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Abstract  Alignment is a main method of conformance checking between a trace in the event log
and the process model, and can fix the locations of the deviations accurately. But the existing
alignment method can obtain the alignments between only one trace and the process model. This
method must be applied for m times if the alignments between m traces and the process model are
required, and a lot of repetitive tasks have to be done. To resolve such problem, alignments of

process models and m traces named AoPm are presented based on Petri nets, and this method can
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achieve the optimal alignments between the batch traces of an event log and the process model at
the same time by calling A+ or A+ algorithm. Taking a given complete event log set and a
process model for example, the follow tasks were done: all of the traces in the event log were
translated into an event model by an iterative algorithm for applying the theory of regions in
process mining; moves on logs, moves on models and synchronous moves were found, and a
product system of the event net and the process net was built. The reachable graph of the product
Petri net was yielded, and the transition system of the product was built. An optimal alignment
between every trace in the original event log and the process model could be obtained by A+
algorithm, and all optimal alignments between every trace in the original event log and the process
model could be obtained by A+ algorithm. The time complexity and space complexity of AoPm
method were analyzed theoretically and compared with the existing alignment method. It was
concluded that the iteration times and the memory of the product systems and the transition
systems were reduced m-fold using AoPm method than the traditional alignment method when
computing the optimal alignments between m traces and the process model. The theorems of
finding an alignment, an optimal alignment and all of the optimal alignments were proposed in the
transition system, the log-synchronous net was presented, and the correctness of A+ and A+
algorithms could be explained. The simulations of AoPm method were carried out and compared
with the traditional alignment methods based on ProM platform, the artificial model on online
shopping and the generated event logs. The experiment results showed that the time taken to
compute transition systems of AoPm method was reduced exponentially and the space complexity
had a polynomial decline than the traditional alignment method. To show the adaptability and
robustness of the proposed approach to logs and models with real-life complexity, several real-life
logs and models were analyzed. AoPm method breaks through the thought of the alignment
between only one trace and the process model, realizes the alignments between batch traces in the
event log and the process model, and improves the efficiency of conformance checking between
traces in the event log and the process model.

Keywords Petri net; process mining; log model; process model; batch traces; alignment
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ANEEH A, WA 1 9 alignment (6,) (node)

BN B alignment (o) (node) (5) , Hodr 1<]j.

BE 2OAHH3). IR AR S i AR T
1) BT B LA HE.

A« H RS 0 A2 A R IR B0 AR 1T R 4L

il s A AT S ok BT 2 (R T A SR

= W DN =

© (o) ~ (=2} wl

10.
11.

12.

13.

14.

15.

16.

17.
18.

19.

20.
21.

22.
23.

24.

25.

26.
217.

28.
29.

ek
FOR all 0, €3 DO
{ pqueue <{sourcenode} ;
visited NodesSet < O ;
solutionNodesSet <~ O ;
solutionFound <{alse;
distanceLim < +oo;
WHILE pqueue # & DO
{FOR all node & successor NodesSet( pqueue) DO
{IF 37 Calignment(o;) (node) (k) o € prefix(o;)
and cost(node) < cost (successorNodesSet ( pqueue) )
THEN
currnode<—node; }
IF 7, Calignment(o;) (node) (k)) ;o <distancelim
THEN
{IF currnode& targetNodesSet THEN
{solutionFound <true;
distanceLim<—m, (alignment(o;) (node) (k)) ya;
solutionNodesSet <—solutionNodesSet |
{currnode} ; }
FOR all succnode€ successorNodesSet(currnode)
DO
{IF succnode€ visited NodesSet THEN
IF cost(succnode) > cost(currnode) -+
le(mowve(currnode, succnode)) THEN
{cost(succnode) <—cost(currnode) +
le(mowve(currnode, succnode)) ;
pqueue<—pqueue { succnode} ;
alignment(o;) Csuccnode) (k) <—alignment (curr-
node) (k) & move(currnode , succnode) ; }
ELSE
{IF cost(succnode) = cost(currnode) +
le(mowve(currnode,succnode)) THEN
{wisited NodesSet <—visited NodesSet
{succnode} ;
cost(succnode) <—cost(currnode) +
le(mowve(currnode, succnode) ) ;
pqueue <—pqueue { succnode) ;
alignment(o;)t(succnode) (k) <—alignment(o;)
(currnode) (k) &move(currnode , succnode) 3 }
ELSE
{wvisited NodesSet <wvisited NodesSet

{succnode} ;
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30. cost(succnode) <—cost(currnode) +
leGmove(currnode s succnode) )

31. pqueue < pqueue { succnode} ;

32. alignment(o;) Csuccnode) (j) <—alignment (o;)
Ccurrnode) (§) &move(currnode , succnode) 5 } )

33. ELSE

34, BREAK WHILE; }}

35. IF solutionFound=true THEN

36. FOR all solutionNode€ solutionNodesSet and

solutionNode € target NodesSet DO
37.  RETURN alignment(o;) (solutionNode) ; }
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Background

Big data processing is a hot topic for researchers and
concerned by the governments all over the world. Along with
the development of big data, BPM enters a new era. More
and more event logs are recorded which need to be analyzed
and dealt with, meanwhile the process models are mined by a
series of process mining algorithms or constituted by hand.
But usually there are many deviations between the event logs
and the corresponding process models. So the conformance
checking between the event logs and the process models must
be carried on, which is a main task to improve the efficiency
of BPM. Alignment is a prevalent method of conformance
checking, which can fix the deviations accurately in a trace of
the event log and the process model.

The existing alignment method was presented by Adri-
ansyah Arya systematically. The alignment method can
achieve the alignments between only one trace and the
process model at a time. This method must be applied for the
equivalent times if the alignments between many traces and
the process model are required, which means a lot of repetitive
jobs. To resolve such problems, a new alignment method
named AoPm method was presented based on Petri net,
which could obtain the optimal alignments between a batch of

traces in the event log and the process model at the same
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time. AoPm method breaks through the thought of the
alignment between only one trace and the process model
once, realizes the alignments between a batch of traces in the
event log and the process model for the first time, and
improves the efficiency of conformance checking between
traces in the event log and the process model.
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The projects mentioned above need to do some research
on business process. As part of the projects, the achievement
of this paper realized the conformance checking between the
event log and the process model. Usually, the process model
is a model based on Petri net, which must be sound and
conforms to the definition of logical workflow. Conformance
checking is very important and indispensable for business

process mining.





