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2ok A, Ad Exchange 5°] §4stal, A& ®4lo] CPC7t Hofl whet

fo
v}
o,
£
&
>
N
rlo
4 K
55

T2 DSP(Demand Side Platform)@r SSP(Supply
Side Platform)7} Ad ExchangeollA 7ol Fofttch, F3t 2H4lo] ASE
THWE Vickery Auction Aoz AHASIE, g7 wiRo] EX Auf

S7r0) BE A AR AuiEe 0oletn B 4 glrh Aste] B w5
=4 g3be] HA £ /182 @4 Ao FUstchn B 5 gk s
HE BAL MY BA ZASE A AT AES 24 ek

_15_



221 & HA 714 Hof

R uE7|
ZaFA V] — 1

Egn == V2 — 2

0i 24

k1o
et
N

B tir
aCrjo
o

re4n

W rE
ME
J}.\‘.NH—

Ao

I

FAFC V3 ey b3

izt
(o
M
o

V4 w— 54
(213 2-8] & ¥A 714 ] A

Ad Exchange ol ZAujEle B3 $% 7Fe g =
Auie Aeg, o] Ao AL, )

=7 4&7t 748 A=sHAl Eo

F W2 =2 71HE& AESks olf= Ad Exchange o419 /&<l
‘B ARgAIA Fa FF 71377 & ®o] Aol ofd A&KH<Ql
Aldol7] wfZoleh. vk A w744 Au HAS st =W, FiFe=
A4 A | ZHAE w712, FH AR v A AR EG oFth
919 7HS AEstaz & Aol Ap4lo] JHIt HAE AEste A

A, B AASHE AR Agsta Aze] FmFs Aol Azs: 54
B0 2 7180 d@ AANA WAY BAH A7} ek olRe 2%
ash bekil 831, a8, bl 602 Pgsiah 1A Hu 199 Aol o
A4 Ao AT Qe ARl A U el 28kn & ), A
FuFE A% ol 258 AZHA b Bt ofF o7t £ A A4S
Y Zol1, B BUFE oA 25F AZs|A b 2 FuHE A%
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23 Zlolth. B HAFE b Bt ke AWHE AR 5 g7l wE 1
e AARH Al Folstd eretie, A BuFE A YANE HA
Q) 28 ste] Ao Fel@ Holn, 1 thg AARE thA B BuFst
2 W} ol ot R& FHAoR YHS we H sdoe] B bit 2w

k)
>

$erHth(Edelman, B. & Ostrovsky, M., 2007).

T WA A A Aol of A = JIAE EHUA SheA
ototH ZFH(Menezes, F. M. & Monteiro, P. K., 2005). sh}9] 1 £=
71217} Ad ExchangeollAl AEthl 7Rttt Z42ke] Fais Z2 Ad

Network e APAEY 9Ee BAY 4 gk o 2

In
o

: 2
QAL & 4 Uk BE FRFE QBAE A A A
A garel A NS Aiel AT F1 F& 719 A (G
A FnEot Y T SEe] FUD Aol 3T HB) = AFIGD
spt. RE FuFelA el At FUskhn sy olg 1=

Horlo
1a
12
o
>
r
1o,
N
4
N
N
o L
offt o

o o
N
N
T
iz
rr
!
2
r
1n
_>|‘l_l4
ME
_O'L
=

b(v,_ )b, )ssb(w,)}
0 ifb, <max{b(v,),....b(v,)}

7T1(U1,bpb< . )):{Ul_bi ifb, >b >max{bv,),..., } ...................... (4] 2-1]
A FFE dF7E b om AR o, o] ol
T FHHgE Aod, Zd ole2 §lal, 1 WA
& W, 1 TR Aok AbdziAIeke] Aozt



by >, > max{other} ol Bge [Camey ! = [Mo- @Ry

Aol 7IH oleolM A WA FAFTE dFVEE phoeR AAFT o,

b, > v, ot

™ (vl,bi,b( <))

I
h
=
|
S
N—
—
3
|
o
N—
kh
—~
)
5
)
—=
o
=
-
>
0%
©,

PE7HE REs ARolztd, 4ol A © 79 dE7E T2 Al she
H

Aol &= wA 714 Ao FAAE Z]uiEQl H=F(Dominant Strategy)©]
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3.1 A7 &0

2e9 B A APE QFAS0l dolee] H2ek] oldsl WEel
AstAo|ck I8y 20138 == 7|9l iPinYouol|A] RTB(Real-Time
Bidding) HlolE|& o]g% FTRAL 3 A& H¢t AFsHA o] HlolHE
TGO =N MRup o] ARgS 4= Q= A=7F BA T Zhang, W., Yuan,

A= DSP(Demand Side Platform)ol|A]<]
17:—53} 47#9]' A5 EO%—?E, TEAQ Wyt mREE A ERE

H
Ix)ota Q& Aol Ag A At
3 A8

CTR(Click Through Rate)o] 0.
0.1% HFZolth, o] T2 d WHE LEdtH 19 A
FaE 29972 HHERd Fager FR =9 A

FnFatct 4ol we ok

FaF 1D A& Are] 7z
1458 2 T F44 e-AAHE
2259 3 Ho
2261 3 EEE
2821 3 ApE
2997 3 BHFY e-AMA g A7
3358 2 AZEY ]

3386 2 A e-Am A
3427 2 i
34776 2 Elo]o]

|
©
|



SAH e-AMAE 48 -An A0t 2e) ofe] Ad|ne] 4ES wHs
Ao] obd HEAQ] FEL THe Aglolnt
1. 22 aH RTB 0.1 24 ‘
Do 2 Y us Ad —
EER: 4. S AT} Exchange il -= ‘Q‘
3. 404 -
| 6. 2 =k
[71" 3-1] DSP, ADX, ¥4 A352H&

G217F uiAlol SAsH, wiglE= ADX(Ad Exchange)olldl 1l 93&
Btk 798 ADXE AZEHe|9)= DSP(Demand Side Platform)EoA 4%
8745 Edth g9F aAdes F JdHEZY FHY KA F7] Fol
ZHE DSPe s =& 719 diet 7S Brbst A&7 Alsd
FE ADXeA oA Hdith ADX+ DSPER 22 JF 7HAE &3
BuE AdYstal, DSPoAl H&E Z2yE FARM. HE® DSPel Falvt
FAANA wHAE EEH AFEL, WA= g =& 713E FAst, fA
o2, Ash 52 A=A A DSPolA AFsHA "ot o] RE AL

100ms ¢t fﬂﬂ%t}. iPinYou Hlolg A2 o] WS HYT & ==
Sjofglc.

A ZEupo] 23 AEo] FojgteHr E AFoM= 23 A&
Zt=aPks ARESith DAAT(Digital Advertising Audience Taxonomy)zH=
iPinYou At REe dRIHE, Aoy, Fr] TN A g
Sg olgdt of mue B YuAES B 44 FE Amid

T= o] o] Eil‘ﬂr%}% A3}, oHDP Z]-i—‘: O}ﬂir’@ HE o] A= o]

Fol2| 4, %‘71—% 7t40] HXAE EMH kE E:LPJ X]E HAHEY EOo,
A&

HAE AEshal, =ERur Uitk ZRAAN  RE 72
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Zhang, et al.(2014)°A A
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Aol Al
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= Az

=

U B4 18
(2% 3-2]14 & &+ 2

CTR =¥

£

CPM(Cost Per Mille) & RMB ¢
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o (0) dlitelt H

1

ot

S

719}

oltt. (1) Azt

Tie

=

2=

=
=

3 =

Ang
ek,

T

)

—
=< 14

3

2

s

SRS

I AT gl o
o]

v
=

T}
7HAEY E11, A JHAEGE

At (2) o4t

dET (4) ZHjelA

=
=

= 719

SLA.

_:O

el
il

o

_21_



2 s}do] dejatk. (5) Wot zpEo] e
7o) QEAS Selsha, Yok BAE Zas,
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otk it o] AFSeld emale
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mgEZo] 93 AfHD Jenz B ATdME BEEA e 4
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iPinYou 7} Al&st= A2 = ohea ok

[3 3-2] iPinYou A& 21 FE dA]

Ha Ha AT A A]
*1 SESID) 93074d812....... 1c2374e55a8
2 AlZF 20131019161502100
3 271 EFS] 1
*4 iPinYoulD CAHOIFY CtgQf
Mozilla/4.0 (compatible; MSIE
5 FA o] HE 6.0; Windows NT 5.1; SV1;
NET CLR 2.0.50727)
*6 IP 119.145.140.*
7 24 216
8 LA 222
*9 ADX 1
*10 Tl 20£c675468......eda94126da
*11 URL 9clecbb8a....36ebf393f7f
12 el URL ID NULL
13 ol E=] ID mm_10982364 8930541
14 QIMEZ] 1H] 300
15 AHED] Fo 250
16 I E=Z] 7HAA 4HA LeE
17 EERL e
*18 JHES XA 7H4 0
19 A7 1D 7323
*20 *4E 714 294
*+21 2= 7H4 201
*+22 Key Page URL
*23 B33 1D 2259
*24 G4 "1 10057,10058,10059

Mo Bgold *7F 22 22 Hash AP Ho| 793} Hofgith

(]

Mo rr

]

= 4 U BIAE A Aol ®ig Hoof 7} =
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=
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27 7}
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3.2 712 B5A%
(3 3-3] 35 A= 712 BAF 1
FaF 717k A L& =285 H| &
6
1458 14,701,496 | 3,083,056 2,454 212,400
6d-12¢
104
2259 2,987,731 835,556 280 77,754
199-224
104
2261 2,159,708 687,617 207 61,610
244-274
104
2821 5,292,053 1,322,561 843 118,082
219-23Y
104
2997 1,017,927 312,437 1,386 19,689
234-26Y
6
3358 3,751,016 1,742,104 1,358 160,943
64-12d
6
3386 14,091,931 | 2,847,802 2,076 219,066
64-12d
6
3427 14,032,619 | 2,593,765 1,926 210,239
64-12d
6
3476 6,712,268 1,970,360 1,027 156,088
64-12d
A 64,746,749 | 15,395,258 | 11,557 | 1,235,871
7y At e del 7 & L EF U zpo|rt |t 8y HeEoeR
CTR(Click Through Rate) 2 0.1% of 7Fgt} 29972 &Rutd Atgjo]r

o Zof| CTRo] 0.4%°l 71Tt
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[E

3-4] g5 A7 712 BEAF 2

BFaE Y& HE& CTR CPM eCPC
1458 20.97% 0.080% 68.89 86.55
2259 27.97% 0.034% 93.06 277.69
2261 31.84% 0.030% 89.60 297.63
2821 24.99% 0.064% 89.28 140.07
2997 30.69% 0.444% 63.02 14.21
3358 46.44% 0.078% 92.38 11851
3386 20.21% 0.073% 76.92 105.52
3427 18.48% 0.074% 81.06 109.16
3476 29.35% 0.052% 79.22 151.98
23.718% 0.075% 80.28 106.94
CPM(Cost  Per Mille)2 H[x3 H¥tdo=  H|R3E SFolA4l
eCPClefficient Cost Per Click)= }o]7} wol] i,
[3 3-5] ¥71 A= 7% BAZ 1
FaT 713t T ET ek H]-&
1458 69 13d4-15¢ 614,638 543 45,216
2259 109 22¢-25¢ 417,197 131 43,497
2261 109 27¢-28¢ 343,862 97 28,795
2821 109 23¥-26¢ 661,964 394 68,257
2997 109 269-27¢ 156,063 533 8,617
3358 6g 13¥-15¢ 300,928 339 34,159
3386 69 13d4-15¢ 545,421 496 45,715
3427 69 134-15¢ 536,795 395 46,356
3476 6¥ 13¥9-15¢ 523,848 302 43,627
A 4,100,716 3,230 364,239

57} Agoli=

Qarh A gk
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[& 3-6] 71 A= 7% BAF 2

F0F CTR CPM eCPC
1458 0.088% 73.57 83.27
2259 0.031% 104.26 332.04
2261 0.028% 83.74 296.86
2821 0.060% 103.11 173.24
2997 0.342% 55.21 16.17
3358 0.113% 113.51 100.76
3386 0.091% 83.82 92.17
3427 0.074% 86.36 117.36
3476 0.058% 83.28 144.46

0.079% 88.82 112.77

B2t A== G-I 246 7] iRl 9 vk glch
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3.3 A5 EA

22 380 54 ol et Aol LhzA] Het.

advertiser
® 1458
0.0084 x 2259
A 2261
+ 2821
0.0061 % 2997
o ® 3358
G w 3386
0.0041| @ 3427
& 3476
0.002 -
0.000{ * . : : . ; .
0 1 2 3 4 5 6
weekday

a9 27 Ve S5

dadS ofulst, 6
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0.007 1 advertiser
® 1458
0.0061 3 2259
A 2261
0.0057 4 2821
* 2997 ,\
« 00041 g 3358 ) X
G 0.003{ W 3386 J 4
' e 3427
0.0024. ¢ 3476
0.001 1
0.000 -

(2" 3-4]oA4 A=z FaFE=2 CTR(Click Through Rate)
RV e A et A SdEel S Fnia A9
Aztdel E88°] w2 FasrE Bl 29979 mHpd Furt v& oE
s Aot ] ] 3w
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advertiser

0.0014 ® 1458
% 2259
A 2261
+ 2821
0.0012 & 9ase
m 3386
— ® 3427
: i @
0.0008 -
-4
G ,
o.oooa-‘ . g )
VA28 A%
0.0004 A
0.0002 -
0.0000 -

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
hour

(19 3-5] Al a3 CTR Zko] (2997 A|£))

(28 3-5lelM 29979 mElel BuE Aejsttets Pumruz

CTR(Click Through Rate) z}o]7} 2 AL & 4 QIof. ESF FaF oitk

TE LS ALY BEAY, we Ansel
Z

A= 7Aooz Holth
0.014 advertiser
o
0.012 x
A
*
0.010 *
@
0.008 ]
°
6 0.006 4 *
0.004
0.002
0.000

0 1 2 3 15 27 40 55 65 V9 B0 94 106 124 134 146 164 183 201 216 238 253 275 276 298 308 325 333 344 359 368 374 393 394 395
region

[ 3-6] A FaFE CTR #o]



Z29¥EZ2 L zpo|rt o, 2oz WHFAdo] T2t 15, 27 T2 A9
SEEo] W2 W, 325, 368 A9 T2 Ao 2EEC] Wil =359
ALo]7b AFAHE ATk

advertiser
0.0012 - ® 1458
% 2259
0.0010 - A 2261
+ 2821

0.0008 - . Base
o ® 3386
5 0,000 | 3427

.0006 @ 3476

0.0004 -

0.0002 -

1.0 2.0 3.0 4.0

adexchange

[19] 3-7] ADX®E F1F9E CTR Aol

ADX(Ad Exchange)d@=5k zfo]7} o] w2259 il
ADXOAM = HotARt, 38 ADXAAME= 3t &Holtt. & FiFs
IH ADXeA =31 35 ADXOA R5o] EQlvh. ADXE 11 g B2 7
ZEAEY, 3 PHE 9ottt 1(Tanx, Alibaba), 2(Adx, Google
DoubleClick AdX), 3(Tencent, Tencent), 4(Baidu, Baidu)E& <&]u|gtct.

N
r
o

3
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advertiser
1458
2259
2261
2821
2997
3358
3386
3427
3476

0.012

0.0101

0.008 4

LAl L ERS ¥

-4
G 0.006

*
0.004 4

=07 A WP NP\

‘§' h“’ I M A e@ @ cP OP UP CP
o NQP*\@PJ'& é"’} & {P& ¢§’+ + QQ;} " ,;Pcpn@’ 'P)r ST S S q"p‘r 05&5" o ePdr 0P°+

(18 3-8] 24 227|¥ Fu3E CTR #}o]

A= dHbAQl 37191 300x2500] o+ AEEY CTR(Click Through
Rate)o] Etf. o FAUFERE 249 27|71 vl et Ae & 4 At

2997 FuFE Butd FaFo]7] wiFel] 320x5000vF FashE ¥, 2261
FuFe FEe] 24 A7 ds) Fug APstaw ok

—— bidprice ﬂ
0.12 A

0.10 -
0.08 -

0.06 -

AN N

220 230 240 250 260 270 280 290 300

[C1F 3-9] st AtmoA 9 d27HE 7d dE o=
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(18 3-9& sy ArOIHY dWE AY UE F5E dehin
At QWAL AwHow WA Buste Aol sfys E4 Ao
@g=o] 9lck.
0.016 4 —— payprice
0.014 A d
0.012 A
0.010 4
0.008 A
0.006 A
0.004 A
0.002 A
0.000 - - T . . T .
0 50 100 150 200 250 300
(2™ 3-10] ot5 Ah=olAM o] ¥ 714 71d 2k o=
(19 3-10]2 o5 A=A Y Y& 714 #Ad "k 5 yeiix
Ak FF A 08F 300712 AwrAoz WA HEEsial lof, dF
AT Folt dnh Q@ sbzHel WFEY A XS UEpdThY,
A 7143 FE shAe) Aok FuFsel agoln B 5 gk o)L
stols] glal U AT G sbAe) Ag Brg R,
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ARG disiAet FAE YR Aol St FiFo] S tiEst

DSP(Demand Side Platform)&< Ad Exchange WollA & %

et JdH7HE AsloF itk dE7HE Ashrl oA AL F= 718l
Iz =
[e) =

ZHAE Aldtsior sk, 2 AH THAle 29 #ET

28 gE F42 FoIx AH HEHAA S8 2 vhgE & AR
SES F4ote Aot A FES ¥v AL oAb THH SHE
BAE AREANA AlsdoezA AREA A& FTAIH. I FF9
olg=tiztol EZo] H Aotk Iy FioN 28 FE FHLS 4%
2AZE ofdth dytd oz DSP AR = old AR 29 &2E FAHS
sl #EAE WE & A 98 YT a4 98 " ARE
StEAZ171el o9 7HA] #AIEECl o AAlRE W] 7 ¥R
Bk FAolA ARREE AR FHOA dtiFEe fES BEHSolY]
2o Hul(Dummy) WS HHYE sfof stedl o] £ ZlstEsdoz

sold. =4, BEAT ds] B8] "ol 9 S]FAAA -4
Sl FH17E A vk A, WED] S S Aot e5e St
dofgt sie e AlZto] Zal, Wb wz7] wEo] AAZE osgol

sojosty] mhe] ABAe WA S5 Yol AP 57t e

uite)
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==

e
H

2A2E PAE AREStel EAIE siE @ Aolt. XY =A2H 9719
BAZQl BAES =0t 2xA" 3¢t " FHA dugdES



Z0Sk, B o
jb—, 2 Aol 7)o BEQl GBM(Gradient Boosting ModeD9] ¢
L E2F K-Means?] H4E Z7)ch HH-S =olstc)

_37_



42 o124 7

42.1 2228 3|9 (Logistic Regression)
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3171 (Multinomial Logistic Regression) ©olgt =&, A7}
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o= v 4F gEo] A FE] vs] 2 H 9 E27FE dEde
foln I A2 ot 2

Odds Ratio— — LI T oo (] 4-1]
1—ply=1lz)

B9 e 4T B8 Uthiv, BRo e Unsse ek

AZstgo] siglo]l 1o 7R 0.99999e-20%1 AL Fe  FEstdo

L

28tgo] gtglo] 0o 7M7hE 0.00001e-20 &1 H-$ e 0o]

o

A, %

g,

A= 2= vg HEstH o & M9 [0, 1]o] [0, +oo] = W3
Hot.
ofgl e=Hlo] Ay} gho] 21 g AeA HH, =1 02 - o7
2ol o o] M [0,+00] 7} [-oo, +oo] o HAE 27 H
A9 39 A= @2 ®A7E [Foo, +oo] o]7] W] oA AE H+E
A U g2 Ad IAAE oE 4 Aok

2L 999 4 W2 Hd ek W, 7hol AE £4 Sl
Jov A7 Hd 7Fek e AHESte] B9 AsE FAHSTES

A 7Hek oIzt deje] mEtmlg, of7|HE= 99 As w 7t s
B, Tl dHeold Weld AT 7HsA, Pllrw)E HAE e

A AF ws FAHst7] el FEAH 7127 Zot w9 (Stochastic

=
Gradient Descent) Wi A& 4 WS A=
y=Ply=1lz) =c(w’z) = s [A] 4-2]

qolo] mhatule] wib ZOIRE A4S, dE 7yt 19 FES 99 A3}
7},
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|

y)

Ly,y

19 AA

A%

9je)

o

7

o]
=

< —log0o] o] +oo 7} Hrh. AA| gho] 0

IS
H &2

#tol 0o 7t

o 8

o

tol Z=tHAES +

§on)s

9|

wol o

[4] 4-6]

_40_



UHEt™, wE fdolE it

AZIA ne S 55 245k oh5E(Learning Rate) Ho|o, H&F
HEA 2 oo FHAY, WRE LA StgEHe AE 2HEsHA g
dutd oz 2 gF Ao AHgEE Ame v Wdishy] diEe] <l
o5 (Online Learning) 2= o]Fojzl=d], 1 wje] 3t ®He w3y nE
VA HIE e gkE Asts Hgolt. dsE HeE 1Ad
FolAY, 8ste] FolEks HHE 4 Ut 9
ety mAEAS oA okt Zo] gElolE & 4 qirt

Oli

CEA M ol ShsE ke BOIERS WE 4 9k
4211 AF 77} 2 2AET A2

A9 e 71240 E Am U BE HE0 245 FHAaskstiAsty]
2o, Fod Zzmo dis] I-HF(Over—fitting)o] AT 4 Uch
T-Ad(Over—fitting)o]gt FolX Zpmef tishARt A5S Hotal, MEL
Ao o= oS dsel Bolx+ A& FRith

o|Z2> Hdo] HoJE o 22 Wslor A FF2 e EE AA9
wAto] A7) ol WA= L] + Yo =M Tibshirani,
R. (1996)°lA4 AetH L1 A+F=t

Tibshirani. R. (1996)¢] -2
mEo] EBERnsl kolx] wAjels

Ao} 2] ol WAyt

k]

P ij
= g
S
i)

-
i

i Mo o
i

sfth. mdlo] Bate] 2 olfi
DYo| ML mhehule o]
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2



o
X5 Yo

X4 X

(19 4-1] B-A3t (Over—fitting)

AT Sol o] (19 4-11g RW, G 9%o 1ge wuge)
A47t UF AolA dHolHE 2 BRatx Batw gn &4 @4 wE 2
o ol mde woled] Wsh AAm Mo mepo] A et
re Zlolth Jbg 92%0] gL uetulg ol A%t UR gobd HoldHg
s3] Reldin, £4 $5E M A2 Aotk 1y oY mde
Joleloll Wai7h 719 4o} maFo] 27 webal Zelet.

enee] A4vh mdle] EYEE AYTi, welge A4t
AAA FEE HUEHES FE WAo] Laso WAl of —wﬂz e
WA ofi weE st URg 2 Qg
At 1 WA RE wemEe] 2718 &4
£ 742 wpge L1312 gstolh,

o
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>

e 52

e
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(b)

(a)

[ 4-2] Lasso ¢} Ridge oA A% 3k =4

Zt&: Tibshirani. R. (1996) ¢ Fig. 2.
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Hqee ItdES olgs] FAsPl wdm 8 7187 s
et 2t

422 AP AsE m2= 2X2H 39 (Logistic regression with

follow—the-regularized—leader)

McMahan, H. B., Holt, G., Sculley, D., Young, M., Ebner, D.,
Grady, J., .. & Chikkerur, S. (2013, August)= AAZF H4s} w549
221Ql o5 WRle Ao 2l shgolA EAEE We oE
=ZAA & 4 Sth. dARAA  7FESH=  LLD(Independent and
Identically Distributed) ©] A|AZZ] &= 4 SQloh. o"l A¢ de
SGD(Stochastic  Gradient Descent)E &l 5= otA =W, ¢ #HE
£r2 mdo] gEmgEe] Aetd 4 da, 1%7] i 45 Asht
Uebd 4 2tk McMahan, et al.(2013)o|4 Aot HPHL o] H712] 2]

JEIES AYSIRA, SheE B3 TeTAES wet YR RS ghEol
7 A gl AN ShEE AT S8 4 UES niRgc of
el R Ag SHT Weol feldE A shsot, ol St

. Aol ek, 2A~

A5, 2Ast Yol SGD oA
=24 AetH  FTRL(Follow The Regularized Leader)= WH3}gith=
Holtt, FTRLY SAS o3t At tfA] ¥HEoA] FTRLS A2 AS
WE QEolE @ o, ke 2L AwelE Wae

o A
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argmm( 9., t_l_ EUHw [ W7 SR [A] 4-12]

Wer1 = 9 &4
A7IH wet HFoiAl= g FE2 tHAS] =4 JtHdEc|y, = ol
wEA o] gERe] #feololtt. of4y FTRL2 utetulE ddo]EoA Ll
BeE Aol Hgdery, EA A @e d9A FHske A @Y
drole 022 A EsHA "do. FTRLE ARESHd, SGDE AR
T 0oF obd Aggk 77t 201 HAaL, ol Wie] aazo] "ot

4.2.3 FM (Factorization Machines)

Rendle, S. (2010)o]|A] A|ot=l FM (Factorization Machines)-2 312}

HeE59 %iﬁ%% 5] Qo wEolfth dutdor ol 37 oA
AeAge] g Telk F w4zt BAL Aze W42 FURloRA
SERE

N N N
y=olw +szxz+2 Z R R [A] 4-13]

=]
=
Aseln A HeslE o
Sao] gk, AsAge ¢l

3 Aoz Sgol @ Zoltk P dlolet
e mAAY B4 MES AL 9y Rl Az Fejk we
A(Sparse) SHATE FMOAE o 2AE A-AY AoIM WE 2]



yFM(z) = olw, +Z Z_|_Z Z l}l‘]%% .................................... [2] 4-14]

i=1j=1i+1

vi (G W8 "9 AH-2pd JAA #HEH) oF vi o A2 dd9
A52gS nyst stck FM & 3 Eo(Matrix Factorization)S E3f,
Z S5

Z4zte] B0l A-atd(Low rank)olA = 7o) @Qleg Zeofd
=

ﬂolt}. oE B A A A AR Raged, F497 gsrd
_‘|

OAEA U REE oo =%t WS 2 HAdY Ak ots
Wijolty, np7iAl2 CTR A5 AHEE 4 ok 5014 dlolgo| 2=
e BE AAgl disl 54 54 o @ Zﬂ@i}?}ﬁiﬁﬂ e g T
Atk o] B4 54 = AY A(Gini Index)Ad &= (mpurity) &
Zol= WHo]l # Sk 3, JMEZ 1] (Entropy)*H 25’—%%3 Zol=
HHol = 4T 9t 9ArEd URLe #g Lt (Root Node)ZHE
Foste] o5 AmE 4 EA4SC oE UHI AT dE F st
Tt ol €9 s Ae g 4o dSo2A AMgEHA. potdos
OAEA UFe ol
g;DT(x)Zf(x)—w[(T), I R {1,2,... T} eeeveesrmsesemninniinniiinnan, [4] 4-15]

09 7M1 24 ggdnt.
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London? User tag: sports?

(19 4-3] JAPEZAYURS] o
Zt&: Wang, J., Zhang, W., & Yuan, S. (2016)9] Fig. 4.2.

425 1A E BAE YR Y (Gradient Boosted Tree Model)

oA 1Re Fa BAL mge & E4HHigh Variance)oltt.

mgo] Amo] Wslel, Ast z2T WaldeE dEgto] EolAE AL

nge) Bito] Erpw mAsh oldd BebgAe Zoln, NARE mal|
T

o
o ARelAL clg Y ANAF RS ATE & Ak ol B

FE
7IHolgt Sttt Friedman, J. H. (February 199994 AQtE A E
HAE T Byl oz e 71d 5 F28 Wi sigdt. #2489
Wfolgt oFgl 5157](Weak Learnen)S £xtzoz Aste7bdA, Hat
450l &2 57|15 wEolUle WHelth. I FolA IAYHIE RAE
U 2oe AE ohEol7tH otss ot W oR Fo] de| AMEEE
W 5 shdoln. IHAE BRAE iR WY o ofet ER7of os|
HEoldl dSAE AEHA R A
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N K
ZL(yky7)+ Eg(fk) ..................................................................... [A] 4-17]
1=1 k=1

BAGSL ARG dFe &4 Fhet F 4R BuAe 2Uste
et eHZtE AAHE . FAgtetd, ZF @A k=1,--- Mo Wisf of=at
Zo] e 4 e,
. N
i argmin, EL(yzﬂ—l(xi)—i_FL(xz))_'—Q(fk) ................................ [4] 4-18]

ZF7HForward Stagewise Additive) St

2gshe AToRY om7be thewt o

o I
1o
it}
AL
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griol Auke stolmumatulgolt, v E4o] qlHacly, Th S49
Golth, HdE AAE B AZA 50 FEEH BARSE sl

ehe chewt 2t

N
ML B @)+ ) F20) e [4] 4-20]
i=1
aLk 1 1 82Lk 1

= DL e )+ S S Al )+ 2(f)

=1 9y, J *y;

N aLk 1 1 aQLk 1

Tooy 9 %y,

A7 L= Ly, ) =Ly, F, (x)E Ao, oA ZrlEi
U2 foz)ol EgolBg AAHD EAFS0] 72 d57] f(z)E

=]
JApER Retn ZPEste oA ERSHE et 2o A2 9 4 ok

oL 192!

e 1fk( )+ 9 Ak 1fk( +Q(fk) ............... [A 4-21]

1=1 ayZ a y

N ookl 1 92kt
=20 Ak—1w[(xi)+5ﬁ @) T+ /\wa

i=1 ay7 a :

T oLk 1 1 52k 1
= Z((Eﬁ)wt +§<EW+>\)U)?)+7T

t=1 i€l Y = a Y,

7} oAd 4Rel 9 wEo| JFEAE WS, sE o] %o

BE PR 2L AEAE 27 gRe] 9 ko ds) A Aol 4

olet. olZel et A AEAE @] S8 9 == ¢ o sl 00 Fu
2]

rr

Uy S e [A] 4-22]
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S9] sfef] QuraQl H2AF A2 Tels|RY cheat P

Ly, F,_ () + £, (x,) = (yi _Fk— ‘T?)_fk(xi))Q .............................. [A] 4-23]

P L B )=y By ) =
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4.2.6 2817 4E (Stacking Ensemble)

AEEPE HE ARRA BES oS RYUE2 AT HiEZelz] o,
a2 5 ok He, X., Pan, ], Jin, O., Xu, T.,, Liu, B, Xu, T., ... &
Candela, J. Q. (2014, August= =ZA|AH Hdo] oixzgddy yU=F
Astelty. o] ofoltol= IHJIE RAE HEo] o o SE+=
Z=E(Leaf Node)E Folxl A SAE w4l Hgeom HI,
AMzf 54o= 2X2Y S Hr7bste Aot o =52 Hol
4S8 HigAor FElshs EAo] low, 1 747

‘JFE}LHE gk dE #E T%:}“EO]‘JF AR 5 FLY ERE "L

)

o)

©
)
lo
Am
2
I
ol @

wEel ek Wk A A HEE U 3 x5 4 e,
A R s 7, A WA URE wC goldl, SAS 14, 27, 36 ol
A& Qo] disf] A=, o]AS E 2 CTR(Click Through Rate)
24719 2428 SARA] 971 SAef A4 (Hash) Ee}. 22182 (Criteo)
A2 (Kaggle) CTR ZeAES] T4 &34 B¢ djZ SIS PHA7IL
GRET®| S4E2RE ohas o3 g9l o LEES 2228 8907} of
FFM(Field—aware Factorization Machine)& AFgs] Rk Wolpert,
D.,(1992)el4 At o]FA th& oH57]9] o5 e E ohE 5719

=

5

r
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d8 gog AgstE AL AR 7 F  AHP(Stacking, Stacked

Generalization) ©]gt F=rc},

4.2.7 K-H+ 2127 (K-Means Clustering)

K-3¢# g1 gEK-Means algorithm)2 Folxl  dHolgE k79
ZYAHE Fe grgEelth @4 AREEHL e BE F 2
1957d0]] ABFOlE Zo|=(go]: Stuart Lloyd)7} A& BS ®HEX(PCM)E
EHo2 AHZoz st tHLloyd., S. P., 1982). &2 %7]3}F AlFl k
Hel =7 @& SHA(Centroid) o2 T, 7 ZEAESE A

=
B Haslls WAowm sawt o AR HAE

)
i)
1o

— =Ty 64-/_1:\1'94
dgoz, 2hil g Y o] B Fojote] FrEYL STt
K82 2aase 249 27 &g 4% o8 Mg e

42.8 353} 718 (Hashing Trick)

Weinberger, K., Dasgupta, A., Langford, ]., Smola, A., & Attenberg, J.
(2009, June).o]Ad A¢tdE A Ee FolA W4 ko] Hash 4=
4gel1, o] Hash €40 23 72L& dha 149 279 A4 wao|Ae]
Qurz ALgats ZlHolth o WAL ojma] Be W FolatE F2]
2 239 379 vz 9442 4 ek

AL =ol, 30097H9 wids 7HdsHAh. Hash(zo¥)el 2 ghol



62352563 o]gFd, 62352563 / 3000000 & A HEe UHzE AdA
FZog ARgst= whajo|tt o] ®hAle FEo] dojiuf A2 fhE gho] T

HiE QIzto] &0 7HsAdol AA|qt =
Az olFoE St HjLo] foju|gt mEln|gE shaoleE Zor d#HA

ek,

E

rfo

i)

rO

i
>

=

X

Ir

ofu

M

el

55

Mo

k-]
o
o rlo

429 2= 27 A

oz 2UE 34 Sgel AgHL & ARt L% Aol
Zee 93 ayol Auel SHAHL A do] Holohl, EAst]
whgoleh. 197 Ed] sy Amt BFGa)He] Utk BE S ARE
S4E wF AmelY] WEelth kEAE BE(@)E 9T 270, @7
b,
S B (w,) = Pluinknbe) = [ 17 ()d)e B4 793 5 9)
0
q, (z) = P(winlx,bm) - p, () +ereerenmmrnnnrennneni [A] 4-24]

o] WAL 4F A AA 2 HRet =F HolHo WO Bias)E
Uebdth 5ot ot g REe ¢ (@)oA SEEL, p, (z)AE
o] oASHrt. Zhang, W., Zhou, T., Wang, J., & Xu, J. (2016,
August) = ©] HOE HAshH= WS Al

dutzg o g  CTR(Click Through Rate) FA& 29 £4 &
F|astehes #AR FASHEH. Foldl Atm ZRoA A4S FHAaskehe 05
Zotul= Zlo] F& ot
ming&, )[L(y,g})] ....................................................................... [A] 4-25]
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Auction Selection
as a Filter Lose

= — | = - —
=
o
> !
c
A
=
=]
=1

F s
A - _ a . I .
Win  we— : with Iaibels
L
_ -
p(data) ‘ Train Model p(data)
ﬂ ﬂ | ‘
Opt Est
Data_| Distribution
Pre-bid Full-Volume Discrepancy Post-bid Winning
Bid Request Data Impressions Data

(1% 4-4] 53} 1= Aole] A2 WP
Zt&: Zhang, W., Zhou, T., Wang, J., & Xu, J. (2016, August)®] Fig. 1.

Zhang, et al.(2016, August= F& 5 A& ez 7PA_G. GE
FHE FAHSY] Y5, Zhang, et al.(2016, AugustolA Aetd HHS
a7tk olE fdl Am Y ASo] gle AP Ee dF 830l
Y& 5= DSP(Demend Side Platform)E 7HA%. 18 4 &
w, (b, )= BZO2HE HPH oz dojfitt,

5(z<bz)
w,y(b,) = (@ yz)€|DD| ............................................................. [A] 4-26]

AZIA z= PFE 83 ool iRt HA 9F spHolx, i <b, )=
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z<b,4 o 1o]x ofy® 0& Wrelsh= dpolnh. I¥ud H32 FE2
WA Gz Aol AA VARG W
A712 Wy "o Oy AAA =
DSP(Demend Side Platform)7} “ZJufo]
Lot ATe deiFa, Ak e mE2th Zhang, et al.(2016,
August)= ©] AdE Zgol WMIFE o7 g AE HFES AL
g A= (Treatment) Fof Folxd ARH F¢t gAto]

Hgolty, €52 AP ol A XA 7%

=
A= dotds 4 W7 wzel HF AL 712 & &+ AR AE

>
iy
o,
o
o
i)
N
N
KT
o
AL
L
A
N
Y
o,

>

o5 = = i

7170l AL ZIZMET Ao AM2 & 5 Qluh AulellM o AE Hdo
AFEE HE M2 @xe JA AE VIREelal, A e A
Z|Zke s S, ARl ARldo wef dETPE Aol YEEuH
S$E UM 2t BEE ole 2o @At ARt e #Eske AN

method) & A8 4 Stk
ol'" FHm|Qlo] ZHujo NW oAtk 7FAokzr o|Ae] & =2+

<bawpz > i=1..NAY ARG AP oS ABNA, G olF
S 742e vehfs ol
Apzo] Fehg b <by, o WHHA <bodon, > j=1,...00 FeZ T,

de BERLNAM bl 2 B2 FoF gARHl A&7 b 2 A1

9E Qpoln, n AZEEANA bdel Aokl BA Hob FAEHA,
b o AETIIA HEEHA X Sigolth. o] A% b9 dAEIE A=
F17t A gL ohewt 2o
n,—d,
l(bl): e e e e e e s e e [4] 4-27]
b;<b, T
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ol be7N] Bae] AE SEI Pk TN UGB GBS e
2t
nj—dj
w(bx)zl_ ................................................................... [A] 4-28]
b<b, Ty
b,‘ wy Zi
2 win 1 b 4 Mamd ny s (b
. . ¢ i n.}? aj " EL{ _'J) u'u( _})
3 win 2 J
3 win 1|2 7 2 & 1-3-2 2
3  lose x ) .'ri rr:.'s _ 13 3
A olose x |12 0+ 1 1 1-71=g5 i
- 53 4 4
4 win 3 4 2 1 % 1_?35:% Fl
1 lose x
[(1E 4-5] Y& S AlLE oA
Zt&: Zhang, W., Zhou, T., Wang, J., & Xu, J. (2016, August)®] E& .
ny =49 AAE HolErh zp=3-1 9] 2 Ao|A, by=3 o|t}.
Ezwp(z)[L(y@]:fpz(ﬂ?)L(yal}) ......................... [4] 4-29]
_ Llyy) , Lly,y)
= [a@ 5 =E RS
_ 1 Llyy) _ 1 Lly,y)
D) (m,,g)]ep w(bx) | (x,y,zz)]eD _ n;—d,
b<b, Yy
22AE A ZF Zm WA gt HE AAT & T
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43 A3 AA

43.1 dlolejol 54 4o

AL Fol7l Agx B4 WEet AgA4 2 olpele] 218 HEL
293 st Zolth Ag4 54 ME: WAoo off ¥ WiE

olele] oM HolE el e WE waols, 1 g
SELeved e Ule tFbl EAIE 4 Atk 9Q Weol A e
TEe 2o, A Mo Ae 24709 S et ol2A A7 BHE
MAE ASh Qubhel WEe Hou) W5E A4 Aold. du] WeE
Aohs WS ofd % gol® 1o]al ofy| 02 Z+= Mz Hs4E
gheL o)t}

¥ 4-1] A8 54 el e oA
i z
EEds 20180810
A\ 7F 16
ad e8¢
IP T4 255.255.255.255
Ad Exchange Google
Q! naver.com
url http://www.naver.com/
O AE=o|E
Ha}o A Chrome
Fal A7) 300x250
3 1D 12345
&t 55

B ghe 2eo] Hglow 1 23 ol wl 0 ZH WEolt) ol
Az 4he Ad Newwork o4 8oz 4 4 o 4yHn gt
o

2 F ARE olgd) HrRIHE HEE ZdstAd, H-AE
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F7] "HolHE ®goz ZEumdy oF AmSo| olgHu. w9 i

5 olg
A T2 HE Wy offle] Hul HaeE AYshr] fsiM= 3.2.5
ol A A&t Hashing Tricks AR

=8 &5 F40A P A He Ae = ZAelth ARRATL
mAE HEote, Fal 242 EW FH 100ms Wel Ad Network &2 Ad
Exchangeoll7] 1 Q712 Huyjersly] fiRo] 28 38 242 100ms

Bb Q94 o AL A7 el Asre Bujok et

& Aol AEA Adstid ste A2 Ta.(201504 =od
FM-FTRL =Rdof F7p2Ql wWa=a wy H#ix] K #Hd SYLHT
A& LightGBM 2] 9 kE(Leaf Node)o] AiE ARgsh= Zoltt.

2 42,6004 =98 AHF FEE 71RO dFolth 4.2.59 4.2.70A4]
=od ZAAY IHdE RA" uRF B o Lt9f K-Fi

f
Rl
iC)

_‘:[L
Bge st o] S48 005, 4R 4 507 A4sda, K B
gerEEe 27 RA9 Fe PARY AN Sese, wss
HAsGT UmA stolm mhehulee 7% gt Ag@Th FM-FTRLY)

J
B dut Hg g2 42 12 AASEAL, FM 7HsAE9 dist gt HjEr

2 0.0137 12 A5t Hashing Trickel AMg" AA 7154 wjd
22(4,194,30) 72 34 PH(Sparse Matrix) 2 ShsHETh ARgH HS
ArdH Y 42 2 10719 "B dde® st BE 22 19

cpochih e S&otget. S 2 BIFEE sk 59l A5 o K
E

s

2 LR
S A9, A BRSS WA qd AR 10%F TA FEI]
shadt W EM-FTRLS] W42 F/kskgrh. RE ok 27t shgol
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4.4.1 sk A3t

2 Ao Bae el gu A 28 B A ke
Aol sich eeldl Fu ARl B9 AEe Al Agse 93
U9F 949 =& 718 g 24

23 A SIS 1 ol ol A

3t 2|ExE AUROC(Area
Under the Receiver Operatmg Characterlstlc) Curve 2} RMSE(Root Mean
Squared FError) oltt. ESt F8 23 IE oS FRHAgA BHIt EZ
ARl 2044 (Logloss) @& RBIgh AUROC e 243 25
wAOA o]l 54 Ax= dY A UoBm ARERIh

rh
re
Sl
2
j:,
A%
o>
it
:44
i
o
_}L
ell
N
do
el
>,
obo

[ 4-2] FM-FTRL9] st& At
MZEIE NES Logloss AUROC RMSE
1458 2 0.0020 0.9644 0.0218
2259 3 0.0028 0.6662 0.0176
2261 3 0.0026 0.5986 0.0168
2821 3 0.0048 0.5940 0.0239
2997 3 0.0226 0.5853 0.0582
3358 2 0.0038 0.9595 0.0267
3386 2 0.0062 0.7660 0.0285
3427 2 0.0029 0.9590 0.0234
3476 2 0.0038 0.9427 0.0233
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[3 4-3] FM-FTRL+K-MEANSS] 3}& 2z}

s A= A& LogLoss AUROC RMSE
1458 2 0.0029 0.8811 0.0214
2259 3 0.0029 0.7464 0.0183
2261 3 0.0027 0.7080 0.0173
2821 3 0.0053 0.6768 0.0252
2997 3 0.0280 0.6809 0.0664
3358 2 0.0041 0.9099 0.0266
3386 2 0.0055 0.7772 0.0269
3427 2 0.0038 0.8713 0.0246
3476 2 0.0038 0.8441 0.0227

[¥ 4-4] FM-FTRL+GBDTY9] sh5 A1t

dFIE A& LogLoss AUROC RMSE
1458 2 0.0028 0.9269 0.0212
2259 3 0.0029 0.7562 0.0183
2261 3 0.0026 0.7573 0.0173
2821 3 0.0052 0.7211 0.0252
2997 3 0.0270 0.7160 0.0663
3358 2 0.0040 0.9203 0.0265
3386 2 0.0055 0.7857 0.0269
3427 2 0.0037 0.8695 0.0239
3476 2 0.0038 0.8582 0.0227

_61_




[E 4-5] FM-FTRL+K-MEANS+GBDT9| st A}

s A= A& LogLoss AUROC RMSE
1458 2 0.0029 0.9108 0.0213
2259 3 0.0029 0.7792 0.0183
2261 3 0.0026 0.7690 0.0173
2821 3 0.0052 0.7152 0.0252
2997 3 0.0272 0.7195 0.0664
3358 2 0.0041 0.8956 0.0264
3386 2 0.0055 0.7820 0.0269
3427 2 0.0038 0.8783 0.0244
3476 2 0.0037 0.8586 0.0227

st AutsE SheIs|E™H, FM-FTRL(Factorization Machine—Follow The

Regularization Leaden)¥ AFE3E wf A& 2= HHF 0918 AHEZI]
AUROC(Area Under the Receiver Operating Characteristic)ES 2ZH= W,
AE 32 Wt 0611 =& ZtEth K-MEANS BS&E 7198 of A&
2= Ha 0.8570]11 A& 32 o 0.703 AHXo|tt. GBDT(Gradient
Boosting Decision Tree) W5 F7F P& W A& 2= FHo+ 0.8720]1
AlE 32 Hat 0.737°0|0. RE WH4E o B]Asiile W AlE 2 B
0.865¢] AUROCE Z, A& 32 0.746 ©] AUROCE zZi+=th o|gA &
o, A& 29} A& 39 zolrt U o8 Zhang, et al. (2014)°%=
Huxo] Ql% AlE 29t 39 DAATE o83 #4 H1 /9 ol A
gk b AIE 39 EEA7E A7) "ol FM-FTRL &2 22AF A9
HEgS AHEe o Aol Avtder o A A S
K-MEANS ®<=¢} GBDT H4E E@"Z’Zﬁ% Bt s Fol = .
K-MEANS ®<=¢} GBDT ®47F 242y o g9 HAY E4s A
A= 0] 10%9t 7 & zAFsie, dutstEttal & 4 Qleh. K-MEANS
A9 GBDT ®47F 2ol v o= K-MEANS &= 5709 T1&
S F7F6EAal, GBDT+ 50719 H4-E5

T2 Loglosstt RMSEZ} ztelu= A2 4 EAo=z HQIT

J

H
7

il
=z
gl I
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AlE 2014 K-MEANS ®4=¢t GBDT ®W47F Aol ¢ 2 olfie
K-MEANS ®%¢F GBDT RF 2 Higge vy 152 e
= Bl 19t = (Collision)©]

"rAleld], 1 HhAlo] iPinYou’l EHdflEL £
dojits Zo® FHHEch iPinYou’t AAES DAATE o83 ®A
I, Aoy, Fuf F3F 5o o A=E
Ar8st= 7ol K-MEANS Zre =R Qxlst Hpxlog 123 g
B gk mElel FM- FTRLoﬂH W =)ol HZ] oot A S

o] UR gobd, 0%zt UWsh 2 ok H: A9 SE gk

1l = A
ol AL K-MEANSY GBDT?] 9 LEE Al8ste AL He 1A
Zgmo] o Agd 4 Stk olE UEUolTE Al AlE 29 3386 FilFe=
12 2 AgolAAMEZ K-MEANSY GBDT H4E F7190e 9o A%
FFE A
(& 4-6] &5 27 Qo8
ndl AUROC A FEE(%)
FM-FTRL 0.7817
FM-FTRL+K-MEANS 0.7884 0.85%
FM-FTRL+GBDT 0.8123 3.92%
FM-FTRL+K-MEANS
0.8120 3.87%
+GBDT
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True Positive Rate

True Positive Rate

Receiver operating characteristic

= 1458 ROC curve (area = 0.9644)
0.2 —— 1458 ROC curve KMEANS (area = 0.8811)
2= 1458 ROC curve GBM (area = 0.9269)
,a’ —— 1458 ROC curve GBM + KMEANS(area = 0.9108)
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate
[213 4-6] 1458 333152 ROC Curve
Receiver operating characteristic
1.0 1
0.8 1
0.6 A
0.4 4
— 2259 ROC curve (area = 0.6662)
0.2 —— 2259 ROC curve KMEANS (area = 0.7464)
R 2259 ROC curve GBM (area = 0.7562)
»7 = 2259 ROC curve GBM + KMEANS(area = 0.7792)
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

(T2 4-7] 2259 F11F9] ROC Curve
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True Positive Rate

True Positive Rate

Receiver operating characteristic

1.0 A
0.8
0.6
0.4 1
— 2261 ROC curve (area = 0.5986)

0.2 —— 2261 ROC curve KMEANS (area = 0.7080)

»7 2261 ROC curve GBM (area = 0.7573)

%7  —— 2261 ROC curve GBM + KMEANS(area = 0.7690)
0.0 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate
(213 4-8] 2261 333152 ROC Curve
Receiver operating characteristic
1.0 A
0.8
0.6
0.4 4
= 2821 ROC curve (area = 0.5940)

0.2 —— 2821 ROC curve KMEANS (area = 0.6768)

R 2821 ROC curve GBM (area = 0.7211)

7 == 2821 ROC curve GBM + KMEANS(area = 0.7152)
0.0 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

(1™ 4-9] 2821 F1152] ROC Curve
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True Positive Rate

True Positive Rate

Receiver operating characteristic

1.0 A
0.8
0.6
0.4 1
= 2997 ROC curve (area = 0.5853)

0.2 —— 2997 ROC curve KMEANS (area = 0.6809)

»7 2997 ROC curve GBM (area = 0.7160)

»” = 2997 ROC curve GBM + KMEANS(area = 0.7195)
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

(719 4-10] 2997 =Fi1=2] ROC Curve

Receiver operating characteristic

—— 3358 ROC curve (area = 0.9595)
0.2 —— 3358 ROC curve KMEANS (area = 0.9099)

-7 3358 ROC curve GBM (area = 0.9203)
,z’ == 3358 ROC curve GBM + KMEANS(area = 0.8956)
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

(19 4-11] 3358 #1159 ROC Curve
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True Positive Rate

True Positive Rate

Receiver operating characteristic

1.0 4
0.8 -
0.6
0.4 -
= 3386 ROC curve (area = 0.7660)

0.2 —— 3386 ROC curve KMEANS (area = 0.7772)

»" 3386 ROC curve GBM (area = 0.7857)

’I, = 3386 ROC curve GBM + KMEANS(area = 0.7820)
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

(19 4-12] 3386 F112] ROC Curve

Receiver operating characteristic

= 3427 ROC curve (area = 0.9589)
0.2 —— 3427 ROC curve KMEANS (area = 0.8713)

-

2 3427 ROC curve GBM (area = 0.8695)

/’ — 3427 ROC curve GBM + KMEANS(area = 0.8783)

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

(19 4-13] 3427 F3159] ROC Curve
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Receiver operating characteristic

g
i
o
@
=2
=
w
(=]
o
[¥]
2
}_.
= 3476 ROC curve (area = 0.9427)
0.2 ——— 3476 ROC curve KMEANS (area = 0.8441)
- 3476 ROC curve GBM (area = 0.8582)
,/’ = 3476 ROC curve GBM + KMEANS(area = 0.8586)
Ovo T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

[(19 4-14] 3476 2159 ROC Curve
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Z
A3, o YW I AAgNA E=EF & Uthlee, K. C, Jalali, A,
Dasdan, A. , 2013, August).

dubxog o4k Buf e F 7HA] FH77F JoHXu, J., Lee, K. C.,

Li, W, Qi, H., & Lu, Q. ,2015, August). dlt= AZ2E=(Throttling)
o)1, shtb= dF A (Bid Modification) HHolth, AZES 7|¥H9]
W W A ERolA Aol Aufo] Foid FES AR dF
g7 718k e 7 Aol digh JF 7HAE H8AHeR 2Asi HE
gES st A4t BHf 528 @47

Campaign
Setup

(a) Probabilistic throttling (b) Bid modification

[ 5-1] &4 =43 dd 4 A

=

Fﬂ:
=
A| E: Xu, et a1(2015)—4 Flg. 2
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o & e
el 39,

DSP oA BuFo] BAL thew Zo| aokd 4 9
EgEReach Rawolr], & & 742 HEHLolT Hay

A 3 3
E E E
2 2 2
(7] w w
& & )
= b= o
& & a
6 7 18 I G 17 i8 I 5 P T
Hour of Day Hour of Day Hour of Day
(a) Premature Stop (b) Fluctuating Budget (c) Uniform Pacing
h #
K B
2 2
w (1]
T z
g g
= =
@ m
G 7 15 Ian G 7 3 >
Hour of Day Hour of Day
(d) Traffic Based Pacing (e) Performance Based Pacing

[T 5-2] oheFRt o4t 2l FH]
k= Lee, et al(2013)9] Fig. 1
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Aoltt. I8yt ¢ &2 fUFE mlolde 54 Alddole it 1—1—‘? “QE]
AL, ol Aol o4l BEY SR Qi dHbHolx
712A o8 Fohe WHolxRt, @Al & AMSEZA gow, Ejms whggt
e (e vebd Qo & AR HEzEA olfrolty, A I Aof it
HEAAZE AR B2 dASHA] ot HEUAE 24 e A=
Aitel F o ol ZHiEofoF sH, HEMAZE T2 AZtdol= A4t
Zol= o] Z£tt. DSP(Demand Side Platform)= 7H AALe}t of¢-

H =
st :9*}01]*1 Adste FA2 Fa AA Z18PF =Ha, HE AL
o]

DSPE DH SHAAE %JJE}?J, of| 4t =
Aolgt AZYE 4= qlct. GRS FA FolA HH 7| olgE MY =
2 TEELQE AAst= A 94 2 4 ATt

2 Aol E A4 2ul daelEe JfeE AmEY, 4 digEe
et A7fet ZAdstr] f1gk ofoltolE (=o]3ttt.
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5.2 o|24 w7

5.2.1 B o4t Eaj

al013)e A% AHS BAR o4 Bl BAS 2dsts] 98] waw

omelel ARE N RS AUt A

£xo2 Aty spgety, sl o

gordch, woF 9% 8% v} M vish ulg S 2o, o] e 4Ee
S

g7 A AL xizA Uetld, O8W A9 2t ZAe o 2

maX;I: Z 'l)/lxz --------------------------------------------------------------------- [A‘l 5 — 1]
i=1
subject to chxj =b
=
I S A7 2% Tol BRE }m 239 <€A Aol i} o
£24e ndl 1, 7H, Hge] ARt feoR LddloR Hgd 4
Aok 1A Lee, et al(2013)2 o33 22 oAt Euje] 229l &F4S
At
min,— CTR— AR eCPC or €CPA ~ eeesessessssssiisciincnes (4] 5-2]

T
subject to |Zs(t)—3 < ¢ (total spend)
1

|5/(t)—bt| <6, (smooth spend)
eCPM < M (max CPM)

s = AP ol AAl AZolth. CPM H4 7Hgoll 7Igtste], A&

i)Y
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s(t)ocimps(t) ..................................... [/ﬂ‘ 5-3]
bids (t) . imps (t)

reqs (t) bids (t)

ocreqs (t) o pacing_rate (t) o win_rate(t)

ocreqs (t) .
)

Regs(e AIRE tof] #4839 ot HoldE(M+= ARF tof
239 qi Bl 1282 o4 b+DS 71t AE s+DE ARSI,

_"
o
Oa ARE &% t+19] Holde2 vt Zo] 44dn

pacing_rate(t+1) e [A] 5-4]
. s(t+1) reqs (t) win_rate (t)
— pacing_rate ) - s(t) ’ reqs (t+1) ’ win_rate (t+1)
by 41 regs (t) win_rate (t)

= paci te(t) o . *
pacing_rate (t) s(t)  reqgs(t+1)  win_rate(t+1)

AAZE kel o] Al Q] mo] A& 7|Htste] AAtE T @A 4oF U
SHEO] Hl&2 A HHEHEE ZMA2th ol o] Al Hl&E dti=
ARSI £, A9 o2 oA AT SR T 52 AU AE 52
AFAe] AJE T+ Hot 52 AT = o ol¥A 84 Hley 9
SHE H|&o] HojAH, Ho|dES HHCoRE tx A &% T+1 9 94hs
olgA Hapikel webAst gebch A7 &9 dAbe Bujshs gL
ole] 7H7t 9tk olg Sof, & b Hee F5 Bujolth &2 St
Auole] Fold olits @M ALgSHe Aolck o] A @A 1AH
& 9ek.

! Lt+1
v, =(B Es(m)) T( e eseeeneees [4] 5-5]
m=1 2 L(m)
m=t+1

5 =l AEE AA oA4F BolA @A ARHTEA] ARGE A4S Al e]eh
zho] oibS 2 AA dolet thF AIRF && dol9] HgR FoFA th
At £x9] oA ettt
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q4(x)

sysanbay py jo JaqunN

CTR or AR

T(t)

A
T

o]
<

N

5

O

H
=

CTR

=
=

(13 5-3] 9

Zt&: Lee, et al(2013)9] Fig. 2

™

ol
HH

CTR(Click Through Rate)

A=

o
—

ot [1¥ 5-3]

Fet

Al

o
=0l
o

4
T

ol

[

A

~ [4] 5-8]

CPC(Cost Per Click) @712 & AHolt},

Arte

=S
1—

A Aol ALgH

- [A] 5-9]
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QI £2 U FEZ U Hx 9T 25 290 S, A A
Zo| A

{A4E Falorrtt.

o
Teqs*(t):l?zds—@ ............................................................... [4] 5-10]
pacing_rate (t )

2 g HoldER WHA HA "8 8 8A5E At ol
B, QoA R g (s) R whet dARE 7+ 4 SdTh

/lqt(s)ds—reqs*(t) ............................................ [4] 5-11]

CTRY 4 8% BEeld o4 adsete] zolt 44 A Aol
CTRo] ®rct. Zeut ARAE ¢ ()7t 7] ARZHE BEoin7] fheo
&Aooz WEsHE AASHE Aot A ek webd A4 HIS o
AAZE whepulE 4o A9 77ke Fate] ALY,

=

,Uw(t):,U,A/(t—l)—l—%(fy({;)—uﬂ/(t—l)) .................... [A] 5-12]

Ale AHEA ol Al Ht gupe] A A o Ate]o] FATE
ol Mz ¥aS 7ok, 24t nR7EA R o] Aol Tl 2ol 9
HkE goll M2 24k Rtk olFA ARt ghE o852l gt

o
=
GES 24T AE =0, ~

ol

O

42 1% B3 g0l Solew of a3 g
o9& CTR(Click Through Rate) gt Fstal o] gto] Amte] A9 AA Hot
soR W2 QR 184 gow doldEd] weh el @rAaH
it
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5.2.2 ATOLE oA B

Xu, J., at el.(2015, AuguspollA Atd A T2 A=Z2E 7|4 &4
22kl Ho]E Alojet HAHste] mEAYIdA dutHolty, dF 3
7IH RS 2AE IF 7H S0l 7IHE aEol AAE AEA FAoA
THMehta, A., Saberi, A., Vazirani, U, & Vazirani, V. (2007),
Borgs, C., Chayes, J., Immorlica, N., Jain, K., Etesami, O., & Mahdian,
M. (2007, May)]l. RTB tf2Z&&o] FiloA, o FA| 74 s
Aik mold Aol A& +48= fAs A== A Chen, Y., Berkhin, P.,
Anderson, B., & Devanur, N. R. (2011, August), Karlsson, N., & Zhang,
J. (2013, June), Zhang, W., Rong, Y., Wang, J., Zhu, T., & Wang, X.
(2016, February)].

rf
-
i
32

Xu, J., at el.(2015, August= THEH 2A2ZE WS F2H UHS
ARgS ZHASEIE. ZF AIRE &% dis] Fo] EHof e dlite]l QX
AHE H[go] o, o] H|gY} oite] ZolE Folw= AR EAIE
AR5k 8] Z7H(Solution space) & Eo]7] 95, HrS o= ndS
o], HIRRE HRE Hol= AHS Shel IFoR HI, HoldES
FUsHA ALsilet. & WA= HAARE oEw JgE olgd] XA o
SASE] flof EHIA R T1F HoldES 2SI

ZF Zm|Qlol disi DSP= A9t Fx 835 Wow, Fil g3o] o=
B 84 70 o= A ZAAst i dlojolE xSl HoldE=
A=t DSP= o A3t HEo] odf Foixl 7HAoA mHo|dET LT
SbER G182 dERit

LN (D= BOP oo Al 5
(G B) P BY) [4] 5-13]
K=

:Z:Sixwixci ........................................................................ [/ﬂl 5_14]

B=(BW, .. B et [A] 5-15]

_77_



P= C/Zsinini ........................................................................ [4] 5-16]

MIN P e [A] 5-17]
subject to C'= B, Q(CB) <e¢

aHeb  dite]l  sdsior stal,  eaph 3-8 l(epsilon) o3}

WE HiE WSolol itk WEWA P B9

minT,‘Q(C,B) .......................................................... (A 5-18]
subject to P< G, B—C<Z¢

Aitol AEsiA s HoldES A

O Al XA AMEE olibe A At ARG Al whet A
Folxl Hm Mol & ool Bt Shw, g Ag AZE
B=(B(1),--,B(k)) °]1, m 7}9] AZF &XFo] Holddd, E2 95 AUs9
frol e dito] HMER wEG A% 1% 54 g4k oo 2
argminanﬁl) 81")0 ............................................................. [/l] 5—19]

-

subject to E g =B,

t=m+1

He dab Aleks WA, S FHistele W2 i R2HlE
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5.2.3 @t ZEZQ o]E(Modern Portfolio Theory)

o
i
s
el
i)
rel
2

Markowitz, H. (1952)+ ZEZz]Q Adof gt =&
LZEZTQ ol&L a3 2 7S Sith

EAAe ol doln Hssta JAY 1@ wskel gtk
EAA 150] EAg A vk goel
BE Xl Jdste Sl e o7 28 Fha

NN 5met AT
£ EAtE R4 238 % RE Bad 3R] de e Aue
e W2F 5 Ao

EAAE PEel TR AFE 29Y 4 Ak

A e

loJste Rt Fold Szo

a3
AR o] oS Y= REZUQE ofgr FASH=A] gt
fgol. A mEEalo ol2e o e fg adst ol
=gdos BAsd PuE, FEZICE oEA Asiuie] met
mEZE 0o Alo] §F WA= Aol o ool EAAE 9
Zoldl fzel Faa ou A Ad 4o @7 96 =4 Ams
olgsle] LEE QS THT 4 9k sHsAol At
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5.4.1 sk A3t
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ABSTRACT

Estimation of Click Probability and Budget
Allocation in the Online Advertising Market

Hae, Hyeon—-yong

Major in Economics & Real Estate
Dept. of Economics

The Graduate School

Hansung University

Advertising is a marketing technique that targets potential customers
who want to subscribe to a service or purchase a product. Advertising is
also a way to create a brand image through repeated impressions of ads
related to the brand. With the advancement of technology, people's lives
have been moved from offline to online. A key goal of the online
advertising industry is to improve the user experience on the Internet
based on the user experience, to increase the advertising effectiveness of
the advertiser, and to maximize the media profit. To do this, we use
cookies to collect browser behavior information. And then profiling the
user of the browser based on the collected information. It then sends
personalized ads based on the information you profiled. We needed a
system to export these personalized ads.

This paper is a study on algorithms in this online advertising
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system. First of all, I will give an overview of the online advertising
market. After that, I discuss the economic characteristics of the online
advertising market and present major problems. The online advertising
market is less known in Korea than the market size and development
rate, and has been actively studied overseas. This study is expected to
contribute to academic economics in the field of econometrics by
proposing an overview of the latest algorithms on the core problems in
the online advertising market and suggesting ways to improve them.

First, I introduce the algorithms related to the click probability
estimation which is the main problem of the online advertisement market
and discuss the improvement plan. In this study, FM-FTRL was used as
the base model when creating the click probability estimation model. I
also used the predictions of a K-means clustering algorithm to find
nonlinear groups of input vectors as additional variables. And I used the
leaf nodes of the gradient boosting model as additional variables. The
K-MEANS variable and the GBDT variable capture the nonlinear
characteristics of the original data well, even with only 10% of the total
data, and are generalized.

Next, I discuss budget allocation, another important issue in the
online advertising market. Advertisers want a budget allocation that will
appear smooth over time. Given the smooth distribution of budget over
time, it can continue to use the same advertising costs and reach a wider
audience. DSPs are very similar to individual securities firms. If we think
of DSP as a brokerage, we can think of the budget allocation as creating
a portfolio. It can be identified with the problem of determining an
optimal portfolio that will yield optimal expected profit among a broad
range of stocks. Common budget allocation methods include throttling
and bidding modifications. The throttle method was used in this study.

As an improvement, [ estimate the optimal bid probability based on the
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portfolio theory in the DSP perspective. The Sharpe Ratio was used to
measure the return on investment and to use the maximum weighting
value. And suggested ways to improve performance while exhausting the
budget.

Because the online advertising market has a vast amount of data
called big data, things that are not problematic for small data are often
problematic. It is not well known how to deal with problems that arise
as the quantity simply increases, so 1 expect to be helpful to the

practitioner by discussing the contents.

[(Keyword] Large-scale Data, Online Learning, Online Advertising,
Stacked Generalization, Budget Allocation, CTR Prediction
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