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A Study on NP-Complexity and word-order variation involving pre-
and postposed notwithstanding

Lee Dongkook

4 F3; >
[. & V. A&
0. Aged+ 2 A5-e] a4 231 523
m. A+ 4

[. A&

%9018 AR} notwithstanding> 553 AAE 7EA AL Utk AREAR] AX|AFe] A2l AR
5 dME BHEY HAAAEY P EFolo HME yehd & 9l 94 WHolE Hol: A
o] Z17lo|t}. Huddleston and Pullum (2002: 631-632)> o]l#l Fx|AL9 7|52 e A9E

‘exceptional PP constructions’ -+ adposition®] 2t1l & T}

(1) a. [Apart/Aside from this], he performed very creditably.
[This apart/aside], he performed very creditably.
b. [Including/Excepting] these difficulties, life is wonderful.
[These difficulties included/excepted] life is wonderful.
c. [Notwithstanding these objections], they pressed ahead with their proposal.
[These objections notwithstanding], they pressed ahead with their proposal.
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notwithstanding<  JH7} H =AY F7F AXAE Gl aside from/aside, apart from/apart,
including/included, excepting/excepted 53 22 WA A3 HoA A3t FEE YE=
Ak ool

notwithstandinge- th& AX|Abel] vl8)] &&F 3 ao“?ﬁ%;ﬁyo] SHoM L oAl 54 7HA L
AUtk o] ol= folo] AAAL T 21 Hel| Hoh= Fojolm] F o] not? FAl withstand 2]
ARl A FEz A Ho] At o= o] AAAE HAMH © % <non obstante>Th= Z R
2 80 Ebol A v FEH QY] wEo]th

FR Ol AXARL notwithstandings- 21w A Q1 koAM= A8 4 9l
Ao|= Zsta ofH do] Akl YR ol 54 T
Sk ZAAE HH A 2T B wi7bA] Thol R Roldte A
2Hd (explicitness) Sl B2 Fel g vl $AAE 2= A FrEH

g

%0,
)
rlr
po)
bt
o
Mr o
(e
BT
[t

EALAQ Qe g3 A7t A-E 5 ol t}. notwithstanding-S-
WES AAAEe] vl At D3 the Be BATEES AU gong aos $A
WogHHoR o A TEH0R Wgd pgol WA Aol Atk uebd AAASL T4}
o] Ago= FTAFA A EH3/d (complexity)®] Qo] &&& 4= Q)

ol|HH Joje] DAL notwithstanding®) $1* WHolo] ¥ QA2 o st Q4o o -¢-H
(] 5tH: HEA9 RU5] 4D Sl Ao Ak AR A% Aol £ A
Qo ANA YL WEe] 4= @A Wl Brh 1ot 9ol headh W

A& 7FR notwithstanding®] 1= g AN A HAoll
B e P s
RS e A B ol F 93

1. {=tH0|2} end-weight

Aojel A Fe Zlo] 11 As A= Aol Avk= B “The law of the growing constituents:
Of two constituents of different size, the larger one follows the smaller one.D” (Behaghel (1930: 85))°]
2 gAY ksl Y FAEES MEE wW PR Ae FHel FH@vs o Adle
end-weight 922 2 &#A Ut

Quirk et al. (1972: 765-766)= ©] L& =5 <=3t ZolE weldts W2loA 2ulsle], FALA O
2 F Y 538 212 dolup B Eo 2o s AFo] tkal Hkth Jojol=

il H]TE HAF= oE0o] Hol Qi)

(2) a. It is obvious that Pat is lying.
?That Pat is lying is obvious. Wasow (1997: 82)

1) 5Uo] Y% Von zwei Gliedern von verschiedenem Umfang steht das umfangreichere nach.] o]t}



o] AXA} notwithstanding®] AM-— H3A I X4 Wo] A A+

b. I was astounded that he was prepared to go to such lengths.
?That he was prepared to go to such lengths astounded me.
Quirk et al (1972: 944)

c. He showed less pity to his victims than any other blackmailer in the history of
crime.
?He showed less pity than any other blackmailer in the history of crime to his
victims. Quirk et al (1972: 968)

& 0](sentential subjects)E T YA ANA g st AT
71 015 9] A (extraposition) = F =2 ©]F A }2a) FEAFS] HEo=® O]ES]-—“(Zb) o] &
A ApA A~ 9] ®Belvh T3 dojAAY B8 A 5 e A5 EEsheE (0%
AbSE Aol A Uskth ol AF BT A ARl i HFESE 1Y 285t JE
AAA 7= o] ArAAT T

Fole] FAFE(post-verbal) TAHAEENAE end-weight €28 2 &o] F
shift (3), dative shift (4), verb-particle placement (5) 52 T2 A5 Slt}.

bt
OE, —.—/ 00{'

Z2J4 A heavy-NP

(3) a. We take too many dubious idealizations for granted.
b. We take for granted too many dubious idealizations.
(4) a. Kim handed a toy to the baby.
b. Kim handed the baby a toy.
(5) a. We figured the problem out.
b. We figured out the problem.

ol F 7HA ofeo]l B ThsstAlN wAF o] WA FAE A HE olEd (b)9] of
o] Az Er

oldd A5 ERE = w end-weighti= notwithstanding®] xR o] Aol ks njz Zoz Al
Zhe ) o] M| AL ZV‘]O] A o] Ql PARR] ok} Hof| & = Q17 wiitol WARe] Aolef whE
ARTAATE AAAHA We=7] violtt,

2. NP-=&(NP-complexity)

end-weighth= BN & o] shiu JFEL Frha eNshAl btk o mvks B34S
EgE FAARE BUAY el AAE UL B W AME Telsdol BTk wA NPH
YL ol WA FF Aok A7) WAk ol HAFTE B BAaAE e U nrjets
47 2 & ek

(6) a. John, he, the man
b. the man known for his passionate view of politics

the man living in her father’s house
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T3] W”é‘/\}”r FrAL, S WA 9= (6a) B U sS4 (multiple modification)S 3233}

= (6b)7} ER H3shA Kl

As]= ol 55 WE(simple) ¥ H 3 (complex) WAFTE thE 7 QlTh ool WA Hit
Aol o]z Wolo] JaS wx= d #3 A= v ol gkl Quirk et al. (1972: 933)2] 59
AR A EZEALT dib] AR Sl HlEo] 85.4%0d BlEl, Fo]Qle] A= 524%E

2 Aol vtk $4& obF zhekat ofoltha
],

T whEs] dolwk Aol Bttt 3 5 QAN HARE <Hasitta Wk A1 1
@sk o] oflrk. WAl FAMY RS vusts Wge WA (linean)?! A AFA
(hierarchical)Ql Z1o] ATt HAAb= AT dol® YAlFrollA dol7k 71 AL hdst ARt o

B350 =7,

(7) a man
a sixty-year-old man
a man of reasonable cause

a man dressed as a woman and made up as a woman

99 YATFES Hmsl & o wol b FATFE B
et AT @ dolwomt o WA U Bied Aysts di BERsch

PATE WRTEE JA 3 A9l HaHge ‘
o] FAl= 2 7HX el 9 542 4 k. dFE 5o FEEY A (node)E Mo M| W=
Aol 7}-s38ttt.
®) NP NP
/A‘\\ /\\
D N D N
N
| N PP
N N
| P NP
/N
a man D N
N

a man ol the people

A9 FPEAN BEo] AAATRE FANE WATE 2(node)d F7h WA BIL YETE
b BgE A5E AR S 748 elthy 2eu dolt Avka SA] wEA FxHow

=

2) 719 BEHRPIATY TR tha =St AL TRPARY BAE e ) fAwE A9E Agstut
BE BIUATE TYSA



2l A AL opUrh ool HF wA
YA BRES AFE o dolsh T 2e 54 S Ak FHA Fuw ndHAC
oAb ARl A HER Fastth olgh et #EE A#o] Chomsky ( 970: 194)°l]

(9) a. They brought all the leaders of the riot in.
b. They brought the man I saw in

% Prto] EElE e FEAlA BAolQl WA EAsk B4l Prt ind wElE AH
Thal HQTh 1 (9a)7F (9b) Btk AA N AFHES AAE o JFAAHA Eoia shax o=

S dEsh= O]‘IT7]' w3] do] wjiEvke ofyetal sith 17t = dwelA e w8 A
o] ZA o7t Ao BAAE M= Aol o] M A A&s AAYstE QQlo] Hues S B
o=t} Chomsky”} %“?l B3k WA BAF 7 72 (sentential) 1 7S A Al SFAL QlTE. HAF
T7F A elge A A AAE AL Jlofof dthe AE gt

Wasow and Arnold (2003: 130)= o|s=8] Wigtel dojg} H34d 9 A=A Aedoisds 44
of A AF3FATE 152 heavy NP shiftoll A A2 dolE U ©o] FEdo)Z 1 GAA =
3 Ao ¥3 AR5 WM Aol AEA(acceptability) o]l #EF AEFALE Sk A WS AL

o

O

Fotct

(10) a. John took only the people he knew into account.
b. John took into account only the people he knew.
c. John took only his own personal acquaintances into account.

d. John took into account only his own personal acquaintances.

59 AFoA F7AES Hol T3k wiAE (10a)5 (10c) Bt} LTyl H ko) o)== A}
Tofl do] SOk R IL A Ao 7ot A HoFh YAREY xR &

FHoletn SeE B39 42E s ohiue] et fAdele] J3EL nA = AL
Fsgol BHESILE felt o 2olw @AY Bye AWt Qael ZFAA T Ao

o,

3. 71& IHA 2M

notwithstanding®] A }e} XA} S1x] o] gt FH A 7|Hke] Ao = Berlage (2014)$} Lee
(2018)7F Atk notwithstanding®] 91 %% Wole| P& W= QRO RE= FxPol9t HFY o
So| Aol Aol WA G ME FE Aol Telw A mAe] GF A Aol
5ol E€AE 4 k. dAdge]o gkt I Ao U A5E vY O 2 DA} notwithstanding
o XA wWold] e ARAAY APARE BE} gk

A, GFGolAnct vl FANE gHe wol HgATH: Ho| =elurh v
gt FAAE AAAeh S WFOE Agen b W, JRYol AAAY AT A

3) Wasow (1997: 84)i= end weight T4l grammatical weight®2h= 78S =151 % i)
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71 A7 o ZhTh notwithstanding®] E013F HAEC F=WH FEMS FHExZ AL Lee
(2018: 69-70)°ll &5t o] HAAFE] AFRHIET} Stk 2o ZH £9kal, o] FAAMR TS A
AAp Zo g 2 u FrgF ol HEZ fojoi @A notwithstanding®] SAME w7 02
o] A = ATk o] dAAE FEA FTelA FE ARREE FAAR] AAA ofFolth
A, A FARE Holo] #efA o] A oJetd FA AR 144]7] Fube] FH 3 ¥}
de 3 SFE] AASE o] AAARE 27U G AU 174715 AAEA T2 8RS
AR FA E AR 20417] SHE o] F 1 229)0] ThA] F-EEgit ol & thA] olEdl A2
waedolold AR o} FAo] EAH Aol B nomithstanding®) AAA Wolol A 1] 5teo]7)
A2 Woke £ SolFa Yt AoE FolHgluh

el nomvidistanding®) 97 WolE Aol F2] Aol 2wk wyleli= lFe ol ik
AARO T AAAR AEHE AE Au FERA0T BRW WATH o A4F dehb(il)
HHH, 2 A= #Hal wesh WARRSE F AREE=(11b) A EFo] FEHXITh

[‘ o

(11) a. Notwithstanding the huge debate we had about whether free trade was going to send us back
to the days of being hewers of wood and drawers of water, and Mr. Mulroney almost getting
defeated in the 1988 Canadian election over the Free Trade Agreement with the United
States, now everybody talks free trade. (COCA, Canada-United States Law Journal 1997)

b. Implications notwithstanding, this study has several limitations. (COCA, College Study 2014)

COCA(Corpus of Contemporary American English) Z 32 3}t £ X
Aoz AAAR AR WEFE 165700 B d, A4 sty 2 EA] skt o]
U oPEd B wet of AXAe ARF Mool na vl g FoaAT oL e A
Sl AF7F o] FAR K] 9kar Qlth B AFo M= notwithstanding®] A XA} X AL A E o] THAL

o} )
Fo) Bagel WAL QAL AF4 AREAS Ta s wud oo

2 r&

o AFNA Y Prgo] Aw FAS 8 FF A COCASH BNCE AHE-sttt uid §ld|o]
aL Sl COCA+= TFE7F 109 wojof o= m=golg wWrp Hehdh FA A
Agralet A Yorgo]e] thd FH A<l BNC(British National Corpus)= 19 ©o] 52 9=
o] &HE ot ©l &tk AR #AE 9@ COCASE BNC &3 ANE :
COCA°NA AF3e 89S Tt AEE A A 1,3567018] =53 AXALY] o7F 7hed 5l o
XA MEg = 1,30670 2 UEFSTE BNCE] 415 fl&l & AF-ollAl:= BYU corpora®l] 03]
+ BYU-BNCE ©]&s3a 3 A& 34S A A AAARE 25270, S XA 47709 W
TE FEPEAT COCASE BNCE| 1E7F h27] v ol §IEe] xjol= Fielstofof gt
YA 55344 3 notwithstanding®] 91212 ®ol o] #HAd-E A sk vZiTE WA Aol
WA AL TGl 9F 2, SR AEE AAsta ol5e] A7 e 5YPAoR od
s steAE AHEES HATH

[m
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1. HAFL ZL0|(NP-length)

BARTS Aol7} notwithstanding®] X AHF-AARE] §1 AW o] Aol o] = HEo] BEAde THA
= AE AL A4S T3 Yot ES 1Ak end-weight defo] mEW 71 WA S} YO R
O S WA E Zhal ded HAR B o w2 AXAF £ HlE S ThACk g
A dA= X%x]/\]-,J A ofQl A2l Aol7F AAAL FA|ALS] HdEef ojH s Fi= A
aAbl HES 4 Zole] AES dolz Shtky Hgeli doli AAw s e
S8 A9 Wb @ iz AT, W] SF D WolA Firkt LA
w2l G2 AARY, notwithstandingS H2 0] 2 220l = WAL 10%H0] o]4del H
2 Asto] ovo] Ve svtelM & BEIR shm 1 ol ¥ £RA wo] £2 ¥ Aokthy v)
2ol COCASE F=%o]l BNColA o] 49} 91#] 9 t”ﬂ% Hlast Ay ot o}

éimlm

5t
X
Lo
s

&

<E 1> 0|5 goiel gFdojolA Zofol e MxAte g
100
100 100

90.2
80

70 733
60 65.1

50 AmE
40 Brg
30

20 27.9

1-4ttof 5-8L+0] 9-160] 1720] o]

o] Eell &J38tH end-weight7} s = Jrjfo] F3] FHAolQl WATIE Ao A4S X
Ab notwithstanding®] AH8-¥& vlgo] HAap Atk I AT Ee] Y& Aol = goirt A A
A 1-4 ©o] YA 27.9%°] HlE 5-8 wolrp H AAJARS] HIEO] 65.1%% AA SUHH ¥
2 AFe] H)Fol o] =2 A2 wargoll] 14 wo] H9-io|th 19501 ) o] F w|aroldA F4
3] gojdt AL Sl tlFE o5 dlEstth HA oo wolgrt 8/1E dorbH HAA AR
AHE B0l st Alolm ooz 9 wol ool HH 90% ©1% notwithstanding> A X AFE
AREEITE 17 o] o)Ake] AFE] 11 AN FAAPE HE A b

2. HARE-FZE(NP-structure)

BN
i

Aoleh A WATY Bl BAA FEEAYY) Wi

Mo

3] 283t} end-weight

4y A Aole] mlaels o, Fulk, 28, AR F F ol Ae HYshke] BAR Welgich
5) Wok V Prt NP — V NP Prt o]t Zojehul gake] olsk U 71 o= 2 ke fob & o 2 Aeolo] vl
= thro] A% 5 9 gtk
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Aol T FERY F U BET YA © BPE AT Bk A H8sE uE

BARTE TERA R BEEHA RtEs AoR AzhE = A2 #o(head)?! WAHE FA Sk T
2oy 2§52 o (premodifier) 2} -_Jr 2 o] (postmodifier) = W th 18 d HARA A= A
ALY FEARERME o523 T2 BEHAS F71 oAfY A2 dolx: #Fa 7| As)oF gt
T e ARE F74e Holt}. Altenberg (1982: 76-79) 21721l a3l right-branching®]
f19721Q1 left-branching Bt T EARA ok =8ty wheba] BALT-o] H3Hd ol #eh 29l
A TS el FAstE @SS Al Zlo] FElHolth  dTelAs AT &
o)gAo] Q= WAL B f3o R ey R stt) olof nlE], T ol THE 5

I ol Aes] dojd = glo] AR HEAS =she d A sttt

ojAl HAME FolFA sk @S EFal B Aotk delM = AAolv - AR, X
4 5ol WA B Tlofsks el ® AuH Atk WA HE T XA B3 9
s 20 e A< vlus] B

(12) a. NP b. NP
2N AN © iz
D N’ NP NP D N'
| | AN PN
N N' Coordinator NP N FF
| PN
P NP
N
| |
N 1|\J I‘|~1

these limitations Variation and confestation the advent of litigation

TREAANA B, $95A S WA s WA T 2R JHETE R el g dedt
P22 AT A FAFANE 247t LUAREE 49 A5} SR BARATE
Walsks WA Fxolal A= AlSA TRl ARE (12b)8 (120)7F (12a)Ktf 24 0%
wgE 2o ST BE F91 AN FRATY 48 BE 495 49 ArE AT
Fol50) Gt FRRCE Bk,

Huddleston and Pullum (2002: 446)°] =733 213§ to-F-GAF, THAN, A} A EAR] 23]
o) Zol A= MAFEAL] PATE FAFAHE TR AT 4 ok

(13) the person to do the job
people living near the site

some letters written by her grandmother

Uk T el A= FAAL FEAL HAE Bolzk FRE P2 AFe/IE sht olEE AAT 6
e AR BAE wAstn Qo] o Yol Sof Atk 919 WAT FAFHARE TEH L



= BATVP) A4 weem Qv oA thE AAATe wAREAEY] el vt
U et A9k glo] whes] A 3
AL o]

£ ol %
A stom EAEEA do] Bol gl AR A8 28 AX gdeE 4 Bud px

£ 7M7) Ak "ol FFAsHE BATE BAR] E3r] F49 thardo] oE FTE Ak

53] o5& QelN wH TAHE AW HAFL Jonw wEow Thajo] ¥AGE Jo] u

2

=

1. 244 = BA (Non—postmodified NPs)

Notwithstanding these concerns, his appointment was also highly unusual and controversal. (COCA,
Iowa Law Review 2017)

2. B3 HA (Coordinated NPs)

Notwithstanding variation and contestation, the range of meanings available in any given context is
finite. (COCA, Anthropological Quarterly 2008)

3. TRIA 4 A (NP + PP)

Notwithstanding the advent of nonclass aggregate litigation, Rule 23 class litigation remains a vital
feature of the litigation landscape. (COCA, Washington Law Review 2017)

4. HEAT A4 AT (NP + AP)

Notwithstanding its strengths, real and imagined, the U.S. economy since the early 1970s has failed at
what matters most: raising productivity. (COCA, Atlantic Monthly 1996)

5. HAE A £A A (NP + non—finite clause)

While Morehouse rebuked the men, he commended the self control and womanly conduct of the
young ladies, notwithstanding efforts to sway them. (COCA, Georgia Historical Quarterly 2008)

Notwithstanding the difficulty of raising one's grandchildren, the experience can be beneficial.
(COCA, Journal of Instructional Psychology 2006)

6. 89 & 4 HA (NP + finite clause)

og

I think that we have to look at that, notwithstanding the power that this gentleman has and the things
that he has done. (COCA, United States Law Journal 2001)

6) BAFE7E A 71727 Hnoun-like) 740l 717F8-7H(sentential)oll ] 9133 Zloll Ross (2004 [1973]: 351)2] "8A}
“J(nouniness) 2] NS #1E Wkl 11 that-Z(that Max gave the letters to Frieda)o] 71 &784do] o wh
HYALE WAMo] 7 2 O E KB F3bel for NP to V X (for Max to have given the letters to Frieda)2} Poss
Ing (Max's giving the letters to Frieda)E <=x}4 02 w3}t
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ol G So] AARE SHe= HIESFE dolr 7] 28 COCASE BNCE XA & A= th

T vl &
Simple NP 1,234 46.4%
Coordinated NP 143 5.4%
NP+PP 805 30.2%
NP+AP 3 0.1%
NP+Non-finite clause 137 5.1%
NP-+Finite clause 340 12.8%
=4 2,662 100%
<E 3> nowithstandingS FAste WAIF-F =2 8l Z4(BNC)
- GIE:
Simple NP 87 29.1%
Coordinated NP 6 2.0%
NP+AP 0 0%
NP+PP 113 37.8%
NP-+Non-finite clause 30 10.0%
NP-+Finite clause 63 21.1%
A 299 100%

Ao SAE & u Iulgo] BF Tl gle deAbge NEsTt M w3954
S sl A 7HA 58 FollA] W= ZE A= Biber et al (1999: 634)7F A A S A Y AXAFF7}
T8t A7 P =8 HlEs iv]?‘&vk WETE vFo] A7 st AAARR]

notwithstanding¥t A+ e o g} ko] HAAARFeL @ vhE e sk Af-7F Edhth

o
1

N

(14) Notwithstanding the austerity of the Great Depression and wartime years, the blossoming

consumer culture in 20th century American life fostered a growing obsession with convenience.

2 dATeM s Y, A, FEAE FAEke A E BT st 2 HFEE Fo
FuA gk 2 ol AA, ol FARS ARo] Z3rEo] QA gt 24, ZHA AR
4 A% AANTFE AAFED SO HE A7) ok B Ol AR BF1)
A kot wpAgto 2 FEAMTE YERE A AL FAIE whE RIESe X S5HAOoR
F71H o= o] fael EFAH T ol & HE 3ol notwithstanding ) %3472] A Woleol Ao I Q
FATRY FH0T Bee U £RE BAT T2E AFAAG

Ay

e Lok fr L

() F915F290] fl= gAH

() 88 AT(coordinated NP), FAART 52 HAF(NP+PP), 59 GEART F4 HARE
(NP+AP)

() HIBE SAHFEAL FRHAL EAHTE A8 HAR

(4) Ho] FAdk= YA



2 =xollAe AYA s A ERE ek 3Y $ 952 (single postmodification) ¥} + 7FA] ©]
Aol f3o] Zogl= thE F 942 (multiple postmodification) W& WAl 9Fa1 (3)3 4)el (2)
5 X33k s A5A S AT A7, AT QlojE o] Fo] QoW R B
Hrh )= diF-F AXAR e HE e E3to|th ek nj g d ) Y o] A xdhE ] Q)
om 499l W= ek

= edojel g olE tlEsk= COCAS BNCOlA simple NP(FX|4=2] o]} HH o] §l= A)

o complex NP vlawete] $RATIL ST W AAN A4 A B Aol 2 A
= o g,

<E4> 0|2eofe} PRAOOIN Cebst Txe

o
z
4
i
H
ol

5tSh= notwithstanding?l ©XlAL AL H]E

[=]

100

80 88.2

60 64.4
58
40 AmE
BrE
20 27.5

0 T T T -1

Simple NP Coordinated/AP  Non-finite NPs Finite NPs
Prepositional

NPs

Ao oA ml=adole] AXAF Hl & W WAl A = 27.5%00 = ek JHEEAR T H
A 50% o] o ®E sojdth 53] v I A do] WALE FAShE A9E 90%E A3 st
ol FAMTE XTeE HO BS99 YA 2ol atolE FEHAA Sttt v Y Y FAMEAE F
A= PATE e 7E AR AT A9 ved Ble s RO it AL F5E vhet
th fARolE Hol= g 7 T oI’ 5SS BHAAFE A2 notwithstanding©] Attt A
A kReb v AL HAe AMgee & Aol glo] ol 7 A ETE WARRE 20l o
A e FQ3 9]lo] H& Uit 53] v P FARSE AP EARE S zfol= wlw|ghd] vt
3 FAFE Qe AAANE E/EEALe s 2 0] &S] AolE BT o= notwithstanding YA}
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* ABSTRACT

If we approach the usufructuary system of housing from the viewpoint of protecting the right to
dwelling, it can be said that securing a sufficient usury period (and securing opposing power) and
preferential payment of deposits are the key.

First, since the securing of the useful period is in accordance with the provisions of the law, a
sufficient useful period is not secured only in the case of a lease contract under the Civil Act.

Next, preferential payment of security money for lease on a deposit basis etc., is possible only for
the deposit money accompanying the contract for lease on a deposit basis and the security deposit for
accompanying the lease contract subject to the Housing Lease Protection Act.

Finally, it is necessary to prepare for the risk of not being able to recover the deposit by the lessee.
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Draft Genome Sequence of Plant Pathogenic Fungus,
Fusarium oxysporum f. sp. lactucae 09-002*

Tae-Sung Kim**
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[ . Introduction

Fusarium oxysporum f. sp. lactucae (FOL) is a filamentous plant pathogen that could devastate
soil-grown lettuce(Lactuca sativa L) Infected lettuces show a stunted growth at the beginning (1). The
wilted symptoms then intermittently spread out to the entire lettuce field (1). Therefore, one of the most
efficient ways to control the disease is to suppress the pathogen population in the soil. However, this
strategy may be challenging due to the current mass-intensive cropping systems (2, 3); the soil
disinfestation in the large production area demands technically and economically challenging work (2-4).
Thus, developing resistant lettuce varieties with field resistance becomes a critical approach (2),
requiring sophisticated studies, such as genetic basis of the pathogenicity variations of FOLs as to
different lettuce cultivars (4-6). To achieve the goals, comprehensive sequence based genomic resources
of various FOL isolates would be crucial. Here, we report the draft genome sequence of F. oxysporum

f sp. lactucae 09-002, isolated from wilted lettuces in Suwon area, South Korea.
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. Material and method

1. Isolate preparation

FOL strain 09-002 was single isolated from the vascular tissue of wilted lettuces taken from the
lettuce grower in Suwon province, one of the major production areas for lettuce in South Korea
(37.28036N, 127.00870E). The infected plant tissue was placed in potato dextrose agar median and
incubated for 15 days at 25°C under darkness. The conidial suspension was made from the culture plate
and filtered through a layer of sterile cheesecloth and centrifuged at 10,000g for 15 min (5). The bud
cell pellet was suspended in distilled water and counted with a hemocytometer to produce a
concentration of 103 CFUml-1. A single spore was collected from the suspension and was annotated as
09-002. Then, the single spored culture was proceeded under potato dextrose agar of the isolate for ten
days at 25C with 12h day-1 of fluorescent light. The conidial suspension was prepared from the single
spore culture with the same method but to produce a concentration of 10° CFUmI"' for the virulence
test on the susceptible lettuce accession 'knou322'. FOL 09-002, showing typical disease symptoms
under the pretested lab conditions(data not shown). To obtain further evidence on the taxonomic
identification, we sequenced the translation elongation factor 1- @ gene, supporting that the 09-002 is

Fusarium oxysporum (5)

2. Genomic DNA preparation and sequencing processes

The genomic DNA FOL strain 09-002 was extracted by using a HiGeneTM Genomic DNA Prep Kit
(BIOFACT, Korea) from the hyphal tissue. Genome sequencing was performed using the next-generation
sequencing(NGS) system at Macrogen Inc, Korea: the library for the sequencing was constructed with a
TruSeq DNA Nano kit. The sequencing platform is HiseqX, producing paired-end reads with 151 bp in
length. De novo assembly of fungal genome sequences was done by SOAP v1.0.5(8) with the option
k-mer is 49, after filtering raw reads using Trimmomatic v0.33 (8). GapCloser v1.12 (9) was used to
fill gaps in the final assembly. Gene prediction was conducted by AUGUSTUS v3.1.0 with the
Fusarium training set (11). All processes were conducted in the Genome Information System (GelS;
http://geis.infoboss.co.kr/) used in the various genomic studies (12-17). Functional domains were
predicted by InterProScan v5.18-57.0 (18).

3. FOL race determination

Three  polymerase chain reactions(PCRs) with the primer pairs FOLRI-F/FOL1-RR,
FIGS11/FOLR2-RR, FOLR3-F/FOLR3-RR and FUPF/R were performed to determine a race (5, 19).
Positive amplification for FOLRI-F/FOL1-RR, FIGS11/FOLR2-RR, FOLR3-F/FOLR3-RR and FUPF/R
represents racel, race2, and race3 and new race which recently occurs in Netherlands area. The relevant
primer sequences are as follow; FOLRI-F: GGCTGTGTCTTGGACGGTGTAG, FOLRI-RR:
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GCCTACCCTAAACCACACAT, FIGS11: GTAAGCCGTCCTTCGCCTCG, FOLR2-RR:
GCCTACCCTGTACCTACAGC, FOLR3-F: GGCTGTGTGTTGGACGGTGCAG and FOLR3-RR:
GCATACCCTAGACCACATAT. The race-specific primers were tested using the mixture in a 20 ul
volume with 10 ng genomic DNA, 0.25 mM dNTPs, ImM MgCI2, 0.5 uM of each primer, PCR buffer
diluted 1:10, and 1 U Taq DNA polymerase (QIAGEN) in a PTC-100 thermal cycler(MJ Research),
according to the following program: 95 °C for 3 min; 25 cycles of 95 °C for 30 s, 60.6 °C for 30 s
and 72 °C for 30 s; and a final extension of 5 min at 72 °C. The amplification product was checked

in 2% agarose gel(Eppendorf).

III. Results and Discussions

Draft genome of the FOL 09-002 strain was 46,286,843 bp long (723 bp gap sequences) with 1,498
scaffolds, wherein the average length is 30,899.09 bp. The predicted gene number is 14,417 and GC
content is 47.681% (Table 1). The genome data of Fusarium oxysporum f. sp. lactucae 09-002 was
deposited at DDBJ/ENA/GenBank under the accession JANKHNO000000000. The associated BioProject,
SRA and BioSample accession number are PRINA758592, SRR15662897, SAMN21031232, respectively.

Table 1. Summary of genome assembly statistics for Fusarium oxysporum f sp.
lactucae strain 09-002

Genome features Specifications
No. of scaffolds 1,4198
Total length(bp) 46,286,843
Average length of scaffolds(bp) 30,899.09
Predicted gene numbers 14,417
GC contents(%) 47.681

Certain Formae speciales are subdivided into races, defined by cultivar-level pathogenicity difference
and, in some cases, by known resistance genes in these cultivars (20). Our race specific molecular
diagnostic study clearly supports that FOL strain 09-002 is race 3, which the first report that FOL race3

exit at Korea lettuce fields.
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M1 2
Race1
=

Race2
(522 bp)

Race3
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(254bp)

Figure 1. The results of race determination for Fusarium oxysporum f. sp. Lactucae(FOL) strain 09-002. Race
specific PCR with primer pairs including FOLR3-F/FOLR3-RR and FUPF/R which diagnose race 1, 2, 3 and
new race are shown. The diagnostic amplicon size are described at the related panel. M stands for 100 bp
size marker. Lane 1 and 2 are the PCR amplification results with the race—specific primer pairs for FOL
strain 09-002 and FOL race3 positive control respectively.

Four races have been classified in FOL so far. Race 1 was first reported in Japan in 1967. Since
than FOL race | is disseminated to many countries, including the USA in 1993, Iran in 1995, Taiwan
in 1998, Brazil in 2000, Portugal in 2004, and Argentina in 2014 (5-6, 21-23). Up to now, races 2 and
3 have only been reported in Japan (5). Lin et al. (2014) have recently found a highly aggressive
isolate of FOL race 3 in Taiwan. Recently (21). Gilardi et al(2017) reported a new race from the
isolate collected in the Netherlands (5). It is suggested that the globally spread FOL race 1 may be
disseminated in other countries through seed transmission (23), but more rigorous studies need to be
undertaken since PCR-based assay for the detection of FOL races from seed lots with infestation rates
as low as 0.1% (5). The negative results lead to a hypothesis that a rapid spread of FOL racel in the
USA, especially at least in the Arizona area, may have been due to contaminated farm equipment (5).

Currently, molecular detection systems to determine FOL races are limited to a particular area of the
genome, including mithocondrial genome or transposable elements, that is supposedly relevant to the
FOL evolutionary path. From the study, several single-locus-based molecular tools have been developed
to characterize the different FOL races (5, 24). However, this may not be sufficient to draw reliable
inferences regarding the FOL race differentiation (20). In this context, genome information of various
FOL isolates, such as newly sequenced 09-002, would provide valuable resources to determine

cultivar-level FOL specialization.
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* ABSTRACT

Lettuce (Lactuca sativa L.) is one of the most widely consumed and economically important vegetables,
valued at over $10 billion worldwide. Fusarium oxysporum f. sp. Lactucae(FOL) is a soil-borne plant
pathogenic fungus, causing the Fusarium wilt of lettuce, one the major threats to the lettuce production
in Korea during warmer season. Here, we report the draft genome sequence of F. oxysporum f. sp.
lactucae 09-002, isolated from wilted lettuces in Suwon area, South Korea. Draft genome of the FOL
09-002 strain was 46,286,843 bp long (723 bp gap sequences) with 1,498 scaffolds, wherein the average
length is 30,899.09 bp. The predicted gene number is 14,417 and GC content is 47.681%. Molecular
assay to determine whether FOL 09-002 is a known race supports that FOL 09-002 is race 3, which
are also prevalent in Japan and Taiwan. The achieved FOL genome information expands studies on the

cultivar-level specialization of FOL as to lettuce.

Keywords: Fusarium oxysporum, plant pathogen, fungus, lettuce, whole genome sequences, Korea
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* ABSTRACT

Social and physical distancing due to COVID-19 had led to a decrease in physical activity and an
increase in obesity among adolescents in many countries. This study investigated the obesity prevalence
and physical activity practice rate of Korean middle and high school students pre and during the
COVID-19 pandemic, and examined whether these indicators differ according to household economic
status. This study used 289,415 (148,682 boys, 140,733 girls) students from the Korea Youth Risk
Behavior Web-based Survey collected from years 2017 to 2021. Responses of household economic
status were trichotomized as ‘high’, ‘middle’ and ‘low’, and the period was divided into pre-pandemic
(2017-2019) and during the pandemic (2020-2021). To analyze the statistical differences in indicators
between pre and during the pandemic and in the ratio between groups, Cramer's V test and Chi-square
test were conducted, respectively. Overall obesity rates have shown to be higher during the pandemic
period than the pre-pandemic period. Such a trend was more pronounced in male adolescents than in
female adolescents. During the pandemic period, students’ practice rates of vigorous exercise and muscle
strengthening exercise were lower compared to the pre-pandemic. Before the pandemic, the higher the
household economic status, the lower the rate of physical inactivity. In addition, the tendency to practice
physical activity during the pandemic was found to be higher in adolescents with high family economic
status than in students of other groups. As part of the COVID-19 recovery plan, it is required to
promote physical activity among adolescents. To this end, a practical plan that can be used at school

and at home must be established, and the results of this study are expected to be used as basic data.
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Ekman¥} Friesen<> FACS(Facial Action Coding System)E &3l d=52] 94|, 224 WIS
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W= A5 SAded g8 YEbr] wiiEell AU(Action Unit)ygE X33kl 4 S 7
ok Zlo] Zheettp. # =ieAs deEdSe wAY S 18 46702 AUFOlA 6718 7]
Ao @A ARAQ #AV vt AGEHE 15718 AURSS B3l d=xAds Y 2
Mgt o] AU B5S& <3 1> HERdTH

<E 1> 6719 ZI2EH AU

AU Description AU Description

1 Inner Brow Raiser 12 Lip Corner Puller
2 Outer Brow Raiser 15 Lip Corner Depressor
4 Brow Lowerer 16 Lower Lip Depressor
5 Upper Lid Raiser 17 Chin Raiser

6 Cheek Raiser 20 Lip stretcher

7 Lid Tightener 23 Lip Tightener

9 Nose Wrinkler 25 Lip part

10 Upper Lip Raiser 26 Jaw Drop
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<E 4> 7|B(happiness)2 LIEtUl= ml2iojE{ X oOiHIE} A=

x4 x4 T AR A et
Happiness AU No. AU 2% AU No. AU 2%

AU6 0.723 AU6 0.85

AU12 0.687 AU12 0.80

AU26 0.491 AU26 0.60
AU6, AUL2E= 7185 YEh=d AFEE = AYA Q) BHFoE v A oAAs & vYepbA &

50l oW olist @121 Z1% FATAN A el Ps el 21eg

Bl Bl dnbd o R AU6+AUI2 2O & YERUAI T $=119] H Ao = =EA o
AU26°] YERE Sheh T1e]an Abghel] AU7°] e 2 SpAIRE o mjokgh A Et o el A

A ¢] sk Tt

<% 5> £Z(sadness)= LtEtY= #ajole L ofdHlEl L2

x4 %% IEE A g
Sadness AU No. AU 7% AU No. AU HE

AUl 0.518 AUl 0.75

AU4 0.358 AU4 0.50

AU15 0.537 AUIS 0.75

L&Y o9 M Z YEs AUR 53] £33 7FE & dehuges
d¥ Gl F2 Yehta, 1 A7) E vlusitd &F

Folth AUIS &£, TX, 539 Ao =

2 YEeRE gholth o] glel: AU6, AU70] YERLEY]

o7
A gk

<¥ 6> S X(fear)& Bt = ut2folel S ofHiEt A=

273 x4 J2hH H7gA o] Juirlg

Fear AU No. AU %= AU No. AU =
AUl 0.295 AUl 0.40
AU2 0.388 AU2 0.55
AU4 0.498 AU4 0.65
AUS 0.523 AUS 0.75
AU7 0.737 AU7 0.85
AU20 0.301 AU20 0.50
AU26 0.275 AU26 0.30
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SHAl YEbwtTE 18] an Abe wel HAE A YERYE AUL AU269] S A2 Ao Afge| A =
ot AA YeER}7|E ghoh

<E 7> "H2(disgust)& LIEtf= Z2lojef 2 oldHiEt H=

=3 £7 vt E A Ao] afwialE
Disgust AU No. AU H% AU No. AU %

AU9 0.592 AU9 0.75

AUI5 0.273 AUI5 0.30

AU16 0.323 AUL6 0.50

AUL7 0.668 AUL7 0.80

AU17, AU97F F 25 Yehdl= dx4el F&dolt} olF AU179 F2ho] BE oA 713
St Aol FEHOZ YEE oM, AU ARgel] wel A7 AR VeI R ST o] 2l
T AU2000 YERGE AR oy O ) ofF mekate] tiAtolla A <) Ek3it).

<% 8> = EH(surprise)2 LIEt= mEl0(E X ofHlEF A=

%3 X7 vhefu]El A Ao ghula]E
Surprise AU No. AU &= AU No. AU Z%

AUl 0.574 AUl 0.75

AU2 0.603 AU2 0.80

AU5 0.812 AU5 0.90

AU26 0.472 AU26 0.65

<
w2 AUIL, AU26% &2 = = =
b=t} o] gle = AU7Cl YEY = AFEE QoY 11 Xt o meksto] tiidell A AllEk3

ct.
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<E 9> stebangenS UIEH = mi2iolef Y ofHlEr A=

x4 17wt E A o] Thuiu]E

Anger AU No. AU 7% AU No. AU 75
AU4 0.813 AU4 0.90
AUS 0.712 AUS 0.85
AU7 0.683 AU7 0.80
AU23 0.254 AU23 0.30
AU26 0.487 AU26 0.65

AUA7} 3hs TR TF0Z AUS, AUTO HE o]0 Yehdh i}”-ﬂ Fﬁ% AU4, AUS,
AU7, AU269| 3ol FX29 AU 743 B2 FAM S vebdoh 22u 7 249 Aol 3%
o 7% AU4 > AU5 < AU7¢L whdl, 3hde) oT_:L‘{PEHEAU4>AU5>AU-J§_ b= 2
Lo A L e ﬁ@—% U= AUZ S AR & A Al B4A2] 004 e1as fakshs

F2 e9ow g3ty 1Ea AU26, AU23°| AAl YERd)

<29 1250l A ALY AFEAS BAT B vhehv e
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(a) Happiness (b) Sadness (c) Fear

(d) Disgust (e) Surprise (f) Anger
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* ABSTRACT

In this paper, we studied the emotion control of realistic avatar for natural communication in virtual
space. The realistic avatar was created by projecting the user's 3D face image onto the 3D avatar's face,
the skin color of the realistic avatar was restored using the user's face texture as a material. In addition,
emotion control parameters based on facial expression parameters were generated and used for emotion
control of realistic avatar.

Through the research results, it was confirmed that the emotional expression of the realistic avatar

implemented in this study appeared naturally.
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A Study on Improving Median Search Speed
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7] ¥lw7t 7hsgk of g o] HolHE FolRe W, T gk(median)o] 7t Foixl HloJEHE A
7wl ®m AERE W Tl AT s ulstti1]. ol & ©]&3 Ttk LB (median filter):=
dolelel FE o HAAE 1, volE e ZF @k 2 #e 79 e Fete e SR
g FE o9ee ol $Hgk ZE = salt & pepper 7o AlA, FElst ZE (morphological filter),
KESM (Knife-Edge Scanning Microscopy) & A1 & A gut o|n]#] Aol &-&FH2-7].

ojm A&} &2 2xH4 HolH o] FXkgk EE A Este] a&A R TS e oY 7HA
duglFEol MEEL Utk wxm A7) 22k dlolgel thal FE WL7F (2r+1) x (2r+1)
Ql AH$-, 3| AE 13 (histogram) W29 & 112]F 0% Huang[8]Y O(nmr) AlZF Lal2]sE, Weiss[9]
ol O(mmlogr) A3t 2185, Perreault-Hebert[10]2} Alekseychuk[11]2] O(nm) A1ZF Laig]5Fo]
Utk SIAETR WAL dlolE g 7} X & 7 Sl b #e] WAE sIAEIYeR #
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gt FES e WA oR Oem) AR dauglEL 7
o] 7}&3kA "k HDR (High Dynamic Range) ©|W|*|x & 3s|AET WS 283 4 ¢
HRE Zhe 229 HolHol= 488 & Stk

22k "ol o] ko] HSlel FaetA dwbH o= A
Quickselect[12]5 ©] &3F= O(wmr?®) A ZF S8l E, iy EFAAE o] &3t O(nmr’
Binmedian ¢112]5([13], ©]% &4 EgZE o] &3l O(nmlog?r) A7+ Gil-Werman 2112 5[14]
¥ Kim €a283EF[151°] 9tk Kim €185 Gil-Werman €312l F0] Alg-8h= F @A9] o]
g B F o A2 olxl g4 ERlE J|ASte] Gil-Werman d SR FIHgE B4 %
7F AgARow F o) o) AT HZelE Kim darglFel dRlYAE A 85t 3 '
A EEE A AT SlTHIe).

wolds Kim daudFe] T3¢ g4 S5 /MAdsh] Sl Kim dagss 248

AF FrolEdth Kim €385 Gil-Werman &a1g]52 o] I W] u u 9
A EE TEE, ol B f1X9 gl ME uE ol &4 E] A vl ¥ o]
A A Ege] i oS MAoEA g SR E JfdeE] 2o

= TS e 2 2%eAM = 8ol 498 Kim dagEs e 3 A=
Kim ¢ig]Fola H& /Ao 7hesh Qhss Folri, 4o+ A 4 &4 235 A4

E)

s
ATk sPelAE AR U FF AT FS A

1. 01 32

v uxm 2712 224 YR nxm A7)0 224 dHolHE WERH, Sl i
e UEPATHO < i <n, 0 < j<m). i WD Sl .00 48 419, 3 5,9, .3 5,
4, W s U HAHLE e (1 —i F 1) x (j,—jy +1) A718] AAAE Boke) wid S59)
Hdarse HERdH

i A Al WA ] FE BEE AESH, @r+1)x(@2r+1) 2719 FE wd
Sli—riit+r|lj—r.j+r1e @r+1°0 3 = (2r+1)*—1)/2708 @R} A7V} 232
(2r+1)"—1)/2709 ok AAY 2& Flo] gtz o

A5
il

2. Kim ¥312|&[15]

lo
2
&)

Gil-Werman &a1z2]&[14]0] F @A g Eg] 79 R,ol I0BBST (Implicit Offline
Balanced Binary Search Tree)Zhi= 72 AR 7+XE AFEsh A &, Kim ¢85 IOBBST
o1 79 rowlOBBSTQ! ER,Z ©|-&3It}h IOBBSTY rowlOBBST B €4 o]z Eg¢l g Eg
2, Jgo] FolAd Eg Folo] nlH gk Algte] dld F7e rMA A7 daE AU Fox
e Mool Hate dld AT A ANFE 7 7 Uk ol & 3] I0BBST+ 7} =8 &4



27K wlolElel A9 F7kgk WA & A QA7

stalAY @A 3AZ = Q1AL rowlOBBSTE 78 =5 F3384 @A 3stAY n@Adsia g 5
AT <E 1> IOBBSTY rowlOBBST ) iEJ T4 245 et

<E 2> |IOBBST2t rowlOBBST =E=2| 74 24[15)]

IOBBST rowlOBBST
= Bl A= #% q= Bl AE =
A 2=
o
X T= 22k ElelE 9 gk X 4T LR
PAES
=T
active | boolean FoI Ao &t A activecount A | FAR JAEel F3h= AE
A =EE FEE Zh= A wE=E FER Zh=
count 8 TREY BE sty count 8 TEEYY BE nr9
=8 activecount

A7 nxm?) 23H0 WD s9 F3hgk DR w0l Fold W Kim dwelEe <1 1>
3} ek,

1 for row=0 to n—1 by 2r+1
for col=0 to m—1 by 2r+1
Initialize 7" and ER, using Slrow — r..row + 3r][col — r..col + 37]

Activate the elements in columns from col—7» to col+r»—1

Activate the elements in column col+ j+ 7
for i =0 to 2r

2

3

4

5 for =0 to 2r
6

7

8 Find the median between row row+i—» and row+i+7»
9

Deactivate the elements in column col+j— 7

<38 1> Kim €312/ &[15]

187} 2382 229 HolE S5 (2r+1)x (2r+1) 2719 FAERE etk 382 o 7o I
] H 2] 7} AR F3ty = (4r+1)x (4r+1) 719 T ]
Slrow —r..row + 37][col — r..col + 3r] S ©]&3}to] IOBBST 75 WwWE, 79 2z} == vt}
rowlOBBST ER,Z WHETE 79 7+ vE o= SH[]1E 712 F9 79 w29 AFE (4r+1)20

Y ER,= E oF FEE Zk= 79 FEEY T,0 W&l 7,9 7 =& AE o8 ¥ @
7|2 & rowlOBBSTZ ER,% +T9 /ME&= 7,9 EAss A= o& 8 @& 7= FHu
47+ 170}
432 g oo T AF Ao FX P%k AEE A&st7] 91, 8 "7 T A 2070 Aol
&8s 79 Be w29 active S FO02 T3 AFAE BE =29 count® S7HAZIH oS
© ER,S =& AERE ulolEditt 63> Y W9 M LEFH e dEl 79 ER,9
wE ARE ddolEdth 9ae the o] Fugk W
7V A% Ao dis 79 ER,C == JRE

g A3 A9 A" WA ol
MY Bow el =gt
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gk e E Age] S dE Wl sidets B ®Melel &

Kim ¢185e 3 84 S5 Adstr 1 $18] Kim ¢85S 248t 5 JfAo] 7
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O 7 o] AwET)
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| 5
ot

<3z 2> sttel (2r+1)x (27 +1) FHg e B& vt Jof w2 79 ER,

Kim ¢12]&52 2r+1)x (2r+1) 3719 3 o dfs] WS F wjolw Hol= v #j<l
4r+1)x (dr+1) 719 HE wd= IOBBST 7% %Ev Idlx 79 ZF == guit}
rowlOBBST ER, S AA3tch<1d 2> #%x). 13 A 2z S[i[j]& shte] Foat &exat <1
3> go] ¥ Y A2 oE Fa gl &etEE v Hel T A Frofsith

o
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chek 94 QU5 2 P99 A7)k AXW i A% AX7)] A5 10BBST T wr)
S48k 79 ROl E F7h Wk wE ARl ZabE T A4 AR F7hE oo
= ¢t} rowlOBBST ER,S A doF sl2z S713 w= Aeud A4 ER,

Fkstel ER, A4l Baw F Al 3748 Beles A

W ER, wEo At T, EASE AR O @ gke Aol n, e 277 A

w Sold B AT B FFE VAR Sl A9 A FFL nAA etk F, 7o

o =27 AL W Yoz AAVIRG DB AAEL ol & ER,S A AT FE AT Aol

o,

webd 2zt slilj]el FEAQ T Y Bl 85 gash 79 ER, B4 A 7k BEol
i oo 27)% Fotof dk ol e B A@How Fohi

!

2. 79} ER, HOI0|E

< gt o] F 93 FE Wl dsHE 79 w=e)
JolEgte}. o] #Ag& 7+ S[i][j]el el 79 %ol ER,9 ¥%o]9

Egolmz 79 0]z log(:=X 7hr)olrt mebA it wjdo] F wjz} s
ol log(2x == W) =log2+log(== 7H5) =1+log(== 7)ol B2 1WE F7FghH
B )] 2O0lBE B wjde] Ao} ATk ok = sole 1 57
ok &, o) A7 AR o) FE ujde] 2ol B owjde] o g 219 ol vl

Al 79} ER,Sl QUEIOIE F AR F7bE EeAl "k webM 79 arlE A o o
Lot aesfof gt

Kim G321 E4 03k &8 oA 79 ER,9 AHClES fAksbA 2t slilli]el sl 72
wolsh £R, 9 wol9l Feol algshs Aol Aedth mekd el 27k AL W A F
ele] e i we Wl A =g Fol maAsA Fgt B4 Aol F7ksH o
o pole) 7% 3% u melsol .
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V. 48 2 ¥4

= 799 A7E 2] fsk AES Ayesith 799 A7)

X HE wjdel A717F ((k, +2)xr+1)x (b, +2)xr+1)0] 22,
<k <6% 2<k <69 HAZ WIAIA F&E oD A77F 4r+1)x (dr+1)5
H (8r+1)x 87+ 1)7FAQ1 A-9-9] Skt &4 A7kE vl aLskgich

dg oz ARE3 231 dlolE = o] 1,34470, Fo] 1,008700]w Z} $1X] 9] FhS 32bit H-FAST
g2 Oo = 0.05E 0.9887997F4] <] *‘*%koi o]Fo1%l gray ©|"|A|<Ql TIFF o]t} JJEi Els
4 rZ SHE 874 10 HAom AEgla, 109 v itk ol &8kt A3 24
GHz Intel Core i9 X Z A4 < 64GB H X ﬂﬂ A X]% stEgofo] A A= macOS Ventura®] ™,
Huld 2= Apple Clang version 14.0.0= ©]-&3}3it}.

O

<E 3> r=509 AL Bt HE HEB AZHR)
k, k, 2 3 4 5 6
2 1.766274 1.607155 1.534612 1.505063 1.487386
3 1.656850 1.519517 1.464697 1.434813 1.406907
4 1.652229 1.532691 1.470522 1.431380 1.412597
5 1.676260 1.539562 1.474211 1.441558 1.432580
6 1.685815 1.555806 1.494299 1.478770 1.456414

<% 2>+ FE 9 o] 59 A Ad A#E verdth 39 A717F 2w 42 3717 A
AFE F1hgk FA A zke] Fo 2 FE HA FAE AFS Helh ol €9 A7)
7y AR w7 A Folste e wE o] 50| 79 ER,°] A HHlE, ¥
A AZES] Fobel e EdEv Atk Aoln, 4o A7)V A-SFF o] 59 FUtHTE &3
7V ARE omn gttt
Aol A7 & W B A7 AAE AFele B

th ol k0] 2 wrTh 3YU w 7 Ay Fsks o] el e o]5°] T3} ER,
o] A3 AulolE, & AIZre] Frle] wE EdjHuh Atk Zlold, ko] 3Y wel 4 wi:
o5} &E&|7F vk, k0] 4 wlETE 5 o)A wl 7T Aol Foshe H 35 el
w2 o] 5Kt 79 ER,S AN QUlolE, @A AIZFe] St whE &7 o AvkeE As
njgtth, 4o 2717 A wRo o] F7)7F AL W @A Ajge] ZFavh el 2 o] i
ER,%] o7} &2 A7]ew 9 vy wjF oz FAFRY <1 5>5 <% 2>5 £F9] £,
I yFo] g Aol p = AR g Mow yEhdl ot}
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kc -2 3 — 4 5 — 6
1.800000
1.700000 /_'-'
i«
=1
< 1.600000
I
i
1.500000 \
1.400000
2 3 4 5 6
kF‘
<38 5> y=5¢ Z? AH Zo 252 &, y=2 BHM MZHF), 24 M2 k,
<E 4> y=75¢ B Tt HE HE AZHE)
k, k, 2 3 4 5 6
2 8.660349 8.160951 7.928320 7.669989 7.826849
3 7.557790 7.187997 7.042728 6.888921 7.027734
4 7.526845 7.151245 7.025494 6.929321 7.098263
5 7.454239 7.119103 7.068860 7.011847 7.171501
6 7.405738 7.135652 7.087770 7.109830 7.431620

<3 3> FE A ro] 750 A5 A AyE yerdh o] 7|7 2w 4o 277 A
=

AFS Tk §A A zro] ZolEthrt miA Bl vhAl Eojdnt S, k7 59 W 7 el F
o3tz Bt g9 Fae] wE o]50] 79 ER,C A ulolE, &4 A7Fe] STt mE
EaE 7B A

Aol 717t S w e Ao wE Wste o Avlel wet & 4TS Bt k7t 29
Aol Ao AZI7F AAFF G Abo]l EAIRE, k. 7F 3% BFol= k0l 5Y o, k74
ol kool 4Y w §A AJRhe] 7B A, £ 7F 589 691 Aol k0l 3Y Wl ©A AZto]l #
o, <1¥ 6> <3t 3> UERA e Zo|th
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w
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ol

<28 6> r=7592 29 ME FH 252 L, yHS T AZHE), 24 M2 k

<i 4> FE| WA 2 STH 8574 F3hgk B4 AlRbo] THd 22 Ao 79 A9 H
Mgl 271 vYEbdY ZE AS Kim uEse] 79 27 @+ 1) x 2+ )R o 2
T A7E olgdte A T B4 SRt FAE S g 5 vk S, r=5, 159 A¢
T A717F Gr+1)x (6r+1)Y9 W 2r+1)x 2r+1) R S3hgk &4 S22 oF 20% 4= Sl
th »=55,75% A= T A7) Gr+1)x Gr+1)D W (2r4+1) x (2r+1)2TF 2}2F ek 7%
o} oF 20% FF= ATt

83l r=65% AE Adstas kWY k7 AAY T A
£ 7195 AUt S5 Yol
7y ER,°l A A TUHE o AEHA
HA O Fo 7|17 dAsHA] Fob 7+ AV 8} FHEA URbH o R
I k5 A= EsSlh
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<E 5> 1344 x 1008 ClolElof theh Te| drA® My Zo B Alzho| z 40 H9

:rmj‘ 5‘7] E} A0 1\] 7}

pol ke | k| TR AT | RN 27 | R AGE) | @)X (2R 1)| e
g Aghz) | VIS

5 3 6 16 x 31 26 X 41 1.406907 1.766274 20.3
15 3 6 46 X 91 76 X 121 2.477499 3.087352 19.8
25 2 6 51 x 151 101 x 201 3.238737 3.943308 17.9
35 4 5 141 x 176 211 X 246 3.885051 4908187 20.8
45 2 4 91 x 181 181 x 271 4.785470 5.298487 9.7
55 3 5 166 X 276 276 X 386 5.954595 6.419926 7.2
65 5 4 326 X 261 456 x 391 6.499723 7.500712 13.3
75 3 5 226 X 376 376 X 526 6.888921 8.660349 20.4
85 4 4 341 x 341 511 x 511 7.323073 8.915526 17.9

V. A&

1

et
¥

AE Kim €385 799 2715 "o w2 Sk g S5 A

2 Atk 2r+1)x (2r+1)olgtE F99 A7 Gil-Werman &gl &4 AMgatd 7o
2 Kim ¢ugFelAs Jd& AHEsta ik ARk 22k wlo]E o] BE 91X 9] glo] A=
& o]z Eg Ao Ul ®ojy FEEo] ALE S 2 EReAe 799 A7E ]
TE W B £2E AT dSEs BHAth

© Y Wbl wEt HAH o] 7+ A7 dAskA ok olek ol 6

Hor
rlr
I
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Wl

’
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W
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* ABSTRACT

Given data and a range of a filter, a median filter that is used in signal processing or image
processing converts each value of data into a median value belonging to the range around that value.
Among several median filter algorithms for 2D data, we analyze Kim’s algorithm which is a generally
applicable algorithm regardless of the value range of 2D data to find factors that improve median
search speed. Since Kim’s algorithm divides 2D data by size (2r+1)x (2r+1), the value of each
position is used four times in a different binary search tree. In this paper, we improve the search speed

by changing the size of the area to reduce the overlapping use of each location.
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A Study on the Utilization of R and Python for Data Analysis

Sung-Soo Kim

4 3
I. Ry} vfo]x V. A
0. #A=2 289 273} 253
. R¥} sfo]x <A ABSTRACT

[. R%} sjo]A

R} spol# e Hlol A, Hlole 3l mAleld o} Fol 92 o] gH Aol BE TE

e 7HAI AT RE V1R 0® ARG HlolHEAS dh AMRES Tolds T AR
BHow BAS APy e oL, Fdo|HS RO 7 AlREHE AFRES do|Mlo] M= BA R
Aol mulgE RS E8te] A ot A7 Urh RS UEH, Ad S 7R oR @ dojw
A, ol Z QS 7o R FARAE stz ubdel, oM C++, Java T 2> AAAF =

IR Aol2A 7Y S w2 AsHA, 7] T @7 GA, ALY e SgAdo] Hof
W ol FHAME Vo R sk SR Helds v diE A it @
+ 3tk

R A|AEE H3FEH R Core Team®| T3 ot <74
Al wEgE gk #Elete] FolAl ¥o]l R A AAH A
(Dalgaard, 2008). Rt el sto] & UEIE F3FE #8a; 7% ¥F 22 (Guido van Rossum)e] €]
1991 e o3 Ry} 722 WE A 7]eE 2] $1% w8 02 1995 matrix-sig(SIG) 15 ©|

O
b
)
ox

o

0,
o

- oX
o
o
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R
to
L

oS T At FA-H o H A8 waE
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A7 =] o] 7i ko] o] Fol x| t}7} 2006 numpy gtoj B & 2|7} gk o] =
(https://en.wikipedia.org/wiki/NumPy %), Fo]o] numpy ;A9 o ZA RO HolE XY
7165 %t pandas 2he] B 227} 7)) E A A (https://en.wikipedia.org/wiki/Pandas_(software) %) d|
OJEJi-A AR A Edf7h o] Foj XA ¥t

olefdo] R HI A5 FASAES Hstel AAA L | A== v, ol
< AFEASAES] A mHor FEs] Ao ghas & Ut R HolWE 7 o T
52 oA to] 7tedta, TEIH AATF FAET] vl 718 Vlss ol &AM A N
o] 7hsstth. stold 3 RE &8, dto]M @ RO Ao el thal A= Ganesh(2019), &t 5(2021),
AEE 5(2020), AT 5(2022), Pedamkar(https://www.educba.com/r-vs-python/) 5& ZFx3a}7] H}

[e]
H-=

B agoNE soldelN ATHa Q= EFe FHAS £ @42 ATeta, R} ol
Wel g Helol AAR FEES ATa] HolHEA A Tee FuA Bk EH R T

HAlH Y AFAA HolHEA Y S92 A 5E Fd(train) AR} HAE(test) AR w2 o
S, Fd A5 E o]&ste] BES Agelyl, HHAE ARE o]gste] Ry a8AS st
g ow o]fFolxnt By Agle] lojAe WFE BEes &, SR R 24 5 ¢
= AR JAYPH 7|2 g o7 R FolHeA ARE T AR5} HAE (EE Fest
i, MTE ZFdete @ie Aesith golHos AF-E FEseke A7 =, ol
£ FA% s Aveta, T FA4E dE AuEEE i

1. R Xt=2&2
ROA A5E Fodhs WHS ofe 7HA7E e, 7B 7123 0R ol&d F e
sample() $r<=¢]l, R 7] A] dplyr®] sample frac() T+% 23t} sample( ) SHrFE o] &3 A=

B d4E <R >3 2

<R 1> Train and Test Xt 22| &=(r_train_testR)2 L&

Train_Test Split m1 = function(data, SplitRatio = 0.7)
{

split_size = round(nrow(data)*SplitRatio)

train_id = sample(c(1:nrow(data)), size=split_size)
train_data = data[train_id,]

test data = data[-train_id,]

>
b
M
Ac)
)
4

1) Bl°]E]Z (Train, Validation, Test) HlOJEJA S 2 F7] % SIch
2) https:/github.com/andkim33/RandPy/ °] “r train testR“ ¥}Uofli= R 3|7]1A] dplyr] sample frac() &5 ©]-&3F A7
g = ol &3A AUk
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result = list(train_data = train_data, test data=test data)
return(result)
}
data(iris)
train_test = Train_Test Split m1(iris, SplitRatio=0.5)
train = train_test$train_data
test = train_test$test data

2. IjO|M XI=E2E|

glo]# oA At F 2] & scikit-learn®] train_test_split S A~E o] 25hH HUE3) A FE scikit-learn
7)Ao = wAle gy e e S 23] Qith

°f xF3t AHE ol &std
normalization) $F<+ <R 2>9} 2T}

<R 2> R #ig= ZF2Hr_standardize.R)% L&

RStandardization = function(data, method="zscore")

{

if(method == "zscore")
{
center_value = apply(data, 2, mean, narm = TRUE)
scale value = apply(data, 2, sd, na.rm = TRUE)
zdata = scale(data, center=center value, scale= scale value)

}

else if(method == "minmax"
{
# 0-1 transformation
maxX = apply(data, 2, max)
minX = apply(data, 2, min)
center_value = minX
scale value = maxX - minX
zdata = scale(data, center=center value, scale= scale value)

o]
M\
o
%
4

zdata_value = list(zdata = zdata, center = center value, scale = scale value)
return(zdata_value)

}

RStandardization test = function(test data, center value, scale value)

3) https://github.com/andkim33/RandPy/ 2] “py train_testpy* 3} 2=
4) https://github.com/andkim33/RandPy/ 2] “r standardize R“ 3} oll&= RStandardization( ) <= 3! RStandardization test( )

@47t glek
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{

zdata_test = scale(test _data, center=center value, scale=scale value)
return(zdata_test)
}
ztrain = RStandardization(X_train, method="zscore"
ztrain_data = ztrain$zdata
48 ztrain_center = ztrain$center
ztrain_scale = ztrain$scale
ztest data = RStandardization test(X test, ztrain center, ztrain scale)

4. Python 4 HZF3}

gto] oA ¢ BFSHE 7] $I8A = scikit-learn®] StandardScaler() 22U scipy.stats ]
zscore() SHPAE o] £381aL, 0-1 AF3E $8hA = scikit-learn®] MinMaxScaler() S A5 o] 8-3)
W #Ft} o] 7]A] StandardScaler)U zscore()S] Aol HARSE 78 Wl T EFMm)S AHESte #)
2 RoA AlFetes 2FEs Aol th=2A Y2ths) FAE 49 4, StandardScaler()E ©] &3t
of FAE FAS & AUt RY FAE A A9 afakEahel ohEA dh

¥EFm)S AFEEAY, EEFMm)-1S AFESt] 738 3o FHESE, SVM(support vector
machine), A4 53 £ 28 A gA & § 84 (model performance)> A7} Lo, FA
A oA = R 24 AE VRO R stthE oA HolEHEATA E5s A ¢
el = (FE2TFMm)-)= ol&sto] BEspehs Zlo] ntdA et o] # gk Sm| oA z-score —fr
= AR W (FZEFo-DE BASE et du ol xEst SUAE £ I

<Py 153} 7t}

[‘

v

~| [e
r_{

>

<Py 1>°|A] ZScale(data) 3= THRAEE Wropr] HFslet § mEgxE, FdA3 2E,
RE5E JHEeks shrolt) ZScaler test( ) T HIAE AR, FdAAE R4 Y, ¥4
A5 B2T5E Wol HAE A5 R34 dE WElkels 7)solth

AL

<Py 1> mo|M 8% FZ=3Hpy standardize.py)d &5

# Python : Data Scaling

def ZScaler(data) :
from sklearn.preprocessing import StandardScaler
z = StandardScaler()

z.fit(data)
o]y zdata = z.transform(data)
xF3) shr n = zn_samples seen

zdata = zdata * np.sqrt((n-1)/n)
return zdata, z, n

def ZScaler test(test data, zfit train, n_train) :
zdata = zfit train.transform(test data)

5) StandardScaler() E |~ XFHAF R TZEQl numpy.std(x, ddof=0)S AFE-3tt},
numpy.std(x, ddof=1)< (EE5(n)-1)S AFHESH= onjojth dlolel =] x4 x.describe() & TZEER (ZESF
m)-1) o] g3 EFAXE ATl RY TR E sdx) £t summary(x) S AFHEshd ®o

6) https://github.com/andkim33/RandPy/ 2] “py standardize.py* 3} oll+=
ZScaler(), ZScaler test(), MinMaxScaler() 2 MinMaxScaler test() 52| =7} At}

— 108 —



dlolE 24 & 1% Ry}p spo]dl &gl At oA+

n = n_train

zdata = zdata * np.sqrt((n-1)/n)

return zdata
ZX_train, zfit train, n_train = ZScaler(X_train)
ZX_test = ZScaler test(X_test, zfit train, n_train)

<Py 2>9} <R 3>i= o]} RO 373} A3 ofojth?) do]H = R HSAUR2: heptathlon X}
55 ol &S ATHAA T 5, 2022). <Py 2>olA AnE FAAES HAE ARz FE3 ¥, ol&
Ageto] wdst ARnE o] R RFES AWE v F RS Stk A WA S
7Hel Aol el 57he] MR EY ekt

<Py 2> mo|M EF3 A o <R 3> R Z&s A of
sold w3} R %73}
# R : z-score Standardization
Python : z- izati .
# Python : z-score Standardization library(HSAUR?)
data(heptathlon)

import numpy as np
import pandas as pd
hep = pd.read_csv("c:/data/hep.csv")
X = hep.iloc[:, 1:-1]
from sklearn.model_selection import
train_test_split
X train, X test = train_test_split(
X, train_size=0.7, random_state=12345)
X train.to_csv("c:/data/Xtrain.csv")
X test.to_csv("c:/data/Xtest.csv")
ZX train, zfit train, n_train =
ZScaler(X_train)
ZX test = ZScaler test(X_test, zfit train, n_train)
ZX test = pd.DataFrame(ZX_test)
np.round(Z_test.iloc[:,0:5].head(),3)
Out[48]:
0o 1 2 3 4
0 0.412 -0.691 -0.108 0.935 -1.242
1 -0.175 0.691 0.020 0.274 -0.114
-0.266 0.691 0.700 0.347 -0.133
0.197 0.000 -0.800 1.036 -0.351
-0.446 0.346 -0.229 0.907 0.286

write.csv(heptathlon,
file="c:/data/hep.csv")

X train = read.csv("c:/data/Xtrain.csv")

X test = read.csv("c:/data/Xtest.csv")

X train = X train[,-1]

X test = X test[,-1]

ztrain = RStandardization(X_train)

ztrain_data = ztrain$zdata

ztrain_center = ztrain$center

ztrain_scale = ztrain$scale

ztest_data = RStandardization test(X test,

ztrain_center, ztrain_scale)

round(head(ztest_data[,1:5],5),3)

hurdles highjump shot run200m longjump
[1,] 0.412 -0.691 -0.108 0.935 -1.242
[2,] -0.175 0.691 0.020 0.274 -0.114
[3,] -0.266 0.691 0.700 0.347 -0.133
[4,] 0.197 0.000 -0.800 1.036 -0.351
[5,] -0.446 0.346 -0.229 0.907 0.286

SN

A Ans v,z FAR BAS (4460 1.194 0.521 0.457 0.245 0.073

7) https://github.com/andkim33/RandPy/ 2] “r py standardize example.txt* 3 Z3
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0.049) o] 11, FAF F=2 A3} (4.460 5.655 6.176 6.633 6.878 6.951 7.000) U= & 4= At} HhH
<Py 3>°llA] StandardScaler( ) ZH A5 o] g3t 313 3o FAE EAF A3t ([4.646, 1.244,
0.543, 0.476, 0.255, 0.076, 0.051]) ©]aL, FAF 2] A<= ([4.646, 5.89 , 6.433, 6.909, 7.165, 7.241,
7292]) 2A Fo]l 1085 )2 dojrte RS & F Utks A ®mFEI FUAE A4S
ZScaler( ) S5 o] g8l EFEE Fo FAR A A Eab AntE wd, ([4.46 , 1.194,
0.521, 0.457, 0.245, 0.073, 0.049]) ¥} ([4.46 , 5.655, 6.176, 6.633, 6.878, 6.951, 7.]) =4 RS FAE
A Al Zote FAE & Qv

o
r

<R 4> R FAHE 24 ol(r_prcomp.R)Y L&

library(HSAUR?2)
data(heptathlon)

hep_data = heptathlon[, -8]

# Principal component analysis using prcomp (alg. SVD)
hep_pca = prcomp(hep data, scale=TRUE)

eig_val = hep_pca$sdev”2

round(eig_val, 3)

# [1] 4.460 1.194 0.521 0.457 0.245 0.073 0.049
round(cumsum(eig_val),3)

# [1] 4.460 5.655 6.176 6.633 6.878 6.951 7.000

<Py 3> Ho|H FMHE 24 ofl(py_pcapy)0 g5

import pandas as pd
hep = pd.read_csv("c:/data/heptathlon.csv")

hep_data = hep.iloc[:, 1:-1]

# Mg BE3h - 71E o8

from sklearn.preprocessing import StandardScaler

zx = StandardScaler().fit_transform(hep data)

from sklearn.decomposition import PCA

pca_init = PCA(n_components=len(hep_data.columns))
pca_init.fit(zx)

np.round(pca_init.explained_variance_, 3)

# Out[11]: amray([4.646, 1.244, 0.543, 0.476, 0.255, 0.076, 0.051])
np.round(np.cumsum(pca_init.explained variance ), 3)

§) HlolElZ BET F AR BASE AIE mE
(oll: https://stackabuse.com/implementing-pca-in-python-with-scikit-learn/) 55
StandardScaler( ) S5 o]&3sto] dysta o) 13y FAARE B4 24T
(c:\anaconda3\Lib\site-packages\sklearn\decomposition\ pca.py)E HH
U, S, Vt = linalg.svd(X, full matrices=False)
# flip eigenvectors' sign to enforce deterministic output
U, Vt = svd_flip(U, Vt)

components_ = Vt

# Get variance explained by singular values

explained variance = (S ** 2) / (n_samples — 1)

9} o] #Aks FHskE, BETFMm)-1 S S eS¢ 4 Stk Stan dardScaler( ) EA2oAE A F
AN EEF@E AT G AThe BE FYR 24 Fo] Wee 4 7% dolrke olfelk

9) https:/github.com/andkim33/RandPy/ ¢ “r prcomp.R“ =
10) https://github.com/andkim33/RandPy/ 2] “py pca.py” T3
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# Out[14]: aray([4.646, 5.89 , 6.433, 6.909, 7.165, 7.241, 7.292])

# HF BFEF - AR A 5 o)

zhep data, , = ZScaler((hep_data) # ZScaler( ) in <Py 1>
from sklearn.decomposition import PCA

pca2_init = PCA(n_components=len(hep data.columns))
pca2_init.fit(zhep data)

np.round(pca2_init.explained variance , 3)

# Out[19]: amray([4.46 , 1.194, 0.521, 0.457, 0.245, 0.073, 0.049])
np.round(np.cumsum(pca2_init.explained_variance ), 3)

# Out[21]: amray([4.46 , 5.655, 6.176, 6.633, 6.878, 6.951, 7. ])

M. R} stolH A

R} gfo] i o] AA o] TasiAA sto] o] Vea RollA e ar, Wit 2 gfo]xlefA REJ
wASFE olgste elB et el o] &Ha 3tk dojdle Re Eeles 2holB Y
YEE= “py2” 7F o] &H a1, RollA FolS AFc= TR = “reticulate” Tho]B. 227t vk R
W ol el AAV S e o AHEES Fh

1. Python interface to R

glol M A FAR A4S A&k sklearn.decomposition®] PCA( ) Aol T
(biploty s 18]i= #WAE7F Al QA Gt webA, SojfloA BHEEE 8= HAEE A
AstAd, e v =49 o QAIRHD, RO FAE A grel ddE = B

A<
— o
th ool A RO FAEE 24 FE oldete] FARFH S(biploy= 18 S <Py 4>9}

<Py 4> PythonollA Re| biplot2 0| &35k o (py_rbiplotpy)!d &

# <Py 3> F=of o]ojA

import rpy2.robjects as ro

import rpy2.robjects.numpy2ri
rpy2.robjects.numpy2ri.activate()

labels = [hep.iloc[:, 0], hep_data.columns]
labl = ro.StrVector(labels[0])

lab2 = ro.StrVector(labels[1])

nr, nc = zhep_data.shape

r = ror

xr = r.matrix(zhep data, nrow=nr, ncol=nc)

11) ro]H pea 71X A= biplot( ) W4T Al wE 3 SITh https://pypi.org/project/peal FHZ.

12) “https://rpy2.github.io/doc/latest/html/introduction.html”,
“https://rpy2.github.io/doc/v2.9.x/html/graphics.html” 55 %

13) https://github.com/andkim33/RandPy/ 2] “py rbiplot.py* ¥ =
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r_pca = r.princomp(xr)
r.biplot(r pca, xlabs=labl, ylabs=lab2, main="AAA") # <71¥ 1>

<Py 5> Pythonoll Al Re| ggplot2 & 0f&3t= o (py_rggplot2.py)'4 &£

# source : https:/rpy2.github.io/doc/latest/html/introduction.html
# rpy2 in Python for ggplot2

import rpy2.robjects as ro

import rpy2.robjects.lib.ggplot2 as ggplot2

from rpy2.robjects.packages import importr, data

datasets = importr('datasets')

mtcars = data(datasets).fetch('mtcars')['mtcars']

import rpy2.robjects.packages as rpackages
utils = rpackages.importr(‘utils')

from rpy2.robjects.vectors import StrVector
utils.install_packages(StrVector('ggplot2'))

gp = (ggplot2.ggplot(mtcars) + \
geplot2.aes_string(x='wt', y="mpg', col='factor(cyl)')) + \
ggplot2.geom_point()

gp.plot() # “1¥H 2-(a)

grdevices = importr('grDevices')

gp2 = gp + ggplot2.geom smooth(ggplot2.aes_string(group = 'cyl'), method = 'Im'))
pp2.plot() # 13 2-(b)
grdevices = importr('grDevices')

6 4 2 0 2 4

. . . . . .
= |
3

Hautenayye (BELLe) <
Wijnsma (HOL)

>, |
. Jeong-Mi (HGfRla (FIN) Greiner (USA) Qo

Hui-ing (TAHulline

EBEANURS
Geremias (BRA) longjun|
Laj

Comp.2

N B AfpReIDREEHR T | « eren| | 1 e
| Joyner-Kerse| g oo o : ; B - g
Choubenkova (URS) L+ 1 . 4 ] \ E
s javelin q T
a (PNG) [ -
O‘G 0‘4 0‘2 OfO 0‘2 0‘4
Comp.1 w - w
(a) (b)
<& 1> Biplot using Python rpy2 <& 2> ggplot2 using Python rpy2

2. R interface to Python

sfolH & HlolEl & Aesh vhkd 7150l glolAl solmelA A E AuE ReIA 29l ol
g3 A% FAST £3 soldeln AFsE F4E ol §dte] RO A FYste] Az

14) https://github.com/andkim33/RandPy/ 2] “py rggplot2.py” 3 Fx
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= AL F&sHA 82 5 vk <Py 6>2 FolRlo|A HolHE v T, VIEsAE T
S, AP IAE st 2dAaE Y FYolth <R 5>% <Py 69 oyl IFE R
sk ollojth. <#Ex-1>2 dpo]f oA tlolB & ¢lal A ejsh & 7b-q& Aol <#Ex-2>
= Holye] TlEEA & describe()2] AIE THAE Zlojnh <#Ex-3>2 dpo|Al 9
LinearRegression) 2 & ol Al 538t 3| AATE 7HA 2 oottt RelA To|dS AAste] &85t
71 S5k AAE &2 9 A5E Fxohr] vtk

<Py 6> mo|M &= - (py_fin.py)1®

# py_ftn.py
import pandas as pd

def read flights(file):

flights = pd.read_csv(file)

flights = flights[flights['dest'] == "LAX"]

flights = flights[['carrier’, 'dep_delay', 'arr_delay']]
flights = flights.dropna()

return flights

def py desc(data) :
data = pd.DataFrame(data)
desc = data.describe()
return desc

from sklearn.linear model import LinearRegression

py reg = LinearRegression()

<R 5> RolA Pythonel &+& AASt= o : r_py_interface.R177 L &2

library(reticulate)
py_install(packages="pandas", "scikit-learn")

source_python("d:/rpy/py_ftn.py")

# Ex-1
flights la = py read flights("d:/rpy/flights.csv") # python function
head(flights_la,3)
carrier dep delay arr_delay
6 UA -2 7
21 UA 2 29
55  AA 13 7

# Ex-2
data(mtcars)
py_desc(mtcars) # python function
mpg cyl disp hp drat wt  gsec
count 32.000000 32.000000 32.0000 32.00000 32.0000000 32.0000000 32.000000

15) https://www.rstudio.com/blog/reticulate-r-interface-to-python/ ,
https://www.r-bloggers.com/2022/04/getting-started-with-python-using-r-and-reticulate/ 3=

16) https:/github.com/andkim33/RandPy/ 2] “py finpy T+, Fo]HoA] HolHE ¢l= 34, AF3AE Josi= &
2, 71EEAFE Teke R A Sl

17) https://github.com/andkim33/RandPy/ ] “r py interfaceR* 3} 2%
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mean 20.090625 6.187500 230.7219 146.68750 3.5965625 3.2172500 17.848750
std  6.026948 1.785922 123.9387 68.56287 0.5346787 0.9784574 1.786943

# Ex-3
py_reg$fit(X = mtcars[,-1], y = mtcars$mpg) # python LinearRegression
data.frame(var = c("Intercept", names(mtcars)[-1]),
python_coef = c¢(py_reg$intercept , py reg$coef ))
var python_coef
1 Intercept 12.30337416
2 cyl -0.11144048
3 disp 0.01333524

3. R interface to Python Keras

gto] o] Rell Hl&E| Hojdk 71E 52| 7t T2 td(deep learning) okt & 4 Qith HEY
o2 gy o]g¥E Tensorflow, Keras 5°] ol 7|E o7 stm 7] wj&Eo] RoA sto]x
KerasE A43dto] o] §ate WHE G840t

<R 6> iris H|O|E{¢] Keras H&ld HA-S R A|AHIA FE3E 7 =olth R A|AHEIA
devtools::install_github("rstudio/keras") & 23 s -, 295 213t @} iris AEE Python Keras
= A&t ~AaHES) vluste] Holehl®) Ro|A KerasE ©]-&shi= AAISE W&o tafix= R |
A #d A5 E FFxsH7] vksithag

<R 6> R interface to Keras (r_iris_keras.R)20) &£

devtools::install_github("rstudio/keras")
library(keras)

install_keras()

data(iris)

iris_data = iris

names(iris_data) = c("SL","SW","PL","PW","SP")
levels(iris_data$SP) = c("st","vc","vg")

# iris species (setosa, versicolor, virginica) -> (1,2,3)
iris_data[,5] = as.numeric(as.factor(unlist(iris_data[,5]))) - 1
iris_data = as.matrix(iris_data)

dimnames(iris_data) = NULL

# Split iris_data into train and test data

samp= c(sample(1:50, 35), sample(51:100, 35), sample(101:150, 35))
iris_train X = iris data[samp, -5] # train data

iris_test X = iris_data[-samp, -5] # test data

18) https:/github.com/andkim33/RandPy/2] “py keras iris.py” & iris AF55 ©]&3t J}o]4 keras of°]th
19) https://www.datacamp.com/tutorial/keras-r-deep-learning,
https://www .kaggle.com/code/rushabhwadkar/deep-learning-with-keras-on-iris-dataset/notebook , https://jjeongil.tistory.com/951

s
T H=x

20) https:/github.com/andkim33/RandPy/ ] »r_iris_keras.R*“ ¥}, “py keras_iris.py ¢} H]n}o] ®7] v}l
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# MinMax Scaling for train data
ziris_train = RStandardization(iris_train_X, method="minmax"

set.seed(12345)

iris model = keras model sequential()

iris_model %>%

layer _dense(units=8, activation="relu", input_shape=c(4)) %>%

layer dense(units=3, activation="softmax")

summary(iris_model)

iris_model %>% compile(

loss='categorical _crossentropy', optimizer="adam', metrics="accuracy")
iris_model %>% fit (

ziris_train_X, iris_train_labels, epoch=500, batch_size=5, validation_split=0.1)

# Predict iris_test Xsing ziris test X

ziris_test X = RStandardization_test(iris_test X, ztrain_center, ztrain_scale)
test_pred_class = iris_model %>% predict(ziris_test X, batch_size=150)

score = iris_model %>% evaluate(ziris_test X, iris_test labels, batch size=150)
iris_pred_target = apply(test pred class, 1, which.max)

iris_pred_target = iris_pred target — 1

table(iris_test target, iris pred target)

# iris_pred_target

# iris_test target 0 1 2
01500
10141
201 14

V. A

Tto] 4 o] o] |4 E‘:—% AW R Re 57 AEAor F4EE= NS
2 =9 Folx AAEA ] A, R H7]A psych?] faR & F s
R Aol e vto] d—% e Y, SHEST XE RS,
import statsmodels.api as sm
model = sm.OLS(Y, X)
o} o] BZPAE A st W] Uk o R o] §Hrt2) o)g} T WM E TS
A

kel
et

—

X = sm.add_constant(X)

o} & #Ajlo] et ofe] theFst RyAs Afe w= vlagF ot ojelgt AL =Y
o] dgtow TolKE statsmodel Zho]H 2= patsy H7|A2HE o] §3to] RE B2 HYS =
lskar Slok

21) from factor analyzer import FactorAnalyzer
help(FactorAnalyzer) 3%

22) https://www.statsmodels.org/stable/index.html 7.

23) https://patsy.readthedocs.io/en/latest/overview.html 3=
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274 A ol E & uie}l o] RFHEAE ok T numpystd( )olA = TEER RET(n)S
AF-8-3F= WEHof pandas.describe( ) T+ pandas. std( = tZ2EZ 25 m)-1 & AFEsta 9l
3, FAE BY s BEREAY FEHoRE HEFM0m) - 12 AFEsta ok o]#d We 2y
Ao ggAole wAVE gloy SAA FA e diEstE RO ARl vEA Y 7 7]
ol HolEEA oA €55 & 7 e oXE 7 St

olyF WEs 1T w o]y HoleliAle] o5 AAS ¥ i FAAER] 15
o] &4slxo], ¥4 RE /M 947, 55 759 ¢ dd 282 A&H4 HA, B
¢ 7, §A T dFo] AyE devt QAT stHo R, goliS y dugEs 79, &
e S W A, Y £S5, § 53 A9, fdolEmo] st AAl T TRl Ed
o ARE 7HAI 71l SALS W gl QlojA TholHel dish A &£A Q1 B4 A o] &
FeETa & 5 3l

pold el &g 4l FAwSo] &Ad35tEY] flsiA = o] S USER-GROUP ©] 274< 29
7F AL, A7A =

ol FANS W FAAAE A

ol TAEE ASAAE =9

ol FAEE i A=k 9 A

golg o] &35 ¢ AT D volHEA A A AT T E24)

o] Zrgjel Fasteletr oA

24) dtolA Yo Z A o] A Django(https://tutorial.djangogirls.org/ko/django/) FZ.
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Ay 53

A, AAZF, XA, o] €7(2022). <RI} Pythons ©] &3+ thA 4> KNOU Press.
AEg ol &%, 1452020). <3Fo] 3} R>, KNOU Press.

%t 5-(2021), Applications of python package for statistical engineering, The Korean Journal of Applied
Statistics, 34, 633-658.

Dalgaard, P. (2009). Introductory Statistics with R 2" ed. Springer.

Ganesh, T.V.(2019). Practical Machine Learning with R and Python 3" ed., Independently
published.Pedamkar(https://www.educba.com/r-vs-python/).

https://cran.r-project.org/web/packages/keras/keras.pdf

https://www.educba.com/r-vs-python/

https://github.com/andkim33/RandPy/

https://en.wikipedia.org/wiki/R_(programming_language

https://en.wikipedia.org/wiki/NumPy

https://en.wikipedia.org/wiki/Pandas_(software)

https://www.rstudio.com/blog/reticulate-r-interface-to-python/ ,

https://www.r-bloggers.com/2022/04/getting-started-with-python-using-r-and-reticulate/

https://patsy.readthedocs.io/en/latest/overview.html

https://rpy2.github.io/doc/latest/html/introduction.html

https://www.educba.com/r-vs-python/

https://pypi.org/project/pca/

https://www.datacamp.com/tutorial/keras-r-deep-learning

https://www.kaggle.com/code/rushabhwadkar/deep-learning-with-keras-on-iris-dataset/notebook

https://www.statsmodels.org/stable/index.html

https://patsy.readthedocs.io/en/latest/overview.html

https://jjeongil.tistory.com/951*

https://tutorial.djangogirls.org/ko/django/
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* ABSTRACT

We provide some functions on standardization and data-splitting in R and Python for data analysis.
Also, we introduce R interface to Python and Python interface to R, and provide examples including R
Keras deep learning. All scripts can be downloaded at

“https://github.com/andkim33/RandPy/”.

Keywords: R, Python, Data Analysis, Keras
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oF57) SAAR BB
o] whE Asleke] oas A%

Relationship between Child Maltreatment and Abnormal Eating Behavior: The Mediating
Effects of Social Anxiety by Gender

Mikyung Jang
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Aol s A dFo=m Aal AFolv A A= PR ¥do] Fil(Favaro
Ferrara, & Santo-Nastaso, 2007), < =713 92 4l EQky} #dEo] Qv HEa iy &=
A FAadIv A 7] aga ool Al wel B Aes Zlo®m el Stk FAdT)
gl Aol 2719 oA =, Al PEAQd GEo AAA ALHAZo] MAFS (5.1%, Al
B FATE oF 1-3% A= 2 FAY ST (American Psychiatric Association, 2013).

AT AAEAE Bol AR e x5 Ade 55 WAL Andh 424
£ Hols AAadEd obfd ARE WA i FAldES ASSHA He A Wk AR EA
oMol A5 o)A 2 3 -&(abnormal eating behav1or)—— A 2 Aol st AGow 52
o AHAE A=A AU, 52 gt 55 Aletet A Eal g2 Algrel] w2 ke
=25 Ho] A9 T AAHAE dod "3@163%0 7H ek o) AW ES el ¥
Aol T3 FEEC] w2 Aowm deA Qlo] X7l AAd Xzt siglel desky WA
B AAE AR A 5 AnEvl A, 2022, AQLE). wERA, o] % ﬁ*]%}oﬁi e
T Ae AV oA Eel el ¥ AL o)A A e Asly] f1F wmEol
A9 o

ol FdABF FFS WA= QAEE AVEH, o] HAHABES ofe] 7HA dRlel &l A%
ARk 7pSego]l A A Aeabs]ld dQlelgta ®War¥ il QITH(Perry, Silvera, Neilands,

Rosenvinge, & Hanssen, 2008; Tetley, Moghaddam, Dawson, & Rennoldson, 2014). 53] ©|’d44] 4] & &
o] Nz} Ao BASH s ko] AT Ag wao] £ Qo107 2gstr) o]l Ale
Foll YEFe A= 7HHY BEAHCEE AT A, RJEE, e A FA ol vt
182, oldd, AFH, e, F7], vedt, A4, 2015). JEE FAShE FRO HE, F
T4 fAol Ao AFel tig =R, vfEa AS S99 AdEo] Qe Ao®E
B} o] A A S UEtl = AFEEolAIA ARbAQl 7159] 7] 0] Lﬁﬂ S TH(Holtom-Viesel,
& Allan, 2014; Kluck, 2010; Waller, Calam, & Slade, 1989; Wertheim 2002). =3t o}F7]of H-H 25
B whe Shole oy 7hH] A E o] gl acle] Hed, AA g ele #ago] =4 Vet
(Caslini, Bartoli, Crocamo, Dakanalis, Clerici, & Carra, 2016; Norman, Byambaa, De, Butchart, Scott, &
Vos, 2012).
el ubEtell A= 1989 obs st tiel it 5 7F A E A 7 H o tigh =
som FEe ASHl stk A ohgatlol tlgk A8 F71491 2]

d

=l of
sEdE T AMSA A9 B‘Pb‘ri T FES LA UAGEAA, Y7, 2017). obs st
T Aldgl el wet 2 71Ee] vE ¢ AW, Baaks E3E Alo] widdtel Al Al A,
A e AHo R Sietr, Ei/‘%ﬂ 71EA QL kel Ao gk AlAA i A A LS
aF2 o= WelS om| ek R AR 2014). o] FEH O T WS A kS ate] o) A|Ho]
g o] F o Jhell A= AAA ERAA] AAZ S, obselA ks sbstar sdA oA
SEAQ 2R AETHE A Aol d4S I, AE, BEA, FAdS T2 Y
Aol AF-ARQl A FHE oJvisks A4 Szt glon, B3t ofbg ] VEH S48 F

ol Al 7HelA FEEHFE W g
e, s A3 HAIdES =& L&y E
2017; &3l7], 2017; Bolger & Patterson, 2001), 3t 2-g-¥} L&l A A oS 7 AThE
A&7, 2014; Kim & Cicchetti, 2010). =3+ 59| shtf= A&y A A S o5

4o E‘W fﬁi 2
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obs7] St d st ol B E e dAAE W AbelEste) Wiz as S

AW, o]FA1. 2015; Peh, Shahwan, Fauziana, Mahesh, Sambasivam, Zhang, Ong, Chong, &
Subramaniam, 2017), &bl ANFAEH A, A G 5 FAHgdE FFS vH
o] HAW7] HEol AHZAQA FFE vA = AOF HQIth(Bradley, Westen, Mercer, Binder,
Javanovic, Crain, Wingo & Heim, 2011; Rogers, McKinney, & Asberg, 2018).

obs 7)ol WS Sl AP Aol weAe theh AAyATES AT EH, ofE 7l ghj

31:,0] ol = }\—]}\]PQ—OH p;].;(].ﬂ. 6’]—]:H ﬁozsdo] 01-1: _?_Eq_ H/Jx]—oﬁﬂ. H 017511 HLHﬂg]_oﬂ—y .Z_N—;r/]_
A7 9 ARow, o FAAWEele ¥ EC] ¥ E3th(Molendijk, Hoek, Brewerton, &
Elzinga, 2017). Johnson, Cohen, Kasen¥} Brook(2002)%] A7l °J3}H, ofsgtfe] A3 H A7

2 AR 27 AANHA HAgNS WEE ) Sste] okE L HAGNE ASse T
J@egle] Hi Zow vehgeh w3 obEy] YRR Suji Yadel o HABEIE
BaEo] gt Ao vehgid obF7] sr) AB e Padel S de W, Aolxd B
ae AARAE 7171 Qo2 YehgthEA 9, 2012).

AYATES FTHE, ob5r] REEZFE FUFBLS olF Fode o PHAYTE o=
sh= 7o Moo gk 20w ualth o AW Ee] Yoo vehbs thE A
o 7 #alsof Gtk AR HlFel R u), o}Eyle] PRI R E W st FPel oA

% SEDPER

' = 7
Foll vlAE 9FE AL vAtE 28l tel Aui AL ol F Y
H

=
HES 2@ wE =20bd u Aoy A ES o Wol gt Zo®E et Armow,
Kenardy, & Agras, 1992). &gt A= Ad2Aefe] s dQlo=® M 3% =0l(Anestis, Smith,
Fink, & Joiner, 2009), 7} E3tAl A2 gofel FHtE = Bl AL &<l o] th(Godart,
Flament, Lecrubier, & Jeanmmet, 2000). 4 217ej¢}o] =2 FWEo| tall Abs|EQbdol= HA%
ofo] X755 Wasle QdoR FE3tt= AT A% At Goodwin & Fitzgibbon, 2002). A}3]
E ol o E AFEEY A Esks ARSI S FEfleke] 3]sk AolEA AL R
Folgtal EE7| % sty B AFRES tE AFES AR S AU ofd dS FaEok sk
H afjof

o
=
H ds

7F =€ &

7ol A o] X*CJ = 214-s Ak A " shA N thE AbE SkellA] of
W Fe o] At B9t FxTF A &HEW AL A, A YGA] ol dAAg W
t}. APQ%O&XJOHt Fadr]el dAAcE Y i UARE 7 —'E—fz} ol
W F9 shfoltkRbsd, HA, 2004). JHQlelA & 11 HE

Aol tisfiA= obd gs] weAA kil itk(Neal &
Wo] AR EQHel7t mE SRR FrlekeE FAE Holal

Lo
3t

o f

i

=i
rlo
=l
o
X
o
o B WM > %0 i)

delmann, 2003). $-gjUgtoll = 3
9= Ao® ®HIE I

QA OoE AW We AHERebgolis o etE AsRetold thE Abg) djahE s
S| o)

Aol LRE ok A 2ol Alo] bE AbgEelAl #EEI Bk Qe ARA A
of tiall dAs FxY =S JHAE S ¢u| ST (American Psychiatric Association, 2013). 5
ARl EQES Mol HAWES T mEdAel duiA3E YER AeAbs A el &

s

AE 7P S vk ol 2HKim & Cicchetti, 2010), ¥ AR EQF2 AFaL} A1 S o 535)17]
STHTEAY S, 2015; Peh et al, 2017). AbgFEo]l S¢S W Aoy FAYFS WOl HER =
e & wl, ARR A el v Abge] Brbek ARl e ofEaE 0 ARSlESE 94
odAA T HEol & Ao et AWk fiedE e F Al ofer] FE
o stojo} ol AT e AN AR EQdS FEE Shre}l o)A AT e #A oA

il
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d
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W EIE Hof, RO Stie AFSEQME FEl (HHA SR oA A S HAE ALl
2 e A, 2022).

A2t FAad7Iv AR 2719 oA Aol AN Wol st dH A v s AT
of MEHEARIAS, HAw, HAEA, HRA, 2015), AT oAtHAL] 96.3%7F A1 2] A E el ﬂ{ﬁ}
ERESS EA4ste] ool Al AF e ERbSeby wizkst S & 5 Ak B3 AAF
A ABF-ol 71.2%7F A4l Aol thal] Ew=gttar yeb AR AlE 3 AFaglol ‘i%%
ofgtgo] Hlgto] ofdelL E8tal =B ATxEoly ToloESE sk o ® UERETH
Wardle, Haase$®} Steptoe(2006)2] A7 A5 HYete AdAs WY &Fatedx AT HS
&l w3t Sk of o] vl o] 77%E wl$- ol %7 ALSlo A 5ol A Y A
Al AAAE F o AT AA AT A o7 oA AN B wWol st g A
JATNM = R obs 7] St H ol A Al s o] wACA Al WE Aol E
d:rL"C— Zrolw 7] ol gt} whebs] FRZHE S Sy ﬁoﬁuljr oA B E 1He] wA A
g7y el wel ofw Al 2ko] 7t YEREA]
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* ABSTRACT

The purpose of this study was to examine the relationship among child maltreatment, social anxiety
and abnormal eating behavior, and whether this relationship is mediated by social anxiety among college
students according to gender. Two hundreds and eleven college students completed questionnaires for
the study. The result showed that the psychological maltreatment and neglect from parents were
significantly related to the abnormal eating behavior. In addition, female students showed significantly
high abnormal eating behavior than male students. With regard to the mediating effects of social anxiety
by gender, social anxiety mediated the relationship between neglect and abnormal eating behavior for

male students. The implications of these findings were discussed.

Keywords: Child Maltreatment, Social Anxiety, Abnormal Eating Behavior, Mediating Effects, Genderl
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2021). AFF A #HAFANME o] FEA AR Aol o] QIgghH o] Ehdkal] o] Foj AT A 2000 o
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g5 FarhEtdd &, 2021). ol st A7t A &H WA 53] o]FFAl AlelA 37 At A
o] A AfEol ZoAE T Aol okt glon, olgFAl A AAE st = W
¢t T St olzFAl A AFAAE, A AEE AFYAK(Mobile Virtual Network Operator, ©]3}
MVNO) ESjell whgh =o)7F ik AR, sAlelM F@7 ol ARl oAz, 2002; A%,
2015; A 5, 2016; 2HAEE S, 2021).

= 2~
o SRS E AT

- 135 —



RO REE: TKNOU +=%, (2023. 2.)
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= Ydiste] Aol A o] FFAl AB]A AlF ek MVNOZE 2011d 32 A 0% =95 gl ow
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717 $Elver ol FFAl MulA Aol 647)Ael o] 2= MVNO7ZF &4 deh(EHd
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A& 42%5 7152 JEZ MVNOE °l5 54 Al o= A= s F2 AHH =l
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hus
23] A+ MVNO SKRE = KT= 7} L]sz?i
K139 e 0
MVNO 2,926 1,739 1,475
u] 23} (41.3) (24.4) (20.7)
23| A}
o 2,979 1,848 1,599
7¥l =}y = I’;‘;ﬂi 422) (26.2) (22.7)
Z}F3IAF 2 =
Mlvf}v;oﬁ% 3,156 2,231 1,665
o (44.8) (31.6) (23.6)
MVNO 99,738 60,175 52,312
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A9, 2020 VI Eluet ol EEAl A Avl] wiE el M e ol et A duEA #F
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= 4%, A3AF MYNOSE 53 MVNOE B5F Egehs A= sk Alatehd, sKTe] 4vf
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= 712 Host MNOOA Au] 2o 7lddozxn A8 4= dd s 7))
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ol & AW =72 ek Y A& 5, 2017; Park & Jung, 2018).
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7} Hojgols vl W& dH-E Host MNOO & 3171 < ZvjtirHE Abd st
+ W& Al9F(Revenue-Sharing Contract) ¥ = HA & o) Abg Al
SKT, MVNO g2l 3]7} Fof wihd Swjrh7be} w e @t ATHF &, 2022). A
Az EeF Aok &anf wiEd dFE FFdte As AA= = W3] AmAE
ol MVNOE 7} AA= 4 712 AAHE Ho14 MVNOZF o B viEs SAA7| =5
Tk, olg Al SUHE Avl wjEHY] UF-E Host MNOSE &3] Host MNOTE T W2 o] &S
A= d-Y(win-win)’ FEf] Aleko 2 del A Qlth(Cachon & Lariviere, 2005). “1&{1} Zvlth7}&
A sk BAlE vkE W 3] AF MVNOS] EA7E w X = e A= SHAlel A =2 nhrt
ATt

T Aol = ol sEAl Al BAAe FA3e] AE FEOoEN MVNOZE =91E ZdEholA
Host MNO2] #z}3]AF1 MVNOS] EA7F 53 MVNOeOl v A& 3S& A8tz st 7414 2
E, Host MNO2] #}3]ALI MVNOS] EA7F F 2ol =9 Zvlh7F A 21Q1 vi& 3/ Aokl
A mESR HlEs AAE W vXs dEFEs BA st Al st B3, o2 gk g &Fo] Host MNOS
ool WA= G AnjRp Jojof WA= FEFTA T et R A} s

2 AT olE Al Aol MEA e iyl APl st AR WA
Host MNO®] #F3]AF)l MVNOS] =47} 53 MVNO©l PlA= d&F= °] © o
A Edo Fdsta itk 71E FdOA FoARE wiE S Akl a3t ARbARl A
A-Fojg A2 o] Folx FuAkEelA <d-(win-win) 7hsAol HFEol AN 2 A
MVNO7} =518 o]EdAl Ao SAS waddo=m wd 799 d=4 =
AR 9 AR TER S Atk Aol 2 297t St

= 1>

.

Ean

poe)

AMog
=20

1. B2

ogt

2 AFA = ol FFA AAA TujAly o]sFAl A AH(Host Mobile Network Operator;
Host MNO)7} AFAFS] A B wll A AH(Mobile Virtual Network Operator; MVNO) %ol A3JAMS E3F
3= o] 79k A3 AF MVNOS] EA17F 55 MVNO©|| v 2= F&S BA3%) ol 5 98 o] 554
Al s JistEA sAlel A A bR Al o5 gl ABIAE AlF s
Host MNO®} Host MNOZH-B &5 latsto] Amja| oA v Ao A o] F&Al MH|AE Al
3= MVNO7F &8k 4sS A A st

Host MNOS} MVNO Abo] €] #A|= LAl ol A= tEYoHA LAl el = A A el
A= 7199 #AZ E 4 Qlth(Banerjee & Dippon, 2009). ©]# 3t A= A v &
AR ATE daAke] Bl A AR AL Bl T ths AbsdelA SRR
(Arya et al., 2008a; 2008b; Jung & Park, 2017; Jung et al., 2022). H=3F, MVNOZ} Host MNO2| %}3]
ARRIA] oy =37 MVNOQIA| &} Emjth7tE AP st WAool ddZl Tujgi7tE Abg st o

FE7h AORIA ohlw MVNOY &vh WiE] ARE TR WEFH AIAC] met oAb
Aol o9 BHAEAE Aol RIS T BAFnA Bk BINAE B2 AFES
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c 2 R 9 A3 4 Q3 (inverse-linear demand function)E WHETE

o ) ARIARRS] 7RI AF FEEE) O whEb A7 A7 (market clearing price)©] A7 ¥ Tt

* Host MNO$} MVNO EF 3l 7}ix}7F ftsle EdE 5 A3 Row EF33sic)

* Host MNO9} MVNO7} AvjAl % o] 554l Au|~g Alad wf Z42b &9 u]g 7} wdAysict
* Host MNO7} & #He] & LAl o] &g Al ARAE AFd u &9 Bf 7 g
« AE7F Aol Host MNOSF MVNOE= Euﬁw} wUl-% 77 sk},

© WET Ak WMETT HIE o A AR & st ANk defstel AT

2ol AFIAE ZAIAE B RS 2745l Host MNOSE MVNOZF k0% AAsks w7 <
FQoka 7Hgs A 71E EdelA Az A Al e 71 Atele] AAeME % AR
o] MZo|A f2l3laL(Singh & Vives, 1984), FHFS WA AAPsty a3z 714S AAsHo]
BAstE AR e oR s FEvte dAstol A ATH A wEeolt
(Friedman, 1988).
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th A S (demand substitution rate)o]2tal o] e = Ui

o] P 719 i kA F7F crnkE T4 Wl ZpAre] Al A 7FA o] 7hAs
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tqy MVNO7} AAb v u ol Al AR|AE Alg e wf BAshs vE-

oluf MVNOZ} Host MNO2] AF3]AFe1A] ofy™ =37 MVNOQI Ao u}2}, Host MNOZ} E=wjjth 7}
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g 7 HREEhE st d 288 s 5437 ek vkek MVNOZE Host MNO®
k3| AeA, Host MNOE ARAES] o] &3k 71,9 MVNOQ] ol &3 7,8 &l ny+ 78 54
2 AAsa o]F Hystslth 9 MVNOZF 5% MNOZHH, Host MNOE AFAFS] o] &3H¢
e FAEFE dAsta o] AUtk MVNO= Host MNOO #AH3|ARRIA] ofywl 53]
MVNORIA 9} #AIglo] MVNO?| o] &3 7,5 Hulstsinh

npAEko & AuAb o) o(consumer surplus, CS)= T ¥ ol AFolHth kA Aeolet of ¥
T o]gl A FoE AuA A= FUSE &8 (utility function)E F A 02 g ot}
(4 A+ &, 2017; Park & Jung, 2018).

1 k
CS = 5 (qu)* + 2kayay+ 5 (qr)°
. 23 Fof
o] FeollM= kA Aold RIS VINtow A=A SJAbA Aol Hed s BAN EAE A

o3t 9% A (backward induction)< %}%—5} o 7} EA #3E Pk A F ot B
wEw deka] oJapd o] g EA| 432 (1) MVNOZF Host MNOS] #F3|ARQIA] oW =
H MVNORIA] g} (2) Host MNO%} MVNO /‘}O]«] St 7F AP A o] A&t AleklA] ol
W E AR A of] whah, <3 3> o] 474A] TR EAE EREnh

<E 5> E2HM el 47}X FE3 #E7|

Host MNO2} MVNO A}o] 9]
Sofohrt AR ol BTh7} A ok wWEEG Ak
MVNO~Z} Host MNOZ2] e ®
23414 =5 MVNOSIA|
S| A
ZF3|AF MVNO 24 SW Al SR
)
=2 MVNO
BA TW <Al IR
@) ! |

A7) A A SWi= MVNOZF Host MNO2] A} 3] AK(Subsidiary)©] 22 Host MNO$2} MVNO A}o] 9]
Sujti7tE AP st WA o] dE w7 Al 9K (Wholesale-Price Contract)?! AF3HS YERU AL, A4 1
i MVNO”} % ¥ (Independent) MVNO©] 32 Host MNOS} MVNO Afe] o] Tut)7}& AHY 8k W2
o] A&7t Al°K(Wholesale-Price Contrct)Q! A3-& YeEbdtt b, £A4 SRS MVNOZF Host
MNO2] =} 3] AK(Subsidiary)©] 22 Host MNO2} MVNO Alo] ] Tut)7E A4 3k whalo] W& 3+
A °F(Revenue-Sharing Contract)Q! %S YER L, A4 /RS MVNOZ} =% (Indendent) MVNO©]
I Host MNOS$}F MVNO Afeleo] Lwit)7ts Abg st Walo] wi&3 -/ 79k (Revenue-Sharing
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A8 AF MVNOO EA17F 348 BAIRIES MVNO®l VA= 9%

Contract)Q! &&= HERATH

oloj A= A WA Ayt F WA oA Host MNOZF MVNOZF A&7} Aok g Aldsts=
Aes FAE Adoetar Eolstth A WA Helx= MVNOZF Host MNOS] =3 AH(9)R1 &
71 A SwE Eoleta, F WA HelMiE: MVNOZE HH () MVNOS! 43S 7138 A
IWes Zolgtc}, w3t A WA H3t o] HA Aol A= Host MNOSF MVNO7ZF W& 37 A2k R)>
ANdsts Ags BAZ Josta Folstth Al ®Al doA= MVNOZF Host MNO®| 23] AKS)
AN S 7HE3 &4 SrRE Eolsta, vl WA Hex = MVNOZE 57(7) MVNOR! 485 7F
st FA RS Foldtt

1. =M SW: XIE|AI MVNOL} LEL| A4S HZSH= Host MNO

Al SWelA = Host MNOSE AF3]AF MVNO Aol o] wvit7hE AP S o dE7) Aok
7] fio] MELG 0SS ¢=00% A3 Ao FAS Fo|dr}l L Host MNO

o

& A4 MVNOS AokE AAstE Aolr] WEel A4Ae ol &85 w7t ohd (rytw)E A
gt 2 BARGTR 24, A4 MYNOE A419) ol &84 7,8 Atset A 5
APz AU olF 947 Al we BAS Foldht HY& gt 2

* Host MNO?2] 2] 2] 41-&-3F<(best response function) qAH(qV, w)= argmax (m

+
3
NP
i
-
rot
O

* MVNOS$] # 2 "E-3-3F(best response function) qV(qH, w)= argmax = :rL@‘:]'.

= F HAARSESF quq, )9 qlggw)E AREFOEN SO} ) FFE FHD gyw)
st ¢(w)E T3k

= 4299 gy glw)E Host MNOS EAEE (ry+my)el didst & HHP5
(ry+my)E Z=ldi7l wel B2 F2d (ry+ 7)) (w)E et

» B (rytmy)(w)E HAsteE Stz w ":argmax[(wH+7rV)(w)}% TSkt

» =gk ot E q}(w)ﬂ gp(w)ol ekl Host MNOS] 7FIAF Bx(53) 5 ¢k #F3 AL
MVNOS| 7F1At B3 '8 47 e

=iyt wt el 7}°‘ZP =2 g% ¢ E Host MNO9] o] &3 7,8t #3]AF MVNOS)
ol & wpoll st ek miVE A7 FEkr)

= Zluizh ek ZFIA B3 g9k ¢V E anAk o @ osel ddste s e
Eig=y
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<E 6> &M SWe #¢

= sw_ la—t)k+3c
Loz} w3V = o
R ar_ ew_a—(ctt)
) Gl =0 3+k
2 2
MERE sw_ la—(c+1)] [2+k]’ sw_ la—(c+1)]*
hay Ty [34—]{]2 Ty [3+k]2
Z‘\—H]X]' ocloﬂ CSS[V: [a_(C+t)]2[1+3k]
2[3+ k]’

2. =M IW: S8 MVNOLt LECI| HUZ MZS= Host MNO

A IW= Host MNOSF 53 MVNO Alo] o] mut)7hE 4y sk wff A&7} AloF whaof w=
7] wizel A SWek nREA R E3 R BE S o= 002 AT AH A EAE Folsith
TS Host MNO:= 53 MVNOSH Aleke A3tz Aol7] wol A28 o] &8 7,5 Hdlsh
st e HArE AAsta, 59 MVNO S| A48 o] &3 n,5 Hddsks 2le 574

dk

Forr A ol 9 ANl wel EAE Eolshe HHS v= 2

= Host MNO2] # A 1F-5-3F>(best response function) qA;{(qV, w)= argmax & T %
* MVNO9Y # #4334 (best response function) ¢y(q,, w)= argmaxr, S T3}

s ASEE g w) St gplgpw) S ARToRA Zojt wel F5E FEE g (w) 2

» FEE g w9 gy (w)E Host MNOS HA G5 7ol diglet & 54 7,5 =gz}
we 2 Y 1y(w)E T

» FY9 1uw)E Adstets o7 o' = argmaxw,(w) S T3CR

Bl e gy ()9 gy (w)el BidEte] Host MNOQ 71 HE(FR) g ¢ S
MVNO®| 7FlAF 3 () ¢ & 77 Rk

SRR 1= P A P EE(—’F ) ¢ % ¢y"E Host MNO9| O] & &5 8 43|14k MVNO
o ol &g ol sl aff s g A7 Fav

o Suieirh W' AR BREFD) ¢ S ' B 2EA do] I osell dislstel os'E
T,

oj9} B HAE AA T FA e 7B <k 7> 2k FA swelA g} v E F
ALY o] Aol TS A
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28] AF MVNOS EA417F 34 #1155 MVNOo]| v x&= o

<E 7> 2 e o

- . la—t) [4+3k— 28]+ c[12— 7k]
et w''= 2[2— k] [4+ k]

7oAt BE m_ la=(c+8)][8=3k] w_ la—(c+t)][1-k]
%) U = "ol —kl4+k U T T 2=kl [4+k]

719 ol& AW [a—(c+)]*[9— 4k] v la—(c+t)]*[1—k]°

[a— (c+1)]%][64— 12k — 43k + 16%°]

287} o cs' =
% 8[2—Kk]?[4+k]?

3. =K SR: XIZIAI MVNOLL IHES 7 A= MZS= Host MNO

A SRolAE Host MNOSH Z}3]AF MVNO Abol o] TEujti7E ARG 8 w) wj& 3G Ak w2
S w27] gt mEF - HE0] 0< ¢ <12 A3 (conditioned) AEfoA A E Fo]dtt}. o]

Qo= FA SWol A7 Host MNOE A3]AF MVNOSF Aleks A Asts Zo]7] wlio] #pale]
ol & 3T m,7t obd (myt+my)E HdFsle AS HA%FRE AAska, A3AF MVNOE ARl
ol &3F w8 Hulgtets 2E BEATTE ARt o)F A3 Agel net BAE Eoldhe
Hge th5 g

* Host MNO2| # 2 1{}-8-3F(best response function) qH(qV,w ¢) = argmax (ry+m )5 T

:
o
{o
A
)
r]I
olo
y oo
&

(best response function) qV(qH,w; ¢)=argmaxm = T3}

5 O HANSES q( w; (;5)9]- qV(qu (;5) AGsro g Tty we TR Agw
0w ¢) 8 gylw; ¢) S TE
= AY9 gulw; 9 ¢ (w; ¢)S Host MNOC] %7@ 5 (mytm)ol dAF T BARS

(Tt my) & =ld7h wek MESH HE o) TR ARG (ryt+my)(wid)E TR

= AYE (ry+my)(w; 9) 5 Adete SoliZb w = argmax [(1y+ 7)) (w; ¢)] B I

= E=uo7h WS gylws )9 ¢ (wi 9)ol THYIBHe] Host MNOC| 7HIAF BH(FH) ¢ 2 A3
A} MVNO9] 7F1AF B (3 ¢7F e 2H7) %L-«ﬂu}.

« Euluizh oS HIA BEGED) ¢5F 7 ¢S Host MNOS o684 1,9k 2H8lAF MVNOS]
ol &TF w0l thstel xf WSVR;; .

o Eloh e A BEEGER) ¢ 9 ¢FE 2 o] @45 osell gt ostE
s,
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oj9} e HAHE AAH I EAl e 73S <E &3 ATk o7 s wEy S vE
0<¢p<1E Fox depvE = ﬂ?opﬂ‘ﬂr ojojAl= el AdE AT o vdt 0<¢<1
e FAH R thdste] =EE dgts vlasks WA oR d3E NS Jlojtt skelM E
ojgh F FA SW 9 IwelA s} U}{WWE 3 AL g dyel TS ATy

<% 8 =M SRe =¥

W la—t] [4+3k— 28] +c[12— 7k]
npt B 2[2—k—¢][4+k—¢]
 plal9+4k—28)+ (19— 8K)+ t(7—8k)— 26(3a+ 4c+ 3t)— kpla— (c+ 1))+ ¢*(a+c+1)]
2[2—k—¢][4+k—¢]
7k =3 sp_ la—(c+D)][8=3k—0(T—k—¢)] opn_ [a—(ct+t)][1—K]
&) qH 2[2—k— o] [4+k—¢] T = k=g 4+ k— 4]
SR _ la—(c+)]*[9—4k— (6 —¢)]
719 o] 7 42— k— ¢l [4+k—¢]
SR _ la—(c+t)]*[1—K]*[1—¢]
" [2—k—o]*[4+k—o]*
FRY PUREAPS) T~ [a—(c+1)]%[64—12k—43K> +16%° — p(T—k— ) (16 — 2k —4k> — (7T —k— &),
e 8[2—k—o]2[4+k—g]’

4.

it ok

ol

)

=M IR: =% MVNOL lE87 AHUS HZS= Host MNO

FA IRNAM = Al SRolA A Host MNOS} 55 MVNO Aol o] Lujth7FE A4 e u) vj&
F Ak W& w27] wie wE T HE0] 0< ¢ <12 A ¥ (conditioned) A EfAA A
ZFolstt}, o] gJofli= Al WOl A HAFA L o] &3 n,5 HUS sl A HATgTE A4

[, %31 MVNO 94 A9 ol &85 7,2 Algets A HATSE A @t o F 9

ar
Wil weh A Eolshs S v 2k

Host MNO2] & Z1}-3-3+=(best response function) q~H(qV, w; ¢)= argmax & T
MVNO®] # 213355 (best response function) qy(qy, w; ¢)= argmax = T},

F AT qulqywi 0) S qulggws 9)E ARToEN multirt w9 TR HeE
qr (w: )% gy (w; ¢)F &

AHE gy (w; ¢) 2 ¢y (w; ¢) S Host MNOQ| 2 3H5Q1 0l thldh § =3
N7F wel R A2t 1w o) E ST

A E 1w ¢)S HUFsts SolU7h ™ = argmaxw,(w; ¢) & F3Ch
=7t wE gy (w;i ¢) S gy (ws @) ol thd3ke] Host MNOS] 7HdAF BT ¢ff 7 59
MVNOS| 7F51Ak B 3%(FF) ¢ & 2H2 e

ok

A= =
T e =0
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28] AF MVNOS EA417F 34 #1155 MVNOo]| v x&= o

St 7b w3 ZFAA B HEGEH) (T ¢S Host MNO9] o] &3 7,9 AH3]|AF MVNO9)
ol &# mpoll tste rifel rlfg 747 )

Sl e7h wel AR BRE) g 9 ¢ 5 2 ol F osel el ase
sttt

ol9} & AL AH T FA IR A4FL <F 9> Euh A qwel Aol v 2w
Z¥1 HE 0< o< 15 Fo1x FgeprHE st ojojx & FolA st 0<op<1 &S F
Aoz g]lste] A5 M ogolnt v AR F3F AL g Aol S-S kst
=3

<Z 9> &M [Rel 7™
m_ la—t]k[3—2k]+c[8—Tk]
< g7 2[3+K)(1—R)+(1-9)’]
-  plalt+dk—28)+ (11— 8K)+ 1(7— 8K)— $(2(a+ 2c+ )+ kla— (c+1))— plat c+1))]
[(B+k)(1—k)+(1—9)]
o = la—(c+t)] [4—3k—¢p(B—k—9)]
AR B8 " 23+ k)1 —k)+ (1—¢)?]
(—T‘T‘U:Eok) q]R: [ (C+t)] [1—]{?}
" B+RO- B+ (- ¢)?]
n_ la—(c+1)]%[16 — 18k — K> +4k> — p(14 — 4k — 6k% — (13 —6k— K> — p(4—))) ]
14 14 " 4{B+R 1=K+ (1-0)]
v sn_ la=(c+8)]2[1—k]*[1— ¢]
[B+ K1 —k)+0—¢)?]
2n) A} 9)o] g la—(c+1)]2[16 — 4k — 27> +16k> — (3 — k— ¢) (8 — 2k —4k* — p(3—k—¢)) ]
- © 8l(3+K)(1—k)+(1—¢)?)

V. 23} 84

o] o= o Ao X 3 BA SW, IW, SR, IRS 7O ZHE A3 AL MVNOS A7}
559 MVNOoAl v A= J&FS dlMs7] Y8l a=3,000, t=0.3, c=0.12 13 oA 5
Q AE 0<k<19 WETH BE 0<o <19 FS HIAZIEAN Zoitiz), PR B EEGE
&), 719 o<, &njar Yojrt Wstets ke #etsta I AdE vlasit

1. =OHcHZLof| O|X|= et

T2 OAE 0<k<19 "WIEFH HE 0< ¢

19 g WEAT WA ANE Zudrte w
Aakshe <1d 229 2k <1Y 2>el4 HAG 2A ¥

<
T e AAY, EA swel EA el A= bl

[e]
M

— 147 -



R ORISR TKNOU =% (2023. 2.)

34 HlEol 9=00% 1AE FHelA HAE EolF7
e =it 7hs goll tieiA = WskekAl = e Fw Y
Al IRAM At Evitivles o thAlE 0<k<1
gro] ZebA7] W] S JeE mAstEn

=
i
°
M
2
™

] wel A rwel A Al
de|7 =24 3tdc vH BA SR &
= 0<¢<19 ZFof meh

Wholesale Prices

0.5

Demand Substitution Rate k

<3 2> F2 tAHlE 0<k<12 EIF HlE 0< o< 1of waf Al Zajohot

<2 2>ol4 =ske Euidvkel daAst Wskehs A% e e <ad 3t 2
oh <28 3-elA gad = e AW, Bvdzke A4 MVNOZH EA RS, Te OF
W Acknchs WEFH Aok Baol v AP BES dop FFE nal

o
©

o
®

(7H wSR < wIR < WSW < yIW

te ¢
T 2

o
o
T

<
ES
T

Revenue-Sharing Ra
T

o
o
T

01—

(E_I_) WSW < WSR < WIR < WIW

| | | | | | 1 | |
0 0.1 0.2 03 04 05 06 0.7 0.8 0.9 1

Demand Substitution Rate k

<38 3> TOfthlel CHARAH} Mstele HAe el T

HI
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28] AF MVNOS EA417F 34 #1155 MVNOo]| v x&= o

h GGl = wEFHF vl Eo] FUHORE FokA Fa T/HXHEED]":‘ W& BlEE QA
St 7z} srolbxith o] & Q1 (7h) PGl =izt Abolel wi < w < w < WM e
A 7F A3 9 stk

Oh 993 (b 999 AAE 0 =w™o] AYEE T E, Host MNOSH #H3]AF MVNO
Atolell A A&7t Ackel whet A ¥ Zmith7he} Host MNOSE 53 MVNO Abolell A wj& &
Aokl wet AbdE Tejoi7brr A2 d X ettt vy @Ekd, o] A A= Host MNOSH 555 MVNO
7b & Aokl whel =gzt AFgsH] el MES R S-S AR W, dEWTE Aok
w2k AFYE Host MNOSE AF3|AF MVNO Abel €] Swfjtj7hr} 7ol =il o & Abg-E 4= Qlth= 3

ojujgtth AAE o] AAE wet 2 tAEe] ‘e I ATE(k— Dol WETF vlE

50 7}7H9 A=, Host MNOS} MVNO Ato] o] =@ oA &o] i 2olw Aol 50% F=2] v

TH7F utEA S = Qluhs 2SS udith 2021d HEH WETH ¥E0] 40~50%°] o2&
S By o]yt o] 27 slojmekelo] HAME J|FEH o7 AFEE S ok AS 9uldt
(@%# 2022).
(th 9 ellA+= Host MNOSE MVNO Atole] frash wiEa i vl&2 o] 7 Wi, 72 o
A& Bl AuHew 7] wie] Zujthrt Alolol wf < w < w™ < wMEhE i
A7 AHgth =, Host MNOZF 5% MVNOSH Zviti7He AFY 3 @ Host MNOSE 23|14}
MVNO Alole|A Abg ¥ Tl t) 717} 3Fst(lower bound)Z 2835+, W& 37 Aok wpzh AR st
St 77t o gelx]= o]t

(h 993 (th 999 AAE " =wo] s Fro R, o] AAE VFoR () 9
A= W > w o]l AYEta (th FdolE w < w ol AHITE (W) G (th D
O ol E wEFf H&S oA Al Host MNOSE MVNO Atol8] =9 thA&o] ti 4o
2 W3}l Uﬂ"v‘oﬂ Host MNO¢®} #F3|AF MVNO Alo] OM 2 E Zujdizbs wEE S Alekel
wet AGEs Wre dED7 Ackel et A EHAS Wt o stelbA A dch

ooy m{w o mlo

2. 71dXE SEEEHO DXl G

Qro| Al AARSE Emit) 7 MVNOOIAl A3 A85+= d7F 9 shuol”] wiEel Host MNOS}
MVNO7} 71 B35 (F3)= ddsks Wl 9FS vk o] deAes 78 A& 0<k<19
MEFF & 0< <19 & WA 7IHA Host MNOSH MVNOS] 71Qi#F S (53H)S At
3t A= nlwato] 4 F)

7F. Host MNO2| ZI4At S H(+F)

o ﬂlﬂ]g 0<k<18} METH HE 0<op <19 & WAI7IWA A4S Host MNOS]
7FAF BR(FE)S BASEHHE <aF 49 Ak <ad 404 FRAE = Sl AAH, a7HA &
Al A Host MNO«I MR BER(FEHE BEF L UAE 0<k<18 WETF S 0<o<1
o] o) oaf detA 7] wjitel] A FejE 43} a1, 4714 EA oA Host MNOS] 7} A}
B3R (FH) Atolos ¢ < ¢oFf < ¢F < Ve daa A7 Ajsi) o] @ ]ETH Host MNO
T 59 MVNOS} AAE w Aojdos &2 /M3 Hi(TEHE 243
o} AAT vl A os e A BxEdHE S 19, dE
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- Alekel wpet =it)7E AHg S uf, 53 MVNOS A A= A3 E 53 MVNOZYEH ¥
FS Avf WjEAS dsty Aoz e IR RR(EFEHE st wbd, AFAF

Host MNO9] 7FiA} B3 (527t ok S & 5 Uth

1500 —,

[ Model SW

[ Model W
Model SR

[ Model IR

HMNO's Quantities
8
/

0.5

05
4
Demand Substitution Rate k

0.
Revenue-Sharing Rate ¢ 03 oL

0.3

0.2

<O8 4> 2 HAE 0<k<1e fE3R 88 0< ¢ <1lo w2} ALE Host MNOS| 7t =

L}, MVNOQ| 7tURt SH(TZH)

T HAE 0<k<19 WETF HIE 0< ¢ <19 #S WH3A7IHA AR MYNOS] 71
H 5>} ot

A BEEHE w48k <

[ Model SW
[ Model IW

Model SR
[ Model IR

MVNO's Quantities
g
3
!

06 0.6

0.5

0.5
Revenue-Sharing Rate ¢ o 03 o

0.3 Demand Substitution Rate k

0.2 02

<38 5> 2 HAME 0<k<l1e &SR HIE 0< ¢ <lof mat ALtE MYNOS! A =&
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AB|AF MVNOS EA4171 34 BA%% MVNO| 1x& 93

<19 5o &gk 5= Q= AAY, 474 Ao MVNOS 7IIAF BER ()= B
e}

KAy

e tAE 0<k<19 WETHF HE 0<op<19 if‘f‘oﬂ olg] gt 7] wiitel FHe] e
TA3E AL, 470A] Al MYNOS 7RAF H () Alololls ¢ < ¢ < 7 < ¢7/ e Tl
2BAZE AR} o] BAE 4714 FEAlolA Host MNOJ 7FAA; (G Abele] #AleL A
gatAl Wb WEFo 2 yERdoh

ofstAt, AFS|AF MVNOSH iAol A Ak o Host MNO:= a0 57 #o]A] &
s *d%"é}ﬂl ek olefe #Ee] AaE A3 AF MVNOSH 53 MVNOZL 7] Host MNO
ok AAskhs Adeow sk, A4 MVNO flo] 53 MVNOW EAists A&t Hlaud o,
AHS|AF MVNO®] EA12 Q18] Host MNOZF A 0.2 Ak (@) B 242 o
=9 MVNOL 7hiAk mx(@hs | %7/ 488 & dvhil 28 5 gtk =3, 53 MVNO
A= MEFFH Akl wel Tojtizbzl AbdE o o 2 7R EREGEHE DS
AR, 55 MVNO gl Ade W 7hiAS SHFOEN ol 55l AlgA A=
= Ao A AR 53R el s viEe dFE ehetdEE e Ak Fe
7 h A E = s felstttal ftdstA | slojt.

Mo
= to

3. 71Y Ol=0f Dixl= ¥E

7t. Host MNO2| 7| O|&=

19] S WA 7IHA AAFS Host MNOQ
g1 5= 9= AAH, 47kx] EA| o)A Host
7 HE 0< <19 3ol 93] A7)

Fe HAE 0<k<18 WEFH HE 0< 9
ol &S wAsEY <18 6> 2l <18 6>9)

<1
]
MNO®| o] &o ‘:’—r =9 Zﬂ'g 0<k<18 W&

HMNO's Profits
NN
N ES

N

06
05 05
0.4

Revenue-Sharing Rate ¢

Demand Substitution Rate k

<% 6> 2 A8 0<k<12 &3 7F HE 0< ¢ <10 w2l ALkEl Host MNOS| ol &

olw] Host MNO &A= 2}F3|AF MVNOS} A&7t Acke| whet ZujtrtE AP e w A4 A
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H= olg 73" b a5 MVNOSH W& 3 Alokel whel =it rtE Abg e w A ¥
= ol& w}fﬂ 7}72} A S, M

b 1 rrf,w < n,IL,W < nf,R < T[}_IR

te ¢
I

o
>
T

(LW oW < mpR < iV < miR

Revenue-Sharing Ra

ol | L 1 | 1 | L L | |
0 0.1 0.2 0.3 0.4 0.5 06 0.7 0.8 0.9 1

Demand Substitution Rate k

<3& 7> Host MNO Ol 22| A7t EalXls ZAH 2 g% &

<% 7> 47FA FA1elA Host MNOZF @Al H+= o] Atelo] thaaA7E debAl= A s}
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* ABSTRACT

This paper examines the optimal strategies of host mobile network operator (Host MNO) and mobile
virtual network operators (MVNO) by comparing two different wholesale-pricing mechanisms. We
assume that the demand substitution rates for the Host MNO and MVNO in the retail market are
asymmetric, and that the Host MNO’s objective function changes according to the presence of
subsidiary MVNO. We build a stylized, game-theoretical model and analyze the equilibrium outcomes.
We find that the subsidiary MVNO not only gives a bargaining power to the Host MNO, but also
provides a beneficial chance to the independent MVNO by lowering the wholesale prices. Furthermore,
we find that compared to the classical wholesale-price contract, the revenue-sharing contract can lead to
a win-win situation for both Host MNO and MVNO.

— 158 —



[ ]
)
)
./
1'4{34

[ ]

AL o] A =
I R . Y
Al gk &
L SR
o] g o
ko2 3
3 A 3
2 " %
ZA I ] B =
o] A 9

KNOU &% <7588

20234 2H 280 ENR
20234F 27 280 ##1T

o o] TR S AE KB
WA A

AT A o R

BEATIR i [ RO ST R R B

FIY hil jit & ALtk (82263-0523)




