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Abstract: Binary Decision Diagrams (BDD) is a data structure that can be used to describe a digital circuit. By
replacing each node in a BDD with a 2-to-1 Multiplexer (MUX), a BDD can be mapped to a digital circuit. An
area and delay optimization method on BDD mapped circuit is presented. A traditional Boolean circuit is
converted into BDD form, and then diamond structure constructed by nodes is searched in the BDD,
corresponding nodes are deleted and control signals of the modified nodes are updated by paths optimization,
finally, the result BDD is mapped to a MUX circuit. The proposed method is test by a number of
Microelectronics Center of North Carolina (MCNC) Benchmarks. Compared with the classical synthesis tools
Sequential Interactive System (SIS) and BDD-based logic optimization System (BDS), the average number of
nodes by the proposed methods is 55.8% less than that of BDS, and average circuit’s area and delay are
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reduced by 39.3% and 44.4% than that of the SIS, respectively.

Key words: Circuit optimization; Binary Decision Diagrams (BDD); Multiplexer; Delay optimization
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AT B &R SRS R,
AE2ANZEENTE AN HEBBLAT: Reed-
Muller (RM) 1% 45 23175 s 5l R &5 5 2 Y L B
Mz 533K AIG (And-Inverter Graph)
BRI Majority [ T9K N FIMIG (Majority-Inverter
Graph )@ #57E HLER AR At L HUAS T ANEE I RO
W5 &I, BDD (Binary Decision Diagrams)#J{t
T T o2 EgEAT. Bkl SR AR,
A R i ) G
SCHR[10,11] ABDD HLES HY EAR TR RE N H R, 4%
AR AR EEH T BDDAS s FI B8 12 SR
[12]7E 8254 T HBDS(BDD-based logic optim-
ization System)™ %1 T BDDlopt#i%, XIBDD%%
RPAT 0I5 5455, fFEAND/ORMXORZ M
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HLER FO T AR B IR T RGP S R SCBR(13]4%
i T SMTBDD(Shared Multi Terminal Binary De-
cision Diagram), 1ZBDDHEAT % &) EIWF A T £
TR, TIRIEMRETHENLUTR D,
#ik[14]32 HDDBDD (Delay-Driven BDD)J7i2%, %
JEAEBDD 7 il i SR R R R H R, M 3
AN E A & A R AL RS BDD B U AR 4
Fg, RORIBZNER s SCHR([7]372 tHBBDD(Bicondi-
tional BDD) 772, 177 1642 B 7 46 s 45 i A2
HANNERRN RS/ 58, X TXOR®EA HEEK
WACRCR BT . 28T, F=T 8% KBDDIL
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FEAZ DA BR & IR TUAR S5 5, SKIL S BDD A
Wi AR B THAR LA, HS TR S AL T R B A2
IS, TS I T AR A8 B[R] B Ak s BDD &5 s A ik
B, AR T BDDAE IR H 3 A0 A I A
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RIEIFAARG: f=Tfo+xf1, Hi, fRndEl
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f(ajb Loy ey Tjyee, g;”)
= Tif(x1, 22, -+, -1, 0, Tig1, -+, Tp)
+xif(z1, T2, xi 1, L, Tig 1, 0, Tn)s
1=1,2,---.n (1)

nZ B AT /R B E I BDD ] i oo a7 2 1
XD EREIFAEE . BDDRE MR A &L
RANAEL S S 1 B3R B (directed acyclic graph),
LSS T L AN B e, &8N
FEHUE AZHEE0 1. HRE(2)MRIE R

f = a@bc+ abe + abic + abe (2)

X (2)MBDDE L (a) . ZBDDH 55—

TR 45 BN i, R EfE BAR AR R
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FonAvar(f); BHILRR Nedge, B HATE 45
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FIBDDAL Fr2"- 1R 4 fi, BB N AL Sl
I, g5 E BREUEK, BRI AT R T
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7 AE FHITE S 710 B 244 240 18 (1945 BDD 1 ]
1(b)Fiw, HHBDDEEFHN: a—~b—>c. XFEH
BDD# AN G A FBDD(Reduced Ordered
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/ a 0
G e
o]0 no
(a) E4%L f1) BDD (b) El(a)BDDLTE S G 7
BDD(ROBDD)

K 1 2(1) e IBDD & AL E FIROBDD

3 BDDRREFEEERRIL
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4568 A% . Horb B3R Y 45 T 55 1 2 5% B AR (ab F
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Bl FEBDDIWIE2(a), Siit i H KIE A B #E
N abfy, abfs, abfsFlabfs. abfsFlabf s 45 s
I, FE I G T3 5 A B S Nbfs . abf, Ml
abf o 1% 25 SO TR, A AR o DA RS 0 s AR
BRI, CHMHERAEE, ME 58Ty,
Yo Nabf,, abfg. TRHEE & AEn My EMKBDD
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1, BAR IR PRAIE TR, R BDDYY
W Bno=n; +1. MAb, H3FEE M P IR ok
A RE N R R T . H AT ORI 2%
PEA ()R EE AR B 45 1 AR S A A D
(2)MRES R LAk R AT B4 AR 45 R A B IR
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3.2 mAEHE

AT BDD S5 4 A Ak 8 S A e A A8 B
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(a) VEAbHT
Kl 5 fLton il

(b) it s

TR AL JE LT % MUX 5 XOR, OR 5 ANDAI
FHAS (INV) R IT TSR, I OO 8 T Ak
LANFAT, PR T AR DL M B T T B A 2 F &
N, BRI (3) Fror
Sarea = DMmux/xor T 3Mor/and + Minv (3)
Hd nyu s IMUXEXOREH 1y /0na SOR
AND#H, ny, A EE .
3.3 ERHERY
K L ) AE B R DR e R A R A T
K AT G I AR A THI, R R 2] 5
R 25N TT, B2 N 1T I AE B D 1A BT AE
INf,  FEL B ) S P ] il SRR SO B B A B 2 4 AR I
REZ AN, A A, A5 ey = (4) TH s
tr=1+ MaX(th, ty,, te) (4)

Forbr, ¢ RORMUXES (i f St B RS, ¢y Rty J9i%ss
BN AER, ¢ R f 109 A8 B i1k
EAERS, FEHIEMAEXOR, ORMANDS &, ¢ =1
+Max(ty, to), t, Mt %45 PN AL L .
3.4 BDDH ML

AR TBDD B AR AL QTG 4L B4R
b, R TEE R T E Em i Ak
BDD 4%, 4345 M, DLk f s i A .
MR A R AL R BDDR, Ak
HiAIE A B B A2 I 1) 45 550k ST TR AR AT A P T B 9%
INGERT o

AR, & Je M CUDDS Bl i A &
THIBDD, R/GHZEBDDHIZERLEN, HEE
SRS P REBDD. [HE, %
FERIMAR BT, Mg oA S S “0” B

SRS
f
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MUX
0 1

1]

“C17 W, FERE R SRR Ha s I B AR AT DLk 5 AR R
AINBJELTET T, WG, R g RO E S “17
i, B AT BB R AN 3 N HIORTT, THIA
AINEE R T 1A 25 NFIORT TN B 14N S AH 25 A T AR
YA SR RS, KA RBDD LS A
%, AR T RRUBE 2R A AL e 2% LS THI L

ERHARAL AT AR AL RIS BT . 2R B FTE 1)
LG MG, L5 M s B TU R4S
R, B OCEERR IR LI SUB U A & A s
HME5 . UPTASEMRA RS, R LA,
S I 2 HL R AE R

RYELL A, AR T ERE M IBDD
RACE D, SZEL T BDD H i T AR RN AE AR 4,
AARRE R ARSI £ 1.

4 SLWHERIH

it HE A CIE S L, fEUbuntuifE R4
T, #idgeci B EialT, BFIETHE Nlntel
Core i5-3210M, 2.50 GHz CPU, 4 GB RAM, il
iR L WM CNC Benchmarks.

FE AN —platk 2L % S, RHCUDD
i HA R S FIBDD, XBDDHAREANSE &
R 2R DA N GE ri 1938 T 45 04 I 58 ieAH B AL 28
R, RATEROE, AR AR RS Ak A S H B 1 T
FHFIZE BT o

Ut B AR TR T AR A ROCR . BDDAAL 5E
G 45 R 5BDS, DDBDD AL B 45 B xf b L 2.
“HEE” % NMCNC Benchmarks H 5% A4
“CEIN /T BIONAR N BN ECE A E
“JR&E R REHNIBDDS S35 H, “BDS”,
“DDBDD” #/rMNHBDSTE. DDBDD T HK)
RAEE R “ARCTTIE” Fom B A S 77511
Ak gE R, Ho, “4587 KRR EBDDY i
BH: “WHE(s)” FRCPUBITHIE, “rate,” .
“rate,” RN TTIEMAL G 45 S B H LLBDS,
DDBDD FiAMGE M4 S8 H B b, tHE 5k
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Begin algorithm
Read_pla_benchmark _circuit();
Apply CUDD_ package(); //obtain circuit’s BDD
Number nodes(); //number nodes from 1 to num_of BDD
M=0;
While (M<num_of BDD) //handle all the non-terminals
M=M+1;
if(is_nodeM diamond _structure()) //judge node M
compute mixed paths();
reconstruct BDD();
End if
End while
Output_logic_ circuit();
Apply area_model(); //calculate area and delay according to

model

Apply delay model();
Output_results();

Free memory unit();

End algorithm

Hr, =1, 2; N &R KXHBDSEDDBDD J7 %A
WAL 8 NRSRAATNERARZ1
i HHE .

MR LA Y, g ik gl S B
/> TBDSHMDDBDDAL L H . BDSTEREAT A /K
SRR SR EBDD A B IE 45 A, DR LA 4y
TILTFHEMUXL S FEE, BANEnT K&

AND, ORZE45 /&5, M “table3” Fl “tables” 1R
B A B T IX — 5, DDBDD¥4BDD M5 ik
LUT, HPREMH rmAZERT2MLUT, B
LUTk (k>2). k>20F, SEPREEE P MUX )£ E
FE2R-1AN, RFREOEING; AR TR,
B A AR FEARE T 45 508 b .

AR AR A ZE B L 1b BRI i 5 HoAth 7
ER RS A28 & A2, “SIS”,
“BBDD” 43543 B H SIS, BBDDAIA S 7R
AL R, “CGMP” J&SCHk[18]H e th % T2 4

A TR T3, %7 X BDD 4 % &
MIEHERZEE ], NHSMEREERRE

GBI, o, “T” KRG
MRS AN, “RERT” SRR WS S I H R R .
“rate,/rateq” RNATTIEIFEE R ECATIM TT A
MR  ZERF RN E A B, TERETEER “rate;”
A “ratey” , HE(5)H IG5 SECH B B 9T M
[ AR B ZE R BT,

MER3TTLAE W, Frde 7 i T s g i AL A4k
BRI, B HAN TR s . AR AR
k1% . BBDDAE T SIS, SISt FDDBDD.
BBDDX} T HH “e64” BT, K
ISP I ARG o SISO T TR FH ZE B (1) [7] IS A4
EHI1FELF . DDBDDBU R Z i ALUT W1 K T
KL A, IR I A 2 SR AR X BN e ARSCTH
EARACBD DI A= AL B AN 4 i, DR AE KR40
PRTAR E35) 03 . MIERF EorHr, A7tk
A B LA 24 £ T BR DD BDD A Hodth 7 3%

2 FRAENERIMER

BDS" DDBDD!M V. RN
FL % LIPNYL g J4h K
ghai WHEl(s) g I} 1) (s) gh WE(s) rate; (%) ratey(%)

rd84 8/4 42 73 0.02 84 0.20 19 0.03 73.97 77.38
cordic 23/2 42 49 0.01 66 0.18 39 0.10 20.41 40.91
b12 15/9 55 51 0.01 70 0.18 51 0.01 0 27.14
misex2 25/18 80 71 0.01 93 0.21 78 0.02 -9.86 16.13
duke2 22/29 336 485 0.23 612 1.77 330 0.32 31.96 46.08
ind 32/20 350 371 0.53 412 1.43 346 0.36 6.74 16.02
alud 14/8 566 1004 0.58 1244 4.78 544 0.78 45.82 56.27
pdc 16/40 602 619 0.49 1042 22.40 572 0.93 7.59 45.11
tableb 17/15 667 2276 1.95 2567 17.34 663 0.59 70.87 74.17
table3 14/14 751 2326 1.27 2246 21.24 744 0.75 68.01 66.87
mainpla 27/54 1766 4671 6.70 5347 38.24 1748 4.78 62.58 67.31
b4 33/23 188 — — 435 1.54 180 1.43 — 58.62
cps 24/108 971 — — 1415 16.42 958 1.65 — 32.30
S5 34.37 48.02




730 BoF 5 B B % W 541 %
% 3 FHRAENER (0. w) FIER (a.u) IR
i . SIS BBDD! CGMP!™ ARILTT rate, /rateq(%)
WA R AR ERT AR R TR ZERT SIS BBDD CGMP
cordic 23/2 194 11 225 14 164 16 162 16 16.5/-45.5 28.0/-14.3 1.2/0
9sym 9/1 528 14 90 7 176 7 125 7 76.3/50.0 -38.9/0 29.0/0
rdg4 8/4 402 14 190 7 215 6 166 6 58.7/57.1 12.6/14.3 22.8/0
t2 16/13 645 17 890 13 620 10 483 12 25.1/29.4 45.7)7.7 22.1/-20.0
duke2 22/29 1598 20 4410 17 1836 16 1438 15 10.0/25.0 67.4/11.8 21.7/6.3
alud 14/8 1614 13 3000 13 2086 8 2532 8 ~56.9/38.5 15.6/38.5 15.2/0
misex3 14/14 3668 21 4480 12 2530 8 2030 6 44.7/71.4 54.7/50.0 19.8/25.0
b0 26/11 4025 24 6250 20 2640 16 2191 15 45.6/37.2 64.9/25.0 17.0/6.3
64 65,64 4235 16 640 64 1453 12 639 7 84.9/56.3 0.2/89.1 56.0/41.7
table5 17/15 5069 24 4660 15 3024 14 2863 11 43.5/54.2 38.6/26.7 5.3/21.4
table3 14/14 5230 23 4365 12 3876 8 3473 8 33.6/65.2 20.4/33.3 10.4/0
cps 24/108 5525 20 — — 5013 17 3990 14 27.8/30.0 — 20.4/17.6
S5 34.2/39.1 28.1/25.6 20.1/8.2

5SISTT At Bt AR FE 143 B 5., RIWBDDAY
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TAENY, XEERE T HETBDD I ERRA
HLBS IRTAE BT JLP A2 K TR RN, X EFSISH
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14T R o
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AT TFE R I BDDL B LA R
MiBR T Iiags i, i 7S M, HEBDD Y

fifp B /D ) 45 AN R AR B, SEEL T BDDBRST
P AR A E B (A . % S R AEMUX &5
SR [ RN 22 i R OK B A5 5, T AR AE I
PEREA KA . KB R R HEAT S, R A
SN T HAR SR A ROt i 1 HL B Y T AR AN
WERS, BDDRIALALSR HY T8 BB ARREIHT T
T FEBDDBR S LB FIRTFEVERE, AN AEBDD
BRAIE AR L o
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