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Introduction

There are different formal methods which can
be used to increase the integrity of systems being
developed (disclosing the soundness of its functional
properties) [1]. There are two groups of such
methods: the methods of Specification and the
methods of Verification [2].

We've chosen the Model Checking method in
order to resolve Verification procedure. The
grounding of this step is as follows: unlike both
alternatives (Deductive Verification and Equality
Checking) Model Checking method implementation
can be fully automated [3].

The core of Model Checking method can be
disclosed in following definition [4]: "Model
Checking method is the method for checking,
whether the given temporal formula is feasible for
specified model".

The specificity of checking procedure can be
interpreted as the exhaustive search of model's finite
states, coupled with deadlocks checking.

In given article the implementation of Model
Checking method is examined in context of
Composite  Web  Service's behaviors  formal
specification. These behaviors are based on
orchestration model (model of Composite Web
Services' components — atomic web services -
centralized coordination) [5]. It is necessary to chose
the appropriate formalism to correctly specify such
behaviors. For this purpose we've chosen the TLA-
based formalism (TLA, Temporal Logic of Actions)
proposed by L. Lamport [6]. Despite the fact that the
expressive power of this solution is comparable
enough to possible alternatives (LTL, CTL, LOTOS
[7] etc.), TLA-specification can be verified in
automated way by using TLA-based Model Checking
method (TLC utility as TLA Toolbox 1.4 component

(8D).
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Problem Statement

Basing on orchestration model, we consider
composite web service as the system, represented by
two-component tuple CWS = ({CRD}, AWS),

where CRD is a coordinator of composition process,
AWS s the set of atomic web services included in
composition. AWS = {awsi| =1, m}, meN,
where aws; € AWS — atomic web service.

We interpret  CWS -behaviors as  the
sequences of admissible states [1] which determine
the appropriate functional properties of CWS . We
also bring the set of scenarios
SC = {SC?RD‘ =1, n}, neN to specify the

behaviors; SCJ-CRD € SC is a scenario for j —

behavior specification.

We represent the scenarios as tuples. The
components of these tuples are the events [9] leading
to states changing.

The goal of the investigation:
- to implement the Verification procedure of

given CWS TLA-specification.

The tasks to be solved:
- to develop the technique to CWS behaviors

formal specification (the technique to CWS formal
model creation);

-to develop the approach to CWS formal
specification verification procedure implementation
by using the Model Checking method.

Let CWS be represented by Kripke
Structure (Model) M :<S, {so}: R, L>, where S

is the finite set of states; Sy € S is the initial state;
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Rc SxS - set of transitions; L:S —2% —

states marking function, AP — set of atomic
propositions [1].

Using TLA-formalism [6] and referring to
CTL verification problem statement [10], we
formulate TLA-verification task as follows: given the

model M of CWS and some behavior o. We
have to find such formula f, that M,cl="1,

where '|="is a truth relation.

CWS Behaviors Specification

Let we have the three-component tuple
<S,V, D> , where V s the set of CWS variables,

D:{O,l} — set of values ('1' —
occurred; otherwise —'0").

As CWS states changes are prompted by
corresponding events, we use the events classification

[11]: REQ = {req, resp} — set of boundary events;
INVOKE = {invokg } — set of aws, € AWS

invocations events (by CRD ); RES = {resi} — set
of events of getting invocations results. Basing on
given classification, we represent V as follows:
V ={REQ, INVOKE,RES}. The framework,
used for SC elements specification is as follows:
(req,...,resp).

Consider the example.

Lee  AWS ={aws,aws,},  where

aws,,aws, € AWS provide the input dataset

searching and sorting procedures respectively.
Assume that depending on our goal the sequence of

aws, and aws, invocations is changed (by
CRD ). We denote these procedures as Search
and sort functions respectively. Assume that
coordination procedure is based on SClc "0 scenario.
Then these functions can be mapped as follows:
search: X —»Y; sort:Y =>Y; YcX,

where X is the given set of elements, Y — set of
elements that satisfy the search conditions. Then
SClc "0 can be represented as the composition
(superposition) of search and sort functions:
sort(search(x)), x € X or
sortosearch: X —Y , where 'o' — composition

operator. For SC;:RD scenario: Sort: X — X;

event has been
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search: X —»Y; searchosort: X ->Y or
search(sort(x)).

As far as composition operation is not
commutative, the inequality

sort(search(x)) = search(sort(x)) provides

the grounding to speak about two possible CWS
behaviors. We represent these behaviors in formula

req = (schD v schD): resp, (1)
where '="' — implication operator, 'Vv' — logical

"OR".
We describe both scenarios as follows:

sc ™ =(invoke , res, ,invoke,, res, ),
sc; = (invoke, , res, ,invoke, res, ).

The sequence of scenarios' elements defines
the sequence of corresponding events occurrences.
We represent these scenarios with UML Sequence
Diagram (fig. 1): "Client" actor is injected in order to
visualize the character of external environment
impact.

We shift from events to states. For this
purpose we propose the states coding format ( F ):

F =({req}, IN\VOKE, RES, {resp}), (2

where {req}u {resp}: REQ . F -components are
the variables, associated with corresponding events.
We encode the states with values from D by format
(2) using and interpret the code (6-digit in our case)
in inverted manner (by mirroring). This results in
directly-proportional dependence between the relative
order of states and the appropriate codes.

To describe the states we use Nominal Naming
(NN), represented in table 1.

By using tablel we can represent Kripke

Model as follows: M :<S,{SO}, R, L>, where
S ={s0,..,59}, R=R, UR, UR, UR,,

R, ={(s0, s1)},
R, ={(s1,52),(s2,53),(s3,54),(s4,55)},
R, ={(s1,56),(s6,57),(s7,58),(s8,s5)},

R4 = {(35' 59)}'
L(s0)={req=0,...,resp =0},
L(s1)= {req =1,invoke =0,...,resp =0},

ooy

L(s9)={req =1,..,resp=1}.
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6: resp i i
D T l l
I I I I
Figure 1 — UML Sequence Diagram
Table 1 — CWS states coding format
SC Coding format ( F ) NN Event TLA
Fesp | res, | res, | invoke, | invoke | T€d (fig. 1) action
- 0 0 0 0 0 0 s0 - Init
- 0 0 0 0 0 1 sl 1: req OnReqg
SCCRD 0 0 0 0 1 1 s2 2: invoke 1 | S CRD 1
. 0 0 1 0 1 1 |s3 |[3: res 1
0 0 1 1 1 1 s4 4: invoke 2
0 1 1 1 1 1 s5 5: res 2
SCCRD 0 0 0 1 0 1 s6 2: invoke 2 | S CRD 2
2 0 1 0 1 0 1 |s7 |3: res?2
0 1 0 1 1 1 s8 4: invoke 1
0 1 1 1 1 1 s5 5: res 1
- 1 1 1 1 1 1 s9 6: resp OnResp
"Init",...,"OnResp" (table 1, "TLA action" Invariant == /\ req \in {0,1}
column) names are used to designate the TLA-based /\ invoke 1 \in {0,1}
logical formulas (actions or "TLA actions" [6]). /\ invoke 2 \in {0, 1}
We propose to generate CWS formal TLA- /\ res_1 \}n to,1}
specification (listing 1) by interpreting states codes /\ res_2 \in {0,1}
/\ resp \in {0,1}

iven in table 1.
g \* specify stO

Listingl - TLA-based CWS formal ot Q irrel?,okeol/l geSp °
specification /\ invoke 2 = 0
/\ res 1 =0 /\ res 2 =0
EXTENDS Naturals \* -//- stl N N
\* define variables, OnReq == req' = 1 - req
\* corresponding to events \* -//- S CRD 1 (st2 - std4, stb)

VARIABLES

req, resp,. S CRD_1 == /\ invoke 1' =
invoke 1, invoke_ 2, IF req = 1 THEN 1 ELSE 0
res 1, res 2 /\ res 1' =

\* define the acceptable values IF invoke 1 = 1 THEN 1 ELSE 0
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/\ invoke 2' =
IF res 1 = 1 THEN 1 ELSE 0
/\ res 2' =
IF invoke 2 = 1 THEN 1 ELSE O
\* -//- S CRD 2 (st6 - st8, stb)

S CRD 2 == /\ invoke 2' =
IF req = 1 THEN 1 ELSE O
/\ res 2' =

IF invoke 2 = 1 THEN 1 ELSE O
/\ invoke 1' =
IF res 2 = 1 THEN 1 ELSE 0

/\ res 1' =
IF invoke 1 = 1 THEN 1 ELSE O
\* =//- st9
OnResp == resp' = IF res 1 =1

/\ res 2 = 1 THEN 1 ELSE O
\* TLA-specification,
\* corresponding to (2)
Next == OnReq /\
(S CRD_1 \/ S CRD_2) /\ OnResp

The logical operators "AND" ( A) and "OR"
(V) are represented in TLA-formalism (listing 1)
with symbols '/\" and '\/' respectively. Names

req',..., resp' are used for the next-state
. S . CRD

variables initialization. The scenarios SC;"~ and
CRD

SC, are specified with "IF-THEN-ELSE"
construct.

TLA-specification Verification

We model CWS behaviors specified in
listing 1 with TLC Model Checker utility (as
TLA Toolbox 1.4 component). We represent the
modeling process with UML Statechart Diagram

(fig. 2).

7 s0: Init

s1: OnReq

Figure 2— CWS Statechart Diagram

It is clear from fig. 2 that |S| =10 and there

are no deadlocks. If we distinguish two subsets

S, S and S, S, matching the sc

CRD . . .
SC, scenarios respectively, we will see that

|Sl|:|52|:7'
Using (1), listing 1 and table 1 content, we

represent the TLA-verification task solution in
tabular form (table 2).

and

Table 2 — CWS behaviors

Scenarios Behaviors
(s, scs™ e SC) (C1,0,)
$c™ = <ihvokq, res,, > i/i ;slclz lc)Janeq
invoke,, res,/ | — Ry
e g BR
invoke,, res, — OnResp

Conclusion

Thus, the proposed approach can be used as
the facility for Composite Web Services
specifications  formal  verification  procedure
implementation. It is applicable owing to the
following two aspects: TLA-formalism expressive
power is sufficient enough; TLC Model Checker

utility existence makes it possible to verify CWS
TLA specifications in automated way.

Scientific Novelty: the TLA-based technique
to Composite Web Services formal specification has
been proposed.

Practical _Significance: the approach to
Composite  Web  Services TLA-specifications
verification procedure automation has been
provided.

It is also planned to expand our approach on

CWS validation task solving.
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B.B. IKAPYIINJO, P.K. KYAEPMETOB

3anopi3bkuil Hal[lOHAJIBHUI TEXHIYHUN YHIBEPCUTET

Minxin 10 popmanbHoi Bepupikamii KOMIO3UTHUX
BeO-cepBiciB.

3anponoHoBaHO  crmoci6  crerudikamii  TUHAMIK
KOMITIO3UTHHX BeO-CEepBiCiB Ha OCHOBI (hopMalizMy
TLA. 3ampononoBano miaxin no Bepudikamii TLA-
cnenn(ikanii KOMIO3UTHUX BeO-CEpBICIB Ha OCHOBI
Bukopuctanus 3acoby TLC Model Checker y cxmani
nporpamuoro iHctpymenrapito TLA Toolbox 1.4.
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B.B. LIKAPYIINUJIO, P.K. KYAEPMETOB

3anopokckui HallMOHAJIbHBIN TEXHUYECKUI
YHUBEPCUTET
IHoaxon K dbopmanbHoi BepupUKALUT

KOMIIO3UTHBIX Beﬁ-ceplmcon.

[MpeanoxeH cnoco® crenuUIUPOBAHUS THHAMHK
KOMITO3UTHBIX BE0O-CEPBHUCOB Ha OCHOBE (hopMannma
TLA. Ilpemnoxen momxon K Bepuduxammu TLA-
crenuduKanuii KOMIIO3UTHBIX  BeO-CEPBHCOB  Ha
ocHoBe ucnoib3oBanus cpeactsa TLC Model Checker
B COCTaBe MPOrPaMMHOTO HHCTPYMEHTAPHUS
TLA Toolbox 1.4
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