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BoOFRDRL, X VPBHCENT 2 VEEOERETNETH 5, FRICK b, KFEECTE, ¥ — 5100 B oM
B LTHhmDT 2 VEESBERTE R BEND BT Libhok,

Generation of Minimum Test Sets for Combinational Logic Circuits

Based on Boolean Function Manipulation

Hiroyuki HIGUCHI Kiyoharu HAMAGUCHI Shuzo YAJIMA
Faculty of Engincering, Kyoto University

Abstract
We propose two methods of generating minimum test sets for combinational logic circuits based on Boolean
function manipulation using Shared Binary Decision Diagrams(SBDD’s). The minimum test set generation problem
can be reduced to the minimum covering problem for fault tables. As a method of solving the minimum covering
problem based on Boolean function manipulation, the method using the Petrick functions has been proposed. Since
our algorithms require fewer Boolean variables than the conventional method, minimum test sets can be generated

more efficiently. Experimental results show that our methods can generate minimum test sets for the circuits composed
of about 100 gates in some cases.

—155—



1 EL&ic

TEDEMBIEER oS X b, EREIR & Y L8
ASBCRHHAINEISCA>TwS, ChbOEIKDI(E
BYERERO 2D K, MEREOHIN I~ BEREH LT
5o —HEIC, SERMM OMBIRE X, NBATRT-CF X b
FRINEREIML 7 & & OB NI F oIS 2B+ 2 C &
KXbvfibh 3, HEREKCKELF X VRIIZHRT 2F
BMEERTFRMEREVS, 7 X MAERRHEE NP 5282 Ch 3
CEBHMbhT b2 [1] | HlEaEEEoF 2 VERT ~
2y X4k, 23] R EBEESEEI R, KD oK
LTREHEMARBITF X P27 VA %KD BT L RTRES
oTwd,

BERETI., B, 7R FRAE 17 baFoN
AN FICEINT 2729, HEREO 2R X7 = R
DEICHHT 5, ¥+ VFIDOT TR, 7R X2 br
ERF vV e RACHEINCANT 2BERD L, DD,
17 b7 ) BT 5 WERECET 2RESH#A L,
TAMVREDOY A XD, WEERED = 2 bt T 5B X
LIKEL 5B (4o #oT, TELXGIE AT X VES
PERT B C EXEEN D,

%< @ ATPG(Automatic Test Pattern Generation) iC
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DOBRNT A VEGER T v 77 LA0FRE ZOFHIICD»
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2.1 MREPBELHEFFETL

FRAMEREE T, g T 3 EBOEE, F%itit

DA EEEA2RDDRED ), BECIGEU B RRTLD
N3, ABCRY— br~r, BFECEFALI NS
CEEOAENFE LT 5, OHCREI N ZHFECL T
b FxoEFAREL LIS [6). HEKEC 38D
ZREMEBHEEFAMIRETE 5D, BBIEY £ 3
T EBE v, WBEEIE 25— r D ARNERFOIEEE 0
Tl CEEILAIHETH D, ThFh 0 B8, 1
FRBEEEE v 5. ARETH. B—WRNEZRET %0

2.2 HEHR

n AJIm HE2RB BT, ENWANOEEME
% &Y (2,29, e T,) EF B i BEDHN 5 BRANRY
M F ORIEBIE LT % = fi(D) LHT T EBTES, »
3. BoHPE ok ) i FHOH N OREMES ek d
ET B, ToLE RO F™ %#bE o OWPEEER E v
50

FeE e (fi@ f2).

HREZERI R P IROME % e 38 cs 5.,

Fo@) =1 & 3i.f(7) £ f2(3).

Fo &) = 1 %W T AN b AT REEE o #REL S 2
A= brTdhh, ChEHFEaDFR xS FILLIE
Lo Fley ANNZ PARTTIC, MBERRICHIEE 4, AN
TR RRIT B EEF T AR LE L, BRHITE R
LEOLLERERRL w5,

A o 3 B RIS o H T BB IE B s o0 1B 1T e
Ll Thbb, BEEEH Feo = 0(HBME) © & &,
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End, Fie, ZODHEE o« & B KL, F* = FF
RBHELE, B o LR S REEMRTH L L5,
MBEREEST B BA. 20D —2o0MRER G #5482 ¢ Th
X o EliFEOR S bRE Iz —D DR % R EikE
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At B ART 2L H8TELDT, o BRIETMER LI
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VWi, pEOBEE a0, 0, BIRE L. ThbICH
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P={aj, 09,05} ELct &, PRHATEFRIERT
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23 HE-HRESST
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TI7770BCBNTH YT 77 702 FTodboTh
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Symbolic simulation
of the fault-free circuit

For each | Inject the fault
fault
Propagate the effect
of the fault
End

Compute the

test function

The effect
propagated to

primary outputs?

The fault is
redundant

1: g5 M —idfa i (SSFP)

o BIRF LoORIFIIE, 77 70/ — FRICEE R
TEREITITS C 28 TE B,

3 EEEHECIalL—varitLB3HERNL

B & & DE#E
3.1 BRI al—Ya riZkBHREROEM
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S (n ADTm e T 5) & 2)1 DDREWRE o« % A
L LT, EREEEOWNBER f1, fo, -, fr &R O
TIBIBCSE, f5, - I BEET B b oTh B, KFHkTl,
RSHEE Y S 2 L— 3 YOEBFEL LS —HEHR
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1) [10] #4FMF 5, WEHEES 2 v—v s viICX DEHEL
e ERER D WAL f1, fo, -, fn LMBE 0 O FCOMN
BIBCSE, 1350 o Dy R(21) )€ & Y iREEas Fo %
KDBCEHRTE B,

B o It B RIS Fe 1, BER OB o DF
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MEERIB R R T B & MR IERCE T b K B,
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¢ LTEBRT 2,
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3.2.2 REHREOHER
2ETH~ X 5, MEE B BIITTRYKEE o 2 XT3
& E SRR B IHIRTIRECD 5, TRMIEONER L.
BB E L O UEHHIZC L VA AS C L TE B3, T4
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KABRIAELT 208 5 2N E, SMATI<Z brises
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?ﬁﬁ?é%ﬂﬁﬁfbéoikxﬁ%&LT\A

37.F(2) ¥ 32,30, .. Fx,. F(2),
32 F(5) & Fry, 25, 2i.4,0, Tipts -
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ER(Z,§) == ER(Z,) A (Vi 2: B 1)

3) EHLWANRy rant(F,§) BBI% ER &£ FH5 1
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7 2 G OF £ XhRD 5 Thi ¥]
1) ey (i = 1, ,p) R L, SEEEBIR F 4K
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Fo
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4, SETRRZTATY X LFETLRIT X VEY
PHERTE52o00D 7w T 4% Sun SPARCstation2 k¢
CEFEEHAVTERL o REMBKOMIEICE SBDD <y
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F 1 FEERKGR
circuit || # of | # rep. || lower | min. | CPU(sec.)

gates | faluts || bound | size | Sec.4 | Sec.5

adderl 6 6 6 6 5.3 4.3

adder4 24 24 6 6 9.3 9.5

mult4 88 96 7 8 1 669.7 -

dec8 17 40 24 24| 13.6| 11.0

enc8 22 32 15 16 8.7 5.8

sao2 101 60 45 45 13.7 9.7

74181 58 81 9 - - -

c432 160 152 22 - - -
DTHDe I# of gates] & SREHONTBANE %
ARTo [F rep. faults| &, RIREHEITH 5., EKDT

~TOMWMFO /1 FBHECK L. 3 8TilR~ 2 %Mk
BIUXRHEE OB Th - 2O RBERE KT
[Nower bound | X, 4¥#ETHR_ATE BT KE RMiri
A ZRD 2 T AT Y XA FvTiE b RS
DREXCEIYVFHEL 2H/D7 R MEBDKREXIDTHRT
$» 5%, [min. size| X\ BPTF X MEBGDOKEXTH B,
[CPUJ ik, TSec.d] it 4EFETRAR7Zl/PNT = FEEGHER
FHED, [Sec5| B5FETHR_ERPF X FMESERTHE
D, EFEEE TN ENRT, 7L, [Sec.h| Tlg/P
FAMEEDORKEIRRDBEDOAT, 77X M7 bADUYR
BfiA->Twekhve RPOREKRIE, ETRPTCHRES 7
7D/ —Fhinpc ., SEXAEO APk %R
T

F£1Xb, 23 MLHFEREGOBEL A v TR
A ZCIEHCE AT L BbD B, T4181 2 c432 KD
T, BPMREB b Tk v, tholfshic 7 2 iR
EOREXRFMET 5 L o ETHE. COTHRE D & CFHE
#fTh-oTh vt BEbhd, /M owTR, ¥— MK
100, %ffi. ¥ & U XELIMBE T oo iR 100 FE ¥ <o
EH#C LTy BT 2 PEERERTE IO H S C
LB oTee 2 DDORMEFHELDATH, 72 FRH%
ZET 5F— b= v EFATIHECET A VREDY A
REGTF R Ix7 P ADERAFTE> T WO THEHER
BETEANYE, SEOTATY XLDHBERFTh- 7
BETRTCORBLCOWTHEHETD > ko Ty wTHhoOF
e b, porEESoRMAK X b »EA BDD J — FE#
1/100 BE I & b . BERTBIOHIETFIE L LTARITH S C
LB oo

7T BbYIC

REMESAE I X AT 3R/ T X VES
BHERT D200 HERREL co EROMBR. ¥'— K
100, i, ¥ & U SCEDMUBE ARRT H 00 iRE S 100 F2)E o> [A1 3%
LT, b7 X MESRERCEBEARB L T LK
Sirotee 5EOFECDTHE, MOTHEEHESIC L 28R
ZEOHIREBO THMTH B L i b, 5K, 5EOTF
BETFRAMRS LADERECHAS Tu I ARERL,
X biC, MIHEEHES LN OBERLMHIRTEL DT b &
%o ¥ SIOBIETE. MEEOHF ST ic X » ¥iE
B BDD offiffl 7 — FEHFZET 5 C & REHATER» D
Do TnEDT, x ABEOIF ST Ko THEBRE T
Rnkin, X biC, /AT R MEGISKD b ERE K L
TEBZT A, BT 2 VRENCHB IR X 1 5k
OYEF R Y, @R L RAF 2 MEGOBFREH LA L, K

Y EHICI/NT X MERRLRT 5O 0 R E
KTV‘50

HEE

HEZHREZ 7 7 S RTEBEBULIE 7w 7 5 4
FRELTHCZEH K (BENTT) KERR L. %
Tor EAEEEBEZ X UH. WRTE T L AKX
FEEOHBECEHBL £,
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