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АЬstгасt
Дgoritlrms of synthesis of test actions пrust рrоЙdе given trustworthiness

and completяTress of test Telatively to considered class of rцrit uпdсr tвst (UUT)
t'aults. Еffiсiепсу of such algorithms iп the decisil,e degree Ь dеtеrmшсd Ьу thc

рrеsспсs of adequate mathsmatical model of object. Basii fоr creating mаthеrпа-
tical пrоdеl Ь, as а гчlе, UUT functional diаgrшп. However, in case of tcchrucal
documcntation lack_ information фочt demanded ЦJт chaacterbtics we с€а
rесеiче опlу in tlre UUT identification mode Ьу building matlrernatical model of
tiL]T on йе Tesu]ts of input and output sigrrals measurements Il j.

Tlre goal of the realization in-circuit idcntification mode Ь ехрепdiлg of пr-
сirсuit tcst systems (ICT) functional possibilities:

. rеstоriпg uuT functional diagmn iп case of technical documentation
lack оr rvith existing chmges of diаgrаm wfuch is поt reflected iп this
dосцпrепtаtiоц

. automated t€st рrо8rаm generation ъ rеяlizеd in the IcT self lешпiпg modc
(iп this case studying UUT mау Ье dеtЪсtiче).

Present рареr is devoted to сопýdегаtiоп of trаiпiпg system of electronic
dейсеs irr-circuiJ test arrd identification.

Кеуwогds: digital соmропопt" idcntifi саtiоц in-circuit tcstcr, training.

Fоrmаl descгiption of identification object.
Тhе offcred structural-frrnctional аррrоасh fоr diфtal UUT identificalion is

based оп соmрlе.х aralyýs of structural aTrd furrctional chmacteгistics of соm-

ропепЬ Di апd tПJT in the rvholc . Ассогdiпgiу, mathemafical model of соm-

ponent D; is presentcd in the follorvrng fоrm:

lпtеrпаtiопаl Jоurпаl оп lпtоrmаtiоп Theories & Applications - 1995, Vo1.З,J,,lo,7

м, =(li, v,),

whеrе F, -- frmction Tealizing Ьу сопrропепt, reflccting Telationship betwcen

sigгrals levcls pTesentcd at its pin set V.1,

Ч = Х;'Ч,
vrhеrс Х.; - sct of соmропепt inputs arrd Y,; -- sct of соmропепt outputs.

Component strrrctural properties сап Ье representcd Ьу strцсtчтаl pTopeTties

u..to, {О.1). Its len$h coincides йth пчmЬеr of сопrропспt рiлs, шrсl its

coordinates mearйg Ь dcfined as folloчring:

_ [t, if v;,.; eX;i
,f ,,=<-l,J 

[0, if v;,; eY.i.

Fоr reduction of task diлrension wc lýe decoпrposition рrеsепtаtiоп of
digrtal component function :

г,={q,,l,=й},

rvhere {,; -- sdt of еlеmепtаrу firnctions implemented Ьу соmропепt,

Each еlеmепtаrу function fi,; reflect dорспdепсе of йс соmропепt Dз outprrt

yi,'1 с Y- lJtcle оп states of соmропепt inprrls ссrtаiп sttbsct Xi,i с Xj in пIgсЬr,аiс

tЬrm [2].

Fот е.чаmрlе, statв of component SN74LS74 оШрut Ql ч/iЦ Ье descnbod as

follot"ing:

Qr = (l-s,)* s, х R, * 
[Q", 

* С' х (О, - а",)]

where Q" -- the output Q state at the previous test tact,

С' -- tlre dylrarric iлрчt.

Such соmропопt D.i functional рrореrtiсs rерrеsшrtаtiоп wiЛ Ьс паmеd as its

functronal-algebraic model (F.ЦМ) [2].
Let's take tlre nrearring of signal's levcls оп each сопrропепt pins at the фчеп

time t gs v|,,,. So 1Ь as v|,; сшr acquirc mсшriпgs Iiom thc set {0"l} only,

соmропепt D'1 state ld each time сшr Ье described Ьу diфtal characteristic п]:
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We игill паmе sct N.;

,-'.rl,;

obtained frоm FАМ Ьу substitution of all

possible mput signals combinations, as rорrеýsпtаtiоп of component D.; states

space iп diфаl fогm that is dcsignated as tЧ, оr Ш(О,). Statc space N(D,)

rерrеsепts соmропепt Di struсtчтаl аrrd frrncЁonal pToperties.

Knowledge rерrкепtаtiоп.,
ICT uses lreuTbtrc knoivledge model. Knorvledge аЬоЩ electronic devices

герrеsепtеd Ьу productions thd' dеsсriЬе, fоr exanplc: сопеsропdепсе between
соmропепt elernentTy functions шtd соmропепt tlpe, hеuгistiс nrles of eleckonic
device firnctional diаgrаm designiлg herrгisЁc nrles of electronic devices лтmgе-
mепt, etý. Fоr ехапрlе:

IF соmропспt has соuпtеr input THEN it's соuпtеr rчiй probabfity p:l,
IГ соmропспt pins аrе linked togcthcr and lйh suррlу bus THEN there are

соmропеп[ outputs with pTobability 50.8,
IF two соmропепt pins ше linked togetheT AND шеп't linked Йth ary pin of

the same соmропOпt AND rеп't linked B"ith mу pin of аlry соmропепt THEN опе

оf them is шt output arrd шrоthсr is arr input йth probability p:l, etc.

Softlvare Ъ built as set of раtl,еrп-сопtrоl modules. Счrrепt situation is
агrаlуzеd al thc each stop of process аrrd, аftеr раttсгп anaiysb, рrоgrаm dеtегmiпеs

module th;rt сап hmrdlc this situation.
Knowledge about componcnts bcing rccognized and functions rmplementing

Ьу thcm теаlЙеd in object types hiсrаrсhу . Sct of FАМ сlеmспt,аrу fimctions is
used as а bas-+ of hiеrаrсhу. Population of sчсh functions defines component
functionality. AbslTact object type ТFчпсЕl (basic functional clemcnt) шсludеs
description of element frrnction, pTovided Ьу basic element, arrd descгiption of
basic element inputs and oulpulý пчmЬеrs and type, Thc basic methods of ТFшrсЕl
tцв:

. element states space building Ьу FАМ,

. determination of еlсmспt ошрчt stde Ьу its iлрuts set,

. calculation of inprrts set сопеsропdsd lo thc elemcnt outpttt gtven statc,

. checking permrssion of сеrtдп state foT given соmропепt type.

Fоr conrponents. fTagments шrd ргiпtеd circuiK descгiption fоllоrчtлg object

t}pes are used: ТСluр, TCluster mrd TUnit, respectively. These object types are

соппесtеd ЙtJr TFrrncЕl шrd Ьеtwееп l]remselves Ьу aggregation relation.

lv.l
n!=';'2

=ъ}},
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Principles of ICT tгаiпiпg.

Д the stage of ICT training, Ыtial set of components o)l...(ok is showed to it.

These components аrе repressnted Ьу the set of йеir pToperlies

r1
к, = tril п = ГN. Ноrчсчеr, соmропепt's belonging lo Somc class isn't indicMsd.

Instead, urе оtТсr rчlеs set. Дссоrdiпg to tIЙ set, at thc stagc of training, ICT оп its

оrчп рrоdчсеý some classification, wШch, in соmmоп case, mау fiffcr from

lrabitual tЬr specialists fir the giveп шеа. Тhе ainr of ICT trrrilrurg is to split сопi-

ponents sct sйоwоd at such classes, that we сшr apply certain optimized algonthms

of identificatiorr to еасlr of thenr.

Ncvertheless, such аррrоасh frecs ореrаtоr from lаЬоr-сопsчmiлg wоrk of

сопrропепt clmsification аlrd allows IcT to creatc most suitфle cbses f'оr its

Пцr.tiс,пЬg. Frоm this poinl of йеlч, according to approach proposed, in ICT

чосаЬчlаrу ofpropcrties has being included:
. set of FA]v{ еlеmепtаrу function rоаШzеd Ьу digital соmропепL

. чес[оr of соmропепt D, struc|ural properties rсрrсsепtеd as outputs чссtоr

V,o arrd inputs vcctor VJ,

. inprtts шd outpltts чесtоrs vik, vj1 for each Ьдsiс еlеmспL

. сопrропепt inpub typcs,

Дl mопЁопеd abovo propcrtics сшr Ьс casilv оЬtдiпсd frоm componcnt FдМ.

and, оп the сопIrаrу, all thcsc properties шс suffi,cicnt fоr FАМ synllrcsis, It should

Ье noted, that соmропепt Supply pins doscribed Ьу us as input рiлs аrс not

accounted iп tlre шрчts чесtоr. Fоr example, cotnponent properties чесtоr сшt tдke

such fоrm:

Z{S},I71LS74l = {(q , г,т),{tвзг, о tB0),(000 г, O0з0; lE00,0 t80),

(Rl,D2,C3, R4, SlO.c1 1,D l2,Rlз)},

where fi =(t-S)+ S* K*(Q" + С'*(О-а"))

ь = (t- R)+ sx к 
" 

(Q" + с, х (п - а"))

During training сеrtай set of classifications i5 rgnlized. Tlris sct чпitеs соm-

ропепls йtlr thc tbllowing propertics:

. frшrctrotral (function realizcd Ьу сопtропспt),

. structural-tulrclional (prescItce of sшrе type basic elemelrts йthiп various

componený),
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. struсtчrаl (coincidcnce, пrау Ье раrtiаl, of bacic сопrропепЬ inputs че.сtоr).
Recogrrition algorithm based оп cstimation calculation is used for simplc

sоlrгiпg about component's belonging to defined class, coпesponding subsets of
propcrties play раrt of basg scts of each classification algorithm.

Fоr exanrple, sЬstrасt object oftype ТFuпсЕl is used as в basb fоr classifi-
cation Ьу sfцctural-functional propeTties. It disposes in vcrtвx of corresponding
Iiцrctional object hiеrаrсhу trсе. So, compolrents lraйrg clocking rvill Ье attributed
to one objecfs class, because even one from such component basic elemenb have а
соmmоп аrсеstоr tlut dbposes at tlre top of сопеsропdiпg hierarchy trее,

Frаgmепt of such hiеrатсhу rvas shorvn in Fig. l.

--i]-----x z' \ ,/ \ /
У_).i 

,\ 
,l, \ /

a/'\
Iа) ь)

Fig.I. Frаgrпспt of base fimctional elcments' hicraTchy.

ТSупсЕl -- includcs clock input (С),
ТRефl __ furcludes D шrd С furputs (D _ data input),

ТТгiФl -- irrcludes D,C,R шrd S inputs [R -- reset input, S -- set input),

iboor,tBt -- irrcludcs +1 input (uр-сочпtсr шрчt),
TDblCntWrRSEl - includes +t, -l, Wr. R and S inpub (_l -- down-corrnter

input, Wr -- parallel wTite input).

Split of а class at some пrшrЬсr of пеw classes сшr take рlасе when
component's НЬrаrу extends. With it, elements_ancestors w,ill Ье disposed at the
lоvrеr levels of hiеrагсhу trее in соmрогisоп тvrth irutial шrсеstоr class чеdех.
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Fог сlаssifiсаtiоц Ьу strчсtчrдl propertics, fulfilhnent hяrrdy to use

rсрrсsеп|аtiоп of basв fiшоtiопаl еlеmопt inputs sot iп fопп ol'ldtrco luld пшпсlу,
unit n-dimensional счЬе. Wc will considcr the рriпсiрlс of clдssilication оп the оwп
sublatticc of rmit 4-dimensional cube shotved iп Fig.2.

Id(Y":t )

0lll \

Id(vIJ

...'i ,/.|dYh^)

Fig,2. Lalfice rrsed for соmропепt's idcntificatron

In nrch case, йе соmропепt Dk Йth one of its Ьаsе element inpub vector

V,1' *iП Ьс attributcd to one arrd thc same class whеп the tbllorving conditions аrе

implemented;

v|o с la(vl,,) (I)

Vi|p nV,], = 2l (2)

V,|о * О (З)

where Y,|; -- irputs чесtоr of шrсеstоr basic еlепrепt.

Contlition ( 1) detcrmines principle of роlуmогрhisпr Ьу аппlоgу йrlr objeot-

огiспtсd рrоgrаmmiпg. Application points of tcst actions. which ргоl"idе possibrlrty
of шrссstоr base сlепrепt idcntification, vrill рrоЙdе possibility of all clrild basc
clcntcnt's iclentrfi cation,
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Condition (2) guагшrtсеs backdriving аЬsепсе at the child basic eleпrclrt ouQrut
wircn test of clement-ancestor is fed.

_ Condition (3) excludes the possibility of basic еlеmепt attributing to the class
rvllcn апу of соmропепt inputs doesn'l coincide Йth inputs set of апJе*оr-еlеmепt,
wlricli dъposes at the top of соrrеsропdiпg lriеrшсhу tree. If it Ь possibly to
include base Blement to mole rvhen опе class йеп fоr classification implementation
fоllоuлiлg basic rчlеs is used:

, Tecognizing base element is included to class, vrhich is geneTated Ьу element-
апсеStоr tlrat disposes at the lriфеr hiеrяrсhу levcl,

. if two candidates to arcestoг-class, rvhich dispose at йе same Неrаrсhу
lсчсI, exist then recognizing base element will Ьс includcd iп mоrо potentially
роwвrfirl clжs,

, if the potential роwеrs of classes, wНclr generated Ьу шrсеstоr base elenrent
at thc sапg hierarcф lcvel, eqrral thеп recognizing base olement rrrcludes in class,
whiclr includes mоrе соmропепts at tlre рrеsепt rlloment,

, if йв пчmЬет of соmропепЬ ййiп classes equals then recogrr.iziлg base
elenrent includes in шrу frоm caldidates'classes.

The ехапрlО given iп Fig.2 illustrates the аttгiЬчtiпg of component

Du йth yjo =(0l00) to опе of thrее classes. These c]asses аrе герrеsепtсd lry

апсеSlоrS basic elements D.1, Dn аrr<l D, Trith ilrputs vcctor V,,.; = (0l l l),

V.,п =(lt00) mdЧ,, =(ll10), respectively.

Соmропепt Dj йП Ье included, in diffeгent лtuation, to the follorv,ing classes:

. йth the рrоSепсе of аrсеstог basic elenrents \t|1 шrd v;," -- to йе clacs

represented Ьу basc element V,|.;,

, йth ths рrеSепсе clf trrrcestor base element \], шrd Vj,, -- to t]re class

repTesented Ьу Ьusе elenrent V"i,.

Дgогithпt of ICT trпiпiпg.
we сопýdеr situation lvhen а pioi iпJьгmаtiоп about belonging of

recognizing соmропепt рiлs to inputs ancl outputý sets аrе alrsent. In such
situatron, algorithm of ICT Гrаiпiпg iпсlurlеs the following basic steps:

1о. Scarclr of tcst actions. wlrich cause sйtсhiпg of шrу rесоgпiziлg
соIпропепt рiл. Тhел sйtchsd pins ше exclutled front pins sct, at rvhich tcst
actions are tъd.
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2". Identification of inputs, wlrich belong to thc simrc base сlепrепl that havc

switched pin.

зо. Identification of elementary firnctjon, which is rcnlizдd ьу base element.

4о. Тry to dсtеrmiпс conrponent's Ьсlопфg to tlre щtу class.

5О . Replenishnrent of base fi,пrctional elenrctrt's hiсrаrсlrу, if it's песеssаrу.

simultaneously actjons feeding at the z соmропепt pins may Ье needed to

рrойdе condition of pin sйtching. ОЬйочslу, oxhaustivc sсшсh of all grочрs in ll
ionrponent pins is practically чпасссрtаЬlе. Thcreforc, IC]' trtrining algoriйm is

bascd оп irlea of adaptive genetic аlgоrit}чпs шrd inclrrdes tlre followrrrg bnsic

opcrations:
l. Ву tuгп test actions feedirrg at the each of conrpolrellt being rссоgлrzеd pin.

2. Feeding of scquence from m such test actions, that any of йеm is fed а1

(п-l) pins of соmропепt being recognizcd.

3. Feeding teýt sets of йе same type differ Ьу poinb of Esl actjon's applicarron

опlу. statistical data сопсеrпiлg tlrese conrpolrerrts, which арреаr mоrе ollelr, ше

ассоuпtлсl rvhen ЫЁаi lcst sets шс Ьчilt. If fecding of all test sets are not succcssl'u],

then crossing очеr, inversion arrd mutation орсrаtогs are used [3]. In this casc, опJу

pin numbcrs of test action's application аrе modificd, but test actions аrеп't

charrged. дs а result of each teý1 Set usage, utiliry nreaýrre dеtегпriпiпg the

probabfity of it furйеr choice is cdculated

Summагу.
suggestcd atgorithms wglg rgлlizgd fоr training of module in-ciTcrrit tсstсr

мтs-з at the stage of electronic devices mшrчfасturiпg. Тrаiпiпg апd identificalion

wсrе implemcnted Ьу mеапs of clips as wсп as usiлg fiяurсs "bcd of nails" with

reшTаlrgrng contact ficld. systcm training was made at thc lIuT including middle

scale шtсgrаriоп componcnts. Use of suggestcd trаrruлg ,аlgоrithлrs providB cost

decrease fоr liЬrаrУ roplcnЪhment and test рIоgтmý рrершаtiоп aTrd debuggлrg olr

the l0- l5 percent's ачеrаgе. The further rescarch hirs becn diгесtеd to improve the

suggested fuaining arrd idenпfication рrосеdurсs foT mоrе complex objects

includiлg aralog IC arrd VLSI.
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