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Two dimensional (2-D) virtual storage mechanism is proposed as a method to bridge gap
between hardware specification and software requirement on parallelism in optical computing

systems.

A discrete correlation model is introduced in order to generalize processing procedures

of optical parallel digital computing techniques based on discrete correlation such as optical array

logic and symbolic substitution.

Using the model, a 2-D virtual storage mechanism on an

optical parallel digital computing system is studied, and an architecture of 2-D virtual storage
mechanism using pipelined page transfer is presented.

. @ L ®» I

SEDAFIME - Bl - JETREE FIA U7 WSS
VAT A, HRORBERERUE Y27 2L LTH
BEh, EEOWESTHLN T 2. WIDLERET
ARDRYRT AT —FT7F » KT B —FU=TH
DLOMERES>ETHEL, JOWFIEABRICFA
LD AUFIREEERREDOY 7 b 2 THOMEDE
ERABLTNE. FIZAE, XTvindy 22 LS
BB, 2EH @ﬁﬁ“@@ FERE® 12 EDWFIIEE
BERDMEE SN, & OREICHT BRI EPSRE
INTH 3.

Lo lL, 260V 7 by THOMAESESIC DN
T, WEOA—FYT7EV T b= THERT 2 HE
EDF p oy TIHRETCHEITIL > TEED. T DB,
WFIIHERET 4 R DWFIEDL Y AT L& ERDOLEIIEZE
WETBH, FoOA ZBEBINSOL SHEHELTS, £
HRICEET ARELZ2WITNCMIEL S5 5 Y R T L0
FHRRIARTAETH S EVHIRHTH S, BRI, 7
NTOF -2 ZFERICAET S ik HF Y 2T 4

REAOWELYFHET B, HENE, BEEZYRT
LD D BEBICHBIL, WREAF V- ) VI %
HMATRLRONITE SN,

WFIIEFRE v 2 7 L SKERBBEICH BRI, 2O —
Ko 2T7,/V7ry=TH¥yy PICHUTOHENTE
BETHHEHNTES. UL, ZERCECRAY 2T
LADHFEBNET 2EAIIE, X0 RENESERTE
DPERIND. 2T, FRXTR, WIRER YR T
LONTHEDEFIENEEZ SN FEHMAREICLS
LFNF 4 ¥ 2 VREEBN R ST 5 RFIEHE v 2
FaAmMEELUTY LY, 20 Y27 - L THATHE
73 2 R R A R E T 5.

T, 2#iTiE, 2®kEREREREOMRICDNT
AL, SHEITIY, BEEUERIC X BAFT 4 ¥ & UNE
B EET ML, £DEFvE 2PCHRBLTERE
~NEAT A, AETIR, 2RTREREREICED L
BEEAHIL, BHITE, 1754 v =TIk
BAEA L7 2 IR EEE O —Flz Ry



204 (36)

2. 2RTRETERBOES

(R ERED L1, o v e —2ICET30EOH
HEFI5ET 3FH0—2T, Fuss<icidl, av
Pa—ZRNICEEINTVE €Y (FRR) ko5
KR&E5 A € ) ZERAEET2ENTH 3. Fig. 1 .1TR
FXHiT, RIBEERETE, 1RTORE» E Y EH
=P EFEN Z/RNEAICRET Y, _R—VMATT—
ZOBRETH. el w53, Fig. 1(a) Dk
HREEAE)EFNSBEIICRI B, BRI,
Fig. 1(b) D&k 3ic, 2REEEELICA =) ODRAED
BEIN, BEIEUTR—Y L ERE EAFEOH
I, FEEE 2KEREENO 7 — 2 EEIIEEN
Kb, #MREUT, FEHICKRET A 2 ) EHEES
CEMNTES.

blvbhik, WFIF+ V2 WREE Y2 F 2icx L
T, WMEEGE 2 RTOR—VEATHNET 3 2 RITER
BB TR L. Fig. 2 tzolaNE R
2 ReRBAE R I, Fig. 2(a) IR Lok, JEE
KRS 2IRTCERZERAEMR L, Zhicdd 2 %505
HATRICT M TH . EFEEIKiE, Fig. 2(b) IR
TR, =Y AT Y DSDOER—YBBRITETES

Page[

Referred _
Data ™

Secondary

Virtual Storage Storage

(a) (b)
Fig. 1 Virtual storage mechanism; (a)virtual
storage with referred data and (b)implementa-

tion method of referring the data on secondary
storage.
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Fig. 2 Two dimensional virtual storage mech-
anism; (a) processed image and (b) implemen-
tation method of parallel operation for the
processed image.
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Table 1 Optical parallel computing techniques
and their concepts corresponding to kernel.

Optical parallel com-

Concept corresponding to
puting technique

kernel

Optical array logic | Operation kernel

Symbolic substitution | Search and substitution
pattern

Binary image algebra | Reference image

Image logic algebra | Neighborhood configuration

pattern

. Plgge Size (N)
M_iMZ---.W m——
—— Maximum Shift
Processed Image Size (NM) Quantity (L)
Kernel Size (2L)
(a) (o)

Fig. 4 An example of (a) processed image
segmented into pages and (b) kernel.
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Fig. 5 Problem in segmantation of 2-D virtual
space. The result of parallel procesure overlaps
on the adjacent pages on 2-D virtual storage.
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Fig. 6 Two methods for processing on seg-
mented pages; (a) output extended and (b)
input extended methods.
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Fig. 7 An example of segmented kernel and
image for correlation when maximum shift quan-
tity is larger than page size.
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Table 2 Required shift size and suggested
page size for specific applications.

Application 5161%?1;?2(18

Binary image processing

(Edge detection, thinning) 3
Gray image processing

(Digital filtering) (M+1) (B+1)/2
Numerical processing

Ripple-Carry addition and

subtraction 3

Ripple-Carry Multiplication 2B—1

MSD addition and subtraction 7

MSD multiplication 4B—3
Maze solution 3
Turing machine 5
Systoric array processor 4B+5
Inference engine (1000 nodes)

Template matching method ~60

Token propagation method ~4000

Expert system ~4000
Database management

Selection 2N—-1

Projection 2N—1

Semijoin 2N—-1

Sorting 2B-1

M : image size, N :data number,
B : bit number of data.
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Table 8 Processing schedule of 2-D vistual storage mechanism

with pipelined page transfer.

STEP | SIDE IN.1 IN.2 IN.3 TRANS. DIR ouT
1 R — 1,1 2,1 LEFT —
2 R — 1,2 2,2 LEFT 1,1
M R — 1,M 2, M LEFT 1,M-1
M+1 — — — — LEFT 1L,M
M+2 D 3, M—1 3, M — Up 2,M
M+3 L 1,M-2 2 M-2 3 M-2 RIGHT 2,M—-1
M+4 L LM-38 2,M—-3 3 M-3 RIGHT 2,M—-2
2M L 1,1 2,1 3,1 RIGHT 2,2
2M+1 — — — — RIGHT 2,1
2M+2 D — 4,1 4,2 Up 3,1
2M+3 R 2,3 3,3 4,3 LEFT 3,2
2M+4 R 2,4 3,4 4,4 LEFT 3,3
3M R 2, M 3, M 4, M LEFT 3, M—-1
SM+1 — — — — LEFT 3, M
3M+2 D 5 M—1 5 M — UP 4, M
3M+3 L 3M—2 4,M-2 5 M-2 RIGHT 4,M—-1
3M+4 L 3,M-3 4,M-3 5 M-3 RIGHT 4,M—2
4M L 3,1 4,1 5,1 RIGHT 4,2
4M+1 — — — — RIGHT 4,1
4M+2 D — 6,1 6,2 Up 5,1
4M+3 R 4,3 5,3 6,3 LEFT 5,2
4AM+4 R 4,4 5,4 6,3 LEFT 5,3
M2+1 M, M
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Fig. 11 Optical elements for optical page
transfer system; (a) OEIC for one page of
transfer and (b) optical page transfer system
using optical imaging system.
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