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Thia paper deacribea tbe inte,retioD of a 
new tool for te.tability aee.ureaent and 
i aproveaent into a de.i,n ay.te. for 
inte,rated circuit. . Tbe involved de.i,n 
• y.tea, CADDY (Carlarube Di,ital De.i'D 
Sy.tea), u.e. a functional deacription of 
a circuit writt en in a PASCAL like 
l.n,ua,e and aynthe.ize. a li.t ot net. 
and real lo,ical co.ponent.. In this 
re.ultin, .tructure all .torin, ele •• nt. 
are conti,ured a. a . can p.th 
auto •• tically. Therefore te.t.bility 
anely.i. and te.t ,eneration .ay b. 
r •• trict.d to pure coabination.l networka. 

This i. done by the .oft •• re tool PROTIST 
Analy. i.). 

PROTIST deteraine. the te.tability Of • 
co.binational circuit by rando. patterns, 
it co.pute. the teat len,th nec •••• ry to 
reach. ,iven feult cover.,e with aD al.o 
,iven confidence, .nd it propose. 
. odific.tiona ot the rando. pattern set., 
which le.d. to decrea.in, te.t len,tha. 

leywords: De.i,n for Teatebility, R.ndo. 
Pattern Teat, Deai,n Au toaat ion. 

t.O IDtroductioD: 

I •• rec.nt p.per 0 •• ot t •• authora 
preaented tbe test tool PROTHST [ Wu85), 
which aupporta t •• teat ot t •• 
coabioational parta ot • circuit by 
randoa pattero •. 

By tbe iocrea.io, coaplexity of bi,b 
iot.,rsted circuit. tbe iaportaDce ot 
te.tin, by rendo. pattero. ,row., .iDce 
tbe auto.atic test pattero ,ener.tion 
(AfPO) by deductive procedure. (e. ,. 
D-al,oritb.) i. one of tbe .o.t 
p.rta io 'LSI desi,o. The coata .re bl,b 
even it .cao patha, scao .et., LSSD or 
aiei1ar for .etbod. 
are u.ed (.ee [liWi77), (HuSa81). Tbeae 
• ethods reduce ATPO for arbitr.ry di,ita1 
ayst... to AT PO for co.b ioetiooal 
circuit.. But the aize of the re.ultio, 
co.bio.tioo.l network. exceed tb. 
c.pacity of tb. .v.ilable .l,oritb.s on 
,.neral purpoae cosputer.. Test 
,eoeration for iote,rated circui ta with 
10· 10· traoaiator. requires a 
co.putio, tise wbicb can be couoted by 
•• ,nitudea of day. (00e180),(00e181). 

Tbe test of d i,it.l .yatesa by randoe 
patterna .ake. it possible to dispeose 
with tbe ,eoeratioo of te.t p.tteros froa 
s de.cription of tbe circuit structure. 
Raodo. te.tin, cao ba dOD. either by 
uain, additional test b.rdware 00 tbe 
chip for sa If te.tin, or by an 
t •• t. 

In order to do .ell te.t all .torin, 
co.pooeote of tbe chip are u.ually 
cooti,urad aa 00. or .ore feedback .bift 
re,iater. durio, teatin, (Much8i). 10 
this special test.ode thes. re,i.tera 
,eoerete paeudo-raodo. patteros for the 
coabioat ional part of tb. circuit aod 

coapre.. the reapona.a 
apalysis {HeLe83]. 

An exterpal test 
abiftio, randosly 
throu,h a scao path . 

is carried 
,.nerated 

out by 
p.ttern. 

Both sxteroal aod s.lf test rsduce tb. 
test proble. to tbs t.st of cosbioatioo.l 
circuits. The applic.tioD of rando. 
patterDs requir.. tb. d.t.r.inatioo of 
tbe nece.sary t.st leo,tb to , et tbe 
d.sired fault cov.ra,. of tb. coaaooly 
u.ed stuck-at fault .odel 00 tbe ,.te 
level. Tbe te.t l.o,tb caD be co.put.d by 
the proc.dure PROTIST. 

Tbis proc.dur. i. int.,rat.d ioto the 
.yotbeai. .y.te. CADDY. Tbe u.er of CADDY 
baa to apecify the lo,ical function of 
the iDteoded circuit in a PASCAL lik. 
lao,ua,e .od h.s to fix .0.. otb.r 
coo.traiDt s cODc.roio, cbip are. aod 
tisin,. Tb.n CADDY ,eo.rate. a .tructur. 
de.cription on ,eta level of a circuit 
perfor.in, the .pecified functioo eod 
re,ardin, tbe ,iven re.triction.. If 
CADDY cap oot obse rvs tbe restrictioos a 
.e.sa,e ts ,iven to the user. Tb. 
.yothe.ized atructur. descriptioo 
consista of a liat of ele.ent. of a cell 
library coooected by nets. 

Tbia proceedin, a.vea the .xpensive t.sk 
of circuit verificatioD wh ich would b. 
oece ••• ry for. .aDual or • not fully 
.uto.atically ,eoerated de.i,o. But 
Verification is ooly .upertluous, if tbe 
.ynthesis .yste. co.pl.tely iDte,rat •• 
ell tbose hardware fe.tures into tb. 
,eo.rated atructure. wbicb are o.c •••• ry 
to ,et hi,h te.tability. Ther.for. tb. 
sy.tea bas to produce de.i,ne with 
iote,rated t.at cootrol aDd .can peth. 

Since tbi. ia done, CADDY .avea tbe two 
expen.ive ta.ka of t.st ,.oeratioo eod 
verification. But .s a disadvanta,. 
.o •• ti.e. tb. ayothe.iz.d chips b ••• 
lower efficieocy tbeD thoae, wbicb ar • 
,.oerated by ao exp.rienced d.si,o.r 

.•• oually. Opti.izio, stra,ies try to 
aioi. tze tbis dis.dvaota,. (SCBM84). But 
CADDY is able to traDsfor. user defined 
lo,ic.l structur.s into a scao desi'D too. 

Tbis chapter ,ivea an ov.rview of CADDY. 
Start in, poiot i. • d.scription of the 
function of tbe intended chip. Tbi. will 
be transfor •• d ioto a d.scriptioo of tb. 
lo,ical .tructure 00 tbe ,ete l.vel and 
then converted by a places.ot .od rout io, 
aystes ioto a ,eo.etry. W •• ainly d •• l 
witb the tirst .t.p, i... tb. 
trao.tor •• tion of tbe bebavioural into 
tbe structural d •• criptioo. In ord.r to 
tr.osfor. lo,i c .truc turea into cbip 
l.yout. s.veral co ••• rcial toola ar. 
.vailable. Tbe of tbis pap.r .re 
,eoerated by tb. layout .yet.. VENUS 
(GHHS84J for .uto.at ic place.ent and 
rout in, ot CMOS staodard c.lls. 
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2.1 lba di,ital s,st •• ,paciticatio. 
hacu,, '. (PlL) 

The u.er of CADDY ha. to write the 
functiooal de.criptioo of bi. chip io the 
Di,ltal De.i,o Spacification LaD,ua,. 
DSL. Th. lan,ua,. off.r. tb. data type. 
LOGICAL, aNI_CaMP, TWO_CaMP, .CD, PIXID 
aod PLOAT. The allow.d op.ratora iDClud. 
the uaual 10l'ical, aritbaetic aDd 
r.latiooal operator., which ara 
cootroll.d by cootrol .tructurea .iailar 
to PASCAL [SCaM84]. 

2.1 Int"al. 

CADDY trao.for.. tb. fuoctioo.l 
de.criptioo ioto circuit atructur ••. 
Global actioo. Dot coo.traioed to a 
cert.io point 10 ti,a, auch.a r ••• t., 
interrUPtI, etC. are oaturally .pacifild 
io 10 apRIicatt.e Rart of DSL . S.qu.otial 
al,orith.a, the beha.iour of a fioit. 
auto.atoo aod .equeotial behaviour io 
•• o.ral ara of tao .or. co.fortably 
daacrib.d by i.perati.. procedure a 
(1.p.rati.e part). 

The traoafor.atioo cooaiata of five ta.k. 
«(CIRB4], (RoCa8S): 

(1) Co.pilation of the DSL pro.r •• 
(2) Syotbe.i. of the d.t. p.th for tha 

iaper.tive part. of the DSL pro.ra. 
(3) Syotheaia of the a.qu.atial control 

for the i.per.ti.a part. 
(4) Syoth •• i. of d.t. aDd cootrol 

.tructur.. for the applieative part 
of the DSL pro.raa 

(5) A. .. e.blta. of (2), (3) aod (4) aad 
allocatioo of the ,lobal cootrol. 

rir.t the DSL pro.ra. i. co.piled and ao 
iot.roal repre.eDtatioo is er.ated for 
all the .ub.equeDt al.orith ••. 

Th. .eeoDd ta.k eOD.i.t. of the 
coo.tructioo of a dataflow .raph, i.e .• 0 
abatraetioo of the d •• t.oer. ioteoded 
d.t.flow fro. a DSL pro.ra •. Theo .lob.l 
aod local opti.i.atioo. .re perfor.ed. 
rio.ll, the oode. of the opti.i.ad 
dataflow .raph .u.t ba traa.for.ed 10to 
circuit co.pooeot. d.peodio. 00 
tachoolo.y p.ra.eter • . 

Th. cootrol .,oth •• i. (3) i. carriad out 
by coo.tructiD' a fioit. auto.atoD. • ••• d 
00 tba DSL pro,r.. .od the data flow 
.raph above a .tat. traolitioo table i. 
coo.truct.d. Th. cootrol .uto •• to. i • 
• yothe.i.ad by LOGI (liDi84], offeri •• 
differ.ot hardware .01ut1001 auch .a 
raodo. lo.ic a.d PLi •. 

Th. .yothe.i. of tb. applicati •• part i. 
dODe i. a ai.iliar w.y . The .aio 
diffareoca i. tha lack of a. axplicit 
cootrol .tructur •. 

the fl0.1 r •• ult of all 
•• tli.t, coo.i.tio. 
co.poo.ot. of • call 
rapre.eotio. the fio.l 
ap.cifi.d circuit. 

five p.rt, i, 0 •• 
of oode. aod 

library aDd thus 
structure of the 

OSL ----I 

.. --------, r----i--"f 
" , 

: I , , , , 
OptkNzation : : , , , , 

• ""'" -
Pi.ure 2.1: Syothe.i. of the i.per.ti •• 
parh [RoCdS) 

Witbio the CADDY eyet.. the.. etructur •• 
ar. by STRUDIL(CaTr84) 
(STIlUcture DI.cript ioo L.o.u.,e) 
pro.r.... 1.0 the fo11owiD' the 
cOlluoicatioo with tool. for te.t patterD 
•• o.r.ttoo or .iaulatioo il b •• ed 00 this 
d •• 

3.0 O. [apdo •• ,tt'[1 t •• tip, 

aeado. patt.ro t •• tio. ie • wa, to 
di.peo., with ATPG eod oeed. Ie •• 
require.eot. for the t •• t equip.eot too. 
reedback .hift re.i.ter. caD ,eoer.t. 
raodo. patt.ro. aDd C.D co.pre.e the 
re.poo" d.t. of the device uoder te.t. 
lut tb. proble. eri.e. to d.t.r.iDe the 
ou.b.r of pattero. whicb .re D.c •••• ry to 
.chi.ve a .iveo fault cover.,. with. 
,i.en coofideoc.. 'hit t •• t l.o.th 
depead' 00 tbe probebilitie. for e.ch 
tault to b. det.ctad by e reodo.ly 
, ••• ret.d pettera. 

L.t r b. the •• t of all .qui •• leoc. 
cl ••• e. of all det.ctable f.ult •. L.t pr 
be the prob.bility th.t e f.ult fer i. 
detact.d by a r.odo. pattero. rurthar.or. 
we •• k. the .1'plifyio, "'U.ptiOD th.t 
the detectioo of .0 •• fault. by e p.tt.ro 
for.. .t.ti.tically iad.peDdeat .veote. 
Th •• tb. prob.bility P thet ell t.ult. of 
r er. detect.d by. r.odo. pettero. c.o 
b. co.put.d by 

(1) 
1'1 p := ,. .. (I-(l-pr)'). 

Thie for.ul. i. ueed b, PROTISt io ord.r 
to co.pute the ta.t leo,th., .ioc. the 
bie. ceu.ed by steti.tical depeodeocy i. 
low if N i. l.r, •. 
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BI in order to ,et a worat caae 
e.tiaation of tbe of pattern .eta we 
a.auae, all faulta b.ve tbe aaae low 
detection probability p. SettiD, n ;= :r: 
we ,et 

(2 ) P = 

Since H will be lar,e we bave 

(3) 

and naturally P ahall ba near 
therefore 

1 •• d 

(4 ) (i-P)fn (i-p) •• 

(0 ) H In(n/(l-p»/P. 

Foraul. (5) ahow. bow 
len,tb depend. on 
paraaetara: 

the oeceaaary teat 
iaportant circuit 

the teat leo,th ,rowa witb 10(0), n 
ia the nuaber of faultai 

tbe teat 
lD(t /( t - P», 
confidence 
covera,ei 

len,tb ,rowa with 
P h the required 

to achieve tbe fault 

the teat len,tb linearly increaaea 
with tIp, wbere p i. the ainiaua 
detection probability lar,er than O. 

All known procedurea for ATPG have an 
exponential wor.t c.ae coaplexity and 
their avera,e co.pIexity ia between n3 

and n3 • POl' randoa teat in, tbe 
exponential effort iapllcitly 11 •• In tbe 
third topic. If a coabinational network 
baa I priaary input • • then the detection 
probability of a detectable fault eay 
fall down to 2- 1 , - if a randoa pattern 
aet ia u.ed. which aeta each priaary 
input to lo,ic.l -1" with probability 0.5. 

In order to 
PROTEST offen 

aupport randoa pattern te.t 
the followin, featuraa: 

3.1 l.tt.attoD of atIDal probabiIiti.a 

An arbitrary tupel I ;= <PI : i8I> 8 
(O,l}1 deteraine. randoa p.ttern .et., 
which atiaulate each priaary input i 8 I 
with .i,nala bein, lo,ical "1" with the 
ai,nal probability pI. If the ai,nal 
probabilitiea at the priaary inputa of a 
coabinational network are ,iven, PROTEST 
eatiaate. the ai,nal probabilltiea for 
each Dode within the network. PROTIST 
only •• tiaatea , hecauaa all knowD 
al,oritha .. to coaputa thea exactly, .how 
exponential coaplexity and recently on. 
of the authora ha. proven that coaputin, 
ai,nal probabilitie. ia NP - hard [WuB4). 

Wherea. the recently propo.ed dividin, 
al,oritba [BDS84} coepute. upper and 
lower boundarie. for ai,nal probabilitiea 
and tbe tool STArAH (A,Ja841 achieve. ita 
reauIta by ai.ulation, PROTEST 
aaalytically coapute. aa eati.atioD 

of the aignal probabilitie. with Dearly 
liD.ar effort. 

3.2 l.ti.atioD of f.ult 
uohlb 111 t h. 

POl' .ach atuck-at fault f PROTEST 
.ati.ate. the probability that thia fault 
ia detected, if tbe circuit i. ati.ulated 
by aa .leaent of a raado. pattern aet 
bayiD, tbe input ai,nal probabiblitie. 
<PI : ieI>. 

Several approachea to tran.for. the 
coaputin, of ai,nal probabilitie. into 
tbe coaputin, of fault detection 
probabilitiea ha.e been propo.ed ( aa. 
[8DS84), [A,Ja84}. [Wu85). They differ 
froa accuracy aad neceaaary coaputin, 
tia •. PROTEST offer. three poaa i bilitiea: 

e.ti •• tioD ot the fault 
probability by 
and a f.ult-free circuit. 

deteetioD 
• faulty 

eati.ation of the probability that 
the faulty value and tbe correct 
value differ at the nod. under 
re,ard and tb.t a .in,le path i • 
• iaultaneoualy to a 
priaary output. 
a ai.ple .odellin, of the ai,Dal 
flow. 

POl' a ,iYen circuit PROTBST coaput •• for 
eyery fault aa e.tiaatioa of the fault 
detection probability. With theae 
eati.ated valuea for.ula (1) ia eyaluated 
In order to deter.lne tbe Du.ber " of 
patterna. Thia can be done very fa.t, 
aince ooly tbe fault. with very low 
detection probabilitiea will affect the 
.tr.:e of H. 

3.4 Opti.i.iD' iDpnt atIDal probabiIiti •• 

There exiat co.bioatioDal networka wbich 
need a very lar,e H to detect all faulta, 
if each pri.ary input ha. ai,nal 
probability 0.5. But the tupela 1 ;: 
<PI : i8I) 8 [O,t]1 deteraine for each 
pri.ary ioput a apecific ai,aal 
probability and for each fault a 
detectioa probability pt(I). 

(6) r1 JI ( I) ;= up(1- (i _pr(I»I) 

ia an a.ti.ation of tbe probability that 
a patterD eet witb aice N and with the 
input .i,oal probabilitiea X detect the 
whole P. POl' every coabin.tioDal circuit 
tbe real functioD J.: (O,l)1 --) (0,1) 
can b ••• xiaiced by a tupal <PI : i8I>, 
thu. leadin, to aaxieal fault detectioG. 

PROTEST iDcludea an procedure, 
which find. a local .axiaua of J •. Th. 
exaaplea io (Wu85) aad in aect . 8 ahow 
tbat tbe necea.ary pat taro COUDt can be 
draatically reduced in .uch • way. 



- 28 1 -

One pre.u.ption of tb. .c.o d •• lin i. 
th.t tb. circuit. .r. pur. .yochronou •. 
Tberefor. there i. 00 ne.d to relard ti •• 
d.lay. within tb. co.bio.tioo.l part. 01 
tb. circuit. durio, fault .ieulatioD aDd 
PROTIST oDly iDclud.. • packal. for 
• tatic f.ult .ieulatioo. Tbi. cao be u •• d 
to validate tbe pr.dict.d detectioD 
probebi 11 tie., te.t leoltb. aDd faul t 
cov.r., ••• 

If r.odoe p.tteroa ar. .i.ulat.d wbich 
obey optieized .iloal prob.biliti •• 
propo.ed by PROTIST, ••• all t •• t .et C.D 
be ecooo.ically .elected. Tberelore 
PROTIST caD be u •• d •• • t •• t patterD 
I.oerator .i.llar to the D-al,oritb. or 
the patb .eo.itization al,oritbe, too. 

4.0 I_tractlo, of coabl •• tio.el circ.it. 

4 . t Ica •• e010 

10 ord.r to yield t •• t.ble de.iID., an 
.cce •• to .11 the ioteroal latch •• of the 
• ynthe.ized network i. n.c •••• ry. To 
provide cootroll.bility .od ob.ervability 
.11 .tore,. .le •• ot. ar. int.rconoect.d 
ioto a .bift cheio. Theo t •• t pettaroa 
caD be abiltad io aDd te.t r.ault. cao b • 
• hifted out . Tbu. the ioteroal latcbe. 
• uat work a. ioteod.d by the cbip 
• pecificetioo duriol the functional 
(ooraal) .od., ·but durio, tbe teat aode 
tbe .hitt capebility ha. to be provided. 
Tbia i. achia.ed by addio, to e.ch 
ioteroal latch a .lav. l.tch. The 
phy.ical co.bination of both thea. 
l.tcb.. i. fuoctioo.lly repr •• eotio, a 
• io,le ioternal .tora,. ale •• ot. In the 
lollowin, pol.rity-bold .bitt reCiater 
latches (SRL) are u.ed. ri,ur. 4.1 .how. 
tb. .y.bolic repr ••• ot.t ioo aDd 
i.pleaentation io AND-INVIRT late. of a 
SRL with D •• date input .od C a. clock . 

:: 
, • • 

• • C 

• 
1 • I 

'i.ure 4.1 : Polarity hold SRL 
Ca) .y.bolic repre •• otation 
(b) I.ple •• ot.tioo io AND - INVIRT ,at •• 

Wbile the .i,oel. A end I are both 0, the 
latch L1 operate. exactly like a polarity 
hold l.tcb (input I, output L2) . Duriol 
te.t .od., operatinl a. a .hilt reli.t.r, 
d.t. tro. the proce.dio, .ta,e ia ,.t.d 
ioto L1 vi. I by a cban,. 01 the A .i,o.l 
to 1 and then back to O. After Aha. 
chao •• d beck to 0, the I .1,oal ,ate. th. 
data fro! the latch L1 ioto L2 . 

To extract tb. co.bioatiooal lo,ic 01 
circuit., trao.for.ationa ot the library 
.l •• eot. aod of the STiUDIL d •• criptioo 
.uat b. perfor.ed. 

'.2 Tre.,lor •• tio. of tb. libe.er 

Trao.loT •• tloo. 01 the library are oe.d.d 
to yl.ld a lo,ic o.twork con.i.tio, of 
.tora, •• 1e.eot. whicb cao b. int.,rat.d 
ioto a .can patb . All th. .tora,. 
el ••• ot. .u.t b. replac.d by • SRL end io 
ca.e of oeed, tbe individu.l cootrol p.rt 
ia add.d . 

4.3 Trao.for.atioD. of tbe de.criptio. 

Ther. .aioly .xi.t thr •• 
tr.o.tor. a ,iveo STRUDIL 
de.criptioo .uitable for 
extractioo al,oritb • • 

poiot. bow to 
pro,r •• ioto a 
tb •• ub.equ.ot 

(i) Sequ.oti.l circuit. oe.d .cc •••• ble 
.torio, .l ••• ota . 

Aoy .equ.oti.l circuit (e . , • 
counter) n •• d. a de.cription wb.r. 
all It. internal .tor.,e ele.ent. 
ar. .cc •••• bl.. 'i,ur. 4.2 .howa 
tbe aub.titutioo 01 a c •• c.d.bl. 
1- bit-couot.r cell aod it. 
corr •• poodin, STRUDIL pro,r ••. - '" 

, a, 
OFF 

c," 
• 

TYPI couoter ( A1 / 0,A2 / 0,A3 / 0,11 / I,12 / I, 
13/ 1,1'/ [,15/ 1): 

COMPOMIIfT 
BU / CBAOU: 
Drr / CDr02A: 
OR / COR02A: 
AND / CAN03A: 

[JII' / CDROiA: 
cot / couoter: 

IMD couoter: 

RAout,Cout,Q,Cio; 
O,Oo,D,Clock,CI.ar: 
D,BAout,ANDout: 
AMDout,Cootrol , CioIov, 
Load: 
CioIov,Cio; 
O,ON,Cout,Cootrol,Cin, 
Lo.d,Clock,CI.ar: 

ri,ur. 4.2: Sub.titutioo of 
.od 

the 
it. ca.cadabl. 1 bit-counter c.ll 

re.ultia, STRUDIL-d •• criptioo 

To tr.l:la'for. the DSL oper.tioo. 11:1to r •• l 
co.pooeot. 00 the ,.t. layel, the CADDT 
.y.t •• orler. a •• ner.tor, 
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leneratea aultipliera and dividera 
of different widtb and realization 
(aequential or co.binational). All tbe 
eleaenta lenerated by tbe 
atructure-,enerator conaiat tbeiraelvea 
only of the ad.i •• ible pri.itlve atore,e 
eleaanta. 

(ii) Repraaentation 
ai,nala. 

of th. cODtrol 

All tbe aYDtbeaized lo,ic networka 
bave clock ai,nala, not connected 
with data. Thie requiraaeDt ia 
fulfilled by tbe STRUDBL 
daacriptiona created by CADDY aDd 
auat alao ba aatiafiad by external 
deecriptiona . 
For teatability aDalyaia all tbe 
eleaent. of a network auat cODaiat 
of SRL. and a co.binational part, 
to control the accordin, function. 
Then control ai,Dala of 
aultiplexera (STROBl), IHABLI-, 
SBT-, RESaT- ai,nala ara all 
re,arded aa data ai,nal •. 

(i 11) Pri.ary 
replacad 
input •• 

bidirectional 
by pr i.ary 

pad. 
oulputa 

ar. 
aod 

If pada are uaed botb a. data input 
and output they are tranafor.ed 
into data-inputa and data-output •. 
Durin, tba teat all thaaa I/O. are 
control lad by tha individual enable 
controla, wbicb chan,ea tha 
direction of the corre.pondin, pad. 
ona clock period after tha 
propa,ation of tbe current teat 

4.4 The extrection alaoritha 

all Firat of 
that there 
eleaant •. 
network., 
con.truction. 

tb. al,orith. au.t check 
only loop. wi th atora,e 
all tha .ynthe.ized 

i. ,uaranteed by 

Any atorage ele.ent ,eta a ao-called 
"paeudo-input" rap. "p.eudo-output", 
becau.e at all thea. point. a direct 
acce.. into the network ia enabled. Th •• e 
control and ob.ervation poiDta increa •• 
tba aaount of the "pria.ry" inputa and 
output •• So prepared the followin, three 
at.p. of tha al,oritha are executed : 

I . Mark all tbe output n.t. of the inputa 
and p.eudo- inputa. 

2. Hark all the output De.ta of thoae 
co.ponenta, wholle input. ara 
coapletely (i.a. every input nat ) 
aarked up to this poiDt. 

3. FiDiah, if no aore Det. can he aarked. 

The reault of the allorith. ia a aorted 
Delliet. 

The extraction of tbe co.binational 10lic 
net ie done for the whole network, 
conaiatin, of the data and control part. 
Circuita with control inputa, atiaulated 
by the cODtrol part, are ati.ulated 
durin, the te.t .ode by tbe te.t patterne 
of the acan path, .xtendin, OD both 
control and date part. 

4 . 6 I •• t cODtrol 

All the chip. UDder teat bave a SceD In 
and Scan Out port, two clock. A and B, 
and an eDable-.elect input. Durio, teat 
.ode, either A or Bare lo,ic 1, elaa 
both A and Bare lo,ic O. Additionally to 
the.e clocke, the clock C etiaulatee the 
chip durin, it. Dor.al .ode ( aee fi,. 
4. 1) • 

The .axi.u. clock frequency to .hift a 
te.t vector throu,h the acan path ie not 
dependent on the type of the flipflop 
.ubatituted by • SRL. Supple.entary 
co.binatioDal lo,ic, needed to work •• 
the deaandad flipflop typa increaaa only 
the re.ultinl co.biDational 10lic network 
and do not concern the .bift cbain it.elf. 

To calculate an upper bOUDd of tbe 
propalation tiae, it ia nece •• ary to 
allow all the co.binatorial ai,nal. to 
propa,ate at tbeir wor.t ca.e delay. 
tbrou,h the coabiDatorial lo,ic Det. A 
wor.t ca.e .iaulation baaed on the 
STRUDBL de.cription e.ti.ate. the aaxiau. 
propa,atioD tiae . 

(1) Shift-io/Sbift- out 
All tbe SRL'. of the chip are 
conDected &ccordin, to tbe 
deacription of the STRUDBL pro,ra • • 
Tbe auaber of the p.eudo input. 
deterainea tbe Du_ber of nece •• ary 
Don-overlappiDI independent clock., 
.hiftin. tbe teatvectora in and out 
at hi.h- .peed. The .hift frequeDcy 
i. only dependent on the .tructur. 
of tbe SRL'a. 

( 2 ) Propa.ation 
After the teatvector i. .hifted in, 
A and Bare aet to 0 for tbe needed 
propa,ation tiae and tbe functioDal 
latcb clock. will be activatad to 
atore tba te.t re.ulta of the 
co.binational lo,i c net into tbe 
latchea. 

6.1 The fUDction of the de.t'ned chip 

In the followin, 
whicb evaluatea the 

we pre.ent a circuit 
rational function 

(7) (A3X 3 +A2Xll!+A1X+Ao) / 
« BlI!xll!+Bo )-( 8 3X 3+Bl x» . 
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Fi,ure 5.1: part .( tho 
exponentiation 

It i. • •• ua.d that the coeffici.nt. ar. 
int.,er. betw •• n 0 and 127 and that x i. 
in the intervall [0,1). If w. aet 
Ao :: Bo := 120 , AI := BI := 60, 
Aa :: Bit := 12, and ,\3 := Bs := 1. then 
this rational fun c tion approxiaat •• the 
exponential function with accura c y 
2 . 8*10-- '. If for .oae rea.onebl. 
inte,.r. i the value. of e l are .tored in 
a table, then the .xponential function 
e l •• = el*e· can b. avalueted in hi,h 
.p.ed. 

Becau.e of tbe di.joint ,eneration of the 
control and data part in the CADDY 
• y.tea, the followin, de.cription 
concern. only tbe data p.rt . li,ura 5.1 
.bow. it. ,raphic repr ••• ntation of tb. 
STRUDIL pro,ra •. 

Tiain, r.quireaent. cau.. the 
i.ple.entation of two coapon.nt. (I + 
II ) , whicb co.put. accordiD' to the 
HORNIR .cb.... Tba r.ault of a 
.ultiplication with X. follow.d by an 
.ddition of Ai r.p. 8i ia f.d back into 
tb. input r.,i.ter A rap. B or C. B.cau •• 
of tbe ran,. ot value. for tbe Ai and 8i, 
the addition ter ••• re only of widtb 7. 
Tb •• e .odul.. are .arked a. 
"MULTIPLIIR-ADDHR". Th. a.cond of tbeae 
.odule. .eperately co.put •• poaitive and 
ne,ative ter.. in ord.r to aub.tract tbe 
intar •• diat. ra.ult •. 

rinally the diviaion (III) i. p.rfor.ed 
by a divider, .hiftin, the quoti.nt, 

i-
t scan ou, 

co.parin, divi.or and quotient aDd 
.ubtractin, (2-coapl ••• nt) tha divi.or 
fro. tbe divid.r, if tbe tir.t op.rand ia 
la •• than tha .acond . 

6.3 The te.tability analyaia of tb. 
circuit 

If conventional rando. pattern .ata are 
u.ed, PROTHST reco,niza. • very poor 
te.t.bility of tbe DIVIDIR and very ,ood 
teat.bility of tbe two MULTIPLIIR-ADDIR . 
The DIVIDIR ia only a relatively •• all 
part of the whole circuit, but aa already 
aentioned only tb. faulta with tb. low.at 
d.t.ction probabil i ty d.t.raine tbe 
n.c •••• ry t •• t len,tb. rable 1 .bow. tb • 
.iz.. of each part , tba tranaiator 
nuaber. are ba.ed on a CMOS atandard cell 
library. Tbi. l i brary will alao be u •• d 
to coaput. delay ti •••. 

Coaplete circuit 
(coab. part) 
DIVIDBR 

MULT-ADD 

44 932 

4 990 

17 510 . . "abl;-l:-si;;-ia-trau.i;tor;------------ · 

In order to detect all detectable fault. 
of tbe circuit with confidence 0.99 
PROTHST d •• ande tbe .ize of pattern aet. 
Ii.te d in table 2. 
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Co.plet. circuit 2.0" 1011 

DlVIDIR 2 . 0" 10" 1 

MULT- ADD 1.2 " 10:1 

But u.ia, tho •• te.t .i ••• raado. t •• tia, 
beco.e. very iaecooo.ical. A propa,etioo 
tia. of 730 a. within the coabinatiooal 
pert of tbe circuit aad a ahiftio, tia. 
of 4200 o. for .acb coapl.t. patt.ro 
yield a t otal teat tia. of about 10· 
a.conda. 

The optiai&in, procedure of PROTIST 
bow.v.r yi.lda input ai,oal 
probabilitie. , wh ich require auch Ie •• 
pattera. . Table 3 ahow. the n.c • ••• ry 
teat lea,tha for optiai&ed randoa patt.ra 
aeta. 

1. 5 " 10 5 

DIVIDBR 4.0 " 10· 

MULT- ADD 3.3 " 10:!! 

Ua i D' tbe optiaized te.t .et the teatia, 
tiae will be Ie •• than 1 aecond. 

5 . 4 T ••• ,114at10D of t •• t.at.bility 
predictioD 

10 order to validate the propoaed te.t 
leD,th. and input .1,oal probabilitiea, 
two raodoa pattern •• t. we r e '.D.rat.d 
for .ach circ uit, on. of tbe. ba. tb. 
conveotiooal ioput .i,oal probabilities 
0.5 and the oth.r •• t i. optial •• d. 

0 •• cao expect, that • r.th.r .a.ll 
ouaber of optiaized or Dot optiai&ed 
patteroa will yield a hi,h fault covera,. 
of the whole circuit . .ioc. ooly the 
DIVIDER part requir.. alar,. patt.rn 
couot. 

Fi, . 5.2 abow. th.t thia ind •• d t. tb. 
fact. 10 000 optiai.ed patterna detected 
99 . 25 • of all fault. and 10 000 oot 
opUah.d patten". detec ted 97.4 •. In 
abaolut. ou.hera tb... ar. 111 r .p. 367 
und.tact.d fault •. 

The advaota,.a of optiai.ia, the r.ndoa 
pattera •• ta will beco.. e •• n aora 
diatioct, if the part. of the circuit .r • 
•• peretely re,arded. ri, . 8.3 .bow., th.t 
optiaized pattera. detect a lar,e auaber 
of fault. of tbe DIVIDBR at a very .arly 
.ta,e . 

... -

I: 4 • • :II .. .. _ lit Q24 JI04I4O\lI1Si! CIOIID 

ri,ur. 5 . 2 : rault cov.ra,e 
couat (coapl.te c o.binetioDal 

v.. pattern 
part) 

6iauletiD' 10 000 optiai&ed patteroa 99 . 2 * of the faulta of the OIYIOIR ere 
d.t.ct.d, hut by •• iD' c ODventional t eat 
a.t. ooly • f.u l t cover.,e of 81 . 2 • ia 
reached . The b i ,h teatable MULT- ADD 
yield. a ••• 11 difference betwe.o 
optiaized and Dot optiai&ed patteroa : 
99 . 65 • of tbe fault. of the MULT - ADO are 
detected by only 235 pettera. in the 
optiaized ca.e aad the aaae au.b.r of 
conventional patterD. d.tec ted 99 . 2 • of 
the faulta . 

... -

I: 4 •• :II ... _ ItCZ t;I206 

ri,ur, 5.3; rault covere,e va . pattero 
count ( DIVIOIR ) 
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