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A Logic Synthesis Method Utilizing Selectors
Takashi Torii and Kunihiro Asada
Faculty of Eng. (VDEC), Univ. of Tokyo

We have studied a new logic synthesis algorithm by utilizing selector circuits to improve
the weak point that the conventional logic synthesis algorithms Synthesize using all the
logics mapped to a lot of gate libraries, so that in some cases their performance is worse
than human design. We have proposed three logic synthesis methods that use symmetry of
logic, circuit and decomposed diagram to utilize selectors. Using these methods together,
we have demostrated that about 15% of logic benchmarks are better than the conventional
method, and synthesis time is minimized by efliciency of using selectors dependjng'on the
characteristics of logic. We have also shown the present method is effective compared with
FPGA synthesis tools targeted to multiplexor-based designs.
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SYMMETRY_CHECK(a;(m, n1), az(mz, n2)){
If(FILTER1(a1,a2) = O.K.){

step = 0

while(step < 2™t ){
a3 =VARIABLE_INVERSE(ay, step)
if(FILTER2(a:,a}) = O.K.)

if(VIC.CHECK(a;,a3) = 0.K.)
if(SEEK.ALL_ORDER(a1,a5) = O.K.)
return(0.K.)

step ++

}

}
return(FALSE)

}
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SELECTOR_REDUCE2(network){
repeat{
MOVESELECTOR_FORWARD(network)
CIRCUIT-REDUCE(network)
COUNT_TRANSISTOR(network) — TABLE
Juntil(no selector move forward)
}

if(TABLE # NULL)
return(MINIMUM(TABLE))
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SELECTOR-REDUCE3(v){
table = NULL
for all (vi,v;,i # j){
if(FILTER (vi,v;) = O.K.)
if(SYMMETRY.CHECK (v, v;) = O.K.)
if(EXCLUSIVR.CHECK(v:, v;) = O.K)
register to table

}
if(table # NULL){

REDUCE(CHOICE(table))
SELECTOR_REDUCE3(v)

}
}

B4 14: SELECTORREDECE3 o7 A=)
A

2.4 BFHEOESHBERLFHE

RERFLE%® misII @ script.rugged & LT
BEEROEE ¥ TR olco RVF=—ID
FAEIX MCNC89 %R L 7co BA—H10%R
H~OEAYELTV50T, £THE—HA
ICBBREfT AR > o BB DOREHT 897 EHTH
3, ¥—+7475 Y NAND,NOR,INV,
SELECTOR., R Fhomiit4: 4: 2:
6TCEZTHB, Furralkec Ccith
L~ Sun @ Sparc Station20 THEfTL. FHE
FEDRIEE TR 5 7o
ik 1: B b osEEoM I X 3751
ik 2: BIIED b oFEORH I X 35k
Fik 3: RESEIC X 3 H%

LT3, 300HERFDbESZ L, FIVY
A BBRERFEL Y bR 2R 130 18
(14.5%) TH o %zo B 151k 3 DD HETHD

LAREDER D ERLT o OB,
3 DAL L 7 EBHCH L TR
HrT Bbh b, B16sisGRDO T v

fﬁl - 9(1.0%)
fim T2(8.0%)
(6.4%) .

(ﬁmmr 4
FREI beveer 2
even 2

15: BERER

VR ERCT 5 () & AREER (B
#h) OBRTH S, HIE2 OBPRAEKRE N
Cebhb, Q1TRsisERD Iy ¥ R
28 (B o 28T AREORIE R
ARLTWwS, REBEEEKE WHEEDT S
WERRE AT L Hbh b, PERETRE
EFECRERIEONIHEHEZOTR
DT HERL LTRPAEL RS, LAL, B
BCRAESB DY, PERETHHTL
LEEEAE L TR AVWE WE B, A
FOHEI X > CREFEOERE2 L
5 BRRTDREeE L WL B,

3
°
o o o 6s
s

%01 2 Zas Zae 20g 200 200 Zua 20 20 . .
ERDEYE T Aes e WERRGsD N 7 IR K

16: it sis HRl
DEREESK

17: FRBEREREER
DT B OH

D
[=]

195 bM 21k FhoHEOF E
B sis DFEREICOTT 3 HEERL TV 5,



8
Lol T

BRI (second)

RN R/sis 3t WIEM

- e
ke o

R0 b I IRy K)

BEAMGisD T Iy

B 18: BRI L
sis MBI DBEHR

B4 19: ERELHEEL
DFHEIREIx sis K
(FEE1)

MR sis R WEFM
2 5
[
%
RS Msisit M

mmmmmmm

RERANGIsD LI TAIH)

nnnnnnn

WEARNGIsD I IR H)

B4 20: BREELIELH|
DOFHFRHEXS sis Lt
(HHE2)

B4 21: FREEHIELG
DFTFRHE sis b
(F78£3)

3 REOHEEELZIHRAHENRE
RIZBATBEE

RELLOEHLE L2 20RBEHK LD
BEREFAH L CEr RN 0EMR T IE > k%
2 oﬁ& he ft.o

3.1 a3y hra—AAHORIREE

EOANEzY ba—A G5 LT ook
WEHIZ DI, Az Dav Fu—rEE
¢ LToEHE efficiency ofr %

efficiency of z = ¢ fo f5 + T fo f5

LEET B, CoXOREBEHER L7 20
FIFEXhE L BRI 2 C L A TFRECE D, BB
HEOHEEL LTSRIREREROER 10

B+ EROOHEERT 2, ook
B f ORBREECHT e, 5>
VR Z BB o T BB OIS R MEEhC & 57
DHP2TH 5, MRy Fv— 7 HBE
DRFHRRLT VB, THHLDME»H, R
LLTREVDOOFEEY AN ¢ kT
LERBHEBEEKE WH B L 7 X OFIFRSR

BENVWEWSEREE LN S,

g “ nlu::z f m
ga.m é\ j
- WA ]
: o) aco)

f NS AN T

t v smmnee T s rnmneca
B4 22: AJIDFBR K 23: AHDBER
FHEe v 2FH HEe v 7 2FH
#h L OHHH %2R & D}EEE (9 v
T

3.2 Fa—JEBRYICERTIHE

L7 2 RREEEE Y br—r{EEIC
XoT 22033, coPIbbdckoT
MBS OREH YRS AvE/CktL 2
2 BEFCE ZRBEERE 2 WL 5, Th
2HEEIET 2 cdc, SRIRMIAFY = —7
BoPucix8+ 3,

BEZo T3 Fa2—T7OBRERMTF 2 —
THIEEL BT —FHEZThiEx
VZARXoTHIN T BT L AETE Y
BEneEL, (H24) Mar* = —7HOK
el 7 20BE%M0BEL T35, M250k
B HNT & = — 7RO, SR rov U=
2 BB ZIRBEOBETH 5, 26134
B F 2 — THOYK T, MR <vF~—
7 DRBEHMTH B, thohrb, ¥y 7
BB D DD, MILF = — TRRE W HE

V7 ZOFARREE AT LIWRENT RS,



B4 24: ML ¥ = — 7B

°
*

W3 RBONE
3 g
R
g

e
H

WAl

T 6 8 w0 ou o
WY ¥ 2~ 7HOMY

)
BY % 2 7TROEY

Bq 25: MnT¥=— [ 26 MILFa—

TREL vV 7 ZFIH TBELeLv 2 2FH

Xhe & oFHRE ZheR L g (3 v
7T AE)

4 FPGA €BY—ILEDIE

FPGA DBRBHDHLT 7 ) nd%#E
BLSRETA S BDEXED Y, AFEOR
BLIEBCLTRVE, b, wAF L7

Y e X—2(MB) D FPGA REV 7 4% Tmy

7 & LTHIRT 3 O CARDISE & R0 s
T¥ 3%, K¥ETR MB O/ Y — 1 L KBFSE

DHEDHBETT% 50 5271k MB 0> FPGA(

A0
Al-]

A . our
o g

B1

o A
S0 —
st

27: K7 v »

Actel’s actl architecture ) DA 7 v v 7
THb, sis-l2 ChRcoBgicey ¥yt
5 a~y ¥actmap & HEEFAS5. [3)o

B & OHBIXEBER (F 7> V2%
B ¢fTh 5. KFROF— 2Rk 320Kk
OR/MEZHV3, FPGAKDOWTR T v
CREBCHER TR 5o SRORKRE b
3 3% & act-map Tt 138 HOBRE-Csis & b
b RS & o ARBRFETI 130 fE
ZOTRIERLCZEX, E280 X 5 Ik act_map
CRLRE L AFEOFECH S RERXE L
AMEBHEET, L2 22 fHTAC L %E

B LTV THRROBENFBRA->T5, I

28: FPGA {2~ v ¥ act_map ¢ Dl
L

297> act_map DI% 5 LD E ~FR
ERZnwr tibh b, ¥, 530, H31»
by AFEOPHETH act.map ICHRTKE
WRETOBDHEZ W LIRENTW S,
B4 321 act_map DFHREERLTED,
ABFFBDOTFIE L T 5 LR om T
act_map 2 TH 5, LAHL, act.map T
YERATEAVIS AL 2Kk >
CTRIBEREL T E 3 D, KREOFHE
DERERRENR L wE B,

L7 5 OFA LN RES
RFEI-RT5BR

act_map PARFEDOFETEL 7 X %7
AL Tsis &Y d/PEIEEAEEGRTE D
72, sisTh b o FHEREOI»5 4
TvavrikERThIERISOMNBEAESR TE
50 TR ARV LS EEEEL S, LAL,
%220 e LT sis DFETCREL 2
2R CERDTRAVER EEL
%, sis bED, ERORBEARFERF 7
Ju KOOSR AETF 7 uY 2wy ¥y



R i

wEEN

act_map

N

|
50|
0|
']
Y
I

AN
3 ¥ ¥ & 8 8 3 8 8

B

:"7"59 BwnE ey WRAMGisD F 5> VAT B)
29: FPGA 1% 30: FPGA &%
2 F actemap & =¥ ¥ act_map &
DB (3 sis Feseldy o ol GREE B
BEE) BT 550

°
g
e

°
S

i3
- -

2

Fie L0 T Tore 10

wATINAONS

L JRAN

foc B e
Rk T ‘.‘3 .

g

s e w0 m 4w s
WEARGisD IR I Y WEAM(sisOF T TRIM)

31: FPGA &/ 32: FMEHER
2~ Fact_map & ® act.map ZHEFFHE
D LR (FREHRB %t sis He

BT 3 EROFS)

7imECOPLTLES TS, ThER
L7 2= XCMBART, vy EV T 2bo
74— KXy 7%fihbh VR, TOHBR
REHIh RO TRAEVD. ZKL, TO

74— Fy 7 GRER RGN 2 R L T

5T LRFHEIND,

EBA AL ORI RS K 5 1]
125 > 7o T M b REEER T ASIC #

HBE L A-TETWS X5, EHARME
Dﬁm%@ﬁﬁiaﬁaofﬁhm#o

6 ¥R

o RERDIREARMSREL LTLESRHE
MERDD I, L7 22 EHCHIA

L TR OR/NEIE 5 Fii% 3 of
KL, RERFHELHAT S C L2 RRL
7co

e 3O0FHK LY ENEH 1.0%,6.8%,8.0%
DORECRBEEOR NI TE L, 32
OFEErEbesctickb, 145% 0
RECEIBBOR/ NS T & %o

o L7 2 OFF%ER L REOHE & DB
HRicont, Afioay be—af@35L
LC oS B FllS 5 ik, Fa2—
FOERY bV 7 2 OFEYKEYF
W 2HED 2O BE L. Thb®
FIFH L <A O SRFEOFHERE %
SR CEAC LR L,

o PAF T LY« X—2D FPGA 8/
Y= L KFROFEE KB L. AP
DOFEHR FPGA G Y —ATiEskH L
REWSERERDONE T LR L.

AR I-BET D REK

<" NEIORBEMECHE S AT 2L 2 £
% v ISR FE o, T EHRERE
2LV T 4 AKE19964E9 A

« 7 2L 7 X RREAICFIFE L 2 BIEARK
FEORE, EFEHREEEREFRE,1997
#£3A°

E 2 300N

[1] R.K.Brayton et al., “MIS: A multiple-level
logic optimization system,” IEEE trans. on
CAD., vol. 6, No. 6, Nov. 1987

[2] C.Tsaiet al., “Generalized Reed-Muller Forms
as a Tool to Detect Symmetries,” IEEFE trans.
comp., vol. 45, No. 1, 1996

[3] R.Murgai et al., “Logic Synthesis for Programmable
Gate Arrays,” Proc. 27th Design Automation
Conference, 1990



