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Abstract

EXCEPTION PREDICTION IN WORKFLOW
MANAGEMENT

by Leong lok Fai, Henry

Thesis Supervisor: Assistant Professor, Dr. Si Yain Whar, Lawrence
Master of Science in E-Commerce Technology

Departmental workflows within a digital business ecosystem are often executed
concurrently and required to share limited number of resources. However, unexpected
events from the business environment and delay in activities can cause temporal
exceptions in these workflows. In these circumstances, one of the crucial tasks for a
workflow administrator is to detect any potential exceptions as early as possible so
that corrective measures can be taken. However such detections can be extremely
complex since a workflow process may consist of various control flow pattern and
each pattern has its own way of influencing temporal properties of a task. In this
thesis, we address the problem of workflow exceptions and propose solutions to
predict them in advance before they really occur in order to reduce cost for handling

them.

In general, an organization may need to execute different workflows simultaneously
for different segments of the business. In addition, these concurrent workflows can be
interdependent and loops may also exist in these workflows.

We propose two approaches for predicting exceptions in workflow. In the first
approach, we calculate the temporal and resource constraints for each task within the
workflow specification and use them to predict potential deadline violations. In the
second approach, we use a critical path-based algorithm that resolves all the resource
conflicts in the workflows for predicting exceptions. In this thesis we describe both
approaches in detail and elaborate them with examples. We will also analyze their

performance in terms of computing complexity and rate of successful prediction.



The proposed approaches are validated in several experiments against workflow
instances of different nature. In these experiments, we generate workflow instances
based on different configurations and apply our prediction algorithms. We measure
the rate of occurrence of exceptions and the rate of successful prediction on different

workflow instances.



TABLE OF CONTENTS

LIST OF FIGURES ..ottt sttt iv
LIST OF TABLES ... .ottt sttt Vi
LIST OF ABBREVIATIONS......ooi ittt vii
CHAPTER 1: INTRODUCTION ....cctiiiiiee ettt saee e 1
CHAPTER 2: LITERATURE REVIEW ... 3
2.1 EXCEPTIONS IN WORKFLOWS ...ttt 3
2.2 EXISTING METHODS FOR EXCEPTION PREDICTION........cccovvvrverrriennn, 4
2.3 EXISTING METHODS FOR EXCEPTION HANDLING.........ccccvevrirvrrenen, 6
24 SUMMARYW.L.......... hadk el Bk Bl Rl ..........0 ;g K, 7
CHAPTER 3: OVERVIEW OF WORKFLOWS. .........ccooiiie e 9
3.1 DEFINSLIONS......... eesi e R ... A 7. L e, 9
32WORKFELOWS..... Pt e, 9
33TASKS. Lo e B T R ...t 10
3.4 LOOPS.. A..........cotl. ML . ... e 11
CHAPTER 4: PREPARATION FOR EXCEPTION PREDICTION IN
WORKFLOWS... % S g - . D o e, 15
4.1 USING YAWL EDITOR FOR CREATING WORKFLOWS............cccvveeenne 15
4.2 WORKFLOW SPECIFICATIONS IN XML ..o, 16
CHAPTER 5: EST/LET APPROACH: PREDICTING EXCEPTIONS BASED
ON EARLIEST START TIME AND LATEST END TIME..........cocoeiiiiiiiiene, 20
5.1 CALCULATION OF EST/LET VALUES FOR TASKS IN DIFFERENT
CONTROL FLOW PATTERNS ... 20
5.2 CALCULATION OF EST/LET VALUES FOR TASKS IN LOOPS.............. 21
5.2.1 Calculation of EST/LET Values in Structured LOOPS........ccccvvvrvreenenn. 21
5.2.2 Calculation of EST/LET Values in Nested LOOPS .......ccccevvreveninnnnene 22
5.2.3 Calculation of EST/LET Values in Crossing LOOPS .......ccceveereeienieenins 23

5.3 EXCEPTION PREDICTION USING THE CALCULATED EST/LET
VALUES ... 24



5.3.1 Step | — Conflict Detection and ReSOIUtION .........ccceoeivieiieiiiiieese s 25

5.3.2 Step 1 — PrediCtion .....ccoviiviiiiiiieieee e 25
5.4 SUMMARY .ottt e e e nnra e nes 26
CHAPTER 6: PREDICTING EXCEPTIONS BASED ON CRITICAL
PATHS L.ttt ettt sttt benre s 27
6.1 THE PREDICTION MODEL......cccoiiiiiiiiiecic e 27
6.2 THE ALGORITHMS . ... o 29
6.2.1 Design Time AlIGOrithms ..........cooviiiiiiiie s 30
6.2.2 RUN Time AIQOItNMS ....c.ooiiiiiiiiceee s 31
6.3 COMPLEXITY ANALYSIS OF THE ALGORITHMS FROM CRITICAL
PATH BASED APPROACH ...ttt 34
6.3.1 Complexity of Algorithm ..o 36
6.3.2 Complexity of Algorithm H........ccoor i i 38
6.3.3 Complexity of Algorithm T ........ccooviiiii i 39
6.3.4 Complexity of AIGOrithm IV .cciceciiiiiiiii i 41
6.3.5 Complexity of AlgOrithm V ...cccc..ociiiiiiiicccceccece e 43
6.3.6 Summary... BEE N SRRk S e, 44
6.4 COMPARISON BETWEEN THE TWO APPROACHES ............cccoviviieee 44
CHAPTER 7: EXCEPTION PREDICTION EXAMPLE BASED ON
CRITICAL PATH BASED APPROACH ...t 46
7.1 THE EXAMPLE WORKFLOW SPECIFICATIONS ......cccoooiiieeeieee e 46
7.2 GENERATING WORKFLOW TREES. .........cco it 47
7.3 EXAMPLE OF WORKFLOW INSTANCES......cccocoiiiiiene e 50
7.4 PREDICTING EXCEPTIONS .....ooiiiieeie e 50
CHAPTER 8: SIMULATION EXPERIMENT BASED ON CRITICAL
PATH BASED APPROACH........cciiiieee et 54
8.1 GENERATING WORKFLOW INSTANCES FOR SIMULATION.............. 54
8.2 SIMULATION STRATEGIES.......cocot ittt 56
8.2.1 Scenario I: Exceptions Occur at Tasks with Early Starting Time........... 58
8.2.2 Scenario Il: Exceptions Occur at Tasks with Late Starting Time........... 59

8.2.3 Scenario I11: Exceptions Occur at Tasks with High Resource Usage .... 60



8.2.4 Scenario IV: Exceptions Occur at Tasks with Low Resource Usage..... 61

8.2.5 Scenario V: Exceptions Occur at Tasks with Long Durations............... 62

8.2.6 Scenario VI: Exceptions Occur at Tasks with Short Durations.............. 63

8.3 PREDICTION RESULT ANALYSIS ... 64
CHAPTER 9: CONCLUSION ...ttt 66
0.1 SUMMARY .ttt e e nes 66
9.2 CONTRIBUTIONS ..ot 67
0.3 FUTURE WORKS..... .ottt e e 67
BIBLIOGRAPHY ..ottt e e e e e e e e e e 68



LIST OF FIGURES

Number Page
Figure 1. Complain-handling WOrkflow ............ccccoiiiiiiiiic e 10
Figure 2. (a) Resource conflict in workflows (b) Temporal constraints of task T....... 11
Lo O eI T (0T (1] £=To oo o ST 12
Lo O e B N F=T] (=0 oo o ST 12
FIQUrE 5. CroSSING LOOP ...vveiveeeieiiiesieeiesieesie ettt e e nesneennas 13
Figure 6. Psudocode for identifying 100p type......ccoiviiiniiieiie e 14
Figure 7. A sample screenshot from YAWL Editor ..o 15
Figure 8. Workflow specification generated from YAWL Editor...........ccccoevvvinnnns 16
Figure 9. Screenshot for editing workflow parameters............c.cccceeeveeveiiesieeseenene 17
Figure 10. Workflow specifications defined using XML Schema ............c..ccccevennnnee. 18
Figure 11. Execution time for different control patterns [8].......ccccocvvvviiiiiiiieineee 21

Figure 12. Psudocode for calculating £ST and LET values of a workflow which

contains loopsuail. . ML L ZY .. . ... 23
Figure 13. Steps for predicting temporal eXCeptioNS ..........cccovvviirieieienescreseeeees 24
Figure 14. Steps for predicting temporal eXCeptioNS .........c.cevvverveieviere e 28
Figure 15. Workflow of 5 tasks with 25 fIOWS. ..........cccoviiiiici e, 35
Figure 16. List of paths generated in worst case (in the form of n-ary tree) ............... 36
Figure 17. WOrkflow SpecCifiCatioNs..........cccueuiiiieiieii e 46
Figure 18. Applying Algorithm | to find all possible paths............cccccoeiiiiiiiiinnns 48
Figure 19. (a) Workflow tree for wf; (b) Workflow tree for wfs.......ccoevvvveivenvcnnnen. 49
Figure 20. (a) Workflow instance at time point = 20 (b) Workflow instance at time

010 [ A O OSSR 50
Figure 21. Applying Algorithm V for predicting exception atp = 20 ..........ccccceeueeee. 51
Figure 22. Applying Algorithm V for perform predictionatp = 40.........ccccceevenenee. 52
Figure 23. (a) Longest paths when p = 20, (b) Shortest paths when p =20................. 53
Figure 24. Generate WOrKflOW INStANCES .........ccvevveiieiieiece e 54



Figure 25. Run simulation against the workflow instances............ccccceoeveiiiiininenns 55
Figure 26.Prediction accuracy for workflow instances with randomized task

(018> UA o] o [PPSR 57
Figure 27. Prediction accuracy on early “long-task” SCENArio............cccevevververrsrennne 59
Figure 28. Prediction accuracy on late “long-task™ SCENArio............ccccevvvevververrenenne 60
Figure 29. Prediction accuracy on high resource usage “long-task” scenario............. 61
Figure 30. Prediction accuracy on low resource usage “long-task” scenario.............. 62
Figure 31. Prediction accuracy on long duration “long-task”™ scenario ..............c.c...... 63
Figure 32. Prediction accuracy on short duration “long-task” scenario ............c......... 64



LIST OF TABLES

Number Page
Table 1. Complexity analysis reSUIL..........c.cccveiiiiiieie e 44
Table 2. Durations and resource usage for the tasks in workflows ..............ccccceenee. 47
Table 3. Statistics on different SCENAIIOS .........ccvevvviveiierie e 58

Vi



LIST OF ABBREVIATIONS

AET. Actual End Time

ECT. Earliest Completion Time
EST. Earliest Start Time

ET. Execution Trace

HD. Hard Deadline

LET. Latest End Time

WTIMS. Workflow Management System

vii



ACKNOWLEDGMENTS

I would like to present here my sincere thanks to everyone who have helped me in my
work on this thesis. First of all, I would like to have my most sincere thanks to my
supervisor, Dr. Si Yain Whar, Lawrence. Dr. Si has been supervising my research
throughout the years and has helped me to solve many difficulties on my work.
Without his patience guidance and support I would not finish my thesis.

I am grateful to Dr. Robert P. Biuk-Aghai for his professional and practical advice to

my work. His advices and supports are helpful in my writing of the thesis.

I am grateful to the members of Data Analytics and Collaborative Computing Group,

who helped me in sharing their ideas and supporting in my work.

I am also grateful to the University of Macau and the Research Committee, their

stipend has assisted me very much for developing my thesis.

Last but not least, I acknowledge my parents and friends for their support and

encourage on both my work on thesis as well as my life.

viii



