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ABSTRACT

Lots are transferred in borderless fab (BF) scenarios from one wafer fab to another nearby fab to carry out
process steps of the transferred lots. BF aims to compensate for scarce bottleneck capacity in some of the
wafer fabs. One goal of the master planning function is to distribute the demand over the wafer fabs such
that situations are avoided where large queues of lots arise in the wafer fabs. Due to inaccurate modeling
of capacities and lead times in master planning, this goal is not always reached. Wafer fabs are often
heretogenous. This leads to additional costs for BF scenarios which might make them less attractive. We
are interested in exploring conditions with respect to master planning and wafer fab heterogeneity under
which BF scenarios are still beneficial. Master planning, production planning, and the BF lot transfers are
carried out in a rolling horizon setting using a cloud-based infrastructure.

1 INTRODUCTION

Master planning deals with determining which quantity of a certain product must be completed in which
front-end or back-end nodes of a semiconductor network (Monch et al. 2018b) while production planning
deals with determining releases into each single wafer fab such that demand is met or instructions of higher
planning levels are fulfilled and some performance measure of interest such as profit or cost is optimized
(Missbauer and Uzsoy 2020). The finite capacity of each wafer fab and the long cycle time of the products
are major constraints in the hierarchical planning process including master and production planning. In
semiconductor manufacturing, cycle times are defined as the time span between releasing work into wafer
fabs and its emergence as final products.

Production planning activities are performed for each single wafer fab of the network. However, when
wafer fabs are located geographically close to each other there are settings possible where specific process
steps of some lots can be performed in one of the neighboring wafer fabs. Lots are the moving entities in
wafer fabs. Each lot consists of a given set of wafers, thin silicon discs on which integrated circuits are built
layer by layer. Such settings, known as BF scenarios in the literature (Monch et al. 2013, Monch et al.
2018a), can be found in semiconductor supply chains in Asia and Europe. However, despite their
importance, BF scenarios are only rarely studied. Moreover, often simplifying assumptions are made (cf.,
Lendermann et al. 2004; Gan et al. 2007; Herding and Monch 2023). For instance, typical assumption are
that only two identical wafer fabs are considered and that the interaction of the BF activities with higher-
level planning activities are not considered.

In the present paper, we extend the multi-agent system (MAS) approach from Herding and Monch
(2023) for BF scenarios with two identical wafer fabs and production planning towards a hierarchical setting
where master planning and heterogeneous wafer fabs are included. We are interested in exploring the degree
of heterogeneity of the involved wafer fabs and the role of master planning with respect to the performance
advantages which can be obtained from allowing BF activities.

The paper is organized as follows. The problem at hand is described in the next section. This includes
a discussion of relevant work. In Section 3, we present the hierarchical approach and the extensions of the
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MAS. The results of simulation experiments applying the planning approaches in a rolling horizon setting
are discussed in Section 4. Finally, conclusions are future research directions are presented in Section 5.

2 PROBLEM SETTING

2.1 Problem

We assume that k = 1, ..., m not necessarily identical wafer fabs can participate in the BF setting. We
distinguish delivering wafer fabs from consuming ones. Delivering wafer fabs have heavily overloaded
bottleneck work centers whereas the consuming wafer fabs have no overload at their work centers. Here, a
work center is a group of machines that offer the same functionality. A wafer fab cannot be a delivering and
a consuming fab at the same time. If the number of lots in front of the bottleneck of the delivering wafer fab
k ny exceeds a threshold A, at a certain point in time then n, — Ay, lots are transferred from the bottleneck
work center of wafer fab k to an appropriate work center of the consuming fab [. The exchanged lots are the
ones with the smallest local due dates in k. These lots are then processed by the machines of the target work
center of wafer fab [. After processing in wafer fab [, the lots are transferred back to wafer fab k for further
processing. The exchange can be repeated if the bottleneck work center is visited several times by the same
lot, i.e. to deal with the reentrant flows which exist in all wafer fabs (Mdnch et al. 2013).

First, we discuss a setting where the participating wafer fabs belong to a single company. We refer to
this as intra-company setting. Master planning determines which quantity of a certain product must be
finished in which period in the front-end or back-end nodes of a semiconductor network (Monch et al.
2018b). Master planning interacts with production planning since the output of the master planning function
is used as input for the production planning activities in each single node of the network. Perfect master
planning decisions would result in a situation where overloads of wafer fabs are unlikely. But since master
planning is based on a rough modeling of the available capacity of the nodes, on eventually erroneous lead
times, and demand uncertainty, the master planning decisions might lead to situations where overload
situations occur in certain wafer fabs.

Second, wafer fabs participating in a BF setting can belong to different companies. In this situation,
there are no joint master planning activities for the wafer fabs. We refer to this as inter-company setting.
Of course, it is also likely that the wafer fabs are heterogeneous in this setting since different companies
are involved.

A BF setting might be helpful to mitigate the consequences of the overloads in both situations. Since
we know from Herding and Mdnch (2023) that it is beneficial if production planning takes into account the
BF activities the following two approaches are investigated in the present paper:

1. Reference scenario with no borderless fab (N-BF): There is no lot transfer between the wafer
fabs. Production planning will be carried out for each of the participating wafer fabs. Production
planning is used to adjust the overload situations found in the wafer fabs.

2. Borderless fab scenario with advanced production planning (BF-APP): Lots are exchanged
between delivering and consuming wafer fabs. This exchange is also considered when the
production planning models of the wafer fabs are generated. The available capacity in the first period
of the planning window will be correctly modeled in the two production planning models.

Therefore, the research questions investigated in this paper are as follows:
1. Intra-company setting: Under which levels of erroneous master planning decisions and wafer fab
heterogeneity a BF setting will lead to performance improvements, i.e. larger network-wide profit?

2. Inter-company setting: Under which levels of wafer fab heterogeneity a BF setting will lead to
larger network-wide profit?
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To answer these questions, we extend the MAS proposed by Herding and Monch (2023) by introducing
a master planning decision-making agent and a corresponding staff agent. Moreover, we will conduct
simulation experiments with the MAS to assess the performance of the interaction of network-wide master
planning, fab-specific production planning, and the application of the BF setting to mitigate overload
situations in the participating wafer fabs.

2.2 Discussion of Related Work

We discuss related work with respect to BF settings and hierarchical planning approaches for
semiconductor supply chains. Lendermann et al. (2004) and Gan et al. (2007) analyze BF scenarios using
distributed simulation. The consequences of different lot batching sizes for the cross-fab process step on lot
transfer frequency and cycle time are investigated. However, planning is not considered. Only homogenous
wafer fabs are taken into account.

Wu and Chen (2007) and Wu and Chen (2008) discuss an approach that exchanges capacity among
several wafer fabs that are within close geographical proximity. A simulation-based trading method for two
wafer fabs is designed that allow for capacity sharing of certain work centers. A game theory-based
approach is presented by Chien and Kuo (2013) for a similar problem. However, master and production
planning activities are not considered in these papers. Although heterogeneous wafer fabs are assumed in
these papers, the impact of the degree of heterogeneity is not investigated.

Hierarchical planning approaches are only rarely discussed in the literature for semiconductor supply
chains (Monch et al. 2018b). We are only aware of Herding and Monch (2022) where the interaction of
master planning and production planning is studied using a MAS-based infrastructure and Herding and
Monch (2024) where the interaction of master planning and demand fulfillment is investigated. In the
present paper, we reuse the master planning and production planning implementations from Herding and
Moénch (2022). However, we must add the BF activities.

The most pertinent work for the present paper is Herding and Mdnch (2023). Here, the two present
authors describe a MAS for a BF setting with two identical wafer fabs and an artificially created overload
situation in one of them. In the present paper, we extend the MAS by adding software agents for master
planning. Moreover, the BF scenarios include heterogeneous wafer fabs.

3 PLANNING APPROACHES WITH BF ACTIVITIES

3.1 Overall Approach and MAS Extensions

Both intra- and the inter-company settings are considered in this paper. The main difference between the
two settings is how the overload in the delivering wafer is created. In the inter-company setting, the demand
for overload is synthetically created as already specified in Herding and Monch (2023). The goal of
investigating this setting in the present paper again is to repeat the simulation experiments for heterogeneous
wafer fabs to determine to which extent the heterogeneity reduces the improvements. This setting is shown
in Figure 1. The dashed lines between the different wafer fabs indicate that these wafer fabs belong to
different companies. Note that wafer fab 2 is the consuming one in Figure 1, whereas the wafer fabs 1 and
3 are the delivering ones.

In the intra-company setting, the overload is caused by inappropriate master planning decisions. The
master planning decisions result in the quantities of the different products and periods for the production
planning function to be taken into account for the different wafer fabs. In a certain sense, wafer fab-specific
desired output quantities are determined. BF activities can be used to mitigate the impact of erroneous
master planning decisions. The overall situation is shown in Figure 2. Again, wafer fab 2 is the consuming
one, whereas the wafer fabs 1 and 3 are the delivering ones.

The master planning decision-making agent (DMA) is responsible for determining a master plan. It
coordinates the different fab agents as well as the mid-term network-wide planning agent.
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Figure 1: Inter-company setting with BF activities.
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Figure 2: Intra-company setting with BF activities.

The fab agents are DMAs that make production planning decisions for the different wafer fabs, while
the mid-term network-wide planning agent is a staff agent (SA). This software agent provides the desired
output quantities per product and period to the corresponding fab agents. The mid-term network-wide
planning agent supports the master planning DMA. It prepares to perform the planning algorithm, it runs
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the planning algorithm itself, and provides the computed master plans to the master planning DMA. This
is shown in Figure 3 by means of an Unified Modeling Language (UML) sequence diagram. The different
activities will be described in more detail in the following subsections.

12: create temporary route (LotList, Steps)
— |

13: release Iot? (LotList)
14: start planning (LotList, ...)

[Fsarepeat )
Master planning Mid-term network-wide BF agent Fab agent Fab planning SRD web
agent lanning agent agent service

T T T T T
[ | I | | |
\ | | | | |
| | | | |
| | | | |
E]:‘ 1: Begin planning | | | | |
| | | | |
2: generate master plan | | | | :

| | |
3: master plan candidates : I I :
| | | |
| | | |
| | | |
4: select master plan B (. : 6: execute production :
5: provide demand to fabs g planning \
| L | |
| | |
g | |
| | |
7: bottleneck detected | | |
| | |
8: determine lots : : :
q_—| to exchange | | |
| | |
; 9: determine processing steps : :
i | |
| |
10: provide lots (LotList, Steps) 11: create temlporary products(LotList) :
|
|
|
|
|
|
|
|

i
>

15: determine
1_—] WIP and adjust capacity
:\ 16: generate planning model ...
|
17:invoke planning(Model_Instance)

19: planning a
completed

20: return lots (LotList)
21: determine
routes of lots
22: determine next
:] processing step

23: continue
,_2

18: return production plan

e S B e e A S P S PP Y0 S SR e v e e s s e N = s

e e

———

Figure 3: Sequence diagram for the interaction of the different planning agents and the BF-related activities.

3.2 Modeling of the BF Scheme

The BF agent is responsible for detecting overload situations in the delivering wafer fab. The work center
agent of the bottleneck work center of this wafer fab continuously informs the BF agent about the queue
length and the utilization of the machines of the work center. Whenever an overload situations is observed,
the BF agent decides which lots have to be delivered to the consuming wafer fab. The process steps that
must be performed in the consuming wafer fab are then determined. Moreover, the fab agent of the
consuming wafer fabs has to be informed about the exchange, and the data of the affected lots is then sent
to the fab agent. This agent immediately launches the received lots into the base system of the consuming
wafer fab. The BF agent keeps track of the lots belonging to the delivering wafer fab that are processed in
a consuming wafer fab. The base system of the consuming wafer fab is frequently updated because lots are
are no longer necessary if the lots are completed and sent back to the delivering wafer fab.
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33 Production Planning

In the following, we assume that a production planning window of length T ) with equidistant periods
labeled by t = 1,...,T®P) exists. We apply the simple rounding down (SRD) planning formulation
proposed by Kacar et al. (2013) as a production planning approach in the different fab planning agents. The
approach is based on assuming fixed exogenous lead times (LTs) that are an integer multiple of the period
length. An objective function that considers work in progress (WIP), backlog, and inventory cost is used.
Capacity constraints must be fulfilled for each work center in a wafer fab. For the details of the linear
programming (LP) formulation in the BF context we refer to Herding and Mdénch (2023).

The fab planning agent of a consuming wafer fab receives the message from its corresponding fab agent
and interprets the messages regarding the transferred lots. An actual instance of the SRD planning model is
generated by the fab planning agent. The instance must be enriched by the received data, i.e., temporary
routes, process steps, and products are created in the base system of the consuming wafer fab for the
transferred lots from a delivering wafer fab. This enrichment process results in changes of the capacity
usage which appears as initial WIP in the planning instance since the received lots are already released.
After the generation of the LP model, the instance is transferred to the web service in the MAS which is
responsible for solving the LP. The computed production plan is sent back to the fab planning agent.

When a new production plan is required in a delivering wafer fab between Steps 10 and 20 of Figure 3,
the fab planning agent of the delivering wafer fab requests capacity information of the transferred lots by
the BF agent. This capacity information is important to estimate at which point in time the transferred lots
will be sent back to a delivering wafer fab since more capacity is required to continue processing the
previously transferred lots within the Steps 21-23.

3.4  Master Planning

In the remainder of this paper, we assume that a master planning window of length TP with equidistant
periods labeled by t = 1, ..., T™P) exists. We consider only a set of wafer fabs that are working in parallel,
back-end facilities are neglected. Moreover, for the sake of simplicity, we assume that the period length is
the same for both master planning and production planning. We apply the master planning formulation
described by Herding and Monch (2021). It is based on the assumption that only the finite capacity of the
bottleneck work centers of the nodes of the semiconductor supply chain is considered in the resulting LP
models. Moreover, again fixed exogenous LTs are assumed that are an integer multiple of the period length.
As a result, the offered capacity of the bottleneck work center that forms the right-hand side in the capacity
constraints might be over- or underestimated. Furthermore, we consider only one demand class for the sake
of simplicity that is the joint demand. Moreover, the LT information for some of the products might be
wrong. Instead of assuming individual demand for the wafer fabs as in the inter-company setting, joint
demand is given for all the parallel wafer fabs in the intra-company setting. Based on this joint demand,
master planning computes the desired output quantities per product and period for the different wafer fabs.
We use a profit-based objective function that is given by the differences of revenue, backlog, inventory,
and production cost. Due to space limitation, we do not recall the master planning formulation. Instead of
this, we refer to Herding and Mdnch (2021) for the details of the formulation. It is straightforward to change
this formulation in such a way that only nodes for wafer fabs are taken into account.

4 SIMULATION EXPERIMENTS

4.1 Simulation Models

To consider more real-world like BF scenarios, three different wafer fab simulation models are applied.
They are combined into a single simulation model for the set of parallel wafer fabs. The first submodel of
this model is a slightly simplified version of the wafer fab part of the semiconductor supply chain simulation
testbed proposed by Ewen et al. (2017) that is publicly available under Simulation Models (2024). The
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model is similar to the MIMAC Data Set 1 (cf. Fowler and Robinson 1995). It consists of a wafer fab with
more than 200 machines. Two products with more than 200 process steps are processed on machines that
are organized in around 80 work centers. The model contains batch processing machines and highly
reentrant process flows. A batch is a group of lots that are processed at the same time on the same machine.
Exponentially distributed machine breakdowns are taken into account. The cycle times of the two products
are between two and three weeks depending on the utilization of the planned bottleneck work center which
is formed by the steppers. First-in-first-out (FIFO) dispatching is used at all work centers.

The second submodel is a reduced variant of the MIMAC Data Set 1 (cf. Simulation Models 2024) that
contains two routes with 103 and 100 steps, respectively. The process flow is highly reentrant. The jobs are
processed on 140 machines that are organized into 48 work centers. There are batch processing machines
among the machines found in the model. The cycle time of the two products is between seven until nine
days depending on the utilization of the planned bottleneck which is again the stepper work center. FIFO
dispatching is used at all work centers. We refer to this model as Half-Fab, since it contains around one half
of the processing steps of the MIMAC 1 simulation model.

The third sub model is a multi-product version of the first submodel. It has 32 products, whereas the
machinery is the same as for the first submodel. The process flows of the two products are divided into
subflows. Subflows are randomly chosen from the two products until 32 products are obtained. We refer to
Moénch and Zimmermann (2011) for the details of the product generation procedure. The characteristics of
the three submodels are summarized in Table 1. The number of layers indicates how often the stepper work
center is visited, the planned bottleneck in all the simulation submodels. The commercial simulation engine
AutoSched AP is applied in the simulation experiments.

Table 1: Main characteristics of the applied simulation submodels.

Submodel #Products #Work centers #Machines #Layers
Semiconductor 2 80 200 8-11
Supply Chain Data
Set
Half-Fab 2 48 140 5-6
Multi-product 32 80 200 6-8
MIMAC 1

4.2 Design of Experiments

In this research, we are interested in investigating intra- and inter-company scenarios. The former scenario
is used to evaluate the use of a BF setting considers all the three described wafer fabs of the simulation
model. The wafer fabs are of course heterogeneous. We over- or underestimate the capacity as well as the
LT in order to investigate possible applications of BF scenarios. In the first scenario, the first submodel, i.e.
the model from the semiconductor supply chain data set, is the consuming wafer fab where the other two
wafer fabs are the delivering wafer fabs. We use A,=18 and A;=32 lots as threshold values to transfer lots
from the wafer fabs associated with the second and third simulation submodel to the first submodel.

The inter-company setting investigates the case where no central master planning is available. The
output targets for the different wafer fabs are independent for each involved company. In this scenario, we
use only two wafer fabs. We take the first and third submodel of the joint simulation model, where the third
submodel is used as delivering wafer fab, and the first submodel serves as consuming wafer fab. We apply
again A3=32.

In a realistic scenario, transferring and processing lots in different wafer fabs cause costs of different
types. That means that a BF scenario should not be treated as a pure capacity extension. For instance, the
setup time of a machine will increase when a lot of another wafer fab will be processed in this wafer fab.
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This increase in setup time is caused by configuration and/or qualification activities on the work centers in
the consuming fab where the processing will take place. To model this behavior, we consider an additional
setup time for each lot transfer. The setup time only occurs in the consuming wafer fab since the lots have
to be transferred to and processed there. The setup time is defined as

s(k) =a+b/2%,

where a is a base setup time that occurs only for the first transfer of a specific product, and b is a time-
dependent setup time part. The second parameter b is used to model the effect that it may not need the same
time to setup a machine when a lot of the same delivering wafer fab has been processed on the machine in
the past, i.e., we take into account learning effects in a simple manner. Both parameters are given in machine
hours. The k quantity is defined as the number of times a lot of a certain product of the same delivering fab
has been processed on that machine.

The lot transfer scheme and the production planning models are carried out in a rolling horizon setting
using discrete-event simulation applying the cloud-based infrastructure proposed by Herding and Moénch
(2022). A simulation horizon of a single year is applied together with a planning window that consists of
26 periods each of them with a length of a single day. We use initial WIP taken from long simulation runs
to initialize the simulation.

Normally distributed stationary demand for the entire network is used that results in 93% - 96% planned
bottleneck utilization (BNU) in the delivering wafer fabs. The coefficient of variation (CV) of the demand
is 0.25. A product mix of 1:1 is used. The consuming wafer fab has a planned BNU of around 85% to 90%.
This BNU level is reached by underestimating the bottleneck capacity in this wafer fab. Local due dates of
the lots are set using a forward termination scheme with a prescribed flow factor value (Monch et al. 2013)
that is appropriate for the reached BNU levels.

We are interested in maximizing the profit, i.e. the difference of revenue and the sum of WIP, inventory,

and backlog costs on the network level. We apply the unit backlog cost by,:=50 for product g in period ¢,

unit WIP cost wg,: =20, and unit inventory holding cost si5,: = 15 for production planning in the simulation
experiments. Moreover, the revenue per lot is 7y, = 180. For master planning, we apply for a unit of

revenue 1y 4, = 180 where the 1 indicates the single demand class, a unit holding cost hg:: = 15, unit

production cost mg;: = 20 for wafer fab j, and unit backlog cost ud,4;: = 50. As the additional setup
time in hours, we chose

4, fork =0,
s(k) = {1/2’2 fork > 0.

for the kth lot transfer of a certain product.

Five independent demand instances are used in the simulation experiments. Moreover, ten independent
simulation replications are performed for each demand instance to compute the performance measure values
in the face of execution uncertainty. The average profit is taken over all replications and all simulation
submodels.

We are interested in assessing the performance of the two described scenarios. We compare each of the
results to the case when no BF is used. The design of experiments for the first scenario is summarized in
Table 2.
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Table 2: Design of experiments for the intra-company scenario.

Factor Level Count
BNU high 1
CV of demand 0.25 1
Capacity setting overestimated (OE), underestimated (UE), correct (C) 3
Lead time setting overestimated (OE), underestimated (UE), correct (C) 3
Independent demand 5
Independent simulation 10
Total number of simulation runs 450

We are interested in investigating the effect of over- or underestimating the capacity and the lead time
inside the master planning function. We use 75% of the available capacity in the case of underestimated
capacity. The same number, i.e. 75%, is used when the LT is underestimated in the master planning
formulation. In the case of overestimating the capacity, we use 125% of the available capacity within master
planning. The same number is again used for overestimating the LT in the master planning formulation.

On the one hand, we expect from scenario 1 that the BF setting increases the profit in situations where
an overload of the delivering fabs exists. On the other hand, we expect that a BF setting is not useful in
situations where long queues in front of a work center do not exist.

The design of experiments for the second scenario is much simpler. Since we do not consider master
planning, we are only interested in investigating the effect of a BF setting when we introduce the additional
setup time in the consuming wafer fab. We compare it against the non-BF setting. Normally distributed
stationary demand is used that results in 93% - 96% planned bottleneck utilization (BNU) in the delivering
wafer fab. The consuming wafer fab has a planned BNU of around 85% to 90%. Moreover, we use A,=32
lots as threshold value. All the other parameter values are similar to scenario 1. This is especially true for
the parameter values a and b of the additional setup time.

Since we do not consider master planning, we report the profit obtained by decisions of the production
planning function. Again, we expect that the BF scenario will result in higher profit if a bottleneck situation
occurs and at the same time the setup time increase is not too high.

4.3 Simulation Results

We observe from the simulation results that the advantage of using a BF setting depends on various factors.
Table 3 shows the results for the first scenario. The values are relative to the non-BF scenario. 95%
confidence intervals are presented instead of the values of point estimates to obtain statistically reasonable
results.

In the case of the results that are marked bold, a BF setting is beneficial. Non-bold marked results show
that a BF setting is not beneficial. Overall, a BF setting is useful when the delivering wafer fabs are
overloaded. When the capacity is overestimated (OS) and the lead time is underestimated (US) a BF setting
leads to the highest profit increase (around 23%) in comparison to all other scenarios. This is reasonable
since the utilization of the delivering wafer fabs is the highest due to scare capacity and underestimated
LTs. In another case where the capacity is overestimated and the LT is set in a correct manner, a BF setting
also leads to some improvement. In situations where either the capacity is overestimated and the LT is
correct or the LT is underestimated and the capacity is correct, a BF setting is beneficial. This is reasonable
since both situations lead to long queues in front of the bottleneck work center of the delivering wafer fabs.
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In situations where no overload exists, a BF setting is not beneficial. When the capacity is
underestimated and the LT is overestimated at the same time, it is very likely that an overload does not

exist. If there is no bottleneck, a BF setting is not beneficial at all.

Table 3: Simulation results for the for the intra-company scenario.

LT
Capacity oS US C
oS 0.874 + 0.037 | 0.770 + 0.044 | 0.808 + 0.05
US 0.976 £ 0.081 | 0.933 +0.029 | 0.979 + 0.042
C 0.953 £ 0.065 |0.842 + 0.080 | 1.022 £ 0.085

The second scenario shows a similar behavior as the setting with identical wafer fabs working in parallel
(cf. Herding and Monch 2023). It leads to a profit increase of up to 8.71% compared to the non-BF setting.
As expected this value is smaller than the improvement of 11.3% obtained for the BF scenario with identical
wafer fab investigated by Herding and Monch (2023).

5 CONCLUSIONS AND FUTURE RESEARCH

In this paper, we analyzed intra- and inter-company BF scenarios for multiple heterogeneous wafer fabs.
An existing MAS from previous research was extended towards hierarchical planning using master
planning and production planning. In addition, the lot exchange using a hierarchically organized MAS was
described.

We demonstrated by simulation experiments applying the planning approaches and the BF approaches
in a rolling horizon manner that it is worth to exchange lots between wafer fabs when the delivering fabs
are overloaded even if an exchange of lots is penalized in a heterogeneous wafer fab situation. We observed
that both the intra- and inter-company BF setting lead to higher profit relative to a setting where lots are not
exchanged across wafer fabs.

There are several directions of future research. First of all, we believe that it is desirable to fully
automate the generation of the resulting LP models for both master and production planning using an
appropriate ontology for semiconductor supply chain planning. At the same time, it is also desirable to
make decisions on the lot exchange itself in a more dynamic way, i.e. directly in the planning formulations
or related scheduling models, rather than using the myopic rule-based approach applied in the present paper.
Learning effects can be considered in the LP models for production planning similar to Ziarnetzky and
Monch (2016). It is also interesting to design negotiation approaches, for instance, for sharing capacity
among the different wafer fabs using the proposed MAS prototype.
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