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3 E The theory of systolic computing is twenty years old now. Many design methodologies ,

techniques and systolic arrays are proposed. In this paper. we discuss the nature of systolic com-

puting and present a framework for all of study on systolic computing. As a result, all of papers in

the literature can be analyzed systematically, then places where study is incomplete are exposed,

especially two which are*not received any attentions at all.

K@i Systolic Computing, Non-Von Architectures, Processor Arrays

1. SYSTOLIC # %

70 R K Kung #ET — T HFHELSKE
R4, #5 SYSTOLIC #4041, s fbit B #xd
FHENEL EREREMNTLE, HIFER . K
B A9 4 % 5r 1 E A RE 5 (B T A 138 % #K SYS-
TOLIC &#3 5 SYSTOLIC %3], R EHit B
TLEEARIFEAE SR BN AL BB TR REHE
- EMREERET S E BB — TR
BT TXEHBRALX S L. EMARAES
FINBIE RN EE., FEEBRTOEER
A EEEERZRELHRA BB TER AR
BRPHBELT ENEEEINOHERRTE
SR MERETFHBEERIER. ;

i L7748 SYSTOLIC i+ ®B& & K. D — 5B
BEEEF BT ALBERETER A2 E%
) Von Neuman &i#3, K A ZBEREHREF
RS XEE—, KAHERT R EHBNFER R
a8 (Kung #2248 Von Neuman JRF) ; D) BESFH)
s RSB B — & AR RR AL HER
AR A I K 2 B O S A B BRI R K&K
BEFNER EMXHEmAARENFTHEU

K ¥ BRI AT B AL, 3 SYSTOLIC
GE— LW EREA B O MR IET RGO

(S REELR B EERETD KRS
., X5 & Kung 185 SYSTOLIC(L 4R )ix —&
EMREE.

SYSTOLIC #:&—#H . KR35 THESHEE
MBI T EREINZE SR EBRNERME
S EFETH—HEEERER:

s KENTEEENEE MBFESLR ¥
HitE ERXEHESE FREHBRNE HTER
&,5FH SYSTOLIC BT .

- SYSTOLIC B% &4 b m B &% Ait
HRAR BN BV RERME RN FhER
M. 5T VLSI L., MFEESEH AR (VLS
WSyt ., —4 SYSTOLIC BEFI T L EES A&
S, hSEM SYSTOLIC #8628 ¥R M) B BE LK 4R
#;TXH.

R ERASHRNEARE (B2 FPGA fi

AR ZESRET -1 8%, BRAIAITURIT—
4% FPGA Z4U7. 15 Xz B b 25 6t Tl A it
B GRS EETIHEFEN RS RBUHE. B
SYSTOLIC B 5|3, SYSTOLIC B 3 i1 5 %%
O e ————
#1% FPGA Z4 L. FPGA M EMIFHERAT
it A ORERAY . xR MR YE
BHRMST — M BT EEEE, AT RO
FARHE.

R XHOFRGRER 863 it WAL H. HEE WHE, TEFRYHRGERT I BERKRSHS. A%E W

2. %R ¥+.

-1-

Tpah


http://www.cqvip.com

2. SYSTOLIC B Ri% 1B i R IR E

LA A SYSTOLIC B 7S Bl a s —J ik
BHE(UREVI R —RIRE L&
PEfl B (ARE), SYSTOLIC BT+ # 34
R A E s T R R E R — R
EREE. R TR E S TIER

fheEt bR E ﬁﬁﬂuiﬁﬂﬁ"ﬁﬁiﬁiﬁ .

AT FEA TR RAZMT . BEHETT
BInE S EIMRETIE VLSI R,

XV AR SYSTOLIC BFIHER R
Bl EE. HA1sEBEEREXT SYSTOLIC B
I REBL—TESR. AT T A LM #H TR
ot BEBTHENHREFRENBRAT.

2.1 BRREFERERETF

FLEHESETHRTEANG =&,
Warp™ , Matrix-1.SLAPP %, T Hid B E &R
RERLEET ABRETHRETAERBIRERSE,
D RAEE R £E  ¢F 2b T8 BT IR A R 4R PR A TR GE
LISTH R B MK (EE R4 R E T EY
FEEMBREER BN MEE MARESFEENR.
HERREHSHERAHAS LB THEZR,
M Warp % 100, WA L8 XU BEES
HENEHLEFSASYSTOLIC MENMBERMT
B, HETVHSRRERKNEHIHNERE
RS HEL.

EFEHERNHE VLS HA RESHEE
AL TR T R R L F (R E A Ry,
o g W i B W A — IR R L
ST O] LA K8 T SRR A iR s 6050 B R EE R in 2 1)
#ite) ME &/, ERg S SEREBHENS
it F 256 LB AT FHE R 10GOPS. Rid. &
AETRSHEBRE D, W& O TRERS. &
5 PEEE 4 ¥ Ho 1.

HaEx. E ALY AN EREENE
FHIBEABE. Kung 4 SYSTOLIC # & W48
HTEESHERETHEER EHRAEEE
IS EE . REREESNITNE AR
PN BEEALERA T Bl Mae A, 50r E
ERTHERNSHRAERAR AN B
FETHERN S ELRSR. mTRRh &R
B R EAETERE - EE RSN T
BEAWNEREEZFEMNER. ZEATABESEIT
{EsH—Faibik.

= 3.

D000 http://iwww.cqvip.com|

2.2 JiEEHER

EEHEAHRERER RS LY - HEEN
T HEREEFEHEEAR— A X R R
HRTLERNEMNYERBEEES. X 7t
SYSTOLIC B B8 % 2 17 a0 S8 3% i et
REEERM— 5. TLHSHEEEEY SR
B HE-hBESE—HE N EEN,

BR.EEEE N ERTFEE 6. i%n L
Bier—g R B SH AR AN TEH Tk
W ST AR EARRE TR 1T B AL B RER
HFr 2SR T A HEE S
B H AT . ERRARRSE LR EERIE
mRAT.

2.3 BHHEAR

B dEREEREATEY. S EER I/
EFEM S 4 EY U HEESait®E P ey
HFYVasRIHEmER ST BERNSHER
Herf B A0 W &Y S M AT .

EMIATENENERE —HEHF BAER
iEme B B9 IE S E . BISE F R o 2R B
ELHNT R EHE BN ES . B EE S
TR E ¥ 60 BAR (L SIE At Wef A TR
Al A AT RAT % BEFIE T RBREN
SREEN.EERE § X - FATREERERHE
PR s GER A EERE. REARIT EFRER
B A4 ZETROERSTEN EREHESH
EETREFEE RO E S RN
EsEEMRE—TRY. FENBTFELRi®—
BRASETHE., B . SEFHTHER IER
RENLHFHALSYSTOLIC BRI, &
#HFRN - RHET BEREELM BRI Y
ﬁ':ﬁﬁﬁmﬁﬂ'ﬁﬂ Torus. BT HEEERE,

ARXETENFERENTERHEENRE
EHE & NEEEREFSH. AR ITREES
B SR —TEE W KB IZITHEH— LB
B, ORI WM T, R BIFH R4
it EERiTa sk B a, hEABM KK
kHEE=A. '

DBCE B (DM, H T 80 B 4R

Wit EE A — RS RS, B &L Wit

FERTE IS MRERN. X 00 S a8y
EHETH - ARESARTES. BNANE
A NP R4 RS AT RRKRER LA — i
fL S SR S LIRAER AN, HARES Y


http://www.cqvip.com

T T e B

N A AT ] LUR SO IR 8 o — S A S 4R
HEES%.

2IFEE M B DY, B S 8T E R A
REMBE. FIRAMERRE I SEM0EER
ESHEFNEP BT C9HEXEETERL
B—#K.HASHP4ISEMTFHEKSEM T
M. . FABEER RN B ANE
ERRFEFRAIL I AEOEE.F—ZHBEIE
RE.FFR.CHU LA ABRTER TR ERS
B, .
3YERE (PM) - TR T B W, R
F.5IAT SRR AN HEOEREE VH
HETEVESRINS BRBLENERELS
IR [

B A SYSTOLIC BEFIg Hé — 1 M i & 4R
BEFIMEH MERET —ENRBRERROENE
BRI, SO R A SN0 1 B A R IR
¥, MR ek e TR N S .

2. 4 AEMEpRSEA

RAMUREETEIREE. DEHFRTRE
HEHFIRE Ezl b —EMMESHES AW
BB THETS. T ERAE. RETHEINE.
DREFHEH N SRR HEERTEHE. X
HEmELSER . 5kRASFTLEET
(LPGS)U. et WEM T . F -y T %7
—HAEE REEBIBONAFAZESEREN T
WE. EXERNETL£RHFTUSGP) B FEH
wEER - RUEF BES T LEE-1TE
50T R KOy BRI P E 8 A A3 BT L I,
SCREF i — A (b TR B T R R B T T 4L TR
FEl*l, LPGS M1LSGP EEE.ERTHIIHAR
H.BEHAHEEA. IBEFE 3 Hitib.

25 REMRE

SYSTOLIC AR B B —F0 . HES
BRIEMNEHEFFR-HERNE. BHSYS
TOLIC BRI (R E B REHRTN /0¥
E. AW E5FEMNERSTEEHEEE. TER
S EE SYSTOLIC BEFIfit#EEH .

SYSTOLIC B RlayBr ft TAE S T Wi .
T ESEANRAS ., X1 B — TR EEH T,
HPRBT -1TEEREATEES B E%dT
FAALERRHDABR-TTAK. DABESE
EStrgeay . R SYSTOLIC EFAENSEHR
SI%. BTEANIE ARENERS BETN

D000 http://iwww.cqvip.com|

HATLAR . i 30A B A& B DI R b
M &R . B0 A VLSI B FIad . B 06 B 3 0 48
WHEERER-CER.ETEERLSEAEEMN
HEEB RN . 5 £ 70 E 6 BEH W aE. L
ATESER. FXBETEH-EERD.

DEEFI BT &0 BRLE G R R AT
A B R G T KB E . . F—4 PE
HWYETF 100 FHRAEME R, RERTTE—FsM@
SRRSO EHEM M. TR SR
%

DAR-KPIAERER BURTINRRS
HEERR L, i, 2T 100 S8 PE SRR
S EE —HEBED T 6%, 3 F 5000 Fkéy PE, TRE
thi¥ 2 26%.

kit R L) SE PR AR 0 A i . LAWY Sk
B A TN SRR T O N N A L T
FTHER O, X5 MG AHER. EFRE
EMREETREA  MEESEA S THEDR LA
KESREHE EEELHATER R
EFMBENMNERF TSR I —-TEEEH 8
B3 .

2.6 Bf®ES

HWHEERREREIEREN — P E 4GB
BRSNS TEIR A . MEF VLSI T
FR# A EFBEE % B, SYSTOLIC B3
WaE - ERE. A REA T TRTN
B FX FeS5HMMIRXREY. . €L
TE B4 ) B B ig i AT 7. B 5h . A FSP R0 BT E
FRTEAMNMELER. ST ERAELEEEN
THRE[20], BB LT TS AR E
SEPERE - WS A TEA N E R kbR P
e EHE ER R e AT LR ST
SR MG R LR EEEFIRGEEZ
~— ., SRR AT A B o B R e R R SR B
T oy B SN — R
3 kSEANEE

L AT E A TR ER L R T —
Wi — AR NS . EFT RN IWE
EERZEUMMES.

31 IR

BeF o 18 3 °] B e B o3 Hhas M Tk F Y
EHEBRNTHTE. BEAEFAMHTRNRESF VL]
BRI, AN R E R A R EE T

«3-


http://www.cqvip.com

WY SRR TIESL. BW.RE -4
SHMERSEEEYEEY . HERNETETTY
EAER. KT R E R PR,

EXHD FEERERAAR R AR
Flhpy, 0. Kung R MM IhEEEH
Bk LS A 4 SYSTOLIC (Semi-Systolich,

HHREPRITHE MR K EE . BhE
TR H 8. Moldovan @3 T — At
B =G F.Tr&r.G RET ME Y, 48
75 ARG BN F R4 B S TE RN
B THETUHERTHTIFEERRIGH Y
BEEE. B ENE T OFRIEY PE . B
B 5 B F B 30 5 O 4 R BE 3 0 ARAT L0 4
fffE, B HFNTHEHETHR. 5%
U1 R R 4 MR E T g0 AT BRI T Y B R
TH—BHNE. EREFIMNEMEFE -RBE
HE AR QTR

TEECESENNED, ERNLRERAT
FeBER RN RERVTHESNEER
b

D000 http://iwww.cqvip.com|

BT ERERE IR TR RE BRT
AEREPEHCOCHER . SRERSH HERER
FEAGHEREBL. o FiTFEE. 021]F
ETHEELR. HESHIEER Cache TGS
B GXUEFFRHERERE S THETINAE.

miFER - ERMRE HRUNTER R
WRGETER R TR - EEY. A RINR
EE.EeTTERE S R YL, & SYSTOLIC
HBNHRFEENERE L.

3.2 KEEERIRIAHHEA

LSGP #1 LPGS 4B E S HE S REEHE
Bt T Mg iy hE . DM # GPM R
ERTL SRS SiTS. BEERA BRI
WEETIRELBE. BWELCHPEET T RE
AT A T XA - R
R PR L iR R S
R B R R A R R
X A R SR A ST LR L B
AT EEREREEIRREEE BFEHH
RUME HSTHE A (F8¥ 69 1)

(EEE£ BEED
FTRAXE. KEL.DDBTNSEEILE
(DMSO) S THIT AMGEERRERH LR
HLA MR A L REM B . L4 HLA —FF85 5K
B RN B % B . DoD IR T 4 IS EH A,
MG EAEDLATHLA WERTRR. EE N
PEARB% A HLA 572 Mk /DoD i
AEL T HLA FEOFR I 58 HLA #
L RTIEMOFE,
FHEREEE AR TESSE HLA £ F
P48 HEA #RRRFERIR. & T HLA A
PRER TEMG AN ERNES. EEFHMY
LR AMANREN SN ERTEHEMNER. I
THRENZENERENTER., Hit HLA £/
S SR AL TR YT 60 SR 5 A I M P 55 B O
By FF %% R LU A HLA 2%, 3.5 b B if DoD
FHRR T 51k FUhey 4 T L 3 HLA 53
EFOFEA RS %R ERZNEM.

# % 3w

[1] DMSOQ.High Levél Architecture Baseline Defination.,

L3 A

August 15 1996, http. i/ www. dmso. mil

[2] I-5. Aronson. Approaches to Runtime Comrmunica-
nons for Distributed Simulations, Proc. of 1897
Spring SIW

[3] J-O.Calvin. et al. An Introduction to the High Lev-
el Architecture ¢ HLA } Run-Time [nfrastructure
(RTI), Proc. of the 15th DIS Workshop, 1396

[4] D- Fullford, Distnbuted Interactive Simulation: Tt's
Past. Pregent. and Future. Proc. of 1996 Winter
Simulation Conlerence.1356

[5] R.Weatherly et al, Aggregate Level Simulation Pro-
tocol. Proc. of the 1981 Summer Computer Simula-
tion Conference, Maryland. July 1591

[6] Steve Vinoski, OORBA :Integrating Diverse Applea-
ticns Within Distributed Heterogeneous Environ-
ments, IEEE Commumcations Magasine, (14) 2
1597

[7] BEAE 4k HLA P SENMF 7 . £EMHH
SRR F 1997

[3] BE.FHR.SHTEHHEANKER. £BH
Eoil RER 1997


http://www.cqvip.com

TR A R T R TR R SRR
B ] Bl

3.4 WMEESEERT

LS A & He S A 1T iR TS A Y YOI R AT
HOETRERANFEE LRGN ARG ERER
B o K ZHRA T FRBURTEEESS
M EE NEERE BEERLAFETF
T R ERE . R WS TEER . SR
T AT IR R I

DEFIHEDTREERETFRERFHME
BOUMIEF AT ERARHENE, — T E. L
PRI BTN S REET Y. B —FE. 6

D000 http://iwww.cqvip.com|

SHET IR A X B MR T EF ST R
B B # I 0 E T B R R E A BT BB T
(BB AT/ REET R A OMnRE. &
HiEFESHAART AL EXRE P HiKER
BFig 41 22,
Wt EA TR PR EFTY
FEEBEXTEAN TS AT SEABTLE N
- & HLE A R AR R R
oM FHTULELAMSREHTHETER-.
EiR SRR S T —RRETF R
£— 1 EH BRI AN FE £
(F 8 F897)

(L& F4m
X E s F L

[1] H. T. Kung et al. , Systolie arrays (for ¥LSI),
Spatse Matrix Proc. Society for Industrial and Ap-
plied Mathematica, 1978

[2] H.-T K{:ng. Why systolic arrays, [EEE Computer.
vol. 15 Jan. 1982 .

[3] S. Hauck, Muld-FPGA Systems. PH. D Thesis.
Dept. CS&E,Unversity of Washington. 1995

[47 B.X.Fawcett et al.", Reconfigurable Processing with
Field Programmable Gate Arrays, in Inter. Conf
Application Specific Array Processors, 1996

[5] M. Annaratone, et al. , The Warp Computer- Archi-
tecture, Fmplementation and Performance, IEEE
Trana, Computer, 361211987

[6] thiEwE. A5 MEE. WY . X MPEG-2IRHES
ME & iRt B RIEHES97,1957. 10

[7] W. Shang et al. , On uniformation of affine depen-
dence algorithms, IEEE Trans. Computer. 45 (7)
19945

[B] Y- Wong et al . Transformation of broadcast mto
propagation Lo systolic arrays, J. of Parallel and
Dastributed Computing, 14(2)1592

[9] I.-C. Tsay et al. » Deaign of efficient regular arrays
for matrix multiphcation By two step regulanzation,
IEEE Trans Parallel Dhstrib  System, B(2)1995

f1u] W.Liet al- . A singular loop transformation frame-
work based on non-singular matnices, Int  J. Paral-
lel Programumng ., 220231994

[117 H. 1 Lee et al., Automatic generation of modular

mapping, ASAPTIR, 1994 .

[12] D. I Moldovar et al. . Partitipning and mapping al-
gorithms in fixed size systolic atrays: [EEE Trans.
Camput, vol. C-35,1986

[13] W. Shang et al. . On time mapping of uniform depen-
dence algorithms into lower dimensional, processor
aerayss IEEE Trans. Parallel and Distributed Sys-
temns, 30331992

[14] S. Y. Kung, VLSI Accay Processors. Englewood
Cliffs, NJ:Prentice Hall, 198B

[157 G--} Liet al. , The design of optimal systolic ar-
rays, JEEE Tranz. Comput. vel. C-34.1985

[16] K- Ganapathy et al. . Optimal Synthesis of Algo-
rithm-specific Lower-Dimensicnal Processor Arrays,
IEEE Trans. on Parallel and Distributed Systems, 7
{411956

[17] V. K. Prasanna Ku.rnar et al. , Designing linear sys-
tolic array . J- Parallel and Digtrib. Computing. vol.
7.1989

{18] A Darte. Regular partitioning for synthesizing fixed-
size systolic array, J. VLSI Integranon. vol. 12,1991

[19] K. Ganapathy, et al. . Design a scalable processor
array for tecutrent eomputations, IEEE Trans. on
Parallel and Distributed Systems. B{B)1397

[20] A.L. Fisher et al. . Synchromang large YLSI pro-
cessor arrays, IEEE Trans. Computers, C-34 (B}
1585

[21] 3- Teich, et al. , Scheduking of partitioned regular al-
gotithms on processor arrays with constramned re-
sources. ASAP’96.,1996

+ (O =


http://www.cqvip.com

