Demand

(1) -

1/ 2

Pl annisngf oSt rSaetneigcioenduct

Manuf agt Net wor ks

NSC 89 -

89

8

E-002-
31

2213- 116

1 90 7

(e-mail: achen@ccms.ntu.edu.tw)

DM

(1)
(3)

Abstract

Semiconductor manufacturing network consists of 1C
design houses/IDM, foundry fabs, probing, assembly, and
final test processes. Demand planning is the very first critical
task for the planning of the entire manufacturing network. Its
result serves as the basis of every planning activity and
ultimately determines the quality of the planning decisions
and thus the efficiency of operations in the network.
Nevertheless, the demand information propagated through
the network is the most uncertain information that plagues
the planning quality. In the first year of this research, we

have re-defined the new role of demand planning in supply
chain planning (SCP) by investigating its effects on the
planning activities in the network. Existing solutions
provided by application vendors are aso reviewed and
discussed. This provides a global perspective and helps the
construction of a complete framework of demand planning.
The framework consists of at least the following function
elements: multidimensional demand planning, statistical
demand forecast, demands aggregation/granularity, and
synchronization of demand signals in the network. Each
function’s purpose and detailed requirement will be
characterized and defined.

Keywords demand planning, demand forecast, supply chain
planning (SCP)

INTRODUCTION

Manufacturing planning technologies are progressing
dramatically in recent years. Many ideas and methodologies
previousdy proposed are now able to redize due to the
revolutionary advance of computing technology. In addition,
the globalization of supply and demand has commanded
development of novel, sophisticated planning technologies
that cannot be possibly conceived in early years. Because of
the urgent demand from industries and the breakthrough of
information technologies, many application software vendors
are racing to provide total solutions intended to streamline
and even add values to the complicated logistics operations
in the global supply network. Taiwan's semiconductor
foundry industry is the largest in the world and has the most
advanced foundry manufacturing technologies. However, the
industry is now facing a great challenge, that is, the planning
effectiveness of the complicated manufacturing network.



Semiconductor manufacturing network consists of IC design
houses/IDM, fabs, probing process, assembly process, and
final test process, as shown in Fig. 1.
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Fig. 1 Semiconductor Manufacturing Network

Supply chain planning (SCP) technologies are required
to achieve the logistic efficiency in a manufacturing network
as in Fig. 1. Recent reviews on the supply chain logistics
models and coordination can be found in Thomas and Griffin
(1996) [1] and Vidal and Goetschalckx (1997) [2]. The
authors of both review papers gave pretty complete surveys
on how OR/MS methodologies, such as mixed integer
programming (MIP) and decomposition methods (first
modeled and solved by Geoffrion and Graves in 1974 [3]),
are applied in the supply chain planning problems. Both
noted that there were still many redistic features not
considered or unpractically assumed in the literature. In
particular, uncertainty factors, such as demands of products
and parts, were mostly missing in the formulation.

Demand planning is one of the most critical challenges
facing  semiconductor ~ manufacturers  given  the
multidimensiona natures of products and the complicated
manufacturing network. In fact, successful determination of
where, when, and in what quantities the products will be
needed can have an enormous impact on the manufacturer’s
ability to maximize its competitiveness, revenues and profits.
Although it is agreed that demand forecasting is an important
subject and is taught in every course of production and
operations management ([4]-[5]), it remains overlooked by
the research community. Despite its clam to have “an
up-to-date overview of demand forecasting”, a newly
published text of demand forecast and inventory control [6]
collects only those forecast methods proposed in 1950's and
60's [7]-[11].

Recognized as the very first crucial task for the planning
of the entire manufacturing network, demand planning
however becomes a core module in many vendors SCP
solutions. The demand planning result serves as the basis of
every planning activity in the supply network and ultimately
determines the quality of the planning decisions and thus the
effectiveness of logistic operations in the network. In light of
the great needs from SCP and with the help of modern
information technology, traditional function, mainly the
statistical forecasting function, of demand planning has been

expanded to a demand management system with complete
decision support functions. The role of demand planning is
now very different and becomes even more critical for
planning the entire supply chain.

In the first year of this research, we have re-defined the
new role of demand planning in supply chain planning (SCP)
by investigating its effects on the planning activities in the
network. Existing solutions provided by application vendors
were also reviewed and discussed. This provides a global
perspective and helps the construction of a complete
framework of demand planning. The framework consists of
the following functions. multidimensional demand planning,
statistical demand forecast, demands aggregation/granularity,
and synchronization of demand signalsin the network.

Demand information propagated over the network is,
however, the most unreliable information that plagues the
planning quality of the entire supply chain. The subject of
bullwhip effect has recently drawn many researchers
attentions [12]-[14], though it has been known for some time
[15] and was very well exemplified in the “Beer Distribution
Game” reported by Sterman (1989) [16]. Demand fluctuation
and corresponding inventory policies have been attributed to
cause the bullwhip phenomenon [17]. Other causes reported
by researchers are order batching, fluctuated price, rationing
game. Examining the natures of semiconductor foundry
manufacturing, the demand fluctuation appears to be the
dominant factor and will be the focus of this research as an
important tackle point for improving the quality of planning
decisions.

In the second year, each function of the planning
framework proposed in the first year will be further
investigated and new methodol ogies or enhancements will be
developed to improve the planning quality. First, the demand
can be perceived from different aspects. product, customer,
time, etc. Enhanced multidimensional planning strategies
will be proposed to better handle the complicated
supply-demand relationships in the network. The core of
demand planning is the satistical demand forecast that
enables the planning horizon extended into the future.
Advanced multivariate  forecast  together  with
aggregation/granularity techniques will be developed. Finally,
strategies will be developed to synchronize the demand
signals propagated in the network and thus minimize the
information distortion and uncertainty amplification.

THE NEW ROLE OF DEMAND PLANNING

Unlike traditional demand planning systems that provide
single-number results through statistical routines and limited
dataviews. A new demand planning system should be able to
support all aspects of demand management needs for the
entire manufacturing network. In a semiconductor
manufacturing network, demand planning is the process of
uniting planning input from individuals who span the
different functional areas within an organization, as well as



input from external sources.

In the dynamic semiconductor industry, the technology
level and its corresponding manufacturing capacity are
changing constantly. Such information, though extremely
dynamic, is required and should be provided by the R&D and
manufacturing divisions to make accurate forecasts and to
create effective demand plans. In addition, the spectrum of
product types spans particularly wide for foundry
manufacturers and demands from IC design houses or
integrated devise manufacturers are also very dynamic. A
new role of demand planning is, therefore, to integrate
multiple functional perspectivesinto the demand plan.

The supply-demand relationships at each manufacturing
stage can be represented as shown in Fig. 2. There are four
stages of supply-demand relationships:

(1) Design house or IDM and foundry fabs,

(2) Foundry fabs and probing process,

(3) Probing process and assembly process, and

(4) Assembly process and final test process.

Additionally, capacity sharing among fabs is aso an
important factor to be considered in demand planning.
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Fig. 2 Analyis of semiconductor manufacturing network

CURRENT INDUSTRIAL PRACTICE

Taiwan's two largest foundry manufacturers are: TSMC
and UMC. Both have their own approaches to the order
fulfillment process. To achieve the goal of becoming a
“service” company, as very well put by Dr. Morris Chang,
the CEO of TSMC, both companies have invested great
efforts in developing their order management systems. The
most well known system is TSMC's Tota Order
Management system (nickname: TOM). The task of demand
planning, however, remains as a transactional process rather
than a planning process. As the capacity utilization exceeds
100%, the role of demand planning is no longer just making
short-term forecast. Rather, it becomes an import part of
business strategic planning to maximize the company’s profit
and to help define the company’s future mission. Both
companies have recently expressed their concerns on their
capability in the larger scale planning and are investing
efforts to build a more integral planning system. We learned
that UMC is currently using i2's solution for their Master
Planning and Demand Planning and has successfully

implemented the solution in a couple of manufacturing
facilities. In the mean time, TSMC has launched a massive
project to adopt an integrated planning system (Adexa's
solution) for their complicated lower-level manufacturing
network and, very recently, has just announced a plan to
cooperate with i2 technology for their higher-level integral
planning solution,

Because of the increasing important role played by
demand planning in supply chain planning, many solution
vendors have come up their own integrated planning system
with the demand planning module as the core of the system.
As learned from our interviews with two major
semiconductor manufacturers, UMC and TSMC, two
vendors appear to be the dominant solution providers: i2
technologies and Adexa (formerly known as Paragon).
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Fig.4 Demand planning in Adexa's planning system
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As shown in Figs. 3 and 4, two major vendors place the
demand planning module in the beginning of the entire
planning system as an essential self-content function module.
The functionality of the two demand planning solutions will
be summarized in the final report.

ENHANCED DEMAND PLANNING FRAMEWORK



Following the earlier studies on the role of demand
planning, current industrial practice and existing solution
provisions, we proposed an integrated framework for demand
planning. The framework is comprised of the following four
important functions:

® Multidimensional demand planning strategies,

® Statistical demand forecast,

® Aggregation and granularity of demand information,
and

® Synchronization of demand signals in the planning
network.
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Fig. 5 Proposed integrated demand planningframework

Fig. 5 illustrates the proposed framework consisting
of the above four functions. The purpose and
requirements of each function in the planning framework
will be summarized in the final report.
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