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Ao A e tiE 4 232 Hull White 1291 3, LIBOR A FRE S AH-ahdth
271A W/ Aol tiste] Hull White 1891 23 | LIBOR AR o2 747} 4] gt}
upA ek ol 4= LIBOR®] @A A #| %] o] & LIBORA 23 o] oA =

=X E (Generalised Forward Market Model, ©]3}F FMM)oll thsfjA = At}

2 %ol o TAH mHe obehsh 2k

171¢] 7}$-A19F HE(Gaussian factor)2} 2744 &<=(deterministic function)e] &o.2
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8= H=%(Risk adjusted measure) Q3Foll A Z2%7] & (instantaneous short rate) 2]

gAY v Rk e,

r(t) =z(t)+v(t), r(0) =7, (1)
dx(t) =—az(t)dt+o(t)dW(t), 2(0) =0

qele] AR s(<ool mal 9 AS hekd HuAow tehid oo .
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2(t) =2 (s)e ) 4+ f o(w)e g i) )

2) ol EA 744
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A9 At =(o-fiedd)E Fei BIRE o, A7) the3t 2 Alan 2=

S5l sl B8] i FaE A o) &
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M T) =1 (0),
T 1,e—a(T—U))
V(t7T):VCL7'/ o(u) ’ dVV(u)Ft
t

ugbA YT HEE Qalol A FolFA9 78S YER 2] ()2 vl Zo] A E .
Pt T) = Cxp{ / () du— Mt T) v T)}

webA Al A #EE wr]7F 790 891 2 A (discount factor) PY0,7)7F the-

WS, ol 28] Ful mdlo] AA Al BEHE NNTRE T AP

rlr e
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P™o,7) :exp{— fo W (u)du+ B (0, T)}

@exp{— /0T¢(u)du}: Yo, T)exp{— % V(O,t)}
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webd, ol mA F4Ae vhevt 2ol AalA,

PMo0,7)

P00,

exp{*]l/[(t, T)— %[ V(t,T)— V(0,T) + V(O,t)]} 4)

flttlng)o] %“:‘r Ty A29AE ZARA (approximation formula)S ©]-8-3Hch. Hull-White:=
NE Ba FAS o] gaA 7pAo = uHit oS 1A uisA] Hull-White 23] 7,
234 7HAAARE A (pricing formula)ol| 7 H 22bes& ghae AkE H4dlele BaE
Z=th IMME 2.8 2147} 7}X] Ae BT A ~94As A 2E g UEE Ags
s HA o R wEolAth & oy AgA o2 RY A g X4E 7HA] AL 2tk

1) LIBOR Market Model®] # <]

0< T, <Ty<..<Ty<T, : 7|3tenor dates)
6=T,,— T,

W)= (wy(t), -, W, ()" € R™ : Brownian motion under the measure P

P(t, T,): 7] 16 15 Aashe ARZFE 2= P7,7;) = 1

gl 1. A% LIBOR =¥ (Forward LIBOR rate)

LIBOR wd&l= #AAA toll A& 713 [Ty Tialoll Aol thE(loan)e Aleke ool 1
w9 ol R, vt o] Aojdh
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t, T,
L(t, T, T, . |)= ;(P())1) ,0<t< T, 1<i<n-—1 (5)

P(tv Tiyi

T AN =& 8ea 7, A A =2 245w oja&o] L7, 7;,,) eItk 7, A

A A A B W] FEvh GEAolaL TA A Eaetd AFHoR FEvt
AARAY LT, T, )= P(tT) % P(t,T,,,)F N9 elth 270e] @] o & a4
(t, 7, T;,,)7F AR =YL o] Aol djgh o] s L(t, 7, 7,.,) ol thgt
gERA o] AxFsstaL o|FA W= L7, 7,,,) 8 FEARE PT,,)E VIEAE
S xS, pOTY AeA] LIBOR w2 &5 34E 0, 7,19 F7relA nhe Aol
Ak, wbA o] S AellAe] Beke 25 Wi (t) ear 2 uf, LIBOR 78 E%4&
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dL(t, T)= L(t, T)v(t. T,) W V()= L(t, T)y(t, T,)(dWD)+ (A\—o,,,)dt ),

AWt 7;)7F ARl @k &r, A1, 7)=~() Q1 45 LIBOR AR & oletal g
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2) A& Libor =%(Spot LIBOR Measure)

(i+1) &
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91e] LIBOR ¢ g9l Al 24209] L(1 7, 7;,,) v} AR the Aess
e, of ZEsh d0] BE Beke $5E 1 4o Tkl B thath & (i),
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B'(t) : &7 FEAARS t-A1% 7HA]

m(t)=min{m: 7, =t} : tA]5] o]F2] 3 WA o|AAF UxHreset date)

m(t)—

LT ), 0<t<T,

1=1

= Wppdit ogde(t)

PN mAF Hake 55 wi(t)E s, LIBOR w9 SHEde
F -4 2] (Stochastic Differential Equation, ©]&} SDE) 2.2 ebdt},

oL T T )L T, Ty )
dL(t,T)= ), 1+5]L(z‘,T,,T]+1)

j=m(t)

+ LT, Ty )yldw'(t) , 1<i<n

i (& )y (8, 7)) dt 6)

@& LIBOR Sk A% o] 7 2 oA i 1t AA 250 Ho8d=
Zoltt,

3) LIBOR A1A2d 34e 71 24

1 Aol A= Schoenmakers(2005)9] 23E Gelst=s et 3 7kl AH8-¥ LMM

2y e v 2k

e LIMMS 7Hd& ul) (7, 7, ol Aol S o] tAl oA o] 7hA L v} 2

Caplet; ;.\ ,.(t) = Pt T, ) Bl [(L(6 T Ty )— w)76)] (7)

= Atot; ) (0,L( T, Ty y) Md,) = 0,5 Md-))

Lt T —1

ln( J() + (Of)2< ! )

a,= —F 2 AR ZE oz

= ol T, —t

o 2 7

N )& FA AR a1 (of) = - f v (s)ds ©]aL Aol A ¥ = F1e] REdS
t

oMk = of /T, 7k Ak o] Wale] FAL olgske] 10 AlZelA 1ol Brps 7o)
2] g3 o] &x7} Ho)



LIBORA| A28 3} Hull-White 28 3dlol|x] FR3Age] B4 233 7FAZ4% o &3 AT 81

S
>«
oo
>
N
[3u
o
Q‘L
1o
)
o2
N

3L
— o o — v O
A2l Al He et 2O BEE BEdt e 40 FEANY
AAY 2gAGA vlde] 2gaet 2w BES dEde A4e B
#9929 paven (7, 7] A4 Ao HE Feage 7, Aol AT £ Qe
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goele EHEL 0, ()7 FERAY 2R, SMMe] W5k
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ln(s”%(t))i( Bq)2<Tp_t)
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B)Zf 1 I +1

; 52 (1)

1 =p g

where (o (s) ", (s)ds,

pq

< oW (O L(E T, Ty LG T, T )/T
t

6P
with v = lPl“+ Jt (10)

p:q

47 38 2L o) falo] 49} Lol & $47) HEs mAH. o714 EAl7

¥ FHterm)o] ) <l kA o w9 22 Folth(Rebonato) ¢ & 0= FH T

g AP ol g s Sha”Jia g o) e o) A 24e] s
1

p.q

Holzlth Refined =4 AR o] &k 29k A3 LIBORA o] A¥H4 0 & 713 (Tenor)©|

A5 ed B G4 B 0 =002 Brk oulsh feh
3. F9E A#7Fwel(RFR) A%k Al A w2 2d

LIBORE T8 50| Al&s F2l& 7Ivte g AEH o, 2012 22 A o] &
2o 2 ebAS wkth LIBORS] © HAAZ Fo55 FHPAEH2 (Risk
Free Reference Rate, ©]3} RFR)Z¢] % 3&% FHAaH o, v 49 SOFR, 9=
SONIA, g7 KOFR7F Al FodAFwe = A=9s et 712 LIBOR Market
Model(LMM)2 LIBOR=& el 7]9ksl] AAEo] F84%F % XEZZ 09 W7t
AHEE Q1oL RFR T4 9 S0l M= 7S RE e st 42 dA7F =efuvkar Sl
o] 3 w4 ol| 4, Generalised Forward Market Model(FMM)& 918 o]AH&S 7|Hto g
TE5H A2 ot} Lyashenko and Mecurio(2019)7} #
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and Mercurio(2019)] 25, LIBORA X}E 1 4 el Uuks A58 (generalized Forward Market Model,
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g(t):ga, b, gm(t) = goo+ (1_goo+ a-t )eib’tv a, bv 9 >0 (11)

gF o® Y5z Aushpt Fastth wel 54% 44 2R P4
AFANHH, 71 DS 2= FFE (.00 €4} FAA A% 23 squared error) & H4:3}

min E(( B 7 CQfOTLgi(t)dt )2

aEA,C0 ;=1

a93 AR AFA AT F A B ARk RAE,

olFA U2 B AElE At Aehd] AFkels 52k (time-shift homo-

geneous)= 4|38

%= 4728} = ,
Afol o] wk7] Apol 7t Aoj Ay E A Age HAdof s, 948 Ao ® w7t
AR A olas9 A4, vt %ﬂ@oﬂ et FedAzE A 2ea Ade
L9 (factor)2] W57} dofofF Har ko] AR S (positive definite)2} 0, 1 AFo]oll dar thg-2]
ZAES AA=HGA w3 4= 9= Schoenmaker and Coffey(2003)¢] A <tsl 2234
e AR Bloltt

p§2)=exp(* li__q (7lnpOO+ i P+ i 37TL(ZT;E’I;"L)_](;|;L31‘§)3]+2M —m—4 12)

2 2 .. . . . .
i+ +zg—mz—m]—3z—3]+3m+2)) .
- . <5<
™ (m—2)(m—3) y I=tj=m

2. E-2 3k (Objective Function)
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5\2 cf 7;

(7= 2 [ (1 —s)as (13)
0

25 342 99 F ol BAPEs Base, o Yol A #He e

() B8 ~gae) MEA of, (4 13)& thg3} o] ZAbgL)

— q— 1wpquqL(0TT )L(OTT )AA
(Uﬁf]) = 12+] - lB ]B 707])’1 = p < q =n ) (14)
bi=p Sha
7,
z/ Z \/77 f() g(]—;_t)g(frj_t)ptfm(t)J*m(t)dt

e T, T, T,
\//0 2 (s)ds \//O #(s)ds
wqe] Qe obdlsh 2k

O = (Pecy s s @ by 9.)131y =1y = 0,0 <y +1, <—1np,,, 0 < p, < 1, a,b, g, >0, Spg
= L7, 78019 28k e ol
6P( z+1)
P

b,q
Az FE AW @A7HACIL,
yre gl 2AA S et AowA T F AR U & glvk

pq —

w; +3/pq pa Z‘“D J+1) L6 =T, 4~ T; °I¥ P(Y})—E bideds chﬂ

(@) y771=0
1—p _
( ) 6 [ mZ] ptm—1
b qu : P_P7_S; P m 6’m" r
101)711(1+51_L(0’77i’j;+1) P e ptm(j+1) = i+
m=1, EF(equally settled) =4 A7+
m=2, ¥7](semi-annual) %2 =g A%
m=4, i&7](quarterly) v|=, 9=, 4 g Al
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Ba) g o) WEA) td 2442 o] §3te] theel AnAS BARSEE ol
e RMS(0)E A3t 2g4e] &4 7HelA exE Z4ac

2 U/I:q_ap“l(@)
RMS(@) \/( 1)(n 2) 1<p=<q 2q<nl Oj}iq (15)

i) F WA 5AH5E Aels] ) 294 WEA e E ke 2A14e) Basich

) w , it w”w”L(O T,T, 1)1/(0 T T, ]) o
A0 2zE Y (15 (0) = 5 o ol o
i,j=p D,q bJp

1<p=<q—2,g=n

2 ohy—h (0)
\/(nl)(n2) 2 [ ol

RMS™H0) = 2~g=789 Libor F8dA 9] olgls SAse= g2 2 4 th

(i) Hxstslor 8 AFH 2P

2ol FAoA= MSF(Market Swaption Formula)®l 2a7F 24 =3 W)
SO0 == A, g 2942 kel A 2] RMS(Root Mean Square) 2315 3 A 3lel ==
stet o] & 93t BAgGE o o] JoHh

MingRMS(0) v RMS(0)? + RMS"H©)? (16)

RMS™F < RMS?) 745, B4 RMS'SF FASHH, RMSMF7) SH3] 2Ztom =

MSFol| W3t 23S neetr] ot Ly w2 RMSY > RMS Q1 A$- EA 3=

(RMS « RMS™r)?20] o] RMS$ RMSY™IE Z Ao 7+ 71t)
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& a9lel A4 YR BolA 891% ol AmeFolt). o] el Bt

4
ok e WiEFAL 98] s A olueh Bl A S84 = Rolth TR
BAe AR o) SeA 89 ASE Folt Wolth ALl AA Ae] p B

WA HE R P Sk 0l WE Aol therk el e Pl dal
43 BHE AGSHE Aolth Asgtel B Ranko} dol AR oAl B4R
o @71 HETh Ol Uy, gF FAY 248 Agstn o

ek Zolu. :La1 A FAR BAE S HY A48 T ow A,

o LMM 7]E 28] B} 2% (Brownian motion)< (N-1) xFo]t}). o] 28 9] factor

TE Ao R Fole HY FAE 24S AFESY AR B4 A4 9E

Ve pW-1xW=1 o] ank =5 Zo] JgFego] 2 Qelnks Yr|= sy ow Azt
9l

i.3849 )Y wfikleigenvalue)S 7] o ydsto] zbzke] A > > A, =
03} g3k d7lel afgk(eigenvector), -, u, S ZebAth
i, £,(1) 9] WA v (0ol EFHE ¥ =(e(1), -, ()" E RvectorZ A FH},

el (p)=u,(i) N, ER’ for i=0, -, N=2, p=1, -, d

i.e(pel A5rst WE (normalized vector)E e,(p) Bl Ak 5, e, = |Zi| eRr?

ii. PCA(pid) = pO= (e,T)Yl =4j<n

« 0Ve 1N A= RMS(g, 00 = pV) 2 Hast A7) AEA 35 gs)9] B
= o

lo
o
>
F
-
ol
i)

« A2 AHoH g(s)2} A (Caplet) MEAS °o]€3F v,(t)

. )

e
/ g (T, —t)dt
0

1 <p<n amn
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V. LIBORAI AR 714

LIBOR AR slellA] o] 2b& 7|31 -20] AlE# ol T afute] @40 FAQvhs
AP AP AR F7F AlE ol AR A B S W) o|A-E AR SAQS
Uehg7] flaiAe AlEFOA H B2 olAE&ES a8 o] =

7]7Hdiscrete tenor) 323kl A 2] LIBOR ©]AH&-& AlEd oA & Zlo|th Al o)A #zt
& 5 gl w7l gk ojAhg2 Ade BikS FallA el E Zlolth LIBOR oA &2
Z17+o] H & (spot) SEstl| AT 2l BEE mEX T T-HE S5kl A A& olA
SHobA olzb&-o] et T AR THE wh] 9] 7 o|A&E 11 e dA JA] ok
& Apeolt), whEkA AlEH AL HAlAE Frd wep JdFS s Zlolth 771

12 935y 2hstold P 2o B3 S w27 fch ueA

>

¢

dL(t,T) N LT T )

= L N, ) (6 T |dt A (8 T)aw (1), (18)
T 7, 7o)\ 2 TR0l 1y 1yy) I T (e )

0<t<id,1 <i<N,,, d& Z%(spot measure) 31
LIBOR A1 REAE 7IEAE T-AE 3% Be JF 3% T 7

Al o]ido] 7hsettt o 714 FAE o] om Altel=t Ao R
o]Ak3} W& (Glasserman and Zhao methodZE AF&-31t}. LIBOR AR o 21w

Ak SDE AAE olitsteebd Ao A xzio] A7 drh kAR IS

A A (deflated bond)= °l4tsbabd - A e 31& W FEjol A o]itstE & &

Ark et M F2E olibstete] Al ol dsks il =

Algdo]d dto] v AE GHERTE Ak o]AES vhA] ARtsA "k EISE A

SDE<= vt AL S vbESetnz A7 AlRtell Alzbo] dejx] ¢hom, Iz Q] Algeola
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Azbe] - Aol

=2
B
N
H 1+6L,(t
=% AEE Aot A% LIBOR w& 9o #AE A
AAE5 Aol tig SDE= th52 o] Aoy il o] AS o|1StA|A AlE e o]
S i
N 6L(t)
dDL-(t) - Dijglm()jdw (19)

Ao Algal AL f-98 A9 AZE golx] o] 2FY A9 (Spread Range Accrual
29AE BT AR R, Y EaFA Ayt Aoy A A §eh#]

o 2 Qlek. obgl, 2T el ol T Aghe AR ARA WY W A H e

E‘ .
£ 4Strvotured Swap) 5 SH2, T Aolo] 7uke FANEIT of EE F 7
Aol(=2e=)7 54 Berange) el 1 AT o A1E AFehiz WA ow AAL
sEde QugoR 7] Best W] 39 Holg Axdw ﬂfm A% 5
105 ) oA 2HCUS 100) B4 24 7] S8 24OMS 20) 2349 A1)
smAEs} | Qe obed, W9l A Azt v ezl Ml vlel 92w
VT RAHA 85, 4 Ee| 2xA=A 0 L AE, ) 2t @) Fela
& ) o A4E AFeke FRol) YNHOE NS BEE AL 5 G B
fele 2ae Az w@%— 2 AREEh o)Ak 2Ze = Wl el Qi 713l
ulelsto] A4k o & %] nATEIE N)EoT 2Tees} Wl el gl

=01, &
g Fm)E A4 B e‘fr(N)i s HlERbE ojaks Al dith
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23 7]7ko] 3602017 1 % 1802 Fok Axa=st Wl el AT, A e
= 3% x (180/360) = 1.5%7} |t FH o2& o5 =
HAR 99 ol £3E B9, FAE QA Adn ¥

(3]
=
omi ~xeEst A4H W9l Yol B9 ol AFEA wonw

ek = 29
Wl s, Ee) Fa7h Bastel R} olsfab] olelg & glon, ok F4
A4 olel9& 2 4+ AT FelAE CD 329 LIBOR #2l 5¢ 268 72 A

01525 (Dual Range Accrual) G| o] T E N om, o= F 79| Fe] Az =7}
|

2% 54 89l el 92 o olE ATshe Pl

1) 9% =94 (European swaption)

<E 1> 7Es AgMd(European swaption) AHE
N AES FEYETH 59§ 5d 2 8o X gig AR7 23] gith
Product European swaption
Currency KRW
Denomination 100
Swap Maturity 5Y
Option Maturity 5Y
Strike ATM
2) 22 = YlA oJaFd ~¢(Spread Range Accrual Swap)
<E 2> 2= E g2X| of3FH ARHSpread Range Accrual Swap)
g AES KRWIRS 10Y - 2Y 2% F87F 0Bt 2 At g7t Felde 123 Agelth
Product Spread Range Accrual Swap
Currency KRW
Maturity 5Y
Denomination 100
Structured Leg Payment Annually
Reference rate 1 KRW 5Y Swap Rate
Reference rate 2 KRW 2Y Swap Rate

Year 1 [7.08]% per annum

Year 2~5 [6.58]% x N/M per annum

M = number of dates in a year, N = number of dates when the
condition is statisfied

Structured Condition

Condition 0% < Reference Rate 1 - Reference Rate 2
Floating Leg Payment Quaterly
Floating Rate Spot CD 3M

Issuer Call None
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B0 ALEE BT A ARE HE FUE
A AR, 29A WEA Aol

B Fe9 AurEel fEe] Aeh
¥ OWEZEE Seld 5 ot

ol Frssge B

243 A4ERe B A7 ol

(22 1] 2020-12-30L At A2t HESdnt FHE 224 HIHo| M4
(79 112 800] SAHAN AF 24 W54 9299 AFEES Az} shark 294 W540] Byl shebvieuct
BobA ¢ @ Ak Brbe s, shAT HWlF BT LMMo] F#A o A% A9 HEA 3388 o 2 s
Ao melt,
HW1F Caonst vol Relative Error of Swaption Volatility LMM 3F Relative Error of Swaption Volatility
03 03
0z
. 02 . .
0.1 —— 1Y option maturity ——1y option maturity
0 r’/——_}-/:/_/ ——2Y opfion matunty 01 —— 2y opfion maturity
01 //:/
—3Y option matunty — 3y option maturity
02 0
03 ———4Y option maturty P 3 N 5 7 —4y option maturity
04 ——5Y option maturity  -0.1 — Sy option maturity
05 ——7Y option Maturity 0> ——7y option maturity
-0.8
07 -0.3
LMM S5F Relative Error of Swaption Volatility LMM 10F Relative Error of Swaption Volatility
03 03
0.2 : 02
—1¥ option maturity ——1y option maturity
0.1 ——2Y option maturity 01 ——2y option maturity
o ——3Y¥ option maturity / ——3y option maturity
0
7 ~4y option maturity 1% a 5 7 ——4y option maturity
0.1 — 35y opion maturity .01 ——Sy option maturity
02 ——7y option maturity os ——7y option maturity
-03 -0.3
LMM Full-Rank Relative Error of Swaption Volatility
04
03

-0.2

——1Y option maturity

—— 2y option maturity

—— 3y option maturity

—— 4y option maturity
—— 5y option maturity

——7y option maturity
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ofe} o] thefdt B vehlls AR § 54 AR Amvt B4 AHed 4
B A 9 ARE ke Aerh Y F gloma a00~2022d W 2w ) ARE
e A5wd dus Aedoesd B4 Aol dnkds EoluA sl

& (LIBOR Market Model) 2]

A H25 98 A4 37, 57H 107H«l 2ols A8 BYS yehdt o9 mYe
& Aol FA] At a&dd 254 F84S valshr] 98 mdEioH,

Sl gk
P AARA o WEsds aetr] A8 A EATE <E 3> 2020
7]l A 82 o] &3 Hull-White, LIBOR &9 R
24 & (local minimum)oll £ 4 Jorz et

ol FHEE Ak

o
T
4% 4 (Principal Component Analysis)& Baz Hoyn,
B
3

PN
N
L
=2
>,
>,
)
ol
ol
nj
kW)
b
offl
e
ro
[e}

<¥ 3> Hul-White, LIBOR Al&Z2 %ol 24 F3 1}

<3 3>2 202012 ~ 2022.062] Al ZAEE o] &-8t] Hull-White, LIBOR Al 423 (LMM)S 43 }o]‘;]' LMM2]
A% 83090 A4 E F2ADEE, A 0] 3o oL, 3l0] FLHUA A% AH A B2 AR
w3 2 AAX =X =A3t7] 98] Hull- White, LMM 3F, 5F, 10F, Full Astith.
2y g2 g 2020-12-31 2021-06-01 2021-12-31 2022-06-02
a 0.05 0.05 0.05 0.05
HW 1F sigma 0.0054 0.0059 0.0063 0.0079
9o 0.3045 0.8672 3.8869 3.9998
LMM 3F a 0.4459 8.343E-20 0.0081 1.0002
b 4 4 4 4
Joo 0.3045 1.0858 3.8925 4.0002
LMM 5F a 0.4459 6.497E-19 0.0017 0.9998
b 4 4 4 4
Jeo 0.3045 1.4082 3.8965 4.0005
LMM 10F a 0.4459 6.988E-20 8.364E-21 0.9995
b 4 4 4 4
9o 0.3045 1.7438 3.8994 4.0007
LMM Full a 0.4459 0 8.364E-21 0.9994
b 4 4 4 4
(18] 21= 2020-12-31 9=}e] A AR K= HWIF 283 IMM n £.91 EIREDERY
dHTA BEo IAE P 2 A% vAE nlY ajleR 4 A%
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[22 2] KRWIRS Z2| 7|ZHZet 224 HEY

202206-02 KRWIRS
0.05
0.04
SN
0.03 _*S\'N}‘_Ni
0.02
0.01
[
[ 5 10 15 20 25 30
maturity
2021-12-31 KRWIRS
0.05
0.04
0.03
00z f)»ae"_af\ 5
————o—¢
0.01
[
[ 5 10 15 20 25 30
maturity
2021-06-01 KRWIRS
0.05
0.04
0.03
0.02 N
o
0.01 f
[
[ 5 10 15 20 25 30
maturity
2020-12-31 KRWIRS
0.05
0.04
0.03
0.02
o |
0.01 ﬁﬂ;x@" ’
[
[ 5 10 15 20 25 30

maturity

02
e

2022-06-02 Swaption

0.18

5
5

Option maturity o0 Swap maturity

2021-12-31 Swaption

Option maturity o0 Swap maturity

2021-06-01 Swaption

Option maturity o0 Swap maturity

2020-12-31 Swaption

Option maturity o0 Swap maturity
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=huy
£ 2020-12-30 ~ 2022-06-02 A eAtEe] Ao WHow Be o

<% 4 , HWIF Bl LMM 28o] Alg ~94A4
WD 1 B BUse A0 woluk Aol Rtk LMM 89S o] 542 A A4 48S o 4 Bashe

AL FoUF Aol & wolA gl

HW 1F LMM 3F LMM 5F LMM 10F LMM Full

2020-12-30 -0.0955 0.0622 0.0320 -0.0255 0.0264
2021-06-01 -0.0780 0.0117 0.0186 0.0255 -0.0087
2021-12-30 -0.0323 -0.0873 -0.0629 -0.0409 -0.0198
2022-06-02 0.0260 0.0215 0.0328 0.0431 0.0535
CR
Aq] B 0.0579 0.002 0.0051 0.0005 0.0129
AL o]Z-g3ke] G 724 (12)5 B 7HA A Q] 248 wEstefof gt

o)A Afole] mbZ|Apol7h AoldaE AdASTE Zdlor dvke A Wt

AR Q= AeolAE2 a5 W7h S7hste whet o dud =t Ave

Holt}, FAlgts z3o] widd A 725 ofgfel ®olal 3 2113} full rank]

ol & WAl it 24304E-14% wl$- ARSI T

2 0% kY RARAA 3M Bl

shol, % FolA 4w LIBOR #ei7ke] 44

N W R
= b

FBAF7E AaEE Al A 5ol wtgd Aor Hilu,

[22 3] Full rank2 FHEE HT O|AtE Atz dH

0s m081
0608
0.4-0.6

m0.2-0.4

0.2 m0-0.2

75M
B6M
57M
48M
39M
30M
21M
12M
3M

84M

=3
&
@

120M
111Mm
1lo0zm
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[3& 4] Full rank2 F

ME|
=

=
=]
@

iz
in
o
>
o
0z
e

75M

66M

57M

48M

39M

=
~

e

=
S

o2
i

& 247 AAARd B <

m08-1

m0.6-0.8

0.4-0.6

w0204

m0-0.2

:11

95

120M
111M
102m
93M
84M

3]4= 10000
ol A 15bp o] o]tk ¥ F By tpEXnE F 2o 5 &
<3 5>9 AolE R

P
n
[*3

<E 5220049 T ~ 2022 v 744 6702 743 A

=) (HWIF, LMM) 2.2 At £
QrpAstolth olf, 100008 ¢] AlEdoldeR 744 A

HE A
q 2
L000% WrEstel BErtAs £EAAE

AkatsAT,
R
HW 1F LMM
Q7
B 7HA] ETHA Bk ETHA
2020-12-30 1.6120 0.0156 1.4919 0.0308
2021-06-01 1.5195 0.0164 1.5098 0.0284
2021-12-30 1.6014 0.0177 1.6413 0.0305
2022-06-02 1.7568 0.0201 1.8948 0.0301
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AZY = ol o]aFd ~Y(Spread Range Accrual Swap) AlAE Al 712 ¢ o &k&
A= 240 v YA Y 5Y 2gaE ol 2Y agHEe] Azys Eyolt) o] Y
AR AFA O G2+ P o R Hrhstal YA HW 1FS] Z2d7] o zb& ol aAs
093& whdste] 7bAS Ate] Bttt Fae AFAos 88k G2+ BES 589
Bt 39 S M-S Al vt Seo RAdS ARtk ol= A T
9] Bek 5290S Bt fdahA Awstr] ¢ls] A Rdolt). Fele} ojab& e
HEs RdRety] el dAE ols &F v WA vke] By o Fa Al A
A 7HA W7, ol2bg SAEE VA AbE, BlaA B T vkt S8l AREE A Qlrh

<¥E 6> 284 Spread Range Accrual Swap H7HzZa}
<HE 6> 20003 T~ 2022 WA 6709 1A ARE o]E3te] IR (HWIF, LMM 3F ~ LMM Full) 2.2 72kt
T238 2% HrlAztelt} olu 10,0002 AlE#HIHAOR HAS Altels IS 1,000 wHEsle] HtrlA 3
FEARZ Astedok

Spread Range Accrual Swap %7423}
HW 1F LMM 3F LMM 5 LMM 10F LMM Full
@A ®wy EE W¥ EF #Y ¥E dUy¥ EE ¥9¢ T
b s I A S S I P 4 | b S R Y S e I P
2020-12-30 1513 0.035 1532 0.069 1514 0.070 1514 0.075 1520 0.069
2021-06-01 13.12 0.037 1331 0.067 1332 0.064 1323 0.072 1328 0.068
2021-12-30 854 0.040 823 0.064 823 0.066 823 0.070 831 0.064
2022-06-02 147 0.041 -385 0.066 -376 0.069 -378 0.071 -3.89 0.065

=
1000089) Agelol 0w Faa 29 Hrke] Fit A AR AT IMM 299 89le] F2045 7137}
A3 <E 6>3 A% 244 B8 AFEE oA o] o

& Aol & 1ol arskork, A Akl Slold BEHol
v,
T i HW 1F LMM 3 LMM 5 LMM 10 LMM full-rank
A A K22 3 23 32 53 179

H7t Adps dubE 9l AR A S ThA o] v ek 5438 T2 Q] e
A= 7FA9] Aol7) ATk A £5= 32¢ LMM 23| Full rankdl] B]3)] oF

[e]
Sk 9bAle] el B Fa
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A5 vk 374 Reduced-rank

%3] Rebonato(1999)2]

Modified Hull-White %'
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]

]

Full-rank ¢} Reduced-rank ®
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and Coffey(2003)2] A##A &-E A&t FA4F 24 (3-factor)Z Full-rank
FAAG E T Aol 7k 2436HE-14= wln]ste] IS FRlsit) o] & F3l LIBOR

A RRe B 2mds gl ofas

i=4el] =
= [e] hud AL B4 ¢}
dsstdom, A= A= dA B =3 64 S (Hedging Test) 5 A Il =

AT A= o 2tk LIBOR S7F 22417 o] &
LIBOR ©7t5 &% 2144 A Al gk A7) o] 5 MlA Zt=rol| 4 RFR(Risk-Free
Reference Rate)¥#& #Alefo 2 9] )] (Transition)7} M &= 3 ot vl=te] 29 147k
T3S R E & RPAAE 7S SOFR(Secured Overnight Financing Rate) & A]eFo.
3=+ 9] 7-¢- KOFR(Korea Overnight Financing Repo rate) &8 A ¢ko] Z7}ala g}
LIBOR 450 2 LIBORAG RS &g tigh Fato] 417k 2 5 9ot LIBOR9}
RFRe] =7t (short rate)ol] <4 gtk A ell4] RFR$ LIBORO theh A= A €]
Wol g B3 A oot gty T LIBOR Al 4EHe] 34 9l RFR #d
AleFo zef olxde] e ar l= 4ol A thAl RFR & (ell. Forward Market Model
(FMM))oll thdk A5 &3 7] LIBORAG R A I vl 48 o Q)= F7F A7)
e lofof 3 Ao yrheTt
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[F5 1] 93 AZ7EF A2 A 7€ B39 &3
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(Risk Free Rate, |3t RFR) 7]8F 3pA3/d352] 37k 9 2]2== shejoll A
= =Y E‘Eil%]ol AAg dejow meltt o] ad A& 713k 52t 7]+ RFR ¥4 4¥
Algdold FElZ AFS7FE FEl(compounded setting-in-arrears)E AT 4= 7]
izolty shAIRh o= HgAQl Adeo] ofyrt. FMM(Forward Market Model)-
AbA (Forward-Looking) 58] ¢} AF#(Backward-Looking) &8 R%FS @ 35 34 S
3 AlEE AT F e ofEfellA] HofErh BE HE 7]t gk o] SE A <
Joint ®ET 2 7]E9] LIBOR Al RS 23 Zox & 4 Atk

Lyashenko and Mecurio(2019)7} #|<¢t3sk FMM< L i~
Forward-Looking 52 9] S&34< RESHAE 7|7 52l FA(fixing) 2 Aw A4
kel = MEAdel te F7F BRE Al

FMMO] 42 AEA E9e P8 AZFE A4 Nds 7Ivre = gt o] 7S
backward-looking(7]3F &5 Al &4 HE) 58 & tE o @t AAds e, o
At 2-g-ghet o] SgE AmFE AHH] o] Gl AAWENE ofgt Mk FEot
2% 78, 283 Y A% S5 13 9] o] 39 A7FA] BE ARt i o]y

ge 5 Ak

kI

P(t7T) fort< T

YT(t) = )f;"(u)du _ B fort> 1T =
¢  B(T)

v,(t) & W] TS 28 &7 A= FE Adolgta Fodth v, (1) = 3 FFoln
ZIEA 98 3 5 oltk webA v, () & VISR §4E Ak SRS AT Ak

backward-looking w2]¢] 4 §h& @71 flaiA= 7Ikte] 2 w7hA] 71theoF ft.
Wb forward-looking =2l 48 7] to] Alzte wf g7 ¥t} backward-looking w

R¥} forward-looking =& F= F98 A o oh&2 22 A7 JHeioh
ANTZ T,=0, T 0 Ty 7}7@’6}1j =1, .., MoJth
ATy, 1) = ENR(T,, T)IF, ] 2)

backward-looking A% F2]¢} forward-looking A% F21E t Al dolA A ojstd t}-e-3
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2}
R,(t)= E'R(T,_,, T)IF]) (3)
()= {fﬁf((” )’;; i ()

b < 7 A W, F el s & R 2 FH 7SR R(t) ol e Joint
HEs Rdgstal LMM< backward-looking &4¢] #&¥= 48 A=A
et} o] WHE] A2 sty FE HAS F3l forward-looking 2 backward-
J T A= Aol

R(t)E T-A% S5l npgAYel, o) j = 1., Mol thall Aydet Q" -FEapg s

de(t) = (fj(t)g,j(t)dW(t), g/j(t) = min((T‘%T,l) )

71, j =1, ., Mell tal] o,(t) = #1-8-¥ 7 (adapted process)©] 1L, ¢, (¢) o] APEAY 7] 7T
[7,_,, 75 <t backward-looking & ®&A e WMstE R AHR4 Frolrt
FMM 53 #-gA] F7h2 whd=d 412 23 LIBOR A FEE &2 7 &
looking {5l Fej= wrgs|ojof vt B Fe] AlEUlAA R(1)

A= Ao] mbeduojof Fith

[F-5 2] 3HKRW) o|Ab& 24 59 2 2944 WA

A5
<¥E B.1> KRW IRS Z&l
o] & 2020~2022 713ke] W] w3l 7|2 E e (E91%, EA: Bloomberg)
Ax/17] 1 yr 2 yr 3 yr 4 yr 5 yr 7 yr 10 yr 12.5yr
2020.12.31 0.73 0.85 0.95 1.04 1.12 1.19 1.28 1.28
2021.06.01 0.87 1.12 1.35 1.49 1.59 1.70 1.81 1.82
2021.12.31 1.58 1.77 1.82 1.84 1.84 1.83 1.85 1.78

2022.06.02 2.73 3.14 3.25 3.27 3.26 3.21 3.19 3.13
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<¥ B2>

K |
<3 B2>+= 2020~2022 717ke] W] YSHKRW) 294 WEA dE9S Yehdo. &
o gk}, (49]%, %4 Bloomberg)

2020.12.31 1yr 2 yr 3 yr 5 yr
1yr 31.35 32.00 32.53 35.66
2 yr 32.62 31.43 31.13 32.58
3 yr 29.74 29.52 30.41 31.28
5 yr 31.92 31.29 30.85 30.17
7 yr 30.03 29.58 29.63 29.00
10 yr 217.26 21.75 30.44 35.51
2021.06.01 1yr 2 yr 3 yr 5 yr
1 yr 30.53 28.10 27.00 25.35
2 yr 24.46 25.64 25.29 24.95
3 yr 24.94 24.67 24.59 24.19
5yr 23.77 23.25 23.37 22.96
7 yr 23.08 22.35 22.36 22.32
10 yr 20.96 21.22 22.44 24.31
2020.12.31 1yr 2 yr 3 yr 5 yr
1yr 26.26 28.12 28.23 30.58
2 yr 26.62 27.42 27.83 29.58
3 yr 26.88 21.20 27.45 2752
5yr 2897 25.89 25.89 25.49
7 yr 26.69 23.70 23.70 24.34
10 yr 24.84 25.44 25.44 33.38
2020.12.31 1 yr 2 yr 3 yr 5 yr
1yr 29.76 26.04 24.03 21.73
2 yr 217.76 25.47 24.17 21.56
3 yr 26.35 23.34 22.54 20.05
5 yr 22.16 21.45 20.78 20.00
7 yr 21.23 20.81 20.54 19.65

10 yr 20.52 20.36 20.01 19.64
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An Pricing Exotic Burmudan
Swap and Calibration under
LIBOR Market Model and
Hull-White Model

Gunwoo Park™ - Changsoo Hong™*

Abstract

In this study, structured swaps were developed by using market information to quickly and
accurately estimate the volatility period structure and correlation matrix of the forward interest
rate, which are inherent in the LIBOR market model, which explains the movement of the forward
interest rate under arbitrage conditions. is to set the price. In practice, we intend to determine
the price of structured swaps using the simplest and most suitable parameter estimation method.
First, we show how accurately the swaption surface is restored with parameters estimated by
the LIBOR market model using Korean market information. Unlike the Hull-White model, it shows
that the entire volatility surface is restored evenly, and the European 5 by 5 swaption price is
calculated using two models. For the price of European swap option, the distribution of 5Y swap
rate after 5Y can be seen, and the two prices almost coincided with a difference of 2bp.Afterwards,
the instantaneous correlation coefficient matrix was estimated by the dimensionality reduction method
of the LMM model and the full rank method. As a result of comparison, there was no difference
with an average of 2.4394E-14. Finally, the price of Spread Range Accrual, which is a practically
issued product, was determined by the dimensional reduction method, the full rank method, and
the Hull-White method, and the calculation efficiency was confirmed about five times by the
three—factor dimension reduction method.

Keywords : LIBOR Market Model, Structured Swap, Forward Rate, Parameter Calibration, Pricing
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