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Abstract

High-capacity, high-definition image applications need to process considerable amounts of data at high speed.
Accordingly, users of these applications demand a high-speed parallel execution system. To increase the speed of a
parallel execution system, Park (2004) proposed a technique, called MAMS (Multi-Access Memory System), to access data
in several execution units without the conflict of parallel processing memories. Since then, many studies on MAMS have
been conducted, furthering the technique to MAMS-PP16 and MAMS-PP64, among others. As a memory architecture for
parallel processing, MAMS must be constructed in one chip; therefore, a method to achieve the identical functionality as
the existing MAMS while minimizing the architecture needs to be studied. This study proposes a method of miniaturizing
the MAMS architecture in which the architectures of the ACR (Address Calculation and Routing) circuit and MMS
(Memory Module Selection) circuit, which deliver data in memories to parallel execution units (PEs), do not use the MMS
circuit, but are constructed as one shift and conditional statements whose number is the same as that of memory modules
inside the ACR circuit. To verify the performance of the realized architecture, the study conducted the processing time of
the proposed MAMS-PP64 through an image correlation test, the results of which demonstrated that the ratio of the
image correlation from the proposed architecture was improved by 1.05 on average.
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j=0 1 2 3 4 5 6 T 8 k-] i 11 12 13 14 15 j=0 1 K 3 4 5 1] T a 8 o 11 12 13 14 15
I=0 Q 1 2 3 4 o 1 2 3 4 o 1 2 a 4 o Ji=0 [+] a 1 1 2 2 a 3 4 4 5 5 [ ] T 7
1 2 a 4 o 1 2 3 4 [ 1 2 3 4 o 1 2 1 [+] Q 1 1 2 2 a 3 4 4 5 ] [ ] 7 14
2[4 o 1-1 .,-‘ 2.4 0.2 sal 2[s]e 9."'1 1 IR 12.1] n-m s s
3 1 2 3 4 a 1 3 3 4 o 1 Fa a3 4 o 1 3 -] a [:] a o 0| " 12 )12 [13 |13 |14 |14 |15 15
4 a 4 ] 1 2 a 4 0 1 2 3 4 a 1 2 3 4 |16 |16 Tl17 |18 |18 9|19 |20j20 |21 |21 22|22 |23 |23
1] o 1 2 3 4 o 1 2z 3 4 o 1 2 ] 4 [+] E |16 |16 |17 [17 |18 |18 |19 |18 20 |20 (21 |21 J22 |22 (23 | 23
13 2 3 4 o 1 2 3 1 2 3 4 o 1 2 13 24 24 |25 | 25 26 2% | 27 28 | 29 29 30 30 N an
T d i} 1 2 a a4 1] 3 4 a 1 2 3 4 T |24 |2da |25 |25 |26 |26 | 27 28 (29 |20 |30 |30 |31 | 31
L] 1 2 3 4 Q 1 2 3 4 o 1 2 3 4 o 1 8 |32 |32 |33 |33 |34 |34 |35 3536|3537 |a7|3e)|38 (|33
9 3 4 0 1 2 3 4 1] 1 2 3 4 o 1 2 3 9 32 |32 |33 |33 |34 |34 35 |35 |36 |3 |37 |37 |38 |38 |39 |39
10 o 1 2 3 4 o 1 2 a 4 o 1 2 3 4 (+] 10 | 40 |40 [ a1 [ @1 |42 |42 [ 43 |43 |44 | 44 | a5 [ 45 | 46 | 46 | 47 | 47
1 2 3 4 ] 1 2 3 4 o 1 z 3 4 o 1 z 11 |40 |40 [ 41 |41 |42 |42 [ 43 | 43 | 44 | 44 | a5 | 45 | 46 | 46 | 47 | 47
12 ] 4 o 1 z 3 4 o 1 2 3 4 [+] 1 2 3 4 12 |48 | 4B |45 | 49 |50 |60 [ 51 |51 | G2 |62 [53 |60 |54 |54 55|55
13 1 2 3 4 a 1 2 3 4 o 1 2 3 4 o 1 13 | 48 |48 |49 | 49 | 50 | 80 [ 81 | 51 62 | 52 | 53 |53 | 54 | &4 | 55 | 55
14| 3 4 o 1 2 3 4 o 1 2 3 4 a 1 2 3 14 | 56 | 56 |57 |57 |58 |58 | 59 | S50 |60 | 60 | &1 |61 | &2 | &2 | 63 | 62
s | o 1 2 3 4 o 1 z 3 4 o 1 2 3 4 o 15 |56 |66 |57 |57 |68 |58 | 59 |59 |60 | 60 | 61 |61 | 62 | 62 | 63 | 63
a} The index numbers of Memary Modules (MMs) b) The addresses
SEB ROW coL
Resainizs ADS Bazary ADw Refasining b AT Bimury A Remsining Alis Rinary AD:
s o 1 1 (A ale s 4 le 1 1 3 ala ' 2 a o 0z 3 s
" * u o w oA . " . " " . n 1 1 2 . " . n ) n a 0 % = » " " " ®
" e« v 1w ale o s+ v ofe 5 &+ 4+ 2]+ o + o afo m 2 1 s e & o o =
0o s 8 = 1 s |+ 1 o+ @« 4 w0 e cw e e ven 8 o ek e w8 o e
i . i W A A SR [y " ' 1 3 * 1 * 1 w " " Ll " L 0 " 0 " .
VoE + o 1w a]e o e o of* 5 1 + ]+ o % o afv m = w #]e v & 0 e
[ « s = 1t v |e o e« 1 e & &« 1 a W w = wm w | e v & e
c) Existing binary, rernaining Address Differences  (ADs)
SEBR ROW col
Renaining ATl Torary Al Remaiming AT Terery AT " £ AT Rirary AT3
- o T e 4 | voa e 0 s e I 51 A
11 * o o & X . [ " a « 0 ] ' x| o “ . W ] ] [ . ® ] [ o 0 W
o 2 s s 1 x a e 1 s & af]s s 1 % |8 & e @ afa w % |8 o 8 6o e
[ s m ox 1 s |e o e o u w o e o oo a2 u m v oo o0 ou s
(R P ] A e + - rox|e 0 e 0w |0 o a x s R
Loz e v 1 x asfle o e o ofe 3 1+ x a|v w * v ofo x au s wfo v v w e
1 e o ox 1 v e o e 1 e 5 x a1 a voow o ow ox Jeo v v ow e
d) Proposed binary, remaining Address Differences (ADs)
=3 = o A S XA Z= H}Al X A0 y o}s
g6 o2l 25 AdHA B 22 2ZF 71& &4 diolH2|et LiofX| a0 Atol, A etek vlo|uf2]| 2t
Lio{ x| F=49| &to|

Fig. 6. The index numbers of Memory Modules(MMs), The addresses,

Existing binary, remaing Address Differences

(ADs), Propossed binary, remaing Address Differences(ADSs).
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Atk

Adder . :

ol els) DTS chehsh o] 78 %

D, = A(27,27,27,27,27) + B(0,0,0,0,8) + €(0,1,0,1,0)
= (27,28,27,28,35)

Barrel shifter® AFE-38l (i, ) (= D2 $F5o=
At (28, 27, 28, 35, 27)o]lx, 19 29 MMsc=

ojg3t] AR & ek (O

& 9l MRy 2ES
0, O, X, O)

=

oy

O, O oje} Za(wlRel EE AR ofF
Enable:O/ Disable: X), ©|& o]&3sfo] A= (28 27,
28, X, 27) o|th

ol A Aljke WS -‘?%H 1% 6 ¢) Remaining
ADs thAls) AQHEE WHow AjEo] Ak T
SRAMPel A7gst7] $lste] AREEA] ¢+= Memory Module
o] Jhee A (6)ell o p3(=1) o]iL ARE-EA] o
W22 259] index numbert m=5, r=1, t=0°] 2.2 2]

(18)ell ofsl 47F et 91714 Tzl e 252 index

J
N

number 19 6 d)o} #Zo] ‘X'
SRAMell #]%-gtc},
27h Al ACRH S o83 dah= vhiat 2}
(step 1) SEB(6,7,1)°] Y4==]¥, RASC()=0, BASC(j)=1,
r=1, r'=1% 3}
A el ddlali,j) = 215 F3tal, AT
2 gk (2727212120 T3t}
wiol A AQket WHoR ek 1§ 6 d)
ADsell 93] 7] 948 BT -2 (0, 0,
0,0, X)elaL, CT<] 2 (0, 1, 0, 1, 0) o]tk
7R A (13)el sl Ake (27, 28, 27,
28 X)& etk
Barrel shifterE AFHE-3t p(i,j)(= D=
202 sAsd (28 27, 28, X, 27) |t}

¥ A8t Remaining

(step 2)

(step 3)

(step4)
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62 Multi—Access Memory System(MAMS)2
¥ 1& SEB(6,71), ROW(2,33), COL(5,122)S 7]
Wb ARk W) AdE Kol Frh
1. J|Eunt oetst g Ao
Tablel. Result of existing and proposed method.
Classification SEB(6,7,1) ROW(2,33) COL(5,12,2)
RASC(i) 0 0 1
BASC() 1 1 0
r 1 3 2
r 1 2 3
LG 4 2 2
Ar (2721272727) | (9,9, 9,9, 9 | (2222222222)
Br |(0,0,0,0,8)] (0,36 1,4 | (0322416 8
Cr [(0,1,0,1,0)| (0,0,0,1,1) | (0,0,0,00)
. Dr | (27,28272835) | (9,121511,14) | (2254,46,38,30)
Existing —
method arrel
Shiftr | (2827.283527) | (11,149,1215) | (3830,2254,46)
MMsc | (0,0,0,X,0) | (0,0,0,0,X) | (0,0,0,X,0)
Result | (2827,28,X,27) | (11,149,12,X) | (3830,22, X 46)
Br 0,00, 0%) | 03X,1,4 | 0X2416 8
Cr 0,1,01,0 | 0,001, | 0,00 0,0
The
o fféd Dr | (27282728 X) | (912, X ,11,14) | (22,X 46,38,30)
met] Barrel
Shifter | (B2128X.27) | (1L14912,X) | (3830,22,X 46)
Result | (282728, X,27) | (11,149,12,X) | (383022, X 46)
m & #

B Ao A= Memory Module Selection circuit= A
7] 3lar A Zo] Aetst Address Calculation and Routing
circuite] 71& Fz9} Hlwalr] Yste] 19 73 7o)

a-'.-'.
-4 PERCS

AT -
-
")

I 14
FPGAG

o

I 7.
Fig. 7.

FPGA EE T4
Configuration of board by FPGA.

270¢] FPGAXilinx Virtex6@100MHz) =& T4
%43, Verilogs AH&atel FPGADel= 7IE

FPGA@el= #|¢Hst tx25 AT

(904)

ST TS AT O EIH AA| TE4 <
% 2= Serial Processor, 715429 S-PP64

o} At MAMS-PP64E A2l 7|9HS o511, Serial
Processor= Intel Core2@ 2.66 GHzolal 7|& W3}
AlFst MAMS-PP649] 28 4% 100 MHzo |t}

=

E==d
R

i
ar

2. Correlation QA 2|E 28t d12|F X2|7|8t
Table2. The processing base of correlation image algorithm.

S . Existing Proposed
Classification Serial Processor
MAMS-PP64 MAMS-PP64
FPGA FPGA
Intel Core 2@
Clock speed VERTEX6 @ | VERTEX6 @
266 Gz
100 MHz 100 MHz
Operating system Window 7 Linux Linux
P VisuglmSOtudjo Cet fo
# 32 7]E WA FPGA 374 Adtel At w2
o] FPGA AZE B F3 glar, Alokd w419 Slice
LUTE] AFE 70471 10389837 = 7] Whalo = &%k
wEe) 1190737 1T oF 13% 3ad A% 4ol & 4
29131, Slice Registere} LUT-FF= ¢F 1% W99 7
Zstgith ol g At 7| R AljkE WY
o FUBAE} ol S nol Frk
¥ 3. FPGA &M Z1}
Table3.  Synthesis result of FPGA.
Existing Proposed
Logic = =
Utilination MAMS-PP64 MAMS-PP64
Used | Available | Utlization | Used | Available | Utilization
Number of
Shige RS 262263 | 301440 | 87% 262254 | 301440 | 87%
Number of | 119073 | 150720 | 79% | 103898 | 150720 | 77%
Slice LUTs ° °
Number of fully
used LUT-FF | 1132 4180 21% 1126 4180 26%
pairs
Number of
bonded TOBs 323 600 53% 323 600 53%
Number of
BUFG/BUFGC 1 32 3% 1 32 3%
TRLs

SEE AERES Yol ] fato], o] dd T e
A AFE-%F Image correlationg ©]-&3F Wl o g A% 5]
o, 719 77} o] Serial Processer$t MAMS-PP64E
shhe] ZRaflozr 4 stk

A BHE nfaa 64 x64, 128 x 128, 256 x 2562]
ntaA g o]gste] 747k 10 W Aot o AyE
% 4~69 HoFH Serial Processors 64 x 64 A&
21~23(%), 128 x 128 ol A= 73~76(%), 256 x 256 ©l
M 1B~17T1(F)2 Azt W37 doe As




20174 68 MXAt3e
Journal of The Institute of Electronics an

nd

el stk 18al 7] MAMS-PP64 A A7
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© 57(%), 128x 12814+ 179(%), 256 x 2560141+
622 QAT SE2 w2 A ¥ T 5
AN
21 8. Image Correlaton =213
Fig. 8. Image correlation application program.
E 4. 64x64 ROIE AFE5H0] 10 7He| HIAE A3}
Tabled. Results of ten tests using 64 x 64 Region Of Interest
(ROI).
Response Time
St Ratio of Serial :
Mask | (yder of| EXisting | Proposed| Senzs‘ ;l)r(s) Processor to Er){(ait'lsoti(rjxfg
.| MAMS | MAMS MAMS-PP64 PP64 to
Size  [Executio —
PRis) | -PRAS A | Existing Proposed Proposed
) @ | vae prot | peeq | PP
® |com|com| O
1 6 57 | 22
2 6 57 | 23
3 6 57 | 21
61 | 4 6 57 | 22
5 6 57 | 22 ) ~
x 5 5 =7 | 22| 370 | 389 1.05
64 [ 7 6 57 | 23
3 6 57 | 23
9 6 57 | 21
10 6 57 | 22
E 5 128x128 ROIE AFEsHd 10 702 HAE Z3}
Tableb. Results of ten tests using 128 x 128 ROI.
Response Time
Sl Ratio of Serial Ratio of
Mask Existing | Proposed! N Processor to Existing
_ Eo‘derﬁ‘)f MAMS | MAMS | Freeessorls) | yinve pss | PP to
Size  (FXeCUON - poo | -PoeA® Avrpe | EXisting [Proposed| Proposed
D @ | Vawe PP64 | PP64 PP64
©® |com|cam| O
1 19 179 |73
2 19 179 |75
3 19 179 |74
198 4 19 179 |75
5 19 179 |76
x 5 m o T7q | 7A80| 394 | 417 1.06
128 7 19 179 |76
3 19 179 |75
9 19 179 |75
10 19 179 |75
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E 6. 256x25 ROIE AFEstod 10 7He| HAE Z3}
Table6. Results of ten tests using 256 x 256 ROI.

Response Time

o Serial Ratio of Serial Ratio of
ik | DO Pt iy | meseco | B
Size ~ Execution PRue) | -PIBAS) Az | EXisting | Proposed Proposed
[0) @ | Vawe PP64 | PPO4 PP64
® |com|com| EOR)

1 44 416 175

2 44 416 176

3 44 416 177

7% 4 44 416 17::)
. 2 i jﬂg 1;; 55| 39 | 421 | 105

%6 7 4 | 46 |16

3 44 416 | 174

9 44 416 175

10 44 416 | 176

Serial Processor?t MAMS-PP642] A 2] A|7F H| 1=
Serial Processor®] ¥78a}A] &= A2 AI7E wjitol
S Fato] 72248 val 819 a, 71 MAMS-PP64st
Ak MAMS-PP64¢] A& 5=s vl skl # 2

o,

ST WEYEE Ratios o 8550w, Agk w4 o)
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© o lEo e SRS vl s
64 64 P122L0] 74 Ratio% W]aahel Alekeh w2
g AEgAe A7 Suk 16M RS dAT

o
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FEle FAAE aEstel HEA vEe] Y
glo] o2l Ag7ldl HolgE H&ES 5 e T
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! APEREE B op|EHE ATekl

B =FolAe 7] MAMSOA MMs circuit®] Memory
Module®] 77} S7kell wret 33 wE7F Sobekal
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