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BPM
BPMN
BPMS
BSR
CPDT

CRM
DSWB

EDD
EPCs
ERP
EWF-net
FIFO
HWR
ICA
LBFAT
LWR
MDPs
MST
NBSR
PAIS
PSO
PTG
QNM
QSR
RDBMS
RL
RLRAM
SPT

SR
SWN
UIMS
ULD
VLD
WB
WFM

WEMS
WEF-net

Business Process Execution Language

Business Process Management

Business Process Model and Notation
Business Process Management System
Bayesian Selection Rule

Concurrent Performing of Dependent Tasks

Customer Relationship Management
Dynamic Stochastic task allocation approach for Workload
Balancing

Earliest Due Date

Event-driven Process Chains
Enterprise Resource Planning
Extended Workflow-net

First In First Out

High Workload Resources
Imperialist Competitive Algorithm
Load Balancing Factor Along Time

Low Workload Resources
Markov Decision Processes
Minimum Slack Time
Naive Bayes Selection Rule

Process Aware Information System
Particle Swarm Optimization

Probabilistic Timed Graph

Queuing Network Model

Q-learning for task allocation based on Social Relation
Relational Database Management System

Reinforcement Learning

Reinforcement Learning Resource Allocation Mechanism
Shortest Processing Time

Social Relation

Stochastic Workflow Net

User Interface Management System

Uniformity of workload
Variance of workload

Workload Balancing

Workflow Management
Workflow Management Systems
Workflow Net



X XES Extensible Event Stream

XMDPs Extended Markov Decision Processes
Y YAWL Yet Another Workflow Language
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<?xml version="1.0" encoding="UTF-8" ?>
<log xes.version="1.0" xmlns="http://www.xes-standard.org/">

<extension name="Metadata Time" prefix="meta time"
uri="http://www.xes-standard.org/meta time.xesext"/>

<classifier name="Resource classifier"
keys="org:resource" />

<trace>
<date key="REG DATE" value="2011-10-01, 38:44"/>
<string key="concept:name" value="173688"/>
<string key="AMOUNT REQ" value="20000"/>
<event>
<string key="org:resource" value="112"/>
<string key="lifecycle:transition" value="COMPLETE"/>
<string key="concept:name" value="SUBMITTED"/>
<date key="time:timestamp" value="2011-10-01, 38:44"/>
</event>

</trace>
<trace>

<date key="REG DATE" value="2011-10-01, 08:58"/>

<string key="concept:name" value="173691"/>

<string key="AMOUNT REQ" wvalue="5000"/>

<event>
<string key="org:resource" value="112"/>
<string key="lifecycle:transition" value="COMPLETE"/>
<string key="concept:name" value="A PARTLYSUBMITTED"/>
<date key="time:timestamp" value="2011-10-01, 09:02"/>

</event>

</trace>

</log>
</xml>
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QUpdate(s,0,n)
}
Function QUpdate (s, curTime, n) {
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}
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if (curTime > actionTime + u(s,, a,s’)){
Triggers = Triggers — {{t,, Sq, a, ', actionTime)}
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+By (f(sa) GG ta))f(S’))

s'es

¥

return min (P(s'|(s,a)) X Quvalue(s,a))
s'eS,acA;
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Algorithm: Workload rebalancing by reallocating dependent tasks (CPDT2)
Input: business process model p = (@, T,F,R,U,u, 8§, Q,wl) , Timer as integer

1: while(true){

—  ZrerWI() /
2 wl « “7€ IR| B
3: LWR « {r|r eER wl(r) < wl}
4:  HWR < {r|r € R,wl(r) = wi}

r

5 allTaskInHWR « {(a, b)|a, b € TEIL{JWR Q }
6
7

r « argmin(wl(res))

reseLWR
(a,b) « arg max (b @) +u" @ =67, 1)
(a,b)e(allTaskInHWR n AppA:,)
8: m « max (,ur(t’) +u"(t) =67 (t, t))

(a,b)e(allTaskInHWR n A7 (pA’;,)

9: if (m>0)

10: Q" « Q" uU{a,b}

11:  else{

12: r, « arg min (wl(res))
rese(LWR—{r}),(b,res)eu

13: Q" « Q" uU{a}

14: Q™ « Q™ U {b}

15.  }

16:  sleep(Timer)

17: }

)
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Algorithm WorkloadMerge ()
Input:{A:list of Process, D,: delay vector of A, q: process)

OUtpUt: (mlnLB FAT, newD, ld?U{q})

{ P < A.push(q); MinWLFAT = oo;
for (m =0;m< rzrjlgj((last(p));m + +){
D « D,y.push(m);
ld,(t) = Z ld,,,(t = D(i)); Vt € {to,tl,tz, "'tmax(last(p),last(q))}

piEP
Rs = plgp p.R
ULD = ZreRs Z?Lo(tOtalldT(ti) - Jr)z
N|Rs|
EL(t) = Z total_ld, (t)/|Rs|
TERS
VLD = ZT‘ERS Zliv=0(t0tal_ldr(ti) - EL(ti))z
N|Rs]|

LBFAT « (ULD +VLD)/2
if (LBFAT < minLBFAT){
minLBFAT « LBFAT;
newD « D;
() = 1d,(0);
Yt
Yifor
for(n=1;n <last(q);n+ +){
foreach (d; € Dy)dod; < d; + n;
D < D4.push(0);

ldr(t) = z ldr,pi(t - D(l)), Vt € {to, tll tz, tmax(last(p),last(q))}

DiEP
Rs = pLEJP p.R
ULD = ZTERS Zliv=0(t0talldr(ti) - Ur)z
N|Rs]|
FL(E) = z total_ld,(t)/|Rs|
TERS
VLD = Yrers 2o (total_ld,(t;) — EL(t;))?
N|Rs|

LBFAT < (ULD +VLD)/2
if LBFAT < minLBFAT){
minLBFAT < LBFAT,
newD « D;
129 () = 1d,.(6);
Yt
Yifor
return (minLBFAT,newD, 1d2"'® (¢))
Y/ WorkloadMerge
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Abstract
Management of human resources is one of the most important goals of business

process management systems (BPMS) which strive to improve the quality of products
and services. Workload balancing and workload uniformity of resources improve the
performance of business process execution in BPMS. Different techniques and methods
are used for modeling of the business process execution such as Markov Decision
Processes (MDPs), Queue Network Model (QNM) and Workflow Network (WF-net). In
this thesis, a statistical process-aware model is presented for modeling of business process
execution that is called Extended Markov Decision Processes (XMDPs). This model is a
developed version of MDPs, so that the business process execution can map on the
XMDPs model better than the MDPs model.

The main idea in the proposed model is to support more events that they map on the
proposed model. Thus, the main goal of optimization in mapping business process
execution on the proposed model is workload balancing and creating uniformity in the
workload of resources. This problem is solved by using reinforcement learning which
helps to make better resource allocation in order to achieve the mentioned goals. The
proposed method is compared with Reinforcement Learning Resource Allocation
Mechanism (RLRAM) based on the MDPs model on the BPI Challenge 2102 data set.
The experimental results show that the problem of workload balancing and uniformity of
workload can be managed 12.7% better with a proper mapping of the business process
execution on the proposed model.

Furthermore, by presenting and employing a statistical method on event logs, a kind
of dependency of tasks is extracted. By considering the mentioned tasks dependency,
some algorithms are presented and suggested to improve resourse allocation performance.
The proposed algorithms are also compared with other algorithms in the research
background. The observed results show the optimal effect of the concurrent execution of
tasks in the resources allocation performance. In continued research in this thesis, the
“tuning concurrency of business processes” problem is introduced with the aim of
balancing and uniformity of workload. Solving this problem is studied in three different
methods. The tuning concurrency of business processes have experimented on real data
set. The experimental results show improvement by 21.64% in the balancing and
uniformity of resource workloads.

Keywords

Bussines process management system, Workload balancing, Workload uniformity,
Business process modeling, Process-aware statistical model, Tasks dependency, Tuning
concurrency of business processes.
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