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Abstract The class of acyclic sequential circuits is T2-bounded, i.e., acyclic sequential circuits are practically easily testable
[2],[3]. Further, classes of acyclically testable sequential circuits [4] and extended acyclically testable ones [5], which are
larger than that of acyclic sequential circuits, have been proposed. A key condition for acyclical / extended acyclical testability
is defined mainly by means of thru functions , and hence, a given sequential circuit can be modified into such testable circuits
by adding thru functions. Consequently, the DFT overhead can be reduced compared to conventional full scan design. This
paper presents a method for implementing optimal thru trees which minimize the hardware cost required for extended acyclical
testability of a given sequential circuits. We formulate the optimization problem on design for testability with thru trees based
on extended acyclical testability, and express the formulation as an integer linear programming (ILP) model. Experimental
results show the effectiveness of our formulation, and also demonstrate the effectiveness of the class of extended acyclical
testability.
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3.19GHz, A€V 2.00GB) ZA /. BHEIEMEEREL 2
HOV T+ 2T, lpsolves.5.0.10[7] ZRVz.

LY RREEELANLT— 2R A Lz R-TS5 TIcHL
T, HRRIBABKTTIAENE (5] & ARFARSTTRREEME (4] BRI e
DEMAN—I AL, BEE, HIREE FHERFEZEHL

-17-



#1 BRER #£2 KEBFER (LRRABTREN) #3 EBER (REBATREN)
EEE | SHB| S| LYRK EREE | R | B | nRov— | ARG EIBAE | TRE | HW (| SmRL— | HERE
A8 | . Bl # (sec) Eallid Ead (sec)
4thlIR 1 1 14 4hIR | 126 482 9| 72281 4thIIR s2| 232 9| 0062
GCD 2 4 3 GCD 69| 241 2| 0062 GCD 29| 112 2| 0015
LWF 2 2 5 LWF 84| 316 3] 0031 LWF 4| 145 3| oois
PAULIN 3 2 7 PAULIN [ 138 | 550 8| se3n2 PAULIN 54| 252 8| 0359
Tseng 3 2 6 Tseng 101 384 5 2.985 Tseng 41 179 5 0.046
exl 3 i 6 exl 82| 302 2| 0312 exl 4| 142 4| 0015
ex2 6 2 8 ex2| 130 478 2| 0281 ex2 sa| 224 3| o031
ex3 4 1 6 ex3 89| 32 2| 0109 ex3 I 3| o015
EIRUBIRL : minimizgZ (c0.0 max(dfLn, b)) (V] A NSRRI RAROE 5 VNS N T LADRS. &1,
ﬂlglzfzw £ ThEDRERED, ASRMMARTRENED DDAV —EK
e 001 et 2 AR OISOV — B HATNE < B3I
o e FEBOFERHETE, IRRARIREEOFMIEIRE
-Wi+10(1 - dw) 21 - Wi+ 10(1 - dog) 21 @ ni-.

Wwh- i+ 10(1- gisa) 2 1 - whor + 10(1 - gluron) = 1
We-wi+10(1 - gies) Z 1

J
Wen-wh+10xin 21 whn-wi+108n 21 win-wi+ 10021
Wen- Wi+ 100021 Win- Wi+ 100 21 Wh-who + 10521 (o)

Wi+10921  wh-wi+10821  wh-Wi+10821
Wa-whor + 106021 Wa-wi+10{2 1 Whn-wh+10x0u21

In»-ﬁfqlm:)anl a{rn.l)-rafm.»%lr{ alna + dln 285 )
au. + aom = aus + airns = Xs
HRRI—K :

Wen - W5+ 101 - apns) = 1 wen - wh+ 101 - afpn) 2 1

Wen-wa+ 100 -apna) =1 wen- wi+10(1 - agen) = 1
w",n-yiuo(l-w)al w:s-w;m+10(l-’m)gl ®
wi- Wi+ 1001 - aie) 2 1 W3- Wi+ 1001 - ag) Z 1

Wi +1001 - a2) 21 Wa - whor + 10(1 - geron) = 1
Weewst101-0an) B wh-wit10Q-dres)EL
& ” ﬂg.ozaim.n

Won-wh+10xbn =1 wen - wi+10xPn = 1 wen-wi+ 106 =1

won-wi+ 105 21 wen - Wi+ 1080 2 1 Wh-wpor 4+ 10521

Wi-wi 10021 wiowi+10G21  wi-wi410s521 an
weie - ws +10xpe 2 1

')zé,nﬁmaxﬁ .....................................
Quron+ausn S x4 asn S xs
EU{E - RHRRI—AKICHE : )
dp, dhup are Boolean ¥, ¥iare Boolean 0swis9 0Swis9
o & A #

fo. ERICAWETF—ZRADMRER 1 ITRY. £k, 4E
DEBRTIE, BTF—2RADR-TFTOFTRTODICNT B R
JV—aAbE1ELE Thbb, FAV—EEIVeRiEt
Effe UTERZTo 2. MIREMAATREEICER LR
272, WEARTTREMNCEM LIBRER 3 IR

#2 &b, HBRARITRERERITEDOIN—KRES
#$iZ, 4thlIR, PAULIN TREL HH>TWBEDD, 1T
DEFRICH U TEANGHBERETROB LN TER.

#£3 &b, BERTREEEZHT DOV —KEER,
FTRTOF— SR U TRANRITERBTROZ T LA

TE. iz, EOF—ZSRAICH U THMEARAIRESZR -

1o g e D AN—KEEERD B - DO ERRAE, IR
BATRERIC ATV b3, chid, fiffilcRL
fe& Sic, HEAMAIREMEKLTEDDORN—KEEZRD
3 I DDOEBOBH HIRRARTTRE DB EIC LR TKIRI
PixlixBis, ThickdioT, HNEHFHRLLEES
Mo TH5. 5B, exl, ex2, ex3 DEBKITHT BHHINAIL—

5 ¥ & 08

AR T, BEBTREMCES FX MERDEHDR
AN —ARESRRERRBR U, HREMRRATRES 21
TRV—AKREEERDBT=DIC, RNV—KEEERDBHED
EREETY, TOMBEEBEREEREL LTRRT S LIC
&2 T, BEAN—AEEHMBEEZRE L. ERICKD, L
IR BEELNIVTF—HSRCH LT, ERRARATRE S
123 1D RV —AKREEN 2B/ NDMFIRAN—aR k TRD
BTENTEBTLBHRB LK. £z, AFEE2RANATRE
PR T DD —AESERDBREEICLISAL, R
L&, ANV—AKRESEBIOMMAN—OR M TROBTE
MTEBCLEBRLE. SROBEL LT, SHEREEHIR
T3 HOBEEEREORAIME L L TORERTRLH
RS REIFET 2 b ORLEORENEF N 3.

E | 23

AFEICEEL, BELBERTE > ERBARMNERMASE
BiAZEERRIERIZER O 2 ¥ o — R REFEHE DK E KRB
RO LES. £, BEARRETE >XTH_NE
kb &9 B IEBRN AR SR R IRRE TR DO KIC &
WA LET. T OPFEO—ERIZ BAZMHIRBE RN RN

BB - BBHE (C)GREES 19500048) DRFABIRIC & 5.
X 3
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