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ABSTRACT

Most of the 'Arobic computers’ in use todoy are bosed on
standord CPUs which are attoched to especially designed |/0
devices to handle Arabic text. In this paper we presents the
orchitecture of @ CPU especiolly designed to support Arabic text
processing. In contrast te stondard CPUs the machine described
here has the copabifity to handle and manipulate character shopes
ond vowels. The odvantages are ! reduced overall system cost,
impreved performance and throughput, and ease of programming .
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INTRODUCTION

The use of computers in the Arabic-speaking countries 1s
ever increasing. In order te harness the full potential of
the technelegy, 1t is necessary to establish good
communication between the machine and its BArabic-speaking
users. Today, this is being done by means of specially
designed Input/Output devices. The approach is to bulid a
special processor within the 1/0 device which performs textual
analysis to determine the shape of the character at the time
of output [4]. This results in a high cost of Arabic I/0
devices. Since one CFU may be connected to several such
devices the overzll system cost increases considerably.

In this paper we describe a special purpase computer
architecture te support Arabic text processing. It will be
possible to interface the machine to any standard 1/0 device
with modified character generater ROM for Arabic output. The
advantages will be as follows.

1= Overall system cost will reduce because special purpose
intelligent I/0 devices will not ke needed.

7- System FPerformance and throughput will improve .

i1- The system will be more flexible in handling Arabic
characters.
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7. OVERVIEW OF THE PROBLEM

an Arabic letter may have one of the four possible shapes
depending on the linking characteristies of characters
adjacent te it [4]. Intelligent devices are available on the
market which output appropriate shape of a letter by examining
characters adjacent to it, Since the devices must do some
processing to select am appropriate character shape they are
<lower and more expensive than their Latin counterparts. Text
processing of wvowelized {Harakat) Arabic dis even more
difficult. Although vowels are not explicitly writtem in
commen day-to-day text they are eceential for religious and
legal writings. For This reason Arabic office automations
system or systems supporting Arabic data bases must be capable
of handling vowelized text in a convenlient way, The current
approach of storing vowels as a separale character is, we
believe inflexible and wasteful. Furthermore, it makes the
putput devices even more expensive and slower. To our
knowledge ne present day output device can handle vowelized
text to the user's satisfaction.

one way te reduce the complexity of cutput devices is to
build a special-purpoze CFU to support hrabic text processing.
This can be done by including special instructions vhich will
allow the pregrammer te manipulate character shapes and
vowels. 1n secticn 4 we propose one such machine and its
complete instruction set as well as other architectural
features. The user of the machine will have an option of
storing characters with appropriate shape and vowels, if
desired, at the time of the input. The shape of the character
will be determined by the input progrem based on the linking
characteristics of adjacent characters. Storing character
shapes will allow more efficient searching as well as faster
putput and may improve Ssystem performance in  certain
applications. The user will also have the optien of storing
characters without regard to its shapes or vowels. 1In which
case the output routine will provide character shapes, ©or an
existing intelligent cutput device may be used.
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A 14-8!T ARABIC CODE

* In order to achieve the objective of processing Arabic
text including character shape and vowels we propose a new
14-bit Arabic character code as depicted in Figure 1. The
code consists of three Fields, and may be interpreted as
concatenation of three sub-codes. The first 7 bits are for
the standerd Arabic character code, the next two bits are for
shape, and the last 5 bits are for vowels.

The 7T=bit character code will fellow the standards
propesed in [5]. With the 2-bit shape code we may define one
of the & possible shapes of a2 character as shown in Table 1.
The S=bit wvowel code is sufficient to encode the 5 basic
vowels as well as their allowsble combinations. Im additien
certein special punctuation marks mav also be enceded. Table
2 describes the enceding in details,

CHARKRCTER CODE SHC VOWEL CODE
1 1 i | 1 i ] 1

1 1] 1

13 7 E 5 4 Q

Figure 1. Arabic 14-bit cods.

51 52 Connection
o 0 Isslated
0 1 Right
1 0 Lefe
A | Both sides

Table 1. Shape code.
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Table 2. Vowels code,

MACHINE ORGANIZATION AND DESIGN

Our major objective is to demonstrate the feasibility and
usefulness of building 8 special-purpose computer to support
Lrabic text processing. However, the machine must also sSupport
general-purpose computing tasks and must include instructicns
for data moving, arithmetic and logic processing, and program
control. We chose the FDP-11, perhaps the most Fopular
minicomputer, as the starting point in our design. The machine
has a regular and proven architecture and proved to be 2 good
choice. In order to simplify the implementation, less
frequently used instructions as well as seme of the addressing

vOE;



FRGE &

modes were eliminated. The reduced machine was then augmented
with instructions especially designed for Arabic text
processing. An overview &f the dezign is agiven below. The
16-bit architecture can easily be expanded to 32 bits if a
mOTE power ful version i desired.

.1 Bosic bus structure

The basic bus structure of the machine iz shown in Figure
2. The CFU can commuticate with the I/0 devices through the
I/0 Bu=z, and communicate with memory through Mepcry Bus. This
approach is different from the PLDP-11 UNIBUS. The prime
motivation was €0 increase I/0 throughput. The priority
memory controller (PMC) will control the memory access
requests from CPU or from direct memory access (DMA)
controller.

HEMORY

CONTRIL / ETATLE LINES
Ciepetdl BB
BFUT ¢ DUTRUT RE

FIGLAL 2. BUS STRUICTURE
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g.7 Loyout of the machine

&.3

. The machine is & 16-bit word length computer. It has 16
general purpose registers of lé-bit each. The names RO, R1,
. R13 will be used as genersl purpose registers. RIS is

the program counter (PC), and R14 is the stack pointer (SP).

The memory is byte addressable and the total addrecs space
is o4k bytes or 32K words. Like PDP-11, words must start at
even addresses. The address space can be increased beyond 64K
by including external memory management modules.

Arabic choracter representation

The machine will support 3 different Arabkic character
representations depending en the I1/0 devices and the
programmer's options.

1- The full character representation is shown in Figure 3.
This representation is based on the new Arabic 14-bit code
discussed earlier. Bits 15 and 7 of the word are not used in
this code. They can be set to zero at input time. Bits B
through 14 are for the character, bits 5 and & are for the
shape code (SHC) and bits 0 through 4 are for vowel code (VC).
This code will allow the programmer to manipulate the shape
end vowels of Arabic characters by means of instructions
discussed in 4.5.3 .,

CHARACTER CODE SHEC VOWEL CODE
I T T N T | i e e T

1% & 7 68 5 o

Figure 3. Full character representation.
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2- The shert character (7 bits) representation is shown in
Figure 4. This code is useful when the user prefers te use
hrabic text without regard to its shape and vewels. Dsing this
code two characters may be packed in cne word. Bitgs 1% and 7
are not used in this code and can be set to zero at input. If
this code is wused at dinput then it will be necessary to
provide the shape code at the time of the cutput or to use
intelligent output devices which have the capability to
determine character shape.

CHARACTER CODE CHARACTER CODE
TS T S S, S O PN M POy S

15 7 aQ

Figure 4. Short character ( 7 bits ) representation.

3- short character (B bits) representation is shown in Figure
5. This code is similar to the previous one except that the
character code is & bits leng.

CHARACTER CODE
I ] | 1 1 1

C?ERRCTER EQDE
L

1 1 |

15 5 0

Figure 5., Short character { & bits ) representation,
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4.4 Addressing modes

put of the eight addressing modes available in the PDP-11
minicomputer ,we selected only 4. This was necessary to
simplify the implementation as well as to increase the number
of working registers to 16. The selection was based on the
frequency of usage of these modes, Table 3 list the four
modes. h detaild description may be found in [2, €] The address
field fer either source or destination is shown in Figure 6.
The addressing mode field (AM} 1% twwo bits long crossponds to
four addressing modes. The register field (Reg) i1s four bits
long cressponds to 16 general purpose registers.

AM En

& 4 3 o

Figure 6. Address field.

HAME CoDE EYHTAR HEAKIMNG
Register (1] Rn Ea + En
Fegister indirect 01 @3n Ea « [En]
Autoincrement 10 [Rn]= Ea = [Rn];

Increment Hn
hutodecrement 11 = [R&] Decrement Hno:
Ea « [Rn]

Table 3. BRddressing modes.

4.5 Instruction Set

The basic instruction set of the machine include the most
fregquently wused instructions in PDP-11 minicomputer. A

detailed description of each type is described in  the
following sections.
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u.5.1 Two-operand instructions

There are 14 two-operand instructiocns listed in Table 4.
These instructions allow complete freedom in specifving the
gource and destination operands using any of the four
pddrezsing modes. Their format ics shown in Figure 7.

OF CODE &rec dst
L1 i | S NSEN ETLY E | e e Cre) SR S |

i5 12 11 B 5 ¥

Figure 7. Two operand instruction format.

Mnemonic Heaning OF code cperation performed
EDD add 0001l | dst « [src] + [dst]
SUB subtract 0010 | dst « [sre] = [dst]
AND logical AND 1100 | dst « [src] BHD [dst]
OR logical OR 1101 | dst « [src] OR [dst]
KOR logical XOR 1 110 | dst«+ [sre] ®O0R [dst]
BIC bBit clear 1111 | dst « [src] HND [dst]
HoV move word 1000 | dst & [src]

HoVE move byte 1001 | dst « [src]
HOVS move shape 10110 | dst + [&src]
Mows move vowel 1011 | dst « [sre]
CHP compare word 0100 [sre] = [dst]
CHFE compere byte T o T | Isrc] - [dst]
CHFS compare shape | 01 1 0 | [sre] - [dst])
CHEV compare vowel | 01 11 [sre] = [dst]

Table 4. Two cperand instructions.
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These instructions include arithmetic instructions, ADD
and 5UB. Logical instructions AND, OR, XOR, and BIT. The
arithmetic and logical imstructions are basically the same as
the cnes in FDP-11.

One seilent feature of the machine is its extended MOVE
and COMPARE instructions. The MOVE instructions can move a
word, byte, shape, or a vowel with complete freedom in
specifying the source and destinstion. MOV and MOVE are
cimilar to the ones in PDF-11., MOVE will move the shape code
of the character {(bits 5 anc E) shown in Figure 3 from source
to destinstion without affecting the rest of the baits in the
destimstion. Source is not affected. Similarly, HOVY will
move the wowel code (bits © through 4). These twa
instructions will work properly only if the full character
code representation is used.

The COMFARE instructions may be wused to compare word,
byte, shape, or vwvowel. Source and destination are not
affected. Condition codes are set er cleared according to the
resuit of comparisicn.

YO
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¢.5.2 One-operand instructions

The format of the one-cperand instructions is shown in
Figure B. The operand in the destination field can be
specified using any addressing mode. Instructions are listed
in Table 5. All of these instructions are similar te the ones
in the PDP-~11 minicomputer,

15 6 5 0

Figure B. One operand instruction format.

Mnemcnic| Meaning OF code cperation perfermed
CoM complement 0011 OCOL | dst « |[dst]
IKC increment COL1 1000 | dst ¢« [dst] + 1
DEC decrement 0011 1001 | dst « [dst] - 1
ADC add carry 0011 1010 | dst « [dst] + [C)
ERC subtract QO11 1011 | dst « [dst] - [{)
Carry
LRS logical right| 0011 QLOOQ
shift
LLS legical lefr | 0011 0101
shift
AERS arithmetic 0011 0110
right shift
ALE arithmetic 0011l 9111
left shift
SHAE swap bytes 0011 0010 | dstyg_, + [dstq_,]
d—EtT_n &+ [ﬂ5t15_|]

Table &. Qne operand instructions.
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4.5.3 Arobic shope ond vowel instructions

The format for this type of instructions is shown in
Figure . The operand in the destinstion field can be any
general purpose register. These instructions are listed in
Table 6.

Tihe put shlpt instruction (FUTS) will lead bite 4 and & of
the immediate field (IMM) into bits § and & of the destination
register

The put wvowsl iInstruction (PUTV) will load the entire
immediate cperand, thet is bits 4 through &, into the
crossponding bit positions of the destination register. These
twe instructione should be used only when the full character
representation it ip use.

15 8 & & 3 ]

Figure 9. Arabic shape and vowels instruction format.

—

Hnemoric| Meaning OF code operation performed

FUTS put shape | 0J11 110 puts a shape code inte
a register

PUTV put vowel | 0011 111 puts a vowels code into
a register

Table 6. Arabic shape and vowels instructions.
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4.5.4 Branch instructions

Table 7 lists a subset of the branch instructiemns found in
pOP-11. Instruction format is shown in Figure 10.

OF CODE O FFSET
R IS R ot Y0 [ ] RN TOR T S A |

15 B 7 o

Figure 10. Branch instruction format.

Hriemonic Heaning OF code Eranch con.
ER branch Qo000 1000 none
BKE branch if # 0 o000 0000 £=0
EED branch if = 0 0000 0001 Z2=1
EFL branch if plus o000 001D H=20
BH1 branch if minus{ 0000 00L] N=1
BVC branch if Go00 010D V=0

ocverflow clear
BVS branch if coof QLCl Vel
overflow set
ECC branch if D00 0110 cC=0
carry clesr
BCS branch if carry| O0CD 0111 cC=1
set

Tabie 7. Branch imstructions.
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4.5.5 Jump and Subroutine instructions

Table 8 lists the jump and subroutine instructions they
are similar te the ones in FOP-11, their instruction format is
included in the OF Code field of Table B; where DD means a
g-bit destination cperand and R means a 4-bit code of a
general purpose register.

Mnemonic | Meaning CF code opeEration
JHE jumg 0011 ooll oodo FC & dst
ISR jump te 0011 0011 01DD tempe dst
subroutine 5F « [&F] = 2
I5F] « [reg]
reg = [FC]
FC + [temp]
ET5 return from 0Ol OOLY 1000RE PC « [reg]
subroutine reg + [[5F]]
SP « [5P] + 2

Table B. Jusmp and Subroutine ipstructions.

YOCL
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g 5.6 Condition code ond miscellaneous Instructions
Table 9 lists condition code and other operate

instructiens feund in  the  PIP-11 minicomputer, their
instruction format is shown in Figure 11.

OF CODE
i [} | i i i i 1 j I | i I | i
15 8 7 i
Figure 11. Condition code and miscellaneous instructien
format.
Enemonic) Heaning OF code ocperaticn
CLC clear € oOlYOO000 ODOD 10000 Cow 0
civ clear ¥ COLlY0Q00 Q00 OLO00 Vel
CLE clear Z OOLEOO00 000 Q0100 2 +« 0
CLN clear N QO110000 OOC OOOA0 K+« 0
SEC ek O QOYI0000 001 10000 C+ 1
SEV sl W Qo1i0o0d 001 QLO00 Vel
LEZ s5et 2 0J150000 001 Q0100 el
SZEHN set K OOLI0000 001 D010 N+«1
5&C set all GOEA0000 G11 00000
conditions
L clear all Q0110000 C10 Q0004
conditions
HRLT halt 00119000 1100 0000 |stops the
processor
RESET reset 0311400040 1010 0000 §jall devices
BFE Feset
RTI return from | 0CC110000 1001 0000 |FC « [[SF]]
intercupt EF &« [SF] + 2
PSH « [[5F]]
EFP « [SF] + 2

Table %, Condition code and miscellanecus instructions.

YOE£L
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4.5.7 tnputfQutput instructions

There are & I/0 instructions listed in Table 10. Their
instruction format is shown in Figure 12. The machine will be
gtle to communicate with I/0 devices in two ways, by word er
by byte.

putput word instruction (OWn} will eutput to the device
specified by the device field (Dev) the contents of the
register specified by the register field (Reg).

in case of an output byte ipstruction (03n) the most
significant byte of the register will be moved to the device
specified by the device field.

Input instructions IWn and IBn are similar to the output
instructions. ISm is for reading the status of the device and
ocn is for giving an output commend te the device,

o F CODE Gew Reg
IS IS Y I (A [ |

Figure 1Z2. Imput/Output instructien format.

Mnemenic| Mearing OF cede aperation
OWn autput word 0oDo 1010 Dutput & register
te device h
OB autput byte Q000 1041 Dutput a byte to
device n
IWn input word OGoa0 1100 Input a word to
& regiscer
IBn input byte 0ooD 1101 Input a byte to
& register
15n input status 0000 1110 Input status of
device n
0fn sutput command| 0000 1111 Output command te
gevice m

Table 10 . Input/Output instructions.

YOEL
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ADVANTEGES OF INCLUDING SHAPES AND VOWELS IN THE
CHARACTER REPRESENT ATION

In this section we will wuse illustrative examples to
elaborate the advantages of storing shape and vovel codes
aleng with the character. One advantage of storing the shape
code aleng with the character is that once we determine the
shape of the character at the input, then we do¢ not have to
determine it at the output. This will speed up the output and
reduce the complexity and cost of cutput devices. The speed
advantage will be more substantial when several cutputs of the
same text are ©o be printed.

pumather advantage of storing the ghape of the charscter,
is that using the shape code in matching Arabic strings will
speed Lp matching process. For example suppose ve have an
Arabic word (A) =nd another word (B) as shown below. By the
usuasl matching algorithm the match will stop when the (blank)
in (A} is not equal to the the (ta ,(a ) in (B)., So 4
characters need to be compared.

k. T

B et

By using the shape code in matching Arabic characters the
match will stop where the (Ba &2 ) in (&) has a different
shape than the (Ba -2 ) in (B). So, only 3 charescters need
te be matched., A speed up of 25% in this case. The speed up
will be less substantial for longer words, and an average
speed up of 15% may be expected.

The third advantage of including the shape code is that it
will allew the wuser to output Arebic characters with a
particuler shape regardless of 1ts position in the string.
For example, compare the Arabic string (A) and (B} given below

(A} __P aaer LS
LI L.‘_F"(. Vo A\

YOLL
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some wsers will prefer to write string (A} since the
abbreviation IEM written as ‘¢ 1F' is more clear than
' Ef T'. However, the present day ocutput device will always
putput string B, or would force the user to insert unnecessary
characters, such 2& blanks, between 7', "' and '@,

we conclude that stering the shape code will results in
the fellowing.

- Faster interaction with I,/0 devices.
- Feduce the complexity of I/D devices.

Reduce the cost of I/0 devices.

Speed up matching Arabic strings.

Give the user more freedom in selecting character shape.
The e#dvantages of using and storing vowels code are Es
follows:

- Make it pessible te use vowels where it is needed,

- Hake it possible to use many vowels combination and special
signs.

= Reduce the standard {7 bits) code for vowels to & bits.

« Tt will be easier to mix vowelized and unvowvelized text.

YOEL



_I_L'.-l-n-\_'l-___“.

i,

R e | T
e

FAGE 20
DESIGN AND IMPLEMENTATION TOOLS

Computer aided design tocls are necessary to successfully
complete the project of this nature in 3 reasonable time. At
pur dispesal we have an UAHPL (universal AHFL) based
automation sysiem. AHFL(A Hard-sre FProgramming Language) and
its derivative URHPL have been used st other places to design,
model, and test digital systems. The system design of the
computer 1s expressed in URHPL and processed by  the
autemation system. Simulation runs with benchmark test
programs can be made without committing the design te the
hardware. Once satisfied with the simulated model the user may
ask the automition System to generate the complete design in
terms of memory elements, legic gates, buses and their
interconnection.

The standard SEI(Small Scale Integration) and MS5I (medium
Scale Integration) components will be used to implement the
machine, It may be possible, in the future, to implement the
machine as a VL5S1 (Very Large Scale Integration) device.

CONCLUSION

The arcitectural features and instruction set of a
computer especially designed te support Arabic text processing
was presented. The approach was compared with the usual
approach of using standard CPUs with especially designed 1/0
davices for precessing Arabic text. The sdvantages of the
especially designed CPU were discussed in the previous
secticn. It may be concluded that the system based on the
proposed CFU will have improved performance and throuchput,
lower overall cost, and will provide more flexibility in the
handling of Arabic text.
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