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Abstract: In this paper, we present the results of a simulation study for the performance evaluation of certain 
batching strategies in a multi-product semiconductor wafer fabrication facility (waferfab). Batching in waferfabs 
means that we can process different lots at the same time on the same machine. As opposite to common sche-
duling and dispatching decisions in manufacturing beside assignment and sequencing decisions we have to make 
decisions on the content of a batch. Batching decisions have a large impact on the performance of a waferfab be-
cause of very long processing times of batching operations. We extend previous work on the evaluation of batch-
ing strategies from the two product-case to the case of a larger number of products and different product mix 
scenarios. We investigate three different batching heuristics. Our heuristics are based on the Apparent Tardiness 
Cost dispatching rule. Two of the suggested batching strategies take future lot arrival information into account. It 
turns out that the usage of future lot information is advantageous in many situations. We use a reference model 
of a waferfab of medium size in order to carry out the simulation experiments. 

Keywords: Semiconductor Manufacturing, Batching, Discrete-Event Simulation, Performance Assessment

 

1. INTRODUCTION 

In semiconductor manufacturing, integrated circuits 
are produced on silicon wafers. This type of manu-
facturing is very capital intensive. Lots are the mov-
ing entities in a waferfab. Each lot contains a fixed 
number of silicon wafers. 

The process conditions are very complex [Uzsoy et 
al, 1994; Atherton and Atheron, 1995; Schömig and 
Fowler, 2000]. We have to deal with parallel machi-
nes, different types of processes like batch processes 
and single wafer processes, sequence dependent 
setup times, prescribed customer due dates for the 
lots, and reentrant process flows. Very often, we also 
have to face with an over time changing product mix 
including a large number of different products. Ma-
chine breakdowns occur quite often because of com-
plex technological processes and complicated tech-
nology. Therefore, preventive maintenance issues 
are important in semiconductor manufacturing. 

Batch machines can process several lots at the same 
time. However, lots of different families cannot be 
processed together due to the chemical nature of the  

 

process. Lots that can be processed together form 
one family. The processing times of batch operations 
are usually very long compared to other processes, 
i.e., up to 10 hours are required for processing lots 
on a batch machine whereas the processing of a lot 
takes usually one hour on a non batching machine. 
Therefore batching decisions may effect the per-
formance of the entire waferfab. Especially in the 
case of a multi-product waferfab, the dynamic of the 
waferfab is influenced by the treatment of batches.  

Depending on customer requirements lots of differ-
ent products have to meet different internal and ex-
ternal due dates. Furthermore, based on customer 
importance some lots can have a higher weight (pri-
ority) than other. 

Scheduling and dispatching of batching machines is 
challenging because beside the common assignment 
and sequencing decisions batch forming decisions 
are necessary. Due to unequal ready times of the lots 
on a certain batch machine (or group of batch ma-
chines working in parallel) it is sometimes more fa-
vorable to form a non-full batch, in other situation it 
is better to wait for next lot arrivals in order to in-
crease the fullness of a batch. 
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We discuss batching issues in multi-product wafer-
fabs with respect to minimize due-date oriented per-
formance measures. Only little is known on batching 
heuristics for minimizing due-date-oriented per-
formance measures like total weighted tardiness or 
number of late lots on an entire waferfab level.  

The paper is organized as follows. In the next sec-
tion, we discuss related literature. Then we describe 
three batching heuristics that are used in this paper. 
We continue with describing the simulation model 
and our experimental design. We present and discuss 
the results from simulation experiments in the last 
section of the paper. 

 

2. RELATED LITERATURE 

Batching issues are intensively discussed in the 
scheduling and industrial engineering literature. We 
refer to the work done by [Fowler et al, 1992; Fow-
ler et al, 2000]. The authors propose several heuris-
tics for real-time control for both single product and 
multi-product batch tools in order to minimize the 
flow-time of the lots. Other heuristics related to this 
issue are suggested by [Glassey and Resende, 1991]. 
Future lot arrivals are considered during the deci-
sion-making process. Look-ahead strategies for 
batching are surveyed by [Van der Zee, 2003]. Cigo-
lini et al. propose a new look-ahead heuristic for 
minimizing cycle time and guarantying a certain 
throughput-level in a recent work [Cigolini et al, 
2002]. 

In [Robinson et al, 1995] the authors suggest the use 
of both down-stream and up-stream information for 
batching decisions. Rolling horizon and time win-
dow approaches were suggested by [Chand et al, 
1997] but without considering batching problems. 

Static batching problems with incompatible families 
and parallel machines are studied by [Balasubrama-
nian et al, 2004]. Different hybridized genetic algo-
rithms are proposed for the assignment of lots or 
batches to machines. Variants of the Apparent Tar-
diness Cost Dispatching rule are used in order to de-
termine batch sequences on each single machine. 
This approach was extended to dynamic batching 
problems considering future lot arrivals by [Mönch 
et al, 2005].  

A fairly complete survey on deterministic and sto-
chastic scheduling techniques for batching problems 
in the semiconductor manufacturing domain is pro-
vided in [Mathirajan and Sivakumar, 2003]. Potts 
and Kovalyov suggest in [Potts and Kovalyov, 2000] 
a classification scheme for (general) batch schedul-
ing problems. 

Several batching heuristics are investigated by 
[Akçali et al, 2000] by using discrete-event simula-
tion. The authors of this paper study the performance 
of different dispatching and scheduling heuristics for 
batching tools with respect to minimize due-date 
oriented performance measures in [Mönch and Ha-
benicht, 2003]. This work considers only the rather 
limited two product-case that has academic but not 
real-world importance. 

However, as pointed out for example by [Akçali et 
al, 2000] the performance of batching strategies can 
be different in multi-product environments. There-
fore, we extend our previous work by performing a 
simulation study for multi-product waferfabs under 
different product mix situations. 

 

3. BATCHING ALGORITHMS 

In this section, we describe three batching heuristics 
that are relevant for this study. We are interested in 
two questions. We want to analyze how much we 
can gain from considering future lot arrivals in a 
multi-product setting. The second research question 
is the following one. How does the number of in-
compatible lot families influences the performance 
of our batching strategies?  

3.1. Notation 

We consider one fixed batch tool group. Making a 
batching decision, we have to decide whether we 
form a batch only from the set of lots waiting in 
front of the tool group for processing or to wait for 
future lot arrivals which means leaving a certain tool 
idle for a certain period of time. Figure 1 illustrates 
this issue for a batching tool group with incompati-
ble families A, B, and C. Here, the capacity of a sin-
gle batch tool is four lots. 
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FamilyB
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FamilyC

FamilyB
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FamilyB

Incompatible families

FamilyAFamilyA

 
Figure 1: Batching with Incompatible Families 
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The following notation is used throughout the rest of 
the paper. 

1. Lots belonging to different incompatible fami-
lies cannot be processed together. The exist F  
such families. 

2. There are n  lots that have to be scheduled. 

3. The fixed tool group contains m  identical ma-
chines in parallel. The maximum batch size of 
the tool group is denoted by B . 

4. There are jn  lots of family j  to be used for 

forming and sequencing of batches: nn
F

1j
j =∑

=

. 

5. Lot i  of  family j  is represented as ij . 

6. The priority weight for lot i  belonging to fam-
ily j  is represented as ijw . 

7. The ready time of lot i  in family j  is denoted 
by ijr . 

8. The due date (with respect to the batching tool 
group) of lot i  of  family j  is represented as 

ijd . 

9. The completion time of lot i  of  family j  on 
the batching tool group is represented as ijc . 

10. The processing time of lots in family j  is de-
noted by jp .  

We use the notation )x,0max(x =+  for abbrevia-
tion. We frequently refer to the total weighted tardi-
ness as performance measure (with respect to a fixed 
tool group) for a given schedule. This measure is de-
fined as follows: 

 

   ( )+∑ −= ijijij dcw:TWT . (1) 

 

3.2 Static Batch Dispatching Heuristic (SBDH) 

The first heuristic is a modification of the well-
known Apparent Tardiness Cost Dispatching Rule 
[Vepsalainen and Morton, 1987]. This rule was 
adapted to the scheduling of batch machines in [Ma-
son et al, 2002].  

We calculate the static batch ATC index ( )tI stat,ij  for 
job i belonging to family j  at time t  

 

 ( ) ( )
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛ −−
−=

+

pk
tpd

exp
p
w

:tI jij

j

ij
stat,ij . (2) 

 

The parameter k  is a scaling parameter and p  re-
presents the average processing time of the remain-
ing jobs. We sequence the lots of one family waiting 
in front of the batch tool group in descending order 
with respect to their ( )tI stat,ij  index. We take the first 
B  lots of this sequence in order to form the batch 
that has to be processed next for this family. We 
choose the batch with highest sum of the ( )tI statij,  
indices of the lots of the batch among the families. 
This batch will be processed next. 

For the purpose of determining an optimal k  pa-
rameter with respect to the total weighted tardiness 
of the lots waiting for processing, we repeat the cal-
culation for different values of k  and choose for im-
plementation the schedule that leads to the smallest 
TWT value. 

This heuristic is a full-size batch strategy and does 
not take any future lot arrivals into account.  

3.3 Dynamic Batch Dispatching Heuristic 
(DBDH) 

The second heuristic takes future lot arrivals into ac-
count. Therefore, we define a time window 
( )tt,t ∆+ . Usually, we chose a fixed portion of the 
average processing time of the waiting lots as t∆ . 
The set of lots from family j that are ready for pro-
cessing at time t  or will arrive inside the given win-
dow is denoted by 

 

 ( ) { }ttr|ij:t,t,jM ij ∆∆ +≤= . (3) 

 

The elements of ( )t,t,iM ∆  are sorted in descending 
order with respect to the index 

 

 ( ) ( )( )
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⎜
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Figure 2 presents an example for batching with 
DBDH. Five jobs are in the queue of the batching 
tool group or will arrive in the future. Only the jobs 
11, 12, 21 will be ready for processing in the pre-
scribed time windows. Therefore only those jobs are 
considered for batching. The maximum batch size is 
two. 

 

Potential Batchs (B=2)

Jobs

Arrival Times

Job 11

Job 11

Job 12

Job 11 Job 21 Job 12

Job 12

Job 21

Job 22

Job 31

Job 11 Job 12 Job 21 Job 22 Job 31

time0 t ∆tt +∆t

 

Figure 2: Forming Batch Combinations with DBDH 

In the next steps, we only consider the first lots#  
lots of the sorted set ( )t,t,iM ∆ . Here, lots#  is a 
fixed number that is a parameter of the heuristic. We 
build all batch combination using these lots. Four 
possible batch combinations have to be considered 
in Figure 2. We calculate the batch index 
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⎞
⎜
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for each formed batch. Therefore we denote by 

( )ijBibj dmin:d
bj∈

= : minimum due date among all jobs 

belonging to the batch, 

( )ijBibj rmax:r
j∈

= : maximum ready time of the jobs as-

signed to the batch, 

bjw : average weight of the lots contained in the 
batch. 

For abbreviation, we use tpd:sl jbj −−=  and 

( )+−= tr:rt bj . 

This strategy does not necessarily form full batches. 
Sometimes it is more profitable to wait for an impor-
tant lot instead of processing a batch with non-
important lots.  

From a previous study [Mönch and Habenicht, 
2003], it is known that DBDH is sensitive to the size 
of the time window and to the parameter #lots. 

3.4. Genetic Algorithm-Based Batching Heuristic 
(GABH) 

Our third heuristic is an extension of the DBDH heu-
ristic from the last section. We use the DBDH heu-
ristic in order to form batches and consider a genetic 
algorithm for assigning those formed batches to ma-
chines of the group of parallel batch machines. 

The genetic algorithm maintains a population of as-
signments of batches to machines. We consider the 
batch-based representation used by [Balasubrama-
nian et al, 2004]. After the assignment of the batches 
to machine, we have to sequence the batches on each 
single machine.  

The determined batch sequences of every machine 
are used in order to calculate the total weighted tar-
diness values on each single machine. By aggrega-
ting these values, we obtain the total weighted tardi-
ness value for the entire schedule. This value is used 
for an evaluation of the schedule by a fitness func-
tion. The genetic algorithm changes its population 
by crossover and mutation operations. After a cer-
tain number of iterations (called generations) the ge-
netic algorithm converges towards a good solution 
with respect to the total weighted tardiness. 

GABH is a scheduling heuristic that simultaneously 
keeps track of the entire tool group whereas SBDH 
and DBDH are to a certain extend only dispatching 
heuristics. We use GABH in a rolling horizon man-
ner. 

We use classes from the GaLib library [Wall, 1999] 
written in the C++ programming language in order 
to implement the genetic algorithm. 

4. EXPERIMENTAL DESIGN 

4.1. Framework for Experimentation 

We use the discrete-event simulation tool Auto-
Sched AP and a simulation model of a waferfab to 
evaluate SBDH, DBDH, and GABH. Our basic ar-
chitecture is described by [Mönch et al, 2003]. The 
center point is a data storage (called data model) 
which contains all information required to run the 
dispatching and scheduling algorithms. We extend 
the data model by additional classes and attributes to 
adapt it to the three suggested algorithms. The data 
model connects the manufacturing process emulated 
by the simulation tool and the proposed production 
control schemes.  
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We use the MIMAC test data set 1 [Fowler and Rob-
inson, 1995] in a modified version. The original 
model consists of two different product flows (A, B) 
with about 200 process steps and more than 80 tool 
groups. We create new product flows based on 
product flow A and B to build a multi-product envi-
ronment. 

The simulation model contains 16 batching tool 
groups. Tool group OXIDE_1 is bottleneck of the 
waferfab. In Table 1, information on this batching 
tool group are provided. 

Table 1: Bottleneck Batching Tool Group Informa-
tion 

Tool 
Group 

tools#
 

minB  maxB
 

minp  maxp  Utili-
zation 
[%] 

OXID-
E_1 

3 2 6 135 1410 84.19 

 

In Table 1, we denote by minB  the minimum batch 

size and by maxB  the maximum batch size given in 
lots. The minimum processing time (measured in 
minutes) is represented by minp  and the correspond-
ing  maximum processing time by maxp . The given 
utilization of the tool group was determined by 
simulation experiments with the First In First Out 
(FIFO) dispatching rule. We decided to apply the 
SBDH and DBDH rule to this tool group. 

For the remaining tool groups, we used a slack-
based dispatching rule called SLACK. For the calcu-
lation of the slack of the lots waiting in front of a 
certain tool group we calculate a schedule by simply 
multiplying the processing time of the steps with a 
dynamic flow factor.  

For that purpose, we calculate the remaining time of 
the lot with respect to the due date. Based on this in-
formation, we assign a flow factor to each lot (cf. 
[Habenicht and Mönch, 2002] for more details). This 
scheduling method allows us to determine the end 
dates of the single process steps and in particular fu-
ture lot arrival information. The end dates serves as 
internal due dates. We repeat the calculation of the 
flow factors every 24 hours. 

In our experiments, we use a moderate workload of 
the system. Machine failures are exponentially dis-
tributed. 

The model is initialized by using a work in process 
distribution of the waferfab. The length of a simula-
tion run was 100 days. We take five independent 

replications of each simulation run in order to obtain 
statistically significant results. 

4.2. Performance Measures 

The following performance measures are used: 

- Total weighted tardiness (with respect to the 
entire waferfab) of the lots that are released and 
finished within the planning horizon under 
consideration. We define the weighted tardi-
ness of a lot i  as follows: 

  ( )+−= i
r

ii dCw:T
i

, (6) 

where r
iC  represents the realized completion 

time, id  the due date and iw  the weight of the 
lot i . In order to calculate the performance 
measure we sum the iT  for all lots. We denote 
this quantity by totalTWT . 

- Average cycle time: CT . 

- Throughput of the waferfab (number of com-
pleted wafers): TP . 

4.3. Design of Experiments 

We identified different parameters which influence 
the performance of the batching heuristics. We dis-
tinguish two groups of parameters. The first group of 
parameter characterizes the manufacturing systems: 

- number of incompatible families, 

- due date settings, 

- weight settings, 

- product mix. 

Parameters that are used for settings in the heuristic, 
especially the DBDH rule, belong to the second 
group: 

- length of the time window, 

- maximum number of lots used for considering 
all batch combinations, 

- setting of the parameter k . 

In [Mönch and Habenicht, 2003], we limited the 
number of families by considering only two pro-
ducts. In this paper, we extend these investigations 
by considering more products. In our experiments, 
we vary the time window settings as exclusive pa-
rameter of the second group. 
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We fix the other parameters of the heuristics by in-
vestigating only the case of optimal k  value setting 
as described before. The maximum number of lots 
#lots used for considering all batch combinations is 
ten. The due date is chosen by using a fixed flow 
factor of two. We consider the case of two, eight, 
and sixteen different products. An incompatible fam-
ily is formed by all lots of the product.  

The used factorial design is summarized in Table 2. 

Table 2: Factorial Design for this Study 

Level Factor 
I II III 

Number of 
Products 

2 8 16 

Level Factor 
I II 

Relation of 
Product 

Appearance 

1:1 
 

2:1 
 

Weight With probability: 
7.01 =p  

1=jw  
with probability: 

25.01 =p  
3=jw  

with probability: 
05.01 =p  

10=jw  

With probability:
5.01 =p  

1=jw  
with probability: 

3.01 =p  
3=jw  

with probability: 
2.01 =p  

10=jw  

Time Win-
dow Size 

25% of the aver-
age processing 
time of the lots 
queuing in front 
of the batching 

tools 

50% of the aver-
age processing 
time of the lots 
queuing in front 
of the batching 

tools 
 

For the case of eight products, we copy product flow 
A and B four times and for sixteen products eight 
times respectively. Each product flow, created in this 
way, represents a certain product.  

Using DHBH, we derive a new schedule for the tool 
group every time a lot arrives in front of the tool 
group. If a batch formed by the time window ap-
proach is not full, then we try to increase the fullness 
of the batch by choosing lots among the waiting lots, 
but eventually non-important lots of the same fam-
ily. 

 

5. COMPUTIONAL RESULTS 

In this section, we present the results of simulation 
experiments with the suggested heuristics. The re-
sulting performance measures are presented in terms 
of the ratio of the performance measure value of the 
heuristic and performance measure value obtained 
by using the SLACK dispatching rule. 

We do not report computational results for GABH. 
We refer to [Mönch and Habenicht, 2003] for corre-
sponding simulation results. We know from 
[Balasubramanian et al, 2004; Mönch et al, 2005] 
that we can obtain up to 15 percent (local) TWT im-
provements compared to dispatching type ap-
proaches by using the genetic algorithm. However, a 
large number of lots and machines in parallel are re-
quired in order to obtain the improvement rate. In 
our experiments, the number of lots queuing in front 
of the batching tools is much smaller. Therefore, 
only small room for optimization is available, i.e., it 
does not make much sense to apply GABH in this 
situation. The situation changes if a specific bat-
ching tool group is a dynamic bottleneck from time 
to time with a large number of lots waiting in front 
of the tools. Then a hybrid strategy that switches be-
tween GABH and DBDH or even SBDH might be 
useful. 

Because we do not take future lot arrivals into ac-
count for SBDH, we have to consider only the first 
three factors from Table 2. We use the tupel (dis-
patching rule, level from factor 1, level from factor 
2, level from factor 3) in order to describe the used 
factor combination.  

Table 3 shows the results for the SBDH-based 
batching strategy for the 2 product-case, Table 4 for 
the 8 product-case, and Table 5 for the 16 product-
case. 

Table 3: Results for SBDH and Two Products 

Factor Combina-
tion 

totalTWT
 

CT  TP  

SLACK (I-I-I) 1.0000 1.0000 1.0000 
SBDH (I-I-I) 0.8409 1.0000 1.0032 

SLACK (I-I-II) 1.0000 1.0000 1.0000 
SBDH (I-I-II) 0.6312 1.0037 0.9988 

SLACK  (I-II-I) 1.0000 1.0000 1.0000 
SBDH (I-II-I) 1.2190 0.9997 1.0002 

SLACK  (I-II-II) 1.0000 1.0000 1.0000 
SBDH (I-II-II) 1.1052 0.9977 1.0029 
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Table 4: Results for SBDH and Eight Products 

Factor Combina-
tion 

totalTWT
 

CT  TP  

SLACK (II-I-I) 1.0000 1.0000 1.0000 
SBDH (II-I-I) 0.9885 1.0034 1.0063 

SLACK (II-I-II) 1.0000 1.0000 1.0000 
SBDH (II-I-II) 0.9850 0.9995 1.0033 

SLACK  (II-II-I) 1.0000 1.0000 1.0000 
SBDH (II-II-I) 1.0378 1.0077 1.0044 

SLACK (II-II-II) 1.0000 1.0000 1.0000 
SBDH (II-II-II) 1.1227 1.0194 1.0042 

 

From the experiments with SBDH, we can verify 
that the batching heuristic outperforms the slack rule 
only for the case of a homogenous product mix. In 
the inhomogeneous case, only a small number of lots 
of the second product exists. The SBDH-based 
batching strategy is a full-batch strategy, which 
leads to longer waiting times for lots belonging to 
families with less lots.  

Table 5: Results for SBDH and Sixteen Products 

Factor Combina-
tion 

totalTWT
 

CT  TP  

SLACK (III-I-I) 1.0000 1.0000 1.0000 
SBDH (III-I-I) 0.9895 1.0106 1.0000 

SLACK (III-I-II) 1.0000 1.0000 1.0000 
SBDH (III-I-II) 1.0385 0.9953 1.0143 

SLACK  (III-II-I) 1.0000 1.0000 1.0000 
SBDH (III-II-I) 1.0113 0.9968 0.9966 

SLACK (III-II-II) 1.0000 1.0000 1.0000 
SBDH (III-II-II) 0.9769 1.0032 1.0062 

 

There is an even smaller improvement in the 8 pro-
duct-case and the 16 product-case which confirms 
this thesis because the number of lots for a single 
product is even more smaller compared to the 2 
product-case. 

For the DBDH-based batching strategy the fourth 
experimental factor (time window size) is also im-
portant. The results for DBDH are shown in Table 6 
and 7. 

Table 6: Results for DBDH and Two Products 

Factor Combina-
tion 

totalTWT
 

CT  TP  

SLACK (I-I-I) 1.0000 1.0000 1.0000 
DBDH (I-I-I-I) 1.1061 1.0033 0.9965 
DBDH (I-I-I-II) 1.2252 1.0082 0.9974 
SLACK (I-I-I) 1.0000 1.0000 1.0000 

DBDH (I-I-II-I) 0.6994 1.0027 1.0002 
DBDH (I-I-II-II) 0.7386 1.0039 0.9951 
SLACK  (I-II-I) 1.0000 1.0000 1.0000 
DBDH (I-II-I-I) 0.8551 0.9920 1.0116 
DBDH (I-II-I-II) 0.8582 0.9947 1.0004 
SLACK  (I-II-II) 1.0000 1.0000 1.0000 
DBDH (I-II-II-I) 0.6748 0.9917 0.9994 
DBDH (I-II-II-II) 0.5956 0.9869 1.0006 

 

Both batching strategies, SBDH and DBDH, are 
sensitive to product mix and weight settings. It is in-
teresting to see that the DBDH-based strategy out-
performs the other batching strategies in the 2 pro-
duct-case only for inhomogeneous product mixes. 
Considering future lot arrivals allows to decide 
whether it is advantageous to wait for the next in-
coming lot of a family with smaller number of lots 
or to start a non-full batch. 

Table 7: Results for DBDH and Eight  Products 

Factor Combina-
tion 

totalTWT  CT  TP  

SLACK (II-I-I) 1.0000 1.0000 1.0000 
DBDH (II-I-I-I) 0.9621 1.0091 0.9789 
DBDH (II-I-I-II) 0.9307 1.0065 0.9753 
SLACK (II-I-II) 1.0000 1.0000 1.0000 
DBDH (II-I-II-I) 0.9052 0.9952 0.9957 
DBDH (II-I-II-II) 0.8858 0.9839 0.9856 
SLACK  (II-II-I) 1.0000 1.0000 1.0000 
DBDH (II-II-I-I) 1.1447 1.0266 0.9982 
DBDH (II-II-I-II) 1.2222 1.0412 0.9991 
SLACK  (II-II-II) 1.0000 1.0000 1.0000 
DBDH (II-II-II-I) 1.1568 1.0236 1.0029 
DBDH (II-II-II-II) 1.2261 1.0425 0.9914 
 

In the 8 product-case, the results are not the same as 
expected from the 2 product-case. The number of 
lots for a single product becomes so small for the in-
homogeneous product mix that the waiting times for 
filling a batch are huge. Especially the minimum 
batch size ( 2Bmin = ) enforces this effect. This be-
comes more clear when looking at the utilization 
data of the batching tool group. In Table 8, batch 
utilization (average number of lots that form a 
batch), tool group utilization and average queue size 
of the factor combinations II-I-I and II-II-I are 
shown. 
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In the case II-I-I, considering future lot arrivals leads 
to a larger batch utilization and a larger queue size. 
The tools wait for lots which will arrive within a 
given time window. In the case II-II-I, the increment 
of those measures is less. This is caused by the effect 
that starting non-full batches is a preferred decision. 

Table 8: Utilization of the Batching Tool Group 
OXIDE_1 

Factor Combina-
tion 

Batch 
Utiliza-

tion 

Utiliza-
tion 

Average 
Queue 
Size 

SLACK (II-I-I) 1.0000 1.0000 1.0000 
SBDH (II-I-I-) 1.0125 0.9931 0.9652 
DBDH (II-I-I-I) 1.3451 0.6125 3.9745 
DBDH (II-I-I-II) 1.2982 0.6153 4.5564 
SLACK  (II-II-I) 1.0000 1.0000 1.0000 
SBDH (II-II-I) 0.9994 1.0036 0.9736 

DBDH (II-II-I-I) 1.0070 0.8855 1.1583 
DBDH (II-II-I-II) 1.0223 0.8262 1.3493 

 

The influence of the considered time horizon is 
pointed out in the results of the 16 product-case 
shown in Table 9.  

Especially in situations with a small number of lots 
per product, the arrival frequency of lots of the same 
product is very small. Therefore, it is reasonable to 
enlarge the time horizon for considering future lot 
arrivals in order to improve batching decisions.  

Table 9: Results for DBDH and Sixteen Products 

Factor Combina-
tion 

totalTWT
 

CT  TP  

SLACK (III-I-I) 1.0000 1.0000 1.0000 
DBDH (III-I-I-I) 1.0079 1.0255 0.9860 
DBDH (III-I-I-II) 0.9797 1.0207 0.9689 
SLACK (III-I-II) 1.0000 1.0000 1.0000 
DBDH (III-I-II-I) 1.0504 1.0186 0.9864 
DBDH (III-I-II-II) 1.0196 1.0175 0.9726 
SLACK  (III-II-I) 1.0000 1.0000 1.0000 
DBDH (III-II-I-I) 0.8407 0.9624 0.9342 
DBDH (III-II-I-II) 0.8391 0.9566 0.9244 
SLACK  (III-II-II) 1.0000 1.0000 1.0000 
DBDH (III-II-II-I) 0.7843 0.9141 0.9708 
DBDH (III-II-II-

II) 
0.7619 0.8978 0.9589 

 

Figure 3 shows the results of SBDH and DBDH for 
different number of products with the same number 
of lots for each product (homogenous product mix) 
and the first level of weight setting. 

 

Only SBDH outperforms the SLACK dispatching 
rule in the two product-case. We expect better re-
sults by enlarging the time horizon of DBDH for the 
eight and sixteen product-case. 
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Figure 3: Results for 1:1 Relation of Product Ap-
pearance and First Weight Settings 

We obtain a larger improvement for the second level 
of weight settings, shown in Figure 4, especially for 
the two and the eight product-case. Considering fu-
ture lot arrivals leads only to an improvement for the 
eight product case. 

Figure 5 and 6 show the results for a product ap-
pearance in a 2:1 proportion. We used the first level 
of weight settings for the results presented in Figure 
5 and for Figure 6 the second level. In the 8 product-
case, SBDH and DBDH does not outperform the 
SLACK dispatching rule. 
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Figure 4: Results for 1:1 Relation of Product Ap-
pearance and Second Weight Settings 
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Figure 5: Results for 2:1 Relation of Product Ap-
pearance and First Weight Settings 
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Figure 6: Results for 2:1 Relation of Product Ap-
pearance and Second Weight Settings 

 
6. CONCLUSIONS AND FUTURE RESEARCH  

In this paper, we evaluated different strategies for 
batching in a multi-product waferfab. We studied the 
influence of the number of products on the perfor-
mance of a static and a dynamic batching strategy. 

The first strategy does not take any future lot arrivals 
into account. In contrast, we define a certain time 
window in which future lot arrivals are considered 
for the second strategy. We presented results for a 
different number of products and different product 
mixes.  

The results show that the number of lots in one fa-
mily is a very important factor for the performance 
of the strategies. Hence, it is useful to assess the per-
formance of batching strategies in case of product 
mix changes. 

The performance of the two heuristics can be im-
proved by determining more meaningful internal due 
dates and future lot arrival estimates. A finite capac-
ity scheduling algorithm working on an aggregated 
model (cf. [Habenicht and Mönch, 2002]) might lead 
to more accurate lot arrival information and hence to 
better batch decision-making. 

Furthermore, the results of the paper indicate that 
there is a dependency between number of products, 
product mix and the performance of certain batching 
strategies. In future research, it would be interesting 
to use a rule-based approach in order to capture such 
dependencies. It seems that such a tool would be 
even more important in case of real world high-
volume, high-product mix waferfabs that maintain 
up to 100 different products a the same time. 

So far, we only investigated the case that a given 
batching heuristic is assessed via discrete-event 
simulation. It seems possible to study the inverse 
problem. Which batching strategy should we choose 
in order to reach a given (or prescribed) set of per-
formance measure values? However, carry out the 
details is part of future research. 
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