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Abstract: Workflow testing is an important method of workflow analysis in design time. A challenging problem with

trace-oriented test data generation in particular and trace-based workflow analysis in general is the existence

of infeasible traces for which there is no input data for them to be executed. In this paper we build on the
theory of workflow nets and introduce workflow nets where transitions have conditions associated with them.

We then demonstrate that we can determine which execution traces, that are possible according to the control-
flow dependencies, are actually possible taking the data perspective into account. This way we are able to
more accurately determine in design time the infeasible traces caused by the correlation between transition

conditions along this trace. Finally, we provide a solution to automatically detecting the shortest infeasible
trace.

1 INTRODUCTION ble traces in process model.

For instance, for the simplified example model for

Workflow testing is an important method of workflow 10an process (shown in Figure 1), the trageststz)
analysis in design time (van der Aalst and ter Hofst- tatststio andtato(tatz) « tatgts become infeasible when
ede, 2000). However, test data generation is an ex-transition conditions are taken into account. The rea-
tremely complicated and time-consuming task as it SON of tracegty(tstz) * tatststio non-existing is that
requires a careful analysis and understanding of thethe conjunctive transition conditioies A ¢4 on transi-
source code and knowledge of the underlying con- tiontio alongtats(tsto) + tatststip are not satisfied, they
cepts of the testing criterion. For this reason, automa- are then non-executable (that is, they areasible
tion of test data generation may provide a significant traces).
cost and time reduction for workflow testing. Intrace-  In this paper, we build on the theory of work-
oriented test data generation, a set of traces is selectedlow nets and introduce workflow nets where transi-
which satisfies one or more coverage criteria and testtions have conditions associated with them. This way
data are generated to exercise these traces. A chalWe are able to more accurately determine in design
lenging problem with trace-oriented test data genera- time the infeasible traces caused by the correlation be-
tion in particular and trace-based workflow analysis in tween transition conditions.
general is the existence of infeasible traces for which ~ The rest of this paper is organized as follows. First
there is no input data for them to be executed. In this & formal definition ofworkflow nets with transition
case, considerable effort might be wasted in trying to conditionsor WTC-netdor shortis given and we pro-
generate data for infeasible traces. pose a reachability analysis approach based on the

In software engineering domain, detection of Pehavioural semantic of WTC-nets to detect the in-

branch condition and branch correlation is a kind of feasible traces in process models (Section 2). We im-
important methods in path feasibility analysis(Ngo Plement a tool to support the proposed approach and
and Tan, 2008). Here, inspired by the approaches ofthis tool is used to apply the approach to a number of
detecting the infeasible paths in software engineering eal-life models (Section 3). Section 4 discusses the
domain we propose an approach to detect the infeasi-related work and Section 5 concludes the paper.
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The set of transitions T
t;: receive_application
t4: check loan amount
ty: approve by manager

The set of condition variables

ty: verify application
ts: check risk
tio: approve by officer

t3: modify application
t7: modify-loan
t6, tg: silent task

d;: info_complete d,: loan amount dj: risk

The set of conditions

cp: —d; ¢y d; c3: d,>50,000

¢q: dp<=50,000

Csids ce: —d3

Figure 1: A workflow model for the simplified loan process.

2 PRELIMINARIES

In this section we briefly introduce workflow nets
with transition conditions (for short,” WTC-nets).

The initial marking for a workflow net, oWF-
net for short, corresponds to one token in its initial
place and thus formally correspondstd he desired
final marking is the marking that has one token in the

WTC-nets are based on Petri nets and workflow nets. Output places and no tokens in any other places.

In order to make the paper self-contained, some well-

known definitions are introduced first.
2.1 Background

Below, we define Petri nets first. For an overview of

Petri nets and an extensive bibliography the reader is

referred to (Murata, 1989).

Definition 1 (Petri net) A Petri net N is a tuple
(PR T,F) where P is a finite set of places, T is a fi-
nite set of transitions such that®T = &, PUT # &,
and FC (Px T)U(T x P) is the flow relation.

For each nodg, i.e. a place or a transition, we
useex to denote its pre-set - the set of nodes which
are input ofx - i.e. ex = {y|(y,X) € F}, andxe for its
post-set - the set of nodes which are output ef.e.
xe = {y|(x.y) €F}.

Definition 2 (Marking). Let N= (P, T,F) be a Petri
net, amarkingM of N is a function from its places to
the set of natural numbers, i.e. MP — N.

2.2 Workflow Nets with Transition
Conditions

Central toWTC-netss the notion of a&ondition Here
we only informally describe condition clasend A
conditionc is an instance ofond

The expression form of the classndis a logical
expression. Theperatorsused incondinclude com-
parison operators (egle,leq,ge geqeq), arithmeti-
cal operators (eg.plus minustimesfrac,mod div),
boolean operators (egeg and,or,implieg. The data
type in condcontainsint, real andbool. For avari-
ablev used in acond thedomain of v is a set of val-
ues thatv can hold. The notiowar is used as the set
of all variables as well as the notiMARiIs used as the
set of all possible assignments of types to varianbles.
In addition, functionVya() is applied to a condition
to yield the variables that are used in this condition.

A WEF-netwith transition conditions, oW TC-net
for short, is aWF-netwhere the transitions are as-

Transitions can change the marking of a Petri net signed conditions. We give an assumption that the

if they are fired. van der Aalst defines workflow nets
by imposing certain syntactical restrictions on Petri
nets (van der Aalst, 1998).

Definition 3 (Workflow net) A Workflow netr is a
Petri net(P, T,F) such that there is a unique source
place i, i = &, a unique sink place 0,e¢0= &, and
such that every nodexPUT is on a path from i to
0.

variables that a transition can write to, may take on
any value as a result of its execution.

Definition 4 (Workflow net with transition condi-
tions). A workflow net with transition conditions’
is atuple(#,V,C,G,W, TV), such that:

e 2 =(PT,F)isaWF-net;
e V Cvaris a set of net variables;
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C C cond is a set of transition conditions with  Definition 7 (Conjunctive transition conditions) et

UcecWar(C) C V; w= (?,V,C,G,W,TV) be aWTC-net c € T* a
e G: T — C is a function assigning conditions to transition sequence (possibly empty, be= ¢€),  :
transitions; var — var a renaming of variables, ®)[y] chang-

ing transition condition according to this renaming,
n: T — N an assignment of natural numbers to transi-
tions, and b is any boolean expression. The conjunc-
tive transition conditions along sequence with vari-

e W:T — 2V is a function that yields the variables
that transitions can write to;

TV € VAR is a function assigning a type to each

net variable. ables renaming¥: "(g, b) is defined by:

Definition 5 (Marking of WTC-net) For a WTC- p¥ (e, b) = b

netw = (?,V,C,G,W,TV), a markinga is a tu- ’ .

ple (M, o), where M is a marking ofVF-net, and p¥ "(to, b) = p¥> " (o, bAG(t)[W]) where

o € T* is a sequence of transitions. W =po{v, V) |vew) andri =na
The initial marking of this neti is defined as {(t, n(t) + 1)}

(i,€), wherei is the unique source place of , € is We are now in a position to formally define when

empty sequence. a transition in aVTC-netis enabled in the context of

Subsequently we formally define whether transi- a given marking.

tion condition is satisfied in the context of a particular . finition 8 (Enabled transition in WTC-net)Let

assignment of values to variables. Given an assign-,,, _ (2.V,C,G,W, TV) be aWTC-net o = (M, o)
ment as an environmeetand the set of all possible |, m’ar’kirvwg’of NG - . itnaicl

gnvironments aENV..The S?t of all possiblg valugs tion in this net. Let b be a conjunctive transition
is denoted a¥al and it is defined as the union of all conditions with variables renaming defined by=b
integers, reals, and booleans, Mal=ZUR UB. p? {0 [t€T}h(g true). Transition t is enabled in
Definition 6 (Satisfiability of conditions) Let TV : markingas , a [t >, iff an environment eV, (b) —
var — Types be an assignment of types to variables Val can be found such thatyys(b, €, TV).

and let ¢ be a condition in the context of type as- pefinition 9 (Firing). Letw = (2,V,C,G,W,TV) be

s!gnment TV, ie., € cond_, e: var — Val an as- 3 WTC-nef # = (M,o) be a marking of this net,
signment of values to variables, and the function 5. ¢ c T an enabled transition. Firing transition t

Vholds : condx ENV — bool can be applied to deter- in marking» results in markings'= (t e U(M\ e
mine whether in the context of a given environment a A
t),ot). As per usual, we writef — a1 ’.

condition holds.

In order to e_valuate if |.n_ the cont_e_xt of a transition Table 1: Deriving the conjunctive form of transition condi-
sequences a given transition conditiom hold, we  {ions along sequendetytstots for WTC-net in Figure 1.
need to take into account the variables that are used
in the transition conditions of transitions mand in TS! VR? TCT® CTC!
¢ as well as the order in which variables may be writ- t dztl : dstl
ten by transitions iw. To solve this problem, we in- !

; : t, d
troducefresh variablesas replacements for variables 2 1o 1 1
. - e o i3 —dy; —dy;
used in transition conditions of transitions whenever 2 2 7
it turns out that these variables could have received a 2 i T
new value through the execution of preceding transi- ta dhf o Adid

tions. Fresh variables in a transition sequeadeke 1 "

. . . . Transition Sequence.
the form\{' wheret is a transition which could write 2 Variable Renaming.
v, i.e.ve W(t), andn is a natural number, which for 3 Transition Condition Transformation.
a particular occurrence of transitiorin o represents 4 Conjunctive Transition Conditions.
the number of previous occurrencestofn o (this is
required in order to be able to deal with loops). We Example. Assuming for the WTC-net sample in
assume that variables of the fonfhdo not occur as  the Figure 1, given a current markir{@s, titotstz),
net variables in a WTC-net, so that indeed they will let us consider transitioty can be enabled or not.
be fresh whenever introduced. We also assume thatFirstly, we observe how to derive the conjunctive
given a renaming functiop : var — var and a con-  form of transition conditions for transitiota along
dition c € cond c[y] denotes conditiorr where for the sequencéitrtstots.  As shown in the first col-
every variables € W5 (€) Ndom(y) each of its occur-  umn of Table 1, variablé; is written twice by tran-
rences has been replacedibv). sition t;. Once each writing operation happens,
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is mapped into a new fresh variable as shown in the
second column of Table 1. For example, variathle

is mapped intody, and dif, respectively along the
sequenceytotsts. The corresponding transition con-

dition is then changed based on the closest preced—(l) ¢, and & reference common condition variables

ing variable renaming as shown in the third column
in Table 1. For instance, the transition condition of
transitionts in the sequence is changedﬁ.‘isltl2 fol-

lowing the closest preceding variable renamdhé.
The fourth column in Table 1 describes the dynamic
evolution of the conjunctive form of transition condi-
tions along the sequence. For the conjunctive form of
transition conditions-di{, A dif, there is at least an

assignment of valulalseto dltl2 and valudrueto dltz2
which make the conjunctive form hold. Therefore,
transitiont, is enabled and then fired in the current
marking(pz, titotsts).

Definition 10 (Reachable marking) Let % =
(?,V,C,G,W, TV) be aWTC-net a marking(M, o)
with o=t;...t, is reachable iff a sequence of reach-
able markings MMz ... M, exists such thai,€) kN

(M1,t1) 3 (Mg, t1t) 3 tr:>1 (Mp_1,t1...th—1) 3
(Mn,tl. . tn) W|th Mn == M

With the behavioural semantics of a WTC-net sys-
tem, we propose an extended coverability graph Al-
gorithm based on that Finkel has proposed in (Finkel,
1991). The constructed graph of Figure 1 is shown
in Figure 2 [An aside: any node with gray cycle is a
dead node, node @1,t1) is the start state of the first
cyclic executiorsts, node 4 and node 9 labeled with
(p1,{(t3,c1)}) are the start state of the second round
and third round of cyclic executioats respectively,
Thus, the repeating of the cyclic executions is termi-
nated in the start state of the third round by merging
the node 9 to node 4 with the directed dotted arc].

2.3 Infeasible Trace of WTC-net

In this section, we will describe formally the seman-
tics of the infeasible traces of WTC-nets.

Definition 11 (Infeasible Trace) Let w=
(2,V,C,G,W,TV) be a WTC-net (M,o0) be a
marking ofw, t be a transition with guard function
G(t), 0 =t1...ty is theexecutable prefiof transition

t as well as traces - t is infeasible iif:

i. Mt>, and

ii. there is an environment evarU ran(y) — Val
such that for alll <i < o],
VholadP?" {9 1t€T} (5. true), e, TV), and
—(Vhoias(p?" (O 1€} (g t true), e, TV)).

Detecting Infeasible Traces in Process Models

Definition 12 (Correlation between transition condi-
tions). Given two transition conditionsiand ¢ as-
signed to guard function of and ¢, respectively. They
are correlated, iif:

i.e, they have common condition variable setV
(V1,V2,...,Vim),

(2) there is a trace fromytto t, such that at least one
variable in . isn’t written.

Subsequently, we propose a backward search
algorithm on the generated coverability graph to
search the shortest infeasible trace [An aside: in
view of the limitation of space, for full details about
the algorithms we proposed the readers are referred
to http://laudms.thss.tsinghua.edu.cn/trac/Test/wiki
chengguo/ICEIS2012.pdf].

Figure 3 shows the result of this detecting algo-
rithm. The set of infeasible traceégs(tstz) tatststio
is caused by correlation relationship between transi-
tion conditioncs onts and transition conditios on
t10 as welltyty(tsty) “tatete caused by correlation re-
lationship between transition conditi@aa ontg and
transition conditiorcs ontg.

3 EXPERIMENTS

We implemented the proposed approach for detecting
the infeasible traces of WTC-nets. We made use of a
well-known, open-source process analysis framework
(ProM) (van der Aalst et al., 2009) and developed our
tool as a ProM 6 analysis plugiin Figure 4 shows
the returned result of detecting the infeasible traces in
Figure 1.

Subsequently, we illustrate the applicability of our
approach to real process models by carrying out ex-
periments that are based on process models and data
information related with transition conditions found
in the TiPLM systerd. These 29 collected real pro-
cess models are divided into 4 types: engineering de-
sign and review (DR), process engineering and chang-
ing (PC), release management (RM), and applica-
tion management (AM). Firstly, we transformed the
TiPLM workflow models and the extracted data in-
formation from TiPLM database into WTC-net mod-
els. We then used the implemented tool to detect the
infeasible traces.

1The ProM framework can be downloaded from
http://www.processmining.org/

2TiPLM is a product life-cycle management solu-
tion, which is developed by THsoft InfoTech company
(http://www.thit.com.cn) and widely used in Mainland
China (well over 100 companies in the manufacturing in-
dustry in China adopted the TiPLM system).
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Figure 2: The coverability graph of the WTC-net in Figure 1.
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Figure 4: The screenshot of the detecting result of the shbintfeasible traces.

Table 2 shows that there are 8 (8%) process  sures including manual analysis. It turned out that
models among the 29 transformed WTC-net models. our approach was always able to correctly detect the
We compared the detection results with other mea- correlation relationship of the process definitions. All
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Table 2: The detecting result of infeasible traces for reat@ss models

PM DR-1 DR-2 DR-3 DR-4 DR-5 DR-6 DR-7 DR-8 DR-9 DR-10

SITy 0 2 26 0 0 0 1 0 0 0
PM DR-11 PC-1 RM-1 RM-2 RM-3 RM-4 RM-5 RM-6 RM-7 RM-8
SITy 11 0 0 2 1 0 0 0 0 0
PM RM-9 RM-10 RM-11 RM-12 RM-13 AM-1 AM-2 AM-3 AM-4

SIT 0 0 0 1 0 0 1 0 0

*PM describes process mod8l,T: denotes the number of the set of infeasible traces posgebsiisame shortest infeasible traces

examples for experiments can be downloaded from velopment Program of China (No. 2009AA043401),

http://laudms.thss.tsinghua.edu.cn/trac/Test/wlild/c ~ the National Science Foundation of China (No.

ngguo/Test%20Data.zip. 61003099, 61073005) and the National Sci-
ence and Technology Major Project, China (No.
2010ZX01042-002-002-01).
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