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Design and Implementation of a High Speed Systolic Serial Multiplier
and Squarer for Long Unsigned Integer Using VHDL

F. Yazdanpanah and A. Vafaei

Department of Computer Engineering, Faculty of Engineering, University of Esfahan

Abstract: 4 systwlic serial multiplier for unsigned numbers is presented which operates without zero words inserted between
successive data words, outputs the full product and has only one clock cycle latency. The multiplier is based on a modified
serial/parallel scheme with two adjacent multiplier cells. Systolic concept is a well-known means of intensive computational task
through replication of functional units and their repetitive use. Digital signal processing applications often involve high-
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speed sequential data. Bit-serial processing in particular can result in efficient communications, both within and between VLSI chips
because of the reduced number of interconnections required. Serial input multipliers have received considerable attention,
particularly for hardwired VLSI algorithms used in signal processing application, due to their minimal chip area required for
interconnections. Bit-serial architectures are often used in parallel systems with high connectivity to reduce the wiring down to a
reasonable level. The conventional add-shift technique for multiplication, which uses a minimum number of gates, is inexpensive to
implement, but too slow to achieve the desired result. Iterative array multipliers are needed to satisfy the high speed requirement of
systems. With the advantage of high scale integration, the hardware is not regarded as a major obstacle in implementation.

Keywords: Systolic arrays, Serial multiplier, Systolic multiplier, FPGA and HDL.

Juljjﬁ J'l.ﬁu): o3ls L;A}_a&)m‘ﬁ"ﬁjdl_lw
el el IS

b Gl e sl b S slaaslyi
u_':-‘j.]é e ijj Lo &.:mgj)‘ a:Lé:w:U ‘UL;».A L;LAJ;—U
O gty 5 S5 L 5L sl 5 (olene L o0
Lg—i [Y}\]\L_w‘ Y Y J_:,QSJ QLA) D92 4= ol C})a.a
Hg&m&j\sﬁﬁuj\vﬁadl&i P
slresls dlloslw fae oz plxil 4y 506 S a S
0 g X b S s wll obe o Sl s 5 53503
ool K Olss 4 bl £ Rl ldl oo s LB (5550
Fa= 2 S Sl o Dy se | edelil 5 olate 05 S
[V]..Lo‘e.l..:u C})a.a Lad e rbu‘ oals

S3lw sFPGA il 4l 5 slaail 5 (g dy Gllasll
Col s o laslpl 5 Jllosn o 5 L6l
obl_:i)f‘}la (5‘)-’ wl.w 65}.‘}&‘FPGA4§J}J@

Yoo .

Slghe 5o by anpa L adsed Sleatonn 1 3l
sldshe s b Lig slaalyl BEP TN - N W
S30 SAse Do dm ol e DL 5 5 0L
Lgd 0 S FPGA slaasl 5

oslw J_:Jb a [f] B RSV JSJ LS)‘)"’/QSJ"“’ e.,\...Suf.p
b glacas o o (g5bwesly Gl I Sl 05

Ao —\

T U 6y e 528 6l Jb e Dl Y e
L5l LS 5w Vb sl L &S slas )18 55 e
Sloaaey 5o sosled 5 Dbl o i b sl e ool
Dyt 5 e B3I Wl SIS 35l
Sl s 3L (S50 5 S0 sl
Sl iladl iy S Ol 4 e S S 0
s olS alds leesl mi s S sliel gl s [, S3
S Dl Sol s a0 3150/ (6 sbre iS5
bylast oty s 4 ediSo s ¢ 50 ol bl il sl
or 3 3pbe SIS SIS RS o ol JUI Y b
S a4 5L w55 5 sdaze VLS s 4 Lo,
PR E S U U S P VN C [ W e
L 031 Jal (95150 (5 v SlrediS i 534S GV b
sl an Ll e olle (8 LB s s gl Sl
a5 e Sl g ealinl 555 Lol i ) s sslinad
Sel Jl e Slwlme ilodd - e L o slaoiS o 5
Sl Uy S las )50 Jyde s b Sy 2018
o LaediS oo ol STy Al S SV 5b
o esls GVb bk e L0k il esly (S s
Pyt (L
Sl e Sl 5 05 S aly jltle s e Al sl
sla il &g 4 b glaokiS b 81 esls Vb
5 ¥sde b VLST (654 585 53 isd o o~ b | s
Al S a3 ) (e s SN2 6 3

s olbli )l YL a e E T ) SRR UV

(omdige 03 (6348 Slgdis, tebo o) VWAS Wil oF 6 5Led Y% Jl (ki ¥


https://dorl.net/dor/20.1001.1.2251600.1386.26.2.6.5

[ DOR: 20.1001.1.2251600.1386.26.2.6.5 ]

Cj.la U.A‘MJ@ rbu‘ d}f EEESE) (_}ots J,‘pL>- 43‘)\ )/\ oo
d=B s se Sl b L e I Coen e B )

el b3

s 398 (G g e NS O g Y
3553 Jeols Lo b 5550 slaodiS Oy 3 oS il

gl oo Oly ) Sosoa S0l uj’)')‘vs

3dy dyXy  ai dpdy
a3 y Xy ik dpgky

3y Xy s iy

Pl phy, B Pk, ph ph,  ph, bl
Soserte b sled s an Filse /g eS8 S
el ol o5 ol st el OLES (Ll -)) K s 7Y e
L 5 b sleaiS ol (95,5 sl .l [F] dlie 4l i
s dm sl 2§35 0315 5 G Do 4 X
S Rl Gl 3t e e 30l 2y Bk L (g5
o >0 55 0 1) ol Ol 5 e o Slles
O il Cond 5 PL st (555 4 FIleS Loand 5 S
2% B3 s (3l et s 50 0 aB Ph L (g,
sdas OLis (V) s .l okal (z-V) 5 (=) gl
ol OT L8 b
U LaediS O s o oS s s Lol Jule
Sl eslimal L lice ol el s Jsb s esls g L]
Sl s BB s Bl ol b 4y b sl
(reset) SLis 3L 4l au aS R Ju8 JUSw .ol ool
(1 oSy L) Lo S s sl s 5 S
2y on JLadl ot a5l (51Nl 51 ey 055 g Leate
(Jmol NS Coend Sy 2] ales L Ole e
L s e Jls (S) a5 o (sl I3dome R JUSnn

O 58 LS o 4alS S al e o5 50 e
O Sl WL ke eSOl S ST S e
1T o0 e 4 53 3,5 35 o Zo M U ($3555 32
il U Gy il Syl o S s 1y 2alS 70e
Jeos s Sy i U Ll gl SVb bl
S il s e Vb sled (ol a5 S ol
S Sl o SLI[O] STV e (Shs0, b id S b
0313 4LadS 53 a5 el ol ) o0 (e g ) s
e ol Ll 3 s s i Ly I alols gom (e
Solisl ot L a5l Jeaiie S 4 1 il
b A s a8l (60555 lresls s S OLS L
3 o 1 JalS ol [] 53 edd b jue
o ol glasl U andl (S o asloes SN0 (o5 0,6 b
3l 3 Sl Il s 4y il 5l Bl sl

(ol S 05 [ASV] 5o el 1)) slg slasne
el Al dias e s oo s b 1 elS Lols
o 4SSl e ol sl bl s 4 5l 50 el
oSS U bkl pl 53 S ad foe o2 O s
3353 Jeol sleS 5 0l Cend g bt LSS
3o o ls U s on L oS al o

Sl sl e b o sl s
Sl 5 [N I3 [V =8] el 0 o 25 5 oy
35 Losl ol ol b e Il o SulS L25 okiS O,
Il e MlS 0aiS s sl il Jsl sl oS
Ll Ll s 5 oD L ale D20 50 0ds 2158
Ll 35 50 (S350 /(S A0S 5

L ol (0SS Ll il e o
Jlasl L s 353 00 IS 25 5 s p TV 00 (So50 2
Aol ol L (g e diS b w0 el Sk
S350 33 s ot LSS Sl el b spd e s
b edS o2 s 3 o Jlasl e 4 Jb s 50y

(5)_}0J_€JLJ‘)&;MWQ)JUJY%JLLO‘UJ,& ‘(_}"pl’-gg‘:".‘.”"

(L;w.)u.éﬁ P L;)J\.G L;Lé";j) ZMUB}‘.&)) \Y’/\? .L.Q.w‘ cY ;)LQ-\: cY; dl.w cdm\


https://dorl.net/dor/20.1001.1.2251600.1386.26.2.6.5

[ DOR: 20.1001.1.2251600.1386.26.2.6.5 ]

Cells Cell2 Celll Celll

Marme coe M0 . o200 0 300 0 . 400 0« 500 . o . BDD . 4 . FOD . o . BDD . ey
" clk o el
o reg _| |_| |_| |_| |_| l_l l_
Ewg 07 T Ha )3 ¥F &
oy G| 1111 | [1op | | ooo1 1100] | [ 1w [ [ Jooio |
wpl D Jaoor [] 0 1000 [ [101] 1000 0oLo 01a0
Wbk s et e L Jorio | orir | oooo [ ]ioip | J1im
o) s
Marme 1 oy .o 200 . 300 . . 400 . . BOD v BOO . 0 o FOO. 800 . SDDFIEIEID ns'L
. OO 00 2 e ) 10 52 e a0 5 5 T 0 e o S e
Mires _| |_| |_| |_| |_| |_| l_
Ewa {1 F I2 Al jc JE )2
Ko ommy | atoof ] fioip 1 [ 1110 iy ][ looto
ar gl - ]iom1 [] 1ooo [ ] Jioij 1000 ool olon| |
e 1 Jomo | [ orr | 0000 [ |ioy | [nm
g S

(L;w.l...éﬁ P L;)J\.G L;Lé";j) :Ml.;n}.lj) \Y’/\? Lzl cY ;)LQ-\: cY; dlﬂ: cdm\

At (DY) SE (g5l ad e = (7715 () slgss

(Gl odd Jo g0 oa b (2) 5 () S 55 X 52 gb)


https://dorl.net/dor/20.1001.1.2251600.1386.26.2.6.5

[ DOR: 20.1001.1.2251600.1386.26.2.6.5 ]

(L;w.l...éﬁ P L;)J\.G L;Lé";j) :Ml.;n}‘.lj) \Y’/\? Lzl cY ;)LQ-\: cY; dlﬂ: cdm\


https://dorl.net/dor/20.1001.1.2251600.1386.26.2.6.5

[ DOR: 20.1001.1.2251600.1386.26.2.6.5 ]

0l e U355 Olasanl 012 Jlb 3 5 odiS o
i S5 ¢S L b el L el S el (S
o diS ez Sler s S el (pl 258 Al oS e
oA S 2 el nl S o sarta (ils sl
Lzl el S 05, VU ad 0 1S 53 y 03 M
o3> OLis dlde (ol LSS 5o LD b cele (2555)
e R Ok Wl e s cnl s O (Wledl
Gl s il U 05,5 S Olge 4 5 el Jie O
s e 3l (2 2Y) IS S e el Ol i
o=l o3 aS s sl 2 s el U sl
o2 AL XS e Jee 05,8 S R IS S
Jlas! sl JiSe Jleb 4 51 333 R Jims I
by DM ol o 5 (DY) Sl 5 550
S oS ma 5 OB s s U Ol ST el e
Codle Jlad a5 R IS 05 Jlb oy Slo ahsls
ey (i) sduds e Cout &) ol 5o diL Cela
ol sl Jae Cela ad ddasd js jlie ) 5 S sl
S ai dale el g ol s B G s okiS e
Sy OF 534S A3l Sgline OF adly Jlis b ol Ko
Sl 434S g 55 A dalgst oldl el 3425 4 e
SIS U ailes S0 ol i 5L (e -Y) S
dalp Ol cele Jbd o aba>d 5o s 5 S5y 2 S2005
Lt TSy U Gl b Sl ol pl oLy g sl
WIS dal s BU e 55 3 ge ke 5,550
a5 01 0l e (V) IS Sl s (St Jlasl Ly
Seslinl Ll o sk s 3 S JdS A5 e iSy5
ol ol Vo] 55 adiloslr fsdoman [y e il olie
o S byl aan 5l 2 ole Ol5 e A
S L byl s U sle Ll sl 558 Gl
SLacA Ll can  (Sis cnl 3l eslizal L sls 13 Cillss
Sl Ol 5 SO s a sliS o5 sl sk Sl

ekt Do 4 () S s el Gl sl gha) Wsd e

1 ! 1 !
LA, Syl DA, 5!
1 L 1 L
' L2l Fa cnm__i i E—B} FA |-, i
PR =
1 L 1 L
! : ! :
| DR ! : B R !
? : ? !
(A (&)

dslbie glrodiS b 55 4l Jobw g5 55 - ISS

Sl SO eliS ol Jske o B G s e Lol

ool Cend - 355 L PR Gl i) S

B St G bl (SSS 6L S 80 L el
Q)H‘\-’)Ml}nﬂdﬁw eu@}&bj L(CSA)

N

534S el cpl Cplie Cle 3 pd o b o595 Jsle
by ek 0 #TG Gsb by, Wilen B o 5 s
0diS w1 3 e 5 ok i abgs e St LS
Sshp g Sl ml Al b e 5 S

O ol GlaeliS oS Ak s e i)
Csl by ol 3l o3l ol LB g 65 b por s S
i s Pl eSS 3 sl Sl 5 e 2l
Celwas >IN 2N sde 3 Lo Gl 055 o e
Db B Sle mis e OF S N oS 5l 51

S R OIS Sl a5 > Sl oo w8 5 cpl @
Phss, 5 b sie o gﬂ_uuu;j)nvswhpl
2 agdiee LB (S sde g3 o palal 25l e
pled ol R IS Jae yp i d S (51801 Ol
PL dJ 5 joms) o oot (555 4S5 (0 ol
O pialols Sy S o Gl 3 Kipd SL sl 3
U Sl e skt ol (s S e ey
g o Joate R IS dPL A 55 o) goms Jax (53,
el [0 b Sl bl ol sl Sl oS

SlrediSo b 5l ol Jke (- Y) IS
Jeds sl ol s s e 0L | Jslis

s s M S e (SSd)s L

(owlige 53 6348 lgds, iaabos s) VWAS duial (¥ §yled (Y8 Jlw oDzl 7


https://dorl.net/dor/20.1001.1.2251600.1386.26.2.6.5

[ DOR: 20.1001.1.2251600.1386.26.2.6.5 ]

Y 1 "
@Cdlfﬁ' @Cclﬂ @Ccﬂl Celld
o ~ S M Dl
(L al Eae
—+FA {0 _[Fa D FA [T T tFA —
—+ H LY — B Ry hl bt =
Ry ™
‘ r? ‘ '? ‘ ‘ [?‘ N [?I ‘ Repeated for
Rs R, H . R Larger Multipliers
o 1 . T B
n—'-Lu Dol | ,
; i Last Cell PH
I 1 Dl
- 1 n :

Toe 623 0t b i 5 gl S5 b (53— e i ¥ oS ol (LYY
UL Y (J'—\')JSJJ‘-\ARZ sR1 sR ous d\y\l\a (C)j(u) 6‘.@1&5 PL":"V-"""CP 6\.@.6'&.';)4,51‘68231‘681‘91‘68 CJJL:.G

Mame II 100 . 200 . 2 300 . 400 . 500 . « BOO . S FO0 . 500 . » 300 . 1000 11:"120-Tns<i‘|iz
ol L
mes D] 1 [ ] F =2 1 [T
Hoes] B 1 . ] I 2 [~ 7 [ [ [
MRS - e L =] [ [ 1 [ [ ] [r ]

A g g A7 HE e HE AE X2
nroy I 1111 | foip [ [ooo: [1ioo0 | | 1110 | [ |oouio
nropl e 1 [T T Jaoor [ ] 1oeo [T | feip [ ] tooo[ | [ |ooio [o1do
o L [ortio | [ o111 | oooo [ hoip IS 5 T

oo TS

M anme ¢ o MQQ . .ZOO. , . 2OO . , .4Q00. , .BOO. , .EQ0. o . FOO. , .EQ0. o @O0 . 1000 1 11i'"1'_200 - '_|
AR P o e 0 ] g P
mores T | 4 1 [ ] lz - I= =
el 1 1 1 | I 2] = 1 B
METCEas et iy L |_| |_| |_| ,_| |_| |_|

& oar g & HF s Al A HE Az
= [ oiin ] [tioo ] [ houp ] [111m 1111 [ looim
miphy b ! [o110 || o111] oooo [ hoip [ Jerne ) &

o - YIS
.(.b'le.»..:l;;ql;;cjg,aM,;x;a)mdlﬁu.ja»é}u%@Lﬂo.ua:&w‘}&icjydwq

V.:.@;.\JcJu’Juf: RS C)&.?ujaé-d)) 45@@;33&9%»:)3 sla
@l_“q 8 WY Lﬂ—.’ Ve oS V-:.éwvj U‘i‘ J)A.ZL;A o33 )‘J:e VLY
5 ol i gt e i A IS L e

Ailedd e3ls OLE (F) IS s (3l a3 ool &b

S S blas Joome 53 OIS 53 5 (Wlodd o3ls LS
Sl D58 o AR IS b (555 (500 5 els Lo
J OIS TIPS UNSRE L WA
(s bkt Sa) meee Jolm 3L sk 4 S

(L;w.)u.éﬁ P L;)J\.G L;Lé";j) :ul.?n}.u) \Y’/\? .L.Q.w‘ cY ;)LQ-\: cY; dl.w cdm\


https://dorl.net/dor/20.1001.1.2251600.1386.26.2.6.5

[ DOR: 20.1001.1.2251600.1386.26.2.6.5 ]

(L;w.l...éﬁ P L;)J\.G L;Lé";j) :Ml.;n}‘.lj) \Y’/\? Lzl cY ;)LQ-\: cY; dlﬂ: cdm\


https://dorl.net/dor/20.1001.1.2251600.1386.26.2.6.5

[ DOR: 20.1001.1.2251600.1386.26.2.6.5 ]

slacs chasi b ol last ol dolee sesbia 55
SOR JESKw 3 b 1Sl pie X 55,5 4 o @ 5335 0
IS ) S 3550 0 53 538 4 IS bt b 53 1
Jlesl s 4 X oy 3,10S Doy Sl 8 058 2 S
b (2555 4@ Sy 0 i )leS 4yl s 45 5 0
)JRJtﬁ—w&SQ%@WbJ‘L@—w‘MJWbW
SL syl W a glte ol s L5 o solilely Jlste sl
o313 05,5 55 31 13 Jshor o aib 55 )3 555 g0 (glaesls U
wdls sy o S s 62055 93 B e Gl L
s b an s aslel ey Jas sl kiS5 b
YL el e g i o o ol By oS OIS
2 5 03,S Jite fol ol mexr ) JB Sy 55 eslizd
sV i s Slda Job Bl Cwnd 055 )L el
bt G5y o Sy e 05,55 L Olajen (B Sy 0 3
i A2 o s> OAS 35l b Bl 53 558 e plamil (9255
ik & ab sy e sk 31 L] U] Jas Jsho o & (slealS
Sl Jslw 350 53 M 3535 0 oSS it DU 5l Jolre
YL oS e Jsl (62505 Ao sl 2505 b sl s
et ol 53) OF a3 (53555 damd nl 53 O 5 kS i
oo las db g e Sl 4 bl ol cnlaxg (Cs Y ¥
@2)3&)‘0.«\3&&%)* e 3 el el UL O,
,m@;—guu&ﬁwﬁﬁu@e—&mam
$3503 35 7 o a3 3555 b Olajen 550 o Jame Lol
osls gl 5ol oo Gl y o 31 Il Jshe VL o liS moxr
oy J=3 5l ele Jlel B oy pm oS e (nl 3 3 gm0
Sy e Jima PH s 2 4 bl bl 515 sl oS mer
Jld o &8 il a5 el O58 Dlbes 5 OAS 2l ol
aarg bl e Bl esls g 8 Oby by o Ly & el
Al b el i Jeol o 50 Al 4 2B Jle a4
Gailes (F) o AiS o sk IS 55 Jsbe 2 (10800
4S ol s o el D Gl ) e pl s Shas
sl Ol (7)) IS dias e 0L |y e ool () 52 55

o b oSO 0 4L J g sl - ¥ IS

ol Ol bl Hle 5 S e ol 53 a8 Jlss b

G S 05,5 WLl sl ol s pbil [ Y]l s
o=l s sl Symy B g il S 03ld 33 B ho
et 53 el 05 G R 5 X b o as izl i
e Do 4 sl s slimad 4 e Sl aes
Lol ol 015 e OG5 oales sl sl 5525 bl
plml sl oS LB oy 0 S o S K s wil kel
o=l e JUSS sk Skl Bl e S5 slasl sl

C,-w‘ ol Jm w}: .k:— L' (QG.H —Y’) Jgﬂijé )‘..La

e e sk Ky o

WS s K (Y K e s i Jlesl L
Cosmoin 8§35, Sl gl m . dls el S L e
So s a w5 ol e 3 25 3l Ll 4 (g
o sl Sl Gl el 3 355 0 3L| (latch) i3
sl 2 53 5 50 Gl (o sd Jsbo 2 4 (6255 laesls
o ols 33 ge Slaed S s s dske 53 8 o L
K g g3y e slgiles s Ry sl S

el s Gl 5,8 e gl 4 5K S
S s 53 pLesl 35 e o3l (il Y JSE) s s
() U2 3t 555 6, b emie Lol o oS sl jslons
S ms e 0L | g ol 31 sl 4 s el
ol (DY) e b Jshas 93 51 oS 5

X g O @ 3l 0L g Sl a5 L

d\ (L;w.)u.éﬁ P L;)J\.G L;Lé";j) :Ml.;b}‘.lj) \Y’/\? .L.Q.w‘ cY ;)LQ-\: cY; dl.w cdm\


https://dorl.net/dor/20.1001.1.2251600.1386.26.2.6.5

[ DOR: 20.1001.1.2251600.1386.26.2.6.5 ]

(L;w.l...éﬁ P L;)J\.G L;Lé";j) :Ml.;n}‘.lj) \Y’/\? Lzl cY ;)LQ-\: cY; dlﬂ: cdm\


https://dorl.net/dor/20.1001.1.2251600.1386.26.2.6.5

[ DOR: 20.1001.1.2251600.1386.26.2.6.5 ]

Cell

a
l]_
r | Cell
Rs_
Ph
R,
RS.Z |]2,1 R1,D
RS RZ F"1
..... [ fi_llm [ %’—m [ T
| . L | N
- S
Mame VM0 200 . @00 . 400, GO0 . EOD 4 P00 4 800 . @O0 . W00 . WO . 200 4 1300 . W00 . 1800 . 0D 4 1700 '|_1'“8.'8MU?&
o ck jEgEpl
Mies | (il [] [] gl
v a 001110 00 od1101 00 01011111 00
"y 00 1110101 00 [ 101fiT001 00 [ 1101pop1 00
L N (00 [] 11000001 o0 | 00oo0011 0o 10001111 [ |00
wph b | 00 dodTiolt 00 01110000 00 0100[101] |
o S
Mame caM0 200 0 300 . 400 . 500 . ED0 . TOO . 8O0 . 300 . 000 . 00 o fA0 . 1300 . MO0 . 8O0 . BO0 . 1TOO0 'Uéé’&ﬁ:
g i
T | ] [ N [ N
g 1110101 00 [ ] 101i1001 00 []__11010d01 00
= oop11101 0o Todi101 00 OT0T111fl 00
Epl [ e L 00 7] 11000001 [ [ 00 [ 0000001l 00 1oo0t111 [ 100
awph bl | 00 odT1oi 00 01110000 00 0100101
oS
Gl dmd T 10 S A e L eSOl e -l 7 S
RGO PR W) d.a‘,S»ux sa s> ‘T x=11110101 5 a=00011101Jt~ ;>
AR (L;w.l...@ﬁ P L;)J\.G L;Lé";jj :ML;QJ:‘..:)> \YAZ Lol Al ;)LQ-\: cY? JL« cdm‘


https://dorl.net/dor/20.1001.1.2251600.1386.26.2.6.5

[ DOR: 20.1001.1.2251600.1386.26.2.6.5 ]

IVeo g0 b (2 Db 0 S © pb 63105 gl - ¥ g

Cole I8 5 gl L R JUERT p a S b S
5 A A n(FA)+n(AND)+7/2n(D)+1/2n(MUX) (48A) [4] L5 e &l el
5K Yer n(FA)+n(AND)+5n(D)+1/4n(MUX) (Yoo V) [¥] )3 ot &1 Hlsl
ERStoRRLl n(FA)+n(AND)+7/2n(D)+1/2n(MUX) (Yoo ) [¥] L3 ot SLIHT Ll
5K YYY n(FA)+n(AND)+11/2n(D)+n(MUX) dlde opl 53 e G1 lle
FA: Full Adder D: D-flip flop Mux: Multiplexer

)JLA\M&U%&)J‘)¢}JQ§)L@J;)J~S&M
yb—?-pJC»—g)LP;‘LeJL; Mﬁ)\m dﬁ:.;l.lw
)J}@‘ﬁ&b&&ﬁ)%b&)b%;@ub
Al s 0 A B Y glaast >

5 S5y Maxtplus 95 i3l 3l ealizd Ll oyl
lwesls MAXT7000B FPGA o3l 5l 5| EPM7064BTC100-3
Wl 5 ALK YYY s ol sl UK il 3 Slus s
ﬁ@d&ﬂﬁczfyduquﬂtwuo)JAS

Loles Wshw 5l gl U155 o b ol S5l Gl
)U U_l‘ AS C,‘.«J‘ c&‘j .b; A}Lw c.)u‘c,ot" LSLGJ.."})) st‘) AS
S S5 W5 e Lkl ol S5 5 S
‘Lf;—; LSLQ)L:?-LA DL ‘J’.!) g;.\;‘b Juh‘j>u )‘Jw ):"U ﬁls DL
w\d}fwjﬁfbj\dububdtirAUJu 0,93
d}-\_wwlﬂémwu‘jdﬂmmuﬁw‘ Lg)LAA.\-:GJLS‘JJ
@.JJSJJQLJ)‘JP&L_;U&J))}&6‘)\791-@0.“:
&-g@dw}bsf_:b}ewrﬁ”ﬁcew@}d\d»
JW‘LMM\f&JJ}cA}MﬁM@;-@-)FL}L
‘C»—ﬁﬂ‘ Y8 A &‘)‘[\Y])bdé‘é)lﬁ: Lf;j) J‘Lﬂ‘f@.‘jﬁi’d
rl_?d‘4;.):\5ASJJSV.A‘J_éoMgJ‘éw‘L;‘ﬂL;}KAQ\)}&
LY JaSe lseste slasl oy

bl ¥
Shshss L olgi s su S 5 (F) Jyiar 5o

ST oo Soso e b &S spmse o Jb e glaediS o5

(L;.«:.L.é.ﬂ P LQAJ\.G LSLQ";j) :ML;&}‘.;)) \Y’/\? .L.d.w‘ cY ;)La.j-' cY; JLM-' cdm\

.@\Q@p@@enﬂgﬁx\ﬂdgﬂemgﬂ;)m
eia 1-Cout 3 1-Sum « 45 () Jsd Jgl a5 > s

=V dsbe YL eSS O oo s agXg Lldie Sl ol
S Sass 4t o ) ag 8o el ss (K25 Celll-H
05 95 A Xy 58 lalo s cad sl Jlesl e 4 xg
o IV 5o sde aiS e a5 5 0a L sl 4
) N gledsS e ST ny ol el s %—1
%—1 o) s Sl m @ (83555 il axdils (Sl 55
o s sl s o X (gn5, 5l =45 el JJL
s e ) Gk e X s b Glaas
slaLateh 555 Lol .S 0 DB | Koo ol sl
Il 2L 0iS mamr 53 o8 550 0 Sl (1) S5 J sk
aS pidas U Ay oS Ay s g sl Ul
G 35 395 .30 Il S ol el sew 3 RE UK
):dw&w@vﬁXJa@ﬁ)L@%éunwa
S onls Iyl dsho GV oS o 3 (ol 5 oy 5
sl 3l X3 g X S o A1 B s A Sl 5l gaza
Y po el S3do S ¥ osldad 5l pladl Al
ot g i glaedis O s plad 5 ol b
Sl g et a |y Jle STl Bslo 50
Wl 5o a8 Ao el S LSS 50 S e
Slligd e ST 0L Y laas & aply Uply s~
Coand 3 Ly oo X 58 dodr Sl A 4 7 o

O o slaas o tile lds Lyl s (0) IS 5lte YL

'Y


https://dorl.net/dor/20.1001.1.2251600.1386.26.2.6.5

[ DOR: 20.1001.1.2251600.1386.26.2.6.5 ]

i bt 5 Lgany, 5S84 Jl 51 i s
O 5 L sluesly LT Slgalins L Lol s C e sl
g S webp BT 5 Ak bl S e 4
5 Soso e ol s Gl o Sz e
S i sl St D e e S
Wl s Wk 0550 ) b 5l eslinad (5lugs sl 50
Celsylse ol aen 4 s o eslinal Olojon LS
Lol ol o 55 slawll (g5 sl OAS o
o 5 gLl B aeS L 5 VST (65,580 b iy
Slaadl a0 5 dlams s Glaslpl 5l bles
cotle 5 b 3K CPLD 5 FPGA (55, 4l LG
(25 S i Sl el
= d S o8 S (b L, I a0
S i (G D am Lgd g sl (pl 55 A e
Sl e Gse e Ly ool Jeols 5 Ly e Jles!
Syse Sl b Lanlie 5 lidlcsen Aul5hl s o
b 03 m S s i 3L 00 (ose e b S
eslitul LS ol alie slaslotla 51 (6 U8 e (slgay s S
Golw e dlie il )5 ol Cony sl e dad cpandys U
S8 b ge Ll (gl ol s i 5 Sdes 5 Lo

sl 4 S

Sls,d 5 K5 -p

g 534S Jesleul Ol BT 5 olsie Y bl o
3 Kles S g5 JlSaS (ol and 5 e g asl (sl
et 5 Sl A e asl 53 &S jsle e ol Bl 5l
S S 5 S5 Wl el Ll (5 SKen s BB S

YoYUV ] Wlae s et 6l (glem b (s 2 ol

( Pl, I Ph, I pl, I -~ )

0 JSa e (s otiile

PI, Ce ) (opy )
Cmy (Cmy Cwm)

Cilites oS O Ol g S g bl -V ISE

o315 OLES Jydr 53 a5 jsboles .l ol aslin (S s
Slem b 5l adlis pl e (6l csen  Sdomy (ol ol
wosa ol Gl s bl il iy WSV dlie s oul &l
S8 ol e diS o  Sllas 6l s i (6]l
S o bl DLl 53 315 ol S50 5 4
Vo s plasil Ol e (Jls Olge 4.l SYL s
IN] e jsedd S) Sl )b aw s asler sde 255
) Sl IS PY U(0) [ e bw g ISw Al
S S 3 S Sl e (S a5 (V) S

§ 7S 4o =0
Sl eslinal 4 Ol 5 oo Jb s Glas iS5 Ll s
(a5 S8 Slranl Bl 035 oSl g glad
Gl eslanad Ol YU sleusls 3 s L8 («led\ b
WJJJJQ.%SQJJJM@‘JLQ&A‘)‘UJJL}-

.;;aju\&gdu)uudgﬁkw\dﬂfaﬁ

Y aj‘}
1. systolic array 5. multiplicand 9. Glitch
2. prototype system 6. full product 10. partitioning
3. efficiency 7. double shift register
4. truncated product 8. carry save add method
\Y (L;w.)u.éﬁ P L;)J\.G L;Lé";j) :Ml.;b}‘.lj) \Y’/\? .L.Q.w‘ cY ;)LQ-\: cY; dl.w cdm\


https://dorl.net/dor/20.1001.1.2251600.1386.26.2.6.5

[ DOR: 20.1001.1.2251600.1386.26.2.6.5 ]

1. Kung, H. T., and Leiserson, C. E. “Systolic Arrays
(for VLSI),” Sparse matrix Proc. 1978, Society for
Industrial and Applied Mathematics, 1979.

2. Kung., H. T. “Why Systolic Architectures?,” Proc.

IEEE Computer Magazine, pp. 37-46, Jan 1982.

3. Wan. C., “Systolic Algorithms and Applications,”

Ph.D Thesis, Department of Computer Studies,
Loughborough University, Leicestershire, 1996.

4. Pekmestzi, K. Z., Kalivas, P., and Moshopolus, N.

“Long Unsigned Number Systolic Serial Multiplier
and Squarer,” IEEE Transactions on Circuits and
Systems, Vol.48, No.3, 2001.

5. Lyon, R. F. “Two’s Complement Pipeline

Multipliers,” IEEE Trans . Comput., Vol. COM-24,
pp- 418-425, May, 1976.

6. Bi G., and Jones, E. V., “High-Performance Bit-

Serial Multipliers,” Proc. Inst. Elect. Eng. Circuits
Devices Syst., Vol. 139, pp. 109-113, 1992.

7. Ven, G. E “Two’s Complement Pipeline

Multipliers,” Integration, no. 22, pp. 23-38, 1997.

8. Dadda L., and Breveglieri, L., “A Modular Bit-Serial

e
Convolver,” in Wafer Scale Integration, III, M. Sami
and F. Distante, Eds. Amsterdam, the Netherlands :
Elsevier Science, pp. 279-289, 1990.

9. Sllame A., and Devorak, V., “An FPGA-Based

Systolic Serial Multiplier.” In Proc, of 5™ Electronic
Devices and Systems Conf. EDS98. Brno. Czech
Republic. 1998.

10. Aggoun, A., Ashur, A.S., and Ibrahim, M. K., “Bit-
Level Pipelined Digit-Serial Multiplier,” Int. J.
Electron., Vol. 75, No. 6, pp. 1209-1219, 1992.

11.Nibouche, O., Bouridane A., and Nibouche, M.,
“New Architecture for Serial-Serial Multiplication,”
IEEE International Symp. On Circuits and Systems
(ISCAS). PP 1I-705-708.

12. Alexiou, G., and Kanopoulos, N., “A New Serial
Parallel Two’s Complement Multiplier For VLSI
Digital Signal Processing,” Int.J.Circuit Theory
Applicat., Vol. 20, pp. 209-214,Mar.1992.

13. Ait-Boudou, D., Ibrahim, M.K., and Hayes-Gill, B.
R., “Novel Pipelined Serial/Parallel Multiplier,”
Electron. Lett., Vol. 26, 1990.

(owlige 53 6348 lgds, iaabos s) VWAS duial (¥ §yled (Y8 Jlw oDzl VY


https://dorl.net/dor/20.1001.1.2251600.1386.26.2.6.5
http://www.tcpdf.org

