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Abstract C} Z
m

About the abnormal behavior of business process modeh, itTs the core¢of work of business
process management to determinate the change regi. 1 mal situation. The

us
n with source model

2d”on cefupar
mOde%, 1y, so these methods are

existing methods of researching change region are
(or reference model), while it’s difficult to obtain so

lack of practical operability. In this paper, we uct Obj -model of business process
model with labels based on the analysm avioral le of Petri net. A method is
proposed to determine change region an smallest %e region based on the concept of
action pattern. We evaluate the novel % ess process model in e-commerce.
Keywords: Petri net, busmeén%cess mod ithrlabel, change region, action pattern

development of co chnol ts applying field is continuing to expand. So it requires
the modelers to-ha ling theory and technology to meet different demands
of modeling. 1§ ctlce, business process models based on the same target process can be
modeled differently acc to different business requirements and various modeling
objects. But not all g models meet the requirements. Thus, it needs to discuss the
Consistency betwe els. Consistency validation is very important in business process
modeling. Based s, it’s very important to find out the inconsistent area of models and
optimize the%}el. We can determine the change domain in the process model by looking
for inconsis@s' s region between models. When modeling, it’s difficult to obtain the target
model, sp= some limitations and be lack of practical utility to determine change region of
mo mparing the consistency with source model (or reference model).

here are many scholars in the study of the consistency between process models and
looking for the change domain. But all of these are based on the compare of different models.
A method was proposed to validate the consistency between a business process model and
source model (or reference model) in [1]. The basic concepts of different models were
provided in [2], it used the consistency rule to analyze the contact and consistency between
different models. The UML2 action Figure software was used in [3] to analyze the
compatibility between business process models of different kinds of products; this proposed
method can be used to extend the model diversity. The literature [4] also proposed a Provop
method to study the business process model diversity; the method can construct the reference
model which can be added changes at different levels of abstraction to achieve adaptation.
[5]introduced a new concept—behavioral profile to assess the consistency of the behavioral

1. Introduction \Q
Business process @ a met S(J%ﬂ isualizing the company’s process. With the rapid
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relationship between models, he compared behavioral profile and trace equivalence [6-9] to
show the advantage of behavioral profile in measuring consistency between models, and
specified two types of interference which leads the inconsistency between models. The
concept of model similar based on the flow model in language and behavior was defined in
[10, 11], it studied the change of model from the side. A synchronization method was
proposed based on the consistency of model elements in [12], this method realized the change
of the management between business process models in different abstraction levels. [13]
explored the propagation of change between allied business process models, used behavioral
profiles to research the method of how to narrow the scope of the change region of the allied
model in the assumption that the change nodes of process model have been confirmied, but it
didn’t describe how to determine the change nodes. J\})

Based on the above background, we study the change region of busines p%éss model
with the absence of resource model (or reference model [14]). 6

[ ]
2. Motivating Example \ @
Figure 1 is the Petri net model of shopping ocess. odel is verified to
be accessible, terminating and with no deadloc ugh analyzjng the accessibility of
this model. The model may be influenced by internet a%\ er external factors. The
result may be different from what we hop ause «of choice to execute when the
model is applied. These all may lead to bnormal swuation. The safety of shopping
online may be affected and trade di s m l@caused. The reason of abnormal
situation is the change domain o t@ del. as\ e sure whether the change domain
of the model exists only thro&h nalysis model’s accessibility.
O
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@ss process model usually involves multiple service objects. For example, the Petri
net model of shopping online process includes three objects: buyer, courier and seller. All
activities of service object interweave together according to certain rules and constitute the
mainstream of the model. The label of an activity represents the function of the activity. It has
closely relation with the behavioral relationship between activities, and has large influence on
the behavior of activities. Change region includes change activities and the structural
relationship of related activities. The find of change activities is the main step of looking for
the change region. It’s difficult to find the change region of the model in Figure 1 by using
existing methods without source model (or reference model). Thus, it’s important to study the
method of looking for change domain of model by using the knowledge of including objects
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and the labels of activities based on behavioral profile. The analysis method of looking for
change region used by action pattern is based on behavioral profile.

3. Basic Concepts
Here we introduce some basic concepts used in this article, and other related
concepts can be found in [5, 8].

Definition 1(Process Model Petri Net with Labels) a process model Petri net with labels
isatuple pm =(P.T,F.C.s.e,1) With

(1) p is a finite set of places, T is a finite set of activities, P = ¢ ,T = ¢ and T3
(2 F ccpxTOU (T x P> isthe flow relation of pm ;

(3)c ={and , xor ,or} is the structural type of pm ; 62

()M _ is the initial mark, v , is the ending mark: ﬁ ‘ @

(5) s e T is the starting activity, e < T is the ending.a ) x)

(6)1: 7 — T is a mapping assigning to each a a IW present the universal

alphabet of labels.
There are some related concepts about Petri net @the input and odtput set of places and

transitions, respectively, marks, firing sequence @ sibility, ah%on. These concepts can be found

in [8]. If there is a observable execution sequencein the pro madel Petri net with labels

PM = (P,T,F,s,e,t,l),apath froms tOeQ% fo C@M . It makes sure the model is live,

u N
executable, and has no deadlock. 4@ {r\
Definition 2(weak order)dn a procegs m&@Petri net with labelspm = (P,T,F,s,e,t,1),

for an arbitrary pair of actiwifysthere is ences =t ,t, ,when

ie{l,..,n-1},i< jsw x and stﬁ' =y ,0 x,y isinweak order, denoted x » y .

Definition avioral ofil€) Letpm = (P,T,F,C,s.¢,1) be a process model Petri
net, x, y are activity transitj des, (x,y) e T xT isin one of the following relations:

(1)The strict order é@ion, ifx -~ yandy # x , denoted by x —» v ;

(2)The exclusivgnessrelation, if x + y and y » x ,denoted by x + vy ;

(3)The in@ing relation, if x = y andy = x , denoted by x| y .
The set relations is the behavior profile of pm |, denoted byee,,, =¢— .+.|3 . Note

thatgﬁhat a pair of activities (x, y) e T x T is in reverse order relation,

ify ndx» y, denotedbyx>"*y.

4. The Analysis Method of Looking For Change Region Used By Action
Pattern Based On Behavioral Profile

This section analyzes how to look for the change region and the smallest change region
with the absence of source model (or reference model). The analysis method of looking for
change domain used by action pattern based on behavioral profile is proposed. We give the
concept of action pattern before introducing our method.
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4.1. Action Pattern

Action patterns organize domain specific knowledge in terms of actions and their relations.
The term action essentially refers to the verb that describes the work content of an activity.
Action pattern capture relations between actions. Action pattern is related to the business
semantics of the process model, yet, unlike reference models, action pattern is abstract
enough to be reused in various domains.

When constructing business process model, the added labels represent the work of
activities in model. To grasp the meaning of activities humans interpret their labels. In the
context of this work interpretation of labels has great importance. Hence, we formalize it,

introducing a label interpretation function. x).
Definition 4P)(Action function) For a given process model Petri etwm labels
PM =(P,T,F,C,s,el), the action functionv:r — v derives an action fr abel. As a

shorthand notation, we introduce v, :r + v for derivi»&y action<fr label of an

activityt e T , i.e.v(t) = v(I(t)) . We also usev,,, = ,Q.p de%e)t e set of all actions

of a process model.
Definition 5(Support and Confidence) For en pro Xdel collection ¢ = (apm ,v)
and a set of actions v,cv \1v e% there n PM, S

inc where vev,, .i=12.|aPM | w&%' support of n in c ,denoted by
sup( V) =n.
X. Y are the subsefQ)f the @ actions in  process model

collectionc = (apm V)and X =4, W e the dependency of a pair of actions (x, y)
by d(x,y) ,we say x hast |dence

d &5
con(X,Y)%ﬁ%me e X,yeVY.
Support set stre ve an important role to explore the behavior relationships

between activity transmo action patterns. They reflect a certain activity transition in the
occurrence of an acti tern. Take an example in third section, the seller receives a buyer’s
order information, ntifies the category of the customer first, then decides the next step
behavior. If the support set of action-“receive” information of buyer is 1, the part of service
composition%\&nwn in Figure 3 while the support set is 2, as shown in Figure 4.

No m

l Deliver m i

Figure 2.Behaviora| Figure 3.sup( re) =1 Figure 4.sup( re) = 2
relation Hierarchy
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Definition 6(The Value of dependency) In a given process model Petri net with labels
PM = (P.T.F.C,s e, 1), fora pair of activities (x,y) e T xT ,the value of dependency

Sg (x,y) is defined as following:
D) IF xy,sg (x,y)=0;
@ x> yorx->"y,sg,(xy=1;
B)If x+y, Sg (x,y)=2.

Definition 7(Action Pattern based on behavioral profile) For a given process el
collection ¢ = (apm ,v) and a set of actionsv, c v ,BPAP = (R,sup ,con ) IS the actlo%() rn

based on behavioral profile of c ,where:

(1)R=XXYe{—>,—>’1,+,||}xchandxﬂv_¢ ; 6
(2)sup is the support of v, in c ;
(3)con is the confidence of x in & is defined by
2 Se (1Y)
x|

4.2. The analysis method of looking fo @e regi b\smg action pattern based on
behavioral profile é)
The constructed model mwm:& ced b ternet or other external factors. The
t

con (X,Y)=

result may be different from d beca s he choice to execute when the model is
applied. These all lead to abnorma S|tuat|0 e reason of abnormal situation is the change

domain of the model which(ngluding otes and structural dependency of them. The
analysis method of Ioo or the region (showed in the Algorithm 1) and the
smallest change reg usmg on pattern based on behavioral profile(showed in the
Algorithm 2). 9%

Algorithm onm ﬁ@e change region of the object sub-models

Input: A process m% tri net with labels pm = (P, T,F,C,s,e.1).
Output: The chal gion of the object sub-models c,, , i=12,.,m, m is the
number of the cha ctions.
(1)Split thezgiven business process model Petri net into there object sub-models according
to its inclu jects PM ,, PM,, ..., PM n is the number of objects.
A c@jing to the definition 4, obtain action of every activity in object sub-models. The
of agtions in every object sub-models is denoted byv., i=123. Obtain the process

n?

model collection c = (apm ,v) according to the definition 5, where |apm |=n.
(3)Compute the support of Vv ; according to the definition 3,6 and 8. Ifsup( v;) = 1, compute

the next support. Otherwise, regardV j as the set’s an element of suspected change actions v ,
where v, ev ,j=12.. |v|-1. Terminate as - v|.

(4)According to the definition 3 and 7, compute the confidence of actions in the set of
suspected change actions V¢ in its own object sub-model. If con (v,) < 0.5, compute the next
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confidence. Otherwise, v, is the change action, where v, ev ,k =1.2-- ,|vs|-1 .Terminate as
k=,

(5)Get the object change regionC, ,i=12,-,m by using the change actions and their
semantic and structural relation, where m is the number of change actions.

The object change regionsC, ,i=12,-,m can be obtained through algorithm 1. Then,

combing the dynamic characteristics of Petri net, we look for the smallest change region of
model by narrowing the scope of object change regions gradually. The algorithm is showed in
algorithm 2 as follows. o

Algorithm 2: Looking for the smallest change region of business process r@ﬂ
Input: The object change regions Cpy , i=12,.m ,m is the n@r of change
actions. '\m ‘ @

Output: The smallest change region of business proc .

(1)Get the object change regions C, from a ﬁ hereyl,z,m .m , m is the
number of the change actions. &)

(2)Get all firing sequences o,,c,,. o &ncludjn he change actions’ nodes and
going through the object change regionsc 1,2

(3)Select a sequence o ; ,i = C%R

00S erent place notes and p,, p; with
no-repeat, where i < j . %
(MIf “p,=g0r "p, =4 P, U p.U p@U , i.e. the set of all input transition of p;
and p; , and the set otal@ places sitions and so on; else, s, = o,
O)If p,” ¢¢ or p, U p,U p. U ..., i.e. the set of all input transition
of p, and p; set of aJl ottput places of transitions and so on; else, S, = o;.
(6)Get the change regi ow = S,NS,NC,, underthe sequence.

Return to (3) unti éiburmg sequences are selected. Obtain the smallest change region of
business process » U sc

5. Case S@&'
We ¢ the motivating example in section 2 to verify the validity of our method.
Fir onstruct and split the motivating example into three object sub-models according

to th ects of buyer, courier and seller. The buyer object sub-model is presented in Figure
5, the ‘courier object sub-model is presented in Figure 6,and the seller object sub-model is
presented in Figure 7.
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From Table 1, the support of actions in gray n; is 1.{Thes&actions form the set
of suspicious change actions, denoted by v, = nspon\' on delivery, weight,
buyer’s freight, pack}. {pay on deliver 4P transport, weight, buyer’s
freight} < pm ,. Take the set of includﬁ]%i suspici hange action as x , and the

in ob

union set of other two sets of acti % i t@#)-models as Y , we can get the
confidence of x in vy . The res t@wsente@b e 2 as follows.
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Based on the concept of confidence, we can e e ob

and find change actions. In Table 2, the con nces of ¢ %

freight” are bigger than 0.5, so the corres actw1t t

on delivery” and “buyer’s frelght are ¢ actions 1

are change regions about the freigh %odel

shading presented in Figure 8

There are three sequenceﬂ
these sequences can be obtaine
sC ., , is the region mar @n Flgn.A@ﬁ ou 5 1S the region marked 2 in Figure 8.
The smallest changa&eg# can ot through algorithm 2.

%
Support of Actions in v,

the c N’ actions. The change regions under
accor to algorithm 2. sc ,,, is an empty set,
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Table 2. The Confidence of Suspicious Change Actions
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change confidence suspicious confidence suspicious confidence
. change action change action
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Figure 8. The Change Regi,&s nd th lest Change Region in Shopping
onli E@Iodel

6. Conclusions _°

The existing stud %out the hod of looking for change region is based on the
comparison with mod reference model). In practice, it’s difficult to get source
model. Refere del is eral reference of many models in certain domain, it has
high abstract levet and |%é dlfference between models constructed according to various
business requires. Thu existing methods stilly have limitations in looking for change

region factually

The contributio@hls paper are embodied in four aspects. Firstly, we construct and split
given business frocess model Petri net into three object sub-models according to its objects.
This methoaxsa‘comes the deficiency with the absence of source model and reference
model. ly, by introducing the concept of action pattern, the change actions can be
on the definition of support and confidence. So we can get the change regions of
obje b-models through algorithm 1. Thirdly, combining the dynamic characteristics of
Petri net, the smallest change region of model can be found through algorithm 2. Finally, we
apply our method to solve the abnormal situation of a business process model in e-commerce,
the find of the smallest change region verify our method’s validity.
We will continue to study the method of how to adapt change region in order to make the model be
right based on construction of action pattern.
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