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REHLLSR, O F A 4 1 $ IR BE AR 2 (Moore’s law) THIINAE 18 /N H 8 — %, Wik T it B ERER
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FEARFEARHIME SR T 2P ERA i AR R L8, 72 B BB IR RGeS
R AE B R TEPE S 7 TH Y BRI RS

Bl BE R e A3 S gN 45 i (Dennard scaling) & HEZ D@ TV FEAR R (Y, — 7 T S AR 48 il %
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RGNS MEE R IR CEMELIN AR, R, BR T —Sop LA gk 2R AE 52 T8 v il FE T 2007 B ok, A
WA TR LT, BRI BT TN SR H 6 RVE sUBIUE AR TH SRR 2R 480 B I — s, i

SIRME: L, S, xiEik, & FEAREMIT R R SRS, hEEEE 5 ER, 2022, 52: 377-398, doi: 10.1360/
SSI1-2021-0163
Gao Y Z, Wu J X, Liu Q R, et al. Review and thoughts on the development of computing architecture (in Chinese).
Sci Sin Inform, 2022, 52: 377-398, doi: 10.1360/SSI-2021-0163

© 2022 ((q“ﬂ—?-" >> %,:Eﬂi www.scichina.com infocn.scichina.com



FEZ R TR R LR 5 B

TR TSR R I AUHT B R B THE R ST RETERESR AR AR T TR AR Gt S M ATEN T
7.

TR RIS APl DA R LS — H A HZUE R ST B, R A TR RGN AN
Bl iiws B MU E B THE RGN DIRE S TERE, BIE B IH R RGN 5% 4. BN FEA]
£ BN TH SRR & 2 AT BT 3 B R R SR TS R e 52, DRI AT A S 380 I E 7T SRR
MR JTUTEER, BIGEmIE . R RIG a5 BRI R G AN R A e Sk, el R 4
KBEE N LR RE KA =5, LR SE SR PR e 5 T2 N, SRS 7ok
e SR, AR BB T SRR R S AR B, HE AR S ANER B TR

BT R G (1 5 R I 2% 5 AR RO J& D5 R0 W R, AR SCER 2 9 MR FIE R . RS E LA HE
zh 7 A T EAZOR R, DL SROE AR A VA SR 2 T DN R R SRR I S AR REAT TR,
g5V A A MIE S SERVEE; 55 3 MM R, tFHEFR, UARGNMSE 3 Mot 7R
KIFH RGBT R, 5 4 WERE AR FERGT RS IA TS P, $2 0 1 o Gt
TR R IR HIRE S« FF s R RGO R A B S R B BOR R 55 5 T A ST 1 4.

2 RAREENLRNE

2.1 MNNRENMAEERREN

JS2 P 3 A AR 2 R SR R R SR SE ANV 261, DAV 85 55 I TR SR AN [R] 2
i SROE RLAE T — AR [ 19 W WA (Babbage) Wittt EEE 1 G AU SEHLIT AR,
MBS ABERNE AR, 52 MR RA . vt BARBR ], LLL T2 R RSB a1 s, 1154k
RIFREATN 7L A E 2R R RNE L IHT, IR R R B AT 5IX 4 DML

2.1.1 EHItE

FEVFENL ENIAC HILZ /T, AR Bt BT 7 2R, ZRT U HEAR %4, B
SR TH RS 1 A 2 1 05 FH ShRE T B0, B A A7l B R b a7 1 R B sl iR R ML, RS R 4
BeE T RGBT EAL ABC 2%, 1946 4F ENIAC ¥4, &1 Tt i, (B s A
&R ENARKAR: &, ENIAC AEES KM <G Thig, Hig Fsuai g e ife 2
T o B 2 SRR A E 2 LUK, ENTAC A B A AP ThRE, B0 78 58 s i 5 AN SEA2AE, ANRek
HAiz ST .

2.1.2 EAItE

1945 4F, 5 - K2 5 X ETIH (Goldstein) SR KR TIFEMNLE EEAM <101 TR, 12 H
T - ERETHEAN. W 1 FUR, 1D ERE AR A - R RN R R, A
FEAEfERS . ARG T, H 0. N, DU ASE, ¥ CPU SR, it it A [H
4844, ATUVETHENPIT Z RO F T EE, BAIEE SR EE, 508 7 BT AL T e
ThAg R — e e, BA “BRS T SE—U)nl v 500 @ i s R e, X = A T iR LRI (1 s
0 RS R R TR SEUR G —dht . — K126, JFILH 4l R gL mmn g 2. SCER [5]
B - KB R RIS R, TR T @A AR R, W 2 Fos. AR R A 32 B
RGBT Z B i), TR RS . 5K SR RN A — 3 Fa ) 2% 4 2 42 1l 0 A7
B, — 2 AN N SRR R B, 53— 7 T S R OB 8 B [R5 FRR A, 7R AR b 4
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Figure 1 von Neumann architecture

Input Data path

—>» Output

/
A Control
vector

N
Control code
storage

Controller

Stat
atus v

Clock € » Program

2 BRAHERREY

Figure 2 General-purpose computing architecture

T, MR AR Fr R 5 IR AR AR K 17 B0 30 B A 6 AH L PR 2 i 1) B SR s bR i i Il e B 5 A7
fitas, I HUcEH AR, e U AR EE (BRSNS S EUR), St Areih
S, R RS RGUIRES .

BE {5 S AL A AR N S B R A O BRI WS, ARSI RE R . MR RIAR 55 755K,
DL R E A Bt G X TS R U P RESR Y T BRI (R 23R, (R NATIAE IS - VK2 1A R e %
H A ROHEZE A, X TSR R 28R R T 2 A5 AR T S e BERE R U 1 2 5 Y
AT 7 HE R AR T2 A A B ST 0 AL AR SR SR FS A 1959 EIRE MK
BRI LR, 12U EERR R DiRE h e T EREAIEIR 0.714 FACPRELBIA WIS, SRR T i
AL TEES (CPU) FYI BRI RIS T, (RIS ok 1 AR BRI T B, AU AR T AR 5 42 S
IRTEREPUH R, I RERERR PIAE 4R T — 15, RN df2 a1 20 el RV, ik THEEANTX
T3 B BT FE R R D s 3 — T U R R B K AW i, LA AR T, O T IR RAE Rl L SEi Ak
B IE RSN BE, B TR R 2 AR A7 AE AN [7) 2 8] oh R R 1 2 5 Bl AT A B s s
ZEH4 1O FERRARME 2T, 2K ), IRAT 2 LA B, LR 2 R SRLFEHAT ) S5 HORAS BT R AT,
B IR BT RIFATYE SRR, 20T T RSATRCR; IR, AE BT e oA
TRl R GE > B 6 BIFERE R DU OB B A SR T I 248 226 Kl Ta & 48, Lk
Kefig 2 0O FERIE [ o0t S 28 I 5 SR AR ol o i (K148 2 4R45, 15 2 SR MR AL R AL oK 15
RO AN Gl N AR IR SR T, e —E R RS2 1l AT SR AR R R THSEZ R T, 2005 4
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Figure 3 Application-specific integrated circuit architecture

Clock —Jp

PAJE 24 S A ROST i /N R R B b S 2 5 X LI AR INE, SR B R B AR B A KO UL 2 4% )
A, WREEZ AT 5 FED@E TR R N T H B 7].

HL b, @A EEE TR T 200 5 5 T o R AR I P R R R S IR S BN
). SRR R AL F T & 2008 SEFF IR A% 81 Tick-Tock B & HMg: Wi H—1 CPU XM Tick,
I sh R A AR T AT — AR S = IR 242 CPU MERE; WiilE—4% CPU X Tock, ARk
RS A TR — AR 2 2R 47 b P 2RI 2 A T 21

2.1.3 BEHIT

1959 4, MM A TAERIA G - FEREE (Jack Kilby) 52 1A% - T (Robert Norton
Noyce) KB T IAREERLHLEE. 73 28 T IUACER B % ¥ Y IHUA e, — 7 THI I8 FH AL B 25 (1 1 B 1 B A P 47
BI—1%, 55— 5 FERHEH (ASIC) 7 20 tHhad 90 FARERAD. & FH A i 2 T 1) B Py s
S T BT AR L, CVAAE 2N V2 S 120 7 Y i i A A B AR 3L R R R T
5T HIFATIE IR, T AR A R K 5l AR RAERAR L, BRI ZERITE T R4
AT RE R, W 3 s B H s 38 o i ) ) EARYE L 1T R 7 3K e fildk LB TU R, 78
THEAT S AT I R o, R 5t e o 3 0 500 B BROIRES, T N — AN 20 1) 5 B A 3 48
AR, Sl A AR AR AE L, & B AR AR B s i 1n) R ) L JE TUART ) T BRI, S R O
17 Bk s 7R ERCR, BHIR A B RS 1/0, B B FN . ThFE(R ., tHE1kRe
B TR m .

2.1.4 SEERITE

BB SR T SRR IR . N TR ZREACRR L 5 2 M, LR TR B,
JEHAAEN TR TR, KRERNSFEABIRIL, 1T 30A B 5T, M R g PEGE.
e Ram e, DLRRTSEMESESR 1R s () BRI FE IR, B 7 — e U GRS A ST
HIRE L ET7 AR, T2 2w S AT FUAAL U Bk 30 FH T SRR R 5 2 RIS R A8, R Z0HT
MR FETT 1R, 2009 4, FE38 I TH5 5 & I THG i A R R SIS, ST [ = B FLAE TE 1 A EL i
SR TARKAFERGUERE . RRe . RIGTE, DL AT FEVE SR8 05 T 1043 & 7 RS o35 2 Ao
R ZR BRI T /R 1, TR TOTRE & i A RETH SR R ZER IR TE, S il T IS TS 19,
TERE T AU AR U R SR BOR Ty 1), B IR B GV . BORIZAETEMFE R I PERFAE, AT 46
RV BT A ZE 8 S AR X ARG L, JFT 2013 SR RIS SIS THENL, Ak SR E -
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REHEERE, Bl 50 AS THE AR AN A 3 )z S A B4~1910 2017 4F, DARPA 7E HL 72 1K)
PrHEE I AT T A E A E RS (domain specific system on chip, DSSoC) 201 FE A & SUIE
£ (software defined hardware, SDH) 21 PEANITH | {5 75 8 57— Foh CH {40 At 60 ) 2204y, @ik 518 s S
77 LI Th e 208 R DIRe I A 59 . 7E ISCA2018 K4x b, BIR %453 F John Hennessy 5
David Patterson &% “A new golden age for computer architecture” J# U, & Hi7EBE /R & 1 7E M1 2 S 1Y
[FIIN, A4 28 244 TELE DN KRR IR 70, QUL FH AR 2 06 220 3 AR e N LR R ikt o) 1 ]
HIE BT RS Thinker 231, ST PR FE S ) BIE I S AUE R, DIFERAR, RURetkem, Relg)
ZEBAER AN W F IR, DU R . 2021 436 A RARBE A KA ARSR AR
AR 24 TE AR H, B 2030 4, FRATTTRCE A E N — N0 L THSR AR (A I R AT e —
NRGEEM). K, MFARREER T [, S TR 2 51E AR RS TR 2RI

2.1.5 /&

TSR RGN 7GR N R, SR TR AR 55 BT SR A 2 18] 2 R R AL I 58
BT, FECTHAAE R HBERT, R T 2P 40RO, ek IR A g HrE X
— AR AR AU, PRI LR e, JCHR ARERIIRTT LA 2 1 IR b & HITH S A S S8 K
EAREE IR E AR R A W R RIVERE 5 AR IL S, EHNEFERBER, RGN Z, — BRI
LA AT RETCVR A, T EE 2 Vi I 18] A 5 8 B AR AR v T 0 FH o SR 78 208 Y 40K
AN F] L AE U S S A A 3R IR o, R SR AT e ) 5 /N U AR BT, BEUSSCBlE SR RE . AL
E5 RIEVE AN S L85 58T, AR FAR R I H 2R SR T7 7).

2.2 NERGELOTBUEERRY

AR BUE A BOER R AR T R RO 8 . BRARBEE S UL 1 B AR A7
Py TR L LR, LRSI S5 B S, (R TH S R R AN R I S, &R 4t
B SIBAT DR TR, KRECAT 70 N DAL B A O . AR &R L, BAR DU ZON

3 PMUTEL.

2.2.1  PAALIEERERAELD

AL BRESFE T ARG AL O T S, AR PRER ARI, HAHRVERE A IR, 17k 2 A BV,
A SRARR 07, 0 vk 55 R A B 0 B AR EOR B, 0 AT 990 B 3 2 e TR T+ Ak
BETHERCR, B, tHE R G R QMR 2 DUC S N ELO ). 1971 4, HIER/R (Intel) 2
WA IS - SR A B A S, B S SIS HI & o —, BRI N T IRAE, Bl AL 58
MER ) 4 AZP KRR 32 £33 64 4, I BFBR MR T 4.77 MHz B0 K 2L EH MHz J5 %
JL GHz. M\ 20 42 80 FARTTAR, Ffias 5 AL B AS L M APERE . R e B2 46 7 Th s T4 th B 1 SB0R
ZEBE. (ERAEZIEA R R T, AMIEIRRM T — R P HER AP E 2 [0 28, it
BRI A I Cache 598 PR P SME Al 9855, (ERE LI L 035 /0 Rl VDR AE AL BEES PR RE SR T D5 1D
FEXABEA, THEERGIR DAL BEES N DA T BT . BUARERAR N EL O (AR R W ] 4 P,
FERARH MR I - VIR 2R AR IR, AR B P AR B AR (CPU). A7Aifds, DL /ot B 555,
HE P A% a5 A0 T I A B 2 5E AR
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Figure 4 Processor-centric architecture Figure 5 Memory-centric architecture

2.2.2 LIEHESIAED

FRAE Amdahl 5 250, LA B MO Ho R A B R 0 30 9 B T R (BRI 2 L
AL B AR /R S R A B R, BVt 18 A 1 S i i L B, T 7 8
IR AN 7%, S FR B, P ik H AR 02 0. 77 RS LA A AR IR M
e EBR, T AL ER AR LA RS Bk f A B AR 290, B TS a2 T A B2 O, WA
A7 B ERR, DU TS 2 0. [ 20 4D 80 FEARTTUA, TEAk S 5 AT a2
5 5 R o 2 5 1 SR AR 2805 4 P s DA 282 R, B R 61 R R T 5
ARG () AR R BRI T % BRI U, SRR T
Y R A7 R M, DR e B 77 T 70, DR A7 H T 0 R, (L 24 i AR AR
SRYINE. TR, P 2R U T 0T AL B B R RS B A7 G0, 4R T AR AR T O 7L 77 O 290
S A, LA 2R T P R AR TR T 9.

W 5 %, DATE 6N 0 O R — R e 2 A B A2, b B B S 1 i A T S 5
AR VA HRAE. FANA T ST RV PR, Wi T 751758 BiTRLEAT . AP IR S AN AT (e
LA b ),

2.2.3 LIEBRKAED

WA Bl S AR L AW IR T, X R G PERE Fa R PUg g K, BTHR R G C & Joidki 2 R EE
BN TR, AT EL B E RS S BIVRE R E RS, fleEaBgat &l =
T, DL AT AR T, 77 B B B R S5 K 2 b L S5 174k RG4S Gk, @i ) RS
T AR A R AL PR S8 S5 A7 R G IR KR T R 5 oK, 58 R B B3 e i+ AT 55 B W R T 5. [
I, R EHE E LS AN E ORI R BIETAE. SRS R RGHIE SR LIIRYS
S RIBCTHE D, SR E N T IRERA 5B LM AP B LSO EO IR R A A 6 B

771, BEE SRR R R, 20 D 90 FEARH I I TR 2 A A RE RE D e X B Rl e B 2
HIEHGH B RGE5, B RS (SoC), C& N LR P AR SR EEZ R R 1. W& A
AR ORIEEIE 2 L IR, A AL ER A0 B e A HAd B A 2 TR ) v RS B AR 5 5L
BT A ARG R R BB R . Bk, LB EC TR R AR T PTREASE F AEE,
Fr X 4% (network on chip, NoC) IEFR AN TG, EEAFER REEM (29,301 | H %
i B132) g vk 83340 | JRtas L (35361 DU AR AL BT 38) SRR
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Figure 6 Interconnection-centric architecture

2.2.4 INGE

THEEZ FLO AR AT UE Y, AR AN RIS 3, 52 B 76 SRR KT (K52, B AR 1A S 2840 1
THA AR 055 B, (R R AR F bR & R v IR SR ST AR e, 3B SR R GTH . i A R 28
HO TS S Al AT A N R Z R RE RS R UL T iR R A 9GP AL 5 &5 i
TR R, BT TSRS A7 A AR A LA ], T 0 () X S A ROEF T 7870 B AT R A 1 2
AT IR R AL 2480, AETHSE R SR 2RI EE — AL . KRR AEAL Bl 55 = 2R & 17
K, R AL T S G PRI A F LT, W R G RIEE . @R T, YL
PRETESE T Bk B R. SZ N, TR R G IR B DA SO EC ) AR e LS )
O HE— R AR RE SR R A 1B DUREHA | ARG B 78 SOV AR (BT STT A S AF f
L) A, DA 58 SO 25 M S O RE SO i T J= R AL, e AR 3 I FH 7 3R 2422
THEEEH, AL EC N THSRE R, fER R AR I SCHL R GV Re . RE . RAETE, LUR AT FEE 4R
P S R ERTE, RARR AR R BB T 1A

2.3 M ERHAREBERLEN

THE KN 7 AR AETH AR P i R RE R B AT AR A SR AR 2. MO A5 2 N T
a6, X RTASF R TSR F SR, TR EN U U B RS R UKD . B IRED . BOE RS SRR
A1 3K 50, LA AR A

2.3.1 $ESRIREF

- VR AR I — A EE TR R TR IS, 15 Rk TR R G R A AT
FEThRE 1O, tho B ERE R 4 R AT A T, fR IR sl T SR TR AE P R GSCHE I
LA A A FrAR 2 P91, ARGE R G AT 815 PR T AR $E4, FFAE TR 4% T 52 i
B TS B S RS AKEh T 5 AR i, R TRB R — PRI E I 3 i R T S AR
ISk R AT TR 3 B AT SR Z 8K 5 15 T SR B AT 45 & A A 3 T AR BE &30 AT AT — DI AT i S
A, IR T E S AT RS

TRARIR R —A /D B2 BB RS T, oh (] 5 3 52 2% 0 [l A ] F el 2 001, 7 20 tHEAD
50 B 60 AN, — 5 ETHELHURE(F 454 PR 5, 53— T L PR 35 B L T A BE X BRI AR,
DRl e 46 2 B AR s 60 AEARH 3, IUAREE e L 1) L IR SERLI R SN T BRI RS g, A
S SR RERIESRTE, M0 H LRGeS A, AR DA SR DG T B, FERETIIOR (218 RN H 3 2
2 B 70 SEAQ, BL T R BURRIR R S R AR A 4R B39,
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TR RN BB AR R POE R R4 T, IR g R 5 R P IS AT 1%, @
REASWT I i LA SR 4 ThRERE I 148 4, FFULHEE L2 FEfb gtk / -0k 7 iz b T s ie & 46 4, 3L
FEFF SRS NEZ A KEAE, 2 EBIPATI K, AR EHMRZR, CFE2 Ik
T, PLECR AR P dl RS 10 RRE S, R AEHIGE 2 HE I BRI/ m s
T EHLAE A Z RIS SRR, (H AR DA LA I (1 52 4 P2 5 2 BT AR B R AR 7 42
TET AR FE, R 1% SR W 5 e ARG Bl H % B 3 G SR FH A AT 2R 4% I R IS AR S A T IR
]G ARAE, AR AHEMAE TIrE CAI e X, SBERSEICRBEM, MHIF R IR 5. H2
BRI ETR AR A N, R CPU &8 R AR 243848, RN 78X Ab HH 25 ThFE ok
BRI 24107, HATSRTESE T X 86 444 i F AL B 2% T2 A,

EEXT S AR A S TR MM . 45 53 2 55 o v /L, F 78 SR T 0 3 5, EAUIR B > 248 A
PR mTR A 5 X RRMBE S SEERR ML ERASWEAM L, AG— (I8 40, fp
BT REH AR THERIHE A5, X 5l A2 24 FE DUE MR 4 2 2 M IR T S RE I B
FRARHEVT BB A AR X ), R B 52 FE AR IR T B 2P R 4, DL R R BE4R T
P HURE 42 24 P 5 IhFE R %, B H AN IE RISC CEIsRRJE T 5 1%, M5 5 1 RISC-V JiH:
ZENT MIME. 8 5 48 RISC-V 2% 1 MR RIS B A Sk B 68 1 S L M Tt 48 & L 28
) 0L A DL 40 22 2% FEAilHE 4 S I IHT ) AN 5] B2 FH 14D 5 il e vk, AR —Fh 22 me b i a7 5t H B A e T
HAE e A4, T H I 58 AR IR sl it 7 HAE S AN URM) 2 N, B&Z3 T#EARFE Tl
I e SE C N

2.3.2 BURRIETN

HH R IR B A2 48 R F B I B R T SR 5%, BLTH ST 7 B s 8 HoA RO AloR %A, MRS 5
BAETHIRPAT T IR 7 . S54RSS AR, BB IR S AT T AT e BE, SR T
AT I AR THSRCRERE . B A AR« R AR R R, DRGSR GUIRS SIS E, e RS 2
T %Pt (Massachusetts Institute of Technology) ] Dennis $i&H 44451 AJ5i i, s iRl & —Fhit
SR BT 0 A B OC 2R S B AR B8O RV R R A7 v B 07 2 DR o SRR A o e 5t o 1
FAAE DRI, A B B L = U] 3 3O 7 RV 2 LA S AE AT 1 R AN G I e LAEAT R PP 4 5 5 1
i, BT LA B i IR s o AL A Ak, B R BRI s v S R ARLE 4R ST IR sl v A L T
AR BOUE . KRR SR BRI R S SN R 3RS 12 R [

FEFR 2 MR A Z T, F8 MK LB INEME 2 T BRI SN THEEAR, @ X8 0
B AT B MO 23 A1 LA 73 SR S5 484, R e AR TR0 A0 2800 B A2 5 R 8 A D9 1 & BT Al R 2%
s 152 B AT EORLE RGN LLAS [F) 27 A7 as A7 0l &, ek B e 2ot St i 4%, S RtV E A3
A5 SERIAAT AH R Rl 45 i ST e HE G2 o X, BN 2 N A [R) e 4 RE B8 7 AN [R] A 21 B
TG EIATHAT . IXEEHER I RSO B H G, SERIPAT THE B IR AR 3 T R AR,

FEVRACBESR BT T T, BA TRVt TR SRR E T IRAT AR RE, DA R R L AR
SR R S R SR O R R BB AR R R SR AL TR BN, KB R NS A R A X, IF %
HR— & B 7 I R S 8l LA S Bt SR 77 RO IRAC BE 7 . SCHER [47) B AL s o A2 5k RO R
B, 4B Stream 5 Kernel BAIBHATHIIA, SR W& H G RIE T Stream-Kernel JmfE i
B X SEPRRIRAN R R — B0, 25T Stream-Kernel PR gAY ) It A0 HE 28 50 il A4k 25 i b 47
TEIIWE, SEB T BRI AL, DR SRR AR, BB AREE 2 Imageine (48], RAW [49],
PLK Merrimac P9 25 H i Imageine K Z A7 2% LA E Cache SZEUEUR 2P fi4t, HIER R4
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7E 250 MHz E40 R i3 A8 I RENLIAE] 10 Gflops. SCHR [51] #2H T Godelet ZmFEiiAL, $27+ 1 Hdimin
B RLRE, SIN T 2 R IFAT IBAR, 380 1R d Bl L= k. SOk [52] 26 Codelet BEAISEHL 1
DARTS #4t, £ R EEW I T2 R G0 R4 5 8 A AEOE_ BT AE, 1 Codelet BRI 2
PR T SIE A S RMERRIE K. HIEE Codelet 7EPATIEARAT SIS (1 BHIRFI 26, SCHik [53] T )
BHEAN, RABEAE B B 8007 sttt 7 BRI S, REw 2 MR miE s JFTRE. GPU 2
SE AR IR S 5 B R Ik B 77 s AL FEAR, A\ 2006 AFFFURIZESEIL T AN CPU MtJ&E (19 % F ETE &b
PGS A T A R, — AR IR K T Stream-Kernel BRI 12 42755, 55— 7
i3 HE B KR T AT ITAC BRSO % o ST, DB R A R AF R mT ek, SCRERS KiEiR Tt
THEIERE.

PE2 TR T, 438K (Google) T MR RAN THSLIEARIR T MapReduce HE 54, Jid i
JUE E ) Map 1 Reduce #AFSEELSEIN Bl KMBIFAT TR K 407, MapReduce BIRE KA 4
BHWE R LA, (HR BRI Bt R S, BRI Twitter BETH 1 —MOTIERT . BA 70 sk
B 5 2 A TH R U T SEHESE —— Storm 91, 7EIZAE 28 R B0 LLIA T s IR AL B4R 4 2R Spark
HESE (O] [RI RS B 1 Bt i Ak 3 0 S8 AR, SCRRAE A7 rhons B BEAT IR ARTH B2, R 1 IORT i
PRI L. Flink P75 — MG 3 Bk AT SRR B A FRAE L, o s AT S AR v S A SRR e

FER RESE Ty T, —J5 1, FEX PR 5 HiA S R, B 0 0y e Bdie o B ik A\
PRZE LK AN R IR R T R SR R Iy — T, AEREAF I ds a5 i v, 2 N T p 2%
SER AT R ST RRE R EANE) 2 UKL RERS T R IFAT A L WKL BETT LRI SRR, B fE1E
B FERK AT RHE R BT IBIE W & DR IL A, DUERE R R R 5. X
ES S I €/ T el e S S

2.3.3 BEERSHFERELRFEE
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Figure 7 Reconfigurable computing processor architecture. (a) Reconfigurable computing processor hardware architec-
ture; (b) reconfigurable computing processor compiler

WPEMUIT Ao L B BARES . LA B FEmr DA Y, LRI S T RO AR I B 9K Eh D oy —Ff
WA R TH SRR 5 75 5K

2.3.4 EHIRFH

TR T T NG RIS 7 A AR AN, S DU I 4% (SNN) AR I HP &AL
AR SO 3N 75 5K, X NS S AR FE 7 U5 G U] AL, A= Pph 22 I 2% 32 BLid i p 4
TCRIBCSG FEMUK T (B4 ket 1] 5 kb 22 45 ) SEP A 22 70 2 [A) (A5 B A L. B — bk 28 EL A mT
DA AE R — A, B3 A& ok RS ARk b N 2. TR IRE) R, A& n s
T AT 58 B K R 5 S AR, T B kR AR, SR T S I 25 25 155 1 N IR AR FRIRAR
R, X GHERILILE (CNN), TEIFIL RN (RNN) S5 N T2 o 254 4 HEAR i B0l 2k 47
SRR R, R, 2ESORIRED T Rk 22 R0 26 AN RE ISR AR I 2 R G B 4w 5 4k
HRERE, BAMEGUE SRR IAT IR Sy, 1 H AR IFE R 35, ki 28 04 4 N B8N 2 5 el e
IS B ELR BUE R AT Rk R T, Be8 AT FARIKSN AL SR, RN SNN I k5 kB i 7 7R 2
B 2, BRIAE sSSP AAE R R, H RIS A R B8 SE M T A, HAl, SNN 7ESLi B4
Ab TN ATAL FEATIHRAG B T — L8 sE PR . IBM [ TrueNorth B 7F 8 {5 FH 4 s iR A S 48T,
ZAE A R DA A0 28 0 kAT A 1) B HORN A B R M L B SR LA 22 76 1991, Tntel ¥ Loihi o0 7ERE A
T SR L S 55 o) ) JROR TIEMIMEARIIZR M A4 T Loihi X fEl1b 25
BRSO Z, FEHEH 72T Loihi 5O R B AL T H R4t Pohoiki Springs, 7 1 {GANHE& Tt
HRED). RWBHL SRR, BN CNN 5 SNN 78 rf EMHEE & il —1&, sel 7 sert
MLGE BARRI . BAREES . B SRR 535 BRI, DL B 32k S Th R (62,

2.3.5 Ih&

R E L Z AR AR, JOH R/ E A HES . MOE 5, DA R SCRE N, 2 H AT
ARG EERIRAY T, B m RS KR R, (HR 1R TR R AT $AT 7 U BUL R e U H 2 2%
REIRE— D IRTHAAAE — € WA B it SR s B A Se RVE AT AR AL, BT = R RTIRe L s, (2 H
AT BRI A B, 7P A B AR — 5 B IR XE, AN 58 2 W R sl 75 s 45 & o8 TH B R g it b
R TS e PGB IS i U (R Xl A A AR 2 T SN 7 S Bt R Ak s U5 s TR i e BE A
A MRS, XORE TRORKIVERE S RREIL S, TR 5908 % I TH 575 sUARZS S, AR A

386



HEBYEEREE B 528 3

BT SR EN 5 2 AR IRB A — R R A U SR B 5 3K, A R 2 0 2B B2 B I AR 1 L
T, RN, JCH IS5 R = E AR, 1 R R UUE ), ANFT S REs T A
WA EXTHEERE . RRE, LA R MRS DT T R R A EOK R 22 53, T 1 AR BT 75375 5K,
A UAHEN & 2 0 T K 7 SN 2 AR A HLI 25 5 R, S O A HOEH A, A RE AR T+t 5 &
GIBATERR.

2.4 MitEUOHMBRERER RS
2.4.1 BiZ4Ew

FZ G I A AL AL AL BE 38 K WIS A A4 R, TR AE XU 5 2 A% 450 B A RLIR AR H R
M. WA BB, Pl AR AR AL B AR R S — N A L. AR 1971 SR SRR R HE S 5 — SR AL 2
W Ja, EREJE R 30 FHR AT—EEB TS B A TH SR T R R e, FLfEsh 70 120k B i
FE TR PEERED: SIS RS A SRR AT R ok 1 I BRI _E T S DhRE
=, PLRHIE A T . B AE 2000 SEHT S, BIFFCN ST, frn SRAAOR il 7 T2 i A e S T A B
RIERE, 2 2010 FFEATJE R DA BERHIE 2K HT R SIHLIIACE, AR T ERIEGA S 77, i H.
O A S MR TEVE RS2 1. AL, £ 2005 SR BLJE, AITASFRIB SR B B 4 DL K H i R K P R i
i, FeM I aaHT 2 A% 454

2.4.2 RS 7REGH

[ ) 22 A% 5 HR AE B AL B 25 B R A B2 A AL T ROZ AR A O B R 8 P AR I A B A
()AL AL BRI ). B SR AR JEE JR S RTINS P it A B PR R DR 1, 171 48 S0P PO 48 i S A 5 I o
PR ARTT, I R SRR ISR . (B I B RIIT 4 GHz I AATACHL, SR afim i i S A 1
THRSE R HNERE 2B R TCIE e AR I, B0 BARSEIE TV ALBEER A PRy 3.6 GHz, (HZ2ILT
SEAERE AN U ARy 3.4 GHz FI7= fh. FEH IR, 180K R 238 AR AR AZ 0
BN TR AR A BRI 55— AN SR LR R O IR S T L 8N G2 A A7 A7 4 55 IR A,
FLDRE 2 R LBk, FCHR R L R H e SR R S A2 B ) At R i) 240 B AR B 8 e ) DR 3

FL b, FAE 20 A 90 SEACNATH FUI 2] T I 0 e, — 7 I P AL B4 FL T A D e
R, 53— T U AS P SR B A I BT I PO S ORSR T S S5 A B AR O VR e, T2 HOEe 2 T
LIRS b 1996 A FUE R Z AL O A TG R RS Hydra 93] FEHTHAR K2 (Stanford
University) HEAE. fEREJE 10 SEr, WAL PR 8 PRE A e, AR 1 THSELIERERI R SETY, 1 Hov %
PRSI FFAT I SBOE T AP AOREAFIEA. FEBEE XUZ DL 22 A B A O DR R e, AT AN T i 57
AN, R By e 3 A SR L 2 A AL B AR I SRS, R S K IIFAT IR SR XA [
BIREAF IR SR T LA BETE, S B AR G BT e, TR S A SR RS BRI, H
R R R G R 2 A R AR AR AE Vv 5 N = T W 1 5 il A, 254 iy TEAR A IR B o 7 %,
5 I FAT AL BERE P T HEAT K S AL B RE 038 A R k.

2.4.3 FHBIRLEH

K4 2 A% G R FEAR R T DL R 22 A A B AR A% l F TSR SN 5 1. AR T S 2 %4
e, NATT3R BB 22 HO I A 2 T S A 2 A% S R M A THBLEOR, THZEARAE 20 120 80 FAUHIIFUEA
TATRIALET 04 BARBEAE HIFE L2 m0st 8, @A SIS A YRR Dol i T, (R REAE (5 S Ak dr IR
N, Bn BRI, MR R SRR, TR FER IR . w5 N TR BT Sk fe

387



FEZ R TR R LR 5 B

55 UH SR e SRy ) S e R e e ik T 4 R 22 A AR B AR B8 R R G LA Tz e iR
JENFH R, DR, AATTHR R H A5 1) [E] I S BAS [B] SO0 35 0 e ) 22 A2 4650 B it R b

T 2 AR SR SR T 2 Bl B AN R R A AN [FRORL R L A A RIS ALAR A4 L A RITHERR A
T E R NH G E— R G A5, A EHEOR N7 i 2 - 45T R G
Ll b, AR SRR T TH RS R A B AT S5 AT S I A S, DUE SR R 2 A HE
RGBARTER AT AT A A0 X FAE L T v SRR 70 32 SR P R SR Il 8 — 77 T 2 S
LA R RGN R, AMUERAA 5E &N, BefgidE N R TSRS S ) A T AR L, T HL R
K BRI ERZOANG —ERIE TR & 53— J5 G2 TR & i IR SO0 5 1 i Roh
], ELFEAT 55 AR S (R IR AT VA2 . A AR O AR A2 L B TR 55 IR AT 1 5 SR e A 1 B AT
K RIRE B, LA S URVC AR 55, Rltk, St ERAR R —Ma SRt - ra @ik
FEIRAL T 6 A8 I A B[R] T SRR, BB R B AR 25 I AT AR 5 1 51 & 1) e A IR A A AL
ik, DUSEBURARAGTHE H bR, AMUEFFAT I E S 00 At B HR D M 3, T & rE Y
AT N L fg 651 Rk 5 1061 DL K R HHE Ab 2 167) S8 4R A5 1 T2 IS,

MR TSR BT P A B T URL B R U, AT AT 2 3 3 (1) MR R T
RIAN 7] Ty i AN (R 2 B PRI 2 R 5 A 2R 4, 3 s it o EE R e SR K5 M DA S T B 1R R, i CPU
B\ DSP #REL FPGA MR-RALA SR AR UL A5 5 A EL 0] 3 1981, (2) &2 (SoC) FAThE, R
ANTRIIRE AN R ZE R R i AL AE i, FFIBE S M oR H ST 8, Bt odfs He 4 v A, £ IBM POWER9
Al 715 B BAER T — P T T HAR R 40 0 IE &8 NXU, BER R EHE R 4 B2, 2h 42 oty ab 3
W, H U FAR/ANE BT AR 1991 Centaur Technology 23 7 i 4 RE IR FE 22 ST WAL FE 28 NCore £
JRAE X86 SoC I, @554 CPU MWL IRES, SCREZ P 87U ME, v REY &, 2N R4 -
HA B A AR R 10 (3) R, RU R Z A . fEAFES i B &R0 AR
Chiplet J#it EMIB, Foveros 1X4& 2D, 3D H3EH ARERAE —NEEEBE . ML T, IRE T TTHH
AR A AE R BE N R, H TE ARG T TR AR AR R EL UK, Ty HLZE s 98 5 D FE AR AR HE 1k 3] 8
PEfdE; O B A AE DIFEAPERE T TR A & — € IOLH, B REYE BT RAE, My HZ KRB A SR v
F SR8 AR R B, RIS G i — HL 58 B TC T S 2, R 75 SR R A28 Ak, LN 77 I (8] B
ATHFERSIE T =L B, BT RO SR RIRE T2 Wit rik, BLRE SRR 5T s R 2 Al L
BT A TSR ROR AR, T R Rk B A 75 SR T SL R R e SRR, BN R K AT S
2.4.4 INZE

XTAEGE A F S, THE I RE S EORTEAR IR T S48 R A WA — 24T TAER =R, (H
BEE BE /R e IR R A, XM Ca MLk, BRI T AR FGR N R, &Y A EH%
O, ABRIFEE S [ BEAFE S5 HCH ) R F ik, AT — 7 18 SR P A 6 5 7 Bl 20y v B RELARL P e Ak B A8 20K
@Y GPU M AMLACER S, BEIR TARR S IZ UK, (B2 HA 2 KN LT AR 5
— J7 T MR % 2R R A PR 2% 2 K, WG I N T & & R AL B8 S, 3l R il & SR A 3 88 A
KBTI AKR AT R G AL RE .

2.5 MIHBEEEERAGEERRREN
2.5.1 HHEPBEEFET

W Eak, ARl TR AR R IE R T AR G, SR 2 Fe A Ak sh v L7 L 2 B s

Wt 8 T7 2, B — AN SLRIRE s R R R 8 8 R A =2 [ AR I, e R, EAE

388



HEBYEEREE B 528 3

19 1% R G0 5 AT 2R GUR AR I L S50 O T SRR 70 A A L R 454 JF R IRHSRAZ U T 28 e 2 A
PHZ AR SE E R, B R K E N BE 58 BT AE TH B 1 18] 5 12 20 BT A8 2 S I A VR e vt
S AEREPESEA I E IS AF T, SR A48 2R sh tH5R 73X, Reig sl — VIl THE R, B BRI
FAEPEES (W0 CPU 5 GPU 4&). A RUNIZEA KA TS0, R RE AN TG MEA5 Y, HRAE AN TR (8
A — AR R SRR AL, T LA AR Eh T SR A IR AR . Y. UiAE . AT, PR
a0 5 2 AP IR, KRR R AR 2 AT S AR HAE T SRR (Balo Prb i e E AR, mshReft.
Vg ) 55 B T AR T SR R AR () Sl T ORE A, B R AR S
KRR, [FIRE, FEREAT S5 [ HI 26 AF T, G RIS & B i R sh 15507 3K, 7T B AR 45 2 B 55
TS SR E U4 B A B RE PR SEBLS 2, e SEBUR R € M AME S5 it S, B EX
fPERE 5 RREIL S (A0 AISC &%), (HINIZHRE5H) — B it e R Reik s, PRI RAGTEARAR, EL ]
A5 G5 AL

FERFSE (0 17 S IS4, ARl A 1] 52 F) U S AR P T SR e PR S5 i AR ek 1 TSR
(R . ABAE AT R AT 55 2L THEVERE S RRE ZR RO 261 T, RS YE L TH SV RE S THE Rk RE Y
SRV THE R G f £ B VA ARE. DR AR 25 g 1] 5 (R A ik 22 JE it e R SRBOR &
JERITE K.

2.5.2 HEIZHEER

MR RGR R P e &5 ml LUE ), tHEYERE . THERLRE, LAROHR RIE T ARG RIRI
FlE. Hik, AM1—BEAERERBAAE R X, BEnT DUG0E A AR 88— FF S 288 Sk ik
S, B UOAE — 58 Y ) 8 AR v g RIS VI D e B2 BT IR R R I K, DR — e ARSI
REPE, ORI DAZk A L 4 i i T I I B T SR B 1 7 5, SEB R E B B B 1 A 4 (LR
(F) MR 5] PR SR ), AT SR B T S B ) s ) T 2 3RAS MR RE v RUCRE B At R A E 5 7 i) Fit i T 3
PR ES . IR G R BARAE, BRI TE S R = S 4 1 AR B R, X il = 3 A R PR A e (1) T
HTHREOR.

A E A TSR AR RE N S A B T B T 0 7 A R AR, £ A o 2 IR B HL PR S A L E i e
AL T, 54 HERBEARLL, W EMTHEBAA TS 0 RIS, SR B A T A
SRt e ge /), SR WMs it EAHL, T EA TR B S R R AR, AR SEI A B I
THE AR WU 72 PSR TR M B T LB IR 20 AT 60 R4, MR ZEAZ LR
(University of California, Los Angeles) ff) Estrin BtgH 73 tHEALA B 5157 RGeda w0 3 AbH 8% 1
— G K AT CAEE A IR A 2 R, FL o R] R S A AR A I AT 55 BT H SRR 5 T SRR AT
BUBCE Y, DLEd BT RS R SEILGS B FH AT 55 B T SEOINSE, T 3 AL B G AT S AL R AR A
THE R AT ). SR, — 5T i BARAE R F B NN B, IR T 2K PA IR, SB— ks T3 T
- VK 2 AR i AL BR R TDR R NI SRVE R A, T LLZ B SRR BIR 2 RVE.

M 20 228 70 FEAKTTIR, FEANE] 10 FF A TA) B, 22 50 RIAHGRHE L v A TH A8, B45 AMD
f] PAL, Lattice ff] GAL, A& Xilinx f) FPGA 25, X L] 4 FLI8 5 2800 2 5 100 v S 15 R K.
5 PAL, GAL &84 AHEL, FPGA S5 % WA F): ZEARZ A e i B R AR S D fi
RS, FEAZ T Al 4 J8 26 B, Reie SeILAH &2 4R Th e S I P g D Re, Il m
PR IS P A A A B I 28 g A S SIS 2 AR B T D e S 08 A PR T 2 [A) B T U BE B, ASEIRAN[E] 1Y)
Uifit. FPGA BB, mAEM RS tHEE . gfs RiE Bl 2 IR E L L.
HIRHET FPGA C& NN E ] B A TSR, (R W 28], @ HAE it R G

389



FEZ R TR R LR 5 B

JE YRR, AL LT REIRAE A (74 BB 20 4D 90 EAX, AITIZHIHAIRS] T FPGA 1
SNEIRLE I8 FH T S A A R SR RN T B R E e IR m A, TRIR DL FPGA
B BT I ) S T R A

SRIM, WA FPCA MM H 28 iz, H 3 EE stz Bl ok @A T EAEEEI N T K&
TUARATL IR, BUE TAER B 2 IR, B BJIR 2 7™ 8 JCANRL R n] H A Rk 75 B AR A 2 8 K
RIS AR A AR (A SREME R B P RIS, L BB T4 TR A i i oy A
TR, MR 2 2. ZIR T FPGA SS4KLE AT AT ERR B 5, AT F R
Hr T BT R R B, MR ] A T4 (CGRA) BB R K.

CGRA - HILT 20 4D 90 AR 7], HAET A RINE K E. CGRA Z AT LARESHRFLLEIR 5] Tolk 7t
ARG, RS A B ASIC FIRERUAMERE, LA HIIE 5 A AT gm AR 176). B CGRA
FARBIRAT, 724 T — &%) CGRA 7§, Il PACT-XPP, PADDI, PipeRench, KressArray, Morphosys,
Matrix, REMARC, REMUS %. CGRA R RZEM WA 7 Fiow, HEZERHFEEE:

(1) 58 PSSR S M. CGRA B BRI G RIGME, & FIBELE AT 7RIS 4T B B 30 e 3L x5
TR AR E ORI D2 R 08 R, BeW R AR Z BN K. Sl RS TERAN F 2 Ak
FET, 457 08 IR TG P AR 2 H AR B 75 SR 1 TR B e /b, A R s L e SRR
I, R I FH AT R VE A A AR CGRA TE R RORN R T 2 (] EUAS-~F- i 1 D% S iR R BT .

(2) GG SRR I T, 3 E, CGRA R F-AT v 5 U2 U5URD 5005 A% il 1 R AT T 5. B3k
I, CGRA FIH 7> 8 B IERPAT I B 205025 A N SR T — AN S RS A 7 sE 8l
ZRR. R TA SR 3T B 2848, CGRA AT LARE 6o 55 5% (19 1R P& Ut /K 28 4 o =l 45 JF48; AT
RIS 5 280, CGRA AT mTHAUSCR. R, 454 SR I 52 CGRA TEAFRRR TS
PEITRTHE T SEE R g R R8CR A R AR [ B R [ 2 —.

(3) B B AEHE R RS HAT. CGRA MR 1 2l e B i sl s ok k3, H i & & L PE
PefE R HIE, BRI E B F s H R, (HERANEE R EE 2 AT B8R IK I, K48 T it
FIRATHE, JF HECE RS CGRA AT DL B %A R R A W U8 i, 1X 2 CGRA REfE LIl E
Rif mEtERe S R = E AP O R R 2 —.

DA R IR AERS CGRA BT/ 28R 2 (1) ARFEREAY S britE, CGRA 74 N4 A\ dm e
BRI 2 30 5 ks, BT ER) . A EEE AP HILL K C Bl C++ FRmE S « AT
B ALAE R PR RE A . JEAT /R R AR AL L B, BIAEBH TR S g1, RABhERmIF
FOR, WAIE A E R 7 18 AT B ST B RR A 3 WL AR 7 2, (2) DL R A FRIE, CGRA AT 40N
FARLE AR (SCSD) B, FRECE £ 4L (SCMD) A, ZRCE 2 HE (MCMD) 4, (3) DASATHE Y
HERE CGRA A5 AR EINF AT (SSE). SIS SEWRMINIT (DSD). # B E S5
FRPAT (SSD), LAKBhA& W sh &R R PAT (DDD).

HHl, CGRA RERMKETH 2L T RITT RS AT dm R 5 K& IEAT 1 CGRA 2R
)RS | AR S ShFE LA R AT M2 B 7 J& - CGRA JRE S Z RAL I ¥t 5T R3S, DL AE#
W0 S5 o DAL T T I o 2R A R s A PR ATV B M, DA R A 8RS 5 T IR AR PR R, i BE RN
(IR 5.

BIEVT6BE 1T 2009 442 H HF AR 78 AR T B AORES: 181 A bR —Fhdh & R TR
ARG H ] B ERR, HAZ O] DRSS N 7RI S A& T SRR L A i A
AT BT AVCAC i A& R R S50, MTTE SRORTIE T 5 B AR I 45 5 20 RE, L 7E 2 A4k
7z B (a1

390



HEBYEEREE B 528 3

2.5.3 IhgE

THE R AR 2 AR R AU EEAEE: — A DN KSR S Ak ie LA, sk
PUTHSARSS BTS2 R, BAR B AEE MR RS L, (ERAE N b SUR A B . 16
SFARFARZ T e iR E B, 10 ELAE 8] B SRR T T SR ST AR B 3 R e ] L A1
RN, 3G AR T HRE R AR AR o ELHR S R 1 L TS5 S5 A WS D [ £ By i, I IC 2 DABE I
Wahit 073, BARAAAIEE S REERCR, (HARHIIREIENAR, B B K245 A5 I 8] R As.
DRI, vHEE B E AT RAETE S RE R AR Z B 17 JE . ik, THEE ) A, R gR
FA SRR A | B S E M S B EM AR SE GO AR R SR R Je 1 LT 1.

3 ARKITERFZHRENTFNK

EAER, A5 BEARKF AN TR RESAR M kA & S, R BACK S . Tokiast, LR AT H
AR TIRZIR . BEE S B e A 2R, Hols B 2 s, # A RN AR5,
FRFEZMATS, ANt DG K 52 & 2N, MR RGHR I 7 = 12K,

MAESS TSR AL, BEOR N TR REN FIAEAR SR TH SRR G o 4 ) PE BRI, EL7E 24 3T ARk
TR E N, ARG REA T AR T R GUE S5 I E B BB 7 — AR HAGANF A%
SRS T /15 S AEE . AR WAL B S SR A TSI RE 1, 1 HAL AR RS AR I A AR EE | 1 &
g, B BRI S5 N TR BEAL BRAT 555 53— 7 T MR an a3 N TR RE R g A\ 2 1) it 22K B 2
TREATHE R BACEERAE, AR R DB S 5s . SR & TN 5N & 4. R, KRR AR
ZrhREA T E S N TR REE AT 7, MO G KA TR, HR AR E AN TR s
IR R T R R, T H AT RN TR RESA R AR S BHA T R D A Ok, P B SRR
MESCHE . G R ) b Bk

MR RMEERE, ARREBHATT R R N TR REEOR, Rt B H &1 2R IER KE s,
MBS BRI R OB K5 2 HE BEBORBOR, PR, B4 1 S AR B R H B R SR I AR 565 1 A4
e, BAESRBOT R EBIRES N2 L, Wil S . SO BHREE, XA FISEREE S B A2 BR A
ANFERTEE T, B, THEOTIRRE RIS R, SEIL 2 iR — R T R RS 2R 2 APk ik
AR B & S EHE XS L) 2N, SRS DIFESR I 7 A 220K, B, £ PkRenn iz
TRIEREARIIFEE T R G I A5 3 DBkl N TR AR AR AR, A N T REA &k
ARG REA TR, IR 5 B O 5 2 B E MU R B, B BT TR R RE, TR, 2
BUTHE R REACE BRI R G R 055 4 DBkik. Ik, WTHERSRA L, THE RS JUH % K HL
PR SCI A B L THER AR RIE R AL L THRARE EOR T Z, L R R R R A AR RE T, i 5 2,
JRIFII i v R R ERE S T FE, AR R AR SR DAL — R <2 L PR 4F L B I BB OR, Tt
FIERE RLhE. RIENE, DL ALK C & SO B ACK T R S0 3 2 RS8R

MAGN AR, BEEE S ARBIERAN, R5R2 5G PRI, BLE =TSSR B PUE
RESNH, MeRFFIERAREZERAGERS, HEMHHEmaE . B R m Mg, b
PR AR E T B RIsn 2O RIGES. R, RKIPR RGNS R, B 7 HES A
WARENL LN % . PR I B KITHSERE T IR RO A 505 N TR REPI RSN A, — IR 24 B
AITTER ZR 280, SCBUREET a0 BR R 28 R R PR AR ), MU RTEE RS A
RN A BEIEACTH R R A 53—, B2 L A B 8% 7 AL N R RE T, R R STk
A ULRAIZAT, AT % RN 75 SR A DR T 5 RS B T ST 55

391



FEZ R TR R LR 5 B

4 BHEXGHEHZREN

4.1 BREEXGHESFREEMNEL

e LR LR, FEN RS AR BIFE 218, DUt AR eSS & 07 & 1 SN T,
TR RGOS M — BRI i ok i) R A A vh AR g A R o, AN TR RGBT
FERMEROAR, THE AR R I T — B — L B RS . (Ha I Bk, WA R MRS,
B REHLEAN R (R B BREAT HAFAE ) & BRI, A7 HAS Tk G ki 50 R VE . @ i
SEAR R IR DA R FH R JZ 2 A [ i AN, U RS IR IRt 505 30, DI RGE A R, (BIERESE
THE B RN, JCH T REE A A UGB, & AR il r i 1 2R 2R SR P T 0 5 S S0 R R SR A2 4
feAe it 5 EeR Ak i it ST, IR R 5 AR AR AT R, B RS AR, Aok TR
WINTI ST, AT MR Gt O R S 2 WA OB A, T BRI R i ok
TR TT 0], AL I S K JORE FEE SRR UK, BEX AN A TSR K, TR EE BRAE A A,
PERES R RE AR THE B2 2 IR 10 AT AL T SEANR R 40K E 1) FPGA SHIRLEE ) CGRA, #R I AE1F
WARSE Y EA, BC B S BRI R A Eh 7 ASE BT S R, S S RN A B B R L,
B TH LT L 42 R I I S ad REVE R 2. 45 b, — D T TN AR REEA B v (KT SR
BT AR S8 B HL AN AT I S ) Bk R R, (BB AR A TH SRR A, 53— D5 T AT P T2 AR A5 F ] E AN
AR S AE R SR N, LA AS RIEAR 45 M 7 2SR AN [7 B FH AT 45 (0 T30 425 440 1Y) DT T o B A5 B 1y
MIRERLEL. PRIUL, A R BEUS 47 IBEAE, K & 28T SRR L B B B le oK, T 1P U A TH SR S v A
HA E MU S RSS2 TR MR BAT IR A RORL L A £ P (AR, DU A SR 5 X
T3 L P RGP T B TR, BIR EREW SEIITH S R GVERE L Mg R R R LTS
I A LT 5 255 32T

4.2 BEEXGTEHFREMIAE

M S ZR 5K e P RE A B DL R B 44 28 2y T 23 A (R it B, ANB R AR TR Tk A B
2 VAR BIR R G B BT SEOLTH S AR Geidt— D R R E B AR, 1 LA R [ A AT FEN 5
(K AR R, T 17 2 IO FH UK R A 52 ST SR 28 2R L2 O AR T B 28 8ty skt (1 o 22
Ji 1.

A R S B R R T 1P R U, DA R SCHE Aty FEREA SRR AL L ArdEAL S AL
ISR L, KSR RE 7 LU VR & DKL FBE 7T S A A 3 s TR s B4 L, JF AR 2 BEAL AT P
R R, BLFE R AT 8 5 s R mT SR AR 25 5 i3 7 3, B XA SR 0 R HE . Bl
Sk, ULEREMHA, £ RE SR ERALDIREMATIR T, KB AR SIS AT AR M e B AR K
RALN VI

AR SE SRR R BEAE SRR AU . TR HZRNEA . RGBT 10, LR N RTERIE 2R,
HRRE A B U R AU A FRORE 5 P S AR B, A F AL PR A L L P AR R L VR 5 R P PT E A
WA SEBTE, LA 2 R A BRI AT S R AL, ST BRI A AT 0 B, DUEAR
P N R RIE N R E A EAUR RO, WIESS R R IBE T R A S RS &
Fi &%, VAL ARG RORE LR 1 2 55 22 AN JR D SEBLPE ) g S TS5 M), AR TP O] 3 X\
EEVML AT R . HLICR D AT R . LR 9 AT YRR L ELIC ) S, HE A A AT b, DU AT A
AT X35, IE R 2 R BT R 8 AR 1) R VE S Al SE . REUAET G SR IE I B Al
XHAEAFBRIRREAT G — 4% . R AR TG E 5 0, JR bRk AL i G RE 3 RS B2 S A A

392



HEBYEEREE B 528 3

Application layer

Application perception layer

Task/resource management
scheduling layer

Resource perception layer

Computing resource layer

Processing Intercon- Distributed Intercon- Processing
array nection memory nection array

8 MUHENHEEREMERK

Figure 8 Software defined computing architecture is hierarchical
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Abstract With the end of Moore’s law and Dennard’s scaling law, it is becoming increasingly difficult to
improve the performance and efficiency of computing systems by relying on the progress of the integrated circuit
(IC) manufacturing process. The evolution of computing architecture has become an important technical approach
for the development of computing systems in the future. In this article, the evolution of the architecture is first
reviewed from different perspectives, including the application adaptability, computation-driven mode, changes
in the center of the computing system, the composition of the computing cores, and computing logic usage. The
advantages and disadvantages of different architectures are summarized, and then the ability to computing systems
in the future under the conditions of rapid development of manual intelligence and big data is analyzed. Finally,
a software-defined computing architecture is proposed, and its key research contents and key technologies are
summarized, which provides a feasible technical approach for the future development of computing architectures.

Keywords architecture, software-defined computing, domain-specific architecture, heterogeneous computing,
reconfigurable computing
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