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Abstract

Recently, as mobile multimedia devices are used more and more, the needs for high-performance and
low—energy multimedia processors are increasing. Application—specific integrated circuits (ASIC) can meet the
needed high performance for mobile multimedia, but they provide limited, if any, generality needed for various
application requirements. DSP based systems can used for various types of applications due to their generality,
but they require higher cost and energy consumption as well as less performance than ASICs. To solve this
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problem, this paper proposes a single instruction multiple data (SIMD) based many-core processor which

supports high—performance and low-power image data processing while keeping generality. The proposed SIMD

based many—-core processor composed of 16 processing elements (PEs) exploits large data parallelism inherent in

image data processing. Experimental results indicate that the proposed SIMD-based many-core processor higher
performance (22 times better), energy efficiency (7 times better), and area efficiency (3 times better) than

conversional commercial high-performance processors.

» Keyword : Many-core proocessor, imageivideo processing, data level parallelism

.M &2

FZ mald Fevto] 717159 ARge] F71Eel wet
JEH|To)e] Wist vlolHE drhy W Ay u4so
2 ket sk EAZE 2A diF g3 eHll

7122]  ASIC(Application-Specific Integrated Circuit)2
olgfg muld HeH|tlojollx] 27 EHE IS, AXES ¢
Z A F QAT vkt o] FEHTo] sjEE]A o] e
Al 87Ee HEAAS TEA7IA Z3H2IE]AL

HhHo]| e vlo]a2Z2AA (General-Purpose Processor,
GPP)Y DSP (Digital Signal Processor)E-& thgh ol Z2]7]
ol il FEe W3S ATk AR, HElR|t]of
NEA )N 87E e w& Ao AT TEATA
£3) dshd GPPY DSPE ZeAM 729 544 4
Eujrjofo] WAjgh 1% WB4 (massive parallelism) S &8
812 Za}7] wolth,

1A% HEHYe] HEE gk gk Tl sfUE SIMD
(Single Instruction Multiple Data)7]%F B2 Z 244 o}7]El
27} frsicHal6). BE o] Fd (Instruction-level) U 2~
A= G (thread-level) Z2AMEL H2)Z HHS HE|Z
E HA2E 3 (multiported register file), 7§41 (cache), 3}
o]Ze}Q] (deep pipelined) 715 Y SOZ ARE-Sl= WHA,
SIVMD719F B4 Z2AXe o] 7o) Anlg Z2A)4 e
HE (processing element, PE)E-& o83l 1X%S F+
3k FAle A9} vlolH B4 875 HAslEl] )
Z2A1 AUES} vlofE] YEES FTUAX wiRge
ZA AHES HEAIZIHT]. 53], SIMD7]5F B8 Z2AA
= A9 (locality)olut 724 (regularity)o] $l= 24+ E
of oJulAu} Htl e HA Aol oM HHo| ZaAA T
Zo|t},

£ =hoxe Zukd GHlold AeE A8 AdE, 14
5 SIMD7]9F wiusio] Z2AME ARkt AIjkgt SIMD7]

rE

Fojuzo] ZRANE 16709 Z2AlA dejiEs 74

o,
8 o

)

tlolBE Aejgke=A vlofe dd Wads =tk (o
o], Afe]=7} 256x256 2R 48 oJrlA= 16 PE o]
|72 2} PE vl =ejoll 64x64 HA% HF58lA E3ear sht
dololl o3l Zt PEell $l= HlolEl7} SAlol A2]®) A
3lE]3 e 3T Z2AA (C6416[8], ARMOZGE]-S[21],
ARMIOR0E[22]) ¢} Hlaste] B 22919] s, 7ale] YA

B B 3] A2 WE 5eS BITh
B =59 448 vt 2k 2730lM = Ak SIMD7]
Fujuszo] 2 AA 0] A Aol sl Avhstar 37l
3s WIS S8 deE 93 iAol s 40
S}, AolM= AR vy Fo] ZeAA El 9
2skaL 57elMe AlEdeld Astet A
ok Bo® 6FME o] =9 ZdES

A

It
A

lo, @ qf
o

[e)

o
)
it
o

>
fo

)

O:
[e:

s
£

%

°
£ o2

e e

e

of,

%
AL
1 oo

@

N}
rir
K}

| L s

JEH|tio] ofEAel e tigt ulolH W WEA
(data-level parallelism, DLP)o| &3+ A5 =2A) 7 7] <
T AgoZ Y] Fck (1) A9 SIMD B#HolE o5}
o A5 A 2F 910011117 (2) SIVD7 19 3 E
ZZAME o83l Fes FAIIE 1F 6112 B2
AT AF F2 TS| M vlo|AZ2Z2A XX HE]H|
o] ojZgAleldel tigh SIMD & ole] &-84do thste]
A3} [9]oM= UltraSPARC Z2A|AollA o] x]9}
Hlt2 Al digk VIS HHole] 84S 7|Estdth

4-way out-of-order EZM|A+= single in-order ZZA|A]
wo} 23074200 A5S IAFAI TiEe] VIS HEols
L1f42809] 2355 o AT [10lM= DSPeF HE
wtjo] ojZE]Alo) el tist MMX H#Hole] % H7HE 7]
&3I4t MMX HHol= 81%9] thollly] W#Hols Al
A Hat 5509 A% S B o3t AijeA Be




LRI

AdolE A& 98 SIMD7)W wiu3o] T2 A A 13 3

uke} 2ol SIMD B A3 52| Aes PATI:
siAgE "o ofZE] Ao e WAIg gk HlolE] ¥
23S 42 Zap7] el vhdst Fejo] Hem|tiololA &
TEe A ¢ 4% 51—?% AR 28 otk
SIMD7 15 HE Z2AME 3713 Hoﬂaé"é(spaﬁal parallelism)
A - (processing
= Aol frloZHE
A e SYS A4t BES AE YE diolEd b
WY B o]83le A5S
SFAIZITE 1= HlolE] WE ofgo] (massively data parallel
array) 5 A9 30 FF oH|A] AP ARE-Eo] $EARE
%71¢] SIMD719+ 38 Z2AlA (TMC Connection Machine
1[13)E O BE==x]9)] 23] Ag+= ek o]32] SIMD 4
g Z2AA TMC CM-2[14]¢} MasPar MP-2[15]= #H
ojujz|o] & WE t23 ofFo|e] AME-S B3l ol#g Al
S SESIGAAR F ¥l8F} Fi el EAE 9tk Fine-grained
WY Z2AXQ1 MGAPLIE]eF ABACUS[17]E ©]2|gk FroiAd
olerE ZIFAT, 159 452 /O bandwidth®} latency
o o8] AF= Ak
ol 71&9] W¥E Z2AX th2A|, E =Felx] 2
AYE I3 AR SIMD7IYE sy Re] ZeANE 24
Ao} A AFA AZE 53l VO Ul #A1E sl obﬂ
Eg g2 ofojofo] AMBO R #2 WA JUA] B&E

o2 FAIG] B HolEe] FAT BHoNE Fyste) m%

. S&xe| fne|E

Ak SIMD7|8F mjy3o] Z2AA o}71EA ] s
A9 oAl 711 @AE] EaeEs ddstar
A 33 718y Wdke 13317] 918k Translation
Transform, 349 g0 ¥ RS -r]ﬁ Subtractlonﬁr
Mask Scaling, 9449 #&& %4
Segmentation, WFX|2FO.2 G4
Edge Detections viuz0] ZEA|AE Al Y o|EE o] &3]
of FHsIGTh

Translation Transforme 93-S 54 Z7WE 712
T AR e g olFAe E‘i S omigitt g 9%
] B AR(x, y)E 7IER alkE, AHEE b oFA)Y)
< olF WS A )T 2o E'% Atk

Subtraction st} FgelA T2 PFs wle Jiks
o)y, 4 (2)9} o] BHET 4 QUok

hixy) = fixy) = glxy)

Mask Scaling2 @A 9/d7} Mask F4S ol8stq 1

gﬂo] /\ﬂ]m WA IALS /“63 s Aed A

Histogram Segmentatione  Histogram X33 Otsu
GuEE o83t §A HE VTR Fde BEes 1Y
stk 48 IAY Histograms 73 & Otsu &argls

g Agsle 2 dlsl 539 T8 e 9y
7 o BUSR WpHoltk Osu FuPlEe PGS 4

Jah=tl Ao H]%?Ff—é Ageta 1 wlgEge] Ha gk
S Fo] IAIFE X3 WHORE (lassificationol] o]
=1 Qi

Edge Detection> g7l ZAE 4
£ gttt G AAAAME Tdlo] 2AY el 54
SHAl Wlslr] Wiel W] vl S T8l 1 gke] A
A Yed= A5 2od A AE A2E & F Aok

o

g Hohpe

V. oL 20] Z2MA ZE 2

Agume

1 SIMD7|% oLl 0] Z2AIM 2
a9 1€ SIMD7IE vt} ZRAA olr|eAe] BE
Tololah e Belzth A tzel ZeAME 1674
z2Ay QWES )8 Aolsks Amay Control Unit
(ACUIL.2 F45)o] qla, Blolel7t Zizte] Zealy 2]
£o] Qe Bl Z2AA deRese W4 e
2o WolEe SRtk 4 meA deiEs o
3 2 54% AR,




4 W TR RS ioGE2011. 1)

o RHE Z9 40967} Y= 39 24 wng

o PHE Eg] 167H 3XE tH_Q_ ;,q];q}\a

o 71RARI 2ka/w=E] AAbS Fshe ALU

e HE F4 2 F4F7] (multiply accumulator)

o HE HE Jke/=] AZE ke 38k HlE A
ZE (Barrel Shifter)

o A9 JHE o]&3) 24 PEES &4 % A A7le
Sleep 74

¢ 0| 23h= PESF} HloJE] BA1S 913 NEWS (north-east—
west-south) WEYZ L serial /O

yyyyyyyyyyy

oo
; '5#‘ Neighboring PEs

Y = Logea mpet Srn

Data Input ”Hf’ﬂ " ; =l
"3’ " 5 i MACC ‘

= MMX
B [ o ]

Single Processing Element

J&l 1. SIMDZ[2H 0j-|Z0] Z2MA O [EiA{et A=
e
Fig. 1. A block diagram of SIMD based many-core processor Processor
architecture and single PE

Z2AA

42 tf 30| ZZMAe| mo|=zjo|d

O 29} o] SIMD7IF wiyze] TAME X
(Fetch), Y1=H(Decode), A3 (Execution)®] 39A dho]Zz}
QA T2 AU 1A= ACUZL HEo] HRa]z
HE MFHol(instruction)S 7tk 289 ACU] ¢
FH fHo] ACUAIM F8se 222K Scalar) B HE011A]
PESIM S35 #E](vector) HIUAE T2} BusA,
BusB, BusCY 72+ XEJ 3dde #HALH F4& 2
immediateghs et vpx| 2} 39A| A= HE o7} 7F
HEY AEE Alde] o) Aae;.

time 1 2 3 4 5 6 7
acu | F) [ F@ | F® | F@) | Fe) | Fe | Fo) |

D) D() D) D@ | D(5) D(6)
E(1) E(2) E@3) E@4) E(5) ‘

@ | b3 | p@) | bE) | DE)
e [ k@ | @ | Ea | EG) |

PE | b I

w.g =
MUL

1 Cycle 1 Cyc e 1 Cycle 1 Cycle 1Cycle

Tzl 2. ACuel PEQ| mo|=rlol TH|
Fig. 2. Pipeline stage of ACU and PE

43 BB ZZMAM HHO TF

Aksle SIMD7]5E viyze] Z2AMe] o] FFd
= T Fe9 WEolt EAlsketl Ak, =, AZE
(shift), ¥4, wixe] g, vlofg] A9l 2 u}
PEE ZA37]E sleep BHol, A PESH 91710 &
A&= NEWS (North, East, West, South)®#e]| =g
IS BUleke £7] WEol, ACUY diks g@dshe 27
2} B&olr} Slok

9 32 SIMD7[5F vy 5o} Z24A¢] 7} PE7} Hlo]E
A9 AR 204 mebx] ddske BES HAFETh

T AlolEo] A5 branch®} macc(multiply accumulator)
HHE A3t BE HHOEL i AlelFE et
Branch B#0i9] ¢, 7] olZo] tizy @AlolA Fai=
7] wjEel 2 AtolEe] Ao HT

IfR1=0
R2is not
operating

IfR1=5
R2=R3 + R4

If(R1>0)
R2=R3+R4

SLEIR1, 0x01
Add R2, R3,R4
AW sleep

J2!3 Seep HHOIE ALSEH PE 243}
Fig. 3. Activation of PE using a Seep instruction

2 @ (fEEAA, oA, HA

)= SIMD7RF ulM:'o% ZaAxe] A
WHECH. fEA A Bl e WEe] #iel SIMD
BE 2L A Alo|F AlEHOHE o83, A
2] gaugFe ARREE AllE g, B4 BE] NE,
244 dYWE o]&E (utilization) 59 23 HoHE
At oF|dA gexe ZERE op|ElA o] TRl
WSS ALK 918 Chaizl AIRFeE SIMD BE Z 244
& oIF oplEA RdY E5 ARSIGTHIG) HAEE2A ¢
HoAs Zh op7|elH RdE] HAzA Wy
power, clock frequency)E AlFsE7] 913 Generic System
Simulator (GENESYS)E ARS-3IATH19]. wiA|2te 2 A g
ol Tl 7l sjole o] AE 2 of thgt Ay

4511 2t 25
AR, Al oA Eae AYse

Kl

(latency,



AE49 Aol AYS 93 SIMD7 % wivzoe] Z2AN T3 5

Technology Level Architecture Level

1
1
Technology 1 Architecture
Models i Models
1
1

j 1 1

Application Level

Applications II

“g‘.any'cme GENESYS HAM
imulator
1
] ] : 4 5 6
- ! Design Space : 2! 6, £33 2A1.Translation, 2.Subtraction, 3Mask Scaling
Execut - 1 , , ,
Dombas H : Brplorer | . 4Histogrami, 5 Histograme, 6.Edge Detection)
e L R I _ Fig. 6. Qutput imeges(1. Translation, 2.Subtraction, 3Mask Scaling,
PU—— 4.Histogramt, 5.Histogram?, 6.Edge Detection)
Output  |Energy Efficiency]
Execution Time
T2l 4 Oj|R0| AN AlSRolNS Sfet 52 iUz ZZMAMe Ms Hot X E

s =

T 1o B D 9] = ==
Fig. 4. Experiment methodology for many-core processor simulation ¥ 12 7 ysie] ZeAxe JJFE}E]]H = EO#TE;]’

ASENL 93 SIMD7EF uluZo] T2 A8 A Alo]

Z (cycle te) AEd oS AR3lgY. a870 o

V. BojAlE gl ML HA (eyeleraccura ) 1:5 JolElE AME3ITE BEHQ o

== oS ™™ A e 16709 Z2AA AHES w4 Lz 32

st on, Zizte] 22 A AYHEE AAloA] fsgd g4t

51 datMe| gnelE 2ot o] AGYolElE Hsitt 7 Zz A dFHEE PHIE 9

a9 5= 9l@o AMEsF MRI %Al 18 & AlH = 9] 4096709 WEZE 7K e, 130nm HI=Z
8 T 744 9dAle] SteElEe SIMDYJEF s e A9} T2OMHz 8 S5 ARS8l AlEEo)A s19ith

= =1
AXE o]&sl 73t A7 GFES BoEt )
ond] A xE yEoz 77 0AR olga L To ATl =AM melE
Translation®] 73 xF, yFo2 747} 20344 o3l Table 1. Parameters for the implemented many-core processor
P

7d5-011L, Subtraction®] 739 @A YT o] Y=

- - S = . Parameter Value
sl 1 25 33 Ayoltl. Mask Scalinge mf~=
- - - = - Mumber of PEs 16
£ ARgSte] £ BEW 35 3 1R 5 09 37|18 2R
al o9 A N Pixels/PE 40%
=g = ylo|31 1 N iong 27}A|e
53 £ Zyo|x, Histogram SegmentationS 27149} Vermoy/PE Mo 2006 [0t word
o) =
& = VLS Technology 130nm
[e)
- Clock Frequency 720MHz
Interconnection Network Mesh
IntALU/intMUL/Barrel
Shift/intMACC/Comm 1

3 2% A SIMD7[HE vy 0] Z2AAMC] 5S35
7k s AMEE EA] ARE HoFEth A AR
D85 2 MR Sant opa S (execution time) Z17te] gdxjg] garglgo]l 5 A

Fi6. 5 Ireut MR image and masicimeoe 7+, AEEF (sustained throughput)e & A)7Hd A2

He W#Ho] /4 (Giga-operations/second)Z, oA &
& (energy efficiency)S ©9] UAZ Anld HHo] Jh4
(Giga-operations/Joule)Z VERH 3L, A)28] WA §& (area
efficiency)& &) A28 WA AHlE HEHo] 74 vtk

WATH201.




6 WEFE I e G201 1)

22 M5t AlE %

Table 2. Summary of performance evaluation methods
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Table 3. Performance of each image processing algorithm using many—core processor
Vector Scalar system sustained execution
Algorithm Total Cycle Instruction Instruction Utilization throughput time
[cydes] [cydles] [cydles] [%] [Gops/sed] [ms]
Translation 776,365 515504 260,361 RB75 765 1.08
Subtraction 61,460 45064 16,396 Rr80 784 009
Mask
Scaling 132454 98879 33575 7481 843 0.18
Histogram
) 277570 127,3%6 150214 090 863 039
Segmentation
E
e 7616 250767 146840 BH 697 0%
Detection
E 4. OfZ0] Z2MAQ} TI DSP 06416, ARVIRBE-S, ARVIO0ERIS] A H|w
Table 4. Performance comparison of many-core processor, Tl DSP 06416, ARMI26EJ-S, and ARMI020E
) Mask
Algorithm Translation Subtraction Sealing
! ARVO ARM m ARVO ARM Many-c ARMO ARM
parameter unit Many-core Tl C6416 6ELS 10E Many-core o816 6ELS 10X o Tl Ce416 BELS 1020E
Technology [ 130 190 130 130 130 130 130 130 130 130 130 130
Clack Mnz] 720 720 20 400 720 720 20 40 720 720 20 40
Frequency
A;;rje > [ 184128 %0 I 20 1268 | 90 i) 20 | 1405 | o0 120 20
Average
[MPS] 764924 159685 275 50 78898 220679 275 50 643369 | 17738 275 50
Throughput
Exm on [ms) 108 119 218 063 009 118 520 268 0.18 1.16 663 28
Energy [oule] 198542 1,127.14 26147 12643 1;'; 1’51 62371 5346 27031 1,10607 7674 58590
Energy [Cons/ 869 168 229 260 12.10 282 229 260 815 187 229 260
Efficiency Joule]
frea [Gops/ 021 003 010 006 021 004 010 006 0.18 008 0.10 005
Efficiency (s'mn?)]
. Histogram Edge
Algorithm
e Segmentation Detection
: ARVD ARM ARVB ARM
i it T Ce416 T CBH6
parameter uni Merny-coe 1020E Meny-caoe 1000E
Tedmoogy [nm] 10 10 10 10 10 10 10 130
Clodk Mnz] 720 720 20 400 720 720 20 40
Frequency
Average [mwW 1,15224 X0 120 20 78179 0 120 200
Power
g MPS 857749 0697 275 50 697046 335840 275 50
Thoughout
Exeation [ms] 03 3% 1034 551 055 1206 2190 1241
Time
Energy [ioud 4421 341390 124106 110177 4032 2’56 262778 24850
Engrgy [ 1262 085 229 260 1949 354 229 260
Efficiency Joule]
Area [Gops/
024 0 010 006 019 006 010 006
Efficiency (snmd]




8 W TR RS ioGE2011. 1)

54 2 2 A 21t

AQFe SIMD7I§F HE]Fo] Z2AX F2E AF3PI
S131ed RTLaAMZE AR}, XilinkAH] Vertex-4 XCAVLX60
FPGA[23]E o]-8-3o] Adsta Bl2~Eslyth 19 102 16
Mol PEE WAd mjuzo] Z2AM9] 27|ujes RS
o, 4% A= F 59 2tk 7 PE= 109571¢] LUT}
19709 register7} AFEEICH, ACU= 1147719 LUTS}H
124719] register7} AFE-E AT} 16 PEZ 4% mju=o] =
ZAME 1866770 LUTS} 3244709] Bl A 2E7} ARS-=| a1
A vz HE

= 4,202,49%hito]|t}.

&

IH

TR T, T ]

PELD

PELL

MIIIIIIIIII

e

Tl = o] =

I! I!
LAl

T2 10. O-Z0{ =2MMQ| s1=20{ AT [BHE]
Fig. 10. Hardware schematic for the many-core processor

5 Of|Tof Z2MM 79| s ZHu}
Table 5. Synthesis result of the many-core processor
B Zn} 2l=E

’ LUTs 1,147

Array Control Unit -
Register 124
LUTs 1,09%

Processing Element -
Register 1%

Total Block Memory hits 4202496
VI. 22
B =Rdxe GdAe g A,

Agst7] $13f SIMD 719k i Fo] Z2AME Xﬂ"io}%{‘:}.

Al wiysio] ZEAME 16709 Z2A1] IHES
Wl g FRE FAICH, A7) 22 ddE
= ARdelA WEE G AGHlolHE BEAoR WH
g3t} Y3 FA (130 nm Technology)¥} £ F3
(T20MHz)E AHE-3to] AlRbet wjyso] Z2AME 14

fr,

olr

TI C6416 DSPe} Hlagt Az Aa) AltellA] s 224), o
YR GgollA ot 7o, Al=gl WA Fgol| A Hit 3u)]9
3% P Bk ol Ak A sjuFe] Z2A|
A7t QA fEEA A Aol Aol Faket A 7t
TS BolF, Bal Alzwl 183 A9 ddst 4%
B B A &Hl At ZIdiEch

ok
et

Srp=!

[1] S-H Kim S-Y. Nam and H-]. Lim “An
mproved area edge detection for real-time image

Jounal of the Korea Society of
Computer and Information, vol.
99-106, Jan. 2009.

[2] X-G. Jiang, ]J.-Y. Zhou, J.-H. Shi, H.-H. Chen “FPGA
Implementation of Image Rotation Using Modified
Compensated CORDIC,” in Proc. of 6th Intl. Conf. on
ASIC, vol. 2, pp. 752 =736, 2006.

[3] E. B. Bourennane, S. Bouchoux, J. Miteran, M. Paindavoine,
S. Bouillant,
implementations on static and dynamic reconfigurable
FPGAs,” in Proc. of IEEE Intl. Conf. on Acoustics,
Speech, and Signal Processing (ICASSP '02), vol. 3, pp.
I-3176-3179, 2002.

[4] S-H Lee, “The design and implementation of
prallel processing system using the Nios(R) I
embedded processor,” Journal of the Korea
Society of Computer and Information, vol. 14
no. 11, pp. 97-103, Nov. 2009.

[5] A. D. Blas et. al, “The UCSC Kestrel Parallel Processor,”
IEEE Trans. on Parallel and Distributed Systems, vol.
16, no. 1, pp. 80-92, Jan. 2005.

[6] A Gertile and D. S. Wills, “Portable Video Supercomputing,”
IEEE Trans. on Computers, vol. 53, no. & pp. 960-973,
Aug. 2004.

[71 L. V. Huynh, C-H Kim, and J-M. Kim, “A
massively parallel algorithm for fuzzy vector
quantization,” The KIPS Transactions: PartA,
vol. 16-A, no. 6, pp. 411-418, Dec. 20009.

[8] TMS320064x families,
http./ wwwbdlti.comy procsumy ticb4dxx htm.

[9] P. Ranganathan, S. Adve, and N. P. Jouppi, “Performance

processing,”

14, no. 1, pp.

“Cost comparison of image rotation

)



58749 GAoE Ag AF SIMD/ Huzo] ZzAN FE 9

of image and video processing with general-purpose
processors and media ISA extensions,” in Proc. of the
26th Intl. Sym. on Computer Architecture, pp. 124-135,
May. 199.

[10] R Bhargava, L. John, B. Evans, and R. Radhakrishnan,
“BEvaluating MMX technology using DSP and
multimedia applications,” in Proc. of IEEE/ACM Sym.
on Microarchitecture, pp. 37-46, 1998.

[11] N. Slingerland and A. J. Smith, “Measuring the
performance of multimedia instruction sets,” IEEE
Trans. on Computers, vol. 51, no. 11, pp. 1317-1332,
Nov. 2002.

[12] A. Kiikelis, I P. Jalowiecki, D. Bean, R. Bishop, M.
Facey, D. Boughton, S. Murphy, and M. Whitaker, “A
programmable processor with 4096 processing units
for media applications,” in Proc. of the IEEE Intl. Conf.
on Acoustics, Speech, and Signal Processing, vol. 2,
pp. 937-940, May. 2001.

[13] L. W. Tucker and G. G. Robertson, “Architecture and
applications of the connection machine,” IEEE
Computer, vol. 21, no. 8 pp. 26-33, 1938.

[14] “Connection machine model CM-2 technical summary,”
Thinking Machines Corp., version 51, May 1989.

[15] MarPar (MP-2) System Data Sheet. MarPar
Corporation, 1993.

[16] M. J. Irwin, R. M. Owens, "A Two-Dimensional,
Distributed Logic Processor,” IEEE Trans. on
Computers, vol. 40, no. 10, pp. 1094-1101, 1991.

[17] M. Bolotski, R. Armithrajah, W. Chen, "ABACUS: A
High Performance Architecture for Vision,” in
Proceedings of the International Conference on Pattern
Recognition, 199%4.

[18] S. M. Chai, T. Taha, D. S. Wills, J. D. Meindl,
"Heterogeneous Architecture Models for Interconnect—
Motivated System Design,” IEEE Trans. on VLSI
Systems, vol. 8 no. 6, pp. 660-670, 2000.

[19] V. Tiwari, S. Malik, and A. Wolfe, "Compilation
techniques for Low Energy: An Overview,” in Proc.
IEEE Intl. Symp. on Low Power Electrin., pp. 38-39,
1994,

[20] V. Tiwari, S. Malikand A. Wolfe, “Compilation
Techniques for Low Energy: An Overview,” in Proc.

of the IEEE Intl. Symp. on Low Power Electron.,, pp.
38-39, Oct. 19%4.

[21] ARM 926EJ-S data sheet,
http.// wwwarm.comy products/ processors/ classic/arm
Yarm9%6.php.

[22] ARM 1020E data sheet,
Ity wawilhotchips.org/ archives hcl3/2 Mon/02rm.
pdf

[23] Xilinx Vertex-<4 FPGA XC4AVLX60 data sheet,
http:// www.alldatasheet.net/datasheet-pdt/pdf
152986/ XILINX/ XCAVLX60.html

PN |

e e
2009 : ZAIHEkaL FFEFIAL
2000 @ AR FFEPIREAEER
Al itk
Tikeol © PHdl= SC ZHFE 7%
A=A, BEAe
Email: dowonbest@naver.com

L AFEFSAL
ook AFETAE A
2006 : Mgehskn 27 FATERESR: )
2006 - 2007 1 AMIRA HiEAER
AT
2007 - A Ageiska AARFE
TR WP
TR ¢ AT EAIzE, FRFETE
SoCAA, A3 A
Email: cheolhong@gmail.com
2 5o
199 : WAtk 17138k
2000 : University of Florida BCE 238}
2006 ¢ Geogia Institte of Techndlogy

al

BCE ¥R}
006 - 2007 : AT HEA
T4

2007 - @A ok HRERIRS
AR T
Traliol @ ZRAK A MiH= SoC,
T WEAE
Bmail: jongmyonkim@gmail.com



WWwWWw.KcCi.go.kr



