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Abstract

One of the main challenges that encounter Web services

is how to ensure reliable compositions. In this paper we

present an approach that starts from a composite service

effective executions to improve its reliability. Basically, we

propose a set of mining techniques to discover its model and

its transactional behavior from an event based log. Then,

based on this mining step, we use a set of rules to improve

its recovery mechanisms.

1. Introduction

Nowadays, enterprises are able to outsource their inter-

nal business processes as services and make them accessible

via the Web. Then, they can dynamically combine individ-

ual services to provide new value-added composite services

(CS for short). However, due to the inherent autonomy and

heterogeneity of Web services, a fundamental problem con-

cerns the guarantee of correct executions of a CS.

Generally, previous approaches develop, based on their

modeling formalisms, a set of techniques to analyze the

composition model and check “correctness” properties. Al-

though powerful, these approaches may fail, in some cases,

to ensure CS reliable executions even if they formally val-

idate the CS model. This is because properties specified in

the studied composition models remains assumptions that

may not coincide with the reality.

In this paper, we present a different approach that starts

from a CS executions log and uses a set of mining tech-

niques to discover the CS model and the CS transactional

behavior. Then, based on these mined information, we use a

set of rules to improve the CS recovery mechanisms.

2. Motivation and overview

Motivating example We consider an application for on-

line travel arrangement carried out by a composite service

as illustrated in figure 1.The customer specifies its require-

ments in terms of destination and hotel through theCRSser-

vice. The application launches in parallel flight and hotel

reservation (FR and HR respectively)(after a study of the lo-

cal transport accommodations (LTA)). TheADCservice dis-

poses administrative documents. Then, the customer is re-

quested to pay either by credit card (PCC), by check (PCh),

or by TIP (PTIP). The Send Documents (SD) service en-

sures the delivery of documents to the customer. To deal

with exceptions, designers specify additional mechanisms

for failures handling and recovery. First, they specify that

the hotel reservation can be compensated (by cancelation

for instance) when theFR service fails to reserve a flight,

and reciprocally. Second, to ensure the payment, they spec-

ify the PCh service as a payment alternative for thePCC

service. Similarly, they specify thePTIP service as a pay-

ment alternative for thePCh service with the assumption

that thePTIP service always succeeds. Finally, designers

specify thatCRS, LTA, ADC and SD services are sure to

complete. The main problem at this stage is how to ensure

that the specified CS model guaranties reliable executions.

Previous approaches may fail, in some cases, to ensure

CS reliable executions even if they formally validate the CS

model correctness. This is because specified properties in

the composition model may not coincide with the reality

(i.e.effective CS executions).



Figure 1. A composite Web service for online
travel arrangement

Back to our example, let us suppose for instance, that in

reality (by observation of sufficient execution cases) theFR

andPChservices never fail and thePTIPservice is not sure

to complete. That means, among other, (i) there is no need

for theHRservice to support compensation policies (which

can be costly), and (ii) the payment can fail while the hotel

and flight reservations are maintained. Formal approaches

cannot deal with such anomalies.

Discovering the effective transactional behavior allows

to detect gaps mentioned above and to improve the appli-

cation reliability. For instance in our example, mining the

transactional behavior allows to improve the CS model by

specifying thePChservice as a payment alternative for the

PTIPservice (since we notice thatPChis sure to complete).

Overview of our approach As explained in the section

3, we distinguish between the control flow and the trans-

actional flow of a composite service. Figure 2 overviews

our approach. The first step consists in discovering the TCS

transactional flow from an event-based log. Then we use

a set of rules to improve the TCS recovery mechanisms.

The mining phase is itself divided into two steps. First, we

mine the TCS control flow and the TCS set of termination

states. Then we mine the TCS transactional flow. Due to

lack of space, we skip the set of termination states mining

step which is trivial.

The remainder of this paper is organized as follows. In

section 3 we introduce our transactional Web service model.

Section 4 and Section 5 presents respectively our control

flow and transactional flow mining techniques. In section 6

we show how we proceed to improve a CS recovery mech-

anisms. Section 7 concludes our paper and discusses some

related and future work.

Figure 2. Overview of our approach

3. Transactional Web Services Model

In this section, we introduce our Web services compo-

sition model. We introduces the concept of a transactional

Web service (TWS for short). Then we show how we com-

bine a set TWS to define a new value-added service.

3.1. Transactional Web service: TWS

In this paper, by Web service we mean a self-contained

modular program that can be discovered and invoked across

the Internet. A transactional Web service is a Web service

of which the behavior manifests transactional properties.

The main transactional properties of a Web service we

are considering areretriable, compensatable and pivot[1].

A service s is said to beretriable if it is sure to com-

plete after several finite activations.s is said to becompen-

satable if it offers compensation policies to semantically

undo its effects. Then,s is said to bepivot if once it suc-

cessfully completes, its effects remains for ever and can-

not be semantically undone. Naturally, a service can com-

bine properties, and the set of all possible combinations is

{r;cp; p;(r,cp);(r, p)}.
Every service can be associated to a life cycle state-

chart that models the possible statuses through which the

executions of this service can go, and the possible transi-

tions between these statuses. The set of states and transi-

tions depend on the service transactional properties. Each

service has a minimal set of states (initial, aborted, active,

cancelled, failed, completed) and a minimal set of transi-

tions (abort(), activate(), cancel(), fail(), complete()). When

a service is instantiated, the state of the instance isinitial .



Then this instance can be eitherabortedor activated. Once

it is active, the instance can normally continues its execu-

tion or it can becancelledduring its execution. In the first

case, it can achieve its objective and successfullycompletes

or it canfail.

A compensatable service has in addition, a state compen-

sated and a transitioncompensate(). A retriable service has

in addition a transitionretry().

Within a transactional service, we distinguish between

external and internal transitions. External transitions are

fired by external entities. Typically they allow a service

to interact with the outside and to specify composite ser-

vices orchestration (see next section). The external transi-

tions that we are considering areactivate(), abort(), can-

cel(), and compensate(). Internal transitions are fired by the

service itself (the service agent). Internal transitions we are

considering arecomplete(), fail(), and retry().

3.2. Transactional composite Web service: TCS

A composite Web service orchestrates a set of services

to achieve a common goal. A transactional composite (Web)

service (TCS for short) is a composite Web service of which

the component services are TWS. Such a service takes ad-

vantage of its component services transactional properties

to specify failure handling and recovery mechanisms.

3.2.1. Composition of transactional Web servicesA
TCS defines a set of preconditions on each component ser-

vice’s external transition in order to define the orchestration

schema. These preconditions specify for each compo-

nent service when it will be aborted, activated, canceled,

or compensated. For example, the OTA service speci-

fies that ADC will be activated after the completion of

HR and FR. That means the precondition of the transi-

tion activate() of ADC is the completion ofHR and the

completion ofFR.

Preconditions express at a higher abstract level relations

(successions, alternatives, etc) between component services

in form of dependencies. These dependencies express how

services are coupled and how the behavior of certain com-

ponent service(s) influences the behavior of other service(s).

For example the precondition on the external transitionac-

tivate()of thePChservice express (i) a succession relations

(or dependency) between theADC service and thePChser-

vice and (ii) an alternative relation (or dependency) between

thePCCservice and thePChservice.

Definition 1 Dependency from a transition s1.t1() to an ex-

ternal transition s2.t2()
Let be sc a TCS, s1 and s2 two component services of sc,

s1.t1() a transition of s1, and s2.t2() an external transi-

tion of s2, a dependency from s1.t1() to s2.t2(), denoted

dep(s1.t1(),s2.t2()), exists if the activation of s1.t1() may

fire the activation of s2.t2().

In our approach, we consideractivation, alterna-

tive, abortion, compensation and cancelationdependencies

which we detail in the following.

Activation dependency and activation condition: An

activation dependency expresses a succession relation be-

tween two services. An activation dependency froms1 to s2

existsiff the completion ofs1 may fire the activation ofs2.

Such dependency is defined according to the activation con-

dition of s2 ActCond(s2). ActCond(s) specifies whens will

be activated (as a successor for other(s) service(s)).

For example, the OTA service shown in figure 1 defines

an activation dependency fromHR to ADC, and fromFR to

ADCsuch thatADCwill be activated after the completion of

HRandFR. That meansActCond(ADC) = {HR.completed∧
FR.completed}.
Alternative dependency and alternative condi-

tion: Alternative dependencies allow to define execution

alternatives as a forward recovery mechanisms. An alterna-

tive dependency froms1 to s2 existsiff the failure ofs1 may

fire the activation ofs2. Such dependency is defined ac-

cording to the alternative condition ofs2 AltCond(s2).
AltCond(s) specifies whens will be activated (as an alter-

native) for other(s) service(s).

For instance the OTA service shown in figure 1 defines an

alternative dependency fromPCCto PChsuch thatPChwill

be activated whenPCC fails. That meansAltCond(PCh) =
{PCC. f ailed}.

Abortion dependency and abortion condition: An

abortion dependency allows to propagate failures (caus-

ing the TCS abortion) from one service to its successor(s)

by aborting them. An abortion dependency froms1 to s2 ex-

ists iff the failure, cancelation or the abortion ofs1 may

fire the abortion ofs2. Such dependency is defined ac-

cording to the abortion condition ofs2 AbtCond(s2).
AbtCond(s) specifies whens will be aborted after the fail-



ure, the cancellation, or the abortion of other(s) ser-

vice(s).

Abortion dependency and abortion condition: A com-

pensation dependency allows to define a backward recov-

ery mechanism by compensation. A compensation depen-

dency froms1 to s2 existsiff the the failure or the compen-

sation ofs1 may fire the compensation ofs2. Such depen-

dency is defined according to the compensation condition of

s2 CpsCond(s2). CpsCond(s) specifies whenswill be com-

pensated after the failure or the compensation of other(s)

service(s).

The OTA service described in figure 1 defines a com-

pensation dependency fromHR to FR such thatFR will be

compensated whenHR fails. That meansCpsCond(FR) =
{HR. f ailed}.

Cancelation dependency and cancelation condition: A

cancelation dependency allows to signal a service execu-

tion failure to other service(s) being carried out in parallel

by canceling their execution if necessary. A cancelation de-

pendency froms1 to s2 existsiff the failure ofs1 may fire

the cancelation ofs2. Such dependency is defined according

to the cancelation condition ofs2 CnlCond(s). CnlCond(s)
specifies whens will be canceled after the failure other(s)

service(s).

The OTA service described in figure 1 defines a can-

celation dependency fromHR to FR such thatFR will

be canceled whenHR fails. That meansCnlCond(FR) =
HR. f ailed.

It is worthy to note that each of the above conditions are

a set of exclusive sub-conditions.

3.2.2. Control and transactional flow of a TCSWe call

transactional dependencies the compensation, cancelation

and alternative dependencies. Activation and transactional

dependencies express at a higher abstract level respectively

the control flow and the transactional flow of a TCS.

Control flow : The control flow of a TCS specifies the

partial ordering of component services activations. Intu-

itively the control flow of a TCS is defined by the set of

its activation dependencies.

We use (workflow-like) patterns to define a composite

service control flow. A workflow pattern can be seen as

an abstract description of a recurrent class of interactions.

For example, theAND-join pattern [2] describes an abstract

services orchestration by specifying services interactions as

following: a service is activated after the completion of sev-

eral other services. In our approach, we consider these-

quence, AND-split, OR-split, XOR-split, AND-join, OR-

join andXOR-join patterns [2].

Transactional flow: The transactional flow of a TCS

specifies the recovery mechanisms. Intuitively a transac-

tional flow of a TCS is defined by its component services

transactional properties and the set of its transactional de-

pendencies. Defining a TCS transactional flow returns to

define for each component service its transactional proper-

ties and its compensation, alternative and cancelation con-

ditions. It is worthy to note, as shown in the next paragraph,

that a transactional flow is defined according to a control

flow.

3.3. Relation between the control flow and the
transactional flow of a TCS

A TCS transactional flow is tightly related to its con-

trol Flow. Indeed, the recovery mechanisms (defined by the

transactional flow) depends on the execution process logic

(defined by the control flow). For example, regarding the

OTA composite service, it is possible to define thePChser-

vice as an alternative to thePCCservice because (according

to the XOR control flow operator) they are defined on ex-

clusive branches.

More generally, a control flow implicitly tailors all possi-

ble recovery mechanisms. We call a potential transactional

flow of a given TCS the transactional flow including all pos-

sible transactional dependencies (i.e recovery mechanisms)

that can be defined w.r.t to its control flow (semantics). More

formally each component service,s, has according to the

TCS control flow:

• ptCpsCond(s): its potential compensation condition that

specifies when it may eventually be compensated.

• ptAltCond(s): its potential alternative condition that spec-

ifies when it may eventually be activated as an alternative.

• ptCnlCond(s): its potential cancelation condition that

specifies when it may eventually be canceled.

Back to our example, according to the OTA ser-

vice control flowFR may be eventually compensated (i)

either after the failure ofADC, (ii) (exclusively) or af-

ter the compensation ofADC (ii) (exclusively) or after

the failure of HR. That means the potential compensa-

tion conditions ofFR are the failure ofADC, the compen-



sation ofADC, or the failure ofHR: ptCpsCond(FR) =
{ADC. f ailed,ADC.compensated,HR. f ailed}.

3.4. TCS set of termination states

Many executions can be instantiated according to the

same TCS model. The state at specific time, of a TCS in-

stance composed ofn services can be represented by the tu-

ple(x1,x2, . . .xn), wherexi is the state of the service instance

xi at this time.The set of termination states of a TCS is the

set off all possible termination states of all its instances.

We distinguish two kind of termination states. The

first one corresponds to the termination states reached af-

ter normal executions (without unexpected failures ac-

cording to the control flow). We call such a termina-

tion states of this first type atermination state

without failure . The set of termination

states without failures of a TCS is defined by

its control flow

The second kind of termination states corresponds

to the ones reached in case of failure(s) of certain

component service(s) (according to the transactional

flow). We call a termination state of this second type a

termination state with failure . The set of

termination states with failure of a TCS is

defined by its transactional flow. We define the the function

computeTSwithFailure that returns the set oftermination

states with failure of a given TCS (more pre-

cisely given its transactional flow).

4. Control Flow Mining

4.1. TCS Event log

Following a common requirement in the areas of busi-

ness processes and services management, we expect the

composite services to be traceable, meaning that the sys-

tem should in one way or another keep track of ongoing and

past executions. Several research projects deal with the tech-

nical facilities necessary for the collecting and the logging

of Web services execution log [3].

A TCSLog is composed of a set ofEventStreams. Each

EventStream traces the execution of one case (instance). It

consists of a begin and end time, and a set ofEvents that

capture the services life cycle performed in a particular TCS

instance. AnEvent is described by the service identifier that

it concerns, the current service state (aborted, failed, can-

celled, completedor compensated) and the time when it oc-

curs. An example of anEventStream extracted from our

TCS model example is given below:

EventStream(5, 20, [Event(CRS, 5, completed),

Event(LTA, 6, completed),Event(FR, 8, completed),

Event(HR, 9, completed),Event(ADC, 12, completed),

Event(PCC, 13, failed),Event(PCh, 15, completed),

Event(SD, 20, completed)])

Our control flow mining approach proceeds in two steps :

(i) the construction of statistical dependency table SDT, and

(ii) the mining of TCS patterns through a set of rules ap-

plied on the calculated SDT table.

4.2. Construction of the statistical dependency ta-
ble SDT

We need to filter TCS log and take onlyEventStreams

of instances executed without failures. We denote by

TCSLogcompleted this TCS log selection. Thus, the mini-

mal condition to discover TCS patterns is to have TCS logs

containing at least thecompletedevent states. This fea-

ture allows us to mine control flow from “poor” logs which

contain onlycompletedevent state. Any information sys-

tem using transactional systems offer this information in

some form [4].

From TCSLogcompleted we extract, for each serviceA,

the following information in the statistical dependency ta-

ble (SDT): (i) The overall frequency of this service (denoted

#A) and (ii) The activation dependencies to previousBi ser-

vices (denotedP(A/Bi)). The size of SDT is N*N, where N

is the number of component services. The (m,n) table entry

(notation P(m/n)) is the frequency of thenth serviceimme-
diately preceding the mth service. The table 3 represents

a fraction of the SDT of our motivating example. For in-

stance, P(HR/LTA)=0.69 expresses that if HR occurs then

we have 69% of chance that LTA occurs directly before in

the TCS log.

As it is computed, the initial SDT presents some prob-

lems to express correctly services dependencies especially

relating to concurrent executions. In the following, we de-

tail these issues and propose solutions to correct them.



Figure 3. Fraction of the Initial SDT

4.2.1. Erroneous dependenciesWe argue that a zero en-

try in SDT represents a causal independence and a non-

zero entry means a causal dependency. But in case of con-

current executions,EventStreams may contain interleaved

events sequences from concurrent threads. As consequence,

some entries, in initial SDT, can indicate non-zero entries

that do not correspond to dependencies. For example the

EventStream given in section 4.1 “suggests” erroneous ac-

tivation dependencies between LTA and FR in one side and

FR and HR in another side. Indeed, LTA comes just before

FR and FR comes immediately before HR. These erroneous

entries are reported byP(FR/LTA)andP(HR/FR) in SDT

which are different to zero. These entries are erroneous be-

cause there is no activation dependencies between these ser-

vices as it was suggested. Underlined values in SDT report

this behavior for other similar cases.

Formally, two servicesA and B are in concurrenceiff

P(A/B) andP(B/A) entries in SDT are different from zero.

Based on this definition, we propose an algorithm [5] to dis-

cover services parallelism and then mark the erroneous en-

tries in SDT. This algorithm scans the initial SDT and marks

concurrent services dependencies by changing their values

to (−1). Through this marking, we can eliminate the confu-

sion caused by concurrent behaviors producing these erro-

neous non-zero entries.

4.2.2. Undetectable dependenciesFor concurrency rea-

sons, a service might not depend on its immediate pre-

decessor in theEventStream, but it might depend on an-

other “indirectly” preceding service. As an example, FR

is logged between LTA and HR in theEventStream given

in section 4.1. As consequence, LTA does not always oc-

cur immediately before HR inTCSLog. Thus we have only

P(HR/LTA)=0.66 that is an under evaluated dependency fre-

quency. In fact, the right value between these services is 1

because the execution of HR depends exclusively on LTA.

Similarly, values in bold in SDT report this behavior for

other cases.

To discover these indirect dependencies, we introduce

the notion of service concurrent window. A component ser-

vice concurrent window (CW) defines a log slide over an

EventStream and is related to the service of its last event

and covers its directly and indirectly preceding services. Ini-

tially, the width of a services CW (i.e. the number of ser-

vices within) is equal to 2. Every times is in concurrence

with an other service we add 1 to this width. Ifs is not in

concurrence with other services and has preceding concur-

rent services, then we add their number to CW width. For

example FR is in concurrence with LTA and HR, the width

of its CW is equal to 3. Based on this we propose an algo-

rithm [5] that calculates the CW width for each service and

regroups them in a CW table.

Then, we proceed through anEventStream partition that

builds a set of partially overlappingWindows over the

EventStream using the CW table. Finally, we use an algo-

rithm [5] that computes the final SDT. For each CW, it com-

putes for its last service the frequencies of its preceded ser-

vices. The final SDT will be found by dividing each row en-

try by the frequency of its service. Table 4 illustrates the fi-

nal SDT after correction.

Figure 4. Fraction of Final SDT

4.3. Patterns mining

The second step is the identification of TCS patterns

through a set of rules. Actually, each pattern has its own

statistical features which abstract its activation dependen-

cies, and represent its unique ID. We divide the TCS pat-

terns into three categories (c.f figure 5):sequence, split and

join patterns. Table 1 details their respective statistical ID

rules. These ID rules ensure a “local” patterns discovery.



sequence Rules

(#B = #A) ∧ (P(B/A) = 1) ∧ ∀A0≤i<n 6= A;P(B/Ai) = 0∧ ∀B0≤ j<n 6= B;P(B j/A) = 0

split Rules join Rules

(Σn−1
i=0 (#Bi)=#A) ∧ (Σn−1

i=0 (#Ai)=#B)∧
(xor) (∀0≤ i < n;P(Bi/A) = 1)∧ (xor) Σn−1

i=0 P(B/Ai)=1)∧
(∀0≤ i 6= j < n; P(Bi/B j) = 0) ∀0≤ i 6= j < n; P(Ai/A j) = 0

((∀0≤ i < n;#Bi=#A) ∧ (∀0≤ i < n; #Ai=#B)∧
(and) (∀0≤ i < n; P(Bi/A) = 1)∧ (and) (∀0≤ i < n; P(B/Ai) = 1)∧

(∀0≤ i 6= j < n P(Bi/B j) =−1) (∀0≤ i 6= j < n P(Ai/A j) =−1)

#A≤ Σn−1
i=0 (#Bi)) ∧ (m∗#B≤ Σn−1

i=0 (#Ai))

(or) (∀0≤ i < n; #Bi ≤ #A) (M-out ∧ (∀0≤ i < n; #Ai ≤ #B)
(∀0≤ i < n; P(Bi/A) = 1)∧ -of-N) (m≤ Σn−1

i=0 P(B/Ai) ≤ n)
(∃0≤ i 6= j < n;P(Bi/B j) =−1) ∧ (∃0≤ i 6= j < n; P(Ai/A j) =−1)

Table 1. Rules of sequence, split and join patterns

Indeed, to discover a particular TCS pattern we need only

events relating to its elements (services). Thus, even using

only fractions of TCS logs, we can correctly discover corre-

sponding TCS patterns (which their events belong to these

fractions).

Figure 5. Workflow patterns categories

Sequence pattern : In this category, we find only the

sequence pattern. In this pattern, the enactmentB depends

only on the completion ofA and the completion ofA enacts

only the execution ofB.

Fork patterns : The three patterns of this category

have a “fork” point where a single thread of control splits

into multiple threads of control (that can be, according to

the used pattern, executed or not). The three patterns share

the causality betweenA and the servicesBi ; that means

(∀1≤ i ≤ n;P(Bi/A) = 1). In thexor-split pattern, the non-

parallelism betweenBi , is identified by the statistical prop-

erty (∀1≤ i, j ≤ n;P(Bi/B j) = 0). The difference between

theor-split and theand-split patterns is the frequencies re-

lation betweenA and the servicesBi . Effectively, in theor-

split pattern only a part of these services are executed after

the “fork” point. However, all the servicesBi are executed

in case of theand-split pattern.

Join patterns : The three patterns of this category has

a “join” point where multiple threads of control merge in

a single thread of control. The three patterns differ in the

number of necessary branches to activateB. The and-join

pattern requires the execution of all theAi activities; which

can be identified by(∀1≤ i ≤ n;P(B/Ai) = 1). TheM-out-

of-N-Join pattern supports a “partial” parallelism between

Ai services; that means (∃1≤ i, j ≤ n; P(Ai/A j) =−1). Fi-

nally the no parallelism betweenAi in the xor-join pattern

can be catched by ((∀1≤ i, j ≤ n; P(Bi/B j) = 0)).

5. Transactional flow mining

In this section, we show how we proceed to discover a

TCS transactional flow given its control flow and its set of

termination states. We suppose, for our motivating exam-

ple, that the two previous mining steps lead to discover the

TCS control flow as defined initially by the designers and

the TCS set of termination states shown in figure 6.

5.1. Key Idea

A termination state with failure is

reached after certain component service(s) failure(s).

Such a kind of termination states keeps track of fail-



Figure 6. The discovered set of termination
states of the online travel arrangement TCS

ure(s) produced during the execution and the applied recov-

ery mechanisms. For instance, the termination statewith

failure ts4 (c.f figure 6) is reached followingHR fail-

ure. In addition, the recovery mechanism applied consists

in compensatingFR and aborting the overall execu-

tion.

Let STSwithFailure the set oftermination states

with failure of a composite servicecs (of which

we know its control flow). The transactional flow in-

duced bySTSwithFailure is defined by the reverse function

of computeTSwithFailure: computeTS−1
withFailure. This func-

tion defines for each component services: its transactional

properties and its compensation, cancelation, and al-

ternative conditions induced bySTSwithFailure. These

conditions specify respectively whens shall be compen-

sated, canceled, or activated as an alternative according to

STSwithFailure.

Thereafter to compute a transactional flow of a TCS

given its control flow and its set of termination states it suf-

fices to implement the functioncomputeTS−1
withFailure. Im-

plementing this function returns to implement how to com-

pute the transactional properties and the transactional con-

ditions induced bySTSwithFailure.

5.2. Computing services transactional properties
induced bySTSwithFailure

Given the set of termination states of a composite ser-

vice we can, easily, deduce for each of its component ser-

vices, s, its set of termination statesSTS(s). For exam-

ple, given the set of termination states of the serviceOTA

we can deduce that the set of termination states ofFR

is STS(FR)={completed, compensated, cancelled}. We use

Figure 7. Discovering and improving the on-
line travel arrangement TCS

the following rules to compute the transactional properties

of a component service.∀ component service,s

1. By defaults is retriableandnot compensatable

2. if s. f ailed∈ STS(s) thens is not retriable

3. if s.compensated∈ STS(s) thens is compensatable

The first and second rules allow to deduce if a service is

retriable or not. The first and third rules allow to deduce if

a service is compensatable or not. By applying these rules

we can deduce, among others, thatFR is retriable and com-

pensatable. Figure 7.b summarizes these computed transac-

tional properties of component services. Bold properties are

the ones that do not match with the initial model.

5.3. Computing transactional conditions induced
by STSwithFailure

In the following we show how we proceed to compute

the compensation condition induced bySTSwithFailure for a

given component services. We proceed similarly to com-

pute the cancelation and alternative conditions.

The algorithm shown in figure 8 allows to compute the

compensation condition oss induced bySTSwithFailure(s):
CpsCondSTSwithFailure(s). Due to lack of space we give

only the idea of the algorithm: The compensation condi-

tion of s induced bySTSwithFailure is a subset of its po-

tential compensation condition;CpsCondSTSwithFailures(s)
⊆ PtCpsCond(s). To computeCpsCondSTSwithFailure(s) it



suffices to find which elements inPtCpsCond(s) occur in

the termination states in whichs is compensated.

Figure 8. Extracting the compensation condi-
tion of a service s induced by STSwithFailure

For example, the potential compensation condition of

FR, HR. f ailed, becomes a compensation condition because

it is satisfied ints4 (in which the state ofFR is compen-

sated). Figure 7.b illustrates the discovered TCS after the

control flow and transactional flow mining.

6. Improving a TCS recovery mechanisms

To improve a TCS recovery mechanisms, we introduce

the concept ofintuitive valid transactional flow. An

intuitive valid transactional flow can be character-

ized by the following three properties: (P1) following a ser-

vice failure, it tries first to execute an alternative if it exists,

(P2) otherwise (in case of a fatal failure causing the over-

all composite service failure) it compensates the work al-

ready done and (P3) cancel all running executions in paral-

lel.

For example, the discovered transactional behav-

ior shown in figure 7.b is notintuitively valid

since it does not respect, among others, the propertyP1

for the servicePTIP and the propertyP2 for the ser-

viceADC.

To improve a TCS recovery mechanisms, we pro-

pose a set of rules that generate suggestions to designers

in order to define anintuitive valid transac-

tional flow (given the computed transactional properties).

We suppose that♦F means F is eventually true:∀ compo-

nent service,s

1. ∀ ptAltCondi(s) ∈ AltCond(s),
♦(ptAltCondi(s))

∧
ptAltCondi(s) /∈ AltCond(s) ⇒

AltCond(s) = AltCond(s)
⋃

ptAltCondi(s).
2. ∀ ptCpsCondi(s) ∈ ptCpsCond(s),

♦(ptCpsCondi(s))
∧

ptCpsCondi(s) /∈CpsCond(s)⇒
(a)s must be compensatable and

(b) CpsCond(s) = CpsCond(s)
⋃

ptCpsCondi(s).
3. ∀ ptCnlCondi(s) ∈ ptCnlCond(s),

♦(ptCnlCondi(s))
∧

ptCnlCondi(s) /∈ CnlCond(s) ⇒
CnlCond(s) = CnlCond(s)

⋃
ptCnlCondi(s).

Due to lack of space we explain only the first rule. The

second and third rules can be understood similarly. The

first rule aims to ensure the above propertyP1. It postulates

that each potential alternative condition ofs, ptAltCondi(s),
eventually true must be considered as an alternative condi-

tion of s. For example, the potential alternative condition

of PCh (and PCC), PTIP. f ailed is eventually true (since

PTIP is not retriable) and is not considered as one of its al-

ternative conditions. By applying this rule we can generate

the following suggestion:s1 : add alternative dependencies

from PTIP to PChands2 : from PTIP to PCC.

By applying the other two rules to our example, we can

also generate the following suggestionss3 : add two com-

pensation dependencies fromADC to FR and fromADC to

HR, ands4 : add a compensation dependency fromHR to

LTA.

It is worthy to note that the designers have the final de-

cision which suggestions consider and which refuse. For in-

stance, designers may reject the above suggestionss2 and

s4 becausePCC is not retriable andLTA is effectless. Like

this, our approach allows to take into account designers spe-

cific needs that may violate the well behavior properties in-

troduced above. Figure 7.c illustrates the OTA service after

improvement.



7. Discussion

In this paper we presented an original approach for en-

suring reliable Web services compositions. Different from

previous works, our approach starts from a TCS executions

log and uses a set of mining techniques to discover its con-

trol flow and its transactional flow. Then, based on this min-

ing step, we use a set of rules to improve the TCS recovery

mechanisms according to designers specific needs.

Generally, previous approaches like [6–8] develop, based

on their modeling formalisms, a set of techniques to ana-

lyze the composition model and check ”correctness” proper-

ties. [6] proposes a formal framework, based on mealy ma-

chines, for modelling, specifying and analyzing the global

behavior of Web services compositions. [7] proposes a Petri

net-based algebra for composing Web services. [8] pro-

poses a transactional approach to ensure the failure atomic-

ity required by the designers. Although powerful, these ap-

proaches may fail, in some cases, to ensure TCS reliable ex-

ecutions even if they formally validate the TCS model. This

is because properties specified in the studied composition

models remains assumptions that may not coincide with the

reality.

Previous works in workflow discovery focus mainly in

control flow mining [4, 9–11]. They do not deal with the

transactional flow. In our approach we proposed not only

how to discover a TCS transactional flow, but in addition

how to improve it according to designers specific needs.

Furthermore regarding these approaches, our control flow

mining approach is original. It is characterized by a ”lo-

cal” discovery techniques that allows to recover partial re-

sults [5]. In besides, it discovers more behavioral complex

features with a better specification of ”fork” point and ”join”

point and adjusts dynamically in case of concurrence the

control flow mining process. We have implemented our pre-

sented patterns mining algorithms within a prototype [5].

To the best of our knowledge, there are practically no ap-

proaches to transactional Web services mining based on log.

Our approach can be seen as the first work in this field. Our

current work is about integrating the transactional enrich-

ment of our approach in semantic Web services approaches.

The transactional properties we are using can be, easily,

integrated and described in the non functional properties

block in a WSMO [12] service. We are also interested in

discovering more complex transactional characteristics of

composite Web services by enriching more the TCS log.

References

[1] S. Mehrotra, R. Rastogi, H. F. Korth, and A. Silberschatz,

“A transaction model for multidatabase systems.” inICDCS,

1992, pp. 56–63.

[2] W. M. P. van der Aalst, A. P. Barros, A. H. M. ter Hofst-

ede, and B. Kiepuszewski, “Advanced workflow patterns,” in

CoopIS 2000, Eilat, Israel, September 6-8, 2000, Proceed-

ings, O. Etzion and P. Scheuermann, Eds. Springer, 2000,

pp. 18–29.

[3] M.-C. Fauvet, M. Dumas, and B. Benatallah, “Collecting and

querying distributed traces of composite service executions.”

in CoopIS/DOA/ODBASE, 2002, pp. 373–390.

[4] W. van der Aalst and L. Maruster, “Workflow mining: Dis-

covering process models from event logs,” inQUT Technical

report, FIT-TR-2003-03, Brisbane, 2003.
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