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Abstract

In view of the web service model checking application, the combination med of
traditional finite state machines cannot guarantee the correctness of Web osite
service. A web service model diction algorithm of non-centralized auto on\based on
satisfiability modulo theories (SMT) is proposed. First S is use ded model
checking of time automaton, and the time automaton is d| y onverted into
logical formula that can be identified by SMT, to m o y, the proposed
SMT time automaton theory is used to achieve loy a rrangements web
services for modeling and verification; finaII roug ample analysis, the

effectiveness of the algorithm on the ter tlon of .t ath deadlock and the
optimization of network parameters. - %

checking; Big data
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1. Introduction

The available Web.éf ces pre |n the Internet can make use of integrate
distributed mode the iCE system structure of distributed application [1].
Usually based o orkfl@ementatlon to the value-added combination of basic
Web comp ces est h®distribution service invocation engine of different
servers. Trad aI W0 f is a centralized call, which needs to be called and forward
to all communication :@imatlon in the process of implementation, so it needs great
communication ov Therefore, compared with centralized, non-centralized
operation mode h er operating performance [1].

Time automatdp”is a special kind of limited automaton to describe the real-time
system, wm\gveal area time clock. This feature makes it widely used in reality, such as
elevator, rk, aviation and other fields. In this paper, the composition optimization of
Wi s@ces can also be applied, and because of its higher security requirements, the
s@‘ance of research is even higher. Although automaton has a good description of
real-time system, but due to the existence of the clock leading to the infinite migrating
domain, it has the problem of low efficiency especially in the web service composition
optimization, and it needs to be pre-processed to the clock variables, to make it
transformed into a limited migrating area [2].

Early research results for the study of the problem were concentrated in dividing the
time domain into the equivalent regions. For example, Literature [3] made the use of
inconsistent constraint matrix to describe the equivalent partition areas, in order to build a
finite area map. Literature [4] proposed the method for the detection of the finite model
region diagram. But the problem is that the number of divisions increases with the number
of the clock to increase exponentially. The Literatures [5-7] were proposed to solve the
problem, which were all based on the clock preprocessing, but the problem is that the
need of memory capacity is high, which increased the computing burden, especially the
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practical application of big data aiming to Web service combination optimization is
limited.

2. Description of Web Composite Service Problem

2.1. Finite Automaton

The key problem of Web service composition optimization in Internet is to reduce the
artificial participation. Data in the implementation transfer among multiple basic services,
and Web service composition optimization can be expressed based on a group of state
transition with the specific process is: to obtain input information from other services.
After processing, it transfers the information for broadcasting, which is similar to a kind
of input and output sequence information transmission chain, so it is very suitaile for
using finite automaton for model checking and expression [8]. The relevant defifi

as follows: [8-9]: Q}‘
Definition 1 : The expression form of the finite ‘automato -tuple is :
A=(S,S°,|,O,A), among which, S is automaton %set &él is the initial
state of collection, | I O is automaton’s ’ yrespectively, the
conversion collection can be expressed asA x0 lagy)(s,i,o s') means the
initial state of the transformation ass e.S , mputc‘feo IS output s'eSis the

i/o

purpose conversion state, can be expres PN I o, S
f

Figure 1 shows the non-centraliz lem the flnlte automaton. Service s3
can give a basic service for rl, é) mdmat% the non-centralized implementation
of automaton regards the mp output 0 ntire automaton as input or output of a
target automaton.
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Figure 1. Non-Centralized Finite Automaton

2.2. Web Service Barter Transaction System Structure

Barter transaction system is a typical web service composition, and the non-centralized
execution mode is shown as in Figure 2, with specific implementation steps: clients
release goods in a barter corporate node, and products are reviewed by the barter
company. The first step is to transmit commodity information through the client side to
the assessment company for the amount evaluation and feedback to corporate barter. The
second step is to forward the amount information through the barter company to the
Clearing Corporation, after the deduction of commission, feedback the availability of
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credit to the barter company. The last step is for barter company to transfer the assessment
and the availability of credit to the bank, for developing a line of credit for the customers.
The above system is composed of three parts of Web services of the assessment
companies, clearing companies and banks, and can be used as a module for the barter
company to call [10].

Assessment
credit

Commodity
information

0

A

Assessment [ Barter Clearing
company » company | company

Assessment Available L
credit credit \

¢ 5 °
Centralized system structure

Clie

D 4 BN @
Assessment | AL [~ Barter Clearing

company 4‘ Y compa company

@ssr_nent y
> o %
Q\\v %entralized system structure
Q Fié)&. arter System Structure

Figure 2 shows th ralized and decentralized implementation of a web service
composition to ba; ansactions. By comparing, it can be seen that the amount of
iz

Available
credit

information trangmisSion of non-centralized barter system structure is significantly less
than the central arter system structure, so this way of Web service composition form
has highe@ ion efficiency.

3. ime Automaton

3.1. SMT Bounded Model Checking

Given the limited model M and the nature of the model f , the model checking problem
can be formulated as the model M to satisfy the model property f . The traditional model
generation method generally gets larger state space, which is constrained by the hardware
conditions. The traditional model checking method is not practical for the large data form
of Web composite service. In order to solve this problem, the bounded detection model
can effectively solve the problem. The implementation of this model detection is given by

Literature [11], that is, for the problem of the common model detection M|=Ef | an

example can be found in the limited implementation steps to meet model M to satisfy the
property f . For a givenk , the above model checking can build up the problem to satisfy
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the problem of the logic formula. If the condition [[IVI f]]k is satisfied, it is proved that
the above mentioned k steps are established to find a satisfying instance, and the
model M is synchronously proved to satisfy the model property f . Otherwise, the above
k steps cannot find satisfying example to meet the conditions, but cannot prove whether to
meet the conditions of the case whenk’ >k .

Usually, the value k is gradually increased until it finds an instance to meet the
condition, or to achieve the maximum execution step. This detection method does not
need to carry out in the whole state space, which can effectively save the computational
memory space. Therefore, in the verification of time automaton, it does not need clock
preprocessing to get limited space of time automaton. In this way, it is necessary to make
solution based on the logic formula, so it is necessary to transform the automat del
into a logical model, and it needs to make variables Boolean formalized,
conducive to the simplification of the algorithm.

Satisfiability Modulo Theories (SMT) can deal with non-Boolean vdriali¥es; such as

integer or real number. To this issue, this paper propose n-variahte an bounded
time automaton model checking, and applied it to t i

iza eb composite
services. Q x‘)&)

3.2. M Model K Step Path Logic Formula 'Q

Suppose M =(A,A.n,A) is -tl automaﬁ@ model, among  which,

A=(Z.8',s5, XL 1T Make'@ sition b@f =EFp|AGp| , among which
ma

p=a|-p|pla p2 plv p2, A@ ry posmon in the formula. The logical

formula of building time automaton is [ ]]k make [[IVI]] expressed as a feasible

path for time automato he mo erty f expressed as the form of [ f]]k :
Then under the\l autor@n model, finite k step sequence state form is:

(s0v0) & (Wn N (Y, din which, (s;,v, ) is the initial path point of finite
sequences, antkthe com%@s of [[M ]]k are as follows:

3.2.1. Initial Patﬁ&fik
(S0:Vp) %Ey: it, An A Init, ,, among which:
Q) Init, ZLeVsJ (s, =s)}AL¥f (t=0)] 0

O
@ Init, =L¥J(SO=S)} |y, (t=0)] 0

In formula (1), given initial path point of automaton J, and set the initial value of clock
state as 0.

3.2.2. Intermediate State

(si.v):

Const, =Const; (0) An A Const; (n—1)

Consti(j):{ v (s, ;tsv)}/\ I'(s,)

sesy AS#S,

(2)
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Const, =Const; (0) An A Const; (n—1)
Const; (j) = ‘:SESJYS¢SH(SO £S5, )} Al (Sﬂ)

In formula (2), state j automaton Consti(j) is constrained by variablei . t; is the i

state value of clock t. t; >0 shows non negative of the clock state. S, is theiposition of
system state. The rest is used to guarantee the sole position of the automaton state and the
invariance of the state 1'(S,,).

3.2.3. Steps of Sequence i

d.

(SnVi)—I>(5i+1,Vi+1) . step, =step, (j)An astep, (n-1), ie[0k-1], @2

variables:
step, (j)= #(EX“(I)/\TJ
Exl)(i)= TAQQ &
T’() —a, A(s =s,

aV/\s—s Q tgﬂ@zt

i /\T"&@ ~d. >0

RO

TJ@——'a\, .xﬂ AL i+1=ti+di)

step, (

T % te/\iy(Hl 0) #(|+1_ti+di)
In the abo W as, st migrating process i of the model, which is actually
the union of atlng of all automatons in the step i. d, is the clock delay of

the system. Formula éﬁu the exclusive internal migration of all automatons, and this
limit ensures that tomaton can only move one step in a cycle. While the formula
(5) and the forrq§ bﬁ) gives the delay migration and the action migration respectively.
According step, , the path of automaton on the k step can be got as
Path, = %epi_

@@ogic formula model of time automaton can be expressed as:

[[M, f]] =it o CONSt A Path,

[[M, f]] =it o CONSt A Path,

3.3. The Solution of SMT Logical Formula
Based on the reachability of logic formula model, f =EFp is the set path of

automaton running state, thus the following conditions [[ f ]]k |:[ p]:| can be set up,

Ok]

in  which, [[pnk can be based on logic transform, such  as

[[—.a/\(bvc)]:lk =—a (b vc). While for the security f =AGp of the model, it is
just the opposite of the reachability of model, which shows that all states P of the path are
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established. And this can be used to realize the mutual transformation between the
reachability and the security of the model through reverse operation. If the model property

f'=EF—p is established, then the path satisfies the model property —P, indicating that
the model property f is not established. On the contrary, the dissatisfaction
f"synchronously proves the establishment of automaton model property f .

SMT is a practical tool to solve the logical proposition, which can be used to solve the
logical problem with non-Boolean variables. For instance, SMT algorithm not only can be

used to solve the logical problem like —a A (b v c) , but also can solve the logical problem
of non-Boolean variables such as(a+b >3) A(a>2) containing a integer, to simplify the

model test. .
The logic verification process takes the model M, the model property f and prer
bound of the execution steps K as the input, for k<K, the formula for its cor?g ding

logic problem is [[M, f]], =[[M]], A[[f]],; based on SMT tools to so@ e output
of the result is unsat, then k =k +1, until the output as"sat found istied the upper
bound K of execution steps. Is the result of sat cann odnd,4hen Iindicates that in
the process of K execution, the security is SatISfl.l the reac ty is not satisfied;
conversely, it indicates that the reachability is satiSfied whil J%eﬁrlty is not satisfied.
4. Experiment and Result Analy.sisQ: \C,)

4.1. Algorithm Model Checking Q)

The algorithm of theratur%%”1 s selecte \'ompare with the experiment, which is
characterized by the synchron odelingf, the automaton and clock. Its application is

quite extensive, such as syste e clock which can realize the sharing
mechanism of multi_th stem vartables. The computer hardware conditions for the
S

experiment compani et as(follews: CPU processor is Intel i3 2.4GHz; internal
memory is 6G R erati m is Ubuntu, and the test object is selected as shown
in Figure 3. arlson r running time is seen in Table 1.

‘b»
<a>°°\y

Figure 3. Test Object

62 Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.3 (2016)

Table 1. Comparison of Running Time

o Agrtmotnispaper e 0%

3 0m0.324s 0m0.025s

4 0mO0.236s 0m0.053s

5 0m0.323s 0m0.055s

6 0m0.442s 0m0.112s

7 0m0.712s 0m0.298s

8 0m1.464s 0m1.357s x) .
9

0m3.367s 0m5.795s Yy
10 0m8.258s 0m24.6€>

11 0m25.580s \‘% ‘

12 2m49.638s
13 9m14.344s Q & Tipme>60m

Table 1 gives the comparison of the rge @ amed‘ experimental results of this

algorithm with the results of the thera ] algorlth he experimental results show
that the computation time of time a

ckmg based on SMT algorithm is
less than that of the Literature rlthm hﬁh vantages are not obvious under the
condition when parallel proc%%) ess, but w e increase of the process numbers of
automaton model, the computation tlme ime automaton model checking based on

SMT algorithm is obviou
algorithm of this papen
service compositio i

ization,
4.2. Web Se@ plication >nment
n

he barter system structure like Figure 2. In Web service
combination optimiz roblems, service response time and network throughput are
two commonly us uation indexes. In comparison with the performance of the web
service composi ptimization model and the Literature [12] timed automaton model in
the barter g@t on shown in Figure 2, the results of simulation comparison are shown

better ture [12] algorithm. This shows that the
re sun such large data problem processing of Web

Simulatio ample

as in Fig
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Figure 4. Comparison of Response Indexes in Barter System
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Figure 4 shows the comparison of the system throughput and response time by the
algorithm of this paper and the Literature [12] algorithm in the barter transaction system.
From Figure 4 (a), it can be seen that there is little difference of system throughput index
between the proposed algorithm of this paper and the Literature [12] algorithm in the low
request rate. When the request rate reaches 60%, the processing performance of the
Literature [12] algorithm reaches the limit and then the latter requests are in the waiting
state; and with the increase of requests, the amount of system throughput is gradually
reduced. Conversely, the system throughput of this paper is gradually increasing with the
increase of the requests, showing the smooth of the network from one side.

In the comparison indexes of network response time, when the number of requests is
small, the network response time indexes of the algorithm of this paper and the Literature
[12] algorithm have little difference; when the request rate reaches the 40% of the system
capacity, the response time of the Literature [12] algorithm is rapidly increa h%’9;1>the
increase of request rate, while the response time of this paper’s algori % little
change, which indicates the running smooth of the networ Ktem

5. Conclusion

This paper is based on SMT to carry out a b hecking method for time
automaton; the web service composition proble optlrrgg;%ra%d based on the non-
centralized control mode, the finite autom@g model .is implemented by the non-
centralized model. The basic communioati cess of services is realized through
the process of the automaton state mi Based thé& closure of automaton transfer
mode to achieve the S|mulat|on h st the service, the target and the
communication cost are take a t par% of the model. By comparing the
simulation results, it show ctlven s OfF the proposed algorithm in the barter
model application, verlfles the performa dvantages of the algorithm of this paper.
Because there is still t blem h&& rights among the services in the practical
application, it has cér, fect of ainty on the actual performance. In the future,
the research dlrectl&# e com t|on optimization of a large number of Web services.
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