , f i ; 3=A-»-r lA 3+NA, [ IG 3= B-i CJ B ]+^Jt} t
« 1. X.]=C CP (F 11 . X. 3) IC RK .X. 3~1]-?C CIA ] I,
V • LP-i-r ,X . 3-= 3<r [ IB 1 1 ,f »X , 3>0}

LABI LCA- 1 ;•

13- C .A.1 < [ 1 1 M 3
i 6 b ••• A i. G A
17 - C 0 1 1- 1 = 0
19- CJB] + :, = 0

CABI 2 , CC ^ I - i-' f I J A1i !/ j CJ B1-i-^: , [ >X. 1=( J/' I-»• KA +f JB 1-h LB ?
C J • 3< !j, f.'•• 3= C J
ALL. {? T[ ..X . I ) J CP H .X . 3-X 3:i Cf ! A1 1 , [ »X . 1>0


