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ABSTRACT

In this study, we propose a two-stage stochastic programming method to improve plan stability in semi-
conductor supply chain master planning in a rolling horizon setting. The two-stage programming model is
applied to real-world data from NXP Semiconductors N.V. to assess the quality of generated plans based
on the KPIs plan stability, on-time delivery, and inventory position. We also compare the performance of
two-stage stochastic programming to linear programming. To model demand uncertainty, we propose to
fit distributions to historical demand data from which stochastic demand can be sampled. For modeling
supply, we propose an aggregated rolling horizon simulation model of the front-end supply chain. Based
on the performed experiments, we conclude that two-stage programming outperforms LP in terms of plan
stability, while performing comparably in terms of inventory position and on-time delivery.

1 INTRODUCTION

The semiconductor supply chain consists of a front-end and a back-end process. In the front-end process,
electronic circuits are patterned onto raw wafers. In the back-end process, the patterned wafers are cut into
individual dies, which are then assembled, tested, and packaged.

Production of patterned wafers in the front-end process typically has a lead time between 10-15 weeks
(Monch et al. 2018), whereas processing wafers to dies in the back-end process typically has a lead time
between 1-2 weeks. Because of this difference, both processes use different manufacturing paradigms. In
front-end manufacturing, a Make To Stock (MTS) paradigm is used, and production orders start mainly
based on forecasted demand. In the back-end manufacturing process, a Make To Order (MTO) paradigm is
used, and production orders start based on incoming customer orders. A die bank decouples both processes.
This is an inventory point where patterned wafers coming from the front-end are stored until they are
needed in the back-end.

In semiconductor supply chains, planning the wafer starts in the front end is crucial to maintain sufficient
inventory levels at the die bank to cover customer orders pulling wafers from the die bank while avoiding
excess inventory, which may lead to obsolescence. The goal of front-end master planning is to optimally
coordinate demand and supply based on input parameters representing the most recent information. The
optimality of a plan is based on On Time Delivery (OTD) and inventory costs. For optimality, OTD should
be maximized, while inventory costs should be minimized. As these are conflicting objectives, master
planning strives to find a balance between the two. The input parameters to the plan consist of demand,
inventory, resource, and wafer parameters. Due to both demand and supply uncertainty, plans must be
periodically optimized. Currently, Linear Programming (LP) models with deterministic parameters are
used to optimize the front-end plan. Optimization is done weekly with a two-year planning horizon for
strategic decision-making purposes. A plan contains the weekly allocation of wafers to different factories.
Shop-floor planning is done by the factories themselves. When analyzing week-to-week plans, it can be
noted that the plan must frequently change to remain optimal under the newly observed (deterministic) input
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parameters. As the stochastic nature of the input parameters is not considered during plan optimization, the
plan is not robust to changes in input parameters over time. The main drivers of demand uncertainty are
customer behavior (delaying or expediting orders), market cyclicality, and forecast accuracy. The latter is
important in wafer planning because of the MTS manufacturing paradigm. Supply uncertainty arises from
capacity changes, yield changes, and quality incidents. Similar to the demand uncertainty, it is currently
not considered during plan optimization. In addition to the demand and supply uncertainty, the nature of
LP affects plan robustness. LP optimizes towards extreme point solutions. Additionally, in the context
of highly degenerated planning problems, often many alternative optimal solutions exist. Both properties
contribute to the tendency of LP to produce variable plans over time, even when input parameters are fairly
stable (Monch et al. 2018).

To make the supply chain master planning more robust to stochasticity in the input parameters, a
method is needed that can find near-optimal solutions while accounting for the stochastic nature of the
input parameters. In this paper, we present a method based on two-stage stochastic programming (2SP) in a
rolling horizon setting to reduce plan nervousness, considering demand uncertainty. The proposed method
is demonstrated using a case study with real-life data from NXP Semiconductors N.V. To the best of our
knowledge, this is the first application of 2SP to reduce plan nervousness in semiconductor supply chain
master planning. After discussing relevant literature in section 2, we propose our method in section 3. The
problem is mathematically defined in section 4. We apply the method to a real-life case study in section 5.
the paper is concluded with a discussion in section 6, and conclusions in section 7.

2 LITERATURE REVIEW

De Kok and Inderfurth (1997) discuss the need to define plan stability as an independent KPI next to
the traditional performance measures when analyzing a rolling horizon planning framework. Several plan
stability measures exist in literature (Kabak and Ornek 2009). In the literature, there are mainly two
approaches to address the problem of plan nervousness under stochasticity. Reactive (or static) approaches
strive to find a stationary state of the system. Proactive (or dynamic) approaches strive to identify and
dampen the root cause of plan nervousness. In this literature review, we will focus on papers discussing
reactive (or static) approaches in a rolling horizon setting.

Kimms (1998) propose an iterative procedure in which plan instability is a variable in the mathematical
formulation of the planning problem, and a constraint is added to enforce an upper bound on the instability of
the plan. This study shows the benefits of accounting for plan stability during plan calculation. Ponsignon
and Monch (2014) combine plan freezing with two reactive approaches for plan computation, Genetic
Algorithm (GA) and a rule-based assignment (RA) procedure. They conclude that RA is the better
approach for generating stable plans and GA for generating plans with low production costs. Ziarnetzky
et al. (2019) extend their study on chance constraint programming with a study of the effect of freezing on
the nervousness of production planning in wafer fabrication using a rolling horizon setting. They conclude
that incorporating frozen periods in the planning model improves plan stability but at the cost of expected
profit. Similar to this study, Sdez et al. (2023) propose a combination of a mathematical model and
intelligent agents. The plan generated by the mathematical model serves as a baseline for the decentralized
agents to manage the nervousness of the plan. The authors conclude that the agents are capable of producing
more stable plans while only slightly increasing production costs.

A large body of papers focuses on chance constraint programming. We highlight the two papers most
relevant to this study. Lin and Uzsoy (2016) define two chance constraint production planning models
specifically developed for systems with stochastic demand in a rolling horizon setting. The application
of chance constraints results in building safety stock to mitigate changes in demand and thus results in a
more stable plan. Ziarnetzky et al. (2018) focus on improving planning performance through exploiting
updated demand information through forecast evolution. Similar to the latter research, the authors address
plan nervousness by incorporating chance constraints in combination with safety stocks. In addition, the
proposed stability measure makes sure that changes earlier in the plan are penalized more heavily than
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changes later in the plan. They conclude that considering forecast evolution leads to improved performance
as long as some excess capacity is available.

Another widely used approach is to incorporate plan stability in the objective function of the planning
problem. Koca et al. (2018) define a nervousness cost function and solve a second-order cone mixed integer
program (SOCMIP) to create stable plans. Results indicate that the nervousness costs are significantly
reduced, and more stable production plans are generated with only a relatively small increase in total cost.
Ozelkan et al. (2023) propose a bi-objective aggregate production planning model where plan stability
is incorporated as a second objective alongside the traditional cost objective. The proposed method is
tested on multiple industry-based use cases and is proven to outperform traditional aggregate production
planning models concerning plan nervousness while yielding comparable production costs. Friese and
Helber (2023) define an interactive multi-objective optimization algorithm. In each decision stage, a Pareto
optimal solution set is generated, which supports the decision-maker in making the tradeoff between plan
nervousness and production costs. Although the performance of the method seems good, handling larger
(real-life) problem instances remains future research.

Lastly, we highlight the paper of Rashidi et al. (2024) in which the semiconductor master planning
under demand and yield uncertainty is solved using a three-stage stochastic programming model. While
the focus of the paper is on maximizing expected profit, the authors emphasize the potential of stochastic
programming to include other objectives, such as plan stability.

We conclude that plan stability is recognized as an important KPI when considering (master) planning
in a rolling horizon setting. Although an increase in research on dampening strategies is visible in
recent years, few studies focus on incorporating uncertainty into the planning model. Chance-constrained
programming has emerged as a promising direction, particularly for managing stochastic demand. However,
this method often requires predefined confidence levels and rigid constraint formulations, which can limit
its adaptability in environments with evolving or poorly characterized uncertainty. In contrast, two-stage
stochastic programming offers a more flexible framework by modeling uncertainty through scenario-based
representations and allowing for a broader range of responses to different outcomes. Therefore, this study,
which investigates a simple 2SP method in a rolling horizon setting, is original, practical, and applicable
to supply chain planning problems.

3 METHOD

We propose a 2SP model to reduce plan nervousness in semiconductor supply chain master planning in a
rolling horizon setting. This section consists of four parts. First, we propose to model demand uncertainty
using demand distributions fitted to historical data. Second, we propose a rolling horizon aggregated
simulation model to compare plans based on plan stability, OTD, and inventory position. Third, to compare
plans based on plan stability, we propose a stability measure. Finally, we propose a 2SP to reduce plan
nervousness compared to LP.

3.1 Demand Modeling

To generate stochastic demand, a distribution is fitted to the historical demand data of a product, and sampling
from this distribution is used to generate the demand. We focus on high-demand products (products in
ramp-up or ramp-down are not considered) and distinguish between four demand patterns using the demand
pattern classification framework presented by Syntetos et al. (2005). The four patterns are intermittent,
lumpy, smooth, and erratic.

Intermittent and lumpy demand patterns are characterized by alternating periods of demand and one
or more periods without demand, while lumpy patterns are characterized by a higher variability in demand
sizes. Both the arrival of demand and its magnitude must be modeled. For modeling demand arrivals, we
utilize the Markov Chain (MC) approach proposed by Prak and Rogetzer (2022). In this approach, each
state in the MC represents the number of periods since the last demand occurred. With probability p we
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transition back to the initial state and a new demand occurs, and with probability 1 — p we transition to the
next state without a demand occurrence. The transition probability p for each state is estimated from the
demand data. To model demand sizes, we utilize the widely used Gamma distribution (Turrini and Meissner
2019). Although it is a continuous distribution, it can only approximate the discrete demand distribution.
The large demand volumes of the high-demand products within the use case mitigate this effect.

Smooth and erratic demand patterns are closely related, as erratic patterns are similar to smooth patterns
but with greater variability in demand sizes. Initial data analysis of smooth and erratic demand shows that
periods with zero demand are present in the data, though less frequently and for shorter periods compared
with intermittent and lumpy demand. We propose to use the same approach as used for intermittent and
lumpy demand.

3.1.1 Rolling Horizon Implementation

The demand generation methods discussed above are used to generate a base demand signal for the rolling
horizon. Per product, for the complete planning horizon, a demand from the generated distributions is
sampled to create the base demand signal. In this research, we use a planning horizon of 26 weeks. The
base demand is then updated over time to create a rolling horizon environment where demand information
is updated at the beginning of each planning period. Based on the historical demand data per product, a
probability that the demand will deviate is derived. To determine the amplitude of the demand change, a
normally distributed random variate R ~ N(0,6?) is used as presented by Ponsignon and Moénch (2014).
We define the standard deviation of R as 36 = 0.1. As such, most of the demand deviations will be within
10%. As the demand is updated at the beginning of each period, the plan must be reoptimized each period.
The decisions for the current period, as indicated by the reoptimized plan, are implemented.

3.2 Supply Modeling

The simulation model enables measuring KPI performance (OTD and inventory position) and comparison of
different plan generation methods (LP and 2SP). The aggregated Discrete Event simulation (DES) method
presented by Rosman et al. (2024) is used to build a simulation model of the front-end supply chain. The
main advantages of this method are (1) the model is based on existing master data structures, reducing the
required data maintenance effort, and (2) the aggregation level of the model limits computational expense
compared to more detailed models. The front-end supply chain consists of two main steps. Firstly, wafer
fabrication in which electronic circuits are patterned on the wafer. Secondly, wafer test, in which the quality
of the wafer is checked. Between both steps, the wafer is moved from the fabrication facility to the test
facility, incurring transportation time.

3.3 Stability Measure

To define plan stability between two consecutive plans, we modify the stability measure presented by Kabak
and Ornek (2009). The measure is reformulated to reflect the product-oriented structure of wafer planning:

X |0 — 05t W)

1°(k) = v

Qf,, and Q];,,_l are the planned order quantities for product p at time ¢ in planning cycles k and k£ — 1,
respectively. W9(t) is a decreasing weight function that emphasizes the importance of changes occurring in
earlier time periods of the planning horizon and is defined as W2(¢) = At 5. A and B are positive constants
that control the scale and steepness of the decay. Both values are set according to the findings presented
by Kabak and Ornek (2009), where A = 1.5 and B = 1.2. Aq is a global normalization factor capturing the
maximum weighted deviation in planned order quantities across all products and planning cycles:
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To compare the stability of multiple models, in our case, LP and 2SP, the normalization factor should
be generalized over the different models. This is achieved through defining the global normalization factor
as the maximum of the individual factors across the different models. Combining the above, the overall
stability measure across all planning cycles & is then formulated as follows:

0 L {0
SO —1——V 12%k).
Kk);l (k)

Concluding, the proposed measure accounts for the number of changes between two consecutive plans,
the quantity of the changes, and the timing, where changes in earlier periods result in a lower stability
score than changes in later periods. A higher score means a higher stability.

3.4 Two-stage Stochastic Programming Model

The main strength of 2SP is that more information on the demand distribution is provided to the model
compared with the deterministic input parameters used by LP. This is done by introducing multiple demand
scenarios, where each scenario occurs with a certain probability. 2SP then strives to optimize the expected
value of the objective function across all scenarios. If a demand change occurs that falls within one of
the scenarios used for optimization, the plan doesn’t have to be changed. To define the base demand for
a scenario, we use the demand distributions presented in subsection 3.1. For each scenario, demands for
each product and each time period are sampled. One scenario will be equal to the scenario provided to
LP. In the current research, we consider 5 demand scenarios for 2SP. As the demand in all scenarios is
randomly sampled from the demand distributions, we assign equal probabilities of 0.2. As this is a first
exploratory study into using 2SP to improve plan stability, the effect of the number of scenarios and the
associated probabilities has not yet been researched. This is highly recommended for future research, as
literature shows that selecting the number of scenarios and the associated probabilities is a non-trivial task.

4 MATHEMATICAL FORMULATION

Based on several input parameters, the wafer plan strives to maximize OTD while minimizing inventory
costs, where OTD is the highest priority objective. During optimization, for each time period ¢ (week)
in set T, for all products p in set P, we strive to plan all confirmed and forecasted demand D}f}, where
® € {d, f}. Confirmed demand will be prioritized over forecasted demand using layered objective levels.
Similarly, forecasted demand will be prioritized over safety stock targets and pre-building. We assume
that each product p (wafer) has one supply chain to be produced. A supply chain is defined as the link
between two stock points. In wafer fabrication, these are the raw material inventory and the die bank.
When demand is allocated to a supply chain, allocation and lateness costs are incurred. For confirmed
and forecasted demand, these costs are denoted with CE, where © € {d, f}. The allocation and lateness
costs include a time component to penalize allocation after the deadline 7;. When not all demand can be
allocated due to limited capacity, a penalty cost is incurred and is denoted with NI? , where ¥ € {d, f}. If,
after allocating all confirmed and forecasted demand, capacity is still available and a target safety stock
Sy is set for product p, safety stock is planned. If, after allocating all demand and safety stock, capacity is
still available and the target capacity Tar,, for resource r at time ¢ is not met, products from set P, which
are eligible for pre-building, are planned. Capacities are given per resource r in set R per time period ¢,
and are denoted with Cap,,. All sets, parameters, and variables used to define the wafer planning problem
are presented in Table 1. We will continue with mathematically defining the wafer planning problem as an
LP model.
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Table 1: Sets, parameters, and variables used to define the wafer planning problem

Indices and Sets:

peP Products index and set, representing different types of products available for
allocation

PCP A subset of products that can be used for pre-build

reRr Resources index and set, denoting the different resources or machines used in
production

teT Time periods index and set (in weeks)

(%) A set containing the indices d and f, indicating confirmed or forecasted demand

Parameters:

D;’,, Confirmed demand d for product p at time ¢

Df;, Forecasted demand f for product p at time ¢

Spi Target safety stock for product p at time ¢

L, The lead time of product p

tiEt The deadline by which demand must be fulfilled

Upr The usage rate of product p when allocated to resource r

Cap,, Available capacity on resource r at time ¢

Tar,,; Target capacity on resource r at time ¢

Hl’f Criticality cost of demand © € {d, f} for product p, indicating the importance of
the demand type and the product

C}?, Unit allocation costs of demand ¥ € {d, f} for product p at time ¢

Cy Unit allocation costs of safety stock for product p at time ¢

Cllj, Unit allocation costs of pre-build for product p at time ¢

N, [? The costs of not allocating one unit of demand ¥ € {d, f} for product p

Decision Variables:

xg, >0 The quantity of allocated demand ¢ € {d, f} for product p produced at time ¢

Vpr >0 The quantity of allocated safety stock for product p produced at time ¢

Wy >0 The quantity of allocated pre-builds for product p produced at time ¢

Ag >0 The quantity of demand ¥ € {d, f} for product p that is not allocated over the
planning horizon

I, >0 Starting inventory position at the die bank for product p at time ¢

Ypr =0 The quantity of product p that arrives at [, at time ¢

zg, €{0,1} Auxiliary variable for demand 9 € {d, f} for product p at time ¢

4.1 LP Objective

Most real-life problems involve multiple (conflicting) objectives. This also applies to the wafer planning
at NXP. To cope with multiple objectives, different objective levels are defined. The different objectives
in the objective level set are ordered based on importance. The LP is solved consecutively for each of
the objectives, referred to as a layered approach. This process continues until either the last objective is
optimized or until the solution space is narrowed down to only one solution. In this formulation, the LP is
solved for (1) confirmed demand, (2) forecasted demand, (3) safety stock, and finally (4) pre-builds. These
layers are reflected in the objective functions:

Objective layer 1: min Z Z (Z(Cg} -xgt) —|—N’f9 -A;?) ,
pEPVe{d} \1€T
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Objective layer 2: min Z Z <Z(C§t -xg,)+N;,9 -A;?) ,
pEPBe{f} \I€T

Objective layer 3: min Z Z Cpr *Vprs
pePteT

Objective layer 4: min Z Z Cz, W
pePteT

4.2 LP Constraints

Criticality Cost. When demand is produced after its due date, lateness costs proportional to its criticality
are incurred. We first define a supporting constraint using auxiliary variable z}?, € {0,1} and an arbitrary
large number M:

DY <Mz, VOe{df}, peP teT.

The lateness cost can then be defined:

Ch=z0H (t—t;)) VOe{df} peP teTift>1.

Demand Fulfillment. Defines that the quantity of demand for product p that is not allocated over the
planning horizon equals the total demand for that product over the planning horizon (confirmed demand
plus forecast demand) minus the allocated quantity for that product over the planning horizon:

Ag:;(pg,_xg,), V9 e{df}, peP
te

Ensures that the realized safety stock level for each product p at time ¢ is equal to or below the safety
stock target level S;:
Vpr <S8y, VpeP tel.

Ensures that only products in set 2 can be used for pre-building:

Wpt:07 Vp%p,tGT

Resource Capacity. Ensures that the allocation on any resource at any time does not exceed the available
capacity Capy,:

Z < Z (xg,)+vpt+wp,> Uy <Cap,, VreR, teT.
PEP \Ve{d.f}

Ensures that the allocation on any resource at any time exceeds the target capacity Tar,:

Z ( Z (xg,) +Vpr +wp,) Upr>Tar,, VreR, teT.
peEP \ve{d,f}
Rolling Horizon. At the end of period ¢, the starting inventory for the next period 1,1 is calculated.
I, is defined as the staring inventory for product p at time ¢ at the die bank, Dg, € {d, f} as the demand
for product p at time ¢ that is consumed from the die bank, and y,, as the allocated demand that will arrive
at the die bank in period ¢:
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Y Dpt, VpeP tcT.
veld.f}
The quantity of demand for product p that arrives at the die bank at time ¢ is defined as the sum of all
planned products (confirmed demand, forecasted demand, safety stock, pre-build) that have a lead time L,
such that the products arrive at the die bank at the start of time ¢:

Ipir1 = Ipi +ypr —

Yo=Y, (xﬁHp) +Vpsor, + Wpi—1,, VPEPIETift>L,.
ve{d,f}
Other. Non-negativity constraints for all decision variables:

117917 Vpty Wpt, Ipt» Ypt >0, Vdoe {d,f}, peEP teT.

4.3 Two-stage Stochastic Programming Model

The LP model presented above can be converted to a 2SP model by introducing a set of scenarios, where
each scenario occurs with a certain probability p;. An overview of added or changed sets, parameters, and
variables is presented in Table 2. Furthermore, p, is added to the objective functions.

Table 2: Sets, parameters, and variables that are added or changed to convert LP to 2SP

Indices and Sets:

ses Scenarios index and set, representing different scenarios for parameter realizations
Parameters:
Ds The probability that scenario s will occur
Dfm Confirmed demand d for product p at time ¢ in scenario s
D{,,S Forecasted demand f for product p at time ¢ in scenario s
C;?Sls Unit allocation costs of demand ¥ € {d, f} for product p at time 7 in scenario s
Decision Variables:
},9,? >0 The quantity of allocated demand ¥ € {d, f} for product p at time ¢ in scenario s
Vprs > 0 The quantity of allocated safety stock for product p at time ¢ in scenario s
Wpes > 0 The quantity of allocated pre-builds for product p at time ¢ in scenario s
Ags >0 The quantity of demand ¥ € {d, f} for product p that is not allocated over the

z}f}s €{0,1}
Ips 20
Ypis = 0

planning horizon in scenario s

Auxiliary variable for demand ¢ € {d, f} for product p at time 7 in scenario s
Starting inventory position at the die bank for product p at time ¢ in scenario s
The quantity of product p that arrives at I, at time f in scenario s

Objective layer 1:

Objective layer 2:

minY Y Y p (z (€O st 2 Aﬂ),

seSpePye{d} teT

wET T (g

Xous) + N AL |
seSpePve{f} teT

minz Z Z C;, Vs,

seS pePteT

minz Z ZC

b
pt’ Wpts-
seSpePteT

Objective layer 3:

Objective layer 4:
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5 APPLICATION

In this section, we apply the proposed methodology from section 3 to a group of products from NXP
Semiconductors N.V. All products originate from the same product family, and the dataset only contains
high-demand products but with different demand patterns (smooth, erratic, intermittent, and lumpy). We
study a real-world scenario in which LP and a two-stage stochastic programming model are used to generate
wafer plans. The plans generated by both methods are compared using the KPIs plan stability, OTD, and
inventory position.

5.1 Demand Modeling Results

In subsection 3.1, we present a method to fit demand distributions to the historic demand data of a product.
For intermittent and lumpy demand patterns, an MC approach is used to model demand arrivals, and a
Gamma distribution is used to model the demand sizes. Using this approach, we can fit distributions for
85% of the high-demand products in the use case.

As initial data analysis of smooth and erratic demand showed that periods with zero demand are present
in the data, we propose to use the same approach as used for intermittent and lumpy demand. Using
this approach, we can fit distributions for 83% of the products in the use case. To test a distribution’s
goodness-of-fit, we use the Kolmogorov-Smirnov (K-S) test as it is distribution-free and can thus be used
for the various distributions discussed above (Syntetos et al. 2012).

5.2 Simulation Results

In this section, we compare the performance of LP and (2SP) when generating wafer plans under demand
uncertainty. The quality of both methods is assessed using the KPIs plan stability, OTD, and inventory
position. To define plan stability, we use the stability measure presented in subsection 3.3. We define OTD
as fulfilled demand / total demand. Inventory position is measured at the die bank.

Using the rolling horizon simulation framework presented in subsection 3.2, we generate a base demand
signal for both LP and 2SP. With this base demand signal, we run the rolling horizon simulation for 26
periods. The simulation is iterated 10 times. The computations are performed on a 12th Gen Intel(R)
Core(TM) i5-1250 processor, resulting in approximately 0.5 seconds to calculate one planning epoch for LP,
and approximately 0.75 seconds for 2SP. Both LP and 2SP are solved using Gurobi (Gurobi Optimization,
LLC 2025).

The plan stability performance of LP and 2SP, including the 95% confidence interval, is depicted in
Figure 1. When comparing the stability over time between LP and 2SP, it is evident that 2SP results in a
higher average stability score while continuously providing stable stability scores. LP stability performance
fluctuates heavily over time and shows a wider confidence interval. The main driver of this fluctuating
performance is the nonstationary demand over time, which is caused by the updating of demand in the
rolling horizon setting outlined in subsubsection 3.1.1. Recall that demand per product is updated over
time using a probability based on historic data. The probability will result in different amounts of demand
changes over time. In the event of a relatively large number of changes, LP is likely to make more changes
to the plan to remain optimal, resulting in a lower plan stability score.

In Figure 2 we show results for the KPIs OTD and inventory position, including the 95% confidence.
For both KPIs, the average performance of all products per period is depicted to facilitate easy comparison
of both methods. Both methods show similar OTD performance. The mean of 2SP is slightly higher than
the mean of LP, but as the confidence intervals are overlapping, the difference is not statistically significant,
and we conclude that OTD performance is similar for both methods. As the first two objective layers in
both models strive to maximize the service level, both methods perform equally. The results for inventory
position show that LP builds inventory over time, while 2SP stabilizes over time. The mean of 2SP is
below the mean of LP. The confidence intervals are not overlapping for 60% of the time periods. Therefore,
we conclude that 2SP performs slightly better on inventory position compared to LP. As 2SP has more
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information on the distribution of the demand uncertainty (through the demand scenarios), it can better
anticipate demand changes, resulting in approved base stock levels compared to LP. LP might treat demand

changes less conservatively than 2SP, leading to higher inventory levels.

1.0
08— Two-Stage
§ — LP
n 0.6
z
;g 0.4 J
73 02 v - =

. o \\/
0.0 0 5 10 15 20 25
Replanning epoch (t)

Figure 1: Planning stability including 95% confidence interval per replanning epoch for LP and 2SP.
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(a) Average OTD over time. (b) Average inventory position over time.

Figure 2: OTD and inventory position including 95% confidence intervals over time for LP and 2SP.

6 DISCUSSION

Originality. We propose to use 2SP to increase plan stability in semiconductor supply chain wafer planning.
The proposed method is more flexible compared to commonly used methods such as chance-constraint
programming. While 2SP shows promising results to improve plan stability, other methods are worth
investigating. Especially, if we want to refine the objective from improving plan stability to reacting solely
to significant demand changes.

Methodology. We model demand uncertainty by fitting distributions to historic demand data. As such,
we can capture the demand pattern in the stochastic demand signal used in our modeling approach. The
method can be used for high-demand products. It would be of interest to further improve the method’s
performance and extend it to ramp-up and ramp-down products. To update demand in the rolling horizon,
we use discrete probabilities and normally distributed demand changes. This method could cause overfitting
of past demand because of the use of a discrete distribution. Furthermore, if the number of products is
increased, it should be investigated whether normally distributed demand changes reflect all products. We
apply 2SP to improve plan stability compared to LP. Where only one demand scenario is provided to LP, a
set of scenarios is provided to 2SP. As this work is a first exploratory study into using 2SP to improve plan
stability, the effect of the number of scenarios and the associated probabilities has not yet been researched.
As this is a non-trivial task, this is highly important for future research.

Application. We apply distribution fitting on historic demand data to reflect the demand patterns during
demand generation. This stochastic demand signal is used to apply 2SP and compare its performance with
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LP based on the KPIs plan stability, OTD, and inventory position. The rolling horizon simulation framework
determines the OTD and inventory position performance. We tested the framework using a horizon of
26 weeks and iterated the simulation 10 times. As demand uncertainty increases over time, it would be
interesting to explore the performance of the proposed method over a longer horizon. Furthermore, 10
iterations is only a limited number and should be increased in the future to increase the statistical significance
of the results. The proposed framework can be used for other use cases in a rolling horizon setting under
demand uncertainty. We want to emphasize that these conclusions are based solely on data from NXP
Semiconductors N.V. Therefore, when replicating the experiments at other companies, the conclusions must
be reevaluated.

7 CONCLUSIONS

In this paper, we propose to use a 2SP method to improve plan stability in a rolling horizon setting compared
to LP. To model demand uncertainty, we propose a new method to incorporate demand patterns in the
stochastic demand signal through fitting distributions to historic demand data. The method is demonstrated
by analyzing the plan generation performance of 2SP and LP using a rolling horizon simulation model
of the front-end semiconductor supply chain. The proposed demand generation method, which models
demand arrivals using an MC approach and demand sizes using a Gamma distribution, can be used for all
demand patterns (intermittent, lumpy, smooth, and erratic). For the first two patterns, distributions for 85%
of products in the use case can be fitted. For the other two patterns, a performance of 83% is achieved.

Based on the simulation results, we conclude that 2SP is a promising method to generate less nervous
wafer plans compared to LP. While both methods show similar OTD performance, 2SP slightly outperforms
LP on inventory position.

For future research, it would be of interest to improve and extend the demand generation method to
ramp-up and ramp-down products. The method to update demand in the rolling horizon setting must be
validated for a larger set of products. Furthermore, it would be interesting to include supply uncertainty in
the model, including cycle time and yield uncertainty. Lastly, the current 2SP implementation should be
refined. The number of scenarios presented to 2SP and the associated probabilities should be optimized.
Next to improving 2SP, exploring other stochastic optimization methods is an interesting avenue for future
research.
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