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Preface

The business environment which surrounds companies, such as development of in-

formation technology, economic globalization, softization and trend towards service

economy of work, increase of the unemployment problem or an environmental prob-

lern, is changing rapidly now. Moreover) a customer demand increases increasingly and

diversification of goods and shortening of the life cycle are progressing. Under a mass

production system, it is difficult to respond quickly to what a customer demands and

to sell to it. For that reason, there is a problem which holds a lot of unsold invento-

ries. That is, in consideration of profits, a viewpoint of the company which moreover

considered society and earth environment is desired from now on. The concept from a

supply chain to sustainable development needs to be developed. This thesis examines

the optimization of management efficiency and environmental impact assessment in the

manufacturing industry. The purposes are application of the mathematical modei for

a manufacturing efficiency improvement and a proposal of a framework, and construc-

tion of an environmental load estimated system. Based on the theory of supply chain

management and Iife cycle assessment, it clarifies about the procedure from problem

finding to the proposal of an improvement strategy.
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Chapter 1

Introduction

In recent years, in connection with expansion of various activities, a resources prob-

Iem, an environmental problem, etc. are aggravation on a global scale. Present mass

production and mass consumption increased the load to environment, and has influ-

enced the environmental problem greatly. Since environmental problem is importance

today, the product evaluation by LCA (Life Cycle Assessment) [1-3] attracts attention

more and more. In the life cycle (from manufacture to disposal) of a product, LCA

totals the resources and energy which receive from environment, and the amount of

energy discharged by environment [4,5]. And the influence is analyzed and evaluated

quantitatively. Moreover, SCM (Supply Chain Management) [6] which is one of the

rnanagement methods of corporate activity also attracts attention recently. SCM is

the method of managing synthetically a customer's order, and from supply of materials

to stock management and delivery of a product using a computer. Each supply chain

is not optimal, but the whole is optimal. By reducing extra stock etc. using SCM for

a company, it is thought that it not only lowers cost, but it leads to reduction of an

environmental load.

In this thesis, the environment assessment method in the manufacturing industry

is developed. And construction of an environmental load estimation system is aimed

at. Composition and the contents of each chapter are shown as below.

Chapter 1 describes the background of this thesis, and the outline of the purpose

and the thesis.

Chapter 2 explains LCA which is the method of evaiuating the environmental load



in tlre lifetirne of a product [7-9]. And the LCA fi'amework in ISO14000 is expiained

[10] Moreover, various companies are developing the LCA system uniquely today.

Therefore, the LCA system in each company is also explained. Next, PSO (Particle

Swarm Optimization) which is an recent optimization technique is explained. PSO

is the optimization algorithm developed through observation of a social system, and

attracts attention as an effective new optimization technique to the problem which

calculates the optimal value of continuation space ltt]. Ana revised PSO (MOPSO)

for multiple purpose optimization is explained [12].

Chapter 3 proposes the method of setting up the optimum purchasing lot size for

SCM. Here, the supply chain which consists of a retailer, a wholesaler, a delivery center,

and a factory is considered, and the new optimal model in the physical distribution

is proposed. In a proposal model, it can be predicted profits increase by sharing

information in all rather than having information on each stage of a supply chain.

And an optimum order quantity is set up using an optimization technique so that

profits may become the maximum.

Chapter 4 proposes the production planning model corresponding to mass cus-

tomization in the manufacturing industry, A solution is obtained without assuming

the distribution form of demand quantity to the product production planning problem

of the supplier corresponding to the order-received environment (namely, sharp change

of an order received) caused by mass customization. About the inventory transition

on pianning of production, it is clearly shown that raising the low place of inventory

as much as possible in a period leads to an improvement of an unfulfilled order rate.

Next, taking cost into consideration, inventory transition which makes the minimum

inventory maximum is formulated based on a Min-Max strategy. And the production

planning system corresponding to mass customization when the distribution form of

demand quantity is unknown is proposed.

Chapter 5 aims at reduction of cost and an environmental load by applying SCM

and LCA simultaneously. First, the model which is compatible in the cost reduc-

tion and environmental load reduction in the whole life cycle is formulated. In order



that calculation of environmental ioad data is being iarge scale and complicated, it

constructs an environmental load estimation system. By using this system, the envi-

ronmental load from the materials procurement of a product to disposal is calculated.

And the optimum order quantity which considered the balance of cost and an environ-

mental load is calculated using a multiple purpose optimization technique.

Chapter 6 proposes the LCA system which can understand the life cycle and envi-

ronmental impact of a product quantitatively. Shortening of the computation time of

environment assessment is expected by using a proposal system. And reduction of the

environmental impact substance discharged from a company can be aimed at.

Chapter 7 summarizes this thesis. This chapter describes all results obtained, and

gives the further research problems.





Chapter 2

Preliminaries

2.L Life Cycle Assessment

2.L.L Definitions of LCA

The procedures for initiating, conducting and reporting LCA studies in a proper man-

ner have been defined by several international organisations during recent years. Many

workshops have been carried out on LCA since 1990. In particular in 1993, in response

to an increasing need for guidance in LCA, the European and North American organi-

sations of the Society for Environmental Toxicology and Chemistry (SETAC) organised

a "Code of Practice" Workshop in Portugal [13,14]. The outcomes of the workshop

were summarised in a booklet called "Guidelines for Life Cycle Assessment:A Code of

Practice".

More recently, the guidelines and principles relating to LCA studies were defined

by ISO/TC 207lSC 5 working group using specific international standards, namely

ISO 14040. Methodological details are reported in the supplementary ISO standard

14047 which has already been accepted and the Draft International Standards (DIS)

14042 (Impact Assessment) and 14043 (Interpretation) [15-17].

The ISO-standard 14040 defines an LCA as following: "LCA is a technique for

assessing the environmental aspects and potential impacts associated with a product,

by,

o compiling an inventory of relevant inputs and outputs of a product system;

o evaiuating the potential environmental impacts associated with those irrputs and



outputs;

o interpreting the results of the inventory anaiysis and impact assessment phases

in relation to the objectives of the study".

The assessment includes the entire life cycle of the product, process, or activity, en-

compassing extracting and processing raw materials, manufacturing, transportation,

distribution) use, re-use, maintenance, recycling and final disposal [18, i9].

Further on, the LCA addresses environmental impacts of the system under study

in the general areas of ecological consequences, human health and resource use. It

typically does not address economic considerations or social effects. Additionally, like

all other modeis, LCA is a simplification of the physical system and cannot claim to

provide an absolute and complete representation of every environmental interaction

[20-22].

"The prime objectives of carrying out a LCA are:

o to provide a picture as complete as possible of the interactions of an activity with

the environment

r to contribute to the understanding of the overall and interdependent nature of

the environmental consequences of human activities; and

r to provide decision-makers with information which defines the environmental

effects of these activities and identifies opportunities for environmentai improve-

mentst'.

2.L.2 LCA framework and the ISO 14000 Pattern

The ISO standardized the technical framework for the LCA methodology in the 1990s.

On this bases, according to ISO 14040 (1997), LCA consists of the following steps

(Figure 2.I) i.23,241.

o Goal and scope definition

o Inventory analysis



21.LIFE CYCLE ASSESSNIENT

Figure 2.1: LCA framework

o Impact assessment

o Interpretation

LCA is not necessarily carried out in a single sequence. It is an iterative process in

which subsequent rounds can achieve increasing levels of detail (from screening LCA

to full LCA) or iead to changes in the first phase promoted by the results of the last

phase.

The steps of LCA are distributed along ISO patterns. For example, ISO 14040

(1997) provides the general framework for LCA. ISO 1404i (1998) provides guidance

for determining the goal and scope of an LCA study and for conducting a life-cycle

inventory (LCI). ISO 14042 (2000) deals with the life-cycle impact assessment (LCIA)

step and ISO 14043 (2002)provides statements for the interpretation ofresults produced

by an LCA. Moreover, technical guidelines illustrate how to apply the standards [25-

o.t1ztl.

2.L.2.L Goal and scope definition

The goal and scope definition is designed to obtain the required specifications for the

LCA study. During this step, the strategic aspects concerning questions to be answered

and identifying the intended audience are defined. To carry out the goal and scope of

Intelpretation
Inventory
analysis



the LCA study, the practitioner must foliow some procedures:

1. Define the purpose of the LCA study, ending with the definition of the functional

unit, which is the quantitative reference for the study.

2. Define the scope of the study, which embraces two main tasks:

r Establish the spatial limits between the product system under study and its

neighborhood that will be generaliy called "envirtlnment".

o Detail the system through drawing up its unit processes flowchart, taking

into account a first estimation of inputs from and outputs to the environment

(the elementary fl.ows or burdens to the environment).

3. Define the data required, which includes a specification of the data necessary for

the inventory analysis and for the subsequent impact assessment phase.

2.L.2.2 fnventory analysis

The inventory analysis collects all the data of the unit processes within an product

system and relates them to the functional unit of the study. In this case, the following

steps must be considered:

1. Data coiiection, which includes the specification of all input and oubput flows of

the processes within the product system (product flows, i.e., flows to other unit

processes, and elementary flows from and to the environment)

2. Normalization to the functional unit, which means that all data coliected are

quantitatively related to one quantitative output of the product system under

study;usualiy, 1kg of material is chosen, but often other unites such as a car or

1 km of mobilitv are preferable

3. Allocation, which means the distribution of emissions and resource extractions

within a given process throughout its difference products, e.g., petroleum refining

providing naphtha, gasolines, heavy oils, etc.



21.LIFE CYCLE ASSESSⅣIENT

4. Data evaluation, which involves a quality assessment of the data (e.g., by even-

tually performing a sensitivity analysis)

Inventory analysis uses quantitative data to establish the levels and types of energy

and materiais input to an industrial system and the product output and environmental

releases that result, as shown schematicaliy in Figure2.2128,29]. The approach is based

on the idea of a famiiy of materials budgets, in which the analyst measures the inputs

and outputs of energy and resources as well as the resources embedded in the resulting

products and by-products,both those resource flows with value and those that are

potentiai liabilities. The assessment is idealiy done over the entire life cycle-materials

extraction, manufacture, distribution, use and disposal.

The result of the inventory analysis, consisting of the elementary flows reiated to

the functional unit, is often called the iife-cycle inventory table.

INPUTS

Materials

Energy

Water

OUTPUT

Principal products

Co-products

Watcr effluents

Airborne emissions

Solid waste

Ot"her environmental
interactions

Figure 2.2: The elements of a life cycle inventory analysis



2.L.2.3 fmpact assessment

The impact assessment phase aims at making the results from the inventory analysis

(IA) more understandable and more manageable in relation to human heaith, the

availability of resources) and the natural environment [30]. To accomplish this, the

inventory table will be converted into a smaller number of indicators. The mandatory

steps to be taken in this regard are:

1. Select and define impact categories, which are classes of a selected number of

environmental impacts such as global warming, acidification, etc.

2. Classify by assigning the results fi'om the IA to the relevant impact categories.

3. Characterizeby aggregating the inventory results in terms of adequate factors

(so-called charactelization factors) of different types of substances within the

impact categories; therefore a common unit is defined for each category. The

results of the characterization step are known as the environmental profile of the

product system.

2.I.2.4 fnterpretation

The interpretation phase aims to evaluate the results from the inventory analysis or

impact assessment and compare them with the goal of the study defined in the first

phase. The following steps can be distinguished within this phase:

1. Identification of the most important results of the IA and impact assessment

2. Evaluation of the study's outcomes, consisting of a number of the following rou-

tines:completeness check, sensitivity analysis, uncertainty analysis and consis-

tency check

3. Conclusions, recommendations and reports, including a definition of the final

outcome, a comparison with the original goal of the study, drawing up recom-

mendations, procedures fot a critical review, and the final reporting of the results

10



2.1.LIFE CYCLE ASSESSNIENT

The resuits of the interpretation may lead to a new iteration round of the study,

including a possible adjustment of the original goal.

2.L.3 Company's LCA System

2.L.3.L Honda Lifecvcle Assessment Svstem

Honda Motor Co., Ltd.'s newly implemented Honda LCA System [31-33] is designed

to provide a quantitative assessment of the environmental impact created by all areas

of company activities. The system will aid Honda in its pursuit of the world's highest

level of environmental management, by providing quantitative information on environ-

mental impact over the entire product lifecycle, from manufacture to disposal. This

will aid in establishing specific goals for environmental impact reduction, resulting in

less environmental burden due to Honda's products and corporabe activities and a

better environment for all (Figure 2.3).

Figure 2,3: Honda LCA System

The Honda LCA System is composed of two subsysterns:the Honda LCA Data



System and the Honda LCA Management System. A single, unified system is applied

to all of Honda's two-wheeled, four-wheeled, and power products. Since the system is

used by departments actually invoived in environmental impact data collection, they

are able to act directly to reduce environmental impact, and derive quantitative results

in a timely fashion.

In the past, Honda's environmental impact reduction activities have been carried

out separately with respect to each area of concern: Green Factories for production;

Green Dealerships for sales activities; Green Offices for the headquarters and regionai

buildings; Green Purchasing for purchasing activities; and Green Logistics for distri-

bution. The LCA Project was launched in order to unify these independent activities

to obtain a clear grasp of the overall environmental impact of each individual product,

and to use this information as a basis for reducing that impact.

Honda views LCA as a vital tool for environmental impact assessment. In addition

to applying the ]essons learned through these assessment activities in its corporate and

product deveiopment activities, the company also publishes the "Honda Environmental

Annual Report."

Features of the Honda LCA System

o Honda LCA Data System

Inventory data on all environmental impact factors (primary/secondary resource

and energy consumption, quantities of materials disposed of, quantities recycled,

etc. ) are stored in a host computer under centralized management for retrieval as

needed. An Web application is used so that the data can be shared throughout

the company. In the future, the system will be accessible by Honda's business

partners and offices ali over the world.

o Honda LCA Management System

In this system, target values for

environmentai impact reduction

conference, and a PDCA (PIan,

activities of each department involved in

determined at an in-house environmental

Check, Action) plan is implemented. The

ｔｈｅ
　

ａｒｅ
　

Ｄｏ
，

12



2.1.LIFE CYCLE ASSESSNIENT

system promotes the use of common target values throughout Honda's diverse

operations.

Examples of LCA System activities

Determining gross output of corporate activities (the total envirorrmental impact

produced by all of Honda's corporate activities).

- Benefits

Able to ascertain changes in environmental impact from year to year

Able to forecast the effects of environmental impact reduction programs

for each individual deoartment

Determining running gross output (the annual environmental impact of Honda

products owned and used in Japan).

- Benefits

Able to ascertain the annual environmental impact of vehicles sold

Able to forecast the contribution to future reduction in environmental

impact of new products under development

2.L,3.2 Environmental Management Information System of NEC

NEC has adopted an environmental management information system (EMIS) [34-

36], which gathers environmental performance data from the whole group through

our internal intranet and allows for central management. The system has helped

to improve the efficiency of environmental data collection and site management, the

managerial efficiency in the Environmental Management Department and the efficiency

in management operations. Currently, the EMIS has been applied to NEC and its

manufacturing subsidiaries. In FY 2004, the system will be implemented in overseas

affi.liates and domestic saies, service and software subsidiaries (Figure 2.4).

Characteristics

13



o Allows efficient maintenance of environmental management systems

o Allows for a broad reduction in redundant data-handline and labor bv consoli-

dating information

o Allows benchmarks for comparison of energy, waste and management of chemical

substances at each site

o Allows advanced management of environmental activities and smooth informa-

tion disclosure to stakeholders

1麟lvldo,紋拿$ 
‐
1 鰺鶉躊辣褥

:翻
騨酢

Figure 2.4: EMIS

2.1.3.3 System Integration Life Cycle Assessment (SI-LCA) of Hitachi

When utilizing as a system combining hardware or some sofbware, construction of the

solution which lessens influence on ea,rth environment more is tackled. In Hitachi,

the environmenta,l impact in the whole life cycle until it is disca"rded from the time of

developing a product was computed by having changed it into COz, and the method

evaluated quantitatively was developed with the Hitachi group [37-40]. It is a tool

for being made to perform proposal of the system which can tell on the visitor who is

performing active conduct of business which considered environment. The amount of

14



PARTICLE SWARM OPTIMIZAT10N

discharge of COz in the whole life cycle to disposal is integrated through development

and use from the pian stage of a system (Figure 2.5).

(IIIiI:I11ldil島 轟II農3)や響

ζil,611じ

Dest'ucaloD
(recratD^lloD,,llcluelation)

Figure 2.5: SI-LCA

2.2 Particle Swarm Optimization

2.2.L Foundation of Particle Swarm Optimization

PSO is the optimization technique based on the action of groups, such as bird, fish,

and man's sociai activity. They are carried out based on continuing evolution, sharing

the information in a group. PSO is the technique of calculating the optimal solution

in consideration of the past search history from the best information (pbest) which a

solid (Particle) has, and the optimal value (gbest) of the group (Swarm) formed from

the solid. In PSO, each particle has the information about a position and speed. And

it searches in a group, having an interaction. The optimal solution is calculated by

updating the position and speed of an each particle '4L,42].

Renewal of Position and Speed

By using the position xf and speed vf of an individual I of the tth time search, the

15



ι+lth time position x:+l and speed v:+l are updated by the fo110wing formula.

X:+1=X:+vi+1,                 (2.1)

v:+1 = υv:+α l・ rαηご1・ (p:― x:)十 α2・ raπα2・ (p:_X:)・    (2.2)

rαηごl and rαπご2 are 10,1]randOm numbers.α l and α2 are parameters,and it is often

that they are decided to be乏遇 fol101vs.

αl十 α2=4 (2.3)

In addition,w is a parameter to be called momentum.pi ShOWS the best solution

(pbeSt)When ind市 idual l searぬ es to the tth time.On the other hand,pi shOWS the

whOle group's best solution(gbest)in the tth Search As shOwn in Figure 2.6,each

searching point generates the position information of One's best sOlutiOn(pbest)and

the positiOn information of groupゝ best sOlutiOn(gbeSt)1431.

Figure 2.6: Move of Search Point

Algorithm of PSO

The basic algorithm of PSO is as follows (Figure 2.2).

[step].1

The number of individuals and the number of the maximum search are decided.

16



2.2.PARTICLE SNXRⅣ I OPT1lⅥ IZAT10N

Istep2]

The initial position xl and thc initial speed vi are decided at random to each indi宙 du」 .

And it is set to t=1

[step31

Function value is calculated for each individual

lstep4]

pl and pl are Calculated

lstep5]

The speed and the position of each individual are updated according to Equations(2.1)

and(2.2).

Istep6]

If the number t of search is below the number Of the maxilnunl search, it returns to

卜tep3]器 ι=ι +1.Otherwise,search is ended.

Neighborhood of PSO

FrOm EquauOns(2.1)and(22),the ι+lth podtion xl十
1。

f lndividual ι can change

as fo1lows

*l*': x!+wv!+d(p -*i).

where Q and p in Equation Q.a) are as follows, respectively.

0.0

ρ =        00

1t llneans that this、vill generates a ne、v point inside the neighborhood in、 /hich the

position carried out parallel translation only of the υvi fl・Om the present positiOn xl

Equation(2.4)serveS tt a form which multiplied the search direction vector p― x:

by the step width φ.MOreover,φ adds tWO uniform random numbers frOm EquatiOn

(2.5)And the distribution Of the minimum value O,maximum αl・ rαηdl+α 2・ rαηα2,

ウ
ｒ



Start

Creation of the individual
initial searching point

Movement of individual

Evaluation by the pulpose functio
of the individual after movement

Evaluation of the own best point
of an individual

Evaluation of group's best point

Endj 賣
No

.u5ru6

Yes

End

Figure 2.7: Algorithm of PSO

and average (ar.rand1-fctz.rand2)f2 is followed. Therefore, it is thought that pSO

has an effect method with probable step width and similar srrumure.

Outline of Momentum

In PSO, momentum becomes small gradually according to the following formuia as

search progresses.

where, u** and tu-i,.

the maximum number

t(r^u* - ?r-in)
@_wmax_-.__--l_-r

l-^*

are the maximum and minimum of

of search. Using the following value

(2.7)

momentum, and l-u* is

from the result of nrany
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22 PARTICLE SNXRⅣ [OPTIMIZATION

numerical computatiOns is recornrnended

υmax=09,

Wmin=0・ 4

(20

(2.o

As fOr mOmentum,the amount of parallel translation from the present position xl

of lnd市 idual l becomes smaller as search progresses,as indicated in Equation(2.4)

The Best Value Save Type～ lode

pl in a Equation(2.2)expreSSes the individual(gbest)WhiCh gives the best value

in the、vhOle group's inside in the k― th search HoM″ ever,this serves as an individu」

that gives the best value inside the point updated by the Equations(2.1)and(2.2)

That is, pbest is saved until the objective functiOn is updated  However, gbest is

updated for every number of searぬ es. Thereby,not only global search capability but

local search capability is decretted. Consequently, settling Ⅱlight be delab7ed. Then,

it crowds together to、 vard the best solution obtained in old search,the、 vhole moves,

and a lnOdel whose local search capability improves is also proposed. This is called the

best value sⅣ e type model.It is the model which replaced pl in a Equation(22)as

f01lows

tj*t : tuvtl + a1'rand1 (pi - x!) + a2'rand2. (p" - *i) (2.1の

pe expresses the individual which gives the best value obtained by old search. That

is, pg is not changed until the best value of pf in old search is updated. As a result,

local search capability improves.

2.2.2 Multi Objective Particle Swarm Optimization

PSO consists of very brief algorithm. However, it is the technique of the ability to

solve a continued type nonlinear optimization problem efficiently. It is observed as the

optimization technique for the single purpose function in recent years. The multiple-

purpose optimization technique MOPSO which has improved the aigorithm of PSO so

that it could deal with a multiple-purpose optimization problem is proposed. MOPSO
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can ask for the multiple― purpOse optillnal solution set, 1.e, the ParetO s01ution set,

efF■ ciently 144-4q.

In MOPSO,the searcl■ ing point x:∈ Rm WhiCh is distributed in the shape of

a grollp and mOves in the search space Of m dilnensiOn generates the move vector

VI∈ Rm using the positiOn inforllnation p:∈ R"on the Pareto solution shared with

group's position information p:∈ Rm Ofthe best solutiOn which self has in grOups,and

it searttes for a sOlution And it is the technique ofcOnsidering a set Ofp3∈ R"Which

inally remained“ the Par嗜 0 0ptimum meeting set The search scheme Of ⅣIOPSO

is shown below 147,481.

Algorithm of N10PSO

Figure 2.8 shows the Algorithm of MOPSO 149,5q.

Figure 2.8: Algorithm of MOPSO

Generate Hypercubes

Sclect pι (′L)

Compute the new positions

Evaluate each of particles

Updatc pl and p:

End judging

20



2.2.PARTICLE SNゝRM OPTIMIZATION

IStepll

First, the searching point number」Vre , the number Of tilnes of repetition」Vr, and

saving poirlt nurnber maximumヽ w are determined.And initi』 setting of x:(をε),

p:(je),p3(rc),V:(te)iS performed.However,づ c expresses a searching point number and

re expresses a sⅣ ing point number.xl(te)(1≦ te夕VIc)determined at random within

a limit vdue,and sets with vl(te)=0(1≦ をe≦ Ⅳre),pl(je)=X:(je)(1≦ 」
`≦

」VIc),

pl(re)=X:(je)(re=te,1≦ re≦ Ⅳre)p:(rc)(鳩c+1≦ γθ≦ハ「TX)dOes not have

an initial value,and it is NRe=NIe in initial settingヽ Ⅳhen the sa■ 7ing point numberお

set to ttc.

Istep21

1n the casc of dealing with η purpose optimization problem(η >1),Sincc a searching

point x:(dc)htt η purpOse functions,the position in the η―dimensional purpose func―

tional space is decided by those values. And eaぬ searching pOint can be evaluated

The position information p:(づ c)On the best solution which these searching pOints itsdf

has,and the pOsition information p:(rc)On the Pareto sOlutiOn shared in groups have

■objective functions similarly,and exist in η―dimensional object市 e functiOn space

A Hypercube(η ―dimensional cube)is generated so that only arbitrary numbers m町

divide the η―dimens10nal purpose fllnctional space where all p3(re)eXiStS.

Istep31

The procedure v/hich chooses p3(ん )ヽVhiCh is needed v′hen generating a lnove vector

V:(づc)at卜 tep41 is as fOl10ws.In object市 Gfunction space,the number Of p:(re)whiCh

be10ngs to cach Hypercube is set to α paying attention to all the Hypercube containing

at least one p:(rc)・ rαηα()iS Set to the unifOrm random numbersfrom O to l Tα 2d()/α

specifles one Hypercube、 vhich becomes the maxillnum and sets tO tt Hypercube ん

p:(re)iS ChOSen at random from Hypercubeん ,and Selected pι (rc)iS Set to p:(ん )

Thus,比 drtts near to the dOm虚 n where the dendty of pル c)｀ 10・V byぬoogng

p:(ん).And比 施 e&ctive in the abinty tO perbrm wide range search.

[step4]

21



In the t+lth Search,the teth searching point xl+1(づ c)mOVes to the new position

shown by Equ乱lon(2.11)aCCOrding to the move vector vi+1(te)described by formula

Equation(2.11)in Search space.

V:+1(tc)=υV:(Jc)+γ αηαl()(p:(te)一 X:('c))+rα ηα2()(p:(ん )一 X:(jc))(211)

X:+1(je)= x:(te)十 Vi+1(te),                    (212)

In Equation(2.11),W expresses an inertia weight and rαηalo,γαηd20 eXpreSSes the

unifornl random numbers frOⅡ1 0 to l The lst terlll of the right― hand side is a vector

shovring the inertia to the direction to M″ hich it IIloved lttt tilne. The 2nd terln of the

right― hand side is a vector、 vhich draM″ s a searching point near to the position of the

best solution、 vhich self hats The 3rd term of the right― hand side is a vector、vhich

draws a searching point near to the position of pl(ん ). In addition, various search

becomes realizable by random numbers rα ηαl(),「αηα2()・

Istep5]

An obieCtiVe― fllnction value is calculated ttom the pOsition of a searching point x:+1(te).

[step6]

This step consists of the fo1lowing卜 tep6-11-卜 tep6-61.

:step6-11

When x:+loc)ヽ Supe五〇rto p:(te)tO a Cert誠 n objecive― funcion valuc,比 updates

pl(づc)tO X:+1(づ ε).

Istep6-2]

AlthOugh x:+1(te)iS Superior to p:(づ c)tO a Certain purpose functbn value,when h先 五〇r

tO p:(をe)to Other purpose fllncuon vdues,it decides at randomwhether toupdatepi(tc)

tO X:+1(Ja)

Istep6-3]

When p:(re)ini五 。rto x:+1(tc)e対 StS to

dated to x:+1(te)Except it,it is deleted

lstep6‐ 4]

objective-function values, one is up-

processing [step6-6].

ｔｈ
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22 PARTICLE SWARM OPTIMIZATION

When x:+1(」 c)お exCdlent h at ttast one purpose funcuon value to all p:(ra)(thatお
,

it is the Pareto solujon),if it iS Ⅳ Rc<ヽ 理
X,X:+1(づ

ε)iS SⅣ ed as new p:(re)(re=

ハЪe+1).MOreover,since the One sⅣing pdnt number incrαttes at this time,the

saving point number is set to」 「ヽ
Rc→-1.

Istep6‐ 51

1fit is ⅣRe≧ ハ「″
X On COndition of卜 tep6-q,the number Of p3(re)SNes only x:+1(te)

be10nging to the Hypercube whidlis below a certain value as new p:(ra)(re=」 VRe+1).

Ⅳloreover,at this tilne,since the One saving point number increatses,the saving point

number is set to」VRe+1・

Istep6-6]

p:(ra)WhiCh becomes a non― Pareto solution tt the time of preservation and updating

is deleted The saving point number at this time is newly set to NRcヽ

Istep7]

The prOcedure from iSteptt tO IStep61 is repeated until it reaches the speciSed number

」ヽ7 of repeated calculation. Search、 vill be ended if the number of calculation rcaches

」路.And a inalset of p;cc)｀ COnddered“ the Pareto oplmum sohuon set.
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Chapter 3

Target Inventory Strategy in
Multistage Supply Chain

3.1 Introduction

In recent years, the automobile industry has been advancing the cost cut by a merger,

the introduction of foreign capital, promotion of competition of a supplier, etc. It

becomes very important in near future to remove waste of the production business

and to realize needs of an individual customer and the conformity nature to a change

of a market. In particular, we are satisfied a variety of customer specifi.cation in

product and service, without dropping the productive efficiency in a great need of

mass customization in SCM.

PSO is one of the methods solving a nonlinear optimization problem efficiently and

developed by Kennedy through the simulation of the simplified social model. It is

known as a result of much old numerical simulations that it is possible to calculate

the semi optimal solution of multimodal function of a continuous variable with a high

accuracy.

In this paper, we propose the setting method of the optimum order quantity by

PSO for SCM [5i]. Proposed method provides a new optimal model in logistics of

SCM which consists a retailer, a wholesaler, a distributor and a factory. And we set

up the optimum order quantity from which the profits of the whoie SCM become the

maximum by using PSO.



3.2 Outline of Supply Chain Management

There is a flow of business, starting from supply of materials or parts, production, sale,

and a physicai distribution and finally delivering goods to consumers. It is the supply

chain which regarded the flow of this business as a chain of one big supply [52-54).

SCM is managing the flow of information, the flow of goods, and the flow of money)

in a supply chain. And it is making the whole supply chain correspond quickly environ-

mental change of the market and optimize dynamically . That is, it does not necessary

optimize every section or company, but the flow of the business in connection with

information, goods, and money is seen from the viewpoint of the whole supply chain.

And it is a design concept of the management system which maximizes the cash-flow

efficiency of the whole supply chain by performing reform of information sharing and

a business process. The conceptual diagram of SCM is shown in Figure 3.1.

Infonnation Goods Money

Figure 3.1; Conceptual diagram of SCM

The background of SCM

By change of consumers' lifestyle, or diversification of needs, the life cycle of goods

has become short and the goods have not sold continuously in the long run. As a

result, if goods are not offered in accordance with consumers' timing, sales do not go

up. And the unnecessary stock left unsold will be held. Because the stock and the

physical distribution cost which occupies big specific gravity in the cost of goods were

reduced while the bad days had come and sales made little increase, a result which

many companies take in was brought. Aithough SCM has been fashion in the past

several years, what resembled this is carried out from the oid days in a supermarket

or convenience store (CVS). The headquarters organization of retail stores, such as

a supermarket and CVS, took the lead, and has controlled the time and quantity



3.2. OUTLINE OF

of supply on the basis of the order information

distribution, and a wholesale company.

Merit of SCM

SUPPLY CHAIN MANAGEMENT

of aproducer, amaker, aphysical

o Merit of company

A market and a customer's needs can be satisfied promptly.

Rationalization of the amounts of supply, such as raw material.

Useiess production is lost and manufacturing efficiency improves.

Rationalization of stock.

Rationalization of the amount of physical distributions.

Since production cost decreases as a result, a good price falls down and a

profit improves.

o Merit of consumers

- Goods needed can be purchased at a quantity needed and a price needed

by a place needed and method, when wanting.

The point of systematization of SCM

r Sharing of information

The key point of SCM is the accuracy and speed of demand forecasting. Money

of stock or disposal changes with sizes of the error of prediction especially as

what has short quality maintenance, such as food. It is a big point that the

system which can share high-precision information quickly can be constructed.

o Cooperation between companies

In the case of customer relationship management(CRM), it may be realizable if

organization is prepared in a company. However, two or more companies need

to coonerate each other in SCM.
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Table 3.1: The example of practical use of the system in SCM

Business Contents Use system

Collection of
consumer
information

Information is collected from POS sales data and
ordering data of a retaii store, inforrnation is
exchanged and shared by EDI, and it uses for the
planning of demand, a stock forecast, etc.

POS
EOS
EDI
Dcommerce

Prediction of
demand

External factors, such as consumerstpurchase trend,
the weather, etc., are considered, diversified analysis
conducted, and demand is predicted.

DP

Production and
a physical
distribution
plan

In order that all the processes such as supply of
materials, production, and a physical distribution are
optimized, planning of production, delivery planning,
etc. are olanned.

SCP
FP

Delivery time
reply

The delivery time to an order is replyed. A repiy is
offered from productive capacity and a schedule to a
sudden order or a lot of order.

Df

r The system which is flexible and is extensible

In order to realize SCM, it is necessary to exchange data with mission critical

systems, such as Point of sale(POS), Electronic Data Interchange(EDl), sales

management, and production control. Moreover, since it is necessary to deal

with a lot of data, the speed of processing is also big problem. From this reason,

the system excellent in flexibility and extendibility is needed.

Table 3.1 is shown the example of practical use of the system in SCM.

3.3 Model Formulation

3.3.1 Basic Model of Single Stage in Supply Chain

It is thought that consumer causes demand for one retailer. Here, demand at stage k

in period i is shown by normal distribution Df e N (d,o2) with average d and variance

o2. Demand forecast Jf auring lead time at stage k is formulated by

α夕= ι
たごタ
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3.3.MODEL FORMULATION

where Lた is a lead times fOr stageた and α夕is demand fOrecast at stageた in period t

using moving average lnethod、vith period O.

身=摯

身=ν7σ .Under these environment,target in■/entory bvd at stage

t is expressed by

υ夕=α夕十αたσタ

、vhere, αた is control parameter about customer satisfaction at stage た.

quantity O夕 at Stageた in period j is given by

θ夕=D夕 +ν輝1-νタ

3.3.2 Formulation of Multistage Supply Chain

“

劾

is given by

た in perlod

侵0

And, Order

(3.4)

ヽヽこe formulate foundal■ental model which is discussed in this paper. In probleln deflni―

tion and formulation,we consider these quanlies such as'夕 ,ソタ,ο夕,け ,where錯

denotes inventory at stageん in periodづ . Figure 3.2 shows four steps in a sillnple supply

chain. Indexた expresses retailer by l,、vholesaler by 2,factory by 3,and suppher by

4.ヽ ζヽe consider price of product,Pら ,Order and logistics cost,Pら ,restocking fee,P夕 ,

restocking fee in demand,P,,hOlding cost,ν告,and stock out cost,p傷 ,per unit.

Dclivery
lead time

Delivery
lead time

Delivery
lead time

Demand
frorn the outside

Retaller ] wholesaler Distributor
+l

I l'actorv
.l----{ lcad ti

t10n

me

Order
lead time

Order
lead time

ｄｃｒ

ｔｉｍ

Ｏｒ

ａｄ

Figure 3.2: SCM of Four Stages

We formulate problem deciding the order variable rf (rf"-'r1+r,rf"+t,.. . ,rf,+tp).

Maximizing profit of total supply chain ts as foilows, where fs is a plan start time and

fp is plan period.



Σ Σ OЬ Dタ ーC})

た=1」 =ts_Lξ +1

C夕 =ρζ球十Pれ}+ρЬο夕十P夕 r夕 +plbl,

Z緯1=Sタ ーυ夕+οれLら +1~r夕 ,

ν夕=∂ターけ,

球=min(九 (z夕 ),伊 ),

鶴争=た (イ ),

ο夕=/.("夕 ),

T夕 =min(計 ,た ("夕 )),

D夕 =ο夕
1,

b夕 =γ居夕b

五ζ≧Lb≧ 0,

St≧ 0,

L夕 ≧0.

(35)

(3.o

鱚つ

(3.8)

(3."

(3.10)

0.11)

6.1の

o13)

(314)

(3.15)

(3.16)

01η

In multistage supply chain,D:=θ ,iS giVen at random such as D:∈ Ⅳ(α ,σ
2).

D夕
(ん ≧2)are g市 en by Equation(3.13).け denOtes total cost of multistage and

frOm Eqllation(3.9)to Equation(3.14)are der市 ed by model assumptions.r夕 denotes

restocking in Order,b夕 restocking in demand,し:quantity Out of stock and z夕 inVerltory

variable.`ん denotes limit inventory in stageた 。And inventory quantity S夕 should not

be beyond limit inventory'た in each stage.lVe also consider lead time of order,Lら
,

restocking,五夕,and plan,Lを  Figures 3.3 and 3 4 shows that Lら is a lead time until it

orders froln the next stageた I l and returns to the present stageた , and L夕 iS a lead

time w√ hich until it returns the goods to the next stageた 1 l froln the present stageた

Lを iS lead time of period to build a plan

FttureS 3.5,3.6,3.7 and 3.8 show the in■ rentory quanutyけ ,quanttty out of stock

Z争 ,order quantity θ夕,and restocking in order T争
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33.MODEL FORMULATION

魂

Figure 3.3: Lead Time of Order

Figure 3.4: Lead Time of restocking

Figure 3.5: InventorY quantitY

イ

Figure 3.6: QuantitY out of stock

た
Ｚ
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ん
κ

　

ι

Ｚ
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χ「

3.4

Figure 3.7: Order quantity

Figure 3.8: Restocking in order

Numerical Example

In this section,the propOsed lnodel is solved using PSO.Figure 3 9 sho、 vs the outline

Of dynamics. We set the plan start tilne ts二 =20,plan period ιρ=10 and lead tilne of

period to build a plan ιを=5. In other、vords period 16-30 are prediction periOds.

TaЫ e 3.2 shows the compaHson when J宙ng″夕by the norm」 とst五button and

PSO.In the cぉ e Of a norrnそ■distribution,it is the ctte lⅣ here distribution is changed

by an average of 30. Each stage and total at that tillne, average,standard devi7ation,

the best value,and theヽ
「

orst value are shown. And it shOws the result Of PSO.In an

average and the best value,it turns out that the v/ay as a result of PSO is gOod except

stagel  Ho、vever, the value of stagel is worse and 、ハ/orse  Figures from 3 10 to 3.15

ale the result of a normal distribution when a best solution comes out by total, and



34 NUMERICAL EXAMPLE

Figure 3.9: Outline of dynamics

as a result of PSO. As for these graphs, the solid lines shows stage 1, the dashed lines

stage 2 and the dotted lines stage 3. Figures 3.10 and 3.11 are result of quantity out

of stock. Flom these figures, in result of PSO, the times of stock out are small. And

the quantity of stock out is small, too. Figures 3.12 and 3.13 are result of inventory

quantity. In result of PSO, it turns out that there is little inventory quantity except

stage 3. Figures 3.14 and 3.15 are result of order quantity. In result of PSO, it turns

out that the quantity of order is not changed sharply.

Tabie 3.2: Comparison of results

Stagel Stage2 Stage3 Total

Average 287121 275585 262507 825213

Standard Deviation 9453 30619 59549 539460

Best 302283 320354 331152 871647

Worst 272315 231835 138916 734781

PSO 256148 337778 331343 925271
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３〇

一３０

３。
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２２

４６

２３

●
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Peliod:O-15

Observntion Period

Period:16-20

Period to Builcla plan

Period:20
Plan start tirne

Periocl:16-30

Prediction Perir:d
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Figure 3.10: Result of quantity out of stock by N(30,9)
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Figure 3.11: Result of quantity out of stock by PSO
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Figure 3.12: Result of inventory quantity by ,n/(30,9)
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Figure 3.13: Result of inventory quantity by PSO
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Figure 3.14: Result of order quantity by l/(30,9)
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Figure 3.15: Result of order quantity by PSO
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3.5 Conclusion

In this chapter, we have proposed the setting method of the optimum order quantity

by PSO for SCM. Proposed method has provided a new optimal model in logistics of

SCM which consisted of a retailer, a whoiesaler, a distributor and a factory. And it is

thought to be effective to set up the optimal order quantity from which the profits of

the whole SCM become the maximum by use of PSO.
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Chapter 4

Production Planning System with
Multi-Stages for Controlling
Bullwhip trffect

4.L fntroduction

In the manufacturing industry, the establishment of mass customization is a press-

ing need. This mass customization is a management system which produces efficient

specified customer requested products with diversifi.cation in case that the products

are outside the catalog [55,56]. The design method of a new production planning

system (Mass Customization Production Planning System: MCPS) has been proposed

by the supplier between the maker in the manufacturing industry, and a processing

assembly type supplier [57,58J. 1) The lead time customer request (delivery lead time)

includes the case it is shorter than the lead time producer need to products (production

lead time). 2) The difference between forecast products and order products are not

distinguished. 3) It does not depend on the production style.

The production planning problem is formularized as a probabilistic planning prob-

lem by giving the insufficient attainment rate of planning target without setting the

safety inventory or the base inventory [57]. The production planning is the problem

of the supplier corresponding to the order environment caused by mass customization.

Since the problem [57] extends problem [SS] to the multi-commodity problem, the char-

acter and convergence etc. of a solution are discussed in detail under the particular

subject of the multi-commodity problem.
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These papers till now have assumed the demand distribution is known. However,

actually, the distribution form of demand is unknown actually, and may be unabie to

specify. In this paper, we describe the solution method of the production planning

problem [57,58] without assuming the demand distribution type of demand. That is,

the relation between the insufficient attainment rate and inventory transition [57,58]

is described. From these considerations, "making the bottom of inventory into a high

rank as much as possible in a period about inventory transition on a plan" shows

improvement of the insufficient attainment rate. Next, based on this idea, we derive

a formulation of "the inventory transition which makes the minimum point inventory

become maximum" by Min-Max strategy taking cost into consideration. This chapter

calculates the approximate solution of the formulized production planning problem by

using PSO.

PSO is thought that it can solve even if a production plan is extended to nonlinearly

by using PSO [59].

4.2 Production Planning System Corresponding to
Mass Customization Under Known Demand Dis-
tribution

First, the demand quantity from the maker to the supplier in mass customization

environment is assumed to be a normal distribution. Second, the inventory transition

in the last production base of the supplier corresponding to the variation of order from

the maker is rationalized over period n. Finally, the problem which determines the

production quantity is formularized.

Notations

i : Period number (l S").

D; : Maker's demand quantity in the period i. It follows the normal distribution with

given mean vaiue (notification) d,, the slandard deviation c,:i. Di and Di are



4.2 PRODUCTION PLANNING SYSTEM CORRESPONDING TO MASS
CUSTOMIZATION UNDER KNOヽ VN DEMAND DISTRIBUTION

independent of each other.

χt i Production quantity of period」 ,

fi : Inventory quantity of period i. The initial inventory quantity is ,Ss.

pt

んt

T

R

Manufacturing cost per unit in period i.

Inventory cost per unit in period i.

Total production of period n. That is, DLi Xr. : T.

The production constraint set (Linear constraint).

: Unfulfilled order rate until period n, i. e., It is, the probability that the inventory

runs out at least once until period n.

The unfulfilled order rate of planning target. It means the unfulfiiled order rate

which is permitted under a standard production lead time. In fact, it should

be avoided that the unfulfilled order of delivery is covered by performing urgent

production and urgent transportation. But naturally it involves the increase of

cost. Therefore, the unfulfilled order rate of plan target is the index under the

standard production and deiivery activities.

Formulation 1
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The problem with one item is formulated as setting to solve supplier's products

individually. Here Equation (4.1) is the minimization of expectation of the total of

manufacturing cost and the inventory cost. Equation (4.2) is non-negative constraint

of the inventory in each period during the range of demand which is lower than the

previous order information from the maker to the supplier. Equation (4.3) is the

aggregate inventory in period i. D1 is the random variable, and so 51 is the randorn

variable. Equation (a.a) is the total amount constraint of products. Equation (4.5) is

the constraint of the unfulfilied order rate of planning target. Equation (4.6) is ordinary

production constraint. Equation (a.7) is the nonnegative constraint of products amount

in each period. A solution is obtained by solving successively the partial problem

defined as a linear programming problem [57].

4.3 Production Planning System for Mass Customiza-
tion Under Unknown Demand Distribution

4.3.7 The Essential Features of Solution

When the demand distribution form is known, the inventory amount S; in period'l is

below the unfulfilled order rate p; of each period [57]. For that purpose, as shown in

Figure 6.7, the expectation of inventory amount S; in period i above K; shouid satisfy

in quest of E and K1 given as Equations (a.8) and (4.9).

1 lS' n t2
Ie | -\-1 ;li

0i : | -F-e 'oi dSt,
J -a l,/ ZTToi

Ki : rnt-U.

/4 R')

f4 q\

However, Equations (4.8) and (4.9) cannot be constituted in the range of this study

because the demand distribution is unknown.

Therefore at first the relation between the unfulfilled order rate and the inventory

transition is derived. From these considerations, "an inventory transition on a plan,

making the highest rank in a period the bottom of inventory is optimize." shows that

it is predominance to the unfulfilled order.

Figure a.2@) and Figure 4.2(b) shows two inventory transitions. Comparing with



43.PRODUCTION PLANNING SYSTEM FOR NIASS CUSTOMIZATION
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Figure 4.1: Basic idea of the solution when demand distribution is known

(a) Inventory before improvement (b) Inventory after improvement

Figure 4.2: Improvement of stock out

Figure a.2@), Figure 4.2(b), note that in period i the production amount X; in Figure

4.2(b) is more than the in Figure a.2@) by f . in the case that demand distribution is

known, the unfulfilled order rate in Figure 4.2(b) improve than that of Figure a.2(a).

Therefore in the case that the distribution of demand amount is unknown, the

probability that inventory in Figure 4.2(b) becomes less than 0 becomes small, and

it is predominance to unfulfilled order. That is, "making the inventory into a high

rank as much as possible in a period about inventory transition of a plan" Ieads to the

improvement of unfulfilled order.

Therefore as shown in Figure 4.3, this chaptcr's mission as for production plan-

ning problem is to find the inventory transition maximizing the minimum point by

considering the cost.

41



Figure 4.3: Basic idea of proposed solution when demand distribution is unknown

Formulation 2

A Min-Max strategy is introduced in order to realize that "inventory transition

which makes the minimum inventory point maximum" based on formulation 1. That

is, the inventory amount S; in period f is calculated as shown in Equation (4.10) beiow.

min寮
苧lν

t~島
|, 解.10)

where Mt denotes the inventory amount of planning target. Then, Equations (4.1i)

and (4.12) are obtained by making Z into an artful continuous variable.

mtn

s.t.

The introduction of cost

―島|≦ Z(∀J≦ η
)

Σρjχj+Σ〕れ島,

Σptχi+Σ〕れ島十Σ■(Z)
j=1       1=1       1=1

乙
　
Ⅳ

幹.11)

←.1幼

In a usual production management business, the decision of the cost is unusual

before the inventory ievel is decided. Therefore, it is difficult to set up a restrained

cost in advance. Therefor, two objective functions are compounded. Equation (4.14)

is a formula which adds the equivalent f (Z) to Equation (4.13).

に.13)

解.10

Formulation 3

The formulation of production planning problem in the case that demand distribu-
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tion is unknown is as follows.

min Σ2XJ+Σ んi島 十Σ洗(Z),
二=1       :=1      」=1

S.t.助 +Σχι―Σ屁≧0(∀J≦ η),

t=l     t=1

島=跳 +Σ為―Σ島,

t=l     ι=1

Σχ=T,
二=1
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解21)

where Equation (4.15) is the total cost after converting inventory level to existing cost.

Equation (4.17) denotes the inventory amount ^9; in period i, where fi is a definite

variable. ,9; is eliminable from Equations (4.17) and (4.18), and so variables are X;

and Z.

Formulation 4

Formulation 3 is extended to the multi-commodity and multi-stage problem. No-

tations are defined as follows. And the multi-commodity problem is formulated.

Notations

z :Periodnumber (i3n)

7 : Itemnumber ( j <^).

,k : Stage number.

d;i : Notified amount of item j in period z.

Xii : Production amount of item j in the beginning of period i.

S;i : Inventory amount of item j in the end of period i. Here the initial inventory

amount is ,9s.
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島

Manufacturing cost per unit of item 7 in period i.

Inventory cost per unit of item j in period z.

Total of production amount of item j during periods n.

: Inventory amount of planning target of item j.

Parameter to replace inventory level with cost of item i.

Constraint of manufacturing capacity in period i.

Production constraint set with respect of item j (Linear constraint).
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In the multi-commodity problem, manufacturing capacity restrictions of each pe-

riod of Equation (4.27) are incorporated, where Zi is artful continuous variabie cor-

responding to item 7. In a supply chain management, the middle stages inventory

without short stock are requested to satisfy customer demand. For this purpose, we

first determine stock level of each stage and then the degree of fulf,llment on the in-

ventory level. Of course we assume the degree of fulfillment on the inventory ievel in
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4.4、 NUMERICAL EXAⅣ IPLE

advance because the target inventory level depends on it. So this chapter discusses

the optimization to the degree of fulfillment on the inventory level under the condition

where the stock ievel is given.

4.4 Numerical Example

In a numerical simulation, two kinds of supplier products (parts) are considered. Tables

4.1 and 4.2 show the data of simulation.

Table 4.7: dii used in an example system of 2 items

Table 4.2: Dal used in an example system of 2 items

Moreover,P与 ={1,1,… ・,1),ん揚={8,7,… ・,1},入ん=500,λη=100,ハ r=200,

端 =10,端 =12,端 =15,彎 =135,考 =135,切1=10,切2=12,切 3=15,

4=5,ィ =5,4=5,ω J=3 br all」 AbOutん j′ ,stockお avdded tt much as

possible in the irst half of a periOd by high v″ eight  Figures 4 4 and 4 5 shoM/the

inventory quantity of item nO. l and item no 2 at stage l-3. C)shO、 vs the result Of

Z 1 2 3 4 5 6 7 8

ごれ 14 8 5 30 16 27 23 12

ごゎ 20 20 20 15 15 15 15 15

α乳 21 ９
４ 20 15 19 24 13

ごら 14 21 23 28 19 6 16 8

αえ 14 15 24 24 10 15 8 25

dぁ 12 23 21 6 22 17 10 24

Z 1 2 3 4 5 6 7 8

Di 12 8 3 30 17 26 22 12

Dゎ 18 20 ″
ｒ 15 9 19 15 13

D機 20 3 19 15 18 13 23 13

Dら 13 22 22 26 17 7 17 10

Dl 14 13 25 26 14 9 25

Dら 12 23 19 ウ
イ 24 ウ

ｒ 10 23
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inventory quantity of stagc 1, A the result of inventory quantity of stage 2 and I the

result of inventory quantity of stage3.

Si150

40

30

20

1

Figure 4.4: Inventory quantity of item no. 1

Si250

40

30

20

1

Figure 4.5: Inventory quantity of item no. 2

A change of inventory quantity about stage 1 at item no. 1 and stage 2 at item no.

2 is big. Figure 4.6 shows the result of bullwhip effect and cost when Z is changed as

Z :3,5,7. O shows the cost, A the bullwhip effect of item no. 1 and I the bullwhip

effect of item no. 2. The bullwhip effect is estimated by

%

に3の

From Figure 4.6, the cost becomes small as the value of Z grows. Here, the cost and

the bullwhip effect are minimized at the time when Z:7.It is important to request

the optimal solution when Z because of minimizing the cost and the bullwhin effect.

鴫=ЁH・
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4.5 CONCLUSION

B.E.
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Cost
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Figure 4.6: Result of bullwhip effect and cost

Conclusion

In this chapter, the improvement of the unfuifilled order rate has been shown by the

policy "To optimize the rank of the bottom of the stock (the low point of the inventory)

as high as possible in a period as for the inventory transition on plan". And, under

the condition that there is no inventory shortage in a plan, "the inventory transition

of maximization of minimum inventory point" is formulated by the Min-Max strategy

while the cost is considered according to the current idea. Here, this model has been

solved using PSO. Since it is possible that the present production plan problem is

extended to be nonlinear, using PSO is considered promising.
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Chapter 5

Production Control Technique for
Environmental Consideration
Management in Supply Chain

5. 1 Introduction

SCM is the technique of carrying out management of the supply chain which treat

from manufacture to the customer and includes a global operation. SCI\{ aims at the

profit improvement, a cost cut and shortening the production time for delivery in the

whole supply chain. The management activities supported by modern mass produc-

tion and mass consumption [55-57] are increasing the environment load [00] in many

actual problems. In a near future management activities, it is necessary to take notice

of the influence on environment etc., replying to various needs from a consumer. LCA

is the technique of evaluating the environmental influence of the life cycle of a prod-

uct. LCA [61,62] is one of the evaluation methods for environmental preservation and

evasion of resources drain. LCA gives not only the indicator of the recycling design

for realizing sustainable development, but also the estimation of effective mechanism

of manufacture. In LCA, it is important to reduce the environmental load when the

products are manufactured at machine tool and the products are transported in lo-

gistics [63]. In order to solve a corresponding optimization problem, we use the PSO

which is one of the meta-heuristics. PSO is often used as the simulation of the sim-

plified social model. In this chapter, the life cycle assessment is incorporated to the

supply chain. And, in a case of many kind of product, we determind the suitable
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order quantity considering the balance between cost and environmentai load. For that

purpose, we use the MOPSO, i. e., extended PSO for multipie purposes.

5.2 Environment-Conscious Supply Chain Manage-
ment

The products influence the Ioad to environment through the life cycle from the extrac-

tion stage of raw material to the disposal stage. The LCA can estimate the damage

from the viewpoint of load factors by summing up environmental load at each stage. In

this chapter, we focus on the environmental load of two stages, which are the logistics

stage from supplier to manufacturer and the manufacturing stage using machine at

supplier [64-66].

Figure 5.1 illustrates the target environmental load in this chapter. The unevenness

in the order quantity of the type of a car concerned from a customer to a maker is

set to os, &nd the unevenness in order quantity of the product (part) concerned from

a maker to a supplier is set to o. Thus production planning and management system

implementing mass customization is to control the production quantity in order not

to be in short supply to firm order in supplier. If we can derive such compression

mechanism for variation then it leads to the reduction of environmental load, because

of unification of a delivery truck size in logistics, effective use of a machine tool in

manufacture and so on [67,68].

5.3 Model Formulation for Multi Objective

5.3.1 Basic Model of Single Stage in Supply Chain

It is thought that consumer causes demand for one retailer. Here, demand at stage k

in period z is shown by normal distribution Df e N(d,o2) with average d and variance

o2. Demand forecast jf aurit g iead time at stage ft is formulated by

ごケ ==Zたαl (5.1)
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deviation of order (o)

MODEL FORMULATION FOR MULTI OBJECTIVE
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Figure 5.1: Target environmental load in environment-conscious supply chain manage-
ment

where, Ik is lead times for stage k ana if is demand forecast at stage k in period i

using moving average method with period O.

身=塑≒昇
型

“

.勾

Standard deviation of demand forecast during lead time at stage k is given by of :

t/Lr". Under these situations, target inventory level at stage k in period i is expressed

by

ktl"kL
1t .- : n': -+- O. af '."J7 *7 (53)

where, aft is control parameter about customer satisfaction at stage k. And, order

quantity O! at stage k in period i is given by

ο夕=D夕 +ν揮1-″

5。 3.2  Formulation of Multistage Supply Chain
“

.→

゛ヽ formulate fOundamental lnodel、 vhich is discussed in this ぬapter. In prOblem

dennition and formulation,we consider these quantities such as D夕 ,ν夕,ο夕,け ,Where

Si denOtes inventory at stageた in periodづ  Indexた expresses retailer by l,、 vholesaler

by 2, factory by 3, and supplier by 4. ヽヽZe consider price of product, lθ
Ь, order and

logistics cost,Pら ,restOCking fee,p夕 ,restocking fee in demand,pl,hOlding cOst,P告 ,

and stock out cost,pt,per unit. In the same v/ay Mre consider environlnent load, cost
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for production,cら ,10gistics,cら ,restocking in order,c夕 ,restocking in demand,cl,and

holと ng iⅣ entory,cし ,br per umt respectively

Vヽe formulate problem deciding the order variable"夕
(χ亀_L普 +1'・梶+1'・ …

'・
縄+tp).

Where is ts start time of a plan ιp planゴ ng pe五 od″夕施determined tt maximizing

proflt of total supply chain given as folloM′ si

rnlll

mln

s.t.

Σ Σ "タ ーpttD夕
)

ん=1を =ts_Lを +1

m  ts+tp

Σ Σ gタ
た=11=ι s_Lを +1

c夕 =plS夕 十ptz夕 十PらOf+ρ夕γf十 plb夕
,

g夕 =θ ttS夕 十θら0夕 +θ,rf+θ lbF tt θЬD夕
,

Z緯 1=Sタ ーν夕+θれLら+1-γ夕,

ンタ=Dタ ーbr,

S夕 =mm(ム (z夕 ),ダ ),

υ夕=た (イ ),

ο夕=ム (π夕),

rFmin(計 ,た (χ夕)),

D夕 =ο夕
1,

b夕 =γ鰐夕b

L[≧ ι♭≧0,

,2≧ o,

L夕 ≧0

“
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where cf denotes total cost of multistage, gf totai environmental load of ,multistage.

From Equation (5.i1) to Equation (5.16) are derived by model assumptions. rf denotes

restocking in order, bf restocking in demand, uf quantity out of stock and zf inventory

variable. ,9k denotes limit inventory in stage k. And inventory quantity Sf should

not be beyond limit inventory Sa in each stage. We consider lead time of order, trf;,
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5.4.NUMERICAL EXAMPLE

restocking,L夕 ,and plan,ιを.Lb is a lead time untilit orders from the next stageた +1

and returns to the present stageた , and ι夕iS a lead tilne until it returns the goods to

the next stageた +l fronl the present stageた  Ll is lead time of periOd tO build a plan

5.4 Numerical Example

In this section, we use MOPSO to solve the proposed model. Figures 5.2 and 5.3 shows

results of order quantity and demand quantity when we have given an order variable

with MOPSO so that a cost and environmental Ioad become minimize. Figure 5.4 is

result about Cost and COz. We use a population of 45 particles, a repository size of

100 particles and from 100 to 10000 search times. Figure 5.4 shows that Cost and CO2

converge in a constant value when search time is 10000. Table 5.1 shows that Cost

and CO2 in each stage when the search time is 10000. Cost and COz can be reduced

by carrying out the share of the information not only on each stage but on all stages.

Table 5.1:Total Cost and C02 in Each Stage

Cost C02
Stage 1 235855 4842

Stage 2 279183 18055

Stage 3 234895 22313

All Stage 749700 21254

Order Quantity
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Figure 5 2:Result of Order Quantity
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Figure 5 3: ]Result of Demand
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Figure 5.4:Result Of COst and C02

5.5 Conclusion

In this paper, we have proposed the optimum target order quantity considering envi-

ronmental issuer for SCM by MOPSO. Proposed model has provided a new optimal

strategy which focuses on environmental conscious in logistics and inventory of SCM

from supplier to maker.

γ
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Chapter 6

Environmental fmpact Estimation
System

6。 l  lntroduction

In recent years, an environmentai problem is serious and environrnent assessment is

performed in various companies using LCA. When performing LCA evaluation, in order

that computational complexity is huge, many LCA systems are developed. However,

on occasions when medium and smail-sized businesses and an individual perform the

environment assessment, it is difficult to construct a LCA system. Moreover, for

buying the LCA system marketed, it is very expensive. Therefor, we proposes and

constructs the LCA system whose development / run environment is no charge. In a

proposal system, the life cycle and environmental impact of a product can be grasped

quantitatively. For that reason, an improvement of future environment and reduction

of the environmental impact substance discharged from a company can be aimed at.

6.2 Feature of System

The feature of the constructed environmental impact estimation system is as follows.

The system in distributed environment

By using distributed type, a database can be operated from the computer of two or

more different models distributed to a remote place, and information can be acquired

in real time.
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Standardization of environmental irnpact evaluation

The environmental impact which was being evaluated in each post or a company

until now can be standardized. For that reason, it cannot be concerned with the size

of a company but can evaluate.

Easy extension

Since it is constructing by JSP and MySQL which are no charge, anyone is easy to

extend. Developing to the system which suited itself is possible.

The construction environment of a svstem is Table 6.1.

Table 6.1: Construction environment

OS Vヽindo、vs XP

J2SE SDK 1.5.0

Tomcat 55.23

Apache 2.059

MySQL 5.0.27

6.3 Surnmary of System

Here, the summary of the constructed system is shown. Figure 6.1 shows the life cycle

flow chart of the product in a certain company. A system is constructed based on this

flow chart. A login check is first performed on a login page as shown in Figure 6.2.

And if it succeeds in login, it will move to the main page of Figure 6.3. of the main

page shows renewal of product information, and is Figure 6.4 for details. shows

environmental impact coefficient renewal and is Figure 6.5 for details. can choose a

product name) and as shown in Figure 6.6, it can display product information. can

input the environmental impact for every process. And the resuit of having calculated

the environmental impact for every process is Figure 6.7.



6.3.SUMMARY OF SYSTEM
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Figure 6.2: Login Page
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Figure 6.3: Main Page

C Renewal Page of Product Information

Figure 6.4: Renewal Page of Product Information
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6.3.SUMMARY ΘF SYSTEM
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環境彙荷■積り支援システム

@ Process -Sum Total of All Processes-

A product name is chosen and a
display button is pushed.

Figure 6.7: Process

6.4 Conclusion

Proposal and construction of a system which can understa,nd the life cycle and environ-

mental impact of a product qua,ntitatively were performed. Shortening of computation

time is expected by the proposal system using a LCA database. Moreover, the food

company is actually evaluating the constructed system today. In the future, the con-

structed server can use it for other purposes, such as collection of questionnaire data.

Moreover, it is extensible to a strategic environmental management system by including

optimization in a system and developing it.
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Chapter 7

Conclusion

This thesis has developed the environmental evaluation method in the manufacturing

industry. And the optimum order quantity and proper inventory aiming at cost re-

duction have been set up, and the model which reconciles reduction of cost and an

environmental load has been proposed.

Chapter 3 has proposed the method of setting up the optimum order quantity for

SCM in case of one product. Here the supply chain which consists of a retailer, a

wholesaler, a delivery center, and a factory has been considered. And the new optimal

model in the physical distribution has been proposed. Then, using PSO, the optimum

order quantity has been set up so that profits become the maximum. As a result,

sharing information in all rather than having information on each stage of a supply

chain has made profits increase. However, if actual, it is difficult to share information

between each process or each company. Therefore, a future problem is the construction

of the system which can share information.

Chapter 4 has proposed the production planning model corresponding to mass

customization in the manufacturing industry under two kind of products. By raising

the low place of an inventory as much as possible in a period, leading to an improvement

of an unfulfiiled order rate has been shown. Moreover, based on this point of view,

inventory transition which makes the minimum point in stock maximum has been

formulated based on the Min-Max strategy. As a result, the solution has been able to be

obtained to the order production planning problem with respect to the supplier under

a sharp change of received, without assuming the distribution of demand quantity.
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Chapter 5 has proposed the modei which reconciies reduction of cost and an en-

vironmental load. In order to calculate an environmental load, the environmental

Ioad estimation system has been constructed. And the optimum order quantity which

considered the balance of cost and an environmental Ioad has been calculated using

MOPSO. Since the proposed model supports only one product, the proposal of the

model corresponding to two or more products is aimed at from now on.

Chapter 6 has proposed the LCA system which can understand the life cycle and

environmental impact of a product quantitativeiy. Shortening of the computation

time of environment assessment can be performed by using a proposal system. And

reduction of the environmental impact substance discharged from a company can be

aimed at.

F\ture research should use not only process analysis but the input-output analysis,

and evaluating an environmental load . Process analysis is used when LCA estimates

today. Process analysis models the target product life cycle as an aggregate of a unit

process. And the environmental load value of each unit process is investigated, and

these environmental Ioad values are totally. Input-output analysis is the calculation

method adapting the analyticai skills of the economic rippie effect, and calculates using

an input-output table. Input-output anaiysis is used for LCA evaluated only using

process analysis until now. As a result, it can calculate not only an environmentai Ioad

at each process, but it can be taken into consideration whether it is mutually affected

among segments of industry. And cost calculation is added to an environmental load

estimation system. It aims at enabling it to calculate an optimum order quantity

synthetically.

Finally we hope my research result becomes helpful to soive the environmental.

problem and do further purpose.
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