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ABSTRACT

Highly fluctuated market demand and shortened production life cycle force companies to maintain their core
technologies and to outsource other business activities. ‘Virtual enterprise’ s the term that vividly describes the way
that companies collaborate. However, companies communicate so they can collaborate. To reduce the time waste in
communication, various communication formats (protocols) are proposed. Nevertheless, among the applications of the
communication protocols only communication time is reduced, processing time in companies remains unchanged.

Among the company-wide communications, order promising is the most essential business process. A customer
order is highly possibly given to a supplier that can promise an order quickly. In order to ensure that a company can
quickly respond to the customers under a virtual enterprise environment, this research investigates processes after the
order been inquired in detail. The processes are detailed into the machine level. Additionally, process information is
divided into two categories: open and closed. Finaly, by Java TCP/IP interface and CLIPS for storing the scheduling
knowledge rules, this research develops an order promising architecture. In the architecture, companies can easily
retrieve the information that other companies are willing to offer for making the order promising decision.

Keywords: Order Promising, Distributed Production, CLIPS, Conservative Synchronization Algorithm
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Abstract - In the real world applications, collaborative production planning is usually realized by a sole
system. Participants are forced to adopt the system, in addition with their legacy systems for maintaining their
daily production. This research intends to define communication protocols for collaborative production
planning that do not require participants to adopt any system. What they have to do is to follow the
regulations of protocols, rules of communication, to efficiently communicate with their partners for making
their plans. Decisions of material availability, resources availability, outsourcing, and changing due dates are
the major concerns in the 12 protocol designs presented in this research.

Keywords: Collaborative Production, Communication, Production Planning, Protocols

1. INTRODUCTION

Modern market uncertainties are presented in four
perspectives: price, demand quantity, demand specification,
and delivery. In addition to the uncertain availability of
resources which include labour, capital, equipment,
facilities, and materials, today’s manufacturers are facing a
tremendous pressure in production management.

Collaborative production is considered an effective
approach to conquer the above problems. By integrating the
resources of cooperative enterprises, participated
companies can avert uncertainties while maintaining their
core capabilities in grasping transient opportunities (Huang
and Wu 2003).

However, the success of collaborative production
heavily relies on the information technologies. To integrate
the autonomous and distributed resources within the
participated companies so the production can operate as in
a single company, while respecting the legacy information
systems of the participated companies, is a critical research
issue (Huang et al. 2009). Protocols have been investigated

t : Corresponding Author

in literature as a tool to efficiently coordinate information
of different systems to achieve a common goal (Huang
2002; Huang and Nof 2002; Huang et al. 2008) However, it
still lacks a systematic approach to deliver a complete
communication protocol that can collaborate the production
planning for distributed production companies.

Hence, designing communication protocols for
collaborative production planning is the objective of this
research. Communication protocol is defined as structures
of dialogues (Huang and Nof 2000). It regulates the
interactive behaviours of messages passing among the
participated companies, so a task or problem-solving
strategy can be fulfilled (Muller 1997).

2. LITERATURE REVIEW

2.1 Requirements on Collaborative Production
Planning

The dynamic structure of a collaborative production
network usually results from product specification changes



of orders or changes of suppliers. For example, replacement
of a functional subsystem may imply replacement of a
supplier. Besides, an enhancement on a product subsystem
may imply recruiting a new subcontractor that has better
equipment. The uncertainties in the network results from
uncertain demand, process and supply (Lee and Billington
1993). Any uncertainty happening in a partner company
may result in a disturbance on plans of other partner
companies over a supply network. Additionally, Sauer
(2006) points out that performing production planning with
distributed processes has the following concerns:

1. Interdependencies between companies

2. Integration of local companies’ production plans

3. Necessity to co-ordinate with other companies’

production plans
4. Uncertainties happening in each local company.

Jagdev and Thoben (2001) define the requirements for

collaborative production as follows:

1. Collaborative partners need to have a clear
understanding to what is expected from each
partner.

2. It will need to streamline both material and
information flow systems.

3. Information exchange among the partners must
occur efficiently to operate effectively.

4. Information and decision support systems at each
partner must be able to respond dynamically to
meet the ever-changing needs and communicate
accordingly to the affected partner in the
collaborative network.

2.1 Communication Issues

In  general, communications between partner
companies can be classified into either a blackboard-based
or message exchange (Muller 1997; Nof et al. 2006). A
blackboard-based communication utilizes a centralized
public knowledge pool that can accept benevolent
information announcements or queries from participant. On
the other hand, message exchange communication is
employed based on a prior agreement of interactive
messages (including data format and interactive sequence)
among the participants. Contract Net Protocol is a typical
example of message exchange communication in this high
level communication. Most communication protocols are
designed by sequence diagram today (Fowler and Scott
1999).

3. FUNCTIONAL STRUCTURE OF
COLLABORATIVE PRODUCTION PLANNING

3.1 Decision Flow

Collaborative production planning includes various
decisions. The decisions include checking material
availability, checking capacity availability, and then
outsourcing. The final one will be to negotiate with the
customer for a later due date if any unavailability on
material, capacity, or outsourcing activity occurs. Order
will be accepted if material and capacity are available
either from the company itself or from the partnered
companies. Otherwise, order will be rejected. Such a
decision flow has to be followed by each participated
company and is shown in Figure 1.

Input order
Ye: Ye.
Material available? Capacity available?
No
No
Successfully get a later Ye:
due date?

Alternative material
available?
Ye:
Successfully outsource?

No
N Yes
Can upstream suppliers
deliver material on time
No
Yes
Successfully geta later
due date?
No

Order rejected

S

No

Yes
Successfully get a later
due date?
No

Order acceptedl

Figure 1: Decision flow of collaborative production
planning for each company

3.2 Agents of Collaborative Production

Although this research does not give a rigorous
definition for agent, an agent is a unit that is responsible for
sending and receiving messages in terms of
communication. Agents and their communication functions
are designed and listed in Table 1.

Table 1: Communication Functions of Agents

Agent Communication Functions

Order Agent 1. Take orders

2. Pass orders to Material Agent

3. Pass customer information to Due Date
Coordination Agent

4. Reply results to the Customer Agent

Material Agent 1. Check material availability (including current
and incoming inventories, materials that are on
order, etc.)

Search for alternate materials

3. Inform Purchase Agent about the

I




unavailability of materials
Pass orders to Capacity Agent

Purchase Agent

w N

Check the success of delivery with the
Supplier

Give purchase order to Supplier

Pass delayed information to Due Date
Coordination Agent

Pass order to Capacity Agent

Supplier

Acknowledge Material Agent’s message
Take orders from Material Agent

Capacity Agent

Il I ol P

Inform Order Agent to accept the order
Acknowledge messages from Purchaser and
Material Agent
Broadcast  outsourcing
Suppliers

Take messages of capacity and due date from
Suppliers

Inform Due Date Coordination Agent an
acceptable later due date

information  to

Qutsourcing

Acknowledge Capacity Agent’s message
Reply Capacity Agent information about due
date and capacity

Due Date
Coordination
Agent

Reject order and inform Order Agent

Accept order and inform Order Agent
Release materials that are under consideration
for accepting the order

Take message about delayed due date

Use anti-bidding to ask Order Agent and
Purchase Agent for a new due date

Customer Agent

Give order
Receive message of order accepted

10

11

12

Negotiate for
changing order
due date

Protocol for Outsourcing Capacity with
Alternate Material

Protocol for Outsourcing Capacity with
Extra Material Supply

Protocol for Outsourcing Capacity When
Due Date is Changed According to Material
Delivery

Protocol for Changing Due Date with
Alternate Material Due to Delayed on
Outsourcing Capacity

Protocol for Changing Due Date Due to
Delays on Material Supply and Capacity
Outsourcing

4.1 Simple Confirm Protocol

Figure 2 shows a scenario occurring when both material
and capacity are available to meet customer’s order

requirements.

4. COMMUNICATION PROTOCOLS

Communication protocols that are associated with the
decision flows in Figure 1 are classified into four
categories. Specific protocols for each category are list in
Table 2. Detailed descriptions for each protocol are
presented in the following subsections.

Table 2: Communication Protocols for Collaborative
Production Planning

Customer Agent

terial Agent Capacity Agent

\ Order Agent ‘ Mal

Category| ID | Category name Protocol
| 1 Confirm Simple Confirm Protocol
availability
1 2 | Check material Use Alternate Material Protocol
availability -
3 Purchase Material Protocol
4 Protocol to Change Due Date Due to
Material Supply Delayed
5 Reject Order Protocol (due to material)
1] 6 | Check capacity Protocol for Outsourcing Capacity
availability -
7 Protocol to Change Due Date (Capacity
Outsoucers)

Order Info.(A)

Order Accept Message(B)

—

Order Info.(B)

:) Material Allocation

Order Info.(C)

‘ > Capacity Allocation

| > Order Confirm

Figure 2: Simple Confirm F;rotocol

4.2 Use Alternate Material Protocol

Figure 3 shows a scenario occurring when typical
material is not available. However, alternate material is
available to meet the order requirements.

4.3 Purchase Material Protocol

Figure 4 shows a scenario occurring when both
material and alternate material are not available. However,

material

supplier

is capable to deliver

material in

accordance with customer order’s requirements.




Customer Agent Order Agent Material Agent Capacity Agent

| I
| | '
o

Order Info.(A)
SR
Order Info.(B)
E >

" Material Allocation

" Material insufficient !
i
i

i
> Search Alternate Material |
i

" Material sufficient

Order Info.(C)

—

"> Order Confirm
_

Order Accept Message(B)

Figure 3: Use Alternate Material Protocol

Figure 4: Purchase Material Protocol

4.4 Protocol to Change Due Date Due to Material
Supply Delayed

Figure 5 shows a scenario occurring when material
supplier propose a material delivery time. However, the
delivery time will results an expected delay for the
customer order. After negotiating with the customer, a new
due date is set and the order is accepted.

" Capacity Allocation

Order Info(B)

Capasity Allocation

Irder Aceept Message(3)

Figlure 5: Protocol to Changé Due Date Due to Material
Supply Delayed

4.5 Protocol for Outsourcing Capacity

Figure 6 shows a scenario for outsourcing capacity.
The protocol is performed when a company has enough
material, but is short of capacity. By embedding a bidding
mechanism in the protocol, the scenario describes that the
company can successfully receive a bid from one of its
outsourcers to meet the requirements of customer order.
There are two similar protocols with outsourcing capacity.
One occurs when regular material is not available, but
alternate material is available. Such a similar protocol is
named Protocol for QOutsourcing Capacity with Alternate
Material. The other one occurs when extra material has to
be ordered. The extra material from supplier however can
meet the due date requirements. Additionally, capacity has
to be outsourced. The outsourcing capacity can also meet
the requirements of customer order. Such a protocol is
named Protocol for Outsourcing Capacity with Extra
Material Supply.

4.6 Protocol to Change Due Date (Capacity
Outsoucers)

Figure 7 shows a scenario occurring when material is
available, but the capacity is not. Worse yet, capacity
outsourcers are unable to meet the order requirement.



Fortunately, customer can accept the later due date
proposed by the capacity outsourcers. Meanwhile, material
is no longer required, because the order due date is
changed. Therefore, material is released for other customer
orders. However, an anti-bidding message passing is
performed to choose a material supplier based on the given
new due date.

Customer Agent | Order Agent Material Agent

i 0
Order Info.(A)
—»

Order Info.(B)

> Material Allocation

Order Info.(C)
 — »

age
"™ Order Confirm

i
Order Accept Message(A)

,,,,,,,,,,,,,,,,,,,,,

' Figure 6 Protocol Ifor Outsourcinﬁ Capacity

4.7 Protocol for Outsourcing Capacity When Due
Date is Changed According to Material Delivery

Figure 8 is a scenario occurring when material
delivery from the supplier cannot meet the due date of
customer order. However, the customer agrees to postpone
the due date. Further, capacity has successfully outsourced.

4.8 Protocol for Changing Due Date Due to Delays
on Material Supply and Capacity Outsourcing

A more complicated scenario (Figure 9) occurs when
both material supplier and capacity outsourcer are unable to
meet the due date requirements. In this case, the customer
will be requested for changing the due date twice, one for
material and the other for capacity. Some other similar
scenario occurs when alternate material is available but due
date is changed according to the delayed capacity
outsourcing. Such a scenario applies Protocol for Changing
Due Date with Alternate Material Due to Delayed on
Outsourcing Capacity.

5. DISCUSSION AND CONCLUSIONS

This research reports a set of communication protocols
based on a given decision flow for collaborative production
planning. In the flow, planning decisions regarding
material, capacity, outsourcing, and negotiation for
changing due date are considered. Based on the four
decisions, communication protocols are developed.
Communication protocols present the interactive message
passing among the participants (agents). The development
of communication protocols has at least two meanings for
collaborative production planning:

(1) The production planning can be delivered by
exchanging messages. The execution of protocols is
unrelated with how the messages are generated in
each agent. That is, collaborative planning can be
developed disregarding the information systems
behind their associated agents.

(2) Collaborative production planning can be actually
done by all of the participants. Participants do not
have to invest and use a big system that is mandated
by the major player of a collaborative production
network. They can participate in the production by
keeping using their legacy systems.

s || ot so || st || s

Dus Date Coondination
Agsnt Capasily Agent || Qutsous

Order Info. (D)

Order Acoept M,

Order Aceept Message(i)

Figure 7: Protocol to Change Due Date (Capacity
Outsoucers)



Query the new

The future work of this research will be to modularize

the protocols for

better

applicability and usability.

Additionally, the development can be expanded to other
management issues, such as collaborative forecasting and

collaborative inventory management.
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Abstract

Success of a memory module industry largely relies on the planning efficacy of the supply network. However,
supply network planning is a planning problem in a multi-site and multi-site network, which has been proved
an NP-complete problem. To solve the NP-complete problem, various algorithms have been developed in
literature. However, most of the algorithms are infeasible in the real cases. From a perspective of computing,
parallelizing the problem solving is an alternative. However, how to divide a single problem into pieces so the
PC cluster can handle the problem in parallel is the most critical issue.

This research parallelizes the supply network planning problems for the memory module industry, so the
(near) optimal solution can be obtained. First, the supply network planning problem is formulated as a
nonlinear programming problem. Then, the problem is coded by LINGO. By duplicating the LINGO programs,
each in a different smaller solution space, and parallelly running the LINGO programs in a PC-clustered
computing system, the (near) optimal solution of the supply network planning can be found in a reasonable

time.

Keywords:

Java RMI, LINGO API, memory module industry, nonlinear programming, parallel computing, supply network

planning

1 INTRODUCTION

DRAM module industry is a globally integrated industry
that involves various manufacturers, e.g., DRAM, SRAM,
and flash memory manufacturers, chipset manufactures,
and connector companies. Due to the highly fluctuating
price of memories, the efficacy of supply chain planning
determines a DRAM module company’s survival in the
market.

Besides the characteristics of a multi-tier multi-site
network, factors that have to be considered in supply chain
planning for a DRAM module industry include costs
(purchase costs, production costs, inventory holding costs,
transportation costs, and out-of-stock costs) and
constraints (supply-demand, materials, manufacturing
capacities, transportation paths, etc.). The characteristics
of the network and the considered factors increase the
complexity and NP-completeness of problem solving.

Traditional approaches to solve the problem timely can be
classified into two categories: (1) reducing the problem
complexity and then optimally solving the problem by
mathematical programming and (2) solving the problem by
developing a heuristic algorithm, but the optimization is not
guaranteed.

Unlike the above two problem-solving categories, this
research applies distributed parallel computing method to
plan a supply network without either reducing the problem
complexity or reducing the complexity of problem solving
by applying a heuristic algorithm.

2 MODEL AND METHODS

2.1 Supply Chain Planning (SCP)

Various techniques (e.g., linear programming, simulation,
agent technology, and heuristic algorithms) have been
applied in SCP to handle the (optimization) problems of
order planning/scheduling in a multi-tier and multi-site
production/distribution network. Table 1 shows a summary
of the researches in this research area from the
perspectives of techniques, planning horizon, and planning
concerns.

Distributors Customers

Component Module
Assemblers

Suppliers

Figure 1: Supply Network for DRAM Module Industry

Wu (2004) proved that the uncapacitated planning for a
single item on multiple time periods and multiple facilities
is an NP-complete problem. That is, it is not possible to
optimize the supply chain planning in a reasonable
(polynomial) time as the problem scale is enlarged on time
periods, tiers, and sites (facilities). Unfortunately, it is
critical for a DRAM module company to plan its supply
network timely, because of the market dynamics on price
and demand.

2.2 MATHEMATICAL MODEL

The supply chain planning is modeled by a mathematical
model with the objective to maximize the total profit of the
network. Notations of the model are listed as follows:

[ Indices
i supplierindex (i=1,2, ..., 1)
j  manufacturerindex (j=1, 2, ..., J)
k orderindex (k=1, 2, ..., K)



Table 1: Summary of Typical Supply Chain Planning Research

Planning Concerns

Planning Planning
Research Techniques Horizon Materials Order Due Capacity Transporation
Constraints Date Constraints Lead Time
(Moon, 2002) Genetic Single Tier, L, L, L,
1] Algorithm Multiple Sites
(Giglio et al., 2003) Mixed Integer Single Tier, v v v
[2] Programming Multiple Sites
(Shen et al., 2003) Single Tier,
v v
[3] Agent Multiple Sites
(Watson & Polito, Heuristic Multiple Tier, v v v
2003) [4] Algorithm Multiple Sites
Mixed Integer Single Tier,
v v
(Wu, 2004) [5] Programming Multiple Sites
(Chan et al., 2005) Genetic Single Tier, v v
[6] Algorithm Multiple Sites
(Gen & Syarif, Genetic Multiple Tier, v
2005) [7] Algorithm Multiple Sites
Heuristic Multiple Tier,
v v
(Yeh, 2009) 8] Algorithm Multiple Sites
(Altiparmak et al., Genetic Multiple Tier, v v v
2006) [9] Algorithm Multiple Sites
(Lim et al., 2006) . . Multiple Tier,
lati v v v
[10] Simulation Multiple Sites
Heuristic Multiple Tier.
’ v v
(veh, 2006) [11] Algorithm Multiple Sites
(Aliev et al., 2007) Genetic Multiple Tier, v v
[12] Algorithm Multiple Sites
(Chern & Hsieh, Heuristic Single Tier, v v v
2007) [13] Algorithm Multiple Sites
(Lin & Chen, 2007) Mixed Integer Multiple Tier, v v v
[14] Programming Multiple Sites
(Nie et al., 2008) Genetic Single Tier, v v
[15] Algorithm Multiple Sites
(Altiparmak et Genetic Multiple Tier, v v v
al. ,2009) [16] Algorithm Multiple Sites
(Kanyalkar & Adil, Linear Multiple Tier, v v v
2010) [17] Programming Multiple Sites
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SH .
Out of Stock quantity for order k
¢, Unit price for order k

c,fH Unit shortage cost for order k

Maximize Gross Profit = Order

Order Revenue

K
Order Revenue= z (gfxe,)

Total Costs= Purchase Cost + Production Cost +
Inventory Holding Costs + Transportation Cost + Out
of Stock Cost, where

L J
(1)Purchase Cost = Z Z (Q,SF

i=1 j=1

(2)Production Costs can be divided into two
categories:  manufacturing cost in the
manufacturer and assembly cost in the
distribution center

1 J
Manufacturing Cost=>">" (0" xc!")

J
i=1 j=1

Assembly Cost= ZZ (Q x X ")

j=1 k=1

(3)Inventory Holding Costs
for manufacturer

_ Sy SE S (TF TS _45F
Q] j i i

i=1 j=I

)xel ]

for distribution center

ZZ[ ( (SHIP J}F_I;D)Xc]f)l]

j=1 k=1

(4) Transportation cost
from suppliers to manufactures
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)

i=l j

Q) x¢)")

KM&

Il
~

from manufacturers to distribution centers

J
FD FD
Z Qi *xci)
y

k=

~.
~

K
(5)Out of Stock Cost=>" (O x ¢

Constraints of the models are as follows:

Balance between supply and demand quantities

J

FD SH _ R
Zij + =g,
a1

Total supply quantity to J manufacturers is less than
the maximal shipping quantity a supplier can
provide.

Z <q’

Total number of products that can be delivered is
less than the full capacity of each manufacturer.

ZQTLD <q;
The total supply quantity from the suppliers to the

manufacturers is equal to the total shipping quantity
from the manufacturers to the distribution centers

Lo X

F_ FD
2.0, =20y
i=1 k=1

Transportation routes

Vk=12,.,K

Vi=12,..,1

Vi=1,2,..,J

Vi=1,2,..,J

from suppliers to manufacturers: the route E/.SF is
1, when the shipping quantity is larger than 10.
Otherwise, the route does not exist and E/.SF is 0.

10x P <O
SF SF
O, <mxF;
Vi=12,.,1 Vj=12,.,J

from manufacturers to distribution centers: the route
Pl_fD is 1, when the shipping quantity is larger than

10. Otherwise, the route does not exist and P/fD is
0.

10><P.FD < Qf,?

Q) <mx PP

vi=.2,...J Vk=12,.,K

Constraints for suppliers’ shipping time
PYxt <T° Vi=12,.,1 Vj=12,.,J
T8 <t +¢" Vi=1,2,..,1

T <m XZPSF Vi=1,2,.
Jj=1
Constraints for manufacturers’ shipping time



T/ >(TF +4")-mx(1-P") Vi=12,.,] Vj=12,.,J

K
7' < meP_;D Vi=1,2,..J

k=1

£ 2 (TP +152) = mx (1= P") V=12, Vk=12,.K

2.3 Remote Message Invocation (RMI) for Distributed
Parallel Computing

RMI in Java allows an object to call the method of an
object running on a distributed computer. In other words,
objects on distributed Java Virtual Machines can be
executed as they are in a solitary Java Virtual Machine
through Java RMI. It largely reduces the overhead in
distributed computing, compared with the traditionally
socket approach.

3 PARALLELIZING THE MATHEMATICAL MODEL

3.1 Distributed computer
optimization computation

Since the optimization on the supply chain planning is an
NP-complete problem, as the number of companies
involved in the planning is smaller, the computation time in
finding the optimal time will be much less. Fortunately, the
optimal supply plan is usually performed on a subset of
suppliers and a subset of manufacturers. Hence, the
original global planning with a large number of companies
can be equally true as finding the best supply plans on all
the sub-optimal plans with subsets of the suppliers and the
manufactures.

Take a case of 6 suppliers and 6 manufacturers as an
example. If the planner can guarantee that the optimal
plan can occur on al most 4 suppliers and 4
manufacturers, the original optimization problem will

become finding the best plan on the C'f fo =225

sub-problems. Each of the problem is with 4 suppliers and
4 manufacturers only. We can parallelize the 225 sub-
optimization computations on the distributed computers to
find the 225 sub-optimal solutions, and then easily pick up
the best solutions on the 225 sub-optimal solutions.

The prrallelization is fulfilled by a computer network, as
shown in Figure 2. The server first divides the n sub-
optimal problems (n domains). Then, the sub-optimization
computation is assigned to any available computation
node by a switch. When each sub-optimization
computation is finished (through LINGO API) in the
computation node, the result is transmiteed back to the
server. Then, the server assgins a new sub-optimiation
computation problem to the free computation node.

network for sub-

3.2 Speeding up the computation

Even though the computation for finding the optimal plan
can be reduced by finding the best plan of the 225 sub-
optimal plans found in parallel, it still takes a lot of time if
the number of computers is not as large as 225. To speed
up the computation, the strategy is interrupting each sub-
optimization computation when the computation in the
midway indicates that the final sub-solution cannot
outperform the so-far best solution.

This research finds the sub-optimal solution with few
companies (suppliers and manufacturers) is always less
than the sub-optimal solution with a large number of
companies. As shown in Figure 3, the optimal solution B of
(3 suppliers and 2 manufacturers) will be always better
than the optimal solution A of (2 suppliers and 2
manufacturers).

Additionally, the optimization process in a mathematical
model is to synthesize the upper bound and lower bound
values, as shown in the two blue lines in Figure 4. If the
upper bound of a subset problem is less than the so-far

best solution (yellow line), the computation should be
interrupted, because the final optimal solution on the
subset problem is definitely smaller than the so-far best
solution. Because LINGO API can provide the real-time
upper bound status, the idea in Figure 4 can be
implemented.

Domain

Domain
Decomposition

—>

| Lallremote service methods
==

| kemote service name

Computation Node /

Computation Node 2 Computation Node n

Figure 2: Network structure for the distributed sub-
optimization computation

(6 suppliers ~ 6 manufacturers)  opjective value of global optimal
solution must be greater than or equal
the best objective values of all subsets.

C'is the best objective value of 3
suppliers and 3 manufacturers.
C must be greater than or equal to B.

(3 suppliers ~ 3 manufacturers)

(3 suppliers ~ 2 manufacturers) B is the best objective
value of 3 suppliers and
2 manufacturers.

B must be greater than

orequal to 4.

(2 suppliers ~ 2 manufacturers)
A is the best objective value of 2
suppliers and 2 manufacturers.

Figure 3: Sub-optimal solution with more companies is
always better than the sub-optimal solution with less
companies

‘When the Upper Bound is less than the best

objedtive value of subset, terminate solving.
Value A Upper Bound ’
Best objective value of subsets
—_—
Objective Value
Lower Bound
o
Time

Figure 4: Interrupting the optimization computation on a
subset problem, if its upper bound status is less than the
so-far best solution

3.3 Terminating the computation

Figure 3 shows that the sub-optimization should start from
small numbers of suppliers and manufacturers. It is
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suggested that the numbers should not be less than the o j=1 j=2 j=3 j=4 j=5 j=6
required capacities on the suppliers and manufacturers, J 45 49 47 52 45 52
but the numbers should not be too large. The optimization I =1 | j=2 7=3 =4 j=5 i=6
should be terminated when the increased numbers on the ¢ 3 5 3 5 . p
suppliers or manufacturers cannot significantly increase o =7 %=z 3 PE P P
the gross profit on the sub-optimal problems and the C
numbers of the suppliers and the manufacturers reaches 8 4 4 9 %0 °1
to a certain numbers defined by the planner. P k=1 | k=2 k=3 k=4 k=5 k=6
k 4 7 2 7 8 4
Degree \ k 1 2 3 4 5 6
4 DESIGN OF EXPERIMENTS q 30% 5 29 %5 3 %6 56
- k 60% 101 82 78 51 203 108
4.1 Problem, facilities, and parameters 5% w5 1 201 52 316 8 135
It is assumed that there are 8 suppliers, 6 manufacturers, £ SHIP k=1 k=2 k=3 k=4 k=5 k=6
and 6 distribution centers in the planning problem. Control k 24 23 27 27 23 27
factors and levels in the experiments are shown in Table 2. k=1 k=2 k=3 k=4 k=5 k=6
Values of the variables been set in the experiments are € 388 371 376 369 384 362
shown in Table 3. Each computation node (personal T =7 PR =3 PRV, k=5 PEY;
computer) is equipped with Windows XP Professional C, 517 e 01 ey =T Ty
SP2 > Pentium 4 2.8 G CPU, and 512MB RAM. Tool for Ay 7 5 5 7 5 5
optimization is LINGO 10 EXTENDED. Due to the space 7 26 22 1 25 12 30
limitation, the termination of the parallel computation is not 2 24 29 13 21 12 20
addressed. oF 3 15 15 27 10 26 15
Table 2 Control factors and levels G 4 1 b 2 2 i %0
5 11 14 29 13 29 25
Factors Level Note 6 28 14 11 17 23 13
High 80% of the total supply ; :; :; :; ﬁ fz 28
Demand Medium 60% of the total supply J\k 1 2 3 4 5 6
1 20 26 21 18 17 20
Low 30% of the total Supply D 2 13 17 27 20 28 16
High 1 C. 3 1 29 15 20 17 10
Number of '9 6 I 4 10 20 17 15 17 19
computation Medium 12 5 11 24 12 16 25 29
6 24 27 23 27 18 30
nodes Low 8 N 7 2 7] 5 6
1 9 10 8 5 15 10
2 7 10 14 5 12 9
4.2 Experimental results SF 3 10 6 15 14 12 11
Figure 5 shows the runtime with computation nodes in the i ; 162 174 :g 182 :; 3
three levels and with demand of 30% supply. It is found 5 5 11 12 15 12 5
that increased number of computers can effectively reduce 7 3 15 7 5 3 5
the runtime time. Figure 6 shows percentages of reduction 3 10 12 7 12 15 12
in computation times on different levels of demands and Tk 1 3 4 5 6
numbers of computation nodes. It is found that the 1 12 5 10 5 8 10
reduction on the computation time may not be so D 2 13 10 11 11 15 5
significant when the loading on the capacities increases. tjk 3 10 9 12 14 14 10
. . e 4 15 6 8 10 8 9
Table 4 shows comparisons with the traditional approach 5 13 o T = 5 3
(running on a solitary computer) when the demand is at 3 3 7 o 3 2 3
80% level of supply. It indicates that the three parallelizing
cases in this research can find the optimal solutions as 4000
good as the traditional approach. However, the needed 3500
computation times are less than 50% of the traditional 3000 4
approach. Besides, the optimization computation on the _
traditional approach is not completed. The gross profit in 2 B0
the traditional case is a lower bound, and is not the optimal § 2000 ¢ evel of domand
gross proflt é 1500 m 30% level of deman
Table 3: Variables and values set in the experiments 1000 1
Variables Values 3009
N =1 i=2 =3 =4 =2 =6 =7 =8 ’ 8 CPUs 12 CPUs 16 CPUs
qi 106 106 117 136 140 143 146 143
< ic1 | i=2 | i=3 | i=4 | i=5 | i=6 | i=7 | i=8 Figure 5: Optimization computation time with computation
C; nodes in three levels and with demand of 30% supply
61 61 68 60 64 70 61 68
i=1 i=2 i=3 i=4 i=5 i=6 i=7 i=8
5P S s ' ' ' ' ' 5 CONCLUSIONS
! 4 3 9 3 10 7 4 8 . . .
This research parallelizes the supply network planning
S i=1 | i=2 | i=3 | i=4 | i=5 | i=6| i=7 i=8 problems for the memory module industry, so the (near)
i 5 0 4 5 2 0 2 5 optimal plan can be obtained. First, the supply network
- =7 =2 =3 =4 s =% planning problem is formulated as a mathematical
q, o o1 od o5 o 20 programming problem. Then, the suppliers and
manufacturers are divided into subsets. The demands are




then optimally planned for the subset companies by the
distributed computers in parallel. The results show that the
optimization computation times are largely reduced, while
the gross profit is as good as the optimization running in a
solitary computer. This research indicates a future
direction in supply plan optimization.

120

100

80 -

m 8 CPUs

Runtime(%)
@
S

m12 CPUs
16 CPUs

&
S

~
S}

30% level of demand 60% level of demand 80% level of demand

Figure 6: Percentages of reduction in computation times
on different levels of demands and numbers of
computation nodes

Table 4: Comparison with the traditional approach (single
computer) with demand of 80% supply

No. of
computation 1 8 12 16
nodes

Gross profit

) 152124* 152124 152124 152124

Runtime (sec) 132250 60431 48462 43458
Completed
optimization No Yes Yes Yes

computation

Differences in
profits

- 0% 0% 0%

Differences in
runtime

- 54.31% 63.36% 67.14%

*lower bound

6 ACKNOWLEDGMENTS

The authors would like to thank the anonymous DRAM
module company for providing the detailed planning data.
Thanks also go to the financial support from the research
projects 99-2628-E-029-010 and 98-2221-E-029-019,
National Science Council of Taiwan.

7 REFERENCES

[1].Moon C., Kim J., Hur S., 2002, Integrated Process
Planning and Scheduling with Minimizing Total
Tardiness in Multi-Plants Supply Chain, Computers &
Industrial Engineering, 43, 1-2, 331-349.

[2]. Giglio D., Minciardi R., 2003, Modelling and
Optimization of Multi-Site Production Systems in
Supply Chain Networks, 2003 IEEE International
Conference on Systems, Man and Cybernetics, 2678-
2683.

[3]. Shen W. M., Kremer R., Ulieru M., Norrie D., 2003, A
Collaborative Agent-Based Infrastructure for Internet-
Enabled Collaborative Enterprises, International
Journal of Production Research, 41, 8, 1621-1638.

[4]. Watson K., Polito T., 2003, Comparison of Drp and Toc
Financial Performance within a Multi-Product, Multi-
Echelon Physical Distribution Environment,
International Journal of Production Research, 41, 4,
741-765.

[5].Wu S. D., Golbasi H., 2004, Multi-ltem, Multi-Facility
Supply Chain Planning: Models, Complexities, and
Algorithms, Computational Optimization and
Applications, 28, 3, 325-356.

[6].Chan F. T. S., Chung S. H., Wadhwa S., 2005, A
Hybrid Genetic Algorithm for Production and
Distribution, Omega-international Journal of
Management Science, 33, 4, 345-355.

[7]. Gen M. S., Syarif A., 2005, Hybrid Genetic Algorithm
for Multi-Time Period Production/Distribution Planning,
Computers & Industrial Engineering, 48, 4, 799-809.

[8]. Yeh W. C., 2005, A Hybrid Heuristic Algorithm for the
Multistage  Supply Chain  Network  Problem,
International Journal of Advanced Manufacturing
Technology, 26, 5-6, 675-685.

[9]. Altiparmak F., Gen M., Lin L., Paksoy T., 2006, A
Genetic  Algorithm  Approach for Multi-Objective
Optimization of Supply Chain Networks, Computers &
Industrial Engineering, 51, 1, 196-215.

[10].Lim S. J., Jeong S. J., Kim K. S., Park M. W., 2006, A
Simulation  Approach for  Production-Distribution
Planning with Consideration Given to Replenishment
Policies, International Journal of  Advanced
Manufacturing Technology, 27, 5-6, 593-603.

[11].Yeh W. C., 2006, An Efficient Memetic Algorithm for
the Multi-Stage Supply Chain Network Problem,
International Journal of Advanced Manufacturing
Technology, 29, 7-8, 803-813.

[12].Aliev R. A., Fazlollahi B., Guirimov B. G., Aliev R. R.,
2007, Fuzzy-Genetic Approach to Aggregate
Production-Distribution Planning in Supply Chain
Management, Information Sciences, 177, 20, 4241-
4255.

[13].Chern C. C., Hsieh J. S., 2007, A Heuristic Algorithm
for Master Planning That Satisfies Multiple Objectives,
Computers & Operations Research, 34, 11, 3491-
3513.

[14].Lin J. T., Chen Y. Y., 2007, A Multi-Site Supply
Network Planning Problem Considering Variable Time
Buckets - a Tft-Lcd Industry Case, International Journal
of Advanced Manufacturing Technology, 33, 9-10,
1031-1044.

[15].Nie L. S., Xu X. F., Zhan D. C., 2008, Collaborative
Planning in Supply Chains by Lagrangian Relaxation
and Genetic Algorithms, International Journal of
Information Technology & Decision Making, 7, 1, 183-
197.

[16].Altiparmak F., Gen M., Lin L., Karaoglan I., 2009, A
Steady-State Genetic Algorithm for Multi-Product
Supply Chain Network Design, Computers & Industrial
Engineering, 56, 2, 521-537.

[17].Kanyalkar A. P., Adil G. K., 2010, A Robust
Optimisation Model for Aggregate and Detailed
Planning of a Multi-Site Procurement-Production-
Distribution System, International Journal of Production
Research, 48, 3, 635-656.



RAL gt pmd g SR T4

p#:2011/10/18

B €At

Pk gl ACSAZ At 2 AT H R kst U TPT-LOD Array 842 5 o)

FERASFL faE

P F %5 99-2628-E-029-010- FrAE: 2 A G RRLEE 4

=

REE SRR T




PeEREHFF LTS REL

g3

P g

3 %5 0 99-2628-E-029-010-

PR AW COAZ ARGN A ATH R R

2 TFT-LCD Array #4253 &

FE O R

e I
* %3 p REe 2 gyt s |FFRF (g |7 FFF T
i (s |B(7 7% AL - | B S
fegg) | EHE) ST =
%)
R 0 0 100%
s [PIEAeRL |3 3 100% #
¥ E T
it g | | 100%
P 0 0 100%
o d ﬁ%f g 0 0 100% .
S 9 0 0 100%
Hr ¢ ¥ 0 0 100% s
R I
B4 & 0 0 100% + A
L4 5 5 100%
g A4 (e | 1 100% o
=X
(2R BLuersE |0 0 100%
LiEen 0 0 100%
L 3 3 100%
o e PAARRBTED |0 0 100% F
gﬁ‘nQ E T
it g 9 2 100%
L1 0 0 100% Y
%11 v ‘;i—ﬂ % ¥ 0 0 100% "
O 0 0 100%
1 ?P
" i 0 0 100% “
A I
#1142 0 0 100% + A
L4 0 0 100%
P e 0 0 100%
A =
(hEE) LR 0 0 100% '
LiEmm 0 0 100%




H A%
(i Bt iigz &
5 hoyE B s d S
WEn L ER%EE
AT A R R
SRR N S R £
B2 E M E R
EE G F A

}ljo)

2
%

*
A

PEhend T, 3244445 IFPR-APR A A, 2 IFPR%, IFPR# 7

% B, [JPE Guest Editor.

’i X538 P

freks

R E(FFHEEEN)

i/ e

Re|grga g A1 8

MEiSE]

E :
4 |BFEL B

ifv /gngffg/j_ 5373

BRI e

Plirdssnpgoge (BR) %

OO O OO O o (o




I LR R bt B E Y R
_Lj]ybp

¥

&
Vo

had

TRFERFRAAFRR EFFHPFEFR L SR ZFHT §
q Jﬂ%iﬂ%\%“r:*%xzaw%’n \%2%@@—%%%1??2%)‘{@%
hE T LAY 2 gﬂ} CAEBFREH B x> LG o

0 IT- GG

=

FRELRN R R R PR Y PRI A
l%é%\ﬂ#%

(kg = p 4% (8@ > 12100 3 5 12)

BEEERE

¥scq % ¢ ¥

EERN

o

2. P S % a4 &Y g IR
we e wE Oawdes i OFERY O
.g;?' :I:‘g Zé&f}' l:l\i" ?‘3—‘:‘ .J/E'

jig D J}iﬁ D/r’?ka .‘tli

#w (12100 F 5 *2)

bohirheug 44T, ¢ #4Z e PR 1JOCC, # Engineering
Computations. R+ %4 - KRS € Rhth~.

3. F%—d:?,dtrs\)j}u\ Frg)] —TT\%*@?%.‘S'} e

* k2 BN
% ¥

@ 1
B~ PN P E2

(@35@*%\-%”‘1‘1*2\-\,&%‘ ) AT 2. E‘b]’*)('l
500 = ')
SEcend ARPIF O AT FEL SRBENG, PRIFA AR gEEY FE, B
EF LAY A, TEFENRAEAF S NP Hard @ % % #f heuristic

algorithm e %, *F 7 BER P B - B4 4F (3 * Java.net &2 CLIPS )/ % P {84 3K 1%
P E R enPF. ¢35 Java &3 APl enig * 12 2 deie @ * PC Cluster %.




	出席國際學術會議心得報告
	invitationDrChinYiHuang
	PaperID 518
	ICPR21 - Full Paper Notification
	IFPR Board Meeting
	Presentation Schedule
	Paper No. 304-Chin-Yin Huang

