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Abstract Task allocation strategy has an important influence on the performance efficiency of
workflow system. When allocating tasks among executors, it needs to consider both the capability of
each executor and the cooperative compatibility between the executors. Traditional methods for
assigning tasks usually only consider the technical skills of executors and ignore the social cooperation
compatibility among the executors. Although a few of research works have considered the social
cooperation compatibility, they fail to consider how to maintain load balancing among executors when
allocating the tasks. Based on the workflow log, cooperative compatibilities among executors are
modeled and computed. The relations of interaction tasks are also taken into account. By analyzing the
current workload of each executor, a multi-objective joint optimization framework for maintaining load
balancing and maximizing the cooperative compatibility among executors is proposed. In this
framework, when a new task is assigned, the current workload of each executor that can perform this
task will be analyzed and its cooperation capability to other executors that have been assigned those
tasks having interactions with this new task will be computed. Several corresponding algorithms are

designed for optimizing different objectives and their time complexity is analyzed. Extensive
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experiments are conducted for comparing the proposed methods which demonstrate the correctness and

effectiveness of our approaches.
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Fig. 1 A process flow of medical insurance claim
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Table 1 Definitions of Notations

X1 HEXHFSEEX

Notation

Definition

Task={T;} The set of tasks in workflow system
U={u;} The set of executors in workflow system
MCP={cp;;} The set of interaction tasks with ¢p;; € {0,1}:if T; has interaction with T;,cp;; =1;otherwise cp;; =0
MX— (X, ) The set of roles th:rlt an executor can take on,where X;; € {0,1}:if executor u; can take on the role of performing task
T:+ Xy =1;0therwise X;, =0
MCW— (e, ) The set of cooperation capability among executors where cw;; € [0, 1] denotes the amount of cooperation capability
between executor u; and u;.
£, The time needed by executor u; for completing task T
m=|U| The number of executors
n=|Task| The number of tasks
MA={A;} The set of task assignments in which if task T, is assigned to executor u; ,A;, =1;otherwise A;, =0
Wi W Wr W .Wwn and Wy represents the set of executors that currently have light, medium and heavy amount of workload,

respectively.
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@ FOR each task T, € Task DO

® exp workload=MAX INT;k=0;
@ FOR each u; €U DO

® IF(X; =1

©) HE w, BIHRTEEA;
@ IF(A;<<exp_workload)
exp_workload =2
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® END IF

@ END IF

@ END FOR
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Table 3 Task Roles and Candidates Table 4 Matrix of Task Interaction
*3 EFRABRERERER 4 EFTEHERE
Task Role Candidate Task Receiving Validating Settlement Approving Payment
Receiving Customer Staff Mary, Susan Receiving 0 1 1 0 0
Validating 1 0 1 1 0
Validating Reviewer Jack,Carl
Settlement 1 1 0 1 0
Settlement Evaluator John,Beth
Approving 0 1 1 0 1
Approving Manager Tony,Sam Payment 0 0 0 1 0
Payment Accountant Clare, Lin

Hop TR 1 BAE S AL B RN R 4 P

BCAAAT #2218 TF 58T A 04 B A AR A PR B
x5 PR

Table S Matrix of Cooperation Capability
x5 MEEBHER

Customer Staff Reviewer Evaluator Manager Accountant

Role (Receiving) (Validating) (Settlement) (Approving) (Payment)
el ey Susan Jack Carl John Beth Tony Sam Clare Lin
Mary 1.0 0.9 0.8 0.2 0.8 0.4 0.9 0.3 0.5 0.3
Susan 0.9 1.0 0.4 0.7 0.3 0.8 0.9 0.2 0.2 0.7
Jack 0.8 0.4 1.0 0.8 0.2 0.9 0.8 0.3 0.2 0.9
Carl 0.2 0.7 0.8 1.0 0.8 0.5 0.4 0.6 0.8 0.4
John 0.8 0.3 0.2 0.8 1.0 0.9 0.3 0.9 0.7 0.2
Beth 0.4 0.8 0.9 0.5 0.9 1.0 0.8 0.2 0.3 0.8
Tony 0.9 0.9 0.8 0.4 0.3 0.8 1.0 0.8 0.7 0.4
Sam 0.3 0.2 0.3 0.6 0.9 0.2 0.8 1.0 0.1 0.8
Clare 0.5 0.2 0.2 0.8 0.7 0.3 0.7 0.1 1.0 0.9
Lin 0.3 0.7 0.9 0.4 0.2 0.8 0.4 0.8 0.9 1.0

BT B AR A AR IS AT I A IR R

1) W s B T A s e 2 1) TAE S 3% Ry 25, BT 55
i e 25 0 R BRATAE 55 9 T 8800 05 4 B3R5 1 Mt
RS I 3L AR v A AT 55 1 o A 8 3 12 D 5 PR D
AR AR A ) L X AR P R L A5 B R
T d5e R Ak B A AR 25 P 09 AE 55 00 BE I B0 an T .
{ receiving: Mary, validating: Jack, settlement:
Beth,approving: Tony, payment: Clare}. & & th /F
FHEEPE N 4. 4.

2) ARV HE — I Z2 0 19 U A S 91 3] 3k i BT A
A 55 WA 3k 5 A 91 3 v A A5 5 52 i AT 55 B
— 8 B ARG, L A A S PR AT A T £ 2R A
ARG TR0 7 28 B, %) 2 BT IR B IR W =
{Mary,Susan,Carl, Clare, Lin} ; Wy, = {John, Beth,
Tony} ;W ={Jack,Sam}.
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——> Task Flow
<€ --->» Roles Cooperation

ST O Place

Ts

Fig. 3 Workflow model
B3 AR
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HoP R E AKX, W, =[0,0.34),Wy=
[0.34,0.67) Wy =[0.67,1). & 4cffi J§ ESWL &
B AN ) TAER B R A TAEWR H
AT TP EAT 55 BT & 22 18] 18 I 1 A 25 2 R AT
AT 55 -3 56 BUR ) 8 BV AH 25 1 1B A2 A D VE A
PR R I s A AR i S0 ) 8 35 ME SRR 1 0 il
FAAR TR B A 55 43 B 55096 FRH 7 g g TG 8 E A7 45 2 5
. g — S 4 B 38 A ME 3, 0 T A R AR R 1E AT 100
YR L, Il AR [R] Ay 552 481 BA 310 R 22 A0 Bk 7
b B AT O L SR IBOT- 35 100 IR 07 FL45 R AE R
He LR S5 AT 43 B 5206 v AR I S 4 B 3k Y RE
RN T4

AT 55 1 Ab BT (B B AN R 6 TR AESCE
AT W AR A 5 B 2 Bl O AT 55 BT
ICEL 28 B — S {0 AT 55 BT & T B4 20 B
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Table 6 Processing Time of Tasks

x6 EFAERE min
Task Processing Time
T 9
12
17
T, 10
Ts 6

Table 7 Each Executor Has a Single Role
x7 EENTENEEE—RE

Executor T, T T; T, T

uy 1

uy 1

us 1

Uy 1

us 1

ug 1

u7r 1

ug 1

Uy 1

uio 1

Gy N 2 B B AT 55 [ AE 52 B AT 55 (8 A A7 AEAE A
AL (AN 9,38 10 Fizn). @i 45 5 AT & g1
WL L AT 55 S B A L O ELSC IR T T 4 A oAl RE
T BL R 2
Table 8 Each Executor Can Have Several Roles
®8 ASHITEAEES AR

Executor T, T, T, T, Ts

uro 1

Table 9 Tasks Have No Interactions

x99 ESEEXEERE

Task T, T, Ts T, Ts
T, 0 0 0 0 0
T, 0 0 0 0 0
T; 0 0 0 0 0
T, 0 0 0 0 0
Ts 0 0 0 0 0

Table 10 Tasks Have Interactions

R10 EESEEFEESEER

Task T, T, T; T, Ts
T, 0 1 1 0 0
T, 1 0 1 1 0
1 1 1 0 1 0
T, 0 1 1 0 1
T 0 0 0 1 0

ES5 AL T RAERT MESWME T .4
GO I, SR R E 4 Fros. @it W
EE 4O LIF H . 4 Fh B TAE f 324 52 Al B
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(b) Each executor can have several roles

Fig. 4 Completed time of workflow instances with no task interactions
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Completed time of workflow instances having task interactions
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Fig. 6 Average processing time of a workflow instance having task interactions
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Fig. 7 Workload for each executor when 20 instances having task interactions arrived per hour
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