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> Challenge9 H
> RMSE : 0.0156
- Z20f7 BHYE °f 2287 ol F 27
- To{Z7[(2k 20&7|) thH| o F 2F= 11%
o QlZMAY 2EHF [27 9] Challenge9 & ZEARE
- OoF7e ASX™M EAMS ® Output
Hpod 5 Az sEEEQ- Layer
[ > i = | - /
. OO0000000
(17— EfM — 3] - Z7]) oz ug A @
— E}Rle| ElMHE x|EE 0000 0000 - 0000 Ul
_ _ Z}t Ebs= E}XI2| Performance vector (4X9)
Sot & =lER HEs OC00000000
4\_ A= Hdut= —75—.3:."3._" Hidden Layer (10)
5 ZZ 42 HES T 0000000000 000 0000000000 o
_ EFXLo| 8t EFA 0| History + Z7|2|58 22! (23)
= [a8 9]
o o F EE
- CIE HHMEES 2522 HAAH
@ ERXtel TAH d™nt HY| QR els Setsto] 2k BtALIE U #H e
Et=0lM MX(performance)2 £&
@ ElXtel dAoflM E&5E = 2t 3¥ ZE o Fstl, ol & HiE
o2 T SEIHES HEF
o At EA
- elzAAYo| JIX[ U= HEH SH2 71 & dr¥siof mHZ o
- Mutx oz J|AIstG0 st ols = ==
o TANE TdM B JATE WHES AR EAEC] AR
= Aol Holskor} o uet FARUASE oS0 Jhs
- PRI 3 TR S 6"l ZIAISHE WHE AN
- FetnEe $EES F2)S oFF AN 4y AU md=
AR &I v =2 AHAATE V] Wl 59 AYgdE 59
oA o]Hd& 7HA
*AAR 1A AFAAE TS 9 B F I "ol et sES AT
* Selmelel 83 Lol A Asst DY WAV e R Fuwd
2 AAete 7EH e Foste 59 /iAol 2ad
SSPRI AZEoIYMITA | 15



SPRi ol#2|ZE H2015-013% HZHAE 2015 ZotE4Y
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O % WHe 2 AA%gE 2§

o

Multi-layerPerceptron

LingarRegression-

DeepNeuralNetwork 2= wenssns SN NOTtVectorMachine

Restrictedboltzmannfachi

Stackefhutoencedsr

AutoRegressiveMethod \aan ==-RandomForest

o & WHE AFE sl Al H|S
= A 6910) 100%
NGRS
B e 18 26.1%
(Linear Regression)
g7 =4 :
(Mean) 9 13.0%
2HE EAE .
(Radom Forest) 9 13.0%
AR g ]
(Auto Regressive Method) 5 7.25%
CIS HYEE )
(Multi-layer Perceptron) 5 7.25%
1B S E 23 33.4%

FCE 69 51 PHE F AAADLS) FHE AL AsISL [P

&3] A7)

10) 4570 "ol & AEF AF WHEL S 697)

lel A 2E
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ASH3T

SHRE e
a

24% (118}

sHEN

ZIEt 7| A= S

B 38% {17Eh
[m ]

- 24 A BdAZT ZAAAE 76%(348)7F At (IEAAEE,
SAFEA, 7E A ALt SREAE 2

- Z1AIStE UHE F FAREAY AME g M 2
#{N G AA7E AT wEl SUVetE AEgS ] uE

“[2Y 120 A4TE 4 8 F FABASLE Usha oz dgHown

zhe ¢+ e
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<E 8 ExMAz|O A A1
HY RMSE =2 -
El of HiEH = =< =T xI=E Ao
A o o H iz RMSE AI-%O=|—'?'— (17-(|' A"%’ﬁ'AI‘) —'—Io ._-r|
Futures1 Linear Regression 14,523 - 1 2
Futures2 Linear Regression 15,335 - 2 1
Futures3 Linear Regression 16,575 - 3 3
Futures4 Mean 16,790 - 4 5
Futures5 Mean 16,976 - 5 -
Restricted Boltzmann
Futures6 Machine 17,372 O 7 4
Stacked Autoencoder

Futures?7 Random Forest 17,479 - 6
Futures8 Linear Regression 17,533 - -
Futures9 Random Forest 17,727 - 10 7

o WA Z & AYR| g a9 FYst 1A AFAAE 543 97 "ol o

@ AR g R
o A% W7t AN RMSEZL V4 & BAAER AgHAo, /1A%
RS A4d Do gF HEAE Roete WEEe =
o ™ FHE AEEA

o Futures2 El

> RMSE : 15,3354

- 9" 30¥ 7= 1070 Fcte| & X zbM
ofst 9%l M= 1.146,980H@o =2 O

o Hlolef £ 2 M
- e SH4 U (AN E)
- 730 FY, BHYS SH Y
- E/AN olF, PO BE S

+= 7,172,865% 0|11, of =l
7|12t & T4 10,000E 2 <F
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o Ol = =]
1= =2 [23 13] Futures?2 & WEAE
- My FHEMe=E
AXE s = o F
- J&MYE 28 TJts ? v ?
of 7ol et 2™ P2
2 723l SO0 Q)
® 9/6 ~ 9/15 £ bt
o me 29 Fu > &
oF, 7|2, &0 F
@ 9/15 ~ 9/30 : H HE, 24, FLUHF
o A1} BA
- 03] JIX| MERH S MZsI0] of Fof AlSE zHo 25 MEiS
o S5 BIA A B4
o Futures6 & [23 14] Futures6 L EALZ
o RMSE 17,372% 3/2.8 8/29 9/5 9/3.0
B EEOF? Elﬁ“:led oﬁh 15% 9% ) Training Set Lv:;:; Test Set
UM o F 2F
. clolel 4 /
— | I = 3
%E" _ZA S 197H (I— AAI JC")' Training Set Validation Set Test Ser
OEI, %/%g, 7:|7|A|I|— ?’ 580747 3077 967/
& 3)
- 0= g2 o TAYE TS
o o & ZH
— Deep Belief Network2} Stacked Auto—Encoderg AlE35t0{ ZE 2 st
F Ms0| o £ Deep Belief Network A1EH#
- o™ EH(Overfitting) =XM1 E sl Z5k= Validation 7|H & ALS
* Training(&t4&) — Validation(d3&) — Test(HAE)
- 245 (Hidden Layer)= & 3702 HASS A3, 2t 548 L= 7
= 10074
o A1t BA
- ol3AAdYe| AEXH EMS & AZX|= ZIH 2Lt Validation 7|HE A}
E2ACZM o F M52 =¢
- E} Hil= cl2A LneEFS AE Fae (CH++ ALS)
1D 1ZA AN 22§ —.—Zﬂ(Overfitting Problem)E 85 Al ShptlolElol] IA o|&E3HA FHo WA=
A=, fi}% dolEle] o &FA 52 ulg =XT HAEHolE Y oS5 IA HolXs S 2
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3 2% A% 24

0 o= wHeE 24 ZAx Jd7x 977 & 7|A8ES AHes ©
72%(708)o) a1, 1Ay WHE FolMe AR 43%, AFTANAE
3 71eF Z1A g Ee] 22t 28.5% 5 AHAIE

1

[]

Ao dol= AHoA FA ' 15H 759 dFAs Aol &4 B
o 8] AAA g1 48.6%, 281 19.4%

o M

o 7 Y 49l 153 759 RMSE Aol & +#49e] RO the 2
o) 153} 752 Agxto|q)
o WA F4-e] HE RMSEE 00134013 153 759 RMSEAo]7}

0.00652.2 48.5%, f+A22l1 4o HF RMSEw 16,543%0|al 15
I 759 RMSE #bol= 3,204 o2 19.4%<
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A wEe] [ 12] 1770 "ol 3| AR S A3

- BUAYTAAE 137 "ol FARN S AgPYEd, o HEo| AA
Se vl Be ARBAES ZE dolHE Ay o9 nde o
&3 @ Aow oy
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- TAE UE F HEYS ARES PlEE 21%(GH)oE FHXEY
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A =
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JAFANAEEe ASH B4 AHEst Helde 7Hd & 8%

12) YA g1 63 (Deep Neural Network 63]), 3+ 28] 1 43] (Deep Neural Network 33], Restricted
Boltzmann Machine 13])
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19 We) Hloly Hatx g E )

B o =EAl(Heritage

ol
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)
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i
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™
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2

4
O A EAR 20124
health prize)ell 39tk @& FZFS AAE

*molaEazES] FAUY A AYES] 45e wolt EAls FHY

AAT2CERNS] 82829t BeF B4 5 OFd Bobs xu
&

- TYoA = SK &

(@p]
~
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o
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>
>
>
N
N
1

=AY Aol wEt 1-3FolAlE AFEel o EH A,
S

de FoAg
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A<l 719e BAE fAshe HFS

* A2)7)ke] SW FAALSE @)
dolel #epA4s f4slor AdE

13) Kaggle &3 o], https://www.kaggle.com
14) SK Z¥YH Z=EAZHE Zy o)X, http://codesprint.skplanet.com/2015
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(3 2]

AAA YT [ FA2E L THE 20

< ddsA=EY >

o A& 3|7 (Linear Regression) w=Al2 &Mt g 7 ol&te SRIHS (MM )
54

oo] MBABEIAE BYYSHE 7

(nn
l

p
Y; = Zakxjk—FbJ, j=1, ..., N
=1
- 07IM y= SHHT, 2 (k=1, ..., p)E p 7He SEHSE LEYWD =
HolE e == N7H
- # AMollM o[X|== priel M ZI=27] o 2F VW] EH b0l1, dEHez
O|X|Z=HC} Hlo|E{7} 22 overdetermined systemO|7| Oj&20f O A|ARIES F

= ool w2t si7F 35 BE T US

- A|AH SlEe MEAMl Yol = =AM &=H (Least Squares Method)0| U=

. MY ABMS STYMSel SEHATF MYl ABBAHIL Acks JH¥ol Yo
of 4Tl o5 BYE AIBY + Y002, SEMS Mol JHE 23

o I|Et2|oF & E(Pythagorean Expectation)2 oO|=2| oF SH X & HAAT}
o=z

Motst 3oz 80| Hel & S AYoz EHE & US
- “mlEfmelerolate Hojs S AFe| B TEtDRtAll Halel AR

X2l
P + =4
T S5+ AR
- 0{7|M ne 2& 28 UHEHX|2E 2laoict =54 ok 5 AS (FEILE

20T+ 1.8 ~ 1.85 AlO[2] F%[¢)




SPRi ol#2|ZE H2015-013% HZEAE 2015 Z1tE4

<OBSHAEE / 4EABUEY >

o CIEIHM E Z(Multi-layer Perceptron)zt AMEolz A A2 (Deep Neural Network)S
ZIAI &S el olZ2AlA 2 (Artificial Neural Network) Z|®HollAM JHEF H2| A==

Bk

- CISHY EED ASeaMEdU2 HEYTS FxHMol ZHoAM 2 xto|7t 8l
X2, Mg stEstes ™ol O xfo[H™o| EX e

- CIEHMEEZS| A% XIT&&(Supervised Learning) 22 AAdYUs shEsh=d|
047|M “Vanishing Gradient”18) &M 7} 23| f 20i|, o|Hd S 2 =35tX 6t
stg gio| AEcIZaA Lo MEE H[X|=3& (Unsupervised Learning) &

- ol3adYe JHE 2 HEE " MgEAE 22Y ¥ £ Uckes Ho|x|gH 4
slof olst M5yt H4-HMo|E2 olof A5+ H|E0| AYE = US

o OlBAAUCZ o EF2HES PHFSH= e A & (train)h AlE(test) & &

2

SMAdUo| == EHZ(Input Layer), 2= =(Hidden Layer), Z2Z}=(Output

o =] o
Layen2 TAE0| 24Z0| sf4et siE 2Usel oSS Hetozy 4l
dus PEY + US
- o] AAUS St (rain)AlFlE W F, KTstge AP dusoz i

=

ack—propagation Method)& AtE3tH o|Hd2 MLl 2XIE

7tEx dele Saff o Fo{ A

- CISHYMEES o2 SO0E2H o3 €2 J82=2 miE =M, of T7=0M
o[xX|= 71E5A12 vt wdd

[28 15] CHEHHAEE 7= oA

Input Layer Hidden Layer Output Layer True solution

Ly

15) Vanishing Gradienti&Al&= A=35o extddgyi oz Ry A7|8 £AZ, A5 HE3 o] ¥
e A4 Z(Chain rule)oll oJali A Are}A|Al(vanish)E & As &3
https://en.wikipedia.org/wiki/Vanishing gradient_problem
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2

ofl

HHE

L

=5
=]

0F
rh

Ao

=
T

MU E de|

RMSE

Challenget

Principal
Component
Analysis,
Exploratory Data
Analysis,
Multi—step Linear
Regression

ZIELZ| A

St
=1

A
=]

0]

Model
— Principal Component Analysis :
— Exploratory Data Analysis :
— Multi-step Linear Regression :
Input/Output Parameters

- 1047t B FE 8F(5374),

S (47H)
Development
- PCAZ =4

(=]
- B 2=

0.0091

Challenge?2

Deep Neural
Network

Model

— Deep Neural Network

- Yate stag S3 MY HT
Input/Output Parameters

- SEIXE, AUEA, 297 S 87 X E
Development

-8 383

- R Haid #I|X| AE

0.0106

Challenge3

Support Vector
Machine

ZIERZ| A

I

Joh
o>

Model

— Support Vector Machine Time Series

Input/Output Parameters

- 7|IH&E & 7HXIel K& ALE

Development

- JHEES
S OE s ohs oS0l M 8)

Al AL =2 X2lst0f hyperplane2

0.0130

Challenge4

Linear Regression

£
Model

— Linear Regression

- ChHE3MA 718 @ oolH
Input/OQutput Parameters

- AEEA 2Mo =2 HolH
- 4712 4%, OPSE =™

R
&

ez

4>

Development

- R2 &E35l0d 7| s E=

0.0131

Challengeb

Linear
Regression,
Regularized
Regression,

Random Forest,
Support Vector
Machine

o]

Model
Lasso (Least Squares)

Ridge (Tikhonov Regularization)

Elastic Net (Regularized Regression)
Random Forest, SVM

Input/Qutput Parameters

- =(37), F50171), EtXt(1671) HEALE
- P value2 F&¢t Holgl &%
Development

- Z 2EE2 It

EH

Fe ZBEs MY

- =

(Lasso)

0.0143
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o Model
Linear - ME3HEM, mElnz(et SE
Regression, _ o Input/Output Parameters
Siialenaso Pytf}agorean 278 7 o8, supl o8, menze 2800147 7
Expectation o Development
- 371X YUYt EdlE MY 2d 75
o0 Model
Pythagorean - e O'J_ %_13
Challenge? Expectation SAZY - SAH o= (2|7 EAM) 0.0149 8
o Input/Output Parameters
- 4d7] 230
Bradley—-Terry o Model
Model, - Bradley-Terry 2% mElDZ|ot &5
Challenge8 Pythagorean S7=d o Input/Output Parameters 0.0151) 9
Expectation - MUY & > oY S8
o0 Model
— Deep Neural Network (Multi-step MLP)
o Input/Output Parameters
Deep Neural =N —'?—%*—09—[ 2} ZE%:J_EFEW?P =4
Challenged)  Network ABuHY | ;;ﬁfp’jﬂ? ACFS Arsstol 4084 23 1) 156 14
(Multi—training) ~ input : EHX}, E4el £xblo|g
— hidden : 3 layers
- output : &/1f &
— Python: Library (scikit-learn, Keras)
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HHE
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MU E de|

RMSE

Futurest

Linear Regression

o]

Input/Output Parameters
-2, gM4, H=2Aa 7|zt

Development
- 24 MY UB

14,523

—_

Futures?

Linear Regression

Input/OQutput Parameters
- YR EHE, JMHE,

Development
- ofg| M¥ede bjme

15,335

Futures3

Linear Regression

Input/OQutput Parameters

- 22, F¥d, #E55, HEA 1Y
Development

- RE2 AtE%t & 2 EY

16,575

Futures4

Mean

Input/Output Parameters
- BAY, o, MY 29,

2171

Hr

Development

- 2eH JIEXE Eax S8 AE

16,790

Futures5

Mean

Input/Output Parameters
- S, oY nEts
Development

- HaS ALSSto] ZHoSE 2El HA|
- o & Fumlo|Xl M=t

ezl = vi g

16,976

Futures6

Restricted
Boltzmann
Machine,
Stacked

Autoencoder

0]

0

Input/Output Parameters

- 2d, BAY, TH, A7|, M
Development

- AlAa stE Al Validation7|¥ Mg
- RBM2| o & MS0| O EUS

- CH2Z HNY ¢u2E T3

17,372

Futures?7

Random Forest

ZIEZ|A

St
=l

s
=

o]

0]

Input/OQutput Parameters

- o, FE, M, dT(e HE
Development

- & 3E%

- 254 3= ¥t

17,479

Futures8

Linear Regression

o]

0]

Input/Output Parameters
- 24, Y, 7, A5
Development

- MEeY Ng

17,533

Futures9

Random Forest

ZIEtZ| A

(=13
=l

s
=

o]

o]

Input/OQutput Parameters
- €
=
Development
-8 3EY

, 29 /8, #&, Median B &

17,727

10
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IBM Watson Homepage. http://www.ibm.com/smarterplanet/us/en/ibmwatson/

Kaggle Homepage. https://www.kaggle.com/

SK Code Sprint. (2015). http://codesprint.skplanet.com/2015
Wikipedia. AR Model. https://en.wikipedia.org/wiki/Autoregressive_model
Wikipedia. Deep Learning. https://en.wikipedia.org/wiki/Deep_learning
Wikipedia. Google Brain. https://en.wikipedia.org/wiki/Google_Brain
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Wikipedia. Random Forest. https://en.wikipedia.org/wiki/Random_forest
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