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4. coNcLUSIoNý

The аuthог holds-a сочrsе about l'rdvanced Data Structures апd Аlgогithms to 2-nd уеаг studenв

of the Technical College. The r nrdents have ап 1 уеаг ехрегiепсе in Pascal and Феу сап

understand mоге complex рrоgrаmmiпg сопсерь, like dynamic data structures, ргоgгаmmiлg

techniques апd аlgr:гil6mlg stгateljies.

Ноwеvег, they ./.'eel фе tools to design, гчп, check and mаiпиiп а рrоgгаm аrе поt adequate to

mоdегп times апd the efficiency of coding is поt very high. Могеочеr, it is supposed that the

fчtчге graduates of Тесhпiсаl Colleges will not wогk as system епgiпееrs оr high-skilled

ргоgrаmmеrs, but as pгofвsionals whose tasks аrе well defined. Тhеу should Ье able to

assembly together rеаdу pieces of ргоgrаm, to assist iп developing software рrоjесв. That's lvhy

to teach them data ýЕчсtчгеs not Ьу using Pascal, but rаthеr using ciass liЬrаriеs in С++ is а

challenge that they аrе able to чпdегtаkе.
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ТНЕ ANALYSIS ОF RECOGNITION SEQUENCES, STRUCTURE

ДND ЛPPLICATION POINTS

FОR DIGIТЛL COMPONENTS IDENTIFICATION

Ьу Vlаdimiл I. Мсsучrа,

Vinnitsa Statc Tochnical Univcrsity, Chmclnitske shose, 95, 286021. UkTaine, Vinnitsa

АЬstгасt. As сопсеrпiпg the identification of а соmропепl iп а slruс|urе of printed

circuit boards (РСВ) of еlесtrопiс device iп this paper the sоlutiоп of problems' set

соппесtеd with revealiпg of соmропепts' locqtion апd rесоgпitiоп of its rype or fuпсtiоп

performed Ьу it are mеапt, Дs а соmропеit, iп this case, сап Ье апу fuпсtiопаllу or

]

structurally extracted part of РСВ frоm а separate chip, up,to sрrле frаgmепt of tlevice.

!l,
The approach to the identifrcatioп s1imulils'aпd their арр'Iiсаtiоп poiпts' choice iп the

,l t,i

digital соmропепts (DC) of the type "black Ьох" ideпtification usiпg iп-сirсuil lesrcr are

discussed iп the report.

Iлtгоdчсtiоп

Тhс рrоЫеm of clectronic components' in-ciгcuit idcntiГication in printed circuit Ьоагd

(РСВ) of чпkпоwп ýtгчсtчrе [1,3] appears whеп solving such tasks as:

о гёstогiпg Рсв functional diagram iп сщс of technical documentation lack о[ with

existing changcs of diаgгаm which is not геflесtеd in this documentation [l];

. automatod teýt ргоgmm gencration is гealized in thc iп-сiгсчit testcr self learning mode (in

this casc studying РСВ mау Ьс dcfcctive) [З];
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о rcalizing adaptivc iпfеrепсе mссhалism !о cxtcndcd iп-сiгсчit tсstег fault diтесtогiеs [4].

. devicc vcrification iп cascs whеп neccssary to cxclude possibility of а disсrсрапсу

Ьtwсеп ап objcct and thc рrеsепt documcntation.

А гсsult of idcntiГrcation is а gгарhiсаl imagc of ргiпtсd circuit Ьоаrd which гергеsепts

РСВ соmропепts, lists of theiI сhаrасtегistiсs and links Ьеtwсеп thcm, and а rеsчlt of

vcгification Ъ а ргоtосоl ргiпtiпg" including mcssages about а dircction of diffегспссs

Ьеtwесп ап object functional diagram and thc ргеsспt dосчmепtаtiоп.,

Опе of the mаiп ргоЬlеms, solved dчгiпg idcntification, is choosing оf identificating

stimulus application роiпts in condition of артiогi iпfогmаtiоп abscnce аЬочt bclonging а

component Dj specified pins to subset of one's inputs Х; ог outputs Y1 ,

Fогmаl descгiption of the object of identificдljon

Thc suggcsting аррrоасh to the ргоЫсm of DCs D; idcntification is based on thc

foЦowing rcргеsепtаtiоп of thcir stгчсtчrаl апd functional ргорепiеs [1,3]:

1) stпrсВ:rаl рrорсгtiеý чссtоr Z(O1) (SP'Y) the length of which coincides with пчmЬег

of соmропспt pins, and its cooгdirratcs' values аге defined as followiпg:

rl, iГч i €xi;
'i,l = 

1о, iг,j" . v,. (1)

whсrе Х1- set of соmрпепt inputý, Yj -- sct of соmропепt outputs, and V; = Х; w Y; --

set оf соmропспt pins. Iп соmmоп case а.ге \ij aY i * О;

2) DC fuпсtiопаl-аlgеЬгаiс modci (FAN1):
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,, = {,,.,l i= Цч} | ,

,!],,

f; ; -- clerncntaiY function which rcflects dерспdепсс оf'thс Dj outputrlj 
l i l

оп states of Di inputs ссгtаiп subsct, X;l ; с Х; in аlgсЬгаiс fогm {Il.ltJ

(2)

whсгс

statc

Fоr схаmрlс, thc statc of соmрпспt SN72LS74 output Q1 will Ьс dсsсгiЬеd as

following:

ar = (1 -s1) +s1 
" к, 

" [оГ 
+с, 

" (п1 - аr)],

whогс Qo -- thc output Q statc at the ргсчiочs test ýtep; С' - thc clock iпрчt.

3) DC stгчсtчгаl-fчпсtiопаl algcbraic modcl (SFAM) which rеflесts complex of DC's

strчсtчrаI and functional ргорсrtiсs:

F(D j) = lЁlr,-, 
,, , , (3)

whеrс ,|,
l!

,.-. = Ju,, if 
v;,i е Х1; , ,j' 

] 
(4)

",' 
- 

lr,,,, if v;,; е y,. 
l

4) соmропепt statc code (CSC): 
' l lr

lvl
n! = j'zi-' .b|,i (5)

i=l

whеrс Ь{,.1 -- the values оf signals'levels which aIe рrеsепt at the mоmепt of time t at the

Dj outputs.

5) DC statc's spacc оЫаiпсd frоm SFAM (З) Ьу mcans of substitution of ali thc possible

input signals' combinations:
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idcntificatcd соmропспt (as outputs so inputs), thсп all TS, fulfilling

including опсs which do поt causc change of any pin state, rеfеr to IS.

takes place dчгiпg IS 9ý

momcnt of timc r,

thc condition (8),

, (11)

D.i inputs at the

Thc аЬsспсе of the арriоri iпfогmаtiоп about thc valucs of SPV Z(O.;) сооrОlпаtсs and

the sct Nj of thc соmрпспt Dj allowcd st8tes dчгiпg idcntiГrcation causes rсаl орроПuпitУ

of TS application not to thc inputs only, but to thc outputý оt ЬС too, as а rcsult опс сап Ьс

чгgс switchcd. to thc statc nfl € N;. At tНc same tim;, d5'; assuгcd fulfillmcnt of thc
,l

-,,, ={l lt-x; (б)
condition: 'l1,

,рý с Пi,

it is песеssагу to епsчrе TS application only to the inputs of the identificated соmропепt Dj.

In соппссtiоп with this, dчгiпg choosing thе basic IS it is necessary to takc into аЪсоuпt the

following:

1. If ап information about the sct N1 of allowed соmропепt states is abscnt, then fulfiliment

of thc condition:

( 10)

епsчгеs that the situation

V5,;ПХ;'* О 
,,

"tl 
]

application to thq subset V5,.1 of ,dсimропепt

(9)

(эti,; . v,) 
| [tli,, 

е v5.1)ntb[,; * ь[;';],

2. Actions (as tcsting so idcntificating) which fulfill the condition (11),

distinguishing stimulus.

whегс m 
= 'lх'l 

1о, DC without mсmоry апd m s JЧ| 
'о, 

DC with mеmоrу.

б) the statc sсагсh which is rсрrсsспtсd Ьу mаtriх 
" 

= ||.,,rll , the rоws of which dcfine

thc аllоwаЫс statc codgý of all componcnts which dcscriptions аrс savcd iп thc геfсгспссs'

liЬгагу, апd thc columns - the typeý of this componcnts:

Stnele-kligit distinguishing stimutus

We will паmс-thе vcctor Вý of dimension 
|V5,;| , coorOinates of which mар logical

signals values, applicated urgcd оп the subset V5,1 of DC D1 the pins at thc somc mоmепt

of time r, аý а teýting stimul (TS) <рý .

Thc соmропспt Dj ýtato transition fгоm пf to пfl ttJ, implemcntcd dчгiпg' TS

9ý application, wc will designatc iп thc following fогm:

"I 
Г(<Рý) , nB . (7)

The set П1 of testing stimulus, cnsuring tгansitions (7), which fulfill the condition:

{"},"r1.*,, (8)

wс willtnalnc as а sct of idcntificating stimulus (IS), and IS scquences wiЦ Ьс idcntificating

sequbnccs. Note, that bccausc of CSC (5) takcs into account thc statcs of аII pins of

we wiII паmс as
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Thc fulfillment of the coпdition (8) сап Ь аssuгеd опlУ if the condition (1 1) and

lvr,зl= r

а,е fuifiljed simultaneously"

Thc idcntificating stimul аý , which fulfills the conditions (l0) and (12), we will паmе

the single-digit distinguishing stimul (SDS).

So, TS 9ý , which fulfiЦs thc condition (l2), is thc most infoгmational frоm thс point

оf а соmропспt typе identiгrcation, because it allows to makc the following conclusions at а

rcgistгation of the condition (l0) fulfillmcnt dчгiпg thc ideпtification:

<Рý е П.; ; пfl е N;; Vs,; с Х.;; i,1"; е Y;

Notc, that SDS is еlеmепtаrу IS cxecuted in two clock times t and r+1" duгiпg the first

of which the рiп v1,1 € Х; is switched iп somc uгgс slate, and dчгiпg second it rеtцms to

thc initia] state, i.e. tbc foilowing гelationship takcs piace:

ь[,;*b[+f=bl-J.

Rеfеrепсе соmропепts гергеsепtаtiоп Ьу п-gгарhs.

Let's rcргеsепt DC Dj Ьу а graph С, =((О;,Гr1),(U,,П,)). Тhе set Q; оГ rhe graph

vettices mарs thc set оГ the al]owed соmропепt, states апd each чегtех is mагkеd Ьу lhe

сопеsропdiпg соас п} е Nj and thc set Е1 oi the edges maps the sets ог thе соmропепt

allorved tгапsitiопs frоm опе state to апоthеr. Thus, each edge mаrkсd Ьу codc causing the

trапtiLiс,п i8) IS срý П rvhich iпcluJcs thc iisL оГ IS applrcitiiln:,)ints (]jl]b;ci Vr, t>l'scl

соmропепt pins) апd the logical levels of stimulus applicated to thcsc points.
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The gгарh G1 сап Ьс easily fоrmеd fгоm SFAM (З) оf thc сопеsропdiпg соmропепt D.;

апd used fог obtaining оf the optimal identificating sequenccs.

Let's considcr п-gгарh Gf family, thс edges of which mар thc coTTcspnding s.:ts оf IS

{чý}, 
Г"rГ,rri"g the condition lvrl=n. ь,,. definc chc gгарh G] as l_gгарh with t]re set of

thc edges which mарs the set of SDS. Each edge is dеsсгiЬеd Ьу а чссtог iп the fоrm

. n},u1,1 >, whеге чt,j € Vs,j is а пumЬег of the pin оп which SDS is applied.

Let's changc iп the mаtгiх (6) values of thc elcmcnts mi,';=l Ьу scts V(q;,;) of pins

пчmЬсrs dеsсгiЬiпg the cdges, огigiпаtiпg fгоm thc согrеsропdiпg vcrticcs qi,j оf the gгарh

Ci. ТЬеп let's fогm the mаtгiх М* Ьу iпtгоdчсiпg the additional соlчmпs пrl,..,*fu,

СОГrеsРОпdiпg to pins' пumЬеrs of the ге[егепсс components, into the mаtгiх М. The vaiues

of the additional сlсmспts .ip, р = l,|V,| wirr Ье dеtсrmiпеd as the following:

-J -ý,,"'I.p - д FI,j,
j=l

whete I - is а пчmЬг of the compncnts' dсsсгiрtiопs in the гсfсrепсе liЬгаrу,

_ |r , iг uo,1 е v(чi,1)

"',' - 
Io, iг vo.1 * u(r,,,)

RергеsепtаtiоП оГ а sсагсh space ЬУ the mаtгiХ М* Гacilitatcs the sоiчriоп оГ the ргоЫсm

of sDs appiication pints' choicc dчгiпg the соmропепt Di idcntification iп the conditions of

аргiогi iпfогmаtiоп about one's SРV аЬsепсе.

( l2)
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КNОWLЕDGЕ-ВДSЕD ALGORITHM

ОF HYBRID ELECTRONIC DEVICES IDENTIFICATION

Ьу V, LMesyura, Д.М.Roih Д.Y.Еfimепkо

Vinnitsa Sиtо Tcchnical Univcrsity, Chmclnitske shose, 95, 28б021, Ukraine, Vinnitsa

Abstract. The аlgойhп of iп-сirсuit сопропепts' апd electric ,onnrrtion'

identification iпtо рriпtеd circuit boards (РСВ) of the hybrid electroпic devices (which

iпсludе iп their соmроsiriоп both апаlоg апd digital соmропепts) of упkttоwп struсturе are

discussed iп the report. The algorithm provides coпsiderable rеduсtiоп of the task dimепsiоп

Ьу usiпg the blowledge about their dеsigпiпg апd сопstru:сtiпg rules апd it dоеsп't пееd

iпсrеаsiпg of tпеаsuriпg relources,
1l

The result of the atgorithп wor& is the сопstruсt of РGВ glaphical image ihich mаiпtаiп

all iпfоrmаtiоп песеssаry for РСВ mathernat|ic,a| поdеl buiЙttg' 'uр апd аtulоПаtiе gепеrаtiоп

of in-circuit tests. I l

[пtгоdчсtiоп

The suggested аIgоrithm ргеsчmеs thc solution of ргоЬlсms in two lcvels:

о the idcntification of ап object structure ( componcnts' revcaling, а location of its placc and

thc idcntification of сlссtгiс connections between thcm) [l]i

о the identification of соmропепts' typcs.

The iteration proccss including thc next main stcps is геаlizеd fоr it:

о а ýоlutiоп of ап uppor lcvel ргоьlеm (аftеr revealing of Рсв components and соппесtiопs

bctwecn thcm) Ьгiпgs to а call of а псхt lcvcl ргоЬlеm;

о thc initiatcd рюысm is solvcd complctcly oi partially (irr thg case of аьsспсе of а sufficienr

'l',,,i
information at the given stagc) and аftеr that а rеtчfп to ап чрlЫ level takes plabe;

],,,,


