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Abstract
Introduction. In the paper a fault isolation problem in the devices combining digital unit by functional diagnos-
tics methods is considered. Networks of state automates are accepted as mathematical models of the devices.
Assumed, that functional diagnostics devices for each network component are preliminarily constructed in an
optimal way and they consist of a control automata and of a fault discriminator of unit dimension.
Aim. To develop functional diagnostics method based on theoretical analysis allowing to decide fault isolation
problem in networks of state automation and to reduce computational complexity and hardware redundancy.
Materials and methods. An analysis of mathematical description of a network of state automation and func-
tional diagnostics devices for each network component was presented in terms of algebraic theory of functional
diagnosis of dynamic systems. A possibility to transform the set of known functional diagnostics devices of the
network was demonstrated. The possibility provided a localization of the network component with an error, if
the component was unique.
Results. A searching procedure of the analytical equations determining supervision automata and fault dis-
criminator for the whole network was proposed. The case when initial functional diagnostics devices for each
network component were defined by scalar functions was considered. The obtained result was generalized to
the case, when mentioned devices were defined by vector functions. The application of the described method
was demonstrated in the example of construction functional diagnostics devices for simplified fragment of the
device for forming priorities of mutual aircraft navigation system.
Conclusion. Estimation of results by an order criterion was obtained. It was established that with an increase in
the number of network components, the reduction of intentioned redundancy by functional diagnostics devices
compared with the original version increased significantly.
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AHHOTaumMA

BBepeHue. [1a NoBbILEHWSA JOCTOBEPHOCTN BbIXOAHOW MHPOPMaLMM CUCTEM PaAMONOKaLMM N pagMoOHaBN-
raumv Hepezko TpebyeTcst IoKanmMsaLms y3a10B C OLMGKaMU B pexrMe peanbHoro BpeMeHn. OAnH 13 CaMbIX
3¢ PeKTUBHBIX CNOCOOOB peLLeHNs 3a4aun NoKann3aLumm COCTOUT BO BBEAEHW B COCTaB CUCTEM CPeaCTB PyHK-
LMOHANBbHOro ANarHOCTUPOBaHUSA. OfHaKo ANS CUCTEM, MMeRLLMX 6obLUoe KOANYEeCTBO PYHKLMOHANbHbIX
Y3/10B, Ha MpVIMeHeHe 3Toro cnocoba HakNaAbIBalOTCA OrPaHNYEHA: CNOXKHOCTb peLleHns AMarHOCTNYeCKoN
3afayvn N HeObXOANMOCTb COKPALLeHMA BBEAEHHOW annapaTHOM M36bITOYHOCTU. MyTU peayKumMn 3TUX OrpaHu-
YeHWl Npy peLleHnn 3aga4vm oKann3aLmmn B ynoMsaHYThIX CMCTEMaX MCCefoBaHbl B HACTOsLLIEN CTaTbe.

Llenb pa6oTbl. Pa3zpaboTka MeToAa CMHTE3a CPeACTB PYHKLMOHANBbHOMO ANArHOCTUPOBAaHWSA, peLlatoLLero 3a-
Ja4y nokanmsaumm omboK CUCTEM PAAMONOKALMN N PaAMOHaBUIaLn 1 MO3BOAIOLLErO CHUSUTL BbIUNCIN-
Te/IbHYI0 TPYAOEMKOCTb U YMeHbLUMTL annapaTHble 3aTpaThbl.

MaTtepuanel U MeTOAbl. B KauecTBe MaTeMaTMyecknx Mogenel cMcTem NpUHATLI CeTU 13 LppPOoBbIX aBTOMa-
TOB COCTOAHWIA. MNpeACTaBaeH aHanM3 MaTeMaTM4eckoro onmcaHns ceTm 13 LM$pPoBbIX aBTOMATOB COCTOAHUIA,
a TaKxXe cpescTB PYHKLMOHANBHOMO ANArHOCTMPOBAHNS KaXAOro KOMMOHeHTa ceTu. [Moka3aHa BO3MOXHOCTb
npeobpasoBaHNA COBOKYMHOCTW M3BECTHbIX CPeACTB GYHKLIMOHANbHOMO ANarHOCTUPOBaHUS ceTu, obecneyu-
BatOLLIaA 10KANM3aLMI0 KOMMOHEHTa CeTU C OLUMBKOM NP YCI0BUN €ro efNHCTBEHHOCT.

PesynbTaThl. [peanoxeHa npolesypa NoMcka aHaANTUYECKNX BblPaXkeHW, 3aat0LLMX KOHTPObHbIV aBToOMaT
N ANCKPVMMUHATOP OLLMBOK Ans BCel ceTh. PaccMOTpeH Cyyald, Korga UcxoHble cpeacTBa QyHKLMOHANbLHOMo
AMAarHoOCTVPOBaHMSA KOMIMOHEHTOB 3ajaHbl CKaNAPHbIMU GYHKLMSMU. TonyveHHbIA pe3ynbTaT 0606LLeH Ha Cy-
Yali BEKTOPHOro 3a4aHnst GYHKLMIA YIOMAHYTbIX CPeACTB.

3akno4veHune. AHaNN3 MONYYEHHbIX Pe3yNbTaToB NPY MOMOLLM OLEHKM MO KPUTEPUIO Mopsika NMokasblBaeT,
YTO MNPV YBEIYEHUM YMC/Ia KOMIOHEHTOB CeTUW BbIUMPbILL MO M3BbITOYHOCTW, BHOCUMOU CpeacTBaMy GyHKLMO-
HaJIbHOrO AMAarHOCTUPOBAHMS, MO CPABHEHMIO C UCXOAHBIM BapyaHTOM, CyLLeCTBEHHO pacTeT A/1A CeTu, COCTos-
LLIeA 13 CeMU KOMMOHEHTOB. BO3MOXHOCTb MPakTU4eckoro NprYMeHeHns pesyibTaToB UCCAeA0BaHMsA NokasaHa
Ha npuMepe peLLeHnNs 3a4a4m oKanm3aumm Ans ynpoLLeHHoro ¢pparmMmeHTa ycTponcrtea ¢opmMmpoBaHmsa npmo-
pUTETOB CUCTEMbI B3aVIMHO HaBUraLm neTaTesibHbIX annapaTos.

KntoueBble cnoBa: 06beKT ANArHOCTUPOBaHWS, CpeacTBa GYHKLMOHANBLHOIO ANAarHOCTMPOBAaHUS, CeTb 13 aB-
TOMaTOB, BEKTOP COCTOSAHWI, 10KaNN3aLmMsa OWM60K, KOHTPObHbIA aBTOMAT, ANCKPUMUHATOP OLWINOOK, GYyHK-
LS COOTBETCTBUSA, peLuatoLLias GyHKLMS

Ana yutnposaHma: boicTposa W. B., MNoagkonaes b. M. J/lokannsaumsa owmnbok B ceTax 13 LmdpoBbIX aBTOMAaTOB
cocTosiHuin // V13B. By30B Poccun. PagmnoanektpoHumka. 2020. T. 23, Ne 1. C. 18-29. doi: 10.32603/1993-8985-
2020-23-1-18-29
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Introduction. The need for fault isolation often
arises when operating radar and radio navigation sys-
tems, with real-time isolation of such devices coming
to the fore as a part of improving output information
fidelity. Highly effective method for the problem so-
lution is to include into the systems functional diag-
nosis (FD) devices allowing to avoid costly shut-
down of the system. It makes most sense to use FD
in fault-tolerant systems since it significantly reduces
redundancy that provides the required reliability.

In technical diagnostics, fault detection is under-
stood as detection of abnormal situation existence,
whereas fault isolation also implies its location in the
object under diagnostics to the required degree of ac-
curacy. In both cases the list of detectable faults is
specified, while in the second one the conditions of
their isolation are specified additionally [1]. The de-
tection and isolation tasks are often combined and
solved together. In foreign literature the specific con-
cept of Fault Detection and Isolation (FDI) is intro-
duced. In our own literature on FD they are often in-
terpreted as two versions of the general diagnostic
task. So, in [2] there is analysis of fault detection and
isolation methods based on the use of analytical re-
dundancy of mathematical model of the system. In
[3, 4] the problem of FDI for linear discrete systems
is solved by means of state observers and special
types of Kalman filters. The problems of dynamic
system fault isolation are described in [5-7].

The aim of the article is to solve the FD problem
for the devices under test which mathematical model
is a network of state automates. In modern radar and
radio navigation systems the devices for signal pro-
cessing and generation, control and display most
commonly are sets of digital components, connected
by trunk lines, i.e. keep within the objects being con-
sidered. The latter in its turn are viewed as a special
case of networks of discrete time dynamic systems so
that diagnostic task solution for the components of
radar and radio navigation systems should be consid-
ered with regard to dynamic system FD algebraic
model [8, 9].

Since a network of finite state automata is also a
final state automation, it is possible in theory to solve
diagnostic problem for it using the well-known syn-
thesis methods of FD [9, 10]. In practical terms how-
ever such a solution encounters two obstacles. First-
ly, it is necessary to change from network assignment
as a set of assignments of its components and their
coupling, with implicit function of the network dy-

namics (transitions), to explicit assigning of the latter
which is rather complicated in itself. Secondly, the
order (dimension) of the network assigning automata
will be greater by several fold than its component or-
ders, and since FD facility synthesis complication in-
creases exponentially at least with the order increase,
the problem solution becomes impossible due to ex-
cessive computational efforts.

For the specified reasons, the FD devices have to
be synthesized for each component separately and
the FD facilities have to be considered a composition
of all the FD facilities components. In this case, fault
detection is guaranteed, randomly distributed in the
net-work including the ones distorting operating re-
sults of all the components equally. Moreover, the
faulted components are easily localized. However
such a solution often appears redundant since fault
probability in several components at a time is quite
low. Thus the principal task of this article is to devel-
op the functional diagnosis method for state automa-
tion networks which allows to decrease the intro-
duced redundancy by means of rejection of low-
probability faults with regard to the specified cases.
Further on, there provided simple and effective algo-
rithms for the solution of digital networks FD prob-
lem providing minimality of solution in terms of the
order.

Diagnostic object. As it has already been men-
tioned, in this article it is digital automation networks
that is considered a device under test. For simplicity,
the network components are the automates without
output logic converter, i.e. state automates. In this
case, each i-th automata-component of the network is

given by the triple of A=(Xj, Q. &),
where Xj={x;} - a set of automata inputs;
Qi={aj} — a set of its states; &;=8;(xj, qj) — a
next-stage function of A, with X; and Q; being a
set of binary vector; §; — a vector Boolean (logic)
function [11].

The net under diagnostic made as A composition
(Fig. 1), is also a digital state automation
S=(X, Q, ). Aset of the network states is formed

by Cartesian product of all sets of its component

n

states, i.e. Q= x Q;, where n —a number of Scom-
i=1

ponents, and vector qeQ is a vector of the type
a=(9g, -+ Gjs -~ Ap)- Network input vector
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Fig. 1. Network under diagnostic
xe X is formed similar to its state vector but in- The vector length g € Qkj does not exceed the

cludes only external (independent of ) components
Xj, hence the power of X set is smaller than the

n

power of cartesian product x Xj. Vector boolean
i=1

next-state function of the network is a composition of
all next-state functions of the components:

8=(31,...,8j,..., ) [12].
Setting a task of diagnostics. Suppose each au-
tomata A; of the network S has diagnostic tools built

in the optimal way according to FD base form [13].
Their structure contains:

— device under test A =(Xj, Q;, 8;);
— supervision automata Ag;j =(Xki, Qki, Oki),
which operates synchronously with automata A;;

— inertialess functional converter called fault dis-
criminator Dj. The latter consists of two devices: cal-

culator of vector compliance function r;(g;) and a
comparison device ®, at the output of which binary
decision function is formed &; [ r; (q; ), q; | (Fig. 2).

Supervision automata A =(Xkj. Qki. Oki)
monitors the state of the original automata
A =(Xj, Q, ;) with an accuracy sufficient to de-
tect in the last of these the faults of the specified
class Ej, with A;jinput being a composition of ele-

ments x; € X and gj €Q;.

X *xQ 2 X; d A Q
E Qxi
XixQ QXKi{ Ai .

Puc. 2. YcTpOHCTBO CpaBHEHHUS
Fig. 2. Comparison device

length of g; €Q;, and a set of supervision automata
inputs Ay; is a subset of cartesian product X;j x Q;,
where Xj < X xQ, then Xyj<XxQxQ;, Ie.
generally the next-state function &y; in addition to
Qi . depends on three more arguments external to
Agi i X qu g;.

Fault discriminator D; is a logic scheme where
compliance function is calculated rj(q;), the value
of which always equals to qyj € Qi in the absence

of faultsin A 1 Ag;j.

When a fault of the specified class occurs the
mentioned equality is violated which allows it to be
detected. For this purpose a binary decision function
is generated in comparison device eg; ["i (Qi)aQKi]a

the value of which is inverted when the ratio is not
valid rj (gj)=qy;. It is generally assumed that it is
to equal to zero in the absence of faults and to one
when the fault occurs.

Since diagnosis devices are built for each net-
work component specifically the fault detection is
followed by their localization with an accuracy to the
network component, and the faults in all the compo-
nents can be localized at the same time.

The network considered S, as well as its compo-
nents A, represents digital state automation so the
solution of FD task for it can be found in the basic
formula. The latter, similar to the previous one
(Fig.2) is to include the diagnostic object S, supervi-
sion system (automata) Sy and fault discriminator

D. The network S consisting of all A, is defined,
Sk and D need to be synthesized transforming the
sets of the known Ay and D; in Sy and D respec-
tively, where the method of transformation signifi-
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cantly depends on the class of faults to be detected
and localized.

Note that the mentioned class cannot be wider
than aggregation of fault classes localized by means
of Agj and Dj, and the reduction in costs for FD
can occur only due to its narrowing.

On the basis of the foregoing, the problem con-
sidered in this article can be posed as follows.

Let n digital state automates A form a network
S and for each automata of the network the FD task
diagnostic task is optimally solved in the basic form,
i.e. sets of supervision automates Ay;and fault dis-
criminators D;. are synthesized. In the same form it is
necessary to build the FD devices for the entire net-
work so that the included control system Sy has a
minimum order and together with the fault discrimi-
nator D ensures fault detection and isolation in an ar-
bitrary but the single network component.

FD problem solution. To solve the problem it is
necessary to find three logical functions determining
the type of the supervision system Sy and fault dis-

criminator D. First, it is a compliance function r(q).

In general it is a vector function and on the one part
it is synthesized based on the class of localized
faults, and on the other part it specifies the state vec-
tor Sk, as in the absence of faults in the network

qk =r(a).
e[r(q).qx |, which characterizes the method of

Secondly, the decision function

fault detection and depth of its localization. When the
fault is localized it can be scalar even in case of mul-
tiple faults [14], localization necessarily requires its
vector. Thirdly, it is the 8y (x,qy ) next-state func-
tion of the system Sy, also generally vector one.
The first two functions specify the fault discriminator
D;, the second and the third ones — the supervision
system Sg.

First of all, transforming the known set of deci-
sion functions for A, let’s find the decision function
€. It depends on the state vector qy and compliance
function r(q), with the latter to explicitly distin-
guish from the expression for €. For this purpose it is

We will find the required transformation using
the uniqueness condition of the network component
with an error. It follows that the initial vector deci-

sion function &, =(&,...,&,....&,), the compo-

nents of which being decision functions of all Ag;,

equals to zero vector in the absence of errors and to
the Hamming unit norm [16] if they exist, with the
number of the latter being n.

With zeroes and ones we form the G p matrix with

mxn dimensions, where m=]log, (n+1)[ is the
nearest to log, (n+1) larger integer, so that its rows
represent consecutive m-bit binary vectors (numbers)
from 1 to m, and find the product of ¢ =¢,G. The m-
bit vector € and n-bit vector ¢, values are in one-to-
one relation, and with the unit norm of ¢, the value
of the binary vector ¢ coincides with the number of
on-bit ¢,. If there are no errors in the S network
g, =0 and vector e=¢,G equals to zero as well

which is representative of the system normal opera-
tion.

The transformation introduced allows us to local-
ize an automaton with an error in the network at the
minimum dimension of the vector fixing them and
determines the desired vector decision function as
the result of multiplying the vector argument formed

by the composition of scalar functions ¢; by the ma-
trix G introduced above:

8=(81, oo €y oo sn)G, (1)

Relation (1), specifying the decision function
through a linear transformation, however, is not a
separable decomposition. Let us consider the possi-
bility of changing its shape. To begin with, we as-
sume that the arguments of all the decision functions
gj are scalar, i.e.

gi[ni(ai) i |=&[6(di), axi |-
For example, this situation is observed if only
single fold errors are found in all A;. Since in the sca-

lar case & (di), di | =5 (i) ®dk; [14], a sim-
ple substitution transforms (1) into

necessary to represent € in the form of r(q) and gk g:(gl, ey Ejr e gn)G -

divisible decomposition that while solving the net- Z["l(‘h)@QKL . 1)) @0, G, ...

work FD pr_oblems can be obtained only using linear T (qn)@QKn]G:
transformations [14, 15].

L T e
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which, after taking into account the associativity of
modulo 2 addition and the linearity of matrix multi-
plication, will result in definition of the decision
function as the component-wise sum of two vectors
of the form

e=[n(q) - i(qi) - m(an)]C®
® (Gk1s -+ OKi» -+ Gxn)G- 2

The resulting amount is a separable decomposi-
tion from which the state vector gy and the compli-

ance function r(q) are easily distinguished:

{qK:(qu, ceor 0Ky -s QKn)G’

r(@)=[f(w), - G(a), - (dn)]G.

In the absence of errors in S and S we

@)

have gy =r(q). The appearance of errors violates this

equality, which allows them to be detected and local-
ized.

To complete the setting of the control system
Sk, using the whole of transition functions of the

automata Ay, we need to find the transition function
o (xk, qg ). For compactness, let us denote the
vector which components are the transition functions
of these automata by the symbol (3 (xki, qi))-
If all the compliance functions r; (q;) are scalar, all
components of this vector are also scalar:
i (Xi» ki ) =0k (Xki» Oki)- Since the states
and the transition function of the automaton Ag;in
two adjacent clock cycles t and t* are connected by
the equality Qi+ = Sk (Xkit, kit ). it follows from
(3) that in a cycle t* the
tor dgep = (S (Xkit» dcit )G and further

clock vec-

3y (xkc» qic) = (B (xxi» Oki))G =
=[8k1 (Xkcts 1)y -0 Ski (Xicis Gici ) -+
. B (Xkn» Gn ) |G- 4

The resulting expression specifies the transition
function Sy, however, it is not constructive since in
its right-hand side it contains Ay, states which you
need to get rid of in the final solution. To do this, us-
ing the equality r; (g ) = gk, which is valid in the

absence of errors, we replace the states q;in (4)

with the compliance functions r(gj) and obtain

SK(XK' qK) :<6Ki I:XKi, hi (ql ):|>G The right—
hand side of this equality does not depend on
gy, that determines the implementation of the Sy

system in the form of a logical delay [8] and allows
us to finally find its transition function as

S (XK ) = <5Ki [ ki 1i (i )}>G =
= {8k [ i 1 (a)], - 3k [xiers 1 ()]
s B [ X T ()} G. (5)

The vector xy in (5) is composite. In the general

case, in addition to the components of the input vec-
tor of the system S, it includes the components of
both its state vector and the state vector of all

A.This is explained by the fact that from
Xki € X xQx@ it fol-

n
X QIJ, and XK € XK
i=1

Thus, since all 3 functions defining the control
system Sy,and the fault discriminator D are deter-
mined by relations (2), (3) and (5), and the method
for generating the matrix G included in them is spec-
ified, the problem posed as applied to the case of sca-
larity of all compliance functions for the network S
components is solved. The control system Sy is im-

lows that Xg < X xQx(

plemented in the form of logical delay in a manner
that is minimal according to the criterion of order.
Technically, its construction is reduced to solving the
problem of logical synthesis by means of standard
methods [9, 10].

If the compliance functions r;(q;) are vectorial

for solving the problem of fault isolation in the net-
work S, the previously proposed synthesis method
Sk should be changed in a similar manner to the

modification of the procedure for constructing FD
devices for fault detection used in [14]. We will find
the necessary changes, assuming that the dimension
of all the compliance functions is the same and
equals to p. In this case, each of them is a vector the
components of which are scalar functions:

f (Qi):[ril(qi)""’ 6 (0). - Fip (qi)]’

and the state vector Ay; takes the form of
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aki Z[QKiI’ ¥ QKip]-

In the absence of errors, these vectors are termwise
equal:

» OKij» -

[QKH =1 (i), --
-+ OKip = fip (Q| )}

Then the decision function takes the form of a logical

dki =Fi Q|
o O =155 (@)

p
sum  ("OR"™ operation) &=V gj,  where
j=1
gij = 5ij (Gi ) @ 9ij-
As before, the assumed vector decision function
of dimension n for the network S is specified by the

expression &, =(g&|, ..., &, ..., &y), substituting

into which the logical sums defining ¢;, we obtain

v v v ©)
€, = E1i, «vuy €, ...,
] 1] i1 ij i 1 nj

Having formed auxiliary vector functions of the

form g, 2(81j, oo Ejjr e gnj)' we can verify that

the decision function given by the relation (6) is the
componentwise logical sum of all €,;. Obviously, each

&,j provides the detection and isolation of some of the

faults in S (E;
(Gt -

subclass)

o OKijs o qKnj)G, and their combination

— all faults of the specified class E U Ej.
j=1

Let us choose a certain function &, and solve the
localization problem as applied to the faults from the
subclass E j, assuming that they occur in one and on-
ly one component S. Since all its components
gij = hij (i ) @ dkij are formed as sums of scalars,

the desired solution does not differ from the one ob-
tained before, and the FD devices in the form of

Sk; control subsystem with the fault discriminator

D; are defined by the relations (2), (3) and (5):

gj=[nj(ar), - (i), - Fyj(an)]G®

51<j(X1<)=<51<ij [ ki Ky (g )]>G—
:{SKIj[XKI' rlj(ql)], . SKij [XKi, rlj (q,)},
-+ OKnj [XKnv Inj (Qn )J}G

When forming the decision function for the en-
tire network S, it should be taken into account that
the fault subclasses forming E can intersect, since if
the compliance functions are vector, the error in a

certain net-work component A can violate the equal-
ity qgj =ri(q;) in several components at a time,

i.e., under the sign of the i-th logical sum in (6) there
can be several unit summands. It will bring into ex-
istence of several functions among ¢,; the values of

which are equal with the given fault and the indices
are different. Then there will be several such func-

tions among &j, which excludes the possibility of

using their component-wise summation modulo 2
when forming the desired decision function, since the
result of such summation can be a zero vector corre-
sponding to the absence of errors.

In this case, the logical summation ("OR" opera-
tion) should be used. Then the desired decision func-
tion takes the following form:

p
£= j\ilsj =
p
= j\il{[rlj (A1), - B (Qi)s - Tyj (a0) |G @
®S(Ak1jr v AKij o QKnj)G}- (7)

Since (7) is not separable by components r(q)
and qg, and the compliance function r(q) is
formed as a composition of all functions r;(q) and

consists of pm scalar components:

r(q)= {[rll((h) . rnl(Qn)J
[rlJ () s T qn)}G,
[rlp Q1 rnp(qn)J } (8)

Based on the equality gy =r(q;), we obtain the

expressions for gy and &y (xi ):

®(UK1jr - UKij» -+ Oknj )G Ak =[ (K11 - Ukits -+ G )G
] q 1 ooy q TR q 1 G,...
Ak;j :(QKIja “oor OKijy oo qKnj)G (9 o ki) _
) (QKIp’ - OKipy -+ QKnp)G]v 9)
rj (@)= Ay (@) - 5§ (@), - i (dn) ]G
R — o
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8K(XK):{6K11[XK1 fi(ar)], -
-+ OKnl [XKn! rnl(Qn)]}G
{51(1] ESSOLTICT I
6KnJ [XKnv Inj (Gn ]}G,
oo {Bicap[Xict fip (@) ]

.. OKnp [XKn’ "np (an )]} (10)

The dimensions of the state vector gy and the
transition function &y (xi) coincide with the di-
mensions of the compliance function r(q) and equal
to pm=p Jlog, (n+1)[.

The relations (7)—(10) completely specify the
control system Sy and the fault discriminator D for
the network S in the case of equal dimension of the
vector compliance functions of its components. It is
easy to verify that with the unit dimension of these
functions (the functions are scalar) (7) and (10) take
the form of relations (2) and (5) respectively, and (8)
and (9) are transformed into the right-hand side and
left-hand side relations (3).

If the dimensions of the compliance functions
ri (gj) are not equal, then for the synthesis of FD

devices, the obtained relations can be used provided
that the functions of lower dimension are supple-
mented with zero components to the maximum val-

ue, while the corresponding state vectors qy; are al-

so supplemented with zeros.

Estimated results. We will estimate the results
obtained by comparing the complexity of the initial
FD devices with the ones obtained as a result of the
proposed transformations. To estimate, we use the
order criterion [17], the value of which in the case
under consideration equals the total dimension of the
state vectors of all Ay for the initial version and the

dimension g for the transformed one. If the com-

pliance functions r; (qi) are scalar, the first is n, and

the second is ]Iogz (n +1)[, i.e, the gain in order

n=n/]log, (n+1. (11)

The estimate (11) is also valid when the compli-
ance functions are vector but have the same dimen-
sion p, since in this case the dimensions of all state
vectors increase p times, i.e., the numerator and de-

nominator (10) grow proportionally and the value of
n does not change. In the case of different dimen-
sions of the compliance functions rj (), the calcu-

lation of n value is not complex either, but there is no
such compact formula as of the form (11).

Analyzing (11), we can conclude that the method
for synthesizing FD devices presented in this article
for a network of state automates with compliance
functions of the similar dimension gives a gain if the
number of its components n>3. With an increase in
the number of network components, the gain grows
quickly but not monotonously: n has local maxima at

n=2K_1 and minima at n=2 (k >2 is an inte-
ger). In the case of different dimensions of the com-
pliance functions, this growth continues but its inten-
sity depends on the distribution of dimensions over
them. In the worst case, when only one function has
p dimension and the others have 1, the gain is ob-
served only when p > ]log, (n+1)[.

Example. Let us consider a simplified fragment
of a priority driver of the aircraft mutual navigation
system. A fragment is a network with individual FD
component devices the operational part of which
consists of two binary counters and one shift register,
and the diagnostic part consists of five D type trig-
gers with calculators of compliance functions and
decision functions (Fig. 3). The fragment simplifica-
tion is reducing the number of bits of the operating
part to the level that allows to obtain its compact rep-
resentation.

FD devices provide detection and isolation of
single errors: arithmetic errors in counters and group
ones in the register. Using the described technique,
we convert them into network devices of the mini-
mum order FD that guarantee the detection and isola-
tion of the same errors, provided that they exist only
in one component of the network.

1. In the case under consideration n=3 and

=log, (n+1)[ =2, and the transforming matrix

01
G=|1l 0.
11
2. Functions r(a1)=(n1, n2) u

rp(a2)=(r21, fp) are vector, and r3(qz)="rz; is
scalar (Fig. 3), therefore, the desired network com-
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Puc. 3. YnpormenHas IpHHIMIHANBHAS cXxeMa GparMenTa (OpMUpPOBaTEIIs IPUOPUTETOB CHCTEMBI B3aUMHON HABHT AN
JIeTaTeIbHBIX alIapaToB

Fig. 3. A simplified schematic diagram of the fragment of priority driver of the aircraft mutual navigation system

pliance function is calculated by formula (8) after
adding to r3; zero component:

r(a)=[(n1, f1, 131)G, (k2. fp, 0)G |=
=(n=r1®ry, =1 Oy, 3=r», I4=")).
3. According to (9)
Ak = (k1 =9x21 @ dk31» k2 = k11 D K31,
OK3 = K22, A4 = K12 ),
i.e., the state vector qy is a four-bit binary vector.

4. For implementation Ay in the form of logical
delay, using (10) and omitting the arguments of the

transition functions, we obtain:

k= (8k1 = dx21 D Bk31, Sc2 = Sx11 DSk,

8k3 =8k22, Ska =Ok12)-

Having determined dy;j through the analysis of
Fig. 3, taking into account the equality ggij =rj we
finally obtain:

B =[8K1 =T (G4 ® 11 ) ® X D13y Dz,

Oxo =M1l ® X O 131 D34,
83 =M3ahaM Vv U342y Sxa =N M2 ]

5. The vector decision function is determined in
accordance with (7):

8:(81,82) =
=[(r1 © 131 @ 21 @ Uic31) v (122 k),

(R ® 131 @Ay ®disr) v (2 D) | =
=[(R® k) v (3 ®ax3),
(2 @axa) v (rs @ags) |=
=(e11 v €12, €21V €2)-
Thus, all the functions that determine Sy and D

are obtained, which allows using the standard meth-
ods for the synthesis of digital devices to build the
desired FD devices (Fig. 4).

Comparison of the FD devices synthesized by
means of the proposed method (Fig. 4) with the ini-
tial ones (Fig. 3) shows that for almost the same log-
ical costs, the first-order (memory) gain is 25%. This
relatively small value confirms the validity of the
above estimations of the method effectiveness and is
explained by the small dimension of the network S

(n=3) and different dimension of the compliance
functions of the network components.
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Fig. 4. Synthesized equipment of the functional diagnostics

Conclusion. In this article, the diagnostic problem
for networks of state automates is solved to an accuracy
of isolation of the fault component. The proposed
method for its solution reduces computational complex-
ity as well as the amount of diagnostic equipment in
comparison with the methods known from the literature

sources. The estimates obtained allow us to determine
the efficiency and feasibility of the transformations in-
troduced before solving the problem of synthesis of FD
devices. In the future, the results described in this article
are meant to be generalized for the case of network of
state automates of a general form.
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