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Abstract This paper shows a method to decompose a given multiple-output circuit into two circuits with inter-

mediate outputs. We use a BDD for characteristic function (BDD for CF) to represent a multiple-output function.

Many benchmark functions were realized by LUT cascades with intermediate outputs.
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REMROS (1)1, FPGA (19) OREHISHAIN TN S.
FPGA ORETH, €V a—IVOANEIIE 45 BE T, BDD
ERAWTHRT 2FES—RHTH S [3],[7),[10]. —fki, T
PH LR (BEAETRTO) REENII, SRFETH (17
M, AL Ea—FETHEAT IHEARNRLPRERRARREDOS
< DERMBIBIL, SRR D DME W [12].

BAEAY f( X1, X2) = g(h(X1)X2) ERBTEDEE, h(X1)
& glh, X2) ZRIACEBRL, BIERETHIEEZRVIET
EIZE D, LUT B FPGA OREMFRETHS. H—HHho
WERREERAREAVWTERT O, LEMAES TH 5.
UL, BHNBEROBESOSE - BREICBEL TR, £ERE
s ki3S T, BEETIC,

(1) MTBDD 2HW5KHik(7]

(2) WHEWLDDDIN—TITHEIL THRT 357

(3) HEEHREHNSHE([L5],[18]

(4) RAKCLBHE[14]

(5) Hyper Function % V)% 4% [5)

(6) ECFN ZHW=RSEERICE S ik (13

(7) HUEoHEO#HAEDRICL DA (1]

BRENBRINTNHS.

AR T, BHNHREEIRORERR %2 %ET 5 BDD(BDD
for CF (2], [16]) Z AW =BE¥sMRED S EZERT . &4k, BDD
for CF ZHWTHD, FMHAZ2E T2 A — ROERICHE
LTWa, ZII) ZLARHBRHEMTHZ 2D, REORE
Uitk

Pk D FPGA TlZ, BHEBOBEDOFIRELOBELD D
BBEMTAEWN. 2L, FPGA OFEEDEENRHRED—D
ERo TS,

2. HEELSUICEAXNMNE

[(EE 1] AHNEEE X = (21,72,...,2.). ZHNIBEKE
F=(fi(X), f2(X),..., fm(X)) £T 5. SHHEBHOHMEES
Hz

x(X,Y) = A = X))
i=1
ETD. Ty BHAZRIERTHS.
n AJ1m HHBEEOREERIL, (n+m) BRO Z#HREH
BTHO, ANEKz; (6=1,2,...,n) DMIZ, FHH £i 1K
MHUTHNER y: #HVS. B={0,1} £§3. g€ B™»
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1 A 0B 2B AR

D F(@) = (fo(@), f1(@),...,fm-1(&)) € B™ £T 3. WE,
beB™ &3 3L,

x(@5) =1 (b=F(a)
=0 (LS Dk

25,
(%% 2) ZHWHMEEKF = (f1,f2-..,fm) ®BDD for CF &
i, F OB x #%8 35 BDD Th5. L, BDD OF
i, RENEREMELEEE, B8y i3, £ KEKFETZE
KOTICEL.
[£%% 3] BDD for CFIZBWT, HhZ2ERTHN y: LT OH
HEMSHBEDS L, #K 0 ITHKET IHERVEBRE, Thil
NOBMRETHRIC, HiXy: OBRNSEEEEDRS. ZO®
%%y 2RATIL2TOHRCMLUTETT2REZHNE
By OBFEREENS.
(% 4] BDD OB k TOBEW, ¥ 2 & 2141 ODHD
BOE¥EWDS. Z2T, AUHRIEELTVWARIE—D L
B2B.
[FE 1] X1, X2 EANEROESE, Y, Yo BHAEROES
&9 %. BDD for CF OFREFZ (X1,11, X2, Y2) £ET2 L
% BDD for CF @ (X1,Y1) KBW2EE W £§5. ZTT,
W 2K A58 HHEXRETIEENS, R0 ICMH I
B|ETE. SZHHREER 1 OERTERTZHE, ZD0H
% H & G DRDLEN D+ BRI [log, W] TH 3.
(RE88) BDD for CF OBMRIEN S, HABK Y &2 2L, K 1
OEBTEREANETH S Z &4, SN THS. BDD for CF
IZBWT, Y, O hRRBRTIH R EBRETS &, Yi LSt
DR #%RBT 5 BDD for CF B 65, £k, TOREII
& T, BDD O3 A5 T &RV, X1 & X, ORESE
THHAKEEW ET5. WE, BEOIHE g(h(X1), X2) O
FREEZADE, FOFEHERIW IZELWL. -, HEH &
E% G DEOERIL, [log, W] &4 THS. £, 2
WMEOFEMRER W ROT, Z20 70y 7 HOERII <
&6 [log, W] FHETH 2. (FEEA#)
BDD for CF OZEKEF % (X1,Y1,X2,Y2), 1 =
(Y192, .-, 9%) ET 2. fi(X1) (G = 1,2,...,k) 1B, 1D
¥ H TEEEHTS. (X,,Y1) XBT3 BDD Qg2 W
ETB WEORICt = [log, W EvFDOREZD 2K
EHDYUTE ZO070v/MEERTIRVERTS
BEEE ur,un, .. ue ETBE, Yo = (Frrts Frtzs oo fm) W,
(u1,uz, ..., ut, Xo) DB E LU TREFETHD, O BDD
for CFIZK 2 D& DT/ 5.
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s1 = aobo @ (a1 B b1)
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i
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EROBEIE LT, X1 = (a0, bo), Y1 = (s0), X2 = (a1,b1),
Yo = (s1,82) EBL. EBEBEFRE, (X1,Nn,X2,Y2) =
(a0, bo, 80, a1, b1, 81, 52) E78B.

BDD for CF i3, K 3(a) D& D12 %. X = (Xa,Xs),
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OLEE%E w1 ZERETIRERTERERAD (K 3(b)).
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(fo, f1y- oy fm-1) £T 5.
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T35,

(5) (Z2a,Z) BEEORENEL T g(Za), 2y) D TH
BORETD. ZI7T, {2} = {Z} - {Z.}. Z. DBRHD
MTBDD #fE0, LUT AR EL THATS. Z, OBFOTN
TORNEREZELRETD. FIBMEE ya, va = [log, pa)
ETBE ua +12s| S k7253 g 2 LUT BB E L THA
LETT3.

(6) i «— |Zs]+1,a — a+1, {Z} — {Z} — {Z.},

{Z.} — ¢, bdd.y — Bi%k g 2&FHTHBDD for CF &L T
2~ \R3.
BDD for CFIZM LT, {2,} ¢ @RS L L THEIMEET>
B, FIEMEE u 2328 u= [log,u] BOPHEKE
{Z,} FOHHEROBEENZOBO LUT O ERS. k
AT r 7 LUT 2 AW TEES SRR AR, (RIBRMS
DOPEEROEY + ANEROREE) < k2D, (HAZEKOME
B+ ZOBROTHEROMEK) £ r DTOOREERHLTT
ETH3.

4.4 LUT hRT—ERB&E

TR, BASNAEBHNREBRAREN A — RERET D
NIV ZLERT.

[FHIUXL 4] (BHOREBEEO LUT AR — RER)
7N DY X1 TESNEHAEFE (fo, fi,..., fma1) &L,
F, 2HBRO%EA LTS,

(1) 40, Fa—¢.

(2) F,U{f:} ®BDD for CF 2R L, ZEEF£RE
LT 5. OPEEEFRI7IVITY XL 2 2ERALTRD 5.

(3) 7PNWIYXL3TLUT Ay —RERETEZIEER
HB.

(4) LUT B R&— RERARERBE

(8) i=mA5F, ®LUT ARy — RE®EHALT
®T35.

(b) FS3ThHINE, F, —« F,U{fi},i—i+1&LT2
~R5.

(5) LUT hAS— REBRKRERELRRE

(a) |Fa| =025 LUT H A7 — REBRRAREE U TR
TT5.

(b) > TRUINIZ F. ®LUT AR — REEEHAL,

5 vg2 ® LUT hAY— REHK

Fo— ¢ ELT2AE5.
5 REBER

BA4EOT NIV L% CEETEEL, MCNC8Y X2 F
T—7EBICEALE. LUT DAL E 2 8~10 L2 HE
DREREFE 1IRT. ZHPO Name [SBEE, In BAHE, Out
A%, LUT 138 LUT %, Lyvl i3R KB, Cas 3N A —
RE#ERT. ZHORS - BEFREAVWTAIRAT —RERY
BIENTERMH I LEFRT. FFRIIEESRICETY
TWwa/=%, BDD D% u £ T5 &, MRSBNRERRER
[logo ] < k &£785%. 0T, pu REBE D LB SR TTAE
ERD, WA — RERTERNWEEGNH 5. ETRER, IBM
PC/AT Hiftt#, Pentium4 2.0GHz, A EY 512MByte. OS i
Windows2000, cygwin £ T gec ZHWTINA WL &
FHNITYZLTIE, HADTN—T2F2TI0I12, —2TD
WHE I IN—TFINA T BDD for CF Z#AR L ZBUEF B
2175, kBKELRBE, LUT A4 — RiIZMET S BDD
for CF MKEL< 5. LUT W A5 — RTHRWEERRD, 7
N—TOHHZE—DFTORPL AN EREFBE#ELET D
#, A&7 BDD for CF OEBIEFBHE L %175 BIBAHA 5.
D, kMKEL LD ES OETREMADEELRD. EfT
B I1F & A ETE, BDD for CF OERIERF RiE{L O 7= Dkt
MTH5.

ROFT—VBEK vg2 2 k=8 TLUT WA —REHRL
FEROEBKHEEER S5 IRT. LUT it 21 @ (8-LUT15 f&,
6-LUT2 &), B33 5 Bk, 2~4 BEBICPRIH A H 5. FEH
HBEERINTNBZERDNSD.

Kiz, XHR(8) OB EE OB ETo/=. X [8] DHEK,
MTBDD £ TWTHD, FHHEAKOHNZNLDLDY
N—FIz5E LT MTBDD TEHL, LUT H A — R TER
¥ 5. MTBDD OEMNAZ T EZDHHRAFRESEEE, OR
PNEERNT, AT —REHETS. k=10 LLEHEOE
FEEH (8] OHELOLBER 21RT. X 8] DHIET
13, —DOTN—TOHAKIES LLT, HAHEFEL TS,

£ OBE, EFIETEERL AR [8) DA EITHTSH
RWLUT MTEHTEL. £k, X7 Rofkbdian
N, BEIIE< Lo T3, XHK (8] DAKTIE, ERLL LUT
F A4 — RO LUT QPRI AP ST, 58457 —
TOWHKEREL TWSED, hA7r— RO@ERIIZ <D,
BBIINEL BBBEICH B, AFETIE, LUT B AT — R
BB, =207 N —TOHhOEKEESTOT, BKiZE
<72h, A4 — ROERKIZIPEIES.

MCNC R > F 7 — 27 BEIZMA, 16-bit D_H#EKZE 5 HD
BCD O— RICEM T BEIBERE LIz, ZOERERRK, ki
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%1 MCNC89 X2 Fv— 78O LUT I A7 — REHR
Name In | Out k=8 k=9 k=10
LUT | Lvl | Cas | LUT | Lvl | Cas { LUT | Lvl | Cas

C1908 33 25 - - -1 433 | 19 6 320 | 11 5

C432 36 7 143 | 17 2 115 | 16 1 78 | 11 1

apexl 45 45 272 ) 23 2 167 | 19 1 115 | 12 1

apex2 39 3 56 | 12 1 37 8 1 38 8 1

apex3 54 50 254 | 21 2 165 | 19 1 129 | 14 1

apex6 135 99 479 | 28 5 470 | 22 5 395 | 18 4

apex7 49 37 200 | 24 2 159 | 19 1 111 | 13 1

b9 41 21 51 9 1 42 7 1 39 6 1

c8 28 18 794 10 2 75 9 2 66 8 2

cc 21 20 30 4 1 30 4 1 27 3 1

cht 47 36 64 | 10 1 56 8 1 53 7 1

cml150a 21 1 12 4 1 9 4 1 8 3 1

comp 32 11 5 1 11 5 1 4 1

count 35 16 27 6 1 29 6 1 25 5 1

duke2 22 29 59 7 1 49 5 1 46 4 1

eb4 65 65 74 1 10 1 72 8 1 72 8 1

example2 85 66 309 | 41 1 219 | 27 1 168 | 19 1

frgl 28 3 19 6 1 15 5 1 13 4 1

k2 45 45 272 1 23 2 167 | 19 1 115 | 12 1

lal 26 19 30 5 1 29 4 1 26 4 1

misex2 25 18 29 5 1 26 4 1 25 4 1

mux 21 1 12 4 1 9 4 1 8 3 1

my_adder | 33 17 27 6 1 20 4 1 23 4 1

pcler8 27 17 52 8 2 58 8 1 43 6 1

rot 135 | 107 | 1124 | 28 15 {1028 | 38 11 | 1248 | 34 8

seq 41 35 153 | 20 1 104 | 13 1 84 9 1

terml 34 10 120 | 18 1 65 10 1 50 8 1

too large 38 3 56 | 12 1 37 8 1 38 8 1

ttt2 24 21 74 9 2 74 9 2 54 6 1

unreg 36 16 34 7 1 31 6 1 28 5 1

vg2 25 8 21 5 1 18 4 1 16 4 1

x1 51 35 312§ 21 4 259 | 18 4 224 | 14 3

x3 135 99 479 | 28 5 470 | 22 5 395 | 18 4

x4 94 71 272 | 24 3 214 | 17 3 161 | 13 3
REBESHESNTNS. XER(9) IKid, —DEBREEL T 13 X1 X11 X12 X13 X14X15X16
DTS 12— )b (ROM) 2o LERARENTVS. H6 K A S|
FhI) XA 4 TLUT B A — RERL BOEK#EZ LUT [ LUT P LUT
Y. ANDZHEBIR 21,22,...,216, 7D BCD I— R T TT 7171 T ... 3
fi fa, fro ERBLTWS. ZOEKTI, 3EO 11 AN hr f3fafs fs i fio
LUT 2fRALTW3. ZZT, BREMHORENM bit THS fo H6 —iti BCD ZRER
13, BIC0 ERBOTHEBL TS,

IS5, ZOMEBEE SIS FHVWTHR L. EBERNSHR Beion

FHLUABE, BEAINDIBE, RETEAahozzd, ZOMH $2le
5% SBDD THE L THAKB/MEEFW, RILFTL 7 HE 6. SEDIRE

BEEMRLT, Che¥fERELE. LTFoax > RE@EA
U7=8&, LUT O 644 8, BABREIT 15 &7z o 7=,

> script.rugged

> xl_split -n 10

> xl_pratition -n 10
FRIC, ROa< > REERLZBER, LUT OELT 215 f#,
BRBEEIT4 &7,

> xlsplit -n 10

> xl_pratition -n 10
ZOFTIE, 7NTU XA 41 SIS EHBLUT, 2RRDIDE

EFZEEAND L, ZHAMBEMER LUT AR — K
TEHTES. LML, k DESKENEE, BDD for CF AKX
E D, BREF BB ICIEE RN NNS. i, KFE
T, PRI A EEHICED & 2E X, BDD for CF OHI#
TEEFZREL TWD. ZOEKIEFH BDD for CF O
HEHMAKSHZ5A, BDD for CF #ETERVLEELH 5.
INSORBEBRET BRI, TIIUXAZBERAT BRI
HOHENL DBOTN—TCHET 2 HEP, BiRegkd
BRAVESIBUHTREFOREE, TLUTHRORNWERIE
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#2 FFHREM (8 DHEEDLE

Name In | Out FEHK SR [8)
LUT | Lvl | Cas | LUT | Lvl | Cas
C1908 33| 25| 320| 11 5 (3015 | 18 | 30
C432 36 7 78 | 11 1 80 | 11 1
apexl 45 45 115 | 12 1 213 | 10 5
apex2 39 3 38 8 1 29 7 1
apex3d 54| 50| 129 | 14 1| 213 9 6
apex6 135 [ 99| 395 | 18 4] 728 | 18 | 18
apex7 49 37 111 | 13 1 119 6 5
c8 28 18 66 8 2 138 8 3
cht 47| 36 53 7 1] 128 4 8
comp 32 3 9 4 1 8 4 1
count 35 16 25 5 1| 134 8 3
duke2 22 29 46 4 1 51 3 4
e64 65| 65 72 8 1| 162 9 8
example2 | 85 66 168 | 19 1 327 | 13 9
frgl 28 3 13 4 1 13 4 1
k2 45| 45| 115 | 12 1 213 | 10 5
lal 26 19 26 4 1 24 2 3
misex2 25 18 25 4 1 18 3 2
my_adder | 33 17 23 4 1 81 7 2
064 130 1 30| 16 1 30 | 16 1
pcler8 27 17 43 6 1 59 6 2
rot 135 | 107 | 1248 | 34 811383 | 24 | 16
seq 41 35 84 9 1 132 8 4
terml 34 10 50 8 1 37 6 2
toolarge 38 3 38 8 1 32 7 1
ttt2 24 21 54 6 1 47 4 3
unreg 36 16 28 5 1 142 8 3
vg2 25 8 16 4 1 29 5 1
x1 51 35| 224 | 14 3| 340 | 17 5
x4 94 71} 161 | 13 3| 324 91 10
FREELEOBREVNLETH .
7. &M E

A3 T, BDD for CF 2HWT, S NWRBER O EE
F5HEERLE. 2FER, FEENEETEHRAy— RO
ERICAYTHS. #EXD MTBDD #2HWEHETH, PEH
HEHETZEEOSREIL, MOFA2d -7 BDD for CF I
BT, HAZRTEERIGEN & ZAITEETHIL, £FH
ERVD EHEHAELTERTESDDT, REOERBDOAT
BEHRTED. £/, £ OEKTIE, MTBDD XD b BDD
for CF OFisiid/h& <25, #DO/kH MTBDD 2R TZ
RNESREKICHL D, EEENERRBENHD. LEL,
HAHZERTEEMET, BIOEWE IAICHEET 2HEII, &
Fikid, MTBDD 2N/ BE LIZEEHE20, HEOHR
B TERN.

E: | 33
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