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I - G101 THIRU

C&u tridc Systolic (thuft todn Systolic) dwge H. T. Kung v C. E. Leiserson (4) &8 xuflt nm
1978, Trwde dé di cé nhidu cdng trinh d8 chp dén cfu tric twong ty cfu trdc Systolic, song H.
T. Kung 13 ngudi du tién chi ra ring nhitng thidt k€ theo kidu Systolic: céc phlin ti xd Iy dwee
lién két véi nhau theo quan h§ léng giéng 1A cdch t&t nhét trong vide thn dyng k§ nghé VLSI ad
tao thanh nhiing h§ xi 1y cé t& d§ cao va 1a cfu tric thich hop cho cdc qué trinh tinh todn. Cfu
trdc Systolic d& dwgc sk dyng rét hiru higu trong nhiSu linh vye nhw: xi 1y dnh (8], qui hogeh
tuyén tinh vA nhit 14 céc phép tinh ma trgn (6], trong tim kidm sdp xép théng tin [1, 2),...

Trong bai ndy, ching t8i x8y dyig mét s8 thugt toén Systolic dd thye hign mdt s8 phép
todn co s cda m6 hinh dir liju quan h§ do Codd dwa ra [3]: phép tinh tich Pé-che, kit ndi v
tim kiém sp xdp. Céc phép todn nhy d¥u thyc hign véi 49 phire tap tuyén tinh, Didu ndy cé ¢
nghia quan trong trong chi d§t nhirmg h{ co e dit ligu 1én v thich hop cho nhiing mby co s& At
ligu, nhitng kién trdc médy tinh song song, Dic blét, cling vé&i transputer va OCCAM (2}, c&u tric
Systolic d& dang chi At ¢t cd chc phép todn co s& cda md hinh dit ligu quan hd,

1 - MOT 86 XHAI NIfM CO 8¢

1. Céu tric va cde tfnh chét Systolic

Chn tric Systolic g8m mdt t4p che bd xib 1y, trong 46 m8i b chi trao A8 théng tin véi
nhitng b lén cfn gin nhét. Théng thudng, diF lifu dwge bom qua t4t cd cée bd xd Iy vA hhu
nhw céc b§ trong h@ 13 gibng nhau, ngogl trir mt o8 {t & bin. Chc b8 xik Iy ¢4 thé libn kdt véi
nhau theo nhidu kidu: tuyén tinh, bang, hinh sao, mpng,... (4] D8 tign theo dBl, ching t&i xin
giéi thigu mét s& die trwng co bdn cda clu tric Systolic. '

a. H§ Systolic 1o m@t h§ gdm cée by xik 1y dwge néi véi nhau theo mdt ki‘u chinh tie, cée
b§ xik 1y dwge t8 chike dBng d8u theo chirc ning,

b. Céc b xik I quan h§ véi nhau theo quan h§ léng giing gin nhas. Tinh ch‘t léng gﬂng
ghn nht déng vai trd quan trong trong vife phin bigt h§ Systolic véi ede by da xﬂ' 1y khéec. Do
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cfu triic chinh tde vd truyén thong tin trong khodng céch ngn, nén h§ Systolic rét thich hep cho
vide chi dift VLSL

c. Hiu hét cdc b§ xik Iy trong hé 1A ciing ching logi. "I\'ong céc hd di dwoe dé xufit, thl chi
cé mbt {t bd xit 1y khdc kidu, dféu dé rdt quan trong cho vide sdn xufit va thidt ké.

d. Dir ligu dwge chuyén déi trong h§ gidng nhw h§ tulin hoAn. M&i mét b xit Iy trong h§
nhin di ligu vio tir b§ xik 1y léng gléng, thye hign vige xik 1y vA dwa dir ligu ra, lAm d%u vdo cho
bd xit 1y bén canh, rdi lai tiép tyc nhn dik ligu vdo méi, v xi Iy tidp ...

e. Di lifu dwge truyén di qua sudt cd h§, t&t nhién cé thé tao ra mét 88 vng lip div ligu
trong hé. '

T mé td cde tinh chit & trén, h§ Systolic cé nhivng wu didm sau:

Chiing ta cé thd tién hdnh nhiéu tinh todn trén m&i mgt dir ligu vdo cla hé, st dyng true
tiép nhifng két qud tinh todn trwde dé chuyén t&i, Do khéng chn lwu tri dir ligu, nén trénh dwoc
vige truy nhip thudng xuyén vdo by nhé, ldm ting thém tdc 48 tinh todn.

H§ Systolic ¢é thd thye hign d8ng thoi mét 88 16n che phép todn trén cic b xk 1y md dong
dféu khién 1A don gidn vd thulin nhét.

Trong nhitng n¥m glin diy, nhigu thuft todn Systalic d& dwge xay dyng vi mét 88 mé hinh
xtk 1y kidu Systolic di dwec thidt ké [1, 4, 5], Trong twong lai, méy tinh phai ¢6 co ché Systolic
dé gidi quydt nhitng bAi todn cye 1én, cin xt Iy nhanh cling nhu gidi quyét cdc vEn A8 trong céc
linh vye tinh todn nhu:

= Cdce bdi todn vé dai 88 tuyén tinh,
= Chec h§ xib Iy tfn higu, xd Iy dnh,
= Céc bA todn phi 88, h§ hdi dép trong hé co s& dit ligu, s¥p xép, tim kiém,...

2. Quan hé

Cho céc tdp K\, Fia, ..., By ( khéng nh&t thié phdi khdc nhau). Ta néi ring R 1a mdt quan
h§ trén n tip vira néu, néu né 1A thp cde n-bd (ey, e3,...,e,) 800 cho ¢ € E; (! =1,2,..,n). Che
t8p £y, £, .., By gol 1 cde midn cda R, cdn n goi 1 bic cla R. 88 lwgmg bd cda R goi 1 lye
legng (bin «8). Thude tinh 1d tinh chét cla d8i twong, ldy gid trj tir mét midn ndo 46, MBi t4p
By & trén o6 the xem 14 mét midn cda thude tinh A; ndo dé.

Tir diy v¥ sau, néu khong cé gl gidi thich thém, ta ky hiu R, Ry, Ry, 1A cée quan hg, b$
thie k cla K dwge ky higu 1d R[k] (theo thi ty lwu trir),

11 - TiCH DR-CA¢ CUA CAC QUAN HE

Gid st Ry, Rz 1A che quan hé, che 88 n,m, N, M twong ttng la bic, ban #8 cla chiing. Tich
Dé-céc cla .2, vd Ra, ky higu Ry x Rg, 1 thp (M x N) b3, md n thinh phin d%u tién cla méi
bd thuge Ry cdn m thanh phiin cdn lpi 14 m§t b thude Ry, nghfa 1a -

R;XR3={H¢=(J1,I3‘):MER|,, 8 € Ry}
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Théng thuwdng, d¢ tinh tich Dé-céc Ry x R, ching ta cin tién hanh (N x M) phép todn.
St dyung cfu tric Systolic, ching ta cé thé thyc hign B; x Ry véi N b xit Iy song song ghép néi
nhw trong hinh 1. o] diy, cdc b cla R, dwge dwa vdo ti cée b x\t Iy twong dng theo dwéi lén,
cdn céc bd cla Rz lin lugt chuyén vdo cde b xik Iy tix tréi qua phai theo ti¥ng nhjp.

b r 1

Rolml .. Rpl]

> 2 . P’ PZ IO PN
R L1l R,[f] R}[N]
R L17 RyL2] Ry LNl

Hinh 1: C&u tric Systolic tfnh tfch Dé-cée

Nhijp thi nh&t, b§ thi nhét cda Ry (R3[1]) dwge dwa vao b xik Iy thér nhit. Nhip thi hai,
bd thi nhét cda Ry (Ra[1]) ra khdi bd xib Iy thir nhdt Py vA di thing vdo bé xi 1y thi hai P,
dBng thei bg thir hai Ry (Ry(2]) dwee dwa vdo b xib 1y thé nhdt Py, qud trinh nhw thE ot tidp
tyc cho t&i khi b§ cudi cliing Ry| M| dwge dwa vdo bd xib 1y cudi ciing Py 8 xt 1y th divng.

Hoat déng cda m8i bd xik Iy dwge méd td nhwr trong hinh 2,
Tz
sl I A

lo

Hinh 2: Hogt ddng cda bd xik 1y tinh tich Dé-cdc

Sau khi cde d'lu vdo = vh y dwge nap vdo bd xit Iy, b # dwee tao nén do vife ghép z vi y
vd dwge dfly ra khé! b8 xt Iy v phfa trén. Phin ti y khéng thay 48i, dwec dva sang bén phai.
Dit lifu ra khoi bg a Iy dwee xde dinh nhw sau:

y o=y
g2 = z0Qy

Theo hinh 1 vA 2, céc by, cda Ry x R t30 thAnh mdt ma trfn P hang N cdt. Céc b3 thu duge &
m&i nhip tgo thinh mét hing cda ma trfn 46, va do vy d6 1A mét ma trén M chéo, nghia 12 chi
¢é M dwdng chéo g8m chc by cla Ry X Ry, cdn che phlin b khéc 1A r8ng, 88 nhjp ca h§ chinh
18 4§ phic tap th¥i gian vi ciing 1A 88 hing P cla ma trfn két qud, P = M + N - 1. Vjy dé
thu dwge N x M b§ cia Ry X Ry bling cAch stk dyng N b xit 1y song song theo cBu tric Systolic

thl 88 phép todn cBn thyc hin I8 N -+ M ~ 1, t hon déng ké so véi chc cdeh tinh truy8n théng
(M x N). ‘

Tir thu§t todn Systolic dwgc md ¢4 & hiah 1, chéng ta nh§n'théy di ligu vdo ti dwéd Ma
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tai b8 xik Iy thir ¢ & m8i nhip déu 1 Ry[i] (i = 1,2,.., N). Do viy, chiing ta cé thd cdi tién thuft
todn trén nhw sau:

M8i bg xit 1y P; ¢6 mét thanh ghi dwge ding dé lru trit bd thi ¢ cda Ry, Khi hé théng bit
diu thyc hign tinh tfch Dé-céc cda Ry, Ry thl nap céc bd R,[s] vdo thanh ghi twong ¢ng cla P,
cdn cde bd cia Ry thl lin lugt dwec truyén tir tréi qua phdi, Két qud dwa ra & m8i nhip 12 mot
bd thu dwge bing cdch ghép b vho tir bén trdi véi b di lwu trit trong thanh ghi cda bd xi 1y
dé.

1V - PHEP KET NOI

Gid sl Ry vA Ry 1A cde quan h§ véi tdp cde thuge tinh { X, Xz, .0, Xy, .0} VA (Y1.Y2, 00, Yy o}
twong ¥ng. Phép f-két ndi cda quan h§ R, theo thudc tinh z; véi quan h§ Ry theo thude tinh yy,

k¢ higu
’,[><]| R,

X, 0,

1a t8p tlt cd che b ¢ sao cho ¢t 1a diy ghép mét b ¢, thuge Ry véi mét b t; thude Ry, trong dé
thanh phlin thi 7 cda ¢; v thinh phin thi k cia ¢3 thda m&m digu kign 0-ké&t néi, nghia 1a né
14 t4p cic b} cda tfch Dé-cde Ry x Rz thda min digu kign 9-két n8i (0 1a didu kign két néi)

Ri[><|Ra = {t]t = (t1,ta) 1 ts € Ry ta € Ray14]X;] 0 1Y)

V1 t-két néi 1a mét thp con cla Ry x Ry, nén ching ta cé thd chi tién tult todn tinh tich
Dé-céc, dwa thém phlin kiém chéng tinh két ndi khi xudt di ligu ra. Thugt to&n Systolic cho phép
0-két ndi dwge md td nhw sau: Ngay tir dBu, tai m8i thanh ghi cda b xtt Iy chiing ta lwu trit sin
mét b§ tuong dng cia Ry, ddng thoi tai m8i bd xib I ching ta st dung thém mét thanh ghi dé
Iwu trir phép ton 0-két n8i. Sy hoat déng tidp theo cla h§ cling giéng nhw sy hoat déng da dwoe
md td & palin 3., chl khdc mdt dféu 13 phdi kidm tra diéu kign trwée khi két ghép va xufit théng
tin, Cdc by cda R; dwgce lin luwgt dwa vio cde b§ xit 1y, tai dby phép kiém chéng dwec thye higén
d8i véi hai by cda Ry vA Ra. Néu ti|X;] va t5|V) théa mén diéu kign 0-két néi, thy két qua cia
vijc ghép cliing lpi dwge dwa ra & phfa trén cda m8i by xik 1y, trwdmg hgp ngwge lai thl két qud
dwgc dwa ra 13 r8ng (k¢ hidu 1a A).

Hoat ddng cia m&i by xi Iy trong h§ Systolic thyc hién phép két néi dwoe m t4 nhw sau:
Iz
¢ ”
¥ ¥

A

E

Hinh 3: Hoat ddng cia #-két néi
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IFz0y THEN z := 2z ©® y ELSE z = A;

y =y

T chch phin tich & myc 3, ching ta nhfn thfy réng cdc b clda R, b R, chi khéc r8ng &

mét 88 vj trf trén M duwdmg chéo cla Ry x Ry vd th¥i gian cBn thiét A4 tinh ching 1A tuyén tinh
déi véi dir ligu,

1

V - THUAT TOAN sAp xfip

Vige sdp xép céhe thinh phin cda mét quan h§ dir ligu, nhét 1a nhikng quan h$ dir ligu 1én,
theo mét thue tinh ndo dfy Ia rft quan trong, gidp cho vife x& 1y théng tin dwge nhanh va cé
higu qud hon. Dya vio thuit todn sip xép tulin ty véi 6 phic tap O(N log N) cda Miranker (7],
chiing t8i x&y dyng hé Systolic gbm N bd xit I song song d¢ sdp xép céc quan hd di ligu theo
kifu lan truy®n (pipelined) véi 46 phtc tap O(N), trong dé N 14 4§ dai dir ligu,

Gid sk quan h§ R gdm N bd cin dwoc shp. C8 thd gid thidt N 14 chin, néu N 1& th) b8 sung
thém mét bd gdm cdc thude tinh cé gid trj cye dpi trong midn xéc dinh, Bd sip (sorter) dwge xAy
dyng s cin N/2 bd xit 1y, Vige sdp x&p céc thainh phlin cda R dwge tién hanh qua 2 giai doan 1a
giai dogn vio vi giai doan ra

= | @ vy 0 =gt = m m om omom o= o= L R = | @

7 A Prys

Hinh 4: Thuét toén edp xdp
® Phép so sdnh, —- Ddng di¥ ligu vdo, «— Doéng dir ligu ra

Giai doan vao:

Chiing ta gid thidt 1d sdp x&p theo thi ty thng din (theo thudc tinh bt ki ndo d6). MSi
bd xy 1y cda b4 sdp cé hai thanh ghi, dwgc goi 1A thanh ghi trén vd thanh ghi dwéi, sd dyng dé
lwu tri div lidu. BAt diu khéi ddng hé théng, che thanh ghi duge nap gid trj 16n phit c6 thé lwu
trit dwge (k¢ higu 13 co) cda thude tinh clin sdp. Ngodi ra cin mét thanh ghi cho b§ dém va mét
thanh ghi lwu trir trgng thai ca m8i b§ xik If, aféu khién vige chuyén 48 dong di ligu. Trong
qud trinh thye hign, cdc b xik 1y tién hinh so sénh hai gié trj trong hai thanh ghi trén va duwéi,
gid tr 16n hon & dwge dwa khdi b xik Iy vA chuyén thinh di¥ lidu vdo cda b§ xi 1y déng ngay
bén phdi, nhudmg ch8 cho két qud d8i sénh tir b8 xik Iy bén tréi. Néu hai gid trj & hai thanh ghi
ndy bling nhau thl gid tri & thanh ghi trén di ra khéi by xi 1y, Qué trinh trén 88 dwge tidn hanh
& t8t cd chc b xik 1Y cho dén khi bg cubi cing cla R dwge dwa vio bd xik If tréi nhit, ldc 46 bs

sdp d8i chidu dé thyc hign qud trinh nguge 1pi - qué trinh ra. Giai dogn vho & m81 bd xik Iy dwee
md td nhw sau:
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IF 2 > w THEN

BEGIN
Y=g ¥
2=z x ¥
END ELSE ?
BEGIN
Y= w;
wi=zg
END; Hinh 5: Hogt déng cda bd xt Iy & giai doan vio

Giai doan ra:

Ngay khi bg cudi cling cda R dwge dwa vdo bg xik 1y trdi nhit thl dong di ligu déi chidu dé
thye hin qud trinh ra. Lc d6 tai m8i bd xik 1y diu vao bén trdi chuyén thanh d%u ra va diu ra
bén phai chuyén thanh diu vdo, Ti thuft todn & giai dogn vio, ching ta nhén thdy ring bd cé
gid trj bé nhit cda thuge tinh cin sdp cda R hign dang dwge lwru trir tai by xik 1y thie nht (Py)
cla b§ sdp, gid trj tidp theo ndm & mét trong hai bd xi 1y dhu,.... D c6 dwge mét ddy thng din
nhw mong mudn thl tai m&i bd xit Iy ching ta phai tién hanh nhw sau: Gid tri nhé hon trong
timg b xik 1y dwge dwa ra 1am diu vio méi cda bg dimg ngay bén tréi. Bd xi ly trdi nhit trong
b3 edlp 88 xuflt ra Min lugt cde bd cla R A& dwge skp xép theo yéu chu.

Hoat ddng cda mdi b xi Iy & giai doan ra dwge mé td nhw sau:
II' 2 > w THEN

BEGIN
&= w
wi=y d g o
END ELSE £
BEGIN
2 1= 2
gi=y
END; Hlnh 6: Qud trinh ra cda thudt todn sip xép

Vén d8 ndy sinh & ddy 1A lic ndo thl B§ sdp thyc hign qud trinh chuyén ti giai doan vio
sang giai dogn ra mgt cdch diing din va kip thdi? D@ gidi quydt vin d ndy, ching ta cé thé cai
tién thuft todn trén nhw sau:

Nap m; 1a 88 1in d8i sdnh cla b xt Iy thit & (P;) vdo thanh ghi trang théi. m; dwge xde
dinh nhir sau '

Mipr=mi =2 (i=12,.,N/2)
trong d6 m, 1A 86 [in d4i sénh cla R.
Khi khédi déng h§ thdng, cée thanh dém I; dwoge gén gid trj 0 (¢ = 1,2,...). Sau m8i nhip
thye hign, thanh dém tdng thém mét don vj. Nhw thé thuft toén sdp xép Systolic chuyén dong

dif ligu tir giai dogn vho sang giai dogn ra tai b&t k¥ bd xi 1y ndo, md tai d6 thda min h§ thie
mi =l =0 (i =1,2,..,N/2).
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Chiing ta nhfn thiy ring, khi sit dyng bd slp gdm N/2 bd xi 1¢, thl th¥i gian thyc hién
edp x€ép 1A 2N A8i véi quan b cé lye lwgng N. Thuft todn vira dwge md td, véi N/2 b xib 1y thi
chi ¢6 thé ding dd sfp tryre tidp dwge cho cée quan h§ c6 khéng qué N thinh phin.

Trong thyc t& ching ta phdi gidi quyét vin 8 sp xép d8i véi céc quan hé rit 16n, Mt
trong nhidu céch gidi quydt 1A st dung thuft todn trén (MERGESORT). Thu8t todn ndy dwge mé
td mét cdch hinh thire nhy sau:

Chia quan h§ R cin sdp thanh céc thp con tly ¥ theo s8 cdc b xit Iy thye t€ cla cde b
sdp. R — Ry, Ry, ..., Rin. D& véiche Ry (1 =1,2,..., m), chiing ta 4p dung song song thuft todn
vira néu & trén, ding m dBu ra ndy, trdn véi nhau tirng d8i mot, két qud thu dwee lgi tidp tye
tron vé&i nhau tirng d8i méy,.... Qué trinh trén dwoc tién hanh cho téi lic chi cdn hai ddng dit
li¢u ciing tham gia vdo cdng vife tron dé thu dwee két qud cudi cing.

D tign mé t4, ching ta goi quéd trinh shp xép & che thp con Ry (i = 1,2,...,m) 1A qué trinh
0, cdn cdc qud trinh tron sau d6 theo thi ty 1A thir 1,2,3,..,,log; m. Qué trinh 0 dwge thye hign
theo thufit todn di néu & trén, Cdc qué trinh cdn lai 88 thye hign theo thuft todn sau ddy: Mi
b§ xk 1y chl gdm hai thanh ghi trén, duéi (z,y) nhén cdc gid tri ti hai dong di ligu 13 ce thp
con di duge tron & qud trinh trwde, Khi trdn, hai gid tri cla z vA y 88 dwgce so sénh, gid trj bé
hon od dwge dwa ra vi gid trj cda dong dit lifu twong tng & dwge dwa vao dé A4 sdnh tiép.

IF' 2 < y THEN

BEGIN Pk AL
Z =T x
T = e ®

END ELSE ¥

BEGIN S
zi=y;
yi=uy

END; Hinh 7: "Thufit todn trén

Phén tich hoat dgng cils thufit todn, chéing ta thu dwge mot 68 két lugn lién quan dén dd
phire tap nhw sau,

Mg¢nh d@8. Cho quan hi R gdm 2m! b§, trong dé 2% < m < 2¥+1 (véi k 1A 88 nguyén). Sit
dung b edp Systolic ¢é db dai | dd s¥p xép R thi:

a. 58 b xi 1y chn thiét Ih (m « k + m/2)
b. 86 qué trinh thye hign s 1d (k + 1) & log, m
¢, Thoi gian téng thi A8 edp 88 1o f(m, 1) = loga m + 241 + 2 = O(logy m, ).

Tir hoat déng cia Systolic, d& ding nhjn th&y m » [ bg xit 1§ cin cho bude sdp 8o bd (qué
trinh 0). Do co ché dirng lai, nén ching ta chi cin thém m/2 b cho vide trén & cde qud trinh tiép
theo, K& lugn thi hai IA hidn nhién néu ching ta chd ¥ dén nhin xét sau: S8 qué trinh dwge
ting thém 1 khi vA chi khi s8 ddng dir lifu méi dwge thém vdo, dd dé tao thanh mét déng dir ligu
méi, ¢6 vai trd twong dwong véi mt qud trinh dwge tao ra trude 46, Két lufn thir 3 ¢6 dwee vi
cdc qud trinh trdn hai dudmg & trén déu dwype tifa hinh song song cho téi qué trinh the 2 I, ttre
1 cho t&i khi céc by sdp Ry, Ry, ..., fim 48y che bd culi ciing cda minh ra khéi diy.
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Nh§n xdt: Cho R véi lyc lwgng 2 mli, vige shp xdp tsn‘g thé theo thufit toén trén hai dwdng
néu trén chl cn thém O(log; m) phép todn so véi buée sip so bd O(l).

VI - KET LUAN

Céu trdc Systolic di dwee st dyng dé cAi d§t nhiéu phép todn phic tap, nhu phép todn vé
ma trin (6], bin déi cde hé 88 Fourier nhanh, mdt &8 phép bidn déi dir ligu éng dyng trong xik
1y dnh [5],... & d8y, ching t8i d& xiy dyng ba thudt todn Systilic d¢ thyc hign cdc phép tokn
tfnh tich Dé-céc, két ndi va sdp x&p quan hé di¥ ligu. Céc thuft todn ndy thye hidn song song v
truyén dng (piperlined) véi dé phirc tap th¥i gian 12 tuyén tinh cda 48 dAi di lidu,

Néu R 1a mét danh sdch méc ndi don cdc bdn ghi, thude tinh chn sdp 1 gid trj c4e trudng
khéa, thl Gordon Sorber (8] di d¥ xuft mét phwong phép sdp x&p tulin ty khé hiru hidu dya trén
vigc phén tich dwdmg chay theo thtr ty ting holic gidm & bwée shp so bg, cdn che quéd trinh tidp
theo dwge thyc hign nhw qud trinh trén d& néu & trén. Do duy tri dwge 4§ dAi che dwdng chay
gin nhu nhau, nén thugt todn SORB néu trong [8) t8t hon nhidu thudt todn khéc, ké c4 qucksmt
vh dat dwec d§ phire tap 18 1.4NIn(N), véi N 1A 49 dai dir lidu.

Nhin ngay 1-6-1991

TAI LIfU THAM KHAO

1. Ban D. V., The Systolic Systems for Pattern Matching, Proc. of Artif. Intel. App Al 87,
Praha 1987, 278-288,

2. Ban D. V., OCCAM S8plves Pattern Matching Problems, Tech. Report MBL-UTK N. 180,
Bratislava 1987,

3. Codd E. F., Relational Complsteness of Database Sublanguages, Database System, Proc. of
Comp. Sci. Symp. Vol. 6, Prentice-Hall 1972.

4. Kung H. T\, Leiserson C. I, Systolic Array for VLS, Introduction to VLSI Systems, Ed.
Mead C. A., Addison-Wesley, MASS. 1980,

5. Kung H. T., On the Implementation and Use of Systolic Array Processors, Proc. of Inter,
Confe. on Comp. Design: VLS] in Comp. IEEE, Nov. 1083, 870-878.

6. Miklosko J., Systolic System for Linear Equation System and Matrix Inversion, Comp. and
Artifi. Intel., Vol. 2, No. 4, (1983),

7. Miranker G., Tang L., Wong C. K., Zero-time VLSI Sorter, IBM Jour. Res. Develop., 27,
1980, 140-148.

8. Sorber G., Optimal List Sorting, Software Development International, Winter 1991, 43-49,

(Xem tiép trang 14)



