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Abstract. The developed models and testing methods of synthesis of tests for components of mul-
tilevel network systems, which are based on the identification of and broadcast test component behav-
ior of Petri nets in their composition, have been considered. Synthesis compatibility tests determine
acceptable test primitive’s component nets in their composition. Implementation method included the
devel opment package synthesis tests.
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Anomauin. B pobomi po3pobaeni mooeni mecmysanHs i Memoou CuHmesy mecmie 0/ KOMNHO-
HEeHmie 6a2amopieHesUX MEPENCHUX CUCTEM, WO 3ACHOB8AHI Ha i0enmuixayii, peanizayii i mpancis-
yii’ mecmosoi nogedinku Komnonenmuux mepesc Ilempi 6 ix komnoszuyisix. Memoou cunmesy mecmis
BU3HAYUAIOMb CYMICHOCMI OONYCMUMUX MECHOBUX NPUMIMUEI8 KOMNOHeHmHUXx mepedc Ilempi 6 ix
Komno3zuyii. Peanizayis memooy @KuiouuIa po3pooxy naKemy cuHmesy mecmis.

Knrouosi cnosa: mepexca Ilempi, nosedinka, ioenmupixayis, peanizayiss, mpancisyis, mecm

Introduction. Tool requirements worker and test control and diagnosis of the components of
multi-level network systems (ML S) as away to provide, maintain and restore their health, grow faster
than the development itself MLS. Under MLS mean interacting open systems, each of which performs
aclient and / or server functions, components interact within the ML S for various protocols.

The present level of development of methods of synthesis of tests for MLS components enable
verification of systems of high complexity. Development and implementation were simulated, behav-
ioral, functional, structural methods, and hybrid methods based on them. Such combinations, combin-
ing the use of automatic models and logic-algebraic models of external behavior, can combine their
advantages and Settings os specific MLS.

However, the continuing need for research testing problems due to the increasing use of MLS
increasingly complex systems, which present information about the operation of a distributed, usually
with a high degree of uncertainty. Relevance of the work due to the need of development of existing
and development of new models and methods of synthesis of tests aimed at improving the diagnosis of
MLS and increasingly complex, especially in terms of reducing the length of the test and the time of
their development. The solution to these problems is to reduce the design and production and operat-
ing costs, reduce development time and disaster recovery of MLS.

The study aims to develop a model and a method of synthesis of tests for the diagnosis of MLS
components with less build-time tests and their length due to the development of test, identification of
extensions of Petri nets.

1. Formal model and method. To achieve this goal it is necessary to solve the problem of test-
ing model components ML S and their compositions, based on the identification, feasibility and broad-
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cast behavior of Petri nets [1] in their compositions, as well as devel opment-processing method for
constructing tests for autonomous components ML S and their compositions in the form of tests im-
plemented and broadcast in the compositions of Petri nets.

Problem Statement: Given a composition of extended Petri nets representing the behavior of
components of aMLS. Necessary to define the model of the testing process and the method of synthe-
sis of tests for any Petri net in terms of identified [2], implemented and broadcast in the composition
of fragments of behavior. Based on the model and the method you want to set the appropriate refer-
ence and verifiable Petri nets for any components of the formulation.

Based on the model S(f) is defined SN-composition of " S(f),l S(f)*, as the object of analysis
for thetest of interacting components MLS form:

N=(X, Y, SN a") 1)
with input and output alphabets of the entire network, multiple component of Petri nets, the set of alpha-
betic corresponding component of Petri nets defined in step merger of their position in the compasition.

Used in the analysis of SN operations network functional composition of Petri nets, performed
at the confluence of the positions that involve parallel, based on the function marking M(f), the work
component of Petri nets. In their structure — step a) the sequence of the compound (S(f)®S(f)), where
the output position of S(f)x are input positions for S(f),; b) parallel connection of S(fg)‘k' S(f)m, When
S(f)x and S(f) is the general position of the input; ¢) compounds with feedback (S(f)«~ S(f)m), where
the output position of S(f)x are input positions for S(f).,, while some output places S(f), is the input
positions for S(f)x.

SN defines the conditions implemented and translated into behavior SN arbitrary component
S(f), of the set S(f)*. Evaluation and execution of these conditions require you to perform the reverse
(from inputs S(f), to the input SN) and direct (from the outputs S(f);, to the output SN) modd the be-
havior of S(f)".

Operation (S()x®S(F)m), S(OK SFms (SFWE'S(F)m) and Structureof a* = Eyyan ua®=Eyy
ap, forms: first, the subnet T(S(f);) of the input S(f), to the input SN in reverse progress with match-
ing sets own input words in the realized input S(f), humber of its own output words, secondly, direct
subnet T(S(f)) of the output S(f), to the output SN in direct promotion of compliance with its own set
of input words implemented in the output SN number of its own output words.

For S(f),, without external inputs for the implementation of its behavior is determined by the in-
put test input set of words R, in her alphabet X, = an(X" Yy), redized by T*(S(f),). Similarly, for
S(f)n without external output to achieve its output test behavior is determined by the output set of
words Ry’ in the alphabet SN Y, = an(X" Y}), realized by T(S(f),). The basis of the definition of sets
R, and Ry, — operations (S)@S(F)m), SOk SE)m, (SEWES(F)m) and Structure a™* = E y an™ and
a” = Eyj y an components subnets T(S(f),) and T(S(f),) are defined (minimizing the possible) com-
pliance of the set Xt.ysnn* input words T(S(f)r) in a variety of output words Ry, input S(f),, and the
conformity of the many Ry output words at the output S(f), in a variety of output words subnet
T(S(f)n)). Theresult is minimized automata F, Fy' eventsin the output alphabet backward and forward
subnets representing Ry and Ry,'.

To determine the loss of output information S(f), in T((S(f)n) to construct a set of words Try, in
the alphabet Y}, broadcast subnetwork T((S(f)n) to the outputs of SN. Underlying the definition of
words Try — generalization of G(AS(f),) testing graph, known for machines without loss of informa-
tion, the subgraph G'i G(Asy») which is the basic mechanism for analyzing the detected behavior:

G(dsgy) = BPETH, Yo %7 (PETY? D, (PETY) )

The use of G(Asn) and operations (SF)@S(F)m), (S SHm), (SHES(F)m) and Structure of
a” = Ey y an components subnet T(S(f),) to determine compliance with the known distribution of the
set of input words Tr, into many output words Yrsnn* with possible to minimize it. Obviously
Tril Ry.

Testing model for SN —amode TS = (R, Tr A, TS”) component: @) input sets of words Ry, ver-
ifiable S(f),l S(F)™ of SN, sold T(S(f),) of theinput SN; b) the output of sets of words Ty, verifiable
S(F)nl S(F)™ of SN, broadcast T(S(f)y) to the outputs of SN; ¢) the number of individual testing models
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TS" = Eniw TS, [3] for verifiable S(f).l S(f)* of SN, selected Relations SN, implemented and broad-
cast on the border of SN.

To test the model TS SN behavior is defined as a set of systems { W'} shared, synchronized by
common bonds, conditions and events of behavior for S(f),l S(f)*, each system consists of a set of
words W' = {wy, Wy, ... W} in the full alphabet U, = (NE X)) Yy (NG X;)" — (vector sets precondi-
tions)” events” (vector sets postconditions). Pacing, conditions and events suggests the feasibility and
broadcast. For a set of words W, ‘front feasibility defined as W;," = {w"T W},"w"T Wi & pra(w") C Ry
1(S(f)h) 1 Aa', OUtpUt marketablllty —as W™ ={W"'T Wh"'|W"'T Wh & pl’z(W"') CXT(S(f)h)*l Aa', CO”apS-
ability —as W™ = ={w"T Wp"'w™"'T Wy & praw"™) CTrrssnt 4. Then the condition of simultane-
ous feasibility and broadcast is defined as W, = Wi ,CW,,"CW,"™'1 /A

Callection of sets selected, implemented and broadcast, verifiable properties { Pr,'} — is the set
of matches for each S(f),I S(f)* form

Pri'l Fr:((Py TE (T Pr)® NG (3)
those that areimplicitly included as arcs incidence of places and transitions provided conduct W,,'.

In the compasition of the original automata Asy=E i | Asin, Of the search for identity in the SN
and test primitive is the collection of sets respectively identifiers {Idn} and test primitives { Exy} for
Sl S (f)*, considered autonomous.

A set of synchronized common bonds, conditions and events identifiers {Id,} [2] is defined as
the set of fragments of the behavior of each S(f),l S () form Idy' = {idy, id,, ..., idk} in external al-
phabet Up" = (N¢ X")™ Y™ (N¢ Xy")" for vectors P, positions P,, standard S(f);, the input and output
with respect to transitions, and a system ratio-making {sn, hy, t,} onthe set Id, ', where sy, hy, th, —
respectively for compatibility and incompatibility of uncertainty. The condition of the feasibility and
broadcast to {1d,} is defined as

" 1chT (o HOWT VEGmamndl Wiw=witichng))). @

The set of test primitives { Exy "}, synchronized generic references, conditions and events, de-

fined as a set of fragments of behavior for each S(f).l S(f)*

BT ((Py NE Xo)™ (T Yo) (P NE X))dk, ©)
Here, as before, «#» - Hitch operation sets the conditions for the vectors of output places

(P N¢ X)" and identifiers of Id,' with the incidence relations. Conditions occur-duro and broadcast to
{Exn} isdefined

" Bl {BXHEWT W Gmnal WHW=WHEX #n))). ©)
SN testing model also forms the algebraic system
ATIN=(R, T, TS, {@, 7, @, #,{s, h,t,n}) (7)

in the first, as the support of the input word sets R sold for verifiable S(f),I S(f)”, the output sets of
words Tr” trandated for verifiable S(f)l S(f)*, many individual testing models TS" for verifiable
S(HLl S(f)*; secondly, of the composition — @ serial, paralld ~, feedback @', hitch#, and thirdly, the
relationship compatibility s, incompatibility h, uncertainty t and quasi n.

Network synthesis method tests for SN includes, as part of the base, the local method of con-
structing tests [3] for the component S(f).l S(f)*. The initia test for the network primitives that are
possiblein SN, is a collection of sets of test primitives { Ex,} for all S(f),l S(f)*. In the network meth-
od: @) using the method of synthesis of tests autonomous Petri nets S(f)" defined set of identifiers |d®
and test primitives Ex"; b) on the basis of forward and reverse pass on the structure of the network
model SN ties to all of its components (I/0O S(f),) define sets of inverse realizing T(S(f),) and direct
broadcast T ((S(f)n) trees and the sets sold R, and broadcast Tr,, words, ¢) based on sets Ry, imple-
mented and broadcast Tr, words and sets of identifiers Id" and test primitives Ex” determined feasible
and broadcast identifiers Id"' and test primitives Ex™'; g) of the sets sold and broadcast identifier |d™
and test primitives Ex™ for all S(f)* pass through the structure of the network model is formed and
implemented alot of broadcast test TEx""', as psevdoeylers rounds each component Petri S(f)p.

Pacing, conditions and events of test cases primitives Ex"' = E ;i  Ex,,’ was founded valid on SN
verifiable properties Pr™' = Eyi y Pryy, implesized RN = Eyi 4 R, 'and broadcast Tr'= Ey y Try' Sets,
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identifiers, vector sets of positions [dM'= E i 1 Idy' in the test subnet SNV'= E; 4 SN, These combine
to form a six network models
NPr'=(X, Y, Pr¥ .a"), NR =(X, Y, RV, a?),
NTrY’:(X, Y, TrY,an), NId =(X, Y, 1dV, an),
NEX =(X, Y, EX" ,Epi 1 an), NS =(X, Y, S\, a?) (8)

Arbitrary automaton Aggpn in nonredundant SN for each state kil K, represented set position
type ((pl,i1),(p2,i2),...,(pj,ij),...,(pn‘,in‘))T Pn, has at least one implemented and shown in MTP the ID [ dk.
Obvious statement.

Statement 1. A necessary and sufficient condition for the construction of a test for Agyy, in the
SN is the existence of at least one implemented and broadcast network identification torus Idy, for
each state kh.

NPr', NR', NTr', NId, NEX', NS are based on extensions of the known conditions for the im-
plementation of automatic inputs X network to the inputs Xy and outputs of the broadcast Y, to the
network output Y. Terms of the sale of fixed networks - NEx' and NS are represented as follows:

" BT EXY (AR BEx' | Exo)&(np1Exy |
| np1EXCRY) & (np2EX0' | npEXaCTry))
" SO SO (B SON T SO &(rpa SO
| np1SHnCRy)& (npzS(H)n’'l np2 SHn CTry)), 9)
where prl and pr2 — the first and second components of the projection vectors. Subnets of S(f)*, in-
cluding-regulated in SN, it retains some of its audited Pr™, realizing R™, trandlating Tr"', identifying
Id ' properties. Displaying automata statement for generalized Petri nets.

Statement 2. Inclusion of NPi NP, NR'I NR, NTr'i NTr, NIdi NId, NSi NS generate inclu-
sion NEx'l NEx.

Performing this analysis determines the development of information technology of synthesis of
tests for SN as a network model of a set of six networks — networks of NP, NR', NTr', NId', NS and
test primitives NEX' for them.

The network uses a method of synthesis of tests a) structural analysis of graphs, b) analysis of
network matches a” for component S(f)h, determined by the alphabetical synchronization g, €) anal-
ysis of the positions of the merger component S(f)x.

2. Implementation of the model and method. In the information technology of synthesis tests
arefive stages (see Fig. 1), thefirst stage is defined by constructing atest battery S (f) h, the second to
the fifth stage — network method of synthesis of tests for SN.
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Figure. 1. Information technology synthesis of tests

The first basic step that contains three steps, defines a set of test primitives Ex® for arbitrary
S(f)n of SN. In the second phase, which contains three steps, we define sets of input words R™, which
implements the SN on the inputs of any S(f),I S(f)". In the third phase, which contains three steps, we
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define sets output words Tr”, translated from the output of any S(f).l S(f)* to the outputs Y SN. In the
fourth phase, which contains four steps that define sets the property to check Pr' and identifiers posi-
tions Id™ for all S(f)nl S(f)". In the fifth stage, which contains three steps, based on the identity Id™
and checked the properties of Pr™' defined network NEX' as many possible in SN test primitives Ex'
and formed many TExX"' network tests.

Software implementation of a package of synthesis of tests carried out in the form of interacting
units. Methodol ogical basis for the implementation of the package is an object-component models and
programming techniques and fusion tests. The package includes a self-contained units (SP-test synthe-
sis) and network (SSP-test synthesis) models and methods, power network synthesis, interface unit
and the unit database.

Conclusion. Testing distributed network systems, exploring the network communication proto-
col implementations and functionality requires the use and development of effective formal models.
Pending test models based on extended Petri nets provide an opportunity to reduce the combinatorial
complexity and improve the accuracy and flexibility of analysis.

The proposed model and test method of synthesis of tests suggest an implicit reference imple-
mentations, and the model of the single explicit reference mode standard (standard) protocol mecha-
nisms for when the restrictions on the power of alphabets implementations. This feature eliminates the
need to transfer all implementations, that is, istoo much deviation from the standard options.

We study the identification of the structural component of Petri nets (incident conductivity), as-
suming the continuation of separate analysis functions Petri nets and the entire network of Petri overall.
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