AN ARASIC COMPLIER PROGASMMING CANGU AGT
GABEB ¢

Dr. Motammag Lekt MOohRmIGAs -~ « >alar Apal Auz=*

¢
f.a. 4
LS b .
i L S——" . 53] |

i, Tl s T gl
R i T e R R L
D o e P
T NOFSTLE BE Oy
e e B
oyn sy A 4..-}‘.'5:.03

;,_..a'\-..a-l __)..:-.3'*,.-:; IR S Ve X

S T < WO

L:?_)’"Y T S VIV

4...._-\:- g TP el R S e WJJ W)

p e VR S o e o_’,.: g S TR R g W

Al oot~y 4 sl o Ay B
3 - ).n...ﬂ 2 Nttt

4..-.:'.(& R . O N e
ks};h} s Sho 50 e o e A o
" L

ALk

‘.—ub.’_q.’.‘n‘-.:m W3 e QAR i

—_— S e

T T R L VR

S e T I L L S Al
T 2 .

1- iniraduction -

frinl ng an Arabic o aracters s owvaillable in many
sompuate Lastduiations o the Aras worla, However,
prczrammers stili resort L0 Enghse v progrmmung and
Si00 "15€ AR IMSLTUChION medla 5o - W 0. The necessity
= peasmiraduction of prinaipies of o0 puters 1o a  large
Cross SeC 0N of the Arab popuiaucn  cose English is
puor l would appear that a sunple programming iangu-
agein A +.2ic woula pe of grea. vaiue

Ther- has been few attempts to ;. oduce compilers
for arabr programming languages.e g 4i-Khawarizmi(1)
ia,thi2, and others Those attempts ana the present
ong are  aiy at their starung and the .arget of produc-
mg effic. ni compilers for simp:¢ ars ¢ programming
ianguage~ still need extensive researcn

An arempt {0 miroduce a simple anguage is prese-
nted by ‘ne authors Two main condit ns were kept in
nund woae starting s experiment

First v the 1anguage shouid He simpie and suitabls
for bezir ners. Second v o should be wws1kie 1o apply it
an a large number of con.nitar insa. w.ons This is why
the suggested lansuage s similar ¢ BASIC for simplic-

ity and coded in FORTRAN for purtao:hity

This attempt was tried on one of rthe smallest
LoM-1130  mstalianons: of 8K wemery Hence many
imnrators and difficu:oes were enciwatered The resuits
were qurte encouraming ana caa for  “laer application
to other instaliations

The iackage 15 casled (GAREB! as the reverse of
tetters .ollected from the titie  AraBic computEr
pregHanimring languAGe 1 and its Arabic transliteration
which means strange o strenge or stran-
ger and 15 collected from the translauon of the same
title r«....-\:-.b'-'l.._.uﬂ..:u.),i_aj).

Lo o

2— Main Characteristics -

The set of programs forining the FORTRAN compijer
t analyse Arabc programs, showic be charactenised by
2he fonowing

a. +he compier shoald take it~ account the fact that
arabic programs snouid .« wntten from right to left,

‘v Blanks in hetween characters and numerals should
pe permitted The blanks are i be cancelled by the
~ompiler

FOThTe ap BT rorr s av marree Mo L0 Versity

B OAssirAnt Fromess onoan same .
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tc) The Arabic characters set should take a standardi
sed form. The set of N.C.C.- Baghdad(g) was taken
as basis, It is shown in Appendix 1. The koyboard
layout for the data entry is shown in Appendix IL

{d) A limited number of Arabic commands were tried

because of shortage of core availability. Those are
shown in Appendix IIL

(! Number of Arabic statements is limited mainly by
the core size. For the 8K - IBM 1130, it was about 20
statements. In larger installation, mor sizable
programs can ?aviously be executed using the same
compiler.

01.; 7

% o
“j ;o

3— Bakus Normal Form {BNF?} «

To define the suggested language grammatically, the
Bakus Normal Form is used. The set of grammar rules
of BNF has & stmple structure which can be used to
define the syntax of the languages. The symbol - =
used below means “is defined be™. the ocperator j‘ { ;’
stands for “ all the syntax items enclosed by brackets
should be repeated " the corner brackets are used to
enclose Meta-Components. and the symbol| means “ or "
With these symbols. the syntax of the suggested langn.
age may be put as follows -

CAEAD STATEMENT) .. = HEAD <YARIABLE NAME DIV ARIABLE NAME > _
CWAITE STATEMENT >. = WRITE £VARIABLE NAME) VARIABLE NAME
STATEMENTD = LET<{VARIABLE NAMES = & EXPRESSIONS -
IF STATEMENTS: .= IF LEXPRESSION > <50 TO STATEMENT>
0 TO STATEMENT D = GO TO<CLABEL> .
LUARIABLE NAMED = <s'm301.‘><mcn)l<5mmr.) <SYMBOL >
CEXPRESSION > + = { OPERAND > [<OPERATOR > COPERANDD
C OFERAND) 1+ = £ SIGN> {VARIABLE NAME> Ka)us*r;mﬂ@usmm:szom)
¥¢ e :> ¢ EXFRESSIOND ?
LLABELY ¢« s = (INTEGER
CDATASTATENENT) = DATA (corrsmm)s I;(pommm}-z
(Cmmm}-.wc.\ncrr) CORCIMALY t £ BIGND (INTRGERD
& DFCIMAL Y : 1= <] R FRACTIOND f LFRACTION >
CFRACTION > - - = + LINTEGER >
SINTEGERY -« = ¢eami] Loy
<DICIT > . = 0 slaga'siniz . 8le
<ervporde o= s 1BLCY piEIFiG|H 1ratriLi{mINi o Pl
c.R SITIYIVIWIXIYIZ

1979
LPPERDIX 1
¥.o.n, - Baghdad
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4— Procedura of Operation

The FORTRAN compiier performs the following
operations.

41 Entering all the Arabic character set in Al-Format.
As there are ac Arabic symbels on the cerd punch
keyboard, their latin pquivalent of Apnendix 1 was
mtroduced. The 47 elemerts ramprising of alphabetic
wumeric and Operators et Were “tored ir LT.

4.2 Entering the Arab -ommands given in  Appendix
I to be stored n LK.

4% TEnterng the Arabic program which is punched on
data carde of 80 columns. 't is rend as Al- Tormat and
storec in “R Tme program islisi.o as p.nched on
the data cards

B

26

P — iy ———r—



Mnhnnm: =73

the ayray 1.1 since the cenvention of formation of
pumbers out of digits in Arabic is the same 4as
English. The statements at this stage can be
listed in their correct form on the printer

4.44. The type of ihe statement using the subroutine

TYPE is found by giving a code for each type
according to the NTYP given in Anpendix TiL
This subr-ut:ne also computes the noamerical
valees in I-Format for the statement numbers,
given in A-Format using the FUNCTION GET.

45 LEXICAL ANALYSIS (T} The most hasic phase of
any translation is that in which the input orogram
is subdivided into is elementray constituents -
jdentiders. operators, symbols, numbers, ats This
phase is termed lexical analysis, and the basic
program units which result from lexical analysis
are terraed jcat items. Typically the lexical

analyzer LCLAS given in Appendn Iv is the input
routine for *t.ne translator, reaq*ng successive lines
of input program, breaking thefh down into individ-
ual lexicel itermns, and feeding tnese lexical 1tems to
the later stages of the translator 1o be used in the

Appendix IV

Coding for Parsing

Code (LCLAS) Object
1 Numeric Characters
2 ; Alphabetic Characters
3 Operators
y Decimal point
5 Equal sign
$ Comma
7 Prefix (minus or plus)
8 Left parenthesis
9 Right parenthesis

higher level of analysis. Thus the lexical anslyzer
is & translator whese input is the string of symbols
representing the seurce program and wiose Jutput
is B stream of iexical items. This output forms the
input to the syntac .c anaiyzer .

46 _SYNTACTJC ANALYSIS ( PARSING ! : The second
stage in transiation after the lexica! analysis. Here
the larger program structures are identified :
statements, expressions. ete. uzing the lexical items
produced by the lexical analyzer * LULAS ). Syntac-
tic ana'ysis usnally allernates wish sementic analysis
4.7} . Tirst the syntactic analvzer identifies a seque-
nce of lexicn items forming a syntaclic unit such
as an expression or staterment using subroutine
LHKVR. A semantic analyzer 's then called o proc-
ess  this umit

tack the ver:ous elements of the syntactic unit found,

.he syntactic analyzer eniers . a

and these are retrieved and processed by the seman-
tic analyzer .

4.7 SEMANTIC ANALYSIS :
perhaps the centra: phase of yranslatior > the
syntactic structures recognized by the svntactic
analyzer are processed and the wiructure of the
executable obierct vode begins ‘o tuke shape,
Serpantic apalvsis is thus the bridge between the

Semantic analysis is

analysis and synthess parts of tr . afion, - number of
other important furctions alsc oconr in L= stage,
including symbe' tah'~ maintenance. most error datect-
ion. The outnut frore  “is stage is scme internal form of
the finel executanle 7 “ErAmML

The ge=ante ana,yzer is org:nariiy split inte a set
4 smmaller semeontic analvzers given in Appens'x I as
syniax subroutnes, cach of which

471 Handles nne particular type of program construct.
For examnple, erithmetic exnressions might he
nandled by ore analyzer. GO T statements by
another and “EAD statements by another.

472 The apnropriate  semantic analvzer iz ¢alled hy
the syr netie o ~alyzer whenever 7t has recoznized
& syntactc un 1 to He nrocessed

4772 The samantic snalyzer interact among themselves
througk in‘ rmetion storec in various dala
structures, particalarly :p the centra: symbo’
tahls

474 These -i0roulines conta. he Necessary flags for
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T Loie L T COntAInIng e nature of ihe conte-

nis of each sthvement .
MC  conta.ping wae limit for eacn
stajemenst

My the construci.ui

G LBEnE

of uese tabies the parsing

prase & Grushed Hence L in veady for
.aterpretauon. Tne abi oo Operai.on snouid be repeaied
for ai the Arabic pr@Eram cards
4.8 CODE GENER TION Tras
: “roperiy
contames o the Loternal pTOZ <7 representation iv
this stage the SYMBOL AR
intermation -aut each  va able w..” be uill The
,UniBOL TABLE before

COETAN

.reass snvolves format-

P
i, the outdal .y The information

£ which c¢oniains

variabies #re dedined in ihe
1Te USALE 1T 1 Orogram

481 Coges @re gereralec hy Jhe subroutine VRTBL
which tanies the vrinbies fam the read stateme
nts sn the program and Lads mem in the array
VAR Simwltanecussy Uie corresnonding valae
o that varahle 18 “A¥~D from the rinta statemert
peme FUONCTION O

This waiue . Inadec in a table cal-

© g senverted (o evecuia-
S Tomners
4 VAL

Bbe cneckec wharher o .

adore RTINS AN variabie, it should
~arv aviate in the fable
or now, The rable vrel o oomTaIRE 1he variakles n

ali the read siatements arc thay vaiues

A puniler Awmed K @b ik Wi uf ihe varighioc

COMPAIGEG 1k Ll Jein. statemen. .rom Ui wiole, Trs

1ALI6 5 LUSIDIvwih b eudlg i cdidiaes COMINgG from
the by e aefi-fln »ioe 0 wie 480E£000ent statcment. This
alis the vanables to VAR
Vatluts 4 VAL plank Gt ine

i done usins o1 Br whicn
keeps. 3

math Tl

COLTED UL 032

O urallons afe € CNed Lnen iheir

values e suts.. .ovi The NIY D2 ao > be scarned
for . et shwicmend jLoany Ron-executaible numoer

are {Cuwial withar Lo SLALRIAEL.  eh .8y are COonveriea

*

(o wxeratable -toTEMENts USINE CTION CET. Thus
.5 perfor.ued using the subroutiene CN VRT,

4.8:¢ Subrounne SOLVE
mathemancal Uperiucns within assigament statemunets,

.5 ¢.uled to perform

The ussignmeni Jperation produces a -1de effect-achange
in the vuue OF 4 varase of data sir ture element. Tne
side effects produced Dy ONe sAEMELI & s he input
of the next scaterent in seqguencef”

For :his ceason, the NTYF tabie .5 & be scanned for
assignment statements in the same order as the source
program The assignment. statement 1s then moved o0 a
aew table called MATH which is used as a working
table to do mathematical operations after substituting
she value of the variables form the symbol table. This

i save the variables in the assianment statements
when it is used for more than one ~evation if a DO, or
COTO statements ¢ i e ) control st stements are used
withim - he program. Now, MATH consists of operands
in executable form separated by cnrrators and ready
for code goneration using RE-ORDERING technique
which  searches for the in  this order
(. Yok, - i When the operator is found,
1t become easier to find the adieceni 2 - operands ( the
operan:. preceding and the operand following the
operator § and do the mathematica; peration according
to the
variabis name within the table and reorder the table and
continues in the same fashion for all the operators in
the statement The fina]l result for the assignment
statement is then moved to the SYMBOL TABLE.

cperator

<parator found(4) Then : asugns to the result a

5. Discussions and Conclusions .

51 Limitations

Appandix YV shows a solved example usine the
compiler described in this paner There ware few limitat
tons on writing each a program suct as the following
§11 Maximum number of statemer:s is 20 in the whols

poogram

531.2 Manmum numeer of statements of each command
Ly, ¢ 153

514 Varables may consist of one or two characters .

514 ie FORIRAN programming available on IBM

1.0 malkes it difficult to convert variables from
A -Format to A2, A3
% xilable on any system, iner. use of pelish {orm

ect if su - u facility is
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