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An algortthm is develaped (o pgenerate (ests which are sufficient for identi-
fication of component values of lineor analog circuits. The method is based
o0 topological properties of Contes flow grapbs, Although the algorithm
docs nat prefend to provide the hest possible solution gives reasounable

aned satisfactory resulis swhich aprec with hnown cxamples,

1. INTRODUCTTION

Recently, there has been groving interest
in foult diawmosis and awtomatic testing techni-
qaes for annlop circuits /(:.;f..[]-ll]/, One of
the possible approaches to fault location makes
vae of the identification of «1t component values
[1,3-8]. Ancther one is based on fanlt simula-
tions and cons!ructing a fault dictionnry Je.q..
[9] !. However, this is naot pavticularly suitnsble
for solt fault localion, In soine other approaches
it is assumed that oaly a few faults  occures
which may be ar may not be true. The identifi-
ciation of all component values has 1he advantape
that no assnnptions on faults are necessary,
However, it is Tunited by the accessibility of
“the teriminals; ahimast 211 ferminals have o he
aecessibles Oa thie other hoand, the identification
of aciuai component valuces has some other appli-

cations, e.g., in deterministic tuning e.a,, [ll, I‘.Z]

The solvability of the all parameler identi:
fication problem was initiated by I‘.(»rkm\'il;:[l].
s approach was mostly bosed on current
measurements, The use of vollage measurements
only wag investigated by seveval other anthors
4.0, lﬂ]. They formulated appropriate cquations
vihich conld be used to ealeulate cormponent values
based on sufficient number of independent measu-
rements. How lo arrange for such independent
measurements has been the main ool of further
investigations [1 0_]. .

This paper extends the reul's obtained by
acki aud Starzyk in[Hl]\\]er sulficient test
condilinns were formulated, The extension is to
provide an efficient algorithm for test Feneration
ind to express the conditions in terms of topolo-
gical properties of networks.” The Coates flow
graph represeniation is used,
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2. THEORETICAL, BASIS

Consider a linear network which can be
deseribed by nodal erualions. Tesls under con-
sideration consist  of nodal voltage measure-
ments when different current excitations nre
applied ond are asswned to be perfotmied at a
singde froquency. M;»llu:r;\:xtir-:v!ly, the ith Test
is defined as o vector V1 ol all nodal voltages
measured in the presence of unil current
cexcitation between the ith and the datem nodes,
The squere matrix

] .2 N]
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f [ n n n / /
where N4l is the number of ol) nades, is
said to be the matrix of voltage lests,
According tt_;[lfl]vhe nodal admittance matrix
Y could be obtained as

n ]

if all tests 1°1,2,,.,, N were perforimed.
However. in order to shorten the time of
testing, we would like to find a rcasonably
small subsel of these tests which could be
sufficient fo find Y . The knovledge of Y,
enrables  ns under minor nssumplions, to
caleulate all compoanent values, since the
network topolory is known,

n [1()]it was shown how to check whether a
chosen subset of tests ac {1,2,,_,,1\’)\\':15
sufficient for the identification. Unfortunately,
it required fo find on appropriate sequence of
cul-setls. 1t is sceen that an extraordinary
mumber of combinations can be involved, even
for networls of medium size. That is vhy,
the situation was reversed: first, we chose

a sequence of cut-sets and then we tried lo
find the smailest number of tests, Of course,
the solution mizht not be oplimal. In this
paper we follow the main idea of this approach
but we fry tn determine a "poog" gequence

of cut-sets. and also, to gel some informa-
tion on necessary tests which are independent
of the choice of a sequence,

Baguation /2/ can be rewritlen in the form
T
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Consjider the product of \'l and the jth colninn

of Y' . We have
n X ey W L
]
, L
K n : 1j °
T v2 T :
vive =Y Y] =0 el
' . . 1 J=jth row
. . 0
T :
\"'\ v 0
L n J LT L J




Awepne,  that only some elements of vy soy
the elements with Tfirat indices from the get
oo i, ... i), are unknown. Thereforo,
l.’!l.iug the kpowp termos feom the Jelt hioaned
it to the pipht hand side of /47 we con o
difv the cquation as

- T - -
!
v 0 [ t.,
h . 1j
LT
. 0
0 3] v
\! \lvj ' ."]" : Al
Sk
T
\/N 1) IP“
L h . i i L ”

o order to determine the elements vy, ., v

viovan solve o subaystem ol /5/ iti i

he : ) .
INCRIS I , /6!

vhere the equations o fil, ik} wre cho

. ), .
sen in o such aoway that the square submatiix
Ul . . .
1 , [;.,lh‘]‘ olvained as inferseoction of o, rows
t 1

s hooeolunms, e nonsinglar . See Vi, 1
fesy 1 Hlusteatian,

obtained by removing o rows ond b columns
feee Pip. 1/, ! ]

A= o conseguence of [B] we have the Jolo-
wing corollars, :

Corollany 1

card (i) > max v:lr(](hj), 1/
i

It is seen from [97 that the way of clioosing
the sequence of b is cruciatl for the mini-
mization of the naduber of salficient lests,

Maw, do order to characlerivze tests a feasible
for a given b, we considoer l:ypnh);:ivnl" eoua-
tiang far the  nardal admittance matrix

’ o ,

Y - A '1.’\' R 10/

n

where the ij”‘ clement A is equal to 1 if
the i edpe is directed Towards the ith
vertes, otherwise zero, antd the ij”' ele-
ment of A is equal to Uil the th cdpe is
directed away from the i vertex. olherwise
Zero,

The submatrix of Y oblained by removing

b columns ean be expressed as
1

’l‘, My

Y b)) = oA v
n i - '

where i\'. i obtained from /\_' by rermoving
bhoorows, In Coates peaphs, this corresponds
l-‘! doeteting o1l the edyes autpoing from b,
vertices, !
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Fip. 1. Olustrations of Y. /6/ and Theorem 1.
Based on Bans, /2] and J6) the followings Similarly
theoram con he formulated, T
‘ 7 : = ' AT /12
Suppnse, we are given a sequence of setg |, \n( 'jlhj) A— Y\—l ! s
i j] ...... i N which corresponds 1o a d

seguence of cut-gels of the current praph of
the petworl.

Theorem I[l()] Tests oe {1,2,....N] ave

suf ent for the tdentification of all clements

of Yl il and only if
|

\/l»’, 3.’\], C a

where

4 Y (: / '
det ”(‘j||»j),n, it

card (;»i) (:m'd(hi) /8/

and \‘”(n“h,) denotes the submatrix of Y
J) T

where A’ is obtained from A by r&moving
a: rows. In Coales poriph, his corresponds
1o deleting all the edyes incoming to aj
vertices,

In order in have o nonzero value of
del Y (:l.lh,) the submatrisx ¥ (:\-Il'v-) nust
noojlog ntatol

not contain any vcro-row or zero-colnmn,
Thus, ofter deleting the edpes muontioned
there should exist appropriate edges in the
remaining Cootes graph, as is illustrated

in Fig, 2. N denntes the set of all vertices.



Remork Voeard{o) > maximal order of a
complete subgreaph
nwab: Demark 2 card(a minbmal incoming
opn by nemark s z k
degree in the remaining
rraph afller deleting ol
u-n(”—lxi) (N.g-)nly pray : Hleting
! cotrnevs with incidgnt

s ‘ (n n')r\(l‘l—_bl) ’::7 cdges,
[ ) -

_——aed

where incoming depree of a vertex is the

-3 . K
;f iy mimber of cdpes incoming to this verte:.
’ .)‘ v — L
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3. ALGORIUPITN
i, Necegeary incidence o the pemaining We now deseribe o steadey of the choice of

raphn, o sequence of o orepresenting so-called pe.
} | | I

duced cut cols,” The micthad is somchow

T ohace interprethtion pives us an dmportont L R
| h ! henristic, so the alyarithen does pot pretend

covalliny, : ; f

to provide the hegst pogsible solufion, Howe.

I we wanl o salisiyv conditings ver, our goal is to lind o sct of tesis of o
e deletineg ald the edoes antpoing res

thon ¢

sanably csmall enrdinality,
froon b vertices vee should find such o setb o) , .
j The flose gryaph may have such o structure

U . . .
et afzer deleling o1l the odires incoming to . :
it the re exist subgraphs, oblained by a

gcovertices ere are no dsoloded vertlices in A A ,
1 L sequence of bisections, that the Jlow between
the set N ('- n lv

them s in one direction enlyv, We eall sneh

Norrero rows and columng of \“( ll") tn subgraphs as weakly connected subpraphs. An
not anvante fhat this mateis is sonvingalan, example 45 showvn in Vig, 4,

However, i may be gingulor for particalar

valucs of elements anle, 10 we know alesinned

nontinal vatues of the elemen's ther we cnn ———

casite cheek wheathoy the tosly iy chosen pyr 1 e

crifliciont for the soluntion, H po, we ehange v I

testn -

l)» Vit 100 vertes of o complere snl !

or 4|\, H,.," ,jr;\lih S ciel to b o cnaruer it )

he e are o edees incon:im: to the verloy ’ )
froae out of the subyiraph, C 4 )

Bofollovs from the above definitiaon that there

Ayl

:j:;;;\ll(‘m::'H((’,'(."(!;:(‘”:\:"_‘;:;‘l(!‘]f" ',\'";I: ‘.H:‘-UI\\':‘(;!'Lrmof Figod, Partition of o graph on wealldy caneec
the complete subgreaphis not defined - in pavti ted snbgrivhs,
culor it may be o complete groph of cero The following steps set! the oleorithu oul in
order Jsee il Aaf sufficient detail,
. Alporitlon
Iinta Coates praph of the network consi-
———— dored,
a b Step ) ‘avtition the croph info weakly
Q}é\\\( ! T connected subpraphs, Set Nae-nu -
S \,x\> ber of weally connected subgraphes
v c e Nutmber Ihe subgraphs in such o
way thot the subgraph withou! oui-
’ poing edues to other subpraphs is
(0) . (b) chowen os the fivet one, then
retmave s gsuhgraph and repeit
Fipg, 3, Mxamples of corners, Corners ave the procedure,
denoted by v, Canient For a passive nelvork M-l
Based on corotlary 2 the follawins theorem ean Renumbering of suburaphs of Fie. |
be proved. : will he 1 == 3, 2« 4, 3w 2 and
4 -1,
2‘_!\7{'915}[}\“7_;37. Ropardless of the choice nf o Step 2 Tolet 1S e I, IP(i)==0 Tor -1, ...,
sequence of In', J=ir oo, jl“.' the indices of T ard o (Y,
Al covrers have o appear in the set o, Comment 1.5 denotes the index of a weakly
Thus, the mumber of coruers csiimates ming convecied subgraph and i) dero
tal cardinality of a, In order 1o further les the 1.|()|i'|imnl cordinaline of o
estimaie this the following vemarks may b for the i subevaph based on the

. information available
vsernl . information available,



‘_1 P Stop if 1S > "
S A Find corners of the 1,57 subyraph
T and include their indices in the
set alb8), Set P{LSY e mox (108,
aniber of cornees),
Sep h Delate all the edypes ivconming (o

Ihe corners and oll the edges with
dices of the
vertices incident with the edjpres

the sanre weiphts,

form
L (es),
Inetnde the verljces, except! the

incoming to the corners
first geis he j-1,

corners, such tha! the edpes
deleterd were divected townrds
therm to the set of active verlicey
AV,
In the remainivg subpraph LS find
the vertex v with the minimal non -
zero incoming depgree [wee
Remnvk 3/, 1 ‘heve is no sach
voertex, aupment the get z\(l,S)
using latest vertices of AV 1o
satisfy the condition

card (o (1.8) > 1P(1.8)
and go Lo step L0,
In the set AV fiad the vertex va with

Step 6

the minimal incoming degree
1 -
o {va) . Set o x e va

Step 8 I d vy > mox(dt {v), P,
card (@{1.S) 1) then inehude v oin
a(1.S) aned sed
) )
POLS) memax (POLSY. 0 (v)) 5o v
A Otherwise, set PLS)Y e miax (P(1,5),
Jdf (\':1)) and exclude va from AV,
S g Form the subsequent set by by

taking indices of the vertices
incident with The edpes incoming
to x, Delere all the edees incoming
to x and alt the edpges with the s
me weights, Include 1o AV guch
vertices, except x, thal the edpes
deleted were divected towards them,
Gn 1o Slep 6.
Sel o e oyall.8), 1,S < 1,541 and
assion PLS) according 1o Bemark
3. Go to Step 3,
When caleulating the incoming

e of voor va we de nol count the edyes
cntaaing from another subgroph i, The maximal
number of such cedges incomin
which apear in Ly delermines

P(i).

[#1 prer

¢ Lo vertex x
i

ritiol vatue of

4. EXANMPLE

As an example we apply the algorithin proposcd
to the active circuit shown in Pip. 5 [a/,

The corrvesponding Coates graph i droawn in
Uig, 5/b/. Vor this circui! M-1 and we Tind
two corners: 1 and 3, Using the algorithm

we pencrate the sequence of by as {1, 2} {2, 1),
2,4}, {3.4) for which the setl” a={1, 2} daces
not need to be augmented, so the tests 1 and
2 are sufficient for the identification of the
elements Y 1 ‘17. /3 .

Fig. 5/a) An active dircuit example,
b/ its Coates groph,

It is worth mentioning the! for a sirilar
cirenil, but without the current source, three
tests 1,8 andd 4 are required,

-

5. CONCYLUSIONS

The algorithin prescnfed  enables us to find a
reasonable small number of tests which are
topologically sufficient for identification of

all component valves of Yincor analoz civenits,
This has been achieved due 1o searching for
of reduced cuf-gers,
clemenls are conscecutively determined fram

a "pood” sequence whose
Ea. /67, The notion of a corner is pariicularly
impartant, since it delermines neceszary
tests independently of a sequence of cui-sets,
Obviously, if the corners demonstraie suffi-
ciency then our algorithin provides the best
possible selution. The mcthod is casy to
progrian and pives a linear dependence of com-
putittional effort an the size of the ncesvork,
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