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The purpose of developing a method for detecting quality anomalies of interactive electronic technical manuals
(IETM) in application to aircraft maintenance and repair is an objective, purposeful interpretation of assessment of the
specified quality. This method is a combination of the corresponding logical-mathematical model of such anomalies
designed for subject content logic circuits (SCLC), and the algorithm of its performance in the technological process of
compiling interactive electronic manuals.

The IETM model of quality anomalies provides the analysis of the SCLC structure as some basic graph and regards
the anomaly as a more specific graph. The specific graph is a graphical description of various partial distortions of the
logic presented in the form of SCLC. Such a representation of quality anomaly of IETM for aircraft maintenance and
repair — by a graph isomorphically nested in the structure of its SCLC — allows to reduce the detection of such
anomalies to the mathematico-algorithmic problem of detection or search for the corresponding isomorphic subgraph
in the configuration of the corresponding logic circuit. This allows to detect persistable structural embeddings charac-
terizing logical errors in the feeding of electronic content to IETM for aircraft maintenance and repair from the list /
database of predetermined anomalous logic substructures.

The proposed method for detecting IETM quality anomalies in application to aircraft maintenance and repair is
both a methodological toolkit and an extensive basis for design of suitable software models for automatic procedures of
valid structure and content correction in concrete interactive electronic technical manuals.

Keywords: interactive electronic technical manuals, aircraft, graph, quality anomalies.

METO/I BLISABJJEHUSI AHOMAJIMIA KAYECTBA HHTEPAKTUBHBIX
SJEKTPOHHBIX TEXHUYECKHUX PYKOBO/ICTB I1O SKCIIYATAIIMA
N PEMOHTY ABUAITMOHHOU TEXHUKHA

E. A. ®ponosa*, A. A. sakun, A. O. CMEpPHOB

Cankrt-IletepOyprckuii ToCyAapCTBEHHBI YHUBEPCUTET a3POKOCMHYECKOTO IPUOOPOCTPOCHUS
Poccuiickas @enepamms, 190000, r. Canxt-IleTepOypr, yi. bonsmas Mopckas, 67
*E-mail: frolovaelena@mail.ru

Lenvio paspabomxu memooa 8viAGNEHUL AHOMATUU KAYeCMEd UHMEPAKMUBHBIX JJIEKMPOHHBIX MEXHUUECKUX PYKO-
600cme (UOTP) no skcniyamayuu u pemonmy asuayuoHHOU MeXHUKU SAGIAEMCs NPeOMemHAsl YeleHANPAGICeHHAS UH-
mepnpemayus pe3yibmamos OYeHKU YKA3aHHo20 Kauecmed. J{anuvii memoo npedcmasisem cobOu COBOKYRHOCHIb
coomeemcmeayoweli  102UKO-MaAMeMamuyeckoll  MOOenu MmMaKux aHoOMAnull, paspabomanHol NPUMEHUMENIbHO
K Joeudeckum cxemam npeomemrozo koumenma (JICIIK), u ancopumma eé npumenenus 8 pamKkax mexHoi02uiecKo2o
npoyecca co30anus UHMePaKmuHvlx 21eKMpPOHHBIX PYKOBOOCHIS.

Mooenv anomanuu xawecmea UITP npedycmampuseaem paccmompenue cmpykmypel JICIIK kax nekomopozo 6a3o-
6020 epaga, a anomanuu — Kax bonee wacmrnozo epaga. Taxou bonee wacmublil epagh npedcmasisem codou paghuye-
CKOe OnuUcCanue pasnudHbIX YACMHbIX UcKaxcenuu nocuxu, onucvigaemoll 6 sude JICIIK. Taxaa penpesenmayus aHomanuu
kavecmea UDTP no sxcniayamayuu u pemMoHmy aeuayuoHHOU MeXHUKY 2paghom, U30MOPHHO GLOIHCEHHBIM & CHPYKIYDY
ezo JICIIK, noszeonsem ceecmu 6blsiGNeHUe YKAZAHHBIX AHOMATUL K MAMEMAMUKO-AN20PUMMUYECKON 3a0aye Pacho3Ha-
BaHUSL UNU NOUCKA COOMBEMCHBYIOue20 U30MOpPHo20 nodepagha 6 cmpykmype cOOmEemcmsylouel 102udecko
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cxembl. IMo no360a51em 0OHAPYICUMb U PACNOZHAMb YCMOUYUEble CIMPYKIMYPHbIE GNONCEHUS, Xapakmepusylowue J0-
2udecKue owubKu nooayu d1ekmporrozo konmenma ¢ UOTP no skenayamayuu u pemonmy aeuayuoOHHOU MexXHUKU U3
nepeuns (basvl) 3apanee onpedeneHHbIX AHOMATbHBIX T02UHECKUX NOOCMPYKIMYD.

Ipeonazaemviii memooO evisignenus anomanuu kawecmea UITP no sxcniyamayuu u peMoHmMy a8UayUOHHOU MeXHU-
KU npeocmasisiem cobol Kak Memoooi02uiecKuil UHCMPYMEeHmMAapuil, maxk u MOWHyr 0aszy 0 CO30aHUsL COOMEEm -
BYIOUUX 0OPAZYOE NPOSPAMMHBIX PEULCHUL O ABMOMAMU3AYUU NPOYEOYP KOPPEKMHOU KOPPEKMUPOBKU CIPYKIYPbL U
KOHMEHN-HANOTHEHUSL PACCMAMPUBAEMbIX UHMEPAKMUBHBIX INEKMPOHHBIX MEXHUYECKUX PYKOBOOCMS.

Kniouesvie cnosa: UHmMepaxkmueHbvle IJ1eKMpOHHblE MEXHUYEeCKUe pykoeoécmea, aeuayuoOHrHaA mexHuka, 2pa¢, aHo-

manuu kadecmed.

Introduction. The purpose of quality assessment of
IETM for aviation technology is to come to a general
conclusion on the obtained degree of meeting the de-
mands for interactive electronic technical manuals within
the context of unclear initial expert data used for evalua-
tion [1-5]. Assessment of quality of IETM for aircraft
maintenance and repair means stating their compliance
with the requirements of the already existing database of
that quality indications.

The proposed method of detecting quality anomalies
of the IETM in question is a combination of
corresponding logical-mathematical model of such
anomalies, developed for application to the subject
content logic circuits (SCLC) [6; 7] and the algorithm of
its performance in the technological process of designing
interactive electronic manuals.

Anomaly representation by a graph isomorphically
nested in SCLC configuration of IETM. The scientific
and methodological concept of quality management
of IETM for aircraft maintenance and repair implies that
quality improvement of software technology for the spe-
cific electronic manuals is achieved by applying available
qualimetric toolkits for software and information products
[8; 9]. Particular attention is paid to quality improvement
of IETM content, the factual material describing the sub-
ject area of maintenance and repair of specific aircraft
models [10-12]. In turn, the SCLC method that provides
the sufficient quality level for IETM design offers the
developers a means specially focused on IETM for air-
craft maintenance and repair content quality [13]. How-
ever, designing electronic content for [IETM with the use
of SCLC does not guarantee the absence of its quality
anomalies. If the method of multi-level quality assessment
of IETM for aircraft shows a low level of quality achieved
in the design process, it will be necessary to improve this
quality. Thus, there appears the problem of anomalies
detection in the electronic content of the evaluated IETM.
It is for solving this problem that the method of quality
anomalies detection of IETM for aircraft maintenance and
repair is aimed at. These [IETM were originally developed
on the basis of the corresponding SCLC.

The model of quality anomalies of IETM provides the
analysis of the SCLC configuration as some basic graph
and regards the anomaly as a more specific graph [13].
The specific graph is a graphical description of various
partial distortions of the logic presented in the form
of SCLC.

There is quite a number of typical logic distortions in
the design of IETM electronic content, in the sequence of
frame appearance, etc. The most common examples are
logical ring, transitive closure, non-specified fact (condi-
tion execution failure). In other words, the SCLS structure
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is regarded as a basic graph, within which a subgraph
isomorphic to the given one is determined. Here graph
isomorphism is understood as equivalence ratio for a set
of graphs [14; 15]. The graph, to which the subgraph
within the basic graph that displays SCLC configuration
relates as isomorphic, graphically specifies the corre-
sponding type of content logical anomaly in IETM for
aircraft maintenance and repair (anomalies of the logic of
subject content representation as regards the SCLC).

The process of representation of the anomaly in the
form of a graph isomorphically nested in the configura-
tion of SCLC of IETM (when the description of the speci-
fied anomaly model is formalized by applying mathe-
matical methods of the graph theory technique) takes the
form shown in fig. 1. Strictly speaking, the algorithm for
detection of an anomaly graph isomorphically embedded
in SCLC of IETM, as related to the general method of
detecting quality anomalies in IETM for aircraft mainte-
nance and repair, will not undergo significant logical and
structural changes. The algorithm initially specifies SCLC
decomposition procedures and methods detecting embed-
ded anomalous structures (based on the graph theory
technique). The complexity of this approach is due to the
fact that the task of quality anomalies detection in SCLC
of IETM is regarded here as a problem of graph isomor-
phic nesting detection (or isomorphism to a subgraph); the
existing algorithms of solving the problem reflect expo-
nential time complexity of software implementation [15].

The problem of graph isomorphism detection has a
correct interpretation in the subject area of designing
IETM for aircraft maintenance and repair. In particular,
there exists a set of effective algorithms for detection
within a complex graph, such as SCLC configuration in a
real, operational IETM for aircraft maintenance and re-
pair, a subgraph isomorphic to the specified one (sub-
graph-quality anomaly) [15]. There are 2 classes of algo-
rithms for such detection. Class 1 is the implementation of
hierarchy principle for the so-called non-exhaustive algo-
rithms that recursively improve their performance in the
way of scope and precision of the parameter analysis of
vertices and / or edges invariant to graph isomorphism,
and, accordingly, called invariants. Class 2 of the algo-
rithms relates to implementation of the same algorithm
hierarchy principle, but in the way of exhaustion at one of
the search steps of the so-called isomorphic permutation.
The worst parameters are demonstrated by algorithms
implementing the so-called total direct exhaustion. They
can be applied only to SCLC of limited scale. At the same
time, the solution of the problem of isomorphic nesting of
subgraph into SCLC graph of IETM for aircraft mainte-
nance and repair is trivial in regard to software tools and is
described in [14; 15].
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Thus, the representation of IETM for aircraft mainte-
nance and repair quality anomaly by a graph isomorphi-
cally nested in the configuration of its SCLC allows to
reduce detection of the specified anomalies to the mathe-
matico-algorithmic problem of detecting the specified
isomorphic subgraph in the corresponding logic scheme.
Then it becomes possible to detect typical structural em-
beddings that characterize logic errors in the feeding of
electronic content to IETM for aircraft maintenance and
repair from the list / database of predetermined anomalous
logic substructures.

Concretization of the graph model of IETM quality
anomaly developed on the basis of logic schemes of the
subject content. Analysis of presentation of IETM con-
tent quality anomalies as an isomorphic embedding of a
graph reflecting the corresponding SCLC configuration
showed that the graphs defining these anomalies may
have a diverse and complex form.

The classification of mathematical methods for detect-
ing graph isomorphism, i.e. methods for solving the prob-
lem of detection of a graph isomorphic to a specified one,
is shown in fig. 2 [15]. As the choice of graph fragments
of the same type is varied, the invariants are divided into
three classes: local, quasi-global and global.

The solution of the subtask of invariant detection is
carried out on the basis of the statement proved by the
graph theory — graph G is isomorphically embedded into
graph G’if and only if ¢ (G <> G’) > | G | [14].

Concretization of IETM quality anomaly graph model
developed on the basis of SCLC involves determining the
best mathematical method for solving the problem of
isomorphic graph nesting that conforms to constraints of
the subject area of IETM for aircraft maintenance and
repair quality management.

Algorithm for detecting isomorphic nesting of a
quality anomaly graph in SCLC configuration of
IETM. The algorithm for solving the problem of detec-
tion of isomorphic graph nesting that conforms to con-
straints of the subject area of IETM for aircraft mainte-
nance and repair quality management, as stated in the
classification of methods given above, is implemented on
the basis of compound method of directed exhaustion. It
combines the main advantages offered by directed ex-
haustion methods that employ local, quasi-global and
global invariants. The suggested algorithm makes use of
the following invariants:

— number of vertices n(L);

— number of edges m(L);

— power vector S(L) = (s, 2, ..., S,), wWhich, in par-
ticular, yields numerical invariants s(L) = min S(L, x)
and s’(L) = max S(L, x);

— outdegree S'(x);

— indegree S (x);

— adjacency matrix A(L).

In the design of the algorithm the following assump-
tions and limitations were adopted:

— it is assumed that the vertices (edges) of the graphs
have the same properties, i. e. in the algorithm weighting
factors of the vertices (edges) are neglected. The reason is
that for different types of graphs there will be different
requirements for weighting factors;

— all vertices should be numbered;

— only directed graphs are considered: when analyzing
undirected graphs, it is necessary to specify one edge as
two, 1. e. as connecting vertices in both directions;

— “unconnected” vertices are not considered, 1. €. each
object must have at least one link with another object.

Subject content (factual material) l

SUBJECT CONTENT (SCLC) PRESENTED
IN THE FOTW] OF LOGIC SCHEMES FOR IETM

Configuration SCLC — oriented graph

L

Detection of isomorphically
nested graphs

Output analysis

Quality anomaly configura-
tions (logical errors) database

(logical errors)

Fig. 1. Key steps of anomaly representation by a graph isomorphically nested
in SCLC configuration of [IETM

Puc. 1. OcHOBHBIE ATaIbl IPEICTaBICHUS AaHOMAINH IpadoMm,
n30Mop(hHO BIOKeHHBIM B cTpykTypy JICIIK UDTP
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Methods employing local variants

A 4

Methods employing quasi-global
invariants

A 4

»| Methods employing global invariants

Methods for solving graph isomorphism detection problem

Exhaustive search methods

A

Directed search methods

Methods employing local invariants

Methods employing global invariants

Methods employing quasi-global invariants ¢—

Fig. 2. Classification of graph isomorphism detection methods

Puc. 2. Kiraccudukarym MeToI0B yCTaHOBJICHHS H3oMopdr3ma rpados

The methodological basis of the proposed algorithm
for solving the problem of isomorphic graph nesting is the
thesis that logic circuits S} = {4, R} and S, = {4,, R,}
in combination outline a constraints system that affects a
set of hypothetically possible solutions and significantly
reduces it. Here it is not an exhaustion of solution vari-
ants, which would lead to N-factorial searches, but appli-
cation of a constraints system by a specific algorithm onto
a specially devised field; inside this field, as a result
of a sequence of actions aimed at meeting the require-
ments of the constraints system, a ready-made solution is
formed. This variant may look like a permutation matrix
for graphs of the same dimension. What can be assumed
is as follows: a field with a set of hypothetically possible
permutations can be presented in the form of n X m ma-
trix; for n and m — the number of graph vertices, respec-
tively. Such a matrix should be correctly called further as
possible permutations matrix. So, as an illustrative exam-
ple, in fig. 3 there are two graphs — G; and G,, and
the corresponding adjacency matrices. The subgraph
of Gy isomorphic to G, is highlighted in gray. Permutation
matrix for G, graph and the subgraph of G, isomorphic
to G, is shown in fig. 4. Still, the invariant of isomorphic
permutation remains the same:

(12345678094
P=l1 7845 4236 09)

The essence of the algorithm suggested for detection
of isomorphic nesting of a quality anomaly graph in
SCLC configuration of IETM can be adequately pre-
sented by solving a problem of an isomorphic nesting of
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graphs as shown in fig. 4. Adjacency matrices and possi-
ble permutations matrices for this pair of graphs are
shown in fig. 5. In the matrix of possible permutations C,
in the first column, there is an enumeration of all graph B
vertices, and in the first string — of all graph A vertices.
The number of possible permutations is entered in N+1
column.

The initial completion of a matrix of possible permu-
tations is carried out by analyzing indegrees and outde-
grees of the original graphs according to the rule: vertex
can B; correspond to vertex A4; only if indegrees and out-
degrees of this vertex are greater than or equal to those
of vertex A;. Thus, the initial filtering of solution variants
is performed. Mathematically, this is formalized and writ-
ten as:

if

¢, - {1, if 5(B,b,)<s(4,a,) and s(B,b;)<s(4,a,),

0, in other variants.

Further adjustment of the matrix is performed by im-
posing the following system of constraints:

1. Graphs cannot be isomorphic if there is at least
one null string in “Number of possible permutations”
column.

2. In case of one-to-one correspondence of vertices B;
and A; (B«>A4;), there can be no other symbols ‘1’ in col-
umn j of possible permutations matrix (C). To meet this
restrictive condition, it is necessary to eliminate from col-
umn j of the matrix the so-called “extra” characters ‘1°.
As the stated correspondence may turn out false for a cer-
tain vortex, the elimination of characters ‘1’ from the ma-
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trix must be performed so that a possibility to restore the
matrix at a certain step still remained. The Mirage vari-
able is introduced for this purpose: its value changes after
each cycle of imposing a constraints system on the possi-
ble permutations matrix. Consequently, the operations to
be made can mathematically be represented as follows: if

C[N+1, i] = 1 and C[j, i] = ’1” , the element C[k, i]
of value ’1” (for k = 1...m; k # i) is assigned the current
value of Mirage variable. If all the values of the matrix
column “number of possible permutations” are greater
than 1, to find a quick solution, it is necessary to start
work at the lowest value string.

O N W P> N0 —
—_
—_
—_

TOW>» 00 s W —
—_
—_
—_

Fig. 3. An illustrative example of an isomorphic graph nesting

Puc. 3. YacTtHsli npumep n30MOp(HHOTO BIOKEHHS TpadoB

Graph A

Graph B

Fig. 4. Example of detection of a quality anomaly graph isomorphic nesting
in SCLC configuration of IETM

Puc. 4. Ilpumep pacno3HaHHS H30MOP(HHOTO BIOKEHUS Ipada — aHOMATUH KaueCcTBa
Ha crpykrype JICIIK UDTP
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Adjacency matrix of graph A:

1 2 3 4 5 6 7 8 S(x)
1 0 1 0 0 0 0 1 0 2
2 0 0 1 0 0 1 0 1 3
3 0 0 0 1 1 0 1 0 3
4 0 0 0 0 0 1 0 0 1
5 0 0 0 1 0 1 0 0 2
6 0 0 0 0 0 0 1 0 1
7 0 0 0 0 0 0 0 1 1
8 0 0 0 0 0 0 0 0 0
S*(x) 0 1 1 2 1 3 3 2
Adjacency matrix of graph B:
1 2]3|4]5]°6 S(X)
1 0 0 1 1 0 1 3
2 0 0 0 0 0 1 1
3 0 1 0 0 0 0 1
4 0 1 1 0 0 0 2
5 1 1 0 0 0 0 2
6 0 0 0 0 0 0 0
S*(x) 1 3 2 1 0 2
Possible permutations matrix (matrix C):
Al | A2 | A3 | A4 | A5 | A6 | A7 | A8 peNr‘r’nTjtt’ae{lg;S
B1 0 1 1 0 0 0 0 0 2
B2 0 0 0 0 0 1 1 0 2
B3 0 0 0 1 0 1 1 0 3
B4 0 1 1 0 1 0 0 0 3
B5 1 1 1 0 1 0 0 0 4
B6 0 0 0 1 0 1 1 1 4

Fig. 5. Adjacency matrices of graphs and of possible permutations

Puc. 5. Matpuis! cMekHOCTH Ipad)OB ¥ BO3MOXHBIX HO/ICTAHOBOK

And the first of the previously unused cells of the cor-
responding string is assigned the so-called “focus”, i. e. an
active cell is set (the coordinates of permutation vertices
C [FocB, FocA] are determined). The remaining ‘1’ char-
acters must be “covered” by Mirage variable.

When Bi«>4;, to the vertices Bk (k = 1...m) adjacent
to B;, there can correspond only those A7 (/ = 1...n) verti-
ces that are adjacent to 4; vertex. To meet this condition,
the so-called “extra” ’1’ characters in the possible permu-
tations matrix must be “covered” by Mirage variable.
Mathematically, this can be written as follows:

a) if C[j, i] = 1’ and B[}, FocB] ="1" and A[j, FocA] #
# 1’ then C[j, i] = Mirage;

b) if C[j, i]="1" and B[FocB, i] =1’ and A[FocA, i] #
# 1’ then CT[j, i] = Mirage,
where 4, B are initial adjacency matrices, and C is possi-
ble permutations matrix.
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3. Other special constraints taking account of the spe-
cifics of detection of a quality anomaly graph isomorphi-
cally nested in a specified SCLC configuration within the
IETM in operation.

The presented list of constraints is not complete and
closed. In this case, the constraints perform the function
of a logic filter. In accordance with the specifics of the
problem of detection of a quality anomaly graph isomor-
phically nested in a specified SCLC configuration within
the IETM in operation, additional filters — constraints may
be introduced.

The proposed algorithm for detection of a quality
anomaly graph isomorphically nested in SCLC configura-
tion allows to specify the structure of quality anomaly
detection method applied to IETM for aircraft mainte-
nance and repair. The final version of the method struc-
ture is presented in fig. 6
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Subject content (factual material)

Set of predetected anomaly
configurations

REPRESENTATION IN THE FORM
OF SUBJECT CONTENT LOGIC SCHEMES (SCLC)
FOR IETM

SCLC configuration —
directed graph

Filter system

Comparison of vortices
degree invariants
oj(of1]o0]oO
0[0[0]0]1
1(1](0|1]O
0(o0f0]O]O
1]0]1]0]1
1/0[1]0]0

Results evaluation

"Configuration

Completion of possible
permutations matrix

Detection of isomorphic
nesting of graph

Database of quality anomalies
configurations (logic errors)

Anomaly configurations
from experts

A

Switching to the choice
of the next invariant
for analysis

"No configuration
match found"

match found"

< Program termination >

Fig. 6. Logic structure of method of detecting quality anomalies in IETM for aircraft maintenance and repair

Puc. 6. Jlornueckas cTpykTypa MeTO/ia BBIABICHHU aHOMaIui kauecTBa UDOTP
T10 3KCIUTyaTallud U PEMOHTY aBHAIIMOHHOM TEXHUKH

Generally, the method of quality anomalies detection
of IETM for aircraft maintenance and repair comprises
the following succession of key stages:

1) formalize and configurate SCLC for IETM in the
form of directed graph;
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2) select the configuration of the quality anomaly
graph (logic error) from the database of quality anomaly
configurations based both on the analysis of previously
detected logic errors of content representation in IETM,
and on relevant database provided by experts;
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3) using a filter system based on the selected pair of
configuration models of SCLS proper and of the anomaly,
complete the matrix of possible permutations;

4) solve the mathematico-logical problem of the graph
isomorphic nesting detection;

5) analyze the detection outcome, if necessary, select
for analysis the next version of configuration models of
SCLS proper and of the anomaly.

Conclusion. The method of quality anomalies detec-
tion of IETM for aircraft maintenance and repair allows to
detect logic-configuration anomalies of SCLC for IETR
from the list (database) of pre-detected quality anomaly
configurations (logic errors of electronic content presenta-
tion); the method can be applied to interpret the results of
quality assessment of IETM for aircraft maintenance and
repair, i.e. detection and elimination of the stated quality
anomalies, the configuration of which is known in ad-
vance.
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