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Abstract As the demand-oriented management has been getting important in Supply Chain Management
(SCM), various forecasting methods have been suggested including regression analyses. However, dependency
structures among variables have been captured by a correlation coefficient, only. It results in inaccurate demand
predictions. This paper suggests a new and effective forecasting modeling framework using student's t-copula
function. In order to show overall modeling procedures framework, heavy tail typed numerical data and its
copula estimations are provided. The suggested methodology can contribute to decrease the bullwhip effect and
to stabilize volatile environment in a supply chain network.
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Supply Chain Network

x o] AT Fesddgadted el st AYE =Y

Received 14 August 2013, Revised 9 September 2013 © The Society of Digital Policy & Management. All rights
Accepted 20 September 2013 reserved. This is an open-access article distributed under the
Corresponding Author: Hyunsoo Lee(Kumoh National Institute terms of the Creative Commons Attribution Non-Commercial
of Technology) License (http://creativecommons.otg/licenses/by—nc/3.0), which
Email: hsl@kumoh.ac.k permits unrestricted non-commercial use, distribution, and

reproduction in any medium, provided the original work is
ISSN: 1738-1916 properly cited.

The Journal of Digital Policy & Management | 103



Student's t—Copula Xgt2 £5t Heavy Taild SCM £2 H|0|EQ ZEY LU B

Z (Demand Forecasting)< 71¢1¢] 3l
2] 74" Z sl SCM (Supply Chain Management/
49 9 BEe FAete M Tad &
= 2te] gfo} gtk 90t FEHEE 20000 o ZRE
7H] SCM Al=gls 53" v 719 (Global
Company) 59 H3xE 35 $4le #dA 79 A<
3 QLS HAaspe, HAANA S F 71k Fole
o Zagh BuUEy 3 ¥ HH 3 dagFe 7ol
Atk el aeel 9 gu/Ae velsk Fo s ¢l
sto] A3 13} (Large-scale) [1][2] o}, Hoh E53
524 (Complicate Uncertainties) s WAlgh= SCM
HEH [3]9] S8 UES o] B4 #4517} of
Yzl B84 S dodle B Q1 el djgt
aHAl H ik ole e a2 SCM
UEL| A A% g7} (Bullwhip Effect) & do7]% &
Q

OH

o
P
!

1
iz
2

/\])\Eﬂﬂ p3 MR

= }j\__a.u_

ol golel 29 dZ=o] AEA D AW gt QT
Hy A A|2Eo] Lo 7 o]o{x{ 2000 o
A A 8 A5 2 B T4 SCMez
be] Aol &AAA AT
AA) SCMell A AAI8h= 852 A1 (Time
Horizon) @ <] 4] (Forecasting Hierarchy) 2.2
AFHo R vylo] #ejdc) dubdos 49 o359
MA = E5 (SKU, Stock Keeping Unit) 0.2 A4 =™
AIZE FREe] whEh @] o F Y] oS, Y] dEFoR
Uy, o] FAlel gk E{E eHA" dF
(Marketing Forecasting), W< oS  (Subsidiary
Forecasting), 9 <& (Salesman Forecasting), 3117}
a]Z (Customer/Vendor Forecasting) 522 vy} 2
JHT) A F-7be) tigh G2 SKU sl g3k Al
oL} §-3E2] A 7] (Product Lifecycle) 9 2] A%
o2 ¥ AAH IAAdE @] dS577te] T8
o] By T 85k oAAR o, Al 7] A5
11—7] aﬂzo] ﬁg’;@' oz 7<4§]—/\-Io] o:rLQJ_ 9\}1\1:_[1]’
F& SKUE Ashs a4 Ay 5559 Abd
9 FHE AR 4 7] Wizolth 8 dF T4
78S VMI (Vendor Managed Inventory) 9} 25 &
SCM
o2

-

(L 10
:i
of

r\ﬂ mlo -

)

:‘F:_

o

7o) e slale] 17 olSo] FA% %
2 Yolhn ek

1

2 (Forecasting Amount) 2 01]%—7]-
(Forecasting Price)& 1 Y20 A3t} o), ¥
Al 8 o5 A= o5 FAR StolF o5 F

£4] (Reference)& AA|ste] ol5-2] Hol 5& #laLst

A st olu Algshe A vlolHEE v 2
RE°] 3
® Typel: ¥4 4% dlo|g (Historical Data) % #
2] (Pre-processing) Hlo]E
o Type I : AAIE E4L 53 Az dolg
Type Il : 913} 2 AAAA 248 53 574 A
2] dlolH
® Type IV : thesla &3 dloly wlo]d & E3t
o= dlo|H

F8 dFe] Fx volERA A AF doly
(Type D= oA & g2 71l A AP"LEW PR B3}
A B B FUkE V)& 8
U2 §88 BAFA Ha, o5 53 Type I Type
I, Type IVe] g0 %}Eli Atk 24 oS FxA
o] fdo] WE wuE F 1A 7]&Esta gk

(Table 1) Comparison among forecasting
methods as forecasting references

Type| Main methods Advantage Limitation
Historical Data | Direct usage with Weakne§s n
I . . exceptional
/Smoothing methods |  less-preprocessing
cases
| v, | T o e
/ARIMA/NARCH/etc D
factors cases
Reflection of Errors from
Regression Analysis factors with .
I . nonlinear
/Bayesian Networks casual
R . models
relationships
Capturing ability of -
IV | PCA/LDA/tc wnnoticed | ovgeneral
method
patterns

F 1oM BojF= nhe} o], o= dlo]E7h A

104 | The Journal of Digital Policy & Management 2013 Sep; 11(9): 103-111



Forecasting Modeling of Heavy Tail Typed Demand using Student's t—Copula Fitting in Supply Chain Management

A AALG HelEYdlm Bsla AFA (Seasonal
Effect) @ A (Trend) &4 493 = gle 2
(Noise)o] ZA| -&317] wiizell Type I & Fxd|oE
B Type I3 vlofEl7} AA| 2= Bol AMEF AL )
t}. "lejelE] (Big Data) % tlo]€] wle]yd 7]He] ¥
° & Type IV o5 Fz2Ael| djgh A5 w8k wol 7
=3 =], ol AR dEFaEnit gty oez A
£ F flve Aol g I olejet Ak
e dF AzslEe] FEuolE| 24 Type MY dlo
HE AAShE ZAelA vePdt)h Oraclerle] SCMF£L
= mantra [4]4 SASALS] 8 o5 e
o & FAETe] 7Y 9 7 vlo]E <]
S B3] Yehe doiAE Ad 245 B3
A& EEdto] o]& oFd| EEpA, f7lel W)

R Fole A A
o H

=

fob Hr g

&oax 5

1 &l
rlo
L
fo

o
)
s
oft o

30
R
N
i)
+
©
o
o
T
=)
> L
rlo
e
23
o

%2 vA% @A (Polynomial Nonlinear Regression
Equation)] RE#E T3, AAZ &A= oA
A QA o= HE

%A Qo oo g,

2

o
ut
.o
1
i,
2,
e
]

(Casual Relationship)Z 7} W52 A4 df=&
FHrslela, o]& Bt A 52 dlF B 9

g % ng ok et ANw,

ol $l5te] 28l A= WMFIke] AT EF el
2 zZelo] it e, 3ol AE Aol i
ASE 915k AHgE SCM dlEtlolE 2 A Qs
A, 443} 53l old] tj mTet sheule]
(Parameter) 54 % 23 A4 7S A
2. A7 Wi Y 23 A7

FRdEe 98 AL FHuge sy
5 7ke] BRBAE LA FRET} Ee WFEY
¥} = _7‘,,_

ol& Fato] Aol FHAFE -13} 14kl s 7t
A=, olE Fokel TEUT YO F4& flst
W XE 3R A 20A S SAA
ot gk 71E9] 3
Ao EAEE AA F

cheat e,
o gmuel Ul gt FY02 thele) duned £
o EYPULE} FENE0 WAGA P o]y

RX R— R°

21 (Dol Al RF-= Hoj= S AA] F ezt
o IAE AYPoR AT gho=A, X 9 Yl AF-
Aol EAlskE FHdAt fFAHE gds Adrt
ojgfgh T X, YW AMEH dlo]HE rank® AE
skl Zg|sk X7 Y 9| A 2T]ont g
(Spearman Correlation Coefficient / 2] ()4 &S
sk e AEnkE 445 (Cronbach Alpha
Coefficient) & A= F5LstA Yepdrh &, = "5zt
o] Wy A} @d gro g WatEo] thxide] #Av}
A E SAE YA Hrk o] ek £A4H2S Yen and
Johnston [6]5 X3t theket Ao|A] x4 x]of i),

E(X—MX)(Y—M;/)
OxOy

P yy= (eq. 3)

The Journal of Digital Policy & Management | 105



SCM 2 H|0|E{Q| =

=

Student's t—Copula HgtS S5t Heavy Tail

il

U

SAAE 7=

<]

A
Faz, 2ot A

Ak

A

S CEEER LT

p

= =
1, O

dlell Atk

ohe

Aol &

[e]

&

spe] 2 4ol

)

=
=4

AV ek weh AA S

¥+ Theorems 2 382 Trivedi and Zimmer [8], Mai

A, oA

Al O
=

5

oy

371 $1stel 4 (e} 2

4

o,

T8 S

e ALgste] SCMe]

2

B

ATFeA =

ol

el

]
K
s
-

O

g
o

=

atl

N

: A (eq. 4)

n—1

Y=0a,X +a, X +-+aX+a

n

t

o]
—

al
=

171 #lsted,

9]

FARE 38

ole]

o

1

!

I
—

A4 (4 (5)

e, 1%

ajo
freu]

& &ofell A ol&

FZHCopula)©]Th.

s}

T7h A, 2 Hl

Fridman, et al. [10]

(eq. 5)

X R—R"

RXx -

(Joint Distribution)

-
X

WEE 1) AR 2

2

0]

ik

E2A4, 19734

ahe

xr
i

4

9]

SKlar [7]°] <]

=
=

£ SCMe] 245 A o

Aol A

o

2he

I3l CDF. (= Fx)=HE =g 5 4 (

6)7(8)).

A Y =F2A A gotde), mF

A
=
X

ol 2

S

H

=
=

o] WEA (Volatility)

H

Al SCM dlo] €] o}

Pr(iX<z)=F(z) > Y

=
77'”!
o}

KN
=
T

e = 28 (Won/Dollar Exchange Rate)
b
3=

H Hip
iy ™
= &
g 8
})
= Ty
Al Iy
Ol
~ 5
bV
-
o
- 32
~ K
>
Ao

=z~
&Y

tol ARE-3H Hlo]H,

5

B R #4295
SgusE Agd

1=
g

A

B AR

)

il

b
X

]

[e]

s

21 Q& WstEn

KX
A

old, 4 (8)

(Table 2) Dependent variable and independent

2} (")

=
=

(Mutlivariate cases) 2 wjell, 2] (10)3} #Zo] =2

identifying dependent

variable for
structure

Independent variable
(X)

Data with a casual effect

Korea Won-dollar exchange
rate

Dependent variable
(Y)
A SKU'’s long-term

forecasting data

Korean Stock Price

Variable

Data

Processed
example

(eq. 9)

(eq. 10)

cly.y,y)

106 1 The Journal of Digital Policy & Management 2013 Sep; 11(9): 103-111



Forecasting Modeling of Heavy Tail Typed Demand using Student's t—Copula Fitting in Supply Chain Management

d7el 78 TS fdte] AHEE FEUS (V)9
dlelB 24 g=7 24 (http)/www.krx.cokr)€] 2012
8¢ 195H 20134 7€ 314744 ¢] #A 1:3F KOSPI
THF7HAT HlolHE ARl ol = Al SCMYF-
oM F7] FadS deolHEA tAd 5 slh 19 1
(@)= SEUFY Holy %5 Yehith v A=,
JNAFAR vt AdEe SHHTRE 22 77
/e &S ARSIt Al SCM LSl
AHEE S5Hg 3 SEus gidlel dE SKU9| A

=
2 5 Qa7 st WggkEel AHgHth

<Dependent Variable>
2050

SREN A
AT S
A

1850

<KOSPI>

1800

1750
0

50 100 150 200 250
<Date>

(a) Data plot of a dependent variable

<Independent Variable>
1180

1160

1140

Dy bl
» ‘%% Fﬂf b
e Y
L/

#

<KRX>

1040

50 100 150 200 250
<Date>

(b) Data plot of a independent variable

[Fig. 1] Data plots of dependent / independent
variables

AAE dolElE Bstel dofe FAS (4 (1)
FHRE F WS (X, VAeld] Vol Awbig
05MEA &9 FRBAE IS & 5 ek, T,

=
Arjgtel 1] MHL5E, JREst 3, 09 e

<Dependent / Independent Variables>

<KOSPI/KRX >
g

ek P PR W

50 100 150 200 250
<Date>

[Fig. 2] Data plots of dependent and independent
variables in the same graph

4. Heavy Tail® H|0|E{ 2| Student's t—

AZat M@ 2

2Z2} g9 THEE E5Y (Parameteric) 222+
9} H] 243 (Nonparametric) FZe}& w0l AW, &

Aol w4y FZE) ol Product®, Farlie-
Gumbel-Morgenstern &, Student's t3, Gaussian3,
Frank®, Ali-Mikhail-Haq¥ So2 ®F¥th zAe
Ao g B 2= Trivedi and Zimmer [8]S
£t} o] 7, 3golA AAE dolH e daTxE 9%
FEE U2 E 25y (Parametric) & 29 5
Al Student’s t8 ZZEHE AHS-SHC ol dHoJE7t B
F+= Heavy Tailld 3 (27 3)E Adsirld 43
3 28 FZE7) Student’s t& o)) o)t
Student’s t-copula® 4] (11)¥} o] gejEth

The Journal of Digital Policy & Management | 107



Student's t—Copula

Xete E5 Heavy Tail® SCM

42 dolele] Uy o 24

by ) Lts) () 1
6(3117]/2?91:92):\/ /

o Jw 2m/1-63

57— 20,5t + t*
{1+ —

—(0,+2)/2
- dsdt
v(1—62) } y

(eq. 11)

21 (11)elA Benpel o] Student's t-ZE e F
Ao} sehulE (0,,6,)8 7HEH, olF 6,2 AHFE
(degree of freedom)ZA] heavy tail<] 295
shape JEHE o)1, 0, F4 AT EA F dolH
Atolo] A F 25 Vwdte gebrE R ARE-gth

fo) Xe)
s

ol @ wEhEES F487] 1 W= o
ZHAZE S, 2 =l A= Weib [12]9] WS i E
3 Maximum Likelihood 'S E3to] F W42 34
gt} ol2 9lsto] 101 S Foto] A (12)3 2o
Maximum Likelihood 32 F43}aL, 4] (13)5 4

7 918 H1AE AHel Zoe e Folel 4 steh

L,(8) =Y log cly, ;,,,0)

(eq. 12)
i=1
where,@ = {6,,6,}
Oly,.y,) = arg(r)“aXZbgc Yirlil®)  (eq. 13)

i=1

5. &%l XU oflE =Y 4

B oM 44l A 73t WHS Fako] 340lA
AN dolEo] 2= Student's t-FZ b HES
Agkelal, o2 EUYE aZel B duiss

S HolFE
WA ¥ dlo|8l7} Heavy tailS 7HS &<18t7] 98t

]Xﬂl 7 3 (h)oh 2ol sZe} Ado] oA Hghe
dlelElE 4] (12)3 (13)F o838t A= (0,)9 ¢
AF (0,)5 7788 o5 Fdto] F39 gehrEEe

F 3 3014 BolEk

1160
O @y,
1140 )
1120
1100 o
P
L% 1080 .

1060 i =

<Scatter Plot=

1800 1850 1300 1950 2000 2050
X

U

(a) Scatter plot with the data in original space

<Scatter Plot>

=
Q,
| 3 3 o;?%%
(o]
I 5 Y
L . Lo ﬁm%%m

f
-
-

(b) Scatter plot with the data in copula space
[Fig. 3] Scatter plot with the data in the section 3

(Table 3) Estimated parameter values in the
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