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Abstract—Business processes describe the workflow of the definition itself, automatically.
critical administrative and business functions in an enteprise. Our vision is to be able to automate weak point analysis
Successful completion of a business process is a basic factog, ». bsiness process specified in BPEL (Business Process
to be considered in business process analysis. In this papeare . .
generalise weak point analysis, which has been proposed to EXecution Langu_age)..Ourapproach translates BPELtoa_aPetr
determine the critical components for the successful comption net model (as given in [5], [6]) and annotates the Petri Net
of a business process. The existing work presented in [4] model with resource information. Using existing tool sugipo
requires the modeller to identify the frequency with which e compute from the Petri net how often resources are used
components in the workflow are used, which is not automated based on the throughput of Petri net transitions. Note that i
and may require considerable computational effort. In the work )
presented here, we generalise weak-point analysis, suchath [4] resource usage has to be kpown by thFj' analyst. In the
it can be automatically conducted for any business process current paper we present a tool implementation that assumes
specified in BPEL, the Business Process Execution Language.a stochastic Petri net model of the BPEL process is provided,
Our methodology annotates a Petri Net model derived from the sing SPNP (Stochastic Petri Net Package) to determine the
formal description of BPEL business processes with reSOUEC y, ., ghnt of transitions. The throughput results are fed i
information, automating weak point analysis from that point : . . .
onwards. We present a case study and initial tool support usig Matlab for the actual weak point analysis. Future work will
SPNP and Matlab. further expand on this initial tool implementation, incind
the translation from BPEL processes to Petri nets. This mpape
Index Terms—Business Process, Availability, Stochastic Petri presents the overall framework, initial tool support and an
Net, BPEL, Tools. example.
| INTRODUCTION The_ rest of the paper is arranged as follows: In Section
2 we introduce the related works. In Section 3 we present a
Providing precise evaluation of business processes isftmpgackground and a brief explanation about Weak-point aiglys
tant aspect for organizations in order to allow IT managefgethodology, Petri nets and SPNP and Business Process Exe-
to balance the operational and economic cost of busineggion Language. In Section 4 we introduce the framework and
processes and the used resources. Availability of ressuscedetail of our BPEL based weak-point analysis methodology.
therefore a key metrics for business processes [1]. Déliger Section 5 shows experiment example to depict our analysis

the right level of availability of the IT infrastructure allvs methodology. Finally, concluding remarks are presented in
an organisation to balance the reliability of the executtdn section 6.

a business process with the cost of resources [2]. Exceeding
the right level of availability results in expensive seps¢ Il. RELATED WORK
while insufficient availability results in costly outageiSor
these reasons an organization would like to be able to predicProviding a methodology and framework to assess business
the reliability of business process by distributed resesif@]. process availability is essential for any organizationvial@ate

In this paper we present a business process analysis mettaod improve its mission and gain high profits. There exists
ology to compute the availability for workflows. In [4] thea considerable amount of research on availability analysis
authors propose weak point analysis, an approach to deternof business processes. This research attempts to evahete t
the availability bottlenecks in a system. the problem of theusiness process quantitatively or qualitatively. Oueriest
approach described in [4] is that the frequency with whicls in the quantitative evaluation; Lei et al [4] proposed a
resources are used is input to the analysis. That is, thgstnamodel to optimise resources redundancy to meet avaikabilit
needs to identify by hand how often a business process useguirements. This work is important for our work, but, Lie
certain resources. We improve on this situation by derivirgg al does not provide a generic model that can represent a
the usage patterns of resources from the business prodasse class of business processes, and only partially aategsm



the calculation of availability based on the business p®sce
specification.

Fenz et al [7] propose a model to evaluate the importance of
business process resources. They focus on the availabhiey
limitation is that the model ignores the time factor, whish iwhere, P(W;) is the current availability for workflowi?;,
an important factor and should be considered when avatiabil P(C};) is the availability of resourc€’;. The current avail-
or performance is evaluated. ability for workflow P(WW;) compared with the workflows

Van der Aalst et al [8] presents a product/data modelyailability requirement?;: if P(W;) > P;, the availability
which provides a methodology to automatically calculate tirequirement is satisfied; otherwise, , it is not satisfied and
value of the process elements. The model structure comgistsome resources involved in workfloW; need to be replaced
various paths with nodes and costs, flow time, probabilitg, aor otherwise enhanced. As the methodology determines the
constraints, these can be quantitatively defined to proside workflows and the relevant resources which do not meet the
or flow time, on the paths to provide the top level product. required availability, it is called "weak point analysis”.

The IBM WebSphere development group [2] has proposed )
work on availability in the enterprise IT resources. Thegdis B- Petri Nets
the Excel spreadsheet for plan and design for the availabili There has been an increasing interest in using Petri nets
solution in the enterprise. as a modelling language for workflows and workflow based

In our work (model) we represent business processes defirggplications [11, 10]. This is because Petri nets have agtro
in Business Process Execution Language (BPEL) [9] usimgathematical foundation formalism makes it possible taipet
formal Petri Net specification. Petri Nets have already beemathematical models describing the behaviour of the system
considered as a modelling tool for workflow and workflown addition, Petri nets allow a graphical representatioadee
systems [10], which form the basis of all business procesdbs understanding of the modelled system. Petri nets haare be
definition languages, including BPEL. supported by many tools and applications make it suitable
for many application areas such as workflow management
systems [12, 13], business process management [14, 15] and
A. Weak Point Analysis web service technology [16, 17].

In business process applications, the availability of glsin A Petri nets as defined in [18] is a 5-tupley =
resource affects the overall availability of the businessess. (P, T, F, W, My), where: P is a finite set of placesT is a
We use the term resource for any hardware, software or hunfanite set of transitionsF' C (P x T) U (T x P) is a set of
element needed to execute the workflow. The weak-point antibw relationsi¥ : F' — N is a weight function}, : P — Ny
ysis methodology presented in [4] determines the companeist the initial marking. WheréN is the set of natural numbers
of a workflow satisfy a predefined business availability iegtu andN, denotesN U {0}.
ment level. In this methodology, the modeller first extracts The relation between places and transition den T =
the relevant information from the business process worldlowp A P UT # ¢. Graphically, places are depicted as circles and
and takes the business workflows specified in BPEL as ingdtansitions are depicted as either bars or boxes. In a warkflo
plus the availability requirement for each workflow. Frone thapplication, a Petri net model can be use the transitions to
workflow specification and the resources involved in eacgkpresent the tasks and places represent the pre and post
workflow the modeller determines how often resources acenditions of the tasks that involve in the system. Traosits
used, by specifying the workflow mapping matrix. Basednabled if each input place contains at least a number ohtoke
on the mapping matrix, plus the availability numbers foequal the weight of the flow relation from the places to the
resources, it calculates whether the specified availghditel transition; and when transition is firing it consumes a numbe
has been reached. of tokens from each input place and produces a number of

To explain the analysis methodology mathematicallypkens equal to the weight of the flow relation from place to
suppose there exitsn workflows, Wi,W,,--- ,W,, the transition. The arcs connect places with transitionsag
and the availability requirement for each workflow isersa.

P, Py, -+, P,. We also suppose that there areresources, A Petri nets have many extensions such as, Stochastic Petri
C1,Co,---,Cp,, and the availability for each resource isets and its extension generalized Stochastic Petri n@jsifl
P(C1),P(C2),---,P(Cm). The relationship mapping have been used as a useful modelling formalism and proposed
matrix between workflow and resource is depicted as folloior modelling qualitative and quantitative analysis ofteyss

the relationship between workflowd; and resourceC; is [10]. Stochastic Petri nets are timed (transition) and thieyd
R; ;, where R; ; is an integer value depicting the numbeof transition firing are random variables with exponential
of references to resourc€; from workflow W; in the distribution. This means; the transition is associatech vait
workflow-resource relationship matrixR(; set to 1 for random firing delay whose probability density functionsffpd
referenced resources and 0 for unreferenced resources). @ire a negative exponential with specific rate. In GSPNs, imme
current availability for each workflow is calculated acdagd diate and timed transitions are coexisted. To analysis GSPT
to the formula: the reachability graph generated, i.e. all possible magskin

P(W;) = _H(P(O»Rw, (1)

I11. BACKGROUND



and transitions between markings in GSPNs. This allow& The Petri Nets and SPNP Module
obtaining the corresponding Continuous Time Markov Chains e exiracted Petri Nets model represent the definition of
(CTMC), in order to analysis and computing the interestingpg| pysiness process workflows which specifies the flow
performance indices [20]. Moreover, there are severalstoQl process as depicted in the BPEL structure files. The impor-
that support the evaluation of SPNs such as SPNP [21] whigh e of this module lays in extracting the relationshipieen
are used as a tools support for analysis and evaluate outmqgl,sitions and relevant resources involved in business pr
in this paper. . . cess workflows. The mapping relationship transition-reseu

1) SPNP: The Stochastic Petri Net Package (SPNP) igecifies the necessary information for the relevant ressur
a modelling tool used for performance, dependability angy each transition at the Petri Nets model. The relatignshi
performability analysis of complex systems [22]. CSPL(Cdetermines number of times that the resource is used to
based SPN Language) which is an extension of C progragsmplete transition firing per unit of time. Therefore, thinfy
ming language with some facilitate used as input languag@e which indicates under which conditions a transitionyma
for SPNP. It is a Stochastic Reward Nets (SRNs) based @ and what the effect of the firing[18], is on the marking is
the Markov Reward Models (MRM) and provides modelling, important aspect to determine how often does transitien fi
environment for: dependability (reliability, availaltylj safety) per unit time, and how long the relevant resource is used to
analysis, performance analysis and performability mawll complete transition firing. This is done by the use of SPNP as
SPNP facilitate the construction of modelling complex syst 4 powerful tool for analysis a Petri Nets model. Our impatrtan
through utilization of essential Petri nets constructshsas jnterested is the measuring of throughput for each tramsiti
marking dependency, enabling functions and variable naldi of model as the transition-resource relationship is the key
ity arc. The SRN solved for steady-state metrics or transieghntripution of our of Petri nets model. A transitiGhis said
metrics. It allows for standard set of measures as well g@§pe enabled if each input plageof ¢ is marked with at least
custom measures. The important features that had sup[hyrtequ(p, T) is the weight of the arc fron® to 7. In CSPL file we
SRN model are: marking dependent arc multiplicities, enabl ,se the rate rewards to compute the average throughfiif]

function firing probabilities and firing rates. for transition7 in two ways: The sequences, AND-split, OR-
split, and OR-join transitions are computed according ® th
IV. OUR APPROACH formula:

The important aspect of our approach is that we automati- N
cally determine the frequency with which resources ar_egaeln_ E[TR] = Z (P(#Py > X) % X) % A @)
used based on the business process specification. Thigleonsi
erably improves on the work in [4] where the modeller needs

to input resources usage by hand. This leads to inaccuradifre, - is the probability of marking placé’, X is an

and to extra work. If the business process specification [}f€ger number and is the rate of the transitiofi. The AND'
available, it should be beneficial to rely on this definitin t/0in transition is computed according to the formula:
determine the usage patterns for resources.

X=1

The generic methodology we propose in this paper uses N
the BPEL specification of a business process, and translates E[TR] = Y (P.(#Pi = X&&#P, > X ---
this into Petri nets. Resources are associated to the ntleva X=1
transitions of Petri Net model. From this, we automatically #Pm 2 X)) X) x A 3)

extract the transition-resource relationship which detees where, P, is the probability of marking places,, P, - - - P,

the number of times_ the involved resources used i_n the nE“evﬁlhich are preceding the AND-join transition. Now we have
workfiows. Th_e main f”?meWOrk of our weak-point an_alys'ﬁomputed the throughput of each transition and determimed t
methodology is shown in Fig. 1. The framework consists Qf her of times that each transitiéhfires per unit time. This
the following modules: is the basis for transition-resource relationship matrhiol
A. The BPEL Business Process Specification Module will be used in the next module.
The business processes in BPEL specify the flow of procéss The Weak-Point Analysis Module
at business process level in BPEL files structure. The strect This module carries out the weak-point analysis based on
of BPEL file specifies the basic building blocks that used e mapping transition-resource relation matrix deriviexf
defining the process and services implemented in busindéiss Petri net model. Now we can calculate the current avail-
process workflows. The basic workflow building blocks arebility for each work flow according to its involved resource
shown in Fig. 2; they include: the sequential routing, datal We assume there exist n business process workflows denoted
routing, conditional routing and iterative routing [23]. by Wy, Ws, W3, -- -, W, and the availability requirements for
These basic building blocks are with high importance arehch workflows are specified with,, P, Ps, - -- , P,, where
to be considering when construct the Petri nets model in the< P, < 1. We also assume that there are m resources
next module. available for workflows denoted by, ro, 73, -+, 7. FOr a
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Fig. 1: Framework for weak-point analysis.

Petri Net model derived from the formal description of BPEL ~ TABLE I The transition-resource relationship matrix.

business processes, we assume that therek aransitions > o = T
denoted byty,to,t3, -+ ,tx. We construct a matrix to cap- th | Bag1 [ Rip | Rig | -+ | Rim
ture the transition-resource relationship. Table | shohe t fo | Fay | Roo | Ros | - | o
. . . Ty t3 R3z1 | R32 | R33 | -+ | R3m
matrix; the relationship between transitiohand resource;
is R;j, whereR; ; is the value of throughput of transition ty | Rea | Reo2 | Res | - | Rem

t; references to resource; and depicted the number of
times that resource; is used in relevant; transition, and
set to 0 when resource is not included in the transitio
resource matrix. For example, let the Petri nets model sbn
of four transitionstq,ts,t3 and t4, which are mapped to
five IT resourcesry,r,73,74 and rs. The throughput of

each transition sk, Ry, i and 1, respectively and the their availability enhanced to meet the availability requient.

?Dvallablhty Offaclh r%?om:rce E’t.(rl)’ P(ra), P(Ti)’t.P(r‘;]). and tWhich resources should be enhanced for availability depend
: (r5) respectively. The ransition-resource relationship matr, , o resource components behaviour and cost.
is (R1,1, Ra,3, R34, Ra5), which mean that resource 2 is not

include in the resource list of transitions; thus the avmlily V. CASE STuDY
for the workflow is :

With the workflows availability requiremeti,.,: if P(W;) >
req,» the requirement availability is meet; otherwise, the

availability requirement is not satisfied, and this indésathat

some resources in the transition-resource relationshieésl

A. Example
P(W;) = P(ry) 1 % P(rg) 28 5 P(ry) 34« P(rs) s (4) In this section, we give a simple example to depict our
methodology. The definition of our BPEL business process
R; ; is set to O for unreferenced resources. example is shown in Fig. 3, which is a BPEL business travel

We compare the current availability for workfloR(17;) scenario [24] comprising the following partners: clientbve



<sequence>

A B
<receive partnerlink="client"
4.04, portType="trv:TravelApprovalPT"
operation="TravelApproval"
Py Py Py variable="TravelRequest"
. . createlnstance="yes"/>
(a) sequential routing <assign>
B <copy>
B Py <from variable="TravelRequest"
part="employee"/>
<to variable="EmployeeTravelStatusRequest"
part="employee"/>

</copy>
</asign>
<invoke partnerLink="employeeTravelStatus"
Ps portType="emp:EmployeeTravelStatusPT"

i AND-joint operation="EmployeeTravelStatus"
inputVariable="EmployeeTravelStatusRequest"
oputputVariable="employeeTravelStatusResponse"/>

Py Ps

<asign>
<copy>
<from variable="TravelRequest"
operation="TravelApproval"
<to variable="FlightDetails"
part="flightData"/>
D <Icopy>
<copy>
<from variable="EmployeeTravelStatusResponse"
part="travelClass"/>
<to variable="FlightDetails"
part="travelClass"/>
</copy>
</asign>

(c) conditional routing <flow>

<sequence>
<invoke partnerLink="MMAirlines"
portType="alnFlightAvailabilityPT"
A B c operation="FlightAvailability"
inputVariable="FlightDetails"/>
—»@—» <receive partnerlink="MMAirline"
portType="alnFlightCallbackPT"
Py Py Py Py

operation="FlightTicketCallback"
variable="FlightResponseMM"

(d) iterative routing leseequ’e?"ccee:
. . g <invoke partnerLink="NNAirlines"
Fig. 2: Basic workflow building blocks porType="alnFiightAvailabilityP "

operation="FlightAvailability"
inputVariable="FlightDetails"/>
<receive partnerlink="NNAirline"
portType="alnFlightCallbackPT"
operation="FlightTicketCallback"

service, employee travel status web service, and two airlin dspauences eSS FIGHResponseN”
web services: American and Delta Airlines (Fig. 4). howe
A Petri nets model that we have derived from the for- Hmaf;m:jzwcf)wh'D”F'ngpMMfm‘D‘
mal specifications of BPEL business processes specified SlbpusgetarableDala(FightResponseNN confimationDats,
the order of activities constitute the BPEL business pro- e ]
cesses (Fig. 5). The model consists of ten places and e o
seven transitions (four timed transitions and three immedi Jasign>
ate transitions). Timed transitions are associated with ra <ofenuise>
dom exponentially distributed firing delays; while, immeigi <°%@:rzj}ayi:ﬁ?ebﬁ;ggggEsesggsngsyN~/>
transitions are fire in zero time. The places af&j; 4., o™
Preq; Pcompla Pcome; Pempll ’ Pemp127 Pprcla Pprc27 Psell and </§$I2ﬁgﬂse> ) .
. e <invoke partnerLink="client"
P_SQIQ. The tlm_ed traq5|t|0ns ar@”em, Toret, Tprea andTpeg;. porfype="trClentCallbacke T
Finally, the immediate transitions arg, ¢; and ¢;. The dsequences inputvariable="TravelResponse"/>
resources are associated to the timed transitions to eaptur <lprocess>
the transition-resource relation matrix. Fig. 3: BPEL Business Process Travels Example.

Using SPNP as a powerful tool for solution of Stochas-
tic Petri nets models, we compute the throughput of timed
transitionsT ient, Tpre1, Tprez iN the CSPL file according to
equation (2), and the throughput of timed transitichig,;
according to equation (3).

There are many states for our Petri nets model. The state of
a Petri nets model depends on the initial marking of the model
(number of tokens jobs in the initial places) which detemsin
the number of jobs to be executed per unit time. The number
of tokens in the Petri nets places represented by symbdis tha Fig. 4: Business process parties.
are parameters of the model. An initial marking with one or
more parameters represents markings that can be obtained by
assigning different legal values to the parameters. Adngiyl

Travel:BPEL
Business
Process

Employee
Travel
WS

American
Airelines
WS

Delta
Airlines
WS




TABLE II: Resource components.

c1 co c3 cj
r1 | Kig | Kig | Kis | - | K1
ro | Koq | Koo | Kog | -+ | Ko
r3 | Kza | Ks2 | Kz | --- | K3
Tn Kn,l Kn,Q Kn,S Kn,j

Pempl

. . . _ TABLE IIl: Component failure and costs.
Fig. 5: Graphical representation of Petri nets model.

Component| ColdCost | ActivCost | RepairCost] MTTR MTTF
c1 ccy acy rcy MTTRy MTTFy
NET co cco aca rco MTTRy | MTTF;
c3 ces acs rcs MTTR3 MTTF3
discrete places: 10
immediate transitions: 3 Cj ccy ac; Ty MTTRj MTTFj
time transitions: 4
constant input arcs: 6
constant output arcs: 5 L
constant inhibitor arcs: 0 The availability of Resources
variable input arcs: 4 —
variable output arcs: 5 AVRS =
variable inhibitor arcs: 0 0.99974833144886
0.99989732491491
RG: 0.99975528000621

0.99975189206566
tangible markings: 204 The Throughput of Transitions from SPNF
vanishing markings: 0 new3 =
marking—-to—marking transitions: 616

4.39302260410000
3.26733175852000
3.67242819116000
1.34755162718000

TIME: INFINITY
The Transition—-Resources Relationship

EXPECTED: Throughput of the transitions TTR=
Tclient in steady-state= 4.3930226041 0 010
EXPECTED: Throughput of the transition Tprcl 1 0 0 1
in steady—state = 3.26733175852
EXPECTED: Throughput of the transition Tprc2 01 1 O
in steady-state = 3.67242819116

1 0 1 1

EXPECTED: Throughput of the transition Thest
in steady-state = 134755162718 The Availability of Workflow

Fig. 6: SPNP output text file. AVWF =
0.99502480103268

Fig. 7: MATLAB output results.
we have the following initial states:

. ken (j . . . .
One token (JOb). . picted in Table Il, and the component failure behaviour and
« One token, continuously cycling . . . .
. cost depicted in Table Ill, which consist the fundamental
o Multiple tokens - S
o ) parameters for resources availability. The availabilitgiogle
In each of above state the initial marking of the pl&e .. component calculated as MTTF / (MTTF + MTTR), where
determine the state of our model depending on the value \frTr specifies the mean time to failures and MTTR specifies
the parametetlient_no which represent the number of tokethe mean time to repair after each failure. Given,, the
in the initial place. For each of above state SPNP produce,gailapility of resources and the transition-resourcetieh-
different output text file with different results for commd  gpip matrix we can calculate the availability of workflows in
the throughput of each transition of the model. In our modg|,, methodology according to the formula:
we concentrated on the computing of throughput of transitio
as our aim is to associate each transition to the relevant TR
resource result to capture the resource-transition ogistiip. P(W;) = H(P i) ®)
To explain our experimental example we have executed the
first state (one token job) by give the parametéent_no the WhereP,; the availability of resourcg and R; ; is the value
value one on the Petri net model. We have obtained the outpfitthroughput of transitiort; references to resource; in
text file with the results shown in (Fig.6.): transition-resource matrix. For the solution of our metied
The current availability for resources is calculated in owgy we use MATLAB [25] to perform the calculations. Fig.
scenario with respect to the components of resource as @eshows the final MATLAB output result file.

j=1
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