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1. Introduction
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Aol Tadel AxgHAoH olE FALEe TGV A=l wkgE Al
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olo] A& Ul HE=E =3 XVA 2o tigt AF+E &P stax; o)
A XVA B4 A= 7] xAH4Fo] Geometric Brownian Motion (GBM)= W2 U=
7} Shell =& H AL k. SR GBM 2 7| 2 A] WEAd o] A o/]
gk ThAol o EStal QAL o) AA A 2 kA v wheba, d4 4
XVA 2E& 73817] flaliA+= GBM = dutst Al o7t vt oo Axt= %
21714 0] Geometric Brownian Motion (GBM)S W&t 7145 Awtslslo]
Ao de] A5l 9lE Stochastic Volatility 22 &0 A33E XVA &
E=Estarzf st} EEsk @ol Q18% 31 Q)& Stochastic Volatility & ES AT
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1.1 Market overview in the wake of the crisis
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EVEMEAWOM 9 s ER 9y o854 LIBOR w2 A=A
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Figurel.1 LIBOR-OIS Spreads between March 2006 and March 2009. Source: (Andrew, 2015)

ol HABNFE Aol 2 s 7AA HAA=H, VS0l FHE olAES AREsoF
stAY, Rdg & davt s W, 74 2% LIBOR & O]*o“su‘ii‘jr Sk 7k Figure
1104 B5o] £7] A3o| A LIBOR 7} 938 o|A&S UEUE HE2A
AgggAlol gk ool A7|7] AZEE Zlojth wEk 5ol w7 &
gy dEoly @ ES] 71t B (expected payoff)E 4FE3SH7] 9138 LIBOR o wF
o] &SR] gkl AR whrlo] HL A3 multiple projection curve = ©]-8-3}7]
Al 2kt -E?Z 0L A4dg el AEetr] g =30 ALHI = A
Aol A g Al A Eito] AtE 31 )= Credit Support Annex (CSA) discounting = 3F
d= 5 F 11:} (Green, 2015).
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1.2 XVA Overview

XVA"E Aol 5944 (Imperfection) & 22 5FH 7|18t ZA|HE0o] FJATFS
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1.2.1 Credit Valuation Adjustment (CVA)
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Risky Portfolio = Riskfree Portfolio — Credit Valuation Adjustment
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1.2.2 Debt Valuation Adjustment (DVA)
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Bilateral CVA = CVA + Debt Valuation Adjustment
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1.2.3 Funding Valuation Adjustment (FVA)
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sl Ask= & o] FVA Sl Zolth FVA o] &l oJaldl spEe] 7t x4e Aaxd
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1.2.4  Other Valuation Adjustment (COLVA, KVA, MVA, TVA)
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1.2.5 Why do we need XVA?
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olo wel o EAEo] LT 4 g2 gAgFolgt e Frhr|Ee] wet
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ole] wel Al8E7F e Aoy 77 11 At sl go g H5E Aol
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AR FAGEFS A FHoE ARESHEH oEwo] A F da (HFH-ANA, 2015),
o7t XVA X 7F H a3k =% It} (Green, 2015).
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1.3 Stochastic Volatility Models
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1.4 Research Method

W =M A HAE Stochastic Volatility 2ol 2H7] XVA 228 =4 3}o]
GBM & HlE o= 3k XVA Rell3} vlal, 45 & Zlo|th. 5 A 2, Stochastic Volatility
2d = 7bd da A}8% 3 9)E Heston 227} SABR 228 7243 200 o] A 8A 7)1
olo] s H+= WAHEA EW (Implied Volatility Surface)S T-& 8k Zolt}. mpx|to g2,
ZF 54 NAESE A=Es7)o] AEEE Heston BRES o] &3] 743 200 349 XVA =



2. Theorems and Derivations
2.1 Stochastic Volatility Models
Gatheral (2006)2 %F313}H, Stochastic Volatility 22 o537 & 208 WH5A7]&

ng5 ggeletu T 5 vk

dSt = ﬂtStdt + \/U_tStdzl

d‘Ut = a(St, Ut, t)dt + 7’],8(5,;, Ut, t)vtdZZ

Cov(dZ,,dZ,) = pdt

A s F1EALE] W, dv s MBS WEES Ve, Y] 299
AL dS. o dv,7F B Wiener 34 dZ;, dZ,°] 9&FE W=ve Aotk 2
W, dS. o dv,7F 2% (deterministic)o] ] %1l EF 5 AAHS @Evs AS
o}, Aol A d2] AF-8-%] = Stochastic Volatility %3 © 2+ SABR 22 3} Heston
o] &=t 2.1 A& o] EFEe dd] Aystea st

off

¢

folo ud (m @
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2.1.1 SABR Model

SABR &< Stochastic Alpha Beta Rho X% > Hagan et al (2002)°] #|Fgh 3P o=
%= (forward)e] W3}y o] CEV B3} H| 5=l qt MFxAdo] AA A (deterministic)®] A]
a1 SHE A (stochastic process)etal 7 $HTEH SABR 22> A &9 7HAo] g3 #e
e O 2ol xAd

2 &2 mx

dF = V)F(t)Pdz(t)
dv(t) = eV (t)dw (t)
V() =«
Cov(dZ(t),dW(t)) = pdt

A7 M eae O, Be(01]p€[-1,1]2H= Z70] =5 ojo} s},

A A& Singular perturbation technique & ©]-&3l 59 7HXE @8 LA}3) (closed form
approximation)7} Black ¢ AEsA714 Ry sdsith= AS S

Csapr = e "TD(FN(d,) — KN(d_))
Psapr = e TT"D(KN(—d_) — FN(-d.,))

_og(R) = Brer-o

d. =
: OimpV (T - t)




Y3k, Implied Volatility oy, ] A S EEsked], a3 2ot

a (1-p)? F\\* (1 -p)* F\W\' z
Oimp = — |1+ (log (—)) +—(log (—)) —
(FK)Tﬁ 24 K 1920 K x(2)
(1-B)%a®  ppea 2 —3p?
1+ + €2 (T—1t)+ -
1-8 1-8
24(FK) 4(FK) 2 24
€ 1-8 F
=—(FK) 2 1 (—)
z=—(FK) 2 log |+
1-2pz+722+2z—p
=1
x(2) og( 1=, )
o] AL §4o] 2L OTM ol W7k A W AhekA) etk Aol LelA
1A Paulot (2009) &= Tl A& LALAS AF-gho

2.1.2 Heston Model
Heston (1993)©] A| A8} Stochastic Volatility 23 0.2 T3 o] 3 E

dSt = ﬂtStdt + \/U_tStdzl

dv, = —k(vy — D)dt + n\/v_tdZZ
Cov(dZ,,dZ,) = pdt

PN

7] 2o WsAd v.°] Cox-Ingersoll-Ross (CIR) 2 ¥ 7] ndET= A &
WA, A WA vy A71AQ] Bt o= G 8E S5 (speed of mean reversion) &
‘ﬂ‘jr no WE/de W (volatility of volatility)2h 3l &t} CIR 2 3} vlz7FA| =
n\/v_t"i WHEAdol 97 WA ¥E=F R3S, Feller Condition 247 > p?o] S %W

=

=
MEHe 34 P57k Ak

ALLA

Heston A A & 54 7S EE5ste 3A4S v 2ok WA, Multi-
dimensional Ito ] Lemma ©l] &]3] 3}A3ANs=2] 714 2F

W3 qve
v = 6V+6V S+ k(o )6V+77 va V+Szv6 V+ 0%y it
=g Tass TRVt St s T P 555y

oV oV
+ %\/ﬁSdzl + v ™ dz,

EAPS & & Aok BAAE veb A BA s aElw B | RAp
St SpAAE Vo o] &8le] A% BAXEZE L



T=V+8S+686V,S ndsd, LEZEQ 71x9 W3} drne v o] xdwth

4 = 6V+66V2 S<6V+6 +66V)+ @ )<6V 66V2>+nv R s 0%V,
T=\Ge T2 T Gs Tty )R 29v) T2 \Gvz T 02 g2
oV +6 oV, +7S a2V+5 0%V, de

2 \asz T %252 ) TPV Gsau T %2 sav
v v
+(51 aS+52 aS)J_Sdzl (a +<52a ) VvdZ,
LER)

B av/ov

27 v,/ ov
s O av,
1= 95 "%as

d W, TEZYLE FHY FAES dojof stuz,

6V+66V2+ S<6V+6 +66V>+ @ )<6V 66V2> 7717 0° s 0%V,
ot 19275 TG T 1T 02 ) TV TV 29y ) T2 \awz T %2902
+S2 0%V +6 0%V, +1nS a2V+5 0%V ) _ V + 8,75 + 8,7V
2 \asz T %2552 ) TTPVP\Gsau T %259y ) T TV T OO T 0212
1 6V+ @ )GV n 1762V+Szv62 S 0%y N SGV v
ﬁ— — — —
av/ov KU =) ot o T 2 asz T PP a5, T s T
1 (av, v, n*wa, S2vacv, a2V, av,
2 kB —v) 242 S—2_ 1V
6V2/6v< TR =) G G Y s TSP g, TS g5 T T
vl HuT $wiol BARE] FRHE AsdGnt FAvhe AL & & Ak WA,
EA g AdE vel 7 WElE dve S, v, to] 9 AG, v, )= 9| !

=1

=
¢+ 9= )t} Heston(1993)<> Breeden (1978)2] Consumption-based B3 == 33}
A(S,v,t) = wzar 7174 3l

ov oV n*vo?v S*wo?v 0%y ov ov

a—+x(v— )_17 TW+ > 357 nSvpasa +r5%—rV /117%
ov ov i 2p0%V  S*wo?v 0%y 1%

—>a—+(1c(17—17) /117) 17 3 6v2+ > 357 nSvpasa +r5%—rV—0

9} <2l Fokker-Planck Equation & =% 3Tt



A A= Black Scholes ©] 231 3l (Closed Solution)®] 9=t}al 7}A4slal & FA9 7HA &

et o] AT,

(Ansatz)
C=SP,—Ke"T-0p, = e*P, — Ke7T-0)p,
ac (oo, v, K)
C(ST' le) = (ST _K)+IC(0I U,K) = O’T =
o] 5 <A T3k Fokker-Planck Equation o] o ¢ 3}
oP; 77 2p0%P; v O*P 02P;
= —b; = —=0, je{l,2
+(a ) - al72+Zaxz+npaa+(r+u]v) , j€{1,2}
_ 1 1
a=kv,by=k+A—np, b, =xk+1iuy =5 ="
& Qerh o714 B LE et 2ol Aolsu
filx,v,t) = E[ei®x|x(t) =x,v(t) = 17], je{1,2}
Ito ¢] Lemma ©f ] 3}
of; 9f Of]- n*vd?f; S*vo?f; 0%f;
df; uS + k(o (it | S dt + =L\vSdz
/i = <6t o HS TR =V Z G T a5 TP gga, + ‘/_ 1
of;
—dzZ
i v ?

o], Law of Iterated Expectation ©l| 2] 3] E[d f]] =07} ¥

RN L L DO

at ' s Vaw T2 a2 T2 952 TP P 50,

& Ao, filgr,T) =™ ds & 5 3
o2 filx,v,t) = ePEv+i0xaty 7195 obA wH

1— ged(T t)
D(T—t;0) =rid(T — ¢t) + — {(b ,OT]Q)I + d)(T —-t)—2 log <T>}

b; —pn@i+d[ 1 —edT-
E(T —t;0) = 221 [ ]

nz 1— ged(T—t)
~ b; — pn@i —

d= J(bj — pn@i)” - n?(2u;0i — 9?)
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o] a1, Fourier Inversion Theorem ©I] 2] 3]

oo e—i(Z)lOg(K) : X,U,T;Q
[ [ov ol s ez

1 1
Pi(x,v,T;log(K)) = §+EJ Re i
0

gt AS ¢ 4 ) Carr ©F Madan (1999)% Fast Fourier Transform = ©]-8-3}o] A &5
st WS AASHET], olH| Heston 2P dz] A= & 23 olgl Matlab, R
So xeaw 58 ol8d oA B T SH AT 4E T 4 Ak

2.2 Discount curve modeling
2.2.1 Cox-Ingersoll-Ross model

Coxetal (1985)2] =¢8] 232 3 @~ %E](Equlhbrlumshortrates)l?_ ojt}. &

2y FrgA= SHSE 7|dgte] AVIHo® FHet L, w7l 3 FrvF HEF
Agto] Hw, &g FEo Aol He= 4 o] AUk O] Ao A= CIR ol st
gk &0l el Eo] CR 3 22 534S s ”ﬂ Aol SGEAY, 1 A
AT & AdE Agsta
WA, Z,5 i+ HEE 5 (Wiener Process)®] W CIR & @758 & tha3 #o]
el g,

dr, = a(b —r)dt + 5\/r_tdZt, p=r>0
ARSI P ) dejo] Folofof stalrd @7 wE o] AFTFE ot o] gE HAHE

Feller ¥4 lﬁ‘r T EYEd gey 7 ] k5o ? 2T} (Rémillard, 2013).

Ornstein-Uhlenbeck ¥}+7 dXi = ——X dt +2 leo 1(Xt) ™y =rolal

drt—a<n——rt>dt+a\/_th, W, = Z J—dW‘
i=1

3 e vEke $5¢ M 88 BHPor Fdo| stk w2 =nd o
3 7F A3} ©]+=ab > 0& %é}uﬂ E] Non Central y? w+¥X & U:}Eﬂ] Ao} uehA,
_];

2.3 XVA for Stochastic Volatility Models

AAFE-L Stochastic Volatility &l 28 7153 XVA
A ol Al Burgard 9} Kjaer (2013)9] XVA 23S =z}

F

g ==, o

]
=
"4 91 Stochastic Volatility

e
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Rl 72k et 22 s 7R

dS = ugdt + ogdZ; = u(S,t)dt + o(S,v,t)dZ;
dv = u,dt + 0,dZ,
Cov(dZ,,dZ,) = pago,dt

dek Be AN A FALES WG AL A AU b REY A4S
FAAES 71 VAV, T B0l ST AES A g b © Aol o9k e
A%e Aty A3 A A b BASE AR R, S wujsiol sh=ul o):
o g 34 negy Agad

dP, = 1¢, Pe, — Pe,dlcy, k €{1,2}

A71A, djc, = GIF T A5 19 AZ 4 (Jump Process)etal B ot H] 251
8719 49 XVA 9} Capital Requirement 5= S 5A17]17] f& AALS vjujsl=d
ol v #e A4

dP, = 1P — (1 — R )P dJs,  k€{12}

S 7HAM R 3|4EE Seshth e A oo REgES AETA Y AR EHE
A% Exponential Distribution ©] 74 & =d], o] o F =& g AbEsheEd 2Q3k

Adl € A5 Ao, S T 2o AR

Tk =T = (1 - Rk)A’BI ke {1'2}
Ack = er - qck’ k € {1,2}

2 Appendix 9] 7.1 °l|A

sHelst = Ak FAGFE LEZYQL V=0, + 6V, T §L 7|22HS 7hA R
PA7EA, 7], 18] Al Counter-party o] THE 7 79 SpANE VU, 22 o] 5]
A
Multi-dimensional Ito’s Lemma & ©]-&3}d S A& == 5 3
av = 617+(')I7 v 056 V+a,,6 V+ a2V dt+al7 iz, + 14 iz
=\Grtasts ot 2 a2 T 202 TP % Guas 95 ¢4 T 5, Tvi e

+ AVpd]p + AV dJc, + AV, dJe,
T3 Funding Equation & T3} o] Fo{#]a1
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2
17_2 (X, —aiP) —0K =0
j=1
Cash Account == Rebalancing ©] 17| A th&-3 £ HAHES 7t
dfs = —0s(ys — qs)Sdt
dfc, = ac,qc, Pe,dt, k € {1,2}
dX] = —T'X].det

dfs = —yxKdt

Self-financing 7} .2 Q3] HA Y EZZ T v 22 A4S 7R A Aok

2 2 2
j=1 J J j=1 J ) j=1 J
—yxKdt

el A4 LEZZ Q= tey e AL shH.

T o=

dv + dm = <M + <6S + a(Vcl + 6VI7C2)>I,45 N 6(]7(:1 + 6VI7C2)

ot as v i
N 0_5262(1761 +6,7c,) N 0_362(1761 +6,7c,) s 0%(Ve, + 6y 7c,)
2 52 2 902 pIsTv 902

2 2 2

—8s(ys —qs)S + 2]':1 (ac,-rc,-PC,- + a]'r]'P]') - Zj:1 acidcibe; = Ejzerin
a(Ve, + 6,7, a(Ve, + 6,7,

—ykK + 65u5> dt + <6505 +—( G 35 4 CZ)US> dZ, +—( G e 4 CZ)U,,dZZ

2
+ <AI73 - 2,-—1 ai(1- R,-)P,-) djs + (AV¢, — ac,Pe,)djc, + (AV;, — ac,Pc,)d]e,

v, v,
ov Y ov
5 — _ar?cl s Ve, _ar?cl Ve, /ov oV,
ST s Vas as ' aV/ov oS
AV,
aCk = P_Ck’ ke {15 2}
Ck

13



(Ve +6vVe,) (Ve +6vVc,)
L 2 Us, 1617 2 Ilw‘sslls; 6SO-S+

a
AAR e Thesh g8 A3t AR

6(VC1 +8VVC2)
as

14 T4 =
Og, AVC1 - aclpcl, AVCZ - aCZPCZ'G_O]

dv +dm = M n 0_5262(‘761 + 6y Vc,) + 0_302(17Q +6,7c,)
- ot 2 052 2 ov?
22(V, + 6vVc,) 2 )
+ pasoy ov9S —8s(ys —qs)S + 2j21 (Tc]-AVC]. + a]-r]-P]-)

2 2 2
_ 2,-:1 ac,qc,Pe; — 2;:1 Ty, X — yKK> dt + <AVB - 2;:1 a;(1- R,-)P,-) dJ

T3}, Funding Equation V — ijzl(Xj — a;P;) — 0K = 0° 23]

a,(ry — )P+ ay(ry —1)Py =1V — @K — rX; — X, + ayr Py + ayry Py
- a1 Py + a;ryPy = =1V + 10K + X, + Xy + a3 Ag(1 — R)P; + a,Ag(1 — Ry)P,
- a1 Py + a;ry Py = =1V + 10K + X, +1X, — Age, + /IB(gB - 17),
€n = AVg — a1 (1 = R)P; + a25(1 — R;)P,

S 0]OS o) 2=~ o
2 u= a"l”/\/]\

Self-financing 7}l &3] LEZZ & 995 S84 &4 HE=

dV + dm =
7h ¥ o, webA o]l A &k
o(Ve, + 8y V) N ag 0*(Ve, + 8vVe,) N i 0*(Ve, + & 7c,) s 0%(Ve, +8vVe,)
at 2 952 2 v POso 5005
2 R 2 2
—8s(ys — qs)S + 2]':1 (Tc,-AVC,- + ajr]-Pj) - Zj:1 ac;qc;Pc; — Ejzlrx,-xj
—ykK=0
R Ve, + 6y 7,) N 0_5262(1761 +6,7c,) N 0_362(1761 +6,7c,) + poco 0%(Ve, +8vVe,)
at 2 952 2 ov? st vds

2 2
—8s(ys — qs)S + Z 1/1C]. (gc,- - V) - Z ' 1sX].X]- —vxkK =1V + 10K — Agey,
j= j=
+ AB(QB - 17) =0
ol AU A Bt v A o g,
gg=V+ AVB:AVC]- =9c; — ‘7,/1c]- =Tc; —cpSx; =Tx; — L

olAl FAYFE LEZT Q9 7HA VE A89¥ TS 18 3HA] 2Fal Black-Scholes 2
& SFAINE TRV =V, + 6yVe, @ U =Ug, +6yUc, ¢l Fo=2 YeElW V=V +
14



U©]al, Black Scholes PDE & U3 £ A3E & AYYtTh

dv +dm = aV+aV +6V +05262V+0362V+ 0% s ( )S+46 dt
= at (’)5“5 617“" 2 9S2 " 2 op2 PUstavaS ss —ds sHs

o(Ve, + 8y V) as> iz, + Ve, + 6y 7,) 0. dZ,
v

+ <6SO-S + 39S v

2 = Deterministic Process = HH50] =
T
-

o PN
AE Y 4

6V+05262V+0562V+ it 8s( )S—1V=20
ot T 2 952 T 2 quz PO gups  OsWs TAs IV =

e},
6U+05262U+a,,262U+ 02U 2 +22 2\
ot T 2052 " 2 vz PP%apas T \" BT LY

2 2
=—2 AC.(gC.+I7f—V)+Z sx. X +viK — 0K + Agen, — A5(gs — V)
IR AN jo1

U(r,S) =0

w}2}A], Multi-dimensional Feynman Kac Theorem o] &3] X E X2 e Ae] XVA E 7&
Utk G502, XVA E U = U, + 6yUc, 9 #2°l counter party 'H = L= Z1Q1d] o] &

= =
M thedt 2 Aol Aok Bk Ae & 5 Utk

aUk 0'52 aZUk 0'3 aZUk aZUk
ot V2 a5 vz TP g (A AU

= —A¢, (gck - Vi) + Sx, Xk + YKk — 70Ky + Ag€nk — As(gpr — Vi)
5, o] 2 Y= €, = ey + enp e FAO] Fbsdte]of & Aol

€nre = AV — a1, (1 — RY)P; + azdg(1 — Ry)P,
= gpk — Vi — U — a14 (1 = R{)P; + azAg(1 — R;)P,
2 ojxjof & Flo|H

2
aj = E Ajk jE{l,Z}
k=1

2
9Is = 2]{:1 gBk
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N

]

Sol JYshor @ otk waAAe] AU Adggan Taske AL oy
Gor] B Y A SHYPES FHA 2 Ad FgelA Bt Bk R

[‘O

L

2
€n = Z (447"
k=1

7 4t

npxjuto 2 T2 Zlo] Capital Allocation (YK — r@K, )<l dl, ol A }\]_EHHO]_ ol A
Urol A7 nks GEAsh Sakel IR pgel olsl A4EE A9t gel glonw
43} Capital Allocation Scheme ©] 2 Q 3} 7] ¥t} Capital Allocatlon o] 7hsstthal 7Hd S
5}l Feynman Kac Theorem < 483}, k € {1,2}°] o3,

Uc, = CVAc, + DVAc, + FCA¢, + COLVA¢, + KVAc,

Fy,

T s
CVA¢, =E U —2c, (s) exp <J — (r(u) + Ag(w) + A, (u)) du) (gck — Vck)ds

0

Fy,

|
|

T s
DVAc, =E U —Ag(s) exp <J — (r(u) + Ag(w) + Ac, (u)) du) (gBk — Vck) ds

0
R

R

— (r(u) +Ag(w) + A, (u)) du) K, ds

T s
FCA¢, =E U Ag(s) exp <J — (r(u) + Ag(w) + /lck(u)) du) €px ds

0

T
COLVA¢, =E U sx, (s) exp <J
to t

T
KVAc, = E[ (vk (K, s) —7(s)@) exp < J

N

— (r(u) + (W) + A, (u)) du) Xy ds

N

.

0

Ql AL & 4 9t} SFA| Rk, Capital Allocation Scheme = %] o mahx XVA 9
%kol Capital Allocation = ]9 7| sf=vel] metA Eebd = Qv AL AJAFSH
5ol 2, Stochastic Volatility == %-&3 XVA 2 & o] GBM & 7}83 XVA =& ¥
ve gz mEEnE A% % 4 ok
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3. Implementations

o] Zol A= Stochastic Volatility 23 2] XVA AHES 913 A& EHES
F R Ayl el A WA, ddE 741:1%— T38k7] $a CIR 25
FAstal, I3 200 o Bt} 443 Stochastic Volatility 28-S 3t7] 9|3 SABR 23 ¥}

Heston 289 W4ES FA4T Zolt

3.1 Discount Curve Calibration

o] Ao A= Cox-Ingersoll-Ross =32 74
Cox-Ingersoll-Ross 5.3 <> non-central chi-squared &%

&7 w2 r= ved 22 FEEESTE RN

friy = Frewan /e () = cf x2(wAy) (cex)

B 4k
€= 0%(1 — exp(—kt))

4k6

V= ?

A¢ = ¢ exp(—kt)

wetA], H9-EHS o] &3] CIR 89 FHo] 753t}

CIR &9 FAHES 98 F85FAgd o T2 2015 19 18 YHE 2016 19 18
A7A 2] 3L FaA FE ol &R FAAH, ko] FAEL 0.7059568, 6] 7
0.1575195, 0% 0.1862001 2+= A= A3, =182 -0.00133051 o] AT}

ok 22 4 AHRE o] &3l 500 MY ©rl=E] AlEdHe]Add o35 = SpotRate & T
=4 A= Figure 3.1 7 71%9;\1:}

Spot Rate Simulation

Expected Risk Free Spot Rates Simulation

10 Sample Simulated Paths ‘ \ 1

g ".\J‘{“ | g 6] /_//
% | Wl % 7//
4 x5 P
1< | 55 7
& &4 /,/
‘ /
A 3 /
| S
I 2L
p v "
[ Average of 500 Sample Simulated Paths
0 L L L L L L L L J 1l L T T T T T L
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1

Time (Years) Time (Years)

Figure 3.1 Simulated short rate paths and expected risk free spot rates from Jan, 18" 2016.
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3.2 Stochastic Volatility Calibration

H =R A = SABR 283} Heston B8-S 243 200 0] AEAH =0 ol
o= 7 By HA3 ZAE oW dHolHE o] &3] sidd=A AT Fo|th

3.2.1 SABR Model

SABR =& 9] Calibration & ¢J3 WA gztS AAst=d do s #s AAHFAY
O 22 483 A

log(gsrm) = loga — (1 — ) logF

S o]g3t] FAT & vk SHA Nk Haganetal o] &3t pake]l 43t A4S F=d
2 QP 74 womz A pE 05 Qo= Adsan e, e
2o AAs BAE e,
: ) 5
K,mrcrlltlunrity”o-BS imp ~ OSABR imp”2
047]}\1 O-BS 1mp BlaCk Scholes ‘O/] LHZH%-%}\C—} O]*ﬂ O-SZABRimp'E 2.1.1 Oﬂ/d _/J\.7H'Tt_]_

Hagan etal o] 2AF@HpolW t}e3h & dEg 7110

=

o2 2 _ p)4 4
o=t S o ) + e e 2) |2

(1-pa® pPex  ,2-3p"

1-5 1-5
24(FK) 4(FK) 2 24

1+

(T =) + -

=S K)'7 1og (1)
Z_a OgK

1-2pz+722+2z—p
x(z) = log 1=,

Calibration = 913 &% 1 E1|2°] Option Monitor (OMON)°l| & A
29 200 F 549 WAWHESEES ol &ttt FHEAH, ad A
25.5504784 o] 3L pi= 0.8314781 ] 0™ ei= 4.4040414 = ZZ*ﬂ‘iittﬂ,Rss =
0.177139 o]t} o] A¥E vl o2 325 200 A& WEdd A9 714
AlEE ol dE 500 N A= A= Figure 3.2 9 71%9;\‘:}

WL B,

HE%O:O,L;
i‘z
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Simulated Variance of Kospi 200 from SABR Model Simulated 1-year Kospi 200 Futures from SABR Model

1000 270
900 10 Sample Simulated Paths‘ 10 Sample Simulated Paths
260
800
700 t _8 250
o
600 3
§ 5 240
8 500 Z
s B 230
400 - @
g
300 ‘ » 220
210
o S WO L - . 200 L 1 L L L L L 1 L
03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Time (Years) Time (Years)

Figure 3.2 Simulated KOSPI 200 futures variance and paths from Jan, 18" 2016 until Jan, 18" 2017.

3.2.2 Heston Model

Heston .3 9] Calibration & 3l Cppe 7t Z223] 200 A9 A% 7Aoo
Ceston©] Heston 2 7HA skl A& 5129 200 w49 714 o,
ICmke — Chestonllz& #4223} A1 ZA Tk Heston 22 9] -5 45 9 =& FAE 3
TAE 20159 1918 LRE 20163 1Y 18L97HX9 370,670,970, 13, 1.5,
24,259,333 479l E d|o]E]E Bootstrap 319] Zero Rate S 73] 31, Nelson-Siegel
Svensson 7]%& 0|83 B3} (Interpolation)3te 3t oL} e el A o) F ol
577t He @48 T3] 98] A3 B3 (Linear Interpolation) S ©]-&3 ). 1 9 &4
#2 g 2207 599 Option Monitor o] FAE ol §ath, #4 A, ko] F4
2 4.480139 S1aL, 8= 0.009776, pi= 0.888084, o= 3.947735 1 S ™, RSS &= 1077 H.T}
Zhokth. FHANE ol g8 B I~ 200 o WEdH Fo|= Figure 3.3 7 2kt

4 Simulated Kospi 200 Index Volatility from Heston Model 500 ‘Slmulgted KQSp' 20,0 Inde>y< Level from Heston MOdeI.
10 Sample Simulated Paths with 5% Expected Retumn | | 10 Sample Simulated Paths with 5% Expected Return
35 ‘H 450 d
. |
| ‘ i
| |'
sl H 2 \‘,4\‘ 'r” M
z g i I u | [
=25 Sasof 1 \ ‘ I
[ x )
° 3 \
> ) ‘\ 2 |
o
£ I TP g
Zasl! | “\“W “ LA 3
E 5l TR il £
AT J\L‘ I @
1 | [ u‘ “\ "f‘
PRI i
0.5
100 L L L

L N L L
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Figure 3.3 Simulated KOSPI200 futures variance and paths from Jan, 18" 2016 until Jan, 18" 2017.

Parameter

Estimates 0.01486825 -0.000058 -0.001544 0.0063963 0.6970444 1.5334998
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3.3 Stochastic Volatility Model Calibration Comparison

SABR 2.H5} Heston 298] F4 48 ol g3 WAMEY EAS £&5, o
Avke Aol WAEERs) wustglise 29hs Figre 34 9 2tch WA, & deld
S R Wl ke £% A WANEY] QRsb Ak A 2

Eok, Mg WAMEY BEE WAMEHS] LRI g WAMEY o)
Stk e o gt ot AgE wESe] WEY EUS & £Esin vk
2% A

Heston Implied Volatility SABR Implied Volatility

0.3
0.25
2 3
g >
H £ 02
0.15 .
3
- — oa
- " 005 ) :
) \\ /‘_.,\,.,-"" 0
S -0.05 " it -0.05
Time To Expiration 0 .01 In(S/K) Time to Expiration 0 01 In(S/K)
Residual Sum of Squares from Heston Implied Volatility Residual Sum of Squares from SABR Implied Volatility

0.03

0.02

0.01 -

-0.01

-0.02

Residual Sum of Squares
Residual Sum of Squares
o

-0.03

= o1
2 -
. o 005

/
\
|

o
/

- o 0
S~—" 005
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Figure 3.4 Top: Implied Volatility Surface obtained from Heston model (left) and SABR model
(right). Bottom: Implied Volatility residual squared from Heston model (left) and SABR model (right)

CIR Estimation
0.7059568
0.1575195
0.1862001

SABR Estimation
25.5504784
0.5

0.8314781
4.4040414

Heston Estimation

4.480139
0.009776
0.888084
3.947735

Table 3.1 Summary of estimation results
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4. XVA Computation

ol Ao A= Heston E S o]&3] XVA S A&a] & Aolth. AAale 7HA43E
A&l FR7F glvkar 7hdE Aolal qfAlol 2]k Capital Requirement < KVA 7} §lThal
714 Aot} o] A 2 oMo AR XVA = v o] xdE Aot}

gB = V+ + RBV_
gC = Rcv+ + V_

U=CVA+DVA+FCA

R
A

T s
CVA=E [—(1 - RC)J Ac(s) exp< —(r(u) + Ag(w) + /1C(u)) du) Vtds

to

T s
DVA =E [—(1 —Rp) J Ag(s) exp < —(r(u) + Ag(u) + /1C(u)) du) V™ ds

to

T s
FCA =E U Ag(s) exp <J —(r(u) + Ag(uw) + /1C(u)) du) €p ds| Fy,

0
, 2223 200 F FAY Ag 7IE2ALe] AT dojuA] Fe dw Ao FHE
, 2 54 iAo Payoff 7t 2571 H X ko mE DVA 7} §lol Al XVA =
3} Zropxith,
Fto]

o 18 A
o kot

T s
CVA=E [—(1 - RC)J Ac(s) exp< —(r(u) + Ag(w) + /1C(u)) du) Vtds

to
Fto]

WA, F23 F27F ZF 100 704 ©] Simulation Path & ©] 83t CVA & Al&g =1 HHA
Bx A 35S R F8FAE3 o FAE 20143 24.21%2 7H Fc)
A& o) A, CPU ¢+ Ram ©] 27} i7-4712HQ, 16 gB €1 AFFE oA 100 7§12 T2 <}
A

AL

T s
FCA =E U Ag(s) exp < —(r(u) + Ag(uw) + /1C(u)) du) €pds

to

3] 200 4 (daily)A]|EH ]S o] &3tH Ab=Eo| A= Alto] 2 AlTto] Wt
gkelslar AlE Yol 7d Z(Simulation Path)E 10 7| .2 Z31 =], o] J3oA =
© sel CVA R AEehenl s Are Agte] Aedth 4EAw, AP
19 %7 3229200 F 549 CVA+ A gt A3 degzre] 485w disl
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rU

FVA o] A f-ol& Ao g0l & F&FS Tete A & 5 Utk WA, FVA &
ANA) Ao JFS oA He=d A F HAE E o 3A, AaxdR
FAE = A oY g,2 AAT] 98] gs £ 3t Foly o

A, ot ap s v 2ol AAEHA H=,

Yo V-9
Y7 (Ry— R)Py
o V-5
27 (R — Rp)P,

ep =0 ©] H3L FVA 7} Fouafixitt. & A, AHdide Fe= 3] d= F U=
&3k A sk WHol Stk o] A5, pe 3FEo] fle A, P 3FEOl R, =
RpQl AAolgtar 8 |, a P, = U, ap,P, = —V7} HE= QAL AsHA I9, ¢, =
(1 —Rp)V*7} ¥aL FVA = FCA + DVAQH], DVA = 09| =& FVA = U3 o]
rdE

T N

FVA=E [—(1 — RB)J Ag(s) exp< —(r(u) + Ag(u) +/1€(u)) du) Vds Fto]

to to

T F S AF VIF A FFolBE vV =VTolil CVA 9 139%1.0 &S

v A Hdl F5A9 FVA S 4/ Ioe AS & 5 . viXEre® CVA 9 &
w49 A7 giv] vl &2 Table A4 ©F 2% oF 79% HErt "HokE AS gl

5. Conclusion

B =R e $4 Stochastic Volatility E2lel] Aest XVA & =3 Wt} ol &
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7. Appendix

7.1 Hazard rate calibration using CDS spread

CDS 9 7FAE vhest ol el 4 duth

VCDS = Vpremium leg + Vaccrued premium — Vprotection leg

o] wj, #}3l& (hazard rate) 15 =3} Ho“ﬂljgi{— oFal WlHo] x| uk,
Aol A= et AP EIE Bk O piecewi
constant & 7FA 3k A o] AdFUTH (Andrew 2015). ©] A9 Vpsdl 7HAE FA 8=
Vpremium leg» Vaccruedpremiuma Vprotectlon leg‘g] 7]'X]L‘ 1:]’%34 ZEI._O] Ei%qq

n
Vpremium leg (to) = 2 1 E [exp < —r(u)du) C'ai 1‘r>ti|Ft]
1=

Vpremium leg (to) = 2 lB(tO: ti)Ciaip(T > ti)
1=

—r(u)du) Ca; (Z_J

T

Vcilccrued premium (tO) =F [exp <J 1ti_1srsti |Ft]
t

o i —ti-1

C.a. ti ti
=7 (u—t;_)A(w) exp <J -
t

ti—ti-1Jy,_, o

(r(v) + A(v))dv) du

i =wh<-<Sw < <wh=t, i€{l,.,n}

cllccrued premium (tO) 2 it : tl J ) (u - le—l)l(u) exp (J —(T‘(‘U) + A(‘U))d‘l?) du
j= i-1 t Wi

i wi_y

- it ‘i al J (u ]?—1)/1(10 exp (_(T(U) +A()(u - W].i_l)) du
]

S [ e (G 4 )]

l_ti—l +A]l 1,j

Al . . i
-|—= 1]. 7 €Xp (_(7}'1—1.1' + /111'—1.1')(” - Wfl‘l))

(5 + 4oay) i
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m o Ga; (w —wi 1) i—l.' ' ' | |
ZE" SCer { IR QURVEYENITESTE)

t;
i-1 j—1,j

- Ly (exp (—(rji—l,j + A ) (wf - w,?_1)) - 1)}

- ) 2
(7}'1—1] + /1; 11)

e (R 0 0]

(o ) (-0~ 1_t°))>_1)}

(rj +/1]l 11) B(tO 1)P(T>W 1)

Xy B(to,w})P(t > w))
_( +/1‘ ) <B(t0 1)P(T>W 1) 1)}

j-1j

i —ti-1

m Ga ) (wi=wi)A, B(tow)P(r>w))
=2]-1t {_

tp — tj- 1)P(T>W 1) ( +/1]l 11)2

(= w-)B(to w)P(z > w, )}

(j +A]l 1])

Ca; m Xy (B(to wi_1)P(z > wj_;) = B(to, ])P(T>W))
2] 1B(t0 {

n
— § i
Vacerued premium (to) - - Vaccrued premium (tO)
1=

T
Vprotection leg (to) =E [exp <J —r(u)du) (1 - R) 1T<T|Ft]
to

T u
=(1 —R)J A(u) exp (J —(r(v) +/1(17))d17> du
to=po< - <pj<—<p =T

Vprotection leg (to) = (1 - R) 2 J A(u) €xp <J (T‘(U) + A(U))dl?)

Pk-1

! Pk
=(1-R) 2k=1j Ak—1,k €Xp (—(Tk—Lk + /1k—1,k)((u —pr) + (P — to))) du

Pk
=(1-R) Z B(to, pi)P(T > py) [(Tk o : /11:—1,k) exp (_(Tk—Lk + Aem ) (u = pk))]pk—1
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! Ak—1k B(to, pr-1)P (T > pr_1)
=(1—R)Z B(to, pi)P(T > ) ' ( —1
k=1 Pre Pr (Tkerpe + Ak—1x) \ B(to, i) P(z > i)

A
=(1-R) Ek (e kk+1/1kk ) (B(to, pr-1)P (T > pr—1) — B(to, pi)P(t > py))

sk ol wEH THEL o83l nwAl WY CDS ¢ AHA VheE TR
;remium leg’ c:lccrued premium’ V;rotection leg% n-1 Hdﬂﬂ 1:1[1—7]‘/] Vpremlum leg’

Va: Vo dection 1099 B2 UE S glid] Ane g 2o,

accrued premlum 4

premlum leg(tO' Sn) =Sy 2 B(to, t)a;p(t > t;)

B B
=S.). Bltot)ap(®>t) +S, ). Bltotap(r> 1)
1= =

Sn B
S Vpremlum leg (tO'Sn—l) + Sn 2 EB(tO’ ti)aip(T > ti)
n-1 i=

2 accrued premium (tOv Sn)

3 ZA Spa; Zm Xy (B(to» wj_1)P(z>wj_1) = B(to, wj)P(z > wj ))
i=1t; — j= 1B(t0,

B Li- )P(T>wiy) (g + 24, ,)

(wj — }1)B(to. DPE>w|

(hs) + 4oay)

N
= S i Vaccrued premium (tO' Sn—l)
n—-1 =1

+Z S al Zm Xy (B(to» wi_1)P(z > wj_;) = B(to, ])P(T>W))

j= 1B(to, 1)P(‘L’>w 1) ( +/1]l 1])2
_(w]-i —W]-i_l)B(tO, )P(T> )
(r}'l +A]l 1])
V;rotection leg (tOv Sn)
=(1
—R)Z Mok (s pe )P > prs) — Blto, p)P(e > pi)
kl(Tk e+ A 1k)( 0 Pk-1 Pr-1 0 Pk Pk)
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= Vprotectlon leg (tO' Sn—l)

+(1

_ R) Ek s (rk . kk+1Akk 1k) (B(to,pk_l)P(T > pk—l) — B(tO:pk)P(T > pk))

ek, CDS 9] £ E7] Az = vyt do] RdHal

n

0 = Vibs(to, Sn) = Vprotection teg (tor Sn) + i_lvcilccrued premium (Cor Sn) = Vprotection teg (0, Sn)
A2l CDS Spread S, & 5 AME 4o 5 A= WA SR Calibration £ 4
AEFH T

Sn

A
Vprotectlon leg (tO:Sn—l) + (1 - R) Zk A (T'k 1, kk+1Akk 1 k) (B(to' pk—1)P(T > pk—l) - B(to, pk)P(T > pk))
1

1 B 1
Sn-1 VI;lTEmlum leg (to, Sp-1) + Zi=§ B(to, t)aip(z > t;) + -1 i=1 Vcllccrued premium (o, Sp-1)

(B(to, 1)P(r > W ) —B(to,w -‘)P(T > w]‘))

Al i)
+Z a; m j=1,j (7} +A] 1])
=AL =t TUE lB(tO' 1)P(T>W 1) (w].i —wi 1)B(to,w )P(T>W]-i)
( it A1)
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7.2 Complementary figures and tables

0 Acco 0 0 0 0

\ R 2.8 25
: 26.0 39.3

] R 8.6 5.2 8.3 7.6
i : 36.7 315
R 12 0.7 2.6 23

: 11.0 27.6

S : 2.9 0.9 0.7 0.4
: 30.2 25.1

R 2.9 1.6 5.6 43

: 52.7 39.3

R 1.1 0.8 7.8 6.6

: 422 45.0

R 31.0 16.7 1.1 10.3

: 422 40.9

R 0.4 0.5 0.8 0.7

: 31.2 30.3

R 12 0.2 0.2 0.4

: 26.7 243

R 53 5.8 8.5 10.7

: 129.5 62.6

R 5.5 7.9 8.6 9.9

: 36.1 44.5

R 1.5 1.9 0.6 0.6

: 2238 2.4

R 4.6 6.9

Base 425 45.0

Table Al. CVA reported under IFRS by subsidiaries of global financial institutions (unit: bn KRW)
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Company Account

CVA(IFRS)
N DVA(IFRS)
CVA(Basel)
CVA(IFRS)
DVA(IFRS)
CVA(Basel)
CVA(IFRS)
DVA(IFRS)
CVA(Basel)
CVA(IFRS)
DVA(IFRS)
CVA(Basel)
CVA(IFRS)
DVA(FRS)
CVA(Basel)
CVA(IFRS)
DVA(IFRS)
CVA(Basel)
CVA(IFRS)
DVA(FRS)
CVA(Basel)

2011 2012 2013 Sep 2014
19.1 14.5 12.4 3.6
39.4 38.4
27.7 25.9 23.5 22.6
1.1 1.2
102.2 95.7
18.3 2.5 2.4 34
1.1 1.2
103.1 137.7
330.7 167.1 88.5 55.6
20.1 20.5 11.4 10.8
31.8 30.4
273 48.1 17.9 4.0
0.1 0.1
65.4 355
94.8 195.0 80.4 65.7
0.9 1.0
60.1 38.2
9.8 14.5 17.9 6.4
34.1 51.6

Table A2. CVA and DVA reported by Korean financial institutions (unit: bn KRW)
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Market Implied Volatility as of Dec 29 2015 Market Implied Volatility as of Dec 30 2015
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Figure Al. Market Implied Volatility Surface of KOSPI 200 Call Option on various dates between
Dec, 29"2015 to Jan, 18" 2016.
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Counter Party Credit Rating

Bond Issuer Credit Rating

Table A3 KOSPI 200 Call option CVA for various strike prices, as well as credit ratings of bond
issuers and counter parties
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Counterparty Credit Rating

6.10% 4.73% 8.07%
6.10% 4.72% 8.07%

6.09% 6.89% 8.05%
Table A4 KOSPI 200 Call option CVA as a percentage of its market price for various strike prices, as
well as credit ratings of bond issuers and counterparties

Bond Issuer Credit Rating
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