Proceedings of the 2nd International Conference on Computer Science and Electronics Engineering (ICCSEE 2013)

Math model and scheduling method for bottleneck station AGA-based approach

Jun-bing Huang® Jun Lang®”
'College of information Technical science, Beijing
Institute of Technology, Beijing 100081 China.
Email: 20701432@hbit.edu.cn
% College of Information Science and Engineering,
Northeastern University, Shenyang 110819, China,
Correspondence Email: langjun@ise.neu.edu.cn

Abstract—A math model is built on minimizing the maximum
operation time of the equipment for the bottleneck station in
which both the switching time and initial state are considered.
The objective function is represented as the fitness function in
adaptive generic algorithm which is proposed as a solution to
this model. Finally, numerical computation is given to show the
superiority of this proposed method.

Keywords-Scheduling method; adaptive Genetic Algorithms;
assembling and testing manufacture

The modeling and optimization of the semiconductor
wafer fabrication system has attracted huge attention from
researchers and scientists in both academic and practical
arenas, which has been proved to be NP-Hard problems. It
has characteristics of multi-target, uncertainty. Thus,
existing methods had been proposed to solve this problem;
however, production scheduling research mainly
concentrates in the scheduling mode [1-3], algorithm [4-6]
and dispatching strategy [7-9]. Lots of achievements have
been obtained. Some parts of the results have related to the
genetic algorithm and adaptive genetic algorithm [10-13].
For example, GA is used as an optimizing tool after insert
saving algorithm is discussed to get the initia scheme if
adequate resources are available [10]. [11-12] proposed that
when additional resources are not available, modedl is firstly
built by petri-net technology and then match strategy of
batch and equipment is put forward by experience. Finaly,
GA determines the best strategy.

Construct to the semiconductor wafer production
scheduling, few researchers are focused on packaging test.
Some existing methods had been proposed to solve this
problem. Thus for example, ant colony optimization
algorithm is used to semiconductor assembly and test
manufacturing [14]. Methods and means of realization about
simulation are illustrated [15]. Zhang points that most
problems of the semiconductor production scheduling
consider multiple resource constraints and scheduling of the
paralel machineg16]. He has analyzed semiconductor
scheduling problem by methods and ways. Both additional
and non-additional resources problem are summarized.

Although the whole semiconductor packaging test
production line isn’'t as complex as wafer manufacturing
ling, for the test industry market scale is getting bigger and
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bigger, fund intensive degree of test procedure is higher and
higher, And the semiconductor packaging test production
line has character of complex craft, short product life cycle,
multi-objective and so on at the same time, which makes the
semiconductor packaging test scheduling research also
become meaningful in the whole semiconductor
manufacturing scheduling.

The reminder of this paper is organized as follows.
Section Il gives the illustration of the problem to
semiconductor package test production line. Subsequently,
the math model for the problem is built in section IIl. The
introduction and application to the adaptive genetic
algorithm is proposed in section 1V. Finally, the conclusion
is drawn.

II.  PROBLEM FORMULATION

In actual production, each semiconductor control-site of
the packaging test line is composed of specific types of
devices like link1, link2, link3....linki. Now, we have to
complete some kinds of products which have a certain
number of Xy (M=A,B...) . Each kind of product could
be processed by one or several kinds of equipments;
however, one kind of equipment can process only one
product in the meantime. The products can be switched
between various kinds of equipments according to the
schedule time, but have to consider the switching time and
initial-state. The initial-state means that it's processing
product at first. The switching time means that when one
equipment changes from processing one product to another,
we have to consider the switching time. Furthermore, the
switching time is the same when two kinds of products
switch from one equipment to another in the process of

producing. Using Vim tO express the ability of the ith
equipment L; to process some kind of product M. When
some equipments are processing at first, how to finish al the

products processed in the limited production ability is our
work.

I11.  MODELING

From the description of the problem above, we suppose
that the ith equipment L; has to process product M which has

acertain number of X, , , where X, ,, isan integer. In our

semiconductor control-site we suppose there are 5 types of
device to processing 5 kinds of products. So, we need t, to
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finish the processing of the product A, where t, is shown as
follows:

tA=i XL1A+i XL2A+i XL3A+i XL4A+i XL5A (1)
VLlA VLQA VLQA VL,,A VLSA
Provided Z substitutes the equipment L; is

processing the product M at first. For example,
Z,  expresses link1 is processing product M at first. As
each equipment processes one kind of product at first, we

have

> zu=1
M=AB:--E
2 Zw=1
M=AB:--E

z,, =1
M=AB:---E
2 zw=1
M=ABE

z, =1
M=AB:--E (2)

where Z, ) isOor 1. When we don’t consider the initial state,

using TL|MN to substitute the switching time of the

equipment L; changes form processing product M to
processing the product N, where M= A, B...E; N = A,
B...EandM # N.

When we consider the initial-state, the time relates to

link1 TL'1MN can be shown as:

X
=z, +—2(1-2,)|
LMN |: LM X +1( LM ):|

©)

V4

X
LN + X, NLlj_l(l_ ZLlN ):| 'TLlMN

So the operation time of the eguipment linkl can be
shown as
T &
m=1,2---i,n=1,2---i,m#n
Accordingly, we can easily get T,, Ts, ...T;.Inorder to
process al the products before schedule time, we have to
minimize the maximum of all the target-functions. Namely,
we have to minimize the maximum of Ty, T, Ts, ...T;.
So we choose the optimization object-function as follows:

f =min{max(T, T, T,.,....T,)} 5)

The constraint is

T:

1 v X Lm +
m=1,2---i Lim

m=L2--4
Z XLmZ =X,
m=1,2 -
Z X s=Xs (6)

st. m=1,2--i

X1 XLy Xy 20

IV. APPLICATION OF THE ADAPTIVE GA TO THE
OPTIMIZATION MODEL

Genetic Algorithms (GA), a promising aternative to
conventional heuristic methods, is a genera adaptive
optimization search methodology based on a direct analogy
to Darwinian natura selection and genetics in biologica
system. Its concept was developed by Holland and his
colleagues in the 1960s and 1970s [17]. As some parameter
like mutation rate, cross rate are randomly determined in
conventional GA, which result in the loss of the average
fitness of the population. Srinivas M has proposed adaptive
GA to avoid this defect [18]. It essence is how to choose the
appropriate parameters.

To show the performance of the adaptive GA in the
application to the math model, we carried serial calculations
based on actual production data. In our model, there are 5
equipments, they have to process 5 kinds of products,
including X,=18. Xg=30. Xc=27. Xp=15. Xg=30 in 72
hours. The processing ability of equipments and switching
time of each equipment are shown in tableland table2
respectively.

Table 1: processing ability of equipments (10000/24h)

C
0
6
10
8
10 0 10 0

link1 12

link2
link3
link4
link5

10

Oo|low|o|lo| ®
oO|lo|o|w|O

10

o|lo|lo|~N|o| >

Table2: switch time of equipments (h)

AB AC AD AE BC BD BE CD CE DE

link1 4 7 6
link2 1 3 2

link3 8 2 3

link4 4 3 4

link5 6 6 8

The object function can be gotten by
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min{max (T,, T, T,,T,, T )}

XatXpa+ X =18
Xpgt X g+ X g=30
XictXct+ X =27
Xip+Xp+ X, =15
Xe+ Xpet X e =30
Xian X X a2 0,

st.

()

X X X
—24.| LA, LD | TTLE . . ,
T1—24{ 5 + B + o J+(T“"” +TL1AE +TL10E)
TI:CE)

L &]+( T +
10

Xi +( 4T 4T
Lo j ( 4T+

TL2 AC + L
T

3

6

T

LgBC 138D L3cD )

X
8
Xie , Kue |,

10

XLZC +
6
T,=24.| 22250
10
[ LC 4 T )
8 L4BC L4BE L4CE

XLSA XLSB XLSD . . .
T.= 24'{T+W+ N (T +T L +T.,)

(8)

and X - X Le e integers.

LlA’XLlB’“

Such parameters like crossover probability and mutation
probability together with fitness function are determined by

k F<F
P.= _ NG)

K (Fro—F.)/(Fo—F) F.>F
ks F.<F -
" kR Fa-P) FSE

where k;, K, K;, K, are constant and less than 1. F is the
average fitness, F_ is the higger fitness of the two cross
individuals and Fis the fitness of the variation individual.
K, K,, ks, K, play arolein the convergence of GA, however,
we can't get a qualitative conclusion for this, K, K, isalittle

bigger and K;, K, can be adjusted according to the case.

The reciprocal of the abjective function is used as the fitness
function, which is shown as
1

F =
min{max(E.Tz,Te,,Tst)} (11)

In this paper, the size of the population is 60. After 13
times iterative operation, the algorithm can converge to
globally optimal solution. The maximum of the fitness
function is 1/70.35, which means that the minimum time of

finishing the work is 70.35 hours. The initial solution and
appropriate optimal solution can be shown as

Zndpibe doadcrde b e dps
e lcilednmdpe o
=(0,1,0,0,1,0,1,0,0,1,0,0,1,0,0)

(12)
[XL,A’ XLZA‘ XLSA’ XL33| XLAB’ XLSE!’ Xch ’ XLac ’ XL,,c 1]
XL,D’ XLJD' XLSD ' XLlE' XLZE’ XLAE
=(6,8,4,13,7,9,13,10,11,4,2,14,10,6,10) (13)

To prove the superiority of this agorithm in our model,
we apply the GA in our model too; the minimum time of
completion is 70.4, which means that we need 70.4hours to
process the products. The initial solution and appropriate
optimal solution can be shown as

[ZLiAngDrZLiEvZLZAv ZC7ZL2E’ZL3B7ZL3C’ZL3D’) (14)
ZL,B’ ZL4C ' ZL,E' ZLSA' ZLSB' ZLSD
=(0,0,1,1,0,0,0,0,1,0,1,0,1,0,0)
[xLlA,xLZA,xLSA,xLJB,deB,ka,xch,xLac,dec,]
Xio Xipr Xipr X Xier Xie
=(8,7,3,156,99,7,11,22,11,12,8,10)

(15

V. CONCLUSION

We carried a research on the modeling, scheduling, and
performance evaluation for bottleneck station. Firstly, the
scheduling model based on minimizing the maximum
equipment running time is built, and then the superiority is
shown by applying the adaptive GA to an example compared
with the conventional GA, which plays a guide role in
production of semiconductor manufacturing scheduling.
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