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Control-Path Driven Process-Group Discovery Framework and its
Experimental Validation for Process Mining and Reengineering
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ABSTRACT

In this paper, we propose a new type of process discovery framework, which is named as control-path-driven process group
discovery framework, fo be used for process mining and process reengineering in supporting life-cycle management of business process
models. In addition, we develop a process mining system based on the proposed framework and perform experimental verification
through it. The process execution event logs applied to the experimental effectiveness and verification are specially defined as Process
BIG-Logs, and we use it as the input datosets for the proposed discovery framework. As an evenfual goal of this paper, we design
and implement a control path-driven process group discovery algorithm and framework that is improved from the p-algorithm, and we
fry to verify the functional correctness of the proposed algorithm and framework by using the implemented system with a BIG-Log
datoset. Note that all the process mining algorithm, framework, and system developed in this paper are based on the structural
information control net process modeling methodology.

= keyword : Business Process Models, Information Control Nets, Distributed Process Management Systems, Process Infelligence,
Process Control-Path Knowledge Discovery, Process Mining, Process Reengineering
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Algorithm 1 The Temporal Workcase Class-Filtering Algorithm

Require: A Dataset of Process Enactment Logs in XES-Format (EL.xes) in XES-Format
Ensure: A Dictionary as Silos of Temporal Workcase Class (DTWC)

1. DTWC ={};
2: openfile EL.xes;
3: while ('EOF in EL.xes ) do

4 line « currentLine;
5 listTraceID = [ ];
6 if (“< trace >” € line ) then
7 traceid « Get Trace ID from line;
8 traceclass = [ ];
9: else
10: if ( “< event >” € line ) then
11: activity « 0;
12: else
13: if (“< /event >” € line ) then
14: activity < Get activity from line;
15: traceclass.append(activity);
16: else
17: if (“< [trace >” € line ) then
18: if ( traceclass ¢ DTWC ) then
19: DTWCltraceclass] = 1;
20: else
21: DTWC|traceclass] +=1;
22: end if
23: end if
24: end if
25: end if
26: end if
27: seek to the next line;
28: end while
29: closefile;

> Reading line by line in the process enactment log in XES-Format

» Constructing a list of WorkcaseClass Silos

s If traceclass not in DTWC then create a new filter and its Silo

» If traceclass in DTWC then adding into the existing Silo

Te gl Ak A A IS ZEde B =29 AREC] £33 AFIFANE 2ud 2
39 J¥e g Yeidze] £/ ¢xEES AA ¥ ZZA| 2 wheld o] A Mo ZA WElFa N Z
TFdsts WHOEA, 7F A7 §13 A o] 2] AEIHE ZA2 .20 FH2HY Y71 ATHLE A

)T otolE] o[WIE A|YAE 2759 HEAIIAE W g vk ek &, FEolA dEF vlol" AEE 4 ¥
FAIZ T, AZE HEAIA2A7F B4d wjnj o] & A g AFYolA Agstr] Ag B E e AXE
2L BF HHE QY 7 AAFAE TFA of ZHUAIAQ] PelFL FAEFS UNHH O E ARL 5]
7te Howdelth HEARAE WEH A7H 93 T Map¥} Reducezh= § 7INEeR FEdch Wl
Ao|2e] oMl E 2 Efo|2E3 B/ JHEFHS] o) 229 JEL 7 I} (Key, Value)Q] A2z 745
E}4-OR (Exclusive-OR) HIE-Q.# o] E Faste] 1 © 49 Y2EFHE Fstedl, AAHE daHF
A7t «orold Y +F FE, & Al YAA el JE’%‘P_ ZENAH-Z2OE sk A HA3A ]
HH &3k Al YAA AR ERAZNCEHN = 2Z Value(TWC-value) 2 317, 71°] 3+ W] 2l
ZAA H-2T0) HAE o]k B =24 Ko 4 LT E Key(TWCkey) 2 3t €™ JREES 24T
gojg o g M4 EE AZH YAA AL A FoAd, AFHSE Map) FFE o] (TWCkey,
g oMlE 21 EFolES EFAZE & At TWC-value) 789 B2EE  ¢lo] THAl  (pattern-key,

T A HEwEe 3 ol AlLEHola 2] count-value) FE9] $7+ A5 Emit) T-E 53 9
B Z2AAs gy 9 A w24 A3 e 3t} o] 27+ AHEL pattemnkeyS 7|Fo 2 U3
IO EA &g Badvolde] ERAE ZHF #oeE st EE ZFH2ESMI (pattem-key,
9l 2] F2(MapReduce) Z#H| A ZE T&3l= Ao|th count-values[]) 2] 2]2~E &e]Z FA % 3, Reduce() &
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Algorithm 2 The Revised p-Algorithm: the SICN-oriented Process Group Discovery Algorithm
Require: A Weighted Process Pattern Graph, G = (V, E) and Appended WorkcasesClass-Silos, aWCS
Ensure: A Structured Information Control Net Graph, G3/¢¥

1: for ( Ytraceclass € aWCS ) do

2 for ( VYactivity € traceclass ) do

3 if (activity ¢ V') then

4: V.add(activity); > Adding an activity into Weighted Process Pattern Graph, G
5: end if
6
7
8
9

if ( (activity, nextactivity) ¢ E ) then
E[(activity, nextactivity)] = aWCS[traceclass]; » Adding an edge of (activity, nextactivity) in the traceclass into G
else
E[(activity, nextactivity)] += aWCS[traceclass]; > Adding a weight (occurrence) to the edge
10: end if
11: end for
12: end for
13: G.removeDeliberateNoiseEdge(); (*)
14: for ( VYvertex € G ) do
15: if ( vertex.edgeOutGoing > 2 ) then

16: GePnsdte  ProcessForTheOpenGate(G, vertex); > Discovering and building three types (XOR/AND/LOOP) of
OPEN-gateway nodes by applying the decision-making rules with p-operations.

17: end if

18: if ( vertex.edgeInComing > 2 ) then

19: Gelosesate  ProcessForTheCloseGate(G, vertex), > Discovering and building three types (XOR/AND/LOOP) of
CLOSE-gateway nodes by applying the decision-making rules with p-operations.

20: end if

21: end for
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