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FORMALIZING OF WEB-SERVICES SPECIFICATIONS USING TEMPORAL LOGICS
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Issues related to improving the design of multiservice SOA networks are discussed. Issue of creation of complex
services, their orchestration and choreography are considered. Problem arising when creating an integrated
service is discussed. It is shown that the formal description of the service using temporal logics will perform
rigorous verification service and eliminate design errors
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Ob62060pioromvca NUMAKHS, N08'A3aHi 3 YOOCKOHANEHHAM KOHCmpykyii mynemucepgichoi SOA mepesicu. Pose-
JAOYIOMbCA NUMAHHA NPO CIMBOPEHHS KOMNJIEKCHUX NOCAYe, iX iHcmpymenmyeanus ma xopeoepagii. Obeo60-
DIoEMbCs npodaema, wo UHUKAE Npu cmeopenti inmezposanux nocaye. Iloxaszano, wo gopmansuuii onuc noc-
ay2u 3a 00NOMO2010 MUMHACOSUX N02IK OyOe BUKOHY8AMU CY8OPY NOCIYey NepPesipKu ma YCYHeHH NOMUIOK
NPOEKmy8anHsl

Knrouosi cnosa: seb-cepsic, SOAP, WSDL, OASIS, nepesipka, mumuacosi noziku, obuucniosanrvna /lepeso Jlo-

2iKa, npomupiuys

1. Introduction

Web-services are defined as self-describing, self-
contained, modular applications which published,
placed and interactive online in Internet. Currently, a
large number of business applications based on the use
of web-services. At the same time widely used approach
with combining various Web-services for the creation
new services. This approach takes into account SLA and
provides required business logic.

Current technology, implementing web-services
based primarily on SOA and its components, SOAP,
WSDL, Registry (UDDI), Business Process Languages
Layer (WSBPEL), Choreography Description Lan-
guage, WS-CDL. Reference model of SOA systems is
represented by organization OASIS.

Formation of complex service is split into two
phases. First phase is development of the static model
(orchestration). Second phase is description of the ser-
vice interaction during their performance (choreog-
raphy). Formal description of static models is performed
using WSBPEL, dynamic models using WS-CDL.

Design goals of the static and dynamic models
are the integration of the requirements of each compo-
nent of an integrated service into the overall system.
These requirements include format of message ex-
change, method for transmitting messages, team man-
agement, exception handling, etc.

Development of such mechanisms requires their
strictly check thorough testing and verification. Presen-
tation of specifications using languages WS BPEL and
WS-CDL allows only formalizes requirements for inte-
grated service. However, these tools do not allow check-
ing correctness (validation) of the developed service.
Temporal logic is one of the most powerful tools for
analyzing interaction of components in an environment.
Thus, purpose of this paper is developing the method of
converting parts of the complex service specifications
by means of temporal logics.

2. Literature review

Questions of verification and validation real-time
service using temporal logic, such as web-services, touched
upon in the researched works of D. Drusinsky (runtime
monitoring and Verification of Systems with Hidden In-
formation, Innovations in Systems and Software Engineer-
ing), Yde Venema (expressiveness and completeness of an
interval tense logic.), Z. Manna and A. Pnuel, D M Gabbay
and other. Questions of requirements of specification can
be represented discover in [1, 2, 3]. Formal definition of
Linear Temporal Logic present in [3].

3. Formalizing specifications of web-services

Formalizing of web-service specifications by
means of temporal logics is the sequence of state chang-
es using predicates and temporal operators. A distinctive
feature of temporal logics is that they allow formalizing
web-service behavior, given parallelism, as well as the
temporal order of state changes.

Formalizing process consists of converting the
set of claims submitted by the web-services specifica-
tion of a set of atomic propositional (AP) of temporal
logics (set P ). Requirements of specification can be
represented by two kinds of formulas [1-3]:

—path formula f|="f(a..a,) (statements are

true for the all lifetime of the process);
—state formula p|=P(a,) (statements are true to

a certain state of web-service).
The example of using path formula is statement
“In the channel cannot be more than k messages” [4]:

f |=G(—(M,,, :send)U (M, : reseive)). (D)

The example of using state formula is statement
“Serverwaits for an incoming request” [4]:

p|=S:ready. 2
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Fig. 1 shows fragment of client initialization and
local search in SIP [4]. SDL diagrams formalizing by
means of temporal logics is accomplished by defining
the true statements for each state [1]:

1. Initial stage of registration of a new client
opening a communication channel

Created |=C : connectionopen() ;

SCM.accepttndOpen)

R

send]) T f clozel) DutputStream

taking into account the sequence of offensive states
web-service by temporal logics tools [2, 3]:

— Linear Temporal Logic (LTL) allows describ-
ing the unique sequence of state changes in web-service;

— Computational Tree Logic (CTL) allows con-
sidering several sequences of state changes in web-
service simultaneously, which depend on different pa-
rameters.

For linear temporal logic generates
its own formula for each path scenario of
web-service behavior (Fig. 2). The time is

Recleived

send)) 1w

Initialized

itResponze() |

send]) 2, 3w, .

Completed

clos &)

SCN.acceptindd peng)
ACK

Fig. 1. The diagram of SIP server transaction of stateful processing

2. SIP server handles requests from the client,
creates outbound communication channel or broadcast
information responses:

Re quest Receive |= initresponse() v send ()1xx ;

3. After receiving request initresponse() proto-

col will look for the calling user and the formation re-
sponse. According to specification responses can be
final and information:

Initialized |= S : send (2xx, 3xx, 4xX....) v
vsend (1xx) v connectOutputStream;

4. When connection was open, established a di-
rect connection without SIP server
StreamOpen |= openConnectionOutputStream ;

5. Completion stage connection determined by
the state

Compliate |= C : receive(2xx, 3xx, 4xx, 5xx, 6xX) ,

characterized by receiving a confirmation from the serv-

er, information about the status of the called subscriber;
6. State of Completion connection corresponds to

the state Termenate |=close. The reason for connection

is closed and is not defined in this case.

Accounting sequence of states is taken into ac-
count the chronological order of the events in the opera-
tion of web-service. There exist two different ways of
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openC ontentOutputStream()
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elog ef) D utputStream

Terminated

linear: at each moment is considered only
one chain of events. Linear temporal logic
separates each scenario of protocols be-
havior. On Figure 2 it is presented four
scenarios of existence session for SIP
web-service:

a) Server opens a new connection
when a new user was detected. Server
receives a user request and generates a
response to user. For this scenario is char-
acterized by a response of the final class
(2xx, 3xx, 4xx, Sxx, 6xx). Request is con-
sidered to be completed after receiving a
response.

b) Server opens a new connection
when a new user was detected. Server
user receives a request and generates a response to it, for
this scenario is characterized by the use of the redirect
server «Open Streamy, which participates in the for-
mation of user response. The state «Completed» indi-
cates that the final response generated class and request
processing is completed.

C) Server opens a new connection when a new
user was detected. Server receives a user request and
generates a response to user, for this scenario is charac-
terized by the absence of the redirect server and the re-
sponse of the Information (L1xx). The state «Complited»
indicates that the final response generated class and re-
quest processing is completed.

d) Server opens a new connection when a new
user was detected. Server receives a user request and
generates a response to user, for this scenario is charac-
terized by the use of the redirect server that participates
in the formation of user response information.

Computational Tree Logic allows describing behav-
ior of several different scenarios of web-service in a single
model. In this case, the path formula allows considering
several scenarios of web-service behavior (Fig. 3).

To formalize the specification of web-services
appropriate to use Linear Temporal Logic, this allows
unambiguously formalizing every possible scenario of
web-service behavior.

Application of Linear Temporal Logic as a speci-
fication formalism will also solve the problem of test
specification for the presence of inconsistencies. Build-
ing LTL formulas is performed in accordance with the
syntactic and semantic rules. Subsequent analysis and
transformation of LTL performed on the basis of
equivalent transformations of LTL.
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Fig. 2. Formalizing behavior of SIP web-service using LTL for formula G(connector.open — F(ter zinate))
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Fig. 3. Formalizing behavior of SIP web-service using CTL for formula AG(connector.open — AF (terminate))

The following definitions are established the set
of base formulas that can be expressed in a Linear Tem-
poral Logic [3].

Formally, temporal logic is defined as:

TL=<A0O,C >, 3)

where A — temporal logic alphabet; O — temporal op-

erators set; C — logical connectives.

Alphabet is the basic concept of Linear Temporal
Logic. Atomic statements form elements of the alphabet.
Atomic propositional are assertion is true in the specifi-
cation of web-service. Set of atomic propositional in-
cludes the basic elements of web-service, such as a
server (S), client (C), message (M) and statements
about them, such as server availability (S :ready), cli-
ent activity (C:active), message sending (M :send)
etc. They form the alphabet of temporal logic P,
(AP eP).

Temporal operators are [1, 2, 5]:

—operators X («next moment»): condition must

be executed in the next step. For example, the statement
«after sending a message SYN should be generated

ACK» can  be represented as follows:
(C:SYN) —» X(S:ACK).

—operators F («for the future»): condition must
be executed in one of the futures steps. For example, the
statement «if the channel is open, it will be obviously
closed» can  be  represented  as follows
EG((H : Open) — F(H : Close)) .

—operators G («always», «globally»): condition
must be executed at each step. For example, the state-
ment « TCP server port must be open» [6] can be repre-
sented as follows: G(D : Enable) .

—operators U («until»): condition ¢ must be per-

formed continuously, or until the first condition y is met.
For example, the statement «message will be discarded
until the buffer is full» [2] can be represented as follows:

G(M : Drop)U (B.Buffersize > max | max =r).

— operators R («release»): the condition y should
be performed at a certain way until the condition ¢ . For
example, the statement «connection (H) will be in state
connection until not come message Bue» can be repre-
sented as follows: (M : Bue)R(H : connection)
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Logical operators are conjunction, disjunction,
implication, negation and compliance operators.

Logical link between linear temporal logic for-
mulas are defined by the following set of rules [2, 3]:

1. p isaformulaforall pe AP.

2. If ¢ —formula, then —¢ — formulas;

3.if ¢ and w — formula, To gvw and pAy —
formulas;

4.1f ¢ — formula, then X¢, F¢, Gop -

formulas,
51f ¢ w w — formulas, then gUy, Ry —

formulas. (4)

However, the state of web-services can be de-
fined not only binary conditions, but also the natural
numbers (for example package time to live, TTL, round
retransmit time, retry count, number of source synchro-
nization and other) [2, 6, 7]. A number of extensions
introduced to account such conditions of temporal logic.
The extension has the following notations:
(p:meaning =>,< x| x=number) — atomic proposi-
tional ( p) takes a value higher or less than proposed in

specification (number ). This extension is not contrary
to the basic axioms and theorems of temporal logics.

4. Construction of temporal logic for web-
Services.

Using a set of rules, described in the above,
could be formulating the following sequence of steps for
constructing LTL, describing the behavior of web-
service.

1. Formed temporal logic alphabet:

— Select of all elements of web-service (for ex-
ample, the message sender, receiver, etc.);

— Select of the main state (message: sent, session:
set, etc.).

2. Defined connections between the elements of
alphabet.

It is noted that the temporal operators have high-
er precedence than the logical connectives, thus for for-
malizing requirement of «sending a message INVITE
affords confirmation confirmationy» formulated state-
ment: G(send — F(confirmation)) .

In order to improve the formalization of specifi-
cations based on temporal logics are encouraged to ap-
ply commonly used formalisms as templates. For exam-
ple, the lack of blocking («reachable from each state
there exists the possibility of functioning web-service»)
represented as follows: GFtrue .

For secure communication a channel following
assertion is true:

G(send — X (—send wreceive)) — if executed

send, then the next state in the future will receive, and
send until this moment will not run.

The following formula actual for mutual ex-
clusion:

G(—(S, :crit AS, :crit)) — two processes cannot

be in the critical section simultaneously.
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6. Semantics definition of linear temporal logic

The main task of temporal logic is an algebraic
description of the web-service behavior. Behavior repre-
sented by the set of temporal logic formulas describing
the sequence of state changes. Linear temporal logic
formulas should be formed in accordance with the se-
mantic rules [2, 3, 5].

To solve the problem of constructing a semanti-
cally correct structures of linear temporal logic formula
to be determined in terms of the model:

M = (S, R, Label), )

where S — non-empty finite set of states (atomic propo-
sitional); R:S — S takes an element s € S only the one
next R(S); Label associates with each state seS of

atomic sentences Label(s) trueins.
State s specified vertices, and function R(S) is

determining connection between vertices. Visual repre-
sentation of the model is represented of state graphs.
For example, temporal logic formula.

X (G(STAT) — (C : RETR) —

— (S : messageDelete | x)U (C : DELE)) ©)

This formula describes a scenario of deleting
messages in accordance with the specification of web-
mail service POP3 [8] presented in the following graph
states (Fig. 4).

Constructing semantically true formulas of linear
temporal logic for the specification defined on a subset
of natural language are performed as follows:

1. Within the specification released temporal log-
ic alphabet.

2. Specifies the logical link between the elements
of temporal logic alphabet.

3. Determined by the presence of parallel execu-
tion of multiple logical connectives.

4. Create chronological sequence between logical
connectives.

Fig. 4. Graphical interpretation of the formula 6
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In constructing formulas of temporal logic for the
specification of protocols specified as SDL (UML) dia-
grams are the following steps:

1. Alphabet of temporal logic, each element of
which corresponds to the SDL (UML) state, is ge-
nerated.

2. Features of forward and reverse the incidence
diagram are considered. The logical links between the
elements of the alphabet of temporal logic are deter-
mined.

3. Presence of parallel processes is determined.

4. Chronological sequence between logical con-
nectives is built.

For example, the statement «the request must be
confirmed» can be visually represented as follows (Fig. 5):

CATA S aa)

Fig. 5. Interpretation of formula
G(M :req —» F(M : Ack))

The sequence of events corresponding to the
statement « the connection is established after receiving
confirmation » is presented at Fig. 6:

(EHH-B-S

Fig. 6. Interpretation of formula
M : Ack — X (Complit))

7. A consistency check

As shows above, the development and modification
of protocols possible emergence like a series of defects in
contradiction specification is requirements [9].

Specifications must be presented a set of every
temporal logic formula in terms of satisfaction rela-
tion (|=) for solving the problem of testing the con-
sistency of [2].

Definition 1. The formula is given between a
state s and an element of the formula ¢, which must be

true in this state (s|=¢) [2, 10]:

S|= p < p € Label(s);
Sl=—¢ < —(sl=9);

The next step allocated state and formulas corre-
sponding to each state and is determined by the type of
formula (path formula or states formula). Consistency
check executed after this [3, 10].

Definition 2. Two formulas of temporal logic are
consistent if there are no such states for which formulas
are mutually exclusive.

For example, the two statements: «reserved
channel cannot be blocked» H.reserv|=Gactive and
«channel is blocked after  timeout  re-
served» H.reserv |=time —out — —(active) .

Consistency relations are verified path formulas
and state formulas. Before checking the consistency
holds the equivalent transformation formulas for the
purpose of simplification. Equivalent transformation
rules are divided into three categories [3].

Duality:

(¢>0p)=d=y,
Py =—(=pv-y);
Py =—(—PpA—y)
PRy =—(—~gU—y) ;

Absorption:

FGF¢=GF¢ . 9)

Commutation and expansion:

My =pA(Xy);
X (@) = (XPU(Xp);
Gp=¢pnXGg;
Fo=¢v XFg. (10)

Example

For example, it is considered a communication
channel between two users: sender (S) and receiver (R).
The equipment equipped an output buffer of the sender
(out), and receiver — input (in). Both buffers have unlim-
ited capacity.

If S sends a message m to R, then it puts the mes-
sage in your output buffer out. The receiver receives the
message by removing them from their input buffer in
[3]. Thus, the alphabet consists of a temporal logic,
atomic propositions set: message is in the buffer in the
message is in the buffer out:
AP ={m..m',m..m'eout,m..m"' in}, where m- mes-

sage (Fig. 7).

sl=(gvy) = (=P vskFv)
Sl=(@ry) = (SEHAGSI=Y);

Sender, § —{ S.out Rin Receiver, R

Channel

—

S|=X¢ <= R(s)|=¢;
S|=G¢ < ¢|=true;
sl=(WUy) = 3j20:R'(s) |

. (1)
=y A(VO<K < JR¥(S) |= §).

s' adirect descendant of s, R(s)=s', if R"(s)=s" for
n>1, then state s' called descendant.

Fig.7. Example of interaction between two
network elements (sender and receiver), unidirectional
communication channel

The following requirements for a communication
channel using formulas of temporal logic are formalized
[11, 12]:
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«Message cannot be in both buffers simultane-
ously»:

G(m:out A—m:in). (12)
«Channel does not lose messages»:
G(m:out —» F(m:in)). (12)

«After receiving confirmation that the message
has been delivered to the recipient, is its removal from
the buffer .out »:

G((m:out Am:in)U—(m:out)) . (13)
«Channel preserves the order»:

G(m:out A—m':out AF(m':out) —»

14

— F(m:inA—=m':in) A F(m': out))). (14)

For consistency checks in accordance with the

formulas 7 were made following the rules in the process
of true web-service:

S.out|=G(m:out A—m:in) <
< S.out|=m:out AS.out|=—-m:in;

(15)

S.hannel |= G(m:out — F(m:in)) <

< me:out = (m:in); (16)

S.out |=G((m:out Am:in) > F—(m:out)) <
< S.out |= (m:out Am:in) A S.out | —(m:out); (17)

S.hannel |= G(m:out A—m": out A F(m': out)
—>F(m:inA—m":in) AF(m": out))) <
< m:iout A—m':out A F(m':out) =

18
#(m:inA—=m':in) A F(m': out). (18)
According to the definition of execution formula
15 and 17 contain a contradiction:

S.out |=G(m: out A—m:in) and
S.out|=(m:out Am:in), and S.out |=—(m:out) and
S.out|=m:out.

Thus, the application of temporal logics allows
detecting the contradictions in the original specification.

8. Conclusion

An algorithm formalization of web-services is
constructed on the basis of temporal logics. The algo-
rithm is based on the theory of formal grammars that
allows you to formally introduce the execution of pro-
cesses in the system model, to establish a cause-and-
effect relationships, as well as to evaluate the correct-
ness of the system as a whole and its individual compo-
nents. Proposed method has different computational
power. It allows using a particular type of language de-
pending on the objectives of the study.
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YEPB'SITYHO-IIECTEPEHHWUI EKCTPYJIEP IIPA ITIEPEPOBII HOJIMEPHUX

MATEPIAJIIB

© JI. A. Crenanwk, M. I1. IlIsexn, JI. M. IlIBen

Y ecmammi npedcmasneno ananiz ocHosHux cxem eKCmpy3iliHUX YCMAHOBOK, MA HABEOEHO OCHOBHI napamempu,
SKI 8NIUBAIOMb HA NYTbCAYI0 NPOOYKMUBHOCHI 8 Yep8'suHOMY eKcmpyoepi be3 wecmepeHH020 HACoCy.
Posenanymi ananiz ma excnepumeHmanvhi OOCHIONCEHHA NPOOYKMUBHOCMI MaA I KOIUBAHHA 8 KIACUYHOMY
uepe’AUHOMY eKCmpyoepi ma 8 moMmy Hc eKcmpyoepi 3 uecmepeHHUM HACOCOM

Knrwuosi cnosa: excmpyoep, uiecmepeHnull HAcoc, 20MO2eHi3ayis, 003Y8aHHs, NYAbCayis, noximep, 2padieHm

MUCKY, 4eps'siK, 3a30pu, PopMyIouutl iHCmpymeHm

The paper presents the analysis of the main schemes of extrusion plants, and the main parameters that affect the
performance pulsation in worm extruder without gear pumps.
It is considered analysis and experimental research of productivity and its fluctuations in the classic worm ex-

truder and in the same extruder with gear pump
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1. Beryn

3pocratodi 00cSTH BUPOOHHITBA Ta MEepPepoOKH
IUTACTUYHUX MAaC BHMArarmTh BiI rajy3i MOJIMEPHOTrO
MalMHOOY/IyBaHHsI ONTHMI3alii NPOLECIB Ta LIIMPIIOro
BUKOPHCTAHHS PECYpPCOCHEPro30epiratouux TeXHOJIOTIH.

Haii0inpil  MOMIMPEHOI0 3aNUIIAETHCS OJJHOUEP-
B'stuHa eKkcTpys3is. [Ipu 11bOMy 0JJHOUYACHO BHKOHYIOTHCS
HACTYIIHI OIeparlii: >KUBJICHHS, CTUCKAHHS, IUIABJICHHS
TBEPAOTO IOJIIMEpY, 3MIIIyBaHHS, CTBOPEHHS THCKY Ta
JI03yBaHHS po3IuiaBy. Bci Ha3BaHi nporiecn TicCHO TOB’s-
3aHi MiK COOOI0 1 BHKOHYIOTECSI B UYepB’TYHOMY E€KCTpa-
Jiepi OHUM pOOOYMM OPraHOM — YepB’SIKOM, IO YCKIIaa-
HIOE onTHMi3amito mporeciB [1]. Taka KOHCTPYKIIiS eKc-
TpyZepa Mae CyTTEBHH HEIOJIK, TaK SK NPUCYTHI KOJH-
BaHHS NPOJYKTUBHOCTI, SIKI IPU3BOASATH JI0 MIEPEBUTPATH
CHUPOBUHH 1 €Heprii.

2. [ToctaHoBKA MPoOOJIEeMU

Mertoro poboTH € BU3HAUCHHS, aHAJII3 Ta eKCIepe-
MHTaJIBbHI JIOCII/PKEHHS TIPOJYKTHBHOCTI Ta 11 KOJIMBaHHS
B KJIACHYHOMY YEpB’SIYHOMY EKCTPYyZEpi Ta B TOMY X
eKCTPY/Epi 3 IECTEPEHHNM HaCOCOM.

3. JlirepaTypHuii orasg

Kackagni ycTaHOBKH B TOPIBHSHHI 3 TpaauIliii-
HUMH YEpPB'SYHMMH EKCTPYACpPAMH XapaKTePU3YHOThCS
KpalliMH ITMTOMUMH MOKa3HUKAMH Ta IAPOKOK HOMEH-
KJIaTypOIO mepepobIIoBaHnX MaTepianis [2].

BukopucTaHHS KacKaJHHX YCTAHOBOK JO3BOJISIE
BCTAHOBJIIOBATH PaIliOHATBbHI PEKUMH POOOTH BHILICHUX
orepariiii Ipu siIKiCHOMY BeIeHHI YChOTO TEXHOJIOTTYHOTO
npouecy. [Ipu cTBOpeHHI Takux eKCTpyAepiB HEOOXiTHO
BHUPIIIYBaTH Psi/l HACTYNHUX 3aBaaHsb [3]:

— BUJIUICHHS 3 TEXHOJIOTIYHOTO MPOIECY Mepepoo-
KW OCHOBHHX OTI€palliil;

— BU3HAYCHHSI MOXKJIMBOCTI iX iHTEeHCU(DIKAIIIT;

— BHOIp BIIIIOBIHUX arperatiB Ta By3JiB, sKi 3a0e3-
MEeYyIOTh MPOBEJCHHS 1 KepyBaHHs IUMH ONIepaisiMH;

— BU3HAYEHHS MOXJIMBOCTEH IOTOMKEHHS iX Cy-
MICHOI pOOOTH.

Ha mepmriit crazii kackagHUX arperaTiB 3a3BHYail
BUKOPHCTOBYIOTh OJJHOUEPB'STYHUM, TUCKOBHH, ab0O JIBO-
4yepB'sYHUN eKcTpylepu. Sk mpaBuio, apyra cranuis
MpeJiCTaBJIeHa OJHOYEPB'SYHUM E€KCTPYIEpPOM. 3 METOIO
e(heKTHBHOI MepepoOKH MOJIMEPIB B SIKOCTI IEPIIOrO
Kackagy BUKOPHCTOBYIOTH JAWCKOBi, ab0 JBOYEpB'SIUHI
eKCTPYJIepH, sIKi 320€31eUyIoTh OB SIKICHE 3MilTyBaH-
HS 1 TOMOTeHI3allil0 pO3ILIaBy, HK OJJHOUEPB'TYHUH eKc-
Tpyzep.

Texnouorist 6araTocraziifHoi ekcTpy3ii BuKopuc-
ToByeThest Gipmamu Battenfeld, Barmag (Himeuuuna),
Buss (IlIseiinapist), Mitsubishi Petrochemical (Slmowis)
Ta IHITUMH.

BukopucTaHHs KacKaJIHUX YCTaHOBOK Ma€ psif
nepesar. [lo-mieprre, po3MexxyBaHHS omepariiii 1ae 3Mory
ABTOHOMHO 1 OUIBII TOYHO KOpEryBaTH TEXHOJIOTI4Hi
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