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Abstract

Researches of the traditional lot sizing and scheduling problems
often neglect the marketing effects and product strategy, and only look
for production decision based on production limits such as capacity,
lead time, and cost, etc. It is have lot sizing and scheduling models
integrated marketing strategies, and not only focus on the optimization
of production issues. This research integrated the traditional ot sizing
and scheduling model and the concept of product life cycle (PLC)
marketing strategy, cash flow, and learning curve, and used genetic
algorithms (GAs) as the solution tool. Developing an multi-item,
multi- level lot sizing and scheduling model incorporates the
inventory models and actual market situation.

This research, based upon the multi-level proportional lot sizing
and scheduling problem with multiple machines (MM- PLSP), took
into consideration stages of product life cycle, cash flow, and learning
curve, and developed the three related modes:. PLC based MM-PLSP
(PLC-PLSP), cash flow-oriented MM-PLSP (CF-PLSP) and cash
flow-oriented PLC-PLSP. By a numerical example, it was shown that
considerations of the product life cycle factor improved the results of
traditional lot sizing and scheduling model.

Key words: Lot Sizing and Scheduling, Proportional Lot Sizing and Scheduling
Problems, Production Life Cycle, Cash Flow, G.enetic Algorithms



2002

6



L L e

L 2 e ——————————————————
L 3 e ——————————————————
L ettt e nenreas
2.1 (PRODUCTION PLANNING AND SCHEDULING) .....cccverveenens
2.2 (LOT SIZING AND SCHEDULING PROBLEM) ...cvveiveeeieiieerieennans
221 (The capacitated lot sizing problem; CLSP)........
222 (The discrete lot sizing and scheduling
oT0] ol g T I I ) S
2.2.3 (The continuous setup lot sizing problem ; CSLP)
224 (Proportional lot sizing and scheduling
ProbIEM, PLSP).....i ettt ettt
2.3 (PRODUCTION LIFE CYCLE; PLC) ..cvviieveeececeece e, 12
2.3 L e ———————————————— 13
232 14
PLSP (PLC-BASED MM-PL SP,

IO = = TP 19
B ——————————— 19
3.2 (MULTI-LEVEL PLSPWITH
MULTIPLE MACHINES; MM-PLSP) et 23
33 PLC-PLSP 26

B 3 L e ————————— 26

BB2PLC-PLSP s 30

MM-PLSP  PLC-PLSP e 37

4.1 (FUTURE VALUE, FV) (PRESENT VALUE, PV)........... 38

4.2 PLSP  PLC-PLSP e 41
4.2.1 (cash flow-oriented

MIM-PLSP, CF-PLSP) ...ttt st 41

4.2.2 PLC-PLSP(cash flow-oriented PLC-PLSP) ............... 43

PLSP 45

570 ST 46



B 3 e —————————— s 47
5.3 L e —————————— 47

ST 357 51
B e e e et e renrenreene e 51
5705 TSRO 52
570 TSSO 52
BT e ————————————————a e 53
.................................................................................................. 54

70 S 54
6.2 e ——— 56
B.2LMM-PLSP e 57
B6.22PLC-PLSP 61
B6.23CF-PLSP 70
6.24 Cashflow-oriented PLC-PLSP L 75
8.3 e ————————————— e e 79
8.3 L e ———————————————————— e 79
B.3.2 e ———————————— 81
6.3.3 e ————————— 82
.............................................................................................. 87

75 RSO 87
74O 88
.................................................................................................................. 89



2- L ————————————————————— 10
2-2 — 14
2-3 o —————————————— s 18
31 o ——————————————————————— 21
32 o ———————————————— 22
3- 3 Decision variable for the PLSP-MM ... 24
3- 4 Parameters for the PLSP-MM ..o 24
- D e ————————————————————————— 27
- B e ——————————————————————— 28
- T ————————————————— 28
3-8 ————————— 31
B- O PL C-PLSOP e ———————— 31
B-1S,  ——————————— 46
5- 2 Parameters for the SeleCtion FUIES..........ccveveierene i 47
5-3 53
Gt S 54
B- 2 e 55
B- 3 e ————————————————— 55
B- 4 e ——————————————————— 56
B6-5MM-PLSP 57
B- 6 e ————————————— 58
6- 7TMM-PLSP e ———————— 59
6- EMM-PLSP 59
B- O e ———————————————————————— 61
B- 10 e ———————————— 61
B- 11 e 65
B- 12 PLC-PLSP e 66
6- 13 Xj, oreeeesensessss 67
B- LAPLC-PLSP e 68
B- ISPLC-PLSP e 68
B-16 e ——————————— 70
B- 17 CF-PLSP 71
B- 18 e ———————————— 72
B6- 1O CF-PLSP e —————— 73

Vi



6- 20 CF-PLSP 73

6- 21 cash flow-oriented PLC-PLSP 75
B-22 e ———————————— 76
6- 23 cash flow-oriented PLC-PLSP 77
6- 24 cash flow-oriented PLC-PLSP e 77
B- 2D ettt b nre s 81
6-26PLC e ———— 81
B- 27 et 82
6-28 82
6-29 83
6-30 84
6-31 85

vii



Lo 3

2- L e e 11
2= e ——————————————————— 13
2= 3 e ——————————————————————————— 16
2-4 e e 17
B L ——————————————————— 27
3 2 —————————————— 29
K PSS 29
B ettt en 30
4-1 L ————————————————— 38
A 2 ettt 39
4-3 L s 39
A-Ad et 40
B L —————————————————— 45
B et 50
S 52
B s 52
O D e e e 52
6- 1 Gozinto-structure for ManUFaCIUNNG .........cceoverirererereseeeeeeee e 54
6-2MM-PLSP 60
B- 3 s 62
B-4 e ————————————————— 63
6-5PLC-PLSP 69
B- B e 70
6- 7CF-PLSP 74
6- 8 cash flow-oriented PLC-PLSP 78
B- OMM-PLSP s 79
6- IOPLC-PLSP s 79
B- L1 CF-PLSP s 80
6- 12 Cashflow oriented PLC-PLSP e 80
6-13 83
6-14 85

viii



1.1

(Elaticity) (Speed) 21

(Multi-level Proportional Lot Sizing and Scheduling
Problem with Multiple Machines, MM-PL SP)

(Time Value of
Money) (Learning in Setups)

(Genetic Algorithm, GA)
MATLAB



1.2

Roger[65]
(Single-item) (Single-level)
(Multi-item)
(Multi-level)
(PLSP)
(Time Value of Money)
(supply

side) (demand side)



1.3

1- 1

(Multi-level Proportional Lot Sizing and Scheduling Problem,

MM-PLSP) (Marketing Management)
(Finance Management) (Product Life Cycle,
PLC) (Cash Flow) -
(PLC based

MM-PLSP, PLC-PLSP)

(Cash flow-oriented MM-PLSP, CF-PLSP) -
(Cash

Flow-oriented PLC-PLSP) (GA)

PLC-PLSP
(cash flow-oriented PLC-PLSP)

7

—
P LPS

(ash fw ront e

MM-PLS P ,GEESP)

(> s eMPLSP,
FLCPBP)

L

(MutiHevd B ptio nl alt iZn gnd h&idin g Bblem
wi tut i eah &8 MM-ALSP)

1-1




1.4

MM-PLSP
MM-PLSP PLC-PLSP

MM-PLSP  PLC-PLSP

MM-PLSP  PLC-PLSP
MM-PLSP  PLC-PLSP

(Learning in Setup) CF-PLSP PLC-PLSP
Cash Flow-oriented PLC-PLSP



Cash Flow-oriented PLC-PLSP



2.1 (production planning and

scheduling)
(production cells) (segments)
(flow line) (work center)

(production system)
(microcosmic)

(raw material) (component parts)
(final
product)
(production planning and scheduling)
(long-term) (medium-term)

(short-term)

(master production scheduling; MPS)  MPS
(external demand) (due dates)
(feasible )

(holding cost)



(setup cost)

(trade-off)
(optimum)
( )
(lot
sizing and scheduling problem)
2.2 (lot sizing and scheduling problem)

(lot sizing problem)

(economic order quantity ; EOQ)
EOQ (single-item)
(single-level)
Bahl et al.[3] EOQ

(economic lot
scheduling problem ; ELSP) 1958 Rogerg[64] ELSP
Elmaghraby|[23]
1976 ELSP
(1)
)
ELSP EOQ



ELSP (multi-item)
BSP(batching and scheduling
problem) [40] EOQ ELSP
(dynamic demand)

(scheduling)
EOQ ELSP
BSP (discrete)
2.2.1 (The capacitated lot sizing problem ;
CLSP)
(CLSP) WW
ELSP

(large bucket problem)

Bitran & Matsuo[6] CLSP
NP-hard Barany et a.[4 CLSP
Hindi[33] (Tabu search) CLSP Diaby et a.[17]
(Lagrangean relaxation) CLSP Diaby et al[18].
Kircaet a.[47] CLSP Ishii & Imori[37]
CLSP
CLSP Ozdamar et a.[55]

CLSP



Dauzere-Peres et al.[15]

2.2.2 (The discrete lot sizing and
scheduling problem ; DL SP)
CLSP
(DLSP) DLSP
(all-or-nothing)
(small bucket problem) DLSP

DLSP NP-hard
Cattrysse et a.[10] Dual Ascent Column
Generation DSLP Hoesd et a.[34]
DLSP Fleischmann et a.[24][25] DLSP

(traveling salesman problem)

Fleischmann et al.[25]
Hoesel et al.[34]

2.2.3 (The continuous setup lot sizing
problem ; CSLP)

(CSLP) CSLP DLSP CSLP
Bitraneta.[7] Karmarkar et al.[41]
2.2.4 (Proportional lot sizing and

scheduling problem; PL SP)
CSLP

Drex| & Haase[20] PLSP
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PLSP CSLP
PLSP

Dauzere-Peres et al.[15]

Kimmg[44] (Tabu search)
(randomized-regret methods) PLSP Kimmg[45]
PLSP ( )DLSP  (
)JCSLP  ( )PLSP 2-1
EOQ PLSP
2-1

(infinite) 1
(continuous) (constant)
(finite)
(discrete) (dynamic)
(finite) 1
(discrete) (dynamic)
(finite) 1
(discrete) (dynamic)
(finite) 5
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ELSP CLSP DLSP

CSLP PLSP
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2.3 (Production life cycle; PLC)

(Product Life Cycle PLC) PLC

(conceptual framework)

PLC
(strategic planning)
Aaker[1] PLC (experience curve)
(competitive
cost advantage) Boston Consulting Group BCG
PLC PLC
(planning tool) PLC
PLC
PLC (control tool) PLC
PLC
PLC
PLC
(forecasting tool) PLC
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231
(position) (concept)

(Product Life Cycle) Levitt[53]

Levitt PLC
PLC
2-1 PLC
1.
A

2-1

Cox [14] PLC
Cox 1955 1960 754

Smallwood[68]
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Kolter[48]
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2-3

Cox, 1967 |Between catalogue Between Between MMR Between Ethical drugs
birth and commercia birth | and commercial | commercia death
commercial birth | and maximum death (20% or and catalogue
(5000 national | monthly revenue | 10% of MMR) death
new prescriptions (MMR)
in one month)
Polli & Yearly sdles" of | Yearly percentage| _g.05< S < S <-0.050r Food, health &
Cook, nondurablei | changesinS (S . . personal care, with
1969 divided by sales of o S (* ) *0.050r -20<§ S <o cigarette products
al nondurables | > t0-050r S > < +Yeo (°All sdles data are| ysing the limits of
(S) <5%ofa Yoo in the adjusted for Yoo
real or observed | distribution of all population growth,
peak sales s change in the level
of personal
consumption and
price changes)
Qualls, Beginsfromthe | Beginsfromthe Beginsfrom a - Household
Olshavsky | first year of sales first two yearly rate of appliances
& reported by successive years growth < the (°for which all
Michaels, | Merchandising | of salesgrowth> | growthratein data after the
1981 5%, following consumer growth stage
introduction expenditures for where the product
all household had not yet
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sufficiently large
slowdown were
used)
Thietart & - Average growth Real market Real market 1100 PIMS
Vivas, rate® of the market | growth rate within| growth rate < 0% businesses:
1984 served by the | [0%, 4.5%)] or the | or the perceived | consumer goods
businessover a | perceived stage |stage evaluated by| andindustrial
four-year period > | evauated by the the managers products
4.5% or the managers
perceived life (“corrected for
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(PLSP) (PLC)

(multi-item lot-sizing scheduling)

(demand site) (supply site)

PLC-PLSP PLSP
(dynamic)
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3.2 (Multi-level
PL SP with Multiple Machines, MM -PL SP)

(multiple machines) PLSP
(multi-level
PLSP) Kimms[43] MM-PLSP
MM-PLSP (Finite Capacity)
(Finite Planning Horizon)
(Discrete Time Periods) (Severa Items)
(Known Dynamic Demand)
(Stockouts) (Backlogs)
(

Gozinto-structure)

(Setup Cost) (Holding Cost)
(Minimized Total Cost)

(Setup Cost) (Holding Cost)
(Trade Off)
MM-PLSP (Multi-item)

(Multi-level) PLSP-MM
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3-3 Decision variable for the PLSP-MM

Symbol Definition

I, Inventory for item j at the end of period t.

a;, Production quantity for itemj in period t.

X;, Binary variable which indicates whether a setup for item j occurs
inperiod t (X; =1) or not (x; =0).

Y, Binary variable which indicates whether machine m, is set up for
item j at the end of period t (y; =1) or not (y; =0).

3-4 Parametersfor the PLSP-MM
Symbol Definition

J Number of items.

M Numbers of machines.

T Numbers of periods.
“Gozinto”- factor. Its value is zeros if item i is not an immediate

a; successor of item j. Otherwise, it is the quantity of item j that to
produce oneitemi.

C., Available capacity of machinemin period t.

d,, External demand for item j in period t.

h, Non-negative holding cost for having one unit of item j one period
ininventory.

m, Machines on which itemsj is produced.

p, Capacity needs for producing one unit of item j.

S, Non-negative setup cost for item j.

v, Positive and integral lead time of item .

I, Initial inventory for itemj.

Yio Unique initial setup state.

a, Set of all itemsthat share the machinem, i.e.
tp={ie{L2....3}m =m].

B, Set of immediate successor of item |, i.e.

24



PLSP-MM

ManZ(sx +h1;) (1)
Subject to
Ijtzlj(t—1)+qjt |Zﬁa“qlt i=12...,3,t=12...T (2
m|nt+vJ }
,2> > aq, j=12..J,t=12..T-1 (3)
iefi r=t+1
J
>y, <L m=12..M,t=12...T (4)
leam
X 2 Y~ Yy i=12...,J,t=12,...,T, (5)
qujtscmjt(yj(t_l)—yjt), j=12...,3, t=12...,T, (6)
D> P04 <Cq, Mm=12...M,t=12..T, (7)
jeam
y, €{0l i=12...,1, j=12..J, t=12...T (8)
L 0%, 20, j=12,...,3, t=12...,T (9)
(1) MM-PLSP
2
t (Ijt) t-1 (Ij(t—l))
t (q,,) t (external
demand, d,) (internal demand, > a;q, ) (3)
iep;
(4)
(5) t-1 J
(i.e Yie 0) t ] t
(6)
(7)
(8) (binary)  (9)
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MM-PLSP

MM-PLSP
3.3 PLC-PL SP
MM-PLSP
MM-PLSP
PLSP

(PLC-PLSP)
331

MM-PLSP

3-1
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3-5 (t)=
- (t-1) (0)=0
3-5
1 2 3 4 5
10 30 55 50 35
10 20 25 5 15
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(t)=( (t-1)+ 1) /12 (0)=0
3-6
3-6
10 30 55 50 35
5 20 425 | 525 | 425
H=( (t-1)+ ®
(t+1)) /3 (0)=0 3-7
3-7
10 30 55 50 35
1333 | 3167 | 45 | 4667 | 2833
3-2
0o 1 1
1
0-1
1 3 2 3

1~-3
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1-3

3 4 4
4 5 5 4
_ BT AR
—ERE R : ¢
|| mEEEE
= ZEBAFEEIF
40 -
30+
20+
10F
0
-20

M

0 0.5 1 1.5 2 25 3 34 4 4.5
Periods
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332PLC

-PLSP

(sales history)
(distinct stages)
(Capacity)
(Lot-sizing)
(supply site)
(demand site)
34
PLC-PLSP 39
Dead
A
(ntdruoc | { Go wi(Hs)t uDetcy|) ne)
» P eosd
0 T/ n Tor Tma T

34
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3-8

(capity)

(1 ot

3 - PLC- PLSP
Symbol Definition
T, The upper bound of introduction stage.
Ts The upper bound of growth stage.
Tva The upper bound of maturity stage.
In The number of Introduction stage.
Gr The number of Growth periods.
Ma The number of Maturity periods.
De The number of Decline periods.
n, The number of immediate successor of itemj.
e The set of end products.

31
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(setup cost)

C )
(holding cost)
( )
(10)
X (10)
(11)
: zdjt T
Cm=min{C,,C,xE—x—¢t. for j=12,..J,t=12..,T, (12)
Zdjt In
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Cwm =min{C,,C_ x

Cm=min{C,,C x

di .

i d, Gr
t=1
TMa
2% 1
=
Zdjt Ma
t=1

T
zdjt T

t=1 X

idjt De

t=1

(11)

for j=12,..,3,t=T,+1...,Tg.

. for j=1,2,...,3,t=T, +1..., T,

. for j=12..,3,t=T,,+1...T

33
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(13)
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(15)

= X (15)

0<q,<nx—L— for j=12..,3,t=12..T,. (16)

(17)

re



e Tva
2.2 d;
0<qu<nx—E—. for j=1,2,..,3,t=Ty +1...,T.. (18)
Ma
4
Tin
2. dy
OSqHSWXL%E< for j=12,.,3,t=T,,+1..,T. (19)
MM-PLSP
MM-PLSP PLC-PLSP
PLC-PLSP
J T
Mind > (s, +hl ;)
=1 i-1
Subject to
Ih=H“ﬁ+qh—dh—§:mgm i=12...,3,t=12....T
iep;
min{t+vj ,T}
|JtZZ a“qm j=1,2,...,J, t=1,2,...,T—1,
ief; r=t+l

iyjtsl m=12..,M, t=12,..,T,

jeam

Xi 2 Yi = Yigy j=12,...,3,t=12,....T,
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P, SCome (Vi ~Vig)s §=1200 3, 12127

> POy <Cm, M=12..,M, t=12..T

jeam
yihe{O,l} 1=12,...,1, j=12,...,3, t=12...T
TIn
) Zdit T
Cm=min;C,,C, x5 xl— L for j=1,2,..,3,t=12..T,
D
t=1
| Zd,t
Cm=mnC,,C, x ><— Cforj=12..,3,t=T, +1..T,.
d Gr
Tva
| S o
Cm=mnyC,,C xZF—x—0r:. for j=12..,3,t=Tg +1... T,
d Ma
.
Zdjt T
Cwm=min{C,,C, x— Cfor j=12..,3,t=T,,+L...T
Zd De
jt
t=1
e Ty
2. 2.4,
0<q Snjx%. for j=1,2,..,J,t=12,...,T,
e Tg
2,29
0<qjt£nx Gr Cfor j=12,...,3,t=T, +1,..
e Tva
2.2.9
0< qjt Sn XM—a for J ::LZ,...,J,t:TGr +:L...,TM
Tln
2.4;

0<q,<n thlﬁ. for j=12,..,J3,t=T, +1..T.

|jt,qj't,th20, j:].,Z,...,J, t=l,2,...,T
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MM-PLSP  PLC-PLSP

(Time
Value of Money)

(investments)
(production rate)
(production cost)

[29][60]
EOQ ELSP CLSP...
PLSP /
(
+ )
/ (cost-oriented production/inventory models)
(net present value, NPV)
/
(cash flow-oriented production/inventory models)
(economic effect)[35] Holfmann[35] EPQ
(cash flow) EPQ

EPQ
EPQ
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(optimal capita

expenditure)

4.1 (future value, FV) (present value,
PV)
/
/
1000 / 10%
(compounding interest rates) 4
4- 1
0 1 2 3 4
| | | | |
\ \ \ \ |
$1,000%,100 $1, 210 $1,331%$1, 464
| | | | |
x 1.1 x 1.1 x 1.1 x 1.1
4
$1,000 1 $1, 464
4-1 /
PV x(1+i)"=FV, (20)
PV FV [ n
(20) L+i)" (Future Vaue Interest Factor,

FVIF)
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A
10—
9 —
g —
7 4
6 —
5
4
3
2
1 -
—r 1 T T T T T T T T "
1 2 3 4 5 6 7 8 9 101112
42
4 1000
43
0 1 5 2 .

+ 1.1 =+ 1.1 =+ 1.1 + 1.1

$683 (1.4 1 000
43 |/

PV =P (1+1 )" (21)

(1+1 )" (Present Value Interest Factor,

PVIF) ( )
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44 ()

-

10
09
08
07
06
05
04
03
02
01

I I O R

1 T T T T T T T T T 1™
1 2 3 4 5 6 7 8 9 101112

4- 4

Argote & Epple[2]  Yellg[69]
power function power function

S=SxM" V{t|S S, (22)

S t $/
S $
Smin $/

Ram & Thomag[61] b
0.321928 power function (22

S = Six(t)—o.szlgzs V{t|$ > Smin} (23)
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4.2 PLSP PLC-PLSP

PLSP
PLC-PLSP

/ (cost-oriented production/inventory models)
PLSP

(learning in setups)
PLSP  PLC-PLSP /
(cash flow-oriented production/inventory models)
(minimize capital expenditure)

421 (cash
flow-oriented MM-PL SP, CF-PL SP)

- ( Sy jt _
;( J%H)t) fort=12,...T. (24)
Z(hjljt (1+i)tj' fort=12,....,T. (25)

i=1

S, =S, x(1) %% for j=12,..,3. (26)

cash flow-PLSP (1)
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(27)

Minég{(sjtx%+i)t)+(hj l%ﬂ)tﬂ (27)

Subject to
Iit:Ij(t_1)+qjt_djt_zajiqit’ j:lzp--,J,t::LZ,...,T
iep;
min{t+vj,T}
IJtZZ Z ajiqir, j:]"z""7J’t:]'121"'1T_:L
iEﬁj r=t+1
J
>y, <L m=12..,M, t=12..T
jeam
th 2yJ't_yJ'(t_]_)’ j:l’za---’\], t:l,z,...,T,
qu,-tscmjt(yj(t_l)—y,-t), i=12...3,t=12,...T,
> 0, <Cp, Mm=12..M, t=12..T,
jeam

y; €101 i=12..1, j=12..3, t=12..T
Sjt _ Sjlx (t)—0.321928 fort=12.T.
1,0, %, >0, j=12..,3,t=12...T
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4.2.2 PL C-PL SP(cash flow-oriented PL C-PL SP)

PLC-PLSP PLSP

w7 L7

Subject to
Ijt :Ij(t—l)+qjt_djt_lzﬂa“qlt’ j=1,2,...,J, t=1,2,...,T
min{t+v; T}
IJtZZﬂ: zl a”q”‘ J::LZ ..... \], t=:|,2 ..... T_l,
1€f] r=t+
J
Zyjtﬁl, m=12,....M, t=12,...,T,
jeam
thzyjt_yj(tfl)’ j=1,2,...,J, t=1,2,...,T,

il Sc‘mt(yi(t-l)‘yn)’ j=12...,J,t=12....T,

> Py <Cm, M=12,..,M,t=12...T,

jeam
y, {01 i=12...,1, j=12..3, t=12..T
Sjt = Sjlx(t)'°'321928 fort=12,...T.
Tln
. >d, o
Cm=min{C,,C, x XE L for j=12,..,3,t=12..T,
2.9
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C'm =mn

C‘m =mn

WM—u
N

i—

t=1

Cm=miniC,,C, x
jt

€ Tln

2.2.4,

t=1
Gr

0<q,<n, Xt:lD—e' for j

quwxhzq j=12,..

(Time Vaue of Money)

—= for j=1,2,

. for j=1,2,...

T :

[ for j=12..3,t=T,+1..T,.
T .

><WI Cfor j=12..,3,t=T, +1..., T,

x—o-. for j=12,..,3,t=T,+1..T
Do j=1 va 1,

o d, t=12,.,T,.
o t=T,+1...,Tg,.
wo d, t=Tg +1.., T

=12,..,3,t=T,, +1...T.

L, 1=12,...T

(Learning in Setups)
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PLSP

PLSP
(Genetic Algorithm, GA)

| 4
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PLSP

(coding)

(population size)

function) (genetic operations)
5.1
(chrosome) (gene)
(binary) 1 0
MxT Su
51
1 2 3 | MxT
0 1 0 1 1 0
5 1S,
5.2
(state space)
50(pop_no=50) 50 s,

46
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5.3

531

(backward-oriented)
(t=T)
(t=T-1,T-2,...1)
(Sx)
(S,=1 for m=12,..,.M,T=T,T-1...,.1,)

5- 2 Parameters for the selection rules

Symbol Definition

Cumulative demand for item j is not been met yet in period t,

CD]_t T T

Where CD]t :th”. - ;lqu., CDj(T+l) :0.
n, . _ i q

The net requirement of item j, where nr; :Z; o
pat; The path to anitem .
dep; The depth of anitemj.
1S The set of items are selected by select rulei.

( )
2
(51 — 0, — 53 -
54 - 55)
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5, (holding costs)

nr; — i d;, >O}. (28)

r=t+1

fon :{j eam‘CDj(Hl) >O}m{j €,

Ay t m
(sef)
j
(immediate successor) i (t=t+1)

j

Sim e{i eamt‘hCDi(Hl) = max{j eam\hjcojaﬂ)}}. (29)

(Is; 2)
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5, (setup costs)

J 2
] (
(t+1)
Simeiy =1 for j=F;. (30)
(30) (31)
(P)  Simew O( IS,
IS, =1S;

U ={] €@ |CD ) + >O}m{j ca,

nr, — i q;, > O}. (31)

r=t+1

Sjme{ieam[‘s:min{jeam‘sj}}. (32

(1s, 2) 5
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Sy (depth)

(
)
dep,=4 dep,=3 dep,=2 dep, =1
Sim ={i €y ‘dep, = max{j €y ‘depj}}. (33)
IS,
(Is;, 2) 54
S, (number of predecessors)
53
IS,
2
5-2 pat, = pat, = pat, = pat,= 4
Sint ={i €y “ pati|:max{j €y H pat; |}} (34)
IS, IS;, > 2 s
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5.3.2

5.4

(roulette wheel)

(17)

e
Zf(&)

i=1

51

0

(slot)

F(x)

(35



5.5

PL P2
PL P2 P1
P2
0 1 1
1 0 0 1
5-3
PL P2 2 4
2 4
0 1
1 0 1 1
5- 4
5.6
P
P=3 P=3
P=3
0 0 1 1 0
0 1 1 0

5-5
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5.7

(1)

(2)

5-3
0.9

0.3

GEN

. 09-06
i GEN

GEN

~03-0.2
i GEN
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6.1

6- 1 Gozinto-structure for manufacturing



6-2
10 10 10 10 10 10
s (1)
3 3 2 2 2 2
G )
& 1 1 1 1 1 1
( )
Vi
Lo 0 0
. 0 0 0 0 0 0
Y;o (Binary)
B 3
80 C,=C, =C, =80
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6.2

MATLAB

PLSP

PLSP

)

200 500 1000

100

6-4

)

10

(PLC-PLSP)

PLSP-MM
(CF-PLSP)
PL C-PL SP(cash flow-oriented PL C-PLSP)

PLSP

PLSP(MM-PLSP)
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6.2.1 MM-PLSP

MM-PLSP
MM-PLSP
1. Yi
y, (
1 0 )
6-5
6- 5MM-PLSP

1 2 3 4 5 6 7 8 9 10

1 (1(s,)2s) 0 &) O Us) O O O O
2 0 0 0 0 0 0 0 0 0 1(s,)

3 0 0 0 0 0 0 0 0 0 0

1 4 |1(s) O 0 0 0 0 0 0 1(s) O
5|1 0 0 1) 0 1) O 1s) O 0O 1(s)

6 0 0 1(s) O 1(s) O 1(s) O 1L(s) O
110 0 LX) 0 0 O O O O O

2 | 0 0 0 1s,)1s,) 1) 1s) L)L) O

2 3 |(1(s) 1(s) L(s) 1(s)) O 1(s) O 0 0 0
4 0 0 0 0 0 0 0 0 0
510 0 0 0 16) 0 1) LUs) Ls) O

6 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0 0

3 4 | 0 1(s) 1) 1) 1s) L(s) L) L(s) L(s) O
5 0 0 0 0 0 0 0 0 0 0

6| 0 0 0 0 1Ls) 0 1) L) Ls) O
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MM-PLSP

6-6

10
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Qe

6- 7 MM-PLSP

Qlo § o o § o
olo 8 © 38 & 3
wlo 3 © 3 &
~lo 8 o818 B
©IR 3 R & oo
wlo g 0288
SRS R & oo
R o Q&3 3
N[ o9 Q o o
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6- 8 MM-PLSP
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COET

4500 |

4000 |

1500 H

10
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1]

ZJ:ZT:hJIJ't =685

)

MM-PLSP
310+ 685 995

MM-PLSP
6- 2

00 200 300 400 SO0 GO0 OO0 BOO SO0 000

6- 2 MM-PLSP
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6.2.2 PLC-PLSP

MM-PLSP
MM-PLSP
PLC-PLSP
6-9
6-9
1 2 3 4 5 6 7 8 9 10
5 10 15 25 35 40 30 20 o0 O
0 0 0 10 20 30 35 50 30 20
5 10 15 3B 55 70 65 70 30 20
(1+2)

6- 10 6- 3

6- 10

1 2 3 4 5 6 7 8 9 10

5 5 &5 20 20 15 -5 5 -40 -10
25 75 125 25 45 625675675 50 25
5 10 20 35 533633683 55 40 16.7
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0 3 1 2 3)
3
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20F
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Tin

2.4
jt
Cwm =minsC,,,C,, x2 X =min{80,21.33}
n
2. d;
t=1
=21.33=21. fort=12,3. m=12,3.
2. 80
TGr
| 2.4y
Cm=min<C_,,C xt xa =min{80,113.78}:80. fort=4,56. m=123.
2. d;
t=1
3. 80
Tma
) Zdit T
Cwm =min<C,,C,, x xM—a =min{80,144} =80. for t=7,8. m=12,3.
>4
jt

t=1

4, 80
;
) Zdit T
Cm =min{C,,,C,, x—x—+=min{80,53.33}
Zd De
jt

t=1

=53.33=53. fort=910. m=12,3.

(16)~(19)
6- 11



6- 11

1 2 3 4 5 6 7 8 9 10
1/ 10 10 10 | 53 53 53 |67 67| 25 25
210 10 10 | 53 53 53|67 67| 25 25
3 10 10 10 | 53 53 53|67 67 | 25 25
41 20 20 20 | 106 106 106 | 134 134 | 50 50
510 10 10 | 53 53 53|67 67 | 25 25
6| 10 10 10 | 53 53 53| 67 67 | 25 25
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PLC-PLSP
y;, ( 1 0 )
6- 12

6- 12 PLC-PLSP

1 2 3 4 5 6 7 8 9 10
1 |1(s,) 1(5,) 1(5,) 1(s,) 1(s,) L(5,) U(55) O O O
2l 0 0 0 0O O O 0O 0 0 1)
,|3l0 0o o 0o 0o 0o 0o 0 0 O
4 |(s)2s) O 0O O 0 1) 0 1) O
5/0 0o 0 0 0 0 0 1) 0 14)
6 | 0 0 1) 1s) 1s) 1s) 0 1(5) 1s) O
1/]0 0 0 0 0O 0O 0O 0 0 o0
2l 0 0 0 15)1s)1s)1s)Ls)LUs,) O
, | 3]0 1) 0 UDU)UDUE) 0 0 0
410 0 0 0O O O O O O O
5/0 0 0 0 0 0 0 1) 1s) O
6/ 0 0 0 0O O O O O 0 O
1/]0 0 0 0 0O O 0O 0 0 o0
2l0 o0 0o 0o O O O O O O
3 /1) 0 (&) 0 0O O O O O O
S 14 |us) 0 1s) 1s) 1(s) 1(s) 1(5) 1(5) 1(s) 0
5|0 0 0 1s)Ls) 0 1s8) 0 O O
6|0 0 0 0 0O 0 0 1)1 O
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6- 14

6- 14 PLC-PLSP
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PLC-PLSP +
300+526 826

( )
PLC-PLSP

6-5 613 ( 613

% 10

4.5

COST

0 100 200 300 400 S00  BOO 70O 800 900 1000
Generations

6- 5PLC-PLSP
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6.2.3 CF-PLSP

MM-PLSP
CF-PLSP
0.5%
1. S,
26 S, =10x ()2  fort=12,...,J.
( i
6- 16 6-6
6- 16

1 2 3 4 5 6 7 8 9 10

10 8 7.0210 6.4 5.95645.61685.3449 5.12 4.92954.7651

E MRS
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CF-PLSP Y,
( 1 0 )
6- 17
6- 17 CF-PLSP
1 2 3 4 5 6 7 8 9 10
110 0 0 L&) 0 L&) O 0O 0 O
210 0 0O O 0 0 0 L&)Ls) O
3lo o 0O O O O O o0 o0 O
1 410 0 0 1s8)As)LUs) O O O O
5 0 0 1s) 0 1(s) O 1(s)1(s) L) O
6 0 0 1(s) O 0 0 1(s) O 0 0
1 |1(s,) L(5,) W(s) 0 Ls) O L&) O O O
210 0 0 1s) 0 O O 0 0 1)
5 | 3 |U6) L&) o) Ws) Us) O 1s) O 0 O
410 0O O O O O O O O0 O
5 0O 0 O 0O 0 0 0 1)
6/0 0O O O O O O o0 0 O
110 0 O O O O O O 0 O
210 0 0O O 0 18) 0 0O 0 O
3/l]0 0 0O O 0 s)Ls) O 0 O
3 4 |1(5) 1(5) 1(s) L(s) 1(s) 0 1(s) 1(s) 1(s) 1(s,)
5/0 0 0 1Xs) 0 0 O O O O
6 | 0 0 1(5) 0 1L(5) 0 0 1(5) 1(s) 1(s,)
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CF-PLSP
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6- 19

6- 19 CF-PLSP
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COST
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zz( A"'i)tj 6815920
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6.2.4 Cash flow-oriented PL C-PL SP

MM-PLSP
- Cash flow-oriented PLC-PLSP
( )
1 Y,
Cash flow-oriented PLC-PLSP y, (
1 0 ) 6- 21

6- 21 cash flow-oriented PLC-PLSP

1 2 3 4 5 6 7 8 9 10
1 |1(s,) 1(5,) 1(5,) 1(5,) 1(5,) 1(5,) L(55) O O O
210 0 0O 0O 0O 0O 0 0 0 1v)
3 0 0 0 0 0 0 0 0 0 0
1 4 [W(6)1s) O O O O Ls) 0 O O
5 0 0 0 0 0 0 0 1(s) 0 1(s,)
6 0 0 1(s) 1(s) 1(s) 1(s)) O 1(s) O 0
1 0 0 0 0 0 0 0 0 0 0
2 0 0 0 1(s,) 1(s,) 1(5,) 1(s5,) 1(5,) L(5,) ©
5 3 0 1(s5) 0 1(s) 1(s) 1(s) 1(s) O 0 0
4 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 1(s) 1(s) O
6 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0
3 |1(s) 0 A(s) O 0 0 0 0 0 0
3 4 |1(s5) 0 A(s) 1) 1(s) 1(s) 1(s,) 1(s) L(s) 1(s)
510 0 0 X&)s) 0 1() O O O
6/ 0 0O O O 0O 0 0 16) 16 Ls)
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6- 22
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6- 23

6- 23 cash flow-oriented PLC-PLSP
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MM-PLSP +
172.0116+473.0800 645.0916
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Cash flow-oriented PLC-PLSP
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6.3.2

/ 6- 25
6- 25
M 310 685 995 177
P 300 526 826 613
C | 1814295 6815920  885.6555 764
CP | 1720116  473.0800 6450916 329
1.PLC
PLC M&P  C&CP(
PLC ) 6- 26
PLC
PLC
6- 26 PLC

M&P |310-300(-3.3%) 685- 526(-23.2%) 995_ 826(-17.0%)
C& CP |181-172(-5.2%) 681-.473(-30.6%) 885 -, 645(-27.2%)

M&C  P&PC
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6.3.3

6- 27
6- 27

1 2 3 4 5 6 7 8 9 10

11 5 10 15 25 35 40 30 20 O 0
2 0 0 0 10 20 30 3 50 30 20
3 5 10 15 25 3 40 30 20 O 0
45 10 15 3B 55 70 65 70 30 20
5| 0 0 0 10 20 30 35 50 30 20
6| O 0 0 10 20 30 35 50 30 20

6- 28
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- 28

1 2 3 4 5 6 7 8 9 10
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CP 30 28 42 145 205 230 240 224 116 60
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6- 29 CP

CP 6- 13

PLC-PLSP  Cash Flow oriented PLC-PLSP
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7.1
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