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B =2 7= R Bt qAEAAR] Faue] dAelA £47 FAIRD 7N AR H A
3K(Search Engine Optimization)=&°|Th. YA 02 7| EPEL =29 E GO 3t Y&/ 93
o]FoiA 1 Yot T¥H|, i F-Z FauFE £ A o3 B JIYEE T&ﬂ@‘)ﬂ Rol, AEA o 2 B =
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mebA, B =RoAe 7129 YEF7EE FAHSE ste YA 2" s gERE Arlsta, A2 B33
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Yol oo} 2018 == 1102Y 23 SAS A
S QFETP. o8 % 2eIA N} SriEH
A ZP?ié%ﬂl 2N F A -2 2018 o]
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HGFP, Generalized First Price)

H(GSP, Generalized Second Price) ™2
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k12| /\%4- Bz o g 9l 0}01] A3 (incentive
compatibility)°] o} A=z HZFo| sttt
(Abhishek and Kartik, 2013).

add, BuFe) Yol & u), dukxjez
AN olel FBE A)9=E Bela B

1) Korea Internet & Security Agency(KISA), http://isis.kisa.or.kr/

2) Statistics Korea, http://kostat.go.kr/

3) Report on Ads Expenditure by Korea Broadcast Advertising Corp (KOBACO)
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FE Wk A8 HHEA S AT
Alel, 719EXEZE %

T S A
B =R 74 g3 2ok 24 HE #
d ATRDL 27087, 3Rl E ol &AM
E A2 ssARdS XH%A 3kaL, 47l A

A719re] d S rd gk o] &2 nj

2 AU E AANEHH, REARELSTES F
st HAdEmde dAsATh A6l e
AARE dSmdd 7|9hste] HASHEAS A
g A3E Rusty, 71E HAstEde] FAH
< AAEH %A]oﬂ #éﬁ ﬂﬂﬁ}m‘c’ xﬂ/\l

7} =AEE 71t

ASAl2 AR 7] 9] AT o ulet
A B 5| (informational), %Y &2 (navigational),
712 &2 (transactional) .2 T8 = =T, oF
80%2] ZAlo] FH ZA o), 242} oF10%H =7}t
U R &2 o]t} (Jansen and Spink, 2007). 7] ¥ =
= AFolv FaFe tig A= wet A
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A & (Generic), A1 B8 =(Retailer), A|ZHAE st EtadgsE gl
(Brand)®] 37} WFE Zk=t), AvjRIA=EAHRE 719 =3l Qlo] AE7IET A ==
Z3she 71 e SYES &S FUhet I FYES A3 wYgsta e 71917t
o] ANE BHAEFA Y J)fEdAeE & of thdt AE7 Hesttte SHA ou| e 3
g5 A3go] 238 7FAA Tt (Ghose and HE zZsl= 719 =9 o] uj¢ =3}
Yang, 2009). 3#1F2] &3 #Aste 719 = ol& 3 7|9EE &BYEE et 719
5 HFE o A, o] AS FaTY AFE EE A5 o g FEot 95 FAsheE ¢
o] X (generic-relevant) 7] ¥ =, FiaFHUA= g Eo] 83, BT 717} 9 7)Y E
(focal-brand) 7] ) =, 74 AFH 20 =(competing brand) & AT £ Qe o]k duElFe] A0l ¢
7129 37 BFE FERI B4 % 5 ek Ao 2 B3 Yt (Kim, Kim and Jung,
t} (Du, Zhang and Zheng, 2017). 2014). €ukx o g2 FuFr) FEshe 7Y E=

FHFTAHZY AFole 719E A= TR S Eolets T ol2EdH, 53
#AZ A0RE, 7|EEE UA(exact), FA 719 EE Egeh= 719 e AREARY] Ao =
(broad), ¥T-E3H(phase)s 37H4 FEHE 7|9 = E 243 BEE AMAHIZZA OdA A
2 FEsa T, 53 grjsalY HEEE B T AAes S AAEFA He
2 71 EE FEF o2 ERete] XY= 3t} (Kim and Kim, 2012)
Aol o a&Aolgtal E438Al (Du et al, B e HA L AHATE Hast
2017). 7191 =8] Zolo} #Hst AR} 719 = 7IEE FE3e #H TG 71 ER Adet
EE AAsHA dgstd FHE e dgE0l = #4, 719EE A Este AHoE U=
s WS F Ut 7R 5 e, AT ATE 71 EFZF2 SNS T thefgt AAo)E
23 2 FF2 e Ao FAFAJT (Ghose AFAS7INe] darglEe 2 sk ol
and Yang, 2009). g B =79 9=l HAAxHHSHSEO)H

719 =l FEe ousala JATA A% <3 23, AAARZA A 7= A
sk WA o2 P k. 53] AFA T F3 EREAHRE Algstng 2 =EoAs
Ao = ATrE g Aol el glof, th ALzttt 71E =l e 719 ER Tl ot
& o] == A ol BAE Esk= W SYETY AAE FAAAT, 719 =1L
2jo] AAol ZthE 1 Sl=Hl, Gong, Abhisek el Hed tadE HAS SR vhgst
and Li (2018)& ©]Z 7] =" 354 (Keyword A F3H T mEkA, B =i 719 s A
ambiguity) &2 AWt Iv JYERSAES I AGSHAA 7] 29 HFESP IS T4
AMojBAle] BAYH =R Holsta, A A 2 ZEZYTAT oA, FEHEOE 9
o HA& S FASHAT EAA T 93 4 MFsE SA0RE HFE Bk, 4
A g9 =2 71 EY A JIHERSA HEd 549 tads B
o] 2 7| EA =2 FHES B, &
HZ7F Rogh A4 AR o) F FEAMOE A
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SA%t= FA o]t (Schlangenotto,
Poniatowski and Kundisch, 2018), H&&o] &
23 olf= 719 =9 £93t AR ow Ay
Hol 7] W&ot &, 288
FrE=sty] A7 2]l
Tuj7E o] Fo A=

20
&9

=RuAe td 2

=0T

™
rlot
o
flo
[k

H7bs

o,
tlo

=
ik

S
=
A

2

o Lo
© T

O e b
yo 2 i

o

. Ghose and Yang (2009)2 =Z<97}
]

ox
Lo oy REOHY M N

rr o oo

2

wy —

N
=)
%
ulll
Hic)
it
i)
S,
ol
o
(o]

5

AT B A,
SYERETO= A9 dZVHY(CPO)°] H T4
Sttkal =33t} Schlangenotto et al., (2018)=
rEefe SHEIY AL FRlsA T,
EEE9et Aol daiAe Aol fes
Bt} ofol wha) FaFe] Bl =o|u|z|o u}
g 2

w9l dEsH

bk

SHPARIAEZ o £
AAE BT} ety o]efg SR
(Jerath, Ma, Park, Srinivasan, 2011;
Jeziorski, 2018). EY &3] AFAA 9} A EH
o= &2 Al wet A3t

&9)
PN
# 9

=2

o
=

&ttt (Jeon, 2017).

N7 E9 R EZLY] #A A T
. AREAE AR IRk A
ol AAsARE, Ha fFRBEAER o=
ARt d5S FUsAT (Rutz and Bucklin,
2011; Abhishek, 2012; Gong et al., 2018). T}k,
olg ErdAe IibaATIfEe} FEIIHE

= T o
& BlStIAT FE5719EXE Blae o] Fo

o =
HES
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UETF - BEM - USF
Rutz and Bucklin(2011)%1d], SE3} A& o], At 55 X&3= EXN2HIE A3
gt dESrdoA =&, AVEHE, &9, dA A3, MgEe] FERIE FHEFSETEY
T 5Y g SHHTE FHCE = Ao Hpelo FAATE XE3= EARYHETE
1F 2P e FASATE Abhishek and A stATh YA/ AELGERE A
Kartik (2013)%] 74+ 7|19 =3 Gtads & H AR AggeR q5rds Aost
2317] 913t S Snde Ao AYgn %ot Gopal, Li and Sankaranarayanan (2011)-2
95 714319t} Bae and Park (2018)2 miA| & 719 EF1E FRuA S} ZEmA 2 &k,
A3 FaEAE FuaHdE GRlstr] 95t Zzke] FEHAE EASHEA wiAzE 7
Faqtd, iAFE, gAEAR F73 55 &9 EAE Wiled, 53, F9E, 9, =
SHHTE sto] FYES 9S8t AR s =, dZTHARs Ao ST S5
7Hgste] B8t 7F Hol A3 S Fads 54AQ FH 9
o= HAEY 7ol =43 34, SVM HAY SRS FAsRY. SHENSHAA
1 (Support Vector Machines) E+ LFM7]|H NAE &9 =5, A 295 9 A
(Latent Factor Model)5¢] S8 E4d 3 =Y o & 52 SHHSFE I EAXEESFE
Atk dE S0, FaFe FuoAAEs 9 Ajkstal, 7ek Wee T3] Aet 276k
3 AHgAFe] oJHEZHdZRdo] Hadt, 3| AEAS AASFATE Abhishek and Kartik
£3], 29E3ARES HAlYdey EFEE 013)= =EEHdSEdoA VA S =
Ao w Agste WAl dsrle A3AS HHTE O}b 2ol o mE FA R
3] &4 (Multiple Criteria Linear Programming S AR, oldExe FEE WeibulliEX
Regression)< F1O/dt TR &2 = £ 714 0}9&‘:} ot 2do] B oz Qlslo]
ol7b e FEs A¥AHA AgSARA R AR A =HE A&7t o Ho
%aga F438t= 2do] AFE ATH Wang, o 7HAsta, stebdE FAl o] YRksAE
Suphamitmongkol and Wang, 2013). FH(GMM, Generalized Method of Moments)
nAagRde FYE =E 95 A5 S #8319t Du et al. (2017)2 FHEH ¢
AoNA FHLASHA AAEHIAT. o= AAAR Z7kelol] thet ASHANA AR =EES, 7
7F FERES A HA] e FEE AUA o], HFd 7R, AAE, oE
T, 29 ECIY =971 (0,119 SRS 2 HEt wxaRts }Odo}oiﬁtﬂ, Y =
3 Qo] AFRTE= BAdPE do] A9tE o] A=Y G, dFAMAS A5
% 9t} Ghose and Yang (2009)= E8°] ¥ Z Aol of=nde 2—1%0}@‘3} S AT
g FEF Tt dojd FES 7HEskaL, o) oA thEEo AP FA S dutsd 3]
FGRI} wo| xR X J|ZE FYEF HA¥-4(Generalized Linear Regression)©|L} HE}
Agkgo thEk FEFTE AT AL 3] A o] At T
T35t EHEY FEREE =559, A7 AER 71E =19 SAdSED2
FRACSS} AxBAE 2T, 7192 2 ZYE Ev YFVHA S oASetr] Hal okt



t}. Cholette, Ozliik and Parlar
012y =EFE9E JE7H 8 vztAaA
Aagle]l F7kA 8l o3t WElEErdE
A3 =, WeHEEY HEAATT (MGF,
Moment Generating Function)ol] 7]18FgF =Z<9]
o S5 d-S AF3IA T Selguk and Ozliik (2013)
= Cholette et al. (2012)2] =9 =0
/H W3, A1a JEATTES ST
, A7)0 AAFYES FoH %‘Q%% o

2dS AtstdTh AAdF
o] 2YES T¢Ik
ANxe AT g =29
AAEYES BHFste FAASEE ]
9 BAS Walste A&

H>2£4°1
i
o e

of mr r o |
i
r_{

e 2
1z

e O

223} A okzA
o UJrE} TS e <] E%‘ ] Zil/\lEloi%t 1,
- el b ol A 33 Sk o4k
#] % 3K Budget Optlmlzatlon)txﬂ O] o FHZ 5t
o] BA3ISL | RA 07 J|9EAA ] F

SHistete 2 sket 7ol oS Shalst

=

EE

© AgeHAsE 2S5 AH =
A

=

At
Aol g7 FelE ST Y, BhEAo

h

o3 2

Abhishek and Kartik(2013)& o AkAl| k=71 8}
A 9] Fo)& HArislste B2, Cholette et al.
(2012)& oAl eFzAS A ] tio] ]S HT
slsle 2l ]JYD‘]'OiE} Selcuk and Ozlik
013y HXFYEIAHY AfxzstlA H]

£S5 FHaslsle 29, DasGupta and
Muthukrishnan (2010)= Ztighe] 7|9 =5 &8
stAA o4te] EE4S HUslele 719 EE
S dS A AISFA 2L, Gopal et al. (2011)
grE Fstels RAS AASHEA, b
AME S5 FAuigste diErndS Al
A3t} Feldman, Muthukrishnan, Pal and Stein
(2006)> AAAJA 7HA9 BF7]9 =(multi
keyword) HA3EAE A H7} BT 48
A o] & ] &7 EH(Uniform strategy)S Al A 5F
AA HA ] ERE S AA AT

AR HASEAZ g o], A AR
27 295 T gste 3G SY2EH
o]EqE E_OH 44'7_,‘7} .2'_31-3]_.‘:_ E;Hz‘s]-/\g T

A 4 otk 2Y2EAdolHE AR} 2
g ]?f /\]'O]E;‘ AABRA F 2OH 0B &
5, Pl A

rlr >4,:
l*

=
T
=
=

i

2019).

B ERoAE 2YES Aol @)
AHGuA e Juo R oH, AEH FYAE
YulolElol T hmpA A 4 gt 3
ASua e AN

25 EANFE

SARFEREe A =T Y
Hlo)z|¢k W oz roZg,

MEFHIY e EHes Ageeye
A gahs FRUPAE, TENFTE S
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uEd - 2EM - U

oA AT HIESFE FAHE A oe HE =EEHd mek 2YE(CTR)C] THHTE 9
AN S Ade, BSHOEZHE HAH9 ZHT FYE2 =259y THHTE 945
e Bl & FE3he Hle-Erel 289 HE "o 7Hg3sith 2Yo] o] FojAH T}
3ANEE AFIARG Lttt B aske] (CPC)°] Fan| 2 AFHTh o]ZA £ W SSAo
T} (Ferrari and Cribari-Neto, 2004; Smithson and 2de QT o] oAAAHa] mdo]a,
Verkuilen, 2006; Paolino, 2001) HEN G =Eedolth Fau2 Y@t

Hlo|Z e T o2 HUARSESEEHo] t® gzt ou7t En. dZ7FAL 4EA
A, Hde=e] daAow dwdtAn,  AEI rholn, FEVIY(CPO)S tE BT
THEA Fe 7hsAdol i, vpoloj ) A, o9 7199E YFAA A A A3k Y E7HGSP)
Z713ke ZAE HA 7 HAHA &S Tk A"l ojaf HF S f vt} FaH| 2 A
dol aL, AAFRe ZAet A EES 15 wote otk W& 789 onrt gloH,
A e TEHY IRtsEATt sleng, dA d&A7IH o2 FUst ARSI
ML 1k AjhE wlEgho] 5 750l SSAcEH2> FA| o SHA|(Estimation Stage)
+ Wo]X|QF el o3 WEHT T} AH sttt 9} &3l (Optimization Stage) = :[’-1"&:%\3]-
3 =3 (Liu and Eugenio, 2018). dEdA= YE7HAe) Zblsle] =E2E9E

2 =dAe E2AUYLE H2ER A3sl= =34 (Rank Estimation)3}, -r"oH =
oA gl thEA FAA F2UEES ARES sl 7ele EYES d5stke AA
o ZdHAS st (CTR Estimation)S Z3¥3lH, HAsdA= 4

el oAb A okS whge e EA &
g Hoistste dAIE, o] HA A

3. I} ELUMA I (SSA)RU 1= 2 JATIA(CPOE FE FHoz TAHL:

e HAGEMS sl 7
ZP Yol 7|ESSAR LD ] FAH S %A 5}
& Ao A 79 I(SSA) =

A elsse.

7]8-0]

=483

2

3.1 7|1& SSAZY (SsA0ZH)

7]

o]

FHJ

= Al AASHE SSARE(SSAVE
A&7l A A ZE T} (<Figure 1> ZHZ).
T7F Gl FHofste] £ =E2EE FH
719180 dZ27EAS AAEHE A 714 75
O] X|(SERP)o| 49| =Z<9](Rank)7} AR =1,

1=]) )

e

Eus

Koo

0

[¢]
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ESTIMATIONSTAGE OPTIMIZATION STAGE

Rank Estimation

( CPC
b |

(IR Estimation
L Rank | | CTR ,| #Clicks
X =fi(be) B = fo(X) Bk

>y T
‘ . impression iy, {RevenueR

Profit
R-TC

| ,| Total Cost | |
#Clicks X by

(Figure 1) Classical SSA Model (SSA; Model)

T34, SSAEE L JETIH(CPC)S 2 AHE
ARG ol glol E 7HA] o] ok A
AZ7FH(CPO) T YE <9 (Rank)He] A4 o]
Eﬂﬁf} ojFo|th AMHEE T AVIHOE F
w2290 O3] dFVAe] MEZEo] I
e Ad =297 97 g
7ke] ool Stk EAE, FaT



S0 TR 7I9EE Bt e, vE Y
HAEMulti Keywords)oll tisl] 71E 71915 =
PZA7IA S o] st Yol Fostr|=
/‘e]"‘zl'*X4 o8 A EVFssithE Aolth AR
l':'-, 17}"—’14 EE2EE ESAG0RE st

£
ﬂ
@
iy
qu
]
fo
2
Ao
o,
i)
re
a0
i
ek
il
o

o 288L A4 A =AM + 9
o 2, o] A4 F9EL YAl 4 &
glonz wasial] of ek A4 A get 8
Hebn, QAT wEEANE SUESE
1 EYES FHUSE T A w2 &
g5 A= BAZL BT A B =
Fol it QAT Yo R FYEL AHSTE

32 MZ2 SSARY TM(SSA1RE)

71E SSAuR e EAH S sl 4] fls) £
ERAE <Figure 2>91A ¢} o] =L
(Rank) & JAAAYHTZ = A2 Al 7oA
SSAIRE S At

OPTIMIZATIONSTAGE

Profit
R-TC

T

ESTIMATION STAGE

R -
foimation »|  CTR ,| #Clicks
Rank " B = fo(X) B ik

#Cllcks X by

_{ Total Cost

Y o] epe | S

Estimation | bk = ()

(Figure 2) Novel SSA Model (SSA1 Model)

SSAIEEE A oSt
zteth dSaAE &9 (Rank)ol 7113}@]
ZYE(CTR)F L27IH(CPO)E FAHsE &

]37_ 5]%4;].1:]-74]‘— oq])\l-/\oh,]_ cq]/\].;q]ﬁg
e 22485 Huigkste Aol At

At HAZAAE
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A5 | > (Table 2) Dataset Summary
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(Table 3) Linear Regression:
Rank Score(dv) on CPC(iv) of 30 month period

<kl=PC <k2>-PC <k3>PC <k4>PC
Fredictors Estimat  p  Estimat  p  Estmat  p  Estimai  p

(Intercept) 0.0724 0608 16151 <0.001 009814 <0001 09601 <0.001

CPC 00021 <0.001 -0.0028 0.001 -00003 0.196 0.0001 0.861

Observations 128 129 129 129

R?/ R adjusted 0196/ 0.190 0.077/0070 0.013 /0.005 0.000 /-0.008
<kl=MB <k2=MB <k3=MB <k4=MB

Fredictors Estimat  p  Estimat  p  Estmat  p  Estimai  p

(Intercept) 0372 0006 1292 <0.001 11326 <0001 1.161 <0.001
CPC 00024 <0001 -00021 0016 -00014 <0001 -0.0029 0.009

Observations 120 126 130 130
R/ R adjusted 0277/ 0.271 0.046/0.039 0.183/0.176 0.052/0.044

(Table 4) Linear Regression:
Rank Score(dv) on CPC(iv) of 6 month period

<kl-PC <k2>PC <k3=PC <ki=PC
Fredictors Estimat  p  Estimat  p  Estmat  p  Estimai  p

(Intercept) 02078 0235 0135 0838 0.6457 <0001 1.0284 <0.001

CPC 00017 0.001 00011 0612 0.0013 <0.001 -0.0011 0.321

Observations 26 26 26 26

R?/ R adjusted 0393 /0368 0.011/-0.030 0.642/0.627 0.041/0.001
<kl-MB <k2>MB <k3>MB <k4>MB

Predictors Estimat _ p  Estimat _ p  Estimat _ p Estmat __ p
(Intercept) 0.1387 0.578 -0.0387 0955 02064 0.195 0.7849 <0.001
CPC 00019 0004 00014 0494 00026 0001 0.0024 0.237

Observations 26 24 26 27
R/ adjusted 0291/ 0.262 0.022/-0.08 0.377/0.351 0.055/0.018

QA7 RankH57 BB H B4
g BY AAHOE YA FFHol
DAY FBAFTE WS Fe RS 2
6

T} (<Table 3>, <Table 4> F=).
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(Table 5) Linear Regression:
CTR(dv) on Rank Score(dv) of 30 month period

<k1=PC <k2>PC <k3=PC <k4=PC
Predictors Fstimat  p  Estimat  p  Estimat  p  Estimat  p
(Intercept) 0127 <0001 -0.0026 0408 -03132 <0.001 -1.6899 <0.001
tRankingl 0.1861 <0.001 00527 <0.001 0.5791 <0.001 2.1817 <0.001
Observations 128 129 129 129
R?/ R adjusted 0730/ 0.727 0.513/0500 0.524/0.521 071570713

<kl>MB <k2=MB <k3=MB <k4=MB
Predictors Fstimat  p  Estimat  p  Estimat  p  Estimat  p
(Intercept) 00997 <0.001 00475 <0.001 0.1491 <0001 02236 026
tRankingl 01813 <0001 00119 0409 00868 0004 0.0166 0.937
Observations 120 126 130 130

0.006/-0.003 0.063 /0.056 0.000 /-0.008

RY/R adjusted 0604/ 0.601

(Table 6) Linear Regression:
CTR(dv) on Rank Score(dv) of 6 month period

<kl-PC <k2>PC <k3=PC <ki=PC
Predictors Fstimat  p  Estimat  p  Estimat  p  Estimat  p
(Intercept) 00827 0146 0014 0039 03543 0.003 -1.3489 <0.001
tRankingl 02371 0.001 00151 007 08435 <0001 20642 <0.001
Observations 26 26 26 2
R?/ R adjusted 0375/ 0340 0.077/0.039 047970457 0.864 /0.858

<kl>MB <k2=MB <k3=MB <kd>MB
Predictors Estimat _ p  Estimat _ p  Estmat  p  Estimat  p
(Intercept) 0138 <0.001 01397 <0.001 -00333 0.525 -02273 0.035
Rankingl 014 0001 -02164 <0.001 0.3409 -<0.001 0.8038 <0.001

Observations 26 24 26 b
R/ R adjusted 0386/ 0360 0.403/0470 0.537/0.518 0.69 /0.684
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(Table 8) GOF Test Results:
-RMSE Scores of CTR Estimation Scenarios-

(a) Parameter Estimation period 2016.7-2018.12 (30mo)

Model1 Model2 Model3
MLE | MAP | MLEE | MAP | MLE | MAP

Key

word PM

PC | 0.078% | 0.077% | 0.066% | 0.067% |0.020%% | 0.022%

0.053% | 0.053% | 0.047% | 0.049% |0.025%* | 0.027%

<kI>

0.022% | 0.022% | 0.021% | 0.026% |0.010%* | 0.015%
0.117% | 0.117% | 0.117% | 0.121% |0.117%* | 0.122%

<k2>

0.221% | 0.221% | 0.221% | 0.224% |0.104%* | 0.106%
0.164% | 0.164% | 0.145% | 0.146% |0.136%* | 0.138%

<k3>

1.386% | 1.387% | 1.382% | 1.382% [0.347%* | 0.348%
4230% | 4.229% |4.120%* |4.120%* | 4.257% | 4.262%

<k4>

(b) Parameter Estimation period 2018.1-2018.12 (12mo)

Key PM Modkel1 Model2 Modkel3
word MLE | MAP | MLE | MAP | MLE | MAP
%> PC | 0.042% | 0.044% | 0.042% | 0.046% |0.026%* | 0.032%
MB | 0.029% | 0.029% | 0.020% | 0.029% |0.015%* | 0.026%
e PC | 0.004% | 0.004% | 0.004% | 0.034% |0.003%*| 0.032%
MB | 0.233% | 0.233% | 0.227% | 0.263% |0.135%* | 0.173%
PC | 0.138% | 0.139% | 0.136% | 0.147% |0.089%% | 0.101%
e MB | 0.155% | 0.155% | 0.153% | 0.162% |0.076%* | 0.086%
e PC | 1.306% | 1.310% | 1.303% | 1.306% |0.146%*| 0.151%
MB | 2.829% | 2.832% |2.581%* | 2.585% | 2.899% | 2.895%

(¢) Parameter Estimation period 2018.7-2018.12 (6mo)

Model1 Model2 Model3
MLE | MAP | MLE | MAP | MLE | MAP

Key

word PM

0.035% | 0.042% | 0.034% | 0.062% |0.024%* | 0.055%
0.046% | 0.044% | 0.025% | 0.065% |0.015%* | 0.053%
0.003% | 0.003% | 0.003% | 0.111% |0.003%* | 0.106%
0.235% | 0.235% | 0.231% | 0.335% |0.120%* | 0.236%
0.147% | 0.150% | 0.135% | 0.184% |0.091%* | 0.121%
0.165% | 0.167% | 0.163% | 0.195% |0.091%* | 0.111%
1.168% | 1.181% | 1.167% | 1.178% {0.160%* | 0.166%
0.464% | 0.489% | 0.449% | 0.450% |0.138%* | 0.142%
* Minimum RMSE

<k1>

<k2>

JEEGE

<k3>
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(Table 9) CPC Estimation Scenarios

SN | Regression Scenario Scenario Formula

S1 | Linear (LR) CPC= By+ B2

S2 | Polynomial (PR2) CPC=By+ B2+ Bo2°

S3 | Polynomial (PR3) CPC= B+ B2+ y2°+ B52°

S4 | Inverse Sigmoid (ISR) | CPC= B,+ 3,In(2/(1— 2))

S5 | Beta (BR) logit (CPC) = B,+ 8,2
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(Table 10) GOF Test Result:
-RMSE & AIC Scores of CPC Estimation Scenarios-

Parameter Estimation period 2016.9-2018.12 (24mo)
SN Key RMSE AIC
word LM PR2 PR3 IS BR LM PR2 PR3 IS BR
1 <k1>PC 555% | 547% | 547%* | 552% | 5.58% -300 -301 -299 -301 -305*
2 <k1>MB 436% | 429% | 427%* | 4.33% | 4.46% -351 -352% -351 -352 -341
3 <k2>PC 439% | 4.13% | 4.10%* | 4.37% | 4.39% -349 -360* -359 -350 -357
4 <k2>MB 448% | 4.31% | 4.29%* | 449% | 4.48% -331 -337* -336 -331 -336
5 <k3>PC 580% | 5.79% | 5.57%* | 5.75% | 5.80% -291 -289 -295% -293 -289
6 <k3>MB 727% | 7.05% | 6.79%* | 6.90% | 7.28% -244 -249 -254 -255% -245
7 <k4>PC 1.65% 1.61% | 1.61%* | 1.66% 1.65% -553 -555% -554 -552 -551
8 <k4>MB 1.57% 1.55% | 1.54%* | 1.56% 1.57% -562 -564 -563 -565% -562
Parameter Estimation period 2018.1-2018.12 (12mo)
Key RMSE AIC
SN word LM PR2 PR3 IS BR LM PR2 PR3 IS BR
1 <k1>PC 3.52% | 3.49% | 3.25%* | 3.65% | 3.51% -195 -193 -199* -191 -198
2 <kI>MB 420% | 3.84% | 3.83%* | 4.16% | 4.29% -176 -184* -182 -177 -178
3 <k2>PC 2.54% | 2.53% | 2.48%* | 2.54% | 2.54% -228 -227 =227 -229 -229%
4 <k2>MB 3.75% | 3.64% | 3.49%* | 3.74% | 3.75% -173 -174 -176 -173 -176*
5 <k3>PC 424% | 3.27% | 3.24%* | 3.85% | 4.24% -175 -200* -199 -185 -176
6 <k3>MB 4.72% | 433% | 432%* | 4.55% | 4.72% -164 -171%* -169 -168 -164
7 <k4>PC L.77% 1.59% | 1.58%* | 1.73% 1.77% -266 -275% -274 -269 -266
8 <k4>MB 1.74% 1.72% | 1.72%* | 1.74% 1.74% -268 -267 -265 -268* -267
Parameter Estimation period 2018.7-2018.12 (6mo)
Key RMSE AIC
SN word LM PR2 PR3 IS BR LM PR2 PR3 IS BR
1 <k1>PC 321% | 2.52% | 2.44%* | 3.58% | 3.07% -99 -110* -109 -93 -100
2 <kI>MB 4.18% | 3.94% | 3.76%* | 4.13% | 4.32% -85 -86 -87 -86 -89%*
3 <k2>PC 2.19% | 2.12% | 2.06%* | 2.19% | 2.19% -119 -119 -118 -119 -119*
4 <k2>MB 3.62% | 3.53% | 2.16%* | 3.63% | 3.62% -85 -84 -106* -85 -88
5 <k3>PC 2.74% 1.93% | 1.91%* | 2.00% | 2.68% -107 -123 -122 -124* -108
6 <k3>MB 3.94% | 3.70% | 3.66%* | 3.74% | 3.94% -88 -90 -88 91* -89
7 <k4>PC 1.98% 1.91% | 1.65%* | 1.91% 1.98% -124 -124 -130* -126 -124
8 <k4>MB 1.46% 1.45% | 1.45%* | 1.47% 1.46% -146* -144 -142 -145% -145

* Minimum of RMSE and AIC
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6. 2|83I2M HAASENANE BHY 7] HHsede
<Table 11>0|4 9} o] SHEV|FEOEE +2.8~
HAGRA L AAZHES Husshs FY 35%P, FYIVIFOE F +9.0~11.3%2] /MM A
EHA T 7jole)s HAslet= AEHE IE HYth o]& T3l Rank7 ¥ YFRI| F
HA g EA 07 TR BAE AT F AU
FAHReE BH, AEaEE<kw> 9} Fa1
6.1 SEI=xN3} FE<k3> B AREAFAT-E<kg> o] A2l
SYEHAS D o RAZ = AU 7 H L—_%%o%%:%q H]-%o% %O]oi ’ oqiw e
9= meEoe Tewe Aumels, Asr o oo SRRl EE ARAAe
A& o4k 9] o] h<Equation 4> F2). H3} ZZE f‘y?j]gig‘f Fees ?—Ai" =
AZRAO YAYIFE 20199180, Hm o @ g% a_gféom Mi R IS_RT
e ol S AU AREY o o DT CROE AR
e 7ol Ut webA }%x}—gi—rf<k1>_ 2t
:;;;? eren o a2 A% CROETHIN geel Sopage
CPCE A Wolel RN e A L) SEEESE AERES W A
S Dokl Godlos s :ij{i oo H]& PR32 @Ttlﬂ%ﬂ:ﬂ«l
E49% 71t HAE S0 asta Qo) B
Z = argmawZE {zkE[Bk(z)}/ZzJ} o fredstt
KEK JEK
s.t. Xk]ikE[bk(z)}E[ﬁk(z)} < B, b, =60
(Equation 4)
(Table 11) CTR Optimization Test Results
Actual Data (A)Rank based SSA with PR3 (B)Rank based SSA with
Key oM (CPC) ISR(CPC)
word gf;rz CTR | #Clicks ngri CTR | #Clicks gfgrz CTR | #Clicks
> PC 72.0% 24.7% 3,839 65.9% 24.1% 3,756 63.4% 23.6% 3,673
MB 53.1% 22.1% 7,053 99.0% 26.0% 8,315 1.0% 14.6% 4,673
<o PC 54.9% 2.3% 200 1.0% 1.3% 112 91.8% 2.8% 245
MB 41.1% 5.3% 287 76.3% 1.1% 59 1.0% 18.0% 980
e PC 96.8% 27.2% 784 59.8% 5.7% 165 98.2% 29.1% 839
MB 93.4% 29.7% 1,329 28.0% 10.4% 466 95.7% 29.6% 1,325
e PC 91.8% 27.5% 5,878 99.0% 49.6% 10,598 99.0% 49.6% 10,598
MB 92.8% 55.3% 19,688 98.2% 56.2% 19,991 99.0% 56.8% 20,232
Total 31.0% 39,058 34.5% 43,462 33.8% 42,565
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2" =argmaz, Y, B[ By(2) ] (v, — E[by(2)])

kEK

s.t. zk]z'kE[bk(z) | E[B(2)] < B, b, = 60

(Equation 5)
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(Table 12) CVR Optimization Test Results
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Actual Data (A)Rank based SSA with (B)Rank based SSA with
Key o PR3(CPC) ISR(CPC)
" soore | #90 | ot | seore | S | pt | seore | PO |y
> PC 72.0% 3,839 1,063 99.0% 4,953 1,230 95.4% 4,814 1,110
MB 53.1% 7,053 -823 0.0% 0 0 25.4% 0 0
<o PC 54.9% 200 -45 0.0% 0 0 44.0% 0 0
MB 41.1% 287 -67 76.0% 59 2 68.4% 0 0
. PC 96.8% 784 318 98.1% 841 295 99.0% 864 360
MB 93.4% 1,329 -2 28.0% 465 72 1.0% 291 18
et PC 91.8% 5,878 5,936 99.0% 10,598 10,747 99.0% 10,598 10,715
MB 92.8% 19,688 5,846 99.0% 20,232 5,806 99.0% 20,232 5,861
Total 39,058 12,226 37,148 18,153 36,798 18,064
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A IS HEYSEAY, 3V e oHE (Table 13) Markov Chain Results
ARl E ZE FollA 7|3 o]el& Htget= 7HY PC Keyword
g 5 FRANES Bste SAgTR FROM Steady
TS & A HZol 9sith ot | <kki> | <kk2> | <kk3> | <kkd> | <kk5> | State
o]FoA 719 =TS FAaHE K e Y <kkI>| 66.8% | 92% | 30.8% | 6.4% | 13.3% |27.1%
QEE = YT o|E HAF S Wk s} <kk2>| 2.6% | 40.0% | 0.9% | 03% | 0.8% | 2.0%
= gote AEsT &Kk3>| 27% | 2.5% | 37.7% | 0.7% | 1.7% | 2.9%
<kkd>| 44% | 1.7% | 63% | 76.5% | 4.7% |16.4%
6.3 SAIS IO} SHAIART|E others | 23.5% | 46.7% | 24.3% | 16.1% | 79.4% | 51.6%
) Mobile Keyword
71915 S8 s VA o= 719 EE A —
Steady
= i a3l Ao
719 E(Core Transit Keyword, CTK)ZFaL 9] ot [ <ars | < | <wis | <k | <res | State
SlA SHAI AL FIolEX= HIE 3 2Alo
St A RTIHES s AA ZhE E'] <kI> | 558% | 11.1% | 19.0% | 6.1% | 10.3% | 17.5%
ArE] = ol o SES o]
AdHE= 1A= ARE F sdelel = k2> | 0.7% | 31.0% | 05% | 02% | 03% | 0.5%
= [e) =]
719 ER] s frEshe 719 =rt Ak °ﬂ k3> | 32% | 7.0% | 27.7% | 12% | 14% | 2.3%
T S, ARSI AR-E<kI> R TR B 7 > | 88% | 8.8% | 14.4% | 74.8% | 7.1% | 23.4%
o] ARG A Z2 7ldielejo] ¥ others | 31.4% | 42.1% | 384% | 17.7% | 80.9% | 56.3%
O+ o] f= siA diidog FEZZS ¢z
ol Al HiA| = AR, o3 YA EE FaT
7t Q3= $EIY=EE Aojd ssAdo] u] dafel gA mA e sle & ol =3,
=} wel A7 C e soksls W HolgES AEINRH AFA5IHE-E<kk]>T]
2 54gh2=0] melsly) B a3l =7t pCst mArd7IEolA A FT]¢
LA AN Y EE B A RS B3 34ka = A9%S gt A, TFH0E A=
U= é‘,‘]- ‘61— 11;]. <Table 13> 20193187 ] <kk4>7]‘or4—l;—E Q‘ﬂ'i‘ﬂ'g‘ %27]1 2 ’%‘% 3—2}
o 23)0] ¢ %e@ DAFAA, A 2Yste AT F AT ol= vREARLE e el A
895 719t 9} o]To] $9W V9T E BA g 4 Sletl, PCIH =9 g3 El(Steady
3}o] 0] &-E(Transition Probability)S 741 5} State)w= {kk1,kk2,kk3,kk4,71EH={27.1%,2.0%,2.9%,
NS RAFE v EARIASE T, 16.4%,51.6%} ©121 Eutde] 739+ {kk1,kk2,kk3,
BMAT BB 79 ToA Hx 9979 kk4,71EF}={17.5%,0.5%,23.4%,23.4%,56.3%} ¢!
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(Table 14) Revised CVR Optimization Test Results
Actual Data (A)Rank based SSA with (B)Rank based SSA with
Key PR3(CPC) ISR(CPC)
PM
word Rank . Exp Rank . Exp Rank ) Exp
Score fiClicks Profit Score fiClicks Profit Score f#Clicks Profit
PC 72.0% 3,839 1,063 68.6% 3,844 3,222 95.4% 4811 3,768
<kl1>
MB 53.1% 7,053 -823 100.0% 8,361 1,614 0.0% 4,644 962
PC 54.9% 200 -45 0.0% 111 54 0.0% 111 46
<k2>
MB 41.1% 287 -67 76.3% 59 13 0.0% 0 0
PC 96.8% 784 318 94.4% 733 619 99.1% 867 756
<k3>
MB 93.4% 1,329 -2 28.0% 465 317 0.0% 286 180
PC 91.8% 5,878 5,936 100.0% 11,077 19,229 100.0% 11,077 19,165
<k4>
MB 92.8% 19,688 5,846 100.0% 20,515 10,060 99.9% 20,488 10,091
(-)Contribution 16,916 16,489
Total ‘ ‘ ‘ 39,058 ‘ 12,226 45,165 18,213 42285 18,479
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Abstract

An Empirical Study on Statistical Optimization Model
for the Portfolio Construction of
Sponsored Search Advertising(SSA)

Hognkyu Yang* -+ Juneseok Hong** - Wooju Kim***

This research starts from the four basic concepts of incentive incompatibility, limited information,
myopia and decision variable which are confronted when making decisions in keyword bidding. In order
to make these concept concrete, four framework approaches are designed as follows; Strategic approach
for the incentive incompatibility, Statistical approach for the limited information, Alternative optimization
for myopia, and New model approach for decision variable.

The purpose of this research is to propose the statistical optimization model in constructing the
portfolio of Sponsored Search Advertising (SSA) in the Sponsor’s perspective through empirical tests which
can be used in portfolio decision making. Previous research up to date formulates the CTR estimation
model using CPC, Rank, Impression, CVR, etc., individually or collectively as the independent variables.
However, many of the variables are not controllable in keyword bidding. Only CPC and Rank can be used
as decision variables in the bidding system. Classical SSA model is designed on the basic assumption that
the CPC is the decision variable and CTR is the response variable. However, this classical model has so
many huddles in the estimation of CTR. The main problem is the uncertainty between CPC and Rank. In
keyword bid, CPC is continuously fluctuating even at the same Rank. This uncertainty usually raises
questions about the credibility of CTR, along with the practical management problems. Sponsors make
decisions in keyword bids under the limited information, and the strategic portfolio approach based on
statistical models is necessary.

In order to solve the problem in Classical SSA model, the New SSA model frame is designed on

the basic assumption that Rank is the decision variable. Rank is proposed as the best decision variable in
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predicting the CTR in many papers. Further, most of the search engine platforms provide the options and
algorithms to make it possible to bid with Rank. Sponsors can participate in the keyword bidding with
Rank. Therefore, this paper tries to test the validity of this new SSA model and the applicability to
construct the optimal portfolio in keyword bidding.

Research process is as follows; In order to perform the optimization analysis in constructing the
keyword portfolio under the New SSA model, this study proposes the criteria for categorizing the keywords,
selects the representing keywords for each category, shows the non-linearity relationship, screens the
scenarios for CTR and CPC estimation, selects the best fit model through Goodness-of-Fit (GOF) test,
formulates the optimization models, confirms the Spillover effects, and suggests the modified optimization
model reflecting Spillover and some strategic recommendations.

Tests of Optimization models using these CTR/CPC estimation models are empirically performed
with the objective functions of (1) maximizing CTR (CTR optimization model) and of (2) maximizing
expected profit reflecting CVR (namely, CVR optimization model). Both of the CTR and CVR optimization
test result show that the suggested SSA model confirms the significant improvements and this model is
valid in constructing the keyword portfolio using the CTR/CPC estimation models suggested in this study.
However, one critical problem is found in the CVR optimization model. Important keywords are excluded
from the keyword portfolio due to the myopia of the immediate low profit at present. In order to solve
this problem, Markov Chain analysis is carried out and the concept of Core Transit Keyword (CTK) and
Expected Opportunity Profit (EOP) are introduced. The Revised CVR Optimization model is proposed and
is tested and shows validity in constructing the portfolio. Strategic guidelines and insights are as follows;
Brand keywords are usually dominant in almost every aspects of CTR, CVR, the expected profit, etc. Now,
it is found that the Generic keywords are the CTK and have the spillover potentials which might increase
consumers awareness and lead them to Brand keyword. That’s why the Generic keyword should be focused
in the keyword bidding.

The contribution of the thesis is to propose the novel SSA model based on Rank as decision variable,
to propose to manage the keyword portfolio by categories according to the characteristics of keywords, to
propose the statistical modelling and managing based on the Rank in constructing the keyword portfolio,
and to perform empirical tests and propose a new strategic guidelines to focus on the CTK and to propose
the modified CVR optimization objective function reflecting the spillover effect in stead of the previous

expected profit models.

Key Words : Sponsored Kearch Advertising, CTR, Spillover, Optimization, Keyword Bidding
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