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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




e
¢ ' : I .
(| 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
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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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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



CONDITIOHALS (CON'T.) sa
~ . 2%Y

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,
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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/
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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,
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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
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()  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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STRUCTURES (CON'T.)

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
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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
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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






