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A Multilevel Model of Task Assignment in Fuzzy Situations of Workflow

Xiao Zhengjin He Qinming and Chen Qi
College of Computer Science and Technology Zhejiang University Hangzhou 310027

Abstract The automatic assignment of user task is a key technology for increasing the running efficiency of
workflow management system. Workflow engines are always obliged to assess a complex and confusing
situation identify the complex relationship of candidates and tasks decide to assign a special task to the
most appropriate candidates and ensure workflow system executes efficiently. The effectiveness depends
largely on the evaluation of the influencing factors. After systematically analyzing the influencing factors
and their linguistic fuzziness of user task assignment a sectional multilevel model of task assignment and a
task assignment method corresponding to the multilevel model are put forward. Furthermore the design
method of all adaptive weighting factors in the task assignment model is also discussed briefly. Finally the
performance of the multilevel model for task assignment is given by comparing the simulation result of the

multilevel model and other two task assignment methods.

Key words workflow task assignment fuzzy theory

TP311

3-4

. Aalst

w

6

Petri

2005-11-26 2006-05-16



303

Liang

Liang

task assignment

MMTA

Wang

Shen

multilevel

MCTA 1°

model

0.8
8 . Yaakob
9
. Shen
multi-critera 1
Task Attributes Candidate Attributes
Capability Requirement ——— Skill Level
Importance Level<:1n01dence of S_uccess
) ] Load of Candidate
Kind of Experience ———— Experience Level
Kind of Cooperate —————— Relations of Candidate
Flexibility of Candidate
Fig. 1  The factors affect the task assignment and their
of task assignment relations.

2.1
Dubois

variable

A
A

12

Zadeh

linguistic

)
Il
~
3
<

i x R— 01 x

- MA X



304

(-1 m -1

MA X *1
0

T*I/T*?’)/l

1< a<m

m< x<r

1
A]Z Zl nmy 1 AZZ Zz Ny, 1) k
AI@AZZ ll+12 7711+7712 Tl+7‘2
A1®A2: Zlflz ny—my ry 1)
A1®A2: Lily, mymy rir, /z@Al:
RLy kmy kry .
A1@A2= ll/rz 7')21/7')12 rl/lz
1,70 m,7#0 r,70.
best non-
fuzzy performance value BNP
center of area COA BNP
A= 1 m r BNP
BNP =1+ m~—-1+r—1]3. 2
BNP
2.2
5 u
000.1 0 0.3 0.5 0.3 0.5 0.7 0.5
0.70.9 0.70.91.
5 “

2007 44 2
5 «
Imp =Important
Mod=Moderately
No Barely Mod  Very Extremely
L0 Imp Imp Imp Imp Imp
=
é:]
x
Fig. 2 The membership function of linguistic values capability
2
5
000 00204 0.20.4
0.6 0.40.60.8 0.60.81.
3.2
B
a B B
a a a
3
3.1
1 M -] new -] new
k C, t=1 & G
7;) -] new C[ lz'zyimp
Win m =1
m>1 W oo
JI’IE‘W U Ul U”
1
3
3 3
S U J WD




305

Weight of Relations Weoop
Relations of Candidates 7 (U, Up)

Weight of Second Affect Factor I = (Weypr Woxps Wrols Wioads Wiiox) 1
Capability Requirement w (Jyew» C;)

i : SeapUss Jnew)
Skill Level / (U C,) M
Task Kind # (Jyew»> C) § (w7
History of Candidate Work M

Incidence of Success Suitability of Candidate S, (U;) —>|

Load Suitability of Candidate S (U;) —>
Flexibility Suitability of Candidate Spe(U;) —>

Fig. 3 Multilevel model of task assignment.

Team
Suitability
S (team, J )

Individual
Suitability
S(UI’ Jncw)

3
W= @, W. Wy Wy © . S
3 w Weap Wexp Wrel Wioad Z’Ejﬂex 3 Sca/) Ui Jnew — l 2 h Ui C[ ® 'ij‘ ]new C[
5 D k=
5Xn
5 5
B 5Xn Ui -] new
3 U;
Ui S Ui ] new 2 Ui
BNP BNP T U,
BNP J; U; J
1 m>1 Ui Jj
10 C w J; G i C,
J new C[ CI‘
m Jnew Uz' -] J -] new
~ 1 J Jj Cz J new
S team [, C C U. ]
t t z J
A
r Uq U/) ” new w J j (“1 w J new C{
- q P Q ]
W coop ® m om — 1 /2 + — S Uz .]new 4
n Cr 0.
4 G S team w J wew G = Ly omy oy w J j G Ly my 71y
J new BNP J new BNP C[ Ui J j ] new N .] j
-] new (“t
w coop F('acoo' S -]] ]new C{ =
3 1 T
5 _
Jmin w J; G w Juw G
otherwise 6
Jmax w J; C, w J. G
3.2 0 ) < Zl .
Ui ] j J new ; J j J new
1 k
2 s J; =25 ) 7
U,’ Ct /l U,- Ct . S -] 7 -] new /8 2 S .] J .] new ( t
U, Joew Scap U, U, z U
-] new 5 Scap Uz’ J new J new séxp Uz'



306 2007 44 2
=/ 1 -
Sexp Uz' = ; ® 21: S .]] -]new 8
n
Uz' Sexp Ui -]new
Sexp Ui J new Séxp Uz' / 2 Séxp U, 9 B B N N -
ol W capability = Wimp W reliability = Wimp W experience =
W kind-
U,‘ tCZ- kind
SC; s = 1 X S;
n i=1
_ 1 u -
€= X D Su U,
n i=1
10
- JS,‘ tCi > Z
Srel Ui =9 _ _
t min s s; §; max s; s te; < tc.
10
Jj
v U= U,
! ~
Load U; = Z Toe Ui J j 11 U, U; Load U,
~ ! 11 Wiond 14
Taver Uz' .]] Uj _]]
. Load U, B )
U; Wiowd = w:;p X Z ‘Load U,
~ ~ =1
Siwd Ui S U U, 1 n
Sload U, = o X ;Load U, ‘ 14
Ei U, - Load U, / Load U; . Wioad
! ! 12
12
U,‘ r Ui “ ” 12
Ui sload Ui
Sload Ui Ui Sflcx Ul
13 Stex U U 14 Wiead
Siw Ui = 2r U, —r U /Dr U
i=1 j=1
13
3.3
5~ 13 W lex
Ujﬂex = min 1/'(;}10&(1 1 . 15



307

4 o;=0.3
Begin ay,=0.7
MMTA MCTA Fig. 4 The workflow model of test.
Round-Robin 3 4
T, T, A B C.
4 T, T; 3
0.3 T, 0.7.
“« 1 » T T
/ 213 .3 T, T,
2
FIFO
Table 1 Capability Requirements of Tasks and Skill Level of Candidates
1
Capability Requirements Task T, Task T Level of Skill Candidate A Candidate B Candidate C
write extremely no write normal good expert
compute barely extremely compute expert good low
project moderately extremely project expert normal normal
design very barely design good normal normal
Table 2 The Incidence of Success and Time-Consuming of
Candidates for Tasks . MCTA
2
Time-Consuming Incidence of Success T C
Candidates 2
Task T, Task T3 Task T, Task Tj T 100 % C
J
Candidate A 5 3 0.93 0.99 T, 70 % C
Candidate B 6 7 0.92 0.90
andidate A B T3
Candidate C 7 8 0.99 0.60 MMTA
MMTA MCTA A
Round-Robin 5
A T,
3
3 3
Table 3 The Performance Index of Three Algorithms Round-Robin
3
: T,
Overall Incidence of Average b
Algorithms Incidence of Success for Complete Time MCTA
Success Importance Task of Tasks MMTA MMTA
MMTA 0.977 0.980 315.00 .
MCTA  Round-Robin
MCTA 0.977 0.989 390.04
Round-Robin 0.879 0.851 501.87 .
MCTA
Round-Robin MCTA
T, T, C A B

MMTA
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Fig. 5 The candidates load of the three task assignment algorithms.
Round-Robin
assignment algorithm MMTA.

5 . a Round-Robin
MMTA

Round-Robin  MCTA

MMTA

a

b The candidates load of the task assignment algorithm MCTA

The candidates load of the task assignment algorithm
and ¢ The candidates load of the task

b MCTA c

Workflow Management Coalition. Process definition interface-
XML process definition language R . Tech Rep TC1025
2002

Y-N Huang M-C Shan. Policies in a resource manager of
Modelling

R . Hewlett Packard Tech Rep HPL-98-156

workflow systems enforcement and management

1998
Prasant Mohapatra. Dynamic real-time task scheduling on
hypercubes ] . Journal Algorithms 1997 46 1  91-100

Lijie Jin Fabio Casati Mehmet Sayal et al. Load balancing
The ACM

USA 2001

in distributed workflow management system C .

Symp on Applied computing Las Vegas Nevada



309

5 W M P van der Aalst A Kumar. A reference model for team- 12 D Dubois H Prade. Operating on fuzzy numbers J .
enbled workflow management systems J . Data and Knowledge International Journal of Systems Science 1978 9 6  613-629
Engineering 2001 38 3 335-363

6  Zhang Xiaoguang Cao Jian Zhang Shensheng. Team-and-role- Xiao Zhengjin born in 1976. Ph. D. His

enabled task distribution under policy constraints in adaptive main research interests include Workflow

WFMS ] . Journal of Computer Research and Development

2002 39 12 1156-1163 in Chinese

artificial intelligence etc.

1976

I 2002 39 12

1156-1163

B He Qinming born in 1965 Professor and
7  Tang Da Yang Yuan-sheng. Research on workflow participant

. . . . . Ph. D. supervisor in Zhejiang Universit
mechanism and dynamic characteristic based on hierarchically p Jjrang y

refined petri nets J . Journal of Computer Research and Hangzhou China.  His  main rescarch

Development 2004 41 9 1545-1553 in Chinese interests include machine learning artificial

Petri intelligence  Web information retrieval ezc .

I 2004 41 19 1965

15451553
8  Gin-Shuh Liang Mao-Jiun ] Wang. Personnel placement in a

fuzzy environment ] . Computers and Operations Research

1992 19 2 107-121

Chen Qi born in 1963. Associate professor

in Zhejiang University Hangzhou China.
9 SB Yaakob S Kawata. Worker’ s placement in an industrial

environment J . Fuzzy Set and Systems 1999 106 3 289
-297
10  Minxin Shen Gwo-Hshiung Tzeng Duen-Ren Liu. Multi-

His main research interests include intelligent
decision support system GIS framework

for software architecture etc.

Criteria task assignment in workflow management systems C .

Hawaii Int’ | Conf on System Sciences Hawaii USA 2003

11 L Zadeh. The concept of a linguistic variable and its application
to approximate reasoning J . Information Sciences 1975 8

3 43-80

Research Background

The primary purpose of workflow application involves realizing the business process executed automatically and efficiently by
scheduling and assigning the resource and information reasonably.For that reason the automatic optimize assignment of user task is
one of the important functions of workflow management system W{MS and the key of improving the efficiency of WIMS as well.
Traditional task assignment only considers with respect to the matching of role rather than the effect of other factors such as
importance of task skill level of worker etc. Once the number of the qualified workers is more than one it can’ t evaluate the
suitability of the candidates. Furthermore traditional study on human resources makes use of precise value to evaluate the attributes
and the state of tasks and candidates which ignore fuzziness of the parameters. Therefore based on the task assignment method
presented by Minxin this paper analyzes in detail all the influencing factors and their linguistic fuzziness of user task assignment and
puts forward a multilevel model of the task assignment that can be combined and the corresponding task assignment measure. After
then the design method of the weight with self-adapt ability of the affect factors also are discussed in the paper. The comparison in
the experiment proves that the multilevel model has very good comprehensive performance under the circumstances of different

resource configurations.



