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Abstract

In this paper, it is tried to improve efficiency of the D-algorithm by assigning the logic values
effectively on the nodes related to the critical path for back tracing to reduce the number of search
nodes when acyclic combinational logic circuits are composed of NAND gates only.

For that purpose, LASAR algorithm which is suitable for determining a critical path for back
tracing is applied to the D-algorithm and it is implemented by IBM-PC with APL language.

The test results on a number of NAND circuits which have multi-fanout, reconvergent and
symetric characteristics show that the modified D-algorithm reduces the number of search nodes in
forward and backward tracing and decreases the run time of CPU about 10 percents.

EER, EAHE AR

(Chinhae Machine Depot) I. & i
“*EE8, mEARE BEI SR REEF oNE BiR-S FZ EEHEBRME (stuck-at
{Dept. of Comp. Eng,, Yeungnam Univ.) fault) 7 B34 B (bridging fault) oz =t}
»rEe A, BiAEE ERTER g 4 ot EEBRME ol BiEE BF A
(Dept. of Electrical Eng., Kyungpook Nat’l eS| &R A4S 4 U7 wiEel VLSI
Univ.) AT A= 7o ERE T2 Yk
BEZHT 119874 64 30H REEEIRRPY o EE BRIR S M) A’ 1Y sl

(734)



NANDEIEE S Aol gt & A% D-dnel5 ol shkdFd A A+

ulxg

=

£ ABEol al7tdle Al W E (test vector) &
she ez EEEES Eho2 sl Y& o
#H# A (boolean difference method) 3 73 87124
(path sensitizing method) 22 W4 %t & olH
HAa 2 fURBE#: (algebraic technique) & A&
#{EHEk (symbol manipulation technique) © 24 IF
B e o d uFEUeY AFEE A
Heledls #EBhol wol 1970 R 77 Likol= &
#Rol g RiEolch

74 2742 4 2 19664 Roth™ ol o}sle 7R D-
dnggeol 7b3 fREFM Roz A FEREE, DIEH,
BH ol AaM, B SR 2 EE e Skt -
ol GREEZET (fault diagnosis) N4 & o ZEXK
f#y2l =}E4) 3 el ubAl (automatic test pattern ge-
neration : ©|3} ATPG 2} 3eh) dmelFo] =it
o B Azl olste] B EEHRS
it e dae|g ol 7] wlfol FREEBEA 3%
A% & (fan-out node) $} N4 == (reconvergence
node) 54 Zdsn UL S A7 = (critical
path) ofl uh-& ¥ERE (back tracing) By @& 3 By
flol BIEScl= A8l Ak

ol# Ht-o Azt el sl REREHS

Mo Wit wmkol odel A B
Earl7ha oleiAel Azt 47 4 derE Uk

B ool olu] FEr® A& wlel MBiE *
ZEE4 2% Rl Rolol sl LEN wlFol el
Rk whebd B A sRiite) —RERE S

A sk BRCA BERS e HHFK(search) [EIHE
Fo ¢ doH A za dueisol RERH &
fic] AIEEE Zle|c},

A FolA = FHE HEREERE NANDER
Moz HRslRS of dulAze] BHS WMEAZ
F AEE B EY ool RELS HEN
o2 Al HFEHEF 55 EYoE2N D-U
2|59 K-S AFE st ER .ol #
alo] NAND [@EIEE#Eol+ Aol 2 el #A e L-
ASAR ¢ stimulus generation algorithm (°]3} SGA
gt gich) s & D-daelgol #HHE F o9
2] NAND [l i Alglale] Lol 22
Al7HE HEsto g 4 ERERSR Ol HME S &l
et

L ol ol
e AT AR

=

=
2 ]

-

=
A
Ly

0. D- D25 e

A gshe el HRe AN AlFuE, PR
o) wEI W MRS $Ho FHY AT-39
HEMES

2%} (stimulus-response combination) 2]

(735)

21

Mget ol2idh Algslel B@aol olA WHES &

BEE DAL PR ol 347z B
% Asn glenz WA AWML ¥4 Ao

g 2E A4S HE of BEEsledo} 3tn] ofe
£ daels BKe o3 22 A7lA BB
hghet, 1
A . #EEERE (set-up procedure) — Al @2 F Y
E YW daEse 43 A2E 93 dE
: {8:2 8% (propagation procedure) —#ff;@ %2 o
2RE BEH Aldabdols] FHS (primary
output : °]s} PO 2} &ch) 74x| 7 2o ¢
g GRERiESE S EE
T B8 (justification procedure) — PO ol 4]
F A S (primary input . ©| 8} PI g} 3dtc}) 7=
singular cover (°]3} SC g} &ch) & FIFS A
272, & HoaEhol ofstel 7 HEEel RE
e Hesly —HEE S Bl
D-due|5 & of S-S 25 A Aoz
Al B4 o] W O LG (fault free) 3
BRBf (fault) & Aol Eokele D(2L D) 8 2
7b3ka PO7ZER] o] & @A 7l cobg, ul HE
17 0% A9+ dEhol 2sle] Algwlelql PI
& Bt o] ¢t3ejH2 AND, NAND, OR,
NOR, XOR €& #md @aRERE &8
it 283§ g8 A HHS 3
A Z3 d+e 2719 NANDEgEMS f.02=2 D

-duEFe HES EESSC

o}
2

2

=4

AL

[}

T

(o]

T

o

T8 1. NAND 3zvte] o
Fig. 1. An example of NAND circuit.

1. %l A%

#RAR REOEY B— AegdAE $std @
B2 KE sk PI, predecessor ( °l 3} #ifirE e} 3§
t}.), sucessor (o3} #fr&el dch), Az o
BEGG RESS T8Il olF Eof 23104
JHEEEE 9] stuck-at-1(°]3} s-a-1 o[zt doh) ol g
Ay AL el F 13 o) IAtS A
3o},



22 19885 7H EFLEBGHRNE # 25 &

g 1. D-2uelse A%
Table 1. Imtlallzatlon for D-algorithm.
FACTORS VALUES

TYPE OF NODE NAND

PRIMARY INPUT A, B, C

PRIMARY OUTPUT L

TEST NODE J

TYPE OF FAULT STUCK—AT—1

B 2. 219 AdAs 9% T4
Table 2. Organization of predecessor and
successor,
NODE NUMBER |PREDECESSOR SUCCESSOR
A 0 0 0 E F H O O
B 0 0 0 D EGO0O 0
C 0 0 0 DFI1I 0 0
D B C 0 EF GI J
E A B D G HJ 0 O
F A C D HI1I J 0 ¢
G B D E K 0 00 0
H A E F K 0 00 0
1 C D F K 0 00 0
J D E F L o o0o0 0
K G H 1 L 0 0 0 0
L J K 0 0 0 0 0 O
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Table 4. Justification sequence of D —algorithm for fig.5.
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Table 5. Justification sequence of modified D-algorithm for figure 5.
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ORIGINAL D-ALGORITHM MODIFIED D-ALGORITHM
TEST FOR STUCK-AT-0 LINE NO TEST FOR STUCK-AT-0
D 1 1 0 1 1 1 +# 1 1 D + 1 D 1 1 0 1 1 1 # 1 1D
1 D1 4+ 1D 1 #+# 1 1D + 2 1 D1 # 1D 1 # 1 1D
11 b +#D 1 1 4+ 1 1 D +# 3 1 1 b D 1 1 + 1 1D
1 0 1 D1 +# 1D 1 1 +D 4 1 0 1 D1 + 1D 1 1 +#
o 01 1D 1 1 1 0 # 1D 5 0 0 1 1 D 1 1 1 0 + 1
o1 0 1 1 Db 0 1 1 #+# 1D 6 6 1 0 1 1 D 0 1 1 + 1
1 0 1.1 1 0 D 1 1 1 + D 7 1 0 1 1 1 0 D 1 1 1 +#
0o 1 1 0o 1 1 1D 1 1 + D 8 0 1 1 0 1 1 1 D 1 1 +
1 1 0 1 0 1 1 1 D 1 +# D 9 1 1 0 1 0 1 1 1 D 1 +
1 11 0 1 1 1 0 1 D 1 +# 10 1 1 1 0 1 1 1 0 1 D 1
1 11 0 1 1 1 0 1 1 D + 11 1 11 0 1 1 1 0 1 1D
X 0 0 1 1 1 1 X 1 0 X D 12 1 0 0 11 1 1 0 1 0 1
ELAPSED TIME : 58660(MS) ELAPSED TIME : 52840(MS]
812, 28 1o N3 s-a-0 A 3 e
Fig.12. s-a-0 test pattern for fig. 1,
ORIGINAL D-ALGORITHM MODIFIED D-ALGORITHM
TEST FOR STUCK-AT-1 LINE NO TEST FOR STUCK-AT-1
< 1 1 0 1 1 1 D 1 1 #+# D 1 # 1 1 0 1 1 1 D 1 1 #
1 1D 1+ 1D 1 1 +D 2 1 # 1 D 1+ 1D 1 1 +#
11 44D # 1 1D 1 1 +#D 3 1 1 4D +# 1 1 D 1 1 +#
1 11 4+ DD 1 #+# 1 1 D + 4 1 11 4D D 1 + 1 1D
NO TEST 5 NO TEST
NO TEST 6 NO TEST
NO TEST 7 NO TEST
11 1 0 1 1 1 #+# 1 1 D + 8 ¥ 11 0 1 1 1 # 1 1D
NO TE ST 9 NO TEST
o 0 1 1 1 1 1 1 0 4+ 1D 10 0 0 1 1 1 1 1 1 0 + 1
1 06 1.1 1 0 1 1 1 1 +# D 11 1 0 1 1 1 0 1 1 1 1 +
111 0 1 1 1 0 1 1 1 +# 12 1 110 1 1 1 0 1 1 1
ELAPSED TIME : 45260(MS) ELAPSED TIME : 38560(MS)

3213, 28 1] HE s-a-1 A Hall")
Fig.13. s-a-1 test pattern for fig.1.

(@ D-2dzelse) #4$

Q214 NAND 3l2ue] o323 o
Fig.14. An example of the back tracing in NAND circuit,
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B D-dreFolAe B 05 HE7] #Hshe
yeix] S EH 1 2 dled HUBBFE PAMF SRR
CHAXCHIL Foi 54 sch

st#, 1gl159) Fo| HEE x|, WK, N+ E
A o] Eli[E8 (sub-network) 5 &8 T3 UE

NAND [Eg4#8 9] §15 Sofux.

815, FH A,

r,}];i)ﬂ
Z++ NAND 32+

Fig.15. A NAND circuit with subnetworks which
has fan-out, symmetric and reconvergent
characteristics.

o] [MEF e HE& KREY 4 Ut BlEEE 237
167 Zeh o] zylol ohd wakhS vlwsld D-
drnefEe] 49 CBAE (Y 7421), CFif& 9
Az 2)e] 25 dgsigovt Wiy D-dnEe
CB@A®R (be] A2 1)utez st53lget olalel S5}
2] dlof4 B ubel Zbo] NAND &2 nlells) #Hz
Aol 23 A el wbgA] RS E ke = o)F]
fr#ol REIE 715 o] wahd CBAKA CF
B2 KEg 2958 & 5 Uk

aghe. 1159 F3z
Fig.16. A subnetwork of figure 15.
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computing time) & 2 W5 D-Uwelgol 3l
Al aef bl 4 Q&) 7ke] g ow] hyH o2 s.a-1
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Normalized computing time for several

NAND circuits.
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23 ] 9l 12! 3] 1] 0© 1.11 1
i = 1 1.17 1
ag 1) 11| 14| 3 2| o 1.07 1
i 3 1 1.14 1
FULL 9 12y 3] 1| 0 1.08 1
ADD . 1 1.13 1
8421| 52| 61| 9] 5| 0 | 1.07 1
ADD . 1 1.08 1
2% 11 6] 4| 17 0 1.10 1
3 2 1 1.11 1
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