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Abstract

Prediction models for a corporate bond rating in existing studies have been developed using various models
such as linear regression, ordered logit, and random forest. Financial characteristics help build prediction
models that are expected to be contained in the assigning model of the bond rating agencies. However, the
ranges of bond ratings in existing studies vary from 5 to 20 and the prediction models were developed with
samples in which the target companies and the observation periods are different. Thus, a simple comparison
of the prediction accuracies in each study cannot determine the best prediction model. In order to conduct
a fair comparison, this study has collected corporate bond ratings and financial characteristics from 2013
to 2017 and applied prediction models to them. In addition, we applied the elastic-net penalty for the
linear regression, the ordered logit, and the ordered probit. Our comparison shows that data-driven variable
selection using the elastic-net improves prediction accuracy in each corresponding model, and that the
random forest is the most appropriate model in terms of prediction accuracy, which obtains 69.6% accuracy
of the exact rating prediction on average from the 5-fold cross validation.
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1. M2

3| AR} (corporate bond)& 7190l AHEE 2EshH= WY F otuE AW F94, 7], FE o] HAH
o] & FAL sk Aol o] e A= 2 7199 A 229 %@QE e Ak A
Aol AHE Bate] 71999 AF A 58 U AL 9 (credit risk) o] AR £olERE wFIE o
AT 7142l A8 Al o] A& (market interest rate) S o= FEE ) (Kim} Choi, 2006). SA
o P2 714 PN AR 22 78S sl 719 A 71l g Ad, A7 dA vt
2 A0 &85 & olFE AU Al gl AR B2 AEg APt A FAE ol 5 e
o o] 719 Feok QAR S S-S obrlste] =7t AAll A7 G = 5 Atk ol o
2} AR W) H Aol gk 7t 7)Eo] 8 H o 19861 39 Aut AR E ASARR wel A A
710l 71999 A2 B7beke A 37HAIE7E Bid e g 9] H vt (Kogt Kim, 2002).
=2U|o] 3]AR)] Alg S5 (corporate bond rating)< Fg§9 93] 37E 2 =27 AH 7}, NICES
7V R, Sh=A1-887E] 370 418 B7F 7133l gl FAIE L o Zh 41§ g7t 7S] R 27t 7
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o upgl AAA, AA+, ..., B+, B, B—, CCC, CC, CC, D] 207 53L& xdHAc}t o714 +, 0,
— 92 AA~BY] 53° HE51 AAASHRE BBBSRE7IAE FA 322 BBSHHE D53F
MAE FASFOR EHIT Ak (Kosh Kim, 2002). o|eie 310 55 242 2 2 %7}
Aol olal AAH AA) W vle) A% Aol thak B Bk o2} cherk AR Bolat e 9
A3]9] Yol & B3t o] Fott (Kim 5, 2006).
A& F7E 71 g5 FAE FAA AE T FEE &&= A 1 A A A FAR A&
S &7t ks o] § 2 Kim¥} Choi (2006) 4] A3t uie} 2 1 ﬂ/\}xﬁ‘é e shA] ok
of gt A& 55 oS 5 &kl AF 71QFol gk A golates &
el S|k Aol E AT RIS A& 3] HE A AlE t=+
3 HEE 5 A ke o], AR AT A 4§ T5 2AS AR ASE dS & £ 9
£ 5L 55 Atk S A8 579 % 29 AEA 47 37 (linear regression) 7]
Oﬂé 23 (Horrigan, 1966; West, 1970; Kim¥} Kim, 2002; KlmJJ- Choi, 2006)2 AlZtez FEE
J (discriminant analysis) 7]¥Fe] o|& 23 (Pinches®} Mingo, 1973; Altman¥} Katz, 1976), <9 &
! (ordered logit) 7]WFe] o] & 23 (Kim 5, 2006; Jeong, 2011), <=¢] Z 24l (ordered probit) 7]%Fe]
3 (Kaplan»} Urwitz, 1979; Ederington, 1986), A3ZE 9 7]7 (support vector machine)
3 (Huang 5, 2004) 5 o8] o= B3 o] AA=gon 2o FAE (ensemble) 7]
(Klm 2012; Kim¥} Ahn, 2016) S4o2 JY= 1 ct.
z E2 dE 239 +74E 455 Sste] 74 Aol wet
= 2 oS A%E vl Friste] Hasigint spAIRE Aol wet A" X594 7
b} & 2yl A A8 A NS %T} 7ol ”016}04 Z A7 wet o o= Jg
%= (prediction accuracy)E 7|WtoZ t
< 39 A5 WY A 48 T8 273 —E—Xﬂ (Klm 2012) =
= (Kim %, 2006; Kim¥} Choi, 2006) 5 °]F2Z A A& 5F2 %
A A 2057 (Seo, 2015) 0.2 T H AT}
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wEbA] B AFoA e 7€ S BPES] FAT HAE Hote] e 7| " ARE VNke R
AAA, CCC oJ3k2l 571 5F& ALt AA+~B—2 157] 55 A2 E & Y-S F{3to] 4%
HWE AP3ATE 7|4 AAA, CCC o]3ll 552 B2 9 o|F& @2 AT AL =3
™ (Kim, 2012), AAAGHS] A% 37198 23 259 7|Ye] dld 5522 F7F 51 CCC o] 3]
TEL 57 sHoR B4 Ao ERE H O 719

7199 4= =3t dong ujnw EAdA A<
3ttt (Kim3} Choi, 2006). <& 4% 7 st =89 As5E 74 5349 99 A& (random
permutation)S& 83t F 5718 2Ztog2 #53H] Uro] 5-fold WS (cross validation)S 43)
3Tt dS A8+ 16709 S0l thst st oS ¢ 155 24 38 A5 JE== :rL—'—ﬁ}oq e

% A28 AIRA, FHd0x B ATAGE 129 42 3
WeSe] ZFW AL HAsto] o] e Mo Y 2Y, 29 23 B, £9 z2y 2G|
ol5to] Elastic-net ugzg 2 13l 01]% YL FYST o3 A5o] BB S FAsc

£ 2o 28004E e A A% 5F 53} VAL A1E AT ARE ARHOE AR of
% w99l BHT RS Aoto] £UE FUh A A8 S AR 0 AFA/MATA 54 05
e @52 34o] FSYrh 4BelAE B AT WLIIA e AE IS 2YS 2oketn B
8 W52 /o Blasticnet WA Y9 A 5ol thate] A&stedrh. 58 E 712 o5 =Y
2 £A9 Auol At oI5 @%% 1 S9.o™ Elastic-net 719e] W4 A9e 53 o) =
Po) 4% AN 3RS Avngnt Boz 63014 B 979 2% 2ok 2L Fesar
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2. sUl SIAK 218 Sa olFe] JIE A7
&

B7ke) A Oﬂ‘_rL*\: A 7199 = A5 A 3t 4] 57 A5
o2 3 Al "ﬂ7} ol gt AF7F F2 o] F X
239 nluE BEHO0F 5o 7Y Hrel BT o

3 : = o eItk @ 19014 ARE vlek Lol AV

18 539 Aol &St A+ tgs A BHE 53] o]Fo4A gon -2l w2 A A3}
1=} 01 = Al = A& A+ 5 HEFA A+ 2SS AFHED

Kim3} Choi (2006) ¥ Kim3} Ahn (2016)S ZZ3sk= ZAo2 gjAlst

e Egd J1ES A3 By Klm-»]— Choi (2006)+= Kaplan} Urwitz (1979)2] A+ 23S 7]
U9 A A8 5F Oﬂ ol &g3to] A3 39 B = == ‘:’33 of 7]9kst o

= 138 Aokt th Kim3 Choi (2()06) A= B-S3H i AA+71A) 157]1¢) A8 S5 15E
T2 At A3st RP A 55 AR 55(—,0,+)= TESHA gl B, BB, BBB, A,

s e TA SR 15E 59 X2 A A s} X—ﬁi}:} 23g a3t A& B AL

g As+ 200095E 2004d7EA]9] 7]kl F] AR ‘:%0] 28 51070 A4 /4g 2 KOSDAQ
SEZ 7)1de Ao g 9o o] & 3407 71YgL & S (training set) 2 ©]83}4] o & ZYPS F
st YA 170709 79SS B (testing Set) Pg'}oi & 239 FFgx F7HE AW}
. A 218 57 AESS A8 A 4 B2y 2 &9 =28 2y 5§ M4 AEA, e
A, BAulg, Aol g, HEHAS, T80 dE, FAAGRATIE, F7EAAHES 1EE o

>
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=

o

A 3 28 24 <9 22 239 15579 % FAeE 47 29.4%9} 30.0%% e =S
AUt 8t 57 zto] W] ol A5 dF oz aA Friste] bz 74.1% 9 76.5% % B =
.

Kim 5 (2006)2 <9 23 28& 7|Hlo g o 23& Aotstgen] Kim} Choi (2006)2} T2 A

407 R Aol B DA BUHE CCCSR o159 1AL THelel 3 2AL A
Aot ES SIAA AR TFS AA, AA+E s 5328 B—, B, B+E st 53, D~CCCE
3] TR AAY o] =2 SHEEEH SAFoE 17H 149 =2 7(4-4 3FTh °ﬂz 230
AR AEE 19999FEH 2003G7HA] 712 SAR 55 FAIZE &

2 39oen o F 600709 719< —E—?‘i A2 o] g3t dF BEPS F 43]'—7— 39174¢] 7]‘@ = u%
ARE 488 A 299 JATE Wi RYN ZPAL WY A Akl e
=& $%(BBB- °]4)3% H%L(D, AGEF AR 2 s H AE &
APstal F gk Apol7t vEhd LSS tFeRE 208, o &3

A7 52 EUZ A3 RS A5 HF RYde <30SR TS, WAL Z/EAYF
EBIDA/w&d (o]x}, M, #A7M3Z], FA43Zm] 242 A o] < (earnings before interest, tax,
depreciation, and amortization; EBITDA)), AF7|AH20]-&, FAAHAA4)e] 571 W71 A== 9]
th. <9 24 239 A% A5 g A3 AFEE 36.33%°1H $ 55 Ao] U9 oAF HE=+:
71.76% 2 H1% gt

Kim¥} Ahn (2016)2 ©@7] A1 53l gt & 23 2 F Breiman (1996)2] Y ZHAE (random
forest) B -Z Atstd o B3P v, F7HE Ast thif AZE 9 74 29, thF 3E &

2L E 3] <)

1o o oo XN

5. Mo
ln o% ‘l

A 5= 1¥sIth Kim Ahn (2016)2 Al, A2, A3 3 B} C<] 47)¢] FEQE A7gelsto] o
71 A A Swol UE AS BYS Aldsdeh oS 23l A" AsE 200290 & 151
1,2957) Azl 47 9 KOSDAQ 5% 71de tdez siglen o] 3 1,0367) l%ﬂ—% +d A=
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Table 3.1. Summary of observed corporate bond ratings from 2013 to 2017

. Year Sum Ratio (%)
Rating . .

2013 2014 2015 2016 2017 (rating) (rating)

AA+ 11 10 9 12 12 54 7.88

AA 15 19 17 18 19 88 12.85

AA— 21 18 22 20 20 101 14.74

A+ 22 19 16 14 16 87 12.70

A 18 15 14 19 12 78 11.39

A— 14 17 24 25 29 109 15.91

BBB+ 10 4 4 6 6 30 4.38

BBB 8 8 8 8 10 42 6.13

BBB-— 5 4 1 1 13 1.90

BB+ 10 6 4 2 4 26 3.80

BB 3 2 3 3 1 12 1.75

BB—- 3 1 3 5 5 17 2.48

B+ 4 4 0 2 1 11 1.61

B 1 1 4 1 2 9 1.31

B— 1 2 1 2 2 8 1.17

Sum(year) 143 131 133 138 140 685 100.00
o]-g3te] o RYPS FATAL 25971 71HS AT ARE AHESte] oS5 2y F=E eItk
ALE ME 1A 2 G5 LaleE 2 AR A0S, DAY BT,
FAEA, 48, FEEold, FRANSAE, SEHETEE, %%H]%W%Hl%ﬂl%, A
AulE, AN A, AsEdiEAEHE, 199TEd, (ST dTEE
B/ + e, M2k 1A 448 aevislon 45 12 AL 57 A

N
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2 (Ko%} Kim, 2002; Klm-»]— Choi, 2006)9 A= A= o] H A
3FTE =5 A2 Oﬂ AF3 vie} Zo] A A§ 550 AAASTHY AF 374 =
7190 d 5F2=E 37} 5w CCC o]ah %ﬁ% F7l s HoE BA Ades EREH ¢
7199 4 =3 Xq———‘j—i AT 552 719-d E%E w4 it AFS oA ALk 99 2
3] =HE HE oAt B2 68579 7]H9-dLZ Table 3.19] Al om A=E=Z 1437 (201
1317](2014), 1337](2015), 1387](2016), 140(20 )7Hi 2R} Tab1e31°ﬂ/ﬂ Bole 4 9=
§ S0l me BEE BRY 794 Ame) ulge] WA, webd o3 A= waE %)
AFelAE 685719 714-d AAs oA 7 48 Saol wet 49 X2 ]—1%‘:} F 7gstA 5719
Z+o 2 o] 5-fold WAt ASS 3T

AR AE TF S 2YY vuE Fgte] 87« A AE 57 AE, A 719 AFAE
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Alg S 2013~2017W 0] that AR AL S3F A= AL 7t 7)FoA] xE Al
71¥ke g2 KIS @3 7Hwww.bond.co.kr)olA A|&3l= AAEHAR AANH ALS
ANA FHF AT A BA FA] = A BRI AR AE Sl WG =717 7
23t 712 A3 (Kim3} Choi, 2006)2} SU3A 2 3ALA 238 7)) 242 HE 67)
Al A AS Sae Bl 7199 A8 SEeE ARSI

Tl oo

=2

o]

B o

L o
(9]
2

i

(2) 7199 AFAE A2 EEA AR U2 Aotol 2 /0] BT ATAE Az o
W 2§ (finance.naver.com) ‘4194 719H 5 B4 3‘E°ﬂ A 7149 A=’ dak AFAE AEE
) 2323 (web scraping)S &-&5t] FASHATE F5F 24 FF Y 719 AFAR BHEE
DART ARFZAIA2E (dart.fss.or.kr) Wlol] FAIE Z}E £ 7|¥ko 2 WISEfn(www.wisefn.com) ]l
A A 9 Azt AlFshe AR ot

(3) 71EF 714 &3 27: 7199 e} Al (beta coefficient) F F71=A:H]-& (price to book-value
ratio; PBR)S &3t 7|9 AR W 7} A5 = I2F (www.koscom.co.kr) oA Al-&3= AA|7H
F7F AR FHAAN G B} WISEMmO|A Al&3hes FARRE Zus vojy F8o4 A5E F
R, A % A 5e) A9 DART QAN EAA LD AFE 08 A4 AHAT 3
&3to] skt

3.2. =2l t|=|/\0| MAE gl ég

71E 239 vaet 7 Ao 23S FEe BA4S AP 95t T AR A% 57 E
Y AFA 1" A = B 59 W AFst 7 W] ge AHESkal
Ho} A4S Ay Bd) Kim3} Choi (2006)E 5 o5 2o ApaksA, wlEd, £A40)E,
o] g, ZIAAF(MEHSF), FHo1dE 9 714 el thgt A 7 dxse HeE
A& AZA SRS ES] 8719 M-S 188 KimT Ahn (2016)2] AF-ellA+&
71AR)F /BT, AR, RAEA, 48, FEwold, FEANZTAE, FE08REE,
Fr 8 Eu8n 8, LA AR E, XHJ_-’-X]"&EH‘IT%XI’/\‘}H]E7 AFEENEAENE, WES, 1<
FuEd, (FPTFoz AT AFEE — IFT)/(ZAAE + 2AAH)Y] 147]9] W
3Gtk o] Qo o dF (Kim 5, 2006; Jeong, 2011)oﬂfﬂ 7“%% AT HEES T2

rl

N
e Ak S

NHor =Y W42 AP AFFor 183 Y W4E & 60712 W ofge Zo)
B AEGA), AT AxEN), A3 AxE2HA), A4 11L(187H), A AZTH), EF
5 AE(1071), &84 AF@AMNE FEst ettt Bk A 59 w5 Jof 2 AL
Kim¥} Choi (2006) @ Kim¥} Ahn (2016)& #Fx3812 ulgitt,

o FE AR
ZHFEA (X)), HER (Xa), A7 AHE(X3), FASA (Xs), AHLT(X5)
o MR A
HEHA(Xe), FAANZZEA TAE(X7), 98 (Xs), F7FAMME (X))
o Ak A=
1919 &N (X10), 3 IAHES] AE(X11)
. 2o AR
AA7| AL 0] A& (X12), A 0] & (X13), EBITDA/MEH (X14), €FEHERDE(X1s), FHY
/A X16), o1t/ EAMH Xq7), Tl (X1s), F8HEHRHE(X19), S HYEHEHE

UH
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oX,

H& (X20), OIARFEANE (X21), WEAA G E(Xe2), T
EBIT/mE % (X25), MEAEO|E(X), MED7HE(Xor),
(X29)

o <M/ A E:
W& (X30), A71AHEE S (X31), FEAHFAIE] & (Xs2), TZAFEAEE (X33), A LA
A& (Xz4), DAL FTHEAY B E(X35), FFYE(X36), B7N A /557 (Xa7), 7+
FHE(X38), TR ATE (X39), AL TVNE(Xu0), FE5 AN E(X4a1), ¥F5HANHE(Xa2),

H-&(Xa3), EHF0]e (X24)

[ R=
& (Xas), Aol /A7)

i

G AAF 2T (Xa3), AYBAEE (Xaa), A/ BANEA (Xy5), AL TG & (Xa6)

o IAFZTE A E:
USTFATALIEN), (L2 U I — FIADY(TDND + SVe)
(X18), 99LFo=E A%t HF55(Xe), EBITDA/EF6 H]%(Xso) Y9gE TY dFsE

(X51), OCFFEANH] & (X52) (PS5 o2 Ast dF 55 (operating cash ﬂow OCF)), OCF\:HX
AHEH)E(X53), NCFU RN & (X54) (£9985 IFEE(net cash flow from operating activi-
ties; NCF)), NCFU] ] 24 u] & (X55), % %}9)2/EBITDA (Xs0)
454 A%
A AAEE] A& (Xs7), TR DS (Xss), NEN A HAE(Xs0), NPT A S (Xoo)

3

T =9 W] Ve A 32 HHF(sample mean), EE FFHX](sample standard deviation),
2 422k (minimum) 2 _»]EH (maximum)-> Table 3.2¢] Attt AFEA (X1), WEH(X2), 7
AN (Xo)S] AE ANE ATFNA log WIS F83h0] o3 IS ¥3ko] Table 32015 3
ool Tfsto] log WHE & W ST J1E AFIN H%pm AAge] Holgol @ A g
Sto] A48H(Winsoriation) WS 4§00 m2 B RRAAE WaSe] 49, 59 22 5%
ALY e NGO o] AEG o4 EE olakel e 22 AEHeT AN (Kim
Choi, 2006; Kim¥} Ahn, 2016). 3} Table 3.2 AAIH v}e} Zro] X5, X4, X5, X7, Xs, X10, Xis,
Xuo, X50, X579 107] H4E= th2 W49} vluste] Balo] nj@ & H4EE Bl 94 3] ¥3ho) 3
FHG AT 1A ekl 2 A7) oS RPN WBE AEHH G ASE AET 7

N

:\QrEr-bﬂ_l

Hae] Bxow efo] Yo At M4E athE ALEEIATE 4.280AE F71H9 BAS %
Aoz flof Megol thoto] 24k AAs MES A8t 37 2 stollA Mg Aleld w2 A
7 EE a5 4R EAlstke A oS el Festttal 41 Elasticnet B3} 23S #4835}
of A& 2y sHstar Frtsksich
4. 3lAH 21E S8 o5 2
4.1. J|E A9 o5 2
E FoHe 7|2 A9 o BEEL 71Eks| 4Mstus) sit). 712 Ao ALH H4ES £
grste] mAS7] fste] 3EANA HER Xi,..., Xeo o AT £7]E E8¥Th WA KimF} Choi
(2006)° <J3f Ajote RS ASHEWE Xy, Xy, X6, X7, Xo, X13, Xao, X309 8709 5§ WS 2
et 37 Y 9 <9 22 P S oS EPoR et 484 39 RPL B-E 12 AF
sto] AA+E 152 Tiste] 4o 5% WeE e

Y: = Bo + ﬂinj + €. (41)

j€{1,2,6,7,9,13,29,30}
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Table 3.2. Summary statistics of explanatory variables used in the prediction models

Variable Mean Std. Min Max Variable Mean Std. Min Max
log(X1) 4.40 0.64 3.21 5.51 X3 0.42 0.14 0.17 0.69
log(X2) 4.33 0.65 3.15 5.46 X392 0.33 0.17 0.03 0.62
X3 25598.12  36999.05 637.20 136090.40 X33 0.59 0.15 0.32 0.83
X4 39241.82 57412.30 982.60 215979.60 X3y 0.26 0.14 0.02 0.54
X5 3259.12  4585.93 72.60 18154.60 X35 0.30 0.20 0.01 0.68
X6 0.90 0.39 0.24 1.61 X36 0.88 0.38 0.33 1.69
X7 —0.16 31.92 —56.80 61.11 Xs37 0.64 0.62 0.05 2.54
Xg 40.65 16.98 13.00 70.80 X3g 1.21 0.48 0.49 2.23
log(Xo) 0.08 0.63 —1.18 1.16 X39 0.94 0.24 0.56 1.47
X10 33.26 55.71 4.06 227.75 Xa0 1.06 0.70 0.17 2.81
X11 1.06 0.44 0.44 2.07 X41 1.07 0.75 0.27 3.12
X2 0.02 0.13 —0.36 0.18 X2 0.58 0.36 0.11 1.49
Xi13 0.23 0.17 —-0.07 0.53 X43 0.10 0.08 0.00 0.28
X14 0.08 0.08 —0.10 0.25 X44q 0.32 0.13 0.12 0.57
X5 0.02 0.02 0.00 0.06 X5 0.76 0.54 0.09 2.09
X6 0.03 0.04 —0.05 0.11 X6 0.05 0.15 —-0.24 0.30
X7 0.01 0.01 0.00 0.04 Xar 0.00 0.03 —0.05 0.06
Xis 3188.94 6196.80 —5421.20 20219.20 Xug 0.07 0.10 —0.13 0.26
X190 0.03 0.02 0.01 0.09 X490 3713.04 6911.79 —1045.00 26141.60
Xo0 0.03 0.02 0.01 0.08 Xs50 6.78 16.72 —32.85 47.47
Xo1 2.82 3.78 —2.05 13.84 Xs51 0.06 0.07 —0.08 0.20
Xoo 0.02 0.07 —0.16 0.14 Xs52 0.09 0.11 —0.09 0.32
Xo3 0.03 0.05 —0.08 0.12 Xs53 0.05 0.06 —0.06 0.15
Xoyg 0.19 0.14 0.02 0.57 Xs54 0.01 0.05 —-0.10 0.12
Xas 0.04 0.06 —0.12 0.15 Xs5 0.00 0.03 —0.06 0.07
Xog 0.01 0.06 —0.16 0.11 Xs6 4.26 5.60 —8.54 16.79
Xo7 0.81 0.14 0.43 0.98 X557 12.41 15.18 2.19 67.48
Xog 0.15 0.13 0.03 0.53 Xs58 0.93 0.41 0.34 1.91
Xo9 0.01 0.01 0.00 0.04 Xs59 6.48 3.43 2.21 14.57
X30 1.71 1.13 0.45 4.93 X60 6.72 2.96 2.49 12.78

Mean and Std. denote a sample mean and a sample standard deviation for each variable, respectively.

RYS AARATE FAA NG 57 S-S A2 37 mYe] gL 37 2Yo) /)

o] Aol st A7t 2 Dol 5 =0

o] 7= At Swe TFohe DAl Atk ARt oS Yol thEk A} s o] golste] V)&

A% 23 AolA wol mE myolrh. o3t 37 RYe) BEe HA] 18] Kim3} Choi
o) a1

(2006) 1§ SF0] 242 44 WFY A5Ye Nelstel $A 5Y WSS Awow £9) my
2Y2 na BP0z W AASGTh <9 ey RPN 57 By FAR 55 WSS ALE
3]

O(P(Yi <) ' =py— 3 BrXik, for1<j<14. (4.2)
ke{1,2,6,7,9,13,29,30}
23Z ALt 7K e(x)e BE BT

tion)E YERATH

9] FAEX S (cumulative distribution func-

Ae
kel
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b
ol
tlo
k]
Y,
rok
2
ol
~
=)
S
EE

=23 oAE 53708 AT F-E ML VISR t-test, UEA] B
F 2 2E By &85 FHF B X1, Xua, Xis, X1, X359 5719 59 W45 1A
t}. Kim 5 (2006)° A& oh2 A3ele vz gdeg4dd 2AE 937 98 8.9 +4& &83h=
s =

[s)

=y — > Br X, for1<j<14 (4.3)
) ke{1,14,15,31,35}

ek g AloE 232 AAAE 1, AA+, AAE 2,..., B+, B, B-& 13, CCC °J3=
142 Aofsto] & 2EPE TR oY vl BAS fgte] & dFolA= Kimy} Choi (2006)7%
TS wks WeE AYsidnt. &9 23 9 9] 28l 2y A3 §8 RO ordinal 37
Z] (github.com/runehaubo/ordinal) W] clm 45 &34t T3 clm o] HLo2 2] (4.2)
W (13)9] FHNA Rao] thE FBE +5 U4 —52] Feh= ALESGTE

R ke 2 Kim¥ Ahn (2016) 94 AR 2857 o&S AAste] dE X 2ES weisglon
350 HAE fste] v FHEA, AFNTEE, AXE HH ZIAS HEskth shAw AA A}
g B4 Al ©@7] Al S5F(short-term rating)S 183te] Al, A2, A3, B8} CE Z}z} 1~49] o
2 ARt oF BYPS st 7)ol AlbE o5 2Y JJ'«] APARJA A% vlaols oEFol
ok wEbd B =RolAE Kim¥ Choi (2006)94 &3t 155F AAE 7|£2Z Kim¥} Ahn
(2016)014] mEje AY AEE WE 74 2 A THAES 2 —9—6]—_1_2]— &t} Kim¥} Ahn (2016)0]
A 39719 AT A4S 7wk g dQux] EAFEA (one-way ANOVA)3} tfs 3 B4 7]k
o= X2,X3,X4,X8,X10,X18,X19,X20,X32,---,X35,X47,X4894 147) WE AAste] A5 2y
£ st & vjm dFoAE Kim3t Ahn (2016)2] A3l A 4314 LERD one versus one
(OVO) 7]%} radial basis function (RBF) #gd AZE ¥E 7|74 2 A TH2E TS 123519
t}. webd OVO7]HE RBF 714 MZE W 7)Ao+ (15 x 14/2)712] F A& 532 23l tish
o} ofeflo] o] BFol tidt RBF A AZE WE 774 BR7E A3 5 7P g2 F&(vote) &
B S5 o83t A5t

ffr

n Nk:l N

max az—f E E i yiy; K (xi,%x5)
a; >0

i=1 i=1 j=1
N (4.4)

subject to 0 < a; < C, Zaiyi =0,
=1
714 K (xi,%x;) = exp(—7|x; — x;]13)2] RBF A3 YehilH x; = (Xi2, Xis, ..., Xijar, Xius)” €
R", yi,y; € {k,1}, 1 <k #1<15, N = [{ilys = k}| + |{ilyi = [}]. AZE W8 717= R e1071
3 7] A] (cran.r-project.org/web/packages/e1071) & o]-&3}o] & g3}

Ay ZHAEE FHo| T3t REAE (bootstrap) T Wgrol] that 9o MHE Edto] thro 9
AR e AAST AA A 24 el o3 ol2H Ane TEE Batel sk /W
© 2 Breiman (1996)°] ol&] A|otH AAHE 7|Holtt E ulw AFoAE= Kimd} Ahn (2016)9]
A A 14719 WS W3t By THAE 2Pl AL 42804 HAWsl= Elastic-net B3
3= 1{;‘:]%]— U%:]oﬂ/ﬂ /‘Kj = Eﬂif’\—% o]%']— %E‘] Y ]/\E‘,] 7(-1_9_0 Z]aﬂa‘}git;]_ BHE] Jﬁ&ﬂ/\E
o ASE S5k Sy A R AN Jefoks el 59} 4 o 43 Rel 84 el
g 2ge 2 23S Fool ARach. AW =

project.org/web/packages/randomForest) & ©]-&
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Table 4.1. Summary statistics of explanatory variables after log transformation

Variable Mean Standard errors Min Max
X3 9.18 1.48 6.46 11.82
Xy 9.55 1.52 6.89 12.28
X5 717 1.46 4.28 9.81
X7 3.74 1.08 0.00 4.78
X3 3.60 0.50 2.56 4.26
X10 2.76 1.07 1.40 5.43
X8 8.47 2.06 0.00 10.15
X49 7.49 2.02 0.00 10.21
Xs0 3.50 0.90 0.00 4.40
Xs7 2.09 0.84 0.78 4.21

Mean and Std. denote a sample mean and a sample standard deviation for each variable, respectively.

Correlations Correlations

Variables
°
°
Variables

T T T T T -1.0
X1 X2 X6 X7 X9 XI13 X0  X30 X2 X3 X4 X8 X10 X18 X19 X20 X32 X33 X34 X35 X47 X48

Variables Variables

(a) OLS/Probit (b) SVM/RF

Figure 4.1. Correlation maps of variables used in (a) OLS/Probit models and (b) SVM/RF models. OLS =
ordinary least squares; SVM = support vector machine; RF = random forest.
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107] W e Waet H]-ﬂ-?ﬂ"x] Aol w2 PSR FAF M fete] 7 wige] 7 wig
o] Hse BUg + 1982 B F log WS sto] A2 F1 M4 ZYssirt. 24 9
3} W% A= Table 4.1 sl en log W3 A3 2FHAT} 0.5~2.0602 P33 215 &
A 5 Ark EF 72 oF BN AL 5 HesS AHEW 8 2R BYES AN
Kim 5 (2006)¢] 9175 A& & A 418004 A 52 Figure 4.19] A& Al

“,l](correlatlon map)°ﬂ/‘1 ﬁ'od T ARl =2 = ZF3h ol g ¥

0] 3]
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Ea) :,‘_ 1213 ‘:'/\4 ol )7} _,,_?—QD]— olo tidt SZAS A 58 FFH(ridge estimator) T
+ 4% (principal component) & o §3 BYe] AAS LAY & Ao B ATIAL Aol
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o M4Eg 188ss 43S XY Elastic-net B3} 28 (Zous}t Hastie, 2005)< 1831}
Elastic-net2 2422 ¢1 =3-(norm)°l] @3-S 12]3 LASSO (least absolute shrinkage and selection
operator) W7 (Tibshirani, 1996)3} £, =2¢) AFol WS eist 53 WP B2 23 (convex

combination) &2

Aal|Bl3 + A1 = @)l|Bl (4.5)
golwl= HHYS 1T BYP o LASSO S 1es By vlaste] o 5o 4o
APe T3t Ru=E ) (Zoust Hastie, 2005). 17|14 A 249 3ulghe 2H3sle 2§
o 0% 53 (a

(tuning parameter)e]™ 0 < o < 191 & E+Z LASSO (o
AEE AA%rt 2 dFolAe TR 60719 59 WsEo
3] RO elasticnet I7]A] (Zou%} Hastie, 2005 239l on
o] A3S 935l R ordinallNet (Wurm 5, 2017)2 ARE3FATE 39 f’é"%
R Ef’éJ 7Hgol ek d3Fe aLelste] 28 B4 AE2 Al &4 FeE et
AT A2 28 L4E Aasgon <9 24 2 <9 =2 vEs 29
(1 1kehh00d function) 7|9FS. 2 Akaike X 7] (Akaike information criterion; AIC)& & 43}
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A7 neest = Ao AF & YR I()E AN (indicator function)< YeERdTE R}k A3
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=2 O
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E‘rLH‘%iD} vl A, AR A8 =
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<22 et 155 2 8 (D = 1)E 23T 4% -3 A £HAES SVM ?'féi‘% A&
RAE T 7} 247} 87.74%, 80.58% & =7 UrEHaLH% 3 2o Agrx 75
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Table 5.1. Summary of prediction accuracies for OLS, OL, OP, SVM, and RF

Prediction model Type ACCp
D=0 D=1
Kim & Choi (2006) OLS 31.97 (0.78) 75.33 (0.67)
Elastic-net OLS-EN 33.87 (0.91) 79.71 (0.88)
Kim et al. (2006) OL 32.41 (1.32) 67.45 (1.17)
OrdinalNet OL-EN 43.50 (1.21) 77.77 (1.00)
Kim & Choi (2006) (0 38.25 (1.49) 71.68 (1.35)
OrdinalNet OP-EN 42.04 (1.23) 77.37 (1.13)
Kim & Ahn (2016) SVM 59.42 (1.17) 80.58 (2.10)
Kim & Ahn (2016) RF 69.64 (0.59) 87.74 (0.43)

OLS = ordinary least squares; OL = ordered logistic; OP = ordered probit; SVM = support vector machine;
RF = random forest. OLS-EN and OL-EN (OP-EN) denote the OLS and the OL (OP) models with the

elastic-net penalty, respectively. Numbers in parenthesis denote the standard errors.

Table 5.2. Summary of estimates of coefficients of the ordinary least squares

Variable Estimate Standard errors p-value VIF Estimate
(Kim & Choi, 2006)

Intercept 6.021 1.069 <0.00001 - —3.619
X1 —0.077 0.361 0.8310 14.173 0.341
Xo 1.642 0.306 <0.00001 10.424 0.966
Xg —1.370 0.168 <0.00001 2.118 —1.332
X7 0.001 0.002 0.5397 1.039 —0.209
Xo —0.746 0.099 <0.00001 1.086 —0.728
Xi3 5.601 0.513 <0.00001 2.118 3.412
Xog —149.300 14.350 <0.00001 6.087 1.217
X30 —0.147 0.083 0.077 2.474 —7.299

VIF = variance inflation factor.

D

lo

, AT AP SHoAM A8 SF0l e 59 W] 939 A= ¥ BHL o= s
olof & Zoltt. 7] Ao vl g fste] 5319 Wi T vpA|ut vhEf| tigh Fd x50 3
239 37 A4 FHFHE Table 5.20 F)st3ith. Kim3} Choi (2006)2] 232} wlw sk 872
T A Xa, Xo, Xo, X13, X509 570] W2] Wkgo] A set. A Ao }L}E} Are

Aol /AR e Ve Ao BAeld/ B A AR Wet tlSske "oy 71101]
d =% (Kim3} Choi, 2006)° AAlE 7|&5A ] e Hlashd & Aol A #ﬁﬂ X209 7
A 0.01, EFAA} 0.01, H<ELg/A AT 0.00/0.042 22 W9 ez #A=FH oy Kimd} Ch01
(2006)] AFAAE B 0.062, HEF/H AR —2.016/1.5572 A OE 2 U9 ghe] o]8= o
37 Al 24 A A 27] Aol AT = vk FUE 57 MeE F5 Wl i 4%
of el it Apol 7t A & 4 Qe Aleg: tEeAaAdS *37#% T ek AFE 2y &
AF 33 912} (variance inflation factor; VIF)E &3ld X1, X2, Xoo7}t AAos 2 7S AUH
X17} X590 VIF gro] 100142 FAAo] gt Add 4 k. 71€9] A7 A3t fAks 2
I} zte HFEE log WEH(X2), WIEHAIF(Xs), F7HEAHIE (X)), F+4 l°‘E(X13)°l Ao
71E AFolAs FAANZEAY FAE(X)ol tE 37 Ao 37t ()& 7He} iiE 24
Th A7 et B AFeAs Fo3 AFE A g Ao E FUH A

A0z +9 24 RFIA 4D B A% 247k Table 5.3 B sk eiA 7)o
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Table 5.3. Summary of estimates of coefficients of the ordered logistic

Variable Estimate Standard errors p-value Estimate (Kim et al., 2006)
X1 3.088 0.180 <0.00001 1.55
X14 5.618 1.095 <0.00001 0.06
X15 —65.725 6.090 <0.00001 —0.37
X31 6.907 0.758 <0.00001 0.04
X35 —1.283 0.436 0.00328 —0.02

Table 5.4. Summary of the chosen tuning parameters («a, \)

Model Fold 1 Fold 2 Fold 3 Fold 4 Fold 5
OLS (0, 0.48) (0, 0.33) (0, 0.33) (0, 0.28) (0, 0.39)
OL (0, 0.00017) (0, 0.00020) (0, 0.0003) (0, 0.00013) (0, 0.00033)
opP (0, 0.00063) (0, 0.00042) (0, 0.00042) (0, 0.00028) (0, 0.00063)

OLS =ordinary least squares; OL = ordered logistic; OP = ordered probit.

£ Aol7h 2} 71 ATelel WAL BE AT HASYTh @, B ATl A58 5Fo
SAE Kim 5 (2006)914] 488 52l 419} weholu] Kim 5 (2006)4 48] § 858 49| Fe)
T+

2 FAste] Table 5.39) 259 A+ $AT PPYL ehd S weECh
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7} YulE| 22 Elastic-net®] & 242 Mo 71&0 2 7I5% ¢ 7]4¥ke]
22 ASE o] 83 A& 2AkE Al 28 B A% oF H A =g Bf
727 % €9 53 29l A5, 55wl Y Y2 0] Psotes £
Eo] 2 AE3}7] 98ke] AIC (Akaike, 1974) S Ag3lo] M A 2 g R4S
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Table 5.5. Summary of the estimated coefficients of OLS-EN, OL-EN, OP-EN (a = 0, LASSO)

Variable OLS-EN OL-EN OP-EN Variable OLS-EN OL-EN OP-EN
X1 0.81 - - X31 —1.48 - -
X —1.44 3.52 1.75 X39 1.92 —3.46 —1.80
X3 2.13 —3.47 —2.03 X33 1.93 —0.48 —0.20
X4 —1.14 0.67 0.47 X34 1.56 —0.25 —0.29
X5 0.34 —0.91 —0.42 X35 1.27 —0.52 —0.29
Xg —1.05 1.76 0.98 X3 0.52 —0.49 —0.36
X7 0.02 0.02 - Xsa7 —0.08 0.12 0.09
X3 —0.11 0.29 0.21 X3g —0.06 - 0.08
Xo —0.66 1.22 0.65 X39 —1.05 —0.05 -
X10 0.55 —1.31 —0.61 X40 —0.72 1.40 0.78
X11 —0.22 0.20 - Xq1 1.29 —1.44 —0.81
X129 1.34 - - X4o 2.06 —3.13 —1.80
X13 4.17 —7.03 —4.16 X43 —4.68 1.49 0.78
X14 1.84 —2.24 —1.32 Xq4 - - -
X5 —7.27 3.25 - Xus —0.98 1.06 0.71
X16 - ; - Xug —0.58 - -
X7 - - - Xar - - -
X8 —0.04 —0.03 —0.01 X148 1.00 —0.74 -
X19 —7.61 11.67 6.08 X49 —0.08 0.10 0.04
Xo0 - - 1.44 X550 —0.10 0.16 0.10
Xo1 —0.04 0.06 0.03 X551 1.06 - -
Xo2 10.83 —15.77 —8.23 X552 —1.21 - 0.09
Xo3 —15.63 21.00 10.62 X53 - - -
Xog —0.14 2.17 1.03 Xs54 - - -
Xoas - - - Xs5 - - -
Xog 0.22 - - Xs6 0.01 —0.01 0.00
Xo7 - - - Xs57 0.24 —0.29 —0.18
Xog 1.29 —3.563 —1.88 X58 1.45 —2.08 —1.06
Xog —39.44 - - X559 0.02 —0.13 —0.07
X30 —0.62 0.90 0.49 Xe60 —0.04 0.11 0.06

OLS-EN = ordinary least squares with the elastic-net penalty, OL-EN = ordered logistic with the elastic-
net penalty; OP-EN = ordered probit with the elastic-net penalty.

SARR W 27 2 )] B9 A FA%S AhEoz 00] opd 245k o Bl 2Eth
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