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BASIC HAL/S PROGRAMMING CLASS INFORMATION

Course Number:
Course Length:
Intended Audience:
Prerequisites:
Objectives:

Content:

OTPOBO

Three two-hour classes

HAL/S Programmers

Some programming skills, but not necessarily HAL/S
To provide an overview of the HAL/S language

Day 1)

Program structure, name scoping, data types, declares, arrays,
initialization, replace macros, subscripting, integer/scalar conver-
sions, expressions, assignments, conditionals and IF statements,
statement groups (e.g. DO, DO FOR), procedures and functions

Day 2)

Bit strings (initialization, subscripting, expressions, assignments,
comparisons), structures, raveling and unraveling, explicit conver-
sions

Day 3)

Data storage and access (e.g. #D, #P), RIGID, exciusive and reentrant
procedures and functions, CSECTs, stacks and stack frames, NAME
variables, real fime statements

L.ockheed Martin

Craig Schulenberg

Space Shuttie Systems 1
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|

BLOCKS

COMPOOL | } WA p y

PROGRAA ALWAYS SEPARATE COMPILATION UNITS

PROCEDURE } | ~ MAY BE SEPARATE COMPILATION UNITS (COMSUBS) --
FUNCTION OR NESTED IN A PROGRAM, OR FUNCTION

- TASK 2 ALWAYS INTERNAL BLOCKS -- WILL BE DISCUSSED
UPDATE LATER

COMPOOLS CONTAIN ONLY DATA (POSSIBLY REPLACE STATEMENTS).
PROGRAMS ARE "SCHEDULED" AS PROCESSEé VIA THE OPERATING SYSTEM,
PROCEDURES ARE "CALLED". |

FUNCTIONS ARE “I:VOKED”



FORMAIﬁ

€1: COMPOOL, ' P1: PROGRAM;
DECLARES | DECLARES
CLOSE €1, | P pu— -
‘ | NESTED BLOCKS

~

< - CLOSE P1;
I1: PROCEDURE (A, B) ASSIGN(C),

PARAMETER ‘“ﬁ\\\ ASSIGN PARAMETER
DECLARES INPUT PARAMETERS

DECLARES

NESTED |

n
|_BLOCKS

CLOSE I1;




FORMATS (Cbu T,) -

“12: FUNCTION (A)_FATRIX;

PARANETER “““‘\\\
DECLARES INPUT

PARAMETER

DECLARES

A —— o — o— — — it "

L MNESTED
BLOCKS :

—— — O S— S O Faith sl

RETURN MAT;
CLOSE 12;

NOTE: FUﬁCTIONS HAVE NO ASSIGN PARAMETERS, BUT MUST HAVE A RETURN
STATEMENT,
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FORMATS (CON'T.)

COMPOOL

USED VIA REFERENCES TO DATA
PROGRAM

SCHEDULE PL PRIORITY (100);
PROCEDURE
CALL I1(X, ¥) ASSIGN(Z),

X
INPUT ASSIGN
ARGUMENTS ARGUMENT

FUNCTION -

FEﬁCTIGN HAVE
MATB = 12(S);

INPUT. .
ARGUMENT
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COMPOOLS

€1

(2

COMSUBS

R1

R2

[

7

A

/

A

PROGRAM COMPLEX

P1: PROGRAM;
DECLARE A;

11: PROCEDURE;
DECLARE B;

CLOSE 115 |

12:  PROCEDURE;
DECLARE €
CLOSE 12;

PROGRAM
CODE

NESTED PROCEDURES/FUNCTIONS CLOSE P1,




TEMPLATES

COMPOOL s

Cl: COMPOOL;
DECLARE A, B;
DECLARE C MATRIX;
CLOSE C1;

L

COMPOOL TEMPLATE:

COMPILER

Cl: EXTERNAL COMPOOL;
DECLARE A, B,
DECLARE € MATRIX;
CLOSE C1;

D VERSION 3

F §

A COMPOOL TEMPLATE IS TEXT THAT IS VIRTUALLY IDENTICAL

TO THE COMPOOL SOURCE ITSELF -- EXCEPT THAT KEYWORD “EXTERNAL”
IS ADDED, IN ADDITION, THE COMPILER GENERATES A VERSION NUMBER
OH AN APPENDED "D" (DIRECTIVE) CARD,



TEMPLATES (CON'T,)

PROGRAM:

Pl: PROGRAM
DECLARE Ry
11: PROCEDURE;

[ R}

CLOSE 11;

*ka

- ConE

CLOSE P1;

PROGRAM TEMPLATE:
P1; EXTERHAL PROGRAM;

¥

COMPILER

CLOSE P1;
D VERSION 1




TEMPLATES (CON'T,)

PROCEDURE (COMSUB) :

R1: PROCEDURECA) ASSIGN(B);
DECLARE A SCALAR;
~ DECLARE B MATRIX;

1 OTHER ,
| DECLARATIONS - |

— — —

-——q-mll-h-—_

1 NESTED BLOCKS |

" CLOSE'R1;

V

COMPILER

k 4

R1: EXTERNAL PROCEDURE (A) ASSIGN(B) s
DECLARE A SCALAR;
DECLARE B MATRIX;
CLOSE R1;
D VERSION 7
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(| comsws || || comeoot || [ rosra
« | _SOURCE |+ t| SOURCE | | I
l L 1 I ! | | a
I b | ' Yo IncLupe |
' HAL Vo HAL ; IRECTIVE -
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. TEMPLATES (CON'T.)

TEMPLATES ARE "INCLUDED” VIA A COMPILER "p* (DIRECTIVE) CARD,
EIGIJ

col. 1
D INCLUDE-TEMPLATE 1 {NOLIST}

RULE:  FOR ALL COMPOOLS, COMSUBS, AND PROGRAMS REFERENCED BY A
~ COMPILATION UNTT, A TEMPLATE MUST BE INCLUDED.

RULE:  ALL.INCLUDED TEMPLATES MUST PRECEDE THE FIRST LINE
~ OF THE COMPILATION UNIT BEING COMPILED,



* SAMPLE PROGRAM

- e e ) INCLUDE TEMPLATE C1 NOLIST

———»D  INCLUDE TEMPLATE R1 NOLIST
p==+D  INCLUDE TEMPLATE P1 NOLIST
i P2:  PROGRAM
DECLARE MATRIX, 4, R, S;
DECLARE X, Y, Z;

o LD

11: ~ PROCEDURECY) ASSIGN(H);
DECLARE V¥, W;

|
|
|
| s
I
|
H
H

———

| R ——

CLOSE 11,
— sz (OTHER_INTERAAL BLOCKS)__
PROGRAM
"=~ SCHEDULE P1 PRIORITY(40),
COMSUB

T 7 TALL'RLOO) ASSIGH(S);

140

COMPOOL VARIABLE

- em e ey e

"

CLOSE P2;
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SOURCE

Q0DAP«POOL PEVISION 7
00DAP«POOL: COMPOOL:

DECLRARE
DECLRARE

dobdok FROM ENGINE*PRETHRUST*THIH;OHSGEHB#CMD;DELTR«OMEGHfOﬂS*EHBINE;

DECLARE

PRINT+DFCSe¢DATA INTEGER STNGLE INITIALCO);
JSLECT«PRINTFL BOOLEAN INITIALCOFF))

ENG!NEGCB+CMD ok

VECTORC2) SINGLE INITIAL(S. 3,8,.3),

OMS1¢C0, OMS24CG; /% VEH COORDS, OMS TO CG */

DECLARE
DECLARE
DECLARE
DECLARE
DECLARE
DECLARE
DECLARE
DECLARE

LBM«TO¢KG CONSTANT(4. /2. 2046

GeTOCHTRE#PERSECHSD CONSTANTC( 9, 8066 );

LEF¢TOeH CONSTANT(LBMeTO#KG GeTOCMTRS¢PERESECESQ);
VEHICLE4CG VECTOR SINGLE INITIAL(S. 9374, -, 005, . 6858 )
VEHICLE¢MASS INITIAL(122470);

ARRAY(44) BODLEAN INITIALCOFF ), JFARIL, JONLST)
YEHICLE«INVERSE¢INERTIA MATRIX(3, 3> SINGLE;
VEHICLE¢INERTIA MATRIX SIMGLE

INITIRL(1056482., 4667, 454, -216939. 9, 4067, 454, 7424747, ,
-1353. 818, ~246930. 9, 41355, 818, 7724383, 1

DECLARE
DECLARE
DECLARE
DECLARE
DECLARE
DECLARE
DECLARE

RAD¢TO¢DEG SCALAR SINGLE CONSTANT(S7. 2957795);
DEG¢TORAD SCALAR SINGLE CONSTANT(. 0174532925),
PI SCALAR DOUBLE CONSTANT(2. 141592654);

THO+PI SCALAR DOUBLE CONSTRHTC(2., Pt )

THR SCALAR SINGLE COMSTANT(26689. 2);

FT¢TO¢H CONSTRHT(. 3048);

INETO#M CONSTANTCFT«TO#MA L2, )

popooe
o303,
gooong
paoea2
ppeoel
apono4
pepoas.
gaeeos:
gopeny?
gepopg
20o0a0s -
g0aaa9
Bapea9
Gooaa9
ggagag
poaeee
agoang
gepaie

080011

o601l
aEo0Ld
gesa1z
BOOBL3
0800814
800014
086045,
0Bo01LS
nBBeLS.



3333,33333333322332233333233365(‘3

SOURCE (CON‘T,)

khdh FROM NSEC  #hdh

DECLARE BARBEAUE+RATE SCALAR SINOLE INITIAL(2. DEQ+TO:RAD))
DECLARE BOOLEAN INITIALCOM)Y, RESEROTATION,
ATT+MNYR, RCE¢TRANSLATION, RCSETRANSERUTOLMANUAL,
DFCLRESTART, RCSEROT+RAUTO+HANURL, TVCeRUTO+MANUAL,
CLOSED+OPENLOOP+TRIM, ACCLFS¢NEEDED:
DECLARE BOOLERN INITIAL(OFF), THO#AXIS, THREE¢ARIS,
LCL#YERTEATT, PAYLD«SUP+CHDS, TRRCKING, BBO, OMS+<FAIL¢DETECT,
CHGLeONACHD, ONS2¢0MeCHD, OHMS¢PRETHRUST,
CMSL¢FAIL, OMS2¢FAlL;
DECLARE ARRAY(2) BODLEAN IHITIALCOFF), OMS¢RRH+REQ, OMS¢ON«RED)
BECLARE VECTOR SINGLE INITIAL{B),POINTING+VECTORECHD,
POSITION, VELACITY, BODY+POINTING¢VECTOR,
DECLARE ELF SCRLAR SINGLE CONSTANT{(1i, DEG#YQERAD))
DECLARE COSELF SCALAR SINGLE CONSTANTC(EQSCELF )
DECLARE SINELF SCRALAR SINGLE COMNSTRHTCSINCELF I
DECLARE BODY+TO¢HB HATRIX SINOLE CONSTANT(COSELF, 8. ,SINELF,
e.,4..0, ,~SINELF, 8., COSELF )
DECLARE MATRIX SEINGLE, NBeTO+ENM, HBeTO«0R;
BECLARE SCALAR SINGLE IMITIAL(B), SINOGA, SINNMGA, CO50GA, COSHBR)
DECLARE RARRAY(I) SCALAR SINALE INITIAL(O). OA¢DESIRED,
AUTO+GR+DESIRED, GR+MAHEUVER+TERMINAL)
DECLARE NEMORDY BIT(46) INITIARLC(BIN/0111006800141000°)
BECLARE MEWORD2 BIT{46) INITIAL{(BINH-DBE81ii080060414" )
DECLARE MENORDI BIT(46) IMITIAL{BIN’O4G10140810001127),;
DECLARE ROT+0OPTION«ACK ARRAY(3) INTEGER IHITIAL(D X
DECLARE TRANS«OPTION+RCK ARRAY(3I)> BIT(1) IRITIRLLOFF )
DECLARE VECTOR SINGLE, OHEGA+C;
CLOSE DODAP+POOL:

280947

oaBoLe

800648
eapazo
goaezt
poog22
guap2l
abg024
e00e235
eaoe2e
eo8027
pogezs
ap8o29
00ea3o
epaoal
gagei2
280032
a60034
o8a033
BOOB36
000037
pgpele
6aeei9
806740
006041
8aoB42
gagedl
80844
B08045
608046
600047



Mt O00ODAP«POOL:

Lo
=
=

208
seeg
2008
8
2008

1249

QUTPUT WRITER LISTING

INTERHMETRICS, INC. 0CTOBEF
' SOURCE : ‘
OODAP+POOL REVISION 7
INTERMETRICS, INC.. 0CTOBES
SOURCE

Ht COMPOOL,

DECLARE
DECLARE

PRINT+DFCS+DATA IMTEQER SINGLE INITIAL(®);
JSLECT#PRINTFL BOOLEAN INITIALCOFF);

*hbb FRON ENﬁIHE*PRE?HRUSTtTRIﬁ:OHSGENQ*CHD;DELTRtOHEGRfOHSﬁENBINE;
ERGINE+CQECHD #dhn

DECLRRE

DECLARE
DECLARE
DECLARE
DECLARE
BECLARE
DECLARE

DECLARE
DECLARE

VECTOR{3) SINGLE INITIAL(CS. 3, @, .3,

OMSL¢CB, OMNS2+06G;
LBH¢TOLKG CONSTANTC(L, /7 2. 2046);
G+TO+MTRS¢PERCSEC+SQ COMSTANT(S, 8866 );
LBF¢TOEN CONSTANT(LBMETO4KA G+TOCMTRS¢PERESECH5ER ),
VEHICLE4CQ VECTOR SINOLE INITIAL(S, 9574, -, 00S, . 6858 );
YEHICLE+«MASS INITIALC422478); :
ARRAYC 44> BOOLEAN INITIALCOFF),

JFAIL, JOHLST)
VEHIOLE«INVERSE«INERTIA MATRIXC2, 1) SINGLE, .
VEHICLE¢INERTIR HMATRIX SINGLE INITIAL(1856102. , 4867, 454, ~216920. 9, ,

~1355. 848, ~216930.9, ~-13%5 848, 7721281 )

DETLARE
DECLARE
DECLARE
DECLARE
DECLARE
DECLARE

syMBOLS
MRCRNSIZE
LITSTRINGS
COMPUNIT
KREFSIZE
CARDTYPE
LABELSIZE
HAL/S COMPILATION
SRM STNT
pogone ce
HALZS COMPILATION
SRN STHY
086001 1
epgaod t
éeap02 2 Mt
peoep2 3 Mt
800083 ct
0006034 ¢t
Q03005 ot
e2a00é ct
eonae? ct
600008 4 ht
gangoa 4 Mt
2008099 5 Mt
annpes & Mt
[oopes 7 Mt
0406a9 g nt
a08089 9 Mt
oesogs ie M+
en00es i Mt
0aaeLo0 11 Mt
Gopoid 12 Mt
0o00311 12 Mt
8000612 13 Mt
geae13 14 Mt
303014 15 Ht
fgaoi4 16 H?
00204% 17 He
0noe1s ig Mt
008843 18 M+

,‘Iy

DECLARE

RAD¢TO+DEG SCALAR SINGLE CONSTANTCS?. 2857795), 4067. 454, 7424747,
DEQ+TORAD SCALRR SINGLE CONSTANTC. 017453292% )

PI SCALAR DOUBLE CONSTANT(Z. 141592654 )

THO#PI SCALAR DOUBLE CONSTANT(2. Pl

THR SCALAR SINGLE CONSTANT(26689. 2);

FT+TO¢M CONSTANT(, 3048);

IHeTOeM COHSTANTI(FT+TOM / 42. 0
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COMPILATION TEMPLATES (COMPOOL)

8300DAPP

06ODAP+POCL: EXTERNAL COMPOOCL 1 DECLARE PRINTDFCLS¢DATA INTEBER SINCGLE 1
MITIAL ¢ @ )} 3 DECLARE JSLECT+PRINTFL BOOLEARN IMNITIAL ¢ OFF ) 5 DECLARE
YECTOR ¢ 3 ) SINGLE INITIAL ¢ 8.3 ., © , .3 ), OHSie¢CO , OMSZ¢CH ) DEC
LARE LBH¢TO+KG CONSTANT ¢ 1, / 2.2046 > 3 DECLARE GeTOCNTRS+PERCSECHSH
CONSTANT ¢ 9. 8066 ) 1+ DECLARE LBF+TO&#N CONSTANHT ( LBMeTO+KD QeTO#NTRG+P
ER¢SEC+SD 3 3 DECLARE VEMHICLECO VECTOP SINGLE INITIRL ¢ 9, 9974 , - , 08
5, .6858 ) ) DECLARE YEHICLEMASS INITIAL ¢ 422470 ) ) DECLARE ARRAY
44 3 BOOLERN INITIAL - OFF ) , JFAIL , JONLST ; DECLLARE VEHICLE«IMVERS
E¢«IHERTIA MATRINX ( 3 , 3 > SINGLE ; DECLARE VEHICLE+INERTIA MATRIX SING
LE INITIAL ¢ 10356482, , 4867.454 , - 246938, 9 , 4067. 434 , 7421747, ,+ ~
1359,818 , ~ 216930.9 , ~ 4255, 818 , ?721383. > ; DECLARE RARDeTO4DEG S
CALAR SINGLE CONSTRNT ' 57, 2957795 ) 3 DECLARE DEQ+TO+«RAD SCALAR SIMOLE
CONSTANT € , 847452292% > : DECLARE Pl SCALAR DOUBLE COHSTANT ¢ 3, 144158
2654 ) ; DECLARE THO¢P! SCALAR DOUBLE COHSTAHT ¢ 2. P! ) i DECLRARE THR
SCALAR SIMNOLE CONSTANT { 2668%.2 > 5 DECLARE FYYOM CONSTRHT ( . 3048 )
; DECLARE INeTO&H CONSTANT ¢ FT+TO&N / 42, ) ; DECLARE BARBEQUE«RATE §
CALAR SIHGLE IMITIAL ¢ 2. DEGeTO+RAD ) 1 DECLARE BOOLEAM IMITIAL ¢ on »
+ RCS+ROTATION . ATTHHNVR , RCS¢TRANSLATION . RCS+TRANS€AUTOeMANUAL
OFC+RESTART , RECS¢ROT¢AUTO#MAHUARL , TVU+ARUTOCMANUAL . CLOSED+OPENeLDOP+
TRIM , RCCLFS+NEEDED ;3 DECLARE BOOLEAN IHITIAL ¢ OFF ) , THO+RHXIS , THR
EE¢AXIS » LCL#VERT+ATT , PAVLD#SUP¢CMDS . TRACKING , BBO , OMS+FAILDET
ECT . OHS4«OM+CHD , ONSZeONeCMD , OMS¢PRETHRUST , OMSL¢FALL ., OMSZ+FAIL
5 DECLARE RRRAY { 2 ) BOOLEAN INITIRL ¢ OFF ) , DMS4+ARMERED ., OMSeQHeR
EQ 5 DECLARE VECTOR SINGLE INITIRL ¢ 8 > » POIHTINQ&VECTORCMD . POSIT!
OMN » VELOCITY , BODY+POINTIHGeVECTOR s DPECLARE ELF SCRLAR SINGLE CONSTA
NT ¢ 414, DEReTO«RAD » ; DECLRRE COSELF SCALAR SINOLE CONSTANT ¢ (0S5 ( E.
‘LF Y 2 5 DECLARE SINELF SCALAR SINGLE CONSTRNY ¢ SIN ¢ ELF ) » ;5 DECLAR
E BODV¢TOCHEB HATRIX STHOLE CONSTANY ¢ COSELF , @. , SIMELF , @, , 1. .
8. , - SIMELF . 8. , COSELF ) 5 DECLARE MATRIX SIHGLE , HB¢TO+5M , HBeT
geQR 5 DECLARE SCALAR SINGLE INITIAL ( 8 >, SINOGA , SINNMGA , COS0GA ,
COSMBA 1 DECLARE ARRAY ¢ 3 ) SCALAR SINGLE INITIAL ¢ @ ) , GR¢DESIRED
, RUTODeOQR+DESIRED , GR+MANEUVER+TERMIHAL ;5 DECLARE MEWORDL BIT ¢ 416 ) |
MITIAL ¢ BIM ‘2114100000044180848° ) ; DECLARE MENORD2 BIT ¢ 16 ) IMITIAL
¢ BIN ‘fPBoiiipopea0iti’ > 5 DECLARE MEWORDI BIT ¢ 46 > INITIRL ¢ BIN -
0001041400106081447 ) ; DPECLARE ROT+OPTIOHeALK ARRRAY ( 2 > INTEGER INITIR
. ¢ 8 3 DECLARE TRAMS¢OPTION®ACK ARRAY ¢ 3 ) BIT ¢ 4 > IMITIAL ¢ OFF
¥ + DECLARE VECTOR SINGLE , OMEGA+L ; -
CLOEE
& VERSION :1

PROGRAN)
@@ OFCREC
OFCRECON: EXTERNAL PROGRAN )
CLOSE J _
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COMPILATTON TEMPLATES (COMSUBS)

@EBECITOG

ECITOGED: EXTERNAL PROGEDURE ¢ T , R, Vv ) ASSIGN ¢ H . LAT , LONG , VMAG , GAM
M, AZIM > 5 DECLARE T SCALAR DOUBLE , R VECTCOR DOUBLE , V VYECTOR DOUBLE , H .
LAT , LOHG , VHARG , GAMM , AZIM
CLOSE

D VERSION :1

@@rRCTATE

ROTATE: EXTERNAL FUNCTION ¢ RZERO , DLONG > VECTOR DOUBLE ; DECLARE SCALAR DOUB
LE » DLOMG s DECLRRE VECTOR DOUBLE , RZERO

CLOSE
D VERSIUN :1



COMPOOLS

COMSUBS
(PROCEDURE/
FUNCTION)

PROGRAMS

PROGRAM COMPLEX

C1 C2 €3
R1 R2 R3
P1 P2 P3

..cn

R

Pr

"SHARED DATA
POOLS™

"EXTERNAL
SUBROUTINES”

"PROCESSES”

EACH OF THESE REPRESENT SEPARATE COMPILATION UNITS AND WILL PRODUCE
TEMPLATES.



VA

COMPILATION ORDER

" COMPOOL }e

A CORRECT ORDER;
€1 €3 €2 Rl R2 R3 R4 R5 P1 P2 P3 P4 PS

CoMPoOL
€2




NAME-SCOPE

DEFINITION: THE NAME-SCOPE GF A BLOCK IS THE REGION WITHIN WHICH DATA
DECLARED IN THE BLOCK IS VISIBLE, THE NAME-SCOPE ENCOMPASSES
THE EHTIRE CONTENTS OF THE BLOCK INCLUDING ALL BLOCKS NESTED
HITHIN [T, |

RULES

ettt

(1) A NAME DEFINED IN A NAME-SCOPE IS KNOWN, AND THEREFORE ABLE TO BE REFERENCED,
THROUGHOUT . THAT NAME-SCOPE, INCLUDING ALL NESTED BLOCKS NOT REDEFINING IT,
A NAME DEFINED IN A NAME-SCOPE IS NOT KNOWN OUTSIDE THAT NAME-SCOPE. |

(2) ALL COMPOOL DATA IS CONSIDERED TO BE DEFINED IN ONE MAME-SCOPE WHICH
'ENCLOSES THE OUTERMOST CODE BLOCK OF THE COMPILATION UNIT,

ALSO,

THE NAME OF A CODE BLOCK IS CONSIDERED TO BELONG TO THE NAME-SCOPE IMMEDIATELY
ENCLOSING THE BLOCK,

1=\



OUTER
NAME
SCOPE "

1-2.0

HAME-SCOPE (CON'T, )

EXAMPLE:
ALPHA: PROGRAM;
DECLARE X; - - < X KNOWN EVERYWHERE
DECLARE Y; -— ‘ Y KNOWN EVERYWHERE EXCEPT BETA
§ETA: PROCEDURE 3 = BETA 1§ KNOWN EVERYWHERE
DECLARE Y; = NEW Y IS KNOWN IN BETA ONLY!
tnner | DECLARE Zj < ‘ Z 1S KNOWN IN BETA ONLY
NAME ‘
SCOPE !
_ CLOSE BETA;

*
1
L}

DELTA:‘i = (); ‘ —— DELTA NOT KNOWN IN BETA

CALL BETA;

CLOSE ALPHA;




{-

)

NAME-SCOPE (CON'T.,)

WHY 1S BETA CONSIDERED TO BE IN THE NAME-SCOPE OF ALPHA?

BECAUSE .., . IF IT WERE OTHERHISE

"ALPHA:  PROGRAM ;
DECLARE X;
DECLARE Y

[BETA: PROCEDURE

CLOSE BETA;

CALL BETA; = ILLEGAL ==~ NAME BETA 1S NOT vIsSIBLE!!

| CLOSE ALPHA;




1«

a3

- NAME-SCOPE (CON'T.)
VISUALIZE IT THIS WAY......us

COMPOOL DATA

PROGRAM DATA
_ALPHA:

PROCEDURE DATA
BETA:

GA%EQ%A:
L

[EP,Q TLON:

OMEGA:

OUTERMOST NAME-SCOPE



'NAME-SCOPE (CON'T.)

ALL RECURSION IS ILLEGAL IN HAL/S. OBVIOUS RECURSION IS DETECTED
AT COMPILATION TIME, DEVICUS RECHRSION IS DETECTED BY HALLINK OR
AP-101 LINKAGE EDITOR DURING STACK CALCULATION,

EXAMPLE :

0 PROCEDURE

-y

CALL Q5 = RECURSIVE CALL (DETECTED BY COMPILER)

CLOSE Q;

*
]

o

i
H
g
R
g )
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NAME=SCOPE (CON'T.)

FURTHER COMMENTS:

(1
(2)

(3)
(1)

AS A GENERAL RULE, DATA MUST BE DECLARED (DEFINED) BEFORE
IT CAN BE USED,

BLOCKS CAN BE CALLED FROM A POINT PRIOR TO THEIR DEFINITIOH,
BUT WE RECOMMEMI' ALWAYS DEFINING A BLOCK BEFORE USING IT.

BLOCK LABELS MUST BE UNIQUE THROUGHOUT A UNIT OF COMPILATION,

AS AN EXCEPTION TO THE MAME-SCOPE RULES, STATEMENT LABELS
ARE NOT VISIBLE WITHIN BLOCKS NESTED IN SCOPE WHERE LAREL
IS DEFINED,




G

NAME-SCOPE (CON'T.)

THIS IS LEGAL,

CALL 9

9: PROCEDURE;

CLOSE @

BUT YE PREFER;

i
1

f}: PROCEDURE;

¥
]
¥

CLOSE 0

CALL 9y



NARE=SCOPE (CON'T.)

NHY (7)

(1) UNLIKE H@\us, MANY LANGUAGES DO NOT ALLOW FORWARD
REFERENCES.,

(2) A FORWARD REFERENCE USES UP A SYMBOL TABLE ENTRY.

(3) FORWARD REFERENCES TO FUNCTIONS REdUIRE AN ADDITIONAL
DECLARE:

DECLARE F FUNCTION SCALAR;

S = F(X);

F: FUNCTION(ARG) SCALAR;

CLOSE F;
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NAME=SCOPE (CON'T.)

0: WHY THE SPECIAL RULE FOR STATEMENT LABELS?

A: SO ONE CANNOT USE "60 TO” T EXIT A BLOCK,
EXAMPLE

]
1
4

F: FUNCTION SCALAR;
DECLARE U;

6070 X;

ltLEGAL/////‘/‘ﬁ RETURM U;
\ | CLOSE F;

e Xi A=A+ 1;




A.

C.

HAL/S PRIMITIVES
3 MAJOR CLASSES

RESERVED WORDS (NAMES WITH SPECIAL MEANING TO THE COMPILER)

(1) KEYHORDS

exaveLEs: * IF, ELSE, GO, TO, VECTOR, TASK, i, LOCK,
, TRUE, READ ... |
(2) I-MACRD NAMES
 ExampLes: ICOPY, 7SVC, THAMECOPY
(3) BUILT-IN FUNCTION NAMES
ExaMpLES: ABS, SIGN, CO0S, LOG, UNIT, DET, PAMDOM,

. TRIM, SHR, XOR
WWHHWSWMSIWHEDMT%PMWMMMM~M%wAM
VARIABLES
EXAMPLES:

[ALPHA]: PROGRAN;

DECLARE (@) SCALAR;
REPLACE (D BY "67,

LITERALS (THINGS THAT EXPRESS THEIR OWN VALUE)

EXAMPLES: ~ 6 1,95E3 'ARC!



 PRIMITIVES (CON'T.)

A. RESERVED WORDS -
SEE APPENDICES B, C, AND 1 OF LANGUAGE SPECIFICATION.

B, IDENTIFIERS -
RULES!:
(1) MUST HOT CONFLICT WITH RESERVED VORDS!!
(2) MUST BE 32 CHARACTERS OR LESS
(3) FIRST CHARACTER MUST BE A-Z
() BREAK CHARACTER ’_* (UNDERSCORE) MAY BE USED -~ BUT MUST
NOT BE FIRST OR LAST CHARACTER. |
(5) ONLY ALPHANUMERIC CHARACTERS APE LEGAL.

EXAMPLES:

LEGAL ILLEGAL
STATE_VECTOR 3xY
R174%20% M
B_A_CYAL VECTOR_
R | VECTOR

IN
A#B



IR-95-17 HAL/S-FC Compiler Systemn Specification 12/01/95

Errors Detected:
Eror # Cause Fixup
11 Argument outside range: Return 1
Xl<*250
12 Argument too near a Return maximum
singularity of the positive floating
tangent function ‘ point number
Comments:

Error gets very large near a singularity, before error #12 is sent.
The value used in the routine for 7£*250 is hex’4DCY0FDA’ = 3.5371 1870600810E+15.
Registers Unsafe Across Call: FO,F i‘FZ’FB’F4'F57

Algorithm:
Multipty X by 2 | and give the characteristic oi’ this to X*0000000000000008" for use as
a comparand to?ictermine neamness to a singularity.
The integer part of I}{*%i is the octant,

t__ If the octant is even, let w = fraction part of [XJ* i
i : L

If the octant is odd, let w = -(1 -fraction) part of IX}* i
n

Next, compute two polynomials P(w) and Q(w).

If w > 245, then the forms of the polynomials are:
P(w) = w(ay + a,w? + a,w* + wo)
Q(w) = by + b;w2 + b,we + bywé

Ifw <24 then withu=w if [XI* i<1, and u = -w otherwise.
b

P(w) = w(a, + u)
Q(w) =b, + byu

where the values of the constants are:

ag = X'C58AFDD0A41992D4" = -569309.04006345
a; = X"44AFFA6393159226° = 45050.3889630777
a; = X'C325FD4ABT357CAF’ = -607.8306953515

by = X"C5BOF82C871A3B68" = -724866.7829840012

by = X'4532644B1E45A133" = 206404.6948506228
by, = X’C41926DBBB1F469B° = -6438.8583240077

5-129



- PRIMITIVES (CON'T,)

LITERALS -
ARITHMETIC

(NO DISTINCTION MADE BETHEEN INTEGERS AND SCALARS).
EXAMPLES‘:

+6 -80,5E-6

9 | B30

3,0 ~BH-14

-3,14159 3106245

GENERIC FORM:

tdddd.dddd<exponents>

SIGNS AND DECIMAL FOINT OPTIONAL

B ~ POWER OF 2
E ~ POWER OF 10
H ~ POWER OF 16



w0}

PRIMITIVES (CON'T.)

C. LITERALS -
CHARACTER
THO FORMS:
*cecceeee L., ¢
- OR
CHAR <repetition> "CCC ,., CC!
N, i’
| OPTIONAL
EXAMPLES!
UL STRING z
ABC 'ABC’
‘ CHAR'ABC’
ABCABC ‘ABCABC'
CHAR(2) 'ABC’
ISN'T "ISNTTTY
Q00008 CHAR(B)'Q’
: Q00009

NOTE: IF A SINGLE QUOTE IS DESIRED IN THE CHARACTER STRING, USE 2!
ALSO, CHARACTERS DO NOT HAVE TO BE ALPHANUMERIC HECESSARILY;

#; 8, $;V|||



{~32

c.

PRIMITIVES (CON'T.)

LITERALS -
BOOLEAN
TRUE =ON =BIN'1’
FALSE = OFF = BIN'0'
BIT
TRUE = ON = BIN'000 .., 01
FALSE = OFF = BIN'C0O ... 0O’
BIN <repetition>'bbbb’ b = BINARY DIGIT
OCT <repetition>'oooo’ o ™ OCTAL DIGIT
HEX <repetition>'hhhh! h = HEX DIGIT
DEC <repetition>'ddaa’ d = DECIMAL DIGIT
<repetition> = {n} OPTIOHAL
EXAMPLES !

BIN'10110' —— 10110,
BIN(4)'101’ ——~ 101101101161,
DEC(3)'9" ——— 8991
HEX(7)'F'  ~———FFFFFFF1g
0CT'2037' —— 2037



SOURCE FORMAT

(ORIENTED TOWARD IBM)

GENERALLY,

L1 2 72 73-78
bl ] Lo
¥ HAL/S TEXT 1 [sen] ..,
COL1  -- BLANK

2-72 -~ HAL/S STATEMENT .
73-78 ~- STATEMENT REFEREMCE NUMBER (SRN)
73 -~ DEFINED FOR USE AT IRM/HOUSTON

THERE ARE 2 SPECIAL TYPES OF EXCEPTIONS:

(1) COMMENT CARDS
CD% 1 COLS 2-80 ARBITRARY

~C THIS IS A COMMENT ....
(2) COMPILER DIRECTIVE CARDS

CO% 1
D INCLUDE TEMPLATE ALPHA ...

(FOR OTHER “D" CARDS, SEE USER’S GUIDE)



1~ )

(1)

(2)

(3)

(4)

" SOURCE ‘FORMAT (CON'T.)

NOTE: IF CARD NUMBERS (SRNs) ARE PRESENT, OPTIONS 'SDL'

OR 'SRN’ MUST BE SPECIFIED TO THE COMPILER -- OTHER-
WISE, THE COMPILER WILL GO ONT TO COL. 80 LODKING FOR
-~ TEXT, -
ALTHOUGH THE STREAM-ORIENTED ASPECT OF THE HAL/S SCANNER ALLOWS

MULTIPLE STATEMENTS ON ONE CARD, THIS IS NOT GENERALLY RECOMMENDED.
IN FACT, SINCE AN "IF .., THEN" CONSTRUCTION IS CONSIDERED TO
BE 2 SEPARATE STATEMENTS, THINSS GET SLIGHTLY COMPLICATED,

“IT IS QUITE PERMISSABLE, ON THE OTHER HAND, TG EXTEND A SINGLE

STATEMENT ACROSS MANY CARDS,
ENDS OF STATEMENTS ARE INDICATED BY A SEMICOLON (;),



SOURCE FORFMAT (CON'T.)

DO THIS:
2 73
Y Y
A=2; 003100
B =3 003105
NOT THIS:
A=2;B8=3; | 003100
TNIS 1S OK:
f
A=Q+R+ S+ SINT 004000
+U+VH; 004005

AS LONG AS YOU DO NOT BREAK UP IDENTIFIERS AND RESERVED WORDS
THIS 1S NOT:
A = CG1K_QVECTOR_ 005000
FINAL + 6; 005005

ALSO, (MORE ON THIS LATER)
WE PREFER: TO?

A, B, C=0; A=0;B=0; C=0;



PROGRAM BLOCK

EXAMPLE :
THIS IDENTIFIER IS REQUIRED!

ALPHA: PROGRAM;

© DECLARES

NESTED CONSIDERED AN
EXECUTIO BLOCKS '

EXECUTABLE
STATEMENT

| PROGRAM

/ CODE
/

LOSE ALPHA;

OPTIONAL ~—= BUT IF PRESENT MUST MATCH
LABEL ON PROGRAM DECLARATION,.

HOTE: A PROGRAM CAN BE EXITED BY A “RETURN” STATEMENT --
BUT NORMALLY THIS IS ...



PROGRAM BLOCK (CON'T.)

++» ACCOMPLISHED BY HITTING THE "CLOSE” STATEMENT.

ALSO, A "CLOSE" STATEMENT CAN HAVE A LABEL CAND CAN BE JUMPED TO
VIA A "60 T0” STATEMENT)
" EXAMPLE

——EXIT VIA RETURN

IF A = 0 THEN RETURN;
IF A =2 THEN
DO;
B=3B+1; EXIT VIA JUMP TO CLOSE!
G0 TO EXEUNT;
END; |
B = SIN(C) + PI; . l EXIT BY FALLING

EXEUNT: CLOSE ALPHA; INTO “CLOSE”



HAL/S DATA TYPES AND ORGANIZATIONS

TYPES
ARITHIETIC STRING
SCALAR | CHARACTER®
. | Brre
(TEGER (BOOLEA)
VECTOR® SPECIAL
1 EVENT
FATRIX®
[ PROCESS
| EvenT

——" — ro— —— ru——

—— i . w—— wms sees s ue— m—

ORGANTZATIONS

ARRAY** STRUCTURE™**
— [NDIVIDUAL ARRAY**
TYPES
COMBINATION
T OF TYPES

*  _ COMPONENT SUBSCRIPTING
** _ ARRAY SUBSCRIPTING
*** _ STRUCTURE SUBSCRIPTING



DECLARES (CON'T.)

FOR THE TIME BEING WE WILL RESTRICT ATTENTION TO THE FOLLOKING

DATA TYPES:
ARITHMETIC STRING
INTEGER CHARACTER
SCALAR ' BOOLEAN
VECTOR
MATRIX

AS FOR DATA ORGANIZATIONS, ONLY ARRAYS WILL BE CONSIDERED NOW.

A, INTEGERS .
o ESSENTIALLY FIXED-POINT "WHOLE" NUMBERS (SIGNED)

o THO CHOICES OF PRECISION
360 FC
SINGLE 2 BYTES 1 HALFHORD

DOUBLE 4 BYTES (2 HALFWORDS)
: 1 FULLWORD

H

L



DECLARES

(1) ALL DATA MUST BE DECLARED BEFORE IT CAN BE USED -- HAL/S HAS HO IMPLICIT
DECLARATIONS,

(2) DATA IS DECLARED WITHIN A DECLARE GROUP WHICH FOLLOWS THE COMPOOL,
PROGRAM, ETC. HEADER AND PRECEDES THE FIRST REAL EXECUTABLE STATEMENT,

NOTE (1): WITHIN A DECLARE GROUP, PARAMETERS SHOULD BE DECLARED FIRST.

NOTE (2)+ 1T IS ALSO GOOD PROGRAMMING PRACTICE TO PLACE DATA DECLARED
“WITH THE GONSTANT ATTRIBUTE BEFORE OTHER DATA (THIS WILL BE

DISCUSSED LATER UNDER THE SUBJECT OF COMPILE-TIME COMPUTA-
TIONS) .,




DECLARES (CON'T.)

RANGES :
SINGLE ~ -32,768 <1 < 32,767
DOUBLE :

-2,147,483,6U8 <1< 2,147,483,647

USAGE : ' -
SINGLE PRECISION INTEGERS ARE GENERALLY USED FOR LOOP VARIABLES,

CAUTION:

IT IS COMMONLY OBSERVED- THAT USERS OVERESTIMATE THE RANGE OF
A SHORT INTEGER, E.G.,

DECLARE T INTEGER;

DO FOR I =1 TO 99999,

END;



DECLARES (CON'T,)

NOTE: ALTHOUGH HAL/S DOES HOT HAVE IMPLICIT DECLARATIONS,
IT DOES HAVE DEFAULTS:
(1) DEFAULT PRECISION IS
SINGLE
(2) DEFAULT DATA TYPE IS
SCALAR

INTEGER DECLARATIONS

DECLARE 1 INTEGER;
DECLARE I INTEGER SINGLE; |

EQUIVALENT FORMS -- YIELDS SHORT INTEGER
DECLARE I INTEGER DOUBLE;

NOTE: ORDER COUNTS, YOU CANHOT SAY
DECLARE 1 DOUBLE INTEGER;



——

DECLARES (COH'T.)

B, SCALARS

© ESSENTIALLY FLOATING-POINT (SCIENTIFIC HOTATION) NUMBERS

e THO CHOICES OF PRECISION
360 FC

G - . = ]2 HALFWORDS
SINGLE 4 BYTES ;l FULLYORD

DOUBLE 8 BYTES = 2 FULLWORDS
RANGES:

BOTH SINGLE AND DOUBLE HAVE A DYNAMIC RANGE FROM
N x 1079 10 § x 107°

ACCURACY s

SINGLE ~~ 7 DECIMAL DIGITS
DOUBLE ~~ 17 (OR LESS)



DECLARES (CON'T.)

DECLARE S;
DECLARE S SCALAR;
DECLARE S SCALAR SINGLE;

EQUIVALENT -- ALL YIELD SHORT SCALAR

DECLARE S DOUBLE; |
DECLARE S SCALAR DOUBLE;

EQUIVALENT -- ALL YIELD LONG SCALAR

NOTE: MATRICES AND VECTORS ARE CONSIDERED TO BE
* MADE UP OF SCALARS,

L~y



T

C.

DECLARES (CON'T.)

VECTORS

o THO CHOICES OF PRECISION

o LENGTHS MAY RANGE FROM
2.<L'<6Y

NOTE: DEFAULT LENGTH IS 3

VECTOR DECLARATIONS

DECLARE V VECTOR;

DECLARE Y VECTOR(3); : SINGLE-PRECISION 3-VECTORS
DECLARE V VECTOR SINGLE;

DECLARE V VECTOR DOUBLE;
DECLARE V VECTOR(64) DOUBLE;
DECLARE V VECTOR(2) DOUBLE;

_NOTE:  HALAS DOES NOT DISTINGUISH BETHEEN (NOR IS THERE A

NEED T0) ROW AND COLUMN VECTORS,
--MORE ON TH'™= LATER --



D,

DECLARES (CON'T,)

MATRICES
o THO CHOICES OF PRECISION

© . ROW AND COLUMN LENGTHS MAY RANGE FROM
2 <L <6l

NOTE: DEFAULT ROW AND COLUMN LENGTHS ARE 3,

MATRIX DECLARATIONS

DECLARE M MATRIX;

DECLARE M MATRIX(3,3); 'SINGLE-PRECISION 3x3 MATRICES
DECLARE M MATRIX SINGLE;

DELCARE M MATRIX DOUBLE;
DECLARE M MATRIX(2,64) DOUBLE;
DECLARE M MATRIX(2,2) DOUBLE;



DECLARES (CON'T.)

E. CHARACTER STRINGS
PHYSICAL FORMAT.:

360

1 1 < — 1_BYTE/CHAR -
e cooe
FC
N 1 HH/(2 CHARS) .,
MAX | CHAR ; |
o0 0ocr § ! ceee f
A

CHARACTER DECLARATIONS

DECLARE STRING CHARACTER(4);

POSSIBLY AN
UNUSED SLoT

NOTES: (1) DECLARED LENGTH OF CHARACTER STRING MAY RANGE FROM

1 70 255
(2) ACTUAL LENGTH MAY RANGE FROM
0 (NULL) TO 255




1 Evs | k;

DECLARES (CON'T,)

F.  BOOLEANS |
o ESSENTIALLY DEGENERATE BIT STRINGS (BIT(L))
"o ONLY THO POSSIBLE VALUES

TRUE =ON = BIN'1'
FALSE = OFF = BIN'O’

H

1]

BOOLEAN DECLARATIONS

DECLARE BOOL BOOLEAN;
NOTE: ALTHOUGH WE WILL DEFER DISCUSSION OF BIT STRINGS,
HOTE THAT IT IS ENTIRELY EQUIVALENT TO SAY,

DECLARE BOOL BIT(1);



=4

ARRAYS

.l

INTEGERS, SCALARS, VECTORS, MATRICES, CHARACTERS, AND BOOLEANS
MAY BE ARRAYED (OR POSSESS ARRAYHESS).,

TO CREATE AN ARRAY, INSERT

ARRAY (1) 1-DIN
ARRAY (11, p) 2-DIN
ARRAY (N1, Mg, H3) 3-DIM

FOLLOWING THE IDENTIFIER IN THE DECLARE STATEMENT,
EXAMPLE « -

DECLARE QMAT ARRAY(100) MATRIX;
DECLARE B ARRAY(50) BOOLEAN;
DECLARE S ARRAY(10,5) MATRIX(16,16) DOUBLE;

EQIE: ARRAY(.) MUST PRECEDE THE ATTRIBUTES,

TLLEGAL
DECLARE B BOOLEAN ARRAY(3);



ARRAY (CON'T,)

IN THE FORMS:
ARRAY (N7
ARRAY (N1, )
ARRAY (g, o, HNz)

2 < Ny = 32,767
2 < Ny < 32,767
2 < N3 < 32,767

THE BIGGEST DATA ITEM WE CAN THINK OF AT THIS POINT IS:

DECLARE A ARRAY (52767, 32767, 32767) NATRIX(64, 64) DOUBLE;
= 1,15 x 1018 BYTES



S

INTEGERS AND SCALARS
-COMMENTS-

HAL/S UTILIZES CONTEXT TO DECIDE WHETHER LITERALS ARE INTEGERS
OR SCALARS. 1IN GENERAL, WHENEVER A USER HAS A SCALAR THAT IS

INTEGRAL IN FORM, WE ENCOURAGE WRITING IT AS THOUGH IT WERE AN
INTEGER,

EXAMPLES:
IF...
DECLARE A, B, C;
THEN WRITE
A=2B;
INSTEAD OF
A=2.0B;

IN OTHER WORDS, ONE DOES NOT NEED TO APPEND ”.0” TO WHOLE-NUMBER SCALARS.



INTEGERS AHD SCALARS
~COMMENTS-

- HAL/S IS VERY FORGIVING ABOUT MIXING INTEGERS (SINGLE OR DOUBLE)

AND SCALARS (SINGLE OR DOUBLE) IN EXPRESSIONS, IMPLICIT CONVERSIONS
ARE AUTOMATICALLY PERFORMED SO AS TO MAINTAIN MAXIMUM ACCURACY. OF
COURSE, SINCE THESE CONVERSIONS AFFECT CPU AND CORE, USERS SHOULD
BE AWARE OF THE POTENTIAL COST THAT CAH RESULT FROM THIS FREEDOM,
(MORE ON THIS WHEN WE DISCUSS EXPRESSIONS AND ASSIGNMENTS.)




R

COMPOUND DECLARATIONS

SIMPLE DECLARATION
DECLARE S;
DECLARE M MATRIX DOUBLE;
DECLARE € CHARACTER(6);

COMPOUND DECLARATION
DECLARE S,
M MATRIX DOUBLE,
C CHARACTER(G) ;
(OR, ON ONE CARD)
DECLARE S, M MATRIX DOUBLE, C CHARACTER(6);

NOTE: IN A COMPOUND DECLARATION THE KEYWORD DECLARE APPEARS ONCE
AHD INDIVIDUAL ELEMENTS ARE DELIMITED BY ”,”,




-5

FACTORED DECLARATIONS

IF THE IDENTIFIERS IN A COMPOUND DECLARATION HAVE SOME ATTRIBUTES

IN COMMON, A FACTORED FORM MAY BE EMPLOYED:

THUS, THE PROGRESSION IS:

SIMPLE DECLARE V1 VECTOR(4) INITIAL(O);
DECLARE V2 VECTOR(4) INITIALCO);
DECLARE V3 VECTOR(4) INITIAL(O);

10

COMPOUND DECLARE V1 VECTOR(4) INITIAL(O),
V2 VECTOR(4) INITIAL(D),
V3 VECTOR(4) INITIAL(D);
10
FACTORED DECLARE VECTOR(4) INITIAL(O), V1, V2, V3;
THIS IS A BIG KEYPUNCH SAVER:

DECLARE ARRAY(16) MATRIX(4, &) DOUBLE
INITIALCO), M1, M2, M3,

/!
NOTE: THE COMMA MUST BE PRESENT!




DATA INITIALIZATION

DECLARE ORDER:

DECLARE & <array> <type> <precision> <initialization>

UNARRAYED DATA

INTEGER:
DECLARE 1 INTEGER INITIAL(0);
DECLARE J INTEGER DOUBLE -

INITIAL(-20)

DECLARE K INTEGER INITIAL(4%*3);
SCALAR! )r¥-~h_
DECLARE S INITIAL(0):
DECLARE PI SCALAR DOUBLE

CONSTANT (3. 14159265) ;

NOTE: DO NOT NEED 0.0

HOTES :

INITIAL AND CONSTANT BOTH CAUSE INITIALIZATION OF DATA. RUT

SOMETHING DECLARED WITH THE CONSTANT ATTRIBUTE CANNOT EVER BE
CHANGED.




DATA INITIALIZATION (CON'T.)

ALSO, DATA DECLARED CONSTANT "MAY” TURN OUT TO BE INACCESSIBLE TO
RUN-TIME DIAGNOSTICS,

ON THE OTHER HAND, SOME DATA DECLARED CONSTANT, SINCE THE VALUE IS
KNOWN BY THE COMPILER, MAY BE USED IN COMPILE-TIME EXPRESSIONS.

REFERENC- ASSIGN- DIAGNOSTICS
ABLE ABLE  (1.E, pump) COMPILE-TIME EXP,

CONSTAHT YES HO MAYRE MAYBE
IHITIAL YES YES YES N0

NOW, TO BE MORE PRECISE!

IF UNARRAYED INTEGERS, SCALARS, BIT STRINGS, OR CHARACTER STRINGS, ARE
DECLARED COHSTANT, THEN THESE ITEMS CAW BE UTILIZED IN COMPILE-TIME EXPRES-
SIONS -- AT THE SAME TIME THIS IMPLIES THAT THE DATA ITEM IS UHAVAILABLE
TO DIAGNOSTICS, |

*** NOTE THAT VECTORS AND MATRICES ARE INELIGIBLEI



DATA INITIALIZATION (CON'T.)

THE REASON THESE ITEMS ARE UNAVAILABLE TO DIAGNOSTICS IS THAT THEY

~ARE PUT IN-A SPECIAL LITERAL AREA BY THE COMPILER -- SUCH ITEMS DO
NOT OCCUPY STORAGE WHERE THEY ARE DECLARED.

FINALLY, USE OF CONSTANT ALLOWS A GREATER RANGE OF COMPILER
OPTIMIZATION:
EXAMPLE 1
DECLARE PI SCALAR DOUBLE
CONSTANT (3, 1415926535) ;
DECLARE RAD_TO_DEG SCALAR
. DOUBLE CONSTANT(180/PI);
DECLARE SINIS SCALAR
CONSTANT (SIN(15/RAD_TO_DEG)) ;

EXAMPLE 2

DECLARE V1 VECTOR CONSTANT(L, 1, 1);
@ECLARE V2 VECTOR CONSTANT(VID

TLLEGAL!




DATA INITIALIZATION (CON'T.)

EXAMPLE 3

DECLARE K1 INTEGER CONSTANT(3);
DECLARE S1 SCALAR CONSTANT(16.5);

W = SQRT(S1) ** K1;

THE EXPRESﬁION “SQRT(S1) ** K1" WILL BE EVALUATED AT COMPILE
TIME, THE CODE WILL LOOK LIKE:

LE 0, {COMPILER#EALCULATED}
CONSTANT

STE 0, M



DATA INITIALIZATION (CON'T.)

BOOLEAN INITIALIZATION

ﬁECLARE BOOL BOOLEAN INITIAL(ON);
EQUIVALENT DECLARE BOOL BOOLEAN INITIAL(BIN‘1');
DECLARE BOOL BOOLEAN INITIAL(TRUE),

DECLARE BOOL BOOLEAN IHITIAL(OFF);
EQUIVALENT DECLARE BOOL BOOLEAM INITIAL(BIN'O');
DECLARE BOOL BOOLEAN INITIAL(FALSE);

AND OF COURSE; - |
DECLARE BOOL BOOLEAN CONSTANT(TRUE);
(ALTHOUGH THIS HARDLY MAKES SENSE)



DATA INITIALIZATION (CON'T.)

CHARACTER INITIALIZATION

(1) DECLARE C CHARACTER(3) INITIAL('');
(2) DECLARE C CHARACTER(12) INITIAL(CHAR(3)'ABCD');.
(3) DECLARE C CHARACTER(255) INITIAL(CHAR(255)'A’);

I (1) WE GET (ON THE 360)

MAX CUR

VI
aZZZ)
1 1 1 1 1

IN (2) WE GET (ON THE 360)

12112\A{B}JC|DJA}JB{CID|A| B C|D

I.E., A CHARACTER STRING REQUIRES 2 BYTES PLUS 1 BYTE PER CHARACTER.



e

DATA INITIALIZATION (CON'T.)
MULTI-VALUED DATA ITEMS

A VECTOR OR MATRIX IS CONSIDERED TO PE A MULTI-VALUED DATA ITEM,
ARRAYS ARE OBVIOUSLY MULTI-VALUED,

IMPORTANT NOTE ~-- HAL/S MAKES LIFE EASY IF AN ENTIRE MULTI-VALUED
ITEM IS TO BE INITIALIZED TO A SINGLE VALUE:

DECLARE @ MATRIX(16, 16) INITIAL(0);
DECLARE R ARRAY(400) SCALAR DOUBLE INITIAL(G);

IF THE FOREGOING IS NOT SUITABLE THEN YOU MUST SUPPLY THE
REQUISITE NUMBER OF DATA ITEMS.

VECTOR INITIALIZATION
DECLARE X_VECT VECTOR CONSTANT(1, 0, 0);
DECLARE R_VECT VECTOR DOUBLE INITIAL(G, -3.5, 44,82);



DATA INITIALIZATION (CON'T.)

MATRIX INITIALIZATION
DECLARE 13 MATRIX CONSTANT(L, 0, 0, 0, 1, 0, 0, 0, 1);
DECLARE I4 MATRIX(4, 4 DOUBLE CONSTANT(1, 0, 0; 0, 0, 1,
0,0,0,0,1,0,0,0,0 1);

ARRAY INITIALIZATION
FOR AN ARRAY, EACH ELEMENT IS INITIALIZED IN TURN:

DECLARE C ARRAY(6) CHARACTER(4) CONSTANT('ABCD’, 'EFGH', 'LJKL’,
‘MN’, '0PQ', 'RST');

DECLARE M ARRAY(2) MATRIX(2,2) INITIAL(B; 1, 2,3 0,1 4, 5);
. N Nt o spu’

M My




DATA INITIALIZATION (CON'T.)

INITIALIZATION ORDER:

VECTOR -~ BY INCREASING INDEX

MATRIX -- ROW-BY-ROW

ARRAY -~ ELEMENT-BY-ELEMENT IN ORDER OF INCREASING INDEX,
IF AN ELEMENT IS MULTI-VALUED IT IS INITIALIZED
IN FULL BEFORE GOING TO THE REXT ELEMENT,

MATRIX ORDER EXAMPLE:

Ho={ M1 Ap 23
» /..\0
Asp A AN

1.E., THE MATRIX IS STORED IN CORE AS
[AL1 A12 AL3 A21 A22 A23 A31 A32 A33)



REPLACE STATEMENT

THERE ARE TWO KINDS OF REPLACE STATEMENTS: SIMPLE AMD PARAMETERIZED

SYNTAX
SIMPLE: . ()musT BE PRESENT
REPLACE IDENTIFIER BY "ANY TEXT"}
EXAMPLES ! (LEGAL USAGES)

(1) REPLACE PREC BY ”SINGLE”;

[ 2 B

DECLARE SCALAR PREC, A, B, Cs
(2) REPLACE S BY "A + B + LOG(D)"

" I

DECLARE SCALAR, A, B, C, D;

D=3; ,
(3) REPLACE DV BY "VECTOR DOUBLE INITIAL(O)";
DECLARE VEC1 DV,

VEC2 DV,
VEC3 DV;

(4) REPLACE N BY "4";
DECLARE V1 VECTOR(N),
© M1 MATRIX(H, #),
M2 MATRIX(2, H);



REPLACE STATEMENTS (CON'T.,)

(ILLEGAL USAGES)
(5) REPLACE SINGLE BY "DOUBLE";
t_qeserven worp (kevwoRD)
(6) REPLACE SIN BY “SINH";
| RESERVED WORD (BUILT-IN FUNCTION)
(7) REPLACE # BY /%5 ——missine(")
ZNOT AN IDENTIFIER
(8) REPLACE,16.2E3 BY "18.4E3")
ZiAR!THHETIC LITERAL (NOT AN IDENTIFIER)

REPLACE STATEMENTS RESULT IN SOURCE-LEVEL SUBSTITUTION. THE ACTUAL
SUBSTITUTIONS CAN BE SEEW IN THE LISTING IF CENT (¢) SIGNS ARE USED
AROUHD THE REPLACE NAME, I1.E., |

D = ¢S¢
WILL RESULT IN

D= A+ B+ LOGC);
IN THE LISTING,
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REPLACE STATEMENTS (CON'T,)

HOTES:
(1) A REPLACE STATEMENT TAKES EFFECT ONLY AFTER IT APPEARS,

(2> A REPLACE STATEMENT ADHERES TO NAME-SCOPE RULES.

(3) A REPLACE CAN CAUSE TROUBLE BECAUSE 1T CAN ONLY BE OVER-
RIDDEN BY ANOTHER REPLACE.

EXAMPLES!

(1) DECLARE V1 VECTOR(N?;h‘““‘M“““"' ERROR UNDECLARED IDENTIFIER
REPLACE N BY “4"y |
DECLARE V2 VECTOR(H) 5

(2) ALPHA: -PROGRAM;.
REPLACE M BY "6";

\ SINCE REPLACE IS AT PROGRAM LEVEL, IT WILL BE
- CLOSE ALPHA; EFFECTIVE EVERYWHERE



(3)

REPLACE STATEMENTS (CON'T.)

POTENTIAL TROUBLE
GAMMA: EXTERNAL COMPOOL;

13 1 [

REPLACE I BY "8")

r 1 ]

CLOSE GAMMA;

MPHA: PROGRNG__

DECLARE I' INTEGER

[ I

DO FOR 1 =1 T0 10;
END;

CLOSE ALPHA;

*** ERROR



REPLACE STATEMENTS (CON'T,)

REPLACE STATEMENTS CAN BE OVERRIDDEN,

EXAMPLE: |
ALPHA:  PROGRAM;
REPLACE X BY "6")
WRITECX) A, B, Cy

BETA: PROCEDURE;
REPLACE X BY "77;

WRITE(X) A, B, C;

CLOSE ‘BETA;

CLOSE ALPHA;



REPLACE STATEMENTS (CON'T.)

NOTE: WHENEVER REPLACE TEXT IS SUBSTITUTED FOR AN IDENTIFIER, THE
[DENTIFIER 1S UNDERLINED BY THE OUTPUT WRITER. (¢ SIGNS THAT
CAUSE PRINTING OF THE ACTUAL TEXT DO NOT RESULT Il UDERLINING.)

EXAMPLES:
(1) SOURCE

REPLACE @ BY "A + SIN(B)**2;

S=0
OUTPUT WRITER
M S=0Q;

(2} SOURCE

—— i ——

- § = ¢Q¢s
QUTPUT WRITER

E 2
M S=A+SINB) 5




SUBSCRIPTING

HAL/S ALLOWS THREE DISTIACT TYPES OF SUBSCRIPTING: (ALL SUBSCRIPTING
STARTS AT 1), ‘

(D COMPONENT -- APPLICABLE TO STRINGS (I.E., BIT STRINGS® AHD CHARACTER
STRINGS) AS WELL AS VECTORS AHD MATRICES.

(2) ARRAY
(3) STRUCTURE (DEFERRED UNTIL LATER)

* SINCE BOOLEANS ARE IN EFFECT DEGENERATE BIT STRINGS, USERS MUST CONSIDER
THIS WHEN SETTING UP SUBSCRIPTS FOR ARRAYS OF BOOLEANS (MORE ON THIS
LATER) .

IN 1-LINE SOURCE FORMAT, SUBSCRIPTING IS IMDICATED

BY A "$", |

exampLes:  VECTS7  WST  MATS(2,4)  X$(1+2J+1)

NOTE THAT PARENTHESES ARE ONLY REQUIRED WHEN SUBSCRIPT IS MORE THAN ONE TOKEN!!!



SUBSCRIPTING (CON'T.)

THE OUTPUT WRITER OF PHASE 1, HOWEVER WILL ALWAYS PRINT SUBSCRIPTS
(PARENTHESES REMOVED) ON AN ”S" CARD: |

EXAMPLE : :
SOURCE : [ =082 + 1);

LISTING: M 1=Q
s a1

COMPONENT SUBSCRIPTING
CHARACTER STRINGS ‘
1 <L <255
DECLARE STRING CHARACTER (L);
o TO SELECT ITH CHARACTER FROM STRING:

 STRINGSI

WHERE 1 1S AN INTEGER EXPRESSION AND
1< <L

EXAMPLE: STRIHGS(21)
STRINGS3

STRINGS (I**3-1)

32
W



SUBSCRIPTING (CON'T.)

e TO SELECT ‘I’ CHARACTERS STARTING AT 'J':
STRINGS (1 AT J)
WHERE 1 AND J ARE INTEGER EXPRESSIONS AND
1sdz=L A
0<lel-J+1
0 WILL PRODUCE A NULL STRING.

EXAMPLE:
STRINGS (3 AT )
STRINGS (1**2 AT 2L)
o TO SELECT A SUBSTRING STARTING WITH THE ITH CHARACTER AND ENDING
WITH THE JTH; | '
STRINGS (I TO J)
WHERE 1 AND J ARE INTEGER EXPRESSIONS AND
T
1<l d=<u




SUBSCRIPTING (CON'T.)

EXAMPLES! STRING$(I TO N
" STRINGS(3 T0 4)
STRINGS(I**2 TO 8)

MOPE EXAMPLES

ASSUME :

DECLARE STRING CHARACTER(10) INITIAL('ABCDEFGHIJ');

DECLARE 1 INTEGER CONSTANT(2),
J IHTEGER CONSTANT(8),
K INTEGER. INITIAL(2);

(n) STRINGSW = /D' -

() STRINGSO  ILLEGAL

(c) STRING$11  ILLEGAL

(p) STRING$T = 'B’

(e) STRING$S(1**2) = 'D’

(F) STRINGS(K*™*4)  RUN-TIME ERROR

() STRINGS(I**4)  COMPILE-TIMC ERROR
(H) STRING$(COS(0)+1) = 'B’

(1) STRING$(5 AT 3) = 'CDEFG’
(0)  STRINGS(I AT J) = "HI'
(k) STRING$(J AT 3) = 'CDEFGHIJ’

s

2
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SURSCRIPTING (CON'T.)

(L) STRINGS(5 TO 8) = "EFGH’

(M) STRING$(4 TO 3)  ILLEGAL

VECTOR

ELEMENTS (WHICH ARE SCALARS OF COURSE) ARE INDEXED STARTING FROM 1
DECLARE V VECTOR(L) 2 <L <6l

e TO SELECT ITH SCALAR FROM VECTOR:
v$l (A SCALAR)
WHERE 1 IS AN INTEGER EXPRESSION AND
1<IsL
e TO SELECT A SUB-VECTOR OF LENGTH I STARTING FROM THE JTH ELEMENT
| V$(I AT ) (A VECTOR)
WHERE 1 IS AN IHTEGER LITERAL ARD

2<l =L
AlD J IS AN INTEGER EXPRESSION WITH
ledsb-1+1




-~ SUBSCRIPTING (CON'T.)

o T0 SELECT A SUB-VECTOR (PARTITION) STARTING FROM THE ITH ELEMENT AND
ENDING WITH THE JTH:

V$(I TO ) (A VECTOR)
WHERE 1, J ARE INTEGER LITERALS AND
1<l <JdslL

Q. WHY IN THE ..AT,. AND ,.,TO,. SUBSCRIPTING FORMS, CAN THE LIMITS
BE INTEGER EXPRESSIONS FOR CHARACTER STRINGS, BUT ARE REQUIRED
TO BE INTEGER LITERALS FOR VECTORS?

A. BECAUSE CHARACTER STRINGS IN HAL/S ARE INNATELY OF DYHAMIC LENGTH
WHEREAS VECTOR LENGTHS MUST BE KNOWN ABSOLUTELY.



SUBSCRIPTING (COH'T.)

A. EXAMPLES OF LEGAL VECTOR SUBSCRIPTING

LET V =

(D
(2)

(3)

(4)

(5)

(6)

1 2.0
13
"ll
b

¥

[Fom Q=i By |

V$1 = 2.0 - (SCALAR)

V4 = 6,9 (SCALAR)

' 3
V$(2 AT 2)=|_q 4y | (2-VECTOR)
) .

3

V(1 70 3)=

(3-VECTOR)

IF ADDITIONALLY WE HAVE

DECLARE I INTEGER CONSTANT(3);

THEN THE -FOLLOWING ARE ALSO VALID:

3.5
V$(I AT 2)=|-1.4]  (3-VECTOR)
‘ : ' Blg

[2.0
V6(1 T0 ID={ 3.5 (3-VECTOR)
-1.4
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SUBSCRIPTING (CON'T.)

B, EXAMPLES OF ILLEGAL VECTOR SUBSCRIPTING

SUPPOSE «

DECLARE V VECTOR(5) INITIAL(2,3,4,6,8);
DECLARE 1 INTEGER INITIAL(H);
DECLARE J INTEGER CONSTANT(5);
DECLARE K INTEGER INITIAL(1),

ilEl) ) P‘z‘i
13
V= {4
b
r —8— )
THEN THE FOLLOWING ARE ILLEGAL:
(1) V$0
(2) V$6

(3) V$(J+1) J+1 > LENGTH
W) V$K AT 1) ‘
(5) V$(I TO K)

SUMMARY OF VECTOR COMPONENT SUBSCRIPTING:

(1) COMPONENT SUBSCRIPTING OF A VECTOR RESULTS IN A SCALAR

OR A SMALLER VECTOR,

(1D IF SUBSCRIPTING RESULTS IN A VECTOR, ITS LENGTH MUST BE

COMPUTABLE AT COMPILE TIME!!!
{



SUBSCRIPTING (CON'T.))

MATRIX

[ IUIEE

) (HOST OF THE SUBSCRIPTING RULES ARE GENERALIZATIONS OF THE VECTOR RULES))

(:);CDNPDNENT SUBSCRIPTING OF A MATRIX CAN RESULT IN A SCALAR, A VECTOR,
OR A SUBMATRIX, IF A VECTOR OR MATRIX RESULTS, THE VECTOR LENGTH

OR MATRIX ROW/COLUMN LENGTHS, RESPECTIVELY, MUST BE COMPUTABLE AT
COMPILE TIME.

(:) MATRIX SUBSCRIPTING INVOLVES THO DIMENSIONS: ROW AND COLUMH. AGAIN,
ELEMENTS ARE INDEXED FROM 1. | :
o TO EXTRACT THE SCALAR ELEMENT IN THE {TH Row AND JTH COLUMN OF THE
M x N MATRIX @ WHERE 1, J ARE INTEGER EXPRESSIONS (I.E, NEED WOT BE
KNOWN AT COMPILE TIME), AND 1 < T <M, 1<J < N:
ascl, b




SUBSCRIPTING (CON'T,)

| 23
® TO SELECT THE I™ Row: 25!%’(}
Q$(I, * (AN N-VECTOR)
* 70 SELECT THE J™ coLut:
$(», J) (AN M-VECTOR)

© T0 SELECT A SUBMATRIX OF DIMENSIONS a x 8;
Q$Ca AT I, 8 AT J)

EXAMPLES
LET @ BE THE 4 x 5 MATRIX:

THEN
(1) Qs1,1
(2) Qs(y4,5

6 (SCALAR)
=2 (SCALAR)
2

b L

(3) Q$(2,*) = (5-VECTOR)




\ )=

SUBSCRIPTING (CON'T.)

AGAIN,
6 3 9 0 1
Q- 2 4 6 2 8
1 0 0 6 3
5 7 10 6 2

(4) Q$(,3) =

OO Ww

1

9
(5) Q$( AT 1,3)= [6}
. 0

m)mumx3mmag

N OO
| SIS |

9
(7) Qs(*, 3AT 2) g
0

]
~ Co = \N
choPRC N

1

3
277
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| 32,
ARRAY SUBSCRIPTING . ) [7

ARRAYS MAY BE OF 1, 2, OR 3 DIMENSIONS (HITH.A MAXIMUM RANGE OF

1 T0 32767 IN EACH DIMENSION). HERE WE WILL ONLY CONSIDER SINGLE
DIMENSION ARRAYS.

ARRAY SUBSCRIPT[NG IS EASY FOR ARRAYS OF INTEGERS AND SCALARS

SINCE NO COMPONENT SUBSCRIPTING IS POSSIBLE., FOR ARRAYS OF CHARACTER
STRINGS, BIT STRINGS (AND BOOLEANS), VECTORS, AND MATRICES, LIFE

IS MORE COMPLICATED.,

SUBSCRIPTING AN ARRAY CAN RESULT IN.A SINGLE ELEMENT OR A SUB-ARRAY
OF ELEMENTS. IN THE LATTER CASE (AS WAS TRUE FOR VECTOR AND MATRIX
COMPONENT SUBSCRIPTING) THE ARRAYNESS (I.E,, RANGES OF ALL ARRAY
DIMENSIONS) MUST BE COMPUTABLE AT COMPILE TIME,



=20

S3
220

ARRAY SUBSCRIPTING (CON'T.)

LET "TABLE” BE AN ARRAY OF LENGTH L OF ANY DATA (INTEGER,
SCALAR, BOOLEAN, CHARACTER, VECTOR, MATRIX, BIT STRING)

® T0 SELECT THE I™ ARRAY ELEMENT:

TABLES (] 1)+~ PARENTHESES NEEDED BECAUSE "1” AND ":" ARe 2
TOKENS

WHERE 1 IS AN. INTEGER EXPRESSIGH AND
le<l=slL ,

NOTE: 1IF TABLE IS AN ARRAY OF INTEGERS OR SCALARS SO THAT HO
COMPOHENT SUBSCRIPTING 1S POSSIBLE, THEN THE COLON MAY BE
OMITTED, THUS: ‘

TABLESI SUFFICES.

o TO SELECT A SUB-ARRAY OF LENGTH 1 STARTING AT THE J™™ ARRAY ELEMENT

OF  TABLE: P~

TABLES(1 AT J1) COLON CPTIONAL FOR INTEGER/SCALAR
WHERE I IS AKhiﬂTEGER LITERAL WITH

[ —

ltst
AND J IS AN INTEGER EXPRESSION WITH
cledsl-141



OF ARRAY

ARRAY SUBSCRIPTING (COH'T.)

o T0 SELECT A SUB-ARRAY STARTING FROM THE ITH ARRAY ELEMENT
AND ENDING WITH THE J™H:
TABLE$(I TO JNOPTiONAL FOR INTEGER/SCALAR
WHERE I AND J ARE BOTH INTEGER LITERALS AND

lcledel
EXAPLEQD
DECLARE S ARRAY(3) VECTOR(2) INITIAL(6, 9, 4, 2, 0, 8);

COMPONENT 35 §%(1:) = [5] (AN UNARRAY.ED VECTOR)

, 5
58(2 AT19= ( ]

Pf-fRTInon — 4l
OF ARRAY s o4 (» 10392 ( 2.

N - )

9

Pu'})
K Lz STILL AN ARRAY
:

1|8 ) STILL AN ARRAY

" NO COMPONENT SUBSCRIPTING HERE,

33
22/
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ARRAY SUBSCRIPTING (CON'T.) ol
| EXAMPLE (2)
[DECLARE A ARRAY(4) INTEGER INITIAL(S, O, -6, 3);
ML =9
N : -
NEEDED (A =3
ASC1T0 3) = (9, O, -6)
A$(2 AT 2) = (0, -6)
) ExaPLE 3)

DECLARE C ARRAY(3) CHARACTER(4) INITIALC'THIS', 'IS', 'HARD‘);
C$(2:) = '8’ |
C$(2 AT2) = ("IS’, 'HARD")

| ExarpLE (1)
DECLARE BOOL ARRAY(S) BOOLEAN INITIAL(TRUE, FALSE, ON, OFF, BIN'0");
BOOLS (4:) = OFF
BOOLS$ (3 AT 31)
BOOL$(1 TO 4:)

(ON, OFF, BIN'O")
(TRUE, FALSE, OH, OFF)

m



ARRAY AND COMPONENT SUBSCRIPTING

GENERIC FORM:

" TABLE$(ARRAY: COMPONENT)
IN OTHER YORDS, THE ”:” 1S USED TO ISOLATE THE ARRAY SUBSCRIPTS
FROM THE COMPONENT SUBSCRIPTS.

ExarpLE @)
DECLARE S ARRAY(3) VECTOR(2) INITIALGG, 9, 4, 2, 0, 8);
$$(1:2) = 9 (A SCALAR) '
§$(2 AT 2:1) = (4,0) AN ARRAY OF 2 SCALARS

. EXAMPLE (@ |

DECLARE € ARRAY(3) CHARACTER(!) INITIALC'THIS’, 'IS’, "HARD');.
C$(2:2) = '8’ |

C$(3:3) = 'R,

C$Q2 AT 12 1T02) = ('TH', 'IS")

C$(2 70 3: 2) = ('S, 'A")

H

W

32
223
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M$(3: 3,3)

ARRAY AND COMPONENT SUBSCRIPTINGS (CON'T.)

ExatpLE (3)

DECLARE M ARRAY(3) MATRIX lNlTIAL(l,Z,3;4;5;6;7;8;9,10,11,12,13,14,15
A 16,17,18,19,20,21,22,23,24,25,26,27) ;
ltElJ

1 2 3 10 1 19 20 21
ma={|4 5 6|, |13 W 5{, |22 23 24
7 8 9 16 17 18 25 26 27

M$(2: 2,1) =13
27
M$(e: 3,3) = (9, 18, 27)

t~anICATES DO FOR EACH ELEMENT OF ARRAY
WS AT 1: 2AT 2, 2AT D) 5([5 ﬁ] Pﬂ 15})

in

Hi

8 9|’ 17 18

s3

';ZLifjit



COMPONENT SUBSCRIPTING ONLY

IF THE DATA T0O BE COPPOJENT - SUBSCRIPTED (BIT AND CHARACTER STRING,

VECTOR, OR MATRIX) IS ALSO ARRAYED, A TOKEN AMOUNT OF ARRAY SUBSCRIPTING
MUST BE KEPT. IF TABLE IS AN ARRAYED DATA ITEM AND WE WISH TO PERFORM

COMPOHENT SUBSCRIPTING SIMULTANEOUSLY ON ALL ARRAY ELEMEHTS THEN WE
NEED THE FOLLOWING FORM:

TABLES$(*: COMPONENT SUB)

WITH THIS FORM WE WILL PRODUCE A NEW ARRAY (WITH THE SAME NUMBER OF
DIMENSIOHS AND SAME RANGE IN EACH DIMENSION AS THE ORIGINAL) WITH EACH

ELEMENT THEREOF BEING A COMPOMENT-SUBSCRIPTED VERSION OF THE ORIGIfIAL
ELEMERT,

examPLE (1)
DECLARE C ARRAY(3) CHARACTERCY) INITIALC'THIS’, 'IS', 'HARD');
C$(»:2) = ('H', 'S', 'A")

52,
s
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COMPONENT SUBSCRIPTING ONLY (CON'T.)

EXAMPLE (2)

LET M BE AN ARRAY 3 OF 3 x 4 MATRICES:

1 2 3 4]
mo=l[s 6 7 8
9 10 11 12f

THEN

13 14
21 22
M$(2: 3,4) =24
151 |27
M$(2 AT 2: »,3) ={{19],!31
25| 135
7

MS(LT03: 2703, 3704) = [11

M§C*: 2703, 3T04) = (THE same)

L

15
19
23

1]

16
20
24

19
23

8] [19
121,23

|

24

20
24

25
29
33

)|

L]

31
35

31
35

26
30
54

53
ey

27 28
31 32
35 36|/

2
)



SUBSCRIPTIiG SUMMARY

RECOMMEMDATION: EVEN WHERE OPTIONAL, I.E., ARRAY SUBStRIPTING ON INTEGERS
AND SCALARS, USE THE TRAILING "COLON".

- UNARRAYED DATA -

COMPONENT SUBSCRIPTING:
VARS(7 AT 1)
VARS3
. VAR$(4 TO 5, 3 TO 4)
- ARRAYED DATA - .
HO COMPOHENT SUBSCRIPTING:
VAR$(7:) «———— NEED PARENTHESES SINCE "7" AND ":" ARE 2 TOKENS,
VAR$(3 AT 21) |
ARRAY AHD COMPONENT  SUBSCRIPTING:
C VARS(7:3)
VARS( AT 1: 3704, 170 2)
COMPONENT SUBSCRIPTING ONLY: (ARRAYNESS UNCHANGED)
VARS(*: 3704, 170 2)
VARS(: 7)



| | -3/
MORE_DATA IKITIALIZATION s o 4l

SUMMARY OF OLD MATERIAL:

(:) TO INITIALIZE A SINGLE-VALUED DATA ITEM, SUPPLY l LITERAL VALUE
Iil THE INITIAL/CONSTANT LIST:

DECLARE I INTEGER IHITIAL(7);
~ DECLARE S. CONSTANT(9.3E-4);

(i) TO INITIALIZE A MULTI-VALUED DATA ITEM, (ARRAY, VECTOR, MATRIX)
WE HAVE 3 CHOICES:
A, INITIALIZE EVERYTHING TO THE SAME VALUE: (1 ITEM IN LIST)
DECLARE M MATRIX INITIALCO);
* DECLARE A ARRAY(15000) INITIAL(6.5);

B. INITIALIZE TO DIFFERENT VALUES: (HEED 1 LITERAL FOR EVERY ELEMENT)
- DECLARE M MATRIX INITIAL(1,0,0,0,1,0,0,0,1);
DECLARE A ARRAY(15000) INITIALG3.5, 6.5, 3.5, 6.5, 3.5,
6.5, 3.5, 6.5, 3.5, 6.5, ....01, 6.5);

15000 OF THEM! |



| 3)
MORE DATA INITIALIZATION (COH'T.) 227

C. IF THE DATA IS ARRAYED, SUPPLY EXACTLY ENOUGH LITERALS 10
INITIALIZE A SINGLE ELEMENT OF THE ARRAY, IN THIS CASE ALL
ELEMEATS OF THE ARRAY WILL BE INITIALIZED IDENTICALLY.

EXAMPLE

INSTEAD OF

DEGLARE MM ARRAY(3) MATRIX(2,2) INITIAL(1,0,0,1,1,0,0,1,1,0,0,1);
- |

DECLARE MM ARRAY(3) MATRIX(2,2) INITIAL(1,0,0,1);
Iit BOTH "CASES

(86D )




MORE DATA INITIALIZATION (CON'T.)

- SHORT CUTS -

(1) USE OF REPETITION FACTOR #
EXAMPLES

DECLARE C ARRAY(6) CHARACTER(4) INITIAL(3#'ABC’, 3#'DEF');
C = ("ABC’, 'ABC’, 'ABC’, 'DEF’, 'DEF’, 'DEF')

DECLARE 14 MATRIX(H,4) INITIALCL, 3#(0,0,0,0,1));

1000
0100
b= 1o 010
000 1

1.E., A SEQUENCE OF LITERALS CAN BE REPEATED.

130
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MORE DATA INITIALIZATION {CON'T.)

© REPEATED GROUPS CAN EVEN BE NESTED

DECLARE 14 MATRIX(4,4) IHITIAL(1, 3#(4#0,1));

1000
01
0 0

H

M

- D
o O

000 1 |
DECLARE V ARRAY(3,2,2) INITIAL(1,2,3,2,3,1,2,3,2,3,1,2);
\) *
DECLARE ¥ ARRAY(3,2,2) INITIAL(2¢(1,2,3,2,3),1,2);

DECLARE V ARRAY(3,2,2) INITIAL(2#(1,2#(2,3)),1,2);

b 4

3/
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(:) PARTIAL INITIALIZATION

e 52
MORE DATA INITIALIZATION (CON'T.) 3 32

e SKIP OVER VALUES HOT TO BE INITIALIZED (JUST USE ##)
DECLARE M MATRIX(4,4) INITIAL(1, 3#(4#,1)); |

13

1

> ox X

X X

1 x
x 1
X X

X
X + NOT INITIALIZED

il G- 4

o LEAVE REMAINDER OF LIST UWINITIALIZED (USE OF * SYMBOL)
DECLARE M MATRIX(4,4) INITIAL(L,2,3,*);

#

M

Pog 3¢

> M X

123

o x x

X
X
X
X




AUTOMATIC/STATIC INITIALIZATION >

TO DESCRIBE THE WAY IN WHICH DATA INITIALIZATION IS EFFECTED, HAL/S
HAS 2 TNITIALIZATION ATTRIBUTE KEYWORDS THAT ARE OPPOSITE IN MEAWING:

STATIC AND AUTOMATIC,
MOST DATA IS OF THE STATIC TYPE AND THIS IS THE DEFAULT. STATIC DATA
1S INITIALIZED WHEN THE DATA MODULES ARE BROUGHT INTO CORE (I.E., THE

DATA 1S ALREADY EXISTENT IN THE LOAD MODULES). COMPOOLS ALWAYS COHSIST
OF STATIC DATA.

THE KEYWORD STATIC CAN BE SPECIFIED BY THE USER, BUT THIS IS HOT RECOMFMENDED
SINCE IT CLUTTERS THE LISTING: ' | |
DECLARE. I INTEGER INITIAL(S) STATIC;
DECLARE 1 INTEGER STATIC INITIAL(S);
DECLARE I INTEGER INITIAL(5);

ALL EQUIVALENT! MOTE THAT STATIC CAN PRECEDE OR FOLLOW THE INITIAL LIST.



~

AUTOMATIC/STATIC INITIALIZATION (CON'T.)

AUTOMATIC DATA GENERALLY RESULTS IH EXECUTABLE CODE IN THE PROLOGUE OF
CODE BLOCKS TO INITIALIZE THE DATA EACH TIME THE BLOCK IS ENTERED,

FOR MULTI-VALUED DATA THIS CAN BE VERY EXPENSIVE -- AND AUTOMATIC,

IN GENERAL, SHOULD BE SPECIFIED ONLY WHEH IT IS REALLY NEEDED, THIS
WILL BE DISCUSSED IN:MORE DETAIL LATER WHEN REENTRAHCY IS CONSIDERED.

THE FOLLOWING ARE EQUIVALENT:
DECLARE 1 INTEGER AUTOMATIC IHITIAL(5);
DECLARE J INTEGER- INITIAL(S) AUTOMATIC;

RESTRICTfUNS ON_USE OF STATIC/AUTOMATIC

® DATA INITIALIZED CONSTANT MAY NOT POSSESS EITHER THE STATIC OR
AUTOHATIC KEYHORD.

¢ COMPOOL DATA MAY NOT HAVE EITHER A STATIC OR AN AUTOMATIC SPECIFICATION.

: Es‘,

234
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AUTOMATIC/STATIC INITIALIZATION (CON'T.) SQ

| ~} N
EXAMPLES
COMPOOL;
DECLARE 1 INTEGER INITIAL(W) STATIC, —————iLLEsAL
CLOSE A;
+  PROGRAM; ‘
DECLARE M MATRIX INITIAL(O) STAf?E:ﬁhh“ﬁ““;(DﬁFAULT) RECOMMEND NEVER SPECIFYING
v STATIC
CLOSE Bj ‘ *
- COMSUB EXAMPLE -
PROCEDURE ;
DECLARE I INTEGER INITIALC10); |
; ; ;} ~A——yPON FIRST CALL I = 10
CLOSE C ON SECOND caLL I =4
PROCEDURE
DECLARE 1 INTEGER INITIAL(10) AUTOMATIC;
i : AT | [ = 10 ALWAYS UPON ENTRY
&LGSE Cs (PROLOG OF COMSUB WILL CONTAIN CODE, I.E.:

LA rx, 10 )
ST Ry, 1
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INTEGER/SCALAR CONVERSIONS

INTERPRETATION
(1) 1IN HAL/S EXPRESSIONS, ARBITRARY MIXTURES OF INTEGERS AND SCALARS
(BOTH OF EITHER SINGLE OR DOUBLE PRECISION) CAN OCCUR.

(2) THE FOLLOWING CONVERSIONS ARE CHEAP (I.E., DONE VIA INLINE CODE)
SINGLE INTEGER < »~DOUBLE INTEGER
SINGLE SCALAR =~ »DOUBLE SCALAR

ALL OTHER CONVERSIONS REQUIRE CALLS TO LIBRARY ROUTINES..

(® ExpLICIT CONVERSIONS ARE NEITHER MORE HOR LESS-EFFICIEHT THAN
IMPLICIT ONES. -

(1) CONVERSIONS ARE PERFORMED ON THE RIGHT SIDE OF AN = SIGN WITHOUT
REGARD FOR WHAT 1S ON THE LEFT SIDE, OHLY UPON ASSIGNMENT, IS THE
LEFT SIDE TAKEW INTO ACCOUNT.

s/
o} _
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INTEGER/SCALAR CONVERSIONS (CON'T.) 237

INTERPRETATION (CON'T.)

@7. WHEN ONLY INTEGERS APPEAR IN AN EXPRESSION, ALL INTEGEﬁS ARE
CONVERTED TO THE PRECISION OF THE MOST PRECISE INTEGER.

EXCEPTION: ’ IN "1/J" ALL INTEGERS ARE CONVERTED TO SCALARS.

@ WHEN ONLY SCALARS APPEAR IN AN EXPRESSION, ALL SCALARS ARE
CONVERTED TO THE PRECISION OF THE MOST PRECISE SCALAR.

(7) 1F INTEGERS AND SCALARS ARE MIXED, ALL INTEGERS ARE CONVERTED
TO SCALARS OF THE REQUISITE PRECISION.



EXPRESSIONS.

S/
238

EXPRESSION = A MEANINGFUL COMBINATION OF OPERATORS AND OPERANDS

ARITHMETIC OPERATIONS

*n

(BLANK)

EXPOHENTIATION
IHVERSION
TRANSPOSITION

MULTIPLICATION
(VECTOR QUTER PRODUCT)
(MATRIX MULTIPLICATION)

VECTOR CROSS PRODUCT
VECTOR DOT PRODUCT
DIVISION

ADDITION

SUBTRACTION
(HEGATION -- UMARY 0P)

\

~ THAT RESULTS IN SOMETHING BELONGING TO A LEGAL HAL/S
DATA TYPE -- THIS DEFINES THE TYPE OF THE EXPRESSION.



EXPRESSIONS (CON'T.) 23?
NEGAT 10N ‘
- MATRIX (ALL ELEMENTS)
- VECTOR ‘(ALL ELEMENTS)
- SCALAR

~ INTEGER

ADDITION AND SUBTRACTION
MATRIX + MATRIX (MUST BE CONFORMABLE)
VECTOR % VECTOR (MUST BE CONFORMABLE)
SCALAR + SCALAR
SCALAR # INTEGER®
INTEGER + INTEGER .
* RESULT IS SCALAR. THE INTEGER IS CONVERTED TO A SCALAR OF REQUISITE
PRECISION,

NOTE: LEFT AND RIGHT-HAND SIDES CAN BE SUBSCRIPTED VARIABLES OR MORE
COMPLEX EXPRESSIONS PROVIDED THEY ARE OF THE CORRECT TYPE.
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EXPRESSIONS (CON'T.y o

DECLARE M ARRAY (3) MATRIX INITIALcl,z,s,q,5,6,7,8,9,10,11,12,13,14,
15.16,17,18,19,20,21,22,23, 24,25, 26, 27)

1 2 3 10 11 121" [19 9 21
M= 14 5 6|, 13 W 150, (22 23 gy
7 8 9 16 17 18 25 26 27

DECLARE ¥ VECTOR INITIAL(L,5, 2,5, 3,5);
DECLARE S INITIAL(50,3),
DECLARE I INTEGER: INITIAL(5),

o

[ +1 L (INTEGER RESULT)
I+ 0.3 = 53 (scALAR RESULT)
S+ = O3 (scALar ResuLt)
I+5§ ® 553 (scaar RESULT)
§+V ILLEGAL (TYPE MISMATCH)
S+ V$2 = 52,8 (SCALAR RESULT) -
V+ M$e21) ILLEGAL | (TYPE MIsMATCH)
IR L
V+mse2 - 2,5 + 114 = (165
3.5 17 20,5

{vecTor RESULT)
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EXPRESSIONS (CON'T.) , ays
DIVISION
MATRIX/SCALAR OR MATRIX/ INTEGER*
VECTOR/SCALAR . R VECTOR/INTEGER®
SCALAR/SCALAR OR SCALAR/ INTEGER*
INTEGER®/SCALAR oR INTEGER*/ INTEGER®

* INTEGER WILL BE CONVERTED T0 A SCALAR OF REQUISITE PRECISION,

NOTE: IF USERS NA{NT A @_E_ INTEGER DIVISION, E.G., IN THE FORTRAN
SENSE, THE DIV FUNCTION SHOULD BE USED:

1= DIVWL),

IF J=10, 1 HILL BE 2.
EXAMPLES
1/3 IS 0,333333 (A SCALAR -~ NOT AN INTEGER 0)

10 5
IFV= 20f © THEN v/2 = (10
30 15
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EXPRESSIONS (CON'T.) | 371
DOT PRODUCT Vel
STANDARD MATHEMATICAL DEFINITION WITH THE FOLLOWING EQUIVALENCE:
Ty « ol
Vi = Ve

CLEARLY V AND W MUST HAVE ‘IDENTICAL LENGTHS, THE RESULT IS A
SCALAR AND-OF SAME PRECISION AS MOST PRECISE VECTOR.

CROSS PRODUCT - T

STANDARD MATHEMATICAL DEFINITION, BOTH YV AND W MUST BE 3-VECTORS
AND THE RESULT IS A 3-VECTOR,

NOTE: HAL/S DOES NOT ALLOW THE FORM V1 (I.E., THE TRANSPOSE OF A
VECTOR).  AS WILL BE SEEN LATER, CONTEXT IS USED TO DETERMINE
MEANING, |
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EXPRESSIONS CCON’T.) | Y5,

MULTIPLICATION ~ A¥B

MULTIPLICATION IS INDICATED BY LOGICAL ADJACENCY, I1.E., A BLANK.
THE BLANK IS NOT NEEDED PRIOR TO A PARENTHESIZED EXPRESSION, BUT
IT IS MANDATORY' IN ALL BUT A FEW SPECIAL CASES.
EXAMPLES: '

31+ J)

ZLNO BLANK NEEDED

A3l |
CQMPARE' t‘BLANK'ﬂgl NEEDED BUT 1S DESIRABLE

3E) |
3B WOULD LOOK LIKE ILLEGAL ARITHMETIC LITERALS
3H

»

i i

L

BLANK NEEDED



EXPRESSIONS (CON'T.)

MULTIPLICATION ASSUMES 5 FORIS:

€ INTEGER* SCALAR
SCALAR  INTEGER*
INTEGER  INTEGER
SCALAR  SCALAR

* INTEGER WILL BE CONVERTED TG A SCALAR OF THE REQUISITE PRECISION.

@ INTEGER® VECTOR
| SCALAR  VECTOR
VECTOR  INTEGER*

VECTOR  SCALAR

INTEGER* MATRIX

SCALAR  MATRIX
MATRIX  INTEGER*

MATRIX  SCALAR

/

ELEMENT-BY-ELEMENT
MULTIPLICATION

* INTEGER WILL BE CONVERTED TO A SCALAR OF THE REQUISITE PRECISIOH.



EXPRESSIONS (CON'T.)

©) VECTOR VECTOR |
DEFINES THE DYADIC PRODUCT (VECTOR OUTER PRODUCT)

Vi
IS EQUIVALENT TO THE MATHEMATICAL FORM V W1

EXAMPLE :

1] 1
.2 - I3
Y 3 =15
q-
1 3 5
2 6 10
Vi = |3 9 15
4 12 20|
® MATRIX  MATRIX
DEFINES STANDARD MATRIX MULTIPLICATION, I.E.,
Al

WHERE M IS A MxH MATRIX AND H IS A HxP MATRIX, AGAIN, NOTE
THAT M AND N COWLD BE SUBSCRIPTED EXPRESSIONS, E,G., PARTITIONS

R OF LARGER MATRICES. (

J
M
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EXPRESSIONS (CON'T.)

VECTOR ~ MATRIX
MATRIX  VECTOR

DEFIRES STANDARD VECTOR-MATRIX MULTIPLICATION.

A.

Bl

IF V 1 THEN IF V HAS LEHNGTH L, M MUST HAVE DIMENSIONS LxP.
THE RESULT IS A VECTOR OF LEWGTH P, EQUIVALENT MATHEMATICALLY

T0 |
ViM = [row vecToR] @ATRI)EJ

IF M V THEN IF V HAS LENGTH L, M MUST HAVE DIMENSIONS MxL.

THE RESULT IS A VECTOR. GF LENGTH M, EQUIVALENT MATHEMATICALLY
T0 ' :
’ My = @ATRIE EOLUMN g&croﬂ



EXPONENTIATION (INTEGERS AND SCALARS)

EXPRESSIONS (CON'T.) S

24

(D  INTEGERs*INTEGER
(@) INTEGER=*SCALAR
(3 SCALAR*»INTEGER
@ SCALAR**SCALAR

IN CASE (j) IF THE EXPONENT IS A NON-NEGATIVE INTEGER, THE

RESULT OF THE EXPRESSION IS AN INTEGER, IN CASE @ - @
THE RESULT 1S ALWAYS A SCALAR, -

EXAMPLES

IF 1 IS AN INTEGER WITH I = 5 THEN
[#e2 225 * (INTEGER RESULT)
Jae(-1) = 0.2 (SCALAR RESULT)
2%+.5 E_VT (SCALAR RESULT)

NOTE: AN EXPONENT OF .5 (OR 1/2) 1S RECOGNIZED AS A SPECIAL |
CASE AND IS ENTIRELY EQUIVALENT TO USING THE SQRT '

BUILT-IN FUHCTION.
Se=.5 = SQRT(S)



EXPRESSIONS (CON'T.) | 22

295

EXPONENTIATION (SQUARE MATRIX TO AM INTEGRAL POWER)
Pee]

M IS A SQUARE MATRIX (Mx)
[ 1S AH INTEGER LITERAL

I RESULT
zi -2 REPEATED PRODUCT OF INVERSE
-1 MATRIX INVERSE
0 UNIT MATRIX
1 NO-OP
.22 REPEATED PRODICT

NOTE THAT THE VALUE OF I MUST BE KNOWN AT COMPILE-TIME.

Mex(-1) 1S EQUIVALENT TO USING THE MATRIX INVERSIOH FUNCTION:
INVERSE (M)

Me+0 IS A FAST WAY OF BUILDIHG AN HxN UMIT MATRIX DYNAMICALLY,



EXPRESSIONS (CON'T.)

Mea(-2) = (Mre(-1))ee2

Mes3 = FfA )
1
. 1 0
M=e0 z
. 1; |
0 "1
EXAMPLE

IF A MATRIX M HAS CHARACTERISTIC EQUATION
AMZ +Br 4+ C =0

WE COULD CODE THE FOLLOWING IN HAL/S:
A Mee2 + BH + C Moo

THE RESULT WILL BE AN NxH ZERQ MATRIX.

53



EXPRESSIONS (CON'T.) ' Qw
EXPONENTIATION C(TRANSPOSE OF A MATRIX)

MasT
THIS 1S EXACTLY EQUIVALENT TO USING THE BUILT-IN FUNCTION
TRANSPOSE
- ~ MeeT = TRANSPOSE(M)
IF M IS AM MxN MATRIX, MT WILL BE AN NxM MATRIX,

NOTE: VECTORS CANNOT BE TRAMSPOSED, VeeT IS ILLEGAL.

'NOTE: EVEN IF THE USER HAS DEFINED T TO BE A VARIABLE, M*»T

MEANS TRANSPOSE -~ IT IS NOT THE SAME "T"!
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RULE:

DOT
PRODUCT

CROSS
PRODUCT

OUTER
PRODUCT

MATRIX/
VECTOR
PRODUCT

VECTOR/
MATRIX
PRODUCT

NOTE: THE MATRIX TRANSPOSE OPERATION IN HAL/S 1S EXPENSIVE; AVOID

COMMENTARY ON VECTOR/MATRIX 0PS

IF A VECTOR TRANSPOSE (I.E., ROW VECTOR) APPEARS IN A
MATHEMATICAL STATEMENT, LEAVE THE TRANSPOSE OPERATION
OFF WHEN CODING THE HAL/S STATEMENTS,

HATH
vy
VxH
vl

MV

yI M

IT IF YOU CAN,

HAL/S

V.H
Vi
Vu

MV

VH

52
EXY
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COMMENTARY OH VECTOR/MATRIX OPS (CON’T.) 237
| EXAMPLES
@ mH:  X=N¥

HAL/S: X = MeaT Y

BUT THIS CAN BE IMPROVED UPON! IN THE MATH CASE HE COULD WRITE
=m T =¥ n
IN HAL/S THIS WOULD BECOME
X=YM (ELIMINATION OF A MATRIX TRANSPOSE)
SINCE VECTOR TRANSPOSE IS ILLEGAL (AND NOT NEEDED!),

ACTUALLY, THE LATEST RELEASE OF THE COMPILER (WITH THE GLOBAL OPTIMIZATION
‘OF PHASE 1,5) MAKES THIS SUBSTITUTION AUTOMATICALLY!

@ maTH; =T PY+q' R
HAL/S : x = (MesT) (N#oT) PY + (@*+T) R

BUT BETTER IS:
HAL/S: X=YP+*T) NM+RQ

21‘ ¢



MATRIX/VECTOR OPTIMIZATION

22
233

b G4 G T3 PO PO PO PY RS

Mt PROGRANM;

Mt DECLARE MATRIX,

mt _ M THITIRLCL),

Mt M OINITIRLCZ),

Mt P OINITIALCZ Y,

Mt f INITIARLC4A D)

Mt DECLARE VECTOR,

K ¥ )

nr v INITIRLCL, 2, 32,

Mt R INITIARL(4, 5, 6N

ce

Et . -  ATATA =  #T-

Mt N MHNPY +QR
LA 3,720,107 P.
LA 4,456(0,18) Y
LA 2,76(8,13)
BAL 14,4124¢(0,12) MYES3
LA 4,36(8,10)> ’ N

~ LR 2,88(8,13)
BAL 14,176¢80,12) VYMES53
LA 4,008,410 M
LR 2,76(D., 413>
BAL 14,176¢8, 412> YMAS3
LA 3.168(8,19) R
LA 4,408(0,40) @
LA 2,88(8,123)
BAL 14,176¢0, 42 VMES2
LA 3, 76(R, 413>
LA - 4,88(8,43)
LA £ 480(0,13)

. BAL. 14,112¢06.,42) yv2s2
LA 3,100(8,43) :
LA 2,44400,18) ' b

gAL 14.48(0,12) ¥¥1s3



MATRIX/VECTOR OPTIMIZATION (CON'T.)

£t - . kTR - K
£ Mt ¥ e=Y¥YPHMN+RO

LA 3,100(8,43) |
LA 2,144(8,10) s
BAL 14, 48(8,42) Yv153

moE=CPRAR



EX IONS (CON'T.) ;:il'
PRESS 'T, _
_ DD

CHARACTER OPERATIONS

CATENATION {1 OR CAT

CHAR| I TNTEGER*®
INTEGER* | CHAR
INTEGER* | | INTEGER®
CHAR!|CHAR
CHAR!ISCALAR®
SCALAR* | | CHAR
SCALAR* | | SCALAR®
INTEGER* | I SCALAR®
SCALAR*{ | INTEGER®

* INTEGERS AND SCALARS ARE IMPLICITLY CONVERTED TO CHARACTER

STRINGS:

LE; '
EXARPLE WILL BE CONVERTED TO CHARACTER

WRITE(6) 'THRUST OF ENGINE '11511 "IS'[140095{|’POUNDS';

WILL BE CONVERTED TO CHARACTER



EXPRESSIONS (CON'T,)

BOOLEAN OPERATIONS

1 2 =AND (LOGICAL INTERSECTION)
2 | =0R (LOGICAL CONJUNCTION)
3 7= NOT (LOGICAL COMPLEMENT)
ASSUME:

DECLARE B1 BOOLEAN INITIAL(TRUE); -
DECLARE B2 BOOLEAN INITIAL(TRUE);
DECLARE B3 BOOLEAN INITIAL(FALSE);
DECLARE B4 BOOLEAN INITIAL(FALSE);

COMPLEMENT.(‘? UNARY OPERATION
—1B1 = FALSE
CONJUHCTION () BINARY OPERATION
B1IB2 = TRUE COTT =T
B11B3 = TRUE TIF=T
B3IB1 = TRUE FIT=T

B3IBY = FALSE FIF = F

ast



EXPRESSIONS (CON'T.)

INTERSECTION (2)

Bl & B2 = TRUE

Bl & B3 = FALSE
B3 & Bl = FALSE:
‘B3 & B4 = FALSE

i

4§

OTHER EXAMPLES

Bl & FALSE = FALSE
B3 | TRUE = TRUE

—B1 | B2&B3 |—BY4 = TRUE
FALSE FALSE TRYE

BINARY OPERATION

TeT = T
TeF = F
Fel = F
FeF = F

AP
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EXPRESSIONS (CON'T.) 3/

ARITHMETIC AND CHARACTER PRECEDENCE | el y o
HI
[ e 1 EXPONENTIATION
4 2 MULTIPLICATION
. 3 CROSS PRODUCT
. y DOT PRODUCT
/ 5 DIVISION
'+ 76 aoImion © T T
- _ _ b _ _ SUBTRACTIO!N, HEGATION !
oo 7 CHARACTER CATENATION
Lo ' ‘

® SEQUENCES OF OPERATIONS OF THE SAME PRECEDENCE ARE EVALUATED FROM LEFT
TO RIGHT -- EXCEPT FOR »+ AND /, WHICH ARE EVALUATED FROM RIGHT TO LEFT,
I!El}

A/B/C/D = (ACY/(BD)  A/B(C/D) = A/(BD/C) = AC/BD
o SEQUENCES OF MULTIPLICATIONS ARE SOMETIMES REORDERED TO MINIMIZE THE
NUMBER OF ELEMENTAL PRODUCTS IHVOLVED.




DIVIDE EXAMPLE

el

1 MP PROCREN:
2 nt DECLESE INITIRLCLD,
E g; 41, §2, 52, $4, S5, 5&, &7, S8, S9, S40, Si1, 512, S5i3, 44, 5415, Si6, S17, 518, 5139,
& 520;
3 M? DECLARE T;
ct
4 Mt T = 51 52 52 S§4 65 56 57 S8 59 548 544 S12 513 Si4 €45 S48 &§17 518 5419 520

groeRza : 5TH4 EQU &

GIeGe $PTESTL CSECT | FSDID= BBOAL .
230609 7595 0882 : LE e, 2¢1) 51
s 06D LT HE ,6¢1)> 53
NIpNE 6015 809A ME 2,18(4) ' 55
£300C 691D 090E ME 8, 14¢1) €7
ai60Dp 6029 . 0012 ME 0, 18¢1) . 59
CORCE £82D enLe HE 8, 22¢49 11
£AGLF 6335 004R . ME 0, 26¢(1) €13
63810 603D BB1E ME 0,368¢1) 515
08011 £345 on22 ME '8, 34¢1) 17
poH12  £a4D 0026 ME 8, 38{1) €19
03913 7AL3 0oec LE 2,12¢4) <6
poot4 6231 . nois ME 22,2401 542
gi1s 6211 paBY ME 2,804) 54
(itis 5239 peic HE 2,28(1) 514
poasT 221 8010 ' ME Z, 1611 , £
Mt e €241 0020 v ME 2,32(1) c16
g3 6209 poB4 ME 2,4¢4) 52
poapin 6249 gp24 ‘ ME 2,36¢1) c18
ool 229 e84 _ : ME 2, 20047 ci@
geiic 6251 : 0028 i ME 2,40¢1) 520
nEoln FCED : ‘ - LER 4,0

LErLE E4E2 HER 4,2

[rRir 205 porp STE  4,42(4) T

- S Vi
- a s .



thn L

Bna22

H
-

£) ) O .
£ 10

I
Hos

L3F9 gozc

/54 7 8557 56/ 57 ¢ S8/ S9/ 510/ S11 7 S42 2 S13 7 544 2 S45 / S48 VS Wiy

DIVIDE EXAMPLE (CON'T.)

ST#5

5T#E
LBLE2

- EQU

DER
S5TE
EQU
EQU
sve

L

2,2
8,42¢1)
&

]

44¢4)

H721~



MATRIX INVERTER (lix1)

INVERTER tPROGRAM;
FEPLACE PREC BY S INGLE® ‘
DECLARE MATRLX[#4,4) PREC,Q,Q1,Q25 7 o T
CDECLARE 1 MATRIX{4y4) -PREC.CONSTANT(-L438(-0-4040.4041})3
DECLARE MATREX (2421 PRECCoSyTeMiNG
INVERT:FUNCTIONCIN_MA T MATRIXI2 »2) PRECS
CECLARE MATRIX{2,27 PREC,IN_MATS ~~— 7~ 77
PETURN MATRIXS(QFREC,2 42 UIN_MAT${2,2),~IN_MAT ${1,2),
_f}N_M&TSEZcllan_ﬂﬁfleol}}fl1N_ﬁ&[§(1;1[mlN_MAI$LZJZL
~IA_MATS (1,2) IA_MATS (2,41))%
CLUSE INVERTY T T
—~0ON ERRORS (1O 51—FETURNY
DO WHILE TRUE 3
READ(5) Q3
Ql=Q%*t-113
~Sa[NVERT (@8 { 1—-T0-2¢1-F0—2) )1
T=5 Q$(t TO 2,3 Y0 4);
C=08(3 TD 4,1 1O 2)3
N=INVERTI(Qs 3 TC 4,3 TC #)=C T)s
~Ma-N-C-§§
Q2%(1 10 2,1 Y0 2)=5~T7 M3
Q2801 T2 2,3 10 4)== T N
Q2803 10 4,1 10 2)=M oo T -
~028(3-T) 4,3 TO Al=N§-- e




MATRIX INVERTER Clxs) (CON'T.)

RRITEL61'Q = ' 4C,SKIPL2)3
WRITE{ 6} 'DET(Q) = *,DETLQ),SKIPL2)3
HRITE(SITQL = ', CLySKIPL20

WRETELA) DETIQL) = yDETICL ) 4 SKIPI2-}3
WRITEL6) 1Q2 = ' ,C2,SKIPI2)3

ARITELS) 'DET(Q2) = *,DETIQ2)+SKIP(2)}
SWRITELG) '] «-C-Cl—= 4 [-Q-Q1,SKIP{2-}}
HRITELO) '] -~ Q Q2 = *,01-Q Q2,SKIP(2)]
F NS

SCLOSER ot o




HALZS COMPLLATION
STHMT

mé'ﬂ o> W

1
1
2
3
4
5

#1 TNVERYEI

Hi PF’UJRHM:
" WEPLACE PREC BY M§ INGLF"3

|
Ml
M}
“ ]

JECLARE MATRIXI4y 43 PREC Qv Cl77Q2
LECLARE [ MATRIX{4s &) DREC CONSTANTLL, ANID.. 0y Gy 0. 1033

'I'Nrenuernlcs.
- §OYRCE "

MATRIX INVERTER (4x14)

I NC .

UCTORER 1B,y 1975

3

= LARE VATRIXKZ 2' RBECf Ce So T' Mv N‘)

" OINVIRTE

) FU&CT!UN!!N;HAT} MATRIX (2, .2) PRECS

~IN_M AT
1

DECLARE mmzmz,' 2) PRECS IN.MATY
RETURN MATRIX T IN_MAT .
GPREL 2242 2
IN MAT  TA_NAT )%
- 2 - &l T

CLLSE INVERT S

" I
N

’

- IN_MAT

23]

IN_MAT
L

} 7 UIN_MAT

Ly

[N_MAT -
1
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MATRIX INVERTER (4x4)

1) ?{l' 0N ERROR
. [ 1018 e - e ——
13 "1%___ _ RE YUR"H L o
12 M| Ei1] HR!LE mun
13 EE READI %) Q!
kg P o
14 M Ql = _ -
;:t ; I NVERT (5 1
- - et o - -
15 5} T 1 1002, 10 2 oo
e
n
b L 1 10 2,3 10 4 o ) ) o
17 F} ¢ =0
' —— - - PR —"
§ - 370 4,1 T0 z'
ST B R LTI CTI
= -
1) o R R B L L
£ * £ £ &
19 K M m =N C §3 . _ Sy I e
20 H S LS
. [ - ¢ e+ ¢ et seriammmirsimn. 2 o JEE S N .
57 1 70 2,1 10 2
E,-i ‘ P — ; ; [ [ — - - _
N 2 E - ¥
2 St 9 1 T 243 YO 4 o _ B _ -
E;} . A
- P e i e o e e it -
22 s 023 0 4,} TO 2
3 s} . e — . ; - e s g e - e ——— S U UV
zS 3 T0 4,3 10 4 — . . e+
£ *
.24 M‘ e e HRITE B G2V oy Gy SRIP( 203 s
25 f‘l\ WRITELG) YODETIQ) = ¥, DET (L) SEIPL213



25
27
~-28
29

30

32
33

]

Iy ">
A WRITE(6) *Q1 = % Ql, SKIP(21; o e
£ .
&} o _WRITEU6)._*DEI(Q1} =_*, DETIQLI,. SKIP(2)E _
E
M l-’mwwm TE (o)~ 1 @ty 2 - -§ KEP (211
i ‘
AR = WRITE(S) * DET (02 ) %14 DET(QZ V- SKIP(2] ¢ e e
E% I O S . S R
M WRITE(S ) V1 =g a &7, 1 Z7Q oL, §kIpt2)i ™
WRITE(&) '1 -0Q 02 = % I - @ 22, SKIPL2):
M’ ENa' - e o . S a————— W W Sk - 4 bk ¢ e 8 - . — - - o
Ml CLOSE;

k3

MATRIX INVERTER™ (4x4)

¢




MATRIX INVERTER (4xh)

15T MATRIX

~2.0837659E+CC

DET{O) =

A1 =

~he T9808T5E-CL

DETQL) =

g2 =

DET(OZ) =

~4.1990131€-01

1 = C Q2 =

EEEX



MATRIX " TNVERTER "(lx1s)

2ND MATRIX

0

1.00001 TIE+CC

neree)d

21

1.000045TE+00 . . .

DETIQL) = -

E+O L

E+DO

E+CQ
EJI

PETIQ2) =

1.000056 2E400 ~

1 -0 Q2 =

o
g .
S



EXPRESSIONS (CON'T.)

PRECEDENCE EXAMPLE:
(FROM PROGRAMMER'S GUIDE)

"RESULT OF STEP'IINII'IS;¥:1(§)SZ**? - V1,V2/2/2

H OGO

ALSO,
VieX- = V.0 . (A SCALAR)
Ualfed = (Vei)oX
2es38e) = 2*w(3%42) = 2%e9 = 512
NOT!  (2##3)%e2 = (8)##2 = 6l

4/3/10/3 = 4/3/(10/3)
HOT!  (4/3)/10/3

in

4/(9/10) = 40/9
(4/30)/3 = 4/90

- I,‘

257



EXPRESSIONS (COM'T,)

BOOLEAN PRECEDENCE

HI

1, NOT 1 COMPLEMENT
&, A 2 INTERSECTION
I, OR = 3 CONJUNCTION

1

L0

o SEQUENCES OF OPERANDS OF THE SAME PRECEDENCE ARE EVALUATED
- FROM LEFT TO RIGHT,

EYAMPLES

@ IF B1IMB21B3&"BY THEN DO;

. EQUIVALENT TO!
IF (B1)1(B2) 1(B3&CBY)) THEN DO;

@ IF B12R2|B3aB4I~B5&E6. .
EQUIVALENT TO:
IF (B12B2)1(B3&BU) | ((~B5)2(R6)) ...

S/
<260
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OVERRIDING PRECEDENCE ORDER

© PRECEDENCE ORDER CAM ALWAYS BE ALTERED BY USE OF
PARENTHESES, |
- EXAWPLES

IF (B1(B21B3))&B4 THEN DO
IF B1¢(B21B3)&(BUIB5)&IB6 ...
(AreB)#sC

SHONONS)

(A/B)/(C/D)

S
2/
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EYPLICIT CGHVERSIONS

S/
VECTOR COHVERSION

VECTORS CAN BE DYNAMICALLY CO'STRUCTED VIA THE CONSTRUCTION ‘g‘, 4’
VECTOR$ (L) (exp,, expys ««. exp,)

TO CREATE AW £-VECTOR, IF THE DEFAULT IS DESIRED THE LENGTH
SPECIFICATION CAM BE OMITTED, I.E., '
" VECTOR(exp,, exp,, exp,)
IF exp 1S-AY ARRAY OF ¢ INTEGERS OR SCALARS,.WE CAN SAY:
VECTOR$ (£) (exp)

o ALL EXPRESSIONS (expy) MUST RE OF INTEGER OR SCALAR TYPE,
(AGGREGATES OF THESE TYPES MAY ALSO BE USED.)

o THE RESULT OF THE VECTOR COMVERSION FUNCTION IS A SINGLE-PRECISION
VECTOR, - 1F A DOUBLE-PRECISION VECTOR IS NEEDED USE THE FORM:

VECTOR$ (3DOUBLE, £) (exp, . expyr -.-)
CLEARLY 25t <Gl




EXPLICIT CONVERSIONS (CON'T.)

VECTOR EXAMPLES

.
VECTOR(1,0,0) - =|0
-D-

-

VECTORS (aDOUBLE) (1,0,0) =[0
- o

® . -

VECTORS4(3, 2#+2, 8-6, SINCD)) =

. VECTORS (2DOUBLE, 4) (3, 2**2, 8-6,

1

SINGLE PREcISIoN (3-veCTOR)

DOUBLE PREcISION (3-vecTOR)

SINGLE PRECISION (4-VECTOR)

oo 2 %0 RN |

b

SINCO))
3

g DOUBLE PRECISION {(Y4~vECTOR)

0

I~

® DECLARE Q ARRAY(12) INITIAL(1,2,3,4,5,6,7,8,9,10,11,12);

VECTOR$ (aDOUBLE, 5)(Q$(5 AT 6)) =[8

=
7

9
10}

S
262



B,

EXPLICIT CONVERSIONS (CON'T,)
MATRIX CONVERSIONS

MATRICES CAN ALSO BE CONSTRUCTED DYHAMICALLY, USE THE
CONSTRUCTION: ,
PATRIX$(x,c) (expy, expy, ...exp )

TO CREATE AN r x o SINGLE PRECISION MATRIX.

2<rsbl
2 <o <6l
r AND e BEFAULT TO A 3x3 MATRIX, E.G.,
MATRIX(éxp,, exp,, ...expg) y

" WILL CREATE A 3x3 MATRIX (SINGLE PRECISION),

IF exp IS AM ARRAY OF rc INTEGERS OR SCALARS WE CAN SAY
MATRIX$ (x,c) (exp)

® ALL EXPRESSIONS (expy) MUST BE OF INTEGER OR SCALAR TYPE.

o IF A DOUBLE-PRECISION MATRIX IS HEEDED, USE THE FORM:
MATRIX$ (8DOUBLE, £, 0) (expy s ».. exp__)

* -
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EXPLICIT COAVERSIONS (CON'T.)

s
auy

® MATRICES ARE ASSEMBLED ROW-BY-ROW FROM THE LIST (JUST AS IS
DONE IN INITIAL LISTS IN DECLARE STATEMENTS)

MATRIX EXAMPLES

ROW 1 Row 2 Row 3 1 0

{

(D MATRIX(1,0,0,0,1,0,0,0,1) = o0 1
00

- MATRIX$(anoUBLE) (1,0,0,0,1,0,0,0,1)

' 10
= {0 1
‘ | 0 0

@ MATRIX$(2,2)(4,5,7,9) =

N =)

MATRIAS (GDOUBLE, 2,2) (4,5,7,9) = [3 ';‘]

0
0
1

0
0
1

A 3x3 SINGLE~PRECISION
MATRIX

A 3%3 DOUBLE-PRECISION
"~ MATRIX

A 2%2 SINGLE-PRECISION
MATRIX

A 2%x2 DOUBLE-PRECISION
MATRIX
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EXPLICIT CONVERSIONS (CON‘T.)
MATRIX EXAMPLES |

(:) DECLARE @ ARRAY(50) SCALAR DOUBLE INITIAL(10#1, 10#2,
10#3, 1044, 10#5);

MATRIX$ (SMOUBLE, 4,5) (A8 (20 AT 6))
11111
. ) 2 .2
2 2
- | 3 3
(W) MATRIX(3#(1/2, SQRT(2)/2, SGRT(3)/2))
172 127 1/2v§]

z 172 12Y27 1213
172 17212 17213,

NOTE THAT THE REPETITION SYMBOL ’#', PREVIOUSLY INTRODUCED
IN INITIAL LISTS, IS ALSO APPLICABLE HERE,

33
S
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ASSIGNMENTS S /

THERE ARE 3 CLASSES OF ASSIGNMENTS DEPENDING ON WHETHER THE LEFT- b
HAYD SIDE OF THE STATEMENT IS:

(@D ARITHHETIC (MATRIX, VECTOR, INTEGER, OR SCALAR)

(2) CHARACTER

() BIT/BOOLEAN’

GENERAL FORM: . L= ®

WHERE THE RECEIVER t IS A (POSSIBLY SUBSCRIPTED) DATA ITEM AND
R 1S EITHER A DATA ITEM OR AN EXPRESSION..

ARITHMETIC ASSIGHMENTS: WE WILL CONSIDER LEFT-HAND SIDES OF MATRICES,
VECTORS, INTEGERS, AND SCALARS IN TURN.

MATRIX
* MATRIX = MATRIX
MATRIX = 0 (CREATES A NULL MATRIX)
NOTE: MATRIX = 6 IS INVALID!

BOTH LEFT AHD RIGHT MATRICES MUST MATCH IN ROW AND COLUMN

i —

DIMENSIONS,  PRECISIONS, HOWEVER, NEED NOT MATCH!



ASSIGHMENTS (CON'T.)

oL

EXAMPLES
123
MLIS33 |4 5 6
7 8
20 40
M2 1S 2x2 & as]
1 o2 -3
Bis2d | ;)]

Ml =0 _  RESULTS IH

'ch::cl
DO
e B |

Ml =6 TLLEGAL
M1 = MATRIX(2,2,2,3,3,3,4,8,%)

RESULTS IN 2 2 2
3373
4 4 4
M2 = M3 1LLEGAL
= -M38(», 2AT 1) .
RESULTS IN +] +2
. M 45 _ :
MI$(2 AT 2, ®) = N3 RESULTS IN 123
. ' -1-2-3
3-NG -} -5 -6
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ASSIGNMENTS (CON'T,)

VECTOR
VECTOR = VECTOR

VECTOR = 0 (CREATES A ZERO VECTOR)

NOTE: VECTOR = 6 IS INVALID!

BOTH LEFT AND RIGHT VECTORS MUST MATCH IN LENGTHS.

HOWEVER, NEED HOT MATCH!
EXAMPLES:

-5 |
Vi IS |10 V2 1S
1F

V1=0 RESULTS IN V1 = Fﬂ
o 0

V3 1S [;%gg]

CO N I Mo

V1 =6 ILLEGAL
V1=V2 ILLEGAL

' l
V1 = V2$(3 AT 2) RESULTS IN é
V1 =V3 ILLEGAL :
V1$(2 AT 2) = V3 RESULTS IN [IOOJ
20

PRECISIGHNS,

-QZIE‘!"
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ASSIGHMENTS (CON'T.)

INTEGER/SCALAR

THIS HAS ALREADY BEEN COVERED IN SOME DETAIL. WE WILL MERELY POINT

OUT THE FOLLOWING:

() IHTEGER = INTEGER
(@) INTEGER = SCALAR
(3) SCALAR = INTEGER

@ SCALAR = SCALAR
1 TYPES (@) A (3) A CHANGE OF DATA WILL BE MADE, SCALARS ARE

CONVERTED TO IHTEGERS BY ROUNDING,

EXAMPLES: _
LET [ BE AN INTEGER;
S BE A SCALAR,
| M A 3x3 MATRIX,
THEN .
I =3
I =112
1= 11,9

S = 16,1,
M$(3,*) = 5;1  ILLEGAL

M$(3,3) = 5; RESULTS IN [; 2 i]

RESULTS IN ] £ 3
resuts 1N | = 11
ResuLTs IN | = 12
RESULTS IN S = 16.4

X 5

EY3,



BOOLEAN ASSIGNMENTS

ASSIGNMENTS (CON'T.)

BOOLEAN = BOOLEAN EXPRESSION

EXAMPLES

DECLARE BOOLEAH, B1, B2, B3, BU, B5;

LI T |
.

Bl = TRUE;
B2 = OFF;
B3 = BIN'1';
B4 = BIN'O'y
B5 = B1;
B5 = Bl & B2,
BS ="B3|7BY;

" B5 = B2 OR B3,
B5 = B1 AND B3;
B5 = NOT B1;

(SAME AS Bl = ON)
(SAIE AS B2 = FALSE)
(SAME AS B3 = TRUE)
(SAIE AS BY4 = FALSE)
B5 = TRUE

B5 = FALSE

B5 = TRUE

B5 = TRUE

B5 = TRUE

B5 = FALSE

1]

270



ASSIGNMENTS (CON'T.) Ly &
MULTIPLE ASSIGHMENTS - o 27/

MULTIPLE ASSIGNMENTS ARE RECOMMENDED BECAUSE. THEY REDUCE THE
HUMBER OF SEPARATE STATEMENTS OCCURRING IN A PROGRAM, AND THUS
ENHAHCE READABILITY.

FORM:
Ll).L?‘j L3.I ey B R

REQTS: FEACH Ly = R HUST BE A LEGAL TYPE OF ASSIGNMENT,

NOTE:  THE EXACT ORDER IN WHICH THE ASSIGNMENTS ARE MADE IS HOT
' EASILY PREBICTEB.

. EXAMPLES

LET ML BE A 2x2 MATRIX, M2 a 3x3 MATRIX, S1 anp S2 SCALARS, AND I1

AND 12 INTEGERS,
- MULTIPLE ASS IGNMENT

@ IF S1 =6 THEN M, M2, SL, sz, 11, 12 = 0

n*‘ \;li
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CONTRAST THIS WITH:
iF S1 = 6 THEN DO;
Ml =0y
M2 = 0;
S1=20;
S2 = 0
11 =20
12 = 0;
END;

@ M1, S1 =65 1S ILLEGAL BECAUSE M1 = 6 IS ILLEGAL:

M1, S1 = 0; IS OK.

(3) POTEHTIAL HAZARD:
Mi$(11, 12), 11 = 125
ASSUME 11 = 2, 12 = 3 BEFORE ASSIGNMENT,
PICK BEST ORDER OH A MULTIPLE ASSIGNMENT,
M1$(2, 3) OR M$(3, 3)
WILL BE ASSIGNED IN THIS CASE,

COMPILER IS FREE TO
EITHER

33



CONDITIONALS
SIMPLE IF STATEMENT | s/

IF exp THEN [stme] ; » v 3—7 3

WHERE exp IS EITHER A BOOLEAN EXPRESSION (I.E., EVALUATED AS TRUE
OR FALSE) OR A RELATIONAL EXPRESSION (I.E., A = 0). THE KEY POINT
IS THAT exp MUST BE SOMETHING THAT CAN BE EVALUATED AS TRUE OR FALSE..

MNOTES:

(D [stmt] 1S EXECUTED ONLY IF exp EVALUTES TO TRUE,
(D [stmt] CAH HAVE A STATERENT LABEL.
(® IF exp IS FALSE, {stmt] IS BYPASSED,

“1~ |



CONDITIONALS (CON'T.)

EXAMPLES (SIMPLE IF)

ASSUME B1, BZ, B3 ARE BOOLEANS,
S1, S2, S3 ARE SCALARS,

(D 1IF Bl & B2 THEH } NOTE THAT THE "IF" PART AND "TRUE" PART

S1, S2 = 0) ARE 2 STMTS..

@ 1FB3 THEN.
B1 = B2

() IF B1 & B2 THEN
IF S1 = 6 THEN
IF B3|B2 THEN
~ S1=52
‘NOTE: IF STATEMENTS CAN BE NESTED.

() 1F $1 < 41S2 > 6 THEN
poy .
S1 = SIN(52)**2;
$2 = §2 + $3;
END;

ENTIRE STATEMENT
GROUP 1S TRUE PART

52
27y




CONDITIDHALS (CON'T.) Q757
AUGHENTED IF STATEHENT

THIS IS LIKE A SIMPLE IF EXCEPT THAT IT HAS AN ELSE CLAUSE THAT
1S EXECUTED ONLY- IF THE "exp" IS FALSE,

AN AUGMENTED IF CAM BE PLACED WITHIN NESTED SIMPLE IFs, BUT AN
AUGMENTED IF CAN NEVER NEST INSIDE ANOTHER (WITHOUT A STATEMENT
GROUP ACTING AS AN INSULATOR).

EXAMPLES (AUGMENTED 1F)

ASSUME B1, B2, B3 ARE BOOLEANS,
S1, S2, S3 ARE SCALARS,
11, 12, 13 ARE INTEGERS.

(@ IF B1 THEN
S1 = 52#a2 + S3%42;
ELSE S1 = SIN(S2 $3);
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CONDITIONALS (CON'T.)
276

(2) IF s1 < S2 THEN
ZERO_IT: S1 = 0;

} TRUE PART CAN HAVE A LABEL
ELSE S1 = S2#42,

@ {F B1 THEN l FALSE PART CAN HAVE A LABEL, ALSO
B2 = FALSE; | -
ELSE TROUBLE: B2 = TRUE;
(&) IF B1 & B2(B3 THEN 1 siwLe 1Fs
IF S1 < 5[S1 >9 THEN

IF §1 =0 & 52 = 4 THEN
11 = 6, 'AUGMENTED IF

ELSE 11 = 10,

-NOTE: DANGLING ELSEs ARE NOT A PROBLEM BECAUSE ELSE GOES WITH
THE INNERMOST IF,

L. -
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CONDITIONALS (CON'T.) | S>3

(5) IF B1IB2 THEN
B3 = FALSE;
ELSE IF B2 & B3 THEN
B3 = TRUE;
ELSE IF S1 & O THEN
. §l= 1;

() IF S1 =4 THEN
S2=1; -
ELSE IF S1 = 6 THEN
S2 = 2;
ELSE IF S1 & 8 THEN
S2 =3

)

277

ELSE CLAUSE MAY ALSO BE AN IF STMT

. ~——CONTROL JUMPS HERE AFTER COMPLETION OF ANY TRUE PART,
ANY LABELS PUT ON TRUE PART OR FALSE PART (ELSE) MAY NOT BE BRANCHED

TO FROM ANYWHERE QUTSIDE OF THE IF STATEMENT,
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a7y

RELATIONAL EXPRESSIONS

RELATIONAL EXPRESSIONS CAN BE USED IN CONDITIOHAL STATEMENTS
(E.G., IFs) AS CAH BODLEAH EXPRESSIONS, A RELATIONAL EXPRESSION
IS SOME SORT OF A COMPARISCN THAT WILL EVALUATE TO A TRUE OR A
FALSE CONCLUSION,

RELATIOHALS ARE EXPRESSIONS LINKED BY COMPARATIVE OPERATORS:
>, <, <=, >=,7> ¢, =1=, RELATIONALS, IN TURH, MAY BE
COMBINED USING THE 3 BOOLEAN OPERATORS: &, |, AND .

RELATIOHALS, HOMEVER, ARE NOT QUITE BOOLEANS,

COMPARATIVE OPERATORS ARE LOOSELY GROUPED INTO 2 CLASSES:
CLASS It! >, €, =T, 3=,

* CLASS I1: =,7=




CONDITIONALS (CON'T.)

CLASS IT OPERATORS (=,77=) ARE THE OHLY ONES THAT CAN BE USED
WITH:  VECTOR, MATRIX, BOOLEAN, AND BIT STRING DATA TYPES,

o VECTOR AHD MATRIX COMPARES ARE PERFORMED ELEMENT-BY-ELEMENT,

° VECTORS AND MATRICES MUST HAVE THE SAME "SHAPES”, [.E., VECTORS
MUST BE OF IDENTICAL LENGTHS, AND MATRICES MUST HAVE THE SAME
NUMBER OF ROWS AMD COLUMNS.,

EXAMPLES: '
1 I 12 - 6
LETVlﬂH V2 = [5] Ml = [;J M2 = B?;
' 6 -
(1) Vi=V2 ILLEGAL CVECTORS # IN LENGTH)
) Mm=Mm ILLEGAL (MATRICES MAVE DIFFERENT COLUMY CT)
(3) V1=Mms$a, TRUE

() VI$Q2 AT 2) = V2 TRUE

(5) V2 = Mis(s, 1) . FALSE

S3
275
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FOR INTEGERS, SCALARS, AND CHARACTER STRINGS, BOTH CLASS I AND
CLASS 11 CONDITIONAL OPERATORS CAW BE USED,

* ASHE HOULU EXPECT, IN AN INTEGER/SCALAR COMPARISON, THE
INTEGERS ARE FIRST COHVERTEN TO SCALARS.

o CHARACTER STRING COMPARES ALLOY US TO SORT STRINGS ALPHABETICALLY.
SUPPOSE [1=5 2= -3 13=0

S1=-80 S2=6.5 - S§3=10.3

1='7"  (2='ABC" C3='B

THEN ,

11>12 £ TRUE

11 < I3 = FALSE
11=5 © = TRUE

€l < (2 = FALSE

(262 = (3 = TRUE

11 <$2 © £ TRUE

13 < (1 ILLEGAL | | .
(13-12) < 11 z TRUE |

[10#2 < -S1 : TRUE

w1 = TRUE
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CONDITIONALS (CON'T.)

® COMPARATIVE OPERATIONS CAN BE COMBINED (AS IF THEY WERE
BOOLEAW OPERAHDS), USING THE BOOLEAN OPERATORS &, |, AND=,
* STILL, COMPARATIVE OPERATIONS ARE HOT BOOLEANS AND THEY
CAHNOT BE MIXED WITH BOOLEANS IN A CONDITIONAL STATEMENT.

EXAMPLES
" ASSUME: B1, B2, B3
: 1, 12, 13
51, 52, 3
VL V2, V3
LEGAL

IF B1]+B2|(B28B3) THEN ...
IF V1 = V2181 < S2 THEN .,,

BOOLEANS,
INTEGERS,
SCALARS,
VECTORS.

IF 11+ 12 < O[S1 < S24%2 THEN ..,
IFV1-V2=V32885l<52+2THEN ..,

ILLEGAL

IF B1IB2IS1 < S2 THEN ...
IF~B2IS1 = $2 THEN ..,
IF V1 = V2 & B3 THEN ..,

33
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CONDITIONALS (CON'T.) 33

BUT WE CAN GET OUT OF TROUBLE BY TURNING THE BOOLEAN EXPRESSIGNS _1}2_
IHTO RELATIONAL EXPRESSIONS:

IF (B11B2) = TRUE | S1 < S2 THEN ...
IF B2 = FALSE | S1 = S2 THEN ..,
IF V1 = V2 & B3 = TRUE THEN ...

RECEDENCE
H\I |
1  ARITHMETIC OPERATIONS (E.G.,/, *, «, +, =, **, MULT.
(BLAKK)) ,
2 COMPARATIVE OPERATIONS (E.G., <, >, =,m=,71>,
Tk, >=, <=),
LOGICAL 3 NOT (—)
OPERATIONS 4 ARD (&)

5 OR (D)



CONDITIONALS (CON“T.)
EXAMPLES (PRECEDENCE It RELATIONAL EXPRESSION)

IF 31(1)82 =0 |=S3 > 0) & ~(SY <0{S5>0) ...

bo db bbb

ARROHS INDICATE ORDER OF EXECUTION OF OPERATIONS

IFV=MH]S1L= 5202 | (Bl B2) = TRUE Ve

ST

83
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LABELS AND BRANCHES

LABELS ARE NAMES CHOSEN BY THE PROGRAMMER AND ATTACHED TO
EXECUTABLE STATEMEWTS. WE CAN DISTINGUISH BETWEEN BLOCK
LABELS (MANDATORY LABELS ON BLOCKS).

ALPHA: PROGRAM;

BETA: COMPOOL:

GAMMA: PROCEDURE;

DELTA: FUHCTION;

ERSH-ON+—TASK;

ZETAUPDATE;
AND STATEMENT LABELS. ONLY THE LATTER MAY BE BRANCHED TO,

-® A STATEMENT MAY HAVE O, 1, OR MORE LABELS -- THERE IS HO
CORE OR CP!J PENALTY FOR SUCH LABELS AND THEY MAY BE USEFUL
FOR DIAGHOSTIC PURPOSES (AS WILL BE SEEN),
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EXAMPLES

(1) SET_X: X = SIN(Y);
(2) SET_X: BOMB_OUT: X = SQRT(-1);
(3) BIT_LOOP: DO FOR I = 1 TO 10000;
(4) DEPART: CLOSE ALPHA;
(5) IF A =3 THCH
CALL_PROC: CALL UPDATER(A);
ELSE DOME: GO TO END_ALL;
(6) CHECK_FAIL: IF Z = 0 THEN
~ CALL FLASH_DISPLAY(6);
GO TO STATEMENT
GENERIC FORM:
GO TO Labet,
THIS DOES THE OBVIOUS -- CONTROL IS TRANSFERRED TO THE STATEMENT
WITH LABEL tabet (PROVIDED STRINGENT CONDITIONS ARE MET).

>3
2p8"
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ALTHOUGH STRUCTURED PROGRAMMING PRACTICE DISCOURAGES USE OF "GO TO"

STATEMENTS, THEY ARE SOMETIMES PREFERABLE TO A DAY OF WORK TG
ELIMINATE ONE, THE FOLLOWING EXAMPLE, HOWEVER, SHOWS HOW EASY

- HAL/S MAKES THE ELIMINATION OF GO TO'S,

EXAMPLé
IF VALUE < LOW_LIMIT THEN GO TO LOW; -
IF VALUE > HI_LIMIT THEN GO TO HI,
IN_LIMITS: GOOD_FLAG = TRUE;
OUT_VAL = VALUE;
GO TO FINISH;
LOW: GOOD_FLAG = FALSE;
OUT_VAL = LOW_LINIT,
. GO TO FINISH;
Hl: GOOD_FLAG = FALSE;
OUT_VAL = HI_LIMIT,.
FINISH:

32
<23C
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BECOMES

IF VALUE < LOW_LIMIT THEN
zDOJ
GOOD_FLAG = FALSE;
OUT_VAL = LOW_LIMIT,
END; :
ELSE IF VALUE > HI_LIMIT THEN
D0;
GOOD_FLAG = FALSE;
OUT_VAL = HI_LIMIT,
END;
-ELSE DO; .
GOOD_FLAG = TRUE;
OUT_VAL = VALUE;
END:
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STATEMENT GROUPS ‘ a’—r
A STATEMENT GROUP IS A SET OF HAL/S STATEMENTS THAT ARE CONSIDERED

AS A UNIT FOR THE PURPOSES OF CONDITIOHAL OR REPETITIVE EXECUTION.
STATEMENT GROUPS BEGIN WITH A "DO" STATEMENT, CLOSE WITH AN "END”

 STATEMEHT, AND CAN CONTAIN OTHER STATEMENT GROUPS (OR EVEN. CODE

BLOCKS) NESTED WITHIN, THE "DO” STATEMENT IS CONSIDERED TO BE AN
EXECUTABLE STATEMENT (ALTHOUGH CODE IS NOT ALWAYS GEMERATED FOR IT)
AND AS SUCH CAN POSSESS A STATEMENT LABEL. THE "DO” STATEMENT HAS
THE FORM: | |

DO (eontrot);
(Controt) 1S OPTIONAL AND WILL BE DESCRIBED MEXT. IF (Contro) [S
OMITTED THE STATEMENT GROUP DO ... END IS EXECUTED ONCE.



STATEMENT GROUPS (CON'T.) '52
5 . 289

THE "END" STATEMENT IS ALSO CONSIDERED TO BE AN EXECUTABLE STATEMENT
(AGAIN, IT MIGHT NOT ALWAYS RESULT IN CODE) AND MAY BE LABELLED. THE

GENERIC FORM OF THE "END" STATEMEMT 1S:

ERD Label;

fabet 1S OPTIONAL, BUT IF IT IS PRESENT IT MUST MATCH THE LABEL ON
THE CORRESPONDING *D0" STATEMENT., THUS,

OPTIONAL — — — e e > MUST MATCH IF
CYCLEDO FOR 1 =1705; .7 PRESENT
Cor ~ OPTIONAL
Ew_CYeLE: B QYo
USE OF THESE OPTIONAL LABELS 1S RECOMMENDED FOR THE FOLLOWING REASONS:

(1) ALLOWS CROSS-CHECKING BY THE COMPILER THAT ENSURES EVERY "DO"

IS PROPERLY CLOSED,

(2) A LABEL PROVIDES A FIXED REFERENCE POINT FOR DIAGNOSTICS..
(3) MEANINGFUL LABELS INCREASE PROGRAM READABILITY,



Y-y

STATEMENT _GROUPS (CON'T.) ,

DO WHILE 2?0

DO WHILE (condition) ;

L] L ]

END;

o THE STATEMENT GROUP IS REPETITIVELY EXECUTED AS LONG AS
THE (condition) REMAINS TRUE.

o IF Gondition) IS FALSE, THEN THE STATEMENT GROUP 1S HOT EXECUTED
AT ALL.

® (condition) S A RELATIOMAL OR A BOOLEAN EXPRESSION (NOT A

MIXTURE OF COURSE) AND IS EVALUATED PRIOR TO EACH CYCLIC .
EXECUTION OF THE STATEMENT GROUP,

o WHEN (condition) BECOMES FALSE, CYCLIC EXECUTION HALTS AHD
CONTROL IS PASSED TO THE STATEMENT FOLLOWING THE "END" STATEMENT.

EXAMPLE

I = 50;

DO WHILE 1 > 0Oy
TABLEST = [%*2;
1=1-2;

END;
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DO UNTIL Q ’,

DO UNTIL (condition) ;

END;

o THE STATEMENT GROUP IS EXECUTED CYCLICALLY UNTIL (eondition)
BECOMES TRUE (1.E., THE REVERSE OF DO...WHILE),

o THE TEST OF (condition) IS MADE AT THE EHD OF THE CYCLES
SO THE STATEMEHT GROUP WILL ALWAYS BE EXECUTED AT LEAST
ONCE. |

o AS HAS THE CASE WITH DO...WHILE, (ondition) IS A RELATIONAL OR A
BOOLEAN EXPRESSION,

LOOPS THAT WILL CYCLE FOREVER:

(A)- DD WHILE 4——-“-——- THIS BOOLEAN EXPRESSION WILL NEVER BECOME

FALSE.,

END;

(g) DO UNTIL THIS BOOLEAN EXPRESSION WILL NEVER BECOME

C TRUE,
EN_D;
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D0 FOR | 2

THERE ARE 2 BASIC FORMS: ITERATIVE AND DISCRETE:

ITERATIVE
DO FOR (toop var) = (initiat) TQ (finat) BY (increment);

® (foop var) IS AN UNARRAYED INTEGER OR SCALAR. IT IS THE
CONTROL VARIABLE (THE VARIABLE COULD BELONG TO AN ARRAY,
BUT IF SO ITS ARRAYNESS MUST BE SUBSCRIPTED AWAY),

o (inttiat), (ginat), D (increnent) ARE INTEGER OR SCALAR
EXPRESSIONS.

o ON THE FIRST CYCLE, (foop var) WILL HAVE THE VALUE (initiat),

© . ON EACH- SUCCEEDING CYCLE, (foop var) WILL BE AUGMENTED BY

(inchement),

o CYCLIC EXECUTION CONTINUES UNTIL @oop var) LIES QUTSIDE THE
RANGE BOUNDED ‘BY (initiat) AND ({inat),
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NOTE: (1) INCREMENT IS ASSUMED TO BE +1 IF NOT SPECIFIED, I.E., 93
I THIS CASE THE “"BY (crement)” 1S OPTIONAL,

@ ({nitiat), (final), AND (increment) ARE EVALUATED ONCE
(AND THEIR VALUES SAVED) PRIOR TO INITIATION OF THE
LOOP, 1.E., VALUES CAHNOT BE CHANGED WITHIN THE LOOP,

Amier—rr—————————

EXAMPLES
(L, DOFOR I =1T0 20

< END; |
'EEEL!EEEﬂl | DO FOR I =1T0 20 BY 1;

L I B

* END;
@ DOFORI =2J T0 (J**2-1) BY 5;

L B B ]

J=J-1; = CANNOT AFFECT LOOP TERMINATION,
/
1 [ ]

EiD;

\..‘ - ‘
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STATEMENT GROUPS (COR'T.)

DISCRETE
DO FOR (Loop war) = eXPys €XPy, .o« OXP1

e (toop var) 1S AN UNARRAYED INTEGER OR SCALAR -~ THE COHTROL
VARIABLE.

o?%L%PM&BEHEM@nTM$,WW(&wwﬂ=ewi
ON THE +*M EXECUTION.

HOTE: EACH EXPRESSIOH exp; 1S EVALUATED JUST PRIOR TO USING
IT, 1.E., ON THE 4" EXECUTION,

EXAMPLES
@ FR!I=1,375 9

L N ] i

ENDy
(@) D0 FOR § = SING30), SIN(45), SIN(GO);

-
[ I |

END;

J=1 ' =1 157 cvere

DO FOR 1 = J, J+2, JHi, J-6; 4 9ND cyeig

Ve 10 3RD eyere
J = JU+D; 36 4TH cycle

END;

S 000
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STATEMENT GROUPS (CON'T.)

BOTH THE ITERATIVE AND DiSCREIE "DO FOR" STATEMENTS MAY HAVE

Ail ADDITIONAL “WHILE" OR "UNTIL" CLAUSE ACTING AS A FURTHER
EXECUTION QUALIFIER:

DO FOR I =1T0 J WHILE T < 504

END;

DO FOR I = 1 TO 10000 UNTIL J = 0;
IFA>O0THEN J=J - 1}

END;

_DD FORI =1, 3, 7, 9 WHILE.B;
IF SIN(Q) < .4 THEN B = FALSE;

] 1 ]

END;

el X'\



STATEMENT GROUPS (CON'T.) 3/

DO CASE -- USED TO SELECT OHE STATEMENT TO BE EXECUTED BASED 27¢
ON A CALCULATION (ROUGHLY EQUIVALENT TO A FORTRAN

COMPUTED GOTO),

FORM:
DO CASE (exp);
® (exp)-IS AN INTEGER OR SCALAR EXPRESSION. (SCALAR WILL BE CONVERTED
TO AN INTEGER. BY ROUNDING),
e IF (exp) EVALUATES T0 1, 2, 3, ... K THEN-THE 18T, gND 3RD
KTH STATEMENT- COR STATEMENT GROUP) FOLLOWING THE "DO CASE” WILL
BE EXECUTED, '
e [N THIS SIMPLE FORM OF THE "DO CASE” 4O ERROR CHECKING IS PERFORMED,

I.E,, UNPREDICTABLE AND DISASTROUS BEHAVIOR WILL RESULT IF (exp)
" EVALUATES T0 < 0 OR > K,

"‘\. - ;>) k\
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STATEMENT GROUP (CON'T.)

A DO CASE IS POWERFUL BECAUSE A SPECIFIC CASE CAN RANGE FROM A

SIMPLE STATEMENT TO A COMPLEX "DO...END" GROUP CONTAINING AN
ARBITRARY NUMBER OF STATEMENTS.

EXAMPLE
DO CASE I
b J=l; - CASE 1
DO;
J=2;
K= Jood - CASE 2
~ END
J =3 - CASE 3
Do; )
ALPHA: PROCEDURE;
CLOSE ALPHA; \ CASE 4 (ANY DO, ,.END GROUP CAN HAVE
Ve NESTED BLOCKS)
CALL ALPHA,
END; /
J=5; CASE 5
D0 FOR K =1, 3, 55 |
o $ CASE 6
END; - END OF DO CASE;

k's BEw
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STATEMENT GROUPS (CON'T.) 33

ERROR CHECKIHG ON THE CASE VARIABLE IS PERFORMED IF AN "ELSE” X177
CLAUSE IS ADDED TO THE “DO CASE”.

DO CASE (exp); ELSE [stmt] s

(cage 1)
(cake 2)

(;a;e.K}
END;
IF (exp) EVALUATES TO < 0 OR > K THEN |stmt | IS EXECUTED (WHICH
COULD OF COURSE SIGHAL AN ERROR CONDITION).

‘e AN ELSE CLAUSE SHOULD ALWAYS BE PROGRAMMED IF THERE IS A POSSIBILITY

THAT THE CASE VARIABLE COULD EVER MISBEHAVE!

NOTE: A DO CASE MAY HAVE A MAXIMUM OF 256 CASES.




STATEMENT GROUPS (CON'T.)
BRAHCHING (G0 TO, EXIT, REPEAT)

A STATEMENT GROUP, 1.E., DO...END, DO WHILE, DO UNTIL, DO FOR, DO CASE,
MAY BE BRAHCHED OUT OF VIA A GO T0, BUT SUCH A GROUP MAY HOT BE
BRANCHED INTO. BRANCHING WITHIN, OF COURSE, IS LEGAL,

AL @ 00

P

' GO TO X '
- ’ 4 & % A w
X1 =1y &5

- END

(:) - D03

60 TO

X3 .
Lo 10 THE END
X~ END; #

(:) " D0;

60 10 X,
- ENDy
X: K=1,

70 THE OUTSIDE

Y-

ary



STATEMENT GROUPS (CON'T.) 32

21y

LEGAL @) - 103

D0;

t "t

G0 10 X»

END; ‘ 0K BECAUSE ALREADY
X: 1= 1 J IN THE OUTER 00!

1 &

Ly
ILLEGAL - (@D 60 T0 Xy

D0

CANNOT BRAHCH INTO

: X: i:"it -'.' /
L £nD;

@ . D0

G0 T0 Xs CANNOT BRANCH INTQ
(EVEN IF NESTED)

[ﬁﬂ; .

| I B

X: ifl;

e,

N-D Yy LEND;




STATEMENT GROUPS (CON’T.)

SINCE BRANCHING WITHIN (OR OUT OF) "DO" GROUPS IS INVARIABLY

HECESSARY, AND SINCE "GO TOs” ARL UNDESIRABLE IN STRUCTURED
PROGRAMMING, HAL/S OFFERS THO ATLERMNATE CONSTRUCTIONS:

EXIT & REPEAT
EXIT
FORM 1 EXIT;
e CAUSES IMMEDIATE BRANCH OUT OF THE INNERMOST
STATEMENT GROUP IN WHICH IT IS EHCLOSED.
e [EXECUTION IS DIRECTED TO THE FIRST STATEMENT
FOLLOWING THE "END” OF THE GROUP BRAMCHED OUT OF.

FORM 2: EXIT Labet,
® CAUSES BRANCH OUT OF THE ENCLOSING STATEMENT
GROUP THAT POSSESSES THE LABEL fabet ON ITS
"DO" STATEMENT,
o EXECUTION IS DIRECTED TO THE FIRST STATEMENT
FOLLOWING THE "END" STATEMENT OF THAT GROUP, -

S/



i
i
s, - 7

STATEMENT GROUPs (CON'T.)

OUTER: (DO WHILE J < 0;

J=J-2;

Q= SIN(X)**J;

MIDDLE: (DO FOR I = 1 TO 10;

) A$1 = A$I - 5;

-0 FOR J = 1 T0 20,

B$J = B$J - 1;

;;;3 IF 1 =5 THEN EXIT;
ELSE IF @ = 0 THEN
EXIT OUTER;

_ LEND
| “EHD;
THIS SHOWS THE ADVANTAGES IN LABELING DO...EHD GROUPS., HNOTE THAT THE

EXIT STATEMENT ACTS LIKE A GO TO, BUT IS A MORE SECURE (AND STRUCTURED)
CONSTRUCTION.

30/
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STATEMENT GROUPS (CON'T.) | 302,
REPEAT  (MUST BE ENCLOSED WITHIN DO_FOR, DO WHILE, OR DO UNTIL GROUP),
FORM 1: REPEAT,

® MUST BE ENCLOSED WITHIN A DO FOR, DO WHILE, OR
DO_UNTIL GROUP (I.E., A REPETITIVE GROUP),

o CAUSES IMMEDIATE BRAHCH TO THE BEGINNING OF THE
INNERMOST REPETITIVE GROUP,

FORM 2: REPEAT  Zlabet,

@ PUST BE ENCLOSED WITHIN A REPETITIVE GROUP THAT
HAS LABEL tabet ON ITS "DO” STATEMENT,

o CAUSES IMMEDIATE BRANCH TO THE BEGINNING OF SAID
REPETITIVE GROUP,



Ly,

BN
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STATEMENT GROUPS (CON'T.)

EXAMPLES

(1) REPEAT
(DO WHILE T < 1y

1 | B

IF A = 0 THEN

-10; < ‘ (jféj
IF ¥ = 1 THEN REPEAT;

LEND

LEND

DO FOR I = 1 T0 100,
IF J > 50 THEN REPEAT;

END;

NON-REPETITIVE GROUP

32
303
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STATEMENT GROUP (CON'T.)
(2) REPEAT tabet

+ TDOFOR I =1 70 10;
J=1;
-N0 WHILE J > 0;
: J=J-1;
:QQ X$J = X$J + J;
IF X$J = 25 THEN REPEAT;
IF X$J = 0 THEN REPEAT ONE;
-ENDy
LEND;
= 0

30¢
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PROCEDURES AND FUNCTIONS‘ARE THE TWO MOST COMMON CODE BLOCKS.

PROCEDURES AND FUHCTIONS Oy 15"

305"

IF PROCEDURES/FUNCTIONS ARE COMPILED SEPARATELY THEY ARE CALLED
COMSUBs (COMMON SUBROUTINES). OTHERWISE, THEY ARE NESTED IN

A PROGRAM,

o

THE MAXIHUM NESTING DEPTH OF CODE BLOCKS IS 16,

THE MAXIMUM NUMBER OF BLOCKS (CODE AND DATA) IN A COMPILATION
IS 256 (INCLUDING EXTERNAL TEMPLATES).

PROCEDURES/FUNCTIONS MAY NEST WITHIN PROGRAM, TASK, UPDATE,
PROCEDURE, AND FUNCTIOH BLOCKS (I.E., ALMOST ANYTHING),

A PROGRAM BLOCK CANNOT NCST WITHIN A PROGRAM BLOCK.

THIS IS NOT NESTIHG THIS IS
-P1: EXTERHAL PROGRAM; P1: PROGRAM;
CLOSE P1, Vo
D VERSION 6 P2:  PROGRAM;
P2: PROGRAM ' ‘ s
DECLARE HN NAME PROGRAM CLOSE P2;
INITIAL(NAME(PL))

+ L] ]

CLUéE‘PZ; CLOSE P1;
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PARAMETERS

PROCEDURES AND FUNCTIONS (CON'T.) 3 a G

THE MAXIMUM NEST DEPTH HERE 1S 4,

P1: PROGRAM ;

INTERNAL
:
13 I} ,/’f/ BLOCKS

CLOSE PL,

PROGRAM BLOCKS CANNOT HAVE PARAMETERS == ONLY PROCEDURE AND FUNCTION BLOCKS MAY,
(THE OTHER BLOCKS NOT COVERED 50 FAR -~ UPDATE BLOCKS AND TASK BLOCKS ~- ARE ALSO

PARAMETERLESS.) '

PARAMETERS ARE EITHER INPUT OR ASSIGN PARAMETERS, OF THESE, ONLY A PROCEDURE CAN
HAVE AN ASSIGN PARAMETER,
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PROCEDURES AND FUNCTIONS (CON'T.) S2

o INPUT PARAMETERS ARE USED TO PASS DATA INTO A PROCEDURE OR 307
FUNCTION (THEIR VALUES CANNOT BE CHANGED BY THE PROCEDURE/
FUNCTIO), ~

o ASSIGN PARAMETERS CAN BE USED BOTH TO PASS DATA IR AND OUT

* OF A PROCEDURE BLOCK, A FUNCTION DOES NOT HAVE ASSIGN PARAMETERS ;
FUNCTION RESULTS ARE PASSED OUT VIA A RETURN STATEMENT.

AGAIN, IT IS RECOMMENDED THAT ALL BLOCKS (BUT ESPECIALLY FUNCTIONS
AND TASKS) BE DEFINED PRIOR TO THEIR POINTS OF INVOCATION.

PROCEDURE BLOCK (OPTIONAL) INPUT PARAMETERS

L N—

i -

tabets  PROCEDURE(Ly: Zyr --- )

ASSIGN(“I! “2' "‘am))
MANDATORY D e Ve —~
IDENTIFIER . {OPTIONAL) ASSIGN PARAMETERS
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PROCEDURES AND FUNCTIONS (CON'T.) 53

FUNCTION BLOCK : 30%

tabels FUNCTION(Lyr 4gr wve 4) attributes;.

!
.

J— . Svnsairton,, i
MANDATORY (oPTIONAL) THE TYPE AND
IDENTIFIER INPUT PARAMETERS  PRECISION OF THE

DATA RETURNED BY
THE FUNCTION

NOTE: IF (attrtbutes) IS OMITTED, THE FUNCTION IS PRESUMED
TO RETURN A SINGLE PRECISION SCALAR (I.E., THE SAME
DEFAULTS AS IN A DECLARE STATEMENT),

PROCEDURE AND FUNCTION BLOCKS MUST HAVE A CLOSE STATEMENT AS THE
FINAL STATEMENT, THE CLOSE STATEMEAT IS AHl EXECUTABLE STATEMENT
OF THE FORM:

CLOSE;
OR CLOSE tabet;
IF (tabet) 1S PRESENT, IT MUST MATCH THE LABEL ON THE PROCEDURE/
FUNCTION BLOCK HEADER,



g~ 4

PROCEDURES AND FUNCTIONS (CON'T.)

A PROCEDURE IS EXITED EITHER BY FALLING INTO (OR-BRANCHING-TO)

THE CLOSE STATEMENT, OR BY USE OF A RETURH STATEMENT. A FUNCTION

MUST EXIT VIA A RETURN (exp) STATEMENT, 1.E., NOT ONLY A RETURN,
BUT ONE THAT RETURNS A VALUE OF THE PROPER DATA TYPE AND
PRECISION (IMPLICIT CONVERSIONS ALLOWED).

e PARAMETER DECLARATIONS SHOULD ALWAYS PRECEDE LOCAL DATA
DECLARATIONS. 1IN THE CASE OF COMSUBS THIS TS REQUIRED.

INPUT PARAMETERS - PASSED BY "VALUE” IN THE CASE OF INTEGERS AND
SCALARS, ALL OTHER DATA PASSED BY "NAME" (I.E., REFERENCE).

ASSIGH PARAMETERS - ALWAYS PASSED BY "“NAME".

THE CONCEPT OF A STACK, WHICH WILL BE DISCUSSED IN DETAIL LATER,
IS A KEY PART OF THE MACHINERY FOR PARAMETER PASSAGE.,

s/
30§




PROCEDURES AND FUNCTIONS (COH'T,) ,i;z

EXAMPLE (D) INPUT

PARMS
r—

ASSIGN 3 ,o

PARMS

ALPHA: PROCEDURE(I, S1, V) ASSIGN(S2, W);

DECLARE INTEGER, 1

DECLARE SCALAR, S1, S2 DOUBLE;
DECLARE V VECTOR, W MATRIX;
DECLARE VECTOR, X, Y;

DECLARE SCALAR, T, Us

DECLARE MATRIX, A, B, C;

PARAMETER
DECLARATIONS

LOCAL DATA
DECLARATIONS

F 7T= 0 THEN

D0;
S2=0; _
f=851VV+127%Y;
END;
ELSE
D0;
S2=1; _ _
R=517X+12VV,
END;
IF I =0 THEN

H=R+XB+10C
CLOSE ALPHA; =

4y

AN ASSIGN PARM CAN BE USED AS
INPUT AS WELL AS OUTPUT,

CAUSES A RETURN TO THE CALLER,
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PROCEDURES AND FUNCTIONS (CON'T.)

o !;:!l
EXAMPLE ’
@ INPUT FUNCTION WILL RETURN A 3x3 | 3 ”
PARM DOUBLE FRECISION MATRIX -
BETA:_ FUMCTION() MATRIX DUUBLE}
DECLARE M MATRIX DOUBLE; } —eemmee— PARAMETER DECLARATION
DECLARE M1 MATRIX DOUBLE
INITIALG3#, 3#2, 3#3)) s LOCAL. DATA DECLARATIONS

DECLARE M2 MATRIX DOUBLE
INITIAL(3#2, 3#1, 313);

RETURN i ML + 2 ¥,

CLOSE BETA; - WILL NEVER BE EXECUTED
- BECAUSE OF RETURN STHT,

NOTE: ™ A RUN-TIME ERROR WILL OCCUR IF THE CLOSE STATEMENT IS EVER REACHED
IN A FUNCTION,

PROCEDURES ARE ENTERED VIA A CALL STATEMENT THAT MAY OR MAY HOT HAVE

INPUT OR ASSIGN ARGUMENTS ~- DEPENDING ON WHETHER THE PROCEGURE HAS INPUT
OR ASSIGN PARAMETERS.

ASSIGN.
QRGUMENTS
CALL ALPHA(J, X, V1) ASSIGN(T, ¥),
v, rrvam”’ X

INPUT
ARGUMENTS




PROCEDURES AND FUNCTIONS (CON'T.)

FUNCTIONS ARE ENTERED BY INVOCATION, I.E., BY USING THE NAME OF THE
FUNCTION AS THOUGH IT WERE A DATA TYPE, [F THE FUNCTION HAS INPUT
PARAMETERS, THEN THE INVOCATION MUST SPECIFY CORRESPONDING INPUT
ARGUMERITS,

M3 = BETA(MD),

FUNCTION BETA TAKES MATRIX M2 As
AN INPUT ARGUMENT AND RETURNS A

A NEW MATRIX THAT IS THEN ASSIGNED
10 M3,

IF THE FUNCTION HAS NO PARAMETERS, THEN THE PARENTHESIZED LIST IS
OMITTED. »

® MORE FREEDOM (E.G., MISMATCH OF DATA TYPES AND/OR PRECISION)
IS ALLOWED FOR INPUT ARGUMENTS~<——INPUT PARAMETERS THAN IS
ALLOWED FOR ASSIGN ARGUMENTS -——-ASSIGN PARAMETERS,

M

o/
/2.
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PROCEDURES AND FUNCTIONS (CON'T.)

[NPUT_PARAMETERS - 313}

REMEMBER THAT PARAMETERS ARE DECLARED DATA ITEMS, BUT ARGUMENTS
(IHPUT, AT LEAST) CAN BE EXPRESSIONS:

ALPHA: PROCEDURECI, S);
DECLARE I INTEGER, S SCALAR;

] L] ]

CLOSE ALPHA;
CALL ALPHAgg3 +3 + SIN), LOG(COSH()) + 3,14159);

VALUE WILL BE COMPUTED ZT;ALUE WILL BE COMPUTED
AND PHYSTCALLY ASSIGNED AND PHYSICALLY ASSIGNED
0 1, 0 S,

IF INPUT ARGUMENTS ARE EXPRESSIONS THAT RESULT IN MON-INTEGER OR SCALAR
RESULTS, HAL/S PUTS THE EVALUATED EXPRESSION IN A TEMPORARY LOCATION

AND PASSES THE- ADDRESS OF THIS TEMPORARY LOCATION TO THE PROCEDURE.,



PROCEDURES AND FUNCTIONS (CON'T.)

IMPLICIT CONVERSIONS (INPUT PARAMETERS) |
[NB IMPLICIT CONVERSIONS LEGAL FOR ASSIGHN PARAMETER@]

g

INPUT PARM THPUT ARG

SCALAR SINGLE ) - : SCALAR SINGLE
SCALAR DOUBLE <:_—_—_-—_1 SCALAR DOUBLE
INTEGER SINGLE ( IHTEGER STNGLE
INTEGER DOUBLE INTEGER DOUBLE
CHARACTER 1 CHARACTER
VECTOR SINGLE }<:::_; VECTOR SINGLE
VECTOR DOUBLE '} VECTOR DOUBLE

(LERGTHS MUST MATCH, OF COURSE)

FATRIX SIHGLE (TR SiHGLE

MATRIX DOUBLE } < 1} MATRIX DOUBLE
) (ROW/COL SIZES MUST MATCH)

BOOLEA < ] BOOLEAW

NOTE THAT THE LEGAL CONVERSIONS FOR INPUT ARGE::i::>INPUT PARM

ARE Tﬂf SAME AS FOR ASSIGNMENT STATEMENTS.
L S -
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PROCEDURES AND FUNCTIONS (CON'T.)

ASSIGN PARAMETERS

ASSIGN ARGUMENTS MUST BE HAL/S DATA ITEMS -- THEY CANNOT BE EXPRESSIONS.
ASSIGN ARGUMENTS MUST MATCH THE CORRESPONDING PARAMETER IN TYPE AND
PRECISIOH.

MATRIX/VECTOR DIMENSIONS MUST MATCH EXACTLY.

IF THE ASSfGN ARGUMENT IS AN ARRAY IT MUST EXACTLY MATCH THE NUMBER
OF DIMENSIONS (AND RANGES) OF THE ASSIGN PARAMETER,

AN ASSIGN ARGUMENT OF VECTOR OR MATRIX TYPE CAN BE COMPONENT
SUBSCRIPTED -~ PROVIDED THE EFFECT IS TO REDUCE THE VECTOR/MATRIX
TO A SINGLE SCALAR,

AN ARRAY CAN.BE SUBSCRIPTED -- BUT ONLY IF ALL ARRAYNESS IS
SUBSCRIPTED AWAY, I.E., THE ARRAY IS REDUCED TO A SINGLE ELEMENT,

3
31

-




PROCEDURES AHD FUNCTIONS (CON'T.)

EXAMPLES

(FROM PROGRAMMER'S
GUIDE)

DECLARE M1 MATRIX(3,3),
- M2 MATRIX(3,3) DOUBLE,
M3 MATRIX(4,4},
8 SCALAR,
I INTEGLR,
iD INTEGER DOUBLE;.

K1~\!j

IO XA

-THWO: PROCEDURE(A,B) ASSIGN(C):
DECLARE A MATRIX(3,3);
DECLARE B INTEGER;

DECLARE C INTEGER;

’

kS
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PROCEDURES AND FUNCTIONS (COW'T.) 3 { ?

LEGAL:

S = 8 + ONE:

S = 8 + M s
1, ONE_

M2 = TWO{M%(S) + M2;

MZ = TWD{M2,1);
hN

ILLEGAL:
M; £ TWO(M3,1.5)!

M2 = TWO{M1,'ARGUMENT'|]1);

-y

VG

~ Note: subscripts may be

integer expressions of .
any kind.

M2 is converted to
single precision
during transmission,

I is converted to
scalar type during
transmission.

row and column

" dimensions of M3 do

not match those of
parameter A,

transmisaion of character
type argumeont to scalar
parameter B incurs an
illegal type conversion.
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EXAMPLES

(FROM PROGRAMMER'S

GUIDE)

PROCEDURES AND FUNC110NS (CON'T.)

ONE: FUNCTION INTEGER;

CLOGE;

TWO: FUNCTION({A,B) MATRIX(4,4) DOUBLE;
DECLARE A MATRIX(4,4):
DECLARE B SCALAR;

DEGLARE M1 MATRIX (4,4),
M2 MATRIX(4,4) DOUBLE,
M3 MATRIX(3,3), '
S SCALAR,
I INTEGER;

52
3/%
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PROCEDURES AND FUNCTIONS (CON'T.) 3 , ?
CALL ONE;
CALL ONE(X) ; <etete ' illegal: ONE possesses no
paramcters,

T
CaLL TWO(M2 ,S5+41) ABSIGN(]):

_ fm values may be passed in
\ and cut of T™WO through I,
type conversion required here.
"precision conversion required
here.

CALL THO(M3, ID) ASSIGN(S);
\ |

type conversion i;légal for
assign arguments.

precision conversion required.

dimension mismatch: parameter is
a3 x 3 matrix.

CALL TWO({M1,I) ASSIGN(XI);

appoarance in both places
is legal. ’



PROCEDURES AND FUNCTIONS (CON'T.)
PROCEDUPE QUIRKS
THIS 1S TLLEGAL:
ALPHA:  PROCEDURE(A) ASSIGN(A);
DECLARE A

L [} L

CLOSE ALPHA;

BUT THIS 1S.0K: |
ALPHA:  PROCEDURE(A) ASSIGH(B);

DECLARE A, B;

CLOSE ALPHA;
CALL ALPHA(D) ASSIGN(R);

IN THIS LATTER CASE, NO HIDDEN DANGERS EXIST IF Q IS AN INTEGER OR
SCALAR OR A BIT (BOBLEAH) -- SLICE @ WILL BE PASSED BY VALUE ON THE
INPUT SIDE AND ASSIGNED VIA REFERENCE ON THE ASSIGN SIDE, FOR OTHER

DATA, HOWEVER, MODIFICATION OF THE ASSIGN PARAMETER CAN RESULT IM
MODIFICATION OF THE INPUT PARAMETER!

{’ ~ 4 ::'



PROCEDURES AHD FUNCTIGHS (CON'T.)

THIS PROBLEM WILL NOT OCCUR IF A "TEHPORARY” COPY HAD TO BE MADE

FOR THE INPUT ARGUMENT, E.G., BECAUSE A PRECISION CONVERSION HWAS
HECESSARY.

EXAMPLE .

ALPHA:  PROCEDURE(Y) ASSIGN(H);
DECLARE VECTOR DOUBLE, V, W;
W=2v, |
X = ¥ + VECTORS$ (aDOUBLE) (1,1,2) 5

CLOSE ALPHA;

DECLARE VECTOR DOUBLE, U;
TROUBLE C o

. CALL ALPHA() ASSIGN(D);

THIS WOULD NOT BE A PROBLEM IF, WITHIN ALPHA, V WERE DECLARED
VECTOR SINGLE INSTEADI
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PROCEDURES AND FUNCTIONS (CON'T.) 15;"

FUNCTION RETURH 322

A FUNCTION IS EXITEED VIA

RETURN (exp);
WHERE (exp) IS AN EXPRESSION WHICH MATCHES THE DECLARED TYPE OF
THE FUNCTION -- EXCEPT THAT THE STANDARD IMPLICIT CONVERSIONS ARE
ALLOWED:

SCALAR INTEGER

INTEGER  ~————— SCALAR

CHARACTER % INTEGER
SCALAR

HOTE THAT PRECISIONS HEED NOT MATCH SINCE HMAL/S WILL GENERATE CODE
NECESSARY TO ACCOMPLISH PRECISION MATCHING.

NOTE: REMEMBER THAT WE CANNOT SAY

BETA: FUNCTIONCI, J){ARRAY(6)/SCALAR;

I.E., NO ARRAY DECLARATION IS POSSIBLE. THEREFORE, A FUNCTION
CAN NEVER RETURN Al ARRAY! |



PROCEDURES AND FUNCTIONS (CON’T.) 52
EXAMPLE | 3 2.3

BETA: FUNCTIONCI, M, V) SCALAR,
DECLARE T INTEGER,
M MATRIX DOUBLE,

Y VECTOR;
RETURN 1=»2 + 6; = WILL BE CONVERTED TO A SINGLE
' PRECISION SCALAR
RETURN M$(3,2); = - WILL BE CONVERTED FROM DOUBLE' TO

' SINGLE
[ ] .

RETURN 'I = "I I;
' ERROR =~ CHARACTER STRINGS DO NOT
: CONVERT TO SCALAR IMPLICITLY,
CLOSE BETA;




PROCEDURES AND FUNCTIONS (CON'T.)

CHARACTER STRIHGS AS PARAMETERS:
ALL INPUT AND ASSIGN PARAMETERS OF CHARACTER TYPE
MUST BE DECLARED AS:

CHARACTER(*)
-1.E., SPECIFYING AN INDEFIHITE LENGTH, THIS AVOIDS

TRUNCATION PROBLEMS DUE. TO DYNAMICALLY VARYING SIZES
OF STRINGS,

EXAMPLES

(D ALPHA: PROCEDURE(C1) ASSIGN(C2),
" DECLARE CHARACTER(®), €1, C2,
(@ ALPHA: PROCEDURE ASSIGN(C);
DECLARE C CHARACTER(7); — ILLEGAL

| I I |

() BETA: FUNCTION CHARACTER(S),
(D BETA: FUNCTIOH CHARACTER(*); ~—— ILLEGA

—

NOTE THAT FUNCTIONS OF CHARACTER TYPE MUST SPECIFY THEIR MAXIMUM

LENGTH JUST AS A STANDARD DECLARE HAS TO!

3a¢
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PROCEDURES AND FUNCTIONS (CON'T,)

ARRAYS AS PARAMETERS:
2- AND 3-DIMENSIONAL ARRAY ARGUMENTS/PARAMETERS MUST ALWAYS

MATCH EXACTLY IN DIMEHSION AND RANGE:

ALPHA: PROCEDURE(B) ASSIGN(C);
DECLARE B ARRAY(2,4) INTEGER,
C ARRAY(3,4,5);
CLOSE ALPHA; -
DECLARE U ARRAY(8) INTEGER,
V ARRAY(2,4) SCALAR,
W ARRAY(3,4,5);
CALL ALPHA(QZ‘ASSIGN(N);
1LLeeaL: U rs 1-D, B 15 2-D

CALL ALPHACY) ‘ASSIGN(H);
OK: ARRAY TEMPORARY WILL BE CREATED (EXPENSIVE)

" CALL ALPHA (H$(2 AT 1, ", 3)) ASSIGN(W);

[:j::“evan THIS WILL WORK SINCE AN ARRAY (2,1)

WILL RESULT -- WHICH WILL THEN REQUIRE
CONVERSION TO INTEGER,

S/
328



PROCEDURES AND FUNCTIONS (CON'T.) a2

ONE DIMENSIONAL ARRAYS ARE MORE FLEXIBLE -- IF THE PARAMETER IS 326
DECLARED AS:

ARRAY (n)
WHERE

2 < n < 32767

THEN THE CORRESPONDING ARGUMENT MUST ALSO BE ARRAY(n), I.E., MUST
MATCH EXACTLY AS IN THE 2-D AND 3-D CASES. IF:

ARRAY (*)
IS SPECIFIED, HOWEVER, THEN THE ARGUMENTS CAN BE 1-D ARRAYS OF ANY
LEGAL LENGTH. THIS ALLOWS PROCEDURES TO OPERATE ON ARRAYS OF
VARIABLE SIZE,
EXAMPLES:

() ALPHA: PROCEDURE(A);
DECLARE A ARRAY(6) INTEGER;

CLOSE ALPHA; -

ALPHA CAN ONLY BE CALLED WITH AN ARRAY(6) INPUT ARGUMENT:
DECLARE B ARRAY (6) INTEGER;

CALL ALPHA(B);
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PROCEDURES AND FUNCTIOHS (CON'T.)

() ALPHA: PROCEDURE(A)s
DECLARE A ARRAY(#) INTEGER;

L3 ] L)

CLOSE ALPHA;

DECLARE C ARRAY(6) INTEGER,
I ARRAY(30000) INTEGER DNOUBLE,
E ARRAY(4) SCALAR;
CALL ALPHACC);
CALL ALPHA(D), THESE ARE ALL LEGAL!
'CALL ALPHACE) 5

WITHIN THE PROCEDURE, THE ACTUAL LENGTH OF THE ARRAY(*)

ITEMS CAN BE FOUND BY MEANS OF THE BUILT-IN FUNCTION
SIZE(e)

3
3a7




PROCEDURES AND FUNCTIONS

EXAMPLE

ALPHA: PROCEDURE(A) ASSIGH(B);
DECLARE ARRAY(*) SCALAR, A, By
DECLARE 1 INTEGER;

& 1] L

DO FOR I =1 TO SIZE(A);
BSI = SINH(ASD);
END; '

B o= SINHCA); < AN EXAMPLE OF AN ARRAYED ASSIGNMENT
(WILL BE DISCUSSED LATER)

CLOSE ALPHA;

IMPORTANT POINT: THE COMPILER
CAN ALSO OBTAIN THE SIZES OF ARRAY(*)
AT RUN-TIME. :

kt@s“7
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Version Ii~61-7 . \w

BUILT-IN FUNCTIONS

3]

H@L/S typically supports the following set of built-in functions.
- Minor variations may arise between implementations.

ARITHMETIC FUNCTIONS

integer

® arguments may be INTEGER or SCALAR types

® in functions with one argument, result type matches
argument type (except as specifically noted)

® in functions with two arguments, unless specifically
specified, result type is scalar if either or both
arguments are scalar; otherwise the result type is

® arrayed arguments cause multiple invocations of
the function, one for each array element - arrayness
of arrayed arguments must match

140

Name, Arguments Comments

ABS (a) lal

CEILING(a) smallest integer > a

DIV {c,B) integer division ¢/8 (arguments
rounded to integers)

FLOCR (o) largest integer < «

MIDVAL({a,8,Y) the value of the argument which
iz algebraically between the
other two. If two or more argu-
ments are equal, the multiple
value is returned. Result is
always scalar.

MOD {a,8) o MOD B

: DD (a) TRUE 1 if a odd } result is

FALSE O if o even BOCLEAN
signed remainder of integer di-

REMAINDER (&, B)

vision o/B {(argument rounded
te integer)

c=-1

R
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RAL/S-FC LIBRARY RCOUTINE DESCRIPTION

Source Member Name: DVDVAL Sire of Code Area:

29

Stack Regulrement: 138 Bw  Data CSECT Size:

[J iIntrinsic & Procedure

Other Library Modules Referenced: None

ENTRY POINT DESCRIPTIONS

Primary Entry Name:
Function:

DMDVAL

- arguments.
Invoked by: T -

EZ] Compiler emitted code for HAL/S construct of the form:

MIDVAL(A,B,C)

D Other Library Modules:

" Pxecution Time {(microneconds): 41.4
Input Aryuments: -

Zype Precizion Now Passed
gcalar pP *0
scalar Dp : F2

la )
| output Rewulte: bP 4
Ixpe Precision Eov Passed
scalar ' DP. . bl
Errors Detected: .
Error & Cause
-
Comments :
Registers Unsafe Across Call: F0,F1,F2,¥3,Fd,PS.
Algorithm: 1F p » B THEN RETURN-A;

IF A < B THEN DO; - .
IF B <= C THEN RETURN B;
ELSE IF A <= C THEN RETURN C;
ELSE RETURN A;
END; :
ELSE DO;
IF C <= B THEN RETURN B;
ELSE IF C <= A THEN RETURN C;
ELSE RETURN A;
END;

$-55° \

INTERMETRICS INCORPORATED - 701 CONCORD-AVENUE « CAMBRIDGE, MWCHUSN G2138 - [517) 661-1840 =

.

' Pinds mid value of three double precision scalar

where A,B,C are double precision scalars. . }

o )

Units §

i

Fixop
- i
N




Vergsion IR-61~7

ARITHMETIC FUNCTIONS

{CONTINUED)

Name, Arguments

Comments

ROUND (&} nearest integral value to a
SIGN (a) 41 o >0
~1 o <0
SIGHUM (a) +1 a >0
+] a = 0
-1 a <9

TRUNCATE (a) largest integer < |a| times

SIGNUM (integer (a))

IMETRICS INCORPORATED = 701 CONCORMAVENUE » MAMBRINIE: SeBRACHUISETTS 071 - M1 KR 1840

C~2
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ALGEBRAIC FUNCTIONS

e arguments may be integer or scalar types - conversion

to scalar occurs with integer arguments

e result type is always scalar

e arrayed arguments cause multiple invocations of the

function, one for each array element

@ angular values are supplied or delivered in radians.

Name, Arguments Comments

- R
ARCCOS (a) cos™t a el < 1
ARCCOSH () cosh™t g a>1 |
ARCSIN(2) sinte, Ja|l <1
ARCSINH (o) sinh™! a ]

-v < tan"L(a/8) < ¥ ;
ARCTAN2 {a,B) ?roper Quadrant if: .i
-

ARCTAN (a) tan 1 @ |
ARCTANH (a) tann™* o la} < 1 f
Cos {a) cos a 3
COSH (a) cosh o i
EXP (a) e
LOG{a) loge a , a>0
SIN{a) . sin a
SINH (a) sinh a
SORT(a) va r . G20 )
TAN () tan o
TANH () tanh o

c-3- . _
INTERMETRICS INCORPORATED - 701'CONCORD AVENUE - CAMBRIDGE. MASSACHUS
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VECTOR-MATRIX FUNCTIONS

® arguments are vector or matrix typres as indicated
® result types are as implied by mathematiczl operation

e arrayed arguments cause multiple invocations of the
function, one for each array element

Name, Arguments Comments N
w
ABVAL (o) length of vector o
DET(ua) determinant of square matrix a
inverse of nonsingular square
INVERSE (@) matrix o
sum of diagonal elements of square
TRACE (a) matrix o
TRANSPOSE (a) transpose of matrix o -
UNIT (a) unit vector in same direction
’ as vector o

ST ATTWIN A B LT e g S —~——




Version IR-GI-7 s,
MISCELLANEOUS FUNCTIONS " 3 o

® arguments are as indicated; if none are indicated i
the function has-no arguments i
i

e result type is as indicated 138
¢
1
Nam
Agéuments Result Type Comments l
CLOCKTIME scalar recurns time of day RS 1
DATE integei returns date (implementation \

dependent format)

ERRGRP integer returns group number of last
. error detected, or zero

ERRNUM integer . returns number of last error
’ detected, or zero

PRIO integer returns priority of process
calling function

RANDOM scalar returns random number from
rectangular distribution over
range 0-1

RANDOMG scalar returns random number from
Gaussian distribution mean
zero, variance one.

RUNTIME ] scalar returns Real Time Executive
’ eclock time (Section B.)

NEXTIME scalar ‘ <label> is the name of a pro-
(<label>) gram or task. The value re-
- turned is determined ag followss

a) If the specified process was
scheduled with the REPEAT
EVERY option and hac begun
at least onc cycle of execu-
tion, then the valuec is the .
time the next cyecle will
begin. :

b) If the specified process was
scheduled with the IN or AT
phrase, and has not yet begun
execution, then the value is
the time it will begin execu-
tion.

c) Otherwise, the value is equal
to the current time (RUN-
TIME function).

116
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Version IR-§1-7

MISCELLANEQUS FUNCTIONS {CONTINUED)

Name, Arguments

Result Type

Comments

SBL{a,B)

Same as o

a may be integer or bit
type. B must be integer type.

If a is integer type, the re-

-sult is an integer whose

internal binary representation
is that of o shifted left by

B bit locations. The szigned
nature of the integer a is
taken into account in an
dmplementation dependent
manner which depends upon the
number system and word size -
of the target computer.

If a is bit type, the result

is a bit string containing

the value of o shifted left

by B bit locations. o is
treated as an unsigned logical
quantity. The size of the
result is implementation de-
pendent.

. Arrayed arguments produce multi-

ple invocations of the function,
one for each array element -
arrayness of arrayed arguments
must match. :

SHR(a,8)

l

Same as «

a may be integer or bit type.
£ must be integer type.

Results are as defined for the
SHL function except that all
shifting occurs to the right.

Arrayed arguments produce
multiple invocations of the
function, one for each array

.element - arrayness of arrayed
-arguments must match,

IR AAMDOACATEN - TRLLONGORN

C<B

O
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CEARACTER FUNCTIONS

e first argument is character type - second argument
is as indicated (any argument indicated as character
type may alsc be integer or scalar, whereupon conver-
sion to character type is implicitly assumed)

® result type is as indicated

‘®, arrayed arguments produce multiple invocations of
the function, cne for each array element = arraynesses
¢f arrayed arguments must match

Name, Arguments | Result Type Comments

INDEX (x,B) integer B is character type - if string 8

’ appears in string a, index point-

, ing to the first character of B is
returned; otherwise zero is re- -

{ turned

LENGTH (a) integer returns length of character
‘ string Ao e :
1LJU B8 is integer type - string a is
ST(a,B{ character expanded to length B by padding

on the right with blanks

B > length (a)

B is integer type - string a is
RIUST(a,6) character expanded to length B by padding

3n the left with blanks
] > length (a)

TRIM{a) character | leading and trailing blanks are
stripped from a

-7
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BIT FUNCTIONS

arguments are bit type

® result is bit type

arrayed arguments produce multiple invocations
"of the function. one for each array element =
arrayness of arrayed arguments must match

padded

ment.

Name, Arguments | Result Type Comments

XOR (2, 8) bit Result is Exclusive OR of a
and 8. Length of result is
length of longer argument.

Shorter argument is left

with binary zeros

to length of longer argu-

ARRRY FUNCTIONS

e arguments are n-dimensional arrays where n is
arbitrary

® arguments are integer or scalar type

e result type matches aréument type and is
unarrayed

maximum of all elements of o

Comments

MAY (o)

MIN(a) minimom of all elements of o
PROD (o) product of all elements of «
SUM({a) sim of all elements of a

c-8
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SIZE FUNCTION

Name , Argument Comments
W
One of the following must hold:

e o is an unsubscripted arrayed
variable with a one-dimension=-
al array specification -
function returns length of

SIZE{a) array.

's an unsubscripted major
icture with a multiple
+ gpecification -~
+ion returns number of
L=,

LA & NS 4 a

® o is an unsubscripted
structure terminal with a
one-dimensional array speci-
fication -~ function returns
length of array.

Result ia of integer type

c-9
METRICS INCORPORATED « 701 CONCORD AVENUE - CAMBRIDGE, MASSACHUSETTS 02138 - (617} 661 -1840
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BIT STRINGS
REMEMBER THAT BOOLEAN = BIT(1)

@® BIT STRING LITERALS
BIN(n) ‘bbb, , ,b" or BIN'bbLD,, b’
{CT(n) o000, ,,0' OR 0CT'o000,,,0’
HEX(n)'nhhh, , ,h' or  HEX'hhbh,, k'
- DEC(n)'addq,, ,a’ or DEC'adda,,,a’

e THE REPETITION COUNT (n) IS OPTIOHAL
® THE RESULTING BIT LITERAL MUST HAVE BETWEEN 1 AND 32 BITS,

. EYAMPLES
o LENGTH
BIN‘I0I1' = 1011 i
BIN(3)’101' = 101101101 9
HEX(2)'FFE’ = 111111111110111111111110 2
0CT'714* = 111001100 9

DEC’25¢ = 11001

“
/
-

S/
33%
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BIT STRINGS (CON‘T.) 33?

BIT DECLARATION

DECLARE name BIT(n);

WHERE 1<n<3
AGALH, NOTE THAT:

DECLARE B BIT(1);
AND
DECLARE B BOOLEAN;

ARE EQUIVALENT. BIT DECLARATIONS CAN BE COMBINED WITH'OTHER
DECLARED DATA IN COMPOUND AND FACTORED DECLARES, E.G.,

DECLARE BIT(#), B1, BZ, B3;
DECLARE T INTEGER, B1 BOOLEAN,
B2 BIT(32), S SCALAR DOUBLE,
B3 BIT(6);
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BIT STRINGS (CON'T,)

(©) BIT STRING INITIALIZATION

BIT STRINGS ARE INITIALIZED VIA AN INITIAL/COMSTANT LIST
CONTAINING BIT STRING LITERALS:

DECLARE B BIT(16) INITIAL(HEX'33F"),
B2 BIT(1) CONSTANT(FALSE),
B3 BIT(8) CONSTANT(BIN'11100111"),
B ARRAY(3) BIT(2) INITIAL(BIN’10’, BIN'00’, BIN'11’);

LITERALS ARE PADDED ON THE LEFT WITH ZEROS OR TRUMCATED ON THE
LEFT AS REQUIRED.

- DECLARE B1 BIT(8) INITIALGBIN'1"),
B2 BITCH) IHITIALGHEX'FF'),
RESULTS IN:
BL: 00000001 |
B2 = 1111 ¢ BITS LOST)
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BIT STRINGS (CON'T.) S/

(@) BIT STRIHG SUBSCRIPTING r 3 '{[ |
- COMPONENT SUBSCRIPTING -
(UNARRAYED BITS)

e TO SELECT THE 1™ BIT FROM A BIT STRING (RESULT IS A
BIT(1)):
7 BIT_STRINGSI
NHERE
1<lst .+~ (L = LENGTH OF BIT_STRING)
'1* CAN BE VARIABLE, 1.E., AN EXPRESSION,

o TO SELECT I BITS FROM A BIT STRING STARTING AT THE J™
(RESULT IS A BIT(I)):
BIT_STRINGS(I AT )
WHERE
1<1<L AND IS KNOWN AT COMPILE TIME
AHD 1 < J <L =1 +1 AND MAY BE VARIABLE (AN EXPRESSION),
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BIT STRINGS (CON'T.)

e TO SELECT A SUBSTRING STARTING WITH THE I™ BIT AND
" ENDING WITH THE JTH,

BIT_STRING$CI TO J)

HHERE ’

I AND J ARE KNOWN AT COMPILE TIME, AND
l1<l<fzet

NOTE il): THE ESSENCE OF THE RULES FOR SUBSCRIPTING IS THAT
THE RESULTANT BIT STRING MUST HAVE A LENGTH KNOWN
AT COMPILE TIME (AND OF COURSE LIE WITHIN 1 AD 32), .

NOTE (2)¢ SINCE BOOLEANS ARE EQUIVALENT TO BIT(1), THEY MAY
' ‘ BE COMPONENT SUBSCRIPTED -- ALTHOUGH THIS IS SENSELESS.
THIS EXPLAINS, HOMEVER, THE FACT THAT ARRAY SUBSCRIPTS
ON BOOLEAW ARRAYS MUST HAVE A TRAILING COLON:
- BOOL_TABLES$(I:)




BIT STRINGS (CON'T.)

~ ARRAYED BIT STRINGS -

BIT STRINGS (AND BOOLEANS) MAY, OF COURSE, BE
ORGANIZED INTO ARRAYS OF 1, 2, OR 3 DIMENSIONS.

ASSUNE :

‘B 1S AN ARRAY(4) OF BIT(5) STRINGS:

THEN
B$(2:) = 00000,

i B$(2=3) g 02
B$(1:2 AT 3) = 11,

B$(2 AT 2: 3 AT 3) =
(0002; 1002)

_BE(»:1) = (12} 02: 02, 12)

B = (10110,, 00000y, 01100, 11111))

A BIT()
A BIT(D)
A BIT(2)

ARRAY(2) BIT(3)
ARRAY (1) BIT(1)

of
343
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BIT STRINGS (CON'T.)

(©) BIT STRING OPERATIONS
LEGAL OPERATIONS: (SAME AS BOOLEANS WITH THE ADDITION OF

CATENATION) .
A INTERSECTION
‘ea } CONJUNCTION
- } CORPLEHENT
o } CATENATIOH

COMPLEMENT - INVERTS THE LOGICAL VALUE OF EVERY BIT IN THE STRING.

IF B = 10110011
THEN —B = 010010100

5/
394



BIT STRINGS (CON'T.) 3 "‘-—

COMJUNCTION -~ OR's ALL CORRESPONDING BITS TOGETHER
(BINARY OPERATIOM),

IF B1 = 11101011
B2 = 10011100

THEN B1IB2 = 11111111

NOTE: IF THE THO BIT STRINGS ARE OF UNEQUAL LENGTH, THE
SHORTER 1S PADDED ON THE LEFT WITH ZEROS BEFORE ORtng,
THE RESULTANT BIT STRING HAS THE LENGTH OF THE LONGER
- STRING,

IF B1 = 101
B2 = 111000
B11B2 = 111101 (A BIT(6))



BIT STRINGS (CON'T.)-

INTERSECTION ~ AND's ALL CORRESPONDING BITS TOGETHER

(BINARY OPERATION),
IF B = 1101001
B2 = 0110010
THEN B1 AND B2 = 0100000

NOTE: IF THE THO BIT STRINGS ARE OF UNEQUAL LENGTH, THE
SHORTER IS PADDED QN THE LEFT WITH ZEROS BEFORE AfDine.
THE RESULTANT BIT STRING HAS THE LENGTH OF THE LONGER
STRIHG,

IF B1'= 101
B2 = 110110

- THEN B1 AND B2 = 000100 -~ {BIT(6))
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BIT STRINGS (COH'T.)

CATENATION - TWO BIT STRINGS (BOOLEANS) CAH BE CHAINED 3?7

(CATENATED) TOGETHER TO FORM A SINGLE (LOMGER)
BIT STRING, THE SECOND STRING IS APPENDED TO THE
END OF THE FIRST. IF THE RESULTAWT BIT STRING
EXCEEDS 32, THEN THE LEFTMOST EXCESS BITS ARE

TRUNCATED.,
IF B = TRUE = BIN'1’
B2 = 10110
THEN .B1 CAT B2 = 110110 BIT(G)
IF B1 = 11011
B2 = 10101
THEN B1!1B2 = 1101110101 BIT(10)
- IF Bl = 10101010101010101 BIT(17)
B2 = 110110110110110110 BIT()

B1{IB2 ’gjﬂlﬂlﬂlﬂlﬂlﬂﬂllﬂlml10110118110

THROWN
AWAY

B111B2 = 01010101010101110110110110110110 A BIT(32)



BIT STRINGS (CON'T,)
(F) PRECEDENCE

Hi
|, NOT 1 COMPLEMENT
11, CAT 2 CATENATION
g, AID 3 INTERSECTION
[, OR tf  CONJUNCTION
Lo

SEQUENCES OF OPERATIONS OF THE SAME PRECEDENCE ARE
EVALUATED LEFT TO RIGHT.

EXAMPLE!

IF (B1i1—B2 | B3 & B4 | B511B6)=0N

b0b b &6

1E., EQUIVALENT T0:
I ((B1117B2) | (B3&BY) | (B5]1B6))=0N
(WIICH IS EASIER TO READ)

5
3¢y



BIT STRINGS (CON'T,)

(G) BIT STRING ASSIGNMENTS
L_STRING = R_STRING

® NEITHER, EITHER, OR BOTH MAY BE SUBSCRIPTED.
o IF L_STRING > R_STRIHG IN LENGTH, THEN R_STRING IS
LEFT PADDED WITH ZEROES PRIOR TO ASSIGNMENT

® IF L_STRING < R_STRING IN LENGTH, THEN R_STRING
IS TRUNCATED FROW THE LEFT AS NEEDED,

EXAMPLES!

LET BL BE A BIT(8)
B2 BE A BIT(6) = 110110
THEN BL = B2 RESULTS IN -
B = 00110110
IF B3 IS A BIT(10) = 1010111101
THEN B1 = B3 RESULTS IN
B = 10111101

379



BIT STRINGS (CON'T.)

IF B1 = 11001110 BIT(3)
B2 = 110110 BIT(6)
THEN

A) B13(3 AT 2) = B2 RESULTS
IN B1 = 11101110
1Evs '
110110,

/ .
11001110 ———> 11101110

B) B1$(5 AT 3) = B2$(2 TO 4) RESULTS
IN Bl = 11001010

N 1 1Y

110110

\
._Up;%l_. LEFT PADDED

11001110 ——=11001010

C) BI$3 = B2 RESULTS
IN‘Bl = 11001110
1.E, _ .

110110 LEFT TRUNCATED

11001110 —11001110



-1y

()  BIT STRINGS IN CONDITIONAL STATEMENTS

o

BIT STRINGS (LOW'T.) S/

3577/

IF BIT STRINGS ARE COMPONENT SUBSCRIPTED DOWN TO A SINGLE BIT,
THEN THEY,MAY BE MIXED YITH BOOLEANS TO FORM BOOLEAN EXPRESSIONS.

EXAMPLES:

mn

B1 BIT(H) = 1101

B2 BIT(8) = 10110100
‘B3 BOOLEAN = TRUE

B4 BOOLEAN = FALSE

f\-\
IF BL THEN X = 0;

IF B1$1 THEN X = 0,

ILLEGAL -~ Bl 1S NOT A BOOLEAN.

TRUE . Zm LL BE EXECUTED
IF (Blgg;;;;h;ﬁgﬁmi*;MGT‘“““ ILLEGAL -~ B1 IS NOT A BOOLEAN.
IF (B1$28B2$38B3|BU) THEN X = 0;

1

TRUE FALSE WILL BE EXECUTED



BIT STRINGS (CON'T.)

"o BIT STRINGS MAY BE COMPARED FOR = OR = (CLASS 11 OPERATORS)
TO FORM RELATIONAL EXPRESSIONS.
EiGus
" D0 WHILE B1 = B2,
IF B2 = BIN'101' THEH D0,

" IF THE BIT OPERANDS ARE OF UNEQUAL LENGTH THEN, OF COURSE,
THE SHORTER IS LEFT-PADDED WITH THE REQUISITE NUMBER OF
ZEROES PRIOR TO THE COMPARISOR,

EXAMPLES:- .
B1 = 101
B2 = 11
B3 = 1100101
B4 = 00101
THEN B1 = B4 IS TRUE
Bl = B2 . IS FALSE
Bl—= B2 1S TRUE
B3 =B4 IS FALSE
B3$(3 10 7) = B IS TRUE
(B2 (B4Y = B3 1S TRUE

qnlq’
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BIT STRING COMPARISONS

TRUE = ON
FALSE = OFF

-iH

0000 ... 0001
0000 ..., 0000

i

SUPPOSE

{n)
()

{c)

(p)

(e)_

(r)

DECLARE B1 BIT(8) INITIAL(BIN’11011101");
DECLARE B2 BIT(4) INITIAL(BIN'1010");

IF B1.THEN DO; (1LLEGAL)
IF B1 = TRUE THEN DOy
— FALSE BECAUSE '11011101' # 00000001’

IF B2 = FALSE THEN DO;
FALSE BECAUSE '1010' # '0000'
IF B1$8 THEN DO;-

TRUE
IF B2$(2 AT 2) = TRUE THEN DO;

TRUE BECAUSE '01’ = '01’

IF B1$(3 Af 4) = BIN'111" THEN DO;
X

TRUE

3 3
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BIT STRINGS (CON'T.)

SUMMARY

A CONDITIONAL EXPRESSION, E.G.
IF (cond exp) THEN ..,
DO WHILE (cona exp);
10 UNTIL (cona exp); |
1S MADE UP OF COMBINED RELATIONAL EXPRESSIONS, E.G.

(A <0) & (B=BI'101")1S < 2
OR  COMBIHED BOOLEAN EXPRESSIONS, E.G.

(B11 (B2 &—B3))&(B2} B3}

"WHERE B1, ... B3 ARE BOOLEANS

NOTE: A BIT STRING THAT IS SUBSCRIPTED DOWN TO 1
BIT CAN BE USED AS A BOOLEAN,
BUT, A COMDITIONAL EXPRESSION CANMOT BE A MIXTURE:
IFBLEBD | F=D ... -

IS ILLE.GA{‘“ RELATIONAL EXPRESSION
BIT EXPRESSION

3/
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CLARIFICATINN

RELATIONAL
EXP

BOOLEAN
EXP

(DO WHILE )

RELATIONAL
EXP

%

BOOLEAN
EXP

( DO UNTIL )

RELATIONAL
EXP

BOOLEAN
EXP




COMDITIONAL EXPRESSIONS (CON'T.)

CONDITIONAL EXPRESSION IS EITHER A RELATIONAL EXPRESSION OR A
BOOLEAN EXPRESSION:

RELATIONAL:  A<3) ] (R =1f) & (S = T**D)
BOOLEAN: Bl & (IB2|B3) & Bl |BS

$-16.3
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. CONDITIONAL EXPRESSIONS (CON'T.)

LY
| 3%7
KEY POINT: A BIT(1) IS EXACTLY EQUIVALENT TO A BOOLEAN AND
MAY PE USED IN A BOOLEAN EXPRESSINN ;
EXAHPLE 1: (MIXIHG BIT(1) AND BONOLEAN)

DECLARE BA BIT(1), BB BOOLEAN,
BC BOOLEAN;
IF BAI("BB&BC) TIEN ...

EXAWPLE 2:  (HAKING A BIT(1) BY SUBSCRIPTING
DECLARE 9BITS BIT(8), BB BOOLEAW,
BC BOOLEAN;
IF ABITSS3 |(BBRBC) THEN ...
EXAMPLE 3: (ILLEGAL USAGES)
IF QBITS THEN ... (THIS WILL NOT WORK EVEN THOUGH THE
PROGRAMMER’S GUIDE IMPLIES THAT IT WILL

EVALUATE TO TRUE IF THE LOMEST BIT 1S A
11

EXAMPLE 4:  (FIXUP OF EXAMPLE 3)

IF 9BITS = TRUE ... (HOW IT IS A RELATIONAL EXP)



CONDITIONAL EXPRESSIONS (CONT'D.)

1 Mt BoOL:
1 Mt PROGRAM;:
g Mt DECLARE BOOLERN INITIALCFALSE ), .
2 Mt BA. BB, BC, BD, BE, BF;
3 Mt DECLARE INITIAL{(BIN‘O"),
3 Mt BL BIT(L),
3 Mt B2 EBIT(2),
3 Mt B3 BIT(3),
3 Mt B4 BIT(4),
3 Mt BS BIT(5),
3 Mt ) B& BIT(6),
3 Mt B? BIT(?).
3 Mt E8 BIT(8),
3 Mt B3 BIT(9),
3 Nt Bi19 BIT(1i0),
3 Mt 811 BIT{145,
3 HE B12 BIT(L2 0
- 3 Mt ‘Bi13 BITCL3 )
3 M? Bid4 BIT(14),
3 Mt " BL5 BIT(15),
3 Mt B16 BIT(16),
3 Mt BL? BIT(LT Y
4 Mt - DECLARE QQ BIT(S5) INITIAL(BIN’11414810401040101010101" ),
ct
Et . . . . .
3 Ht IF BA & BB ¢ BC & (\BD * BE) THEN
. 6 Mt DO '
7 Ht END;

\S*"' 'Cp.\f



8
9
i0

11
12

13

14
15
14

17
18
19

20

skkk 0B

Et
Mt
Mt
Mt
ct
Et
Mt

Ht:

Mt
ct
gt
M1
Mt
Mt
ct
Et
Mt
Mt
Mt
ct
E*
Mt

CONDITIONAL EXPRESSIONS (CONT’D.)

1F (B = B2> t (B3 \= Bd)> & (\BS = E6) THEN
DO '
END;

IF (BA = BB t (BC = BD) & (BR \= BE) THEN
DO; ‘
END)

IF ¢BR \= B> 1 (BC \= BD) & (BE \= B8) THEN
1 11F;
END) :

_ IF.BR THEM

0o
END;

IF B4 THEN
ERROR M4 OF SEVERITY 1. kdkik

shdd BIT EMPRESSION IN IF CLAUSE MUST BE BOOLERN

21
22

f"' l(o-5‘

Ht
Mt

0o; -
ENDi
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ct
Et
23 nt
5t
24 Mt
HAL/S
THT
25 Mt
ct
£t
26 Mt
5t
27 Mt
28 Mt
ct
E%
29 nt
dkkd GBL

a4k BIT EXPRESSION IN IF CLAUSE MUST BE BOOLERN
A4he LAST ERROR WAS DETECTED AT STATEMENT 28. kkkki

30 Mt
31 Mt
ct
£t
32 Mt
33 Mt
14 Ht
ct
£t
35 Mt
5t
36 Mt
37 Mt
ct
Et
18 Mt
st
FYYY I 1]

khdé BIT EXPRESSION IN IF CLAUSE MUST BE BOOLEAN
«444d LAST ERROR HAS DETECTED AT STATEMENT 29. dkké

LUNDLTIUNAL

IF B4 THEN
i
Do
Fe- 9, 24

EHND)

IF ¢(B6 ¢+ B7 ) THEN
2 3
2] 1]
END;

IF BA t BL & B2 t BB THEN
“ERROR #2 OF SEVERITY 1.

DO
END)

ALY AVLUHYD Da /s

dok bk &

INTERMETRICS,

SOURCE

I

IF (BA = TRUE) 4 (BB = FALSE) + 78B4 = BIN‘4811°) THEN

DO;
END;

1F BS = TRUE THEN
2 At 2
bl
‘EMD:

IF B10 THEN
4709 '
,ERROR #3 OF SEVERITY 4.

bk

N
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BIT STRINGS (CON'T.)

(D BIT STRING ARGUMENTS & PARAMETERS

o BIT STRINGS MAY BE INPUT PARAMETERS (ARGUMENTS)
OF PROCEDURES AND FUNCTIONS AHD ASSIGN PARAMETERS
(ARGUMENTS) OF PROCEBURES.

EXAMPLE !
FLAGS: PROCEDURE(B1) ASSIGN(B2);
DECLARE B1 BIT(16),
B2 BIT(8);

.+

CLOSE FLAGS;

RULES (INPUT PARAMETERS)

® BOTH PARAMETER AND ARGUMENT MUST BE OF BIT TYPE
~ (NO IMPLICIT COIVERSIONS).

® THE ARGUMENT IS PADDED/TRUNCATED ON THE LEFT AS
NECESSARY TO FIT THE INPUT PARAMETER.

>¢

35%

om0
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BIT STRING (CON‘T.)
(ASSIGN PARAMETERS)

® THE ASSIGN ARGUMENT MUST BE A DECLARED BIT DATA ITEM.
® ARGUMENT AND PARAMETER LENGTHS MUST MATCH EXACTLY!

e NO

SUBSCRIPTING (COMPONENY) 1S ALLOWED ON THE ARGUMENT.
Examples:
Let the following data be declared:

DECLARE Bl BIT{l6),
B2 BIT{3)};

and let the following procedure be defined:
] .
| SWITCHES: PROCEDURE(D2) ASSIGN(D1);
DECLARE D1 pir({3),
D2 BIT(B);

| CLOSE SWITCHES;

Both legal and illegal invocations of this procedure are
shown below:

1 '
1 CALI, SWITCHES (B1|BIN'1001') ASSIGN(B2);
J .

this 16-bit quantity truncated
to 9 bits on passage
i .
I CALL SWITCHES(B2) ASSIGN(B1):
1
illegal - length mismatch

" “this 3-bit guantity padded to 8
f bits on passage
: CALL SWITCHES (BIN'1'}) ASSIGN{FALSE):

1l1legal - not a declared

- bit string data item, -



BIT STRINGS (CON'T.)

(I BIT STRING FUNCTIONS 3(,9
Label; FUNCTION(ilo 4'-2! «es) BIT(n);
e, v’
OPTIONAL INPUT 1 <n<3?
PARAMETERS

AN INVOCATION OF SUCH A BIT FUNCTION BEHAVES LIKE A BIT(n) DATA
ITEM IN ALL CONTEXTSI
EXAMPLES?

(D  F: FUNCTION(B) BIT(3);
DECLARE B BIT(8),

RETURN B; <—— LEFTMOST 5 BITS TRUNCATED -

RETURN B$Q}‘“*—*-~*RESULT PADDED (ON LEFT) TO 3 BITS

RETURH 6; «—————— 1LLEGAL] BIT STRING QUANTITY NOT BEING
RETURNED,

| I I

CLOSE F;

-1
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BIT STRIN * (CON'T.)
(D G: FUNCTION(B) BIT(6); “ . 30
CLOSE G | - 36/

[} ¥ ]

IF B11 (B2 & G(B3)) | G(BY) = BIN'101101' THEN DO;

N‘I::“""::S;:~Rsrunns A BIT(R)

XOR FUHCTION

XOR IS A RECENTLY ADDED'BUILT~IN FUNCTION THAT PERFORMS AN

EXCLUSIVE OR OH THWO INPUT BIT STRINGS AND RETURNS THE RESULT
AS A BIT STRING, '
SYNTAX! |
BIT_STRING = XOR(BIT_STRING1, BIT_STRINGZ),
; R C
IF B1| XOR(B2, B3) | (B4 & B5) = BIN'011010" THEN ...

NOTE: IF THE TWO INPUTTED BIT STRINGS ARE UNEQUAL IN LENGTH,
THE SHORTER 1S LEFT-PADDED WITH ZEROES. THE RESULT IS
A BIT STRING EQUAL IN LENGTH TO THE LONGEST INPUTTED
STRING.
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STRUCTURES 3 c 2.

HAL/S ALLOWS TWO TYPES OF DATA ORGANIZATIONS: ARRAYS & STRUCTURES,

© ARRAYS: 1-, 2-, or 3-DIMENSIONAL PATTERNS OF HOMOGENEOUS DATA
ITEMS, .

EXAMPLE !
DECLARE AX ARRAY(3,2,100) INTEGER INITIAL(5);

EACH ARRAY DIMENSION CAN RANGE FROM 2 TO 32,767,

® STRUCTURES: HIERARCHICAL (TREE-LIKE) COLLECTIONS OF HOMOGEHEQUS

| OR HETEROGENEOUS DATA ITEMS. A STRUCTURE IS MORE GEMERAL THAN
N ARRAY SINCE IT CAM CO{TAIN ARRAYS (AND EVEH OTHER STRUCTURES).

A STRUCTURE MUST REFERENCE A STRUCTURE TEMPLATE (THINK OF IT AS
A DSECT IN 360 TERMINOLOGY) THAT WAS PREVIOUSLY DEFINED,
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STRUCTURES (CON'T.) 3‘3

A STRUCTURE TEMPLATE IS A TREE:

START STOP

[ "root"
. O "Eark"
O rreat




STRUCTURES (COH'T.) >3

HOTE: THE PROGRAMMER'S GUIDE MAY BE COMSULTED FOR AN ABSTRACT E"; ’%
DESCRIPTION OF STRUCTURE TEMPLATES. HERE WE WILL DEVELOP
THE CONCEPT USING CONCRETE EXAMPLES,

() STRUCTURE TEMPLATE: TEMPLATE NAME

Pegn  ° STRUCTURE namez.nadel, node.z, node>, ... node" ;
WHERE

node"" = 1 name
(MINOR STRUCTURES OR FORKS)

. node’ = n name attributes

(STRUCTURE TERMINAL)

,NOTE:‘ THE STRUCTURE LEVEL 'n’ MUST SATISFY 1 <n <5

e

CURRENT LIMITATION

IA



STRUCTURES (COH'T.)

EXAMPLE 1

NOTE THE coLon!
STRUCTURE QG:"/// -

“T\A INTEGER,

3115 BOOLEAN,

111 MATRIX(4,4) DOUBLE,
Lt

L11¢ BIT(E); |
e T\NOTE THE SEMI-COLON!

4 STRUCTURE TERMINALS ALL AT LEVEL 1.

EXAMPLE 2

STRUCTURE RR:

1171, = A MINOR STRUCTURE HAS NO ATTRIBUTES

2 1 IHTEGER, }_Qm““ T .
2 J INTEGER, OR STRUCTURE HAS TERMINALS

172, |
2 1 INTEGER, ‘

2 J INTEGER;

2 MINOR STRUCTURES
OR FORKS

S2
36s™
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EXAMPLE 3

STRUCTURE SS:

171, « ®
2 31,4\;0
2 52, « !
2 771, ®

3 772,~ ®)
4 773,= ®
5 1 INTEGER,~—(7)

2 §3, <

172, « ®
2 Sl = '

2 S5 DOUBLE;

(T) TERMINAL
(F) FORK (MINOR STRUCTURE)

366

HOTE (1): FORK (MINOR STRUCTURE) IS EASILY SEEH BY OBSERVING THAT
THE LEVEL # OF THE NEXT NODE GOES UP BY 1!



STRUCTURES (CON'T.) 36 7
AS A TREE, EXAMPLE 3 TAKES THE FORM: o
$S (ROOT OR TEMPLATE NAME)
7 7 LEVEL
1
51 52 771 $3 sl $5 )
112
3
173 .
1
5

ﬂmwmmw#mw—#wmwmmmmm,w#wmw

(O = Fork (MINOR STRUCTURE) < LEAF (TERMINAL)
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STRUCTURES (CON'T.) S S 3

NOTE (2): IF A TERMINAL HAS NO ATTRIBUTES IT IS CONSIDERED TO 36%
BE A SCALAR (JUST LIKE DECLARES).

NOTE (3): IF AH INTEGER, SCALAR, VECTOR, OR MATRIX TERMINAL HAS
HO PRECISION SPECIFICATION, IT IS ASSUMED TO BE SINGLE
(JUST LIKE DECLARES),

THE FOLLOWING DATA TYPES ARE LEGAL IN A STRUCTURT *IMPLATE:

INTEGER BOOLEAH
SCALAR BIT
VECTOR CHARACTER
MATRIX - STRUCTURE

ALSD, HAME VARIABLES OF THESE TYPES ARE LEGAL, PLUS:

NAME EVENT
: WILL BE DISCUSSED

NAME PROGRAH (:; e :)

NAME TASK |




STRUCTURES (CON'T.) b

RESTRICTIONS: -

1
(2)

(3)
()

(5)

(6

et

TEMPLATE NAMES MUST BE UNTQUE WITHIN THE NAME SCOPE,

NAMES WITHIN THE TEMPLATE DO HOT NECESSARILY HAVE TO
BE UNIOUE.

IHITIAL/CONSTANT LISTS CANJIOT BE PRESENT IN A TEMPLATE.
STATIC/AUTOMATIC CANYOT BE SPECIFIED IN A TEMPLATE,

CHARACTER(=), ARRAY(»), AND STRUCTURE(®) ARE ALSO
PRECLUDED.

A STRUCTURE TERMINAL CAHNOT HAVE COPIES.

61 LL BE DI SCUSS&@
: LATER

STRUCTURE TEMPLATES ARE ESSENTIALLY DECLARE STATEMENTS -- AS A
RESULT THEY MUST BE PLACED WITHIN A DECLARE GROUP (AND PRIOR,

OF COURSE, TO AMY STRUCTURE DECLARATIONS REQUIRING THE TEMPLATE).

R Ry
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(B) STRUCTURE DECLARATION:

SIMPLE STRUCTURE

DECLARE name o-STRUCTURE;

MULTI-COPY STRUCTURE

DECLARE name a-STRUCTURE (M)

WHERE name 1S THE STRUCTURE (OR MAJOR STRUCTURE) NAME AND o
IS THE NAME OF A PREVIOUSLY-DEFINED TEMPLATE. -N IS THE

HUMBER OF COPIES DESIRED,
2 < N < 32,767

EXAMPLE
STRUCTURE Q:
1 QA SCALAR, orR JusT 1 QA
1 0B INTEGER,
1 QC BOOLEAN;
DECLARE @ QSTRUCTURE(3)
DECLARE R Q-STRUCTURE;
DECLARE 1 INTEGER, S SCALAR, W Q-STRUCTURE;

HYPHEN

L“*&?

S/
3?20
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EXAMPLE
CPL: EXTERNAL COMPOOL;

STRUCTURE Q:
1A,
1 B DOUBLE,
1 € INTEGER;

LI R

CLOSE CPLs :
PROG: PROGRAM;
STRUCTURE R:
11 INTEGER DOUBLE,
1V ARRAY(6,5) VECTOR(Y),
1 1 CHARACTER(80),
DECLARE R R-STRUCTURE;
DECLARE & Q-STRUCTURE(10Y,
DECLARE T T-STRUCTURE )
STRUCIURE 11 \
1 E INTEGER, z

TLLEGAL - TEMPLATE MUST PRECEDE

STRUCTURE

-2
37/
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@© STRUCTURE INITIALIZATION - 72

INITIAL/CONSTANT LISTS ARE ATTACHED TO THE STRUCTURE
DECLARATION -~ NOT TO A TEMPLATE OR ITS INNARDS .

TERMINALS  ARE INITIALIZED BY THE ORDER OF APPEARANCE
IN THE TEMPLATE, | |
- STRUCTURES WITH NO COPIES -
STRUCTURE Q: '
1A,
2 1 INTEGER,
" 2S5 SCALAR,
18,
2 J INTEGER,
2 K INTEGER,
2 L INTEGER,
y B ARRAY(IO) INTEGERJ PARTIAL INITIALIZATION
DECLARE Z O-STRUCTURE INITIAL(4, 6,95, 3#2, *)

I=4 S=69 Jj=K=L=2
M IS UNINITIALIZED
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- STRUCTURES WITH COPIES - 3?73
THO CHOICES:

e PUT ENOUGH LITERALS IN THE INITIAL/CONSTANT LIST TO
INITIALIZE THE FIRST COPY -- ALL REMAINING COPIES
WILL BE INITIALIZED LIKE THE FIRST AUTOMATICALLY,

e PUT ENOUGH. LITERALS IN THE INITIAL/CONSTANT FOR ALL
TERMINALS OF ALL COPIES. EACH COPY IS FULLY
INITIALIZED BEFORE PASSING TO THE NEXT.

EXAMPLES

STRUCTURE Q:
-1 1 INTEGER,
1 S SCALAR;

(D DECLARE Q Q-STRUCTURE(S) INITIAL(6, 81.45);
- (2) DECLARE R Q-STRUCTURE(3) INITIAL(1, 84.0, 2, -16.4, 4, 350.8);
Nt ooomtimane’ N, et

., it

(3) DECLARE éS Q-STRUCTURE(20000) INITIAL(5, -40.6, 3, 119.2, *)

copy 1 copy 2 copies 3-20,000
: UNINITIALIZED

\j“:}\
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INITIALIZATION EXAMPLE

STRUCTURE Qs
1 Qv VECTOR(3),
1 @M,
2 QI INTEGER,
'2 QC CHARACTER(80) s

DECLARE 71 Q-STRUCTURE [INITIAL(L.5, 2.5, 3.5, -2, 'ALPHA");
DECLARE 72 -Q-STRUCTURE(2) INITIAL(.5, 5.5, 6.5, -4, 'BETA');
DECLARE Z3 Q-STRUCTURE(2) INITIAL(3#1,5, l, "GAMMAY,

3#2.5, 2, 'DELTA’ );

oM

QC = . 'ALPHA'



\S‘“?;f
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Qe =

both coples
identically
"initialized

'*BETA’

'DELTA!

P
3
- £

53
I
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STRUCTURES (CON'T.)
(E) QUALIFIED REFERENCES

STRUCTURE
1A,
2 1 INTEGER,
2 B,
3 J INTEGER,
3 51 SCALAR,
3¢,
4 ¥ HATRIX(H,4),
4 V VECTOR(H),
352 SCALAR,
20, .
3 CHARX CHARACTER(10),
3 BB BOOLEAN,
2 K INTEGER,

1 MM X-STRUCTURE,
1 V¥ VECTOR(3);

DECLARE R Q-STRUCTURE INITIALC.,.);

(1) ENTIRE STRUCTURE TS REFERENCED VIA NAME 'R’, 1.E., THE MAJOR STRUCTURE NAME.
(2) ATERAMINAL IS-REFERENCED BY: Rinlin2, ., nx, terminal_n~--

MINOR STRUCTURES ENCOUNTERED

(O




R

RA
R.A.B
R.A.B.C

' RIA!D

I

J
s1
M
v
52
CHARX -
BB
K
MM
W:

REFERENCES THE WHOLE STRUCTURE

REFERENCE SUB-STRUCTURES (MINOR STRUCTURES) OF
VARYING COMPLEXITY

[N ]
LI ]
[ 2K BN 2 ]
B1ESR
LN ]
Ve
ntre1
1101
taae
[N N

[

STRUCTURES (COH'T.)

RAT
R.AB.
R.A.B.S1
RWALB.C.M
R.AB.CY
R.A.B.S2

R.A.D.CHARX

R.A.D.BB
R.A.K
R.MM

R

3
377
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STRUCTURES (CON'T.)
(@  STRUCTURE NESTING:

1 Ht PROG:
1 Mt PROGRAM,;
2 nt STRUCTURE A:
2 Nt 1 Al INTEGER,
2 Wt i A4,
2 H? 2 AC CHARACTER(EN),
-2 MY 2 AP BOOLERMN) -
3 Nt ©  STRUCTURE 8:
3 HE i BS SCHALRR,
3 Ht i EB1, -
2 MY 2 BY VECTOR(2),
"3 Mt 2 BA A-STRUCTURE: -—CANNOT HAVE coPies!
4 Mt STRUCTURE C:
4 Mt 1 B85 SCHLAR,
4 Mt i B1,
4 Mt 2 BY VYECTOR(3),
4 Mt 2 BA,
4 Mt 3 R! INTEBER, .
4 Mt 3 Ai, :
4 Nt 4 AC CHARACTER( B8O,
. 4 Mt 4 RB BOOLEAN;
5 Ht PECLARE @ RA-STRUCTURE:
6 Ht DECLARE R B~S5TRUCTURE:
ke DECLARE § C~STRUCTURE;
g N DECLRRE T C~STRUCTURE}
g Mt DECLARE U A~

STRUCTURE;
ct :

I3~

32%
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£t + + '
16 Ht R =2 5; . .
kbt AVY ERROR #4 OF SEVERITY 4. Hdokdidk
kdkd TREE ORGAMNIZATIONS DO NOT MATCH ACROS5S RASSIGHNMENT
' ct
E4 + +
114 nt 5eT) P
CT . . )
Et . + +
42 M4  R.BL.BA = @
I ‘
£t + +

12 Mt $. B4.BA = U
.14 Mt CLOSEs

$-3¢
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THE QUALIFIED REFERENCE SYSTEM MUST BE USED FOR QUALIFIED STRUCTURES,
BUT IS OPTIONAL FOR UHQUALIFIED STRUCTURES.

DEFN., A STRUCTURE 1S UNQUALIFIED IF IT HAS THE SAME HAME AS ITS
TEMPLATE -- OTHERMISE, 1T IS A QUALIFIED STRUCTURE,

EXAMPLE

STRUCTURE Q: .
1 I INTEGER,
1 S SCALAR,
1 ¥ MATRIX DOUBLE,
17T;
DECLARE Q Q-STRUCTURE;
DECLARE R Q-STRUCTURE;
THEN @ IS UNQUALIFIED,

THEN R IS QUALIFIED,

3 %0
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IF A STRUCTURE IS UNQUALIFIED, THEN RATHER THAN USE THE QUALIFIED

REFERERCE MECHANISM, TERMINALS AND MINOR STRUCTURES CAN SIMPLY BE
REFERRED TO BY THEIR HAMES, '

IN THE PRECEDING EXAMPLE:

) e SHORT FORM (SINCE @ IS UNQUALIFIED)

I Tor@l

S S or 0,5

H Mor Q.M

T Tor QT

R

I R.1

S . R.S MUST USE QUALIFICATIONS,

M R.M

T R.T

UNQUALIFIED STRUCTURES ARE NICE ... BUT NOT EVERY STRUCTURE CAN BE
UNQUALIFIED,

NOTE: IN TERMS OF CPU OR CORE, THERE IS NO DIFFERENCE BETHEEN A
QUALIFIED OR AN UNQUALIFIED STRUCTURE,

3%/
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- S/

RULES FOR UNQUALIFIED STRUCTURES: 3 9.23 :
(1) BOTH THE TEMPLATE AND THE STRUCTURE MUST BELONG TO THE )

SAME NAME-SCOPE :

LEGAL ILLEGAL
P: PROGRAM ; CPL: COMPOOL;
STRUCTURE Q: STRUCTURE Q:
1A, 1A
1By | 13y TEMPLATE IS IN
b v DIFFERENT NAME-
DECLARE @ Q-STRUCTURE; CLOSE CPL; SCOPE
ClOSE P; P: PROGRAM;

DECLARE @ Q-STRUCTURE ;
(2) -THE TEMPLATE CAH CONTAIN NO NESTED STRUCTURES, I.E., STRUCTURE
TERMINALS,
FOR EXAMPLE, THE FOLLOWING IS ILLEGAL:

STRUCTURE Q:
1A, |
1 I INTEGER,
1 M R-STRUCTURE; <————CANNOT HAVE NESTED STRUCTURE

DEGLARE @ Q-STRUCTURE(4)



STRUCTURES (CON'T.) 2

(3) ALL NAMES (IDENTIFIERS) WITHIN THE TEMPLATE MUST.BE UNIQUE 3’3
IN THE NAME-SCOPE.

KEY IDEA: IDENTIFIERS WITHIN A TEMPLATE ARE MORMALLY INVISIBLE TO
THE OUTSIDE ENVIRONMENT, BY MAKING THE STRUCTURE UNQUALIFIED,

THESE HIDDEN NAMES SUDDENLY BECOME VISIBLE.

EXAMPLE
DECLARE 1
STRUCTURE Q:
1 1 INTEGER,
18,
1 M MATRIX;
SO FAR ... NO PROBLEM (THE THO 1's CAWNOT “SEE" EACH OTHER)

DECLARE R @-STRUCTURE(10);
STILL NO PROBLEM...

DECLARE @ Q-STRUCTURE;
HOW WE WILL HAVE A MULTIPLY-DEFINED SYMBOL “I”,
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STRUCTURES (CON'T.)

[F THE STRUCTURE TEMPLATE IS NEVER INTENDED TO BE UNQUALIFIED,
THEN DUPLICATION OF IDENTIFIERS CAN OCCUR WITHIN THE TEMPLATE

AS LONG AS NO AMBIGUITY RESULTS WHEN USING THE QUALIFIED REFERENCE
SYSTEM,

EXAMPLE 1

STRUCTURE Q:
101,

2 @S,
1@, ‘h““‘“-~‘-~ LEGAL DUPLICATE NAMES

DECLARE 7@ Q-STRUCTURE;
BECAUSE 78.Q1.QS CANNOT BE CONFUSED WITH 70.02.QS

NOTE THAT:
DECLARE @ Q-STRUCTURE
WOULD RESULT IN MULTIPLY-DEFINED g5,

>3
3%y
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EXAMPLE 2

STRUCTURE R:
1 R~ ILLEGAL DUPLICATE NAMES

2 RS SCALAﬁz,,,wf””/”

1 R1 CHARACTER(80);
DECLARE ZR R-STRUCTURE;
WHAT IS ZR.R1?

SUMMARY OF NAME UNTQUENESS

(1) WITHIN THE SAME NAME-SCOPE, ALL TEMPLATE AND STRUCTURE NAMES
ST BE UNIQUE (UNLESS, OF COURSE, YE ARE DEFINING AN UNQUALIFIED
STRUCTURE -- IN WHICH CASE A TEMPLATE NAME AND A MAJOR STRUCTURE
NAME WILL MATCH)

(2) " CLEARLY, FOR A GIVEN TEMPLATE, THERE CAN BE AT MOST ONE UNQUALIFIED
STRUCTURE WITH THAT NAME,

(3> IF A TEMPLATE IS UNQUALIFIED, ALL IDENTIFIERS WITHIN IT MUST
BE UNIQUE IN THE NAME-SCOPE,

3/
3PFs”
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(4) IF A TEMPLATE IS QUALIFIED, SOME DUPLICATION OF IDENTIFIERS

(1

(2)

(3)

£

CAN OCCUR IF NO AMBIGUITY RESULTS,

EXAMPLES

DECLARE S -
’ —— MULTIPLE DEFN., OF 8.
STRUCTURE Si<—"

1 L]

STRUCTURE S:
lA; .

1B
STRUCTURE s:"”””#”

1A,
1 B;

MULTIPLE DEFN., OF S

_ STRUCTURE §:

1A,

1 B;
DECLARE S S-STRUCTURE;
DECLARE M MATRIX;
DECLARE M S-STRUCTURE;<—

MULTIPLE DEFN, OF M

S
3¢



(5)

(6)

(1)

(2)

(3)

STRUCTURES (CON'T.) s 3

STRUCTURE S: | 3 }7

1A, OK AS LONG AS WE DO NOT SAY
21, DECLARE S S=STRUCTURE

2 J,
18,
21,
2 J;
DECLARE 1 INTEGER;
STRUCTURE S: :
1 1 INTEGER, M
1 J INTEGER; PLIO

MISCELLANEOUS COMMENTS

A TEMPLATE DECLARATION DOES NOT SET ASIDE CORE MEMORY -- ONLY THE
STRUCTURE DECLARATION DOES THAT,

QUALTFIED AND UNQUALIFIED STRUCTURES ARE EQUIVALENT IN TERMS
OF CORE AND CPU,

THERE IS NO INHERENT INEFFICIENCY IN COLLECTING RELATED DATA
INTO A STRUCTURE



STRUCTURES (CON'T,)
(4) IN TERMS OF CORE AND CPU EFFICIENCY WE CAN WRITE:

> LESS EFFICIENT
SIMPLE VARIABLE > ARRAY > STRUCTURE

THIS MEANS THAT A SIMPLE VARIABLE GENERALLY MIGHT BE MORE

. EFFICIENT THAH AN ARRAY,- ARD AN ARRAY IN TURN MIGHT BE
MORE EFFICIENT THAN A STRUCTURE -- .IN MANY IMPORTANT CASES,
HOWEVER, EQUALITY HOLDS (MORE ON THIS LATER .0, |
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SUMMARY OF TERMINOLOGY

s Ml el Mokl e e e e e e e Ak

/

!
TEMPLATE NAME
¥ STRUCTURE Q% | -
| (1A, 2= ; MINOR STRUCTURE OR FORK
‘f —————— \) l
Lo (2 IxINTEGER, — TERMINAL
i -2 J INTEGER, \
AN (DS SCALAR; | TEMPLATE
. e e e - = T
LEVEL ———— MAJOR STRUCTURE NAME

DECLARE @ Q-STRUCTURE
DECLARE R Q-STRUCTURE
INITIAL(6, O, 15.4);

STRUCTURE DECLARATIONS

= UNQUALIFIED STRUCTURE
R = QUALIFIED STRUCTURE

g R

————>R,A

v ——————
R.A.1 QUALIFIED NAMES

A
1
J ——=R.AJ
5 ——RS )

(!" ‘;‘1_
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A. STRUCTURE SUBSCRIPTING

e COPY SUBSCRIPTING ONLY

SUPPOSE WE HAVE A MULTI-COPY STRUCTURE:
DECLARE @ Q-STRUCTURE(L) ;
(1) 70 SELECT THE ITH COPY
Q$1 OR Q$(1;)
WHERE I IS AN INTEGER EXPRESSION (SCALAR IF YOU

WANT) THAT HAD BETTER LIE IH THE RANGE
l<Tz=t
AT RUN-TIME,
NOTE: SEMICOLON IS ONLY MANDATORY WHEN TERMINAL

SUBSCRIPTING IS TO BE DONE ALSO,

S/
3%0
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(2) 70 SELECT A SUBSET OF I COPIES STARTING WITH THE J™:
93C1 AT J) OR Q$(I AT J;) L

WHERE I IS AN INTEGER LITERAL (I.E., VALUE KNOWN AT
COMPILE-TIME) AND J IS AHl INTEGER EXPRESSION WITH:

lsdst=-1+1

(3) TO SELECT A SUBSET OF COPIES STARTING FROM THE I™" AND
ENDING WITH THE JTH,

gs(1 70 J) OR Q$(1 TO J3)
WHERE BOTH I AND J ARE INTEGER LITERALS AND:

1<TsJzst
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COPY SUBSCRIPTING EXAMPLES:

GIVEN

| STRUCTURE
| 1QI INTEGER,
o1,
| 205 SCALAR,
-1 2 GC CHARACTER(80);
i
H
|

DECLARE ZQ G-STRUCTUREGS) s
WITHH THE FOLLOWING VALUES:

392,



(o Vs
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THEN 70, SELECTS COPY 2 WITH VALUES:




; 3
E.
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GIVEN

| STRUCTURE Q:

| 10 INTEGER,

i 1 01,

| 2 0S SCALAR,
|, 2 GC CHARACTER(80)
I

I

I

DECLARE ZQ Q-STRUCTURE(3)J

HITH THE FOLLOWING VALUES:




B3 N
3%
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Z0.01y 199,  SELECTS COPIES 1 AND 2 OF THE
SUB-TREE UNDER 01
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GIVEN

| STRUCTURE Q:

! 1 QI INTEGER,
l 161,

| 2 @S SCALAR,
: 2 QC CHARACTER(80);
|

DECLARE ZQ Q-STRUCTURE(3);

WITH THE FOLLOWING VALUES:




SRS

STRUCTURES (CON'T.)

02,013 SELECTS:
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e SUBSCRIPTING OF STRUCTURE TERMINALS

bt ettt e

(1) IF THE STRUCTURE HAS HO COPIES THEN THE TERMINAL IS

SUBSCRIPTED EXACTLY AS THOUGH IT WERE NOT IN A
STRUCTURE,

 STRUCTURE. @

- DECLARE Q Q-STRUCTURE; =

THEN

1 B1 BIT(8),

1 M MATRIX(4,4),
1 C CHARACTER(8),

1V VECTOR;

Bls4

B1$(3 AT 3)
M$(2,4)
M$(+,3)
£$5

C$(4 70 6)
V$3

V$Q AT D)

OR

NO COPIES
T

(.B1s4
Q.BI1$(3 AT 3)
Q.M6(2,4)
Q.M8(*,3)
Q.C$5

0.C$(4 TO 6)
0.V$3

Q.V$€2 AT 1)

3/
37§
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STRUCTURE Q: 319

1 T ARRAY(10)  INTEGER,
1 B ARRAY(6) BOOLEAN,
1 M ARRAY(2,4,6) MATRIX,
1 B4 ARRAY(8) BIT(W);
DECLARE R Q-STRUCTURE;
THEN
R.1$5 R.I$C2 AT 3} ETC.
-R.B$(3:)  R.B$(3 10 5:) ETC.
RoM$(w, =, #: 2,3)
R.M$(1,3,5: =, 1)
R.M$(2,#,6:)
RMS(»,»,3: 1702, 2AT 1)
R.BUS(5:)
. R.B4s$(5:3)
R.BUS(2 TO 5: 3 AT 1)

1 ] ] ]

THEREFORE, THERE IS NOTHING NEW TO SAY ADOUT SUBSCRIPTING
" IF THE STRUCTURE HAS NO COPIES.
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(2) IF THE STRUCTURE HAS COPIES THEN WE HAVE THREE MODES
OF TERMINAL SUBSCRIPTING:

(® STRUCTURE (COPY) SUBSCRIPTING ONLY
= >NEED TRAILING ";" UNLESS TERMINAL IS AN
UNARRAYED INTEGER OR SCALAR,
EXAMPLE

STRUCTURE Q:

1 1 INTEGER,
1 11 ARRAY(5) INTEGER,
1 B BOOLEAN,
1 M MATRIX;

DECLARE @ Q-STRUCTURE(59) ;

THEM:

[$5 6eTs I From 5™ copy
11$(5;) 6eTs I1 arrAY FroM 5TH copy

I1$(10 AT 4;) BEHAVES LIKE A 2-DIMENSIONAL ARRAY

SEMI-COLON NEEDED \
BECAUSE BOOLEAH = BIT(1)  B$(3;) GETS BOOLEAN FroM 3RP copy

M$(63) GETS MATRIX FROM 67H copy

b Y
N A

S/
Yo



STRUCTURES (CON'T.)

STRUCTURE AND TERWINAL SUBSCRIPTING

==>(0PY SUBSCRIPT;- TERMINAL SUBSCRIPTS
EXAMPLE

STRUCTURE Q:-
1 II ARRAY(2,3) INTEGER,
1 BB ARRAY(6) BIT(9),
1 MM ARRAY(5,10,15) MATRIX(4,5),
1 N ARRAY(10) INTEGER,
1 1 INTEGER; '
DECLARE R Q-STRUCTURE(20000) ;
THEN:
R.11$(4;2,2)
R, IT$(100 AT 307; 2,%)
R.BB$(60; 4: 5 T 8)
R.BB$(31;5:)
R.MMS(5 AT 95 5,%,7: 3,%)
R.MME(27; »,%,%: »,5)
- R.N$(6:10)
-~ RJI$GO)

32
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© TERMINAL SUBSCRIPTING ONLY

T > +; TERMINAL SUBSCRIPTS
EXAMPLE

STRUCTURE Q:
1 11 ARRAY(10) INTEGER,
1 M ARRAY(10,5,6) MATRIX;
STRUCTURE @q:
1 71 Q-STRUCTURE,
1 J ARRAY(5) BIT(16),
14,
2 BOOL ARRAY(10) BOOLEAN,
2 C ARRAY(5) CHARACTER(80);
DECLARE P QQ-STRUCTURE (20 ;

P,Z1.11$(*; 6 TO 10)

A1LM$(*; 1703, 2705, 4; »,3)
LLMS(e; w0, %, 2.3)

WJEC AT 10 3 AT 1)
A.BOOLS(»; 6;)

A,

AC8(; 3 70 5: 10 AT 24)

Yoz



STRUCTURES {CON'T.)

EXAMPLES OF TERMINAL SUBSCRIPTING

GIVEN
I STRUCTURE Q:

1 QV VECTOR(3),

1a1,
2 QB ARRAY(2) BIT(4),
2 OM MATRIX(3,3);

DECLARE ZQ Q-STRUCTURE; .
WITH THE FOLLOWING VALUES:

l
|
|
|
[
}

l.O}lz)

oB £ (1100
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THEN:
ZQ.QVI =]

ZQ:QI:QB*:3 -3 (02 12)

o Z0.0LAN 103 970 3 ° E

]
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FURTHER, GIVEN
; |

| STRUCTURE Q:

| 1QVVECTOR(3),

o1,

| 2 QB ARRAY(2) BIT(4),

, 2 QM MATRIX(3,3)

|

I

DECLARE YA 0-STRUCTURE(3);
WITH THE FOLLOWING VALUES:
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then . {copy 1) (copy 3
-YQ.QV*,3 8 (3 6 9)  result is scalar type
(Ccopy 2)

yo.ol.oaz,“l o 2 = (112 102),

array property unmodified
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#07

TREE (TEMPLATE) EQUIVALENCE , t.

THO STRUCTURES (OR MINOR STRUCTURES) ARE EQUIVALENT (TREE-
EQUIVALENT) IF:

(1> THE ACTUAL "SHAPES” OF THE TREES (ORGANIZATION OF NODES)
ARE THE SAME, AND
(2) CORRESPONDING NODES AGREE EXACTLY IH ATTRIBUTES.

OBVIOUSLY, THO STRUCTURES ARE EQUIVALENT IF THEY USE THE
SAME TEMPLATE:

| STRUCTURE :

' 101 INTEGER,

o lal,

| 2 QS SCALAR,

; 2 0C CHARACTER(80) ;

| DECLARE ZQl Q-STRUCTURE,
202 Q-STRUCTURE (20)

ZQ1 AND 702 ARE TREE-EQUIVALENT, (NOTWITHSTANDING
THE MISMATCH IN NUMBER OF COPIES).
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STRUCTURES ARE ALSO EQUIVALENT IF THEIR TEMPLATES DIFFER
ONLY IN THE IDENTIFIERS:

STRUCTURE Q: .
1 QI INTEGER, -
10, .
2 QS SCALAR,
2 QC CHARACTER(80):

DECLARE 2Q Q-STRUCTURE;

STRUCTURE R
‘1 RI INTEGER,
1l R),
2 RS SCALAR,
2 RC CHARACTER(80);
DECLARE ZR .R~STRUCTURE;

The tree shapes of ZIR and 2Q are the ahme:

52
Vos
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© MINOR STRUCTURES CAN BE EQUIVALENT EVEN IF THE ‘faz
MAJOR STRUCTURES ARE HOT. '

STRUCTURE Q:
1 QI INTEGER,.
1 Ql' '
2 QS SCALAR,
2 QC CHARACTER(80);
- DECLARE ZQ Q-STRUCTURE; .

STRUCTURE R:
1 RS SCALAR, o
"1 RC CHARACTER(80); -
* DECLARE ZR R-STRUCTURE;

The tree shapes of zZQ and ZR clearly are not the
same. However, the tree shapes of 20.Ql and %R
are tha same: L '

QL " ZR

.

Qs . oc RS RC
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ADDITIONALLY, HOWEVER, CORRESPONDING NODES MUST AGREE IN ALL ATTRIBUTES,
E.G, DATA TYPE, PRECISION, ARRAYNESS ....

TYPE - MATCHING REQUIREMENTS :

BIT. STRING number.of bits
(BOOLEAN is equivalent to BIT(I}}

CHARACTER - maximum declared length

INTEGER preaision

SCALAR precision

VECTOR precision, length’

MATRIX preciaion,’ row und column dimen-
sions

STRUCTURE ‘specified strudtu;e teﬁplqte

Exampless

. DECLARE ¥Q Q-STRUCTURE;

STRUCTURE Qt
1.01 INTEGER,
101, _

2 QM MATRIX (3,3),
2 QC CHARACTER{80).t

ZQ AND ZR ARE NOT TREE EQUIVALENT

BUT, 70.91 AHD ZR.R1 ARE
TREE EQUIVALENT,

STRUCTURE R
1 RI INTEGER{DOUBLE,
1 R1,

2 nM MATRIX(3,3),
2 RC CHARACTER(DO);
DECLARE ZR R-8% “TURE)
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FOR TREE EQUIVALENCE, CORRESPONDING TERMINALS OF STRUCTURE TYPE MUST
IN TURN USE TREE-EQUIVALENT TEMPLATES:
EXAMPLE

STRUCTURE P:

1 S SCALAR,

1 T SCALAR DOUBLE;
STRUCTURE @:

1 U SCALAR,

1V SCALAR DOUBLE;
STRUCTURE PP:

1A,

1 B P-STRUCTURE,

- STRUCTURE QQ:

1F,

1 G Q-STRUCTURE,
DECLARE X PP-STRUCTURE;
DECLARE Y QQ-STRUCTURE;

THEN X 1S EQUIVALENT T0 Y,
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-4
Yra.

A NESTED STRUCTURE IS NOT THE SAME AS A SIMILAR MINOR STRUCTURE,
STRUCTURE Q1

1 05 SCAIAR,

1 QC CHARACTER(80);
STRUCTURE Rt

T RI_INTEGER, _ . FUNCTIONALLY THE SAME,
£1R) Q-SHWCTunRE; BUT NOT EQUIVALENT
DECUATE™ZIC f=8TRUCTURE,
STRUCTURE St

1 SI INTEGER,
:1 Sl' e - \:"n- -
¢ 2 S8 SCALAR, R

s .2 5C CHARACTER(80) g
.- DECLAIE ™28 B-STRUCTURE;”

ZS AND ZR ARE NOT EQUIVALENT!
IF HE REDEFINE S WE ARE OK:

STRUCTURE St
1 BI INTEGER, -
1 SQ Q~STRUCTURE;

S o ks S
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STRUCTURE ASSIGNMENTS

SYMBOLIC FORM: LR

(1)t IS RECEIVING STRUCTURE DATA ITEM WITH POSSIBLE
STRUCTURE SUBSCRIPTING,

(21 R IS EITHER A (POSSIBLY SUBSCRIPTED) STRUCTURE DATA
ITEM, OR A STRUCTURE FUNCTION, -~

(3) IF L AND ® ARE MAJOR OR MINOR STRUCTURES, THEY MUST
BE TREE-EQUIVALENT,
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EXAMPLES

Given:

STRUCTURE Q:
1 QI INTEGER,
o101,
"2 QS SCALAR,
) 2 QC CHARACTER({BO);
" DECLARE 2ZQl Q-STRUCTURE;
DECLARE ZQ2 Q-STRUCTURE(Z);

where 202 has the values:

IBI'
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then
‘ -
1 201 = z02 5
15 ) 2

]

results in 2ZQl having the values:

H
i

/i
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Given:

BTRUCTURE (:
1 QI INTEGER,
101,
2 QS SCALAR,
_ 2 QC CHARACTER(80);
DECLARE 2Ql Q-STRUCTURE;
DECLARE 2Q2 Q~STRUCTURE(2);

where 2Q2 has the valuess
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and if then the following is executed

2Q1.Q1 = 202, Qi
5 1

+ the values of %01 are modified to:

S3
Yr7.



MULTIPLE ASSIGNMENTS

A HUMBER OF STRUCTURE DATA ITEMS (MAJOR OR MINOR STRUCTURES) 32
MAY BE ASSIGHED THE SAME VALUES BY MEANS OF A MULTIPLE q’ "
ASSIGNMENT :

tho?, e
WHERE !

tto.t

ARE STRUCTURE DATA ITEMS, AHD EACH L* ARE TREE-EQUIVALENT T0 ®
NOTE: NO PARTICULAR ORDER OF ASSIGNMENT CAN BE GUARANTEED!

EXAMPLE !
STRUCTURE Q:
1 I INTEGER,
18S;
DECLARE 9 Q-STRUCTURE(100);

i o+

Q%3, Q$9, Q310 = Qs47;

* R MAY ALSO BE A STRUCTURE FUNCTIOH,




STRUCTURES IN RELATIONAL EXPRESSIONS

(:) STRUCTURE COMPARISONS CAN BE MADE I RELATIOWAL EXPRESSIONS,

WHICH TN TURN MAY BE USED Il
IF ...
DO WHILE ...
anp DO UNTIL ... CONSTRUCTS.

(:) OHLY CLASS I COMPARATIVE OPERATIONS MAY BE EMPLOYED ON STRUCTURE
DATA ITEMS, I.E., MAJOR AND MINOR STRUCTURES. CLASS II OPERATIONS
ARE s

I
CEd6,
IF t=R THEN DO;
DO WHILE L= R

RULES:

1) L AuD R ARE EITHER STRUCTURE DATA ITEMS OR STRUCTURE FUNCTIONS.

2) L AND R MUST BE TREE-EQUIVALENT,

.32
7
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(3) THO STRUCTURES ARE FQUAL <===>ALL CORRESPONDING TERMINALS
HAVE EQUAL VALUES,
EXAMPLES! )
STRUCTURE @:
1 [ INTEGER,
1 S SCALAR; o
DECLARE @-STRUCTURE INITIAL(6, 18.0), L, R;

[ |

IF L =R THEN DOy
¢+~ TRUE
END;

L.l =4
DO WHILE L n=R;

oo TRUE
END;

33
Y20



RS

S/
Yy,

STRUCTURE ARGUMENTS AND PARAMETERS

INPUT PARAMETERS  (PROCEDURES/FUNCTIONS)

A STRUCTURE DATA ITEM (MAJOR STRUCTURE) CAN BE AN INPUT

PARAMETER OF A PROCEDURE OR A FUMCTION, THE TEMPLATE DECLARATION FOR

THE STRUCTURE MUST PRECEDE THE STRUCTURE DECLARATION,

THE CORRESPONDING INPUT ARGUMEﬂT CAN BE A MAJOR STRUCTURE, MINOR
STRUCTURE OR STRUCTURE FUNCTION -- AND MUST BE TREE-EQUIVALENT!

ASSIGN PARAMETERS  (PROCEDURES ONLY)

AN ASSIGN ARGUMENT CAN BE A MAJOR OR MINOR STRUCTURE -- AND MUST BE TREE-
EQUIVALENT TO THE CORRESPONDING PARAMETER.

TERMINALS AND MINOR STRUCTURES CAN POSSESS NO "COPYNESS" -- IF THEY ARE
CONTAINED IN A MULTI-COPY STRUCTURE, THEN SUBSCRIPTING MUST BE USED T0
ISOLATE A SINGLE COPY,

MAJOR STRUCTURES WITH CUPIES CAN BE LEFT UNSUBSCRIPTED (FULL COPYNESS)
-~ OR MUST BE SUBSCRIPTED TG A SINGLE COPY!!



STRUCTURE ARGUMENTS AND PARAMETERS (CON’T,)

EXAMPLE 1: POSITION OF TEMPLATE

RULE:

ANALYZE: PROCEDURE (S} ASSIGN(S2);:
STRUCTURE 5¢
1 BT INTEGER,
1 5N,
2 85 SCALAR.
-- 2 SC CHARACTER(BO};
DECLARE 81 S5-STRUCTURE,
52 S*STRUCTURE;'

A :/ ’y :
t/ .
/%';.;/ «;’ /f executable code
oyﬂy‘ ’ﬂ’ -

SO A VA

CLOSE ANALYZE;

PARAMETER STRUCTURE TEMPLATES BEFORE PARAMETER

" DECLARATIONS BEFORE LOCAL DATA DECLARATIONS.

Y22
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EXAMPLE 2:  TEMPLATE CAN BE IH AN OUTER SCOPE (E.G, COMPOOL) 1?52[,:3;

CPL: BXTERNAL COMPOOL;
STRUCTURE Q:
1 1 INTEGER,
1V VECTOR;
CLOSE CPL; .
COMSUB:  PROCEDURE(STRUC)
DECLARE STRUC Q-STRUCTURE;

CLOSE COMSUB;




STRUCTURE ARGUMENTS AND PARAMETERS

EXAMPLE 3: LEGAL AND ILLEGAL IMVOCATIONS

STRUCTURE Q:
1 QI INTEGER,
101,
2 QS SCALAR,
2 QC CHARACTER(B0):
STRUCTURE R:
© 1 RS SCALAR,
1 RC CHARACTER(B80):
DECLARE 20Q Q-STRUCTURE,
ZR R-STRUCTURE,
- ¥Q Q-STRUCTURE(10):

o0

(CON'T.)

TREE: PROCEDURE (D1} ASSIGN(D2);

DECLARE D1 R~-STRUCTURE,.
D2 Q~5TRUCTURE;

A A
,l/,& L
:("f/ g 4 !f!
/ "A/‘IFJJJ‘J‘
(.

&L_

CLOSE TREE:

- 3 S
,/ Z % . ;5-;«5’5‘31
/ ‘.—'/““‘;] procedure body

'h.‘[




THEN:

STRUCTURE ARGUMENTS AfID PARAMETERS (CON'T.)

CALL TREE(ZR} ASSIGN(20):
CALI, TREE(ZR) ASSIGN(YQ };

4
CALL TREE(ZQ.Ql)} ASSIGN(ZQ):
CALL TREE(ZR) ASSIGN(ZR);

illegal - no tree-

eguivalence

Yas-



STRUCTURE_ARGUMENTS AND PARAMETERS (CON'T.) sz

EXAMPLE G4: LEGAL AND ILLEGAL INVOCATIONS - ‘fl‘(v
4 M1 TESTH:
1 Mt PROGRAW
2 Mt STRUCTYURE Q:
2 Mt i A,
2 Mt 2 1 INTEQER,
2 Mt 2 & SCALAR,
2 Mt i B
2 ut 2 J INTEGER,
2 ht 2 T SCRLAR; '
3 Mt DECLARE @ Q-STRUCTURE(iB) INITIHL{i: 2, 2, 40
4 Kt DECLARE R Q-STRUCTURE(S) IHITIALLS, 6, 7 8);
5 Mt DECLARE P Q-STRUCTURE:
6 Mt PROCH:
6 Mt PROCEDURE RSSIGNCU, Vs WX
7 Mt DECLARE U INTEGER:
.8 Mt DECLARE V G-STRUCTURE(S )
9 Mt STRUCTURE X:
9 Mt " 4 K IMTEQER.,
9 Mt 1 55 SCALARs
10 Mt ' DECLARE # ¥X~-STRUCTURE (10);
{1 Mt CLOSE)
Bt o
12 Nt  CALL PROCL ASSIGNCI o (R1 [ADY
st 3
shik FS2 - ERROR 4 OF SEVERITY 1. dididd

skopdek THE STRUCTURE COPIES OF ASSIGH ARGUMENT A MUST BE SUBSCRIPTED
dokskk ARAY
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ool ok

b ok ok
ok bk
4ok Aok
ok ok ok
ook ok &
e ke ke
* ook ok
ITEY
&b bk
& ok

R
STRUCTURE ARGUMENTS AND PARAMETERS (CON'T.) ‘117

Ef + . 4
Mt CALL PROCAL ASSIGHCR.A. I , [B) , [TRAIY;
St 7 5 RT 2

SR3 ERROR #2 DF SEVERITY 4. k4

INDEX VALUE IM SUBSCRIPT. OF R.A.1 15 GREATER THAN THE LEGAL MAKIMUNK

Svi ERROR #3 OF SEVERITY 4. dokdddk

SUBSCRIPTING OF 0 15 ILLEGAL IN CDNTEHT.DF USE AS AN ASSIGH ARGUMENT

F&sz ERROR #4 OF SEVERITY 4. dokkdk

THE STRUCTURE COPIES OF ASSIcH HRGUNEHT 8 MUST BE SUBSCRIPTED

AMAY )

Fse2 ERROR #5 OF SEVERITY 1. skksk

THE STRUCTURE COPJES OF ASSIGN ARGUMENT A MUST BE SUBSCRIPTED
AuAY
LAST ERROR NAS DETECTED AT STATEMENT 12, kkkibk
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STRUCTURE ()

JUST AS IN THE CASE OF 1-DIMEMSIOMAL ARRAYS, A STRUCTURE
INPUT OR ASSIGN PARAMETER IS ALLOWED TO HAVE A YARIABLE

NUMBER OF COPIES, I.E., THE NUMBER OF COPIES IS PASSED
TO THE PROCEDURE IN THE STACK AT THE TIME OF INVOCATION,

THE BUILT-IN FUNCTION SIZE MAY LIKEWISE BE USED FOR SUCH
UNKNOWN-COPYNESS STRUCTURES TO OBTAIN THE ACTUAL NUMBER
OF COPIES,
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STRUCTURE ARGUMENTS AND PARAMETERS (CON'T.)

EXAMPLE 1

i bkt

DECLARE R Q-STRUCTURE(10);
DECLARE S @-STRUCTURE(50);
PROC: PROCEDURE ASSIGN(D);
DECLARE D Q-STRUCTURE(*); -
D0 1 =1 T0 SIZE(D);
END;
CLOSE PROC;
CALL PROC ASSIGN(R);
CALL PROC ASSIGN(S);




STRUCTURE ARGUMEHTS AND PARAMETERS (CON'T.) JS;J!\
EXAMPLE 2: ARRAY PROCESSING FEATURE CAN LIKEWISE BE USED qzo

STRUCTURE @
1 SCALL,
1 SCAL2,
1 VECTX VECTORs
- DECLARE @ Q-STRUCTURE(50) ;
DECLARE R Q-STRUCTURE(20)s
PROC:  PROCEDURE ASSIGN(E);
DECLARE E Q-STRUCTURE(=);

1 ] 1

E.SCALl, E,SCAL? = 0;<«—————— ARRAYED MULTIPLE ASSIGNMENT STMT

CLOSE PROC;
CALL PROC ASSIGN(Q);

1 1 ]

CALL PROC ASSIGN(R);
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STRUCTURE FUNCTIOHS 3/

HAL/S ALLOWS FUNCTIONS OF STRUCTURE TYPE WHICH MAY BE ‘13 /
SUBSTITUTED FOR DECLARED STRUCTURES IN MANY OF THE
PREVIOUSLY DEFIKED STRUCTURE OPERATIONS.
FORM:
" tabet; FUNCTIONCLY, €2, ...) «-STRUCTURE;
" RETURN stuuctune
CLOSE;
NOTES:

(1) A STRUCTURE FUNCTION CAHNOT HAVE COPYNESS (REMEMBER

'THAT ORDIHARY FUNCTIONS CANNOT HAVE AN ARRAY DECLARATION).
(2) . THE TEMPLATE « MUST BE DEFINED IN AN QUTER SCOPE PRIOR

TO THE FUNCTION HEADER,

(3) THE INPUT PARAMETER LIST IS OMITTED ENTIRELY IF THERE
ARE NO PARAMETERS,
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432
EXAMPLES u | |

(A) ALPHA: FUNCTION B-STRUCTURE(g;;EﬁMMh\““‘““ILLEGAL

(B) ALPHA: FUNCTION B-STRUCTURE;
STRUCTURE B: l
1 T INTEGER,
.18

L] ] ]

TEMPLATE MUST BE IN
j OUTER SCOPE

© STRUCTURE Q:
1 QI INTEGER,
101,
QS SCALAR,
QC CHARACTER(BO)

TREE: FUNCTION(I,J) Q-STRUCTURE;

Vi 2
AL
CLOSE TREE;

function body
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STRUCTURE FUNCTIONS (CON'T.) ‘{ 3
AS IS THE CASE WITH ALL FUNCTIONS, A STRUCTURE FUNCTION :Ei
MUST ACTUALLY RETURW A STRUCTURE OF THE REQUISITE TYPE:

STRUCTURE &:
1 85 SCALAR,

1 SC CHARACTER(80);
STRUCTURE Q:

1 QI LNTEGER,

1 Q1 S-STRUCTURE)

TREE: FUNCTION (D) S~STRUCTURE;
DECLARE Dl Q-STRUCTURE; -

RETURN D1.0Ql;

RETURN D1;
. <

11llegal - lack of

CLOSE TREE; tree-equivalence

WOTE: REMEMBER THAT AGGREGATE DATA (VECTORS, MATRICES, CHARACTER
' STRINGS, ARRAYS, AND STRUCTURES) ARE NEVER PHYSICALLY

PASSEL* TO OR FROM A PROCEDURE OR FUNCTION. AGGREGATES
ARE ALWAYS PASSED BY NAME (REFERENCE) -- HEVER BY VALUE!




.

STRUCTURE FUNCTIONS (CON'T.)

A STRUCTURE FUNCTIOM IS INVOKED BY EMPLOYING ITS NAME

I A REFERENCE CONTEXT, IT SHOULD BE CLEAR, HOWEVER, THAT
A STRUCTURE FUNCTION IS NOT REALLY A STRUCTURE -- L.E.,
MINOR STRUCTURES OR TERMINALS OF IT CANNOT BE REFERENCED,

- ALSO,

STRUCTURE Q:
1 QI INTEGER,
101,
2 QS SCALAR,
2 QC CHARACTER (80) 3
DECLARE %Q Q-STRUCTURE;
TREE: FUNCTION Q-STRUCTURE;

ISR RN
Trit
g?ﬁﬁfgngﬁx function body

CLOSE TREE;

7Q = TREE; legal invocation
2Q.Ql = TREE.Ql; illegal invocation.

IF ZQ = TREE THEN DO;




-
;

ARRAY PROCESSING

EXAMPLE

STRUCTURE Q:

1 T INTEGER,

+ 1 A ARRAY(4,9) SCALAR,

1 M ARRAY(6,10,4) MATRIX,

1 C ARRAY(6) CHARACTER(9);
DECLARE Q @-STRUCTURE(16);
DECLARE J ARRAY(20) INTEGER;
DECLARE B ARRAY(16,4) SCALAR;
DECLARE N ARRAY(16,10,4) MATRIX;
DECLARE D ARRAY(6) CHARACTER(9);

S/
438
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ARRAY PROCESSING (CON'T.)

o

{1:16}
{1:16}
{3:1614J9}

{4:16,6,10,43

{2:16,6)
{1:20)
{2:16,4}
{3:16,10,4}
{1:6}

TYPE

MAJOR STRUC
INTEGER
SCALAR
MATRIX
CHARACTER
INTEGER
SCALAR
MATRIX
CHARACTER

$2
Y36
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ARRAYNESS IS A FUNCTION OF SUBSCRIPTIHG!

AS(%; #,3)  + {2:16,4)

H$(s5 3,%,%:) + (3:16,10,)

THO OPERANDS HAVE MATCHING ARRAYNESS IF THE MN-TUPLES ARE IDENTICAL:

A$(»y »,3) =3B = {2:16,1)
Hi(e; 3,%,%1) = N = (3:16,10,4)

Hi

ARRAYED EXPRESSIONS

AN ARRAYED EXPRESSION IS A ORDINARY EXPRESSION IN WHICH THE
OPERAMDS HAVE ARRAYNESS, AN ARRAYED EXPRESSION CAN BE ASSIGNED
TO (OR COMPARED AGAINST) AN ARRAYED DATA ITEM.
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EXAMPLE

DECLARE ARRAY(50), S, T
DECLARE 1 INTEGER;

DO FOR 1 =1 T0 505

S$1 = T8I < - ORDINARY ASSIGNMENT
END;

| I B

S=T; = ARRAYED ASSIGNMENT STATEMENT

IN AN ARRAYED EXPRESSION, EACH OPERAND MAY OR MAY HOT HAVE

ARRAYNESS -~ BUT ALL OPERANDS THAT MAVE ARRAYNESS MUST MATCH
IN ARRAYNESS,



T

ARRAY PROCESSING (CON'T.) he Y3%

EXAMPLE :

DECLARE ARRAY(3,6) INTEGER, I, J;
DECLARE K ARRAY(Y4,10,4) INTEGER;
DECLARE S ARRAY(3,6) SCALAR;

I +J 15 LEGAL (ARRAYNESSES ARE {2:3,6))
I +J+ 6 15 LEGAL (ARRAYNESSES ARE {2:3,6})
I + K 15 1LLecaL (ArravNESS oF K 1s (3:4,10,41)

[ + K$G3 AT 1, 6 AT 2,3) 1s LEGAL

(K HAS BEEN REDUCED TO ARRAYNESS {2:3,6} BY SUBSCRIPTING)
[ +J+S 15 LEGAL (RESULT WILL BE AN ARRAY(3,6) OF SCALARS)
[ J §1s LEGAL (RESULT WILL BE AN ARRAY(3,6) OF SCALARS)
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ARKAY PRULLOSINU. \nung Uey

USER-DEFINED FUNCTIONS INVOLVED IN AN ARRAYED EXPRESSION
WILL BE INVOKED ONLY ONCE UNLESS AN ARRAYED ARGUMENT IS BEING
PASSED TO A FUNCTION WHICH ACCEPTS UNARRAYED ARGUMENTS.

DECLARE ARRAY(10), I, Js
DECLARE K;
F1: FUNCTION(ARG);

1 DECLARE ARG

CLOSE F1;
F2: FUNCTIONCARG),
DECLARE ARG ARRAY(10);

LI ]

CLOSE F2;

[ I |

BN ERES /((oF

1 1+ F%(l); F1 INVOKED ONCE

F2 INVOKED ONCE

N R F}(l)} .

F1 invokep 10 TIMES
A R F%(K);

ERROR~PARAMETER MISMATCH

S2
YYo
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BUILT-IN FUNCTIONS, E;G., SART, SIN, ..., ARE BETTER BEHAVED -- y"’
THE COMPILER KNOWS THAT THEY CANNOT INFLUENCE “EXTERNAL” DATA,

© A BUILT-IN FUNCTION WITH NO ARGUMENTS OR WITH ARGUMENTS
THAT ARE NOT ARRAYED MAY ULTIMATELY BE EVALUATED ONLY ONCF
IN AN ARRAYED EXPRESSION

EXAMPLE

DECLARE C SCALAR INITIAL(5);
DECLARE ARRAY(20) SCALAR, S, T:

S =T+ SINC);

CURRENTLY WILL BE EVALUATED 20 TIMES

ti ULTIMATELY THE EFFECT MAY BE ...

COMPILER-TEMPORARY = SIN(C)
S =T + COMPILER-TEMPORARY

AGAIN, IF SIN HAD BEEN A USER FUNCTION SUCH OPTIMIZATION IS NoT
POSSIBLE,

'I Ty

S '
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| yya

e [F THE BUILT-IN FUNCTION HAS ARRAYED ARGUMENTS (AND
THE ARRAYNESSES OF ALL ARGUMENTS MATCH THE ARRAYNESS OF
THE EXPRESSION -- AN ERROR WOULD OTHERWISE RESULT) THEN
_ THE FUNCTION IS INVOKED ONCE PER ELEMENTAL EVALUATION.
ON EACH EVALUATION THE FUNCTION OPERATES ON SUCCESSIVE
ELEMENTS OF THE ARRAYED INPUT ARGUMENTS.

EXAMPLE
DECLARE ARRAY(20), S, T, Uj
S = ARCTAN2(T,U);

THIS 1S EQUIVALENT TO:
DO FOR I =1 TO 20y |
- S$1 = ARCTAN2(TSI, USD);
END;
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IMPORTANT NOTE:

IF THE BUILT-IN FUNCTION NORMALLY TAKES AN ARRAYED ARGUMENT
THEN THE FUNCTION ACTS ON THE WHOLE ARGUMENT EACH CYCLE THROUGH

THE ARRAYED EXPRESSION,

SUCH BUILT-IN FUNCTIONS ARE:
(@ IS A 1-, 2-, oR 3-DIMENSIONAL.ARRAY OF INTEGERS OR SCALARS)

MAX () | MAXIMUM (GREATEST) ELEMENT OF THE ARRAY
MIN(a) MINIMUM CLEAST) ELEMENT OF THE ARRAY
PROD () PRODUCT OF ALL ELEMENTS OF THE ARRAY

 SUM(=) - SUM OF ALL ELEMENTS OF THE ARRAY



— f
} ~ 7

EXAMPLE
DECLARE ARRAY(20), S, T, U;
S=T+ SUM(U}S;\‘ARRAYNESS oF U NEED NOT MATCH S & T,

THIS IS EQUIVALENT TO:
DO FOR I =1T0 205

S$1-= T$1 + SUN(U);
END, ‘ ]‘—""""ACTS LIKE A CONSTANT

| 53
ARRAY PROCESSING (CON'T.) d{qr

C. ARRAYED ASSIGNMENTS

AN ARRAYED ASSIGNMENT IS OF ONE OF THE FOLLOWING TWO FORMS:

(@) _ ARRAYED _ UNARRAYED
DATA -ITEM EXPRESSION

' G) ARRAYED® ) ARRAYED*
DATA ITEM EXPRESSION

* - [N THIS CASE, OF COURSE, ALL ARRAYNESSES MUST MATCH,
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flz"!"ﬁ

IN CASE (:) » ALL ELEMENTS OF THE ARRAY ON THE LEFT-HAND-SIDE
OF THE ASSIGNMENT STATEMENT ARE IDENTICALLY SET EQUAL TO THE
RIGHT~HAND EXPRESSION:

DECLARE ARRAY(10), A, B;

A= 0; ALL 10 ELEMENTS OF A ARE ZEROED

A = SUM(B); atL 10 ELEMENTS OF A ARE SET EQUAL TO

THE SUM OF ALL ‘ELEMENTS OF B
A = C0S(15); ALl 10 ELEMENTS OF A ARE SET EQUAL TO THE

scALAR C0S(15)

IN CASE-(:) » SUCCESSIVE ELEMENTS OF THE LEFT-HAND-SIDE ARRAYED
DATA ITEM ARE SET TO CORRESPONDING EVALUATIONS OF THE RIGHT-HAND-
SIDE ARRAYED. EXPRESSION:
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DECLARE ARRAY(10) INTEGER,
M, N, P;
DECLARE ARRAY(5,10), S, T, U;

] £ 1

P=M+ N;

IS EQUIVALENT T0:

DO FOR 1 = 1 TO 10;
P$I = M$T + N$I;
END;
U=ST;
IS EQUIVALENT T0:
_DOFORI=1T05;
DO FOR J = 1 TO 10;
USCLLJd) = S$C1,J) T$C1, 9,
END;
END;

4 {2
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1 MT TESTD:
1 Mt PROGRANM;
T HT STRUCTURE R
2 Mt 1 Il ARRAY(2, 3) INTEGER,
& Mt 1 BB ARRAY(S) BIT(9),
2 Mt 1 MM ARRAY(S, 18, 15) MRATRINC4, 5>,
s Mt 1 N ARRAY(18) INTEGER,
2 Mt 1 1 INTEGER .
3 Mt DECLARE @ Q-STRUCTURECZD) INITIRLCGH#L, 64#BIN‘1-, 7SRHC2080), 1044, 53,
4 Mt STRUCTURE s: :
4 Mt 1 C ARRAYC10) VECTOR(S);
S Mt DECLARE § S~5TRUCTURE(S)Y; ’
6 Mt DECLARE T APRAY(S, 10) VECTOQR(S )
7 oMt DECLARE U ARRAY(S, 10, 5} stALAR,
ct
Et - -
8 Mt [CC1) = [IHM)? . i
51 ) 5 AT 955, 4,7:3, %
Et - -
3 Ht [T = {tMn 12 5
5t 3 AT 955!*3?:31*
Et -
19 Mt tul = feun1y }
5t - ] AT 915;*:7335*
*hk AAY ERROR #1 OF SEVERITY 4. bk
ik ARRAYNESS OF LEFT HAND SIDE OF RSSIGNMENT DOES NOT MATCH THAT OF RIGHT HAHD S1IDE
thE Ay ERROR #2 OF SEFERITY 1. ki

Akl TYPE OF U IS ILLENAL FUR ‘ASSIGNHKENT FRON GI?ENlRIGHT-HﬂHD SIDE.



0

10

£t
Mt
Mt

54

Mt

ARRAY PROCESSING (CON'T.)

DO FOR TEMPORARY I = 4 TO SIZECIEDY
E. SCALL , E. 5CAL2 = B;

END;

SThB

LEL#S

STH9

STeie
LBLES

LeLa?

I I
EQY *
L 7.42(8)
STH 7.47(0)
LFXI " 7,4
Equ *

S5TH 7:16C0)

CH fa17Cl) -

gt 1, 5+15

EQU * ,
MIH 7y 707CL)
LR 6:7

5RA 6.1

SRA 71

SER 0.8

LH 2,18¢8)
5TE 8, 8(7,2)
STE 8,2(6,2)

EQU *

E{U h

LFX!I 7.1

fiH 7:416(0)
BC 7 8-16

EQU *

+

20
Hw

E+2

LEL#?
H710 "

LeL#s



11
12
13

14

Et
Ny

M
St
e
5t
Mt

15 M+

ARRAY PRu

NG (CONT 1)

00 FOR TEMPORARY I = 4 TO SIZECLEI
E.SCALL = B8

I

E. SCALZ = @)

1
END:

ST#14 EQU
L -

STH
‘ LFAI
LBLES EQU
STH

CH

BC

sTe12  EQU

MIH
SRA
SER
LH

STE

sT#43 EQH

LH
MIH
5RA
STE
ST#14 EQU
LBL#1L £ay
LFRI
AH
BC
LBL#1e | EQU

CLOSE PROL;

gT74#45 EGU

LEL#4 EQU
L
BLR

+

L 4
7.12¢8)
724708
R

*
Tei608)
7,478
1, 5417
* .
7.787(1
71

8,0 élz%

2,10(0)

B, 8(7,2)
AR HW

7,16(8)
7.7BTCLD
el
8,2(7:. 2>
*

*

74

7,46(8)
7 #~13
*

E+2

I
LBL#LS

H 10~

LEL#S



Et
i6 Mt
Et
17 Mt

ARRAY PROCESSING (CON'T.)

+
CALL PROC ASSIGN(IRY)

+
CALL PROC ASSIGNCIRI):

STHie EQU L
LA 5,~-8¢L)
LHI 6,59
BAL 4,0(3)
ST#1? EQU )

LA 5,492¢(%)
LHE 6,29
BAL  4,0(3)

e
AZTESTC

R
R2TESTC
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FURTHER ARRAYED ASSIGNMENT EXAMPLES

Given:

DECLARE INTEGER,
Il ARRAY(2,3),
13 ARRAY(2,3),
I4 ARRAY({4);

then

- eavED = umrazmev)

is an arrayed assignment in which all elements of
Il are assigned the value of I2.

- RRAYED ~ - ARRAVED
Il = I3; %ATA ITEM EXPRESSION

assignas each element of I3 to the corresponding
element of Il,

Il = 14,
1s illegal because the arrayness of the receiving
data item is {2:2,3} while that of the right hand
side 18 {1:4},
I2 = 1I1;

is illegal because the right hand side has arrayness
while the receiving data item has none,
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NOTE THAT THE FOLLOWING ARE ALSO POSSIBLE:

11 =11 + I3;

11 =11 13;

[1 = [3%e2;
11= 13/12;
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Further given:

STRUCTURE Q:
1 QI INTEGER,
101,

2 QS ARRAY {4) SCALAR,

2 QC CHARACTER(BO);
DECLARE 2Ql Q-STRUCTURE(2):
DECLARE 2Q2 Q-STRUCTURE(2);
DECLARE S ARRAY(2,4) SCALAR;

the following assignments are legal:

]
i 201 = Z2Q2;

| 201.01 = 202.01;

! 201.01.08 = 202.01.08;
[ 201.01.05 = §;
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D. MULTIPLE ASSIGNMENTS

MULTIPLE ASSIGNMENTS HAVE BEEN DISCUSSED PREVIOUSLY.
TO EXTEND THEM TO ALLOW ARRAYED BEHAVIOR WE NEED THE
FOLLOWING ADDITIONAL RULE:

IF ONE RECEIVING DATA ITEM POSSESSES
ARRAYNESS, THEN ALL MUST  POSSESS
MATCHING ARRAYNESS, |
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EXAMPLES OF MULTIPLE ARRAYED ASSIGNMENTS:

Given:

DECLARE INTEGER,
Il ARRAY(2,3),
12,
I3 ARRAY (4),
I4 ARRAY (2,3);

then

X1, I4 = 12y
is legal since the arrayness of Il and I4 match.
However, both of the following are illegal:

Il, I2 = IZ:
Il, I3 = I4;

e . S
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DECLARE ‘1 ARRAY{3) lsn'sesn,
M MATRIX{2,2),
MA ARRAY?B} MATR!X&Z,Z;;
MB ARRAY{(2) MATRIX(2,2)}

Let B # [1.75 0.25] and 1 % /2
0.75 1.25 1
1

= /M { .73 1.25)

than -] F T
Ehen My,e (“1:-) 1(11.15 0.25]
. LT [1.7% 0,25]

- & linear 3-array of 2-vectors: subscripting
_has redyced M from a matrix to a row-vector,
put since [ is arrayed, the entire operand has
an effective arrayness even though M ltself has
not.
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SING (CON'T.)

Given:

DECLARE ARRAY(2,3),
V VECTOR({3),

I INTEGER;
with v =/ [1.5] [4.5] |[7.5
2.5 5.5 8,5 .
3.5 6.5 9,5
-0.5| {[-3.5} |-6.5
"‘1..5 -405 -‘705
-2.5| |-s.5] |-8.5 E NOTE THAT THE ARRAYNESS OF
"' =
and T 2 f1 2 3 . V8(s,*:) MATCHES THE
311 2 :
ARRAYNESS OF |
then

v*,QlI e S V¢(*),ﬁh" : I)
is'equivalent te

, vi,j:I‘_i,! for 1€ L €2, 1€ 13
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The arrayed vector subscript I selects an array of
scalars from the vector array V as shown below:

}

In assignment context, the following values of V
would be changed:.

v

Vi, Vi,2:2 Vi,a:3

Va,1:3 V2,2:1 V2,3:2
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ARRAYED SUBSCRIPTING

Q. WHAT HAPPENS WHEN A SUBSCRIPT IS ITSELF AN ARRAY

OR HAS ARRAYNESS?
A, THAT IS A GOOD QUESTION.

SOME RULES: :
(1) IF BOTH THE OPERAND (I,E., DATA ITEM) AND THE SUBSCRIPT
HAVE ARRAYHESS THEN THE ARRAYNESSES MUST MATCH! IN

. THIS CASE, THE WHOLE OPERAND IS CONSIDERED TO HAVE THAT
SAME ARRAYNESS,

-(2) IF ONLY THE SUBSCRIPT IS ARRAYED, THEN THE OPERAND

ITSELF BECOMES ARRAYED, I1,E., IT INHERITS THE ARRAYNESS
OF ITS SUBSCRIPT,
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NOTES:

(A) EXPONENTS CAN HAVE ARRAYNESS ALSO.,
(B) SUBSCRIPTS, OF COURSE, CAN IN TURN HAVE SUBSCRIPTS
AD INFINITUM, OHE OR MORE OF THESE CAN BE ARRAYED --

FROVIDED ALL ARRAYNESSES MATCH.

NOW,
(1) IF THE SUBSCRIPTED OPERAND IS PART OF AN ARRAYED
EXPRESSION (E.G., IN AN ARRAYED ASSIGNMENT) THEM

THE ARRAYED SUBSCRIPT(S) ARE EVALUATED ONCE PER
ELEMENTAL EVALUATION OF THE EXPRESSIOM. NOTE THAT
ALL ARRAYNESSES MUST MATCH.

(2) IF THE SUBSCRIPTED OPERAND IS A RECEIVING DATA ITEM
IN AN ASSIGNMENT (LEFT-HAND SIDE) THEM THE ARRAYED
SUBSCRIPT IS EVALUATED ONCE DURING EACH ELEMENTAL
ASSIGNMENT, AGAIN, ARRAYNESSES MUST MATCH.
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IF

DECLARE 1 ARRAY(2,3) INTEGER
INITIALC1,2,3,3,1,2);

SO THAT
[ = 1 2 é:) N
31 2

Note that an arrayed subscript can actually generate

arrayness in an unarrayed data item. . For example, 1f -
-~

C is an unarrayed character string with C ='ABCD'
then

CI'huu the arrayness of I.

The values are selected aa follows:

m t

’ABCD. lct iAi tBl
A

Then CIICI would be an arrayed expression with
values: ’

'ABCDA' 'ABCDR' 'ABCDC!
"ARCDC' 'ABCDA' 'ARCDB!
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In an assignment context, the following values of
C would be changed:

Note that values of Cy, C, and C, would be each

changed by two elemental assignments. The results
of this assIgnment are therefore likely to be implemen-
tation dependent.
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Let MA 2 [1.0 o.o]
3.0 2.0 D 1y =2
4.0 7.0
[s.o 5.0] @ 1,=1
[s.n 3.0] @ 1 =1
4.0 9.0 3
. H [3.0 2.0]
Then MA,,, « - | 1t2s*
st = Myrg,a ] ¥ | 140 7.0
: (8.0 3.0}

"311,¢

is alsoc 2 linear 3-array of 2-vectors: now

s however MA and | both have arrayness (which
correctly match}. Three parallel subsecript
evaluations are effectively parformed using
corresponding array elements of MA and |
each time, . .

" Note HB':!,' is illegal since the srray-

ness of MB does not match the
arrayness of |, '

However MB"I s 18 legal aince ar!ny subscripting .
**1 70 24 has been used on | to force array-
nexs matching, -

¥

£ MB = /(0.5 0.5 I 2
[o.l 0.3] O
0.2 .0.7 T.o= 1
[0.,4 o.a] @ 1,
then MB}, =z nahz'*) s flo.1 0.3
ty no 20° (’“’2:1.* (0.2 o0.7]
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S/
F. ARRAYED COMPARISONS yv "
ARRAYED OPERANDS MAY BE USED IN RELATIONAL EXPRESSIONS -- o

BUT IF OHE OR BOTH OPERANDS OF A COMPARISON HAVE ARRAYNESS,

THEN ONLY THE CLASS 11 COMPARATIVE OPERATORS MAY BE USED,
1.E., = AND - =,

ADDITIONALLY, OF COURSE, THE ARRAYNESSES MUST MATCH.

FURTHERMORE, A BOOLEAN EXPRESSION IN A CONDITIONAL CLAUSE
CAN BE ARRAYED: |

DECLARE BOOL ARRAY(10) BOOLEAN;

iF [pool] THEN DO

IN THIS CASE THE THEN CLAUSE WILL BE EXECUTED IF AND ONLY IF
ALL 10 BOOLEANS ARE TRUE.
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EXANMPLES

DECLARE T ARRAY(4) INTEGER
INITIAL(1,2,0,3),

J ARRAY(4) INTEGER
INITIAL(1,2,0,3),

_ K ARRAY (4) INTEGER
INITIAL(3,1,2,6),

L ARRAY(2) INTEGER

INITIAL(O,3);

(1) IF I =J THEN

TRUE
(@) 1IF J = K THEN

FALSE
(3) IF J =K THEN

e, ol

. TRUE
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() IF I < J THEN

FLLEGAL
IF 1$3 < J$2 THEN
LLEGAL
(5) IF K =L THEN
TLLEGAL

1F K$(2 AT 1) = L THEN

FALSE

¥so



ARRAY PROCESSING (CONT'D.)

i

s
i

M.

240

SROFF

PIVIRLCE

EOZLEAN !

(4D

™
ix
e

el
[F% ]

L)

SEE]

12,

Y

{
PO S
g g
(3t A W Y
(R N
RS S A |
oA
[T S
P LOE AT b
P S LT s
o e e et
et L) €D Pt

«d
[ S Ry I8 i ]

T F = B £= 4
i Sl DA S el 89

Fm P f. .

R R e B

THE®N

WRITE(A)D

~

i{f

Jﬂ J'-

[£9

.-
o

Ly

£

(LI

THEN

2 AT 1:
WRIVE(E

‘-
U

1: 34

&

‘A2

r-

=

THE

{A)

-
[£F]

a4
[

Cd

‘-
|1}

-

Fa

tos

- =
LN

-t

)
(o]

[

]

-
(]
o
(3]
e
H
-y
wy{
€
e
Fom
P
.
[}
-

tu

L ]

fex]
L

o
o
(5]

i

[an ]

o

M
&
[

fm fae
wi il

ol

{811l

[

T
-y

[

{m
(3]

o

=

-ty

e

[

L]
LR
LG

-t

(2]

..
™

)
-

L

dm
133

[2a
il
(9

L]

-4
Itk
L

e
-4



ARRAY PROCESSING (CONT'D.)

L
<3

L)

Lit

-~
[w¥]
L)
S
Py
e r.y
Lok

[}
At
€D et
LY

FIoel

e &4
«4 i

-
T
Lld
o
[X¥]
[
=
-
.
¥ -
o -
e
&
T v
[
[Lag £]]
[ ¥4
- Nk
oy ]
s e T
e e
w0 L
0.0
Lo LA T,
Ll 3 UV I U7 ]
3 e o
o -
- .3
(1 L5
[
L P
2 ouiT R
oy Ry ey 0y
LR TR LR Y

-
N
e
<
oad
.
A
i
y
w
L FY
A ml
Pt S
RRe o
Lo €9




G

ARRAY PROCESSING (CON'T.) |

REVIEW OF INDEFINITELY ARRAYED PARAMETERS 1;’:{'}f

INDEFINITELY ARRAYED PARAMETERS
THE PARAMETERS OF FUNCTIONS AND THE INPUT OR ASSIGN PARAMETERS

OF PROCEDURES MAY 'BE DECLARED TO BE INDEFINITE ARRAYS. THE

FORM OF ARRAY SPECIFICATION IS:
ARRAY(*)

Examples:

TWICE: PROCEDURE(A) ASSIGN(B);
DECLARE A ARRAY (#) VECTOR(3);
DECLARE B ARRAY{#) BIT(16);

IR

u o
AL A

i,
z/ifﬁéfg?ég procedure body
%

CLOSE TWICE;

REMEMBER THAT THE SIZE FUNCTION CAN BE USED TO FIND THE
ACTUAL SIZE OF THE ARRAY AT RUN TIME.
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THE NUMBER OF MULTIPLE COPIES IN A STRUCTURE PARAMETER
MAY ALSO BE MADE INDEFINITE USING THE FOLLOWING FORM: 15‘]'

e STRUCTURE (*) | 'f 511

FUN: FUNCTION(C) SCALAR;
STRUCTURE Q:
1 QI INTEGER,
1 Q5 SCALAR;

l L T'» : |
HERE, T0O, THE SIZE FUNCTION CAN BE USED,

Note that the ability to define an indefinlte array does
not extend to an arrayed structure terminal.

Example:

| BAD: FUNCTION(C) SCALAR;

STRUCTURE Q:

1 QI INTEGER,

1 0S ARRAY{#)} -SCALAR; “+ illegal
DECLARE C Q-STRUCTURE;

- B

i 7, ,/4/’f

}J{:/f ’,:,{’c‘/-‘:f-"‘

R (7
CLOSE BAD;

}function body
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H. ARRAYED PROCEDURE ARGUIENTS W3

BOTH INPUT AND ASSIGN ARGUMENTS OF A PROCEDURE INVOCATION
MAY POSSESS ARRAYNESS, HOWEVER, THE CORRESPONDING PARAMETERS
OF THE PROCEDURE- MUST BE ARRAYED ALSO -~ AND HAVE THE SAME
ARRAYNESS .

IF THE PARAMETER IS ARRAY(#) THEN ONE SHOULD PASS IN A 1-
DIMENSIONAL ARRAY, '

¢ [NPUT ARGUMENTS :
THE INPUT PARAMETER CAN BE VIEWED AS BEING ASSIGNED INTO
FROM THE INPUT ARGUMENT, ARRAYNESSES MUST MATCH, BUT
FLEXIBILITY IS ALLOWED IN THAT THE INPUT ARGUMENT MAY BE
A NON-CONTIGUOUS ARRAY AND/OR OF DIFFERING PRECISION,
IT MAY EVEN BE OF DIFFERING DATA TYPE IF AN APPROPRIATE
IMPLICIT CONVERSION CAPABILITY EXISTS,
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2
EXAMPLE : «f‘fci.

STRUCTURE Q:
1 T INTEGER,
1 S SCALAR DOUBLE,

1 M MATRIX;
DECLARE Q Q-STRUCTURE(100);
ALPHA: PROCEDURE(T), |
DECLARE T ARRAY(50) SCALAR;

CLOSE ALPHA ;

CALL ALPHA({i(SD AT 27)):1

HAS DATA TYPE INTEGER (IMPLICITLY CONVERTIBLE
T0 SCALAR) AND ARRAYNESs {1:501}
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© ASSIGN ARGUMENTS

RULES

1.

(SIMILAR TO THOSE FOR NON-ARRAYED ASSIGN PARAMETERS)

The arrayness of the argument must
match that of the. corresponding para-
meter,

If the parameter is an indefinite
array, arrayness matching is ensured
if the corresponding argument is a
l-dimensional array,

If the argument is part of a structure
which has multiple coples, structure
subscripting must be used to limit the
number of copies in the argument to one,

If array subscripting is present it
must be such as to select one array
element only,

If component subscripting is present,

where necessary array subscripting must

be used to limit the number of array
elements in the argument to one,

hY
¥<s—
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NOTE: THE MORE STRINGENT RULES FOR ASSIGN PARMS/ARGS
RESULT FROM THE FOLLOWING FACTS:

1

2)

WHETHER INPUT OR ASSIGN, ARRAYS
ARE PASSED BY POINTER (REFERENCE).
ON THE INPUT SIDE THIS MAY BE A
POINTER TO AN ARRAY TEMPORARY
CREATED BY THE COMPILER TO MAKE
DATA CONTIGUOUS, CHANGE PRECISION,

ETC.

ON THE ASSIGN SIDE, THE PROCEDURE
MODIFIES THE ORIGINAL DATA DIRECTLY.
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EXAMPLE 1:

+

| ONE:  PROCEDURE (A} ASSIGN(B); '
DECLARE A ARRAY({(2,3) SCALAR,

_ CLOSE ONE;

and the following data declarations:

DECLARE P1 ARRAY (2,3} SCALAR,

~ P2 ARRAY({2,5) SCALAR,
\ _ P3 RARRAY{4) BIT(16),

P4 SCALAR,

P5 ARRAY (2,5) BIT(16),

P6 BIT(16);

T then some legal and illegal invocations of the
procedure are as follows:

CALL ONE(Pl) ASSIGN(P1):
. CALL ONE (P2 ) ASSIGN(P3);
: #,1 TO 3

S '
CALL ONE(P2. + Pl ~ P4) ASSIGN(PS);
’ 8. : *3T05 iliégal - not arrayved
CALL ONE(P4) ASSIGN(P5 )3 ‘
S 1,1 70 4

i
L.iegal arrayness but
illegal subscript

illegal - not arrayed
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EXAMPLE 2:

TWO: PROCEDURE(A) ASSIGN (B);
DECLARE A ARRAY (#) SCALAR,
B ARRAY (w) BIT{16);

'procadure bedy

CLOSE TWO}

CALL TWo{Pl ) ASSIGN(P3);
. 1,»

4]

CALL TWO(P2 ) ASSIGN(P3);
1,4

CALL TWO(Pl) ASSIGN(P6):

[
wn

Illegal «

Illegal - wrong number
of array dimensions

not arrayed
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ARRAYED FUNCTION ARGUMENTS

RULES

(R IF A PARAMETER IS ARRAYED, THEN THE CORRESPONDING
ARGUMENT MUST BE IDENTICALLY ARRAYED.

IF THE PARAMETER IS UNARRAYED IT IS POSSIBLE FOR THE
ARGUMENT TO HAVE ARRAYNESS -~ IN THIS CASE, PROVIDED
ALL ARRAYNESSES MATCH UP IN THE REST OF THE STATEMENT,
THE FUNCTION WILL BE INVOKED ONCE PER ELEMENTAL
EVALUATION,

EXAMPLE 1

ALPHA: FUNCTION(R);
DECLARE R ARRAY(10);
RETURH SUM(R);

CLOSE;

] L] L)

DECLARE.S, T
T = ALPHA(S);<: ILLEGAL -~ S 1S NOT AN ARRAY(10)

IT MUST GET ONE!

‘/,IF THE FUNCTION EXPECTS AN ARRAY THEN ...
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S
EXAMPLE 2 ¢¢o

ALPHA: FUNCTION(CR);
DECLARE R;
RETURN R**2 COS(R);
CLOSE;

1 ] +

DECLARE ARRAY(10), S, T, U;
DECLARE V;

"

’,//

@ [s] = [T] + apuact),
® [5] = [1] + ALPHACY)

| (A EQUIVALENT To DO FOR I = 1 T0 10;

S$1 = T$I + ALPHACUSD)
END;

U MUST HAVE SAME ARRAYNESS As S anp T

EQUIVALENT. TO DO FOR I =1 TO 10;

S$1 = TSI + ALPHA(Y);
END;




RAVELING & UNRAVELING
(NATURAL SEQUENCE)

EXCERPT FROM LANGUAGE SPEC,

There 'are several kinds of operation in the HAL/S

language which require operands with multiple components,
array elements, and structure copies to be unraveled into

a linear string of data elements. The reverse process of
"reraveling" a linear string of data elements into components,
array elements, and structure copies also occurs. Two major
occurrences of these processes are in I/0 (see Section 10),
and in conversion functions {see Section 6.5).

The standard order in which this unraveling and

reraveling takes place is called the "natural sequence"

By applying the following rules in the order they are stated
. the natural sequence of unraveling is obtained. By applying
the rules in reverse order, and replacing "unraveled" by
*reraveled”, the natural sequence for reraveling is obtained.

L

RULES FOR MAJOR AND MINOR STRUCTURE:

1.

If the operand is a major structure with multiple copies,
each copy is unraveled in turn, in order of increasing
index. If the operand is a minor structure of a multiple-
copy structure, then the copy of the minor structure in
each structure copy 1s unraveled in turn in order of
increasing index.

The method of unraveling a copy is as follows. Each
structure terminal on a "branch" connecting back to the
given major or minor structure operand is unraveled in
turn. The order taken is the order of appearance of the
terminals in the structure template.

Each structure terminal is unraveled according to the
Rules given below.



RAVELING & UNR LING (CON'T.)

example:

STRUCTURE A:
18,
2 C SCALAR,
2 D VECTOR(3), .
1 E INTEGER;
DECLARE A A-STRUCTURE(3);

¢ order of unravelingof B s B| , 121,2,3
« order of unraveling of each Bi is Ci'ﬂl

RULES FOR OTHER OPERANDS:

1,

An operand of any type (integer, scalar, vector, matrix,
bit, character, or event) may possess arrayness as
described in SBection 5.4. Each dimension of arrayness,
starting from the leftmost is unraveled in turn, in order
of increasing index.

Integer, scalar, bit, character, and event types are
considered for unraveling purposes &s having only one
data element.

Vector types aré unraveled componerit by component, in
order of increasing index.

Matrix types are unraveled row by row, in order of
increasing index. The components of each row are

_unraveled in turn in order ef increasing index.

»‘p-m‘




RAVELING & UNRAVELING (CON'T.)

~ example:

DECLARE V ARRAY(Z,2) VECTOR(2} ;

« orderof unravelingof V Is V, ,, , 11,2

o order of upravelingof each V, , , Is V, Joo o J=1,2

. order of unraveling of each V, Jio s Y Jik ¢ k=1,2,3

{standard HAL/S subscript notation used)}
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RAVELING & UMRAVELING (CON'T.)
r 4o
i o
IF :

STRUCTURE Q:
1A
2 1 INTEGER,
28,
18,
2 V1 VECTOR,
2T
DECLARE Q @-STRUCTURE(2)
INITIAL(2,4.0,1,2,3,6.7,-2,8.4,4,5,6,9.5);
DECLARE M MATRIX INITIAL(1,0,2,2,0,-1,1,0,3);
DECLARE A ARRAY(7) BOOLEAN
INITIAL(TRUE, FALSE, TRUE, L#FALSE);

THEN
"~ (@, M, A) UNRAVELS INTD THE LINEAR STRING:

s COPY 1 - ¢opy 2 s

2; QlG‘ 1; 2; 3; 6.7} ”2; 8-“1 q; 5) 6; 9,5,

+TOW 1 -» +IOoW 2> +~roW 3 —=

1) 0; 2} 21 6; “11‘11 0; 3} TRUE)
- FALSE, TRUE, FALSE, FALSE, FALSE,

FALSE

. \‘
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EXPLICIT CONVERSIONS (CON'T.)

REVIEW AND EXTENSION OF VECTOR/MATRIX CONVERSIONS

WITH THE VECTOR AND MATRIX CONVERSION FUNCTIONS,
VECTORS AND MATRICES CAN BE DYNAMICALLY MANUFACTURED.

THESE COMVERSION FUNCTIONS ACCEPT AS INPUT A LINEARIZED
LIST OF SCALARS (OR INTEGERS) THAT MAY HAVE BEEN THE
RESULTS OF UNRAVELING OTHER DATA ITEMS.  THE CONVERSION

FUNCTIONS THEN SHAPE THIS LINEAR STREAM INTO A VECTOR OR
MATRIX -- THIS IS WHY THESE FUNCTIONS ARE ALSO KNOWR AS.

SHAPING FUNCTIONS




EXPLICIT CONVERSIONS (CON‘T.)

THE EXPLICIT CONVERSIONS ALLOW FAIRLY GENERALIZED INPUT
STREAMS, BUT ARE MORE RESTRICTIVE THAN, SAY, A WRITE
STATEMENT, FOR EXAMPLE, THE INPUT STREAM TO AN

EXPLICIT CONVERSION FUNCTION MAY NOT CONTAIN A STRUCTURE.

The argument list of a VECTOR or MATRIX conversion may take
the following general foxm:

' (expl, e.xpz ..... i )

1. Each exp 1s an expression of any
of the following types:

MATRIX INTEGER
VECTOR SCALAR

2, Any expression may possess array-
ness in the sense desoribed in
Saction 20.2.

3. The total number of values summed
over all expressions must match
the length of the vector result,
or -the product of the row and
column dimensions of the rasult,
as appropriate.




EXPLICIT CONVERSIONS (CON'T.)

EXAMPLE  (TLLEGAL USAGE)

1 Nt SHAPE:
1 M+ PROGRAM:
2 Ht STRUCTURE Q:
2 Mt - N
2 Mt ! 2 V1 VECTOR,
2 Mt 2 M1 MATRIX,
2 Mt 1 B,
2 ht .2 V2 VECTOR,
2 Mt 2 M2 MATRIY:
3 M4 DECLARE O G-STRUCTUREC4) INITIALC3&4, 982, 353, 984
4 Mt DECLARE § ARRAY(4) SCALAR DOUBLE INITIALC48, 44, 12, 13%
5 Mt  DECLARE MM MRTRIRC48, 48) DOUBLE)
et
E4 % +
6 Mt MM = MATRIX kel [SIN
51 @DOUBLE, 18, 10
*hd QR4 CERROR #1 OF SEVERITY 1. #kkih
k44 CONVERSION FUNCTIONS MAY NOT HRVE ARGUNENTS OF STRUCTURE TVPE
kdok ADE ERROR 82 OF SEVERITY 1, hdodkdk

kdk DIMENSIONS OF VECTORZMATRIX CONVERSION FUNCTION DO NOT AGREE HITH THE NUHMEER
whd OF DATA ELEHENTS SUPPLIED IN THE RARGUMENT LIST
7 Mt CLOSE;



(3, QRN SNV

fe2

MM = MATRIXS (@DOUBLE,10,10)( VL, WML

EXPLICIT CONVERSIONS (CON'T,)

EXAMPLE (PROPER USAGE)

Mt SHAPE:

Mt PROGRAM:

LRy DECLARE VECTORC3Y INITIALCL, 2, 3,

Mt ' \ Vi, ¥2, ¥3, V4, V8, V6, V7, vg, VY9, ¥igy

Mt DECLARE MATRIX(2, 3> INITIALC(L., ©, 6, 8, 41, 8, 8, B, 1),

Mt M1, M2, M3, M4, H5s

Mt DECLARE S ARRAY(S, %) SCALAR DOUBLE INITIAL(Z);

Mt DECLARE MM MATRIXC(4i0, 40) DOUBLE)

ct

E4 * - * - * - * - *

M1 MM = MATRIX (vi, N1, [S), ¥2, M2, ¥3, M3, V4, N4,

st . eDOUBLE, 19, 10 _

Mt CLOSES ) - * - - - - -

C/, Y5, M5, V6, V7, V8, V3, Vi@

WwerTTEN AS

,r




L,

EXPLICIT CONVERSIONS (CON'T.)

IT IS ALSO POSSIBLE TO MIX IN '#' FORM OF REPETITION:

DECLARE V VECTOR INITIAL(1,2,3);
DECLARE M MATRIX INITIAL(L);
DECLARE FiMt MATRIX (4, 4)

MM = MATRIXS 4, 4) CV, 446, )
OR
MM = MATRIX$(4,4) (1640) s

BOTH WILL RESULT IN SINGLE PRECISION MATRICES,

ALSO, .
V = VECTOR(6,8,9);



EAFLIULY LU MOIURS (LUNT T, )

MATRIX/VECTOR SHAPING (CONVERSION) FUNCTION DEFAULTS ARE:

VECTOR(3)

MATRIXG3.3) % SINGLE PRECISION

B. INTEGER AND SCALAR CONVERSIONS

SINPLE FORM

The gimpile form of the INTEGER and SCALAR conversion functions
iss

INTEGER (exp)
SCALAR{exp)

1. exp 1s an expression of any of the
following types: - .

BIT STRING (and BOOLEAN) INTEGER
CHARACTER SCALAR

. 2., exp may possess arrayness, in which
case the arrayness must match that of
. the expression of which the conver-
sion forms a part. The result is to
cause an elemental conversion for
every elemental evaluation of the
outer expression (See Section 20,2).

3. Conversions to integer or scalar type
- proceed according to the rules given
in Appendix A.
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EXPLICIT CONVERSIONS (CON'T.)
0. WHAT DOES ALL THAT MEAN?

REMEMBER THAT WE HAVE IMPLICIT CONVERSIONS FOR

SCALAR SINGLE
INTEGER SINGLE Z__ >SCALAR DOUBLE
INTEGER DOUBLE |

-

SCALAR DOUBLE
INTEGER SINGLE ¢t~ “>SCALAR SINGLE
INTEGER DOUBLE |

SCALAR SINGLE |
SCALAR DOUBLE b —— > INTEGER DOUBLE
INTEGER SINGLE | -

"SCALAR SINGLE

SCALAR DOUBLE £ >INTEGER SINGLE
INTEGER DOUBLE. |

IN ASSIGNMENT STATEMENTS AND IN INPUT ARGUMENT =>INPUT PARM.




EXPLICIT CONVERSIONS (CON'T.)

FOR ALL OTHER CASES, THE CONVERSION FUNCTION IS AVAILABLE.
ONE CAN, OF COURSE, USE A CONVERSION FUNCTION EVEN WHEN AN
IMPLICIT CONVERSION CAPABILITY EXISTS:

DECLARE S SCALAR- DOUBLE,
, I INTEGER;
ONE CAN USE:
§=1,
OR
S = SCALAR$ (aDOUBLE) (1)
EQUIYALENT CODE WILL RESULT.




EXPLICIT CONVERSIONS (CON'T.)

EXAMPLES

(@) DECLARE ARRAY(20), S SCALAR,
T SCALAR, [ INTEGER,

S=1; J CONVERSTONS (ARRAYED DATA)
[=8§;

‘OR
S = SCALAR(I),
I = INTEGER(S);

AND ALSO,
S=T+1;
OR
S = T + SCALAR(I);

] EXPLICIT CONVERSIONS (ARRAYED DATA)

THE OUTPUT WRITER, OF COURSE, WILL SHOW
[s] = [1]
[1] = [s]
[s] = scaLArR ([ 17)s
(] = 1recerd(sh;
5] =111 + {11
[s1=[1] + scaar (1],

'l'-.)‘l
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EXPLICIT CONVERSIONS (CON'T.):

CONVERSIONS TO INTEGER:

o BIT STRING/BOOLEAN
A BIT STRING IS CONVERTED TO INTEGER BY REGARDING IT
AS THE BIT PATTERN OF A SIGNED INTEGER OF THE DESIRED
" PRECISION., LEFT PADDING WITH ZEROS, OR TRUNCATION
ON- THE LEFT MAY OCCUR,

«—————o SCALAR
A SCALAR 1S CONVERTED BY ROUNDING TO THE NEAREST
WHOLE NUMBER (OVERFLOW MAY RESULT),

. o CHARACTER
A CHARACTER STRING IS CONVERTIBLE TO INTEGER OMLY IF ITS
VALUE REPRESENTS A SIGNED WHOLE NUMBER -- OR IS A HULL
STRING IN WHICH THE INTEGER IS SET 70 ZERO. (RUN TINME

| ERRORS MAY OCCUR.)

INTEGER




‘F
- SCALAR

EXPLICIT CONVERSIONS (CON'T.)

CONVERSION TO SCALAR:

¢ BIT STRING/BOOLEAN
FIRST IS CONVERTED TO A DOURLE PRECISION

INTEGER!

L inTecen |
[NTEGERS ARE CONVERTED DIRECTLY TO SCALAR, O
THE AP-101 THERE IS SGHE MICROCODE ASSISTANCE.

< o CHARACTER .
- A CHARACTER STRING IS CONVERTIBLE TO SCALAR ONLY

IF ITS VALUE REPRESENTS A LEGAL SCALAR - OR INTEGER -

VALUED LITERAL -~ OR IS A NULL STRING IN WHICH CASE

THE SCALAR 1S SET T0 ZERG. (RUN TIME ERRORS MAY OCCUR.)
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FURTHER EXAMPLES (SIMPLE INTEGER & SCALAR CONVERSIONS)

DECLARE T INTEGER,
S SCALAR;

@ 1 = INTEGER('306");
@ "1 = INTEGER('-402');
(3 1 = INTEGERC'ABC');
LAl
() S = SCALAR('10*);
'(5) S = SCALAR('~6,94E-31");
® S = SCALARC'AB); ,
ILLEGAL

@ 1= INTEGER('{;:‘\Hiﬂh"““NULL STRING
S = SCALAR('');

1 &5 MILL BE 0.




EXPLICIT CONVERSIONS (CON'T.)

ALSO, IF
DECLARE B BIT(8) INITIAL(BIN’10110101"),
I INTEGER:
THEH
I =B 1S ILLEGAL
BUT

I = INTEGER(B);

RESULTS 1N
| =181



EAPLILIT LUNVE=RSIUNS (LUN" T, )

LIST FORM

The list form of the INTEGER and SCALAR conversion functions
creates an array result, in addition to type converting the
list of expressions constituting its arguments.
as follows:

L.

2,

'INTEGER‘l 2 {qxpl, zxp2 gans)

n'n Foss
1

SCM’AR V.i 2 (up I ﬂxng Il‘-)
ﬂ |n fn-nn

The subscripts nL for L = 1,2,...

are positive integers specifying the
number and size of dimensions of the
regulting array. The total number

of values summed over all the expres-
sions in the liat must be consistent
with the number of array elements
implied. The upper limit on { is

3*, - :

The subscripts may be omitted
entirely, in which case a linear 1-
dimensional array is created, whose
length is equal to the total number
of values summed over all the dupres-
sions,

Its form is




4.

EXPLICIT CONVERSIONS (CON'T.)

Each exp is an expression of any of
the following types:

INTEGER  MATRIX
SCALAR BIT STRING (and BOOLEAN)

- VECTOR , CHARACTER
and may optionally possess arrayness.
Convarsions to integer or scalar type

proceed accorxding to the rules given
in Appendix A.




THE LIST FORM THUS ALLOWS CﬁEATION OF INTEGER/SCALAR ARRAYS OF
FROM 1 TO 3 DIMEHSIOHS,

AS IN THE CASE OF THE VECTOR/MATRIX CONVERSION FUNCTIONS, A
PRECISION MAY BE SPECIFIED (DEFAULT IS SINGLE) FOR THE INTEGER
AND SCALAR CONVERSION FUNCTIONS:

EXAMPLES

(1) DECLARE A ARRAY(5) INTEGER
INITIAL(1,2,3,4,5),
B ARRAY(5) INTEGER
INITIAL(6,7,8,9,10);
INTEGER(A,B) CREATES, AN ARRAY(10)
| (1,2,3,4,5,6,7,8,9,10) |
INTEGER$ (RDOUBLE) (A, B) CREATES AN ARRAY(10) OF DP INTEGERS
(1,2,3,4,5,6,7,8,9,10)
INTEGER$ (8DOUBLE, 10) ¢A,B) cREATES AN ARRAY(10) OF DP INTEGERS
= (1,2,3,4,5,6,7,8,9,10)
SCALARS (aDOUBLE,2,5)(A,B)  CREATES A 2-D ARRAY OF DOUBLE PRECISION SCALARS.

HS

i
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EXPLICIT CONVERSIONS (CON'T.)

(2) DECLARE B ARRAY(3,4);

(3

(W)

= SCALAR$(3,4) (4#1, 4#2, U#3);

CREATES 1111
2 2 2 2
3333

DECLARE C ARRAY(4,4,4) DOUBLE;
C= SEALAR$(@DOUBLE;Q:“;“)
(4#6,:15#19, 2713, 1840) 3

DECLARE V VECTOR INITIAL(1,2,3);
DECLARE B BIT(8) INITIAL(BIN(8)'1');
DECLARE M MATRIX INITIAL(0);

SCALAR$ (8DOUBLEX (V,B,M) creaTes AN ArRrRAaY{13) OF pOUBLE
PRECISION SCALARS

= (1,2,3,255,0,0,0,0,0,0,0,0,0)



L ]
READALL(S5) CARDGY

’

EXPLICIT CORVERSIONS (GON'T.)

L
T = SCALAR {CARDIE 13
FOOUBLE 1 70 20
- . ) +
N = VECTCR (SCALAR {tcapt » CARDI + CARD1 | I
PDOUVHLE JONUBLE 2y TO 41 TO 50 61 TG 80
HEACALL(S) CARO1}
P . * ]
V = VECTOR (SCALAR CARD1 + CTARDI1 CARD1 H I H
#DOUNLE 2DCUBLE t 1C 2¢ 21 TO a¢ 41 TQ &0
L} -
EPHGMT = SCAL AR (CARDY |
aboupLe 6t TC 80
IF FPHGMT -2 0 TEHEN
414 B4 .
;]
READALLIS)Y CARDI}
.
READALL (5) CARD2: N
LB .
READALL (%) C1
* ] + 1]
RNP = MATRIX (SCALAR {CAaRC + CARD} « CTARD
SDOUBLE EDOUBLE 1 10 21 1C 41 IC 60
v * ’ * [ ] *
« CARDD s CARD2 +» C(ARL2 + CARD2 Cly)s
T0 80 1 TO 20 21 10 aqg 41 10 6 61 T4 80
] * T
PMP = BNP 3

ENTD




C.

SN

EXPLICIT COHVERSIONS (CON'T.)

BIT CONVERSION FUNCTION
THERE ARE TWO DISTINCT MODES OF THE BIT CONVERSION FUNCTION:

(D BIT  [Siweig]  [BIT STRING/BOOLEAN

STRING INTEGER
SCALAR
| CHARACTER
@ BIT  [Rapix]  CHARACTER
STRING = — (WITH SPECIFICATION OF A RADIX)

KEY POINTS:

o BIT ALWAYS PRODUCES A 32 BIT VALUE, ALTHOUGH THE FUNCTION
ITSELF ALLOWS SUBSCRIPTS THAT MAY CHOP THIS DOWN.

© BIT CAHNOT CREATE AN ARRAY OF BIT STRINGS (CONTRAST TO THF
INTEGER & SCALAR CONVERSION FUNCTIONS) -~ BUT IT MAY BE

USED IN THE ARRAY PROCESSING SENSE TO CONVERT AN ENTIRE
ARRAY,



EXPLICIT CONVERSIONS (CON'T.)

SIMPLE FORM
THE SIMPLE FORM OF BIT CONVERSION 1S AS FOLLOWS:

. QomPONENT

1,

2.

3.

4.

5.

/T SUBSCRWT

BIT, biciipt (P!
txp is an expression of any of the
following types:

INTEGER BIT STRING {and BOOLEAN)
SCALAR CHARACTER

cxp may possess arraynaess in which
case the arrayness must match that

. of the expression of which the coh~~

version forms a part. The result ls
te cause an elemental conversion for
every elemental evaluation of the

outer expression (sea Section 20.2}.

Converaion to bit string type proceeds
according to .

Appendix The result is always
‘a §2~b t string*.

subscript represents component sub-
scripting on the result of the coh-
vaersion. It possesses the same forms

as component subscripting on bit string
data ftems as described in Section 17.3.

If subseript is absent, the result of
. the function is the entire bit string
generated by the convarsion,




EXPLICIT CONVERSIONS (CON'T.)

SINCE THERE ARE NO IMPLICIT CONVERSIONS FROM INTEGER OR
SCALAR TO BIT STRINGS, THE BIT CONVERSION FUNCTION IS
I1IPORTANT .

EXAMPLES : (SIMPLE BIT CONVERSION)

If I is a halfword integer with I = 5

then BIT(I) = 00000005,

If C is a character data item with C = '10110011101®
then BIT(C) = 00{300009000000000000910110013.1012

BIT,, gy 32(C) 2 0000010110011101,

and BITZB 10 32(c) = 111012



EXPLICIT COMVERSIONS (CON'T,)
RADIX FORM (mosTLy USEFUL IN 1/0}

The radix form of BIT conversion is used when a character
value is to be converted by an explicit rule to a bit string.
A radix specifying the conversion rule is supplied in place
of a subscript. The possible forms are as follows:

BIT (exp}

X @nIN
. BITEOCT(um)
; ] BITgnpe eXP)

: ﬁIT@HEX {exp)

1. ¢xp is an expression of character
type whose value must consist
entirely of a string of dlgita
legal for the specified radix.

2, The radices have the following
meanings:

radix | digit string

@BIN binary
foCT octal
epEC decimal

. BHEX hexadecimal

3. e&xp may possass arrayness with the
game implications as in the simple
form of BIT conversion.

4. The conversion generates the
binary representation of the

«  input digit string, The bindry
. representation is truncated or

padded with binary zeroe
the left to c¢reate aizzvait string*.l




EXPLICIT COMVERSIONS (CON'T.)

EXAMPLES ALL 32-BIT

‘;;‘.M‘ .""“']

' 1y =
BIT@HEX( FAO') E 00000?A016

B ] L] =
BITgrpo ('1024') = 00000400,

BIT {(*177777') € 0090??9%5

eoCT

! : ry = 9
BIT@HEX{ F0?1F2$3F4 ) 8 FlF“F3F416

TRUCATION ON THE LEFT



EXPLICIT CONVERSIONS (CON‘T.)

D. CHARACTER CONVERSION FUNCTIOHN

AS IS THE CASE WITH THE BIT CONVERSION FUNCTION, THERE ARE
Tv0 DISTINCT MODES OF THE CHARACTER CONVERSION FUNCTION:

(1) CHARACTER BIT STRING/BOOLEAN
STRING = INTEGER
a SCALAR
CHARACTER
(2) CHARACTER RADIX BIT STRING

STRING = (WITH SPECIFICATION OF A RADIX)




RS

SIMPLE FORM

EXPLICIT CONVERSIONS (CON'T.)

The simple form of CHARACTER convarsion is as follqws:

2.

1.

5.

cmp.c'ranémwpt(up)

exp is an expression of any of the
following types:

INTEGER BIT ETRING (and BOQLEAN)
SCALAR CHARACTER

exp may possess arrayness, with

the same implicatlions as in the BIT
converaion function., (See Section
21,3).

Conversion to character type proceeds
according to the rules given in
Appendix A, The length of the result
of converaion depends on the type of
the input data.

. dubsoaipt represents component sub-

scripting on the result of the con-
veraion. 1t possesgses the same forms
as component subscripting on charac~-
ter data items as deszcribed in
Section 6.1.

1f subserdpt ' is absent, then the
regult of tha function is the entire
string of characters generated by
the conversion, ;

-




EXPLICIT CONVERSIONS (CON'T.)

EXAMPLES
1f I is a halfword integer with I = 173
then CHARACTER(I) = '173!
= t ]
CBARACTER1 70 2(1) = t17
- f L)
CHARAC’I‘ER1 e s(I) = 1173

"If B is a bit string of length 4 with
B = 01012
then
CHARACTER{B) & '101°

{note removal of leading zeroces)

NOTE THAT THE LENGTH OF THE RESULTANT CHARACTER STRING
IS DATA DEPENDENT, WHEREAS FOR THE BIT CONVERSION

. FUNCTION IT IS ALWAYS 32 BITS,
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EXPLICIT CONVERSIONS (CON'T.)
RADIX FORM

The radix form of CHARACTER converalon is used when a bit
string value is to be converted by an explicit rule to a
character string. Analogous to the radix form of BIT
function, a radix specifying the conversion rule is supplied
in place of a subscript. The possible forms are as follows:

CHARRCTEREBIR(zxp)
CHARACTERQOCT€£Xp)
CHARACTER g o {exp)
CHRRACTERQHEx(zIp}

1. exp is an expression of bit string type,
and possibly possessing arrayness, with
the same implications as in the BIT
conversior function. .

2, ‘'The valua of the bit string is converted
to a string of digits as specified by the
radix, removing leading zeroes.

1, The radices have the following meanings:

radix I diglt string
881N binary
. 2oCT poctal
ghEC decimal
eHEX hexadecimal

4, The length of the resuléing string
varies depending on the value of
exp .




EXPLTICIT CONVERSIONS-CCON'T.)

EXAMPLES:
CHARACTER@BIN(BIN'GOlﬂlp') z 1001010"
=
CHARACTER ., (BIN'001010") = '12'
CHARACTERGp - . (BIN'001010') = '10°

CHARACTER (BIN'001010"') = 'QA'

@HEX




PRIME NUMBER GENERATOR

Z/CHS1G4BT JOB P434, SCHUL CNBLRG. C, TIME=4, PRTY= 1;PEO!8H=356K,
s NUTIFV“CM4184G :
¢ /HAL EXEC HALSCLD, RCCT=NOTIFY, OPTION="LIST~
//HRL. 3YSPRINT DD SYSQUT=?
//7HAL. SYSIMN DD =
ERATOSTHENES: PROGRAM:
REPLACE H BY-"58p3%,;
DECLARE INTEBER, I.,J,COUNT INITIALCY);
DECLARE STEVE RRRAY(N) INTEGER)
DO FOR I = 2°'TO M .
SIEVESI = 1]}
END;
DO FOR I = 2 TO M)
IF SIEVES! S\= @ THEN DO;
HRITE ¢6) COUNT,SIEVES$I;
COUMT a COUNT + 4;
DO FOR J = 2 1 TO N BY )
E1EVEST = 0y
ENDs
ELD}
EMD;
CLOSE ERATOSTHENES;
2k
/700, CHRHNELE DD SYS8NUT=2
27060, REQUESTS DD *
EXECUTE TEMPNAME)
AT CEHD: PROFILE:
ke
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HAL/ZS COMPILATION I N TERME T_ﬁ 1rcs, I

HAL/S COMPILER PHASE 4 -- VERSION 43.12 OF SEPTEMBER 14, 1375,

TODAY 1S OCTOBER 44, 1975, CLOCK TIME = 43:34:2 16,
PARM FIELD: LIST
COMPLETE LIST OF COMPILE-TIHE OPTIONS IN EFFECT
h e TVPE 1 OPTIONS #4*%

HODUMP INSTERD OF DUHP
HOLISTING2 INSTEAD OF LISTING2
{I5T INSTEARD OF HOLISY
TRACE INSTERD OF HOTRACE
HODECK INSTERD OF DECK
TABLES IHSTEAD OF HNOTARBLES
NOTABLST INSTEAD OF THBLST
NOADDRS INSTERD OF ADDRS
NOSRN INSTERD OF SRN
NOSDL INSTERD OF SDL
HDTARBDMP INSTEAD OF TRABDMP
ZCOH INSTEAD OF NOZCON
HOFCDRTA INSTEARD OF FCDATA

khh TYPE 2 OPTIONS ### )

TITLE =
LINECT = 59
PAGES = 259
SyMBOLS = 288
MACROSIZE = 588
LITSTRINGS = 20049
COMPUNIT = 8B
HREFSIZE = 2008
CARDTYPE =
= 12080

LABELSIZE

.

CLO



HAL/S COMPILATION

STHT

B L) d G B M

2 Bht BN o BN 4

i1

12
13

14
i3

17
i8

I HTER

Mt ERATOSTHENES:
Mt PROGRAM)

Ht
Mt
Mt
Mt
Mt

M2

Mt
5t
Nt
Mt

Ht
5t

‘Nt

ht
st
Mt
Mt

Mt
st
Mt
Mt

Mt

REPLRCE M BY °58080";
DECLARE INTEGER,
I. 1,
COUNT INITIALCL)

- DECLARE SIEVE ARRAY(N) INTEGER)
€

PO FOR I = 2 TO Ny
&
SIEVE = 1,
I
END3 ;
DO FOR 1 = 2 TO Ny
¢
IF SIEVE \= @ THEHN
1
DO
KRITEC(B) COUNT, SIEVE ;
R
COUNT = COUNT + 1)
RO FOR J = 2 1 TO N BY 13
€
SIEVE = 0,
J
END;
END;
END;

Mt CLOSE ERATOSTHEMES:

MmETRICS,

~ SOURCE

I

N

3



Ak O BN P I LATLION LAY OUT &bk
ERATOSTHENES: PROGRAM;
HAL/S CONPILATION IHNTERMETRICS, I NC . OCTOBER 11, 1975

sYyneolL & CRODSS REFEREMNTCE TABLE LISTING:
(CROSS REFERENCE FLAG KEY: 4 = ASSIGHMENT, 2 = REFERENCE, 4 = SUBSCRIPT USE, 8 = DEFINITION)

DCL NAHE TYPE ATTRIBUTES & CROSS REFEREMNCE
3  COUHT INTEGER SINGLE, ALIGNED, STATIC, INITIAL KREF: © 0802 2 0844 6 6042
1 ERATOSTHENES PROGRANM ¥REF: 8 peei
3 1 ' - T INTEGER STHGLE, ALIGNED, STRATIC XREF: @ 0683 4 0@B5 3 0066 4 2O 1 @nOY
. 1 o014 2 0813
3 T INTEGER SINGLE, ALIGNED, STATIC XREF: © 0863 4 8813 1 9014 7
2 H REPLACE MACRO MNACRO-TEXT INDEX=1 KREF: © 0802 2 0004 2 0085 2 po08 2 2913
4 SIEVE INTEGER ARRAY ARRAY(5808), SINGLE, ALIGHED, 5TATIC KREF: 8 0084 4 0886 2 pRO9
-2 8644 4 0914
MmACRDO TERT LISTIHNG:
Lac TEX
1 5908
HAL/S COMPILATION INTERMETRICS, I HNC. OCTOBER 41, 19735

DPTIONARL TRBLE SIZES

NANE PEGUESTED USED
LR ttebttetd b ed
SYMBOLS 200 6
MAGROSIZE 500 5
LITSTRINGS 2004 8
XREFSIZE 2000 24

v s




CALLS TO SCAN = 187
CALLS YO IDENTIFY = 28
MUMBER OF REDUCTIONS = 308
HAY STACK SI12E = 13
HAX IHD. STACK SIZE = ¢
_EHD IND, STACK SI2E = 14
EHND RARRAY STACK S5IIE = @
HAX EXT+ARRAY INDEX = 3
STATEUENT COUNT « 18
HINOR COHI'ACTIFIES LA
MAJOR COMPRCTIFIES n @
HAY HESTING LEPTH = 3
FREE STRING AREA = 10642

EHD OF HAL/L PHASE &, OCTOBER 44, 1978, CLOCK TIME w'13:21:4, 63

17 CARDS RERE FROCELSED,
N0 ERRORS MERE DEYECTED DURINO PHASE 4 .

TOTAL CPU TIME FOR PHASE ¢ 8:0:8. 59,
CPU TIME FOR PHASE 4 SET UP 8:08:8. 09,
CPU TIME FOR PHASE 4 PROCESSING ©8:0:0, 54.
CPU TIHME FOR PHASE 4 CLEAM UP 8:9:8, 96,
PROCESSING RATE: £888 CARDS PER MINUTE,

dédhbed TEMPLATE LIBRARRY MEMBER CRERRTOS NOT FOUND - RDDED , ?E%SIDN-i
HAL/S COMPILATICHN INTERMETRICS, InNC.

HAL/Z%G COMPILER PHASE 2 - VERSION 368-12 14 OF SEPTEMBER 13, 1573
HAL/S PHASE 2 ENTERED OCTOBER 44, 41975, CLOCK TIME = 13:34:8. 01

HAL/S COHPILATION IHNTERMETRICS, 1 NC.,
ESDID NANE TYPE LENGTH  BLOCK NAKE

geni $BERATOS 0000 . ARPDL2E ERATOSTHENES
gpo2 #FERATOS @000 eLaDn48

8003 RTERATOS 0009 - PORO4SE

ga04 WDERATOS A000 002716

ages ECERATOS 8oe2

goos TO0INIT g082 -

aapy 16GUT gog2



4]

o

HAL/S COMPILATION

LOCCTR

aggoos
008080
830660
00800
neooad
3084688
negtan
60000E
pogniz
gagoie
608047
gapois
gooBLc
coeo20
890024
ponG26
poeez2s
2000239
apoaes
020084
BEa0as
opBBos
aogaze
eoeo28
goegzc
aees2c
£30030
ensal2
800324
poeoas
goensl
408030
een03E
238842
gR004é
podo48
6ga04dA

CODE

47FBFeL8
paepnize
0058
8CCspacs
E3D6EZEZ
CECSD3LT
E2

an
Soperoo4d
9g5ABB2Y
92840008
O5EB
86n4

oget

41908002

40998008
Q3ER
0803
4990BR46
472F0R06E

1R99 .
4820R000
4829hR684
03E8
gges

008048

poDo4R
pODAJE
pnens2
e00036
peNNIE
soeos8

418080684
4A30A068
47FFBH02C

85EB
8907?

LABEL

5741
$BERATOS
ERATOSTH

ST82
5TH3
ADERATOS
STh4
STH3
$BERATOS

LEL#2

STHé

StTa?
LeLe4

LELRD

y

INTERMETRICS, InNcC.,

INSH . OPERANDS

Equy TINE = 143
CSECT ESDID= gBRd
ERU  #

BC 1%, 24(8,15)
oC R‘Qgopgize
be X-aeje”

oc H’eccspect”
oc KESDGE2EY”
DeC K/CBLCIDLLY”

b HE2
be Xea-
L 14,4(a, 13}

LN 6,10, 48(14)
Hvi 81321

BALR 14.11

D¢ Xre0ei”

EQY * TIKE = 9
EQU * TIME = B
CSECT ESbID= BBE4
b X’e804”

£qu * TINE = 9
EQU  * TIKE = 38
CSECT ESCID= 061
LA 9,2(8,8)

EQU  *

STH 9,8¢0,18)"

BALR 14,14

bC X088~

CH 8,700,445

BC  2,86(15,8)

EQU 4 TIHE = 54
AR 9,9

LH  2,8(8,10)

STH  2,4(8,1@)

BALR 14,44
oe K'oep6”
EQU  # TINE = 58

CEQU 4

LA 9,448, 9

AH 9,8(8,10>
BC 15, 44443, 8
Equ *

BALR 14,143

" oC X-ee8?’

SYHBOLIC OPERAND

ERATOSTHENES
SFERATOS

Hs5e00 "
peanse  LEBL#3

SIEVE

1
28082C LBL#2



20ea3Rn
aoeesn
QUpelE
ROBASE
puene2
pOBO64
eo0o6s
gopasn
QO0DEE
f08G6E
gonave

5743
41900002
LoLes
4850A008
e5ER
0808
49208046
A72F014R
5THS
B5EB
8009

HAL/S COMPILATION

LOCCTR
sonar2
goeov4
egpare
BRGOPA
B0OA7E
eeeavE

epensg.

epaag2
pgong2
peonsgé
geposhn
pogase
gopose
282094

6800834,

Qge89A
eee0ac
20009E
86BOA2
eRB80A4
0O000RSE
ogpNAe
00a0AAR
DGOBRE
gougB2
gooapd

CODE. LRBEL
199
4829R004
1222
A7BFO10E

CHTY
gl
28R

sTR14
41108006
41008003
85EC
80000089
48000004
BIEC
60000080
1802
BBSEC
pocoeen
P58
0088 -

STe2
4830n004
AA10B044
4030R004
85ER
oo

EQU
LA
Eay
STH
BALR
be
CH
BC
EQU”
BALR
e

INSH
AR
LH
LTR
BC
EQY
BALR
1
Eau
LA
LA
BALR
beC
LH
BALR
bC
LR

" BALR

BALR
bC
EQu
LH
fiH
STH
BALR
be

* TINE
9.2¢0,08)
*
9.8(8, 18>
14,11
X-gope’
9,78(e, 11}
2:282(14%,8)
* TIAE
14,14
X-ee09”

I HTER

OPERANDS
9,9
2,4¢9,418)
2R .
8,2708(1%,8)
* TIHE
14,14
X’ 08gR”

& TINE
1,6{t, )

8, 3(0,8)
14,42

A GO0GRA0S 7
8,4¢0,40)
14,12
A“dpoaoesa”
8,2

14,12

R 8opeseen”
14,414

b 110

* TIHE = 64

3,4(0,48)
3, 68¢0, 14D
2, 400,48)
14,14
Regoec”

ETRIC

H/%eea~”
P20i4iA LBLES

5. 1 HEC
SYHBOLIC OPERAND
SIEVE

pap19E LBL#?

10INIT
COUNT

1ouT

Ieur

COUNT
[ B
COUNT



$0N0BA
8a0nBs 41480002
20e0BA 40480008
g0ABBE 4856A000
agencz 405ebasa
ganacs
AB0eCe 40408A002
paopcA BLEB-
a800CC 409D
BNOBCE 412F@106
200002 21800030
0oo6Db6 OSED
000BLS 4780E0L0
690ADL 4948BB46
BO0BED 8742
00B0OEZ2 B5EQ
go0NE4 47FOEGOR
PODOER 49408846
@O00EC OV22
QOODEE
GGO06EE 1R44
P020FB 4B22
ROONF2 4024A004
PDOBFE6 BSER
2000F2 BORE
02008FA
8888FA
200FA 48480050
POCIFE 4A40f082
HAL/S COMPILATION

ST#13

LBL#&B

STRi4

STHLS
LBL#10

EQU
LA
MH
LH

- STH -,
. EQU
STH

BALR
pC
LA
™
BALR
BC
CH
BLR
BALR
BC
CH
BCR
EQil
nR
SR
STH
BRLR
pe
EQU
EQU

LH

fiH

* TINE
4,2(8:,8)>
4,08¢0,10)
3,08(9.,18)

5,88(8,13)
e

4,209,185
14,14
%’8098Dp 7
2,262(15, 97
88(13,128
i4,9
8,16(0,14)
4,78(e,40)
4,2

14. 8
153,10(8,44)
4,78(8,11)
2.2

* TIME
4, 4

2,2
2,404,410
14,44
X’000E”

* TIME
*
4,80(8,12)
4,2(8,18)

= 335

gaelies

peBoES
H’5800"

BOOREE
H-5000"

SIEVE

J

INTERMETRICS, I

LBLED

464

*+41 8

N C.



LBCCTR
ufn192
gepinBe
p0uio6
peoi1a8
a004iea
o0e1eAn
BeR16C0
BOOLBE
BO010E
08910E
BO0L0E
poe1i2
gen11s
ge6i4A
0A014A
esp4148
BODLAE
0RO41E
60G120
600122

CODE LABEL
47FFO0BCS
.- LBL#9
@5EB
BOOF
5T4#46
B5EB
5910
. STHL?
LBL#?
LBL#44
41900281 .
4R9BA00A
47FFBOSE
LBL#E
B5EB
polLL
STHB
05EB
8042
47FOCEO4

INSH
sc
EGU
BALR
pC
Equ
BALR
pc
EQU
EQU
EQU
LA
AH
EC
EaQu
BALR
ocC
gEquy
BALR
pbC
BC

OPERAHDS
15,1988(15,2)
s
14,11
X’/000F~
+ TIHE = B
14,14
H’pe4i8” .
% TIME = 48
-
k
8,1(6,8)
9,0(8,48) I
15, 94045, 8) 8paaSE
*
14,11
K epidi”
k TIME = 18
14,1414
w’a64i2”
15, 4¢(0,12)

BAGBCE

SYHROLIC QPERAND

tBL&S

LBL#S



==Y

HEglZy
eng1z2c
889130
0504134
80138
ST ERT T N
D00413E
aR0L49
393144
40148
B001L4C
Boo159
009154

- 088159

068150
BB3160
600164
Bonies
gon16c
BOPL6E

HAL/S
RLD PGS

0901
8961
8001
AO01
1802
gnBa2
gep2
pog2
8082
gepz
aoe2
eeg2
0ape
noaz

47FUCLTH

00090600
BeeosL7o
FFDOO16C
o0opapngg
boal

o112

pepeponn
f0009600
gooooeng
0ROBE608
80306083
goponpos
poBeanas
0Ge00680
g0000989
bonapoot
806800060
gaet

1288

COMPILATION

REF FLAOG ADDRESS

gpo2 o8
0ee6 - 89
cear 63
aoa7 o3
9604 - A8
0803  @s
gapz o9
20081 038
eesd a3
0po4 B8
onB4 09
goed4  ag
goe4 09
enns es

608045
geo098p
200897
BROBIF
89612D
229131
ABn123Y
o0n139
808151
889155
898459
260150
988164
068169

15,372¢0,12)
\90000000 /
n ‘800001767
R/FFROB16C
CRCLEPTRE
X ‘8801’
X08127
%°00000000
X /06906000
X’80000009 4
X/90090009 /
R’90600080

- A’900009007

A-0pp00000/
A 2000ERDD”
A‘8g008088
X‘op0oepsL”
R-0Ba0080049 "~
A’o061

[T - AP
df L33k

*

INTERMNETRICS, 1I1HNC.

STRACE

#DERARTAS
BETERATOS
#TERATOS

#DERATOS
#DERATOS
BDERATOS
#DERATOS
#DERATOS

BBERATOS

250:0= 9063



-HVI

LoC B DISP HAME
UNDER ERATOSTHENES STRCK=88
826000 {8 eng H
gooea2 4@ ea2 J
650304 49 084 COUNT
epoons  1e 204 SIEVE

“THSTRUCTION FREQUENCIES

IMSH  COUNT
BALR
BCR
LTR
LR
an
&R
STH
LA
BC
LH
CH
AH
MY

L

™

Ly

MP‘#PF-&%Q:Q"!PHH)‘N“

48 HALMAT OPERATORS CONVERYED
589 INSTRUCTIONS GENERRTED
3&8 BYTES OF PROGRAM, -19006 BYTES OF DATA

HAX. OPERAND STACK SI1ZE L
END OPERAMND STACK SIZE g
HAL/S COMPTILATION INTERMETRICS, I1 NC .

NUNBER OF STATENEMT LABELS USED =14
HAX. STORAGE DESCRIPTOR STRCK SI12E =4

EMD STORAGE DESCRIPTOR STACK SIZE =@
NUMBER OF MINDR COMPACTYIFIES =8
KUMBER OF HRJDR COMPACTIFIES =0
FREE STRING AREA =341%6



‘.‘,‘3" \l L‘

tHiw Ur ity PG €

ULiuoon LEs

TOTAL CPU TIMNE FOR PHASE 2

CPU TIME FOR FHASE &2
cp0 TIWE FOR PHALLE 2
CFU TIME FOR PHOSE 2

HALZS COMPILATION

HRLAS

HAL/S PHASE 3 ENTERED OCTOBER 14,

SIMULATION DATA FILE #H4ERATOS HAS

SET up
GEHERRTIOHN
CLERN UP

COMPILER PHASE 3 -

PAGINO AREN SIZE (PRGES)

MUNBER 0OF LOCARTES®

FREDICTED SDF SIZE (PRGES)
ARCTURAL SDF SIZE (PAGES)

DIRECTORY FREE SPACE

(BYTES)

DATR FREE SPACE (BYTES)

SDF SI2E (BYTES)
SDF DEHSITY (%2

HUMBER OF BLOCK HNODES
SYHDOL NODES

HUMBER OF

NYMBER OF STRATENENT NODES

HUMBER OF
HUMBER OF
HUM3BER OF
MUMBER OF
HUMBER OF

END O0F

BLOCKS DELETED
SYHEOLS DELETED
TEMPLATES DELETED
HIHOR COMPACTIFIES
HAJOR COMPACTIFIES

JOTAL CPU TIME IH PHASE 3
cPU TIME FOR PHASE 3 INITIALIZATION
cPU TIHE FOR PHRSE 3 FILE GENERATION
CPU TINE FOR PHASE 3 FILE EMISSICN

s o,

SO e
DA QD

e bl

0. 438
1 8. 04
B. 48
f8. 35

LI R X R - e L N

HYERMETRICS,.

~

ot

I HE .

YERSIOH 15.9 OF SEPTEHBER 21, 1375

1975.

BEEN CREATED

4]

a8

[ I I I I N |

#nuun

[N e v

HAL/S PHASE 3 OCTOBER 44, 1975. C

97
201

is8

seom50

K TINME

CLOCK TIME = 43:31:48.66

= 43:314:11. 61



T

HAL/5-268 V42,0 START TIME: 43:34:46 69 DAYV: 73/284
2

- Rt I L. S S

T N S o
AURWN D

A AR AT R R A RS A B b b
R0 E~N

G G Gl L D
L B3 e DD

Cad
F-9

b
~ 0y 4

BT

3
3
7
i1
12
17
i9
23
29
34
37
41
43
47
53
959
61
67
71
73
73
23
83
97
£01
o1
is?
189
143
127
131
13?7
119
149
154
157

- 163

i67
173
i79
184
191
133

18?7



-

..

MG

.

L ——— T Tl Py

[Eer e~

L) L4

-] L)
647 4801
648 4813 -
643 4817
£50 4834
651 4864
652 4871
653 4877
654 4883
6535 4923
656 4989
657 4919
658 4921
653 4933
660 4337
664 4943
662 4951
663 4957
€64 49267

- 665 4969
666 4873
667 : 4387
668 4993
€63 4999
% AT END

STATEMENT PROFILE FOR PROGRAH

STﬂTEﬁfNTI USE AND X OF
i Q.
2710 4 NOT EXECUTED
5 16 a.
3 4,998 18.
? 1 8,
8 ¥, 868 19,
3 4,993 19,
g ~° 669 i.
-£4 669 1.
12 669 1.
12 14,738 23.
14 14,969, 23.
N §- 669 i.
18 669 1.
! v 1 a.
18 i 8.

COMPILATION UMIT USE SUMHARY
STATEMENTS USE AND Z oF

46,154 199,

48, 154 ioae,

ERATOSTHENES
TOTAL  TIME
2o - 14
83 10
g2 - 5 .
8o s
83 . 10
83 7
44

a4 14
44 6
43 34
g8 5
44 5
44

60 5
68 2
TOTAL  TINE
20

08

COST AND % OF TOTAL

14 e. 00

1689 B. 82
24,995 3.97
5 0. 89

50, 800 7.94
34,993 5. 56
0 8. 99
7,359 1.16
4,014 8. 63
399, 692 63. 42
55, 345 8.79
3,345 8. 53
8 8. 00

5 0. 09

2 8. 00

COST AND ¥ OF TOTAL
629,163 ieq. eo

629,469 i90. o8



DATA STORAGE AND ACCESS

° DATA IS NOT NECESSARILY- PHYSICALLY ALLOCATED IN THE ORDER
IN WHICH THE USER MAKES THE DECLARES,
EXAMPLE

CPL: COMPOOL;
DECLARE ARR1 ARRAY(3,6) SCALAR;
DECLARE ARR2 ARRAY(20) INTEGER; -
DECLARE 1 INTEGER; _ |
DECLARE S1 SCALAR DOUBLE;
DECLARE S2 SCALAR;
DECLARE $3 SCALAR)

CLOSE ¢PL;
" WOULD PROBABLY BE ALLOCATED AS:

51 )

S3 > #PCPL

S2 SIMPLE DATA

I :
ARR?

3 AGGREGATE DATA

ARR1.

3/
Yo/



DATA STORAGE AND ACCESS (CONTINUED)" ’ 32

GENERAL ALLOCATION RULES:

1) HAL REORDERS DATA IN AN ATTEMPT TO PROVIDE ADDRESSING COVERAGE
FOR THE DATA USING A MINIMUM OF DISTINCT BASE REGISTER VALUES,

2) SIMPLE DATA (OFFSET = 0) COMES BEFORE AGGREGATE DATA (OFFSET # 0).

SIMPLE DATA; INTEGER, SCALAR, STRINGS (BIT & CHARACTER).
AGGREGATE DATA: ARRAYS, VECTORS, MATRICES AND STRUCTURES.

3) WITHIN EACH OF THE TWO GROUPS, DATA IS ORDERED SUCH THAT ITEMS
* REQUIRING THE SAME BOUNDARY ALIGNMENTS ARE ADJACENT -- THUS
MINIMIZING WASTED SPACE. |

) WITHIN THE AGGREGATE GROUP SINGLE DIMENSIONAL ARRAYS COME BEFORE
MULTI-DIMENSIONAL ARRAYS,




DATA STORAGE AND ACCESS (CONTINUED)

5) STRUCTURE TEMPLATES ARE INTERMALLY ORDERED SUCH THAT THE
MINIMUM BOUNDARY ALIGNMENT WITHIN ANY NODE LEVEL IS REQUIRED.
(MORE ON THIS LATER,)

S —— ] W Y- {7

GENERALLY, THEN, DATA IS NOT ALLOCATED IN THE DECLARED ORDER
EXCEPT IN SOME OBVIOUS CASES, E.G.

DECLARE VECTOR ‘DOUBLE, V1, V2, V3, V4, V5, V6, V7, V8, V9;
IN SUCH A CASE THE COMPILER WILL NOT ALTER THE ORDER SINCE MOTHING
WOULD BE GAINED.

NONETHELESS, WHEN THE HAL/S COMPILER IS GIVEN FREE REIN TO REORDER
DATA, USERS SHOULD NEVER TRY TO PREDICT THE RESULTING ORDER, NOR
ASSUME THAT THE ORDER GENERATED WILL NOT CHANGE WHEN COMPILER
IMPROVEMENTS ARE MADE,




DATA STORAGE AND ACCESS (CON'T.)

WHEN USERS MUST CONTROL THE PHYSICAL LAYOUT OF DATA (E.G, FOR
INTERFACING TO EXTERNALLY DEFINED DATA LAYOUTS), THE RIGID

KEYWORD MAY BE USED,

RIGID TELLS THE COMPILER TO ALLOCATE DATA IN THE DECLARED ORDER.

IT MAY BE SPECIFIED ONLY ON COMPOOL BLOCK HEADERS, AND ON STRUCTURE
TEMPLATES. '

EXAMPLE 1:
~ CPL: COMPOOL RIGID;
DECLARE ARRL'ARRAY(3,6) SCALAR;
DECLARE ARR2 ARRAY(20) INTEGER;
DECLARE 1 INTEGER,
DECLARE S1 SCALAR DOUBLE;
DECLARE S2 SCALAR;

DECLARE S3 SCALAR DOUBLE;
CLOSE CPL;

323
(2



DATA "STORAGE ‘AND “ACCESS (CONTINUED)

RESULTS IN

ARR1

ARR2

' 1
Seace > \\\\\§\\\\\‘

- S2 .
HASTE > §?<?\?*§§§<§§?§§§?<?

NOTES

18 SCALARS = 36 HW
20 INTEGERS = 20 HW

1 H

3 H

4 HW

2 M

2 HW

4 HW

1) UNLESS USERS ARE CAREFUL, RIGID CAN CAUSE WASTED SPACE.
2) ON THE FC, DOUBLE PRECISION SCALARS ARE ALLOCATED ON DOUBLE-

WORD BOUNDARIES EVEN THOUGH THE HARDWARE (AP-101) DOES NOT

REQUIRE IT.

WHY? FOR STORAGE LAYOUT COMPATIBILITY WITH THE 360,

L

53
{2}



S

o

o

DATA STORAGE AND ACCESS (CONTINUED)

EXAMPLE 2:

STRUCTURE @ RIGID;

1 S1 SCALAR,

1 11 INTEGER,

1 B1 BIT(16),

1 S2 SCALAR DOUBLE,

1 V VECTOR;

DECLARE @ Q-STRUCTURE

RESULTS IN:

DOUBLE WORD _—7 s1

BOUNDARY
11

Bl
Y
V¢l
Vé2
V$3




-

DATA STORAGE AND-ACCESS (CONTINUED) V‘ 7 |

NOTES

1

2)

3)

)

5)

USE OF RIGID ON STRUCTURE TEMPLATES IS ESPECIALLY LIKELY TO CAUSE

* WASTE OF MEMORY UNLESS CARE IS TAKEN,

RIGID MUST BE SPECIFIED ON THE TEMPLATE DECLARATION -- OR A
MINOR STRUCTURE THEREOF. RIGID MAY NOT BE APPENDED TO A STRUCTURE

DECLARATION,

WHETHER A STRUCTURE TEMPLATE IS RIGID OR NOT, THE BOUNDARY ALIGNMENT
SELECTED FOR THE TEMPLATE IS DETERMINED BY THE TERMINAL WITH THE
MOST RESTRICTIVE BOUNDARY ALIGNMENT REQUIREMENTS.

MINOR STRUCTURES ARE ALWAYS ALLOCATED AS SEPARATE, DISCRETE UNITS
HITHIN THE OVERALL STRUCTURE,

THE KEYWORD ”RIGID” ON A COMPOOL BLOCK HEADER DOES NOT GUARANTEE STRUCTURE
RIGIDITY -- ONLY WHEN RIGID IS APPLIED TO A TEMPLATE DOES IT PENETRATE.




DATA STORAGE -AXD ACCESS (CONTINUED) Yc '

EXAMPLE 3.

- CPL: COMPOOL RIGID;
DECLARE SCALAR, $S1, S2;
DECLARE ARRAY(10) INTEGER DOUBLE, 11, 12, I3;
STRUCTURE Q:
1V VECTOR,
1 SS SCALAR,
1 J INTEGER;
DECLARE @ @-STRUCTURE;
DECLARE W MATRIX(S,9) DOUBLE;

CLOSE CPLy

31
RESULTS IN!
52 ‘ |
I \ ALL DATA HAS BEEN ALLOCATED 1IN
12 THE DECLARED ORDER,
I3
8 < INTERNAL TO Q, TERMINALS‘J, ss,
AND J MAY BE REORDERED!
" . e
~




DATA STORAGE AND ACCESS (CONTINUED) ‘ y‘ ?

EXAMPLE 4:

STRUCTURE Q:

14,

*2 B1 BIT(),
2 B2 BIT(8),
2 1 INTEGER,

1B RIGID,
2 S1 SCALAR,
2 S2 SCALAR DOUBLE, ™ THIS MUCH OF @ WILL BE RIGID
2 J INTEGER,

1¢,
2'V1 VECTOR,
2 V2 VECTOR DOUBLE;

WE CALL A, B, AND C MINOR STRUCTURES OR FORKS. RIGID MAY BE APPLIED
TO MINGR STRUCTURES IN WHICH CASE IT PROPAGATES DOWNWARDS TO ALL
LOWER TERMINALS,
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e THE PHYSICAL ALLOCATION OF RIGID STRUCTURES IS FAIRLY SIMPLE
TO GRASP ONCE THE IDEA OF DATA ALIGNMENT AND INDEPENDENCE
OF MINOR STRUCTURES 1S UNDERSTOUD,

» AS WILL BE SEEN THE CONCEPT OF DENSE STRUCTURES MAKES THINGS
SLIGHTLY MORE COMPLICATED.

o BUT AS TO WHAT HAPPENS WHEN HAL/S IS FREE TO REORDER STRUCTURES --
THAT IS A MUCH MORE COMPLEX TOPIC THAT WILL BE TAKEN UP AT A
LATER TIME. ‘

BEFORE DISCUSSING DENSE WE NEED SOME FACTS ABOUT PHYSICAL ORGANIZATIONS
OF DATA: |

T,
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360 FC
INTEGER ,
"1 HY 1
(2 BYTES)
INTEGER
DOUBLE
2 HW 2 M
(FULLWORD) (FULLWORD)
(4 BYTES)
SCALAR 8 2 g 7
2 HH 2 H
(FULLWORD) (FULLWIRD)
(4 BYTES)
SCALAR
DOUBLE |18 56 8 56
| i HW Iy HY
(DOUBLE WORD) (DOUBLE WORD)
(8 BYTES)

SUMMARY: EXACT CORRESPONDENCE IN LENGTH AND BOUNDARY ALIGNMENTS

BETWEEN Fr AND 360,

'f?l
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CHARACTER STRINGS:

FCo MiC| X X[ XEX] XX XEX[X1X[X1X

L

S1ZE
INFO

M = MAX NUMBER OF CHARACTERS
C = CURRENT NUMBER OF CHARACTERS

NOTE: AN FC CHARACTER STRING ALWAYS OCCUPIES AN INTEGRAL NUMBER
OF HALFWORDS (2 CHARACTERS PER HW)., AN UNUSED 8 BITS MAY
EXIST AT THE END. '

B B B B B B B B B B B
360 AMECL X R XXX X

A 360 CHARACTER STRING IS BYTE-ORIENTED. NO WASTED SPACE AT
THE END, | |
BUT, THE F@ATA OPTION (SPECIFIABLE TO THE 360 COMPILER)

WILL RESULT IN THE GENERATION OF FC-EQUIVALENT CHARACTER STRINGS.
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BIT STRINGS:
A) BIT(1) BOOLEAN

THROUGH BIT(@) PIT STRING IS

RIGHT-JUSTIFIED

¥
e 0 T 1 N
B0 o 1 BYTE
360 ——
(FC DATA) 0 s L
B) BIT(9) - BIT(16) ‘LR!GH}‘—JUST!FIED
ke NN 1 Hy
360 0 1 Hi

C) BIT(l?) - BIT(BZ) RIGHT~JUSTIFIED

Fe oo 1w

w0 oo
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NOTES:

(1) HAL/S ALWAYS CAUSES IMPLICIT INITIALIZATION OF BIT'STRINGS
T0 ZERO,

(2) AT RUN TIME, HAL/S ASSUMES PORTION OF WORD NOT OCCUPIED BY THE
BIT STRING IS ZERD.

(3) BIT STRINGS ARE ALWAYS (EXCEPT FOR DENSE BIT STRINGS) RIGHT-
JUSTIFIED IN THEIR MEMORY LOCATION -- COMPONENT SUBSCRIPTING
STILL STARTS WITH 1 BEGINNING WITH THE LEFT-MOST BIT OF THE
ACTUAL STRING.

DECLARE B2 BIT(12) INITIAL(BIN'110111110010");

0123 45¢67 8 9101112131415
ojojofjoj1j1jof1]1y1}1{2110j0f{1}0

UNUSED sz
B12$1 B12$12
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EVENT VARIABLES (ACTS LIKE A BOOLEAH)

FC
360

360 (Fc DATA)

NAME VARIABLES*

IS

FC

0

< USED BY FCOS

> E 1 HW

1 BYTE

(POINTER DATA)

7777 1w

1 BYTE
FILLER

16 BIT ADDRESS

1 Hd

360.

0

| 24 BIT ADDPESS

1FW

* NAME VARIABLES REPRESENT AN ALLOCATION INCOMPATIBILITY BETWEEN THE FC
AND 360 COMPILERS THAT FCDATA CANNOT OVERCOME!

SKIP

¢7

P

&
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DENSE/ALIGHED
THE KEYNORD DENSE 1S ONLY EFFECTIVE WHEN APPLIED TO
STRUCTURE DATA (FORKS OR TERMINALS) AND EVER THEN ONLY
CONTROLS PACKING OF BIT AND BOOLEAN DATA.

DENSE ALLOWS BIT STRINGS WITHIN STRUCTURES TO BE COMPRESSED --
SAVING CORE MEMORY:BUT INCREASING ACCESS TIME GENERALLY.

EXAMPLE 1t

 DECLARE § SCALAR DENSE; <~
DECLARE B6 BIT(G) DENSE; <
STRUCTURE @ DENSE:
1 BY BITH),
1 B10 BIT(10),
1 B2 BIT();
DECLARE @ Q-STRUCTURE;
DECLARE R Q-STRUCTURE DENSE; €————— ILLEGAL

INEFFECTUAL

53
v7¢
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ALL DATA IS INHERENTLY ALIGNED (UNLESS DENSE IS SPECIFIED)
THUS THERE IS NO NEED TO SPECIFY ALIGNED ON DECLARED
DATA -- ALTHOUGH THE KEYWORD ALIGNED WILL BE AUTOMATICALLY

SUPPLIED IN THE CROSS-REFERENCE TABLE.
DECLARE 1 INTEGERZQ}IGNED;
LEGAL BUT WASTED KEYPUNCHING

ALIGNED, HOMEVER, CAN BE USED WITHIN A STRUCTURE TEMPLATE
T0 "TURN OFF" A DENSE SPECIFICATION THAT MAY BE IN FORCE.
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Pt
’
-
DENSE Y, .
.
/ . R
L. S s
'0 .. - ’
"'. e ‘.;’:/
" . % L
’. - l. *
s R
LI M
I o
R ..' v
v L |
\"..'{ ': O
K] /
Vo 2.7
A A
wFam Ll
\‘_‘ ‘p
-

NOT&EC I SCIORRIT: B b8 A BT - FAULTY AN -
THAT DENSE NEVER HAS AN EFFECT ON

ARRAYS OF BIT STRINeGS!

33
97y

STORAGE PACKING DENSITY OPTIMIZATION
IN FORCE

EXAMPLE :

STRUCTURE A:
1 AL DENSE,
2 ALl BITU®),

2 A12 INJEGER,

2 A13 ARRAY (10) BoDEea
Y “yi (1

| 2

 ALIGNED,

1 A2 CHARACTER(80);

DECLARE ZA A-STRUCTURE;
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NOTES::

1) DENSE IS ONLY EFFECTIVE ON'SINGLE (UNARRAYED BIT STRINGS)
WITHIN STRUCTURES.

2)  BOTH DENSE AND RIGID CAN BE SPECIFIED FOR A STRUCTURE TEMPLATE.

RIGID [ e
DENSE ADJACENT BIT STRINGS BIT STRINGS ARE SORTED
ARE PACKED WHEN (WITHIN-A MINOR STRUC-
POSSIBLE - TURE) AND PACKED TO-
GETHER,
ALIGNED | NO PACKING OF BITS HITHIN A MINOR STRUC-
TAKES PLACE, ALL TURE, DATA IS SORTED
DATA IS ALLOCATED TO SAVE SPACE, NO
AS DECLARED. BIT PACKING OCCURS.

A FURTHER COMPLICATION EXISTS IN THAT STRUCTURES MAY BE
PARTIALLY DENSE AND/OR PARTIALLY RIGID,

THE DETAILED RULES FOLLOWED BY THE COMPILER ARE T0O COMPLEX T0
BE TREATED HERE,



P
N

DATA STORAGE AND ACCESS (CONTINUED)

EXAMPLE :

STRUCTURE Q DENSE RIGID:
14,

2 BL BIT(W),

-2 B2 BIT(S),

2 B3 BIT(2),

2 Bl BIT(6),

1B,
2 B5 BIT(5),
2 B6 BIT(5),
1¢,

2 B7 BIT(3),
1D,

2 B8 BIT(5),

| //’ B2 B3|1  MINOR STRUCTURE
////7///// B | A

o 7 Bo B
A ////// Aw | C
A D

NOTE THAT  MINOR STRUCTURES ARE INDEPENDENTLY ALLOCATED!!

-~

Y%
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A PROGRAMMER USES A DENSE BIT STRING THE SAME WAY A NON-
DENSE ONE IS USED ...

STRUCTURE @ DENSE:
1 BOOLI BOOLEAN,
"1 BOOL2 BOOLEAN,
1 B10 BIT(10),
1 B4 BIT();

DECLARE @ Q-STRUCTURE INITIAL(TRUE, FALSE, BIN'111', BIN'1")

r 1 s

IF BOOLL AND NOT BOOL2 THEN DO,

IF B4 = BIN'1011" THEN DO;

Y¥s
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INSTEAD OF THIS, |
STRUCTURE Q@ DENSE RIGID:
1 ENGINE_ON BOOLEAN,
1 LOW_FUEL’ BOOLEAN,
1 HHEELS_DOWN BOOLEAW,

1 SOMETHING_IS_BURNING BOOLEAN;,
DECLARE Q Q-STRUCTURE;

DO THIS:
STRUCTURE @:
1 DISCRETES BIT(16);
DECLARE Q@ Q-STRUCTURE;
REPLACE ENGINE_ON BY "DISCRETES$1";
REPLACE LOW_FUEL BY "DISCRETES$2";

t 1

REPLACE SOMETHING_IS_BURNING BY "DISCRETES$16”;

Y2
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TEMPORARY DATA

o NORMAL DECLARE'D DATA IS PERMANENTLY ALLOCATED TO A STATIC
DATA AREA.

* THE.TEMPORARY FACILITY ALLOWS USERS TO OBTAIN SCRATCH SPACE FOR
LOCALIZED CALCULATIONS THAT WILL BE OBTAINED FROM THE STACK.

TrTTmL——

» TEMPORARY VARIABLES EXIST ONLY WITHIN THE DO ... END GROUP
WITHIN WHICH THEY ARE DEFINED.,

* THO FORMS EXIST:
TEMPORARY S SCALAR; | NORMAL FORM
TEMPORARY MATRIX DOUBLE, M1, M2, |

. AND
" DO FOR TEMPORARY 1 =1 T0 9;
A SPECIAL LOOP VARIABLE FORM,
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RESTRICTIONS

iy
2)
3)

)

5)

TEMPORARY DATA ITEMS MAY NOT BE INITIALIZED,
TEMPORARY EVENT VARIABLES AND NAME VARIABLES ARE NOT ALLOWED,

THE NAME OF A TEMPORARY MAY NOT DUPLICATE THE NAME OF
ANOTHER TEMPORARY DATA ITEM IN THE SAME DO...END GROUP,

THE NAME OF A TEMPORARY DATA ITEM MAY NOT DUPLICATE THE NAME
OF AN ORDINARY DATA ITEM KNOWN BY THE SCOPING RULES TO THE
BODY OF THE DO,..END GROUP,

TEMPORARY VARIABLES CAN ONLY BE DEFINED IMMERIATELY FOLLOWING
A DO ... AND PRIOR TO THE NEXT EXECUTABLE FORM (EXCEPT FOR

- THE LOOP TEMPORARY),
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6) TEMPORARY VARIABLES MAY NOT BE DEFINED FOR A D0 CASE BLOCK,
EXAMPLES

FDO FOR TEMPORARY [ = 1 TO 10;

| ] ¥ ]

L OM$I = M$T + 1

I

-END

I IS ONLY KNOWN WITHIN, THE DO...END BLOCK., I IS ALWAYS

A SINGLE PRECISION INTEGER IN THIS LOOP VARIABLE SPECIAL
FORM,

~D0;

TEMPORARY I INTEGER DOUBLE;
TEMPORARY MATRIX, M1, M2, M3,

+ ] 1

l=1+1;

ML = M2 + M3;
/ lenp;

1, M1, M2, M3 ARE ONLY KNOWN WITHIN THIS DO...END GROUP (AND
ANYTHING NESTED WITHIN IT).

!
I
!
l
|
l
|
l




HRONG:

RIGHT:
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D0;
I=1+1
TEMPORARY INTEGER J;
J =21
END; DOES NOT IMMEDIATELY FOLLOW DO

D0;
TEMPORARY TNTEGER J;
[=1+1;
J = 21;

END;

WRONG:

RIGHT:

D0;
TEMPORARY INTEGER J INITIAL(3);

1 [ I

END; TEMPORARIES CANNOT BE INITIALIZED

D0;
TEMPORARY INTEGER J;
23; .

END;
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HRONG:

RIGHT:

DATA STORAGE AND ACCESS (CONTINUED) | s g

D0;
STRUCTURE Q:
1 A SCALAR,
1 B SCALAR;
TEMPORARY R Q-STRUCTURE;

END;

STRUCTURE Q:
1 A SCALAR,
1 B SCALAR:
D0y f
TEMPORARY R Q-STRUCTURE;

END;

IN DECLARE GROUP OF ANY OUTER BLOCK

HRONG:

DO; :
TEMPORARY INTEGER I;

L3 L] L3

DO;

-TEMPORARY INTEGER I,

T %

END; -
END;

A

TWO I'S IN SAME DO...END GROUP
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RIGHT: | ‘ r"r
bo; |
TEMPORARY INTEGER I;

' 4 H

DO; .
TEMPORARY INTEGER 11;
. END;
END;
THIS 1S OK! 3
D0;

"TEMPORARY: MATRIX ML,

END; -

o _ 2 SEPARATE (NON-NESTED DO...END
D0; ' //,//// GROUPS)
) TEMPORARY MATRIX M1;

1 L] ]

END;

NOTE: 1IN A CASE LIKE THIS, NOT ONLY WILL M1 AND M2 BE ALLOCATED IN THE
STACK, BUT M1 AND M2 WILI QUITE LIKELY OCCUPY THE SAME LOCATIONS.
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THIS IS WRONG:

DO CASE J;

TEMPORARY MATRIX M1;
Do; |

b case 1
ENU} -
D0; ]
[ B | * CASE 2.
END;

END;

BUT. THIS IS OK1

DO CASE J;
D0;
- TEMPORARY MATRIX M1;

END;
DO;

END;

END;

33
174
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WRONG:
PROC: PROCEDURE
DECLARE 1 INTEGER;  pypiicate 1pENTIFIER

DO FOR TEMPORARY 1 =1 T0 5;

END;

TENPORARIES SCOPE INTO NESTED DO...END GROUPS ALSO ---

(10;
TEMPORARY Z ARRAY(10) INTEGER;

i$l - 33

DO FOR TEHPORARY 1 = 1 70 105
IF 781 = 0 THEN ...

END;

| END;

Y%0
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33
TEFPORARIES ALSO SCOPE INTO MESTED BLOCKS BUT SINCE TEMPORARIES ARE Y?/
IN THE STACK WE HAVE THE SAME STACK "WALK-BACK” PROBLEM THAT EXISTS

FOR PARAMETERS,

EXAMPLE :
FDO;
TEMPORARY MATRIX M;
CALL PROC_A;
PROC_A: PROCEDURE;
IF M$(2,3) = O THEN ..,
CLOSE PROC_A; M IS VISIBLE BECAUSE WE ARE STILL IN THE
v DO..+END GROUP WHERE M WAS DEFINED. A
| END; STACK WALK~BACK LOOP WILL BE GENERATED,

HOWEVER .,
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LLOCK GROUPS

THE CONCEPT OF A LOCK GROUP IS LINKED TO THAT OF AN UPDATE BLOCK.

“THIS 1S DUE TO THE FACT THAT A DATA ITEM WHICH HAS BEEN DECLARED TO

BE LOCKED CAN ONLY BE ACCESSED (REFERENCED OR MODIFIED) WITHIN AN
UPDATE BLOCK,

ALTHOUGH ANY DECLARED DATA ITEM MAY HAVE A LOCK GROUP SPECIFICATION,
I PRACTICE OMLY CERTAIN COMPOOL VARIABLES WILL NEED SUCH PROTECTION.

THE CURRENT IMPLEMENTATION ALLOWS FOR 15 SEPARATE LOCK GROUPS,
CONTROLLING CRUCIAL VARIABLES ON A GROUP BASIS TURNS OUT TO BE FAR
MORE PRACTICAL THAM PROTECTING THEM INDIVIDUALLY,

IF A VARIABLE IS 7O BE PROTECTED THEN IT IS GIVEN A LOCK SPECIFICATION
AT THE TIME IT IS DECLARED.
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EXAMPLE s

DECLARE WVECT VECTOR(3),
QVECT VECTOR(3) LOCK(7),
RVECT VECTOR(3) LOCK(4),

HERE WVECT IS UNPROTECTED, QVECT IS LOCKED AND BELONGS TO GROUP 7
AND RVECT 1S LOCKED AHD BELONGS TO GROUP 4. WVECT CAN BE REFERENCED
OR ASSIGNED ANYWHERE., QVECT AND RVECT CAN ONLY BE ACCESSED WITHIN
AN UPDATE BLOCK.

FOR THE SAKE OF FLEXIBILITY, A VARIABLE CAN BE DECLARED AS LOCK(*),
THIS TECHNICALLY SIGNIFIES THAT THE VARIABLES BELONGS TO ALL LOCK
GROUPS SIMULTANEQUSLY, | -

EXAMPLE:
DECLARE VEHICLE_POSITION VECTOR DOUBLE LOCK(*);
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THE FOLLOWING EXAMPLES ILLUSTRATE THE POSITIONING OF THE CONSTRUCT
WITHIN DECLARATIONS: -

EXAMPLES:

| DECLARE I INTEGER DOUBLE LOCK(3);
| 'DECLARE S SCALAR INITIAL(5.5) LOCK(*);
: DECLARE V VECTOR(3) LOCK(1) INITIAL(D);

DECLARE B ARRAY(1000) ‘BOOLEAN LOCK(*);

| STRUCTURE @ DEMNSE: .
I 1 Q1 INTESER,
| 1 0S SCALAR,

| 1B BITU6);
| DECLARE ZQ Q-STRUCTURE(20) LOCK(3);

UPDATE BLOCKS

AN UPDATE BLOCK IS AN EXPLICITLY DELIMITED BODY OF CODE WHEREIN LOCKED
DATA MAY BE REFERENCED OR MODIFIED, AN UPDATE BLOCK SUPERFICIALLY LOOKS
LIKE ANY OTHER HAL BLOCK.

_ Labels UPDATE

CLOSE fabel;

33
77y
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THE UPDATE BLOCK, HOWEVER, IS UNIQUE IN SEVERAL RESPECTS:

1) THE BLOCK LABEL IS OPTIONAL. IF IT IS OMITTED THE COMPILER
AUTOMATICALLY GENERATES LABELS, I.E,

- SUPDATEL, $UPDATE2, etc.

2) UPDATE BLOCKS CANNOT BE CALLED, INVOKED, OR SCHEDULE, INSTEAD,

THEY -ARE EXECUTED WHEN THEY ARE ENCGUNTERED IN THE PATH OF
EXECUTION,

NOTE: ALTHOUGH ONE "FALLS INTO" UPDATE BLOCKS (AND THAT IS

: WHY A LABEL IS OPTIOHAL) THEY STILL ARE SEPARATE CSECTS
(CONTROL SECTIONS) LIKE ANY OTHER BLOCK AND THUS THERE
IS A HIDDEN BRANCH TO THE BLOCK WHICH LOOKS LIKE A

NORMAL PROCEDURE CALL. THIS CAN BE SEEN IN THE GENERATED
CODE,
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3) A BLOCK LABEL, IF THE USER SUPPLIES ONE, MAY BE CONSIDERED

AS A STATEMENT LABEL, I.E. IT IS POSSIBLE TO USE A GO TO
STATEMENT TO GET TO AN UPDATE BLOCK,

| [=1+1;
IF I <0 THEN GO TO ENTER;
Sd=J+ ]y

ENTER: UPDATE;

PLESNELT
CLOSE ENTER;

E

I
|
|
Y
|
I
l
I

4) AT THE BEGINNING OF THE EMITTED CODE FOR AN UPDATE BLOCK THERE
IS A SUPERVISOR CALL (SVC) TO THE FCOS DESCRIBING WHICH LOCK
GROUPS WILL BE USED BY THE UPDATE BLOCK, EXECUTION MAY BE HELD
UP AT THIS POINT IF ONE OR MORE OF THE REQUESTED GROUPS ARE
ALREADY IN USE,
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5)

6)

7)

d
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AT THE END OF THE EMITTED CODE FOR AN UPDATE BLOCK THERE

IS AN SVC WHICH INFORMS THE FCOS THAT THE LOCK GROUPS ARE
NOW FREE.

A UPDATE BLOCK CAN HAVE DECLARED LOCAL DATA JUST LIKE ANY
OTHER BLOCK,

THE FOLLOWING (UNUSUAL) RESTRICTIONS APPLY, HOWEVER:

o NO 1/0 STATEMENTS OF ANY KIND ARE LEGAL, E.G, READ, WRITE,
. ETC. (HAL/S WILL NOT STOP 7SVC, HOWEVER),

o MOST REAL-TIME STATEMENTS ARE JLLEGAL, NAMELY:
SCHEDULE, WAIT, CANCEL, TERMINATE,
AND UPDATE PRIORITY,
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o AN UPDATE BLOCK CAN HAVE NESTED PROCEDURES AND FUNCTIONS
BUT NO UPDATE BLOCKS OR TASK BLOCKS.

o THE ONLY PROCEDURE OR FUNCTICN INVOCATIONS WHICH ARE LEGAL
ARE THOSE REFERENCING PROCEDURE OR FUNCTION BLOCKS DEFINED
WITHIN IT.

UPDATE BLOCKS SHOULD GENERALLY BE AS FAST AS POSSIBLE SINCE THEY
TIE UP LOCK GROUPS THAT MAY KEEP MORE CRITICAL UPDATE BLOCKS FROM

BEING EXECUTED,
NOR SHOGLD UPDATE BLOCKS BE T0O FREQUENT SINCE THERE IS NOT ONLY

THE OVERHEAD OF 2 FCOS SERVICES BUT ALL GPC'S ARE USUALLY SYNCHED

UPON ENTRY TO AN UPDATE BLOCK.

478
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EXAMPLE !

UPDNPE;
DECLARE T INTEGER,
5 SCALARG
vV = V/5;

WRITE(G) v; s § 11logal
INMER: PROCEDURE;

CLOSE INNER;

CALL IMHER;
CALL OUTER; #—~———— jllegal ~ outer not defined in

update block’
UPDATE PRIORITY ALPIIA TO 50; 4————1lleqgal

e e e e e i e o e . e e i o i A R e S T T Uy T S S i s i e

CLOSE;

32
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NOTE: THE COMPILER AUTOMATICALLY INFORMS FCOS ON WHICH LOCK GROUPS
T0 LOCK BASED ON WHICH LOCKED VARIABLES ARE REFERENCED,

FURTHERMORE, 1F LOCKED DATA IS ONLY REFERENCED (NOT
ASSIGNED) FCOS IS INFORMED OF THIS ALSO -- ALTHOUGH
REFERENCE-ONLY UPDATE BLOCKS ARE NOT CURRENTLY GIVEN ANY
FAVORED TREATMENT,
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EXECUTION OF UPDATE BLOCKS

THE BEHAVIOR OF PROCESSES ON ENCOUNTERING UPDATE BLOCKS HAS ALREADY
BEEN DESCRIBED IN THIS SECTION, BUT ONLY SUPERFICIALLY BY EXAMPLE,
THIS BEHAVIOR IS NOW RE-EXAMINED IN MORE DETAIL,

THE SIMPLEST CASE IS THAT OF TWO PROCESSES WISHING -TO USE DATA
ITEMS FROM THE SAME LOCK GROUP, EACH PROCESS MAS TO EXECUTE AN
UPDATE BLOCK TO USE THE PROTECTED DATA ITEMS. THE FOLLOWING
ACTIVITY TAKES PLACE: - '

® IF BOTH OF THE PROCESSES REQUIRE DATA ITEMS FROM THE SAME
. LOCK GROUP TO BE MODIFIED THEN THE FIRST PROCESS TO
ENTER 1TS UPDATE BLOCK MUST COMPLETE EXEUCTION OF IT BEFORE
THE SECOND PROCESS CAN ENTER ITS OWN UPDATE BLOCK., THE
RTE PLACES THE SECOND PROCESS IM A WAITING STATE FOR THIS
PERIOD OF TIME, -

® IF ONE OR BOTH OF THE PROCESSES ONLY REQUIRE TO REFERENCE THE
DATA THEN IN SOME IMPLEMENTATIONS OF HAL/S, THE BEHMAVIOR OF THE
RTE WILL BE THE SAME AS BEFORE, ALTERNATIVELY, IN OTHER IMPLE-
MENTATIONS, TO REDUCE THE SECOND PROCESS’' WAITING TIME, THE
RTE MAY ALLOW PARTIAL OVERLAP IN EXECUTION OF THE UPDATE BLOCKS,
CONSISTENT WITH EXCLUSIVE USE OF DATA BY THE PROCESS MODIFYING
1T,
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IF THE THO PROCESSES WISH TO USE DATA FROM MORE THAN ONE LOCK

GROUP, THE RTE TRACKS THE USE OF EACH LOCK GROUP IN THE ABOVE ,
WAY., IF ONE OR BOTH PROCESSES USL DATA PROTECTED BY LOCK(*), THEN "
THE SITUATION IS EQUIVALENT TO ONE IN WHICH THE PROCESS OR

PROCESSES WISH TO USE DATA IN EVERY LOCK GROUP,

IF DATA 1S SHARED BY MORE THAN TWO PROCESSES, THEN ALL PROCESSES

EXCEPT ONE ARE PUT IN A WAITING STATE BY THE RTE. THE EVENTUAL

ORDER. IN WHICH THE PROCESSES COMPLETE EXECUTION OF THEIR UPDATE
BLOCKS WILL DEPEND ON THE CONTENTS OF THE PROCESS QUEUE AND THC
RELATIVE PRIORITY OF THE PROCESSES.
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EXANPLE SV~

IN SOME REAL TIME APPLICATION, IT IS REQUIRED THAT A PROCESS ALPHA
PRINT THE VALUES OF A COVARIANCE MATRIX M ONCE EVERY 19 SECONDS.

'THE VALUES ARE UPDATED ONCE EVERY 1.5 SECONDS BY A SECOND PROCESS

BETA. THE IMPLEMENTATION MUST GUARANTEE THAT A.PARTIALLY UPDATED
COVARIANCE MATRIX NOT BE PRINTED,

THE COVARIANCE MATRIX M IS DECLARED THUS:

|
| DECLARE M MATRIX(3,3) LOCK(1);
) -
THO TASK BLOCKS CORRESPONDING TO ALPHA AND BETA ARE SHOWN BELOW:
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EXAMPLE CONTINUED:

| ALPHA: TASK;
| DECLARE H_LOCAL MATRIX(3,3);
Ul: UPDATE;
. wwocaL = my
I cLose u,
L WRITE(6) 'COVARIANCE=', M_LOCAL;
| cLose ALpiA;
|
|
|

C
BETA TASK)
DECLARE VT VECTOR(3)
U2: UPDATE;
E f T

V= (PHI M PHI + QR)Z;
M=V V/@B+Z.V);
CLOSE U2

CLOSE BETA;

sa
500-Y
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EXAMPLE CONTINUED: | saoo«-ﬁ
| ALPHA: TASK;
' DECLARE M_LOCAL MATRIX(3,3);
U1: UPDATE;
| M_LOCAL = I;
| cLose 1
| WRITE(6) 'COVARIANCE=', M_LOCAL,
| cLoSE ALPHA, :
|
I
|

C
. BETA TASK;
DECLARE VT VECTOR(3);
U2: UPDATE;
E T

V= (PHI M PHI + QA)Z;
M=V V/(@B+ZV);
CLOSE U2,

CLOSE BETA;

T
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EXAMPLE CONTINUED:

PROCESSES ALPHA AND BETA COULD BE CREATED BY INVOKING
THESE TASK BLOCKS WITH CYCLIC SCHEDULE STATEMENTS
OF THE FOLLOWING FORM:

E SCHEDULE ALPHA PRIORITY(10), REPEAT EVERY(19);
I SGHEDULE BETA PRIORITY(20), REPEAT EVERY(1,5);

THE FOLLOWING DIAGRAM SHOWS THE STATE TRANSITIONS OF
THE PROCESSES:

33
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EXAMPLE CONTINUED:

exncubtion of
update block U1

P —

w —— 19svcC -—-—-—>—I

! I = = pxecuting
|
ALPHA I
_mem —— L — o Yerady
I
..%. — |_.. — ke m— . waiting
'w-—- 1.58ec¢ -———b'-q-—-—-l- l.5sex —b{
} | { | : ' ~- erccuting
| ! | { !
pera |- - - : + { Ty
. " o
L i-« -w-i - ! S — -.} A s Wdil,.iii'}
bl |+t o
. i
oxoention of u axncutinﬁ of
update bloack U2 l\ update block U2
process walting end of execulijon
ak entry to U2 of update block U1

e

NOTE THAT IF IN THIS EXAMPLE PROCESS SWAPS OCCURRED ONLY ON
STATEMENT BOUNDARIES, UPDATE BLOCKS WOULD NOT BE NEEDED SINCE
ALPHA COULD NOT EVER BE BROUGHT INTO EXECUTION WITH COVARIANCE
MATRIX M PARTLY UPDATED,

53
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DATA STORAGE AND ACCESS (CONTINUED)

LOCKED ASSIGN ARGUMENTS

THE RULE THAT LOCKED DATA ITEMS CAN ONLY APPEAR IN UPDATE
BLOCKS HAS ONE SOLE EXCEPTION: IT IS POSSIBLE FOR LOCKED
DATA ITEMS TO APPEAR AS ASSIGN ARGUMENTS IN PROCEDURE
INVOCATIONS, THIS PROVIDES THE ABILITY TO "PARAMETERIZE"
UPDATE BLOCKS, AS WILL BE SHOMN IN AN ENSUING  EXAMPLE,

_ THE FOLLOWING RULES GOVERN THE PASSAGE OF LOCKED ASSIGH
ARGUMENTS:: | '
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DATA STORAGE AND ACCESS (CONTINUED)

LOCKED ASSIGN ARGUMENTS (CONTINUED):

1.

2,

3.

IF THE ARGUMENT IS A DATA ITEM BELONGING TO
LOCK GROUP Ns THEN THE CORRESPONDING PARAMETER

"MUST BE DECLARED LocK(N) OR Lock(#),

IF THE ARGUMENT 1S A DATA ITEM BELONGING TO
ALL LOCK GROUPS, THE CORRESPONDING PARAMETER
MUST BE DEGLARED Lock{®),

ARGUMENT .AND PARAMETER MUST ALSO MATCH IN THE
SENSES DESCRIBED, AS APPLICABLE,

$00-§
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EXAMPLE :
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DATA ‘STORAGE AND ACCESS (CONTINUED)

DECLARE A SCALAR 1LOCK (1),
n SCALAR LOCK{2),
C SCALAR LOCK{+}:;
PICK: PROCEDURL (P) ASSICN(Q,R):

| DECLARE

P SCALAR,
Q SCALAR LOCK({l),
R SCALAR LOCK(+*);

.

body of procedurc

i,

CLOSE PICK;

the above procedure definitions and declarations,
following invocations are legal

CALL PICK(1.0)} ASSIGN(A,B):
CALL PICK(2.0) ASSIGN(A,C):

following are illeqgal:

/
CALL PICK(N) ASSIGN(ICT);

/loukml' dotn item as input acguoenl

unmatched lock group

CALL PICK{3.0) ASSIGN(C,B}:

>a
$00-9%



DATA STORAGE AND ACCESS (CONTINUED)

EXAMPLE CONTINUED:

The procedure PIcK may contain an update block
chanying the values of Q and R:

PICK: PROCEDURE(P) ASSIGN{Q,R);
DECLARE P SCALAR,
: QO SCALAR LOCK (1),

R SCALAR LOCK {«);

U= 04+ p;
R =1 - p;
CLONE s

]
]

J

I

!

1

{

!

t

1

! .
! t: nepary;
!

'

!

'

]

]

t

[}

I

!

1

CLOSE PICK;

. IR may be invoked with different locked ansiyn
arqument:, thus effectively parameterizing the
update block.

' CALL PXIUCK{l) ASSIGN(A, L) updatos A and N

| CALL PICK(2) ASSIGN(A,C): udpates A and ©
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DATA STORAGE AND ACCESS (CONTINUED)

FURTHER NOTES:

1) STRUCTURES MAY BE LOCKED:

STRUCTURE Q:
l A}
2 A1 SCALAR,
2 A2 SCALAR,
1B, -
2 B1 INTEGER,
2 B2 INTEGER)
DECLARE @ Q-STRUCTURE LOCK(5);

IN WHICH CASE AN UPDATE BLOCK IS NEEDED TO ACCESS ANY PART OF THE

STRUCTURE. -
2) THE KEYWORD LOCK MAY NOT APPEAR WITHIN THE TEMPLATE ITSELF,
I.E., EITHER THE ENTIRE STRUCTURE IS LOCKED OR NO PIECE OF IT IS.

THIS TURNS OUT TO BE AN UNFORTUNATE RESTRICTION IN THE CASE OF
NAME VARIABLES (AS WE WILL SEE LATER), I.E, THE FOLLOWING IS
ILLEGAL (ALTHOUGH LOGICALLY REASONABLE).
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DATA STORAGE AND ACCESS (CONTINUED) | é'”ao..f -

STRUCTURE Q:

1 A SCALAR,

1 NM NAME MATRIX LOCK(3),

1V VECTOR;
A DISADVANTAGE OF LOCK GROUPS IS THAT AN UPDATE BLOCK IS LEGALLY
REQUIRED EVEN. HHEN THE SOFTHARE DESIGN GUARANTEES THAT CERTAIN
“SAFE" TIMES EXIST WHEN ONLY ONE PROCESS WILL BE ACCESSING THE
LOCKED DATA,

ILLEGAL!

THE NEW ZCOPY FACILITY DOES ALLOW LOCKED DATA TO BE COPIED OR
UPDATED WITHOUT THE NEED FOR AN UPDATE BLOCK.



EXCLUSIVE PROCEDURES/FUNCTIONS

AN EXCLUSIVE PROCEDURE OR FUNCTION (USUALLY A COMSUB) IS ONE WHICH
POSSESSES A SPECIAL FCOS INTERFACE THAT GUARANTEES THAT ONLY ONE .
PROCESS AT A TIME MAY ENTER THE BLOCK, I.t. THE FIRST PROCESS T0
ENTER THE BLOCK LOCKS OUT ALL OTHER POTENTIAL CALLERS UNTIL IT HAS
FINISHED AND HAS EXITED THE BLOCK,

DEFINING AN EXCLUSIVE PROCEDURE

‘THE FORM OF THE OPENING STATEMENT OF AN EXCLUSIVE PROCEDURE IS AS

SHOWN BELOW:

! ' .
;tnbecsPROCEDURE(il,Lz,...) ASSIGN(al,az,...} EXCLUSIVE:

1, Zlabel is a legal HAL/S identifier constituting the
procedure name.

2. il:izf-n- and alfaz,... are lists of input and
assign parameters as described.

3. The keyword EXCLUSIVE designates an exclusive
procedure,

R
Svo -(3
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EXCLUSIVE PROCEDURES/FUNCTIONS (CONTINUED)

NOTE: ALTHOUGH IT IS FAR EASIER TO MAKE A BLOCK -EXCLUSIVE THAN REENTANT,
- EACH EXECUTION OF AN EXCLUSIVE BLOCK CARRIES THE OVERWEAD OF 2 FCOS < ° .
SUPERVISOR CALLS. .

EXCLUSIVE BLOCKS ALSO MAY RESULT IN TEMPORARY "LOCK-OUT” OF MORE
CRITICAL PROCESSES.

THIS IS ALL IT TAKES TO MAKE A BLOCK EXCLUSIVE

Examplat

1" p: PROCEDURE(A) EXCLUSIVE;
DECLARE A SCALAR;

CLOSE P;

The template corresponding to an exclusive external
procedure must also bear the keyword EXCLUSIVE.

G-



EXCLUSIVE PROCEDURES/FUNCTIONS (CONTINUED)

Example:

o " o i S — " " 142

v " -

The template corresponding to

P: PROCENDURE(A) BXCLUSIVE;
DECLARE A SCALAR;

7/%% % pruccduru‘hody

CLOSE Py

would be:

P OEXTERNAL PROCEDURE (A) EXCLUSIVE;
DECLARE A SCALAR;
CLOSE P; -

33 .
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EXCLUSIVE PROCEDURES/FUNCTIONS (CONTINUED)

DEFINING AN EXCLUSIVE FUNCTION

THE FORM OF THE OPENING STATEMENT OF AN EXCLUSIVE FUNCTION IS AS SHOWN

BELOW:

v
| fabel: FUNCTION (i1, 42,...) attributes EXCLUSIVE;
|

1. label is a legal HAL/S identifier constituting
the function name,

2, i} ,L yees 18 a list of input parameters as
described earlier.

3.  attaibutes defines the type and, where applic-
able, precision of the function.

4., ~The keyword EXCLUSIVE designates an exclusive
function.

S2
$00-/6



EXCLUSIVE PROCEDURES/FUNCTIONS (CONTINUED)

Example:

F: FUNCTION BOOLEAN EXCLUSIVE;

|
4 )

function hody

i
i
1
i
I
i
i
I
I
|
1
H

CLOSE Py

The template corresponding to an exclusive external
Munction must. also bear the keyword EXCLUSIVE.

Fxamplo:
The template corresponding to:

Vi FHIHCTTON BOOLEAN FEXCLUSIVE;

)

CLOGE T

s A G D W e i i . . —

wott il b

: P FXTERHAL FHNCTLON NOOLEAN EXCLUSIVE;
: CLOLGE Py
!

?jéjjfm“

S3
S0 -1}



EXCLUSIVE PROCEDURES/FUNCTIONS (CONTINUED)

PLBAVIOR OF CXCLUSIVE PROCEDURES AND FUNCTIONS

Il an exclusive procedure or function is in use by a
process A, and a process B trics to invoke it, then

the RTE places process B in the waiting state until

process A returns from its use,

Ixamplo:

Two procasses ALPIA and DETA can invoke the following

procedure:
! P: PROCEDURE EXCLUSIVE:
- V7
|
! procedure body
i
| .
: CLOGE P

Svo 1§
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EXCLUSIVE PROCEDURES/FUNCTIONS -(CONTINUED) m ,,_i ?

Suppnse bthat ALPHA invokes I’ first and during
its execution, BETA tries to Iinvoke ik, The state
transitions for this situation is shown below:

]

H

‘ H | .
. - r—t ——" . - gxecuting
nthf.‘.!’ I [ I
' unralatod , | ] .
REIHA transitiony B I o B roady
l Loy

v e e e e e i e e e Lyadting

ALPHA mittﬂj ‘ _TEHA leaves
P Iy )

- oy

E exacuting
aother
PETA sirelated l |
tringitionhs ..|.. - e e e = roady
|
— e pee e e e e e e —*mw-—l—wait.lnu

K BETA foaves p

[
nETA tries K RTH allows MEpra
to entnr p , to unter P

AV
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REENTRANT PROCEDURES/FUNCTIONS

o DUE TO THE HAL/S STACK MECHANISH AND THE ﬁETHOD OF PARAMETER
PASSAGE AND PROCEDURE CALL, EVERY PROCEDURE/FUNCTION IS ALMOST
REENTRANT,

o TO MAKE A BLOCK LEGALLY REENTRANT IT IS NECESSARY TO APPEND
THE KEYWORD .REENTRANT TO THE BLOCK HEADER.

o T0 MAKE A BLOCK ACTUALLY REENTRANT REQUIRES MORE WORK AND A
LOT OF CARE! | ’

REENTRANCY MEANS, OF COURSE, THAT TWO OR MORE PROCESSES
(PROGRAMS OR TASKS) MAY BE "SIMULTANEOUSLY" EXECUTING
THE BLOCK.,

CTavr™



REENTRANT PROCEDURES/FUNCTIONS (CONTINUED)

DEFINING A REENTRANT PROCEDURE

THE FORM OF THE OPENING STATEMENT OF A REENTRANT PROCEDURE IS SHOWN

BELOW;

1.

, .
| tabel: PROCEDURE (<, 42,...) nssiGN (at,a?,...) REENTRANT;

Labef is a legal HAL/S identifier constituting the
procedure name.

2. il,i?, and a ,az,... are lists of input and assign
parameters,

3. The keyword REENTRANT indicates that the procedure
is to be considered reentrant.

Pxamples

1f P were an external procedure, the corresponding
template would e '

: P: EXTRERNAL PROCEDURE REENTIWANT ;
; CLOSE P;

1

I
500 -2}



REENTRANT PROCEDURES/FUNCTIONS (CONTINUED)

DEFINING A REENTRANT FUNCTION

The form ol an opening statement of a reentrant function
is shown below:

1.

2.

] ;
| tabel : FUNCTION(Ll, 12,...) attribufes REENTRANT;

Label is a leyal HAL/S ‘identifier constitu-
ting the function name.

il,iz,“. is a list of input paramefers
as described in Section 11,2,

aftribites defines the type and, where applic-

able, precision of the functlon as described
in Section 11.2, ~

The keyword REENTRANT indicates that the
function is to be considered reentrant,

The template borrespnnding to an external reentrant function

must also possess the keyword REENTRANT,

Q-

$0-23
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REENTRANT PROCEDURES/FUNCTIONS (CONTINUED) b‘w - Q 3

Example: :

s FUNCPLION MATRIX(4,4) REENTRANT;

CLOSE F7;

e e T Sep——

If ¥ vere an oxternal function, the corresponding
template would he:
: 't EXTERNAL FUNCPION MATRIX(4,4) REENTRANT;
| CLOSE F;



REENTRANT PROCEUDRES/FUNCTIONS (CONTINUED)

BEHAVIOR OF REENTRANT PROCEDURES AND FUNCTIONS

If a recentrant procedure or function is in use by a
process A, and a process 8 tries to invoke it, the

W't allows the invocation to proceed without restriction.

3

Examnple:

1vo processes, ALPHA and BETA, can Linvoke the
following procedure:

P: PROCEDURE REENTRANT;

CLOSE ;|

Suppose that ALPIA invokes P first and during
its execution, BETA invokes it, 'The state
trinsitiohs for this situation is as shown
below (compare corresponding cxample for
exclusive procedure):

- sa
Soo -2y
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REENTRANT PROCEUDRES/FUNCTIONS (COMTINUED)

! '
-e . e I v executing
| other
| | unrelated
' : it
ALT'HA i —_— i _E — | bransd Lons, ady
| !
e ] e | e = = e = 4 =~ waiting
ALIIA / ' : t\ ALPUA leoaves P
enters 1 :
! | o
- . Y . t ——— . -
i hor | G executing
unrelated | l ]
transl r
DETA ran Jriouj ' ! ‘
e o — T e —— U v LR T3 L
l - }
! i
\ |
_______ e e — — — e . owaiting
% : /J I— e UPA Leaves P
PETA onters PO | "
P L _ALPIIA and BETA both executing P
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REENTRANT PROCEDURES/FUNCTIONS (CONTINUED) m - a‘

TRUE REENTRANCY GENERALLY REQUIRES THAT EVERY PROCESS ENTERING
A REENTRANT BLOCK BE GIVEM ITS OWN COPY OF ANY LOCAL DATA THE

- BLOCK MAY USE, THIS IS ACCOMPLISHED BY SOMEHOW CAUSING THE

LOCAL DATA TO BE ESTABLISHED IN THE STACK OF THE CALLING PROCESS
(AKIN TO USING A GETMAIN'ED AREA) RATHER THAN HAVING A SINGLE
COPY OF THE DATA PERMANENTLY ALLOCATED IN A STATIC AREA,

NOTE: PARAMETERS PASSED TO THE BLOCK ARE ALREADY IN THE STACK
OF THE CALLING PROCESS SO NO PROBLEM EXISTS HERE,

LOCAL DATA WHICH IS TO BE DYNAMICALLY ALLOCATED (FROM THE
CALLER’S STACK) MUST BE DECLARED WITH THE AUTOMATIC ATTRIBUTE,
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REENTRANT ‘PROCEDURES/FUNCTIONS (CONTINUED) 5*00 -~ ‘7

IN A NON-REENTRANT BLOCK THE KEYWORD AUTOMATIC, IN CONJUNCTION
WITH AW INITIAL LIST, SIMPLY MEANT THAT CODE WAS TO BE AUTO-
MATICALLY GENERATED BY THE COMPILER TO CAUSE THE INDICATED

" INITIALIZATION AT EACH ENTRY TO THE BLOCK., IT THUS MADE NO
SENSE TO NOT HAVE AN INITIAL LIST,

WITH A REENTRANT BLOCK, HOMEVER, AUTOMATIC ADDITIONALLY MEANS

THAT THE ALLOCATION OF THE DATA IS 7O BE MADE FROM THE WORK
AREA (STACK) PROVIDED BY THE CALLER, IN THIS CONTEXT AUTOMATIC
MAKES SENSE EVEN WITHOUT AN INITIAL LIST,

NOTE: 1IN MOST NON-CONTRIVED CASES, ALL DATA DECLARED LOCAL fO A
REENTRANT PROCEDURE SHOULD BE DECLARED AS AUTOMATIC, THE DEFAULT

(WHICH IS STATIC) WOULD MEAN THAT ALL USERS ARE ASYNCHRONOUSLY
MODIFYING THE SAME MEMORY LOCATION,
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REENTRANT PROCEDURES/FUNCTIONS (CONTINUED)

EXAMPLES:
IN THE REENTRANT PROCEDURE:

P: PROCEDURE(A) ASSIGN(B) REENTRANT;

DECLARE A VECTOR; ‘ NOTE! A AND B, BEING PARAMETERS,
DECLARE B SCALAR; ARE ALREADY IN A DYNAMICALLY

!

|

|

: DECLARE V VECTOR(3) AUTOMATIC; ALLOCATED AREA.
I :

|

l

|

|

!

V = VECTOR(B, 0, 0);
B =V.A; |
CLOSE Py

7"&35’
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REENTRANT PROCEDURES/FUNCTIONS (CONTINUED) qs‘oa - Q?

IN CONTRAST, SUPPOSE THE NUMBER OF TIMES A REENTRANT
PROCEDURE IS INVOKED IS REQUIRED TO BE KNOWN'AND PRINTED
EVERY 10 INVOCATIONS. IN THIS UNUSUAL, AND RATHER ARTI-
FICIAL CASE, IT WOULD BE APPROPRIATE TO USE A LOCAL

DATA ITEM NOT DECLARED AUTOMATIC:

}

| P2: PROCEDURE(A,B) ASSIGN(C) REENTRANT;

| DECLARE VECTOR, A, B, C; '

DECLARE COUNT INTEGER INITIAL(O);

COUNT = COUNT + 1,

IF REMAINDER(COUNT, 103 = O THEN
WRITE(6) 'NUMBER OF ENTRIES='1|COUNT;

|
|
I
I
g

!CLOSE P2,

IN AN IMPLEMENTATION WHERE PROCESS SWAPS CAN ONLY OCCUR AT THE

END OF EVERY EXECUTABLE STATEMENT, THE CODE SHOWN WOULD MAINTAIN
A CORRECT COUNT OF THE NUMBER OF INVOCATIONS.



REENTRANT PROCEDURES/FUNCTIONS (CONTINUED) SM ,%

HISTORICAL NOTE:
AT VARIOUS TIMES IN THE PAST IT HAS BEEN SUGGESTED THAT THE
DEFAULT BE AUTOMATIC FOR DATA DECLARED IN A REENTRANT PROCEDURE
* INSTEAD OF THE NORMAL STATIC. THIS HAS NOT BEEN DONE,

FURTHER CONSIDERATIONS FOR ACHIEVING REENTRANCY:

1) PROCEDURES AND FUNCTIONS DEFINED WITHIN A REENTRANT BLOCK MUST
ALSO POSSESS THE REENTRANT ATTRIBUTE IF THEY TO POSSESS |
_LOCAL DATA WHICH IS REQUIRED TO PARTICIPATE IN THE REENTRANCY.

2) UPDATE BLOCKS WITHIN A REENTRANT BLOCK MUST NOT DECLARE ﬁﬂi
LOCAL DATA (STATIC OR AUTOMATIC),

3) A PROCEDURE OR FUNCTION CALLED BY A REENTRANT BLOCK MUST ITSELF
ALSO BE REENTRANT.
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IN GENERAL, A HAL/S COMPILATION RESULTS IN THE GENERATION OF A

NUMBER OF CSECTS (CONTROL SECTIONS). WE MIGHT CALL THIS A
CSECT FAMILY SINCE ALL CSECTS EMITTED BY A SINGLE COMPILATION

WILL SHARE 6 (OR LESS) LETTERS -- THE GENERIC NAME,

THE GENERIC NAME IS ESTABLISHED BY TAKING THE FULL NAME OF THE
COMPILATION BLOCK ITSELF, REMOVING ALL UNDERSCORES, AND THEN

TAKING THE FIRST 6 CHARACTERS OF WHAT REMAINS (RIGHT~PADDING
WITH BLANKS IF NECESSARY). FOR THIS REASON, COMPILATION UNIT
NAMES SHOULD BE CHOSEN SUCH THAT THE GENERIC NAMES WILL BE

UNTQUE,
CG1_GNC: COMPOOL;
CLOSE;
THE GENERIC NAME WILL BE
CGIGNC |

q-7!
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ASSUMING THE GENERIC NAME IS NNMNNN HAL/S PRODUCES THE FOLLOWING

CSECTS:

APHNNNNN

HDNNNNNN

SONNNNNN

H#CNNNNNN

anNNNNNN

SCHNNNNN

HAL/S CSECTS (CONTINUED) Y

- $V0 -3

(MAJOR DECLARED DATA CSECTS)
A COMPOOL DATA CSECT

A PROGRAM OR COMSUB DATA CSECT

(OUTER CODE BLOCKS) .
A PROGRAM CODE BLOCK

A COMSUB CODE BLOCK

(INTERNAL CODE BLOCKS)

INTERNAL PROCEDURES, FUNCTIONS, UPDATE BLOCKS.
a= (A~2)
n = (1-9)
TASK CODE BLOCKS,
C = 1-9, vHeN A-Z



#ENNNNNN

FTNNNNNN

HLNNMNNNN
AENNNNNN

#XNNNNNN

- #RNNNNNN

32

HAL/S CSECTS (CONTINUED) 00 -3 3
(360 ONLY - FSIM TYPE CSECTS)

(FC ONLY)

FSIM CSECT
(ALSO COMTAINS LITERALS AND ADCONS)
COST/USE CSECT

ZCON CSECT FOR COMSUB OR REMOTE DATA

PROCESS DfRECTORYtENTRY (PROGRAMS AND
TASKS ONLY)

CONTROL AREA FOR EXCLUSIVE RLOCK(S)
DATA AREA FOR REMOTE DATA



HAL/S CSECTS (CONTINUED)

IN ADDITION, HAL/S SPECIFIES INFORMATION TO HALLINK (360)
AND THE AP-101 LIMKAGE EDITOR THAT ENABLES THE PRODUCTION
OF STACK CSECTS (ONE PER PROCESS).

QONNNNNN . PROGRAM STACK

. BCNMNNNN TASK STACK
C=1-9, THEN A-Z

ALSD, THE COMPILER GENERATES A BLOCK TEMPLATE ;

_ DBNNNNNN
AND A SIMULATION DATA FILE (SDF)

FHNNNNNN

500 - 3¢
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HAL/S CSECTS (CONTINUED) | 2500 -3s

FURTHERMORE, IN AN FC LOAD MODULE THE FOLLOWING TYPES OF
CSECTS WILL BE SEEN:

aaNNNNNN HAL/S LIBRARY ROUTINE OR NON-HAL
| (E,6. FCOS) ROUTINE,
a= (pA-Z)
HANNNNSN ZCON FOR "LIBRARY ROUTINE,
ALNNNNNN DATA FOR A LIBRARY ROUTINE,
HINNNNNN SECTOR # LIBRARY ROUTINE,

G-78
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H#PNNNNNN COMPOOL DATA CSECT

A COMPOOL COMPILATION RESULTS IN THE GENERATION OF A SINGLE

- CSECT AND ITS CONTENTS ARE THE SAME FOR BOTH FC AND 360,

A #P CONTAINS COMPOOL DECLARED DATA AND USERS CAN CONTROL
THE ORDER OF DATA ALLOCATED WITHIN IT BY MEANS OF THE RIGID

KEYWORD,

KEY POINTS:

1) REPLACE MACROS TAKE UP NO SPACE,
2) ENTRY POINTS CAN BE CREATED BY THE USER (VIA THE EQUATE EXTERNAL
FACILITY) WHICH ALLOW NON-HAL MODULES TO ACCESS COMPOOL DATA.

TEXAIPLE

DECLARE ARR ARRAY(10) SCALAR DOUBLE;
EQUATE EXTERNAL EXTNAME TO ARR$Y4;

AN EQUATE EXTERNAL TAKES UP NO SPACE IN THE #P. WHAT IT DOES IS ...,
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TO GENERATE AN ESD RECORD INH THE OBJECT DECK WHICH MARKS THE
SPECIFIED VARIABLE AS AN ENTRY POINT (NAMED BY EXTNAME IN THE

. PREVIOUS EXAMPLE) OF THE CSECT IN WHICH THE VARIABLE 1S

LOCATED,

THE EQUATE: EXTERNAL IS DESIGNED FOR EXTERNAL (NON-HAL) USE ONLY.
IT IS ALSO NOT RESTRICTED TO COMPOOL DATA, BUT MAY BE USED WITH
ANY DECLARED (STATIC) DATA., THE EQUATE MAY POINT TO ANY PREVIOUSLY

DEFINED HAL VARIABLE AND COMPLEX SUBSCRIPTING IS ALLOWED PROVIDED
ALL SUBSCRIPTING CAN BE EVALUATED AT COMPILE TIME,

THE #P (LIKE ALL OTHER HAL/S DATA CSECTS) CONTAINS DATA WHICH

IS, IN GENERAL, MODIFIED, AS A RESULT THE ENTIRE #P IS UNPROTECTED
EVEN WHEN PORTIONS OF IT CONTAIN CONSTANT DATA. AT RUN-TIME, THEN,

CONSTANT DATA IS NO MORE SACRED THAN VARIABLE DATA.
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DATA CSECTS (CONTINUED) '5900 o 3 )
CONSTANT DATA (A DIGRESSION) -

IN A COMPOOL, ALL DECLARED DATA WITH INITIAL LISTS WILL BE
PHYSICALLY ALLOCATED IN THE #P CSECT.

DATA "i}ECLARED WITH A CONSTANT LIST, ON THE OTHER HAND, IS A
MORE COMPLEX STORY:

COXP00 L
BATAL wsnmumted  INITIAL Y W
7
#P

A 4

l———* CONSTANT
ARRAY
STRUCTURE
VECTOR
MATRIX
DATA TYPES THAT CAN PARTICIPATE
IN COMPILE-TIME EXPRESSION
EVALUATION,
Y
: SCALAR '
bR incs “LITERALS”
{ ROOLEANS i
i

CHARACTER STRIKGSL

i
A ol




. G

DATA CSECTS (CONTINUED) | - $P0-37

THUS, SIMPLE COMPOOL CONSTANT LATA IS NIT GIVEN SPACE IN THE
#P -~ SUCH DATA IS OFTEN (INCORRECTLY) CALLED LITERAL DATA.

SINCE ALL OF THE SOURCE LINES OF THE COMPOOL DO GET PUT IN
ITS TEMPLATE, HOWEVER, THE ACTUAL VALUFS OF THE LITERAL DATA
ARE VISIBLE TO ALL COMPILATIONS THAT INCLUDE THE COMPOOL,

NOTE: ALL SUCH LITERAL DATA IS INACCESSIBLE (ALMOST) TO
DIAGNOSTICS,

Q. IF LITERALS ARE NOT IN THE #P WHERE DO THEY GO?

Ac WHEN A COMPOOL IS INCLUDED IN A PROGRAM, THE COMPILER SEES
BOTH ITS LITERALS PLUS ANY SIMILAR LITERALS THAT MAY HAVE
BEEN DECLARED IN THE PROGRAM -- ALL ARE TREATED ALIKE,
THEN THE FOLLOWING HAPPENS:




1
2)

3)

DATA CSECTS (CONTINUED)

IF A LITERAL IS NOT USED, IT IS SIMPLY FLUSHED.

[F THE LITERAL IS USED, IT WILL BE ALLOCATED IN THE #D
CSECT (DATA AREA OF THE PROGRAM/COMSUB) UNLESS ITS USE
IS SO SPECIALIZED THAT IT ACTUALLY GETS BUILT IN TO AN

INSTRUCTION,

IF THE LITERAL 1S ALLOCATED IN THE #D THEN IT MAY:

A) BE OF DIFFERENT TYPE (E.G, THE ITEM WAS DECLARED
AS AN INTEGER BUT USAGES WERE IN A SCALAR CONTEXT).

B) BE OF DIFFERENT PRECISION OR SCALING (E.G. IF PI
1S DECLARED CONSTANT(3.14) BUT (2 PI) IS USED, THEN
THE VALUE STORED WILL BE 6.28).

€) SHARE WITH ANOTHER LITERAL, I1.E., TWO LITERALS WITH
EXACTLY THE SAME VALUE WILL SHARE THE SAME SPACE.
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H#DNNNNNN PROGRAM/COMSUB DATA CSECT

SIMILAR TO #P |
1) EQUATE EXTERRAL CAN BE USED,

2)  CONTAINS ALL DATA DECLARE’D IN THE PROGRAM/COMSUB INCLUDING .
LOCAL DATA OF ALL INTERNAL BLOCKS.

BUT DIFFERENT:
1) RIGID CANNOT: BE USED,

") MAY CONTAIN A MIXTURE OF BOTH COMPOOL LITERALS (PROVIDED

THEY ARE USED) AND ITS OWN LITERALS (AGAIN, ONLY IF USED).

3) ALSO CONTAINS SPECIAL DATA NEEDED BY FCOS OR THE COMPILER,

E.G,
ADDRESS CONSTANTS

LOCAL BLOCK DATA AREAS

AGAIN, ALTHOUGH INVARIANT DATA MAY RESIDE IN THE #D, IT IS
COMPLETELY UNPROTECTED FROM WRITES.,

SO0 -4/
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AONNNNNN PROGRAM STACKS -
A TN TASK STACKS
A ZNNKHNN TASK STACKS

WE HAVE NOT YET DISCUSSED THE TASK BLOCK BECAUSE IT IS VIRTUALLY
UNUSED IN THE CURRENT SHUTTLE DESIGN,

FOR THE CURRENT DISCUSSION WE WILL THEREFORE LIMIT ATTENTION To
HAL/S PROGRAMS AND THEIR ASSOCIATED STACK, -

0. WHAT IS A STACK?

A A STACK IS A SPECIAL DATA CSECT WHICH IS DEDICATED TO A SINGLE |
PROCESS, I.E. HAL/S PROGRAM. THE STACK HAS DYNAMICALLY CHANGING
CONTENTS -~ THE SAME LOCATION WILL GENERALLY CONTAIN DIFFERENT

DATA AS A FUNCTION OF TIME. THE STACK IS USED FOR THE FOLLOWING
PURPOSES :



(D
(2)
(3)
()

(5)

DATA CSECTS (CONTINUED)

REGISTER SAVE AREAS

PARAMETER PASSING

SCRATCH SPACE NEEDED BY THE COMPILER
USER DEFINED TEMPORARIES

AND OTHER THINGS,

$2
a‘jva-dj
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SOME FACTS:

)

2)

3)

g
[ IARGSE %
T

DATA CSECTS (CONTINUED) . 33

. vo-4y

THE COMPILER NEVER GENERATES A STACK, STACKS ARE EITHER
GENERATED AT LINK EDIT TIME (VIA HALLINK ON THE 360 AND
THE AP-101 LINKAGE EDITOR ON THE FC) -- OR ARE DOLED OUT
BY THE FCOS AT THE TIME A PROGRAM IS INITIATED.

THE COMPILER DOES INFORM THE LINKAGE EDITOR OF THE SIZF
OF THE STACK FRAME REQUIRED BY EACH CODE CSECT., THIS IS

DONE VIA SYM CARDS ISSUED IN THE OBJECT DECK,

A STACK IS DYNAMICALLY DIVIDED INTO STACK FRAMES. FACH CODE

BLOCK (GENERALLY) HAS A STACK FRAHE PROVIDED FOR IT WHILE
IT IS. IN EXECUTION, THE STACK FRAME IS ALWAYS THE SAME
SIZE FOR A PARTICULAR CODE BLOCK BUT MAY OCCUPY DIFFERENT
LOCATIONS IN THE STACK CSECT DEPENDING ON THE CALL CHAIN
BY WHICH THE CODE BLOCK HAS REACHED.




s/
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DATA CSECTS (CONTINUED)

A STACK AT ONE POINT IN TIME:

® am—STACK FRAME
® ~— STACK FRAME
©
~———®
® |
®
7///////%w~—-uuusanmanon OF STACK
AND LATER: |
' ®
® |
B ©
j;%i:;:gggéééézgj;/<-m~uuusen PORTION OF STACK

NOTE: IF THE LINKAGE EDITOR EVER CALCULATES A REQUIRED STACK LENGTH
q-¥3 INCORRECTLY, THERE [S NOTHING AT FLIGHT TIME TO KEEP US FROM
FALLING OFF THE END,
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DATA CSECTS (CONTINUED)

STACK SIZE CALCULATION

1) A SPECIAL SYIM CARD IS GENERATED (FOR EACH CODE BLOCK) IN THE OBJECT

MODULE DEFINING THE SIZE OF THE STACK FRAME REQUIRED BY THE CODE
BLOCK (ON THE FC THE MINIMUM SIZE IS 18 HALFWORDS),

2) THE LINKAGE EDITOR PERFORMS AN ANALYSIS OF ALL CALLS AND FUNCTION
INVOCATIONS (BUILDS A CALL TREE) AND CALCULATES THE SIZE NEEDED
FOR EACH PROGRAM (PROCESS) STACK,

3) THE LINKAGE EDITOR THEN EITHER EMITS AN APPROPRIATELY NAMED STACK
CSECT OF THE RIGHT LENGTH OR INFORMS THE FCOS (VIA THE #E CSECT) OF
WHAT SIZE STACK WILL BE NEEDED WHEN THE PROGRAM IS SCHEDULED,

NOTE: ONLY PROGRAMS ARE GIVEN STACKS SINCE THEY ARE PROCESSES.

(TASKS ARE TOO!) ANY INTERNAL OR EXTERWAL BLOCKS (COMSUBS)

CALLED BY THE PROGRAM UTILIZE THE STACK OF THE PROGRAM --
AND THE LINKAGE EDITOR HAS TAKEN ALL OF THIS INTO ACCOUNT,
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o Proowar _
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DATA CSECTS (CONTINUED) 300 ~¥ 2

IF WE FOLLOW THE LONGEST PATH THE STACK FRAMES WILL LOOK
LIKE: | ‘

100 P1

18 P2

55 P3

100 1 op7

Cr AONNNN

T 1 NNNNNN

13 A3

40 Bl

13 B2

100 B3

S STACK IS FULLY UTILIZED

NOTES:

e —

1) IN ACTUAL EXECUTION A STACK WOULD RARELY BE COMPLETELY USED.
2) IT IS EASY TO SEE WHY ‘RECURSION IS NOT ALLOWED,

Ty



DATA CSECTS (CONTINUED)

STACKS SAVE CORE BECAUSE ... LN

1) LOCAL (TRANSIENT) SPACE NEEDS WITHIN A SINGLE PROCESS
ARE SATISFIED FROM A REUSABLE AREA,

2) DEPENDING ON- THE FCOS IMPLEMENTATION, STACKS THEMSELVES
CAM SHARE THE SAME STORAGE IF THE PROCESSES CAN NEVER
BE SIMULTANEGUSLY ACTIVE.

USERS CAN PUT SCRATCH DATA IN THE STACK VIA THE TEMPORARY

“FACILITY, THIS WOULD ONLY INCREASE THE SIZE OF THE STACK
NEEDED IF THE CORE BLOCK INVOLVED IS IN THE MAXIMAL CHAIN --

THAT IS, THE GREATEST AMOUNT OF STACK SPACE.

S3
s00 -7



THE HAL/S STACK MECHANISH

' THE HAL/S RUNTIME STACK PROVIDES:
o A SIMPLE MEAHS FOR SAVIHG AHD RESTORING ENVIRONMENTS FOR CALLS.
o A DYNAMIC RECORD OF ERROR ENVIRONMEHTS.
o EFFICIEHT TEMPORARY STORAGE ALLOCATION (COMPILER AND USER)

- o THE MEANS BY HHICI! SEPARATE PROCESSES MAY SIMULTANEOUSLY
' EXECUTE THE SAME CODE BLOCK AUD YET MAINTAIN INDEPENDEHT
DATA, |

EACH HAL/S PROCESS HAS ITS DUy STACK,

EACH STACK IS A CONTIGUOUS AREA OF MEMORY LARGE ENOUGHT TO SERVE ITS
PROCESS* NEEDS.

NESL —f -



THE HAL/S STACK MECHANISM (CONTINUED)

A SINGLE PROCESS STACK

W\r\.\
| AREA OF THE STACK
CURRENT PREV”?‘.US STACK FRAMES BEING USED FOR
STACK p - . CURRENTLY EXECUTING
POINTER | REGISTER SAVE AREA CURRENT BLOCK WITHIN THIS
| AND PARAMETERS | STACK ——>, PROCESS (PROGRAM,
““““““““ - ON ERROR DATA FRAME — PROCEDURE, FUNCT ION,
o ETC, )
| TEMPORARY SPACE FOR
| CURRENT BLOCK
[CTTTTTT™ 11 OTHER THI NGS?
v L—‘W‘w
- THE sm:;)

SN ~
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THE 11AL/S STACK MECHAWISH (COMTINUED,”’

HHEN A JUMP TO A NEW BLOCK 1S MADE:

CALL X(A) ASSIGN(B);
PREVIQUS —#f==m== === 7

STACK :
POINTER - OLD STACK FRAME (PREVIOUS ENVIRONMENT)

NEK ]
STACK —* y

POINTER re===——mm=d
"""""""""" ‘{ NEW STACK FRAME

o e st o s v o i

* THE STACK AREA ADDRESS IS INCREMENTED BY THE SIZE OF THE CURRENT STACK
FRAME '

o A NEY STACK FRAME IS USED FOR THE MEWLY ENTERED ROUTINE.

e THE NEY STACK FRAME CONTAINS ALL THE INFORMATION NECESSARY TO RESTORE
THE PREVIOUS ENVIRONMENT,

225 g3



THE HAL/S STACK MECHAMISM (CONTINUED)

YHEW THE CALLED ROUTIHE IS FINSIRED:

o e
RESTORED __,, .
STACK
POINTER
PETURM; """ U oLD ENVIRONMENT RESUMED
STACK 1S "POPPED” I
BY RESTORING b
ggfz%ggs STACK . DISCARDED STACK FRAME
__________ 1 (MAY BE USED BY ANOTHER CALL)
. L"'\AM.»

VRS (*\) - ¢ M\



HAL/S STACK MECHAHISM (COMTINUED) )

° DATA DECLARED T9 BE STATIC IN THE CURRENT BLOCK IS MNOT ALLOCATED
Iil THE STACK AREA,

o REEHTRANT PROCEDURES HAVE ANY AUTOMATIC DATA ALLOCATED IN THE STACK,

o NIY TEMPORARY DATA EITHER DECLARED (TEMPORARY STATEMENT) BY THE
PROGRAMMER OR IMPLICITLY NEEDED BY THE COMPILER IS IN THE STACK AREA.

o THE COMPILER KNOWS EXACTLY HOW MUCH STACK AREA EACH CODE BLOCK REQUIRES
THAT SIZE TWFORMATION IS PLACED IN THE OBJECT DECK,

o THE HALLINK PROGRAM BUILDS A TREE OF ALL BLOCK REFERENCES.

o RECURSION IS DETECTED HERE,

© BY ADDING STACK REQUIREMENTS FOR EACH LIMB OF THE TREE, THE

CALLING SEQUENCE WHICH REQUIRES THE MOST TOTAL STACK ARFA 1S

FOUND.

A STACK OF PROPER SIZE 1S CREATED AND MADE PART OF THE PROGRAM,

A SEPARATE CALCULATION IS MADE FOR EACH POTENTIAL PROCESS (PROGRAM OR TASK).

AiLe -5




THE HAL/S STACK MECHANISM (CONTINUED)

"o THE MECHANIZATION OF THE STACK REQUIRES AN INTERFACE BETWEEN THE
OPERATING SYSTEM AND THE GENERATED CODE.

o HOW IS STACK LOCATION ESTABLISHED? (PASSED AT INITIATION OR LOADED BY CODE.)
© WHAT IS THE STACK LAYOUT? (NEEDED FOR ERROR HANDLING,)

o HOW ARE STACK FRAMES CHAINED TOGETHER? (STACK WALK.)

o OTHER INTERFACES:

/7?/.J,Q‘ r-¢



ASSEMBLY LANGUAGE ROUTINES MUST BE.NTERFACED T0 THE HAL/S
SYSTEM ’

er———————

o QBJECT MODULE (RESULT OF ASSEMBLY) MUST BECOME PART
OF HALLINK INPUT,

.o HAND-WRITTEN TEMPLATE MUST BE INCLUDED IN COMPILATION
OF HAL/S CALLER,

//  EXEC HALSCLD
//HAL/SYSIN DD *
ASMSUB: EXTERNAL PROCEDURE(A) ;
DECLARE A INTEGER; |
"CLOSE AMSUB;
 TEST: PROGRAH;

+
]

CALL ASMSUB(23);

L]
1

_ CLOSE TEST;
irse. r=7 //LKED.SYSIN DD <assembly object module>



RSSEMBLY LANGUAGE ROUTINES MUST OBEY HAL/S LIHKAGE CONVENTIONS

ASSEMBLY LANGUAGE MACROS ARE PROVIDED TO HELP.
HCASMSUB HMAIN

(ACCE3S ARGUMENTS IN REGISTERS OR VIA R13)

1
]

HCALL HALSUB

HEXIT

END

Mesg. 1-€
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HAL/S-360 LINKAGE CONVENTIONS

PROCEDURE CALLER
RI2 ——» SYSTEM INTRINSICS  (E.G. ppoceoins onroer
R13 ——= CURRENT STACK FRAME
R14 ~—— RETURN ADDRESS |
R15 > ENTRY POINT ADDRESS

FO, F2, Flij =~ 15T THREE SCALAR ARGUMENTS
RO, RL, RZ,___ . 15T FIVE INTEGER OR BIT ARGUMENTS ... OR ... POINTERS

B, R 70 ARGUMENTS OF OTHER DATA TYPES
HAPLE: ot sus1an, B, ©) Assign,
* LH RO, A A INTEGER
LA RL B B VECTOR
LW FO, C C SCALAR
(A R2, D D BIT(16)
BALR R14, R12 GO TO PROCEDURE CALLER

DC  A(SUBL) ENTRY POINT ADDRESS

,537/3:6/ ’~7




HALLINK STACK CALCULATION

P2: PROGRAM;

P1: PROGRAM;
STACK = 100 STACK = 110
(300 280 300 - 280
200 180
190 170
s1: PROC ... S37 FUNC +.. | [S5: PROC S6: FUN
. : 1 . NC...
= 80 i STACK = 100 STACK =110 STACK = 90
120 80 80
S2: PROC, .. 80 10
STACK = 120 7. FUNC, .,
STACK = 10
Sts PROC, .. R1: PROC...
STACK = 80 REENTRANT;;
STACK = 80

ACTION: CREATE SEPARATE STACKS OF LEMGTH 300 FOR BOTH P1 AND P2,

m:’.f(f, .y

-



P1's FRAME 4

P2's FRAME <

P3's FRAME <~

Mise s.y

THE ERROR ENVIRONMENT 1S REPRESENTED ON THE STACK

INCLUDES “ACTIVE"

T BIT - TURNED ON BY
T 1:5 ACTION af-e ~ -— 0N ERROR, OFF DY
. / 2:8 | ACTION OFF ERROR
31 ACTION
°
A””#’#,,;r 1:6 ACTION
° 2:8 ACTION [T
41 ACTION
.
-]
oy 15 ACTION ERROR RECOVERY
b 3.1 ACTION EXECUTIVE SEARCHES
: — UP THE STACK FOR
: | 3¢ ACTIOR ERROR HANDLING
° SPECIFICATIONS



EXECUTION OF UPDATE BLOCKS AND EXCLUSIVE PROCEDURES IS .

ALSO REPRESENTED OH THE STACK.

0 . 5
. Gf £ -~
[(._ Z }}UU :
0}%\@~ S— , TO OPERATING SYSTEM REPRESENTATION
h
< ;g” UPDATE BLOCK - #J,r’/xr OF LOCK GROUPS
N STACK  FRAME °
o
-]
EXCLUSIVE __» TO OPERATING SYSTEM REPRESENTATION |
PROCEDURE 4 | . OF EXCLUSIVE PROCEDURE LOCKS
STACK FRAME °
]
FOR TERMINATE AND ON ERROR
<statement>, MUST "PEEL BACK”
THE STACK AND FREE LOCK GROUPS
| AND EXCLUSIVE PROCEDURES.
P

NISE.  Jra
-




ERROR RECOVERY FEATURES

1

L LOEE

Lol =

ON ERROR'R
OFF ERROR -
% SEND ERROR e used

o USED FOR SPECIAL HANDLING OF UNUSUAL COMDITIONS,

o SYSTEM-DEFINED ERRORS
ARITHMETIC OVERFLOW, END OF FILE, ETC,

@ o USER-DEFINED ERRORS
SIGNALLED WITH SEND ERROR STATEMENT
SYSTEM-DEFINED ERRORS CAN ALSO BE SIMULATED



\'“‘\\ ON ERROR‘“ <statement>}

e WHEN Tné\agnea OCCURS, EXIT ANY CALLED BLOCKS, EXECUTE
THE <statement>, AND CONTINUE WITH THE STATEMENT FOLLOWING
THIS ONE IN THE\ERDGRA%.

0 ERROR,,, \ GHORE;

o CONTINUE FROM THE POINT WHERE THE ERROR OCCURRED, USING

A "STANDARD SYSTEM FIXUP” FUR THE ERROR.
\\\
ON ERROR . SYSTEM; .
’ \\.

o A STANDARD ACTION (USUALLY PRINT A ﬁESSAGE AND USE THE
“STANDARD SYSTEM FIXUP" IS TAKEN.

ML 1744



VAR,

AN IGNORE
ON ERROR. {SYSTEM]

~

SET
AND SIGNAL| <event>

RESET\\
//l,_,,../—w—\. vwk.\\\\ \
o SEHD ERROR,, ;\\\\\\
(SIMULATE A SYSTEM- OR USERDEFINED ERROR)
N
™

eris



o EACH ERROR IS ASSIGNED A GROUP NUMBER AND A NUMBER
WITHIN THE GROUP,

"o EACH BLOCK CAN HANDLE A CERTAIN SET OF ERRORS (ON ERROR
SOMEWHERE IN THE BLOCK), '

« HANDLING OF ERRORS CAN BE ACTIVATED AND DEACTIVATED DYNAHMICALLY
(THROUGH EXECUTION OF ON/OFF ERROR STATEMENTS).

m;((, ,,,,, ) / ‘_./ Q m : ) L



THE ERROR ENVIRONMENT IS ESTABLISHED THROUGH THE

DYNAMIC MESTING OF CALLS

P1: PROCEDURE;
HANDLES ERRORS
1:5, 2:8, 3:

|
CALL P2;

PZ: PROCEDURE;
HANDLES ERRORS
1:6, 248, 4:1

CALL 3,
¥

P3: PROCEDURE;
"HANDLES ERRORS
1:5) 3!1; 3!7

BEFORE AND AFTER

CALL P2; ERROR 2:8
1S HANDLED HCRE.

DURING P2 AND P3

ERROR 2:8 1S HANDLED
HERE.

ERRORS 3:1 AND 3:7
HANDLED HERE; OTHERS
IN GROUP 3 HANDLED IN
P1,
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NAME VARIABLES

Q. WHAT IS IN A NAME?
A. AN ADDRESS  (POINTER).

3 0 78 31

360: 0 21y BIT ADDRESS
w0: | L >

g . 00 . FOOOODO
(NULL) . 16
-0 15 "\—— ILLEGAL ADDRESS
FC: L 16 BIT ‘ADDRESS ’ :
0 15

FC: ° ] < NO ADDRESSES ARE ILLEGAL
(NULL) 0000 ‘ ON AP-101

FC NAME VARIABLES ARE ALWAYS HALFHORDS AND 360 HAME VARIABLES ARE ALWAYS
FULLWORDS (AND FULLWORD ALIGNED), .THIS IS THE ONE FUNDAMENTAL INCONSISTENCY

BETWEEN FC AND 360 STORAGE ALLOCATIONS AND IS NOT SURMOUNTABLE BY USE OF THE
FCDATA OPTION,
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NAME VARIABLES (CONTINUED)

PROPERTIES:

NAME VARIABLES ARE A CLASS OF DATA ITEMS WHOSE VALUES ARE POINTERS

- (ADDRESSES) TO OTHER DATA ITEMS,

A NAME VARIABLE IS ESTABLISHED BY ﬁECLARING IT AS THOUGH TIT WERE
A DATA ITEM EXCEPT THAT THE KEYWORD NAME IS USED,

A NAME VARIABLE CAN ONLY POINT AT DATA THAT MATCHES IT IN TYPE,
PRECISION, ARRAYNESS, ETC,

A MECHANISM EXISTS FOR INITIALIZING A NAME VARIABLE T0 POINT TO A

GIVEN DATA ITEM, NAME-VARIABLES MAY ALSO BE DYNAMICALLY "RE-DIRECTED”

- TO OTHER DATA ITEMS,

DATA ITEMS MAY BE MANIPULATED IN THE NORMAL WAYS THROUGH REFERENCES
TO NAME VARTABLES POINTING TO THEM,




\{A. -/

HARDWARE "LEVEL

HAL/S LEVEL

NAME VARIABLES (CONTINUED)

101 104 . o]
102 '

103 \
104 3
105
106

- el ~ - — o v

DECLARE I INTEGER INITIAL(3),
NI NAME INTEGER INITIAL (NAMECD)),

NE=Nl+1 ——nu )
| : \) ! N\vﬁﬁ@fé%

/* SAE AS 1= 1+ 1, ®




NAME VARIABLES 'CONTINUED)

USES FOR MNAME VARIABLES

o MOVE AROUMD A POINTER TO A BLOCK OF DATA (OR CODE)
RATHER THAN THE WHOLE BLOCK.

o ACCOMMODATE DATA STRUCTURES OF DYNAMICALLY VARYING
SIZE IN A FIXED-SIZE MEMORY,

PROBLEMS WITH UNRESTRICTED-POINTERS

DECLARE 1 INTEGER, .
S SCALAR, - ﬂ A&W
. b
HONAME; o

NAMECN) = NAMECI); & /* POINT N AT 1 */
L N=N+1; T /* WHAT CODE IS COMPILED? */
CNAFE(H) = NAME(S); /* POINT N AT S */
IFNCSTHEH GO TO Ly - /* CONVERSION REQUIRED? */

\0 -Y



NAME VARIABLES (CONTINUED)

S0,- A NAME VARIABLE IS DECLARED TO POINT TO VARIABLES
OF A GIVEN DATA TYPE ...

DECLARE NI NAME INTEGER,
NS NAME SCALAR,
NV NAME VECTOR(4),
| NA NAME ARRAY(2,2) BOOLEAN;
" DECLARE INTEGER DOUBLE,
L J, K
N NAVE; /* FACTORED ATTRIBURES */



NAME VARIABLES (CONTINUED)

HENCE ‘THE COMPILER CAN-CHECK FOR TYPE COMPATIBILITY,

DECLARE I INTEGER,
S SCALAR,
N NAIE INTEGER;
NAME (N) = NAMECI);
L: N=N+1;
NAME(N) = NAME(S);
IF N <S THEN GO-TO L;

\GO-

/® POINT NAT T */
/* CODE FOR INTEGER ADDITION */
/* ERROR-TYPE MISHATCH */

/* N DEFERENCED AND CONVERTED
TO SCALAR */



NAME VARIABLES (CONTINUED)

NAME VARIABLES CAM POINT TO DATA (OR-CODE) WITH
THE FOLLOYING ATTRIBUTES:

——(SINGLE OR DOUBLE)

( INTEGER CHARACTER(Y) ARRAY (., 2)
SCALR BITGY a-STRUCTURE (n)
TUVVECTORG) - BOOLEMH PROGRAY
FATRIK () EVENT TASK-

mmm——-uman———uu-cma—up-—n---—mnu--v.-nuu-u-.—-.———um-—_—u—nu—mmm.—-—-—«-mmuum"qu-—u-——-—

DECLARE MATRIX(2,3), A, B, NB NAME INITIAL(HAME(B));
DECLARE MATRIX(3,3), C, D, ND NAME INITIALCNAME(D));

. A =N /* SAME AS A =B; */
A = ND; /* ERROR-DIMENSION MISHATCH */
NAME (NB) = NAME (ND) 5 /* ERROR-DIMENSION MISHATCH */
NB = ND$(2 AT 1,%); /* SMIE AS B = D$(2 AT L#)s */



NAME VARIABLES (CONTINUED)

NAME DATA ITEMS POINTING TO DATA

beclarations of NAME data itemw for pointing to data
have exactly the same form as declarations of ordinary
data items, except that the keyword NAME immediately
follows the identifier name declared.

Examplesg:

DECLARE A NAME ARRAY(100) SCALAR;
DECLARE MATRIX{3,23) DOUBLE, M1 NAME, M2 NAME;
DECLARE B NAME BIT({16), -~
C NAME CHARACTER(80);
STRUCTURE Q: : :
-1 DX INTEGER, '

1 QS SCALAR,

101,
. Z2 Qn nIr{iey, .

2 OQC CHARANCTERIBOY

DECLARE 20 NAME Q-STRUCTURE)

Given the above declarations:

.

A.may dnly peint to l-dimansional single precision
scalay arrays of size 100.

M1, M2 may only point to 3x3 doubls precision
matrices,

D may &nly polnt to 16-bit strings,

C may only point to character strings of
maximum length 80,

z0 may only polnt to Q-STRUCTURES with a

Ww- ¥ single copy.
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NAME VARIABLES (CONTINUED)

NAME DATA ITEMS POINTING TO CODE BLOCKS

Declarations of NAME data items for pointing to programs
and tasks have the following basic form:

} DECLARE name HAME PROGRAM;

: BECLARE name NAME TASK:

1. naie is any legal DAL/S identifier
name.

Such declarations can be part of a compound or factored
declaration statement,

" .,

Examples:

: DECLARE P) HAME PROGRAM;
y DECLARE T)1 NAME TASK;
i DECLARE P2 NAME PROGRAM,
i T3 MAME TASK,

S1 MAME SCALAR;

Given the above declarations:

Pl, P2 may only point to program blocks,
T1, ' may only point to task blocks,

Vo A



NAME VARIABLES (CONTINUED)

POINTCRS ‘TO CODE BLOCKS

PL: EXTERMNAL PROGRAM
CLOSE P}

P2: EXTERNAL PROGRAM) \
CLOSE P2;

P3! EXTERNAL PROGRAM;

CLOSE P3; /

TEMPLATES |

MASTER: PROGRAM; . _ CODE BLOCK
DECLARE NP NAME PROGRAM,
I INTEGER;

L4

: NP

DO WHILE TRUE;:
DO FOR 1 =170 3%
DO CASE 1}
NaMeE(hP) = nAME(PL);
NAME(NP) = NamE(P2);

S

NAME(NP) = NAME(P3);

END)
UPDATE PRIORITY NP TO 2005, /* PROMOTE P, P2, P3 IN TURN */
WAIT 13 . /* T0 HIGH PRIORITY FOR 1 SEC */
UPDATE PRIORITY NP TO 50; . /* THEN REVERT TO NORMAL PRI, %/
" END}

EHD}

L]
[ 3

0 -0 CLOSE MASTER}




NAME VARIABLES (CONTINUED)

MAME DATA ITEMS. AS STRUCTURE TERMINALS

Examples:

STRUCTURE O
1 08 HAME SCALAR,
1 ot,
2 OC NAME CHARACTER(80),
2 QR NAME PROGRAM,
2 OR MAME BOOLEAN,
1 02,

§
]
1
1
]
)
|
1
I
¥
H
H 2 ON ARRAY (4) BIT(1G);

Note that HAME data items for pointing to events can
appear in a structure template, even though events
themselves cannob, MNote also that NAME data items in

a template A may point to structures, even those possessing
A as template.



NAME VARIABLES (CONTINUED)

Examples:
The follpwinq are legal ‘definitions:.

STRUCTURE R:

1 OR NAME R-STRUCTURE,

1 QE NAME EVENT;
DECLARE ZR R~-STRUCTURE;
DECLARE NZR HAME R~-STRUCTURE;

o . o . . . e ke

In this example NZR may point to ZR. ZR.OR
may also point to ZR. The implications of this
~ability will be investigated later.

oA



RO I

7

Lo

NAME VARIABLES (CONTINUED)

PROPERTIES OF DECLARED NAME DATA ITEMS

ATTRIBUTE
or NAME DATA JTEM

Applles to
Nata or Code
Block Pointed To

Applies to
HMME Data
1tem Itsolfl

Comments

Aonay( )
BLTL )
NOOLEAN
CHARACTERE .Y
EvENT
vECTOR( )
MATRIX( )
LTI
ACALAL
u~SPRUCTUREL )
PIHOGRAM
TAGK

SINRGLE
houRLy

DENST

e e o e

See hote (]

See note (:)

See note ()

‘/ 1} AMffects NAME data item
ALIGHED J as {f it were an or-
nIGIN / dinnry data iftem. Sce
R Bectlons 26.1 & 26.2.
/ Cause initlalization of
IHITIALL } / pointer value, To be
CONSTANT( ) described in Section 28.6
- J Stonte the kind of inltiale
STATIC c /] ization, as for ordinary
RUTONATI dota ftems, Soe Section 16.4
NOTES:

The Torms ARRAY(e) or n-STRUCTURE(s) are i1leqal,

(2) The form UuﬁﬁﬁFTEH(*)'whén naed for a HAME data
Ytem, onahles {L Ln point to a character data‘itom
of :"_l_!‘.f_l" mar | rem 1enulh,




NAME VARIABLES (CONTINUED)

HAME DATA ITEMS AND TEMPORARIES

The nature and purpose of temporary data items were
described in Section 26.3. The following rules

- summarize relationships between temporary data items
and NAME data items,

l.. No NAME data item may point to
) a temporary data item,

2. HNAME data items may not them-
sclves be declared as temporary
data items,

EXAMPLE :

DO ,
- TEMPORARY INTEGER, I, J;
+ JLLEGAL ———— TEMPORARY NV NAME VECTOR;

END;

o -1y



NAME VARIABLES (CONTINUED)

[HDIRECT ACCESS THROUGH NAWME DATA ITEMS

Examples:

] DECLARE VECTOR(3), V, NV NAME;
DECLARE SCALAR, S, NS NAME;
DECLARE NT NAME TASK;

1
1 .
|

*

T1 TASK;

| 2;€;<://1f’ | task body

CLOSE T;

e o

If NV +'V, NS + S and NT + T*, then

I Ns = nvaNv:
| SCHEDULE NT IN NS PRIORITY({50);

effectively pexforms the operations:

S = V.V;

£
E
! SCHEDULE T IN § PRIORITY(50);
t

* In this and following examples "+" means “points to",
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NAME VARIABLES (CONTINUED)

The foreqoing statoments ahout appearances of NAME data
items, while appearing simple and unequivocal, contain a
number of subtle implications arisingy From:

¢ interactions in structure data items;

e the cffects of subscripting.

N



NAME VARIABLES (CONTINUED)

INDIRECT ACCESSING AND STRUCTURES

The subtleties of indirect accessing in conjunction with
structures arise as a consequence of Lhese two
facts:

e Any structure may possess HAME structure terminals
some of which may point to structure data items,

o Such a NAME structure terminal can actually
-point back to the structure containing it,

These subtleties are best illustrated by the extended
examinatlion of an apparently very simple example.
By the rules given in Section 20.2, the following are
legal structure declarations:
STRUCTURE A:
1 € SCALAR, _
1 B NAME A-STRUCTURE; ’
DECLARE A-STRUCTURE, %)l, 72, 23;
DECLARE %4 NAME A-STRUCTURE;

s o sl S T St S >

Z1.B is a NAME structure terminal of A~STRUCTURE type,
which may therefore legally point to 42. Pictorially:
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Because 71,B points to 22, any appearance of 22 may be
substituted by Z1.B, so ach{ ving indirect access to 22,

It is crucially important at this point to understand

that because 21.B points to 22, parts of 22 as well as 22

itself may be indirecctly accessed. For example, to achieve
indivect access Lo 7%2.C, the appeurance of 22 in the qualified:

name is nubstituted by Zl n., That is, indirect access to
722.C is achifeved by the qualified form 21.B.C.
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To illustrate this substitution process further, if Z4
points to 22, then 22.C is indircctly accessed by the
qualified form 24.C, and if 24 points to 21, then 22.C
is indirectly accessed by the qualified form Z4.B.C.

Multiple leveld of Indirection are handled in the same

way. Suppose for example that in addition Z2.B points to
23. Then pictorially:
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. Using the same kind of substitution as before, 723 may be

indirectly accessed by the gualified form 2Z1.,B.B, so that
in" its .turn, structure terminal C in Z3 may be indirectly
accessed by the qualified reference 21,B.B.C,

Restating how "the form Z1.B.B.C was arrived at, the
followiny steps were taken:

o substitution of 22.8.C For 23, C (since 22.B
points to 23);

o gubstitution of 21.B.B.C for 22.B.C (since
%Z1.B points to 22},
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There are other curious consequences arising from the
interaction of indirect accessing with structures.
Suppose now, for example, that 22.,B points to Zl rather
than 23, Then, pictorially!

Now 22.C can be indirectly accessed by the qualified form
21.B.C, since Z1.B pointa tu 22. B8ince 72,8 points to 21,
the following forms are also possible:

3

This example illustrates the logical consequence of a closed
indirection loop between two structures.

)
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1 ittt ALPHA:

1 Mt PROGRAM:

o it STEUCTURE HA:

-2 Mt 4 ¢ SCHLAR,

2 Mt 1 B HAME A-STRUCTURE,

3 Mt DECLARE B-STRUCTURE,

3 Mt 24, 22, 23

4 Mt DECLARE Z4 HAME A-STRUCTURE;
£+ Lot + ~

5 Mt MAMELZ1. B> = NRMNECZZ);

6 HT 22, = 5 :

7 Mt 24.B.E = €&

g2 Hr URITE(E)Y Z22.C, Z2i.B.Li
£t + 4+

a Mt HAMEC(Z2. B) = HAME(Z3 )

18 H?t 23.L = 73

14 Mt Z2.B.C = S

e Mt 24.8.B.C = 9;

J.nt WRITE(6) 23.C, Z22.B.C, 24.B.B.Ci

14 nt CLOSE;

1

FALL nAMEZ -

TEMPHAME ASSUMED AS A HEMBER NANE

HAL/S~268 Vi5. 0 START TIHE:
€ 090BDBOEFDD
. 80800D2E+O0

10 = 22,

22:34:02. 23 DAY:
6.60996995*09
3. 00000BBEYDY

76,873 -

3. 00090DLDELDD
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BETR:
PROGRAM:

STRUCTURE A:

1 C SCALAR,
, 1 B NAME R-S5TRUCTURE;
DECLARE A-STRUCTURE,
Z1. 22;
+ +

HANE(Z24.B).= NRME(Z2)s,
+ +

NAMEC22 'BY7a NANECZL)) .

2.8 €l= 41

22 B.B. C =-25

Z4 BiB/B.CT& 3y

22.8:B.B.BLC = 4,

Z2.B.B.B,B:2 € = 5

21, BIB:B.BIB:B.C = 6

z2.8 86, 8B-8.8B.B.E.B.B B, 5. 8,B.8 8.B_B.B.C

=

a0;
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INDIRECT- ACCESS AND SUBSCéIPTING

“In this discussion, for simplicity, subscripting in

connection with structures or structure terminals will
at first be excluded, With this restriction, subscripting

on NAME data items is straightforward in its meaning.

Subscripting is effectiye on
the data item that is being
indirectly accessed.

with thig interpretation, it is clear ‘that such subscripts

must be legal for the data type pointed to, In particular,
NAME data items pointing to programs and tasks may not be
subscripted.
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Examples:

i DECLARE VECTOR(3), V, NV NAME; .

| DECLARE ARRAY(2) CHARACTER(4), C, NC NAME;
! DECLARE BIT{4), B, NB NAME;

! ,

0.5 .
Let V = [1;5} » C 2 ('ADCD' 'EFGH'}, B = 1010,

2.5

Then 1f NV = Vv, NC =+ C, NB =+ n:
NV, = 2.5 since V, is indireétiy referenced,
“01:3 z '¢!' since Cl_3 is indirecti& referenced,

2 mo 3 = 01, since 82 T0 3 is indirectly referenced.

ﬁvs, NB, are illegal since the subscripting is

illegal for V and B respectively. Such subscripting

is always illegal since MV can only point to 3-vectors,
and D to 4-bit strings, -

Q-
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The complexities arising from structure subscripting
are best studied by another apparently simple example, -
Suppose that the following declarations are made:

STRUCTURE Aj
1 C MATRIX(3,3),
1 B NAME A-STRUCTURE;
-| DECLARE A-STRUCTURE(3), zl, 22, 23 NAME;

Let copies 1, 2 and 3 of Z1.B point respcctively to
copies 2, 3 and 1 respectively of Z2, Pictorially:
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Accofding to the substitution process previously described,
the three coplies of structure terminal C and 22 can be
indirectly accessed by specifying the three copies of 21.B.C:

21'B’Cl- indirectly actesses 22.C

Zl.B.Czl indirectly accesges .22.C

Z‘l.B.Ca. indirectly accesses %2.C
; ;

23
3
1;
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Using the terminology of Section 20,1, 2Z2.C is an

operand with arrayness {1:3)}., Indirectly accessed

as 21.B.C, the operand still has arrayness {1:3)

but the order of the individual elements is different.

In general of course the three coples of Z1.B may point

to three different structures (all with template A}, resulting

in operand z1l.B.C being synthesized from three different sources.

Note that the structure subscript is effective before-
indirection not after. As a further lllu,tration, in

Zl.B.Cl:3’3

the structure subscript selects copy 1 of the pointers
21.B, Note, however, that in contrast the component
subscript selects the component in row 3 and column 3
of C in the structure to which Zl.B points,

This is not always true for structure subscripts. For
example, let Z3 point to Z2, Then in '

23.B.C1;3'3

the structure subscript selects copy 1 of zZ2, which is
pointed to by 213,
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These examples illugtraée the following general rule:

A structure subscript may either
be effective on the data being
indirectly accessed, cr upon

the MAME data item accessing it,
depending on whather the data

. pointed ‘to has copies, or whether
' the NAME data item itself has

copies*,

r

*

* Note that since-ra structure terminal which is itself a .
structure (or a NAME data item pointing to a structure)
cannot possess copies, the tvwo forms of structure ’
subscripting are mutually exclusive.

Lo~ ?\ C)
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THE NAME PSEUDO-FUNCTION

o ORDINARY REFERENCE TO NAME VARIABLE ACCESSES THE
VARIABLE WHICH IT POINTS TO, (A DEREFEREMCED USAGE.)

o [AME PSEUDO-FUNCTION IS USED TO ACCESS OR CHANGE
THE (POINTER) VALUE OF THE NAME VARIABLE ITSELF..

DECLARE SCALAR, S1, $2, NS NAME, NSL NANE INITIAL(HAME(SD);

- ,.»'*“-75_-;. éﬁi\ o

S2 = N§1; T Y, ~i | g1,

. ey

CHAMEHS). = NAME(NSD); e ~T~15;5»'f”§51“55333mxs;7

=
NHEQIS) = NANE(SD); g [~ .-""*jﬁmqyw;;<f§”f;;‘t>a.._uﬁﬁ_m

T

= }_ } Al
HANENS) = HS1s } ERROR-TYPE HISMATCH!

HS = HAME(NS1)
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IN GENERAL:

o NAME VARIABLE BY ITSELF DENOTES THE ORDINARY .
"VARIABLE WHICH IT POINTS TO,

-

NAME VARIABLE -
"ORDINARY VARIABLE

o NAMEC NANE VARIABLE ) OBTAINS' THE POIHTER CONTENTS OF

~ THE NAME VARIABLE, | |

. =

. A\

NAME VARIABLE

_ o NAMEC ORDINARY VARIABLE ) CREATES A POINTER TO THAT

-CREATED POINTER

ORDINARY VARIABLE

1y - 1
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Examples:
Given:

| DECLARE S SCALAR,
‘ NS NAME SCALAR,
NT NAME TASK, '
NA NAME ARRAY{1000) INTEGER;
STRUCTURE Q:
1 QS SCALAR, -~
1 QN NAME Q-STRUCTURE;
DECLARE 2Q (Q~STRUCTURE;

tHe following ars legal:

NAME (S} }
NAME (ZQ.QS)
NAME (NS}

NAME (NT)

NAME (NA)

NAME (70.QN)

reference only

the following are illegal:

NAME (1.5)
NAME (S /2)
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SUBSCRIPTING AND AU VARIABLES

® SUBSCRIPTING OF DEREFERENCED NAME VARIABLES IS ALLOVED
E.G. DECLARE ARRAY(3) VECTOR, V, NV NAME IHITIAL(NAME(V));
Vl:3 = NVZ:BJ /* SAME AS V1=3 = VZ}SJ */ 4
NOT QUITE TRUE

° SUﬁSCRIPTING INSIDE A REFERENCE TO THE NAME PSEUDO-FUNCTION &,/”//
CAN ONLY APPEAR N REFERENCE CONTEXT (NOT IN ASSIGHMENT CONTEXT).
SUBSCRIPTING APPLIES TO THE VARIABLE BEING POINTED TO.

£.6. DECLARE INTEGER
A ARRAY(10),
NA NAE ARRAY(10) INITIALCNAME(R)),

NLWAES /NI IS WAFE OF, SENAT 3 .
' ' L&
NAME(HI) = NAE (A3, - ° ,,,z*”’/;;}fE:::::::J- ,
h .

HAMECNE) = NAME(NAz,)s N
. ( A,

NI | Aq

w-3Y
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COMPONENT “SUBSCRIPTING INSIDE NAMEC )

o JLLEGAL FOR BIT AND CHARACTER STRINGS 12345

16

E.G, DECLARE B BIT(16);  NAME(Bs)

St

o MUST SELECT A SIHGLE SCALAR FROM VECTORS AND
MATRICES (ALSO SINGLE ELEMENT FROM ARRAYS)
£.6. DECLARE M MATRIX; | |

i c ?

mmamlﬁifj.w

o).

NAME (M, 4)
o—v—

JM

\A“Rf"" m~a : fm\ .

Ml,2

M

MZ;I

MZ,Z

3,1
My 9

3,3

1,1

1,3
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STRUCTURESUBSCRIPTING "INSIDE NAMEC ) -

o 1IN ASSIGNMENT CONTEXT, OK ONLY IF NAMEC ) IS APPLIED TO

" A NAME VARIABLE IN A STRUCTURE WITH MULTIPLE COPIES -
THEN IT SELECTS THE APPROPRIATE COPY OF ‘THE NAME
VARIABLE ITSELFi '

[ E.6.  STRUCTURE S: 1 N NAME SCALAR; .|
DECLARE S S~STRUCTURE(10);
NAME(N, ) = NAME(N,,);

F

o IN REFERENCE CONTEXT, ONLY ONE CAN APPLY:

- NAME VARIABLE DEFINED IN A STRUCTURE WITH,COPIESJ
"SUBSCRIPTING IS EFFECTIVE ON THE NAME VARIABLE ITSELF,

"~ NAME VARIABLE POINTING 70 A STRUCTURE WITH COPIES. -
SUBSCRIPTING 1S EFFECTIVE ON THE VARIABLE BEING
POINTED TO, .

STRUCTURE S! 1 N NAME TRUCTURE(iES;\\\\“iLLEGAL§

- 16
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INTERACTION WITH STRUCTURES

STRUCTURE A:

1 C SCALAR,

1 B NAME A-STRUCTURE;
DFCTL.ARE A-STRUCTURE, Z1, 22, 23;
DECLARE Z4 NAME A-STRUCTURE;

-
L T T " R ——

Let -21.B point to 22, and Z2.B point to 23, as shown
pictorially below:

*
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M pointer value to 23,C can be created by the construct:

»

NAME (23.C)

Vind also l'»g v NAME(22.B.C)
Now Z1.B points to 22 so that 23.C is accessed through two
levels of indirection by Z1.B.B.C. A third way of
creating a pointer value to 23.C is therefore: '

NAME (21.B,B.C)
If furthermore, 24 points to 21, then

NAME{Z24,.B,B.C)

also‘hns the same effect,
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STRUCTURE A

1 C SCALAR,

1 B NAME A-STRUCTURE;
DECLARE A-STRUCTURE, 21, 22, 23;
PDECLARE 74 HAME A-STRUCTURE;

iy ——— 7 —

In each of the above cases, the argument of the NAME pseudo-
function is 23.C which is an ordinary data item, even though
indirect access is used. Each of the above instances may
thercfore only be used in a reference context.

The pointer value of 22.B can itself be set up by using

NAME(22.D)
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in an appropriate assignment context to be described,
The NAME structure terminal 22.B may be indirectly
accessed by the qualified form Z1.B.B, since 2zZ1.B
points to Z2. Hence, the pointer value of 22.B can
also be set up by using:

' NAME (21.8,8)
in assignment context. With 24 again pointing to 21,
NAME (24.B.B)} .

has the same effect, since 22.B is éﬁain accessed, this
time -through two levels of indirection.
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ARGUMENTS WITH SUBSCRIPTS

Examples:
Given the following declaratibns:

DECLARE V VECTOR(3},

NV NAME VECTOR(3},

S ARRAY (100) SCALAR,

NS NAMZ ARRAY (100} SCALAR,

M ARRAY {5) MATRIX(3,3),

NM NAME ARRAY(5) MATRIX(3,3},
a : C CHARACTER(80},

: NC NAME C!!I\RI\CTER(BO);

suppose that NV + V, N5 + §, NM + M and NC -+ C,

“rhe following are legal in contexts causing reference
of pointer values:. e

NAME (V3) éreates pointer to scalar value which
{g Ard element of vector V
NP&4E(5“13) ysme s above since HV *+ V
[ ; .
N]\ME(SS) creates polnter to 5th array alement

of array S
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NAME (ﬁSS) ) same as above since NS + &
NAME{MB_l 1) creates pointer to séalar value in row 1,
i column 1 of 3rd array element of M

NAME (NM same a3 above since NM -+ M

3:1,1?
NAME{'Md_) creates pointer to 4th array element {n M

The .following are illegal:

NM}E(CI) I subscripting on character strings
NAME (HC, ) i1legal
NAME[V.l o 2) } more than one element of V selected

NAME one ncalar value ualected from‘more than one
(M*:l,l} } array elemoent .

*

x
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FURTHER RULES:

2.

tthen a NAME pseudo-function is used
to assign pointer values, only

‘structure subscripting effective on

the pointer copies is legal.

For NAME pseudo-functions in reference
context, array and component sub-
scripting is always effective on the
ordinary data item specified or in-
directly accessed, Structure sub-
scripting is effective in the
ordinary data item specifled or
indirectly accessded, or upon the
NAME data item indirectly accessing
it, depending on which possesses

the multiple coples.
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Example:
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Given the following declarntions

let

STRUCTURE A:

1 M ARRAY {5} MATRIX{(3,3),

1 C CHARACTER({80),

1 V VECTOR(6},

1 B NAME A-STRUCTURE: )
DECLARE Z N~STRUCTURE} ) .
DECLARE A~STRUCTURE(3), £), £2, Z3 NAME;

21;81 + 222

lech + 323

zi.B, » 22

3
3 + 1}

1

Tllustrations for NAME pseudo-functlons in a
reference context -

(a)

Array and component suhscripting:

NRME(Z.Mlza.a)

NAME(Z.M, ) ;)

NAME(Z.Cy 4 g 15)

NAME (Z.V,)

NAHE(Z.Vl T0 33

creatas & polnter to the scalar
vajlue -in row 3, column 3 of the
first arvay clement of Z.M-

is fliegal since the subscript
selects a scalar value from more
than one array element of Z.M

fa illeyal since character strings
may not possonn component subscripts

createns a polnter to the Ist clement
of vegtar Z.V

15 illegnl nince more than one ¢lement
of Z.V in pelected by the subseript
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Examnple:
Given the following declarations

‘ STRUCTURE A:
1 M ARRAY {5) MATRIX{3,}),
1 C CHARACTER({80),
1 vV VECTOR(6),
1 B MAME A-STRUCTURE;
DECLARE Z A~STRUCTURE; . .
DECLARE A-STRUCTURE(3), 21, 22, 23 NAME;

let 21.B, » 22

1 2

Z21.B, -+ 22

2

Zl.B3 - 22

23 2+ 21

3
1

Illuatrations for NAME pseudo-functions in a
reference context - '

) (b} Structure subscripting effective upon t@e
data item pointed to or directly specified:

NAME(Z1.) ' creates a pointer to the second
2 : copy of Zl since the subscript
acts directly on Z1

NAME(23.) since 23 is a single pointer,

2 polnting to the whole of 21, the
subscript s effect&ve on 21 rather
than 23; hence a pointer to the

e s T : s?ﬂqnd eopy of Zl ik again created
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NAME (21,4, )
NAME (23.M, )

NAME(ZI.Ml TO 23

NAME(za.Ml 70 23

"NAME (21, M)}

)

J

creantes n polnter to the array of
matrices M in the second copy of Z)

ag before, the structure ﬁubscrlpt
is effective on 21 rather than 23;
hence as before a polnter to the

_array of matrices M in the second

copy of 21 is created

is 11legal since the subscript
selects more than one copy of
structure 21 . -

ta 1llegal for the same reason
ts illegal since subscripting to

select one copy of %1.M must be
uned )
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Example: .

Given the following declarations

STRUCTURE N:

L M ARRAY{5) MATRIX(3,3),

1 C CHARACTER(8B0), .

1 V VECTOR(6),

1 B NAME A~-STRUCTURE;
DECLARE Z A~STRUCTURE; ' ,
DECLARE A-STRUCTURE (3), 21, 22, 23 NAME;

lel zl.Bl + 222

Zl.B2 *'223 )

C21l.8y > 22, ,
z3 + 2l

Illustrations for NAME pseudo-functions in a
reference context - '
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Structure suhscripting effective on a pointer value:

The following examples use the fact that 21.B,

points to 222

NI\ME(ZI.BL} references the pointer value Z1.B,,
) i.e, it creates the pointer.to 222

1 NM&E(Zl.B;Ml ) the subscript is effective of Z1.B,
; so that a pointer to the array of
matrices in the second copy of 22 is
] created '
NAMB(ZI.B.Vl.l) the structufe subscript is
¥

effective on Z1.8 as bafore so
that a pointer to the first
component of the vector in

the second copy of 22 ls created

Note that there is no restriction on the selection
of one pointer only by a structure subscript
effective on pointer data:

NAME (Z1.8) “gimultaneously"” references three
pointer values

} “simultaneously" creates two polnters,
to matrices ZZ.sz and ZZ.M:“ respectively

NAME (21, By oo o,
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INITIALIZATION"OF"[‘EAHE"VARIABL.ES

L3

{””T”‘L' 1 (NAME REFERENCE)

CONSTANT

NAME REFERENCE HAS THE FORM:

NAME (ORDINARY VAaiAgLé)
NAMECNULD or BULL

"NULL POINTER” - POINTS TO
NOTHING AT ALL, UNINITIALIZED
NAVE VARIABLES ALSO HAVE THIS
VALUE.

UNLESS SUBScRNeS
NRZ ¥etwn AT |
(Han\Eg-TiﬂﬂE'-

ORDINARY VARIABLE MUST BE: AND HUST NOT BE:
> PREVIOUSLY DECLARED o SUBSCRIPTED <7

o WITH DATATYPE MATCHING o DEREFERENCED THROUGH ANOTHER

THAT OF HAME VARIABLE " HAME VARIABLE
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3.

MAME VARIABLES: (CONTINUED)

INITIALIZATIDﬂ OF NAME VARIABLES

DECLARE S SCALAR,

NS HAME SCALAR INITIAL(NAME(S));

NAME VARTABLES IN STRUCTURES-WILL BE DISCUSSED LATER.
STRUCTURE A: -
1 B SCALAR,
1 C NAME A-STRUCTURE;
DECLARE A-STRUCTURE,
71,
72 INITIAL(LS, NAMEZD))s
DECLARE NB NAME SCALAR INITIAL(NAME(ZL.B));

DECLARE A ARRAY(5) INTEGER INITIAL(D),
M1 NAME INTEGER INITIALCHAME(Az,));
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The following are legal initializations of NAME
data items: '

I
1

.

2]

DECLARE S SCALAR, .

v ARRAY({4) VECTOR DOUBLE; .
DECLARE NS1 NAME SCALAR INITIAL (NAME (5) ) ;
DECLARE NV1 NAME ARRAY(4) VECTOR DOUBLE.

INITIAL (NAME(V)) ‘

STRUCTURE A:
1 € SCALAR,
1 B NAME A-STRUCTURE;
DECLARE 21 A-STRUCTURE;
DECLARE %22 A~STRUCTURE INITIAL(1l.5, NAME{Z1}};
DECLARE NA NAME SCALAR INITIAL (NAME(21.C)}:

DECLARE V VECTOR(4)};
DECLARE TV NAME SCALAR INITIAL(NAME({V }):
- 3
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The following are illegai initializations of NAME
data items:

DECLARE T SCALAR;
DECLARE NT NAME SCALAR DOUBLE
INITIAL (NAME ('{) K

NT cannot legally
. point to T
DECLARE .NT1 NAME SCALAR INITIAL(NAME(T1)); -

DECLARE T1 SCALAR:
‘ Tl is not previcusly
deflned :

e DA A ok 2y

STRUCTURE X:
1 Y SCALAR,
1 2 NAME X-STRUCTURE;
DECLARE %X1 X-STRUCTURE; _
DECLARE XX2 X-STRUCTURE INITIAL(L.S,NAME(XX1));
DECLARE NX NAME SCALAR INITIAL(NAME(XX2.Z.Y));

W e -

contains implicit
indirection since
XX2,2 - XX1 through
previous initialization



NAME _VARIABLES (CONTINUED)

NULL INITIALIZATION

All NMAME data items which are hot explicitly initlalized, are

implicitly'initialized with null pointer values. The following
cxamples show the explicit initialization to null pointer values.

Examples:

_ PECLARE LV MAME VECTOR INITIAL{NULL);
STRUCTURE A:
1 € SCALAR,
l 1 B MNAHME A-STRUCTURE

DECLARE 2 A-STRUCTURE {20) *INITIAL(20#(7.53, NULL));

each copy of B initialized
to a null pointer value



HAME VARIABLES ##4NTINUED)

MAME ASSIGNMENTS

| EACH L1 AND R 1S A NAME
2, L, M= {

PSEUDO~FUNCTION,

£.6, NAME(NS1), NAME(NS2) = NAME(NS);

NS1 NS2 NS AN
NAME COMPARISONS
L =R | L AND R ARE BOTH NAME
L= R PSEUDD-FUNCTIONS,

£.G. IF NAMECNSL) —1= NAME(NS2) THEN .. .s

EQUALITY IF BOTH NAME VARIABLES POINT TO THE SAME
_ ORDINARY VARIABLEI
" NSL NS2

]

w-s Y
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NAME ASSIGNMENTS

Examples:

NAME VARIABLES (CONTINUED)

" Given the declarations

then

—— i — v

——— i ———— -

NAME {NSD) = NULL;
NAME (NS} = NAME(S):
NAME {NSD)} = NAME {NS};

NAME (NV) = NAME (V)
NAME (NS) = NAME(V );

NAME (NZ) = NAME(21);
CNAME (NZ.B) = NAME(72); results in Z21.0 + 22 because of

” implied indirection in qualified
reference HZ,B, in which N7 + 21
NAME (NS) = NAME(NZ.B.C)}: results in NS <+ 22.,C because of

2 levels of implied indirection
in ¢qualified form HZ.B.C, in which
and 1.0+ 72

DECLARE S SCALAR,

NS NAME SCALAR,
NSD NAME SCALAR DOUBLE;

DECLARE V VECTOR(3)},

NV NAME VECTOR(3):

STRUCTURE A:

1 C SCALAR,
1 B NAME A-STRUCTURE; °

DECLARE Z1 A~STRUCTURE,

22 A-STRUCTURE,
NZ NAME A~STRUCTURE;

S itself

to it

Na v 4L

results in HSD + @it

rosulty in NS o+ 5 .
in 11leqgal since NS + 8§ and
HSD) may not legally point to

results in VY + V

results in S + V,- note that
2 Vs is a scalar value, which
is why HS may legally point

results in NZ + Z}



NAME VARIABLES (CONTINUED) |

MULTIPLE ASSIGNMENTS

Example:
Given

| DECLARE § SCALAR,
i NS NAME SCALAR,
NT NAME SCALAR;
STRUCTURE U:
1 US HAME SCALAR,
1 UN NAME U-STRUCTURE;
.- DECLARE 2 U-STRUCTURE;-

The following is a legal multiple NAME assignment:

E NAME (NS), NAME(NT), NAME(Z.US) = NAME(S);

- Y b



NAME VARIABLES (CONTINUED)

POINTER ARRAYNESS IN NAME ASSIGNHENTS

Examples:

| STRUCTURE At

g 1 N WAME SCALAR,

! 1 C SCMALAR; -

E DECLARE 21 A-STRUCTURE (3],
z2 I\WSTI{UCTURE{S) H

! DECLARE § SCALAR;

then 3 coples of 71.8 exist, and 5 copies of Z2.B
exist., Hence in

{
| NAME(Z1.B) = NAME(S): '

the pointer arrayness on the'left is (3} whilst
the right hand operand has none. The result of
thig assignment is:

1.y
31.82,wﬁr s
21.B4, 2



NAME VARIABLES (CONTINUED)

HAME COMPARISONS

Examples:
Given

¢
DECLARE § SCALAR; .
DECLARE NS NAME SCALAR INITIAL(NAME(S)},
NT NAME SCALAR INITIAL {NULL);

NAME {NS) = NAME(S) is TRUE;

NAME {NS) = NAME (NULL)} is FALSE;-
. NAME(NT)} —= NAME{NULL) is FALSE;

| NAME {NT) ~= NAME(NS) is TRUE;

-
pe=5Y
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NAME ‘VARIABLES (CONTINUED)

POINTER ARRAYNESS IN NAME COMPARISONS

Examples:

Given

*STRUCTURE A:
1 n NAME SCALAR,
1 C sChALAR;
DECLARE 71 A-STRUCTURE(3),
Z2 A-STRUCTURE(5);
DECLARE 5 SCALAR;

After execution of

NAME(Z1,D} = NAME(S);
then the result of the comparison
NAME(Z)1.D) = NAME(S)} is TRUE

since £1.D,,

zl.nét?;s
21.0,,



1O - L0

e i g

NAME VARIABLES (CONTINUED)

Further,

i NAME (%2.B) = NAME(21.B);

is illegal since the left and right hand pointer
arraynesses are (5} and {3} respectively which

do not match. However,

MAME (22.B } = NAME({21.B);
5 3 T0 5;

is leqal since the left hand arrayness has been
reduced to {3}, The result of the assignment is

z2.p,, = Zl.B1 {{.e. they both have the same
! i pointer value)

ZZ.B4; E Zl.Bz’

ZZ,BS’ E Zl.BJ; \



NAME VARIABLES (CONTINUED)

Given

STRUCTURE A:
"1 D NAMRE S5CALAR,
1 C SCALAR;
DECLARE 71 A-STRUCTURE(3),
. 72 h~STRUCTURE(5);
DECLARE S SCALAR; 4

e et e o o A Al S il i el

After subsequent execution of
! ‘

! NAME(Z1.D. ) = NULL;

is 11

then the result of the comparison
NAME(Z1.D) = NAME(S) is. FALSE
because Zl.DlF-J} g

21D
PLDay,

21.D 7
. 3;

The comparison
i
NAME(Z1,.D) = NAME(Z2.D)

is illeqgal hecéuse the pointer arraynesses of the
left and right operands are {3} and {5} respectively,
which do not match, However, the comparison

. NAME{21.B) = NAML-.(zz.n3 0 5:)
is legal since the pointer arrayness of the right
hand operand has been reduced to {31},

G-t -~ S
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NAME ARGUMEN?%IAND"PARAMETERS 

P: -PROCEDURE(NA) ASSIGN(NB);
DECLARE NA NAME INTEGER,
NB NAME ARRAY(10) SCALAR;

CLOSE P;
o ARGUMENT MATCHING NA: NAME PSEDUO-FUNCTION IN REFERENCE
CONTEXT (OR NULL). | |

o ARGUMENT. MATCHING NB: NAME PSEUDO-FUNCTION IN
ASSIGNMENT CONTEXT, o

DECLARE 1 INTEGER;
DECLARE ARRAY(10) SCALAR, A, N NAME;

CALL P(NAME(T)) ASSIGN(MAME(N)); |
CALL P(NULL) ASSIGN(NAME(N)); _ LEGAL .
CALL P(NAME(CI)) ASSIGN(NAME(A));
: ILLEGAL
CALL PCNULL) ASSIGN(NAHE(N“)); :
o P

. - e .
N g { AN P N
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NAME VARIABLES (CONTINUED)

INPUT ARGUMENTS

The effect of using a pointer value as an input argument of

a procedurce or function is as if the pointer value wvere being
asgsigned to the corresponding NAME input parameter, The
attributes of the NAME input parameter must therefore allow
legal acceptance of that pointer value,

Examples:

DECLARE S SCALAR;
DECLARE NS NAME SCALAR;
DECLARE NT NAME TASK;

F: FUNCTION{A,B) SCALAR; .
DECLARE N NAME SCALAR,
B BOOLEAN;

g $§ &

[/, /2/1//// S ~ function body
7% ,

CLOSE I';

»
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NAME VARIABLES (CONTINUED)

g MAME (NS) = NAME{S):

S = F{NAME(S), TRUE): invocation results in inpuﬁ
parameter A pbinting te S

5 = F(NAME(NS), PFALSE); hag the same effect: A gets -

. same polnter value as NS,

l ) iaua A -+ S
S = F{NAME (NT), TRUE); . s illegal nince pointer values
. legal for NT are not legal for A
S = F(NULL, FALSE); results in A + g

Note that although ordinary input parameters are prevented
from appearing in NAME pseudo-functions, NAME input
parameters are only prevented from appearing in NAME'
pseudo~-functions in assignment context,



NAME VARIABLES (CONTINUED)

ASSIGN ARGUMENTS

+

A pointer value may be passed both into and out of a procedure
by the appearance of a NAME pseudo-function in the assign
argument list of the procedure's invocation, The clasns of
data items which can be pointed to by the NAME data item
appearing in the NAME pseuwdo-function must be the same

as that which ecan be pointed to by the corresponding NAME
assign parameter, ‘
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NAME VARIABLES (CONTINUED)

Examples:

! DECLARE NS NAME SCALAR}
BECLARE NT NAME TASK:
STRUCTURE A:
1 B NAMFE A~STRUCTURE,
1 C SCALAR;
DECLARE Z A-STRUCTUREj

L]

P1 PROCEDURE ASSIGN{U,V):
DECLARE U NAME TASK,
Vv NAME A-STRUCTURE:

CLOSE P;

»
"

.
*

CALL P ASSIGN (NAME (NT) ,NAME(2.B)};

bl

cauges passage of pointer values
between NT and U, and between 2.B
and ¥,

. CALL P ASSIGN(NAM?igﬁ), NAME (2)) ¢

i llingal'bncaune N\‘""* 11lcgal because % is not a
H3 polnts to NAME data itom
scalay data ltems

" but NHT points to
tasks



NAME  VARIABLES (CONTINUED)

POLHTER ARRAYNESS TN ARGUMENTS

" Examples:

STRUCTURE A:
1 B MNMAME SCALAR;
DECLARE 2 A-STRUCTURE(20):
{ DECLARE 51 ARRAY (20} SCALAR,
§2 ARRAY{10) SCALAR;

P: PROCEDURE{U} ASSIGN{V);
DECLARE U.NAMME SCALAR,
V NAME SCALAR;

7 receture vt
-

L
-~ CLOSE P

N

! F: FUNCTION{W) SCALAR;
DECLARE W NAME SCALAR;

ééffi///iﬁ ? function body

CLOSE Fi

- e i

AT,
£ -



NAME VARIABLES (CONTINUED)

i CALL P(NAME(Z.H, . )) ASSIGN {NAME(Z.B});
1 '

Nt Syt
* legal becaune pointer illecgal because polnter
n U arrayness subscripted arrayness exists _
’\) : away

1/% 81 + F{NAME({Z.B}))
~.” T

legal because polnter arrayness {20} matches
arrayness {1:20} of 51

The above is eguivalent to

#8581, = 81, + F(NAME(Z.B;)); for 1 <€ i€ 20

wherein each of 20 invocations of F cause transmission
of a different pointer value,




NAME VARIABLES (CONTINUED)

USES OF STRUCTURES ‘AND NAME VARIABLES

" (1) A PRIORITY-ORDERED QUEVE

STRUCTURE QUEUE:
1 IDNO INTEGER,
1 PRTY INTEGER,
1 LINK NAME QUEUE-STRUCTURE; UNOURALEIED BECHUSE
DECLARE QUEUE QUEUE-STRUCTURE(10), OF NEsTED  STRUCTURE
ANCHOR NAME QUEUE-STRUCTURE) e
DECLARE INTEGER, 1, NEW_ID, NEW_PRTY; ~ (QEFEREN CES.

]

L]
L]

DO FOR I =1 70 93
!DNBI, PRTYy = 1)

- NAME(LINK)) = NAME (QUEVE, 4, )

ENDJ | ‘
IDNO, ) PRTYy, = 10

. _Prosipm Tl
QUEVE chANNOT SBE

. NAME (ANCHOR), NAME(LINK, ;) = NAME (QUEUE,))

IDRO PRYY

ANCHOR

PRSI CA

1 1. ; 2 2 , ) 10 10
— f __f FYY v
LINK &

,,,,,,,,



NAME VARIABLES (CUNTINUED)

USES OF STRUCTURES AND' NAWE VARIABLES |

DECLARE NAME QUEUE-STRUCTURE, THIS, PREV
(7% Finp_1ono IN QUEVE"*/ )

NAHE (PREV) = NAME (ANCHOR) ;
NAME (THIS) = MAME (ANCHOR,LINK)

rPREV *]
DO WHILE THIS.IDNO ™= NEW_IDNOJ -
NAME (PREV). = NAME(TH1S); e
NAME(THIS) = NAME(THIS,LINK};
ENDJ _ :
/* SET NEW PRIORITY, AND TEMP-
(: ORARILY UNLINK FROM QUEVE */ / [“-'fw"xzv
: I

THIS,.PRTY = NEW_PRTY}

NARE (ANCHOR), NAME(PREV.LINK) = NAME(THIS.LINK);

/* FIND PROPER PLACE TO RE-LINK .IN’
' QUEUE ACCORDING TO PRIORITY "/

NAME(PREV) = NAME(THIS))
~ HAME(THIS) = NAME(THIS.LINK);
ENDJ '
NAME (PREV.LINK) = NAME(ANCHOR)
NAME (ANCHOR LINK) = NAME(THIS);
w0

PROBLEM #2: CANNOT FACTOR

NAME DECLARES

[“‘IDﬁO PATY TOIDNO  PATY

ARCHOR | ﬁ_///“"
* ’
1]

Lrag LINK

RNCHOR * IHISY
~ DMO  DRTY . w0 errY | towo pRmy

LIRX

1 .
LIRK LIk

DO UNTIL PREV.PRTY <= NEW_PRTY AND NEW_PRTY <= THIS.PRTYS
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NAME VARIABLES (CONTINUED)

Mt PRIDR:
Mt PROGRAM;

Mt
e
Mt
Mt
Nt
Mt
Mt
e
Me
Mr
Ht
Mt
5t
Et
Mt
5t
Mt
Mt
5t
Et
Mt
54
ct
ct

STRULCTUFRE NODE:
LOIdND INTEGER.
L PRIY LNHTEGER,
14 LINK HAME HODE-STRUCTURE;
DECLARE QUEUE HODE~STRUCTURE(1D), :
ANCHOR NAME NODE-STRUCTURE;

DECLARE THIS NAMNE KODE-STRUCTURE,

PREY NAME MODE~-STRUCTURE;
DECLARE [INTEGER, '

1, HENH&ID, NEWe¢PRTY;

DO FOR ! = 4 TO 95
DUEUE. 10M0 ., QUEUE. PRTY = 1)
1 H

+ +
HAMECQUEUE. LINK ) = KAMECQUEUE b}
1 . 1+1
END;
QUEUE, IDND , QUEYE PRTY = 40
i0 i
) + +
HANECANCHOR), HNAMECQUEUE LINK » = NAMECQUEVUE );
10 ' i

CFIND 1DNO 1N QUEUE
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MAME VARIABLES (CONTINUED)

Er + R : 4

Mt NRHE<PREV) = HAKECANCHOR )

E+ +

Mt unus<ru1§3 = NAMECARNCHOR. LINK Y,

He PO WHILE THIS. IDND \= NEW+¢ID;

Et + +

M1 nnrscpasv> = NAMECTHIS);

Et +

Mt unue<rﬁzs> = NAMECTHIS, LINK)

Mt END;

c1

£t SET NEH PRIORITY. AND TEMPORARILY UHLINK FROM QUEUE
ct

ft THIS PRIV = MEHePPTY.

Et + . + +

M HAMECAHCHOR 3, MAME: FREV. LINK) = RAMECTHIS. LINK);

cr ‘

€t FIND PROPER PLACE TO RE-LINK IN QUEVE accopaznu 0 FPLORIT{‘
ct.

Kt DO UNTIY pnsv PRTY ¢= NEd+PRTY AND NEHCPRTY C= THIS. PRTY;
£t

M nawerprrva . $AME (TH!S)a'

£:

Mt uﬁwr‘.nxsx = HANECTHIS, L'NK)M

Bt EHD;

£t v . +

Mo NRME(PPEV.LIRE) = RAlECARCRdR 3

E* F Y

My NAHEC AR-KOR L.Hk) * MAMECTHIG)Y;

MY flLpEE,
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12

13
14

1%

Fi
-~

17

1%

™2
EYY

P [
- ) 3

3 pa
LaTEn ]

c* :

Er + +

M1 NAHECPREY) = NAMECRNCHOR Y,

Et + . +

M NAMECTHIZY = MAMECAMCHOR, LINK )

Mt DO HHILE YHIS. IDHD \co NEWeID,

Et 4 ' +

M1 HAMECPREV) = NRMECTHIS),

£t + . L}

Mt HAMECTHISY = NAMECTHIS. LINKY;

Mt END;

it}

£t SET HEM PRIORITY, AND TEMPORARILY QHLINK FROM QUEUE
ct ,

Nt THIS PRTY = MEHe¢PRTY.

() ’ -4 . + +

M1 NAMECAHCHOR Y, MNAME: PREV. 1IN ) = HANECTHIS, LINK )

ct

Ct FIND PROPER PLACE TO RE-LINK IN QUEUE ACCORDING TO PRIGRITY

c1 . : "

é: D0 UNTIL PREV. PRTY (= NEN¢PRTY AND HEN¢PRTY €= THIS. pPRTY;
T + . . b _

Mt HANECPREY)Y = NAMECTHISY

£ + +

Mt NAMECTHIS) = NAMECTHIS. L1NK),

MNP END;,

Et + . B 4

Mt HANECPREY. LINKY = RARRECANCAIR ),

[ 2 . + I

M HEMECARTHOR LINKY = NAMECTHIS);

M RILO%E,

NAME VARIABLES (CONTINUED)
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£TaLS
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USES OF STRUCTURES AND NAME VARIABLES

(2) TREE-STRUCTURED SYMBOL TABLE PRo®BLEM 1

N

STRUCTURE TREE: TREE cAuNeT BE ROOT]
1 SYMBOL CHARACTER(32), GIGURLTIED BECAUSE
1 LESS NAME TREE-STRUCTURE, OF NESTED STRUCTURE ot
"1 GTR NAME TREE-STRUCTURE; ReFERENCES. FREN
DECLARE TREE TREE-STRUCTURE(100},
NEW_SYMBOL CHARACTER(32), ProplEm¥: ,”///
1 INTEGER INITIAL(0), - ChnOT FACTER, 'BETA'
WAS_LESS BCOLEANS NAME VECLARES | s | a

DECLARE NAME TREE-STRUCTURE,

/

N

'THETA'

NULL INULt

ROOT INITIAL{NULL), OLD_LEAF, THISJ -
_ YALPHA! *IOTA'
NAME (THIS) = HAME(ROOT) 3 wuLL|NULL NULL |

DO WHILE NAME (THIS) == NAME(NULL)
NAME (OLD_LEAF) = NaME{THIS))
1F NEW_SYMBOL < THIS.SYMBOL

THEN DOJ WAS_LESS = TRUEs NAME(THIS) = NAME(THIS.LESS); END;

ELSE DOJ WAS_LESS =
END} C
= 141} SYMBOL, = NEW_SYMBOL) ‘
NAME(LESS g)s MAME(BTR;) = NAME(NULL);
1F NAME(ROOT) = NAME (NULL) THEN NAME(ROOT) = NAME(TREE,);
ELSE IF WAS_LESS THEN NAME(OLD_LEAF.LESS) = NAME(TREﬁlg
ELSE NAME(OLD_LEAF,GTR) = NAME(TREE );

FALSE, NAME(THIS) = NAME{THIS.GTR)} END:

.

'KAPPAY

NULL | KULL
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NAME VARIAPLES (CONTINUED)

T?EE*PEOB
PROGRAN

JTPU TURE NU&E
i s¥NEOL CHHRBPTCR(?”):
1 LES3 NRME HODE-STRUCTURE,
1 OTR NAME NIDE-STRUCTLURE:
DECLRRE TREE HODE~STRUCTURECLOG),
HEM«SYM20L CHRRACTERIIZ 3,
I INTEGER INITIALCD)D,
HAS¢LESS ?POLERH,
DFGCLARE ROOT MNAME NODE-STRUCTURE THITIALCHYLL );
DECLARE QLD«L ERF HAME MNODE-STRUCTURE;
DECLARE THIS HAME MNDDE-STRUCTURE;

+ +

NAMECTHIS) = NAME(ROOT );
+

00 MHILE NRMECTHIS) \= MAMEC(NULL);
+ £

HAMECOLD+LEAF) = NAME(THIS )

1F UEN¢SYMBOL < THIS. SYNBOL THEN
0o,

HAS¢LESS = TRUE;
+ ‘ +
HAMECTHIZ)Y = HAMECTHIS. LESS);
END;
ELEF
po.




NAME VARIABLES (CONTINUED)

- | .
Lo Mt , WAG«l E55 = FALZE:
ET + +
[ ki NANECTHIEY = HNAME(THIS. GTRY
12 Mt _ END;
PR END;
R ) 1= I+ 1
o ¥ ¥
21 Mt TREE. SYNBOL = NEWeSYMBOL:
st 1
Et + + :
2ooM HANEC TREE. LESS -3, MAMECTREE. G7R Y = HAMECHULLD:
It : 1
g +
) 1F MANECROOT ) = NANECHULL) THER
Lot 4 . +
il B HANECRONTY = MANECTREE ).
5t . ' 1
25 Mt ELSE
E: Yo L . L3 '
25 mt 1F MASE¢LESS THEN
Fa g + +
Dl MAMEZ OLD¢LERF. LES3Y = HAMECTREE Y
1 i
oot rLst
51 + +
27 M vANECALDELEAF. GTRY = HRNECTREE 2
e i

VO =Y
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LELES
LBLEY
STk3

STHie
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NAME VARIABLES (CONTINUED)

1oMr CFL:

¢ Wt EXTERNHAL COMPOOLS

oMt STRUCTURE, @ DEMNSE:

2 ne 1 BY BITC3N

2 Mt i B2 BIT(S),

2 Mt 1 S SCRLAK,

2 Mt 4 ¥ VECTOR,

2 oMt 4 m MATRIN,

3 Mt DECLARE @ a-STRUCTUREC4O )
4 Mt CLOSES:

4t PROG:

8 .
s Ht PROGRAM
s Mt DECLRRE HO HAME Q—STRUCTUREI
7 nt DECLARE ARRAY( L2,
7 N . sCcAlL SCALAR.
T Mt g1TS BIT(S )M .
g ut - 0D FOR ?ENPBRRR? 1 =4 TO 4&
g nt SLAL = s+ ¥ +n i
3t - 1 13 ;2 1i2:3
£ . . . .
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st .- I: I: 12 RT 2
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Et =, ’ . .
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NAME VARIABLES (CONTINUED)

ANAMECOPY -

TNAMECOPY (2, 8) 3

PERFORMS. THE EQUIVALENT OF:

NAME () = NAME(8); (*)
EXCEPT |

-« MUST BE A NAME STRUCTURE AND 8 IS EITHER A STRUCTURE OR
A NAME STRUCTURE.,

L8

Q. SINCE THIS IS MORE RESTRICTIVE THAN A REGULAR NAME ASSIGN
(LIKE (")), WHAT IS THE ADVANTAGE?

A. NO TEMPLATE, COPYNESS, OR LENGTH CHECKING IS DONE,

ZNAMECOPY ALLOWS UTILIZATION OF A SINGLE MEMORY AREA FOR
A NUMBER OF DISTINCT PURPGSES.
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NAME VARIABLES (CONTINUED)

NATURALLY, ZNAMECOPY MUST BE USED WITH GREAT CAUTION.

EXAMPLE:

STRUCTURE Q:
1'A SCALAR DOUBLE;
DECLARE @ Q-STRUCTURE (50) ;
STRUCTURE R:
1 B SCALAR;
DECLARE R NAME R-STRUCTURE(100);°

INAMECOPY (R,Q); /* THE A AMD B ARRAYS NOW ARE PHYSICALLY
| COINCIDENT */

1 1

AS5 = 7$3; -
C TT— BOTH ACCOMPLISH THE SAME THING!
B$9 = BS5; ]‘,-f””’”

B$10 = B$6;
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NAME VARIABLES (CONTINUED)

Het CPL: .
Mt COKPOOL RIGIDs

Mt
ne
Mt
Mt
Mt
Mt
M4
Mt
nt
Mo
me
e
ne
M

Y

23 W Wty

w—

-
L e BT s i

4 an g
EERE

[}
~
()

Wt

n~p
-

DECLARE I RRRAY(10) INTEGER INITIALCL, 2, Sal?;.9: 14, .43, 15, 17, 19

DECLARE VECTL VECTOR INITIAL(40, 28, 38); -
hELLARE VECT2 VECTOR INITIALC40, SO, 68
STRUCTURE INT RIGID:

.4 TYPE INTEGER,

1 OF¢CODE INTEGER,

1 VARENAMEL HRAMNE INTEGER,

.4. YRR+NAMEZ NANE INTFGER;
STRUCTURE WECT RINID:

"4 TYPE IMTEGER, :

1, 0F¢CODE INTEGER,

4 VARHAMEL MAMNE VECTOR,

1 VRPEMAMEZ NRME VECTOR: _
DECLARE 5S4 INT-STRUCTURE INITIALC(L, 4, NAMECI.), HANECI M)

2 4
DECLARE 52 INT-STRUCTURE INITIALCL, 2, NAMECT ), NAMECT )i
5 7

VECT-STRUCTURE INITIALC2, 41, HANECVYECTL), NAMECVECTZ));
INT-STRUCTURE INITIALC4L, 3, NHAMELD D, NAMECT O )
1 2

DECLARE 5
DECLARE S

I )

'

CLARE §5 WECT-STRUCTULRE INITIAL(2, 2, NAMECVECTL ), NAME(VECT2D);

W

mim
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NAME VARIABLE.{CONTINUED)

TRHTERS
BROGRAE
DECLRFE NelHT HAME TNT-STRUCTURECS )
PECLAFE NevECT NAME YECI-STRUCTUREIS)
+ L S
CHANEEORYCHEINT, S1)
+, &

UNANECOPY(NEVEET, i
po FOF TEMRORARY I = 1:70 5
1F p+1N7T. TYRFE = L7 THEN

; ;-

L)

b
00 CASE N&INT, OP+CODE
1

0a;

HRITECED H&IHT.VRR#NHHELI* N+INT.?HR‘NHHEE'

END;

0 . '
HRITE(E) ﬂ#lkT:VﬂR‘“ﬂﬂEii‘ N*INT.VﬂR*NBNEZ[;

EHD}
Bpo; :
HRITE(S)? NEINT. VAREHAMEL ﬂ*{HT.ngﬁuanﬁz
H I
< EHDM
END:
ERDs
ELSE
+11]]
B0 CASE N¢YECT. OP+CODE )
1
by
NRITE(%)JHfQECf.QRR&HHMEL . N#VECT;VRR&HHHEZ
. ! ’ 1]
END:
. DO
HRITE(6) NeVECT, VRRNANEL # H*VECT&V&R%NHﬁEé:J
1
© ENDJ '
CENDi
T BNy
END;

1

i

i

e

7

2k

7

Fa

INTEGER TWRE 4/

RBDITION &/
SUBTRACTJON 4/

MULTIPLICATION */

VECTOR TYFE &

DDT PRODUCT 4/

CROSS PRODUCT &/
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HAME VARIADLES (COATTHUED)

HAL/$5-368 V14.0 START TIME: 52:43:09. 61 DAY: 767073
CRRM | 1E. D MCKAN=L

NCPL MAL/Z DRIVER FOR 1BM SHUTTLE OPC SINULATOR *SInids- ;
HCP1: LOAD; GO FuD '
HCPL. THE FOLUOWING LOAD PARAMETERS RRE IN EFFECT

HEFL: RDEFMI = LO3DHOL-

HCP4: MEMBER= 00 .

HCPi: REGIOH=5SK BYTE§ (260 CORE)

HCP1: SINRED!ON=AX KALFHURDS (AP10L CORE)

HCPL: SINPLGE3r4 (CORG KESIDENT 4K PROES)

MEPL: HALZS-FC HODHLE. LOADLD '

10
. =4
3. 20epAneF+ot

)

2 : ,
HCP4: HAL.~5 ORIVER' FOF.IBN SMUTTLE GPC SIMULATOR *SIniel”
MESSAGE ¢ 65 DURING:SINULRTION INTERRUFT #18& = OLD PSN=01E74R0C 009

HCPL: SYC OLD PSH’® 0LE74R00 000401FE

HCPL: INSTRUCTION COUNI‘336

HEPL: SINULATION TINE:.? 3919995239939900E-04
HCPL: END OF HRL/S-FCPEDLRAN

.

ERFOR  EYSTEN (STRTENERTD

10: 4 1.1
T —
. a0egacns g2 . 6. pboen,

RETURH CLUE (2

-3, 00000008402 )

,“._
I
1By
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- FOR REAL TIME PROCESS CONTROL
e High-Level Problem-Oriented Real Time Features

. Careful Definition of Semantics -- for Easy
User Comprehension

» Guarariteed Orderly Access to Shared Data
and Code

o Hierarchical Relationships Among Processes
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J PROGRAM and TASK Blocks |

A: PROGRAM ;

B: TASK;

CLOSE B;

C: TASK;
SCHEDULE B ... ;
~ CLOSE C;

~ SCHEDULE C ... ;

¥

CLOSE A;
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A PROCESS IS:

o The Execution of a PROGRAM or TASK Block

o Made ACTIVE through Execution of a
SCHEDULE Statement - :

o Made INACTIVE through Execution of a
CLOSE, CANCEL or TERMINATE Statement

83

$00-8'3
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PN J Process State Transitions
U O R ) _

SCHEDVLE

INACTIVE WAITING

"‘
all
W 2|8
< t
S ik
g “R.
o nid+
] <l N,
\ Nk
S

Prl'.rify Procesy

becomes rendr =

EXECUTING

. gL
!‘;hﬁ or innctt?

I Ll__ 2 ’f‘r:( "? -

s
S00-33
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INVOCATION
COF TACK
BLOCKS

e~ 5

rr"_. ‘\ Edi ‘/:I .

¥

32

Scheduling of PROGRAM and TASK Blocks ‘fba -"5-"

PRIMAL PROGRAM

TASK BLOCK _ PROGRAM

TASK BLOCK

TASK BLOCK

3

5

%

¥

qh‘h‘“““*;~_\_:

INVOCATION
OF PROGRAM
BLOCK

3. ,:é ., | PrROGRAN

- INVOCATION OF
453__*-~«- TASK BLOCK

INVOCATION OF
/,/ PROGEAM BLOCK

\ |

COMPOOL

(shared data)

DATA
REFERENCES



EACH PROCESS HAS A PRIORITY
(An Integer Value)

o [nitially Specified in SCHEDULE Statement :
SCHEDULE ALPHA PRIORITY (50);

o Dynamically Changed by UPDATE PRIORITY
Statement :

UPDATE PRIORITY ALPHA TO {1 +5).

32 |
S00 -3y



n /J(’ SCHEDULING IN REAL TIME

1600
¥ executing
transitions
during
— — — _f!ﬁ:uf_i_on__ ar e ] e wwe wae we . Deady
A .
—_—— AU S, - e wim ~ —  — walting

f\\ initiateq
scheduled terminated

SCHEDULE A" AT 1600 PRIORITY (501);

Alternatively,
SCHEDULE process H\ Interval PRIORITY (n)

L

— ?\ . k “« inactive
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THE WAIT STATEMENT

* Process Is Temporaﬁly Placed
in the WAITING State

o WAIT Interval ;

o WAIT UNTIL time;

WAIT UNTIL IGNITION +5;

32
S300-37
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" PROCESS DEPENDENCY

A: PROGRAM .

B: TASK;

CLOSE .B;

C: TASK ;

CLOSE C;

CLOSE A
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FURTHER PROCESS DEPENDENCY

A : PROGRAM ;

B: TASK;
SCHEDULE C .

CLOSE B;

DEPENDENT ;

C: TASK;

CLOSE C

D: TASK;

CLOSE D ;

CLOSE A;
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J CYGLIC SCHEDULING 300-60

A Process can be Scheduled to Execute
Its PROGRAM or TASK Block Repeated!y,
Until it Is.

o Terminated by Execution of a TERMINATE
Statement

o "Cancelled" through Execution of a

CANCEL Statement, or Because a
"Cancellation Conditlon" has been Met

Jy- 1
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- C\'l /J RECYCLING AT FIXED INTERVALS 800 -G/

le0o

l—*—----f— 200———3] “ je—— 200 -—————i—>|
. see exascuting
transitions :
during .
o |execution L L N ] — — — — —- i ready
A
- L i s f e bt — - walting
l k cycle 1 : cycle n
- K : initiated ) =+ inactive
scheduled tez;uinated

SCHEDULE A AT 1600 PRIORITY (50), REPEAT EVERY 200 UNTIL 3200;
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EVENT Variables

o Used for Process Synchronization

o Value TRUE or FALSE

| |
» Combined with Operators AND, OR, NOT

to Form EVENT Expressions
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EVENT Varfables May Be “Latched” or "Unlatched"

“““““““““““““““ TRUE
LATCHED
FALSE }
wwwwwwww B e e R 331>
UNLATCHED
FALSE
’\j e l . =
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SET, SIGNAL, and RESET

o Must Be Used to Change Values
of EVENT Variables

o Cause Re-evaluation of EVENT
Expressions

e SET and RESET for LATCHED
Variables

* SIGNAL for LATCHED or UNLATCHED
Variables

I00-6 ¢



nang - |  SDO-6s8"
T - Effect of SIGNAL | B ,

DECLARE EV1 EVENT, :
EV2 EVENT LATCHED INITIAL (TRUE);

_______ S 4
SIGNAL EV1;
' FALSE
s
SIGNAL EV2;

e e e o o e s tan e eAe e — — FALSE
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33
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T = TRUE, F = FALSE
Statement Event Actual Value | Change sensed by RTC
: execution
T oo e T
o+
SET latched F —-=F
) Tmu——_--t-T
none
F —w-— — ~F
T === = T
nane
RESET latched F F
. —“—""'""""-"‘T
T+ F
F_---—--» F
T~ T
| P
latched F F
T T
SIGNAL
F e U L F T+ F
- T ——fq—=— T
unlatched { .




WAIT FOR EVENT-Expression;

—— TRUE

——
EVL .
. I —— ——— m— —— —— — — FALSE
| |
V2 :
- ~Ther executing
nralated
ransiticns
b — fromm | w— e — reﬂdy
- — s te e e ywalting

EV18EV2 becomes TRUE

t‘WAIT executod t\

WAIT FOR EV1 & EV2;
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IR RO / Jr INITIATION ON AN EVENT CONDITION S00-67
! I TV Y o :

TRUE

EV1

FALSE

a— i Bm—— o . S—

TRUE

EV2
- FALSE

i | e — i A

] 7 .
f
5
i
%.) J‘cuunoaun-.--u. exe.cuting
4

ready

SO VO SN D

waiting

ALPHA - T

i\\ ;_m - inactive

acheduled EVl & EV2
becomes TRUE

~ 'SCHEDULE ALPHA ON EV1 & EVZ PRIORITY (50);

[-1%
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CANCELLATION ON AN EVENT CONDITION 300 "’69
...,*_ — o — o TRUE

B l e e cim —— o —— o FALSE

| ! '

Lm — ....i ___________ e T RUE
b ' ! ———— = fFALSE
C"J)i 100 (“3) . 50 @/? ,

- —— i — — axecuting

— —L'—""*“'— ready

' | fansitions
uri ng
| _ _|axecu ion ] ]
BE'I‘A

L cycle 1 ‘
1\ initiated T

scheduled

......._.._.i ) - — walting

e i A CEivVE

terminated
EViEEVZ becomes TRUE

" SCHEDULE BETA IN 100 PRIORITY.(50), REPEAT AFTER 50

UNTIL EV] & EV2,
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L!;"""‘"\..:;:'J s | E@* E“‘.y :w ["\ (‘\’f(“\’ “r"‘*r"’*
s/
. 300-6]

DATA MUST BE PROTECTED" AGAINST
SIMULTANEOUS ACCESS AND MODIFICATION

o Data Is Accessed In an Orderly Way

o Results are Not Dependent on Timing
Coincidences

DATA IS PROTECTED BY MEANS OF :
* LOCK Groups
o UPDATE Blocks

4~ A0
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SUA ﬂ /j Shared Dg}%a Srotantinn
g@ﬁ’ Dyﬁ'\ TG DFCOEONTS

Y o e S s it )
DECLARE LOCK {1), A, B INTEGER, C VECTOR, D MATRIX;
DECLARE LOCK (2), W X VECTOR, Y MATRIX;

i
LJM\.“I"IJ

PROCESS A PRSCESS B PROCESS C

O ] * &

S 9 g
UPDATE; UPDATE; UPDATE:
A= B; A=W, - u-
— S ‘ — £} - x = Y P}

- C=P+Q; X=h C}
' ° ° 0
-] . -] 4]
CLOSE; ‘ CLOSE: CLOSE; j
SWAP TO:
| A B c
’ Al - sTALL | RUN
DYNAMICS ————> ACTIVE B [STALL | ~ | STALL
' c| mun [sTaLL _

.‘ . S
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IEe e Shared Data Protection
s S/ - for Dymmc@ Processas
33
S00-7i

PROTECTION IS GUARANTEED

e Compiler Allows References to LOCKED
Variables Only in UPDATE Blocks

o RIE Reserves LOCK Groups at Entry
, to. UPDATE Block

* Simultaneous Reservation of All
Required LOCK Groups Avoids Deadlock
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A SHARED BLOCK MAY BE PROTECTED :

o By Problem-Related Synchronization
Measures |

o By Preventing Concurrent Execution

e By Allowing Concurrent Execution
in Independent Environments

THESE PROTECTION METHODS APPLY T0:
o Ordinary PROCEDUREs and FUNCTIONs
o EXCLUSIVE PROCEDUREs and FUNCTIONS
© REENTRANT PROCEDUREs and FUNCTIONs

.ﬂ’o -7
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- 7\ *1 Ly " Action for EXCLUSIVE Blocks -73

o= axecuting

!
- \
other | |
. unrelated 1
ALPHA tranaitions ..L ——— e — Q=== ready

|1 I

o e — —-!—-— m.-ﬂh -———-—'-—W* IM-' i d—— """waiting

ALPHA enters ] &PHA leaves
P P
| (S
| H
! executing
other _ , '
BETA unrelated | !
, ‘transitions ..’___.. — L e —— b . ready
1
L mém—i—waiting

| ]
! A
I : | BETA leaves P

BETA tries / K RTE allows BETA

- to enter p ko enter P

P: PROCEDURE EXCLUSIVE ;

PN~ A Y | .
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ALPHA
anters

BETA

$3
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Action for REENTRANT Blocks

" -

T wm executing
other
| unrelated
transitions

—————— reaay

e e o ] v - — - waiting

!
P

| | !
. ]

othor { I ¥ executing
unrelated | |
transitions ‘ |

— o Toady

——
—— a————

— o — —waiting

BETA enters j, ' BETA leaves P
P I:i__mpua and BETA both executing P

P . PROCEDURE REENTRANT ;
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LOCAL DATA IN REENTRANT BLOCKS

» STATIC Data Is Unlique to the Block
and Common to All Invocations

» AUTOMATIC Data is Unique to Each
Invocation of the Block

¢ Parameters and Compller Temporaries
are Effectively AUTOMATIC




J’F . | Conclusions

HAL/S Has Been Designed and Implemented to Enhance Software Reliability

SUMMARY OF REAL TIME FEATURES :

L

Program Structure and Name Scope

Process States, Priority, Real Time, Dependency

‘Cyclic Scheduling

EVENT Expressions, SET, SIGNAL, and RESET

LOCK Groups and UPDATE Blocks

EXCLUSIVE and REENTRANT: Code Blocks
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NAME . VARIABLES

HARDWARE "LEVEL

101 104 o

02

103

100 3 ’

105 ..

106

HAL/S LEVEL: DECLARE I INTEGER INITIAL(®),
- NI HAME INTEGER INITIAL GHAMECD));
NI = W1 + 1

/" SAMEAS T =1+1;%

.



USES FOR NAME VARIABLES

o MOVE AROUND A POINTER TO A BLOCK OF DATA (OR CODE)
RATHER THAN THE WHOLE BLOCK, ;

° ACCOMMODATE DATA STRUCTURES OF DYNAMICALLY VARYING

SIZE IN A FIXED-SIZE MEMORY,




PROELEMS WITH UNRESTRICTED POINTERS

DECLARE I INTEGER,

S SCALAR,
HNAME;

NAMEGD = NAMECD);

H=N+1;

HAME(N) = NAME(S);
IF N €S THEN GO TO L;

/" POINT N AT I %/

/® WHAT CODE IS COMPILED? */
/* POINT N AT S */

/* CONVERSION REQUIRED? */




SO, A NAME VARIABLE tS DECLARED TO POINT TO VARIABLES
OF A GIVEN DATA TYPE ...

DECLARE NI NAME INTEGER,
NS NAHE SCALAR,
IV NAME VECTOR(H),
NA NANE ARRAY(2,2) BOOLEAN;
DECLARE INTEGER DOUBLE,
LKk . _
~ N NAVES /* FACTORED ATTRIBURES °/




HENCE THE COMPILER CAN CHECK FOR TYPE: COMPATIBILITY.

DECLARE T INTEGER,
S SCALAR,

N NAME INTEGER; .

NAMEC(N) = NAMECI);
Ly N=H4+1;
NAME(N) = NAME(S);
IF N<S THEN GO TO L;

/* POINT N AT I %/
/* CODE FOR INTEGER ADDITION */
/* ERROR-TYPE MISHATCH */

/* N DEFERENCED AND CONVERTED
T0 SCALAR */



NAME VARIABLES CAN POINT TO DATA (OR CODE) WITH
THE FOLLOWING ATTRIBUTES:

——(inele or pouste)  (CoR_*DN

( INTEGER CHARACTER (R ARRAY (x1,m, £)

| SCALAR BIT(n) a-STRUCTURE (n)
™ VECTOR(n) DOOLEAN PROGRAMN

| MATRIX (n,m) EVENT TASK

DECLARE MATRIX(2,3), A, B, NB NAME INITIAL(HAME(B));
DECLARE MATRIX(3,3), C, D, ND NAME INITIALCNAME(D));

A =NB; /* SAME AS A =B; */

A = ND; /* ERROR-DIMENSION MISMATCH */
NAME (HB) = NAMECND) s /* ERROR-DIMENSION MISMATCH */
HB = ND$(2 AT 1,#); /* SAME AS B = D$(2 AT 2,%); */
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RESTRICTI0HS

o MAME VARIABLES CANNOT POINT THEY MAY POINT TO STRUCTURES

T0 NAVE VARIABLES BUT | CONTAINING NAME VARIABLES
o CANNOT DECLARE AN ARRAY oy THEY HAY APPEAR I A STRUCTURE
OF NAME VARIABLES _ WITH COPIES

a (SUBTLE) A NAME VARIABLE IN A STRUCTURE WITH COPIES CANNOT

POINT TO A STRUCTURE WITH EEPIES - CONVERSELY, A NAME VARIABLE
WHICH POINTS 70 A STRUCTURE WITH COPIES CANNOT BE IN A STRUCTURE

WITH COPIES.



OTHER ATTRIEUTES“FOR NAMEVARIABLES

DENSE
ALIGHED

- RIGID
STATIC .
AUTOMATIC

p—— — i —

'\ CONSTAHT ( )/

\\ :

TO BE DESCRIBED

)

THESE APPLY TO THE NAME
VARIABLE ITSELF, NOT TO THE:
VARIABLE WHICH IT POINTS TO.
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INITIALIZATION"OFlﬂAME'VARIABLES

{INITIAL | - L
| consTanT § (NATIE, REFERENCE, NAME REFERENCE, ...)

EACH NAME REFERENCE HAS THE FORM:

NAIME (ORDINARY VARIABLE)
NAME(NUL$)0R wULL

"NULL POINTER" - POINTS TO
NOTHING AT ALL, UNINITIALIZED
NAHE VARIABLES ALSO HAVE THIS

VALUE,
ORDINARY VARIABLE MUST BE: ~ ~ AND MUST NOT BE:
o PREVIOUSLY. DECLARED o SUBSCRIPTED
.o WITH DATATYPE MATCHING o DEREFERENCED THROUGH ANOTHER

THAT OF NAME VARIABLE NAHE VARIABLE
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3

INITIALIZATION OF HAME VARIABLES

DECLARE S SCALAR,
NS NAME SCALAR INITIAL(NAME(S));

NAME VARIABLES IN STRUCTURES WILL BE DISCUSSED LATER,
STRUCTURE A: |
1 B SCALAR,
1 C NAME A-STRUCTURE;
DECLARE A-STRUCTURE,
7, | .
72 INITIALCL.5, NARE(Z1));
DECLARE NB HAME SCALAR INITIAL(NAME(Z1.B));

DECLARE A ARRAY(5) INTEGER INITIAL(D),
NI NAME INTEGER INITIAL(HAME(Az,));




THE NAME PSEUDO-FUNCTION

o QRDINARY QEFERENCF TO NAME VARIABLE ACCESSES THE
VARIABLE- WHICH IT POINTS TO.

e NANME PSEUDO-FUNCTION IS USED TO ACCESS OR CH

HGE

THE (POINTER) VALUE OF THE NAME VARIABLE ITSELF,

DECLARE SCALAR, S1, S2, NS NAME,

S2 = NS1;
NAMEC(NS) = NAME(NS1);
NAME(NS) = NAME(S2);

NAME (NS) = NS1; }
NS = NAME(NS1);

S2

NS

o e

S1 NANE INITIAL(MAME(S2));

o
._.___{\ ;ﬁf”;;f33?%ur-»457}E;IMH\‘“w
‘t:::::fjl
“““{ < ws1 ==

mu-u-m-.mmm_-

ERROR-TYPE MISMATCH!




IN GENERAL:

o NAME VARIABLE BY.ITSELF DEHOTES THE ORDINARY
VARIABLE WHICH IT POINTS TO,

v

NAME VARIABLE

ORDINARY VARIABLE

° NAMEC NAME VARIABLE ) OBTAINS THE POINTER CONTENTS OF

THE NAME- VARIABLE,

AN

A\

. NAME VARIABLE . |
» NAMEC ORDINARY VARIABLE ) CREATES A POINTER TO THAT

ORDINARY VARIABLE,

<$::§§§Y.“
§

CREATED POINTER

reT

HE

?:ﬁ"_“"““-~\~

ORDINARY VARIABLE
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NAME ASSIGNMENTS

i * -
12 ™ = p, EACH L™ AND R IS A NAME
Pt = T PSEUDO~FUNCTION.

E«G, MNAME(NS1), NAME(NS2) = NAME(NS);

NS NS2 NS N\
NAME COMPARISONS
L=R | ‘ ‘L AND R ARE BOTH NAME
[ == R | [ PSEUDO-FUNCTIONS,

*r

E«Gs IF-NAMECNSL) —= NAMENS2) THEN ...;

‘EQUALITY IF BOTH NAME VARIABLES POINT TO THE SAME
ORDINARY VARIABLEI

NS1 N2




NAME: ARGUMENTS AND ‘PARAMETERS

P+ PROCEDURECNAY ASSIGN(NB);
DECLARE NA HAME INTEGER,
NB HAME ARRAY(10) SCALAR;

cLoéE’P;
o ARGUMENT MATCHING NA; MAME PSEDUO-FUNCTION IN REFERENCE
CONTEXT (OR NULL). ‘

o ARGUMENT MATCHING NB: NAME PSEUDO-FUNCTION IR
ASSTIGNMENT CONTEXT, |

DECLARE 1 INTEGER;
DECLARE ARRAY (10) SCALAR, A, N NAME;

CALL  PCNAMECT)) ASSIGN(NANE(N)); '
CALL PCNULL) ASSIGNCNAME(N));

CALL PCHAMECD)) ASSIGN(NAME(A));
- TLLEGA
CALL PCNULL) ASSIGNTNAECN,,))s




PSS

POINTERS TO CODE BLOCKS

-

P1: EXTERNAL PROGRAM;
CLOSE P1; A
P2: EXTERNAL PROGRAM; .
CLOSE P2;

P3: EXTERNAL PROGRAM;
CLOSE P3; 4

MASTER! PROGRAM; :
DECLARE NP NAME PROGRAM,
I INTEGER;

DO WHILE TRUE; |
DO FOR I =1T0 3%
‘" DO CASE 13
NAME (NP)
NAME (NP) = NaME(P2);
NAME(NP) = NaME(P3);
END
UPDATE PRIORITY NP TO 200}
WAIT 1;
UPDATE PRIORITY NP TO 50;
END
END;

i

Il

CLOSE MASTER;

TEMPLATES

NP |

nNaME(P1) )

CODE BLOCK

/* PROMOTE P1, P2, P3 IN TURH
/* 70 MIGH PRIORITY FOR 1 SEC
/® THEN REVERT TO NORMAL PRI.

i
*/
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- NAME VARIABLES IN STRUCTURES

o NAME VARIABLES MAY POINT TO VARIABLES DECLARED WITH

STRUCTURE TEMPLATES.

o NAME VARIABLES MAY BE TERMINAL NGDES OF A STRUCTURE

TEMPLATE DEFINITION,

o A NAME VARIABLE IN A STRUCTURE TEMPLATE MAY POINT TO

THE TEMPLATE CURRENTLY BEING DEFINED.

STRUCTURE LIST:
1 VALUE INTEGER, | o
1-LINK NAME LIST-STRUCTURE;




P e YRV IR O K 7w W

STRUCTURE LIST:
1 VALUE IMTEGER,
1 LINK NAME LIST-STRUCTURE;
DECLARE LIST-STRUCTURE,

11, 72, 13,
£0 HANE;
, NAME(20) "
/’/ | NAME (21.LINK) or
20 [:::::::] o 7 : /,NAMEFZ?.LINK)
/ dereferencing
LINK / , NAME (22.LINK) or
VALUE —f—rg o] ,  NAME(Z1.LINK.LINK) or
P : NAME(ZOJ%}NK.LINK}
/- ' v * dereferencing
T INK /
’ varue () ) —¢—23
Z1.VALUE or f
%0.VALUE | |
dereferencing ! LINK
g / VALUE ()~ NULL

22.VALUE or
%1,LINK.VALUE or

[ Z0.LINK.VALUE
—dereferencing

dereferencing

!
!
)
!

Z3.VALUE or

Z2.LINK.VALUE or

21.LINK.LINK.VALUE or
Fal Ve ——

Z0.LINK.LINK.VALUE
~ r s
N N ,
dareferaencing




BEST WAY TO THINK OF THIS:

o ANY APPEARANCE OF A HAME VARIABLE IMPLIES DEREFERENCING,

o APPLICATION OF NAME PSEUDO-FUNCTION IMPLIES ONE LEVEL OF
"RE-REFERENCING” '

THUS
L0 IS A REFERENCE TO THE STRUCTURE Z1
NAME(Z0) "BACKS UP" TO ZO ITSELF
Z1,LINK, LINK IS A REFERENCE .,TO THE STRUCTURE Z3
NAME (Z1., LINK, LINK) "BAcKS UP" TO Z2.LINK (OR Z1,LINK,LINK)
ITSELF

NOTE THAT Z0.VALUE IS THE SAME AS ZL.VALUE SINCE 20 IS A
NAME VARIABLE BUT ZL IS NOT,

FURTHER, NAME(Z0.VALUE) IS THE SAME AS MAME(Z1.VALUE)

AT

[.E. A POINTER TO THE VALUE FIED IN Z1.




USES'OF“STRUCTURES'AK, HAME VARIABLES

(:) A PRIORITY-ORDERED QUEUE

STRUCTURE QUEUE!
1 IDNO INTEGER,
1 PRTY INTEGER,
1 LINK NAME QUEUE-STRUCTURE}
DECLARE QUEUE GUEUE-STRUCTURE(10),
BANCHER NAME QUEUE-STRUCTUREJ
DECLARE INTEGER, 1, NEW_ID, NEW_PRTY)

¥

*
[]

DO FORI =1 TO 9;
IDNOI; PRTYI =1

NAME (LINK,) = NAME(QUEUEI+1)}

END}
IDNO, 5» PRTY;q = 105
NAME (ANCHOR), NAME(LINKIO) = NAME(GUEUEI)}

IDNO PRTY

ARNCHOR

10

1 1l 2 l 2 10
va [ oo e
LINK Laas




USES OF STRUCTURES AHD NAME VARIABLES

DECLARE NAME BUEUE-STRUCTURE, THIS, PREV)
(7% Fiup oo IN QUEUE */ )

HAtE (PREV) = NAME (ANCHOR)
NAE (THIS) = 1AKE (ANCHOR \LINK) ;

o WHILE THIS, IDNO ™= NEW_IDNO}
NAME (PREV). = NAME(THIS);
MAME (THIS) = NAME(THIS,LINK)
ENDJ

/* SET NEW PRIORITY, AND TEMP-
ORARILY UNLINK FROM QuEue */

THIS,PRTY = NEW_PRTY; :
AE (ANCHOR) , NAME(PREVILINK) = NAME(THIS(LINK);

/® FIND PROPER PLACE TO RE-LINK IN
___QUEUE ACCORDING TO PRIORITY ®/

pazy ]

bexo PATY ION0 PRty

ancroR | J—/‘ ,
€ 8 b

\

LIvE

THIS ©

® PREV

. IDNO  PRTY

Rucon o THiS
IDNO  PRTY IDNO  PRTY
]

LINX

DO UNTIL PREV.PRTY<= NEW_PRTY AND NEW_PRTY <= THIS.PRTY;

HAME (PREV) = NAME(THIS) )

NAME(THIS) = NAME(THIS.LINK);
END} '
NAE (PREV, LINK) = NAME (ANCHOR) 3
NAME (ANCHOR(LINK) = NaME(THIS)}

LINK LINK
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USES OF STRUCTURES AHD NAME VARIABLES

TREE-STRUCTURED SYMBOL TABLE

STRUCTURE TREE! _ ROOT
1 SYMBOL CHARACTER(32), o
1 LESS MANE TREE-STRUCTURE, {"aiopnz' |
1 'GTR NAME TREE-STRUCTURE; | PREN
DECLARE TREE TREE~STRUCTURE(100),
NEW_SYiBOL CHARACTER(32), ‘ ' ,/’/// N )
1 INTEGER NiTIAL(0), S 'BETA' 'Tﬁﬁzsimwj
WAS_LESS BOOLEAN} | ' o | o wuLL | roL]
DECLARE NAME TREE~STRUCTURE, ’////;,/p \\\\\\\
ROOT INITIAL(NULL), OLD_LEAF, THIS;
' ALPHA 'IOTA'
nAneE (THIS) = NAME(ROOT) ' NULL|NULL NULL |
DO WHILE NAME(THIS) 7= NAME(NULL); | ‘\\\\*

NAME (OLD_LEAF) = NAME(THIS) ; ——
IF NEW_SYMBOL < THIS . SYMBOL ' : - -
: (NULL { NULL |
THEN DO; WAS_LESS = TRUE; NAME(TH1S) = NAME(THIS,LESS); END; - -
ELSE DOJ WAS_LESS = FALSE, NAME(THIS) = NAME(THIS.GTR); END;

END;

1 = 1+1; SYMBOL; = NEW_SYMBOL;

NAME(LESS!), NAME (6TR;) = NAME (NULL) 3

iF nAME (ROOT) = NAME(NULL) THEN NAME(ROOT) = NAME(TREEI);

ELSE IF WAS_LESS THEN NAME(OLD_LEAF.LESS) = NAME(TREE;);

ELSE NAME (OLD_LEAF,GTR) = NAME(TREEI);
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SUBSCRIPTING AND NAME VARIABLES

SUBSCRIPTING OF DEREFERENCED HAME VARIABLES IS ALLOWED
E.G. DECLARE ARRAY(3) VECTOR, V, NV NAME INITIAL(NANE(V))
V1:3 = Woy3s /% SHIEAS Vy,3 = Vg, 55 ¥/

SUBSCRIPTING INSIDE A REFERENCE TO THE NAME PSEUDO-FUNCTION
CAN ONLY APPEAR IN REFERENCE CONTEXT (NOT IN ASSIGNMENT CONTEXT).
SUBSCRIPTING APPLIES TO THE VARIABLE BEING POINTED TO,

.6, DECLARE INTEGER
A ARRAY(10),
NA NAME ARRAY(10) INITIAL(NAPE(A)),

. NLNANE; /% NI IS NAVE OF SCALAR */ _
NAMEND) = NANE (A3, ) b |

NAME(NT) = NAME(MA3,)s Ay

NI o= A




CONPORENT SUBSCRIPTING IHSIDE NAMEC )

o [LLEGAL FOR BIT AND CHARACTER STRINGS 12345

£.G, DECLARE B BIT(16);  NAME(B5) i

S

['_'El_.m_!?
o MUST SELECT A SINGLE SCALAR FROM VECTORS AND
MATRICES (ALSO SINGLE ELEMENT FROM ARRAYS)
E.G, DECLARE M MATRIX;

. — ] M
| ' M3
- Mo

} M
2,2

NAME (M, 1) "
5= 2,3

? pr

L* M3 1
M3 2
My 4




STRUCTURE SUBSCRIPTING INSIDE NAME( )

IN ASSIGHMENT CONTEXT, OK ONLY IF NAMEC ) IS APPLIED TO
A NAME VARIABLE IN A STRUCTURE WITH MULTIPLE COPIES -
THEN IT SELECTS THE APPROPRIATE COPY OF THE NAME
VARIABLE ITSELF!

[ TE.6.  STRUCTURE S: 1 N NAME SCALAR;
DECLARE S S-STRUCTURE(10);
NARE (N ) = NAME (N, )

IN REFERENCE COMTEXT, ONLY ONE UAN .
- NAME VARIABLE DEFINED IN A STRUCTURE WITH COPIES.

SUBSCRIPTING IS EFFECTIVE ON THE NAME VARIABLE ITSELF,

- NAME VARIABLE POINTING TO A STRUCTURE WiTH COPIES.,
SUBSCRIPTING IS EFFECTIVE ON THE VARIABLE BEING

POINTED TO.
/\

STRUCTURE S§: 1 N NAME-STRUCTURE(10); ILLEGAL!

wwwww



