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Abstract In this paper, an automatic synthesis system FP/B of systolic array is pre-
sented, in which FP algebra and rewriting system are essentially used. Some concurrent func-
tional forms are proposed, the expansion solutions of a class of linear recursive equations can
be expressed by them directly. Algorithms which can be transformed into them may have effi-
cient and regular computing structures, so parallelism and pipelinability hidden in the original
algorithms are well developed. Based on the FP/B algebra we've given the forrhal definition
of systolic arrays and constructed a systolic rewriting system with properties of termitation
and correctness. FP/B user programs can be automatically rewriten into equivalent optimized
systolic expressions, which can be directly mapped into VLSI architectures according to the
geometric meanings of FP/B functions and concurrent functional forms. Finally, a typical
instance is given to show the synthesis process.
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B 4%, CBR P FP/B AR QBB ATNGkH X, A4 FP/B AR TEH
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VLSI H AR & B AAE e L BURsRAYThEE B0, HE MR S R
TYERBESRM N, P IEFRERMRIE. F, VLSI g9 R4k H A VIS #it
H b BiAR B VLSI it H3EF TG ERA B R 4

H. T-Kung!® #H #Rk8hEF (Systolic Array) J& VLSI i+ H1RA A AW R A7 14,
EEMERSE—, FEHEE EARRETETE EER AMDARZEEX
BGEE MBI T ek sh B (Systolic Algorithm) FFHIR TR R A2 . H
B, MR R R G X B B Sh B AR A R Sk ik M FERT R 2 B,
Wi, B 1) 20 R SRR A e o0 SR AT s U . (HE R
ﬁ%*,ﬁ%ﬂﬁ@%%ﬁ%ﬁﬁﬁmmﬁﬁﬁmﬁﬁﬁﬂ,Eﬁ%ﬁﬁﬁ%%@ﬁﬁ
SR AR T aa B e s, R RIMsEa RS, Bk
Kﬁ%ﬂ&ﬁﬁﬁ@%%ﬂkt,Wﬁ%ﬂﬁﬂﬂﬁ@%%ﬂ%t~

A HE BackusUFP fy2ERt b, RABPKEIEF B SZEMTBERT TR BIR
FP/B. #1090 TEEMARMIAH P SRR EHITHEW FP/B BF, HaiMEE
MR R TR KBRS, DTSR — S RIHEE THEK FP/B B3
FITEAG B T —RBATERRNEE RITAEERARE WHEIEER
HHHRTE RSN, FiET AT EREMNSN T HRFGFELE, FERNHER
HESEN. RILHET FP/B LESMAIMBERE L, BT BEEREME AR
AN EE RG, FEHISTHOERER TSR XELBT RIS SHZEEH
Lk R SR ) T |

§ 2. A 1B E FP/B

NTEERIGY AEGNEE RINPAZITNESNER: 1. EFRaVHRE
W, mEEE PR 2 WAL, 8T A R, 3. REFM
EECEEIR, BTHTESARESR, 1+ BRBEAEEHTE v, RBOTEETM
TV ‘

(1) SIHERHEHE S TR RN S SR A R, e e REH
W5, IBH < 51,89, 8, >0, B R s ROEMFEZEEL ER ERITEXTH
TREADEL, MIEHTEREL 20 20 50, 801,000, Smye e >° 2 < 8im1, 86,00+, 8ny - %, HEM
SRS, TREERE A, BRI 27 % WT FP/B FHERE F A

f:< 31’32,...,31“...)3 d%f<f;31,f;32,...,f;3n,...>5
(2} X TRENAFE LR : FP/B AVFHF AR XET-HERMEBEE [

MEERANIAFET R BE5ESF TERZAH FP/B #m MEFHE, BR—
MFI] < 21,22, z0 > HATHIFHEF]:

CDEF Colmy] = gtolny] - y,alido [s,9] (21)
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DEF Insertole] =«
“Inserto [¢|[yjw]] = nullo w — C o [z,y];
[1eCols,y][insertof20C o[z,y]|w] (2.2)
MDEF Sorto [z|w] = null o w — [z]; Insert ¢ [z|Sort o w} (2.3)
CDEF i SCETTHAE, ERTFZRMEAEHIMME THMBBERE T H08ERN

MRTEE. MDEF B CXBIRFHEEE. HARE P, R®ECBEHIMEHITHER,
/NRLTERTTE, R Insert T RBAEHSFFHFFIA, Sort ¥l LR

| . def de f '
5 [oln] " apndl o [z, ), [ule] " apndro [, o]

AFHRIEHARS, FESFH (1)
§ 3. FRURBNFL

3.1 FEHRE
. F [fi, far - oo fu] FEA £ TTLITHET, MF fiofoo--ofu 1, 84 £ [
BLARACOT ARSI H. Fitk, FP/B EXAXHESHERKMITHEIE 8
B At B AR AR E R R O 2t T R R R, RATRSE [12]
BT Ry K, TEFUFHRENHETHEE:

(1)@ @ fi <zy@g, iz >=<fim, fimyo, fian >

. it =1

@) /2 /o fi<ay, ’w">_{f:<f:<---<f:<:c1,zc2>,--->>,.rn> n22}
. R _ ml n=1 : .

(31/R /Rf.<a:l’ i >_{f:<$11f:<"'1f:<$n—lamn >a"'>> nZE}

(4) AL AL.f K ®BL,y Tre1; %0 >=< fn»l :mla"'rf:mn—lrxn >
(5) AR Agrf i< @y, @xg,,&n >=< w1, f 120, " iz, >
6y my mofi<ak>=<f*lig,... fia,x>
(Mwmp 7rf:<kz>=<z, [z, -, fFlz>
(8) %L %Lf:<m:y1:"':yn>z<alz"‘:au:b:> nz>l
' Her: g=lof:<20f:<---20f:<my1 >, > 5> 1<i<n,
b=20f:<20f:< 20 f:<my; > 2 Un >
(9) %r %rf:<x1, - ZTn, ¥ >=< b1, -, bp> n>1
S HA a=loficm,lofic o 1of i€y, y> - >>
by =20 f:< oz, lofi< -, 10f <o,y >,-r>> 1<i<n
LH & =R AT — 2R RS (LE 3.1).
3.2 5| L35 SRR
- B THAIAERHE Rp#IaRE ik, 7 FP/B EEHB B REREGRT 2
% ATHRESTERRAFEPOITREIFENE, HOFBRErRRFF, TEey—LE
BRI B ERRF R B AR R — KR AR
EMX 3.1 HERY f WTEE g M, MRAFERY Uy, HEEE = 7
folhow,Upsl=gox, W f RF g.h BLHIELL Uryp. CERIATE NEBENL Upy).
EH 3.2: HFEYHN: Folelyl=nulloy > gow; folhoz, Foyl H fRF g,h &
FHANEAL Ury, B f/ o [u,v] = folhou,v] M Folzly] =/rf o[zlyllUny).
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x1 X1 Xz Xy ¥ X1 X2 An
. - EF c)ﬁ AT
@ b, bz bn f: xy f: xg fi xp,

Dul

B 3.1 SRR E RN LR

EHE8.3: BFEH: Folz|lyle] = nulloz — folz,y]; [Lofolz, y]| Fo[2o folz,y]|2]],
N F=%Lf.
RFEE HeermEmgk.

§ 4. BREIRIEFBIE X

& epp/p T FP/B _REFAXHES. B Exp € eppyp, EX Prim (Exp) R Exp P&
H IR (A EIEVILEZ R) M&H, Prim_C FR FP/B AKX EHKHE (N
+, » &, HEEELREL trans, apndl F R z).

BN 4.1 HERFERBE L = {1|( € epp/p)n(Prim()n(Prim_CU{z71}) = ¢)}. 1
EleL, 7f L HAREREA

EM 4.2: c VAR < c € epp/p MH ¢ ’:F'Tﬁ';ﬁzi‘iﬁ‘ﬁﬂﬂ T 0 L PR R
6% X4 CELL.

TEM 4.3: Sys WIKSNFEREGE LA Sys Ceppyp HIER TR :

(1) #& 7€ CELL, | z o0 f ¢ Sys; :

(2) & f € Sys, li,la € L, Wl foly,lzof € Sys;

(3) % f,g € Sys, Wi fog,[f g] € Sys.

EM 4.4: % feSys, W@ f,/nf, [rf. ALf, Arf, =nf, maf, %rf, %orf € Sys.

EX 4.5: E €eppp FRNTMKEME © 1, o e L, E* € Sys, {#if§: E*=lLioEol
B B BN E —1Bkai ‘

EM 4.6: & E, B € eppyp, < B1, By > ﬁﬁﬂﬂiéﬁ%mxj‘ <
(1) E, "[fk3sik < E. AIikahik;
(2) VE* € Sys, E* 2 E1 WikahX & E* £ E» fyfka=.
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@& 4.7: % ELE; € eppypy W < Ey 0 By, Eyo f o By > BREIKEIZMM, Ef
fe {Z_I,ALZ, Apz, ApzTl, ARz_l}.

§ 5. BkENEESIES RS

FKEWBEFIES R4 B LU T L AR :

5.1 —# 1L

— AL RF A FP/B WABHEIETHSEN, HRTTRER. fil:
[Al] mosto[z|y] — =

[A2] lasto[z|y] ¥y

[A3] hdoapndl —1

{44] tloapndl — 2

[A5]- apndlo[1,2] — apndl

[A6] mosto Apz — z 0 Apzomost

5.2 SHWBR LS |
HTHE FP/B EMFHTHE, SMFEAFEHHAREE KRR, A:
IC1] lolz,l] » mrz o0z,
H Ve gy 20, >%k > dg K By, T >y K Doyt B 2y, < Eiy o, Bigpk—1 >,
PPN >8

ME—AFEREFIAFEHRYN, HTEIERRAEH, RFHETIFRENE
HES, fm:

[/r— @] /rfol@ goaly] — /r(folgehdlast])o|ziy]

5.3 pkafENBY T ,

REKSRWE X TSRS, GIHEERBEEL 20 f HEEHR. TRES

HLAU 58 B aAnDRe R Y - BRI B b, it
[D1] f& Sys=zo/rf — [r(zc f)oApz ! o[most|zclast]
[D2] f & Sys=z0%cf — [Arzomost|last] o %r{zo floApz=l o[z 0 hd,t]

5.4 Bkzh=NEEIE
Bk ALY B d R E bkt &L, Al :

[E1] zo z=1 & id

[E2] ArzoC —C (C RHEED.
[E3] AgzoAgz™! — id
[Es] foh=idnf € Sys=> /r(foFoll,go2]) — fo/r(Fo|l,gofo2]}o[moest|holast]

BT BRIES, A A %A M. LR, XATEE RRRRE U4
7, BRTIIE A

§ 6. BkuhRE 3| E S R YH T ES0E

EEAZM LIERBO TEFR:
H /> FP/B B E.
1

(BIERME BB mAaFRAR E)
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TRAL %ﬁﬂm;cm, BIER 2,
AR lEz(f,-), Sk=2
AR o B FEBk B LA
wH : ﬁﬁ;ﬂ;ﬁﬂﬂ,é}k=k+1
—Ex R %%ﬂu'zo fi R ?
1R

MBRHFAE Ertr, € < Ex, Exy > RKSIEHIT
(B4 WA k=k+1 |
]
2 FHES UL AL By, BRI By, =k +1
1l
%@ xle P(Ek)?
1 &
Er ARk

§ 7. %0 — HFNAIERETIS S

ey FP/B fR L § 2.
7.1 JHBR®Y3, FRFRITHR ‘
HEH 5.3: Insert = %,C ) (4)

X AR Insertoapndlofz,¢] = [x] FTEL Urrnsertoapnaty = ¢
T f' o lu,v] = Insert o apndl o [id o u, v] = Insert o apndl o [u, v]

e 3.2: Sort o [zlw] = /r(Insert o apndl) o [[z|w](|¢] (5)
(4) N &) 8+ Sorto[zjw] = /r(%LC o apndl) o [[z|w]|4] (6)
7.2 TS TR

BT (6) ACERMBEN, TREEHR.

7.3 BkAIA TR

zo Sorto[z|w] = z o /r(%LC o apndl) o [[z|w]||F]

P /(2 0 %1,C 0 apndl) 0 Agz=" o [most||z o last] o [[z|w]| )
MeAn Bl (20 %1.C 0 apndl) o Apz—? o [[z]w]||d]
(D3] /r(Arz71 o [most||z o last] 0 %r(z 0 C) o [hd]Agz o tl] o apndl) 0 Agz™' o lz)w]||B]
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|jf;.i]€;hh] / r(BRz"1 o[most||zolastjo % (z0C) o [hdo apndljAgzotloapndl]) o Apz~1o[[x|w]|¢]
=1 ,go
[ASV

sl Agz~' o [g([most]|z o last] 0 %r(z 0 C) o apndl o [1,Apz 02]) 0 Apz~" o [[z|w]]|¢]
EARZ_I o /r([most||z o last] o %or(z 0 C) capndl o [L, Agz 0 Apz~to2])
o[most||Agz o last] e Apz~! o [[z]w]|| ]
[Es.Es] Arz~' o [p([most||z o last] 0 %1z o C) o apndl) o fmost||Agz o last] 0 Az~ o [[z]w]||¢]
7.4 Hk !
ERGFRERBRAFNXT (R 4.7). )
Apz o [p([maost||z o last] o %1(z 0 C) o apndl) o fmost|| Az o last] o Az o [[z|w]||¢]
(41,42 4o] Apzo [g([most||zolast] o %r(z 0 C) o apndl) o [z0 Apz o [z|w]||Agz o é|
iﬂ]rA;,z o / r([most]|z o last] 0 %z (2 0 C) 0 apndl) o [z 0 Azz o [z|w]||¢] (M
v BEEEBS
BAERM (1) R, WG /» %o BJUERE, 7 rERSH T EEGEH.

§ 5. GpFMTR

ZHEFFEN, PP MEEM TRAMEM VLST kit, THMERETE L3
ERAS. ACHHHENRS b — SIS R kSRR Bt b, RN LIRS
#ELH FP/B @A, SBFANES, HEREEEKSHR, FREFZTFANIL
FIRRE, SRR, KRB M, RIET B RS

BRI, FP/B RNSEEEHARES, R TARMRE AL ETEER
FREAR ARSI, At F RGBT RMER R TR AR TR B0 FP/B FBINEE
EBNTXAREF TR, NE— ST KTRMRHTRY. RITEEFHR AR
B, 3T EER AR AR SR BN AR ITIA T S (15].
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