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1986 4£ 8 § 12 H 1%

AR E—FEH PLA 85 M E X & B it & 3% (Complementary Pair Series
Folding——CPSF), R HEFNEARLRATIZ NI (X f1 X), MRBAHRES
i) PLA, ZE—AEAXBRTRO PLA f,mRENMETINA)BERTR.ENSTE”
ERAMD 40%EL, FAERHERTEN PLA A XBELERTBOER.

RETE L CPSF AT NMOS TEQ PLA iff #,idit T —/ NMOS BhRRAE[IEXN
XF X 2ZRMR5h% , BT CPSF« PLA, B CPSF 3T MD-MOS §) UL TERERXRS
TREE, MEREEN PLA, REARAIZHAEIN PLA TRERR PLA BMRENK
Bgr2z—.

ABHHT CPSF MEE FITRT SEMEXNERNE.
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PLA B EZ#HMNATAHARNEKXHEERERE (LSI/VLSI) gikith. 2rE
B SRR ERSRE BT ANE. XS PLA RIENBEN. HTHEX—BA
EERBHTARLD PLA TR HEYT., hE-SHTHERE PLA N EY,

XFTRA, KEW PLA RATIRXFMX(In A, 4; B,B;C,C; +++--- ),
B3Ry, EFE PLA @9, #inZE SCF B EfRANMCEZ B TROMRE, Aed
B0 PLA RATEANASZEZNSH R RN ES | RAEE. XM (11 SHOEM
PLA @RI T —MEROEHWBIFHNBRR TRARTUMER GG AREE. B
REMEREREG X EXZT—HoERER, KRB CPSF HEAMEH I
REBRERMAT AR ATUCERZRHBSIAZEAAR. s IBEhtsEE
HRR BRSNS | R AR 5.

—AEHN X, X ZEREORHARLEN, LRAREXA X FENRARTHER
—FRARE(ENX . X =0), HEALIBEA—IEINRE-MHET L, XRE
CPSF EAH AR, £—4 PLA hinRENFF CPSF Zir@, B “5%
EEHRATE 0% KA. XMHEENERATPERARASAHENIN (X 1 X), iR
HIBRPR PLA th, AR PLA R ARG EEEMRHTRHRK £,
REIRAZFFTRERXEFBRAERNS %, TV EESNELEH.

—AMEEX RO R RS KREX M X 28, A SPICE #iTTHU. EAR#MEMN
PLA ER, RERERINE PLA /MNEMREHE PLA BFIRNALE. B CPSF &
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81 PLA 5XRFTENEL, ERNITIEEERH, 5 AEEE RGN, FARTHALN
Bh&it (CAD),

AAER ABERHAM R T EANBRTRAOEE. HHEEFNSRECHRZ
BEYX AR A SPICE #fTTHAE. HitT—ME&/LIHRF (CPSF 3%, SCF )M
KT BRFVAROIAE L, S EMOESREEHEFET .

=4 & i

%58 VLSI Bt BB ENME SR AN MY, PLA RTIREMR
HAERTRA CAD sz —. BEHT LSI/VLSI gidit, e Ti&it B, PLA
BIRJLAER: Bkt RERTF MR BESERA B S0 S HRE
BEHAERS TERE.

DiReigit: FIAARKRBARAUMLL RS R DOQATARRR DRI, HSAREE
PLA FRZAMNBERANIRZ—. EHEEZEZMW PLA SHEER. REAMHER
BROHBRREEERBERT ROXHEAICE.

REBigit: A TRM PLA e, AMMTEHTRRARERNTE, nHEERM
PLA RIS ; RAANTK AR PLA SREATESY, BRGERRSBL
BRAANLCHEZEBRNERZRLRNITS PLA g%, Mgt (1] AT Asgh
HBEHTRA PLA ThEERIMRE; XEMISIA TR/ ZEENGIT T — 88 PLA By
FRA, SCER(2].[31R[414 T PLA ®H¥FIHTR (SCF), ®WHAfTHEB (SRF), MM
¥/ (SCRF) MEAHTHHE (MCRF) 5%k, HABTEEMREANT R
B, FEXEHRSTERRATRL S AT SERREE TR,

HAigit: BEMNAAENER TEEALAIRIRERMTZESURBEiTaN
B5%E. ANRHOBEANBHETEEREFET NMOS RETEEHRFSHNIRITT
— T RAREFMBF MR T PLA KRB TAERENRSE. ShX$%E CAD
ROBLT ATRE AT (E, R b8 21 T ML,
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A, A;B,B;C,C; D, D 2 ATA, sERHI. 1(b) A SCF E&¥E 1(a) By
PLA ¥ETH#&®. AI4fM A, BfB,CcRC, DR D 4y 5I|%HZE PLA BFHA: 4,
B.C.D E¥H PLA QTR 4. B, C, D RH PLA REH. LRAU4MA(RB
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WMRBI AR ERERBAREE (RUSlIER PLA RA) A—ENE
R, RE PLA WRAKESHEORAERE MXERBIBXETENOR. £LAE
MR T, SCF HAiEABH—t s RENE LT —LEAMLUMNE PLA RiTREHE
SEWERNRE. R [1] F—-PEBERNBRERRRT XMRE. BEXPEHRA
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EXEET—SEEER. BRRNEZENHTRRTE THERESH XN ERE
HMEXNERES. FN,E%MESE T RERA SCF %,

E—A MOS RIARABRBELEXMX 2 (4 A, BRIB,CRIC ZHE%S ),
AHRB—AENERFRATME 1(c) FR. BRZINRIHEBRTHEET RS, RN
|ER LR, B MBI R ANHE T REER PLA R~H%A: FISFEE
AT EAHES). XBBER AR BERILT— R AR E Lk
t. BHBWRETUASH,E2() BT MR, BAXMHFEFAN PLA,
THRBMABLBETUAYESR. BXEX R0 X BN ARBRRERYE—17. Fibd
MXE] X RN X B X 57, REERARSMNEERME 180°/I7]. KRS LlkeE
BRI —TRIA R . SAMTUM ERMTEHEIA. HALURESRS| SR>
RRESHETE. AR HERTRASE. H26) SRARSSHERNANE
B R IR AR % e AR O™,

_ERAEWEE/ RRAREREE _ ,_
R = EnERE S WEDEEAE

XT3 CPSF 2k, SCF ¥R AKHTRAFIHT RSB LEMR., — e
HEELER/LBARANNRAEEETTE2b). HENSEH. GFRBEERTRERT
KRS IRMIOIIRI, DAFILS:. B CPSF EFBHILANFIR R BB IRESFINAR
Bl L. CUbBE AR I E A BT R Tae . & 2(b) W EEh, NERSE
—.=%| NFC1, NFC2 RkiFR%. B=FIHFHF| FC3, FC4, FC5 & CPSF i
B, PR B BEREBAETULR. EAFEE SCF AN, BH=
ARA: —METRES, —MERE.

HHERMIE NFC1, NFC2 5 FCS fymM¥fE—Hdk. B mrhaesamEE iR
EARE. BINSHERES N 3() M 3(b) fiR. REREREFEGE,

R=Rg X =,
rr

Ro: ZREHHREMHE, L: BRERNKE, W . SREERNEE, CERELLR,
EEESREINEXINEE . ERBEHZRENBEURGENLE.
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AT RTEf L8, 7 1F SPICE HRIN, RMNRBMNSEBEHS % (8], [911U
ExE Gl ARBI&NREMWEIRE AE. £/ 3(a) F3(b) FRIEAT NFC1 A
V(11) f1 NFCz g3 V(19) 515 FC5pR V(7) MR V(14) Mte. BiZEZED
LR ——XMNNAAR. BMERRE A SPICE #iTTHMY. FR0E ()R ®
ARHREZRER 3(d) R3(e) b, HE3(c) AL CPSF HBEHR V(14) F
V(7) KBS BIER V(19) M V(11) Bk, £ NFC i V(19) REIRE —/N&(E, 7]
BEOTHFEGFMEHES RN, RENL, ENERNEMELRA V(14) k.

| EREERK=1201

sk F=21

&k K=1201 3 —
W=2}

FEEAN BEITRN PLA th, XBARBRME S RER. £E3B)REHA V()
BENE RPN, BRENE M. M NERER. FUSEESEBESEELHR
HEE V(14), NRHAEREFENEWERRT M, %R REARS 8 EHEAHE
(B M, JiER A% 20 8P =T 2L 2% ).

RITAH SPICE HBRUTREEERRESZEESHARKRENXR. ENGROE
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4 BroR. ZREEGHREFEER 35—450/[], #lm, HXPMFRETER 22, KX 3402
R, R ERESEBIET 045V, T ETAN REKFTR PLA f1, ZH 80—85 PR
TR =147 RY.
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=, IR BRTE PLA WHE

EBRMNTREMN BERFTROEE ZRLIERINENE TH#EE X
1) E#M&*t CFP(Complementary Fo-

ding Pair) , & — /M7 @4 o Aaanet ABC  ABe
fo = {Ci, Ciun}. ROW2 3it‘: ;
A €, R Crus 0 PLA BHATHNT]  row | $III4 =X
(XRX), MC,mm A, M Ciyy=A4(Y i= C1C2C3C4CECe ABC
- ) ™) f172 73 N f2fs
1); C;=B, M| Cipy=B (Y i=13); X ® ©
E.IE:TH:@L 3: 53"'- WJHUE5(3) Ei]*’! M 3

A R—AMEITRA.
2) WiFFEAMT&X OCFP (Ordered Complementary Folding Pair), P#I%E L0 F:
0;= (Ci, Ciy). '
A C FEFARIALALT Cn EEERIN LE (R THEH). RIOEEIS—3
Ci W Crns BRBAR—NEAFTRY, REA RIS RETHARIFFELIFRN. fin
B 5(b) h4f1 4 &—4 OCFP; BF B WIAR—4 OCFP, X BHAELERTHIIES
£ B Em(RLE BHTH).
3) E3 8% CFS (Complementary Folding Set):
F = {fi, fs s RIS 1Y
R—AHBENFTRANR. R f, fs -, i BEWFEY. HIMESC) BH—1
CFS,
4) WFFEEAMT8% OCFS (Ordered Complementary Folding Set);
0 = {0,, Os, -+,04}
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REFAWFEFBAR. R 0,,0,, 05, ---,0, RILFEAFBA. E 5(c)FA
HE— 4 OCFS,
ST A 0 1 R S5 B o P, IO AR R AT EL AR X SR 47 4 PLA )
B, M IS CPSF BB,
—AEHE G = G(V, E) RE—FIZEE, Kb v EENE, ERTHANE
BAME R T AT
% E = {c = {v;, 0;}/R(CHINR(C;) # B}
R o Rl oy BRAEEL ¢ EBRROFEE. THELESIRE PLA BAHRA£E
. vy ESMOFAIL W REARFHRR
cua), A A RO, BBl R(C))S R(C)H
SEREZE. ES5()HE PLA M3

B
“B)  wzEm 6(a).
. | RAUE OCFS ARG L% 2%
z C5(C) e
QW 7 A ERBI-MRAEGY,E, D), m
B  6(b) iR, b 2 RAH L.

B = {8in={(vi, 2.0}/ R(C.)NR(C;) = B}.
v M v RS RAEERRR N A, TR EEAREZ PLA BEHMTLREERLD
=t BRI C R Cr IR RRBE(EN X - X =0),

R BERITREY PLA R ¢ WFRARTSERM, BARTEIRF 5]
KRG 8(Ass 4oy 4y ) FEBERHAHENTR. RoFZ—HEXR X B—4
REFRER PLA TR, wHE 6(b) hFmil 4 FJHERANTR: Ci— CGRE C—~>
Ci; MBRRIVENE Ci(4) — Ca(4), HIHH CETRM G ERE. HEWMCG—~C 5
LR, ZEBE6(b) FRITERKE Ci(4) — Ci(4) T C:(B)~ C(B) y75m, B
AR C—C R4 R C—C, XHIFHEHIA—F “Cyde” (RERZEK)*, e
NVEERR TRMFTBER T —/MK, Ci— C—Cy— C—C, (|Lk"—" RFR—1F
M —"BAR—AEH L) XREAHEWFTRED.

0 = {(C,, C)(Cs, C4)}

haE TEAXARLAE 6(a) i 6(b))

Qo) ={rn<ry, n<ry, rn<er, n<r, n<r, rn<rl.
R £y ras v B org RORFEFULEST 1, 17 2, 17 3 AT 4 2 RIE—4 “BH)” (Care), T
n<r RAE—-IWNn EFX 7N WLEE.BERXTL, n<rs M n<rs BFE
B, BT AR B AR AR LBR, MBI AERE LRHRE T A CPSF EaFE—4
“Cycle”, FLIZEXFHEA T, 4, F1 4 R¥gEER A CPSF i MR RMNUE 4.5 R
% C{B)— Cy(B), Xt Cy\ Csy Cy M Cy FIRFLE—A “Cyde”, KRR Y:

Q) ={r<r rn<ri, n<ry ra<rs, 1n<ry r;<rs},
EEAREFEEMTFE, CETZHEYN. MERAERBNEIABTEE D “Cra® (L

¢ *Cycle”™ X RELHIM [21.
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B 6(b)). "7 CPSF hEBIFX—SERAEAGTALUTAESIFE, ETARD
CPSF BEPEFETX— A, HiELREXMTRA I BRITRAENSBINT:
F—F . AR FENE A TR CFP FLL AR, In
A,—~>v,, A—>v,, B—>ov;, B>y,
X—>v;s X>viga (1=1,2,3,:+)

BW, RREFRZEINED CFP MAJGRIZ & EET AR, DB AL 7 & 7]
FHTR—EAAERITRN PLA th, #lln, BTERE—/ CFP, B o, fl v, BT
ZHH, B EARZEFTLOR, rUSARENREZE, HICA“MEKR"(Growing Sa) A,

B=H,|T—41 CFP, HELWEX—FH R PWM vi = viy; RHRMAXA CFP
BREBEPEET “Cyde”, MREE, MLKZKMFERT—/ CFP HES FRIW. HTI
ERHTFT—MFH CFP BUMATAET “Cyde”: 1) BEE v — vip; WIRR T “Cycle”
BhRFFELE;2) MR M EFFAE “Cycle” NERBRX— CFP; MRRELE “Cyce” NEZX
— CFP Hid A2,

FHES EERE=PHIB5HA CFP Mk,

CPSF R T

DATA: G = G(V, E)

INITIALIZATION; £« 8§

ﬂ;{A(VI), B(V;), C(V!)"'}
0!4-:{2(1/:): -B-(V.), E(Vs)"'}
MAIN LOOP: WHILE (SET ¢; IS NOT EMPTY)
10; TAKE A VERTEX ¢v; FROM SET ¢; BY

ORDER (I =)
WHILE (SET ¢;;, IS NOT EMPTY)
TAKE A v;y; FROM ¢;,, TRY ¢v; > 0;,,
IF {A CYCLE IS CREATED BY THE EDGE
FROM ¢; TO v;y, IN THE MIXED GRAPH
G(V, E, B)
THEN ¢y — v

IF {THERE IS A CYCLE AFTER

THE CHANGE

THEN REMOVE v;,; AND ¢,

ELSE {APPEND TO B WITH(v;4 —> v4);
UP DATE; REMOVE v¢;,, FROM ¢,,,;

REMOVE ¢; FROM ¢;;

IF 0= @ OR fipy = &

THEN END

ELSE GOTO 10 }}}
END
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A PLA Folding Method Related to Processes

Song Junde and Xin Delu

(Besjing University of Posts and Telecommunications)

Abstract

A new PLA folding method, Complementary Pair Series Folding (CPSF), is presented. It
is particularly suitable to the use of PLA, in which most of the inputs are complementary pairs
(X and X), besides, there are not too many outputs. If each input column is folded, the “AND

PLANE” area of PLA with CPSF can be reduced by as much as forty percent. The swit-
ching speed of the CPSF structure is faster than unfoided structure.

PLA with CPSF is accomplished by using NMOS process. A NMOS inverter is designed
as a driver between X and X. Higher packing density and faster switching speed are attained as
the PLA with CPSF applied to the MD-MOS and [IL processes. It is an important method to

improve the sparseness of PLA by the use of some process peculiarities.
An algorithm of CPSF is also given, and the related graph theory is discussed.





