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Abstract.

A simple optical scalable parallel and high-speddl @ata array adder for quaternary
signed-digit (QSD) number is presented in this papéhe 2D QSD data arrays are coded with the
digit-decomposition-plane (DDP) representation. Pneposed algorithm performs parallel QSD
addition in constant time independent of the sizéhe® QSD data array$he methodology design is
based on logical formulas which are newly deritedmplement optically the suggested QSD
adder. The optical implementation of the proposidiea is achieved using classical optical tools to
realize the logical formulas. The simulation resudtf the addition operation insure that the
proposed QSD adder works successfully.

Introduction

The parallel computing and high-speed perforte systems are the first demand of the
processing operation in present days. Most reseeschelieve that, the optical computing
techniques are the solution of this problem, beedugrovides the parallelism and ultra-high speed
computing systems. The important feature of thécapsystems is that the optical signals that carry
the information can cross each other without o@noe of data corruption. Therefore, the
intercommunications between the subunits of

the optical processing systems can link each othdr an easy way compared with that of the
parallel electronically computing systems [1]. §hew technology is callédOptical Computing
Systems!

The parallelism of optical processing systemdesgilfle and not complex in implementation and
can process the data in one-dimension and multedsion in a small area [2]. Many parallel
optical algorithms are suggested and implementedrder to perform the arithmetic operations.
Some of these parallel algorithms used the redungiaary numbers, but the other used a multi-
leveled number system based on residue arithm@}icA carry-free recoded QSD adder using
content addressable memory (CAM) technique is demnsd in [4]. While a carry-free full parallel
optical one-step modified signed-digit (MSD), tmpaigned-digit (TSD), and QSD adders using
symbolic substutions (SS) technique are studiefbjn Also optical parallel scalable three-step
MSD adder for large-scale two 2D MSD data arraygecbby DDP representation has been studied
[6].

In this paper, a parallel optical addition aldamit is proposed for QSD data arrays. The
algorithm for addition of two n-digit M N QSD data arrays generates<Ml X (n+1) partial terms,
where M is the number of rows and N is the numidetailumns, while n is the number of QSD
digit per one numbeiThe 2D QSDdata arraysre codedusing digit-decomposition-plane (DDP)
coded methodThere are two advantages for using DDP representat optical implementation.
The first one is that any DDP plane is the complemoé the superimposing plane of the other
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planes. The superimposing plane is obtained byraatating the bright and dark pixels in one
plane. The second one is that if all DDP planes sangerimposed, the result will be a totally
transparent plane. The design describes methodddwggbtaining a two-step QSD adder. The
QSD addition is described in several combinatio&aly logical formulas and then implemented
using simple classical optical elements, such asmbeplitters, mirrors, beam combiners, light
sources array, and light detectors array. A sinaraéxample is discussed in order to verify this
design.

OSD numbers

In general, a signed decimal number D can be repted in terms of an n-bit radix-r signed-
digit number as:

D =5 xr' (1)

For QSD number system, r=4 and the digiisxa member of the se{ 3,2,1,0,1,2,3}
where 3, 2 and1 represent -3, -2 and -1 respectively. Since a muminy have more than
one representation in the signed-digit numbes #lso known as a redundant number system.
The degree of redundancy usually increases withritr@ase of the radix. For illustration,
consider the following decimal number 19 and itsiegjlent QSD representation:

(Oli)QSD: (010)%50: (OE)QSDz (@QSD

This redundancy enables us to achieve a paralley-tree addition and a borrow-free
subtraction as well as other complex arithmeticrapens.
Recoded QSD addition

The two-step adder for QSD numbers is expressenr@iog to the following two
equations [5]:

Stepl: X +Yy, =4C +5S 2)

Step2: s +C_, =Z (3)
Finure 1 presents the block diagram of thideadBoxes D (first step) add the CP digits
(X, Y, )of addend number X and augend's number Y, whate both n-digit QSD
numbers, to produce the intermediate sum and c(zﬁr;CJ according to the computational
rules of Table 1-a. Boxes E (second step) @idto C,_;, to obtain the final result
Z, depending on computational
rules of Table 1-bThere are 49 combinations of OfX,Y.) can be classified into 13
groups which areepresented the first step (:gmgutjﬂional rulehawss in Table 1-a.
In the second_ step, 15 combinations\of’ ~i-1/ are determined and classified into 7
groups(H . = H:) as in the computational rules presented in TaHfeirl order to obtain
the final result, which will be (n+1)-digit QSD ntoer.
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Fig. 1: Block diagram of two-step QSD adder
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Table. 1: Truth tablesfor QSD adder
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QSD adder withDDP
representation

DDP representation has been proposedHoygxin Huangand et.al [6]. It is an
extension for bit-plane representation method. DBpresentation can be applied to code
large 2D data arrays of QSD numbers. The two sdepsribed in equations 2 and 3 are used
to derive the logical formulas in order to implern&6D adder. The logical formulas of the
first and second steps of the QSD array adder ergedl based on Table 1. TheX\NXn
QSD A and B arrays are decomposed each into 7 DBRRep(A3, A2, Al, AO,
Al A2 A3)and(Bl, B2, B1, B0, B, B2, B3).

First-step:
According to Table 1-a, the intermediate sd@nis equal to 2, if the following rule is
matched:
IF(x.y) = (33 OR(20)OR(0,2)
OR(31)OR(1L3)OR(LY
THEN s =2 4)
Due to the same reasons explained in the previeei®as, rule (4) can be rewritten as:
SZji = a3ji * b3ji +a2ji *_bOji +
a0; *b2; +a3; *bl; +al; * b3,
al * bl (5)

Also, rule (5) can be rewritten to illustralbe array operation as follow:
S2 = A3* B3+ A2* BO+ AO* B2
+ A3* B1+ Al* B3+ Al 6)

After simplification, it can be written as:
S2 = A3* (B3+ B1) + A2* BO+ A0* B2
+ Al* B3+ Al* B1 (7)

It is clear that rule (7) calculates the Dpl&ne S2, which includes the intermediate sums
of the first-step addition of A and B QSD arrayatthave values 2 in parallel. The remaining
seven DDP planes of the intermediate sum arraylS $8, 4, and &) and intermediate
carry array C (C1, CO, andlf can be obtained by using the following sevenswibich are
derived from Table 1-a:

SL=(A2+ A2) * (B3+Bl) +
(A3+ Al) * (B2+B2)
+ A0* (BL+ B3)
+(AL+ A3) * BO (8)

S0= (A3+Al) * (BL+ B3)

+(AlL+ A3) * (B3+Bl)
+(A2+ A2)*(B2+B2)+ AO*BO (9)
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S1=(A2+ A2)* (B1+ B3)
+(Al+ A3)*(B2+B2)
+ AO* (B3+ Bl)
+(A3+ Al)* BO (20)

S2 = A3* (BLl+ B3)+ A2* B0 _
+ A0* B2+ Al* B3+ Al* Bl (11)

Cl= (A3 +A2) * (B3 +B2 +B1)
+Al* (B3 +B2) + A3* B0
+ A0 * B3 (12)

CO=(A3+A2+Al1)*(B1+ B2+ B3)
+(Al+ A2+ A3)* (B3+ B2
+ Bl)+ (A2 + Al + A1+ A2) * BO
+A0* (B2+B1+B1+B2) _
+ Al* B1+ AO* BO + Al* B1 (13)

Cl=(A2+A3)* (B1+B2+BJ)
+Al1*(B2+B3)+A3*B0
+ A0 * B3 (14)

Second-step:
The computational rules of QSD 2-step additionpaesented in Table 1-b. Here we have

eight DDP planes hold the intermediate sum (S2S818l, S2) and intermediate carry (C1,
Co, Cl).i The final results contain seven DDP planes namg8, Z2, Z1,

Z0,71,Z2,and Z3.
The first computational rule of Table 1-b d@nexpressed as:

IF (s,c_,) = (21) THEN z =3 (15) According to the derivation steps explained

in the previous sections, rule (15) above can Ipeessed as:
Z23=S2*C'1 (16)

Where symbol( ' ) means shifting one position to the left of each hamin C1 plane
and padding one zero in LSB positions. Now, thepEfe holds the digits of the resulting
QSD array Z that have values 3 and are represastdutight spots. The rest DDP planes of
the final results can be obtained by the followintgs:

Z2=S2*C'0+S1*C"1 (17)
Z1=S2*C'1+S1*C'0+S0*C'1 (18)
Z0=S1*C1+S0*C'0+9*C1 (19)

Z1=S2*C'1+S*C0+S0*C1 (20)

Z2=S2*C0+9*C1 (21)

Z3=S2*C1 (22)

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



Alaa A. W. Al-Saffar, Sabah S. Alsheraida&aMohammed A. A. Al-Ebbady

The result will be seven ¥INX(n +1) DDP planes which represent the QSD arrapef
final results Z.

Proposed optical implementation

The optical QSD array adder can be implaied practically using simple optical tools.
The logical AND and OR gates are the main openatin the logical formulas. Logical
AND can be constructed optically by cascading twdFDplanes, each of one array, with the
same dimensions and pixel resolutions as showngnZ The light beams are applied on
each pixel of the first plane. These beams passigir the transparent pixel (1) and block by
opaque pixel (0). While optical logical OR can kenstructed by using a beam combiner
(BC). BC performs light beams of the two packades tan pass through two DDP planes
and fallen onto the two BC input surfaces as shawfig. 3. For more information see
Reference [6].

light

L10] 382

AR

Fig. 2: AND gate optical implementation

It

e )
— .

Fig. 3: OR gateoptical implementation

The proposed parallel optical two-step QSD addeeration can be explained as
follows:

1- The input MN*n DDP-planes of the first step will be illuminatey Laser sources to
enter the optical system for processing.

2- Light detector arrays (LDAS) in the end of optischeme of the first step will detect the
DDP-planes of the intermediate results that arelpeced by the first step.

3- These optical signals are converted to ele¢tstgnals and passed to the optical
implementation of the second step.

4- The input DDP-planes of the second step is adedck in parallel by these electrical
signals to form the sufficient expanded and shitegdies of the intermediate results.
Expanding and shifting mean that one pixel is nemgsto be zero padded to the LSB
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and MSD pixel position of the detected DDP-planéghe intermediate carry and
intermediate sum, respectively.

5- Finally, the LDAs detect the optical signalstthapresent the DDP-planes in the final
result array, which are RIN X (n+1) QSD array. The above points present the ceimpl
optical implementation of the suggested parallglcap two-step QSD adder with the
consideration of the following explanations:

BS BC : denotes a beam combiner
and beam splitter.
\ : denotes a mirror.
: denotes SLM (DDP plane),
[l LDA, or CMP.
- 5 : the direction of the light

signal emitted by an optical

source.
The proposed optical implementation of the two st2Pp QSD array is shown in Fig: 4.

Simulation results

The optical implementation of the proposed two-s@BD array adder with DDP
representation is tested here. TwoXIZX4 QSD arrays A and B are added using this adder.

Figure 5 shows the DDP-planes of the inptaysr A and B. Also the DDP-planes of the
intermediate sum S and carry C arrays,
which are calculated by the optical implementatudrihe first step are presented in Fig. 5.
The DDP-planes of the final result array Z are wiat@d by the optical implementation of the
second step of the QSD array adder.  Note tfeatélay time which prevents the speed of
the proposed optical system to approach exactipeospeed of the light is caused by two
terms:
a- The holding time of the input images, and
b- The propagation times of light from the

source to detector planes.
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Fig. 4: Optical implementation of the proposed two-step QSD adder
(a) First-Step (intermediate sum generation)
(b) First-Step (intermediate carry generation)
(c) Second-Step (final results generation)
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Fig. 5: Simulation results of the proposed two-step QSD adder
(a8 A and B SLM inputs
(b) First-Step (intermediate sum generation)
(c) First-Step (intermediate carry generation)

(A LernnA-Ston (final reciilte nanar atinn)
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A simulation program is built by using C++ntmage to test the proposed QSD adder. The
propagation time can be ignored because of theavdydtem hardware is small if the optical
tools dimensions are taken into account. WhileSh&! response time represents the major
delay time. The throughputs of the optical adderlma calculated by the following equation:

PR
Throughput= —— 23
ghp 2R (23)

T

Where PR and RF are the pixel resolution and the response tifnthe SLM type,
respectively, that are used in the implementation.

Conclusion

In this paper, an efficient technique for record@8D addition is presented. The
proposed technique performs parallel QSD additionconstant time. Both methods of
algorithms and architectures are independent olthes of the operand arrays. An optical
implementation scheme was discussed based on calapsical elements such as beam-
splitters, mirrors, and parallel plates.

The algorithm and its optical architecture havefulsintrinsic characteristics such as
no sign, no decimal point, no carry, and scalablmmutation on large-scale data arrays. A
Preliminary experiment based on a hybrid schemepresented
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