)

(19) HENTES A (KR)
(12) 55533 H(B1)

(45) F1dx 2022109274
(11) TE¥3F  10-2459985
(24) SE24A  2022910¥24¢

(51) =A53 &7 (Int. Cl.) (73) 53]dx}
GO6N 3/063 (2006.01) GO6F 11/20 (2006.01) At A HG
GO6F 9/30 (2018.01) GO6N 3/04 (2006.01) HAFAA mEEL QFE 100(LAS, 3l
(52) CPCEFEHF ghal)
GO6N 3/063 (2013.01) (72) 247
GO6F 11/202 (2013.01) A
(21) §%\ﬂ§ 10-2021-0161147 A% FAA AF277H2 19-45, 9205 (A5,
(22) =LA 20214119229 t]obre Al g]4)
AP TARE 20219119229 H25-2
(56) X872 A S M FAA ALF MR 100, 5% 12045 (A
KR1020030030624 A% T, FEoHE)
KR1020190094679 Ax HEde
#= AlAL] 9)5te] d8H 3 AEEEA AdE+ 5 Mz@ 67, 101% 110%
(FAE, FYdsto|zotTE
(74) di=g<l
FAHE
AA A+ 4+ F 6 F A o)
(54) el W3 = F43 R 76k BW 7145719 2/F 33 714
(57) of
Felx F43F w2y 7]Hk BN 715719 o/ A 7|Ho| AAFT. Wrgo A AQFetE ZRE F43% WE
2] 7]¥F BNN 717+ 2R EH e B9 371 CAN AL v 7)E MLJJr Wl A1 7<= ML(Match Line) %
A E e 549 F7F CAM AL G 7]E ML Hlasts A2 718 M E3sta, ik o R/E ZAaA717] 93t
o A7) Baol 271 AL A, Al 71F ML 2 A2 71F MLE 3] XNOR-popcount §14FS Aelx o 2 4=s)slr),
=/ R
| sb Bkt s 1 ab o Bz &m
T .. .S W ... S ...
[ MLy — M MLg_oum
! _ Sn
bl SRS = 1o M ) VR LB LELLTE — L youTe
. i % e, _ & & + & " S WL CUTH
T i ; M = I B, 5 = Sﬁ
17 TS S T3 AP DA L I TN S VA — — Mo Ol2
Yl | vl e 1 el | e s PP iR
1 RUPTE WS gy 401 B b 1 e oy 1 P VO g _‘—iiuuu
Mhi L o o] e - . o T e, T S T pe0um
; 11 P P A T T 1 P B i L; +[xaft+{xu]os l. Fz—: ML g OUTE
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(52) CPCES|EF
GO6F 9/30029 (2013.01)
GO6N 3/04 (2013.01)

A TFHE 1711139247
HAHS 2021-0-02052-001
2 a7 & B E AN
A A () 7138 AR3217]835 71
ATFAG g ICTATAE 54 - A LAY
A2 A [Ezbaro] [AH-] A~vlE RHZE S 93 AgAs Aladitea] 4 Ve g o
e A (1)
71 9 & 1/2
A3 7] E Qlattfstnl Akehy Hvt
A7k 2021.07.01 ~ 2021.12.31
o] W8 A Ygt FUtAFANEANY
HA THFHE 1415172978
A A5 20009972
v A A
A A () 713 A r|EErrae Y
AFAIE R ZFA A T G A 7] & )
o ahA AEE 2AAY AF AA tupol2g AR 9l SoC N (22 E)
71 o9 & 1/2
A3 7] B Elea P =i R
AF7I7E 2021.01.01 ~ 2021.12.31
FAAAAE 1 U
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n AR g s B 71 CA A4S 9 7)1E ML vlwEkeE Al 715 ML(Match Line); 2
C

AN S @ 71E ML BlwEkE A2 7S ML

A Z17] A8k 37 B9 F7F CAM A, Al 715 ML 2 A2 7] MLS 53] XNOR-popcount

71 Al 71 ML 2 A2 75 ML,
4 EF W (input feature map; iFMAP) QA& THE7] $J38) ML 2=$1X|ol] s AAs 1,

sk A Zetolgel A5 PP 4L AMAs] A F7h 97 D 2] Ade SRS

BWN 7H&7].

373 2

24

379 3

ALl lolA,

47 B F7b CAM AL,

37 Basl 371 M A% EFHE CAL o d0l1A WOR-popeount AL FATHO A BANS] ARTH A
& F7h UAY =) = glel o ofelol = diAl Fhs e,

T4 Wk QA7 sfudel oREE AT s F7F 2¥ F71ek I SRAM €171 #fe] HuhEi XNOR-

popcount XS 3=
BWN 7471

ATY 4

A 38tol] QlojA],

871 Eae] F7F CAM A2,

&7 B F7F CAL As EFeE CAM ofglole] WE M 2 S &8st oy AulE &4}

BNN 7}4:7)

AT 5

Al 71 ML(Match Line)< &3] ml2wixH s H9 F7F CAl A& @Y 7% ML Blasts @A)

A2 71 M-S E3l WA= o] F7F CAM A& 7% MUY} v]ash Al

AxL O F/HE AT Yotel A7) B I CAM A, Al 71 ML 2 A2 7]F ML =3 XNOR-popcount
AAE MY H o St O

A7 AL e FE A7) fldte] A7l Hae]l F7F CAM AL AL ZIE ML R A2 71 MLE Fal XNOR-
S =



[0001]

[0002]

[0003]

[0004]

471 A1 71 ML 2 A2 71 ML7F 9 5 W (input feature map; iFMAP) 14& wHE7] 918 ML 22914/l
o8 AR I, sk WE ZeolHe] Ao (FNAP AL AMAsly] 9 27 ¢y @ 2] IS FaEis
BNN 7}4:7]19] 95 AHA b

A+ 6

2HA

TR

st A7 B F7F CAL A, Al 71 ML 2 A2 71E MLE S8 XNOR-
Y=
A7) B F7)F CAM A xEstE CAM ol#o]ol 4] XNOR-popcount GAHSE F3)do 2 x4 BN AEFA il

= F7F OAd = 3= glo] CAM ofelol= thAl 7hsskr,
st=dlo] e FES AAaATI7] s F7F 29 F719F $ SRAM ¢7] Aol FukE= XNOR-

A7) Bare] F7h CAl AS EFSHE CA ofellole] WE WL A BEeke] deoly AelE BB

W] 4
7l & & oF

e FRlx FAst v 7Rk BW 7HEr1e] oF A W g X o] 33k Aot

L/ I

o3} 2% (Binarized Neural Network; BNN)< 7}sxl9} &A18l7t dlolE o] ¥& £ st=do SHAAM &
g 7 7HA ghow AT el A ATl dolA W #AE wdvh1], [2]. AR, HEo A
A g odlolH A% 24E AEste 7€ AFE Al2ES A aas v 11 voly dFoR s o

A3 B A9 9 A eHs=s dew .

VEC T
(B &3] &3 0001) [1] Y. H. Chen et al. 2017. Eyeriss: An Energy-Efficient Reconfigurable Accelerator
for Deep Convolutional Neural Networks. IEEE JSSC, 52, 1, (2017), 127-138.

(B E3E3 0002) [2] S. Han et al. 2016. EIE: Efficient Inference Engine on Compressed Deep Neural
Network. (2016). arXiv:1602.01528.

(B &3] &3 0003) [3] M. Courbariaux et al. 2016. Binarized Neural Networks: Training Deep Neural
Networks with Weights and Activations Constrained to +1 or -1. (2016). arXiv:1602.02830.

(ME3F3 0004) [4] M. Rastegari et al. 2016. XNOR-Net: ImageNet Classification Using Binary



[0005]

[0006]

[0007]

[0008]

[0009]

[0010]

[0011]
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Convolutional Neural Networks. In 2016 Computer Vision, 525-542.

(M E3 &3 0005) [5] W. Tang et al. 2017. Wang, "How to Train a Compact Binary Neural Network with
High Accuracy?. in 2017 AAAI, 2625- 2631.

(R &3] &3 0006) [6] D. Miyashita et al. 2017. A Neuromorphic Chip Optimized for Deep Learning and
CMOS Technology With Time-Domain Analog and Digital Mixed-Signal Processing," IEEE JSSC. 52, 10,
(2017), 2679-2689

ME3 &3 0007) [7] K. Pagiamtzis et al. 2006. Content—Addressable Memory (CAM) Circuits and
Architectures: A Tutorial and Survey. IEEE JSSC, (2006). 41, 3, 712-727.

(M &3 &3 0008) [8] W. Choi, K. Jeong, K. Choi, K. Lee, and J. Park, "Content addressable memory
based binarized neural network accelerator using time-domain signal processing," in ACM/IEEE Design
Automation Conference (DAC), 2018.

(HEF &3 0009) [9] H. Yonekawa et al. 2017. On-Chip Memory Based Binarized Convolutional Deep
Neural Network Applying Batch Normalization Free Technique on an FPGA. in 2017 IPDPSW, 98-105.

gl g

s dsle= A

2 o] o] F 1} st Vled HAlE =] oF FES =ol7] fa od HE A As &8st A
B4 AYe a8dom Fdstal, oxlstd HelHE ARgSte] mly Av|et AEFA At BRAEE =
2 4= 9l CAM(Content Addressable Memory) 718F BNN 7}&:7] @ 72 52 WS AFst=d k. Arats
CAM 7]¥+ BNN 7}47]5 &&ll ML(Match Line) Al Zs 5 T4 W= g A5 A At 2 st=4lof

A HE T

A Fdel oA, E YA AtshE Fdlx T4 WEE 7Nk
CAM A& &+ 7]F ML} ¥laehs Al 75 h

Hwahs A2 715 M-S £388ta, A3 /2 FAaA717] sk A7)

A=
A2 715 MLE E3a] XNOR-popcount @AAHS HEiz o g7 S3)3it},

o~]

NN 7R v EE B F7b
o F7F e A% © 7)E ML
o] F7F CAM A, A1 7]& ML %

1 71 ML 2 A2 7]& MLS 98 =A% (input feature map; iFMAP) 94<& wHE7] & ML =¥ A4l
o) AAx L, & FE Letolyd e - iFMAP S Auidstr] Y8 F7F 7] © 7] FHAS 3.

7] JBel F7F CAN AL 7] 549 F7F CAM A& 283t CAM of#lo]l 4] XNOR-popcount AAFS =33t
o zA BNNe| AEFA As F7F oA =g 3|2 gle] CAM of#lol= WAl 7hestH, &4 Wste Qd
=90 eRES AAATI7] S F7F 28 F719 7 SRAM 971 #hde] FmE= XNOR-popcount M-S
REi=s

7] Hare] F7F CAM AL 7] He] 27 CM A ek CAM ofdlole] B M #& &-83te] dlolg
Aels F4ghe

T OE d Sdol glojM, B dgea Actsls Fel= Fadt vz Zuk BW 7FE719] oF A4 Wy
A1 715 ML(Match Line)< &3 wlamjAs= H59 F7F CAN A& @Y 715 M3} vlawsts oA, A2 7]+
W& B8 mFEE 559 F7F CAL 28 9 7]& ML ks 9 3 Ak R FE BAA77) Sjske 4
7] Bl F7F CAM A, Al 715 ML 2 A2 7] ML 53] XNOR-popcount A4S AMelx oz 433t dAE

gl g4
Hodig o] AAjdEo] whE CAM(Content Addressable Memory) 7]¥F BNN 7}&:7] @ 1 5% #HS 23] sl=9
o oF FES =07] Hg & ¥E HA Y-S &8st AE5FA S a&4o=w Fsta, olxstd

_5_



[0012]

[0013]

[0014]

[0015]

[0017]

[0018]

[0020]

[0021]

[0023]

[0024]

[0025]

[0026]

[0028]

o8& AMgste] WEE Z7|of AEFA ditke] HE34S &9 4 k. AQksk= CAM 7]HF BW 7}
&) ML(Match Line) A4 #% J ¥ 2} 2 e ¢

of

Eo] Zhder H

T 12 ® ool A AAjde] wE BW 4k 1Y xE YERlE ot

T 2% B ol o Ao w2 BNN #4438} 2 XNOR-popcount & AW sl7] $g =woltt

T 32 2 e A ool wE CAM vl 719k XNOR ks Astr] 93 =wo|t.

T 4% 2 owrge] o AAloo] w2 CAM wWRE 7|8k BN 7147]19] 3 2E e Edoltt

T 5 2 o] o AAde wE ML 2=9AE AFES ML A4S AHEhy] 98 =doltt

T 62 2 o] o AAdd wE tF 7E A BHS AEehy] 98 =dolt),

T 72 B owgel A AAde] wE CAM #WREE ]k BN 7bEr]el of AR e Adshr] 9%
sELZolt}.

T 82 B ool o AAjejo] wE CAM HlRE] ZIWk BN 7HET]eh FEfrlEe] ofF A ARE Mg mwel
}.

Wy A7 Hek FAF g

o]x15} 417" (Binarized Neural Network; BNN) AH]§ ZAEFA Aibs 9% 7P a&4< 4% 5 skt
ojth. o] gk BNNell A= o]xste Ho|B & Ab&ato] HmEe] A7]9t HEFAA Aste] S =9 5 v
o]

CAM(Content Addressable Memory) 7|WF BNN 7}&:7]%= CAMol A €+d wWE AA 24 &85}
< Howm sk 4= Qlvk. spAINE, CAM 7]F BWN &F=9jjo] €] kL
A

e} =
= 5
e T o WER &) A AFAgol AzsiAl AstEvs Aot

ulgha, B g sl=dge] o F FES Y 4 9
719k 7}4:7]% XNOR-popcount i g5t i

2.33%91 A4 1.26%%2 A3t} o]3f, ¥ whgo] A oF HEH TS 7|Fste] A A,

T 18 2 o] o AAlee wE BW 4t I EE UEhdE =doltt,

T (a)e= +13 -19] ojx3le HEZ 7jdto= 3 BN FA At el 5 Jeldd[3]. sAut, gs=3te
BW 3t=9o] 8ol 49 -1& AL8-3) =
18 022 WIstH FA4 AXS 9% JgE7F = 1(b)
ATt

= 2

rr

B oy o] o AA|de] wE BNN 43} @ XNOR-popcount & A™3sl7] 93k =Holt},

% 2(a)e] BNNOA] post-accumulate signum e T 2(b)$F Zo] n/2(3F2 FA7)el Aub) AAZEY vl
Abg3le] HE 712 E dalkd wigE 4= 9.

= 32 2 gl o Aajde] upE CAM 2] 7]RE XNOR A4kS Awehy] 9fgh =wolt),

CAMZ e 4 wlelelel A€ vlelelE walste] dAate 91xe] F4E5 W, = 32 67 SRAM &
Zeof 2-2~B NMOS EfX~HZ A" CAM A4S vebdth6], [7].

0

CAM ofelole] ML 414 AHEe theah ol AWa 4 girh. ML A 4 WAl ol Hel SL(Search-Line) A& el
oA g ML $RE $Ae] Aa AAZ NBAFAG. W A FA DANA oelole] BE e AL
Fo7 91a) A AT SL o] A4 dolHz A4HW 2-28 NS EdA~E} A4 dole g} A%

_6_



[0029]

[0030]

[0031]

[0032]

[0033]

[0035]

[0036]

[0037]

[0038]

[0039]

[0041]

[0042]

[0043]

[0044]

[0046]

[0047]
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AlQrskE CAM W& 71%F BW 7H57]1& A1 71 ML(Match Line) (Miggro) 2 A2 715 ML(MLger1) S Z3HgHCE.

AL 715 MLE plamfA s S0 7k CAM A & 715 Mt Hladoh, A2 7]% MLE s 559

F7F CAM Ae & 7] MLt Rl o], AX o /FE #AAATY] Y8t 7] 9 71 CAM A, Al

71 ML 2 A2 7]F ML %3] XNOR-popcount A4S Menzl oz =ad 4= g},

Hodkg o] Ao whE BNN MAC(Multiply Accumulate) S3AbolA 43 Xi= CAM Aol A% wto wFEa 2

A grel w== 7R (Weight) Y=o o8] AA ).

o 95E agste]l WrhE ML 715 MLe] A A|AS Hlaske] XNOR-popcount M-S FHE 4 Tk
o

[41, [8]. = 9} 2ol ¥ 7ZtEX7F SLel dZAs 94E 54 W(iFMAP)o] CAM ®igol] A d=o] XNOR-
2boll ALgE 4= Q).

a2 E9o], XNOR ¢14F2 CAM Aol iFMAPE 715XE wluste] =3 Ech, ML WA #1912 v]2m)X] (mismatch)
CAM A9 o wal delxez A FZE7E 53 MY A 7= S Hlﬂé}ﬂ ?i "1 QA F2 0

popcount €3

g,

T 5E B g o Axdo] whE ML AYAS AFE3 ML A2 A9eEy] Y3 meoelt

W 1(Bank D3 W3 2(Band 2) Abolell $X]3 ML 29X Y &etoldo AREAT, WA & 5(a)9t Hol
XNOR-popcount A4FS 47]9] MLo|Al FAlol a8t} o 8% IE &Elo]golA ML 22 Zaslk iFMAP
AAE wWE7] 8] ML 29 Xol 8] AFAEH oF 3l a=x o s FE Lgtolde Ag- H4d
iFMAP 28 Awdsly] Y&l F7F o171 2 7] 2do] Hasitl, 4= % CAM o#lo]olA] XNOR-popcount A4HS
TAgoRA BN AT deFA i F7F OAY =] s2 glo] CAM ofdlol® Al 4 v, E=F

CAM of#lole] WH ML 2+ds &-83te] CAM 79k BNN 7k&57]ell A & diole A#s 24388 5 Adrt.

Ak, CAM 7]WF BNN 7F&5711819 @42 XNOR-popcount A4Fe] Aol I Wl ol&] MslA o9&
F

T
4 e 2dduE Aolth. ol A2z wAavA| xpole] A9- XNOR-popcount ko] At
e

D

Jol e F7F4¢ 22 7]k XNOR-popcount FAHS Aeiz o g —?333}04 ﬂ’& PLTEr% =d F Ade A=
A 71HWE ASrstl. XNOR-popcount 4+ @ F+= Hr7lE ML 712 M
= H|2z=ujx] zpol7) S W ML W &=} 7?”}%-’?%@

o':ﬁ‘. tio

P

brge] AAlefol] waw, ML A A= £AE idsty] Al = 49 o] vF 7S ARgske AlEE
Aol A 71 vt o] 2. skl 715 ML(REFO) ol A, w2l =] € 371
& 57b webxivk, 9 thE 7)$ ML(REFD S 3709 F
R

7% ML(REFO)R 7] ML(REF1)& 747} SHIE w|zmjx] 9 3H|E w|2ujx]o] Z9-ot}. ujAufx] 9JHo| §l&=
Aol MLo] WHEA ol HrkE ML o] 713 ML(REFO) 3} 713 ML(REF1)S] AYgEtTt B4 Hvh. upeba,
XNOR-popcount €34Fe] 7 7FaAS A9 0 ot}
A R BE vzl Ee] grbeE ML 715 ML(REFO)B! 71% ML(REFD Rttt #4 whaA ddses
739 XNOR-popcount A4kl A =& AFAHS 712 4 o}, ¥hE | AU E w2 X](4bit mismatch)2] 7% 1
HA] Zpo]7b 2171 wiZ-ell XNOR-popcount A4F Al m=7h woh ML W £%7F 7 7% Abolo] fiA|st= 25
S 2F AFIEE 2AstEW FEo® UAE =2 7|3k XNOR-popcount AHS: k= Ao] i st
upbA] 2 odrge A AotslE VIHE B WEE QA% st=Ede ei&S &3sty] f8 F7F 28 FU19
7 SRAM ¢17] #o] Huw=+ ¢yAd =] 7|9 XNOR-popcount SA3HS- 4=3)3hc},

= o7& Eougol A AAde] w2 CAM WRE] ¥k BN ZH&Er]e]l oF AR whis Awelr] ¢
5

o

o
Heb

rulo
e

b
‘

Aeksk= CAM =2 719k BNN 714719 o7 AA W A1 7]+ ML(Match Line)S 53] vxvjx == 54



[0048]
[0049]

[0050]

[0051]

[0052]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]
[0061]

[0062]

[0064]
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o F7F CAM g & 7]E ML} wvlalshs BAI(710), A2 71% M S8l o)
d 7)# ML v¥asks @A (720) 2 AXE
12 715 MLS %3] XNOR-popcount 14HS

Fo F7F CAM B
FE #7171 f18te] 47 599 F7F CAM A, Al 7]+ ML 2
2 2 st dA(730)E Ege.

2
(o

[}
.
A

2L

A (710) A, AL 7] ML(Match Line) & &3l vl&am Xy e 549 F7F CAM AL &Y 715 ML= vl g},
HA(720) N A, A2 7] M-S S8l A s 599 F7F CAL AL & 715 ML= vl g},

GA(730)0 4, A eFE A
XNOR-popcount A3FS MEjx o= 433t}

L =5 =5 2 EZ W (input feature map; iFMAP) 944S
E7] S ML =914 o8] AA¥ A, sk I &Egolde] AS iFMAP &S AuEsr] fE F7F ¢V
Po

RIS

=

2l o] 71 CAM AL F3Fet= CAM o] #@o]ol A XNOR-popcount XS =330 2

B\NS| ABFA dAaks 7 A d =g 32 glo] CAM o#eol2 Al 7Fssith. B wgoa= 34 Wtz

=9 71 &l F7F 28 F719 g7 SR ¢17] FHde] HulZE XNOR-popcount A

s oy, EI, B0 b CAM 2SS EEsHE CAM ofdlele] ¥E ML S #-&3te] dolE A
5

82 ¥ o] o Aafdlo] whE CAM wlEeZ] ZIvk BW 7FE7|9F Sevl=e] o7 A 2

=

£ Hlugk =o

wowge] Adde] wE CA 71w BW 7HE71e) made AEe) e 4
LeNet-5 Zle] % W) ARTFH dolold THATY
15040) 7} CAM el elo] ob7lejx]el &= Ak,

%= 8(a)+= 7= ML H7Fel ML ml2wfx] S=2] Aol (Mismatch Difference)2} ©@d 7] 7|4k CAM ojd oo A
XNOR-popcount 34Fe] A4t A& (Error Probability) 7Fe] #AE HolFE&t),

28mm CMOS 71=& AH&-3te]
stz] 98l 5719 WAWMLT

®
fou ]
w2
-
(@)
t
>,
it
=
o
2
o
o

Aed vkel o] wjaulx] Zpole] Augke] Frietd Al Augo] ZAagit. AQkskE CAM ool (Prop.)+
=2k A Ao FHoksk H9o gRE =g 3]E 7]% XNOR-popcount GAHS Fa3}7] wjFo] &= 8(b)9} Zo]
A 715 WA (IRef ) HY 4 ¥ 52 Ao&8 Helh,

E 1S BN 7157)e] oF S8 9 BR A9EE 0ng wolth.

<3 1>
XNOR-popcount error Fashion MNIST
probability classification accuracy
iy . 84.37%
Accuracy
1Ref. 7.51% 82.04%
Prop. 2.88% 83.11%

¥ 13 Zo] Uz} XNOR-popcount A¥e] ML A4 o7/ &
% |

< A8 u] Fashion MNIST H|AE o]u|x|o
gAdsle] 7.51%7F vrAE o] LeNet-504 A 17] A=

L

T

]
o] 2.33%7} Astet). HhHo] AlotE W
7+

(A

o}7]8 2= XNOR-popcount <A4F Q7o) 2.88%%F EAE Rom o= F=fo] F{olA 620 HAE
ERATE. o] A2 A9 1 FEmet vluwste] 1.26%9] BF ASE AR olojxith. wg AQbE BN 7t
[9]o] EAE 71¥ XNOR-popcount Aol Hl&] 4= olmXo] thaf] 51.72% ZAHE AA F712 ST = Y},
ol9} o], E wlgorMi w21 7 CAM 7]k BW 714712 938 A2 AFA g e aetait)
B\Ne| Atiat ALFH AXe FAHE CAM w4 XNOR-popcount AXte 2 tiAE <= vl HHE ALFA A
A CAM ofdlo]o] ¢bd WY HMom e ¢ 9lo] A4k Aol 50% o FdETh. 3, ts 7Fe] A

&l ]
Ate Al WA XNOR-popcount L7 &E TA|E €483} Fashion MNIST 7 HAEZ=E 1% ©] A
2= oh;}
T M .

gl HBE FAE Hedle] FHLL, AXEde] FASE, R/EE Hudo] THLL L AZE]

e



[0065]

[0066]

[0067]

[0068]
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FAax 2For FHA F Ak, B S, AN SeA AuE FX L FHAAE, dE So], =g
AlA, FEZ9, ALU(arithmetic logic unit), HAY A& Z2A|X(digital signal processor), mhola =7
FH, FPA(field programmable array), PLU(programmable logic unit), Wwlo]a2ZZEAA, HEEs H
(instruction)S A&t SH + = vh& oW Ao} o], 6}4 olA}o] WME FFE Tl EL
BRAS o183 2RD £ At A AL YA 2 P £ A o4 SR —am °
o] AZESo] fEeAolde 3T E9

A AR, 22 Ay 2 YAE
A A% YA, T
(processing element) /%= %
= _t#_/\ 7H94 ﬁi}\lﬂ_‘l

0T
(parallel processor)9} Z+

=

AT EQ Y= AFEH ZT 21 (computer program), FE=(code), W#H (instruction), X ol F 3 o]
23 23 o, dske dE sAstEE Ay FAE AU SHAoR e Ao
(collectively) A& ZA& WHEE + U} /\:‘IE"]‘H /% oy, A Fxle oste] A=A
Azl Axlo] M m dolHE AEs ] 95k, oWl §39] 7|4, AR % (component), E8]& A, 7}
FA| (virtual equipment), HAFH AG wix] e FXlo] FA S (embody)E + ATF. A2ZEojs HELHA
2 A% AFEH A=y Aol BatE oA, BabE o R AFEHAY AdgE Sty AXES e 9 fo]
HE sl oo HAFH = b 715 uiAel] AdE

iy
E

72
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