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1. ABSTRACT

Hoa. af the "Arable computers ' in use today are based on stan-
Aard CPUs which are attached to especially designed -9 devices
to handle arabic text. In contrasy, we have dezigned and impleme-
pted a special-purpose CPFU with capability to handls and manipu-=
late Arabic character shapes and vowels, The advantages are
reduced overall syatem cost, lmproved performance and throughput,
gase of programming and flexibility in character manipalation.

2 INTRODUCTION

Must of the work done up t6 now towards computer "Arablzation !
has Besp in the seftiwars area. The-ressarch in hardwars has heen
confin=d to the develapment of =special [40 terminals to handle
Arable character set, thesze are then interfaced with standard
off-the=anelf CPUs. Substantial speed and cost improvementis can
be accrued if specialized CFUs are designed for computers prima-
rily intended to support Arabic text processing, in this papsr wWe
discuss the design, Sisulatien and ipplementation of SPARC--A
Spectal Purpose computer for Arabic Text Processing. The machline
ineludes special instructiens to handle arabic characters alang
with thelr shapes and vowels(Harakat), The system will be parti-
cularly usefal for office automation and for Arabic Databazas
whars nnvowelized and vowelized text might be mixed.

he advantages of our approach are as follows:

1- Qwerall system cost will reduce because sSpecidl purpose inte-

lligent 140 devices will not be needed. The cost reductiem will
be more noticeable for cases whers ong CPFU 12 connected Lo seve—
ral termiinals,

2- System performance and throughpul Will Improve.

3= The system will be more flexible in handling .I'l.]"l-hii: charac-
T&rS.

Apart from pressnting & new design, thia paper alsg pressnta
the methodelogy we followed im the design and implementation of
the CPU, and illustratés the usefulness of using a regiater
tranafer level language UAHFL [1.2] and its azsociated CAD tools.
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Design and implementation of a CPU of such complexity would not
have been possible without the wuse of the CAD tools: Particularly
in a2 universily environment where It i3 necessary to mini@ize
design cos3t and DANPOWEr FegqUIrEmEnt.

2.1 Arabic Letiers =- Shape and Vowels

AN Arablc letter may hawve one of the four possible shapes
degending on the linking characterigtics of letters ad jacent to
it [5) Output devices produce appropriate character shape by
examining characters adjacent te Lhe one bheing printed. Becauss
of this additional overhead Arabic [0 devices are slower and
more expensive than their Latin counterpart, FProcessing of
vowellzed Arabic text 18 even @more difficull. Although wowels
[(harakat) are not nesded explicitly Ih common day-to-day writlng
Lhey are essential for religious and legal text. For this reassn
Arabie office avtomatlon systems musi be able to hapndle vowelized
text In a convenient way. The current method of stering vowels as
4 &eparate character 1is, we Dbelieve, bath inflexible and
Wasteful. Furthermore, 1t sakes the output devics more expEnsive
and slowver,

In order to reduce the complexiiy of sutput devices, we hbave
developad a CPFU which includes sSpecial instructions for
manipulating shapes and wvowels., The architeciure of the machina
18 described 1n the next section,

2 AN OVERVIEW OF CFU'S ARCHITECTURE

SFARC 1= a 1&-hit machine with overall architecture very similapr
Lo that of a FDP-11 minlcomputer. [n fact PDP-11 was chesen as a
dtarting point in the design process. Less itrequently used addre-
szing modes and instructions were discarded, Thigs reduced CPU was
then auvgmentsd with special instructions to auppert Arabic Text
processing. Number of registers was increaszed to 16, Special [0
Lostructions were added to lmprove the throughput. In other words
Lhe UNIBUZ was augmented with special -0 bus. For a detailed
discussion of PDP-11 and UNIBUS the reader should refer to [3) or
[4].

3.1 A 14=Hit Arabic Code

A Farticularly interesting feature of the design s a 14-bit
Arabic Character code, ahown tn fig. 1, which locludes the 2tan-
dard T-hit code [ASMO-449 and SAS0O-429 [6]). The additional 7-
Dits are used to reprasent the four characlar Shapes and various
combinations of the five basic vowala (harakat) and some special
diacritical marks, Two bits are uasd to represent character shape
a5 depictied in table 1, the remaining five bils are sufficlent to
#ncode the vowels and their various allowable combipations. This
18 illustrated In table 2. The user of the machine has the optian
Lo revert to the standard 7-bit code for applications not regqul=
ring the augmented 14-bil code.
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Figure 1. hrabic 14-bit code.
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3.2 Hachine [nstructien Set

The prime motivation of the design was L& suppert arabilc text
Processing. Howewver, to De useful the machine must also lnclude
instructions Ior general-purpose computing tasks. For this reason
we zelected the (RSTruction set of one of the MosE Fopular 1é6-bit
minicemputer -- the PDP-11. In order to slpplify the lmplementa-
tion, less frequently used INstructions as well &s some of tLhe
addressing modes were eliminated. A% mentioned garlisr, the re-
duced machine was then augmented with instructions especially
designed to SUPPOrt Arabic Text procesaing. By following a simi=
lar design methodology, the 1&6-hit architectureé can easily be
exténded to I2-bits ¥ a more powerful version of Lhe machine is
desired,

Thie basic bus structure ¢f the machine 15 depicted Iln fig.2.
The Iwo bus approach, as opposed to a single UNIBUS, 1s designed
o increase Lhe J1-0 throughput. The Primary memory
controller(FMC) arbitrates for @emory contention betwesn CPU ana
EHA controller.
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FiduME 7. DS STRUCTURE
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CPU registers of the FOFP-11, SPARC has 1%
general purpose registers pumbered RO through R15. FR15 15 al:
the praegram counter. Bi4 is the stack peinter. The machine
aupparts &4k bytes of memory which can be extended by tpeluding

sxlernal memory management modules,

As oppossd to 8

ny modes avallable 10 the FODP-11, W
This was necessary to gaimplify the
increase Lthe number of warking
jilustrated IN

out of the eight addresal
hawe selected only Tourl.

implemeptation as wgll &8s 1o
regiaters to 16 The four addressing modes are

rable I
MAME CODE SYNTAR HEAHING

Register oa ®R Ea + HEn

Aegister indirect o1 BRn Ea + [En]

Autalncrensnt 10 18n]* Ea +« [Rn]!
Increnent Bn

auksdecrament 11 -[An] Deerement Afg
Ea + [Bn] J

Table 3. Addressing modes,
The basic instruactien set of SFARC Imcludes most of the FIRF-

11 ipsiructlons. A Adetalled dizcussion of thess 111 anduly
lengthen the paper. An inter=sted reader may refer to [TL Only
tnase 1nstrucstions which are direcily relevant to Arable text

processing will he discusasd here.

Amofig, the twa operand ipnaLructions the addegd instractions

are
Mnemonlc Mesdfing Explanation

copy shape #leld of =ource character
te the corresponding field of 1The
destination character.

HOVS Mowe Shape

MOV Mowe Vowel copy wowel field.

CHPFE GCompare Shape Compare the shape rimld of the i1wo
Charactérs,
cHPY Compares Vowel Compare wowel fields.

instruactions work directly on Lthe regpeclive
pihner two oOperand instructions for
these are sigilac o the S&T

Motice that 1tHhess
fielas. There are ten
arjthmetic and jogical operations,
of two operand
yhstructions are complement.
shifts, These insLiructions B

instructions of the FOPF-1l. Among the ong pperand
iperement.add logical afnd aritheetlc

re similar to the FOP-11'a,
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Two additional one pperand Ilnsiructions have heesn
incorporated e facilitate Arabic character manipulation thesze
are PUTE and PUTV, The instruction has T-kit OPCODE followed by a
S-hit fleld for immediste operand, the last four DIt specify ohe
of the 16 CPU register. FUTS (put shape) instruction loads Dits 4
and 5 of the immediate field intoe bits 4 and S5{that 18 the shaps
ileld) of the deatinatlon register. The put wvowel (PUTV)
instruction Jloads the entire iomediats operand into the
corresponding bit positions of the destination reagister.

Like FPDP-11 there are varigus conditional and uncenditional
branches as well as subroutine call and return iNStractions. Also
mlscellandous instructlons for handling conditional code apd
interrupts hawve been included.

To spesd up the [0 ithroushput, special [0 busz amnd [0
tSiructions have been added. Thess ihclude cutput word, byte, ar
command: and input word, byte, or status,

AMACHINE DESIGN AND SIMULATION

The detalled machine design was first carried 2ut at the regiater
iransfer level in UAHFL. [t 15 a hardware description language
which can be us2ed as an Mput to an integrated hardware dezign
AUtomation system available at EFUPH, The advantage of this
2pproach was that we were able to simulate Lhe functiomnal
behavior of 1he machine at the register transfer level. Many of
the errors in the initial deslgn were discoversd and fixed
bezore the hardware implementatlion wWas lnitiated,

The entire UAHPL model of the machine will nesd several
Pages, only the first page of the description 1= shown I8 fig. 3
The first part of the descripltion 18 a set of declaration
Statemsnis in which the iype and dipenslon of Various cireuit
elemenis is specified. The bank of Sl¥tesn 16-bit registers,
Yarious mnon-programmable internal registers and flags are
declared as HEMORY. Control and data lines coming Ihls the CPU
are declared as INFUT. The various output lines connected to The
main memory and [0 device controllers are declared as SUTFUT,
EXIMFUTS and EXGUTPUTS declaration is for signals connected to
oiher sysieHs or operator Push-buttons such a3 start and reseti.
EXBUSES are bidirectional external buses and BUSES are the
internal buses. CLUNITS are the cosbinational logic units such
&= [NCremeénter, DECrementer, DeColer, ADDer =tc, =

Following the Keyword BODY is the sequence part. The numbered
Steps in this part define the =state sequential machine, called
control unit, Each step i2 called a control step and takes one
clock pericd to execute. The entire deseription 18 of 139 steps
of which only 14 are given for illustration in figy 3 A step may
contain several tranafer ‘<" or conpection "e' STAteamants,
deparated Dby semicolons, and cpticnally followed Dby a bBranch ‘=
Statement. The destination (that is LHE) of a transfer statesent
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MOGULE : CPO.
MEMORY| B|16)¢15>;SA[ V6] 5A[16]:DR[16110A[IE];
IR[AG]  TEMPO[16],; TEHEL | 14} HER| 15 ;
INTR| 15| ; PRI[16 ] CSR| 16| INTE; EMER i K 24956,
[MPUTS: BUSY: DATAOGUTINE].
SUTPUTS: READ:WAITE: CEROY; MADBLUS]Z | (DATAIM[ LG .
BUSES: ABUS[LE|SEUS]1G];QBUS| 16| %] 9] DCDK| 18):Y.
EXINFUTS: START:REGET; INTLIME(| L0]IGEXE,
ENOUTFUTS: RESET.
EXEUSES: 106US| 16| ; CSEUSI IR | 1 READY ; DATAVALID ACCEFT.
G[.\'.Irl]‘rs-.lﬂ'lﬂlﬁl;EHD-'.[I-EI:ElEEl-llill:.i:bl.i'l‘|;!L|51'Hl"|:!|-l-‘I|1TI.

BODY SEQUENMCE: CLEL.

1 ==( START.START) [1.2].
§ =3 [INTF) / (lId}
¥ E=1.1,1,10;SSUSSiBUSEH{R:DED0EIF)

HADEUS=BSUE | 8 15 ] READ=| 1]
w3 "BUSY1S3) . :
4 HOCELATY
oprse DATROUT: [R <= OEUS;
IMTE # [{=/(HESRAINTR]JEENEE] <=(1|
g %=1,1.%,1:DCON=CCR(X}; ABUSS [SUSTH{R;ICON}]
DEUSS [HC{ABUSIQ 4], 181D
Erpeny oz DEUS; TEARD <= QRUS.
-] HODELAY
mr [[T4ESIRERA]D
L e, PEIO:L)DIB4ER|21ISIIRIFIT) 14432, 200,
7 HEDSLAY
mr f C{TIR[LODIEIE{IL|Y
LAERPASIE[TIR[II0D
IR MDTEERILLN L .
L] KmiR[UZ. i8] EBUSE (SUSTMIE; DEZ (H1)):
QEAIS=SBUS ;DR «= QSUS;
=3 [13h.
L y=i®]13:15];S3UF= [EUSEMIR: B {Nb1h:
GEUS=EEWS; 03 <= GEUS;

=* JE1].
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CEUS=DEC| 10, EBUS|O: 14 )1
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FIG. 3 Partial UAHPL pescription of SPARC




must bes a memory element while that of a connection statement
should be a non-Eemory slement like BUSES or QUTPUTE. The contral
flows from. poone sStep to the DaxXt unless altered by a branch
stategent. A branch may be conditicnal or unconditicnal, If none
of the comditiens specified ars true then contrel procesds to the
Next Atap 1N SeqUuence. Consult ref [(2] for a déetailed treatment
of UTAHPL.

Refer to f£fig. J;, the first atep Is o walt for the start
slgnal by the opearatoer. Step 2 s Lthe beginning of fetéh cyele. 3
and 4 are to fetch the instruction, % 15 to lncrement PC by 2. In
step & the instruction type 15 determined to check 1T an operand
ferch i1a needed, Stepa 7 through 12 are to fatch the oparand,
sleps 13 and 14 are to further decode Lhe nstruction [TL After
completing the execotion of an I1nstruction the contrel always
branches back to step 2 Lo feltch the RaXl IRSLPOCTIGN.

UAHFL simulator provides a powerful set of simulation
directives [B) With 1t's help 1t was possible to simulate
lndividual INSTFUSTISNS ta veridy the correciness of Lhe design.
Furthermare, it was possible to run machine language programs and
to werify the fTunctional behavior as well as determing the time
1T wWill taKke To run the program on the vet unimplameanted
machinea,

4.1 Implementation 2f the Machine

Tne next step 1n the design process was io use the design
automation sSystem to translate the UAHFL description of the
machine i1pte an IRterconnection list giving a complete logical
schematic. The logical design was lhen translated into an
interconnestion 1ist of 551 and M3l integrated circuit components
manually. CPFU erganization and basic bus structures is depicted 1n
fig. 4 (reproduced from (71} Standard components of TTL T4
Lerles were used for gates and flLip-flops, The 16-bit ALU was
degigned using four 4-Dit ALUS 74181 and & carry generator cir-
cull T4182. The entire ocircult was partitioned inte ten 2334 x
160 mm. boards. The \nterconnection was made DY Wire=-wrappling.

=

Fl13. 4 CPU Organization and Bus Structure.
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5. COMCLUSIONS

gEPARC -- gpecial Furpose ARabic Computer has been designed and
lnplenznt:d. to dsmanstrate tne feasibllity as well as pzefulness
af building speclal CPUs to sapport Arabic text processing. The
CPU includes instructions to handle charactel snapes and vowels
with ease and efficiency.

Thare are several advantages of stering shape and vowel Coaes
ateng +ith the character. For instance, one advantage iz that 1f
the shapa 18 determined DY the imput rTouatins there will be DO
nesd to determime the shape again at the time of outpul. This
wiil speed up the sutput and reduce the complexity of oulpul
psvices. It iz well kenown that in most of Lhe appllication inpat
is only a fraction of gutput. o office automation, for examplé,
the same inguat text I5 printed gevaral times.

gpesa of siring matching canl increasa considerably 1t
character shapes are taken 1nto constderation. consider 1ihe
words (a3l and (B} given Delow. in ithe wsusal matching algorithme
the procéss will coniinu# antil it finds that the blank in fa) is
mot egual to the [(ta=] in string (Bl Thus, fodr characters
will he compared.

L

R

1

,..

b. r,_.a;_p
1§ snape codes ATE ponsidered in tne matching process then
the algorithm will determine that the two strings ATE aifferent
when it finds that the shape code gt the letier [ba= im (&) 15
different from that of letier {ba =1 in string (b 5o anly 3
cnaracters need to pa compared. A apeed up of 284 fer this

example, The speed up will #e iezs substantial for longer words
and an overall spEad 0P of 15% mighi De expected.

The third advantage 18 that the user will have a Dbatter
control over the shape of outpul characters. For example amond
the two sirings glwen hbelowW, mo=t users will prefer siring ral
aver [(b). Hawever. most of the present 4ay Aavices will outpuat
string (D), or would force thé ueer io insert unnecessary
characters, guch as blanks, hetween =ach 1erter [9].

h -
a, oy P T |
b o et )
Ta conclude we woiild Summarize tne advantages &5 fillowWs:

. Improved parformancs and throughpat.
Faster imtecaction with [-0 devices,

, Ease of programming and flexibility 1T the selection of
of Arabic character shapes.
Faduoed complexity and cost of -0 davices.
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FloUlatlon reéesulis nDave deponstrated Lthat for routines
requiring comparison of character shapes or vowels SPARC will run
s1x times Taster than a FDP-11. Furihermore, 1t will De easler to
Frite such routines 1n SPARC assembly language. %

in thia paper we Dave alas demonsatrated the wsefulness aof the
register transfer level language UAHFL and the design agtomation
gyarem based on 1T, Our methodology based on RTL level design
Tollowed by extensive simulation, before commitiing the design to
nardware, proved to be a unszefull one
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