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摘要

Lot streaming is the process of splitting a given lot or job to allow the overlapping of successive operations in multi-stage manufacturing systems, thereby reducing the makespan of the corresponding schedule. In this research, we propose a heuristic method for discrete lot streaming with variable sublots. This method consists of two procedures: (1) determine a continuous solution (sublots with real values) for variable lot streaming and (2) derive a discrete solution by rounding up the continuous solution. One sample description is presented for demonstration purposes. The results show the proposed method outperforms discrete lot streaming with consistent sublots.
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正文

一、目的：

International Conference on Computers and Industrial Engineering(ICCIE)為每年舉行兩次之國際性會議，一次在美國境內，另一次則於世界各地舉辦，目前已舉辦三十屆，本屆會議約有30國177篇文章發表，為工業工程領域中代表性之會議，主要目的促進工業工程領域之研究、產業合作與教學發展，提供製造業與服務業先進之學術理論與實務經驗，以利產業界應用。會議主要探討工業工程領域在電腦應用中所產生之問題，對產業升級日益需求之臺灣，為一值得參與之重要研討會，基於上述原因，本人參加ICCIE會議，期望能獲得較先進之技術與概念，同時於會中發表流程型生產系統下變動轉運批兩階段整數探索解及有效率設備偵錯專家系統之架構，與其它各國先進互相討論。

二、過程：

The 30th International Conference on Computers and Industrial Engineering 在民國91年6月29日至91年7月2日在希臘、提諾斯島之Culture Center舉行，此會議共分四天舉行，第一天早上(29日)為開幕式，由Computers & Industrial Engineering (International Journal)主編Mohamed I. Dessouky主持，之後三天分為5個議程，16個主題分組討論，本人在27日出發，28日晚上到達提諾斯島之Culture Center。下午在Multi-Criteria Decision Making and Decision Analysis議程中發表一篇文章「A framework for efficient device diagnosis expert systems」，此議程共有四位報告者，除本人外，其它題目分別為「Multicriteria decision support model for the economic decision making problem using Monte Carlo simulation」、「Implementation of activity-based costing for a loyalty-marketing group of companies」、「Evaluation of efficiency in electric companies: a case in Japanese electric companies」，發表時間15分鐘，討論5分鐘，因投影機語言轉換問題，一開始約擔誤十分鐘，因討論熱烈，結束時間約比預期晚20分鐘，發表者來自世界各國，歐洲國家居多，除了驚訝歐洲文化之外，其工業工程之研究與技術亦相當先進。第二天早上在Production Planning, Inventory, Scheduling議程中發表另一篇文章「A two-phase heuristic method for discrete lot streaming with variable subots in a flow shop」，此議程共有四位報告者，除本人外，其他三位報告人都提出一些新的見解，題目分別為「A quick value-setting algorithm for solving the longest path problem for real-time job shop scheduling」、「determination of economic production rate, production quantity, and production sequence for flexible routing」、「Assembly line balancing: flexibility and productivity」，因時間充裕(早上最後一場)，討論時間加長。除了論文報告之外，此會議有數場Tutorial Lectures，題目包含「Optimization methods in support vector machines training and applications」、「Data mining via decision rules」，亦是相當值得聽講。

三、心得：

本會議為每年舉行兩次之國際性會議，一次在美國境內，另一次則於世界其他各地舉行，本次會議約有30國177篇文章發表，為工業工程領域中代表性之會議，主要目的促進工業工程領域在電腦應用之研究與教學發展，提供製造業與服務業先進之學術理論與實務經驗，以利產業界應用。會議主要探討工業工程領域在電腦應用中所產生之問題，對產業升級日益需求之臺灣，為一值得參與之重要研討會。同時臺灣若能爭取舉辦這類研討會，經由政府主辦，各大學協辦，定能提高國際知名度、研究水準及產業知識水準。

此次會議地點選擇在希臘，為一風景優美、文化古蹟特別多的地方，非常適合開會及旅行，對於歐洲文化亦有其代表性，可讓遠地而來的參與者快速瞭解其文化。很高興見到多位世界各地知名學者參與，共同討論目前工業工程領域中重要議題如資料探勘等，不但可認識其他國家之文化，也可瞭解目前最先進之技術。臺灣學者有12人參加，是此次會議參加人數第四多的國家，樂於見到國科會(及教育部)能支持學者參與此會議，對國家聲譽有極大的幫助，相信這些學者在未來研究或教學上，定能有所進步，最後承蒙國科會支持，參與此會議發表研究成果，獲益良多，在此致謝。
附錄：

論文「A TWO-PHASE HEURISTIC METHOD FOR DISCRETE LOT STREAMING WITH VARIABLE SUBLOTS IN A FLOW SHOP」內容。

A TWO-PHASE HEURISTIC METHOD FOR DISCRETE LOT STREAMING WITH VARIABLE SUBLOTS IN A FLOW SHOP
Shu-Chu Liu

Department of Management Information Systems

National Pingtung University of Science and Technology

Pingtung, Taiwan 912 R. O. C.

Phone number: 886-8-7703202-6137

Fax number: 886-8-7740306

Email: sliu@mail.npust.edu.tw
Abstract

Lot streaming is the process of splitting a given lot or job to allow the overlapping of successive operations in multi-stage manufacturing systems, thereby reducing the makespan of the corresponding schedule. In this research, we propose a heuristic method for discrete lot streaming with variable sublots. This method consists of two procedures: (1) determine a continuous solution (sublots with real values) for variable lot streaming and (2) derive a discrete solution by rounding up the continuous solution. One sample description is presented for demonstration purposes. The results show the proposed method outperforms discrete lot streaming with consistent sublots.
1. Introduction

A technique known as lot streaming becomes an important scheduling tool to help reduce makespan (i.e., manufacturing lead time) in a batch production environment (Vanderbeck, 1998; Ramasesh et al., 2000). Lot streaming is the process of splitting a given lot or job to allow the overlapping of successive operations in multi-stage production systems, thereby reducing the makespan of the corresponding schedule (El-Najdawi, 1994). 
Most researchers in this area concentrated on consistent sublot models (Kropp and Smunt, 1990; Sen et al., 1998; Kalir and Sarin, 2000; Kumar et al., 2000; Ramasesh et al., 2000). However, the makespan may increase under the constraint of consistent sublots. Hence, variable lot streaming becomes a promising tool to overcome the drawbacks mentioned above. Trietsch and Baker (1993) proposed a procedure for variable lot streaming that could deal with a three-machine problem to minimize the makespan. Baker and Jia (1993) compared different lot streaming procedures such as equal sublots, consistent sublots, and variable sublots in a three-machine flow shop and found the performance of variable sublots is better than others. However, discrete lot streaming with variable sublots for a multistage flow shop is rarely discussed. Optimal discrete lot streaming with variable sublots is an NP (non-polynomial) problem. Computational complexity increases when number of machines or sublots increases (Trietsch and Baker, 1993). It is infeasible to find optimal solutions based on the exhaustive search. Hence, it is desired to find heuristic methods for obtaining satisfied solutions in a reasonable time. The purpose of this paper is to develop a heuristic method for discrete lot streaming with variable sublots in a flow shop to improve the effectiveness of discrete lot streaming with consistent sublots. 
2. The Proposed Heuristic Method
In this paper, we propose a heuristic method which consists of two procedures: (1) determine a continuous solution (sublots with real values) for variable lot streaming and (2) derive a discrete solution by rounding up the continuous solution. Before the procedures in this proposed method are discussed, some notations are defined as follows:
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2.1. Determine a Continuous Solution for Variable Lot Streaming
The procedure is to determine continuous (real-valued) sublot sizes in a multistage flow shop. Through the utilization of the relaxation algorithm proposed by Glass and Potts (1998), dominated machines and dominant machines (which are not dominated machines) can be determined in a multistage flow shop. Then, sublot sizes are allocated with a generalized two-machine procedure for each critical block (Machines between any two adjacent dominant machines (included) form a critical block.). The set of sublot sizes is geometric in each critical block. The procedure is described as follows:
Step 1：Initialization
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Step 2：Identifying dominated machines 
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(7)  Go to step 3.

Else, go to step 3.

Step 3︰Loop 

If  f = m’ – 1, go to step 4.

Else, 

(1) 
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(2) Go to step 2.

Step 4：Calculating the allocation ratio in each critical block
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Step 5：Calculating sublot sizes in each critical block

If 
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(1) Calculating the first sublot size
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(2)
Calculating other sublot sizes
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Else, calculating each sublot size 
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2.2. Derive a Discrete Solution by Rounding up the Continuous Solution

Based on the procedure mentioned in 2.1, sublot sizes in each critical block can be determined. However, sublot sizes might not be integer. Hence, a procedure for rounding up sublot sizes in each critical block is proposed. Assumed a critical block includes multiple machines (u<(((<w). The first machine u and the last machine w are dominant machines in this specific critical block. Let Sj = L1 + L2 +…+Lj (1 ( j ( n, Lj is the jth sublot in this specific critical block). Supposed that we have a trial value M (makespan) for this specific critical block according to the procedure mentioned in 2.1. Since the schedule for variable lot streaming in continuous version is no-wait, M can be calculated as follows (the complete time of the last sublot manufactured by the first dominant machine in the critical block plus the time of the last sublot manufactured by the rest machines in this critical block):

M = D ( pu + Ln ((pu+1 +(((+ pw) 




                  (1)
The latest start time LSj for the jth sublot on machine w is M – pw (D - Sj-1). This is the latest time at which the jth sublot could begin on machine w and remaining sublots still can be done on machine w by time M. For feasibility, the jth sublot on machine w-1 must be completed no later than LSj. 
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where 
[image: image31.wmf]å

-

+

=

=

1

1

w

u

u

p

l

h

h


Since Lj = Sj - Sj-1, equation (3) can be rewrote as follows:
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or 
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       (5)
Equation (5) is a recursive formula for calculating Sj in terms of Sj-1. Equivalently, Lj is calculated in sequence, starting with L1. To initialize the process, S0 = 0 and the process is terminated if Sn = D. If Sn < D, the trial value M is infeasible. The next trial value M should be slightly larger. The appropriate increment in the trial value M is 
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The proposed procedure begins with a trial value M (Please refer to Equation (1)). If the trial value proves to be infeasible, it gets incremented appropriately, and the new trial value is tested. These steps are repeated until discrete lot streaming for each critical block is found. The procedure for discrete lot streaming for each critical block is described as follows: 

Step 1： M = D ( pu + Ln ((pu+1 +(((+ pw); S0 = 0
Step 2：(1)   Calculate 
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(2)   Calculate 
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(3)
   Calculate 
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Step 3：If Sn < D,
(1) 
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(2)  Go to step 2
Else, 
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After sublots in each critical block have been determined, a Linear Programming (LP) model for this discrete lot streaming is developed and the makespan can be found.
3. An Example for the Proposed Heuristic Method
To illustrate the proposed heuristic method, the following example is given for demonstration purposes. Consider a five-machine problem with n = 3, D = 100, (p1,p2,p3,p4,p5)=(2,1,3,5,2). The procedures in the proposed method are described as follows:

3.1. Determine a Continuous Solution for Variable Lot Streaming
Step 1：Initialization
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Step 2：Identifying dominated machines

f = 2. Since
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Step 3︰Loop

f = 2 < m’ – 1 = 4
(1) f = 2 + 1 = 3
(2) Go to step 2
Step 2：Identifying dominated machines

f = 3. Since
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, the dominated machine is detected and the following information is updated:
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Step 3︰Loop

f = 3 < m’ – 1 = 4
(1) f  = 3 + 1 = 4
(2) Go to step 2
Step 2：Identifying dominated machines

f = 4. Since
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, no dominated machine is detected. Go to step 3.

Step 3︰Loop

f = 4 = m’ – 1. Go to step 4.

Step 4：Calculating the allocation ratio in each critical block
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Step 5：Calculating sublot sizes in each critical block
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3.2. Derive a Discrete Solution by Rounding up the Continuous Solution
The procedure for rounding up the continuous solution mentioned in 2.2 is applied for this example to find discrete lot streaming in each critical block.
For the first critical block (machine 1 ~ machine 4):
Step 1：M = 100 (2 + 47.37 ((1+3+5)= 626.3, S0 = 0
Step 2：j=1；
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j=2； 
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j=3；
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Step 3：Since S3 < 100,
(1)
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(2) 
Go to step 2
Step 2：j=1；
[image: image85.wmf]21

100

,

3

1

2

)

0

100

(

5

0

)

3

1

(

629

min

1

=

ú

û

ú

ê

ë

ê

þ

ý

ü

î

í

ì

+

+

-

-

´

+

+

=

S


  
[image: image86.wmf]5

.

0

21

100

,

3

1

2

)

0

100

(

5

0

)

3

1

(

629

min

1

=

-

þ

ý

ü

î

í

ì

+

+

-

-

´

+

+

=

f


  
[image: image87.wmf]5

.

0

5

.

0

1

1

=

-

=

e


j=2；
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j=3；
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Step 3：Since S3 = 100, L = {21, 32, 47} and stop.

For the second critical block (machine 4 ~ machine 5)
Step 1：M = 100 ( 5 + 10.26 ((2)= 520.5, S0 = 0.

Step 2：j=1；
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j=2；
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j=3；
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Step 3：Since S3 < 100, 
(1) Let 
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(2) Go to step 2
Step 2：j=1；
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j=2；
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j=3；
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Step 3：Since S3 = 100, L = {64, 26, 10} and stop.
After the rounding procedure, the set L of discrete sublots for critical block 1 (machine 1 ~ machine 4) is {21, 32, 47}, and the set L of discrete sublots for critical block 2(machine 4 ~ machine 5) is {64, 26, 10}. According to the information of sublot sizes in each critical block, the LP model is developed and the makespan 649 for this example is obtained (The makespan of discrete lot streaming with consistent sublots using an integer programming is 722 and L = {22, 33, 45}).
4. Conclusions
In this paper, we have developed an effective and efficient heuristic method for discrete lot streaming with variable sublots, which is an NP problem. This proposed heuristic method overcomes the drawbacks in the consistent sublot models. The solutions of the proposed heuristic method are better than discrete lot streaming with consistent sublots. 
Two related research directions are as follows: (1) develop an algorithm for the optimal solution of discrete lot streaming with variable sublots for a single job in a multistage flow shop. (2) develop a heuristic procedure for lot streaming with variable sublots in a job shop.
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