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INTRODUCTION TO THE COURSE 

This course is designed to provide the student with a comprehensive introduction to 
CYBIL. The course will include language concepts, language syntax, and coding 
techniques. 

OBJECTIVE 

Upon completion of the course, the student will be prepared to implement software 
designs in CYBIL. 

COURSE DESCRIPTION 

This version is oriented primarily toward the student who has some prior programming 
experience. It consists of lectures, with a set of examples to illustrate concepts and 
constructs. It also provides exercises and a project which supports the lectures and allows 
time to practice the concepts presented. 

. _.. ... 
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NOS CYBIL COURSE OUTLINE 

I. Introduction 
A. Course Organization 
B. Compilers 
C. Documentation 
D. Metalanguage 

1. Symbols 
2. Constructs 

II. Program Structure 
A. Module 
B. Declarations 
C. Scope of Identifiers 
D. Structured Programming 
E. Elementary Constructs 

1. The alphabet 
2. Identifiers 
3. Basic symbols 

111. Constants & Variables 
A. Constants 

1. Declarations 
2. Types 

B. Variables 
1. Declarations 
2. Types 
3. Lifetime 
4. Attributes 
5. Initialization 

IV. Type 
A. Declaration 
B. Scalar Types 

1. Integer 
2. Character 
3. Boolean 
4. Ordinal 
5. Subrange 
6. Real 



C. Structured Types 
1. Sets 
2. Arrays 
3. Strings 
4. Records 

D. Pointer Type 

V. Statements & Operators 
A. Assignment 
8. Operators 
C. Structured 

1. BEGIN 
2. WHILE 
3~ REPEAT 
4. FOR 

D. Control 
1. IF, CASE 
2. EXIT, CYCLE 

VI. Procedures 
A. Declaration 

1. Program 
2. Procedure 
3. Function 

8. Parameters 
C. Nested Procedures 
D. Attributes 
E. Pointer to Procedure 

VII. Standard Procedures 
A. Conversion 
8. Adaptables 
C. Storage Allocation 

1. System heap 
2. User heap 
3. Sequence 
4. PUSH 
5. Adaptables 

v 



VIII. Machine Dependencies 
A. Data 8.e_presentation - CY170 
B. CELL Data Type 
-C. MACHINE DEPENDENT FUNCTIONS 
0. ALIAS . 
E. GENERAL INTRINSICS 

IX. Input Output 

1 ~ Files 
2. Open/Close 
3. Read/Write 
4. Utilities 

X. Compilation Time Facilities 
A. CYBIL Command 
8. Compile-time statements 
C. Layout Control 
D. Toggles 

XI. Interactive Debugger 
A. Breakpoints 
B. Traps 
C. Procedures 
D. Utilities 

vi 
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IMPLEMENTATION 

cc 

CM 

CP 

cs 

SS 

1-2 

COMPILERS 

SOURCE CODE 
COMPILATION ON: 

CYBER 170 

CYBER 170 

CYBER 170 

CYBER 170 

CYBER 200 

OBJECT CODE 
EHECUTION ON: 

CYBER 170 

M6BOOO 

P-CODE 

CYBER 200 

CYBER 200 

0 

() 

0 



0 

0 
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CC COMPILER 

79/12/13. 08.25.14. L32T1 
C16) CYBER 17~ S/N 101 NOS CLSH. 
FAM IL .. , .. : , ._tt.1212 0 
PAS:S:l.1lnRII 
TERMINAL: 25, NAMIAF 
RECOVER/ CHARGE: CHARGE,3916,25008705 

REAil"r'. 
AS:CI I 

READ"1·'. 
BATCH 
$f;.~FL, 0 • 

.. ···s:ES. C"f'B IL I =FIR-ST CC 
+ COMPILING FIRST 
• END CYBIL FIRST -> LISTING, LGO 
/SES.LI NI<: 170 C'lBreL I B ,_ .. . . 

• END LINK170 LGOB 

/LGOB 
LGOB. 
/REM! l'iD" LI S:T I NG 
$REWIND, LISTING. 
/LIS:T, F=LIS:TING 

NOS 1-9G06176/R4B 

1 CYBIL/CC Vt. 0 7'30712 SOURCE LISTING - ONE 
7'3-12-1:3 08:42:05 PA•3E 1 

0 0 1 MODULE ONE; 
0 2 PROGRAM MAHH 

10 ·-;. ·-· VAR A,B,C:INTEGER; 
1 0 4 
1 0 5 A:=to; 
1 E. .; B:=20; 
17 7 C:=A+B; 
20 8 PROCE'ND MAHH 
20 '3 MOD END ONE 

1 CVBIL....-cc V 1 • 0 79 0712 COMP I LAT I ON :SUMMAR"r' - DtiE 
79-12-13 08:42:05 PAGE 1 

0 9 LINES: COMPILED. 
HO COMPILATION E'RRORS. 

EDI ENCOUtHERED. 

1-3 



CYBIL DOCUMENTATION 

• CYBIL CLASS NOTES 

• CYBIL REFERENCE MANUAL C60YS5280) 

• EHTERNAL SPECIFICATION FOR CYBIL 
I/O cARH2739) 

~ 

• CYBIL INTERACTIVE DEBUGGER (ARH31~2) 

0 

() 
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0 

0 
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METALANGUAGE 

• A LANGUAGE USED TO DESCRIBE A 
LANGUAGE 

• USED FOR CYBIL SPECIFICATION 

• DEFINES STRUCTURE (SYNTAX) 

• DOES NOT DEFINE MEANING (SEMANTICS) 

• DOES NOT DEFINE LIMITS 



0 
METALANGUAGE 

<> Syntactic construct 

.. - Is defined as .. -

[ ] Zero or one occurrence 

{ } Zero or more occurrence 

I Alternate definition {or) 

Underscore denotes I 
/' 

language element 

For example: <variable declaration>· 

0 
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PROGRAM STRUCTURE 
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a 
MODULE STRUCTURE 

t·1DillJLE :S:~<ELETDt·~; 

{ CONSTANT DECLARATIONS } 

{ VARIABLE DECLARATIONS } 

{ TYPE DECLARATIONS } 

{ PROCEDURE DECLARATIONS } 

0 
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0 

A CYBIL PROGRAM 

t·1DI1l_ILE :S:At·1F·LE ~ 
TYPE RANGE=0 •• 20; 
1
•••

1 AF.~ F.: : I t·i T E 1::; E F.: , 
C: D l_I t·i T: F.: At·i 1::; E; 

F' F.: D 1::; F.: A t·1 t·1 A I t·1 ; 
1·.·'AR A: I t·iTEt3EF.:; 
F' F.: DC: E It l_I F.~ E F· D l.1.I E F.: ; 

'·/ AF.: I : F.: A t·i t::i E ; 
LI. -1 . 
r: .• - ' 

. FDR I:=l TD COUNT no; 
C• • - ·=••C• • r; .• -1.... r:. ~ 

FD~~Et·iit; 

F· F.: D C: E t·i I1 F' D I.a.IE F.: ; 

{ EXECUTABLE STATEMENTS ) 
C:OIJt·iT: =5; 
F' D I.a.IE F.: ; 

F'ROC:Et·1r1 t·1A I t·i; 
t·1 D II E t·i II 

2-3 



SCOPE OF IDENTIFIERS 

MODULE SCOPE; 

{ MODULE DECLARATIONS ) 

{ DECLAF.:AT I Dt·iS } 

. PF.:DCEDUF.:E AAA;-----

{ AAA DECLARATIONS ) 

P~:DCEMD AAA; ____ ___. 

Pf':DCEt·iD MA I t"i; 

PF.:DCEDU~'.E BBB; --------. 

{ BBB DECLARATIONS ) 

PF.:DCEtt[1 BBB; 

MDitEt·iD SCOPE; 

2-4 

0 

(-\ 

\"'--) 

0 



0 

0 

0 

BASIC CONSTRUCTS 

•ALPHABET 

• IDENTIFIERS· 

•SYMBOLS 

2-5 



0 
IDENTIFIERS 

• USER DEFINED 

• DENOTE 

- CONSTANTS 

- VARIABLES 

- TYPES 

- PROCEDURE NAMES, etc. 

• RULES 

- 31 CHARACTERS 

- LETTER FIRST 

- THEN LETTER, DIGIT, OR # $ @ _ 

• EXAMPLES 

- LINES_PER_PAGE 

- REGIS.TER#3 

0 
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BASIC SYMBOLS 

• RESERVED WORDS 

ARRAY CASE CONST 

ELSE FOR INTEGER 

OF RECORD STRING VAR etc. 

• SPECIAL MARKS 

+ - • { } - A etc. ' -

• DIGRAPHS 

. = <= >= <> ?? • • • 

2-7 . 
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CONSTANTS & 

VARIABLES 

3-1 



3-2 

CONSTANTS 

CONST con·stid = value; 

• INTEGER 

•CHARACTER 

• BOOLEAN 

• POINTER 

• STRING 

•REAL 

• LONGREAL 

0 

() 

0 ' 



\.J-J 
I 

\.J-J 

0 0 

CONSTANT DECLARATION 

MODULE roNSTANTS; 

Pf;:OG~:AM MA IN; 

CON:S:T 
UNIT··,·· = 1' 

-c:-c- ~ - ·1 ... 
HEX~~~ - UFF( b), 
LINES-PER-PA~E = 55, 
BITPATTERN = 11001010(2), 
F" L U S S I .:; t·~ = .. · + .. · ' . . 
HEADING = ~srART OF PAb~~, 

END-POINTER = NIL, 
DEE:t_11:; = FAL:S:E' 

4 ..... - - ..... -F I C3 .- T - .. ._ ·-· ~· -· 
rw: =· - I '-

1 
•-• I L- ' 

- .- - • • 11 I J • • -----4 
L H =· T - t:• ·=· ·=· ::I t.:1 ' 

(LAST - FIRST + 1) 
= 1. o, 

1. OE 1 0' 

-. . ..:. ' LEN(;TH = 
REAL-ONE 
REAL-TDD 
Fi!EAL_E::<P ~EAL-ONE + REAL-TDD; 

0 
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VARIABLES 

VAR varid : type; 

•TYPE 

• INITIALIZATION 

• LIFE TIME 

• ATTRIBUTES 

• REFERENCE 

VAR varid : [attributes] type : = initialization; 

0 

0 
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0 

VARIABLES 

• 
•=Ct·~STAt·4TS' 

• t·1A It·~' 

C: Dt·~ :s: T 
EITPATTERN = 11001010(2), 
F· L 1_1 S S I 1:; t·~ = .. · + .·· ' 
1::.Ei::1_11:; = FAL:S:E; 

•.,.•AF.~ 

I : I t·4TE•:;ER' 

E:CCJLEAt·-1' 

I 

·= 
:E: 

E: : 

-· ·-. 
. -. -. -. -. -. -

• -H-~11 '- Hr":. 

• E: I TF·ATTEP.t·~' 
• F· L 1_1 S S I 1:; t·~ ' 

• I:• E E: l_I i:; ' 

MODEND CONSTANTS. 

3-5 



\.N 
I 

01 

0 

VARIABLE INITIALIZATION 

MDDULt:. • 
t ••• • A Fi! I A E: L E S ' 

· ••• • Ft ~~ { 1
•••

1 Ft ~~ I A B L E I r·i I T I A L I Z A T I D t·~ } 

I ' 
J' 
K: INTEGER' 
~ANGE: INTEGER 
TRUTH: BOOLEAN 

. -. -. -. -
:=:o, 
FAL:S:E, 

T ·=T•_H _ ~ • ·-· - . H r-s:- • 
• -H-~ • - .··r:::· .. · 
• t_.. H rr: • - ._1 ' 

~E-LL····: ~E-L : = fl fl= r--: H I rr: H -•-· 

MDDEND VARIABLES; 

(~ j 0 



V-J 
I 

.......... 

0 0 0 
VARIABLE ATTRIBUTES 

F' F.~ D l.:t F.~ A t·l t·1 A I ~~ ; 

VAR {VARIABLES WITH ATTRIBUTES} 
.-D 1_1 t·~ TE Fi! : [ :s: TAT I c:] I t-.1 TE•.:-ER : = 0 ' 

[ 
I I IJ -. L ] .. I .· TABLES: ~IL· rHAR := ·~·' 

.. -::E··,··: [::<REF] •=HAR' 
~YSTVAL: [READ] BOOLEAN := TRUE; 

F·~~OC:Et·iII t·1A I~~; 
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TYPE 

0 

() . 
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0 
TYPE DECLARATION 

TYPE typeid = type; 

A) f IHED TYPES 
• SCALAR 
• STRUCTURED 
• POINTER 

8) f IMABLE T~PES 

• ADAPTABLE 
• BOUND VARIANT RECORDS 

4-2 



0 
SCALAR TYPES 

• INTEGER 

• CHARACTER 

• BOOLEAN 

•SUBRANGE 

• ORDINAL 
0 

0 
4-3 
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SUBRANGE 

TYPE { PREDEFINED } 
CH = •=HAFi!' 

I t·4T = I NTE•:;EFi!' 

TF = E:CIOLEAt·~ !I 

Fi!L • Fi!EAL' 

T'·('PE { 
LETTER = .··A··· ••.. ··z··· !I 

A ]) ]) Fi! E s s = 0 ( 1 E. ) • • 7FFFFFF ( 1 E.) ' 
REGISTER - 0 •• 7, 
I t·4 l::t E >:: 1 = 0 • • 1 0 0 ' 
I t-4 I:• E ::-:: 2 = - 2 0 • • ·=· n" '-- - . 
LI t·1 IT = 1 • OE. - 3 •• 1.0E + .-.. 

..:1 ' 

0 

0 



..i:::-
1 

V1 

0 0 
ORDINAL TYPE 

0 

T\'F•E {ORI1 I t·~AL } 
•=OLOR = (REI)' 

Fi'!Ct·~S-E:OCLEFtt·~ = 
CRFtt-~•3E' 

.-· ·., .. E ·= " ·. -· . 
YELLOW' GREEN' BLUE), 

MAYBE' NO), 
TYPE-FORM = (NUMERIC' SYMBOLIC' POINTER), 
I:•EI .. ·' I •=E- T··,··pE = .-·LPc- 1 ·-· -i=a4·-.c-

.. ·-· c. ' ·- .-.: c. ·-· ' .- .- .... .- .- .- ·. . 
MT t.:•t.:• .-· !I N Tb t.:• ~ .. • ' 

TYPE { SUBRANGE OF ORDINAL ) 
HOT-COLOR= RED •• YELLOW' 
IJ•I~~ = Duo44 Tuo1q,• -· r. I ,..,.. '-' • • .a.I ,..,.. '-' -· • 

IJ L·•=•44 1,.,.. ·-· ' I:• 1-c: :=: 1 '3 ' 



0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
(I 

0 
0 
0 
0 
(I 

(I 

(I 

0 
0 
0 

•ERF.:DF.:• 
0 

•EF.:F.:DR• 
•EF.:F.:DR• 
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FATAL 
FATAL 

FATAL 

0 
0 
0 

1 
2 
:~: 

4 
5 
6 
7 
, ... , 
·=-
9 

1 0 
11 
1 ·-· c. 
1 ·:· ·-· 
14 
15 
1 E. 
17 
1 ::: 
1 '3 
20 
21 
22 
2:~: 

24 
25 
26 
.-,-, c. .. 

·=··=· ~·-· 
29 
30 
31 
:32 
:::::~: 

:34 
.-.C' .;. .. _. 
~~:E. 

SCALAR TYPE 0 

TYPE { SUBRANGE } 
LETTER = .. ·A··· • • .··z···' 
ADDRESS= 0(16) 7FFFFFF(16), 
REGISTER= 0 •• 7, 
I NI:•EX 1 = 0 • • 1 0 (!, 
INDEX2 = - 20 •• 2(1, 
LIMIT= 1.0E - 3 •• 1.0E + 3; 

TYPE C ORDINAL ) 
CCLCR = (RED' CRANGE' YELLCW' GREEN' PLUE), 
RCNS-PCCLEAN = (YES' MAYEE' NC), 
TYPE-FCRM = (NUMERIC' SYMBOLIC' POINTER), 
DEVICE-TYPE= (LP512, CR425, DK844' DK819' NT669); 

TYPE { SUBRANGE OF ORDINAL } 
HCT-CCLCR =RED•• YELLOW' 
DISK= DK844 •• DK819; 

'•,•'AR 
REi:::!t_tEST: I:• I SI<:' 
EXECUTIVE-DECISION: RCNS-BCCLEAN' 
STARTING-CHAR: LETTER; 

C BEGIN STATEMENTS } 
RE6!UEST :: DK844; 
REi:::!UEST := NT669; 
EXECUTIVE-DECISION := YES; 
EXECUTIVE~DECISICN := GC; 

e - .•• C" o•• • . - ·-· ' 
PF.:OCEt~It MA IN; 

MODEND SCALAR-INDEX-TYPES; 

LINE EF.:F.: COL 

VALUE CUT CF RANGE. 
UNDECLARED IDENTIFIER - GO. 

VALUE CUT CF RANGE. 

0 
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STRUCTURED TYPES 

•SET 

• STRING 

•ARRAY 

•RECORD 

4-7 



SET CONCEPTS 

TYPE settypeid = SET OF type; 

• REPRESENTATION 

• MEMBERSHIP 

• INITIALIZATION 

• ASSIGNMENT 

4-8 
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-t:::-
1 

lO 

0 0 
SET TYPE 

0 

T'tF·E {I t·1 IT I AL I ZAT I Dt·~::·-
raLaR = (RED' ORANbE' YELLOW' bREEN' BLUE), 
HOT_raLDR =RED •• YELLOW' 
fi!At·,•.:-E = - 1 0 • • 1 0; 

T '· ·' F· E .- ·:-· E r -· I .,_ . .::. _,. 

AcrEss =SET OF (N_READ~ N-HRITE' N_Ex), 
RAINBOW = ~ET OF COLOR' 
FLAME = ~ET OF HDT_roLOR' 
NZ-SET= ~ET OF 1 •• 10, 
NUM_SET =SET OF - 5 •• 
ALF-SET= SET OF /A/ •• 
VALSET = ~£T OF RANbE; 

C" 

·-·' .·· ...... · 
L. ' 



ooooro 
0000 0 
0000 0 
0000 0 
0000 0 
0000 0 
0000 0 
OOOOJO 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 

•ERF.:OR• 
•ERROF.:• 

000000 
000000 

+ERROR+ 
000000 
000000 

•ERROR• 
000000 
000000 
000000 

D-TYPE 
0 LINE 
0 .-.C' 

e,.;J 

0 2€. 
0 ·=··::. ~-· 

0 ::=:2 
E . 
::: :~:2 

4-10 

SET INITIALIZATION 

1 
2 MODULE STRUCTURED-TYPE; 

4 TYPE {INITIALIZATION} 
5 
E. 
7 

10 
11 
12 
1 :::: 
14 
15 
16 
17 
u:: 
l '3 

. 20 
21 .-.. -. c.a::. 

.-.~ c.1· 

.-.. -. 

.::.·=· 

COLOR= (RED!' CRFtNGE!I YELLOW!' GREEN!' ELUE),. 
HCT-COLOR =RED •• YELLOW!' 
RFtN1:;E = - 1 0 • • 1 0; 

T\'PE C:S:ET} 
ACCESS= SET OF (N-REFtD!I N_WRITE!I N-EX), 
RAINBOW = SET OF COLOR!' 
FLAME = SET OF HCT-CCLCR!I 
NZ-SET= SET OF 1 •• 10, 
NUM_SET =SET OF - 5 •. 5, 
FtLF-sET = sET OF /A/ •• /z/, 
VFtLSET = SET OF RANGE; 

'•,•'AF.: 
F: FL.AME!' 
N: NZ-SET := [4, 5, 
Ft: FtLF-SET := []; 

F ·-. - RE:r1; 
F := !; 
F := $FLFtME[RED]; 

29 .N : = 1; 
30 N := $NZ-SET[l!1 7, 2]; 
:::: 1 
32 Ft:= $FtLF-SET[Ft!I E]; 
:::: :::: ., Ft : = $Ft LF _ s ET [ .. · A .. · !I .. · E: .. · ] ; 
34 PROCEND MAIN; 
35 MODEND STRUCTURED-TYPE; 

0 

VO. 1 770920 EF.:F.:OF.: LI ST I Nt3 - STRU•=TURE 

:S:EVERIT'"i' 
EF.:ROF.: 
ERROF.: 
EF.:ROF.: 
ERROR 

EF.'.ROR 

7:=:....-07....-2€ .• PAGE 1 
EF.:F.:OR 

lNCCMPFtTIBLE TYPES FtRE NCT ASSIGNABLE. 
INCOMPATIBLE TYPES FtRE NCT ASSIGNABLE. 
lNCCMPFtTIBLE TYPES FtRE NCT ASSIGNABLE. 
TYPE CF VALUE ELEMENT DOES NCT AGREE WITH TARGET TYP 

UNDECLARED IDENTIFIER - E:. 

0 



0 
ARRAY CONCEPTS 

TYPE artypid = ARRAY [index type] OF type; 

• INDEX 

• HOMOGENEOUS COMPONENTS 

• MUL TIDIMENSIONED ARRAYS 

• PACKING 

• INITIALIZING 

0 • REFERENCE 

0 
4-11 



..i::-
1 

I--' 
t-0 

ARRAY TYPE 

T'tF·E 
I t·~ I) E ::-:: = 1 • • :=: ' 
TOKENS= (ALPHA!' NUMERIC' SPECIAL' UNUSED), 
TYPlrAL =ARRAY[! •• 10] OF INTEGER' 
t·1E~10R··..- = ARRA··,·· [ 0 • • 4 0'35] . OF 0 • • 4 0·35, 
raDES = ARRAY[CHAR] OF TOKEN~' 
PPU~ = ARRAY[l •• 10] OF MEMORY!' 
TRANS= ARRAY[/A/ •• /Z/] OF INTEGER' 

LHARS = ARRAY[INDEX] OF CHAR' 
BDOLA =PACKED ARRAY[1 •• 3] OF BOOLEAN; 

0 r-~\ 

'U 
~ u 



0 
000 00 
000 00 
000 00 
000 00 
000 00 
000.100 
000000 

000000 
00000 
OOOf 0 
000 0 
f 00 0 

00 0 
00 (I 

00 OIJ 
00 00 
00 00 
00 00 

JOO JOO 
000000 
000000 
000000 
000000 
000000 

0 000000 
000000 

•ERF.'.OR• 
•EF.:ROF.'.• 

000000 
•EF.:F.:OR• 
•EF.:ROR• 

0000 0 
nooo -

000 
000 
000 
OOOIJ 
0000 

IJOOOOIJ 
000000 
000000 
000000 

E 
0 LINE 
0 .-.~ c. i 
0 2:=: 

0 :30 

0 
0 :31 

0 :~:1 

ARRAY TYPE 

1 

·-=· ·-· 
4 T\'F'E 
5 INDEX= 1 •• 9, 
E. 
7 

TCKENS = (ALPHA' NUMERIC' SPECIAL' UNUSED), 
TYPICAL = ARRAY[! .~ 10] OF INTEGER' 

MEMCRY = ARRAY(0 •• 4095] OF 0 •• 4095' 
CCDES = ARRAY[CHAR] OF TCKENS' 
PPUS =ARRAY(! •• 10] OF MEMCRY' 
TRANs = ARRAYE~A~ •• ~2~J OF o •• 255, 
CHARS = ARRAY(INDEX] OF CHAR' 
BCCLA =PACKED ARRAY(! •• 3] OF BCCLEAN; 

VAF.'. 
::-:: : F·F·•-•S!I 
E:: BCCLA 
·., .. : TRANS 

. = . . = . CTRUE, FALSE, FALSEJ, 
CF.'.EP 2E. OF OJ , 

9 
10 
11 
12 
1 :3 
14 
15 
16 
17 
1 :=: 
19 .... ..:. . •=MARS- . = . ( ··· 1 ··· , ··· 2 ··· , ·" A ··· , ··· E: ·" , REP 4 D F • J , 
20 R_E: BCCLE~N!I 

21 R_y: INTEGER!' 
22 R_z: CHAR; 

24 PROGRAM MAIN; 
.-.c-e,._1 

26 ::-:: UJ [4000] . = . 
.-. ..., c. .. :=.:: (4000] UJ . -. -

::-:: [::::!I 4000] . -. -.-.. -. c.·=· 
29 
:~: 0 Y (A] : = 1; 
:~:1 y[l] == 1; 
32 Y [···A··· J : = 1; 

34 z [7] : = .. · + .. · ; 
:~:5 z [:=:] : = .. ·_ ... ; 

37 
·-··-· ·-··-· 
40 

R_E: 
R .... -· R-Z 

. . . . . . 
= E: [2] . !I 
= ·., .. [··· 2···1 

= z (4] . !I 

41 PROCEND MAIN; 

. 
!I 

42 MODEND ARRAY-TYPE. 

o; 
1 . ' 1 o; 

V0.1 770920 
78/07/26. 16:44:06. 

EF.:ROF.'. LI ST UH:i - ARRA'·(_ T"·(F· 
PAGE 1 

:s:EVERIT'l 
E F.: F.: 0 F.'. 
l.1.IARN I N13 

CCNSTANT SUBSCRIPT CUTSIDE INDEX TYPE CF ARRAY. 
ARRAY REFERENCES MUST USE ~] (~ INSTEAD CF A CCMMA. 

EF.:ROR 
EF.'.ROR 

EF.:ROR 

UNDECLARED IDENTIFIER - A. 
SUBSCRIPT DCES NCT CCNFCRM TC INDEX TYPE CF ARRAY. 

LEFT PART CF ASSIGNMENT STATEMENT MUST BE A VARIABLE 
C~_FUNCTICN IDENTIFIER. 

4-13 



- () 

STRING CONCEPTS· 

TYPE strtypeid = STRING (length); 

• REPRESENTATION 

Jc1J c2 J ca J c41------ J Cn J n = length 

• SUBSTRING REFERENCE 

• ASSIGNMENT RULES 

4-14 



..i::-
1 

f-4 
Vl 

0 

T'..-'F'E 
SI t·1F· 

LIST 

,- -AR 

•=ARI:• 

t·1ESS 

--
-

--
--

0 0 

STRING TYPE 

STR I t-~1:; ( 11) ' 
ARRFf··..- [ 1 • • :::: OJ OF ,-HAR' 

F· AC:~::: E It FtRFi!Ft ·., .. [ 1 • • :::: OJ OF ,-H-R 
- H . ' 

STR I t-~1:; (:::: 0) ' 
ARRA··..- [ 1 • • 1 OJ OF STR I t·~1:; · 11. • 

( } ' 
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0 
STRING REFERENCE 

VAR 
S : STRING (n); 

S Refers to entire string 

S {I) Refers to the Ith character in the string 

S {I, J) Refers to the string which starts ·at the Ith 
character and is J characters long 

;<\ 

S (I, *} Refers to the string which starts at the Ith ~-j 
character and continues to the end of S 

0 



0 

0 

0 

STRING REFERENCE 

MODULE STRING-TYPE; 

TYPE 
SIMP =STRING (11), 
LIST= ARRAY[l •• 80] 
C_AR = PACKED ARRAY[l 
CARD= STRING (8Q), 
MESS = ARRAY [1 • • 10] 

\·'RF.'. 
s: C:S:TATICJ SIMF· : = 
T: STFUN•:=i (:3)' 

•== •=HAR' 
::<: t·1ESS; 

::-:: [ 1J : = ··· 12::::456 78-?RE: ···; 
::< [2] ( 1) : = .. · •.. · ; 
::-::c:~:J (1, :3> == ···::-=:-...·z···; 

T : = S (2, 3); 
::< [5] (2 ~ :;:) : = T; 

·= : = s ( 1 0) ; 
s (4) : = c; 
s (8' • ) : = ··· FOUP ··· ; 

F F.:ocEt·m MA IN; 
MODEND STFi!ING_TYPE. 

OF •=HAR' 
80] OF •=HAR' 

OF STFi! I N•:=i ( 11) . ' 

ELEVEN 11 ··· 

4-17 
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RECORD CONCEPTS 

TYPE id· RECORD fid 1 :type1 , ••• RECENO; 

• NONHOMOGENOUS COMPONENTS 

• RECORD TYPES 
- INVARIANT 
- VARIANT 
- BOUND VARIANT 

- ADAPTABLE 

• INITIALIZATION 

• REFERENCE 

• PACKING 

() 

0 



0 

0 

0 

RECORD TYPE 

MODULE RECORD-TYPE; 

F'R013RAt·1 MA I,..~; 

r··,·'F•E 
•=REI:• IT 

t-'FtME: 
FtI:•I:•R: 

RE•=CRI:• 
STR I,._,,:; 

STR I,._,,::; 

(10) !I 

(41). . •, . 
STATE: 

I t-'•=CME: 

STR I,._,,:; (2E.) ' 
0 •• 500000, 

Fi! Ft T I ,._, 1::; : . . -•· H- .. ..· ---:- .. · 

RE•=ENI:•; 

• ... •A~: 
c::! : 

• • 

{ BEbIN STATEMENTS } 
c::! • R Ft T I ,.., a:; : = ··· A ··· ; 

.::... 

• ·· p• a·::-· 1-· a L _ ':·:' .. · • c::! • ,.., Ft M E • = · n ·..:· -· n , , ' 

F·~:oc:Et·ir1 MFt 1 N; 

MDDEND RECCRD~TYPE; 
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..i::.:
·1 
N 
C) RECORD INITIALIZATION 

t·1DI1IJLE • VARIABLE-INITIALIZATION' 

VAR { RECORD INITIALIZATION ) 
R: RErORD 

• ~ r ~ 

A~E· b •• bb' 
MARRIED' 
~Ex: BOOLEAN' 
DATE: RECORD 

~-··· 1 ··1 .a • .I H ·,- • • • .:.• ' 

t-1Dt·~TH: 1 • • 1 .-. -. ._. 
··{EAR: 70 •• '31), 

RErEND 
RE• END := [23, TRUE, TRUE, [3, 5, 73]]; 

t·1 D II E t·i II 

0 

• VARIABLE-INITIALIZATION' 

r-,\ 
~) 0 



0 

0 

0 

FIELD REFERENCE 

r··.-'PE 
I:•ATE = RECCRI:• 

I:• A'·( : 1 • • :~: 1 ' 
MONTH: AFi!RAY[l •• 4] OF CHAR!' 

·., .. EAR : 1 9 0 0 • • 2 1 0 0 !I 
SCORE: I NTEl'.'5ER !I 

RECENI:•!I 

STAT = RECCIRI:• 

MARR I EI:•!' 

SE>::: E:CJCJLEAN !t 

RECENI:•!I 

:E:OO~{ = RECDRI:• 

NAME: STRI~G (3), 
STATl_IS: STAT !t 

SCORES: ARRAY[l •• 10] OF DATE!t 

RE CE NI:•; 

'···'Ai:;;: 

c::!. NAME : = ··· ._IHl.1.I ··· ; 
c::!.STATUS.AGE := 30; 
~.SCCRES[lJ.scoFi!E := 92; 

PPDCEND MAIN; 

MDDEMD. 
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BOOK a 
NAME 

STATUS 

SCORES [1] 

(J 

• 
• 
• 

SCORES [10] 

0 
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..s:::-
1 

N 
VJ 

0 0 

PACKED RECORD 

TYPE 
COST = PACKED RECORD 

t·1F1:;_.=osT: 0 • • •3' 
I t·~T -•=OST: 0 • • •:a -· ' 
E::-::T -•=DST: 0 • • •:a -· ' 

RE•-Et-~D' 

IDNT = PACKED RECORD 

ITEM-NUMBER: INTEGER' 
~TY-ORDERED: INTEGER' 

RErEND' 

DATA = PACKED ARRAY[l 
fi!E•-1 : 
fi!E .-·=·. -L- • 

• fi!E ,-E·t--~I)' 

I I:•t-~T' 

I D::-T' 

• • 100] 

0 

OF RE•-aRI:• 



VARIANT RECORD 

cot·1:s:r 
MA::-::s I ZE - 4 o·::as; 

T'lPE 
SHAF·E 

SIDE-RANGE= 0 •• MFtXSIZE' 

FtN•::tLE = - 18 0 • • 18 0; 

TYPE { VARIANT RECORD ) 
FI •::tURE = RECOR I') 

4-24 

::-:: ' 
·., .. : SI I'.IE-RAN•::tE' 

CA:S:E s: SHAF·E OF 
=TR I FtN•3LE= 

SIDE: SIDE-RANGE' 

Ft 1 ' 
A2: Ftt·H;LE !I 

=F·ARALLELCI•:;RAM= 

Sl-<E~·~: AN•::tLE' 

sl' _.-.. 
:::.c. • SI :C•E-RAt·~1:;E !I 

=se::!UARE= 

EDGE: SIDE-RANGE!' 
CA:S:EMD 

RE•= ENI); -

0 

0 



0 

0 

0 

VARIANT REFERENCE 

1 
2 MODULE VARIANT-RECORD-TYPE; 

·-=· ·-· 
4 PROGRAM MAIN; 

5 
6 COt-iST 
7 MA::<S I ZE = 4 095; 

·:;. TVPE 
10 
11 
12 
1:3 
14 
15 
1E. 
17 
1::: 
19 
20 
21 .-.. -. 
i::.c. 

24 
.-.C' .::,._ . 
. -.. -
i::.t::• 

27 

2'3' 
::::o 
31 

35 

.-.~ . .;. ... 

40 
41 
42 
4:::: 
44 
45 

SHAPE= (TRIANGLE' PARFtLLELCGRAM!' S~UARE)!' 

SIDE-RANGE= 0 •• MAXSIZE!' 

ANGLE= - 180 •• 1so; 

TYPE { VARIANT RECORD ) 
FI •::OURE = RE•=cRr• 

::-:: ' 
Y: SI r•E-RAN•::OE' 

CASE s: SHFtF·E OF 
=TR I FtN•::OLE= 

SIDE: SIDE-RANGE!' 

Ab 
A2: AN•::OLE!' 

=PARFtLLELC•::ORFtM= 

s~:Ew: AN•::OLE' 

s1' 
s2: Sir•E-RFtN•::OE!I 

=s~•-•FtRE= 

EDGE: SIDE-RANGE!' 

CASEt·iD 
RE•=ENI:•; 

~- }( 
. -. - soo; 

~- ·., .. 
~-== 

== E.oo; 
S~l_tFtRE; . -. -

R. S : = 
R. Sir•E 

ENII 

: = so; 

TRIFtN•::OLE; . - .-.. -.. . - .::..::. ' 

46 PRDCEND MAIN; 

47 MODEND. 
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POINTER CONCEPTS 

·TYPE ptrtypeid = /\ type 

• POINTER TO TYPE 

• LIFETIME 

• REFERENCE/DEREFERENCE 

• ASSIGNMENT 

• APPLICATIONS 

- LINKED LIST 

- TABLE OF POINTERS 

0 



0 

0 

0 

POINTER REFERENCE 

1• ·• r-i·:-., If [ i ~ ~ : . .J JJ !_. _ ... ~-

l ··: i ,.: ii··: L:-:L • .f ·:· ··- - ,.., - -- - I I 
: : ·.! .. .:• ...... ·.J: 

T:·:'Pr 
~ ~ ~ ; ... 

r:::r:Jl.. .. LJF: 

:..... :~:::··:r.:· 
; •• __ .... : I·. 

i:.F:F~D:; i::JF:Ffl··.![:iE: :: 1-r1E:L..LDW) :: 

Fi i:::: F Fl L:·1 :.. .:. :: :: 3 0 :J [J 1::- L:: [J L [] r:;: :: 
.···. r:: [J L [] F: ~~ 

r:=r: :~ 1~::_r:lTF: :: 
F1'T ;; .···-y Fi:t::LE ~~ 

:... :: ::::: F:E::D ;; 

r==1 c :; ::::: ····. !::'.~ :~ 

r:=c····. =~ :::: 1 ~·1 EL.LDW, 

r: =: ==-= r::r:····. ~ 

.... ,i .... , .. :s•· :r.·E ... :: !...: .. , .• -·:1'·i1..:i-:..:: 

[: ; ::::: F-=-r····. C i J ~ 

r-·F-·r.., -·cr1-1 = I .. ··::'. !I • . : € li1Fl·· T t·-11 
:; 

·'-- ... - ·- 1-! ·- • 

·• : • • : .::J : ·.I . • : t •• .i ... ! a l·.·10-r-1Et·l,..1 - -- ..... · = ' : .... .:.. -- . .;.. F D.:. I·: I EF. ..... : I FE.· 
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0 
ARRAY OF POINTERS 

• 

• c 
• • 

• • 

• 

0 
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-l::' 
I 

N 
lO 

0 0 

ARRAY OF POINTERS 

t·1DDIJLE • 
ARRAY-DF_POINTER~' 

TYPE 
STATS = PACKED RELCRD 

NAME: ~TRINb (20), 
AbE: 1 •• 100, 
MARRIED' 
~Ex: BOOLEAN 

• 
RE•=Et·~I:•' 

• ..• •AF.~ 
F·a I t·~TER-ARRA··..-: ARRA··,·· [ 1 

t·1 D II E t·i II ; 

• • 1 OOOJ OF 

0 

.····. ·=: T H-T ·::: ; - - . 



0 
LINK-LIST 

0 
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0 

0 

0 

POINTER EXAMPLE 

LI 1··.!I< ..... .····r-::EC:; 

F:EC ::::: F:El=OF:D 

' ... lf:=JLUE ;; I !··.ITEGEF::: 

F·1 "T' F: : L I !··.! 1-:: 

F;:E:CEt·.l:D; 

I .i~:ip 

F. r 1::;: s -r : L r n 1< ;; === n r r_ ; 

r-1····1 P n 1-::; r,:= J.°=i t=i 1·;"'111:::i. ·_r t-.1. ~.: = . '-·: ...... r::-., : : 

I 1 ·-F : . !--i .,.• 
.·I: ·. 

i::~LEP1E:t·.IT ~ l::;:E:C:: 

F:i[J T. t·-ITF::F-:; LI NI-::; 

_,- l -r j· i I ·· r·- L E- m ~ t ,-.- _,.. D --:, L-'. E- --.=. C.1-F-l _:_· .. '- - .i. · .• -.. 1::.. - ·-I . l i;:_ '· ; ! - r• 

{ OF THE LIST _;-

POINTER := AELEFlENT; 
POINTERA=VRLLJE == 3; 
PDINTERA~PTR := FIRST; 
FIRST := POINTER; 

{DEREFERENCE THE POINTER' I~E., 
{ REFERENCE THE LINKED RECORD. } 

ELEFlENT := FIRSTA; 
FIRSTA~VRLUE := 6; 

PPDCEND riR I t·.1; 

MDDEND LINK-LIST; 
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REFERENCE 

• POINTERS 

:=ptrA 
ptr /\ := 
:=/\ variable 

•ARRAY 

arr [index]:= 
arr [index:t] [index2]:= 

., 

• STRING 

str:= 
str {start):= 
str {start, length):= 
str {start, *):= 

• RECORD 

rec:= 
rec. field:= 

•SET 

set:= 

0 

0 



0 

5 
STATEMENTS 

AND 
O OPERATORS 

0 
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OPERATOR PRECEDENCE 

.•NOT 

• MULTIPLYING 
*,/ 
DIV, M·OD 
AND 

• SIGN OPERATORS 
+,-

· • ADDING 
+,-
OR 
XOR 

• RELATIONAL 
< <= 

' > >= 
' = < > ' IN 

() 

() 

0 



0 
MULTIPLYING OPERATORS 

0 

~------------------------------------------------, LQf!!l~.!-C?..'!L.9.f.1§..'!.~!tQ!LJ __ g_~~B~N.P-LJ __ .!!.~~~-U.--l 
I * I I 1NTEGER I 1NTEGER I 
I I multiplication I I I l I. I REAL, LONGREAL I REAL, LONGREAL I 
I 1------------4------------....------------~ I I I _I I 
I I set intersection I SET I SET l 
I I I I I 
1----------+------------+------------+------------~ I DIV I integer quotient 1 INTl:GER I INTEGER I 
I I I real quotient I REAL, LONGREAL I REAL, LONGREAL I 
~---------~------------·------------+------------~ I I I I I 

·1 MOD I remainder function I INTEGER I 1NTEGER I 
I I I I I 
~---------1------------1------------1------------, 
I I I I I 
I AND I logical "and" I BOOLEAN . I BOOLEAN 11 
I I I . I . I 

L---------L------------L------------1-------------

0 
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MULTIPLYING 
MODULE • E::<F·RESS I CJNS' 

1 .. 1H- LI 
' r:. 

::-:: : I N TE 1::; E Fi! : = ( ' 
·., .. : I NTEr:;EFi! : = 2' 
Z: I NTE•::IEFi!' 

E: 1: E:CJCJLEAN . - T~:Ut:., . -
E.·:• • E:CJCJLEFtN . - FALSE, ·L... . -
. ·-=·. E· ·-• • 

· .........• .. .. , ...• 
··,·· ..•.. : 
..,. ..,. . 
..:.. .:.. . 

E:CJCILEFtN' 

Fi!EFtL : = 7. 0' 
Fi!EAL := 2.0, 

• Fi!EFtL' 

PF.:OG~:FtM MA IN; 
{ MULTIPLYING OPERATORS } 

z : = ::-:: • ·., .. ; { 1 4 } 
..,. • - .... I1I'• 1 ...... • ..:.. •- .···. •'I. 
z : = ::-:: MOD ·.,.·; 
.......... • ::-:: ::-:: • .., .. ··,·· ..:.. .:.. • -
zz • ::-:: ::-:: .. ·· ··,·· ··,·· • -

• 
' • 
' 

... .,-, ., 
··- . .;,. -·· 
.. - 1 -.. ·- -· 

{ 1 4. 
.. -·-

~-:1 ·-·. C" 

·-· 
0 .. 

-·· 
} 

.-, • E:.;.. • 
.·:· • E··-• • 

- E:l 

- E: 1 
At·iD E:2; 
AMD E: 1 ; 

{ t-ALS:E } 
{ T~~UE } 

pi:;::ocEND MA 1 N; 

MDDEND EXPRESSIONS 

0 

(---"' 

'~_) 

0 



0 
ADDING OPERATORS 

0 

~---------~------------.------------------------, I OPERATOR I OPERATIONS I OPERANDS I RESULT I 
r---------~------------~-----------,------------f 
II I dd•t• II INTEGER .•INTEGER I 

+ 1 a 1 ion . I I I REAL, LONGREALI REAL, LONGREAL I 
I r------------t------------r-----------~ I I I I I 
I- I set union I SET I SET I 
I I I I I 
~---------1------------~------------+------------J 

'1 I INTEGER I INTEGER I 
- subtraction 1 1 . , I I IREAL, LONGREAL1 REAL, LONGREAL I 

~------------L-----------~------------t 
I I I . I I boolean difference I BOOLEAN · 1 BOOLEAN I 
I I I I · I L ·------------,------------ -----------~ I I I I · I I 

. I set difference I SE.T 1 SET I 
I I I I 

r---------~------------~------------r-----------~ I _I I I I 
I OR I logical "or'' I BOOLEAN I BOOLEAN I 
I I I I I r---------+------------+-----------,------------1 I I . I -- . I : 
1 XOR. I exclusive-"or" 1 BOOLEAN I BOOLEAN 1 
I I I I I 

L-----------------------'------------~-----------J 

0 
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ADDING 

MODULE EXPRESSIONS; 

•.,.•AF.: 
'· .• • I NTEt3EF.: . - .... 
,···. • . - ... ' ..... • I t·iTE13EF.~ . - ·=·. • . - L.. • .... • I t·iTEGEF.: .:::.. • ' 
E: 1 • E:DDLEAt-i . - TF.~UE, • . -
E··-· • E:DDLEAt·i . - FALSE, •C. • . -
E··-· • E:DDLEAt·i !I I .=.,1 • 

. E:4 • E:DDLEAt·i • 
• ' 

PF.:DbF.~F:tJ1. MA I t-i; 

{ ADDING OPERATORS } 
z : = ::-:: + ..... ; 
? • - • ... • - • .. •. 
.:... • - , .. , I ' 

E' ·-:· . - E: 1 - E··-·. · ·-· . - I.::. ' 
E' ·-=· . - E··-· - Bl; . ·-· . - I.::. 

E:4 . - E: 1 OF.~ E: 1; . -
E:4 . -. - E··-· I.::. OF.: E··-·. I.::. ' 

PF.:DCEt-iD MA IN; 

MDDEND EXPRESSIONS 

- q ·: .. -· 
.• - C" 

·- ·-· 
{T~~UE } 
{FALSE} 

{TF.~UE } 
{FALSE} 

0 

-. -I 

-. -' 

0 



0 ' 

0 

0 

RELATIONAL OPERATORS 

----------.------------------------.---------------.., I I I LEFT I RIGHT : I 
I OPERATOR I OPERATION I OPERAND I OPERAND I RESULT I 1---------...1..:----------+--------+--------L-------·t 

< - less than I SCALAR I SCALAR I BOOLEAN I 
<= - less than or 1 I 

1
1 I 

> 

>= 

I I I 
eq u a I to I I I I '--------;--------l.-------·1 

- greater than 

- greater than 
or equal to 

I
I STRING (n) I STRING (n) I BOOLEAN I 

I I I S(k) I CHAR I BOOLEAN I 
I CHAR I S(k) I BOOLEAN I 
I I I I 

- equal to I 1 I 1 
I I I I 

<> - not equal to I 1 I 1 
1----------+-----------+---------r-------~-------, I I I I I IN I set membership I SCALAR I SET I BOOLEAN I 

I I I I I 
L---------~-----------~--------T--------~-------1 I I I I I I I = I- identity I SET I SET I BOOLEAN I 
I <> 1- different 1 I I I I <= I_ is contained in I 1 I 1 
I >= I- contains I I I I 
~----------+-----------+--------T--------~-------1 I I I I 
I = I - equal to I I I I I <> 1- not equal to I RECORD I RECORD I BOOLEAN I 

I I I I I I I ·--------,-----~--+-------1 I I I I .1 I 
I I : POINTER I POINTER I BOOLEAN I 
~------------------------------L--------~-------' 
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RELATIONAL 

MODULE EXPRESSIONS; 

. •.,.•A~: 
'···· • I t·i T E 1:; E f;.: . - ...., 
, ... • . - ... ' 
I I • I t·~TEt3EF.~ . - .-. . , • . - .::. ' 
E' ·-:· • E:DDLEAt·~ ' · ·-· • 
E:4 • E:DDLEAt·i ' • 

C:H • • 
·::-· • ·-·- • 
Fl • ••••• ·::-· T LI I t·J ,- ... ·-=· ·., • • ._;,. r=. l -=' ·. ·-· .• ' 

F' ~: D 1::; ~: A t·1 t·1 A I t·i ; 
{ RELATIONAL OPERATORS } 

B3 := X <= y; {FALSE} 
E: :~: : = c: H = ··· t·1 ··· ; { T F.: 1_1 E } 

E·,4 ·.= ,-_ .. H /' ~ (~~· •• ••• • ·..:· - •• L.. •• ~ 

E·. 4 • - - ·::-· .· .-. .. .··.·.. ··· H- .. · .•• • - • .::. - '·· .=. •• .I 

E::3 : = F· = t·i IL; 
F' F.: DC: E t·i I1 t·1 A I t·i ; 

MDDEND EXPRESSIONS 

{FAL:~:E} 

{T~:IJE } 

{ T F.:IJ E _:· 

0 

C) 

0 



.-·-, 

0 
w 
(.··) 
.....J 
•I: 
LL 
·-.-· 

.-·-. • •• 
.. -.. 

v ,-·-, 
l.f) LLJ 

·=· .-·-. (.··) 

·-.-· ....... w .....J 

=· (I: 

UJ ••• ·-.-· Ct:: LL 
. -.. t-z I I II -.-

0 
Oj ••• 

If) O.J - + µ:, 

UJ ------... -UJ ....... -· ... ·-

0 ~ w ·-· . ,=., 
a: ..,... .. -.. • •• ..._ 

• .. -.. ...... •I c. .. 
:- l::Q -

>< .. -.. • .. -.. - Lt: ·-w -· 
(·~· ·-· D . 

.....J 
+ .. -.. 

::-- II .... ·- ..-.. -· 
••• LlJ -... --··- II 
IJJ (.··) ••• + • ... · I -· .....J ··. -- f :_:1 ... .. · ·-a::: (I: E .. ... - ::·:: -· ·-t- LL ··. . . . . -· ••• ••• ·-· ·-· 

r··- OJ . . . ·-· ·-· 
II II II II II 

II II •• •• •• II II •• • • 
•• •• •• • • ....... (•J ::c (•) v 

0 
-..• --· ·- -. -·- µ:, ,:a:, I :_:1 r··.J r··.J µ::, ,:a:, 

5-9 



5-10 

OPERATIONS ON SETS 

MODULE SET_ASSIGNMENT; 
PF.:DGRAM MA IM; 

T'"f'PE 
B - SET OF 0 •• 5; 

'···'AF.: 
SETA: B, 
SETE:: B, 
SETC: B, 
BDO:BODLEAt"i, 
THREE: CSTATICJINTEGER := 3; 

{ OPERATIONS ON SETS } 
SETB := $B[0,1,2J; .- - 1 - -.,_ u' !I c.:_:· 
SETC := SETB + $B[0,1,4J; {0,1,2,4} 
SETA := SETB • SETC; 
BOO := 5 IN SETA; 
BOO := SETA = SETC; 
BOD := SETA <> SETC; 
BOD := SETA <= SETC; 
BOD := SETA >= SETC; 
SETB := SETC - SETA; 
SETB. := SETA SETC; 
SETE: : = -SETA; 
SETE: : = -$B [J ; 

{ 0 !I 1' 2} 
·'-FH-L·~·E-·· ·- ·-ID _, 
.·-F·H-L ·~· E-·. 
·- 0-ID -· 

. {TF.:UE} 
-rrr:·11E-·· - r-:. - -· 
{FAL:S:E} 

I 4 I ··- -·· 
·:: ::· 
.• - ·-=· 4 C" -. 
·- ·-· !I !I ·-· -·· 
{FULL} 

SETA :=SETA+ $BCTHREEJ; {Q,1,2,3) 
PF.:DCEMD MA I t·H 
MDDEND SET_ASSIGNMENT. 

0 

() 

0 



0 

0 

0 

STRUCTURED STATEMENTS 

• SEQUENTIAL 

BEGIN 

• REPETITIVE 

WHILE 

REPEAT 

FOR 

• STRUCTURED STATEMENTS 

MAY HAVE LABELS 
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BEGIN STATEMENT 

• USED TO GROUP STATEMENTS 

• MAY HAVE A LABEL 

BEGIN 

statement 
list 

END 

0 

(
. \ 

__ ) 

0 



0 

0 

0 

WHILE STATEMENT 

false 

WHILE 

DO true 

statement 
list 

WHILEND 
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0 
WHILE 

t·1D II l_i LE • 
~-~HI LE-STFtTEr.1Et-~T' 

• t-1A It·~' 

• •.. •AF.~ 
I : I t·~TE•3ER ~ 
- • - ~~ - • ••• L,.. n H. Hf""":rw:H I - •• 999] OF BOOLEAN; 

I : = 0; 
WHILE A[IJ.= TRUE DD 

I := I + 1; 
l.1.I H I L E t·i I1 ; 

F·F.~DC:Et·iD t·1A It·~; 

MDDEND ~HILE-STATEMENT. 

NOTE: A has not been initialized. 
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0 

0 

0 

REPEAT STATEMENT 

false 

REPEAT 

statement 
list 

true 
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REPEAT 

MODULE REPEAT-STATEMENT; 

'·I H- LI •• r:. 

• t·1A It·~' 

::-:: : I t·~ T E s:; E F9! ' 

..... : I t·~ TE 1:; E Fi! ' 

STR: STRING (100); 

·.... • - ,-1 •• ···. . - - . 
·.,.. : = 0 ; 
~~EF'EAT 

··.·· ·- .... _+ 1·, .. ·. . - .·•·. 
• + .-.• ..... • = ·.,.. L'. !I 

l_lt·1T IL STR ... · ..•. · .. · .. · · .. · 

F· F.~ D c: E t·i It t·1 Ft I t·~ ;· 

<> .. .· . . ' 

MDDENn REPEAT_sTATEMENT. 

NOTE: STR has not been initialized. 

0 

'

r··-.. )_." 

0 



0 

0 

0 

FOR STATEMENT 
FOR 

TEMP:=initial 
value 

LIMIT:=final 
value 

control 
·variable:= 
TEMP 

statement 
list 

TEMP:= 
succor pred 
of TEMP 

false 
FOREND 
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FOR (integer) 

MODULE • FCJfi!_STFtTEMENT' 

PF.:Dl3F.:AM • MAIN' 

cor·1:s:r 
INITIAL = 1, 
FI NFtL - 1 0 0 ~ 

'·.·'AF.: 
1.-~: I NTE•:;ER !I 
A: FtRRAY[INITIFtL •• FINAL] 

FDR w := INITIAL TO FINAL DD 
A [ ~--1] : = 0; 

FDF.:END; 

PF.:DCEND MFt IN; 
MDDEND FCR_STATEMENT. 

5-18 

0 

OF • 
I NTE•:;ER 'r 

~~,) 

0 



0 

0 

0 

FOR (character) 

MODULE .-.. FDR-STATEMENT_.::., 

{ COUNT CHARACTERS DOWN ) 

1
•••

1
AP 

~-~: CHAR' 
A: ARRA"•{ [ .. ·A .. · • • ··· Z ··· J OF 

FDR w := /z/ DDWNTD /M/ DD 
A [~·-I] : = 0; 

FDPEt·iD; 

pr;~DCEND; 

MDDEt·iD 

• I NTE•3ER' 
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FOR (ordinal) 

MODULE FCR_STATEMENT_3; 

{ ORDINAL COUNTING ) 

T' .... PE 
.. . 

GRAIN - (WHEAT' RYE' OATS' E:FtRLE··,·· ,.t ' 

'•,•'AF.: 
~-~: •3RAIN' 
I : I NTE•:;ER' 
A: FtRRAY[GRAIN] OF INTEGER' 
v: ARRAY[0 •• 3] OF INTEGER; 

I : = O; 
FDR w := WHEAT TO BARLEY DD 

A [ j..~] : = A [ ~-~] + 1 •• •1 
[ I ] ; 

I := I + 1; 
FOF.:Et·1D; 

F'F.:DCEMD MA IN; 
MDDEND FCR_STATEMENT_3. 

NOTE: A and V have not been initialized. 

5-20 

0 

0 



0 
CONTROL STATEMENTS 

• IF 

•CASE 

• CYCLE 

• EXIT 

0 
• Procedure Call 

• RETURN 

0 
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IF STATEMENT 

else 
list 

IFEND 

THEN if 
list 

THEN elseif 
list I 

THEN elseif 
list n 

0 

() 

0 



0 
IF 

.:::· :: 

L F Fi ·. :E:: ! HEH 

T r- 11·· t·-tn ~ .... ·- ··-. 

0 T. F Fi < ::::: '.:5 ~ l···i E t--1 

r-1 ,·-.E: F 1·· ••••• 

14·- ·-·-= - .:. 
. .., .- . .,..., n-r . 

Fi .> ._:: U i n1::.. ·1 

!-I ,,....E ,.. ···. 
: ..... --·-· 

• •• 1.:.:: ;; :::: Ci ~ · .. · .• 
T j:"" E· t·.; T"i ~ 
.!. : .• :.:. • • • 

1 ·F'D1-·Et '"r"r = r··· :: : • ·.: ! fll R T t·J :1 . • ·- - 1- ..•.. 

MDDEt-1D r F _sTATEf!lEt·rr; 

NOTE: A AND B have not been initialized. 

0 
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CASE STATEMENT 

CASE variable OF 

yes =a= 
list 

yes =b= 
list 

• 
• 
• 

yes =n= 
list 

ELSE 

else 
list 

CASEND 

0 

0 



0 

0 

0 

CASE (integer) 

MODULE CASE-STA~EMENT; 

• MAIN' 

• ••• •AF.: 
..•. . .. · ..• 0 • • 5 , . 
....• 
I • 

• I NTE•:;ER' 

::·:: • - .-. • • - ·~· ' - - .-E 1_: H :::.: ::·:: 

- O= 
.. ,. • • -

=1 --
··,·· • • -

-·-·--L.-

• .. ,. • -
-·:·--._.-

..•.. • -• -
-4-- -

·., .. • • -
-C"--·-·-

..... • -• 

.. .. • . ·•·. • -
-.H- ·-·EtJI • I_. .:::. ·1 I !I 

OF 

qq • ... -· . 

.... 
.··· . • ' 
.. .. 
·•··. + , 

.... ..· .. • 

. -. .::. • 

.... .. · .. • 
0 • ' 

PRDCEMD MAIN; 

. ... .··· . • ' 
· .... ; . .... 

::-:: 

::-:: 

+ .-.. 
-~·!I 

+ . -. c. • 

MDDEND CASE-STATEMENT; 

::-:: + ·=- . -· ' 
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CASE (ordinal) 

. t·1DI1IJLE • •=FtSE-STFtTEMEt-'T' 

• 
MFtit-~' 

T'·t'F'E 
•=CLCFi! = (REI:•' 

·. . 
··,·· EL ' P. L 1_1 ' 1:; R r.~ ..' ' 

5-25 

•.,.•A~~ 

t·~: I t-~TE•:;ER' 

c::!: •=CLCR; 

G! : = BLl_I; 

C:A:S:E ~,.. OF 
=REI:•= 

la... I .• = •=a 14 • 
1 ·1 -· -· ' 

= 1:; Fi!,..~ = 

=E:L1_1= 

t·~ : = •3•3; 

F'RDC:Et~D MFt I,..,; 
MDDEND CASE-STATEMENT; 

0 

CJ 

0 



0 

0 

0 

CASE (subrange) 

MODULE CASE-STATEMENT; 

• t·1A It-~ !I 

1
•••

1 
AR 

-r. ..:.. . I t-~TE•:;ER !' 
• I t·~TE•:;ER !I 

.z : = o; 
C:A:S:E z OF 
=1 •• 1 O= 

I ·-. - ·=a •::. • 
-· -· !I 

=11 •• 100= 
I ·- ....,• . - ..:.. ' 

= - 100 • • 1= 
I 

EL:S:E 
. -. - . . 

.... 7 • 711 ..... 

I ·-. - .-. . c. 

F1 RDC:Et·1r1 MFt IN; 

+ .-.• 
z -:.· ' 

MDDEND CASE-STATEMENT; 
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CYCLE STATEMENT 

•-•/label/ 
I 

: start repetitive statement 
I 
I 
I 

•---------CYCLE/label/ 

end repetitive statement 

• USED WITHIN REPETITIVE STATEMENT: 

FOR 

REPEAT 

WHILE 

• CYCLE TO NEXT ITERATION, IF ANY 

• CYCLE STATEMENT MUST BE IN 
SCOPE OF /label/ 

0 

0 



0 

0 

0 

CYCLE 

t·1 D It l_i LE • 
•=··,··•=LE-STATEt·1Et·~T' 

- . t·1H It·~' 

• ... •A~~ 
I : I t·~TE•:;ER' 

J: [:S:TAT I C:J I t·~TE•:;Ef:! : = 1 0 0 0' 
A: AFi!Fi!A··..- [ 1 • • 1 OJ OF I t·~TE•:;ER; 

... ·· L D OF' 1.···· 
FD~~ I . - 1 TD 10 ItO . -

J . - J + 1 ; . -
IF I - 0:1 THEt·i - ·-· 

C:\'C:LE . ...-LCJCJF· 1.···· • 
' I FEt·iI1; 

A[I] := A[I] + J; 
FD F.: Et·~ II ..... L Cl [J F· 1 ... ·· ; 

F· F.: oc: Et·i II t·1 A It·~; 

MDDEND CYCLE-STATEMENT. 

NOTE: A has not been initialized. 
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EXIT STATEMENT 

EXIT /label/ 

• Used within a structured statement 
BEGIN 
FOR 
REPEAT 
WHILE 

• Exits to following statement 

• Exit statement must be in the scope of the 
/label/ 

EXIT name 

• Used to exit a statically encompassing 
. PROCEDURE 

FUNCTION 

• Exits to the successor of the named procedure 
or function 

0 

I-\ 
\ ___ _) 

0 



0 

0 

0 

EXIT 

MODULE EXIT-STATEMENT_!; 

F'F.:DGF.:AM MA IN; 

VAF.: 
I !I 

l·(E .. {: I NTE•~EFi! !I 

A: AFi!Fi!AY[l 10] OF INTEGEFi!!I 
KEY-FOUND: ~OOLEAN; 

t-::EY : = 7; 
FDR r := 1 TD 10 DD 

A ( I ] : = 1-:: E ··d 
t-<E .. { : = t--:'.E .. { - 1; 

FDF.'.Et··tD; 

I : = 1; 
1-::EY : = 4; 

. ....-L200....
F.:EF'EAT 

IF KEY = A[I] THEN 
E:=·=: IT /L2 0 o....- ; 

I FEND; 
I := I + 1; 

UNTIL r .::- 1 o; 

IF I <= 10 THEN 
KEY-FOUND := TRUE; 

EL:S:E 
KEY-FOUND := FAL:S:E; 

IFEt·iD; 

PRDCEND MAIN; 
MDDEND EXIT-STATEMENT_!; 
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6 
PROCEDURES 

0 

0 
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PROCEDURES 

• DEFINITION 
PROGRAM name {params); 
PROCEDURE name (params); 
FUNCTION name (params):resulUype; 

•CALL 
Name (actual parameters); 

• PARAMETERS 
Read-Only 
Read-Write {VAR) 

• ATTRIBUTES 
PROCEDURE [attrjbute] name (params); 

• POINTER TO PROCEDURE 

0 

(_) 

0 



0 

0 

0 

GLOBAL VARIABLES 

MODULE GLDBAL_PARAMS; 

PRDC:EDIJRE AI1I1; 
t.,.·· ·- I + J. r-. • - . ' 

F'ROC:Etiit AI1r1; 

F'ROC:EI1IJRE :S:IJB; 
I< := I - ._1; 

PROC:ENit :S:l_IB; 

PRDt3RAM ta1A IN; 
I ·-.- . • - '=·' 
I ·- ...,. ·- . - ,. ' 
IF I {._I THEt·i AI1I1 

EL:S:E :S:IJB 
I FENI1; 

PRDC:ENI1 MA I t·i; 

t·1DI1EtiD t3·LDBAL_PARAt'1S:. 
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O"l 
I 

-'=" 

PASSED PARAMETERS 

MODULE 'PASSED-PARAMETERS; 
PROCEDURE ADD (VAR L:INTEGER; M,N~INTEGER ); 

L := M + N; 
PRDCEND ADD; 

PROCEDURE SUB (S,T:INTEGER; VAR R:INTEGER ); 
RI • - ·=-· - T. . . - . .::. ' 

PROC:ENI1 :S:l_IB; 

F'RDt.:wRAt·1 C:ALLER; 
VAR 1,J,K:INTEGER; 
I . - .-. ,-, . ·- c._, 
I • - 1 ·-·. ·- • - ·=-·' 
IF I<J THEN ADD( K,I,J ); 

ELSE ·sUB( I,J,K ); 
I FEt·iII; 

PROC:Et·iI1 C:A·LLEF'~; 

MDDEND PASSED_PARAMETERS 

0 ~-" u 0 



en 
I 

U1 

0 0 0 

PROCEDURE PARAMETERS 

~ ~ 

# ~ 
~ u /g ~ s ~(J 

~ ~ 
~ ~l 

j It ~s 
/..;;, "' tf S 

~ 0 " !-(. ~ " ~ u ~ "' (j 

CALL BY reference GOOD POOR I AVERAGE GOOD 

CALL BY value POOR GOOD I AVERAGE GOOD 

GLOBAL VARIABLE BEST WORST I BEST BEST 



0 1 
0 2 
I) :~: 

0 4 
0 5 
0 E. 
0 7 
0 ::: 

1 1 ·:;. 
1 1 1 0 
1 1 1 1 
1 1 1 -. .:. 
.-.C' 
C.·-' 1 :=: 

:3:3 14 
4E. 15 
52 1E. 
54 17 
55 1 ·-· ·=· 
55 19 
55 20 
=-:" 

·-· · 21 
C'~ ._ ... 22 
57 2:~: 

57 24 
E.1 25 
E·1 26 
61 27 
61 2::: 
E.1 2'3 
61 :=:o 
61 :=: 1 
.:.1 :~:2 

.:.1 :3~: 

E·l :=:4 
61 .-.C' .;:,.._1 

61 :=:6 
E.1 :~:7 

61 :=:::: 
72 :39 
7:3 40 
74 41 
75 42 

1 01 4":• ·-· 
1 01 44 
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PARAMETERS 

MODULE PARAMETERS; 

PROCEDURE ccuNT <VAR N_cF_cHAR: o .. so; 
STRING-TC-SEARCH: STRING (S(I), 

FIRST-•=H: 1 •• :3(1, 
SEARCH-LENGTH: 1 •• SI), 
SEARCH-CH: CHA~); 

'•,•'AF.: 
1: 1 •• ao; 

N-CF -•=HAR : = 0; 
FOR I == FIRST-CH TO FIRST_CH + SEARCH-LENGTH - 1 DO 

IF STRING-TC-SEARCH (I) <> SEARCH-CH THEN 
N_CF-CHAR := N_CF-CHAR + 1; 

ELS:E 
RETUF.:t·i; 

I FEr·rn; 
FOF.:END; 

Pf:.:OCEND cc•-•NT; 

'•,•'AR 
CARD: STRING (8(1), 

I' 
J: 1 •• :=:o, 
1<:: 0 •• :30, 
•=H: •=HAR; 

{ ASSUME THAT THE CARD (80 CHARACTERS> } 
C HAS BEEN READ INTO THE VARIABLE CARD ) 

CC LINT (t-c:' CARD' 1 ' 81)' ... + .. ·) ; 

I :: 14; 
J : = 3; 
•:H : = .~ ·"; 
COUNT (K, CARD' I' J' CH); 

PF.:OCEND MA It-~; 
MODEND PARAMETERS; 

0 

0 



0 

0 

0 

FUNCTIONS 

STRUCTURE: 

FUNCTION name {params): resulLtype; 
{declarations} 
{statements} 
name:= 

FUNCEND name; 

SIDE EFFECTS: 

• Illegal Assignments 
Nonlocal variables 
Read/write Parameters 
Pointer Variables 

• Illegal Contents 
User_defined procedure calls 
Nonlocal variables to standard procs 
Procedures as parameters 
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FUNCTION CALL 

.MODULE USE-FUNCTION; 

i=-111··.1r:T T 01t··11 ·=:::um (·:·:·:: . -· l -· . -· .... ,-, .... 
-· - - ·-·.... •• :s .,. I. -- .. --- ... = l I··.i ~ EGt:..F:..I a J. d ! E..GEF:: :t 

:: 
SUfil ;; ::::: >:: + '·:1:: 

Fl.Jt··fCEt--ID sur1 ~ 

. , -r! ·l··-1 ,.s 
.• I •• 

F=t '! 

J::: ;; I i··.ITE:GEF::; 

:: ..... ·-:s = :E:: :: ····· ···- •::.• :: 
":" ..- . . . - ..,..,. 'Et' .L !.. ::;;: U r1 ::. Fl :: J::) .> :::: U i .i ·- ·.l 

41'.'-. •• ··-. .-::· :: ...... 

FPDCEt·iD CRLLEF:; 

MDDEND USE-FUNCTION; 

0 

(
-~ 

) 



0 

0 

0 

NESTED PROCEDURES 

MODULE NESTED_PROcs; 
PROCEDURE COMPUTE; 

1
•••

1 AR 

PROCEDURE TEST; --+ 
I I - R '•'A .. 
{ :S:TATEMENT:S: } 

PROCEND TEST; --+ 

{ :S:TATEt·1ENT:S: } 
F·F.~OC:ENI1 C:Ot1PIJTE; 

F'R0t3RAM t1A Ir-.,; 
{ ItEC:LARAT I Oti:S: } 
{ :S:TATEMENTS: } 

c:ot·1Pl_ITE; 

{ :S:TATEMENT:S: } 
PROC:ENI1 MA I ti; 

-r-1or1EtiII t--IE:S:TED_PROC::s:; 

--+ 

--+ 

--+ 

--+ 
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RECURSIVE FUNCTION 

MODULE = F;:t:C:LJF:S I •.)E_FLJt··iL:T I Ot·~:. 

FUNC~IDN FACT (M: INTEGER)~ INTEGER~ 
{ RECURSIVE FACTORIAL } 
~ .... t·1'i.· = t·1'~(t~-1~ I ~ 

•• I .:. •· • ..• 

-_._! ,i:- iTJ. .> 1 1'1-~E1··.I .i. : : -·· j 

FACT := Fl ~ FACT (M 
1-L-E 1::.. ~=; 

- .: II FACT ; :::: J. :: 

IFEMD; 
FUt--ICEt"-ID FRCT; 

1 1 ··-·cr =.)t··tr:. 

i··.f :: 

i.}r=JLLJE ~ I 1··.iTEGEF:; 

1·· .1 ;; :::: .:1. ; 
- c- . J. i t··i .>::.-:: 0 i HEt-1 

'-)t=JLLJE ; :::: FFiCT 

IFEt{D; 
PPDCEND riFi r t·.1; 

... •. s: 
i .. t·4) :: 

MDDEND RECURSIVE-~UNCTIDN; 

.: ·. = 
J.) :; 

0 

() 

0 



0 

0 

0 

RECURSIVE PROCEDURE 

MODULE RECURSIVE_PROC; 

PROCEDURE ITOS { INTEGER TD STRING } 
.-.N; I NTEGEF::; 

1.)AP s ~ STF-: I NG (2 0) ; 
! ) fi p I ; 0 = = 2 (I) ~ 

I Jt="iP 
1'1 ~ I NTEGEF:; 

r " - o; 
IF t·.i >= n THEt·J 

- • • l l 

:-L·-·E :.. .···, -,_ - -
::;;. ( 1 ) ;; ::: ' - ~ ~ 

!11 ;; :::: ·- j··.j ; 

T Fr=-t·iTI ~ ·-. ·- ·-. 
IF r1 >= 10 THEN 

ITDS (M DIV 10~ S~ 
· ... 

T ! : 
..:. .- .. · 

s CI) : = $CHAR Cm MOD ur + $INTEGER ( • s') J ; 
PPDCEt·fft I TDS; 

PF:DGRAM CALLEE; 

t·-L CHA F:: : 0 :: • 2 0 :. 
STR: STRING (20), 
NUrl: I i··.ITEGEF::; 

t·-IUrl i: = 2~3 0; 
ITDS (Nun, STR' N_CHAR); 

PRDCEt-1D CF!LLEF:; 
MDDEND RECURSIVE-PRDC; 
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0 
PROCEDURE ATTRIBUTES 

MODULE FIRST; 

PROCEDURE [XREFJ COMPUTE; 

• 
• 
COMPUTE; 
• 
• 

PRDCEt·iD MA I t·i; () 
MDDEt·iD FI R:S:T; 

MODULE :S:ECDt·iII; 

PROCEDURE [XDCLJ COMPUTE; 
• 
• 

PRDCEND. COMPUTE; 

MODEt·iD SECOMD; 0 
6-12 



0 

0 

0 

PROCEDURE POINTERS 

• ALLOWS CALLS TO PROCEDURES BY 
POINTER {proc_ptr 1\;) 

• CAN BE PASSED AS PARAMETERS 

• POINTS TO OUTER LEVEL PROCEDURES 
ONLY 

• INITIALIZATION 
WITHIN PROGRAM {A name) 
OPERATING SYSTEM CALLS (future) 
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POINTERS TO PROCEDURES 

PF.:DCEDUF.:E ['···'F.'EFJ ... , .. E Fi! RC R (F·: .···.F·RCCEI)l_lfi!E) ; 

PF.~OCEDURE D·::REFJ A; 

PF.:OCEDUF.:E D·::F.:EFJ • E:' 

PF.:DCEDUF.:E D·::F.:EFJ ·=; 

PF.:0(5F.:AM M; 

T'·,-'PE 
p =AP.RAY[! •• 3] OF APRDCEDURE; 

'·lAF.: 
1: 1 •• 3, 
Jl_IMF·_ TAE:LE: F·; 

{ INITIALIZE TABLE } 

JUMP-TABLE[!] := 
JUMP-TABLE[2} := 
JUMP-TABLE[3] := 

.. · .. - . 
H' 

.····E:; 

.····c; 

{ REFERENCE THE TABLE } 

JUMP_ TAE:LE [I] .. · .. ; 

ERROR (JUMP-TABLE[I]); 

PRDCENit M; 
MDDEND 

0 

0 



0 

0 

0 

POINTER TO PROCEDURE 

MODULE SHC~..,: 

PRCC_PTR: APRCCEDURE (A, 
E:: I NTE•3EP..) ; 

PROCEDURE [XREFJ TEST1 (XVAL' 

·{VAL: I NTE•::OER) ; 

PROCEDURE [XREFl Te:sT2 (PTR: APRCCEDURE (c, D: INTEGER), 
t·H 

t·~: I NTE(:OEP.) ; 

PPOG~:AM MA IN; 

MN1' 
MN2: IN TE•3EP.; 

MN 1 : = 50; 
MN2 : = 7'5; 

PF.:DCEr·rn MA r N; 
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0 

0 

0 

7 
STANDARD 

P'ROCEDURES 
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0 
CONVERSION 

Returns the successor of H 

Returns the predecessor of H 

Returns the character represented 

by integer H 

Returns real representation of the 

integer or longreal H. 

Returns -longreal representation 

of the integer or real H. 

S!NTEGER CH) Returns the integer representation 

of a scalar, real or longreal H. 

0 
7-2 
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0 

0 

ORDINAL CONVERSION 

MODULE CRD-CCNVERSICN; 

PROt:;RAM MAIN; 

{ ORDINAL COUNTING } 

T'·1·'PE 
1:;RAI N 

'···'AJ;: 
w: 1:;RAIN' 
z: INTE•:;ER' 
A: ARRAY[GRAIN] OF INTEGER' 
v: ARRAY[O •• 3] OF INTEGER; 

FOR w == WHEAT TD BARLEY DD 
A [W] : = A CWl + V [$INTEGER (W) l ; 

FDREN!t; 

PRDCENII MAIN; 
MDDEND CRD-CCNVERSICN. 

Note: A & V have not been initialized 
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STRINGREP 
STRINGREP(s, I, P1, Jh, .•• , P0 ) 

s = result string 

I = result length 

Pi = concatenation element 

TYPE RESULT 

integer ~ nn ... (r) 
ordinal f> nn ... (r) 
subrange ~ nn ... (r) 
character c 
boolean fJ TRUE,FALS.E 
string cc ... 
pointer (j) 
ftM fiatt>NG--P fJ n.nn ••• E±nnn 
-reat .fUJYln* ~ n.nn ••• D±n'""'"' 

DOUt$te. 

F,x~ f>owr ~ n.Ylfl 

(j) machine dependent 

7-4 

Pi SPECIFJCATl_ON __ _p_l;_f:AUL T 

exp: length:#( radix) val:n+1:#(10) 
exp:length:#{radix) val:n+1:#(10) 
exp:length:#{radix) val:n+1:#(10) 
exp: length val:1 
exp: length val:S 
exp: length val:n 
exp: length val:n:#{ r) (j) 
exp: length val:n+4 (j) 
exp:length:kteiOA val:ntl!a+4 

exp/ 1~ : /;<Aor fJtJWe.. 

0 

JUSTIFY 

R 
R 
R 
L 
L 
L 
R r\ 
R ~J 
R 

R 

0 



0 

0 

0 

STRINGREP EXAMPLE-1 
SOURCE 

MODULE SEE; 
·-::·? :S:ET (LI .s: T . -. -
••=ALL•= F·::< I aT··,··F· 
••=ALL•= L•3ZCF·EN 
··=ALL•= L•3Z•=Las 
••=i=tLLC L•3ZPUT 
••=ALL•= L•3Z•3ET 
·-::·? RESET ?? 

T''f'PE 

OFF) 

CCLCR = (RED' ORANGE' YELLOW' GREEN' ELUE)' 
t1_M_ALF·HA = .··Ff··· ···M···' 
M_ARRAY =ARRAY (1 •• 10] CF STRING (1Q); 

··.·'Ar;;'. 
Cl_IT!I 

INN: FI LE!! 
LEN•3TH: IN TE•'.:iEFi! !I 
INITIAL: INTE•'.:iER : = 1 !I 
FINAL: INTEGER :: 10!1 
CCNTRCL-LCCP: INTEGER. := 1' 
INT-VAL: INTEGER!' 
HE::.:: _VAL: I NTEi:::ER : = - 0Ft3 ( 1 E.) ' 
FLCAT_PT-VAL: Fi!EAL!I 
FIXED-PT-VAL: REAL!! 
MESSAGE: M_AFi!RAY!I 
EIG-MESSAGE: STRING (8(1), 
CHAR-VAL: CHAR := /T/, 
SUEFi!ANGE-VAL: A-M-ALPHA := /D/, 
ECCL-VAL: ECCLEAN == TRUE, 
COLOR-VAL: COLOR; 

L•::;~::aF·EN (auT' ···OUTPUT···, aL:c•~::, a•-•TF·•-•T;::, As I s~=::i ; 
L•'.:i~::F·UT (CUT!I .. · STAF.:T OF ._IOE:···); 

FLOAT _F·T _VAL 
FI ::<E:C•-F·T _VAL 

. -. -. -. - 123. 45E.; 
- 12. 345.:.; 

INT-VAL := 25; 
CCLCFi!_VAL :: ORANGE; 

{ CONVERT TO STRING REPRESENTATION } 

STRINGREP (MESSAGE [1], LENGTH!I INT-VAL); 
ST~: I r·H;~:EP (MEssA•:::E c2J , LEN•'.:iTH, I NT _vt=tL: 1 o: ~:: i:: 16.:i ::i ; 
STRINGREP (MESSAGE (3], LENGTH!' HEX-VAL); 
.S:TF.:HH:t~:EF' (ME:::sA•:::E [4]' LEN•:::TH' HE::-::_vAL: 1 o: ~:: (1E . .:i .:i; 
STRINGREP (MESSAGE [5], LENGTH!' CHAR-VAL); 
STRINGREP (MESSAGE [6], LENGTH!! SU~RANGE_VAL}; 

STRINGREP (MESSAGE (7], LENGTH!' ECOL-VAL}; 
STRINGREP (MESSAGE [8], LENGTH!' FLCAT_PT_VAL: 10.:i; 
.s:TF.: I r·H:t~'.EP (t·1Esst=t•:::E C9J , LEN•:::TH, F 1 ::-::Er•_F·T _vAL: :=:: ~:.:i ; 
STRINGREP (MESSAGE (10], LENGTH!' COLOR-VAL); 
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STRINGREP EXAMPLE-2 
{ OUTPUT THE STRINGS SEPARATELY ) 

FOR CCNTRCL-LCCP := INITIAL TO FINAL DO 
L•;:i~~~·UT (CUT!! MESSA•;:iE C·=CNTRCL-LCCF·]) ; 

FO~:Et·rn; 

{ CONVERT AND CONCATENATE } 

{OUTPUT.THE CONCATENATED STRING} 

L•::;~~F·uT (OUT!! ··· COt'KATEr·iATED :S:TF.'. I t'iG OUTPUTTED ... ) ; 

P~:ocEr·rn MA IN; 

;MDDEt·rn sEE. 

OUTPUT 

AS IS~~) ; 

/SES.GENCOMP SF=TEST4 CYBCCMN 
• GENERATING COMPILE FILE COMPILE 
• END:GENCOMP COMPILE <-BASE 
....-.s:ES. C''f'E:IL CC 
• COMPILING COMPILE 
• END CYBIL COMPILE -> LISTING!! LGO 
/SES.LINK170 CYBCLIB 
• END LINK170 LGDB 
....-Lt30B 
:S:TA~'.T OF .JOB 
STRINGS OUTPUTTED SEPARATELY 

25 
19 

-A.::: 
T 

1. 2E+002 

1 
CONCATENATED STRING OUTPUTTED 

25 1'3'-163 -A3T 68 TRUE 1.2E+002 -12.346 1 
Et·iD OF .JOB 
U30B. 

T-6 
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0 

DETERMINE LIMITS 

UPPERV >.\LUE (X) 
Returns the largest value of a scalar variable or 
type 

LOWERVALUE (X) 
Returns the smallest value of a scalar variable or 
type 

EXAMPLE: 
FOR w := UPPERVALUE (GRAIN) DOWNTO LOWERVALUE (G~AIN) DO 

. 
FOF.'.END; 
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ADAPT ABLE TYPES 

• Size is· unknown at Compile time 

• Size is determined at execution time 

• Used as parameters 
STRING(*) 
ARRAY[*] OF type 
RECORD 

• Allocated 
STRING 
ARRAY 
RECORD 
BOUND VARIANT RECORD 
HEAP 
SEQUENCE 

0 

0 



0 

0 

SIZE DETERMINATION 
FUNCTIONS 

• STRLENGTH (X) 

Returns the length of the string X 

• UPPERBOUND (X) 

-Returns the highest value of an array index 

-~ 

Returns the lowest value of an array index 
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ADAPTABLE ARRAY 
MODULE · ex H 

TYPE 

... d&Ptarr~v = arrav [+J OF inte~e~t 

PROCEDURE .-.. uare..;.i t" tVAR data ,:. ·adaPtar-rav>; 

index .: , i nte~er-:;· 

~OR index-:= ·LOWERBOUND<data> TO UPPERBOUND(data> DO 

dataEindexl·•= dataCindexJ ·* datatindexJ; 

FOREND' 

PROGRAM:main; 

VAR 

vec:tor·1 : ;ARRAY·C-25 •• ·50J OF inte!ier, 
vec:tor2: ARRAYt1 •• 100J OF inteser; 

~< FILL ARRAYS WITH VALUES ) 

s111ua.re_i t <vector1 > ;. 

s111uare-_i t <vector2 M 

PROCEND•mainJ 

1'10DEND · ex H 

0 

0 



0 0 ' 

0 • 

0 0 



0 

TYPE 
AREC • RECORD 

X • INTEGER 
Y • STRING<•> 

RECEND: 

A,WTAl,E RECORD 

------PROCEDURE BLANKCOUNTCINREC : AREC: VAR NBLANKS : INTEGER>: 
VAR POSITION : INTEGER: 
NBLANKS := 0: 

-------FOR POSITION :• 1 TO STRLENGTHCINREC.Y> DO 

C
IF. INREC.YCPOSITION> •••THEN 

NBLA•KS :• NBLANKS + l: 
IFEl'ID: 

----- FOREND: 

-- PROCEND BLANKCOUNT: 

PROGRAt1 CALLER: 
VAR 

R : RECORD 
S : INTEGER 
T : STRIN&<IO> 
RECEND-

COUNT : INTE&EI: 
o· R.T :• •123 56 890•: 

BLANKCOUNT<R,COUNT>: 

PROCEND CALLER: 

0 



O ADAPTABLE STRING 

0 I 

0 

MODULE ADAPTABLE-STRING; 

T'"f'PE 
ASTRING =STRING ( + ); 

PROCEDURE BLANK-CCUNT (IN_STR: ASTRING; 
VAR NBLANKs: INTEGER); 

'•,•'AF.: 
PCSITICN: INTEGER; 

N:E:LANt-::s : = 0; 
FOR PC~ITICN == 1 TD STRLENGTH (IN_STR) DD 

IF IN_STR (PCSITICN) - ~ ~ THEN 
NBLANKS := NBLANKS + 1; 

I FEt·iD; 
FOF.'.END; 

F'F.:OCEND E:LANt-::_•=CUNT; 

'•,•'AF.~ 
s: STRIN•:!i (10) !I 

L: I NTE•:!iER; 

... 
:E:LFtNt-::_cCJUNT (s·, L..'' 

MDDEND ADAPTABLE-STRING; 
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STORAGE ALLOCATION 

• STACK (system) 

• HEAP (system & user) 

• SEQUENCE (user) 

• ADAPTABLE STORAGE 
HEAP 
SEQUENCE 
ARRAY 
STRl.NG 
RECORD 
BOUND VARIANT RECORD 

0 

/-----,\ 

1,_) 

0 



0 

0 

0 

MEMORY ORGANIZATION 
(CYBER 170) 

RA Communication Area 

RA+111 CYBIL 
Program 

I 
Run Time {~\f 
Routines 

(( t ~ 
STACK (system) ~{J ~ ~i~ 

\()~; 
HEAP (system) ~ts~ 

~ o\. \:! 

~ 
,,~~ 1~o.,O 

({J~\/) 
~s . 

llj 

RA+FL 
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STORAGE ALLOCATION 0 
(SYSTEM HEAP) 

ALLOCATE P;. Allocates space 
for T; returns 
pointer P. 

ALLOCATE P:[length]; Allocates space 
for an adaptable 
string; returns 
pointer. 

ALLOCATE P:[low .. high]; Allocates space 
for an adaptable 

/,.-·-\ \, __ ) 

array; returns 
pointer. 

ALLOCATE P:[t1' ... ,tn]; Allocates space 
for a bound 
variant record; 
returns pointer. 

FREE P; Frees the space 
pointed to by P; 
sets p· to nil. 

NOTE: P is a pointer to type T. 

If space cannot be allocated, P:=NIL. 0 



0 

0 

0 

LINKED LIST 

MODULE LINK-LIST; 

T'lPE 
LINt-c: = .. · .. Fi!E•=!I 

Fi!E•= = Fi!E•=CFi!J:• 

VA"L.•-•E: I NTEGEFi! !I 

F·TFi!: LI Nt-c: 

Fi!E•=ENI:•; 

'•,•'AF.'. 
FIFi!ST: LINK == NIL; 

PRDGF.'.AM MFt IN; 

1
•.•

1AR 
I: 1 •• 10!1 
PC I NTEFi!: LI Nt-c:; 

FDR I := 1 TD 10 DD 
AJ:•J:• (F·C I NTEFi!) ; 

PCINTEFi!A.VALUE := I; 
FDF.'.Et·rn; 

PRDC:Etm MFt 1 N; 

PROCEDURE ADD (VAR p: LINK); 

PROCEDURE CXREFJ EFi!Fi!OFi!; 

t ADD A RECORD TD THE BEGINNING ) 
·:. OF THE LI:S:T } 

ALLC•=ATE F·; 

IF P <> t·iIL THEt·i 
F····· .• PTFi! : = FI Fi!ST; 

FI Fi!ST : = P ; 

ELS:E 
EFi!Fi!CFi!; 

IFEt·m; 
PF.:DCEt·m ADD; 

MOitEt-iD; 
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BOUND VARIANT ALLOCATION 

1 

4 PROGRAM ALLOCATE-VARIANT; 
5 
E· TYPE 
7 PART = BOUND RECORD 

NAME: STRING (20), 
Nl_IMP.ER: 1 • • 1 0(1(1, 

1 0 l .. ·'ENZ:•CR: 1 • • 1 0 0' 
11 CASE T: 1 • • 2 OF 
12 =1= {STOCKED PART) 
13 ~UANTITY: 1 •·• 4000, 
14 LC•=AT I CN: 1 • • 1 0' 
15 =2= {UNSTOCKED PART) 
16 CBSCLETE: BCCLEAN' 
17 CASEND 

19 
20 VAF.'. 
21 Pl' 
22 

24 PROCEDURE [XREFJ CRDER (p: APART); 
25 
26 /llO/ 
27 BE1:5Hi 
28 ALLC•=ATE F· 1: [ 1] ; 
29 PlA.NAME := ~UNDERWATER CORKSCREW~; 
30 PlA.NUMBER :: 481; 
31 PlA.~UANTITY :: 3999; 
.-.. -. . ;..c. 
·-=··~· ·-··-· ALLC•=ATE P2: [2] ; 

P2A.NAME == ~ZITHER G-STRING 

37 IF P2A.CBSCLETE THEN 
38 EXIT /LlO/ 
:~:·:;. ELSE 
40 CRDER (p2) 
41 IFENm 
42 
4:;: END; 
44 PF.:OCEND; 
45 MODEt·m; 

0 

0 



0 
STORAGE ALLOCATION 

(USER HEAP) 

TYPE heaptypid = HEAP (REP exp OF type); 

0 • STATIC OR IN STACK 

0 

• CONTROL 

RESET heap_variable; 

ALLOCATE ptr_variable IN heap_variable; 

FREE ptr_variable IN heap_Yariable; 

• ADAPTABLE . 

TYPE id = HEAP (*) 

• SPACE FOR POINTER IS NOT ALLOCATED 

7-17 



USER HEAP 

MODULE • USER-HEAP' 

PROCEDURE [XDCLJ SAVE (CARD: STRING (80); 
'·lAR N: - 1 • • 8 0' 

F·: .····sTR I N•3 . ·. .. . 
(_ • ... ... !f 

T'..-'PE 
CIH - HEAP (REP 100 OF STRING (80)); 

'·.·'AF.~ 

0 

r~ 

{ SAVE THE COMPRESSED STRING (CARD) } ~) 
{ I t·i THE HEAP } 

WHILE CARD (N) - ~ ~ DD 
N := N 1; 

l.t.IH I LEt·iD; 
ALLOCATE p: [N] IN CdMPRESSED-IMAGES; 
IF F· <> MIL THEM 

F .··· .• -. ·- · 1 .• CARI:• ( !I N} !' 

IFEMD; 
PRDCEND; 

MDDEND 

7-18 

0 



0 

0 

0 

SUBSTRUCTURE POINTERS 

variable := /\ allocated_.ptr A [n]; 

variable := /\ allocated_ ptr /\. tield; 

• · POINT TO ANY COMPONENT OF 
A DYNAMICALLY ALLOCATED. 
ARRAY OR RECORD 

• POINTER TYPE CHECKING 
IS PRESERVED 

• CAUTION-POINTER LIFETIME CAN 
EXCEED DATA LIFETIME 
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0 

SUBSTRUCTURE POINTERS 

MDIHJLE ra 

SUBSTRUCTURE-POINTER' 

T\'F'E 
AAA - ARRA··( [ 1 • • '3] OF 

PROCEDURE S~UA~E-IT. (F. • ·. . 
.·. • .·. + F· .. · .. ,· F··. • = F··. 

F' F.~ D c: E t·i D; 

I I - F.' .. H . ·. 

• 
ALLD•=ATE r::!' 
(::! .···. [ 1 ] : = :~: ; 
·::: r::t I I - ~ E I T ( .. ···. r=:t •• •.• [ 1 ] ) ; 
- Lo;·: - H r":' - • L;·: . • 

t-: F: o c~. E t·1 r1 r-1 ; 
MOiiEt"iD 

0 
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O· 

0 

STORAGE ALLOCATION 
(SEQUENCES) 

TYPE seqtypid = SEQ (REP exp OF type); 

I I 

t 
·• STATIC OR IN STACK 

• CONTROL 
RESET ptr_to_seq_variable; 
NEXT ptr_variable IN ptr_to_seq_variable; 
RESET ptr_to_seq_variable TO ptr_variable 

• CAN BE USED TO AVOID TYPE CHECKING 

•ADAPTABLE 
TYPE id= SEQ(*) 

• SPACE FOR POINTER IS ALLOCATED 
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SEQUENCE 

MODULE sequencest 

TYPE 

aseq s SEQ·(REP ·tO·OF inte9er>; 

VAR 

seqstora!:!e · c ·aseq.,· 
Pseq : ""aseq., 
P · 1 "i nte9er' 
va 1 ue : 0 • • 10 • - 0; 

"PROGRAM 9 ;• 

~ PLACE ·VALUES IN SEQSTORAGE } 

~seq := ""seqstorase; 
RESET PS~ .. , 

NEXT ·P ·IN ·PSect' 

~HILE P <> NIL DO 
va 1 ue :·= va 1 ue + t-; 
p"' : = va 1 ue; 
NEXT P IN Pseci; 

WHILEND;· 

·{ ·RETRIEVE VALUES·FROM SEQSTORAGE > 

·RESET ·pseci ;· 
NEXT P IN Pseq; 
WHILE P -<> NIL DO 

< .PROCESS VALUE '} 
C .p~ REFERS TO INTEGER VALUE } 

•NEXT ·p ·IN·psect; 

WHILEND; 

PROCEND:s.; 

MODEND sequences;· 

0 

0 



0 

0 

0 

STORAGE ALLOCATION 
(PUSH) 

STACK FRAME 

HEADER 
1------ - -- --- - - - - - ------ - --- ---1 

PARAMETERS 
~------------ - ----- - ------ - ------1 

AUTOMATIC 
VARIABLES 

~-------------~------------------
PUSH 
VARIABLES 

PUSH Ptr; 

• SPACE ALLOCATED AT END OF STACK 
FRAME. "UNAUTOMATIC" VARIABLE. 

• SPACE IS FREED WHEN THE 
PROCEDURE RETURNS. 
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MOIHJLE 

PUSH 

• F· I 1 ·::: H ·. ·· " -- I. 

F PDC:1::. DUPE ::< 
F' P D C: E t·1 D ·=·=· ; 

.· . 
• .. Q. 

F' l_t :~: H F ; 

IF F· 
F···· . . -. -

t"i IL THEt-1 
4:=;2; 

.· ·. . · ... · •F·• 11 
.••. •.. .• e 

EL:::E 
F.: E T U ~: t·1 ; 

I FEt·iD 

F'PDC:Er·1D t=t; 
p F.~ D c E t·1 D t·1 A I t·~ ; 

MDDEr-iD 

0 

0 



0 

0 

0 

ADAPTABLE RECORD 

MODULE 

T'/PE 
REC = RECCRI:• 

I·< E ·., .. : 1 • • 1 0 0 0 !' 
NAM: STRING ( + ), 

'•,•'AF.'. 
PDINTER_TABLE: ARRAY[1 •• 1000] OF AREC; 

Fl r: .. ' D ,_-.· E II l_I r: .. ' E [,'.· .. ·.·II,_-.· L] .· • .· • . ~ ~ SAVE-STRING ~S· STRING ~ )' 
t-:: : 1 • • 1 0 0 0 ) ; 

1
•,•

1AF'. 
F·: .···.REC; 

ALLOCATE P: [:S:TF.:LEt·H:iTH (s) J ; 
F· .. · ..• t-::E··,.- : = t-::; 
F····· .• NAM : = s; 
PDINTER_TABLE[K] := p; 

PRDCEND SAVE-STRING; 
MDDEt·~D 
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ALLOCATING ADAPTABLE TYPES 0 

MODULE 

I 'H- C:• ••• r:. 

• FI ::<EP.S !' 

P_A_ARRAY: AARRAY[ • ] OF INTEGER!' 
P-A-STRING: ASTRING (. ), 
P_A_HEAP: AHEAP (. ), 
P-Ft-SE~UENCE: ASEQ (. ); 

'·.·'AP 
F· - I: .···.I NTE•3ER !' 
F·_cH: .····cHAR; 

ALLOCATE P-A-ARRAY: [1 
P-A-ARRAYA[3J := - 3; 

·=· nJ :; • • I.... - • 

ALLOCATE F· _Ft_STR I t-~1::;: [ 1 OJ ; 
P-A-STRINGA := /$$$$$$$$$$/; 

ALLOCATE F·-Ft-HEAF·: [ [F.'.EF' 100 0 OF I NTE•::;ER]] ; 
F.:ESET F·_A_HEAP; 
ALLOCATE P_I IN P_Ft_HEAP; 
F·_I····. : = 16;· 

ALLOCATE P-Ft-SE~UENCE: [[REP 1000 OF CHAR]]; 
RESET P-A-SE~UENCE; 
NEXT P_cH IN P_A_se:~uENcE; 
P_cH····. : = 

PPOCEt·~D; 

MDDEt·iD; 

7-26 
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0 

0 

"HEAPS" 

1. ALLOCATE - ALLOCATES SPACE IN "SYSTEM HEAP" 

2. ALLOCATE IN - ALLOCATES SPACE IN "USER HEAP". 

3. RESET - RELEASES ALL VARIABLES IN "USER HEAP". DOES NOT 
CHANGE POINTERS. 

4. FREE - RELEASES A PARTICULAR VARIABLE IN "SYSTEM HEAP" OR 
"USER HEAP". SETS POINTER TO "NIL". 

"SEQUENCE" 

I. NEXT - ALLOCATES SPACE IN THE "SEQUENCE". 

2. RESET - RETURNS "POINTER TO SEQUENCE" TO BOI. DOES NOT 
RELEASE VARIABLES. 

3. RESET TO - RETURNS "POINTER TO SEQUENCE" TO AN INTERMEDIATE 
POSITION. DOES NOT RELEASE VARIABLES. 

0 

0 

0 



0 0 

0 0 



0 

0 

0 

TO THINK ABOUT 

1. WHETHER "USER HEAP" OR "SEQUENCE" GOES INTO "STACK" OR 
WITH "STATIC VARIABLES" DEPENDS ON IF "HEAP VARIABLE" 
OR "SEQUENCE VARIABLE" IS "STATIC" OR "AUTOMATIC". 

2. A. WHEN YOU DEFINE "USER HEAP" OR "SEQUENCE" VARIABLE 
IS WHEN THE SPACE IS ACTUALLY CREATED FOR A "USER 
HEAP" OR "SEQUENCE". 

B. RESET THE "USER HEAP VARIABLE" OR "POINTER TO SEQUENCE 
VARIABLE" PRIOR TO FIRST ALLOCATE IN OR NEXT. 

C. THIRD, THE ALLOCATE IN AND NEXT GIVE THE ABILITY TO 
PUT STRUCTURES INTO "USER HEAP" AND "SEQUENCE". 

D. LAST, USER PUTS DATA INTO THESE STRUCTURES. 

3. A. ALWAYS HAVE A "SYSTEM HEAP". 
B. ALLOCATE GIVES ABILITY TO PUT STRUCTURES IN "SYSTEM 

HEAP". 
C. LAST, USER PUTS DATA INTO THESE STRUCTURES. 

4. IF YOU PUSH A VARIABLE OF TYPE "POINTER TO TYPE", ONE 
COPY <SPACE) OF THAT TYPE IS CREATED ON THE "SYSTEM 
STACK" AT THAT TIME. 

0 

0 

0 
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0 

0 0 
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0 

0 

8 
MACHINE 

DEPENDENCIES 
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0 
DATA REPRESENTATION 

•SCALARS 

• STRUCTURED DATA 

• PACKED ARRAY /RECORDS 

• POINTERS 

0 
8-2 



CY 170 DATA REPRESENTATION 

0 ALIGNMENT 
TYPE SIZE 

UNPACKED PACKED 

BOOLEAN bit LJ word bit 

INTEGER word word word 

SUBRANGE as RJ word bit 
needed 

ORDINAL as RJ word bit 
needed 

CHARACTER 12 bits/ RJ word bit 
8 bits 

0 
REAL word word word 

LONGREAL 2 words word word 

STRING n.,.·.12 bits LJ word 12- bit 

SET as LJ word bit 
needed 

ARRAY /RECORD component word unaligned 
dependent components 

FIXED POINTl=R 18 bits RJ word bit 

0 
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59 

C1 

c6· 

'.r 

8-4 

CY 170 DATA REPRESENTATION 

48 

I 

I 

UNPACKED 
T'"t'PE 

FT = RECORD { FILE TABLE ) 
FT_NAME: STRINGC7), 
FT_ T''f'PE: CB I , DI , LG' PR> ' 
FT-ACCESSES: INTEGER, 
FT_USERS: 0 •• 100, 
FT_P_IOREQ: AIOREQ, 
FT-DISK: BOOLEAN 

RECEND; 

36 24 

C2 I C3 I 
C1 

number of acce.sses 

C4 

12 

I 

0 

0 

Cs 

ty 

c 
users 

pointer 

0 



0 

59 

C1 

Cs 

users. 

0 

. 59 

C1 

Cs 

0 

CY 170 DATA REPRESENTATION 

PACKED 
TYPE 

48 

I 

I 

FT = PACKED RECORD { FILE TABLE } 
FT_NAME: STRING(7), 
FT_ TYPE: (B h DI , LG, PR) , 
FT_ACCESSES: INTEGER, 
FT_USERS: 0 •• 100, 
FT_P_IOREQ: AIOREQ,. 
FT_DISK: BOOLEAN 

RECEND; 

36 24 

C2 I C3 I 
C1 ty 

number of accesses 

pointer d 

BEST CASE 

C4 

TYPE { 170 BEST ) 

48 

I 
I 

FT = PACKED RECORD { FILE TABLE ) 
FT_NAME: STRING(7), 
FT_ TYPE: (Bl, DI, LG, PR> , 
FT_USERS: 0 •• 100, 
FT_DISK: BOOLEAN' 
FT _UNUSED: · 0 • . 255, 
FT_P_IOREQ: AIOREQ, 
FT-ACCESSES: INTEGER 

RECEND;_ 

36 24 

C2 I C3 I· 
C1 ty users unused 

number Of accesses 

. C4 

12 

I Cs 

12 

I Cs 

pointer 

0 

0 
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CELL 

• CELL DATA TYPE 

• POINTER TO CELL 

• APPLICATIONS . 
- INPUT/OUTPUT PROCEDURES 
- AVOID TYPE CHECKING 

/COPF SUSER.CELL_EXAMPLE 
MODULE A; 

PRDGRAf't C:ELL~EXAf'tPLE; 

VAR 
PTR: ,..CELL, 
INT: "INTEGER~ 
STRING_l: CSTATICl STRING (8) := ·'MNOPG!RST"'' 
CHARACTER_t: CHAR,. 
c: CELL,. 
I: INTEGER; 

PTR == ASTRIN6_1; 
CHARACTER_t := PTRA (4); 
PTR := ASTRING_t (4); 
c := PTRA; 
CHARACTER_t := PTRA; 

PTR := INT; 
INT := PTR; <ONLY IF PTR CCNTAINS ADDR OF AN INTEGER) 

C := B 
I : = c; 
C := FALSE; 
C := CHARACTER_t; 

PROCEND CELL-EXAMPLE; 
MODEND A; 

0 

0 



0 

0 

0 

• ALLOlJS II NON-C)18IL II IOENTif IERS 

• HOCL/HREf RELATED 

• EHAtlPLES 

MODULE TEST ALIAS 'SYS.123'; 

PROCEDURE SORT ALIAS 'SRTMRG9' [XREF] 
(VAR X: STRING(*)); 

VAR 
DEVICE_ALLOCATION_TABLE ALIAS 'DAT': 

G~<DCL] SET OF g •• 9 9 9 ; 

PROCEND SORT; 

MODULE TEST 
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MACHINE-DEPENDENT 
FUNCTION 

• FUNCTION 

0 

#SIZE (arg) Returns the size in cells 
of a variable or type 

(
-~ 

_) 

0 



0 

0 

0 

#SIZE FUNCTION 

1 
2 MODULE VARIANT_RECCRD-TYPE; 
':• ·-· 
4 PROGRAM MAIN; 
5 
6 CONS:T 
7 MA::<:SIZE = 4095; 

·;. TYF'E 
10 
11 
12 
1 :;: 
14 
15 
16 
17 
1 ::: 
1 ·;a 
20 
21 
22 

24 
.-.~ .::.._. 
2€. 
27 .-.. -. C•:• 

SIDE-RANGE= 0 •• MAXSIZE' 
AN•:;L..E = - 18 0 • • 1 ::: I); 

TYF'E C VARIANT RECORD ) 
FIGURE = BOUND RECC~D 

Y: SI I:•E-RAN•:;E' 
CA:S:E s: SMAPE OF 
=TR I AN1:;L.E= 

SIDE: SIDE-PANGE' 
Ab 
A2: AN•:;L..E' 

=PARAL..L..EL..CGPi=tM= 
St<:E~: AN1:;L..E' 
s1' 
s2: SIDE-RAN•:;E, 

=st:.?•-•ARE= 
EDGE: SIDE-RANGE' 

CA:S:EN!t 
RECENI:•; 

:;::;: s 1' 
34 s2: INTEGER' 
:35 i::!-P!I 

40 
41 
42 

R-P: .. · .. FI 1:;1_1~E; 

ALLCCATE ~-p: [St:.?UAREJ; 
s 1 : = ~=SIZE (~-F······::i ; 
ALLCCATE p_p: [TRIANGL..EJ; 

4:;: Et·m; 
44 
45 F'ROCEND MAIN; 
4E. MD!1EtiD. 
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GENERAL INTRINSICS 

#CONVERT _POINTER_TQ_PROCEDURE {p,9) 
Converts a pointer to a procedure with no 
parameters (p) to a pointer to a procedure 
with an arbitrary parameter list { q). 

#KEYPOINT (class, data, id) 
Generates the keypoint hardware 
instruction. 

#SCAN (select, string, index, found) 
Scans the string until a match is found with 
the select mask. 

#TRANSLATE (table, source, destination) 
Translates a source string into a destination 
string using a translation table. 

#UNCHECKED __ CONVERSIC?N (source, target) 
Copy source to target. Presumably source 
and target are different types. 

NOTE: SEE REFERENCE MANUAL FOR FURTHER DETAILS ! 

0 

(-\ 
"--) 

0 



0 

9 
INPUT/OUTPUT 

0 

0 
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0 
FILE STRUCTURE 

LEGIBLE/PRINT 

E E EE E E EE E EE 
0 0 0 0 0 0 0 0 0 0 0 
L L LR L LR F LR F 

t t 
801 EOI 

BINARY/DIRECT· 

E E E 1E E 
0 0 0 0 0 
R R F R F 

t t 
801 EOI 

0 
9-2 



0 

0 

0 

CYBIL INPUT/OUTPUT 

~ PREDEFINED PROCEDURES 

• ACCESS METHODS 
LEGIBLE {LG # ... ) 
PRINT {PR # ... ) 
BINARY {Bl # ... ) 
DIRECT {DI # ... ) 

• PREDEFINED TYPE DECLARATIONS 
FILE:!\ CELL 
ORDINALS 

9-3 
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WRITE LEGIBLE 

/SES=GENCDn~ SF=WLG CYBCCMN 
~ GENERATING COMPILE FILE COMPil .... E 
~ r~n GFN~Ot~F~ ~n1~F~T'LE· <.-

···-' ·-· ..• ·~-· I •••• J I • ...• _ . .; i .i. -
t.= 1a:::; ·=· E .: •• : !• ..• • 

. ...-SES:: C11J:E: IL CC 
·-r-:1-1F- -L-~,·-1_: LJ :· I ··' .L J. 1 ··1 b 
EHD C'/DIL 

COMPILE 
CfJMP I LE -- .> 

/SES=LINK170 CYBCLIB :-1. ,.,.., 
t: .. ·; .L. L I I"'·!~::: :t 7 0 

/Li::iO:E: 
·=·"T(::r.;:sT OF IDT.:• 
·-· = : !r;: .. = .J ·-· ......... • 

Et··ID OF .JOI:: 
U:JDB:: 
./1::;:EW I t·-IJ)' WLr.3 
. ,- .-, • ·-1 ,-- I 'I ·::;:~e:'. i::_ :.; J .. \ .U :: ~:.; __ t:i .. 

..... COP 1:·
1

' l.:.ILG 

I 1::01:= 
• ... ' ••• a .:..• 

1-11·1-:-1 II E I 11- ... ..,...r. I E - ........ LE I: 
I ' Ir .. 1•'1···1; ; .. .. l .. 1 ! : .. : .. " 

: • ..! -'··· ·-·' ,__ . ·I • • .:. I :. ... - - ·- .:. .!..· - •• 

:::i:c1=-1LL P:=< I DT\'P 
:r.~CFILL LGZDPEN 
~Cl=tLL LGZCLl1S 
:::i:ct-=tLL LGZPUT 

PRDGRflM 1=t ~ 

1.,.11:.1p 
[JUT~ F Tl E ~ 

L - - ..,... - r 1 - 1 -o i :--;' j
1 ··.h:; h i 

- - ! . . ... . ·- -

LG#DPEN(OLJT,'OUTPUT',OLD#,OUTPUT#,ASIS#); 
L 1:;:;i:i:F·1 l IT (01 IT 'I ':=;TH-F.'T OF . IDT:' ":i = 

- .I - I • - I • - I .. I - - - o • 

I 1-=i ~:i:F'I !T (01 IT'! ' Et·JT1 OF . IO"F:' ') ~ 
Z-... - •• - i ~ - I • l.:- - - • . 

L -..:.:.1-·Lo·-·E ··01 IT H- ,-. T ·-·.LL·· • b 1·r _. · .::1 _ 1•• • _ , !I .:1 .... :• ·1+} , 

PPDCEt·U1 A; 

MDDEt"-ID 
ED I Et·1C:OUt-1TEPED =-

0 

0 



0 

c 

0 

OPEN/CLOSE PROCEDURES 

xx# OPEN {f,name, status, mode, position) 

PR#OPEN {f, name, status, position) 

xx #CLOSE {f, disposition) 

F#SABF (f) 

LG#CODESET {f, encoding) 

PR#CODESET {f, encoding) 

PR#LIMIT {f, lines_per_page) 

PR#SET.PGNO {f, page_number) 

9-5 



WRITE 

LEGIBLE 

. LG#PUT {f, source) 

LG#P·UTPART {f, eol, source) 

LG#WEOL {f) 

PRINT FILE· 

. PR#PUT {f, source) 

PR#P_UTPART {f, eol, source) 

PR#WEOL {f) 

NOTES-source, target: STRING {*) 

eol : boolean 

chars_read : integer 

9-6 

0 

//'''\ 

. ) 

'--- _/ 

0 



0 

0 

0 

WRITE LEGIBLE FILE 

0 
0 
0 
0 
;) 

1 MODULE WRITE_LEGIBLE; 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 

5 
6 

10 
i 1 
~ .-. 
l. c. 
i -::' 
J. ·-' 

14 
i5 
i6 
i .., 
J. ! 

19 
20· 
21 
.-.. -. 
a:::.i.::. 
·:1-;i L...·-· 
24 
.-.c:-
C.·-' 
26 

0 27 

T\'PE 

FILE-STATUS= (NEW#, OLD#), 
FILE-MODE= (INPUT#, OUTPUT#, CONCURRENT#), 
FILE-ENCODING= (ASCII64#, ASCII612#, ASCII#), 
FILE-MARK= (DATA#, EOR#, EDF#, EDI#), 
FILE-POSITION= (FIRST#, ASIS#, LAST#); 

crnt:::r 
i=;:ETUF:N# = LRST#; 

T'lPE 
FILE-DISPOSITION= FIRST# •• RETURN#; 

-:_ I ~ Eu (FI F:ST# :i AS Is#' F:ETUF:N#) } 
PROCEDURE CXREFJ LG#DPEN 

(UAR LEGIBLE-FILE : FILE; 
FILE-NAME: STRING (~); 
STATUS ; FILE-STATUS; 
MODE : FILE-MODE; 
POSITION: FILE-POSITION); 

PPDCEDURE [;:.::REF J LCi#CLDSE 
( LEGIBLE-FILE : ~ILE; 

DISPOSITION: FILE-DISPOSITION); 
PROCEDURE [XREFJ Lu#PUT 

( LEGIBLE-FILE ~ FILE; 
LINE: STRING (~)); 

0 28 PROGRAM A; 
0 29 

i .., 
J.' 

17 
17 1.., 
J.: 

32 
-::'/ 
·-• 1 

44 
44 
46 
4E. 

30 
31 
32 
-:1-:J ·-··-· 
34 
-::'C' ·-··-' 

3'3 

UAR 
OUT: FILE; 

LG#DPEN(OUT,'OUTPUT',OLD#)OUTPUT#,ASIS#); 
LG#PUT(OUT,'START OF JOB'); 
LG#PUT(OLJT,'END OF JOB'); 
LG#CLOSE(OUT,ASIS#); 

F'F.'.DCEND A; 

4E. 4 0 MDDEND 
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MODULE WRITE-LEGIBLE; 

?? SET <LIST := OFF) ?? 
+CALL PXICTYP 

+CALL L•:;ZCPEN 

+CALL L•:;ZCLCS 

+1=FtLL LGZF·•-•T 
+1=FtLL L•:;ZPUTP 

+•=ALL LGZWECL 

?? F.:ESET ?? 

PF.'.OGF.'.AM Ft; 

1
•,•

1AR 
c1_1T: FILE!' 

PARTIAL WRITE 0 

;:.::ARRAY: [STAT I CJ ARRAY [ 1 • • 5] OF I NTE•3EP : = (5 !I 1 0 !I - 5 !I 100 !I OJ !I 

I: 1 •• 5, 
s: STRIN1:; ( 1 (I) !I 

L: I NTE1:;ER; 

L•:;;=cPEN (c•-•T' ···OUTPUT··· , aLJ:•;=, auTF·uT;~, t=ts Is~=> ; 
L•:;;=F·•-•T (a•-•T, ··· :s:TART OF ._10E: ··· > ; 

FOR I := 1 TO 5 DD 
STRINGREP (S!I L!I XFtRRFtY[I]); 

L•:;;=P•-•TPART (a•-•T, FALSE, s) ; 
FOF.:Et·rn; 

L•:;;=P•-•T (a•-•T, ··· Et·iD OF ._IDB···) ; 
Lt:;;=•=LCSE (a1_1T !I AS Is;=> ; 

PF.'.OCEND t=t; 

MDIIEtm 

9-8 
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0 

0 

0 

READ LEGIBLE 

LG#GET {f, chars_read, target) 

LG#GETPART {f, eol, chars_read, target) 

F#MARK {f, mark) 

LG#GET 
F#MARK 

true 

--

Process ~ 
Input 
Line 

false 

9-9 
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READ LEGIBLE 

MODULE READ-LEGIBLE; 

?? :5:ET (LI ST 
+CALL F"::< I CJT"·{F· 

+CALL L•::tZCJF·EN 

+CALL L•::tZCLOS 

+CALL L•3Z•3ET 

+CALL FZMAR~< 
--;:-·-;:· RESET --;:---;:-

'·,·'Ai;!'. 

. -. - .OFF) 

1: 1 •• :=:o, 
t·~CHARS: I t·~TE•3ER' 

EOL: E:CJCJLEAN' 

MARI·<: FI LE-MAFi!t-::' 

STR: STRING (8(1), 

INPUT: FILE; 

L•3~~oF·EN (I NF"UT, ··· INPUT··· , DLI:i~~, I NF·uT~~' t=ts Is~~) ; 

L•3~~•3ET (I NF"UT' NCHt=tFi!S' STR) ; 

F~~MARI·< (I NF"l_IT' MAFi!r::) ; 

l.1.IH I LE (sTR ( 1) <> ···) ... ) At-~D (MARr:: = I'.:IATFt~~) DO 

{ PROCESS INPUT STRING ) 

Li3~~1'.;ET (I NF·UT' NCHARS' STR) ; 

F~~t·1ARr:: (_I NF·UT' t·1AFi!r::) ; 

l.1.IH I LEt·~D; 

LG~~CLOSE i:. I NF"UT' AS.IS~~) ; 

PF:'.OCEt-iD E:; 

MDDEt·~D 

0 

0 



0 

false 

0 

0 

READ PARTIAL LINE 

LG#GETPART 
F#MARK 

true 

Process 
First 
Part 

false 
~-----LG#GETPARTi----....i 

Process 
Next 
Part 
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PARTIAL READ 

?? SET (LI ST 
•ct=tLL F'::< I oT··,··p 

+CFtLL L•3ZOF·EN 

+CALL L•3ZCLOS 

+CFtLL L•3Z•3ET 

+CALL L•3Z•3ETF' 

+CALL FZt·1ARI-< 

?? F.'.ESET ?? 

. -. - OFF) 

NCHARS: I NTE1:;EF'1' 

EOL: E:OOLEt=tN !' 

MAR .. ::: FI LE_Mt=tRI-< !' 

ST Fi! : ST R I N 1:; ( :=: (I) !' 

INF'UT: FILE; 

NCHARS :: 1(1; 
L•3~~0F'EN (I NF'UT' .. ·I t-iPUT .. · !' OL.t•~~' I NF'UT~~' AS IS~~) ; 

L•3~~•3ETF·t=tRT (I NFUT' EDL !' NCHAi:;IS !' STR) ; 

F~~MARI-< (I NFUT !' MARI-<) ; 

l.1.IH I LE MAR .. :: = l)FtTA~~ DD 
FDR I := 1 TD NCHt=tRS DO 

{ .PROCESS STR. (I) ; 

FOF.:Et·H1; 
WHILE NOT EDL DD 

Li3~~•3ETF't=tRT (I NFUT !' EOL !' NCHFtRS !' STR) ; 

FOR I == 1 TD NCHARS DD 
{ PROCESS STR(l)} 

FDF.'.Et·rn; 
l.1.IHILEND; 
{ PROCESS ANOTHER LINE } 
u:;::~13ETF·ART (I NF'UT !' EOL !' NCHt=tf'IS !' STF'I) ; 

F~~t·1ARF (I NF'UT' t·1Afil .. ::) ; 

1.r.IH I LEt"iD; 

PF.'.OCEr·rn :E:; 

MDDEt·iD 

0 

r\ 

~--) 

0 



0 

0 

0 

READ/WRITE BINARY 

Bl#PUT {f, source, length) 

Bl#GET {f, target, length) 

NOTE: source, target: /\ cell 
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WRITE BINARY FILE 

MODULE WRITE-BINARY; 

?? SET (LIST := OFF) ?? 
•CALL PX I aT··,··F· 
••=ALL :E: I ZCF·EN 
••=FtLL P.IZ•=Lcs 
••=FtLL E:IZPUT 
?? F.'.ESET ?? 

'•,•'AF.'. 

::-::: STRIN•::O (1 00)' 
y: ARRFtY [ 1 • • 100 OJ OF It--ITE•::OER; 

{ CONSTRUCT VALUES FDR X AND Y } 

E= 1 ~=F"•-•T (E: 1 N, ~=LDC C=·=:> , ~=s I ZE 
:E: I ~=F"uT (E: IN, ~~LDC (y) ' ~=:s: I ZE 
:E: I ~=•=LCSE (:E: IN' FIRST~:) ; 

PRDCEt·m; 

MDDEt·m 

.· .. .. . 
• .. ::-::)) ' 
(y)); 

0 

() 

0 



0 READ/WRITE DIRECT 

Dl#P_UT {f, key, source, length) 

Dl#PUTDIR {f, key, source, length) 

Dl#GET {f, key, target, length) 

Dl#GETDIR {f, key, target, length) 

Dl#LOCATE {f, key) 

0 OPERATION XFER KEY LENGTH 

returned to supplied 
PUT OUT program 

PUTDIR OUT 
supplied by supplied 
program 

returned to returned 
GET IN program 

supplied by returned 
GETDIR IN program 

.LOCATE none supplied by N/A 

0 
program 

9-15 
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WRITE DIRECT FILE 

MODULE CONSTRUCT-DIRECT-FILE; 

?? SET <LIST := OFF) ?? 
••=FtLL F·>:: I CTYF· 

••=FtLL I:•IZCPEN 

••=FtLL I:• I Z•=LCS 

••=FtLL I:• I ZP•-•T 
?? F.:ES:ET ?? 

TYPE 
RE•=s = RECCRI:• 

NAME: STRING (20), 
JULIAN-DATE: 0 •• 99999, 

RE•=ENI:•; 

'·.•'AF.: 
i: 1 • • 1 Cllh 
::-:: : ARRFtY [ 1 • • 1 0 OJ OF RE•=s, 
KEY: FtRRFtY[l •• 100] OF INTEGER!' 

I:•IR: FILE; 

I:•I~=cF·EN (I:•IR' .•"DIF.:FILE···' NE~~=, CJUTF"UT~=, FIRST~=>; 

FDR I := 1 TD 100 DD 
r:• 1 ~=PuT <I:ii R, 1-::EY [I J , ~=Loe <:=< r I J > , ~=s r ZE C:< E 1 J .:i ::i ; 

FOF.:END; 
I:• I ~=•=LCSE (DIR' FIRST~=) ; 

PF.:DCEt·rn D; 
MDDEt·rn 

0 

() 

0 



0 

0 

0 

POSITIONING 

xx#FIRST (f) 

xx#LAST (f) 

Dl#LOCATE {f, key) 

LG#TAB {f, column_number) 

PR#TAB {f, column_number) 

PR#LINE {f, line_number) 

PR#SKIP (f, number of_lines) 

PR#EJECT (f) 

PR#PAGE (f) 
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END-OF-DATA HANDLING 

xx#WEOR {f) 

xx#WEOF {f) 

F#MARK {f, mark) 

F#WORDS {f, words) 

Write 
END-OF-RECORD 

Write 
END-OF-FILE 

Return last file 
structure mark 

Return length of 
last transfer 

0 

0 



0 

0 

0 

STATUS INTERROGATION 

F#TERMINAL {f, is_term) 

xx#.OLDCODESET {f, encoding) 

xx#COLNO {f, column_number) 

PR#LINO {f, line_number) 

PR#PGNO {f, page_number) 

PR#OLDLIMIT {f, no_of_lines) 

NOTES- is_term : boolean 

xx=LG or PR only 

9-19 
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0 

0 

0 

10 
COMPILE TIME 

FACILITIES 
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SES. CYBIL OPTIONS 
0 

I = Source file cCOMPILEl 

L = Output file rLISTINGl 
Suppress source ca) 

B = Bi nary file CLGOl 

CHK = Nil pointer reference (N), range (R), 

(o") ...-~l--r 
subscripts CS) ' none cSi/\cNRSJ 

'J~41-K '{lec°'2.t) ~&- (-r)_, 

·LO = Ful 1 1 ist i ng - A, S, R (f) 

Generated code (Q) , () 
l!ftfl"° 

Attributes CA) , ~#;eJ 
~'> 

.List fatal diagnostics only CU), 1 ~c\'-'° 
Cross reference list CR or RA~ 
Source CS) , ~ ~ -r 

Use listing pragmats if LISTEHT is ON 

10-2 



0 

0 

0 

CYBFORM 
{before) 

ASCII 
./;E:ATCH 

/~E:T ~ rt:JF: 
/CClPY :t r=-oi:;: 

•odule for_staterent; 
progr•• flaln; 

con st 
In It I 11•11 
f Ina I •100; 
var 
wa Integer, 
x1 I nteger1 
aaarrayClnltlal •• 501 of l"teger1 

xt•lnltl1I; 
for Ml• lnl ti al to final do 
x••x+l; 
a[wl 1• a[wl +x; 

forend; 
pr oc end •a I n J 
•odend for_stateMentJ 
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CYBFORM 
(after) 

/SES. C:'r'EF"Cr:M F"CF: 
• END C'lBF'CRM F'CF.: 
/f:;;£LJ I ND ' F"CF; 
:SRE:W I t'iD , F'CR • 
/C:CP.,.. ' F"Cr: 

MODULE for_state•ent; 

PROGRAP4 1taln; 

CONST 
Initial • l, 
final • 100; 

VAR 
Ml Integer• 
xa Integer, 
u arr •Y C lnl t I 11 •• 501 or l"teger; 

X I• lnftlal J 
FDR w I• Initial TD fl~al D" 

x ••• + 1; 
8 [M] I• I [W] + XJ 

FO RENO; 
PROCENO ••In; 

"ODENO f or_state•ent; 

0 

0 



0 

0 

0 

/SES.CiBIL FOR CC LO=F 
• COMPILING FOR 
• END CYBIL FOR -~ LISTING, LGO 
..-t:;:Ei.1.I I ND !IL I .s:r I t·iG 
J, F'. E hi I t·i D , L I :s: J I t·H5 • 
...-copy, l I ST I t·iG 
!SOURCE LISTING OF FOR-STATEMENT 

1 • 0 ::: 1 .;: .;: ( ) 1 2 /.::: (I/ 8 1 

0 1 MODULE FOR-STATEMENT; 
0 
0 
I) 

10 
10 
10 

2 

4 
C" 

·-' 
E. 
7 

10 8 
10 
10 
1 (I 

cor·i:S:T 
INITIAL = 1!1 
FINAL = 1 (I 0; 

··/Ar:;;: 
~·~: I NTE•:;iER !I 
.:<: I NTE•:;iER !I 

r·io.s: 
4:09 PM PAGE 1 

10 
10 
1 (I 
15 
1 E. 
20 
30 

1 0 
1 1 
12 
13 
14 
15 
1 E. 
17 

A: AR~AY (INITIAL •• 50] OF INTEGER; 

·:-:: : = INITIAL; 
FOR w == INITIAL TO FINAL DO 

:{ == ::{ + 1; 
A [~·~] : = A [~·~] + ::<; 

1 ·=· ·-· FOREt'HI; 
19 PRDCEND MAIN; 
20 MODEND FOR-STATEMENT; 

0 
•••• NO DIAGNOSTICS 

C'iBIL...-CC 
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1CROSS REFERENCES OF FCFi!_$Tt=4TEMENT MO:S: 
1 • 0 8133 ( ) 12,...::::0....-:=:1 4: o·=.t PM PA13E 2 

IDENTIFIER--------------------DEFINED----------------REFEREMCES 
OM L HiE 

A 12 17....-M 

FINAL 7 15 

INITIAL 6 12 
15 

MAIN ·-=· ·-· 1 '31 

~·-' 10 15 
17/S 

::< 11 14/f'1 
1 E· 17 

CYBIL/lo~·,-. 
( I 

17 

14 

17....-s 

lE • ....-M 

~-\ 

'( __ ) 

0 ••• REFERENCE ABBREVIATIONS : M=~aDIFY' A=t=tT 
TRIBUTE' S=suESCRIPT' I=l/O REF' R=READ' W=wRITE' P=PARAMETER 

ED I Er·iCOUNTERED. 

10-6 
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0 

0 

0 

!ATTRIBUTE LIST FOR 
1 • 0 B 1 :;:.;: ( .:i 

FOR-STATEMENT 
12,....30....-:::1 

NO:S: C'·1'E: IL/CC 
PAGE 1 

IDENTIFIER--~-----------------DEFINED-----SIZE UNIT--TYPE-------LDCATID 
N--BLOCK--NEST--CONTAINED CR DECLARED IN---------ATTRIBUTES 

ON LINE. SEC+OF 
F LEVEL 

A 12 50 WORD STRUCTURE AUTO+? 
2 1 MAIN 

Af':F.:AV 

FI ~-~AL 7 0 CDt-i:S:TFtMT 
2 1 MAIN 

INITIAL 6 I) cm·ETFttH 
2 1 MAIN 

Mt=tIN ·~· -· 0 PROCEDURE 
1 I) 

~-~ 10 AUTO+S 
2 1 MAIN 

INTEGEi:;;: 

. :{ 1 1 AUTO+E . 
2 1 MAIN 

I rHE(:iEF.: 
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/rlflP ~ PRF:T 

MnP~ PF!PT. 
/SES.LINK170 CYECLIE 

LOADER MAP 0 

LOAD MAP - FOR_STA CYBEP LOADER 1.5 

RE 

.-. 
·=· 

::::ci..-··01 .. ·"0c:. 15.1::::.35. ·PAGE 

FWA OF THE LOAD 111 
LWA+l OF THE LOAD 5572 

!,jp I TTEt-·! TO FI LE LGOB 

PROGRAM ENTRY POINTS --

PROGRAM AND BLOCK ASSIGNMENTS. 

:E:LOCK 
CDMMEt·ff'.::: 

i i i 
.l. .i. !. 

LEt-H::'.iTH FILE 

LCD 

SW=EPSC 150 44 UL-C~BCLIB 
PASCAL-X PL~TIME - ERROR EXITS 

J.21 

DATE 

C\'J:: IL 

COMPf1:::·:-· 

SW=STST 214 63 UL-CYBCLIB 79,....0~ 
PASCAL-X STACK MGR- PROLOG EXCEPTION + OBTATN 

SW=MMST 277 27 UL-cv~-
PASCAL-X RUNTIME - INITIALIZE ppnr~ 

SW= MAMA 326 

'.3 I.'~='.:; T '.:; '.:: 
PASCAL-::·:: '.=:,...-

... ):::100 
. ,·:.L.ICE~:'.:;OR. 

.. ~1s 5513 
-~~ss SYSTEM REQUEST. 

CPU.WTD 5553 
~·~R I TE ONE ~·.IORD. 

• • • 

.w1~:'.:;'.:;;p 

79/ 0:::....-24 COMPASS 

7'3/1 1....-25 CDMF'A:::;'.::: 

79....-1 1....-25 CDMF'A'.:'.:::: 

79....-1 1....-25 CDMPA'.:'.:S 

79/1 1....-25 CDMPAS'.:: 

. 04::: cP '.::Ecm-ms 
2 TABLE MOUES 

21600B CM STORAGE USED 

nm L I t·n=:: 1 7 o 

l .• 0 

UER LEl)EL H 

"7 6 49::: ··-'. 
7 i:;. 5 o:::: ·-'. 

7 ·-· . 6 so:=: 
...., 

6 50::: .,: .. 
7 ·-'. 6 508 

0 



0 

0 

0 

ABORT DUMP 

/LGD:E: 

1- CYBIL POST MORTEM PROCESSOR 
- ABORT AT 213 STACK= 7501 
- CP ABORT FROM 135 
- SUBSCRIPTRANGE ERROR 

.a 
l .-. 

i:::. 
-::-·-· 
4 
!:' 

·-· 

E>=:CHflNGE PACKAGE 
flCIJ 

7575 
7506 
7571 
7507 

1 
7560 

:B [I J 

1 
7501 
I:" c:- -:s-:w 

·-··-· j' .:.1 
-1 .-. .:. 

::-:; [I J 

00000000000000000000 
00000000000000000063 
00000000000000000000 
00000000000000000063 
00000000000000000000 
77777777777777777764 

6 1 ;:~341. o 102242oooo1 030oo135 
7 7507 71 01022420000000000000 
CALL NEST<AND STACK DUMP) 

ABS ADDR STACKFRAME 
i -:;we:- . .:.·-··-· 
-i·:•'7 ._ . .__._. 

-:SC:- - 1 ( ._11_1 

7572 
- SUBSCRIPTRANGE ERROR 
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OBJECT CODE 
/SES.CYBIL FOR CC LO=D 
• COMPILING FOR 
• END CYBIL FOR -> LISTING, LGD 
/ F.: E 1.•.l I t·i D , L I ST I t·i 1:; 
~I; RE 1.•.l I r·i D , L I S T I t·i 1:; • 
....-COPY, LI ST I t·it.=t 
!SOURCE LISTING OF FOR-STATEMENT 
3:3 ( ) 12./ 1::: .. ···:::1 1:24 PM F'At:;E 1 

1 1 MODULE FDR-STATEMENT; 
1 2 
1 
1 4 
1 5 corer 
1 6 INITIAL = l:t 
1 7 FINAL = 100; 
1 
10 
1 0 10 w: INTEGER!' 
1 0 11 ::<: I NTE•'.:iER !I 
1 0 12 A: ARRAY (INITIAL•• 50] CF INTEGER; 

0 

10 1..:: 
1 0 14 X := INITIAL; 

10 6170000071 L_8 
0100000000::-:: 

1 1 OlOOOOOOOOX L_9 
6100000000 

12 76020 L_4 

7E.010 

31 7110000144 

4E.OOO 
32 0321000016+ 

E·l 00000000 

19 PF.:DCEt·rn MA 1 N; 

L-E· 
33 56120 L-2 

E.371 0 
6122000071 

34 0270000000 
6100000000 

15 46000 

35 20 MDDEND FOR-STATEMENT; 

++++ ND DIAGNOSTICS 
EDI ENCOUNTERED. 

10-10 

:s:E:? B0+57 
F.:._t 0 
F.: ._I (I 

SBO BO+O 
:s::=·::o E:2+BO 
s:=·=:o Bl+E:O 
I:=-::E. ;:-::E.+:=-=:O 
s:=-::1 BO+l 00 
I;:-:; 1 ;:·:: 1-:=-=:E. 
MO 
PL ;:·:: 1' 14 

· SBO BO+O 

S:Al B2+BO 
:S:.E: 7 ;:-:: 1+E:0 
:S:B2 B2+57 
._IP B7+0 
:s:E:o BO+O 
r·m 

0 

+ F.:_1 FLO 
• CIU=PGI 
• CIU=S:PE 
• F.:_ q F.:_ 0 
• F.:_:~: F.:_ 0 ;:;::_ 1 

+ FL2 F.:_ o F.:_ 1 
• F.:_2A F.:_ 0 F.:_2 
• F.:_ 1 F.:_ 0 
• F.:_sc F.:_ o fL2A 

• 
+ F.:_O L_5 
+ F.:_O FLO 

• FL3 F.:_ 0 i;.:_ 1 
• F.:_6 7 F.:_ o fL 1 
• F.:_.3 F.:_ I) 
• F.:_o 
• F.:_ o F.:_ o 

• 

0 



0 

0 

0 

COMPILE TIME 
STATEMENTS 

VARIABLES 
? VAR varid:boolean :=exp? 

• 

• 

• 

? varid := exp ? 

CONDITIONS 
? IF exp THEN 

executable statements 
? ELSE 

executable statements 
? IF END 

10-11 



10-12 

COMPILE TIME VARIABLES 

0 1 MODULE COMP-TIME; 
0 2 
0 
I) 

0 
0 
0 
0 
0 
(I 

0 
(I 

0 
(I 

(I 

0 
0 

0 

.::: 
4 
5 

10 
11 
12 
1.::: 
14 
15 
1 .:. 
17 

19 
0 20 

11· 
11 
1 1 
1 1 
11 
1 1 
1 1 
1 1 
11 
1 1 
11 
1 1 
1 1 
11 
11 
11 
1 1 
1 1 

11 
1 1 

1 1 
15 
15 

21 
22 
=··-=· ..... _. 
24 
25 

:::o 
::: 1 
-··-· -•!.;, 

34 
35 

-=·~ -'I 

40 
41 
42 
43 
44 
45 

rr'PE 
REC = ~ECC~D 

><:EY: STRING (6) !I 

P: ..... ,_,NIT 

RECENO' 
'-'NIT = ~ECCRt• 

AMO•-IN T: INTEGER' 
RE•=EN.Ct; 

?VAR 
c170A: BOOLEAN := FALSE, 
c170s: ECCLEAN := TRUE, 
c170c: BOOLEAN := FALSE?; 

?•= 170A : = TRUE?; 

'•,•'AR 
A: A~RAY (1 •• 1000] CF ~EC!I 

re:: STRIN•::t (6)' 

1..0 1=: ·'·•-•NIT; 

VAR PL: .... ,_,NIT} ; 

PROCEDURE [XREFJ B-F~OC (pp,: A~~AY [ • J OF REC!' 
PK: STRING ( • ); 

'•,•'AR PL: ""UN IT) ; 

PROCEDURE CXREFJ c_PRoc (PA: ARRAY [ • J OF REC' 
PK: STRING ( • ); 

\.'Ari'. PL: "··,_1N IT) ; 

?IF c170s AND c170c THEN 

?IFEN!I; 
?IF c170A AND NOT c170s THEN 
A-P~CC (A!I K!I LCC); 

?ELS:E 
c_PRCC (Ft, K!I 1..cc); 

? I FEr·rn; 
.-.c:" c. _, 

25 
46 PROCEND TEST-CCMF-TIME; 
47 MODEND COMP-TIME; 

0 

0 



0 

0 

0 

LAYOUT CONTROL 

?? keyword : = value ?? 

• SOURCE LAYOUT 

LEFT (1) 
RIGHT (79) 

• LISTING LAYOUT 

PA0ESIZE (58~ 
EJECT 
SPACING (1)-
SKIP 
NEWTITLE : = ' ... ' 
TITLE : = ' ... ' 
OLDTITLE 

• MAINTENANCE 

COMPILE 
NOCOMPILE 
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TITLES 

C\'BIL.···cc UiuO 790712 SOURCE LISTING - LINK_LIST 
:::0-01-02 PAGE 1 

0 
0 
0 
0 
0 

2 ?? TITLE := 'LINKED LIST PROCESSOR' ?? 
3 ?? LEFT := 1, RIGHT ·- 79 ?? 
4 MODULE LINK-LIST; 

? 
T\'PE 

LINI·< -· .···T:EC;1 

F:EC = ~-:;:ECOF:D 
1...'FILLJE ~ I NTEGEF-: !! 

PTF:~ Lit--it-:: 

F:ECEt·n::i; 

0 13 1.)flP 
FIRST: LINK ·- NIL; 

) i 5 
lb ?? NEWTITLE := MFJIN Loop 

0 1 7 ?? EJECT ?? 

C\':BIL/CC 1.)1.0 790712 

0 
J 
0 

80-01-02 15~45:25 PAGE 
LINKED LIST PROCESSOR 

MR I t·.1 Loop 

1 ·::i 
20 

PF? OGRAM MA IN; 

,-, .-, ~ 
: .. ' CJ.. 

1 22 PROCEND MAIN; 
1 23 ?? OLDTITLE ?? 

·-== L. 

SOURCE LISTING - LINK_LIST 

1 24 ?? NEWTITLE" := ' ADD ELEMENT TD LIST' ?? 
i 25 ?? EJECT ?? 

CYBIL/CC 1.)1. 0 790712 SOURCE LISTING - LINK_LIST 
80-01-02 15:45:25 PAGE "7 ·-· 

LINKED LIST PROCESSOR 
ADD ELEMENT TD LIST 

11 E'.6 
i 1 
J. ... 

.-.~ 
C. I PROCEDURE ADD (p: LINK); 

11 
ii 29 
20 30 PROCEND ADD; 
20 31 MODEND; 

Ul.O 790712 COMP LATION SUMMAR\' - LINK-LIST 
::: 0-01-02 i c:". ·i c:" •• -.C'. 

... ·-' = '"T ·-' • c. ·-' PFIGE 
31 LINES COMPILED. 
ND COMPILATION ERRORS. 

10-14 
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EXAMPLES OF NEWTITLE, TITLE, OLDTITLE & EJECT 
.. ···r:OF'Y, L 1 ST I t"fl3 
!SOURCE LISTING OF RMOOU2 

O; f'iO\.'E.M.bE.R 1 0, 1 ·~82 11: 0 0 Af'1 
0 1 ~? ~ET iLI~1r·1~ ·- ON) ?? 
0 2 ~bDGLE ~MO~uf;~ ·-

r·m:s: 
F-'Hbt. 1 

0 ~3 
0 4 PRDG~AM M~IN; 
0 5 ?? llTLE. := .. lllLE. 1 .. ?? 
0 6 ?? E. IEf:T ·-;.··-;:· 

!SOURCE LISTING OF -R~oo0~ 
( ) NOVEMBER 10' 1982 

TITLE 1 

I) ? 
1 0 :=: 
1 0 9 

TYPE 
INTRANGE = 0 7; 

1 0 1 (I 
10 11 ?? DLDTITLE 77 
1 0 12 ?? E. 1EC:T ·-;:··-;:· 

!SOURCE LISlING OF -R~ooci~ 
( t·1ovEME:E~' 1 0 ~ 1 '3'bc: 11: I) l_i Hf'i 

1 0 1 ·-· 
10 14 TYPE 
1 u 1 ~· A = lt"fl Et~E:.~·; 
1 (I 1 .:. 
1 (I 1 7 ·-;:··-;:· 
1 0 1 !:: ·~· ·~· 

lSDU~CE LISTING OF 

NEWTllLE := "NEWlITLE 1" ~? 
E. IEf.1 ·-;.··-;.· 
-R~oo6~ NOS 

1 (I, 1 ·~:~~2 11 : 0 0 Ht·1 F'Af:.E. 4 ( ) NOVEMBER 

t·-tEl.1.1T I TLE 1 

1 (I 1 '34 

0 
10 20 TYPE 
10 21 B = INlEGER; 
1 o ci::'. 
1 0 2 3 -;:· ·-;:· T I TL E : = ·· 1 I TL E. 2 ... . ~ ? 
10 24 77 EJECl ?7 

1 :S.OUt;.CE L 1 :5:1 I r-~6 OF F't·10 u U2 
( t-1C!'./EM.t;Ef;' 1 0, 1 '~82 11: 0 u Ar·i 

TITLE 2 

1 0 2r:. 
10 2E· 
1 (1 27 

1\F'E c = nn E.1;,E:.fd 
10 28 
1 0 i; ·~ ··;.· ·-;:· f··H: 1,n 11 LE. := 'NE:.WllTLE 2~ ~~ 

- - - ,.... 1 (I - :.:: '=' ·1 x E . IF r: T --;.- ·-;:· 
l~D~~L~ Ll~lINb o~ -~~OOG2 

i:. HD\·· E f•I f; E. F.' 1 0 ' 1 ·~ ;:. c 
TITLE 2 
r·1E.1.t.1 T I 1 LE C' 

1 (i 31 
TYPE 

11 : O O Ar·1 

1 (I 32 
1 (I :-=:::: D = ltfl EGE.f;.·; 

F'Hbl::. i:. 

1 (I :~:4 
1 0 :.::c_:, ?·~·· f·iEl1ff I TLE. : = ·· t·1E:.1 .•. 11 I TLE 3" ·(·( 
10 36 ?? EJECT ?7 

1SOURCE LIS1ING OF RMOOU2 
( NOVEMBER 10, 1982 

TITLE 2 
r·-+E hi! 11 LE 2 
t·1El.1.iT I TLE 3 

0 T\'F'E. 

11: U 0 Af'i 

E = Hfl EGE.~:; 

F'fii_:,E:. 7 

10 
10 
10 
10 
10 
1 (I 

N~WTITLE := "NEWTITLE 4" ?? 
EJECT ··;····;:· 

r·m:~: 

C ·...- E: l L ...- LC 1 • 1.i 

LYBIL...-CC l.U 

c·.,.-i:: I L/l_C 1. u 

C'f :E: l L/CC 1. 0 

0 

::::21 ·:; -

0 

0 



0 0 

0 0 



1SOU~CE LI~TING OF ~M0002 
,-\:: t·iO'./EM.E;EF.' 1 0' 1 ·3::;2 

'-r'ITLE:. 2 
t'1E 1.t1T I TLE 2 
t·-tEl.i.1111 LE . .:; 
r-iEl.i.IT I TLE 4 

1 I) 43 
1 I) 44 
1 0 4r:, 

11: o 1.1 Ar·1 

10 4E. 
1 (I 4 7 •i•? 
1 (I 4:::; ?? 

NEWlITLE := 'NEWTITLE s~ 7? 
E.JECT ··!·? 

F'M 0 0 02 1SOUFCE LISTING OF 
( ,:. t·~O\•'Et·1:t:E.F.' tu, 198.::: 11:00 ~M PAGE. 9 

TITLE 2 
t·i E. l.1.1 T I TL E. .:'. 
t·iEl1i1 I TLE . .:i 
t·-tE 1,n I TLE 4 
r·11::.1.n I TL E :1 

1 I) 49 
10 ~· i~1 
1 0 ~51 
10 52 
10 53 7? OLDTilLE. 77 
10 54 ?? EJECT 7? 

1sou~CE LISTING OF ~MOOU2 
( t·1 [! v EM t· E ~· 1 0 , 1 ':;. ;:: c: 1 1 : IJ 0 Ar· 1 

TITLE 2 
r·-1El.1.i T I 1 LE c: 
t·1 E 1.1.i T I 1 LE. 3 

o:i.1.iTITLE 4 

1 (i r:i5 
10 SE. TYPE 
10 57 H = Hfl E.1::.E.fd 
10 s::: 
10 59 77 lITLE. := ~1ITLE ~· 77 
10 bU ~7 EJECT ?7 

lSDU~CE LIS1ING OF RMU002 
i:: t·1 Ci\· E t'1 f' E F.' 1 0 " 1 ·::. b.::: 1 1 : 0 0 A f'1 

TITLE 2 
t·1El.t.i r I TLE i::: 
t·1E 11.iT I 1 LE .:i 
TITLE 3 

10 bl PRDCE:ND M~lN~ 
10 be'. 77 OLDTI1LE ~~ 
10 ~~ ?7 EJECl ?? 

1SOU~CE ll~llNG OF RM0002 
( t·1 u \· E t·1 t· E F' 1 0 " 1 ·::. ::: c'. 1 1 : 0 0 A I ·i 

(i 

TITLE. 2 
r·~E 1.1.iT I TLE c: 
hE 11.i 1 I TL E 3 

10 64 MODE.ND RMOuo2; 

• • • • t-1 U Ii lf·tt::. t-1CC1 I CS 
ED I Et·-t( Ot•h T EF.'EI•. 

0 

F'Ft1:;E: 1 1 

0 

r·m:s c y B l L. / L c 1 • IJ 

C. \' l::; l L ...- 1_. i_. l • 1_1 

o. 

1_:"( .b IL/LC 1 • U 

0 



0 0 

c 

0 0 



0 

0 

0 

TOGGLES 

11 control (to~le: • ON/Off) 77 

~OGGLE CONTROL 
( • ~SET 

PUSH 

POP 
I l11s<J<L, \)~~ 

RESET "Sf.---~b~~~) b\N 

• LISTING TOGGLES 
LIST produce i ist i ng cQN) 

LIST OBJ 
LISTCTS 
LIS TEXT 

LIS TALL 

list object code cOffl 
list compile time pragmats COff) 
command control of listing; 

controlled by LO=HCOff) 
union of all listing toggles 

• CHECKING TOGGLES 
CHKRNG 
CHKSUB 
CHKNIL 
CHKTAG 
CHKALL 

check ra~e com 
check subscripts CON) 

check pointer dereference corn 
check variant_ record taas CON) 
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0 
TOGGLES 

~~ ~ET ~Lr~r ·- DtJ LI~TDE' I ·- DtJ) 77 I I ._:. I.. •.,!• • - l ' ·~· I ._ • - 1 .• 

·-=· ·-=· F· I 1 ·:-· H ·· L I ·::-· T • - D F F ·. ·-=· ·-=· I I - • .::. I.. ..::. • - •• I ~ ~ 

·-=· ·-=· F' D F' ·-=· ·-=· I I I I 

·-=· ·-=· LI E ·::-· E T ·::-· E T .· ,-. H t.·· ·::-· 1 I E' • - D F F · .. ·• .-•... -... 
I I f'=. •-=• ' ·~· '·· -· f• ••• _:. - I • -

0 
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TOGGLES 

/SES.CYBIL FDR CC 
• COMPILING FDR 
• END CYBIL FDR -> LISTING, LGD 
/SES~LINK170 CYBCLIB 
~ CNTI LINK170 LGDB 
.. ··"LGD:E: 
LGDB. 
/Fi:EW I t·U:1 !I LI ST I NG 
$F'.El·~IND, LI'.:;TING. 
/CDPY!!LISTING 
1 C'i"':SIL/CC 1)1 Q;) 7'30712 

(I 

10 
iO 
10 
10 
10 
10 
10 

::::0-01-03 
2 MODULE FDR-STATEMENT; 
3 ??·SET <CHKSUB :=OFF) ?? 

F'l?DGPAM MAIN; 

CDHST 
INITIAL = i~ 
FI t·~AL = 1 0 0; 

i 0 i 0 
10 
10 
:L 0 
10 

"'.-. .i. i:. 
;~ 

i. ·-· 

14 
i 0 15 
iO ... -

1 !::· 

UAR 
l.J ~ I t·-ITECiEF:' 

:·< ~ ! NTE.CiEF: ' 
R~ ARRAY [INITIAL 

;:.:: : = ! t·-1 I T I Fl L ; 

i 
..i. 

SOURCE LISTING - FDR-STATEMENT 

50] OF INTEGEF:; 

"' i= i ._; i '"? 
J. ! FOR w == INITIAL TD FINAL DD 

1 

16 
20 
.-.-, c. . .:1 
26 
;:::6 

:.-:: ; := ::< + 1 ; . . 
19 Fl [ w J : = Fl [ w J + ::d 
20 
.-. "' c. l. 

FDF:nm; 
PF'.DCEMD MA I t·4; 

22 MDDEND FDR-STATEMENT; 

C'/BIL/CC I.) i ,. 0 79 0712 
::: 0-01-03 

0 22 LINES COMPILED. 

... ·· 

ND CDMPILATIDM ERRDRSQ 
ED I EtK:DUt·ffEF.:ED • 

COMPILATION SUMMARY - FDR-STATEMENT 
1 
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11 
INTERACTIVE 
DEBUGGER 

11-1 



11-2 

CYBIL 
INTERACTIVE DEBUGGER 

• VARIATION OF CID 

• REFERENCES CYBIL 
VARIABLE NAMES 
LINE NUMBERS 
MODULES 
PROCEDURES 

0 

~ 

• SCL-LIKE COMMAND STRUCTURE ~ .. ) 

• CAPABILITIES 
BREAKPOINTS 
TRAPS 
DEBUGGER PROCEDURES 
VARIABLE CONTROL 
MEMORY AND REGISTER CONTROL 
TRACEBACK 

() 



0 
0 1 
0 i:: 
0 3 
0 .~ a..r 
0 C' 

._1 

0 6 
0 7 
C1 :::: 
0 9 
0 1 0 
0 i • .i. J. 

0 36 
0 37 
0 ~·=' ·--··-· 
0 3'3 
0 4 -, 
0 4 1 
0 42 

·=· • .:+3 1- .!. 
·:1 ; 44 !.... .i. 

2 i 45 .i. 

·::· i 46 !.... 

·:· 1 47 !.... 

2 i 48 
=· i 4'3 !.... .i. 

0 
34 C' 0 ._I 

4 1 C' 1 ·-· 45 c::'·-· 
._ii:. 

.:+ "'? 53 i 

C"'·-· 
._1.:. 54 
54 c::'C" 

._1._1 

E. i 56 .- ._ c::'-:t 

'=··-=· ·-· ;" 

,:.3 I::".-, 
·-··=· 

0 1 
0 2 
0 '7 ·-· 
0 4 
0 c::' 

·-' 
0 6 
0 "'? 

! 

0 ::: 
0 '3 
0 1 0 .i. 

0 1 1 
0 1 .-, .::. 

1 0 1 '7 ·-· 
1 0 1 4 
1 0 1 C' 

·-· ~ 0 1 6 J. 

·=·~ ~ "'? '-·-· J. I 

30 1 ::: 
33 1 '3 
'7-i ·=· 0 ·-··-· !.... 

0 

SQA/SQB 

MODULE SD.A; 

consT 
11IN = i' 
FIR>:: = 30; 

TYPE 
T_RRRAY = ARRAY [nrN 

?? SET (LIST ·- OFF) ?? 
?? PESET ?? 

111R>:: J OF I NTEGEF:; 

PROCEDURE [XREFJ SQUARER (E: T_RRRRY; 
UAR SD.: T_RRRAY); 

PROGRAM f11RIN; 

UfiR 
E:ASE: T _RF:F:RY' 
SD.URF:E: T _:-JF:RAY' 
I ~ 11 I N • • 111R::< ' 
OUT~ FILE; 

LG#OPEN (ouT' 'OUTPUT'' OLD#, OUTPUT#, ASis#); 
LG#PUT (OUT' 'START OF PROGRAM'); 
FOR I := 111IN TD 111AX DD 

E:ASE [ I ] ~ = I ; 

FDREt·m; 
SQUARER (BASE' SQUARE); 
LG#PUT (OUT' 'END OF PROGRAM'); 
LG#CLOSE (ouT, ASIS#); 

PPOCEMD nAIN; 
MODEt·m SD.A; 

MODULE SD.:E:; 

Cott::r 
111IN = 1, 
111A>:: -- 3 O; 

T\'PE 
T-RRRAY =ARRAY [rJIN •• 1'1AX] OF INTEGER; 

PROCEDURE CXDCLJ SQUARER (B: T_ARRAY; 
UAR sD.: T-RRRAY); 

UAF.'. 
...Ji MIN 111A>::; 

FDR ...J := MIN TO r1AX DO 
SD. [...J] := B [...J] ~ E [...J]; 

FOF.:EMD; 
PPOCEMD SD.UAF:EF:; 

MOIIEMD sD.:E:; 
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SAMPLE-1 

/SES.GENCDMP s~=sm CYECCMN 
~ GENERATING COMPILE FILE COMPILE 
~ END GENCDMP COMPILE <- BASE 
/SES.CYBIL I=COMPILE CC D=ST 
~ COMPILING COMPILE 
~ END CYBIL COMPILE -> LISTING, LGO 
/SES.LINK170 CYBCLIB DEBUG 
~ END LINK170 LGOB,ZZZZZDT 
.. ·"DE:E:LJG:. ON 
$DE:t:UG:. on. 
/LGO:E: 

PASCAL-X INTERACTIUE DEBUG 

~WARN - LINE 48 NOT EXECUTABLE - LINE 49 WILL BE USED 
DK ? '·rlES 

I!"'! COLLECT MODE 
Et·m COLLECT 

~B #1 = LINE=48~ 

? D' . .J :E:FJSE 

~~ #2 = MDDULE=SQB LINE=17 

~ERROR - ND PROGRAM UARIABLE BASE 
? GD 

CD 
~B #1, AT LINE=48 

BASE = 0 0 J J 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 ) ) 0 0 

? GD 
._! :-::: 1 
~B #2, AT MDDULE=SQB LINE=17 

? D1 • ..' :E:FJSE M=SGIFI 
~ERROR - ND PROGRAM UARIABLE BASE 

]I.) B 

20 .-. " C..i. 
.-•. -, ·:= '"7 i:::.i:::. ._._. 24 .-.c:-

c_._1 26 
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0 

0 

SAMPLE-2 

? GD 
j = 2 
~B #2, AT MDDULE=SQB LINE=17 

? GD 
j = 3 
~B #2, AT MDDULE=SQB LINE=17 

? DV S~ 
SQ = 1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1519389309 
0 0 0 0 1520961591 1520961588 -97935699709263871 2088 68 2088 

? CV VAR=B[20J VRLUE=l 
? DV E 

B = 1 2 3 4 5 6 7 8 9 10 11 
21 22 23 24 25 26 27 28 29 30 

? CB E=2 

12 13 14 15 16 17 18 

? CB 
~WARN - ALL NILL BE CLEARED 
DK ? YES 

? SB 19 
? GD 
~B #1, AT LINE=19 

? DV S~ 
SQ = 1 4 9 16 
289 324 361 1 

? GO 
STRRT OF PROGRAM 
END OF PRDGRAn 

~c 
CJ 

~~ 

~b 49 
441 484 

64 R 1 i 00 -
529 576 625 

~T #17, END IN MODULE LP#CLDS OFFSET 0(8) 
? QUIT 

DEBUG TERMINATED 

/SAVE,BPA 
/SRVE,LGOB=S~LGO 

i 21 ~ A A i 69 196 ~~c 
~ ~~ CCJ 

~~~ 729 784 84 1 9 ~ )0 b(b 
256 

11~5 



SAMPLE-3 
./SES=LINK170 S~LGD DEBUG CYBCLIB 

0 
~ END LINK170 LGDB,ZZZZZDT 
/t:iET ~ :E:PA 
.. ···::1E:E:UG;; Dt·4 

$DEI:UG, ON= 
/LGD:E: 

PASCAL-X INTERACTIUE DEBUG 
? r.:;:EA!) F==:E=PA 

~CMD - ( 83 LINE=48; ) ~WARN - LINE 48 NOT EXECUTABLE - LINE 49 WILL 
BE 1y:;ED 
DK ? YES 

~B #1 = LINE=48, ~B #2 = MDDULE=SQB LINE=17 

? SJ:: 49 C 

Il"i COLLECT MODE 
? ST TYPE=WRITE VRR=BRSE 
? CE 

r:::n:i COLLECT 
? SB L=54 c; CT; CE 

I H CIJLLECT MODE 
Et-El COLLECT 

~B #1 = LINE=49, ~B ~2 - MDDULE=SOB LINE=1?, 

~3 ~1 = LINE=49 
SB LINE=49 COLLECT; 
ST TYPE= WRITE UARIABLE=BASE; 
CE; 

? SP ONE C 
IU COLLECT MODE 

? :D'···' I 

? :D'···' :E:FJSE; CE 
Elm COLLECT 

? DP 
: 1;~p ±~ 1. == ONE 

? I:1P PF:=Dt-.tE 
:;~~ F' :!f. 1 = Dt"·I E 
SP PROCEDURE= ONE; 
Df...I f..JARIABLE=I; 
DU f..JARIABLE=BASE; 
CE; 

? GD 
INTERPRET MODE TURNED ON 
~T #1~ WRITE INTO BASE IN LINE 52 

? F:EFIJ) ONE 

I = 1 
BA'.:'.;E 
0 0 

11-6 

_.. 1 0 
0 

0 0 0 0 
0 0 

0 0 

/'\ 
I 

:i;;:B =i=i:3 ····· L H·!E=54 "·-_,/ 

0 



0 

0 

0 

~ GD 
~T #1 WRITE INTO BASE 

? GD 
~~ ~1 WRITE INTO BASE ~· 

~~ ' ? READ ONE 
I = 6 
BASE = 1 4 
0 0 0 0 0 0 0 0 

? CLEAR-INTERPRET 
? GD 

J = 1 

SAMPLE-4 

IN LINE ~~ ~c 

IN LINE ~~ ~c 

6 0 0 0 0 0 0 0 

~B #2, AT MODULE=SQB LINE=17 
? DT 

ND TRAPS 
? TB 

J 

SQUAPER CALLED FROM MODULE SQA LINE 54 (PRDC MAIN) 
~IN MAIN PROGRAM - TRACE COMPLETED~ 

? CHECKPOINT F=scCK 
? DD 

DEFAULTS = MODULE SQB PRDC SQUARER 
? DS; D~AP 

0 0 0 0 

DEFAULTS = MODULE SOB PROC SQUARER, 3 BREAKPOINTS, ND TRAPS 

) ) 

1 PROCEDURES, UETO OFF, INTERPRET OFF, DUT OPTIONS = I W E D 
AUXILIARY CLEAR 
DBUG. ' SQA, SQB, SW=ERSC, 
LG#OPEN, LG#PUT, SW=MAMA, 
CUAS612, CUASC64, PXIOCLS, 
SW=CMST, CMMINIT, SW=CMFR, 
PXIOERR, PR#DPEN, ZUTISFN, 
SN=CMIB, LP#WED, ZN7IMSG, 
SW=STPS, ZUTMI2S, ZUTMS2D, 
ZCLIIAP, UCLDAD, CPU.CID, 

? QUIT 
DEBUG TERMINATED 

/SAVE,SQCK 
FILE TDD LONG, AT 000121. 

/DEFINE,SQCHECK 
/CDPY,SQCK,SQCHECK 

EDI ENCOUNTERED. 

/RTTACH,SQCHECK 
/DEBUG,RESU~E,SQCHECK 

SW=STST, 
SW=STSS, 

PXIODPN, 
SW=CMFB, 
SW=I2S, 

ZUTIABT, 
ZCLMI2S, 

CPU.SYS, 

PASCAL-X INTERRCTIUE DEBUG RESTARTED 
DEBUG INTERNAL ERROR. 

SW=MMST, 
SW=STIN, 

PXIDCDP, 
SW=CMEF, 

SW=ERPM, 
ZUTICPD, 

ZUTIDCI, 
CPU.WTD 

LP#CLOS 
SW=MMSZ, 

SW=ERRA 
SW=MMEP 

BYPASS, 
ZUTMMSG, 

ZUTIDCP 

SW=CMAL 

SW=STRM 
ZUTMW20 
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0 
SET BREAKPOINT 

SET JJREAKPOINT I SB 
Address Expression 

* line I 1 = line number 
entrypoint I e = entry point name 
location I loc = absolute address 

module I m = module name 
overlay I ovl = overlay number (n,n) 
offset I o = offset from base address 
first I f = starting iteration number 
last = last iteration number 
step I s = skip iterations count 
collect I c start procedure 
Procedure commands separated by semi-colons or EOLs 
collecLend I ce end procedure 

() 
EXAMPLES 

SB 48 

SBm=sqb 1=17 C; DVvar=j; PA; CE 

0 
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0 

0 

BREAKPOINT CONTROL 

DISPLAY _BREAKPOINT I DB 
Address Expression 

line I I 

b 

location I loc 
entrypoint I e 

offset I o 
overlay I ovl 
module I m 

= line_numbers 
= absolute addresses 
= entry point names 
= breakpoint_numbers 
= offset from base address 
= overlay number (n,n) 
= module name 

SAVE_BREAKPOINT I SAVEB 
file I f = file_name 
Scope Expression 
b 
offset 
overlay 
module 

CLEAR_BREAKPOINT J CB 
Scope Expression 
b 
offset 
overlay 
module 

DB b=2 

EXAMPLES 

SAVEB f=sqbp b=(1,2) 

CB m=sqb 
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SET TRAPS 

SET_TRAP 

trap_type I t 

ST 

=OVERLAY 
=END 
=ABORT 
= INTERRUPT 
= INSTRUCTION 
= RJ 
= XJ 
=JUMP 
=READ 
=WAITE 

Scope Expression (default is entire program) 
line I I = line_numbers 
location I loc = absolute_addresses 
offset I o = relative to module 
variable I var = name 

overlay I ovl = overlay name (n,n) 
module I m = module name 
proc I p = CYBIL procedure name 
collect I c - Start Procedure 
Procedure commands separated by semi-colons or EOLs 
collecLend I ce - End Procedure 

EXAMPLES 

ST t=jump 1=51 .. 53 

ST t=write var=b m=sqb proc=main 

0 

.() 

0 



0 

0 

0 

TRAP CONTROL 
DISPLAY_TRAP I DT 

type 
Scope Expression 

line I I 

t 

label 
location I loc 
entrypoint I e 

overlay I ovl 
module I m 
proc I p 

= Same as on ST command 

= line_numbers 
=name 
= absolute addresses 
= entry point name 
= trap_numbers 
= overlay number (n,n) 
=name 
= CYBIL procedure name 

SAVE=TRAP I SAVET 
file I f = · file_name 
type 
Scope Expression 
t 
overlay 
module 
proc 

CLEAR_ TRAP I CT 
type 
Scope Expression 
t 
overlay 
module 
proc 

EXAMPLES 

DT type=jump 

SA VET f=sqtr t=3 

CTt=3 
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DEBUGGER PROCEDURES 

SET _pRQCEDURES I SP 
procedure I pr= name 
collect I c 

Procedure commands separated by 
semicolons or EOLs. 

collecLend I ce 

DISPLA y _pRQCEDURE I DP 
procedure I pr= names 

SAVE_pRQCEDURE SAVEP 

file I f = name 
procedure I pr = names 

CLEAR_pRQCEDURE I CP 
procedure I pr 

EXAMPLES 

SP pr=one C; DV var=base m=sqa; 
proc=main; PA; CE 

SP pr=two CV var=#vl value=#v1+1 m=sqb; PA; CE 

SAVEP f=sqpr pr=(one,two) 

CP (one,two) 

0 

(,,--\ ,, __ _) 

' 0 



0 

0 

0 

VARIABLE CONTROL 

DISPLA y _VARIABLE I DV . 
var = name 
default display formats: 

integers - decimal 
ordinals, characters and strings - ascii 
booleans - true/false 
pointers and sequences - octal 
sets, arrays and records - type of components 

format I f = oct I dee I hex 
module I m = module_name 
proc I p = CYBIL procedure name 

CHANGE_VARIABLE I CV 
var 
value I v 
module 
proc 

DV base 

=name 
= new_value (must match type of var) 

EXAMPLES 

CV base [20] v=1 
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MEMORY CONTROL 
DISPLAV_MEMORY I DM 

Address Expression 
line I I 
entrypoint I e 
location I loc 

offset I o 
module I m 
format I f 
numlocs I n 
indirect I i 

= n 
=name 
= n 
= offset in base module 
= base module name 
= oct I dee I hex I adr 
= number of locations [1] 

FORWARD I FW 
numlocs 
format 

BACKWARD 
numlocs 
format 

BW 

CHANGE_MEMORY I CM 
Address Expression 
module 
offset 
value I v 
numtocs 
indirect 

EXAMPLES 

DM offset=10,n=10 

.FW 10 

0 

() 

0 



0 

0 

0 

REGISTER CONTROL 

DISPLA y _REGISTERS I DR 

P I fl I a I b I x = n 
format I f = oct I dee I adr I hex 
indirect I i 

CHANGE__REGISTERS I CR 

a I b I x = n 
value I v = value_to ....store 
indirect I i 

EXAMPLES 

DR a 

CR a=1 v:;2100(8) 
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SEQUENCE COMMANDS 

PAUSE I PA 

MESSAGE I ME 'text' 

GO address=n 

SKIPIF I S v1 op v2 

LABEL I LA n=name 

GOTO label=label_name 

READ I R f=proc_file_name 

READ I R pr=proc_names 

EXAMPLES 

ST t=write var=j m=SQB c 

SKIPIF j=20; GO 

~ESSAGE 'j is too large' 

0 

[-"", 

~-c_) 

READ tne=SQPR; READ pr=two; ec 0 



0 

0 

0 

INTERACTIVE COMMANDS 

EXECUTE I EXEC 
Address Expression 

line I I = n 
location I loc = n 

offset I o = n 

TRACE_BACK TB 
entrypoint I e = name 

MOVE I M 
source_tine = n destination_tine = n numlocs = n. 
source_offset = name destination_offset = name 
source_location = addr destination_tocation = addr 

HELP I H 
subject 
command_name 

SAVE-ALL I SAVEA 
file = file_name 

CHECKPOINT I CK 
file = file_name 

QUIT 
normal 
abort 
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ENVIRONMENT COMMANDS O 

SET _INTERPRET I SI 

CLEAR_INTERPRET I Cl 

SET _VETO I SVE 

CLEAR_VETO I CVE 

SET_OUTPUT I SO lo=options 

(-\ 

SET _AUXILIARY I SAUX f=file_name lo=options ~J 

CLEAR_AUXILIARY I CAUX 

DISPLAY _MAP I DMAP module=name ovl={n,n) 

DISPLAY _DEFAULTS I DD 

DISPLAY_STATUS I DS 

CHANGE_DEFAUL TS I CD 
module = name 
proc = name 
overlay = {n,n) 0 



0 

0 

0 

APPENDIX A 

ASCII CHARACTER SET 
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0 
ASCII CHARACTER SET 

HEX - Hexadecimal (8-bit) representation of the character 
M - Cursor will be moved (Yes or No) 
c - Character will be displayed on screen (Yes or No) 
G - Graphic representation of character displayed 

NAME VALUE DESCRIPTION HEX M c G 

NUL CHA( 0) NULL 00 N N 
SOH CHA( 1) START OF HEADING 01 N N 
STX CHA( 2) START OF TEXT 02 N N 
ETX CHA( 3) END OF TEXT 03 y y 
EOT CHA( 4) END OF TRANSMISSION 04 N N 
ENO CHA( 5) ENQUIRY 05 N N 
ACK CHA( 6) ACKNOWLEDGE 06 N N 
BELL CHA( 7) BELL 07 N N 
BS CHA( 8) BACKSPACE (CURSOR LEFT) 08 y ~ ("~ HT CHA( 9) HORIZONTAL TABULATION 09 N -..c.J 
LF CHA( 10) LINE FEED OA y N 
VT CHA( 11) VERTICAL TABULATION OB N N 
FF CHA( 12) FORM FEED OC N N 
CR CHA( 13) CARRIAGE RETURN OD y N 
so CHA( 14) SHIFT OUT (BLACK ON WHITE) OE y y 
SI CHA( 15) SHIFT IN (WHITE ON BLACK) OF y y 
OLE CHA(_ 16) DATA LINK ESCAPE . 10 N N 
DC1 CHA( 17) DEVICE CONTROL 1 11 N N 
DC2 CHA( 18) DEVICE CONTROL 2 12 N N 
DC3 CHR( 19) DEVICE CONTROL 3 13 N N 
DC4 CHA( 20) DEVICE CONTROL 4 14 N N 
SKIP CHA( 21) CURSOR RIGHT (SKIP) 15 y N 
LCLR CHA( 22) LINE CLEAR 16 y N 
ETB CHA( 23) END OF TRANSMISSION BLOCK 17 N N 
CLR CHA( 24) CLEAR SCREEN 18 y N 
RSET CHA( 25) RESET CURSOR (TO HOME) 19 y N 
CUP CHA( 26) CURSOR UP 1A y N 
ESC CHA( 27) ESCAPE 1B N N 
FS CHA( 28) FILE SEPARATOR 1C N N 
GS CHA( 29) GROUP SEPARATOR 10 N N 

0 
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0 
NAME VALUE DESCRIPTION HEX M C G 

RS CHA( 30) RECORD SEPARATOR 1E N N 
us CHA( 31) UNIT SEPARATOR 1F N N 
SP CHA( 32) SPACE 20 y N 
EX CHA( 33) EXCLAMATION POINT 21 y y 

DQ CHA( 34) QUOTATION MARKS 22 y y " 
PS CHA( 35) NUMBER SIGN 23 y y # 
OS CHA( 36) DOLLAR SIGN 24 y y $ 
PER CHA( 37) PERCENT 25 y y % 
AMP CHA( 38) AMPERSAND 26 y y & 
RAP CHA( 39) APOSTROPHE 27 y y I 

LP CHA( 40) OPENING PARENTHESIS 28 y y ( 
RP CHA( 41) CLOSING PARENTHESIS 29 y y ) 
AS CHA( 42) ASTERISK 2A y y * 

PL CHA( 43) PLUS 28 y y + 
CM CHA( 44) COMMA 2C y y 

I 

Ml CHA( 45) HYPHEN (MINUS) 20 y y -
PERO CHA( 46) PERIOD (DECIMAL POINT) 2E y y 

SOL CHA( 47) SLANT 2F y y I 
ZEA CHA( 48) ZERO 30 y y 0 
ONE CHA( 49) ONE 31 y y 1 

0 TWO CHA( 50) TWO 32 y y 2 
THR CHA( 51) THREE 33 y y 3 
FOUR CHA( 52) FOUR 34 y y 4 
FIVE CHA( 53) FIVE 35 y y 5 
SIX CHA( 54) SIX 36 y y 6 
SEV CHA( 55) SEVEN 37 y y 7 
EGH CHA( 56) EIGHT 38 y y 8 
NIN CHA( 57) NINE 39 y y 9 
COL CHA( 58) COLON 3A y y 

SC CHA( 59) SEMICOLON 38 y y 

LT CHA( 60) LESS THAN 3C y y < 
EQ CHA( 61) EQUALS 30 y y = 
GT CHA( 62) GREATER THAN 3E y y > 
QM CHA( 63) QUESTION MARK 3F y y ? 
AT CHA( 64) COMMERCIAL AT 40 y y @ 
A CHA( 65) UPPER CASE A 41 y y A 
8 CHA( 66) UPPER CASE 8 42 y y 8 
c CHA( 67) UPPER CASE C 43 y y c 
D CHA( 68) UPPER CASED 44 y y D 
E CHA( 69) UPPER CASE E 45 y y E 
F CHA( 70) UPPER CASE F 46 y y F 
G CHA( 71) UPPER CASE G 47 y y G 
H CHA( 72) UPPER CASE H 48 y y H 
I CHA( 73) UPPER CASE I 49 y y I 

0 
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NAME 

J 
K 
L 
M 
N 
0 
p 
a 
R 
s 
T 
u 
v 
w 
x 
y 
z 
OB 
BSH 
CB 
CIR 
UNO 
LSQ 
LCA 
LCB 
LCC 
LCD 
LCE 
LCF 
LCG 
LCH 
LCI 
LCJ 
LCK 
LCL 
LCM 
LCN 
LCO 
LCP 
LCQ 
LCR 
LCS 
LCT 
LCU 

A-4 

VALUE 

CHA( 74) 
CHA( 75) 
CHA( 76) 
CHA( 77) 
CHA( 78) 
CHA( 79) 
CHA( 80) 
CHA( 81) 
CHA( 82) 
CHA( 83) 
CHA( 84) 
CHA( 85) 
CHA( 86) 
CHA( 87) 
CHA( 88) 
CHA( 89) 
CHA( 90) 
CHA( 91) 
CHA( 92) 
CHA( 93) 
CHA( 94) 
CHA( 95) 
CHA( 96) 
CHA( 97) 
CHA( 98) 
CHA( 99) 
CHR(100) 
CHR(101) 
CHR(102) 
CHR(103) 
CHR(104) 
CHR(10S) 
CHR(106) 
CHR(107) 
CHR(108) 
CHR(109) 
CHR(110) 
CHR(111) 
CHR(112) 
CHR(113) 
CHR(114) 
CHR(11S) 
CHR(116) 
CHR(117) 

DESCRIPTION 

UPPER CASE J 
UPPER CASE K 
UPPER CASE L 
UPPER CASE M 
UPPER CASE N 
UPPER CASE 0 
UPPER CASE P 
UPPER CASE Q 
UPPER CASE R 
UPPER CASES 
UPPER CASE T 
UPPER CASE U 
UPPER CASE V 
UPPER CASE W 
UPPER CASE X 
UPPER CASEY 
UPPER CASE Z 
OPENING BRACKET 
REVERSE SLANT 
CLOSING BRACKET 
CIRCUMF.LEX 
UNDERLINE 
GRAVE ACCENT 
LOWER CASE A 
LOWER CASE B 
LOWER CASE C 
LOWER CASED 
LOWER CASE E 
LOWER CASE F 
LOWER CASE G 
LOWER CASE H 
LOWER CASE I 
LOWER CASE J 
LOWER CASE K 
LOWER CASE L 
LOWER CASE M 
LOWER CASE N 
LOWER CASE 0 
LOWER CASE P 
LOWER CASE Q 
LOWER CASE R 
LOWER CASES 
LOWER CASE T 
LOWER CASE U 

HEX M C 

4A 
4B 
4C 
40 
4E 
4F 
50 
51 
52 
S3 
S4 
SS 
56 
S7 
58 
59 
5A 
5B 
SC 
SD 
5E 
SF 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
6A 
68 
6C 
60 
6E 
6F 
70 
71 
72 
.73 
74 
7S 

y y .J 
y y K 
y y L 
y y M 
y y N 
y y 0 
y y p 
v v a 
y y R 
y y s 
y y T 
y y u 
y y v 
y y w 
y y x 
y y y 
y y z 
y y [ 
y y \ 
y y ] 
y y A 

y ~ :-- /---\ 

~ Y a ~'--) 
y y b 
y y c' 
y y d 
Y Y e 
y y f 
y y g 
y y h 
y y 
y y j 
y y k 
y y I 
Y Y m 
y y n 
y y 0 
y y p 
y y q 
Y Y r 
y y s 
y y t 
y y u 

0 



0 
NAME VALUE DESCRIPTION . HEX M c G 

LCV CHR(118) LOWER CASE V 76 y y v 
LCW CHR(119) LOWER CASE W 77 y y w 
LCX CHR(129) LOWER CASE X 78 y y x 
LCY CHR(130) LOWER CASEY 79 y y y 
LCZ CHR(131) LOWER CASE Z 7A y y z 
OBA CHR(123) OPENING BRACE 78 y y { 
SOR CHR(124) VERTICAL LINE 7C y y I 
CSR CHR(125) CLOSING BRACE 7D y y } 
TL CHR(126) OVERLINE (TILDE) 7E y y -
RO CHR(127) RUBOUT 7F y y 

CHR(128) .. CHR(255) PRINT AS A SPACE ON THE TERMINAL AND ARE 
UNASSIGNED ASCII GRAPHICS 

0 

0 
A-5 



0 

0 



0 ' 

0 

0 

APPENDIX B 

1/0 

EXAMPLES 
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1/0 EXAMPLES 
MODULE SEE; 

?? SET (LIST := OFF) ?? 
+CALLC F·::-:· I CTYF· 

••=ALL•= L•::;ZCF'EN 

•CALL•= L•'.:::Z1=LCJS 

+CALL•= L'::;:zF·t_IT 

.,=ALL•= L•::;:z1::tET 

'•,•'Fti:;;: 
Ct_IT'I 

INt·~: FILE!' 

LEN•3TH: I NTE•'.;ER !' 

t •• ·' Ft L.. 1_1 E : I NT E 1:::; ER !' 

MESSAGE: STRING (2Q); 

L•::o:=ci=·EN (cuT" ... OUTPUT···" c1...o:=" CJUTF·uT:=, As I s:=:i ; 

Li::o:=F·uT i:.c•-•T" .... :: TA~:T OF .JOE:·· ::i ; 

VALl_IE : = 345; 
STRINGREP (MESSAGE!' L..ENGTH'I VALUE); 

L1::;:=F·t_IT (CUT!' MESSA1:;e:_:i ; 

1...•::::=F·uT (a•-•T, ··· Et·rn OF .JOE:···,:. ; 

1...1::::=c1...CSE (CUT!' AS I s:=::i ; 

PF:ocEt·rn MA u~; 

t·10DEND SEE. 

/SES.GENCOMP SF=IDEX CYBCCMN 
• GENERATING COMPILE FILE 
• END GENCOMP COMPILE <-
...-:S:E:S:. c··.-'B IL CC 
• COMPILING COMPILE 
• END CYBIL COMPILE -? 

/SES.LINK170 CYBCLIB 
• END LH~t<l ?O 
...-LGOB 
:.TAPT GF .JOB 
:~:45 

=:t·rn 0 F ._I 0 B 
i....GDE:. 

COMPILE· 
E:Ft.S:E 

() 

0 



0 

0 

0 

1/0 EXAMPLES 
!SOURCE LISTING GF SEE . r·~o.:: 
1.0 .::1:::3 ( ,:. 1 2 ..... 3 (I / ::: 1 4: 35 PM PFH5E 1 

0 
(I 

0 
(I 

(I 

(I 

0 
0 
0 
I) 

0 
0 
0 
0 
0 
(I 

0 
I) 

0 
(I 

0 
0 
n 

'-' 
(I 

I E:LE FILE. ·•. 
·' 

0 
0 
0 
0 
0 

:· 
0 
0 
0 
0 

:· ·-· 
4 { ;=·::-:: r or...-·p CONTAINS CYBIL TYPE DECLARATIONS. } 

5 
6 T\'F'E 
7 FILE = ~CELL!! 
B FILE-STATUS = (NE~·~~=, OLZ:1:=_:.' 

·:;. FI LE-MOJ:•E = (I NP•-•T~=' O•-•TF·UT~=' ·=ar·~·='-'F=:!RENT:n ' 

1 0 FI LE-Et·KOJ:• I N(!i = (ASCII 64~=' AS•= I IE. 12;=' ASCII;=) !! 

11 FI LE-MAR~:: = (I:•ATt=t~=' EOR~=' EOF:=' Ea I ~n ' 
12 FI LE_F·as IT I ON = (FIRST~=' AS Is~=' LAST;=) ; 

13 
14 CDr"ET 
1 5 RETURN:= = LAST~=; 
16 

1? T'r'PE 
1.=: FI LE-I• I SF·as IT I ClN = FI R.::T;=· • • RETURN~=; 
13 
2 0 { I.E. (FIRST:=' AS Is~=" RET•-•RN~n } 

21 

22 { LGZDPEN OPENS LEGIELE FILE AS LOCAL FILE. } 
=··~· \.-·-· 

24 t=·POCEDUf;'.E [;:O::f::'.EFJ Li::;~=aF·EN C·/H~'. LE•Ei I E=LE-F I LE: FI LE; 

25 FILE-NAME: STRING ( + :r; 
26 STATus: FILE-STATUS; 

27 MODE: FILE-MODE; 

28 POSITION: FILE-POSITION); 

29 
;: 0 { L6ZCLD:S: 
;: 1 

CLOSES LEGIELE FILE. } 

::::2 PPOCEDUt;;·E C<~:EFJ L•:!i~=·=LasE (LE•:!i I E=LE-F I LE: FI LE; 

33 DISPOSITION: FILE-DISPOSITION); 

:::4 
:;:s { u3ZPUT WRITES SOURCE STRING AS COMPLETE LINE TO LEG 

F'~'.OCEDUF.'.E (;:O::REFJ L•:!i~=F·UT (LE•:!' I E=LE-F I LE: FI LE; 

40 { L13ZGET READS NEXT COMPLETE LINE FROM LEGIBLE FILE. 

41 
42 F'POCEDUF.'.E [;:·::;:EFJ L•:!i~=•:!iET (LE•:!i I E=LE-F I LE: FILE; 

43 VAR NUMBER-OF-CHFtFi'FtCTERS_READ: INTEGER; 

44 VAR LINE: STRING (. )); 
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MODULE SHC~·~; 
?? SET (LIST := OFF) ?? 
••=ALL•= F·::< I CT .. {F· 

••=ALL•= L•:::OZCF·EN 

••=ALLC L•:::OZ•=LCS 

••=ALL•= L•:::OZPl_IT 

••=ALL•= L•:::WZ•:::WET 

••=ALL•= FZMFtRt·< 

?? F.:ESET ?? 

\.'AF.: 
I: 1 •• SO, 
NCHFtRs: INTEGER!! 

MARk:: FILE-MFtFU<'.!! 

STR: STRING (16), 
01_1T: FILE!! 

INF·1_1T: FILE; 

L•:::o~=cF·EN (I NF·•-•T' .. ·I ~iPUT .. ·' CLI:•~=' I NF·•-•T:=' AS Is~=.:• ; 

L•:::o~=aF·EN (c•-•T, ···OUTPUT··· , CLI:•~=' CL•TP•-•T~~' AS I s~=::i ; 

L1::t~~1::0ET (I NPl_IT !I NCHFtRS !I STR) ; 

F~~MARt-:: (I NF·•-•T !I MFtFi!t-::) ; 

1.i.IH I LE (STR ( 1) <> .. · > .. ·) AMD · (MFtRt·C: = DATA:~) DD 

L•:::O~~p1_1T (CUT !I STFi! ( 1 !I N•=HFtRS;1 ) ; 

L•::t~~•::OET (I NF·l_IT !I NCHFtFi!S !I STFi!) ; 

i.1.lt-i I LEt"Ht; 

L•::O~~•=LCSE (I NPt_IT !I FtS IS~~) ; 

u:;~~·=LCSE (CUT' FtS Is:~) ; 

PF.'.DCEND MAI'N; 

MODEt·Ht SHC~·~. 

/SES.GENCOMP SF=IOEX2 CYBCCMN 
• GE~ERATING COMPILE FILE COMPILE 
• END GENCOMP COMPILE <- BASE 
....-SES. C'lB IL CC 
• COMPILING COMPILE 
• END CYBIL COMPILE -~ LISTING, LGO 
/SES.LINK170 CYBCLIB 
• END LINK170 LGOB 
/lGDB 
·-;.· .s: T F.: Hi 1:; 1 
? STF.: I t·it32 
--;.- .S:Tf;.'. I NG3 
7 END OF .s:TF.'. HiG 
? ) 
:S:Tt;.: I t·H31 
:s: TR I t·H32 
:S: T F.: I t·i 1:3 3 
Et·rn OF .s:nn NG 
LGOB. 

0 

0 
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DAY1 

1. The following list contains several compilation errors. Fix them. 
(I 1 MCt•l.ILE ci:;·s;ocF.··::: 
I) 2 TVPE 

•EPPO~• ~ S = Ft~~~y Cl •• FlNALJ CF INT; 
(I 

fl 
•E'r;·r::·or::·. 
•EP.~·o~·· 

I) 

•E'P.PQJ;t• 
••• 

•EF·P.OP• 
•F.r::·r::·of:'!·• 

(I 

· •EP:·;·a1=·• 
•EP:·r::·nr:;·• 
•F.1=· r::·oi;· • 
• e: ~· f;· Cl$;•. 

n 
•E'i:·r::·n1=·· 

4 

7 
~· .. 
Cit 

1(1 

11 
l ~· 
l ::: 
14 
ttm; 
J ..:. 
17· 

,., ~·n 

V.:tP. 
I I NTE"•3EP::·" 

VFtf:' 

I : = ;: : ':·:: : = 1 (I • (I : 

FO~ I = 1 TO FIN~L DO 
. -z: C IJ = I + ;:.:: : 

FCf:·Er·ir1 
V~P := :Cll • SCFINAL]: 

0 ~· t MCJrlEr·m 

2. Write and compile a program to initialize the following table (named INFO). 

C-2 

CCN::T 
LIM • 11)(1; 

T''i"F'E 
F~EC • ~:EC:OF: t• 

NfiME: STPING (1(1),. 

NExr_cF_KIN: A~Ec: 

~ECEr·rn: 

VFtf:'. 
INFO: AR~AY Cl •• LI~J OF ~Ee: 

0 

0 
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0 

0 

DAY1 
CONT'D 

3. For each of the structures described below, provide the required declarations and code 
needed to perform the specified initialization. 

a. array to contain prices for each of 300 items stocked by a small store. Initialize all 
entries to zero. 

b. array of 26 integers, indexed by the characters 'A' to 'Z' and initialized to all zeros. 

c. 10 x 10 matrix, initialized to one's on the diagonal and zero elsewhere. 

d. a record containing the following information: 

Name 

Address 

- street# 

- street name 

-city 

- state 

-zip code 

Initialize it to your name and address. 
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DAY2 

The following problems involve some simple 1/0. 1/0 procedures will be provided in class. 

1. Write procedures to initialize the structures described in the Day 1 problem #3c and d. 
Print the structures. 

2. A program reads a card and calls a procedure. The procedure catagorizes the 
characters as alphabetic, digit or special. It prints the results. 

3. Write a procedure to convert string to integer. Test it. 

4. Write a procedure which inspects a set of attributes. The attributes are read, write and 
execute. Return normal status unless the set contains write and execute. 

5. Write a function to compute powers of N. When called, the function is provided with two 
parameters: 1) the integer base (e.g. 2) and the integer power (e.g.10). The function 
should compute base ** power (e.g. 2**10}. Test the function. Optionally, make the 
code recursive. 

0 
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DAY3 
1. Write a procedure that will remove an entry from a linked list. Use the example from 

class as a base. You will be passed a pointer to the entry to be removed. You must 
restore the linkage and deallocate the entry. 

2. Suppose that an EST (Equipment Status Table) entry is a bound variant record with the 
following fields. 

a. Ordinal of the entry (1 .. 256) 

b. ON/OFF 

c. UP/DOWN 

d. Pointer to CHT (Channel Table) 

e. Device type 

0 =none 

1 =disk 

2 =tape 

3= CR 

4= CP 

5= CP 

6 =Mainframe 

7 = Multiplexer 

This field controls the following variants: 

disk : number of units (n::;;;a) 

tape: number of 7 track drives 
number of 9 track drives 

multiplexor: number of ports (n::;;;256) 

Create a dummy CHT. Create the EST as an array of pointers to EST entries. Allocate 
space for a tape entry. Initialize the fields. 
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DAY4 

1. Convert the Day 2 problem #2 module so that the procedure accepts an adaptable 
array. The program reads several cards and quits on a blank line. 

2. Establish a sequence. Store some simple records in it. Write it to some file. In another 
module, read the file into a sequence and print it. 

0 
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BLACKJACK RULES 

1. Dealer deals two cards to player (both face down) and two to self (one up, one down). 
Value of cards are: . 

ACE: 1 or 11 
King, Queen, Jack: 10 
All others: face value 

2. If player has 21 with two cards, player wins double. 

3. Player can get additional cards. If total exceeds 21, the player loses and the game is 
over. 

4. When the player is through, the dealer can take cards following these rules: 
If total is 16 or under, dealer takes a card. 
If total is 17 or over,. dealer does not take a card. 

5. Now, if dealer's total is greater than 21, player wins. 
If player's total is greater than dealer's, player wins. 
If totals are equal, nobody wins. 
If dealer's total is greater than player's, player loses. 

0 
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0 
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BLACKJACK 
MODIFICATIONS 

1. Print Blackjack rules on request. 

2. Check all input for validity. If input is wrong, give the player some help and an 
opportunity to resubmit. 

3. Allow multiple plavers. 
a. Allocate me piayer records so they can be referenced by pointer. 
b. Give additional player a chance to start at the beginning of each round. 
c. Give players a chance to quit after each round. 

4. Allow players to split pairs. 
If the player has a pair, he or she may get additional cards for each pair. It is like 
playing two hands at once; they are won and lost separately. Be sure that the player 
has enough money left to do this. 

5. Allow player to double down. 
If the player has a total of 9, 10, or 11 with two cards, he or she can double the bet and 
take exactly one card. Winning and losing is evaluated as usual. 
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PARTICIPANT INFORMATION FORM 

In order for our seminars/courses to be most effective, they need to take into account the 
characteristics, needs and objectives of the people who attend them. The information asked 
for below will assist us in keeping our presentations relevant to the participants ·and in devel
oping and scheduling new presentations that will meet participant needs. Please complete this 
form and leave it with the presenter at the next break. 

Seminar/Course Title---------- Date of Presentation --------

Name-------------------~ Field or Type of Business ------

Title --------------------- Years of Experience --------

Business Address ------------- Supervisor's Title ---------

Last professional degree -------

List your three primary objectives in attending this seminar. 

1. 

2. 

3. 

Will this course/seminar be credited toward certification/training requirements? 

Rank in order of importance in your choice of this seminar session. 

Instructor __ _ Date __ _ Location __ _ 

Previous courses/seminars attended relating to this topic. 

1. 

2. 

3. 

Employer's Preference __ _ 

Topics for additional courses/seminars in which you would be interested. 

1. 

2. 

3. 



PARTICIPANT INFORMATION FORM 

Page 2 

What trade journals/magazines do you regularly read or subscribe to in order to keep abreast 
in your profession? 

1. 

2. 

3. 

How did you become aware of this course/seminar? 

Schedule/Catalogue ----

Direct Mail Brochure ----

Recommendations of Supervisor ___ _ 

Recommendation of Colleague -----

Corporate Training Department-----

Other -------------------

0 
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/// o s /(. ·m / (_ 
....-cOP'r', LI S:T I N13 
!SOURCE LISTING OF MDD1 

DAY 1 NR 2 • 

. 0 8209 ( ) ._11_1t·iE 1 E., 1 ·3:=:2 

0 1 MODULE MDD1; 
(I .-, c. 
0 :::: Cat-ET 
0 4 LIM= 100; 
0 C" 

·-' 
0 f, T'lPE 
0 7 REC = RECORD 
0 8 NAME: STRING (1(1), 
0 
0 10 NEXT_OF_KIN: AREC!I 
0 u 
I) 12 F.'.ECEND; 
0 
0 14 VAR 

I J 

NOS · CYBIL/CC 1 
2:11 PM PAGE 1 

0 15 INFO: ARRA'r' [1 •• LIMJ OF REC:= [REP LIM OF ['', 
0!1 t-H LJ] . !I 

0 

.. ··· 

(I 

0 
0 

t.:::: (I 
63 I) 

16 
1 7 PROGRAM MA HH 
1 .-. 

·=· 1 9 PRDCEt·m MA HH 
2 0 MODE ND MOD 1; 

•••• NO DIAGNOSTICS 
EDI EtK:OUtHERED • 

....-COP\', LI :s:T I NG 
!SOURCE LISTING OF MDD1 
. 0 8209 ( ) .JUt·~E 16, 1982 

0 1 MODULE MDD1; 
(I 2 
0 3 CONST 
0 4 LIM= 100; 
0 C" 

·-' 
0 6 · T'lPE 
0 7 REC = RECORD 
I) 8 NAME: STRING (10), 
0 9 AGE: 0 • • ·~9, 

0 10 NEXT_OF_KIN: AREC!I 
0 11 RECEt·rn; 
0 12 
0 13 VAR 

2:44 PM 

0 14 INFO: ARRAY [l •• LIMJ OF REC; 

0 

0 
0 
0 

.:.:::: 0 

.:.::::o 

.:.::::o 

.:.::::o 
E.::::5 
E.4€. 
E.52 
•• C" ..... 

'=··-•{ 
f.E.2 
E.E.2 

15 
16 PROGRAM MAIN; 
17 
18 '•.•'A~~ 
19 I : ItHEGEF.'.; 
20 
21 .-.. -. c.c. .-.. -. e,:.:,. 

.-.C' 
C.'·-' 

2E. 

FDR I := 1 TD LIM DD 
INFO [IJ.NAME := ''; 
INFO [IJ.AGE := o; 
INFO [IJ.NEXT_OF_KIN := 

FDREt·m; 
PRDCEND MAHH 

2•7 MDDEt·m MDD1; 

•••• ND DIAGNOSTICS 
EDI EtK:DUtHEPED. 

ND:5: C'lBIL/CC 1 
PAGE 1 





D .\ Y 1; · NR 3 3 • 

/SES.CYBFORM THREEA 
REVERT. END CYBFORM THREEA 
/SES.CYBIL I=THREEA CC 
+ COMPILING THREEA 
REVERT. END CYBIL THREEA -> LISTING, LGO 
....-F.'.El .. J I t·iD, LI :S:T I NG 
REl.1.I I ND, LI S:T I t~1:; • 
....-cop··,.·' LI S:T I NG 
lSOURCE LISTING OF THREE_A NOS: CYE:IL....-CC 1 

) 4:09 PM PAGE 1 

0 1 MODULE THREE_A; 
(I 2 

·-=· ·-· TVPE 
4 ITEMS= ARRAY [1 •• 300] OF REAL; 
C" 

·-' 
6 '·.·'AF.'. 

0 
0 
0 
0 
0 
0 
0 

7 PRICES: ITEMS:= [REP 300 OF o.oJ; 

0 

.. ··· 

4E.4 
464 

.-. 
-=· 
9 PROGRAM MAIN; 

10 PROCEND MAIN; 
11 MODEND THREE_A; 

•••• NO DIAGNOSTICS 
EDI ENCOUtHERED • 

/SES.CYBFORM THREEA1 AN '\L TERf·~ATE VERSIOr~. 

REVERT. END CYBFORM THREEA1 
/SES.CYBIL I=THREEA1 CC 
• COMPILING THREEA1 
REVERT. END CYBIL THREEA1 -> LI ST HH5 !I u:;o 
....-F.'.El.1.l I t·i[l, LI :s:T I NG 
REl...l I ND, LI :S:T I NG • 
....-cOP'r', LI :iT I N(5 
lSOURCE LISTING OF THREE_Al 
. 0 :=:209 ( 4:17 PM 

I) 1 MODULE THREE_A1; 
I) 2 
I) ~: T'tPE 
I) 4 ITEMS= ARRAY [1 •• 300] OF REAL; 

0 

.. ··4 

(I 

(I 
I) 

0 
0 
0 

4•S5 
4E.5 
4E·5 
4E.5 
472 
477 
502 
502 

C" 

·-· E. VAR 
7 PRICES: ITEMS; 
·=· ·-· 
9 

1 (I 
11 
12 
1 ~: 

PF.'.OGRAM MAIN; 

VAR 
I: It-HEGER; 

14 FDR I := l TD 300 DO 
15 PF.'. ICES rI J : = 0. 0; 
l E. FOR END; 
17 PROCEND MAIN; 
18 MDDEND THREE-Al; 

•••• NO DIAGNOSTICS 
ED I ENCOUtHEF.'.ED • 

NOS CYBIL/CC 1 
PAGE 1 





/SES.CYBFORM THREEB DAY 1; NR 3b 
REVERT. END CYBFORM THREEB 
/SES.CYBIL I=THREEB CC 
• COMPILING THREEB 
REVERT. END CYBIL THREEB -> LISTING, LGO 
/i:;!'.El.1.I IND, LISTI NG 
REl.1.II ND, LI ST I NG • 
....-cOF''l, LI :S:T I NG 
!SOURCE LISTING OF THREE_B NOS 

) 9:54 AM PAGE 1 

0 1 MODULE THREE_B; 
2 

T'lPE 
0 
0 
0 
0 
0 
0 
0 
0 

4 VECTOR= ARRAY r~A~ •• ~z~] OF INTEGER; 
c:-
·-' 
6 
? CHAR_COUNT: VECTOR:= [REP 26 OF OJ; 

0 

... ·· 

42 
42 

9 PROGRAM MAIN; 
10 PROCEND MAIN; 
11 MODEND THREE_B; 

•••• ND DIAGNOSTICS 
ED I EtK:OUtHERED • 

AN ALT~RNATE VERSION 
/GET,THREEB1 
/SES.CYBIL I=THREEB1 ·cc 
• COMPILING THREEB1 
REVERT. END CYBIL THREEB1 -> 
....-REl ... 1 I r·iD, LI ST I t·iG 
REl.i.1 I ND, LI S:T ING • 
....-coP..,..,LISTING 
1SDUPCE LISTING OF THPEE_Bl . 0 820'3 ( > ._1ur·1E 1?, 

(I 1 MODULE THF'EE_B 1; 
0 2 
(I :~: T'r'PE 

LI:S:TING, LGO 

NO:s: 
1982 10:16 AM PAGE 1 

(I 4 VECTOR= ARRA..,.. r~A~ •• ~z~J OF INTEGER; 

0 

(I 5 
0 6 
0 ? 
0 :=: 
(I ·~ 
0 1 0 

42 11 
42 1 ·-· c. 
4·-· c. 1 :~: 
4·-· c. 14 
4E. 15 
50 1 E. 
54 1? 
54 1 :=: 
5? 19 
5? 20 

VAR 
CHAR_COUNT: VECTOR; 

PROGRAM MA I t·i; 

CH: CHAP; 

/LABEL_l_.... 
FOR CH := ~A~ TD ~z~ DD 

CHAR_COUNT [CHJ := o; 
FOPEND ....-LABEL_J/; 

Pi:;!'.OCEND MAHH 
MODEt·m THREE-Bl; 

•••• NO DIAGNOSTICS 
EDI EtK:OUtHERED • 

....-E:YE 

CV.E:IL....-cc 1 

CVBIL/CC 1 





I· C 1:1 P .,. ,' l: ~ ~ l." .:;. 

MODULE da....-_2_2; 
?? SET <LIST := OFF> ?? 
*Ca 11 c p::d otYP 
*Ca 11 c 1 SZC•Pen 
*Calle lszclos 
*Calle lSZPUt 
*callc lszset 
*ca 11 c f zmar·k 
?? RESET ?? 

VAR 

DAY 2; NR 2 

codes: array [1 •• 80J of strinS (10), 
infile, 
erutfile: file, 
i r1_s tr· ins: st r· ins < E:O) , 
1 ensth: inteser·, 
i: inteser; 

PROGRAM main; 
lS#•:1Pen Cinfile, ... INPUT·', c•ld#, input#, .a.sistt>; 
1 !1ffopen < •:S•Jtfi le, ... OUTPUT···, old#, c•utP•Jt#, as is#); 
l s :tt s e t < i n f i 1 e , 1 e n ~ t h , i n _ s t r· i n s > ; 
FOR i := 1 TO lensth DO 

CASE in_strin~ (i) OF 
= ···A··· .... ·z···, ···a··· .... ·z ... = 

codes [iJ := 'alPhabetic'; 
= ···c)··· • • ..·9··· = 

codes [iJ := 'diSit'; 
= ·'!·"' •• ·"/·'., "":·' •• ·'@·', 

codes [iJ := 'special/; 
CASEND; , 

FOREND; 
l~:tl:Put <outfile, in_strins>; 
FOR i := 1 TO lensth DO 

lS#Put <outfile, codes [iJ); 
FOREND; 
ls#close (infile, asi£#); 
lg#close <outfile, asis#); 

PROCEND main; 
MODEND d:J.Y_2_2; 

EOI ENCOUNTERED. 

(* .L .&.. ~·· ·-

·' ...... 

..... 
~ •· 





/ses.-sencomP sf=test2 cvbccmn 
* GENERATING COMPILE FILE COMPILE 

-REVERT. END GENCOMP COMPILE<- PDGWORK 
/.ses.cYbil-cc 

·* COMPILING COMPILE 
·REVERT. END CYBIL COMPILE-> LISTING, LGO 

/.s€·s.·l ink170 ·cYbcl ib 
·REVERT. END LINK170 
/.lseib 
? abr:123/$@9hi 
ab•= 12~:/$@9 hi 

alphabetic 
alphabetic 
a 1 Phat;et i c 
disit 
di Sit 
disit 
SPE!C i a.1 
special 
special 
alPhabetic: 
alPhabetic 
alPhabetic 
LGOB. 
I 

LGOB 





day 2-,:ff= 2 {using NOS/VE} 

VE I AF 
WELCOME TC NOS/VE ROO 1.11.17/lR~ 
PRCCESSIN6 SYSTEM PRDLC6. 

SYSNOTE UPDATED 83/03/07 14.10 P". 
SEE SYSNDTE UNDER UN = LIBRARY. 

PACCESSIN6 USER PFHJLCG. 
--./GETF DAY22 

/CCPF DAY22 
MODULE DAY2_2; 
{}{) 

+COPY ICDCL 
{}{) 

PROGRAM HAIN; 
VAR 

C : CHAR' 
I : INTEGEtilf' 

MARCH 7, 1983. 

LNG : INTEGER' 
NBLAN~'NLETTER,NDIGIT,NCTHEtilf : INTEGER' 
LAST-CARD : •CCLEAt-d 

FDPEN; 
CHSG :: ' TYPE IN UP TD 80 CHAR WHEN PROMPTED'; 
AHPSPuT-NEXT(CFID,AcHsG,#SIZE(oHsG),oF•A~sTAT); 

CMSG := ' A •LAN~ LINE MILL END PROGRAM ... ; 
AHPSPuT-NEXT(OFID,ACHSG,#s1zE(cMsG),oF•A'sTAT); 
DMSG := ' A Ctilf WILL DC AS WELL'; 
AMPSPUT_NEXT(OFID,AOMSG,#SIZE(CMSG),OF•A,STAT); 
LAST-CARD :: FALSE; 
/LCCP/ 

7:29 PPf. 

WHILE NOT LAST-CAffD DO 
AHPSGET_NEXT(IFID,AIMSG,#SIZE(IMSG),ITC,IF•A,IFPOS,STAT); 
IF ITC = (I THEN 

EXIT /LOOP/; 
I FEND; 
STRINGREP(OMSG,LNG,' ',ITc:3, 

·" CHARACTERS READ CF WHICH ARE '); 
AHPSPUT-NEXT(OFID,ACHSGP#SIZE(OHSG),DF•A,STAT); 
NBLAN~ := O; 
NL ETTER : = I); 
ND I GIT,:= (I; 

NCTHER : = (I; 

FCR I := 1 TC ITC DC 
C : = I MSG (I) ; 
CASE C CF 
="' ·"'= 

N•LAN~ :: N•LAN~+t; 
=' O' •• ·"9"'= 

NDIGIT :: NDIGIT+t; 
='A_...• _..z'= 

NLETTEtilf := NLETTER+l; 
='A ........ Z'= 

NLETTER := NLETTER+1; 
ELSE 

NCTHER :: NCTHER+l; 
CASEND; 

FCREND; 

-





STRINGREP(OMSG,LNG'" ",N.LAN..::3," •LANt<s"':3S); 
AMPSPUT-NEXT(CFJD,AOMSG,#SIZE(OMSG),CF•A,STAT); 
STRINGREP(CMSG,LN6'"' "',NLETTER:3,"' LETTERS"':3S); 
AMPSPUT-NEXT(CFID,AoMss,=s1zE(cMss),cF•A,sTAT); 
STRINGREP(OMS6,LNG,"' "',NDIGIT:3,"' DIGITs":35); 
AMPSPUT-NEXT(CFID,AOMSG,#SIZE(OHSG),OF•A,STAT); 
STRINGREP(OHSG,LNG,"' "''NOTHER:3,"' OTHER CHAP.ACTERs"':3S); 
AMPSPUT-NEXT(OFID,AoHss,=s1zE(oHsG),oF•A'sTAT); 
IF ITC = N•LANt< THEN 

LAST-CARD :: TRUE; 
I FEND; 

WHILEND; 
FCLOSE; 
PROCEND MAIN; 

MODEND DAY2_2j 
._ /GETF •UILD 

/CCPF •UILD 
PROC •UILD( 
INPUT,INP'I:FILE=iREmUIRED) 
IF SFILE(EXERC,ASSIGNED) THEN 

DELF EXERC 
IFEND 
IF NOT SFILE(SVALUE(INPUT),ASSI6NED) THEN 

1:;ETF SvAL.uE (INPUT) 
I FEND 
COPF SVALUE(INPUT) EXERC 
IF SFILE(IODCL,ASSIGNED) THEN 

DELF IODCL 
I FEND 
IF SFILE(COMP,ASSIGNED) THEN 

DELF COMP 
I FEND 
IF NOT SFJLE(JODECL,ASSIGNED) THEN 

GETF IODECL 
I FEND 
CRESL 
SCU •=RESULT R=TDCL 
CRED D=IODCL s=IODECL H=IODCL 
•=RED D=E>C:ERC s=E>C:ERC M=EXERC 
EXPD D=E>C:ERC c=coMP A•=SsYSTEH. OSFS,.ROGRAM- I NTE~ACE-L I •RARY 
E'ND WL=FALSE 
F·ROCEND •Lt I LD 

... /GETF IODECL 
/COPF IODECL 

?? SET(LIST:=oFF) ?? 
•coPvc AMPSOPEN 
•COPYC AHPSCLOSE 
*COPYC AHPSGET-NEXT 
•coPYC AHPSPUT-NEXT 
?? RESET ?? 





{) 

VAR 

{) 

ITC : AHTSTFJ.ANSFER-COUNT' 
IFPOS : AHTSFJLE-POSITION' 
IF•A,OF•A : AHTSFILE-•YTE-ADDRESS' 
ILFN,OLFN : AHTSLOCAL-FILE-NAHE' 
IFID,OFID : AMTSFILE-IDENTIFIER' 
IHSG : STRING(8Q), 
OHSG : STRJNG(4Q), 
STAT : OSTSSTATUS' 
IATTR_P,OATTR-P : AHTSFILE-ACCESS-SELECTIONS; 

PP.CCEDUP.E FOPEN; 
ALLOCATE IATTP._P : [1 •• 2]; 
I ATTR_P .. ' [ 1] • tc:EY : = AHCSACCESS-HODE; 
IATTR_PA[2].MEY := AHCSOPEN-POSITION; 
ALLOCATE OATTR_P : [1 •• 2]; 
CATTR_PA[l].MEY := AMCSACCESS-MODE; 
CATTR_PA[2].MEY := AHCSOPEN-POSITION; 
ILFN := 'SINPUT'; 
IATTR_PA[l].ACCESS-HODE :: iPFTSUSAGE-SELECTIONS [PFCSREAD]; 
lATTFJ._pA[2].0PEN-POSITION == AHCSOPEN-AT-•01; 
AMPiCPEN(ILFN,AHCiRECORD,IATTR_P,IFID,STAT); 
CLFN := 'SOUTPUT'; 
OATTFJ._p,.... [ 1] • ACCESS-MODE : = SPFTSl_tSAGE-SELECT I CNS [PFCSAPPEND] ; 
CATTFJ._P ..... [2].0PEN-POSITION := AMCiOPEN-AT-ECI; 
AMPSCPEN(OLFN,AHCSRECORD,OATTR_P,OFID,STAT); 
CMSG : = ... START OF PROGRAM .. ·; 
AMPSPuT_NEXT(OFID,AOHSG,=s1zE(OMSG),oF•A,sTAT); 
PP.OCEND FOPEN; 
0 
PROCEDURE FCLOSE; 
CMSG :: ' END OF PROGRAM'; 
AMPiPUT_NEXT(OFID, ..... OHSG,:s1zE(OHSG),oF•A,STAT); 
AMPiCLOSE(IFID,STAT); 
AMPiCLOSE(OFID,STAT); 
PROCEND FCLOSE; 
0 

-./GETF GO 
/COPF GO 
PP.CC GO 
""HEN PP.OGRAH-FAl_IL T DO 

r• I sv osvSsTATUS 
COPF L 
CANCEL PROGRAH-FAULT 
E)C:IT-PRCC 

WHENEND 
IF $FILE(•,ASSIGNED) THEN 

DELF • 
I FEND 
IF iFILE(L,ASSIGNED) THEN 

DELF L 
I FEND 
CY•IL I=CCHP L=L •=• 
I' 

DELF COHP 
CANCEL PRCGRAH-FAf..IL T 
PP.CCEND GO 





:) ...... LIILD· DAY22 
--WARNING SC 620314-- LI•P.AP.Y FOP.HAT VERSION MISMATCH ON FILE :SSYSTEM.SSYSTE~. 
DS:FSPRDGRAM-INTERFAC:E_LIBRAR'r'.1. 
/GO 
START CF PROGRAM 
TYPE IN UP TC 80 CHAR WHEN PROMPTED 
A BLANt< LINE WILL END PP.DGP.AH 
A CR WILL DC AS WELL 
? A A •' •+ <MN65432;~S~-;;&c"' FADSTGEFDt<t<.109LLLLL HAHA 

45 CHARACTERS READ CF WHICH ARE 
3 BLANt<S 

26 LETTERS 
7 DIGITS 
9 OTHER CHARACTERS 

·? A '1 
4 CHARACTERS READ OF MHICH ARE 

1 EcLANtoc:S 
1 LETTERS 
1 DIGITS 
1 OTHER CHARACTERS 

1 CHARACTERS READ OF MHICH AP.E 
1 BLANtoc:S 
(I LETTERS 
0 r•IGITS 
0 OTHER CHARACTERS 

END OF PROGRAM 
/LOGOLIT 
PROCESSING USER EPILOG. 

·..> 

PROCESSING SYSTEM EPILOG.VEIAF CONNECT TIME 1)0.05.03. 
ILLEGAL APPLICATION, TRY AGAIN. 
T13A05 - APPLICATION: •YE 
LOGGED OUT. 

HOST DISCONNECTED CONTROL CHARACTER=<ESC) 
ENTER INPUT TD CONNECT TD HOST 

-





·REWIND., LISTING. 
·/·copy,.} istin!i-
· 1SOURCE LISTING OF dav_2_4 NOS 

PAGE 1 
CYBIL/CC 1.0 8213 

< > June 9., 1982 4:15 PM 

0 1 
0 42 
0 43 

" 0 44 
30 45 
30 46 
30 47 
30 48 
30 49 
30 50 
30 51 
30 52 
30 53 
30 54 
30 55 
30 56 
30 57 
30 58 
30 59 
30 60 
30 61 
30 62 

_30 63 
30 64 

essJ THEN 
44 65 
45 66 

ute'; 
52 67 
53 68 
54 69 
55 70 
55 71 
57 72 
65 73 
73 74 
76 75 
77 76 

104 77 
105 78 
112 79 
112 80 
114 81 
114 82 

0 

PROGRAM main; 

TYPE 
status-record = record 

case normal: boolean of 
= TRUE = 

., 
= FALSE = 

messase: strins <80)., 
casend., 

recend., 
modes = <read-access., write_access, execute_access)., 
mode_set = set of mode£; 

VAR 
set_modes: mode-set, 
out: file., 
status: status_record; 

PROCEDURE inspect <current_mode_set: mode_set; 
VAR status: status-record); 
IF current_mode_set = Smode_set [write-access, execute-~cc 

status.normal := FALSE; 
status.messase := '**ERROR** Modes set to write and exec 

RETURN; 
ELSE 

status.normal := TRUE; 
I FEND; 

PROCEND ir1sPect; 
set_modes := Smode_set Cwrite_access., execute-access]; 
l~#open <out, 'output~, old#, outPut#, asis#); 
inspect <set_modes., status>; 
IF NOT status.normal THEN 

lS#Put <out., status.messa~e); 

ELSE 
lS#Put <out, 'Modes set ProPerlv'>; 

I FEND; 
ls#close <out., asis#); 

PROCEND main; 
MODEND dav_2_4; 

**** NO DIAGNOSTICS 
EOI ENCOUNTERED. 





-------

--,-- --· ----------- . 

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

:ses.sencornP sf=test3 cvbccmn 
GENERATING COMPILE FILE COMPILE 

:EVERT. END GENCOMP COMPILE <- PDGWORK 
~ses .-cvb i l · cc 

COMPILING COMPILE 
:EVERT. END CYBIL COMPILE -> LISTING, LGO 
:ses·.·l in-kl 70 -cvbc lib 
:EVERT• END LINK170 LOOB 
:lsob 
·*ERROR** Modes set to w~ite and execute 

{_ {_ ( ( ( 
, .. 
i j 





PEl.1.I I t·rn, • 
5 FILES PROCESSED. 

/COPY11AYD2EX5 DAV 2; NR. S. 
MODULE D2E:=<5; 
•CALLC P:=< I DTVF' 
•CALLC LGZDF'EN 
•CAL.LC LGZCLO:s: 
•CALLC Lt::.ZPUT 
•CAL.LC Lt::.ZGE 1 
•CALLC FZ:S:A:E:F 

?? F.'.ESE T --;:---;:-

FUt-1CT I Ot·1 PDl.i.1ER (;:.:;" 
\': ItH EGER> : It"fl EGEP; 

IF >=: = 1 THEN 
PDl.i.iEF.'. : = 1; 

ELSEIF V = 1 THEN 
F'Ol.i.iEF.' : = ;:.:; ; 

EL:::E 
POWER:= X •POWER ~~" Y - 1); 

I FEt"Ht; 
F Ui"1CEt·1D FOhiEP; 

:::T' 
:::TF.'.: STP HH:i i::12) " 
CAP: CHAi:;:,, 
MUM" 
I< .. 
I' 
._1, 

L' 
t-i: HHEGEF.', 
MAFt::: FILE_MAFK .. 
HiPUT11 
OUT: FILE; 

L(3;::0PEt·1 <OUT, ·· DUTFUT .··, OLD;::" OUTPUn::" A::: I:::;::_:. ; 
F;:::S:A:E;F i:.OUT) ; 
u::;;::PUT i:.OUT, ... EtHEP Hi!Ei::.EF' IA:S:E ···); 
LG;::OF'Et"-1 d t·1PUT" ··· H1F'U1 ·· , OLD~::, H1PUT ;:: " ft::: I :s.;::_:i ; 
U:i;::1::iET d M·'UI" t-11_w1" ::~.TF.·> ; 
I : = o; 
FDR J := 1 TO NUM DD 

I : = 1 0 • I + ( $ I HT E 1;; ER i: ::~: T P i: ._I > ) - '.!. I t·11 E 1:; E. F' i: ··· 0 ·· > ) ; 
FOREt-HI~ 
u;;::FUT (OUT' .·· E:t·rrEP I NTE1:;EP FOl.iiER .. ·) ; 
LG;::t::iE:. l i:. l t·-1FUT" t·1ut·111 STR> ; 
K : = o; 
FDR J := 1 TD NUM DD 

K := 10 • k + ($INTEGER (STP i:.J)) - $1NlEGER i:./0 .. )); 
FDPEt·rn; 
N :=POWER (111 K>; 
SlRINGREP i:.ST, L11 N); 
L6;::PUT t::OUT" :::r::i ; 
u;;::CLO:S:E (OUT" A:S: Is;::) ; 
U3;::CLO:S.E i:. I t--1FIJT" A:S. I :~:~::.:i ; 

FF.'OCEl-tD D3E:=·=;s; 
MDDEt·1D Dc'.E:=-::5; 

EDI ENCOUNTERED • 
..• ·· 





0' 
Solution ~ 

:tt· I 
~ 

/:14Y 3 ~I 

llikl!WL.lHK~LJSTI . ,,.,~~,.,.,.,'"Y, ...... , ..... ~'.·'"'.'?P""'~ 
TYPE 

LINK = ""REC, 
.\ REC = RECORD 

VALUE : INTEGER, 
PTR : LINK 

RECEND; 
VAR 

FIRST: LINK:= NIL; 

·. . PRDGRAl't l'IA IN; 
VAR 
ELEl'tENT: ARRAY Ct •• 101 OF REC, 

I: 1 •• 1 o, 
PDINTER_Ta_Ga, 

POINTER: LINK; 
:!'' .... • '" ~ ' 

FDR I:= 1 TD 10 DD 
· ELEMENT Cll • VALUE := 1; 
POINTER := uLDCCELEMENTCJJ); 
ADD<PDINTER>; 

IF I = 3 THEN PDINTER_Ta_Ga == POINTER 
I FEND; 

FDREND; 
REMDVE<PDINTER-TD-GO>; 
TEST; 

, . PRDCEND MAIN; 
,)Ir· 

··PROCEDURE ADD <P: LINK>; 
VAR 

TEMP: LINK; 
. BEGHI 
~ TEMP:= FIRST; 
~ FIRST := p; 

r-· P"'. PTR I• TEl'IP 
END; 

PRDCEt"n ADD; 
'-" 

tr'!~':"· 

;;:::r:"'·''' 
. ' 

PRDCEDU~ft TEST; 
TYPE AS= STRING <•>; 
PROCEDURE CXREFl OPEN; 1 

·PROCEDURE CXREFl CLOSE; ~ 
PROCEDURE CXREFl INTOUT cs: AS, I: INTEGER>; l 
VAR • 

P: LINK, 
V: INTEGER; 

OPEN; 
P := FIRST; 
WHILE P <> NIL DD 

V := P"".VALUE; 
INTDUT (' VALUE IS ',V); 
P := P"".PTR; 

WHILEND; 
CLDSEJ 

PRDCEND TESTJ 

4·. :"'. 

'f 

PROCEDURE REpt[JYE <P•Llttt<>; 
PROCEDURE CXREFl ERROR; 

VAR 
·~~--' J 

R: LINtO 
R := FIRST; 

/LIO/ 

WHILE R <> NIL DD 
IF RA.PTR = p THEN EXIT/LIO/; 

ELSE R == RA.PTR; 
I FEND; 
WHILEND; 
IF R = NIL THEN ERROR; 

ELSE RA.PTR == PA.PTR; 
!FEND; 

PRDCEND REMOVE; 

l'IDDEND; 

-....._,,' 

·VALUE IS 
VALUE IS 
VALUE IS 
VALUE IS 
VALUE IS 
VALUE IS 
VALUE IS 
VALUE IS 
VALUE IS 

10 
9 
8 
7 
6 
s 
4 
2 
1 

.......... ~ ., .... ,,,t ...... ,,~ 

-~ 

i 
4 

~1 
l 
l( 

. ~ 

~ 
~ 

·- ·1 
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A START TO THE BLACKJACK PROBLEM 

CYE:IL/CC Vl.O 7'~0712 SOURCE LISTING - BLACKJACK 
7·~-10-1)1 

1 
11 : 4 '?: 15 PA1;iE 

2 MODULE BLACKJACK; 

3 ?? SET ~LIST := OFF) ?? 
:=:::: ?? PE:SEl ?·-;· 

4 0 CDt·i:S:T 
41 •=~~t·1A>::_AMDUN;T = . 1 0 0 (I U; 

TYPE 
T::~PLA"·;"ER = RECDRr• 

NAME: STRING (lU), 

1 

AMOUNT: IJ • • C~~t·1Ft":·::_AMOUNT !I 

J::ET: 0 • • c::~t·iFt>::_FtMDUNT !I 

TD TA L : (I • • 3 (I !I 

FtLT_TOTAL: 0 •• 41' 
BLACK_JACK: BDDLEFtN!I 

LAST_CARD: STRING (5), 

54 T~~l)EALER = fi!E•=DRD 

~,5 TOTAL: 1_1 • • 26 !I 
ALT-TOTAL: 0 •• 36!1 
LAST-CARD: STRING (5), 

58 RECEt-JI:t' 

~·9 
6 (I T::~k~HD = (ALL !I TD-F"LA"·tER !I TD-I•EFtLER) ' 

61 
62 T:~t·1ESSFt1:;E = (M_NAME !I M_E:ET !I M_CONT I NUE !I M_H IT !I t·1-I:tEALER_CAR:r; 

64 

M-PLAYER-CARD!I M_I:tEALER-HIDDEN_CARD!I M_SIGNDFF!I M_SHUFFLE!I 

fl'\ -tl.n'l(JlAl f-); 

.. , 
t::•( 

I:•EALER: 

PLAYER: 

T=~r1EALER 

T::PLAYER 

ES INP: FILE!' 

69 ouT: FILE; 

70 

. -. -. -. - L '-'' 
[ ·· .. · 

.·· .··] ' 
1000, (I, .· J !' 





1 . 

tJ 

0 

CY.E:IL....-CC 
7'9-1 0-01 

71 

..... 1 • '-' 7 ·~ (I(·' 1 ;:'. 
11: 4 /: 1 ~' F'H6E. 2 

0 72 
:3.: . .:. 
36.:. 

:.::.:..:. 
:=:.: . .:. 
·;:t:.~· 

:~:E.t. 

:·3'14 
:37t.:. 
402 
41_12 
4U4 
404 
41J~1 

4•J? 
41 (I 

412 
416 
416 
421 
422 
42:~: 

423 
424 
426 
4:.::2 

43? 

43? 
442 
442 
44:.:: 
445 
446 
447 
4::i 1 
4~52 

452 
452 
4::::.2 
4~·3 
4~:56 

4t:·2 
4t:·~· 
46? 
4/'1_1 

4? 1 
471 
4t"2 
4/L: 
4?3 
4/':"t 
4// 
1.:,,_11_1 

':tl.11) 

?4 
-,c 
' ·-· 
76 ......... ... , .. 

:::·? 

'30 
·::i 1 
'92 
93 
·~4 

95 
·::-6 
·~7 

9::: 
9·::i 

100 

l IJ 1 
102 
1 o . .:: 
104 
105 
106 
1 o? 
1 o::: 
1 o·::i 
11 0 
1 1 1 
112 
1 i:::: 
114 
115 
116 
11 l 
11:::: 
11 ·~ 
12 IJ 

lcl 

1
•,•

1HP 
FIRST _PF1SS: [S:T ffT l I_:] E:CJOLEF1N : = r F'Ut.' 

NF1ME: STRING ~8U)!1 

CONTINUE: STRING (~IJ), 

SAMOUNT: STRING (8U)!1 

DECISION: STRING (~IJ); 

CF·Et·LF I LES; 
~·4R I TES (M_NAME) ; 
REAJ:tS 1-.NAME); 
PLA·-,· ER. NAt·1E : = NAME i:.1 !I 1 I)) ; 

... ··F·LA·., .. _... 

~'.EF'EAT 
WRITES (M_AMOUNT); 
IF NUT FIRST_PASS lH~N 

WRITES (M_CONTINUE); 
READS (CONTINUE); 
I F c 0 NT I Nu E i:. 1 ) <. > .. y .·· T HE r-1 

E:=< IT /PLHY ..... 
1 FEt'HI; 

ELSE 
FIRST-PASS := FALSE; 

I FEt·rn; 
~-~RI TES (M_E:ET) ; 
REAI:1S t:.SAMOUNT); 
CDNVERTSI (SAMOUNT!I PLAYER.BET); 

IF ((PLAYER.PET ) PLAYER.AMOUNT) DH (PLAYER.BET < 1)) lH~N 

E>=: IT /F·LAY/ 
IF Et·rn; 

I)EAL •.:t=tLL) ; 
lF (PLAYER.t=tLT-TOTAL = 21) THEN 

PLAYER.BLACk_JACK := TRUE; 
RESOLVE; 
CYCLE /F·LAY/:; 

I FEt-Ht; 

/I)EC I rrE/ 

WHILE (PLAYER.TOTAL <= 21) DO 
f.·~R I TES (M_H IT) ; 
READS (DECISION); 
IF DECISION (}) = ~y~ THEN 

DEAL (TO_PLA~ER); 

t:.L:i.E 
E>=: IT /J)E•= I r•E/; 

ii-: c:r-rn: 
11.IH l U::t·H1 ,... r•E•= I r•E,....; 
i:;'JESOLVE; 

1 c:2 (F·LA ·1 .:· 

l .::'::: urn IL '· FLFn Ei:;'I. t=tMOl..lt-~T .. - l_U ; 

124 W~ITEE ~M-EIGNOFFJ:; 

125 CLO~E-FILEE; 

li:: I:• ~· ""' [J ( f. H i I t·1 i=t I N ; 

1.:::? ~·~·· EJl:-.CI ,·;.· 





C'if; I L....-cc 
?'9-1 IJ- 01 

V 1 • 0 ?·:H17 12 SOURCE LISTING - £LAC~Jt=tc~ 

~1 IJ I) 128 
~1(1(1 12'~ 
!';i (I.::..' 1 :.::o 

~514 1:.:: 1 
c······· 
·-•CC 

1 ···,.-. ·=·c 
~524 1 :~:~;: 
~524 1::::4 
524 1::::5 
526 1:3t;. 
5:;:4 1.-,-, 

·=·· 
:.:~:t. 1 ·:··:.· ·-··-· 

s:::E. 1:3·;,. 
5~3E· 140 

5:3.:. 141 
54(1 142 
541) 143 
~·40 144 
54 (I 145 
cc.-
·-'·-•t:• 146 
C' .- i:;· ._1t; •. _. 147 
C' .- c; 
·-•t:··-' 148 
C'"'C.-·-•I::··-· 14'3 

565 1 ~·O 
~·6? 1!51 
~567 1 ~52 
c .'-. ·-·'=· ( 1~13 

5.:;.? 154 
567 1 ti~5 

567 1 ~iE. 
6 (I IJ 
600 
617 

624 
625 

643 
E050 
6:11 

.- i;;:- .-

'=· ·-''=' 

1 ~59 
160 

161 
162 

16:::: 
164 
lP:::.~ 

166 
t.5'? 167 

664 168 
665 169 

672 1?0 
673 171 

701) 
lOtJ 

? (1!5 

172 
1-,.-. 

.. ·=· 
1 ?4 

706 1 (~1 
l 1:::: 1 ?6 
?2(1 17l 

·,::-27 
1 ?·~ 

1::: I.I 
1 ::: I 

11: 4 7: 1 :. PA1;,E 

PROCEDURE OPEN-FILES; 

L•:;~~OFEN •.I NF'" ,• I NF·•-•T .. " CLI•=~' I NF·t_tT::" t=tS I s:n ; 
L•:::;~:oF·EN 1 .. 0l_IT !t .• at_ITF·LIT .. " OLI1:~' OUTF·•-•T=~' t=ts Is=~ ... ; 
F::st=tF.:F (OUT}; 

PROCEND OPEN-FILES; 

PROCEDURE CLOSE-FILES; 

L._1:;:~cLOSE (I NP" t=ts I s:n ; 
L1:;::cLOSE (OUT !t AS Is::) ; 

PROCEND CLOSE-FILES; 

PROCEDURE READS i:.VA~ s: STRING (. )); 

'•/AF'. 
LEN•:; TH: I NTE1:;ER; 

s i:.1" 1 (I) . - .. . -
L1:;~~1:;ET (I NF·!' LEN•::;TH' S) ; 

F'PDCEND REAI)S; 

... ; 

PF'.OCEDUF'E ~·'Fi' I TES (Ms•:;_ TYF·E: T~:t·1Esst=t1::;E) ; 

'•,•
1AP 

S: STFi' I N1:; (4 (I) " 

so; 

s : = .. · .. 

CASE MS•:;_ TYF·E OF 
= M_NAME = 

L1:;~~F·t.,.IT (OUT• .. 1.s.IHi=tT IS YOUFi' NFtME°? ... ) ; 

= M_t=IMOUNT = 
L•:;~~PUTF'ART i::ouT" F fiL:S:E" ·"You HAVE $") ; 

STRING~EP (S!' L!' PLt=tYER.t=tMOUNT); 

L•:;~:PuTF't=cRT i:.ouT, 1 RUE::, s) ; 

= M_E:ET = 
L1:;~:p1_1T (OUT!' "Ho~·J MUCH r10 YOU ~·,t=tNT TO ::E:ET'?") ; 

= M_CONTINUE = 
L1:;~~p1_1T t:.OUT!' .·· 110 "{01_1 ~·,ANT TO CONT I Nl_iE "? .. } ; 

= M_HIT = 
L•::;~~F'UT (OUT!' ,.·Do ·-..·ou ~·,t=INT ANOTHER Ct=1Rr1·! ... ) . 

" = M_S I1::;NOFF = 

!' 

L1:;::p1_ITF't=tRT t:.CJUT!' f-AL:S:E, "'lHt=.Nt-:·s FOR F·LFtYIN1:; E:LACt·<JFtC .. <!' "); 

L1::;;~PUTF·t=tRT ([Jl_IT !' T~'.UE" F·Lt=tYEP. Nt=IME} ; 

= M_PLt=IYER-Ct=tPD = 
L•:;;~F·uTF·t=tRT i:o1_1T" F-AL :~:E, ... Yo•-•P 1:t=tPr• ----- ·· .:i ; 

L 1::;; ~ P 1 • .1 T F' ART •. DU T !I l r:'. l_I E:. !' F· L Ft YEP • L Ft ST - •:Ft Fi' l) ) ; 

= H_DEt=tLEP_HIDDEN-Ct=tRD = 
L•::;;~F·UT (OUT" .. liEFtLEP Ct=tFi'l) ----- HI I:•I:•EN" ) ; 

- M_DEALER_CFtPD = 
L•:;;~FUTF't=tRT (OUT" F-AL:S:E !' ,.· flEt=tL EP •:ARI• ----- " ) ; 

L1::;;;F·l_ITF'APT '·OUT!' 1 fr'UE: !' I1EFtLEP. Lt=t;:"T _1:FtFi'I:1 ..' ; '{',:;4 

/41 182 = H_SHUFFLE = 
1 ::::~: L(::;;;p1_1T 1.0'-.IT !' .· ·::H•-•FFL I Nl::O Ct=tPr•s" · .• ; 

CYf:JL.....-cc v1. u (·~n?12 :~out-:1~ t. LI:. r Hi'~ - F:LFtc .. :JAo·· 

(' ·:i - 1 1_1- I .I 1 1 1 : 4 ? : l ':1 F' H ,_, E: 4 

HM tti:::Et·t1 1
• 

l•l-11 .. 1a··Lf'11t ··-·----! 





1 

(I 7~·0 
751.f 
~c;.-, 

'·-•.::. 
-,c-, , .. _ ... 

'?E.:3 
?64 
..... • c; 
i"t::··-' 
..... • &:: 

i"t::··-' 
..... . - ... 
... t::•t:• 

7?2 
~~·=· 
I I ·-• 

774 
1 IJ IJ 1 

1 002 
1 002 
1 002 
1 oo:=: 
1 ou:~: 
1 012 
1 014 
1 IJ 15 

1 Oc Cl 
1 U22 
1 02:3 
1 024 
1 025 
1 026 

1 o:.::::: 
1 033 
1 034 

1 o:::::. 
1 042 

l 043 
1 044 
1 u~; 1 

1 05C'. 
1 052 
1 052 

---·---- ---

1_:Yf:: IL/CC 
?·~-10-(11 

Vl. O 790/12 
11:4?:15 PAbt. 

SOURCE LISTING - ELACKJACK 
c 
·-' 

1::::·~ 

1 ·~I.I 
191 

1'92 
1 ·:;.3 

PkOCEDURE RESOLVE; 
IF PLAYER.~LACK_JACK THEN 

PLAYER.AMOUNT := PLAYER.AMOUNT + 2 + PLAYER.EET; 
PLAYER.ELACK_JACK == FALSE; 
~:E fUF::t·i; 

IF Et·Ht; 
1~4 JF PLAYER.~LT-TOTAL <= 21 THEN 
1 ·~~ • 

l ':'.'6 
197 
i ·~::: 

1 ·.::.·::. 
200 
2U1 
202 
203 
204 
205 
206 
207 

20::: 
2 0'3 
210 
211 
212 
21:::: 

214 
215 
216 

217 
2 i:::: 

21 ·~ 
220 
c21 

C22 

PLAYER.TOTAL :: PLAYER.ALT-TOTAL; 
IFEt·m; 

IF PLAYER.TOTAL > cl lHEN 
PLAYER.AMOUNT := PLAYER.AMOUNT - PLAYER.FET; 

F.'E f Uf.:'. t·i; 
IFEt·m; 

. ...-I)EAL IN(;/ 

WHILE DEALER.TOTAL < 17 DD 
CASE DEALER.ALT-TOTAL OF 
= IJ • • 1 E· = 

DEAL (TD-DEALER); 
= 17 •• 21 = 

DEALER.TOTAL := DEALER.ALT-TOTAL; 
£>=; 1 T /r•EAL 1 N•:;....-; 

= 22 • • :31 = 
CA:S:E t·iI1; 

WHILEND /DEALING/; 
IF DEALER.TOTAL > 21 THEN 

F·LAYER. AMOUNT : = F·LA'r-ER. AMOUNT + F'LAYER. E:ET; 
ELSE 

IF DEALER.TOTAL > PLAYER.TOTAL THEN 
PLAYER.AMOUNT := PLAYER.AMOUNT - PLAYER.EET; 

IFEt·w; 
IF DEALER.TOTAL < PLAYE~.TDTAL TH~N 

PLAYER.AMOUNT :: PLAYER.AMOUNT + FLAYER.BET: 
lFEt-W; 

l FEr-rn; 
228 PROCEND RESOLVE; 
224 -;:·? E.JECT ?? 





1 

IJ 1 052 
l IJ52 

CYf: IL/CC 
?·:;t-1 0- (11 
.•,.-.c 
CC·-' 

226 

V 1 • 0 7·~ O? 12 SOURCE LISTING - FLAC~JACK 

1 (1!52 -.. -.-, a::..::.1· 
PPDCEDUPE CONVE~T~I (S: STRING (. ); 

1•lAF.'. t=t: (I • • •=~~Mff:-: _AMOt_INT) ; 

, c .. · 
·-' 

1 tY52 
1 •)54 
1054 
10:;4 
1054 
1054 

1054 
1 Ot·4 
1 (154 
1075 
1116 
1122 
112:;: 
112:3 

22·~ 

2:.::0 
2::::1 

2:37 

24(1 
241 

1124 242 
1131 24:::: 

F·, 

1: o •. :=:u .. 
TENS: I NTE•'.;E~ !I 
I:• I •3 I Ts ET : [:~:TAT I c] s ET 0 F .. 0 .. · • • ... ·:;. .. : = [ .. (I ... !I ... 1 ... !I .. 2 .. ' .· :::: 

.. 6 ... , .. ·7.-·, ·":=:···, ···3 .. ·]; 

F· : = (I; 

WHILE s (p + 1) IN DIGITSET DO 
F' := F' + i; 

1.t.tH 1 u::r·m; 
TENS := 1; 
A := 1_1; 
FOP 1 : = F· rio1 .• 1r-n o 1 110 

1154 244 
t=t :=A+ TENS• (ORD (s (J)) - ORD (~0")); 

TENS := TENS + lU; 
11!':·7 
1161 
1161 

245 FDPEt-H1; 
246 PRDCEND CONVE~TSI; 
24 7 -~:··-;:· E.Jt.C r '?? 





1 lt-1 
1 161 
1 161 
1 163 
1 1,:.:.::.: 
1 163 
1 163 
1 163 
1 177 

1202 
121)4 
1&:::05 
120? 
121 (I 
121 1 
1212 
121 :::: 

1216 
1220 
1221 
1--.. -.. -. cc..:.· 
1224 
1 .-,.-,c; 

CC.·-' 

122.:. 
1227 
1231 
12:=;:.:: 
12:34 

1 ·=··::·-::' L...·-• t 

1241 
1245 
1251 
1257 
1264 
126~5 

12b.6 
1271 
127:=: 

1277 
13 (I:;: 
1:;:1 1 
1316 

1316 
1 :=: l ? 
i::::20 
l 320 

"--· ---.;..,...... . . ..... 

CYBIL/CC 
79-10-•Jl 

Vl.O 790712 SOURCE LISTING - ~LACKJAc~ 

24::: 
c4·~ 

2~1J 

c51 
.-.c .-. 
C.·-•C 

25:3 
2~'4 

255 
2~56 

·=·C'-, L...·-' i 
25:=: 
25'3 
26(1 
261 
~E.2 

2.:.3 
264 

265 
266 
267 
2.:.::: 
26'3 
270 
271 .... -, .-·, 
c. i c 
27:3 
2?4 
.-,-,.c 
c. i ·-' .-.-.. .. 

c. ... t::• 

277 
27:::: 
·=·-::-·::. 
L... I -· 

2::: (I 
2:::1 

2:::2 
2::::~: 

2:::4 
2:=:~. 

2::a:. 
·;,;.··:·-::-
~·-·· 
2:::::: 
c::=:·~ 

2·;.1_1 
291 
2·:,.2 
2·~:;: 

11: 47: 1~· PAGE 

VH~'. 

VAL•-•E: 1 • • 1 0; 

CA:5:E ~., uF 
= ALL = 

1::;ET•=ARr1 (.'···'ALl_IE !' F·Li=tYER. LAST -•=ARI:•) ; 
WRITES (M_PLAYER_CARD); 

PLAYER.TOTAL := VALUE; 
IF VALUE = 1 TH~N 

PLAYER.ALT-TOTAL := 11; 
EL:S:E 

PLAYER.ALT-TOTAL 
IFEt·m; 

. -. - 1 •• ·'AL•-•E; 

GETCARD (VALUE!' DEHLER.LAST-CARD); 
WRITES (M_DEALER_CARD); 

DEALER.TOTAL := VALUE; 
IF VALUE = 1 THEt·1 

DEALER.ALT-TOTAL 
EL:~:E 

DEi=tLER.ALT_TOTAL 
IFEt-m; 
DEAL (TD-PLi=tYER); 
DEAL (TD-DEALER); 

= TCJ_PLA .. {ER = 

. -. -

. -. -
1 i; 

1 .• ·'ALUE; 

GETCARD ~VALUE' PLAYER.LAS~-CARDJ; 

WRITES (M_PLAYER_CARD); 
PLAYER.TOTAL := PLAYER.TOTAL + VALUE; 

PLAYER.ALT-TOTAL := PLAYER.AL~_TOTAL + VALUE; 
IF (VALUE = 1) AND (PLAYEP.ALT_TOTAL <= 11) THEN 

PLAYER.ALT_TOTAL := PLAYER.ALT-TOTAL + 10; 
IFEt·H1; 

= To_r•EALEFil = 
GETCAFilD (VALUE' DEALER.LAST-CARD); 
WRITES (M_DEALER_Ci=tRD); 
DEALER.TOTAL := DEALER.TOTAL + VALUE; 

DEALER.ALT-TOTAL := DEALER.ALT-TOTAL + VALUE; 
IF (VALUE = 1) AND (DEALER.ALT-TOTAL <= 11) THEN 

DEALER.ALT-TOTAL := DEALER.ALT-TOTAL + 10; 
I FEt·ui; 

CAStt·iit: 
~·F:OU::JH1 r•EAL; 

·;.·? E.JECT ·;.··-;.· 





1 

1 :;:20 
1:~:2u 

C'l.E:I L....-cc 
?9-10-(11 
294 

.. .....c.... ... 

v 1 • (I 7·;. 0712 
11:4?:15 PA1.:iE 

~ ........ . ·.~. .. ... _..........._. ... ~ ... --.........._. .. 

SOURCE LISTING - ELACKJACK 

1320 296 NAM: STPING (5)); 
1320 297 ?? FMT (FORMfiT := OFF) ?? 
1==:20 29:::: 
1 .-. -.. -, 

• .:•C.C. 

1:3c·2 
i:.::22 
1::::22 
1:;:22 
1322 
1::::22 

1322 
1322 
1:.::22 

1322 
1 :=:22 

:;:01_1 
:::: (11 

302 
::::o:::: 
304 
:::: 0':1 

30t. 
:;:1)(' 

:;.: u::: 
:::: IJ'9 
:;: 1 0 

:::: 11 
1:322 ::::12 

1 :322 :;; 1:::: 
1::::22 ::;:14 
1::::22 

1:.::22 

1:322 
1::::22 
1:;:22 

1322 
1.-.. -.. -. 

.,:.c.c 

:~: 1 ~· 
:316 

31? 
:;: 1 :::: 

31 '3 
:.::20 

:;:;::: 1 

1 .• ·'At:;1 

l)EC~:·: [STAT I CJ ARF1'AY [1 •• 52] CJF PE•=OR:r1 

NAME: S7'P IN•:; (~1) ' 

VAL: 1 •• 1 0 !I 
•-•SEI): E:DCJLEAN" 

PECENr• : = 
[ [ .. ACE .. · !I 1 ' FALSE] ' l .· T ~·~ 0 .. " 2 !I FALSE J " ( .· TH F1' EE ·· " :_:: !I FALSE J " 

[ .. F 0 U Fi' .· 'I 4 !I FALSE] !I l .. F I VE ... !' 5 !I FALSE J !I [ ... S I ::< .. 'I 6 ' FALSE J !'I 

l .. · SEVEN .- " ? !I FA L $ E] !I l _. E I 1::; HT .· ' ::: ' FALSE] ' [ .. N I NE .- " ·::i " FA L:: E] !' 

[ .. TEN .. ' 1 0 ' F Fi LS E] ' [ .. J AC~=- .. · ' 1 I) !I FALSE J !I 

[ .. ·PUE EN·" !I 1 0 'I FALSE] " [ .. FIN•:; ·"!I 1 0 !I FALSE] !I 

( ·" ACE .. · !I 1 ' F Ft L SE] !I [ .. T km . .- !I 2 !I FALSE] ' ( .. · THREE " !I :3 !I FALSE J ' 
( .. F CJ'-' Fi' .. !I 4 !I FALSE] !I l .· F 1 VE .·· ' 5 ' FALSE J !I [ •• S I ::-:: .· !' 6 11 F Ft LS E J !' 

( .. · SEVEN" ' ( ' FALSE] !I l ·" E I 1:; HT " !I :3 !I FALSE] !I [ _.· N I NE .. !I ':;t !I FALSE] ' 

[·"TEN .. , lO!!FALSE]' L""JAC~:: .. "lO!tFALSE]" 

[ .. PUE EN" !I 1 (I' FALSE] ' l .· ~:· It·H5 .· !I 1 (I, FALSE] !' 

( ... ACE ... !I 1 !I FALSE] !' [ .. T ~-~CJ .. !I 2 !' FALSE J !I [ ... TH Fi' EE .. ' 3 ' FALSE J !I 

[ .. FCJUf'I .. '4 !I FALSE] ' l .. FI VE .· '5' FALSE] !I L . .- SI::-:: .. "6 !I FALSE] ' 

( .. SEVEN . ' 7 ' FALSE J ' [ .. E I·~ HT ... !I :::: !I FALSE J !' [ .-· N I NE ·" !I ';:! " FALSE J ' 
[ .. TEN .. ' 1 0' FALSE) ' [ .. JAC .. < .. · !I 1 0 !I FALSE] !' 

[ .. ·PUEEN.·' 1 I), FALSE) !I l" ~::IN•::t .. !I 11)'1 Ft=1LSEJ !' 

( .. ACE ·" !I 1 !I FALSE J !I l " T~-m " !I 2 !I FALSE J ' [ ·" THREE .. ' 3 ' FALSE J ' 
[·"FOUR ... ,4,FALSE]' l"FIVE .. ·,5,FALSE] !'["SI::-:: "!16!1FALSEJ !I 

[ .. SEVEN . ' { !I F t=i LS E] ' [ .. E I 1:; HT .- !I :=; !I FA L:: E] !I [ ... N I NE .- !I ·~ ' FALSE J ' 
[·"TEN .· ' 1 0 !I FALSE] !I [ ... JAC~:: .-·!I 11.1 !I FALSE] !I 

( .. P '-'EE N .. !I 1 I) !I FALSE] !I l " ... :: I t·~ 1:; ... !I 1 I) ' FALSE J ] ; 
1:.::22 
1::::22 
i::::22 

1322 
325 ~~FMT ( FORMAT := [JN J?? 

;:2t::. ·-;:··,.. E._tEC r ·~··;, 





~-· 

CY.t: 1 L/CC 
l'~-1 0-(11 

.. ~ .. 

V 1. 0 7·:;. U"? 12 
11 : 4?: 1 !5 PA6E 

.-.-.·· 

SDURCE LISTING - FLACkJ~C~ 
·:.. 

~- ... 

I 1 ·:· ::.··.:.· ·-•L-L.. 
.-,.·,-, .;.c. .. -

1 

1 .-.. -.. -. . ;.c.c. 

1322 
1322 
1 ·-··-1• I . .;.c.c. 
1:.::22 
1322 
1322 
1 ::::22 

ffi 
1:.:::;:4 
1.;::.::i::. 
1 :34 U 
1a41 
1 :34':1 
1 :.::::,2 
13:,5 
1 :;:i:,5 
1:=:6 1 
1 :;:r::.3 
1::::.::.::: 
13?1 
1:::?5 
1 ·-· ..,...., ·=· ,. .. 
i:::r?? 
14 0:1 
141 1 
1417 
1426 
14::::4 
14::-::7 
1441 
1442 
144:::: 
1444 
14~10 

14'::~6 

14?1 
14? 1 

:~::;:.:, 

I : 1 • • 53' 
:.:: 3 0 ::.:: : [ :~: TA ·r I CJ 1 • • 2 0 IJ 0 0 0 0 : = 1 ' 
331 y: [:S:TAT ICJ 1 •• 2000000 : = 1, 
:;: :;: 2 s : (1 • • 2 0 (I 0 0 0 0 ' 
333 C:OUNT: [:~:TAT I CJ IJ • • 52 : = ~·2' 
334 ::-::_STAP.TEfil: 0 • • OFF ( 16) ; 
.-•. -. c.~ 
-:.··=··-' 

COUNT := COUNT - 1; . 
337 IF COUNT < 10 lHEN 
338 WPITES (M_SHUFFLE); 
339 COUNT := 51; 
340 FOP I := 1 TD 52 DD 
~41 DECK[I].USED :=FALSE; 
342 FDREND; 
:;:4 3 IF Et·1I.!; 
344 x := x + x; 
345 IF x > 999997 THEN 
346 x == x - 999997 
34? I FEt·1D; 
348 y := y + y; 
34~ IF y > 999971 THEN 
350 y := y - 999971 
351 I FEt·,.11; 
352 ~ == x + y; 
353 s := s DIV 10; 
3j4 I := ~s MOD 52) + 1; 
355 WHILE. DECK[1].USED DO 

. -.c::--: 
·~· -· .. 

I := I + H 
I F I > 5 2 THE t·~ 

358 I := 1; 
:;: :. 9 JY E. r·m ; 
3t. (1 i.dH 1LEt·i11 = 

3bl DEC~l1J.USED := lRUE.; 
~b~ VALUE:= DECK[t].VAL; 
363 NAM := DEC~[I].NAME; 
364 f'POU:Ttll •:::ETCAfilI); 

365 MODEND PLACkJAC~; 

CY:E: IL/CC 1
•.•

1 l. 0 7•::H)712 
F'AbE. 

CUMPILATION SUMMARY - PLACKJACk 

1 ? '9- 1 u- 0 1 1 1 : 4 7 : 1 ':i 
3~~ LlNES COMPILED. 
rm '- m1 .=-1LH1 1 rn~ t:~·t-:·oF-::s .• 

£[~1 t:.r-11-[11_1r-tfH··f-I1 • 






