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Abstract

Semiconductor manufacturing is a very
important industrial sector in Taiwan’s
economy. Because of international
competition, semiconductor industry faces
high pressure. Therefore, to develop new
technology, reduce cost and pursue high
revenue becomes an unavoidable direction.
Our project propose a sectional processing
algorithm to resolve the scheduling problem
of a semiconductor fab and analyze a near
optimal section length for the sectional
processing algorithm. We have completed
the simulations and obtain a good result. In
addition, we propose a moving section
scheduling algorithm that is most suitable for

the semiconductor fab.

Keywords: semiconduction manufacturing
process, optimization, scheduling.
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following section.
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Since the length of the horizon and
number of operations have been reduced
considerably, the dimension of each
section’s scheduling problem is reduced
drastically. Hence, the difficulty of
computational complexity is resolved.
However, there is an immediate question
concerning how much suboptimality will
be lost in using this sectional processing
algorithm to solve the original scheduling
problem. The answer is a surprised one
that the suboptimal solution is even better
than the one obtained using the original
algorithm [2].

In the following, we will analyze
this result using qualitative estimation.

Since we arbitrarily decompose the
given horizon into consecutive short
horizons, the overall optimality cannot be
retained unless special technique is
designed. Thus, when we apply algorithm
M, to each section’s scheduling problem,

the degrade of overall optimality is
proportional to the number of sections
employed. On the other hand, the
scheduling problem is a nonlinear problem,
and the list scheduling algorithm M, ,isa

linearization technique based on the cost
sensitivity with respect to the beginning
time. This implies that, algorithm A,
has a less destructive nonlinear effect over
a shorter horizon scheduling problem.
Thus, when the number of sections
increases, the section’s horizon becomes
shorter, and algorithm A/, will achieve a

better objective value. The above two
effects resulted from M, and A, due

to varying the number of sections are
conflicting, therefore, we may possibly
determine an optimal parameter, the
section length, by empirical simulation
results. To demonstrate these qualitative
estimation, we test our sectional
processing algorithm on some
long-horizon scheduling problems in the

Semiconductor manufacturing
process is a re-entrant line process where
wafers may return many times to the
machine for processing at different
operations of the process. In addition, fab
operations involve multiple product
accommodation by a single production
line. Each product may consist of several
tens or hundreds of operations. Thus,
scheduling of this process is a typical
long-horizon scheduling problem.

We have tested numerous
ling-horizon job-shop scheduling problems
which are simplified versions of a
semiconductor manufacturing process.
Each problem consists of 6 type of
products and each production flow
consists of approximate 20 operations.
There are 11 types of machines, and each
type consists of various number of
machines ranging form 3 to 15. For the
purpose of explanation, we show in Table
I the test results.

Table I: Simulation results of the test example

No.  of]Objective |Normalized |Section [Average

Sections {Value CPU times |Length |System

@ K [times
L

1 1.0 1.0 250

2 0.983 [0.452 125

3 0.967 10.545 84

4 0.966 [0.403 62

5 0.949 0453 50 545

6 0.946 [0.469 42

7 0.965 }0.591 36

8 0.964 (0.517 32

10 0.967 0.517 25

15 0.947 [1.334 17

The results in the first row represent
a set of standard values that our sectional
processing algorithm should compare
with; therefore, we normalize both the
objective values and the CPU times in the
first row as 1.0. The time horizon K of



the problem, in this example problem is
around 250. Therefore, the section length
shown in row 2 and columnd is 125, and
so forth. We sec that our algorithm
achieves not only the reduction of the CPU
times but also the reduction of the
objective values in almost all cases with
different section numbers shown in Table L
These test results verify the concept
proposed in this paper that the suboptimal
solution is affected by the controlled
parameter.

CHH2BHREEL

An interesting fact indicated in Table I
is that when the section length, shown in
column 4, approximately but not exactly
equals the average system time, shown in the
last column, the reduction of the CPU times
is approximately optimal. In all cases of
various section lengths, the objective values
are reduced ranging from 2% to 5.4%. The
result mentioned above is reasonable in the
aspect of the CPU times reduction, because
when we decompose the long-horizon
scheduling problem into consecutive
short-horizon sectional scheduling problems,
the CPU times will reduce; however, if the
section length is too short, then there will be
too many yet complete operations left for
next section and cause computational
inefficiency. The results regarding system
time, the objective value reduction is as we
expect. When the section length equals the
average system time, the objective value
reduction is not the biggest but is among the
better ones about 5%.

Nowadays, the foundry receives the
orders from numerous fabless IC design
houses and results in a long-term fully
booked production lines. Consequently the
time horizon of the corresponding job-shop
scheduling problems is very long comparing
with the time unit of the processing time of
an operation. Such a long horizon can be
considered as infinite horizon. Consequently,
we can consider this type of scheduling
problem as an infinite-horizon job-shop

scheduling problem. Since there are hardly
any existing method including our sectional
processing algorithm can solve such an
infinite-horizon scheduling problem within a
reasonable computational time, and even if it
can be solved, the obtained schedule cannot
accommodate the unexpected events such as
unexpected machine failures or the
restoration of repaired machines and
unexpected urgent orders, etc.. Borrowing
the idea from the moving horizon control in
model predictive control theory, we propose
here a moving section scheduling algorithm.
Our algorithm is justified by the simulation
results of the sectional processing algorithm
shown in previous section provided that we
choose the section length to be the average
system time. Therefore, we can solve the
infinite-horizon job-shop scheduling problem
by one section at a time using moving section
scheduling algorithm.
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