21

211

(2545)
2
Forecasting)
Model
2
1)

(Dependent variable)

; (2539)

(Qualitative

Delphi, Scenario Analysis, Analogy, S-Curve

(Quantitative Forecasting)

(Causal Models)

(Independent variable)



]
S (Simple regression model),

regression model) (Regression with dummy

variables)
2) (Time Series Techniques)
2.1) (Moving Average)
- (Single Moving Average: SMA)
Ferl= (X, + A 1+, + X~ D/
X, t
F, t
t
(

(Weighted Moving Average: WMA)

Ft+l = X+ 2.1+ ...+ m.ntl

(Double Moving Average: DMA)

F+r= at+ btm ;m

a, = 2S,'-

’

bt = 2/( -1) X( .- ")

’

1 (Single Exponential Smoothing)

= X +xtl+ X2+ +x.nd/

’

2 (Double Exponential Smoothing)

= (' + W1+ 2+ o+ L)

10

(Multiple



11

2.2) (Smoothing Technique)
(Single Exponential Smoothing: SES)
RHl= ax, +a(i-a)xtl+a(i-a)X.2 +... +(i-a)ridai
a O<a<i

Brown (Double Exponential
Smoothing (DES) : Brown’'s One - Parameter Linear Model)

F+ =a.+ bm

a, = intercept = 2St' -

, =h /el ( - )

m =

., =axX+@l-a ,1

1" =a T +(l_a) 111'1

Holt (Double Exponential

Smoothing (DES) : Holt's Two - Parameter Method)

=S§+bm
, =ax,+1 -a)(.kh.) ;a 0<a<i
b =P( .- ,.2+1-Phl;P O<p<1

(Triple Exponential Smoothing: TES)
F(+ =a.+ b, +12c. 2

a, = 3S/'-3/"+ ,,,

b =02(1-a)2[(6-5a)S - (10-80) ,"+(4-30) ,,,

¢ = I(1-a2,-2S5"+ ,,)

. =ax, +(1la) ,.1

» =as', +la ,,1

a =as,"+(-a) ,/,

(Seasonal Exponential Smoothing)



F+e= , + I,lsm ;L
|
, = aX,-Lbh+ (I-a)s,1 ;a

, = p(X,-S,) + (1-P)1,1 P

Fttm— St x ALt

a(x,/i,-) + (1-(X)S,1

PIXIS) + (1P)LL

—
1

Holt-Winters (HWS)

Ft+ = st+ b, +  et-L+m

a(X,-1J + (1-a) ( ,.1+ ,)
» =Y(S, - D+ (L-y)b,liy

l, =P(X,-S,) + (1-P)1,1

R (,+ , )L
, = a(x,/i,.+ (i-a) ( ,1+ ]
=y( ,- ,3+d-y)b,1

, =P(XIS,) + (1-P)I,L

2.3) (Decomposition)
(Trend : T), (Seasonal effect : ),
effect : C), (Irregular effect : 1)
T, ,C, |

Y, =T, X, XC, X|,

Y,=T,+ ,+C, + 1,

12

O<acxl

O<p<1

O<y<i

(Cyclical



4,

HaA1e

(2544)

21

21

(Horizontal Data Pattern)

(Linear Trend)

(Quadratic Trend)

(Seasonal Time Series)

81

(Mean Error : ME)

ME = (X,- FO/

(SMA)
(WMA)
(SES)
(DMA)
(DES)
(TES)
(SSES)

Holt-Winters (HWS)

(Mean Absolute Deviation : MAD)

13
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MAD =Z IX,- Ft1/

- (Mean Square Error : MSE)

MSE = (Xt- Ft)2/

- (Root Mean Square Error : RMSE)

RMSE= VI (§- R)2/

- (Mean Percentage Error : MPE)
MPE = [ ((X,- R)/X)/ ]X100

- (Mean Absolute Percentage Error : MAPE)
MAPE = [X (IX- F1/X)/ ]x 100

X
F
212 (Inventory Management)
Brewer,
Button, and Hensher (2001) 3
(2546) (Raw materials)
(Work in process) (Material
Requirement Planning : MRP) (Finished

goods) (Order Paint Systems)



15

2121 (Order Paint Systems)

(Safety  Stock)

(Waters, 2003)

)] (Fixed Order Interval Model)

(Fixed Order Interval Model) Periodic Review

System

Q= -0+LTD+SS

0 (On Hand)
LTD (Lead time Demand)

= X (Lead time)



2

16

(Fixed Order Quantity Model)

(Fixed Order Quantity Model) Continuous Review

System

Musmanno, 2004)

(Economic Order Quantity : EOQ)
(Ghiani, Laporte, and

(Re-Order Point : ROP)

ROP
EQ(Q) = 2 00/ch
Co
Ch =c XH
C (it Cost)
(Annual Holding Cost Rate)
ROP = LTD +
ss (Safety Stock)
LTD (Lead Time Demand) ' = LT XD
D LT ( )
Shogan (1988) ROP
400
10 5 50
ROP 50 + SS
90 900 ROP
900 + SS

400 + SS

400
900



900

NAT 1
400+

3001

200+

1004--=--\-{----

100

* 400

10

)

NAT 2. _NAT 3

_____

WAT 4 NAT 5

PPt 4¢—rt—>

n

900 modulo 400

0 10QL  pe— »
; A Vi 409% i 409u
deAndate deAndate damﬁa;-na
3 Al
ot L e =Y | .y
fuAdage  fuAndada  FuAdaTe
n 1 A
21
modulo modulo
100
ROP

ROP = [( x LT) + SS] modulo Q*

21.2.2 (Safety stock)

(2546)

D



2
21)
SS=ZahT
abDIT=V LTaR+ HYylt2
Z
aDT
LT
2.2)

SS = zgdVit/r

z
(Safety stock: SS)

18



aD =
cedVIit/r
R
fi
2.3)
= ZcdT
alT
=V&-T-LT)2 /If,
(LT M

Q)
0

- Kolmogorov - Smirnov Test (K-S Test)

Kolmogorov-Smirnov Test

LT+T

(2546)

19



: Kolmogorov

o HO Significance

- Shapiro - Wilk Test

Shapiro-Wilk
0:«
H,
: Shapiro-Wilk
Q HO Significance
3
3.1)
SS= j(Dx L)
] 0-3
LT
3.2
SS=V "x LT
2123

(Cost trade-off)

(Coyle, Bardi, and Langley, 2002)

20



1) (Ordering Cost)

2) (Carrying Cost

(Capital Cost)
(Inventory Service Cost)
(Storage Space Cost)
(Handling Cost)

(Inventory Risk Cost)

3) (Shortage Cost)

Holding Cost)

(Back Order)

(Stockout Rate)

21



2.1.3

22

(Artificial Neural Network : ANN)

Sawhney and Abrahamson (1997)

(Artificial Intelligent : Al)

(Synapses)
(Dendrites)
(Soma Cell body)

(Axon)

(Inputs)
(Output)
(Weight)

(Stergiou and Siganos, 1996)



23

2.1.3.1
neurons, units nodes
(Layer) (Input layer) 1 (Output
layer) 1 (Hidden layer)
(Single layer)
(Multilayer)
(Forward)
(Feedback)
(Transfer function)
(Activation function)
(Linear function) (Step function)
(Sigmoid function) (Hyperbolic tangent)

Hidden layer Outputs

un Stergiou

g7 2.2 Taseainlasesdnalszamiies



: stergiou
2.3
- (Multilayer Feedforward)
(Feedforward)
1 1 1

(Olshausen, 1998)

24



2.1.3.2

Optimization

2.1.33

1

(Estebon, 1997)

(Y) ()

Y = X,W, + X2W2+ ... = SXW

Gradient descent

(Supervised learning)

(2544)

2

*)



(Overtraining

(Reinforcement)

( pervised learning)

3
(Network training)

(Cross training)
(Network testing)

Overfiting)

26



(Back-propagation learning algorithm : BP)

Mitchell (1997)
(Supervised learning)

Qnet 2000 (1999)

( )
1)
XP1 = Xp,1, Xp2, Xp3.....XpN
P
N
2) X)
Bias
XL - XALDr (- + B
Y(AY J L
X(PD
D
B@ Bias

3) Y(PU)

2
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XP1L = (f(v@ud f(v )  f(Y,plK))

K L
5) q X.N,1
6) (X,p0l)

(IR (E@
E@o1= (1,P)- X(RF1) X' (o>
X' @0)= (F(Y,p01), f(Y< O2) (Y (POKL)
Y = f
J L
HJ- Xooo X MER:akX . L))
K K L+1
EF)
1)
J L
«¥=y + XSIMER)XXpL) +a X( y)T- Q)
(eta) (Learning rate)

a (alpha) (Momentum)

T (Iteration cycle)
8)
9)

(Training targets)

(Root mean square error : RMSE)



2.2

. .2538-2540

RMSE = V(SUMpk((T(PK)-X (POK)2 /(P tx Kt))

p P
K K
PT

Kt

(iteration)
(2543)
(Lead time)
(2540)

MRP

2



I (ECQ)

(Safety stock)

. .2541-2543

(2541)

MRP

(2540)

(ROP)

30
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1 (Pallet rack)

(2544)

(Two layer feed-forward network)
2542

2543

-0.18% 4.06%

(2545)

17



Standard step
Direct Step

(2539)

20, 40, 80, 160, 320, 460

160 160
Bansal, Vadhavkar, Gupta (1998)
Retailcorp
1,000
3 1

2-3 Retailcorp 2

Retailcorp

32
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95

(Customer demand)

SNNS version 4.0
Feed-forward ~ Multi-layer Perceptron (MLP),
Time Delay Neural Network (TDNN) Recurrent Neural Networks
Hebbian learning, Backpropagation momentum learning, Time delay

network learning Topographic learning MLP TDNN
MLP
14 i 1
. 1994 . .1995 . .1996

(Days of supply) 66

(Customer satisfaction level) 95
(Undershoots) 3
Hall Krumm (1999)
Feedback (Back propagation)
Feed-forward 1,
3 2, 3 , 6

R-squares 94
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97
R-squares 86 98
Godfrey (2004)
(An  algorithm for
determining minimum cost purchase lot sizes) Swenseth
Godfrey (2003) The purchasing lot-sizing
algorithm (The
truckload over-declared weight) (Total logistics costs)

Statistica Neural Networks (SNN)
The Automatic Network Designer
1

(Freight Class)
The purchasing lot-sizing algorithm
(An over-declared weight)

(A truckload over-declared weight) The purchasing lot-sizing algorithm
(TL)
The purchasing
lot-sizing  algorithm
(LT The
purchasing lot-sizing algorithm



(Regression models)

(Multilayer feedforward)

J oJr20 574

35

(Back-propagation)
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