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A method for generating NAND gate circuits

with single rail inputs

Kimio GoTo

Abstract

Concerning the design method of three-level cascaded NAND gate logic circuits with single
rail inputs, studies such as were made by Gimpel, Muroga et al. are well known. The methods
elaborated by these workers, however, are generally difficult and based on complex algorithms,
and are partly heuristic. From such standpoint as has been stated above, a computer-oriented
method is proposed in which the cells in karnaugh’s map are dealt with. In this method, the
permissible loop matrices, especially the permissble ones for being inhibited, are used in order to
discern the positions of 1-cells and 0-cells from each other between all permissible loop row lines.
In addition, the methods for a minimal covering are applied in many portions throughout the

process for driving the results.

1. %%

—f8 A S1ZTE 3B NAND # — r @O REIC>
Wi, Gimpel? REHE? LI X - THE TR T
WH L L—BICT AT RANEETH 0D, K
HEy « ATEBEWTH T W T5, 22 TRAIL/ —
<~y 7 Lo MBS HHEBRZOFELYRET
5%,

ol

2. EE & EHE

—#E A N#HE 3B NAND ~ — + B OFRHIcB#
TLEE, TELETATY R AEROEILRNRD,

2.1 ERELTH

(BFHE 1) BER) 7507 ITXTCEEKOR/NEHEY
RAT/NEEF S,

(E#2) BARNDHELVXZEUEET 22 @0
AN — T HHERNL— T LIRS,

(3] 1erDHLDEAL I A —THERTHL
DI, FEN—T akNOFBEN—T b THIETE L

FHOCHE 9 H 11 BB

X, a ¥ WEILRHFEN -7, bEEEILLRAHTBELV -7 &
-5,

(EFE4) HEBELERFBEN—THWL OO
HARN—TTCEELTEDRICLEALD I V=T 05,
AL B bhiciorol ersrr—FICb &%
niFhiE, Colxr s — 7R EHRELE RS,

(EFES) HH1EABbEEHFFHOKRLIE
FThitwk ¥, COXTHFREXYVWFTBHETES,

(BE 1) BUHEN— 722 0L E#HEE BT
L—FELTREIND T &,

GERE2] 1w rDirraidfar— 7138 IEHF
BA—T IRl Bl (2 VOFBEN— TS
£R)o

(EH3) 1rDREEUHEBEN—TOFRTRAK
DLOREHFFATH Y, HEERFELY -7 L3R

b,
(EHE6) &L IOVBAFBEN T % uit B
/l/'_7°&/§;o

(BE4) 0er LW uHBEL—70D 0 2reH
E—HKT BV T IAIBOHFEN -7 1 BFETH
¥, x BRNAHFBERTH b,

(EFET) HFBEAL—TRTHEL 0TI EL &
LFIRR EOBMEFTC N EF R X E OMZEA LT



212 CESIIRREPS S g

bORFBEN — TFIEES, $THOLHARL - 71
YT 5RBEBCEEND 0 e L BSOFIFIZIE XE]
#, 1 e L BEBDOIFIIOMAXERAT B, T2
HBEN—TBLOBBERHEN -7 DD DT
%, ThZhZIERAHFEN — 7110k L OwEIE R
BA— 7 TFI LIRS,

3. ZId) XA

MECRXICERETEHCLELA ST, —BANE
B 3B NAND 7 — +OIROFZZFO 743 ) X A%k
ik~ %,

(A7 97 1) HzbhfBEELoHEL— 7TH
HHENT 5,

(A7 9 72) HFBELN—FDOFT 1A Lt
Tele TR EZRL, ChaEHFEHEE LCafEL, &

B2 LEEIICL ) BEEHHFEN - A5 WA
FEN =TT b hwET S, RAFIcZ0EH
BHOGL 1 e g bkEIh S,

(A7 v 73] 0ereflr udfFBr—70Fhe
—HTBIVFINIBOEBRL—T T uFBEr—7
PEILTH L, EHA LY CNBMATETEHE S, O
DEXEBRLILY usfFBE— 2B ILRHHFEL —

T blRET D,
(A7 v 74) HEN— FANOFTHRLETO AT

AT, X2 VL2 B L e WBE, *
DXHOFHET HITHR A LERFEL — 7 bRE
T5,

(A7 v 75) BRIhf-#HELRHFELN - 717500
b, A7 v 73 TIELN L LBEHNRHCEENS 1
YT 5 FR R E LT P 2 ER T %,

(A7 v 76) Bohr@REREEr —7OmN
THDOTHICL Y, 1erwh A —F 55 HEEYF
B,

(A7v 77 AT 76TKESTRIFEEDOE
R (1) TLig, FRHOTHOE D0 A 25
AN =T HITROBRNHEEYRD L, HUBT70
HIERAHFEL-TTHEL, o bESEED
RIS b LT 5,

(AT 9 78] AT v 76LTILL-TELNLE
B L OEHBFAEL — 7O L - TEHAE
HRD, FO1 L BELIET S,

(A7 v 79) ZhEICcBbhicbhBALTBELN
BHZIL PRNEBEERD D,

B-14 (1990)

AT 715 SN — TSI
|
AT 972, 0B AEEELVITHEOLEE
WESIEHEFEL — 7 2 6 O fr#g & Sl O bR 12

A7 73, 01 L&A iFe ¢
YT 7N LROFFEIL— 7 O8ER &
VHFFRIE DA B
WAL HRFE L — 7 h SudfE L — 7 & Fr S

I

AT 74 XENA 1 HOADIEREEHEL, ZOXHO
HAITHMABEILHTEL - 725k 5

AT 975 WEHAEEIIE 205 1 1 LA & R
HFEL—ThokE

AT 976 HiFIEEIEHEFEL =7 ED 1+ LDk
HHE DK

|

RIHBEORZEEOOL LD
AN O B
I
(2778 27 76,7085 0 Eirims |
I
l1%779wMﬁ%%ﬁﬁt£ﬂ¢9§®%4¢$ﬁaﬁB& ]

ATy 7T

K1. 7m—%F+—¢t
Fig.1. Flowchort

4. &% B 6
METHRRLTAT ) R AT L s FtED—
Pl >EIRmT, £0l®H

f=21(0,1,4,5/6,38,9,
10, 12, 13, 15) (1)

THEz2 b B8O~ ANRE 3E NAND » — +
B KRDDLZEETH,

A7y 71k, ZOBK foFEL - TTHIL
K2oX5icks,

AT w7 2TITMmict ) EFBE xixexs DK F
5o COFEFRBIWEILEBTEN - 7750 HkE
Ind, ZOFEFHR3ILRT,

AT 97 3ELT, TR d GFELr—Tx) D0+
MNEFTHR a(uBFBEN—7T)D 0 e £H L —FKT 50
T, BEILHAEN -7 a BEIEHBFE N — 7 d T
WL TUAEHFSH a—d »REDH, ZONAHRHEIT
Tsbfeh, COELETHRa (uHBEr—7) BEH1
L O EEREILHFEL - T bBREIh D, oK



—#R A1 3B NAND % — b BIFEOAER O —Fk (REERNHE) 213

2 371114 01456 8 910121315
R 1 NDd a DD DD
b x b
€ x2 4 Jans
d % x3
e X4
{5 X1t X2 D
8 X v X3
his i Xyt Xs g b
i X2 ¢ X3 D—
j X2t X4 D
k3 X3 * X4
13 E7IRE P a1
m X1t Xzt X4
n X1t X3 * X4
0 EPREREA s
Py XXz "Xzt Xa
X2. FHENL—T15)
Fig. 2. Permissible Loop matrix
2371114 014568 9110{12 13 15
{27573 a; ] ' Sl @D 5
b i N Dy N D
é # Y D-d
{27574 d; L) D o
e - N N N D
/‘: Xx B
g nexs L B
hs T X &
i EXE B b
Js Xy Xa 4 :) D
k. X3+ X 4
1 X1 Xt X3
—{1‘777? m; 1t Xt X o
n. X1t X3t Xy -4
[ X2 X3" X4 74
P oXi XXt xs b
iy T
o J — ) — 5
DTN (X7, 75ChkE] (A7 272 TRE]
3. WEILRAFAEL - S5O

Fig.3. Reduction of permissible loop matrirx for being inhibited

3R T,

ATy 7T 4THKEdIBEELERAFEL -7 OK
EE3nhB, COFFERICTT,
AT v 7F5TINLDEHRFE nix2x4 & LAHFE

HAiww&diEhsler (R3TREACTTET) ¥KREL
TeLFES6 L 10 DLLFED,
AF T 6TINLD 1 LA BEURIEE L~ b
)y 7BAK R HCTRD D &,



214 2R TRER AT SE RS

[6]-[10]=(c+i)b+g)
=cb+cg+bi+gi. (2)

COXTHEHA O BRI HEE L THRAT S, A7 v
TTELTHEEDY 51 ¢ & brAwzEi-BHER
w—=7EL, ThEhEBIETH5HEN - T2 ET. £
Dicd c b bDTHOFEL0 LB T NTFhH S —
THOROBRNFEELY AT v 7T TRDB E, clzo
WTik

[(7]-[14]=(e+i+j+k+o0)

(b+f+g+i+1)
=it+eb+--, (3)
bizoWTIE
(11]-[14]=(e+g+h+k+n)
(c+f+g+i+1l)
=gt+ect- (4)

NESND, LT AT w78, LTt bt
nERLR (3) & 4) DR L T,

c—i=(6)—(6)=¢

c—eb=(6)—(10)=(6) (5)
b—g=(10)—(10)=¢
b—ec=(10)—(6)=(10) (6)

HHh, CHE D EFFHELT c—eb(raf®) B
Cb—ec(xiXaX2) D3Rk EDB, AT 9 79ELT, Th
FCIEONACLEATFAFEIME EHFFHEIMBCL S
RN EYRTERAD L 512l d, ZORLD, &
/N mo, mi, ms, ms, ms, Ms, Ms, Mo, Mz, M1z B L
Cms M bOULHAFEHEAm EEHFBEHa—d=
a, c—eb=BBIVb—ec=yiIlEDLH5CEENS
%, “tr Uy 7BM pe HHVTHOED X S IR
ZENTES,

014568 910121315
|

m— X X2+ X4

a=q—d—7; 74

B=c—eb—x;-7:-7

Y=b—ec —=2,-%:-72 74

K4, #HRoFML

Fig.4. Minimization of the result

B-14 (1990)

K5 f=300,1,4,56809 10,12, 13, 15) o & &
[a] %

Final circuit of f=31(0, 1, 4, 5, 6, 8, 9, 10,
12, 13,15

Fig. 5.

pe=[0]-[1]-[4]- [5]- [6]- [8]

-[9]- [10]- [12]- (13]- [15]
=a-a-a-aBraay-almtalm
=a-B-rm (7)

LD, a8,y BIO mOTXTOEAFEHTEX,
K (1) &

f=x1x2x4+ fa+Xzf4f1+X1f4f2

= X3 X1X2X4* X2X1X4 X1X2X4 (8)

then, THIL VRS OBIRLRE A,
IR (F— P8, RSB, B EO 1 (7,16, 3)
b,

5. # R 0 & &t

KRILDOT ATV RLEDED L 5 I - T
Wb, Thib,

(1) 1/ —HEoerEGHAETE0T, I
DBV TH B, e 5UHEEEL L TELR, V
A b2 AT BETe LISP S8 1383 % ) = b TEH T
X50T, TOBEOMNBICHEL T B,

2) K@WXDOFELETE, FEL»-TEHHT—HD
IR0 0 e r T HDITHROZTh A HMT5 L 5
L, 1t 028U EHFFEI LR L AHFEEY
fEoTuWh, LI TREDIHFEL—-FHTO L
FtEL]l oWl SHchs,

(3) WEILHHFAENL -7 EZEIERHFEL — 7 DREIR
iz oTHE, ThODOLBR/NRO L OIS D
RINEEDOE 2 iHHW5, Zotdi/ IO VA
BHILIFEHFBHEIENTE 5,



— AT 3B NAND % — r Ao D —F i (BHEAHED 215

(4) 1L DHRI Y LBHEBRNV—TOHRAKDOL D
FIAL, Zhic&dEths 13 kEL, BHholx
NMNDZ I EUEHRAYET L oL, BROKMY
BT b,

(5) @R/NEXEULAFFHEB LI VOCEHFFHOK
INEEE RS, RAENELNR S L S ICEELTH 5B,
—BICIRIEL VAR E O RS,

ok, MEELLTESEDL S s bb, Ti
bbb, BIEHHABEL - 7RSI OBEILRHFEL - T
B e, RNEEEZS LY » 7B TR, =
WEBEHLTRE-ABRHORLIEELOXH S
rowrLTwad, Lal, ERCEMOEE»D &K
INBDE DN ARRERED D D, ¥ — M, HEREOHE
MEICKETHHEEERYEREL, #EME L RS TH
HHETBLERH D,

6. &

Bife, LISPEE L h 7 v 75 afERPTH B M
S, AR L7cX 5 ICEEROBMIERY b E 2T
T ) X ADKBHDPLETH B,

i

2 £ X M

1) J.F.Gimpel : The Minimization of TANT Net-
works, IEEE TRANS., Electron. Comput., Vol.
EC-16, pp. 18-38, Feb. 1967.

2) S.Muroga: Logic Design and Switching The-
ory, John Wiley and Sons, 1979.

3) HEEAME: —HRANREIB NAND » — + [
D—FEHE, HROEFLE B EILEKS, 5S-
2



