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Abstract

In this paper, a parallel optical 2D data array iplidt for MSD (modified signed-digit) number system
is proposed and designed. The design is performed hy P (digit-decomposition-plan) technique and
DSS (duplication-shifting-superimposing) multiplicatiomaithm. The MSD multiplier is based on logical
formulas which are newly derived according to thedmental parallel multiplication algorithm. An optical
implementation with classical optical elements is sstggd for this multiplier. A simulated demonstration
example is performed to validate the proposed design.
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1. Introduction

Some optical computing techniques have beera multi-leveled number system based on residue
established by using many parallel algorithms in arithmetic algorithm [3]. The common technique
order to perform the arithmetic operations. At the used in optical parallel arithmetic operations was
beginning of the eighties, researchers tended to uséhe " Signed-Digit number systefns(SD) [4].

a new technology of data processing in variousOptical coding schemes had been investigated for
purposes such as image processing, dataoding the information and realizing the parallel
computing, control systems, etc. The proposedalgorithms such as symbolic substitution (SS) [5],
technology used light in large parts of the optical shadow casting (OSC) [6], optical
processing systems. Hence, it is calle®ptical correlation [7] and digit-decomposition plane
Processing SystemsThe use of light in the optical representation (DDP) [8]. Another parallel MSD
processing systems led to many advantages. Thenultiplier based on SS technique had been
important advantage is the very high speed with thediscussed in [9]. In this research, parallel optical
parallelism. The parallelism of optical processing 2D array multiplier for the MSD number system is
systems can be achieved by processing the data isuggested. The process is based on DDP
one-dimension (1D) and multi-dimension (2D, representation technigue and DSS multiplication
3D... etc.) [1]. The optical computing techniques algorithm. Also, the proposed parallel MSD
have been established by using many parallelmultiplier is implemented optically by using simple
algorithms in order to perform the arithmetic optical tools. Finally, a simulation example is
operations. Some of these parallel algorithms usedliscussed in order to verify these design principles
the redundant binary numbers [2]. Some other used

2. MSD Number System

A modified signed decimal number D can be In MSD number system, r=2 and the digitix a
represented in terms of an n-bit, and radix-r signed- 1 1

digit number as. member of the set],0,1} wherel represents -1.

Since a number may have more than one
representation in the signed-digit number, it is also
D _ n-t i 1) known as a redundant number system. For
- z X i r illustration, consider the following decimal number
1=0 19 and its equivalent MSD representation
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(19 )4 —(10011 ) ysp = (1010 1) sp = (10111),,5p = @1111) yyep

This redundancy helps us to achieve parallel carry-fregi@uénd borrow-free subtraction as well
as other complex arithmetic operations.

3. Digit-Decomposition-Plane Representation (DDP)

DDP representation has proposed Hgngxin will  be transparent and the
Huangandetal [8]. It is an extension for bit-plane corresponding pixels of DDP-1 and
representation method. DDP representation can be 1
applied to code large 2D data arrays of MSD

numbers. It can be explained by applying it to 2D (jiy  Otherwise, if the digit equals 1o the
MSD numbers array as follows: P

pop-1 planes will be opaque.

corresponding pixel of DDA plane

(i) If (i,j)-th digit in the 2D MSD numbers will  be transparent and the
array equals to 1, so the corresponding corresponding pixels of DDP-1 and
(i,j)-th pixel of the DDP-1 plane will be DDP-0 planes will be opaque.
transparent (white) and the
corresponding (i,j)-th pixels of DDP-0 Figure (1) shows an example for DDP
1 coding method for MSD numbers array (3 DDP

and DDP-1 planes will be opaque

planes).
(dark).
(i) If the digit equals to 0, then the
corresponding pixel of DDP-0 plane
3 [ 0101 ]
-4 _ | 1100
& 0110
= 30w 00T |
1 DDP- 0 DDP- 1

DDP- 1
Fig. 1: DDP Representations of the MSD Data Arrays

There are two advantages of DDP coding methodplane. The second one is that if all DDP planes are
The first one is that any DDP plane is the superimposed, the result will be a totally
complement of the superimposing plane of thetransparent plane.
other planes. The superimposing plane is obtained
by accumulating the bright and dark pixels in one

4. Parallel Multiplication Algorithm for MSD Number Syste ms
In the classical multiplication algorithm, when multiplicand X to produce i-th partial produ&@P
two n-digit numbers 2( called a multiplicand and (PPh1,---.PR, PP, PR). The nPP's are shifted each

Y called a multiplier) are multiplied, 2n-digit i position to the left, and added together to calculate
number will be produced as maximum result. Eachthe final product Z which is 2n-digit length at

i-th digit of the multiplier y is multiplied by the  maximum. In general, the multiplication process for
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any number system passes through two phases, firsPP’: i-th partial product shifted i position to the
one is partial products generation and second one i

partial products accumulation to find the final
result. Equation (2) explains tRP s generation
and accumulation:

Z :final product, and
I' : radix of number system =2.

The n partial product®P s is generated in parallel
PP = X i and can be accumulated using a tree MSD adder.
- yi I The MSD number involves only three digit
) ) weights (1L0,1) . So, the partial product generated
h-

7 = Z PP’ based on equation (2) will be get in one step (no
i carry). Table (1) divides all possible combinations

of 1-digit MSD multiplication (X, ,y;) into three
where groups (G, —G;) depending orPP digit output's
X : multiplicand number, type.
yi :i-th digit of the multiplier number Y,

PP : i-th partial product,

Table 1: ThePP Generation of MSD Multiplication

SIS (multiplicand , multiplier) partialproduct

Gl I:l,l:l,lj, I:] 1

The two MXNXn MSD data arrays A system operation of the MSD parallel multipliers
(multiplicand) and B (multiplier) are coded as DDP with DDP representation and DSS algorithm. The
planes. These DDP planes form the logical formuladinal result array Z is represented as

of the MSD multipliers in the n channels of the DSS 4 x NX(2n+B) DDP planes. The symboﬁ

algorithm. Each channel generates one partial . -
~represents a numerical value {0, 1, 2...}, and it is
product array’ R, , and all channels are operated in increased depending on the number of the DSS

parallel. So, the n PRs is generated channels.
simultaneously.  Figure (2) illustrates the total
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Fig. 2: The Operation System of the MSD Multiplier
Since the MSD multiplication numbers |5 same manner, RRand PPO, which represent
have no carry, the partial products are generated in = _
one step. The first computational rule of Table (1) DDP-1 and DDP-0 of the partial product array PP,
(Gy) can be expressed by the following conditional ¢@n be generated using the following rules:
statement:

B PPL= Al* B1+ Al* Bl 5)
IF (x,¥%)= @HOR (L) THEN pp=1 5 PPo=A0+A0* BU3) ©)
Rule (3) can be rewritten immediately with DDP Now, the three rules (4), (5), and (6) are used in n
planes form as: channels of the DSS algorithm and operated in
parallel to generate> n MXNX2n DDP planes
PP1= Al* Bl+ Al* Bl 4) of n partial pro@,)cts array® B s. These nPR, s

are summed using the parallel two-step MSD adder

where PP1 represents the DDP-1 of the generatelth DDP representation, as a tree adder. So, it is
partial product array PP, the symbols *, + representused to obtain the final result MSD array Z in three
AND and OR operation, respectively. M XN X (2n+[3) DDP planesZ1, Z0,and Z1.
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5. Optical Implementation

The optical MSD adder can be implemented  The logical formulas of the single-stePP, s

prafctlilcally_using simple optical tools. These are generation of the parallel MSD array multiplier can
as Toflows: be implemented in optical scheme as shown in
Fig.(3) with replacing rule (4) by rule (7) below:

BS BC : They denote a beam splitte -
PP1=PP1+ PPO

and beam combiner.

This optical system will be used in the n channels
\ * It denotes a mirror. of the DSS algorithm to obtain n partial products

arrays PBs, each one as three DDP

planesPP], PPO,andPPi. Accumulation part will
. be built to be a tree adder for MSD arrays using the
Deté\g&(:uf:?;% O(;rL[[))ﬁlJ(It;;gheach optical parallel two-step MSD array adder n-1 times
CMP (Complément Plane). with  O(log, n) stages as shown in Fig.(2). The
final results will be three MfNX (2n+/3) DDP

: The direction of the light s&@  planes represent the final result Z array.
emitted by an optical source.

. It denotes SLM (Spatial Light

A1 B1
PPl
| || | BC BS _[I
R e — |
Bl ——
A0 B0
EE 0
| || | BC BS ]
A0 l
I —— ” ]PPl

LD ZIWvIF

Fig. 3: Optical Implementation of the PR( Generation Part of the
MSD Array Multiplier
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6. Simulation Results
Two 10X 2X 4 MSD arrays A and B are multiplied by the suggested M88&y multiplier as shown below:

15
13
-1

-15

Figure (4-a) shows the ¥®X 8 DDP planes of

number.
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MSB position of each MSD number in the PP
the doubled and shifted versions of the input MSD DDP planes to be 92X 9 pixels resolution,
arrays A and B which will be denoted by AA and where =1 in this example. These four PP arrays
BB, respectively. The subscript that belongs to theyi| pe entered to the tree adder to be added in
set {-2, -1, 0, 1} represents the DSS channelpargliel. Figure (4-c) presents the final result Z

rray.

PP arrays, which are generated by four DSS
channels. It is noted that, one zero is padded to the
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Fig. (4): Simulation Results of the Parallel Optical MSDArray Multiplier.
(a): The Four Doubled and Shifted Versions of the DDPlanes.
(b): DDP Planes of the Four Generated Partial Producfrrays PPs.

(c): DDP Planes of the Final Results MSD Array Z.
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7. Conclusions

An optical design for parallel arrays multiplier partial products generation and the partial products
of the MSD number system is proposed. Theaccumulation. The classical optical devices are used
presented MSD multiplier combines the DDP

representation,

parallel MSD  multiplication

algorithm, and the DSS multiplication algorithm.
The MSD multiplier consists of two parts, the
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