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Abstract. This paper analyses the needs of task distribution for dynamic enterprise alliance, and
then proposes a fuzzy algorithm which gathers the tasks from enterprise to subprojects in
alliance. It assigns values to the degrees of interactions of the task modules, and creates each
adjacency matrix. It then performs fuzzy aggregation to the adjacency matrices by setting different
thresholds. By combining the aggregation degree in the tasks modules with the separation degree
between the modules, setting it as judge standard, and then, the values of the fitness function at
different thresholds can be calculated. It finally obtains the best scheme of tasks modules
distribution by using the threshold corresponding to the maximum fitness function.

Introduction

In order to take full advantage of the manufacturing and technical resources of each dynamic
enterprise, the alliance has to complete the coordinated research project at the fastest speed and the
lowest cost by using the information technology in a distributed condition. Aiming at improving the
parallelism of task execution, facilitating the overall arrangement, clearing process management
model, and improving the efficiency of task management, task decomposition should be conducted.
Therefore, it becomes a key issue that how to decompose the given project into independent
subprojects with reasonable granularity during the coordinated research of dynamic enterprise
alliance (Figure. 1).
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Figure.1: Task decomposition of dynamic enterprise alliance.

Conventional aggregation analysis decomposes the objects by their similarity [1], then divides
each recognized object into a certain class strictly [2, 3]. L. A. Zadeh proposed the theory of fuzzy
sets [4, 5], and then called it fuzzy aggregation analysis. With this method, the fuzzy aggregation of
functional task modules can be completed, and the interaction and the interaction cost of task
modules between enterprises can be reduced.
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Fuzzy Aggregation of Modules
Aggregation Condition

The connection flow matrix between functional tasks modules is the superposition of the
relationships of material, energy and information. Assuming that functional tasks are decomposed

C={c,c,,...,c,} m

into n functional tasks modules I represents the material connection between

i i ©: . i i O
task module ! and 1.7 represents the energy connection between task module ! and b %

represents the information connection between task module i and J. The regulations of compact
degree of material connection between modules are shown in Table 1.
Similarly, the assignment of the compact degree of information flow and energy flow between

modules can be obtained. Assuming that X represents the connection flow matrix, and ¥ is its

X. =M. +€ +a.
element, then ™ U U,

Table 1: Assignments and meanings of the compact degree of the material flow between task modules.

Assignments Meanings

0 No material flows from task C to Ci

1

Seldom materials flow from task C; to Ci

3 Less materials flow from task C; to C,
5 More materials flow from task C; to C;
7 Many materials flow from task C; to C;
9 Much materials flow from task C; to C,
2, 4, 6,38 Intermediate values between above relevant judgments

The Establishment of Matrix
Since the data of matrix X has the same dimension, and in order to standardize the data, the

similarity calibration can be performed and the fuzzy similar matrix R can be established, where b
is the element. The fuzzy similar matrix R of matrix X can be obtained by the quantity product
method.

1, i=

ool a - m
szik.xjkb 1#]
k=1
M = max(z Xik.x'k) < <
Where, M is chosen as an appropriate value SE T so that®=" =1 Then we can get

fuzzy similar matrix R .

In order to transform the fuzzy similar matrix R into the transitive fuzzy equivalent matrix R’ , it
is needed to perform the transitive closure on R .
Fuzzy Aggregation

In order to ascertain the ownership of an element in the fuzzy set, a threshold® should selected

ael

first in 0’1] . The fuzzy set in U s
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R™={uu; €U,0< xR(u;) <1}

(2)
When the value of ¢ is selected, a corresponding common set can be obtained.
R,=ujueU,uRu)z«a
{ | } 3)
Where, R. is called as %~ level cut sets of R", and ¢ is called as threshold of R,
The characteristic function of R, is
1 Rz«
Cr, (W)= {0 ! R((u)) <a
# 4)

At different thresholds &¢ , the aggregation analysis of fuzzy equivalent matrix R" can be
conducted. And the aggregation results of different thresholds can be calculated by the following
formula.

=7 (5)

The Establishment of the Fitness Function and the Optimization of Task Distribution
The Establishment of the Fitness Function

C:{Cl,cz,...’cq}

Suppose that there is a set of 9 functional tasks , and it is divided int P modules

P
= IVIi =C . .= . . .
M={M,. M, M, } , ,Q , and MM, @. There are ki functional tasks in each module,
P
ki=d
andg )
Assuming that the functional tasks module M;=1{++Gp5C o} hag N functional tasks, like %

and % . The aggregation degree of this module is expressed as:

0, n=1
IC(M)) = ﬁ Z Cp» N2
i (K = 1) bem; dem; b=d (6)
The average aggregation degree is:
ic=1 Zp: IC(M))
- P i (7)

Obviously, the larger IC(Mi), the more closely relationship between two units .Thus, the overall
quality of the decomposition is higher.

According to the above definition, the aggregation degree between module Mi and M is;

D('Vli"vlj):L 2. G

k|kJ beMi,deMj (8)
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DV (M.,

Obviously, the larger M) , the smaller separation degree and the more closely relationship

between module M and™i. Thus the overall quality is lower. So the average aggregation degree is:

D_:

p P
2.2 DV(M,M))
D(P DEE : )

Since the larger aggregation degree between task modules represents their separation degree is

smaller, so the separation degree of module M and M, is defined as:

DC=_L
DV (10)

According to the analysis of the aggregation degree in the task modules and the separation degree
between the tasks modules, the fitness function can be defined as:

f(c)=1C-DC=-2S DV 20,
DV

(1D

When WZO, all functional tasks are designated within one module, and all functional tasks
appear in an enterprise. Since it is not conducive to the concurrent design of the tasks in the
dynamic enterprise alliance, this kind of decomposition is generally not adopted.

Optimization for Task Distribution

By combining the aggregation degree in the tasks modules with the separation degree between
the tasks modules, and setting it as judge standard, the values of the fitness function at different
thresholds can be calculated. Finally, the best scheme of tasks modules decomposition is obtained
by taking the threshold corresponding to the maximum fitness function as the best threshold.

Case Study

During the development of a certain aircraft, the leader of the dynamic enterprise alliance
decomposed the main task into many functional tasks modules. Five of the modules are design of
aircraft engine, fuel tank, hydraulic transmission system, power plant and back-fuselage, and they

are denoted as f , b6, f and respectively. After the analysis and assignment of the flow

of material, energy and information, the connection flow matrix between tasks modules is
constructed as:

f f f

1 2 3 5

ffo 10 7 8 7
f,[7 0 6 12 21
f17 4 0 2 19
f[8 3 12 0 25
fl7 3 6 12 0 (12)

The fuzzy similarity matrix can be obtained by the quantity product method.
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1 044 029 044 026
044 1 072 1 0.35
R=(029 072 1 083 0.13
044 1 083 1 0.21
026 035 0.13 0.21 1 (13)

t(R)=R*=R":

So the fuzzy equivalent matrix 1s:

1 0.44 044 044 035
044 1 08 1 035
R'={044 08 1 083 035
044 1 083 1 0.35

035 035 035 035 1 (14)
Take the threshold 4 =1 , then
1 0 000
01 010
R'=R’=[0 0 1 0 0
01010
00 0 01 (15)
The decompositionresultwhenﬁ=1is{ ff s fs U }
The decomposition result when4 = 0.831gt il -1 B B R
The decomposition resultwhen/1=0-44ls{f B b A }
The decomposition result when 4 =0.35 s th b 6 fy f}
Whenﬂ»:l’Mlz{fl}’ 2_{f2’f4}, Ms:{fz}, M4:{f5}
And from the fitness function, we can get:
1
IC(M,)=1C(M,)=IC(M,) =0 1C(M:)=5x15 (16)
ic=tuicamy)=tutas=12
4 4 2 8 (17)
DV - (2 F14+14422,. 80 25):8—7
4x3 \ 2 2 12 (18)
f(c)_L 1512 026
DV 8 87 (19)
When 4 =083 M ={f} {100 My={f]
E:l><l><39:£
6 3 18 (20)
DV = ! x(4—7+14+86J 175
3x2 \ '3 3 18 (21)
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)= 3018 om
DV 18 175 (22)
Whenﬂ:0.44,M1:{f19 f2’ f3’ f4}’ MZZ{fS}
EZLXLX86=§
2 12 24 (23)
_V:—XlXIO():@
4 8 (24)
f}(c):iz%xiz0.29
DV 24 100 (25)

When4=0.35 it has M={f. f. £, £ £} . That is to say all functional units are designated within

one module, and all functional tasks appear in an enterprise. This is not conducive to the concurrent
design in the dynamic enterprise alliance, and it is generally not adopted.

All the analysis shows that when 4=044  the scheme of tasks Distribution is the best
decomposition scheme. In this scheme, it has the largest relative aggregation degree and the
relatively small separation degree of the task modules. And it is conducive for the concurrent design
and cooperation in the dynamic enterprise alliance.

Conclusions

This paper presents an optimization method for task granularity at dynamic enterprise alliance
layer based on fuzzy aggregation, which can reduce the tasks coupling, interaction frequency and
the costs between alliance members. And through improving the parallelism between enterprises,
the method can significantly shorten the product development period in the aviation enterprise
dynamic alliance.
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