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Knock-in / Knock-out 0| A = Up-and-in1t Down-and-in S &7} ULt
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Barrier option parity

Simple relationship £ 2& &M, Regular call = up-and-out call + up-

and-in call2t= ZA10| Mzt
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Simple Relationship

Regular Call = Up-and-Out Call + Up-and-In Call

Barrier = 110 |Barrier = 110
Spot = 100 Spot = 100 Spot = 100
Strike = 90 Strike = 90 Strike = 90
Rf = 5% Rf = 5% Rf = 5%

Vol = 30% Vol = 30% Vol = 30%
T=025year |T=025year |T=025year

Regular Call = DO Call + DI Call
Regular Put = UO Put + Ul Put
Regular Put = DO Put + DI Put
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Exotic option0f = 02 ZF7 ALt O] F0l= HSE 0 & At I}

S& Aok
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Down-and-In Call option(DIC)2| 7}Z F5}7|

H=K oI 32

&2j0|EE 2

Spot (S) =

Strike (K) = 95

Rf(r) = 5.0%
Vol (sigma) = 30%

T= 04
Barrier (H) = 95

=BScall(D5,06,07,08,D9)
=BSput(D5,06,07.D8.D9)

O|&A =|0f UL} Bscalldf Bsput2 F=O{X S, K r, 0, T E 7HX| 11 242}
regular call option, regular put option®| 7}z & 1= T4=0|C} ESH Of
oM A2 T+ Mol = A2 7PESHRALE Ol = 7| =& RAto] 2tg 2l
Aol o 42 22 L+a+9| 20| 1, 0]2o| #80| g7} it

Function BScall(S As Double, K As Double, r As Double, sigma As
Double, T As Double) As Double

Dim d1 As Double
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d1l = (WorksheetFunction.Ln(S / K) + ((0 + sigma ~ 2) / 2) * T) / (sigma *
Sqgr(M)

BScall = S * Exp(-r * T) * WorksheetFunction.NormSDist(d1) - K * Exp(-r
* T) * WorksheetFunction.NormSDist(d1 - sigma * Sqr(T))

End Function

Function BSput(S As Double, K As Double, r As Double, sigma As
Double, T As Double) As Double

Dim d1 As Double

d1l = (WorksheetFunction.Ln(S / K) + ((0 + sigma ~ 2) / 2) * T) / (sigma *
Sqgr(M)

BSput = K * Exp(-r * T) * WorksheetFunction.NormSDist(-d1 + sigma *
Sqr(T)) - S * Exp(-r * T) * WorksheetFunction.NormSDist(-d1)

End Function
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A2 F& 2lOQlvt? 0] B2 BSFO| of7t High=0, f2[Lt2te] 52
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r=q & U Put/calle| Zt0| S L8| &S O|OF7|BHCt.

O|X| K=HQI At2} 0] M DICO| 7}H 2 Tole B BEE 81AL L2/
Hedging2 S8} M DICO| 71742 otk & & 3}2Ct 24 K=95, H=95,

S=1002 [f DICE B}Lt ok 78 B2 A 5717} 95 Yoj M % =
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At Start When S hits H When S>H
Long P(K) Short P(K) Do nothing
Long C(K)
= DICEZ stLt B AHOf A
1) NME AEE I A 74 Kl 28 S StLt atct
2) 2|0 F717L WoiH HiE|0fS KW, WAL 72 Kel ZEHS T B
IO AR 7HA K 2§ S LEE O] ER BIYIAE B DIC ARZE A
2o WA 7H Kol 2342 ZHR|D A, Lt FAE WAL 7+ Kel
EZME XD Yoo ME dfect
3) EEDH FIOF A HI2|Of O M T =0t RETIAIOf OFR A E QF S
glct

HHZ A7 Oz o ¥ s AL
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BH=71? M0 SAF 7+ 0| KOl Put optionS SFL} AT 18 274X Atg

O] ojg =+ At

1) S>HO|M & 2% : 0] 4R DICE A 2F ALRIO| 7| OFR A E & A 0|
OICE d2|1 W7t e £ 9= =5 QiCh [[fE}A—l Y put option2|
payoffCi{ 2 gro B EIC} 0= max(K-St, 0)0|Ct 22 28 0|z
2 20| gich

2) S hits H: 0] 4L DIC7} K=95¢Q! Call OptionS 2 H|HZ| 2 Z, YAt
7t240| 9591 call optionZ SlL} AtA] hedging SsfFH =ICt O3 [ K=
9521 Z2Z M2 St Ar3{ 1 8t 0|z 2| 7+ 0| UDORIX| 2O0t0F =
o, olo] A} 52 K=95¢ £Z42| 7}#0| K=952 &82| 7171}
ZOIX| B2 ESHS ZOMA & SHE A= AOICL O[A o dESH=
74?2 S=K=H=959Q! At=t0|7| {2 0|C}. O|E S0 S=100, K=95< [ =
8, ZZH 742 ofafiet Xt

Spot (S) =
Strike (K) = 95
Rf(r) = 5.0%
Vol (sigma) = 30%
T= 04
Barrier (H) = 95

9.9351799 =BScall(D5,D6,D07,08,D09)
5.0341865 =BSput(D5,06,D07,D8,D9)

S=K=959Q! Ofalf &0 call = put &= & 5= ULt [t ZE2FM
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Spot (S) =
Strike (K) = 95
Rf(r) = 5.0%
Vol (sigma) = 30%
T= 0.4
Barrier (H) = 95

7.0379792 =BScall(D5,D6,07,08,D9)
7.0379792 =BSput(D5,D6,D07,08,D9)

U2 MYSIALY, S hits H 3 4L L7} Ol2| A 52 E&4 740
U1210f KA E21h2 B el 21260 BY oA AOICt 3
= £ChD RS W, DICO| 7H S NSO ME

12| Hedging ™=
Z
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A= —
5034 o Zct. Oz2[1 Hi2|ofof £HS|H Wt A 2 ZFH 7HE2
HIMAMAM 7.030] |22 0|2 21 SZME A= AO[C It &

CHEr &= regular call option, L = regular call option0|22 MZ =%
#0| 2Lt= AOo|Ch

ZE H=K ¥ uj DIC(K) = BSPut(K) O|LC}.
2 H = Barrier option

82 ML= M EX} 28 AZ0| ot R0 = r=q0|2 =, Of2f
A
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(K=Ho| 7| mj2o|ch

= H=K 9! Z2 DIC(H=K) = PUT(K) O] EIC}.

01 QIsiAl 0|3t B BHLtS Lt 2OLOf SHT. 0| Put-cal
symmetry2t D £2Ct CK) PY) 2 4ot 7HH0| 2271 5 #AL 742 K
O SEHL WAL YOl EEH T Kot 2271 5 ofaf A9 Lfgo|ct

C(K) : = oLt
P(Y) : £ St
X: PUT & 7§
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7t ‘dEsts Xe 277 O|A o{EA Leterte £ J22 8oL &
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0|7|2 B}t 0= o2 ot Z+Ct.
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ot e ot

[0 What strike price? Geometric Mean ( Strike of call, Strike of put ) = Spot
Y=82/K
[1 How many puts? The ratio of distances to the respective strikes

X = (K-8) / (S-(S"2/K)) = K/S

2
o 5
K
. ZgMol JiaE
Y= K—5 _ K
S s o
K
7} gt

12|31 Hedging M2k of 2L}

= Otz et
IX|Z7FH <= KOl DICE ET of2fet 2

=
=
2

rlo 2

At Start When S Hits H When S > H
2 ( ]
Long EP(H ) short HP K Do Nothing
H K
long C(&)

= ofgfet 22 YRS FoHFT ECf

1) M A|E 7|Z=XtAH 7+ S=100 O|Ct.

2) K=900|1 H=809! DICE &)Lt mC}.

3) SA|0f K = 71.11(802/90)Q1 Z2MZ 9/8 OH2 Atrt
4) S>800(M & 42 O OFF AL O 5t =L}
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5) S hits 80 91 AL, A TOL K = 9091 B2EME ALY Ech.

'

1. Current spot is 100.

2. Sell DIC with strike 90 and barrier 80.

3. At the same time buy 9/8 puts with strike 71.11 (=80*2/90).
4-1.If S stays above 80, then DIC and puts expire worthless.

4-2. If S hits 80, then we sell puts and buy one call with strike 90.

AfOF Bt ZX[ME QU1 TOHOF St= ZX|M = AS AO|Ct O] B0
= hedge?t R0 7tX[11 RL7[2 S = EICH = ZX|MO0| AH 2 =5
EL} O] M= o =8 L7t M0l

T 4o SHE o Lot stez &
orefet 20| &M 2 A it SHEES SFA}.

1) ofaje} Zo| DICO| =Z0| FO{MC}D B}

S =100
K =190
r=11.5%
o =30%
T=1
2) K=900|1 H=809! DICZ &fL} TC}.(0] 7tH S ol =M 7423t
ZCH) SA0f] K = 71.11(802/90)2! £ &S 9/8 TtF LtCt.

O ZFZMO| 7tA S AL ts| &2H,
%BSput(&Kr . 1) :% Sput(100,71,11.5%.30%.1) = 1.6070465
of sic
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3) S>800M =
4) S hits 80 QI &4

{0

oA ot Z2FM(K=71.11) 9/8712| 72 S A|-O|A T3l 2T,
—BSput(S ro, 1) = —BSput(SO.71‘11.5%,30%.1) =5.258503587

O3 O] A2 olie A K=90°| E&M 17 7tA 1t 2Lt
BScall (S K,r.a, T) = BScall(80,90.11.5%,30%.1) = 5.258503587

et 9|9 20| &3 Hedging O] EASS 2 £ QICh HZ H <= K 0
42| DIC 7t4 2

EE

<K 9l Z2 DIC(H<K) = K/H PUT(H>/K) O| EIC}.

o UIC Hedging T2k

DIC& 79| H|==35}L}.

(1) H=Kel Z2

At Start When S Hits H (S>=H) | When § < H
Short P(K) .

leng P(K) Do Nething
Long C(K)

@H>=Keol g2

At Start When S Hits H (5>=H) | When § < H
Long Ko H short 7 (7) Do Nothing
H K
Long C(_K)
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o DOC Hedging 2}

(1) H=Kel &%

At Start When S Hits H (S<=H) | When S > H
Long C(K Short C(x)
9 L) ort. CLX) Do Nothing
Short P(K) Llong P(K)
@QH<=Kol &S
At Start When S Hits H (S<=H) | When S > H
long C(K) Short C(K)
K . H? K H? Do Nothing
o UOC Hedging H&F
(M H=K oI S
At Start When S Hits H (S>=H) | When S < H
Short P(K) Long P(K,
(#) 9 P Do Nothing
long C(k) Short C(k)

o DIP Hedging ™z}

o
=]
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(M H=K 2! B2

At Start When S Hits H (S<=H) | When S > H
Long P(K) .
L C(K) Do Noth
ong CK) Short C(K) © Tothing
o UIP Hedging F2f
L H=K 2 &=
At Start When S Hits H (S>=H) | When S < H
L (K Short C(&
ong C(K) ort CK) Do Nothing
Short P(K) Long P(K)
o DOP Hedging
At Start When S Hits H (S<=H) | When S > H
L P(K Short P(K
ong P(K) ort P(K) Do Nothing
Short C(k) Long C(K)
o UOP Hedging
At Start When S Hits H (S>=H) | When S < H
Short C(K L C(K
ort <(k) ong c(k Do Nothing
Long P(K) Short P(K)

83 HO|X| 16




=833%13 - Forward, Swap, Zero Rate

2007 5¢¥ 229 st
2= 1:.01

Forward and Futures [2{ Chapter 5]

M= 7hA2 @A ZFE[=717 Arbitrageur 7t ZXSHX| = B2l LYo
M Z7ZECt olof CHet @E2 M 102 paged] QICt = OfH[EZ|X|7} &
MBSEX| BEAH St 742 0]0f0f Shet.

Spot price : $300
Funding cost : 5%
ojo| 14 § ME 7tHe?

Today Cashflow
Action

Funding 300

Buy asset -300

Short at 340 0

Total 0

| Maturity | Cashflow |
Action

Repay -315

Sell 340

Total 25

= 9|o| 0| F|&= Arbitrageur 7 0|22 7tX 7t O|O|Ct & C7| A|HS 20
M 7h7 3400] Y2[HOIX| BaS & 4 UCh 22T O F A sHof

Forward PriceE A AtEH 4= Q1 S71?

Suppose that you want to be long some asset in 3 months.

=832 HO[X| 17

1) You could buy the asset today and wait for 3 months.
2) You could buy the 3 month forward today.

SRETIREN ;
P

So: 0Nl 7%

el © Bt @ & = B MK gt HE W O 7HK|7F 5 LSHOF Sttt

@ Spot + PV (cost - benefit)
@ PV (Fo)

Ollf @ = @ O|C}. O] F O|&3}0] FoE ZZHSHOF BtCt
Xl O|X| O|F 0| 83t0 2|2 At E CHA| Al ttsl H == St
Simple Case (without cashflow) [W 3}A 102 page % 1]

Stock (HHEH Q1 FOZ QISH H|L 218): 30
Rf (2 year) : 5% (E 7t 5%)

Today
|
Today Cashflow

Funding 30
Buy stock  -30
Shortat 35 0
Total .O
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Maturity

Action Cashflow |
Repay -33.15513
Sell .35 |

2|10 1.84487.. O| A Riskless benefitO| =ICt.
CESH Arbitrageur 7F Q= 7142 33.155... 7t =ICH
et Mz Aokl A2

*SE] — Foe—rT

_ rT
= S5€

O| Uf Fo2 Forward Price, So2 ¥ A|™O| M= A<k 7t 0|Ct.

Forward?| Arbitrageur
DFOF Fo > Soe' 2tH, 7| EXMAS SFLE AFDL S XpAO| CHot M= AH2okS

24 =
o EICH Fo < Soe' 2FH, 7| RXHAS SELE T3 0| A0 Cigh M= A2
SFLF AFH =ICH 33 Arb|trageur§ e 4= Qo

Known Income [1 1}A| page 104-106]

5 oz wleh 90| 02| L2HE FR2 M= A A 0| OEA Haf
X=X ot # dHEEZ SHAL o 7|0 M= M2 AL E CHRES St

4, FE Xa MAS Foists U= A 20| ALt SR} O]9 7f—|%
$9000|Ck Rt7|= 970, 2|1 4742 =0f $40% FE S FCH1 SFAL £
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ot 471 E 22/ O[AtE2 3%, 971 E F9IE O[AtE&2 4%2t1 ottt

(Annum¢!)

20| of2iQt ZH0| Arbitrageur 7t EHASH= ALHE Ao B DX} SO

@M ME Jt20] YOO 2 &2 $9100|2t1 SFA} 0 H$ arbitrageur
L $9002 M ST KHHS AF CH20| MEAofo 2 THoj  Z40|C}.

FE X

AQe 003> 4/12 $39.60

O PVE 74X QUCH 2t $900 F0fA $39.602 474 LSO 3%9| 0|8
2 0j2| YotR1 RE X2 Soff ZOtLIZCh E2 $860402 7 &S

Ot 4%2| 0|82 7tX|A EICt et 978 Z0f Ztotof she E2

860.40e>% 0™ = $886.60

Jh EiTt ok $9102 ME Ao @M | EICk Mty 9102 WotA
o 20| EXt3ID K| EMo=

910.0 — 886.60 = $23.40

£ @y =t

ot 4oz Mz AUZ0| 2 2, Z $8700] ZHE|QUACt SFAL
MAUS ot M A% AHA EICh Mz A S Lot

$900 = $39402 3%MZ| 470 Y CHEALZ 0| EXFE|Of

O|A O|Xt2 Mol FES Ze0 M Et &2 $860.402 971 &Mtz

4% THZEAHE 0| EXI5H0] $886.600| EICE [EtA ME H Ao 2 F|of ot

£ $8702 F1 LtH

886.60 — 870 = $16.60

of ltt
o OfX 2 (2Ll F& 22X & B2
Af, otefet 20| 6740t 40 X5 = SEME| MAS HAf

O| U} So = 900, 67 & O|X}E : 9%, 1 O|XI& : 10% 2t SHCt 8
o

[y}

Today

=83°% HO0|X| 20



Action Cashflow
Funding(&22{27]) 900

Buy bond(x & AL7]) -900
Short at 930(M =42 Z7|) 0

Total 0

6 month

Action Cashflow |

Repay(#t7]) | -40
Coupon(FZ£) 40
Total 0

Maturity

Action Cashflow

Repay( 342t -994.6538
-952.3922

Coupon(FE) 40

Sell( 7)) 930

17.6047
-24.65383

M= O|XtE R2& YEHOA 1d F 0]Y2

RN =

5 ¥ Ot7|2 =2|3}0] Funding 3 2 AR 12,

40 * exp (9%, 1/2) = 38.239 ...
861.76 * exp( 10%, 1) = -952.3922...

w2k Today funding A| 670 2IM2|= 38.24( 67§ &

o

=83% H0[X| 21

20r217t? 670 E F 671

= coupon X|&

El= 4092 repay & 42), 1ARE|= 861.760| =ICH

ko] Al2j|= 106page X118 A)

SHE 29| At E Jetsto] 2H, ITHES| A 7IK|E 7HMLCH & A2
W2te|= MEA 2| Forward Price= Of2fef 20| 7+ = QICt
_ rT
Fy=(S—De

MM Ao ZHES THYUSH EXE = So = 900, I = 39.60, r=0.04, T=0.75

F, =(900.00—39.60 )™ = $886.60

Known Yield - Continuous Dividend : 107 page & =% 7.

Of Arefl7t L& A ZX= &

o

Forward and Futures contracts on Currencies

or2fiet 20| Ha=

o

g

rok

b},

So : The current spot price in dollars of one unit of the foreign currency
(0 & S0 $x = 1 won)
Fo : Forward price in dollars of one unit of the foreign currency.

 Ql3t ALBSlE 27to| 29[ O|AtE

=832 HO[X| 22



SIS R K [f2bAf O] MEFS Bo|3 40f 71317 - 696.26=16.91 USDS 1| BHECH.
$xr 712h: T
(8tCje| AR £ Of%E7LX|. 114page & X)
O3 orzfet &2 Alo| HECt.
r— g T o Ot maH olxoly B2 Azjox ¥ REAS.
The 90-day interest rate in Korea is 5%

pa%=3 =z =25
A Ofeher 22 GRS Eol2 =5 ot The 90-day interest rate in U.S. is 3%

_ 1 i . O
2ryear interest fate in Korea : 5% Suppose that a Korea company want $100 man in 90 days. $1=1200

2-year interest rate in US : 7%

won
Spot exchange rate between won and dollar is 0.6200 US per WON.
Today
0| AL 2-yearQ| Forward exchange rate2, :
Action Cashflow
Funding 1191.034

0.628[0-07—0-05)X2 —0.6453
Buy dollars -1191.034

O|Ct. 2G| 2-yearQ| forward exchange rate0O| O| 4 ELC} =2, 0| E £0f -1 " exp(-3%*0.25)*1200 |
A 0.6300 O|RACtD 8ff HX}. O] ZL Arbitrageur= Ofzl 2} 7E | & = Short at 1300 0

o Total 0

1) 1,000 Wong 5% 0|82 27+ #2ICk 0| 620 USE &HHcta 0|
A|ZHOf| 7%2 €D EX}SCY,

2) 692.26 USE #F A(=1,105.17x0.63), 1,105.17 Won& = M A
Sofztt.

Maturity

Action | Cashflow

Repay -1206.015

620 USDe= 7% dZte8=2 230t (=1200*exp(2%*0.025) ) .

620e%07? = 713.17 Sell 1300
S OtS 4 QI EICH 22 0] 0] 696.26 USDE= M T k0| Ch7tz = Total  93.484945..
I CHAl 1,105.17 Won 2to ™ EIC| 0] 22 1000Wong o= A|XEH0||
MBHCHES) He B9 219 3 #he FUT} HS| Z0H(1,000e°07 = Fo— g T
0 0
1,105.17)
=83 HO0|X| 23 =83 HO|X| 24



sich

=l
¢ Forward Contract
o Business day convention

Ale ofefet e,

[=(F—Ke T Ol 222 A%ets A, £2 hedgeE 2 o= Molrt.
=
. MEZ kI MEA 20| XO|H (page 109-110) o FRN (Floating Rate Note) HE Z2|5 *{3
_ . D CD+a
BRO} ff O|XFEO| YHBIT BE 0| AE0| Ci5}0f ZChe, forward price float foat”
I} future pricels UX|8}H ECt IB ~— A
IXe
SHRIZH AR A O A2t 260] O KB 0| YHBHR| QH=ThE, Mot A o Dad() Floating Rate Note
£ Aefo| JtA2 O O|d YA == giCt O & E0| EAL S2t& 7| X X}
Ah2 O|XFEThO| AFEH BA|7L 5 CHD SH0] WX} BHOF STh E7FSHE future (@1 34 - CD) + 2
positionofl Qi EXRHS 1 52 £012 @2 F 20|ch #Y forward
position0f = FXtAt= JCHK| Eakg 2| A =0 mha2tA S7¢ Of X}

20| CHSF o 2EAH L =25 future price| 7442 forward price0f H

SiM B =A ECh

e Swap A&

A= BOj|A| fixed rate 5%E X|&3}11, B= A0|A| LIBORE X|E¢ICt1 &

ot 2 Aol Qo|o O o 2 gLkl == o)
O|A Z1x CHE = A= 202 HCh MZ, A2l H|E, OtFl 50| ULt X}. O] Z<2 H|O|22 of2fQt 2T} 674 LOICH stHO|Z 2 1/2 3|E0| 29
CH7H future contract?t  S-=ZO|LC}. sict

AYT w=HsSe NE21dE3H

« Swap [Chapter 7] Date LIBOR Rec FI Pay Fix Net
2003-03-05 4.20%

2003-09-05 4.80% 21 25 -04

S A LFEFLH™ of2f et ZtCt. 2004-03-05 5.30% 24 2.5 -01

2004-09-05 5.50% 265 2.5 015

2005-03-05 5.60% 275 25 025

Fixed 2005-09-05 5.90% 28 25 03

2006-03-05 6.40% 102.95 -102.5 045

A—~
Floating
DRX|Sfof) 1004 Ol9E BE 3 JRo|Ct Of31E HH KO
i Rl i QEH [e} JL==Rn §
Libor : 2&in} 281 Alo|o] HE 22| L 0450/ & 74

Notional principal : 32 212 (0| & X}A|

rr
El
riok
m
Ral
)
H
o
Rl
2
ie)
El
g

oy
oo
o
1%
Bl
o
|
&
oy
do
o
1o

=l
S
|
8



B UTZOIM= of H W23 HAf D2

BYT W@ 3e NEus3a

Date LIBOR Rec Fix Pay FI Net
2003-03-05 4.20%
2003-09-05 4.80% 25 21 0.4
2004-03-05 5.30% 25 24 0.1
2004-09-05 5.50% 25 265 015
2005-03-05 5.60% 25 275 025
2005-09-05 5.90% 25 28 03
2006-03-05 6.40% 25 2.95 045

Ol Ao 2 = TIWO| £|0{ A OFX|277kX| paymentZ} QO] T 1AL
swapO| A|ZHE|= 20l 2003 30j|= O|2)0f 22|7F OB A HHEK| AtAl
Otf = ZECE J2iM of7|of Xo| & F2l&2 027X 7tst A 50
StLtel 32| Y wolct

L= 18 22lE Xestd, 20 ¥8dt= B g2l &
Y Libor 227t 455IH AE & =27t &
L= n8s2lE & HUt BissalE o, A8 + U= Ao[Lh

2H d&2 FLE A2t= AFEHO| QUCEL SHAL O] AbEf2 speculator?} OfL|
RUCL O] I Swap2 BlEgE| HiEs LE82 HER HE + AUs 21t
7t ALt Agt= MEO| ME=YE ot M22 S8 X228 =0| &
23tLh. 0] =2 wod 2do| UHL HE F2| tHE50 ¢ siErtn
UCELD SEAE D 2H M= YXH0[7] IZ0f O|AtH|&0] XFE0f /= AO|
Abe HOICE 21N 0] WZHSHA| g0 A Hez =2 LT F2

=0, 2o = eisez E4F= AO|L O Iff swaps M %= Z0[Ct

5.2% » 5% L+0.1%

?lef 20| 20| FYBrt StAL

a3 Mso| #e

0 x| 27

ofo
_|
Bl

Q[F 0| L+0.1%E X|=()5td, LE Z(+), 5%S FLH-)
ek 0|2 AHASHH -L-0.1+L-5 = -5.1%7} EICt. & MHH o2& 51%
£ 70 F& 2t7} LteEs AO|Ch

HtH Intelo| 4%
QR0 5.2%E X|Z(-)5taL, LE F1(-), 5%E E=(+)C} M2tM 0|2 3
SR -5.2-L+5 = -L-0.2 7} EICt. & MMM 2= L+0.2E Q50 FT=
7t LA Eict.

FRNS ZHX|2 Qo et Ha S22 80| itk 23y o4 1%
=2| 2 5}H straight bondE 7tX|11 Y= |= Zdo|C}.

o
3
o
b

Swap2| Longi} Short

Swapk longd} shortO] QICt &7t longO|11 £+7t short Q172

rok

P oold MEAQto|2tn M2ts EXf Oj2fje] EFA|IEO| £[H O =4
| 7v40| AOp7t 2| =X 43l A2 longOl 2t BHCL O] & Swapof| &
A|AMEH, Swapd| M= O HO| cashflowZ| ZHASIX| 2, Q| Z 1} Of2j

S = mapM ®E Zo|ch

|10

1R o

F——
—>
\/

A2 M swapE 0f2f 7i2| 2t7|7F CHE A E7ofel Eol2tn 2 & UL

=832 HO|X| 28



= 3322w WEDAE FE A2, 0= HEA %0 forward
St £Xt7} EICk d2Af 0|7 ShortO|Ch & 7| EXFARO| "t

L3 #EZ2|7t Aokt gle Lo ARtelo] YHE

ALF7| 2 YO/ short position0|C. 5 THI2|=7tH 0|2t n HZks|

sict.

o
= g1

T8
Ot
rir
0x
o
=2
x
>

= A -> BO|7| fixedE X|&, B->A0|#| floating & X|
£ long position, B= short position O|2t11 4 2tsH

i
o

130 swap dealerS2 0| B8 2
QIX| size|u7p 2ok Qi 2
2t'2kn W)

Zk OF £2Ct %7} longO| 1 57} short
LE
o

"1YEE E HU HEsEE E

LS Swapl| 7HA0| FARIKIE & 4= ULk F DFFE|7F swap2| 7440

Ct. O| A= swap rate2tdl otCh 5 Dj2fo] BiE=2|0f Oigt 7tH2=2 17F
YCHE 1 7+H0l ofE A 2780| &

=7t Hull 85 23, Bl 22[2k= WEO| A=, 2 2HA 0 23iM 2

FEth= FE0| /ULt

Competitive advantage0] 2|¢t swap rateQ| 2%

Agt= AEO| U3 Bt AFEO| QUCE & AREO| 242t 240f ZiCt Oft
28O E B0 tiE & HECHD Y=, 1832l HE 7ts
o 2do|2ta of 22X o] 3 HMEEIE & Aotk O ME=0 [KEtA
== 2E M, A2l 0= & 10%E WLt Bieg2|2 ot HTHH

2|2 +3bp7t & Zo|Ct 12| 1 B}
OL B7 1Y F22 =2 el HCHH 11
2|23{™ 1bp7t 2 A2t Yt o] A Al Mg ct
=2l 280, HEgeoE 20 e A= BOj| Cis ECH <20
2= Zolct.

N
X
tu
ne
o
fl
rE

=832 HO[X| 29

Floating
Fixed (LIBOR+)
10.00% 0.30%
11.20% 1.00%

A(B-A) 1.20% /' 0.70%

OB O] Hu (S n3tAE W, B YYo= 24242l THE AIEoA
2OrEE S O X[230F oh=7t? nFae| AIZoAE 1.2% O X2
B Ed S F2|0ME 07%2 O X|2otH ECt Wt HESE AF

4 S
oM =2 Z2= 20| Hln 29{0|Ct

% O] Hl 9fof w2t =2 L2|H 2X7t gletl, B 178 FEE =
222|040 Az B3 FEIE =2 Y0 40t &AL 22 Hla 29
£ CHEF A0 le ZAo|ct O] f Swapg = Z0|CL F A 1F &
2|2 2¥IIM =2 a1 B HE Fel2 =2 Yok 22|21 Swapdt
& Z0|C} O 2CHH O] swap rateE YOLE Hot= AO| RESHI=7? O
7|0 M= otzfet Zo| =t

10% X% L+0.1%

s B —>

=

Jd2iM A7t 10%E X230} et D™ FEE B ME F2|E X2t
= swap2 Sh= AO|CL & Y7t &2 n7d Fe|E 7|10 L=

£ X235t & St= A0|LCt.

O|E cashflow ZHHOIA N EXt O2{H AYEO|AM =,

-10% + x% - L <AQEO|M Lt7t= =>

-(L+1%) + L - x% = -(x%+1%) <B AUZEO|M L}7t= =>

O ElCt. J#H A B 25 O|ZA Li7t7|= of =at |2 5[ 29/ Ato]2)
Xto4o] M= ZOFOoF SHrf. 2t

=83 H0|X| 30



0|z 2

AQ| K} :-10% + x% - L + (L+0.3%)
BO| K} : -(x%+1%) + 11.2%

ZtolM o =

0| =0| ZOtof

swap rateO|LC}.

Swap rate

Fixed
@10.00%

3=}

Floating
(LIBOR+)
0.30%

1120% @100%

120%  +0.70%

9.95%

A1 FEl o= s 2 gE
1. Interest -10% 1. Interest |-LIBOR -1.00%
2. Rec fixed 9.95% 2.Rec FI |[UBOR
3. Payfl -LIBOR 3. Pay Fix -9.95%
Al -LIBOR 70.05%| -10.95%
AL Ol 4% 2 A BBOIM F7F 7t £3E ER}=717 HZ
282 LE | arbitrageurs ot O[T 20 A
o 22 ofR4z| ot Z0|Ch ¥ H U7t A= Fof
a1 MZ swaps 7| 20 2¥2 12 SAUF
JdCHEeE &8 2 AFR2 =777 24 Ao|Ct Ol=
g 520 Z240 0|dS HZ0| LIHHAZ| WEOICE et AZL &
O| ¢ B7} E = BE0| &|0fOF Bhot.

=

ChEof Of Xto|7t 25

0] x| 31

Eshg2 A L + 03% 0|1,
e

2 flgf 11.2 % o|Ct.

St

sict 22,

2 AMS| Z0{M T8}H x = 9.95%7} L}-2C}. 00

Ab7|7F Rtz

A7t BELH 4

[EH]] oI™ofl= o] S0| ZOIX|= H|Z2| swap rateE F5t= 210| 2|
=0, 22 2= Benefito] 3:22 L} X|= HE2 Fol2te EHE W £
£ QICh

0| 3% of2fiet ZOof ottt

A9l &8 :-10% + x% - L + (L+0.3%) = x% - 9.7%
BO| &8 : -(x%+1%) + 11.2% = -x% + 10.2%

A9| & 81} Bo| &8 H|E0| 3:27| £|0{0f sl2 2

(x-97):(-x+102) =3:2

0| A% swap rate = 10% 7| =IC}.

O3 2H=2E o|FA o Lh2Ct of2fiet 22 HEHO|C,.

Average

1yr| 4.60% 4.54% 4.57%
2yr| 5.16% 5.10% 5.13%
3yr| 5.53% 5.50% 5.52%
4yrl 6.00% 5.92% 5.96%
5yr| 6.35% 6.27% 6.31%
Tyr| 6.72% 6.62% 6.67%
10yr|  7.16% 7.06% 7.11%

% 87| 19%2] swapg ot DHF2IS X2 P2 454% X FoHR, 1
YIS WECHR 460%S BHoChe HOICh (M9 23 YFoIME f2)
o o2 ¥ Zolch

O % 6bp Xt0[7} Lti1, 10M2| 2| 4 10bp XtO|7} L.

Swap2 M7t AZO0| 2|0 AL =M 2 2| AN X - X|=

ofo
o
o
=

0] x| 32



=0t O3 O =5olMe 30ER 2| = UCH A 0= Z& 71 7] 30
W2 A YHsh=0 22 Z2AHZ oiCt
Zero rate

0|= Zero-coupon bond 9| 7}A€ AX™St=0| #0|= Z2|0|C}. (H Y=
of 2|d O|Ata 2 71.?)

22|17t Ot= H2 B& F=2 FCt O8O zero-coupon2 FEZ ¢F
ZCh= o|0Jo|C}. Z7t0] cashflow?t OFF A= QICt O] 2|LtZtoA =
"SOIXf"etn E2C0) of golxjetn EELR XIZ2EH 1H X|LHH

1005 FACH S W, O] 1002 L= 7H0] & & Z{0|Ct O|ZA &l
AXMY 20|7] WZof 2AXOICt = Stof FE0| gl= A

a3h 0|2 2Lt LM = SA Mo SHSHE 22 QICh it
Swap rate= O|23j|A{ Zero-rateE JL8}= HHHO| QICH

92|Ltat swap 34 YOIt B M RES x| Tetch DM B 457%
2 7org WHUCID e 1, W 2o LT 100%E O 3 HlL|, 4= 100%
£ of te ofglE 2 287 gtk Zolc

FRN
O] &&2| 7tA42 1000|C. = 1002t 20t CDE 4ttt d2[1 25 CD
£ ME 2= CD =2(0 OHE“}E Hg2 ¢, 31E £ 2|7t SOt=2L.

2tAf 100+CD7t =IC} O] CD= E2{3WM =Ct J2|1 22|7F 23
22|7} Q& AEJOI|A 100F= 1 AFH EE 100+CD7F 2 Z{0|LC} CHA| O] CD
£ S2ELL 0|2 A% H=EsHH E Lt

hakAf FRNS OH7[0f 27 8L0] $X) AlE ol 7422 @iZ0| =it 1 ofo

0] x| 33

ofo
_|
Bl

7= Rt Oj2fof gl 74 S Exe| df 7tH 22 discount F
Ch= ofofo|Lt.

LS Lf OfLt SHX A|RO|A M 24 1000|C} M2k 1
F|AM O 2t2to| 20| 1000| E|A THEH zero rate0|

St oz M
oi r.

X}, of2iet 20| 7t H 2 StAL F 2 1 ZE| Z9| cashflowO|Lt. Swap
Ratel= 5.13%0| 1, O|Z £7|H2 Li| A X|23tC}

Cashflow
2002-01-29 0
2002-04-29 1.1425
2002-07-29 1.1425
2002-10-29 1.1425
2003-01-29 101.1425

SIX|| A|™O|AQ| discount factor= 10|Ch 120 X|2C2EE 37|12 &
0] 1.14252}= =0| E0{LCH? 12 0|9| discount factor= Y0Ot7} &=
71 SR 2= 2 2X| 2t Otek discount factorZb A|ZHO| [F2}A] lineardt
CHM, of2fet &to| & ok

O| A 8 M discount factorg T+& = QUCL Ol= MY M1} otz ZO|
. - — AL — =<
linearst| 2t50] F&= =AHS0|CL 5 EZHHO|LC}
Y
2002-01-29 0 1 0 — IRV
20020429  1.1425 09888923 1.1298094 447% |z zmm 71202
2002-07-29 11425 09777845 11171188 449% |t/T=0.25, ...
2002-10-29 11425 09666768 % 1.1044282 4.52%
2003-01-29 1011425 96.648644 454%
oA S = 7
gt 2tolCk 0]2 o] ui= 0.5557
11420 OIS 0| R of
HHCH
LIHA S 2% 0|2 2= cashflow
M w7k AR 2l golck

A Pl EC

Moz oo Qe FES B FO{M =5 £20] 1000| & H

ol
oo
op
o
Bl
°
Rl
®



=k 018 JEY

[

|
plas
N
hu
-4

oF 217t 9l 20| EC.

—

Cashflow

@y a2 Al 7ot SACE F5tH otr|Lp? #E M3 Z4=2 of 2002-01-29 0 f 0
2002-0429 12825 0.9888923 1.2682543 4.47%
giet 25 2002-07-29  1.2825 0.9777845 1.2540087 4.49%
2002-1029  1.2825 0.9666768 1.239763 4529
20030129 12825 0.9555691 1.2255173 4549
1 2003-0429 12825 0.8416768 1.0794505 13.79%
— 20030729 12825 0.7277845 0.9333837 21.18%
(1+1) F 2003-1029  1.2825 06138923 0.7873168 27.88%
Bond Value =C 2004-01-29  101.2825 50.64125 24 66%

T (1+1)'
09028

Ol 1000| £ 2 2HZ} &toH
O{SHE swap rate22H implied =l zero-rate7} HZ QEZQ| Qe &t
Al

M S 0[CE Z& discount factorZt £ & =0 FHEHE 7HM M 0[0] it
e P v
A2 AMOE Jo FOIH QLERE #g 40|t 2002-01-29 0 1 0
2002-0429 12875 00888023 12682543 4.47%
20020729 12825 0.9777845 12540087 4.49%
O|X 1H2 O|HA FUCL 2EKE|= O{EAH FSILE? 5.13%2= swap 2002-10-29 12825 09666768 1239763 452%
N - ~ oimo as - 20030129 12825 0.9555691 12255173 4.54%
rateZ} 2|0|St= HH7F FAQI7? F 1F-2 8 Wilst ™ F2(9 2003-0429 12825 0.9423758 1.2085969 4.75%
20030729 12825 09291825 1.1916765 4.90%
C T OpX|oHs 22 S8E 443 Mol =9IC
paymentO|Ct. J2|2 OFX|2i0fl= RlE S S2iF ZAME Xof £LU0 22 2003-10-29 12825 09159802 11747561 5.01%
1 QEZ2 CDZ2|0|Ct 0|2 AASIK| %1 BB JpHS &AF 1000 L}, 20040129 101.2825 91.437427 5.11%
3 o™ discount factore2 &dllAl Lt Z40| 1000| &|0{0f St=7}? 0.9028
Ol f 2| 471= 1EHRKZ| swape 7tA| 0 HMN Fof FAoD =2 FHM 4 o] A =lct
o — .
s BIBIX| OtE St Lk A CH 12|31 LHHX| 474 Terme]
= s Ho AFSIC} EESE OH OFX|QH DFE H oo| =zt N . N
PVIFE linear o 24 2 A LtLt. PXI% DFE BiR &= 9ol & = 0|2 £} X|Zo2RE 19 S0 M8 Z2|2 7¥ £ o, 03
AM ZO el orto O 0| | . o
M Z2 BOHA BS0 FOlB 220 gt 00| 7Hsstch. A4S 2ofetn sH=7 Mz Z2|(forward
rate)2} 0 SHC}.
Cashflow
2002-01-29 0 1 0
20020429 12825 09888923 1.2682543 4.47%
20020729 12825 0.9777845 1.2540087 4.49%
2002-1029  1.2825 0.9666768 1.239763 4.52%
20030129 12825 0.9555601 1.2255173 4.54%
2003-04-29 12825 09423768 1.2085982 4.75%
20030729 12825 09201845 1.1916792 4.90%
2003-1029 12825 0.9159923 1.1747601 5.01%
20040129 101.2825 91.427841 5.11%

0.9028
S Ex|

=832 HO|X| 35 =832 HO|X| 36



Zero  Forward

7.00%

aa7%
443 45i%

20021028 452%  453% 6.60%
20020129 45a%  4E0%
20020429 47E%  559%
20030729 480%  5.65% 6.00%
20031029 EO1%  GETH
20060129 511%  581% r——)’J/
5.50%
N o
5.00%

.

A B0% [

4.00%

3.50%

3.00%
20024 48 20024 10g 20034 48 20034 104

Otz E & X}

Z; F

2o defj=E 2H, 27| 1EKZ] 22| Me o™ cashflowr= Qi1 2EHK}:
2SS & 4 YUk 1S S0 Y| U 7y FIS 2241 5%, X
At 3 HBEY 9| 26N 32 FB Lopd 4 ULk

OF O] FE o2 LOtLfLE? 7|2 X 22 Of M0 "arbitrageur"= B{Ct
I 7HESEAE S AR AREO] BHY| To HR| =2 SHEO| 25 ZAa BEt
= MEO| ZtK| EAED M2 F2 270k s I & AEo| St
=S oo s Aoz AEs AO|L

QIZRE M 2,

ZT flI,—T)
61 16 2 1

7t €Lk 5 0]Z10] 20| LH+0{A] FAfSH= AHEO[ OpX| 0] B = =0|

=832 HO|X| 37

Ct. O] 40| oHR0of £ B 2 Z0j0F St2 2,

ALNT-T) _ 2T,

Z‘lT1+f(T2_ TL):ZQTQ

. LT, — 4T,
Trnen

O|& | =IC}t. = 0|Z{0| 2R 2| Forward RateO| =ILC}.

otefel HIOl= & EAf.

2002-01-2¢

2002-04-29 4.47%
2002-07-28 4.48%
2002-10-29 4.52%
2003-01-2¢ 4.54%
2003-04-29 4.75%

2003-07-29 4.90% 55%

2003-10-29 5.01% .87%

2004-01-29 5.11% 5.81%
dblab:
f = (0.5%4.49% - 0.25%
4.47%)/0.25
dblab:
f = (0.75%4.52% - 0.5%
4.49%)/0.25
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3.50%

3.00%
o0zd 4d 2002d 108 2003 42 20034 102

= Forward Rate= &4t Zero Rate 2L} @|Z0| ULt O|l= 2|7l E A
0|2t Mztsto| o 1 g o2 Z e 2 &[0 2™ forward
rate XtH|7t zero rate 2 C} Of2{Z 0] LA =Lt =, of2feb 2Lt

Forward rate

Zero rate
Zero rate

Forward rate

x1

1% 0 zero rate= O{C|O]| AALE? 4510|2kE A7t A2 2RE| 37)€
20| & ZAO|Lt= AO[L, ARO[ &L S2[LHE Hlwe = =7+ /ATt
=
=

OB ol oS0z 2 o Stk ' s ot dF= oj2iel
2| E ZOtof ottt

CD z2| & M Ardd D20l 77t LI2X[E RELE J2iM 2A1E 0|29
CD+ C} forward rateZ 0|28 A FLSHCL.
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o83%H4 - Credit Risk Measurement, BIS

200714 5% 242 299
25 115

Credit Risk =7 [Chapter 20]

Credit risk2 =Xsl= ol2f B S0| 9=, X|2E 20| A}Ra_ﬂ_ oz
= 7

Moz 277 Yk HO

I-ﬂJ

= Option-theoretic approach?} Q\C}.
Option-theoretic Approach
o Black & Scholes(1973), Merton(1974)
o Corporate liabilities as contingent claims on the asset of the firm
o Firm's market value is the fundamental state variable

Assumption

Consider an economy with a financial market, where uncertainty is

modeled by some probability space.
Consider a firm with market value V = V(t)

The firm is financed by equity and a zero coupon bond with face
value K and maturity date T.

Asset  Liability(T)

Equity
= 0| M L™ A|™O| X|LIA P A|™HOf| SIAFE HASICHD 8 EXt 2|10
doias ddf =2 ME ARSA == TCh SHAL

oo
ok
ot

FH O] 1

f)
—

[N

=3

; ;
r-IE

o

I

- [_E
g)

>

L“_

mn

2

;

g

=

2

AN
UEE (7] T, BALK) F 0|2 S3M =5 =Et Efooil £ E 2| AF
=
=

F A= AOICE J2|1 HF AT (zero AlF)2| 7|2
=

dz|3 oA 2FS 2 otH 71l 7HK|7F A% =02 AO|LE. 0] V(0)O
2ta sh= 71l 7MI ZE = AD F o E = ALk 2FA 0l2]

—
- =2

x2| of @X0|Ck7t 27| AIHO| 7@ JhK|E V(T)7h EICt o= Bt7| A
T

of ZtXl= EA| ZHX|7F
a2|3 7] A= VN E Cf ZOEA liabilityE #10 LHHX|E 74X
equityS 7HT AFZSOIA L0 = ZOICt 0|5 E = LIEtLIT of2{et

Zrt

Payoffs to the firm's liabilities at maturity

Assets  Bonds |Equity
No default |V(T) > K K V(T)-K

Default V(T) < K 1V(T) 0

O] 5 O[3 & LOLOF TICf. O #E M= M EF,

i

Value of Bonds at T
B(T)=min(K, V(7)) = K—max(0,K— V(7))

Value of Equity at T
E(T)=max (0, V(1) — K)

O[X| ot H ZMo E=5 54



DE7| AIFEO V(T) > KO|H R =7 2hlstx] ob2 Zi0|ct 0] 22 XHHXE
S KE 7}M7ICh E3H V(T)<KO|H B2 2HM0|2 2 0] AL XEXIES
VMME 7t™2ICh & & 5 M2 A2 7HM2tct 0|8 LIEfL™ B(T) =

min(K, V(T) )7F EICt. O &G O] min A2 max0f CHSH Al 2 HHO0{AM £

&= UCH 12 H,

B(T)= K—max (0, K— V(1))

1o Alg HH, 0 A|HOM VT)ZL {EA Xl & ZECL 2 &
2 0|Z0]| stochastic differential equation2 2 LD MZISHACEH = 7|°*
9| 7}X| = Geometric brownian motion € [FECtD £ Z40|Ct. O| & L}E}

LH® of2fet Z ot

NV = it +saw,
V()

O f 7| el HEE2 FARUIN? HIZ F7h =22 HSFO|Ct D=L
Ol 7|8 7tXIe| #=282| BiEd0|7| = Sttt ofzk Of242 0|of7| I,
719 7HXl= Fotof 2tgol H 22, 7Y VMK E 72 W Fh +oEs B

=Ne)
==
3 al
YA 0|0F7|O|Lt.

=
=)
1=}

[

|

72|13 Equity holdero| Q&0 A] O|0F7| 8 EX} O|S2 2= Aloj= Of
2 Az 2 #1(0), BT} otE mojle MAXZE 77k g2 V(T)-KB
=22 g Elch M2t 0|8 =43} 510 EFHSHH max(0, V(T) - K) 7t &l
c}.

Z Equity holder= 7|2 7HX|0f CH$t call optionE 7HX| 1 U= AtEto|2}

AN [=]
I 2™ EICE 2|1 Bond holder= K kLt 74X 10 ZEZM StLE H 242
ZHX A QL= AtEoletd 23 Ok 2E2 0|2 7HX[1 RE9| =ES A

A4 Qlckn FESCh

oH

st H0|X| 3

ofo

Assuming a geometric Brownian motion

dVi(t)
V(t)

= pdt+od W,

The value of defaultable bond (=% = U= XAl 71K
Ol= Ot77t Lot 2 KoLt 74X ZZM SpLt TS S0t
B, = KBY - BSPut (V(0),K,T,r,s)

Default probability

V(T) < KO|#H S=7} o 20|, O] &&2 of2{et ZCt.

é . K 0
P(V(T)<K):F2|n( v ™y
¢ sVT
g ¢!
v
—In(—)—mT
=& K,_ =&[—d,|
ov T

e Stress testing
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A generic term describing various techniques used by financial firms

to gauge their potential vulnerability to exceptional but plausible e PD : Probability of Default (5 & 2HE&)
events. e LGD : Loss given default (1A £4)
o470 = otefet 22 SF7F AULH g S0 227t 2 UM =F0A 192 LqFCE AL o] Ijf 1
oS ga{FH 10| ot g{o{TCt WZtst=0, 4N == OtL|Ct &
§ Simple sensitivity analysis DL RO O ZOIA = Wi=2etl otit |4 ME28
Of2 "X{& F4"02t ot O & S0 BRI JUCH O HEE Y
etoh BIZE 2M 02 M, B4 1JH0HS 7HR| 1 2 M5 2 MY Moz W2 CI30f Zojoict =ICh=X|, OfHE M2, X3 583 &
O|C}. O & S0f 220| UXtY| 5t&fst 42 S E ML= 7HA| AM H HO7EM & FEE|21. A% AOZ 3|45 oir A8 2
1 AE AZHE2 EHE BEA & Ao|ct. o] W g8 BtLf, F7t Tota 2|t Rotes 5%4S LGDatA ohot
StLIRHS 2210 2 = approach& SSAZt SHCt. A2 LGD =1 - Recovery Rate O|Ct.
§ Scenario analysis e EAD : Exposure At default
Ol REAM ==&0f Y= U2 Lot o5 S0 19 LT
At ghke Bt ZAH| otEstn LA = A2 AT She A2 =HE 8= 5940[ 190] ot Z7t AUCH tHEH Q! 0 2= OHo|
d215t7| = 20| matd R 7HR| 7Hs5d0] e AlLIE|R 2 SYO| AUCE G OhojHA SEOIE =7t AL 0] 40| o £
£ MM 248 B= H2 EA0] ALk d2[2 33 AlLHE| 0] S0{ 1,0008t0[2t 0 XCHH, e G2 O 1,0002H £ E2tH 2 Of
CHoiM ZEZ2| 27 Lot 242 LEME M= LS ALtz Ol =2 Wa{7tCt7t S2H0] default M-S & =7t AL} 0] < o
Q 2Mo|2ta sict T = AtA! 1,0002H0|X|2F O ECH= 22 =XH(2F 600-8007™ )7t

2ro| ==& Ao|Ch
§ Maximum loss approach EHIOX™OZ BISE 29Q17p? &
M 1,0002HIS T YUa{FE £t
7ol et & M HZFCHH D408 220 == ZA0|C w2t BIS 7+ Ij
EAD= 58 7iE 7t=24 stuolct.
§ Extreme value theory
AAl Aol 2 & EAOM EH SEHX] 0|20 ULt O F2 s M: Maturity
=

7t Setel ¢UE 7HE W o 228 M EJHE PFSts SE0I0h

20 AX 2 0|4 E8)A] BIS7F L2} 2000 & XREHE M A e Correlation between credit exposure
A 2H0 ZALE SFBM o] 2B~ HAE 78S 245 2o At (= HE{Zt A7 SAH L= QCHMEE o Z40] OfL 1
=0, 3 235 T S 1Z07F EVIE 202 SRk O 28 S0 Of i 2-2tA 7L ALE O E £0f A B 7|0 /=0 & Cf 0|=0 %=
Z 7] OfL|® oF M= WL} Eot= 7| Yot SX;. A ZXE2| 0l= Z7|7F LR S0 &
2 @90 Ao = Ot F27t d =E0| O0FXICE 2 Of 2
« 80 Z9 correlation Z+S 2to}OF L},
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Internal Ratings Based Approach

BIS H| 20| 2AX|&= OF=7t? 2 23O Xt7|7} CHESH = FHO|| CHIHA
et 8%E 7K1 QlojoF gh2 TSICE O o] &, & 8% 0| X7t
UAJLL & o= ol X47| XAH2E 7HX| 2 U0{0F &= 7t7F BTt L}
q2te A7 AHEES oA ol FolA =2 S2E = UCH G of H
=2 8%t oMoz A S of HFICE M2t 2 YE0oM= O
8%0t X|7| 01 EIC}.

oy oo

In

Jd2iM oA B2t 22 58S AR AEOIA 22 e &2 BOjA &
e EICHH 282 =35 O e MF0A Lai=ch 28 MEETt

7l W2 =2 o ol EA Eoh 22iM 23]2{ BIS H|E0| & =it

= UD euE 3 o Has A7) SIo 02l Aol L FHO| 2UTte X
S €0 A/A=G|, 22 M Internal Rating 7| S E=QISH7| A&t Z4 0|

O|AdO| HtZ Basel I 4|0|LC}.

LGD

RWC=min 20

X BRWC,12. 5><LGD}

BRWC'=9765 % #[1.118 &~ (PD) +1.288] < [1 +w)

PDO@M

RW = Risk weight
BRW = Benchmark risk weight

>
o

Z0| A= 20| 7[oj CHESH HS el RiskE
O 7|F2 100%0|H, 2 == Y1 &HS == QU
Risk rate2 AAtSHA 2l2{Z= =1} Risk rateE S+
dR0= &HZ 1950 o e Zl=d, /HEE &
AME 7b5X|E SoiECh= 2|0|0|CH(AZ0] BRWY
= O 0|& Risk7} & Z0| =& Y2{F0{0F 5= 2l

[ERCTE
13

AT

mo rjr
e
[nt}

ofo
oH
i

i

0| x| 7

O|Ct. O] 2 A4tSh= A0 Bt= ofefjet 22 Z{0|Ct.

RWC=min LGD

x BRWC,12.5 % L GD}

O Ao CHE 22 IZOA Minimum 20| ZHEICH Q2% A= 1
o upperboundz} 3l 44 2¢6ted EIck (012 S0f 5,000% N LT X8
OHEICH & T2 AZoIN ZHECH

0.0470 < (1— PD)

BRIWC=976.5 < $[1.118 x& 1 (PD)+1.288] x [1+ e
PD"

O] =At=2 E7f? 2002 = O[OF7[QIL|, 1 O[22 0= 0] ofzh Bist7|=
UCH # LT Ot E AL

BRWC=976.5x&[1.118 <& * (PD)+1.288] <

=(1)x(2)x(3)

PDO»’M

" 0.0470 < (1— PD) )

(1) : Assuming PD = 0.7%, LGD = 50%, RW should be 100%

(2) : Sum of expected loss and unexpected loss for a hypothetical
portfolio (T = 1 year, LGD = 100%, rho = 0.20)

(3) : Correction for the maturity should be 3 years

()] dR0= 7|CHE &1t 7|CHE X 2 &2 gholct. A HH 2=
& olsistr| oot d2[ M A= O{EA LiRt=71? 0|4 Ee{H
GordyQ| PaperE &8N ZEo||OF LT

L EE 2ot H U
HET D, 100 HE 2 £ U3 1009{0)
2

TE"* TE Nl% ZA0[ct T2 ofefiet 22 22E d4Y + A=



20|t

E(L) = Expected loss = EL

0] 7|0j M Expected loss= O] =2 QIgh =40 7|Cfgtoletd EH

t

CESH 7|CHSHK| e AT 9ls 40|Er 0| & unexpected Loss2} 1
| 28 =74 U2 o2 2o 22

critical valueOf| A E(S i =™ =ICH

<
o
X

0|7 1%7}
&|0fOf &

¢ Credit Metrics
Merton's Model
p;(y) =P[R < C]

K
Ry = vy€, — ;l Yivg

=83% HO|X| 9

e & u K

é Cl"'é.kaukL'j é%l-'-é.Yka
(y)=pes < yopC

e Vo U g Vio i

& H & @

e p: Probability of default
e R: Rate of Return

¢ C: Threshold

e & Idiosyncratic risk

e Y: Systemic risks

e V. weights

0| 0| Merton2| @ HO|LC}.

M W A2 2 =E2 rate of ReturnO| FO{ R YA X ECH B S
SHEE YO|EIC)

2|1 rate of Return2 7S KIxH| A 2le - HAH AEx7HSA| 2

HEj= 22 4 ot
0| FEstH £ BB U 20| (AAK + HAH &S
X)/7HER BT HS HED 2T 5 A 80| HoB H24R

25 91¥o| ZojEctn M2 E Ht

e Credit 29| 37}1X|
i. Credit Metrics : Risk metrics

0| JP morganOf| A BESRACE 7[00 M= HMA & X[Ae]
risk SHLFO| Xt 2 LIEFLYOIA] | AFSH CHEOf 4150 CEO 4}
of 2ECE 5 Q5 3250 A A JP RH0A A2 9| Risk
£ Take $=X|2 R K} $HCHE Z40ICh 0|2 BB S o 7b0| 2
M7t LE2CE BiA O AFRHE0| O JHX| 2 4ESHE AZICH O]
= AT riskE 573 PE 20|t
ol X|2 % 20| AFREICE CM(Credit Managen)0O|2t1 2220,
S2[Lt2tol= 32| -3-&. 2 7F UL

=83 HO|X| 10



Credit Risk+

0|74 CS & (Credit Suisse)0f| Al 2t=RAC.

0|tk o7l B 20| ot 5§ 1522 /50
Ol 22 EHOIM AHEEl= S}
3G S0[ghAo| |IP? WHER U= Softwares THS0A
ZX| Gf=Ch 1998E = S8t o] A 7HX| 1 2|2t AtEtE &#
FO|M ZAE ZS0{M St ULt O] 2ME EH 25| S
Molch 4 HE0 ANz Z2OWS KA TUCH 49 4B

o
o o
OfA AALH.

Credit Portfolio View

&l

P28 AIZAM UEREH, HEE 2t

I 220 SFX| =0t J2iM 2R iR

FOIA 20i8t O] ZX| Rl F S o EH
2 YoM UX| p=Ch= Aoltt

ST

Gordyo| m&l2 0] 27}X|7} OfE 7| 23 O{® A ChEX|of Cigh = 0|t
0|7 0[8}Z sjoFat BIS Al0| O[}7} ICh.

—

¢ VaR = Value at Risk [Chapter 18:441 page]

LI )/
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i

S0f 1%0] 82 99 Y2i8 Y 4 UCL T 1 1 S Varo)

=
tCh VaRO|= 7[2H0] 22 & U=, 97| S5 A=

7Hgsto] orzler 20| #otRALt.

LGD, EAD,

 Qos

1

n
[¢]

a EAD,
i=1
Y VI
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a LGD,EAD,
L — =1
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a EAD,

i=1

EL, =E(LGD)" PD
VaR, = E(LGD)p(y, )

S ELS RE2 QIS £40| 7|TZ, VaRS RE2 QI8 9Ug £+ U

o| Zfolatn B o =ch
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2

A2 10020 X| ZkX| 0 ATt of 2X;. F7t7F S2t7HE O 7HK|7F 2
1, F707F EORIE O 7EX|7F 0= AOICk O] I VaR2 1 72o| =&

gtk 2™ 20| 1%7F == 2h0| Z0rei7t? O2E VaRo|2ta o

LTI

o o

SHR Sot0f 99%2| =HES 7HX| 1 Lo{HEl =0] 995 H"A| =rta o
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C}? O] = 99%2| confidenceE 7}X|11 AUOH 2l =0| 998 HX| Y=C|Z}

1 0JoF7| & == = AO|CH Z 0] A Credit IfZ0] YOjLt= Zi0|Ct Of
o ME=7F Hotefol| hakA HOREtFe| 7HXE SOHE = ASTE

= 2 2 T M=
LSt} Sk AO|L

AlX| CreditMetricsQ| T+8i€ E M, Of2iQ} ZH0| 37}X| £0]| QC| /IZL
Exposure O|H, EAD 220 ZtA =ICt 22ZF 222 CorrelationO|Ct. &
£ 0| BT ol AEEA 0| BAECE 12|32 Main bodys Credit
rating, seniority, credit spread SO0f|A EHOtLHA =IC}.
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Exposures Value at Risk due to Credit Correlations

User 3 Credit Rating Seniority Credit Spreads Ratings series,
Portfolio ¥ Lquities series
Market Rating migration Recovery rate Present value Meodels (e.2., |
volatilities likelihoods in default bond revaluation correlations)
Exposure Standard Deviation of value due to credit Jomnt eredit
distributions quality changes for a single exposure rating changes

Portfolio Value at Risk due to Credit |

or2fiet Z0| MOl StLiSHo| gls M, 7H2H F=2 2t 0[ob7] siM T3 2
T E X}

1. Value at Risk Due to Credit

Value at Risk due to Credit

‘ Credit Rating ‘ Seniority ] | Credit Sprea:ii |
Rating migration Rem\el\ rate Dreier-t value
likelthoods in d:aault bond rev al uation

Standard Deviation of value due to cledn
quality changes for asingle exposure

0| SUHME 7 FE8 SF 2=5 Stct

M L7} 7} Q= X O| Triple B2t 8 £} O] [ X 22 2HE 1
H = o|EA E W) EXL 0|l 1d 20| S50| E0tE =& UL,
LithE == QICE = Single ARl 42 L}E0| = Single AZ Z &E0| &
Ch O3 22 0] 712 #= Je7P? 242 1719 84X XAt2E HER

5

828 Ho|x| 13

= 7 4 9

Currentlv A rated. Currentlv AAA rated. Currently BBEB rated.
0.09% AAA  AAA o —= 50.81% AAA
833% AA
A 0.68% A
0.06% BBB BBB
0.12% BB
0.00% B
cocco 0.12% CCC
0.18% D
100.00%

ozt Moz 1H = ofEA X 72 & UL Ao g2 o &4

QICt. 2 A Credit ratingS E3HA{ Rating migrationg & = UA E=ICf.

N
o
o

0|4 & ™e|st A2 ™Oo| &M, transition matrix2tl Lt Of2f ot &
Z ™2 initial rating0| 1 LE2Z2 747l ratingO|Ct. O2|10 & H &

= (default)2 SO{7tH CHA| B LI K] f=C

Lol_

Table 2.1

One-year transition matrix (%)

Initial Rating at vear-end (%)

Raring AL AL A GEE BB B CCC  Default
AAA G081 833 0.68 0.06 0.12 [0 0 0
AA 0.70 90.63 779 0.64 0.06 0.14 0.02 0

A 0.09 2,27 91.03 2 0.74 0.26 .01 0.06
BBB 0.02 0.33 595 86.93 530 117 012 0.18
BB 0.03 0.14 0.67 7.73 80.53 884 1.00 1.06
B 0 0.1 0.24 0.43 648 8346 4.07 520
oo 022 1] 022 1.30 2.38 1124 64.86 19.79

Souwrce: Standard & Poor § CreditWeek (15 April 96)

0|+= Stochastic processO|, 3t stateOj| A CI2 state2 HHE =HE A AHSH
= 12 28 0|C}

Qo] M2 O{CIZEX|Lt SELIC| 0|2 0Tl A QI S&P7t M| SSt=
dataset2 R XIESICE OJSHE 0|2 £dH Cumulative Default Rate, O] =9|
£l 88 BE80| O{EA HfiLE ZAE 4= QUCE O] Transition
matrixe 2005.152 K 2005.127tX| ™ M|A FAX| Ct global transition matrix
£ Altket Zolcot.
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Table 2.2

Recovery rates by seniority class (% of face value, i.e., “par™)

Seniority Class Mean (%)

Standard Deviation (%)

Senior Secured
Senior Unsecured
Senior Subordinated
Subordinated

Junior Subordinated

53.80
51:13
38.52
32.74
17.09

26.86
2545
23.81
20.18
10.90

Source: Carty & Lieberman [96a] —Moody 5 Investors Service
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FHl = S Q3K 0 0] = M 22| (Seniority)0l| Y =LtE S5}

7t? o] ALolE RH7|Q)
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C) Credit Spreads - PV bond revaluation

Credit
Spreads

PV bond
revaluation

OB 2Me F27 et o AR 7HA0| HjofF oot & S50| gt
of 2k 2 A= Hetotthe 2|0j0|Ch 5 T3] oF T2 0| A
=0, 418 S50l St 28 7HA: WetA 22t Aoltk AAE of

S| A AP Z4Q17}1? Forward zero rateg O|23}0] 1135}A =ICt.

Tahle 2.3
Example one-year forward zero curves by credit rating category (%)

Category Year 1 Year 2 Year 3 Year 4
AAA ENE] I3 512
AA 4322 4,78 317
A 432 4.93 532
BBB 4,67 525 363
BB 6.02 6.78 7.27
B 7.02 8.03 8.52
CCC 15.02 14.03 13,52

A

|

9

-

% Ol X528 H 18 7 dE52[E AUst= Ao
Z I

| A 0
.5 0|2 FtH| 12|82 LI+0fM A48 52 A0l
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Recall that this bond has a five-year maturity, and pays annual

coupons at the rate of 6%.

Ol & S0{M rc=6%0|1, 317} $100%t2| BBB X255 AMHO| J=0H AZ
ZYCto 8| 2 X} O] I forward rate tableS O| 3| #otCH= ZO|Ct =
O] X4 Q| 7tA4-2 ofziet Zo| AHAtgt == QUCE (20l 1000] WHRICE o O
si=H =

6 6 6 6

V =6+ + 5+ 5t 5 = 108.66

(1+3.72%) (1+432%) (1+493%) (1+532%)

= XjHO| BBB -> AZ ZS [ 11 7}Z2 108.660| ElCH= Z0|C}.

0|21 Alo 2 BBB x| & 9| forward valueE #5tH ofzef ZC}.

Table 2.4

Possible one-vear forward values for a BBB bond plus coupon
Year-end rating Value (8)
AAA 109.37
AA 109.19
A 108.66
BBB 107.55
BB 102.02
B 98.10
ccc 83.64
Default 5113

OlX 2%t §2= Cf 2L Ol ZEZL|R9| 7HX|S] 2 X & Fo}AL

Standard deviation of value due to credit
changes for a single exposure

=83 HO[X| 17

D) Credit Risk Estimation

\

Ol Alo| ZZO|MFE AlLtsts Z0|Ct

Table 2.5
Calculating volatility in value due to credit quality changes

New bond  Probability  Difference of Probability
Year-end Probability  value plus weighted value from  weighted difference
rating of state (%) coupon (8)  value ($) mean (%) squared
AAA 0.02 109.37 0.02 2.28 0.0010
AA 0.33 109.19 0.36 2.10 0.0146
A 5.95 108.66 6.47 1:57 0.1474
BBB 86.93 107.55 93.49 0.46 0.1853
BB 5.30 102.02 541 (5.06) 1.3592
B {14 b 98.10 1S (8.99) 0.9446
cce 0.12 83.64 1.10 (23.45) 0.6598
Default 0.18 S113 0.09 (55.96) 5.6358
Mean = 5107.09 Variance = B.9477
Standard deviation = §2.99

ol Aoz Y=g ol ECt

Portfolio risk calculation
O|0] ¥ AT MO XHHS StLt O MCFLD SHEX} &2 ofzfet ZCt

In Chapter 2, we explained the methodology used by CreditMetrics to
obtain the credit risk for a stand-alone exposure. Here, we extend our
methodology to a “portfolio” of two exposures. The chapter is
organized as follows:

83% H0|%| 18

St



¢ we elaborate on the joint likelihoods in the credit quality co-
ovements;
e we extend our credit risk calculation for stand-alone exposure
discussed in Chapter 2) to the multiple exposure case; and
e we discuss the calculation of marginal risk estimation, which
identifies over-concen-trations within a portfolio and thus suggests
potential risk-mitigating actions.
For clarity, we discuss the required steps to calculate credit risk across a
portfolio with an example portfolio consisting of the following two
specific bonds:
Bond #1: BBB rated, senior unsecured, 6% annual coupon, five-year
maturity*
Bond #2: A rated, senior unsecured, 5% annual coupon, three-year

maturity*

& XA 2747t Q=0 Stit= BBBO| 1, EE C}E StLt= A2fL St Of Ij
AL BBBL 2{7| 8712 CtE state2 HO|Z = ULt O|F SA[0 12{stH
8+8=64717} L}-2C}.

SUX) 2|7t Y1 YU A LT CHE BiLtE HofZ 1of 0]of7 ok,
@) ofx| 2747+ ZelEl Zo|ct.

[

Ol W & Cf XY StateE RXIZ HE2 of2fet ZTh 7H 42 AL Ol
c}.

79.15% = 86.93% - 91.05%

Chance both Chance a BBB Chance an A
retain current rating remains at BBB  remains at A

O|H Mo2 MZ9| &% Q0| independent &t {0 = O Sofit{z|™ &
Ch O3 H4 MAOAM = Correlation0] EXHg = L7|
2{slf =0{0f BtC}.

ofo
oH
o
=

{0 x| 19

O3t oA 7 00|12t X2, 0|5 2t 2E= &0t &= Ofefjet ZCt

o
Ohbligor #2 (single-A)
Obligor #1 [ AAA  AA A BEB BB B CCC  Derfault
(BBB) 000 227 ©0l05 532 074 026 001 006
AAA D.02| 000  0.00 0.0Z 000 000 000 000 0.00
AA 033 000 00! 030 002 000 000 000 0.00
A 595 001 014 542 033 004 002 000 0.00
BBE 86.93 | 008 198  79.15 480 064 023 001 0.03
BB 530 000 012 483 029 004 001 000 0.00
B L17| 000 0.03 106 006 001 000 000 0.00
fis'el 0.12| 000 000 011 001 000 000 000 0.00
Default | 0.18 | 000  0.00 016 001 000 000 000 0.00

= 0 migrationZ LtEfL= 7} OFL|2f, 271 7F E)\|01I ot S22
4= LIEtL = =HE0ITt AL, 27H°' o= of =, HA= 50 A=
3007421 % 7hset B2 == & RN HZAE=7 FH BOtE A0

O|2Z EE= & JZICL 3 SA|HQI AA|ZX H==0f 2fsliA GDP7L E
OX|H 22|Liet BE 7|¥o| B &E0| FOEIC} ATzt gk
correlation7tX| Z=O{X|H O|EA E[=71? O & =0] &7t 0.22t10 F=QIC}

oA SHOrETH?

0|42 Joint movementE O{EH| & ZAQIJIE S0{E= EX|QF 2Lt

We illustrate a framework for thinking about default as a function of the
In underlying (and volatile) value of the firm. This framework was first
proposed by Robert option theoretic valuation of Merton (see Merton
[74]), and is often referred to as the debt.

CHA| £ =2 EO0}7tA}f Merton2 R L} OfL|LFZE dEysict 2|1 £
threshold O|3l2 HO{X|H B2t BQtct Of2f 2 X|H Default
threshold Of2fj2 O X|H £ = Z{O|LC}.

=83 HO|X| 20



Chart 3.2
Model of firm value and its default threshold

Default
thresha ld

D fault
Scenarigs

Lower Higher

Valuc of the firm
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Ch 1 342 =9 20| otF ZO0tX|H =2 20| C7t € AO|CL O] Rz & ¥
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8l A 2t2to| threshold £ T8 & 4= U ZAO|Ck
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Chart 3.3
Model of firm value and generalized credit quality thresholds
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E=XE FeotA & & °'Ef = gas 2 AV WEof BBBY 7Y
O] 3| BBBZt k|11, & 12 threshold € 21 & = U= ZAO|LCt

Bivariate Normal Distribution2 ¢|9| HE{Qt ZtCt. O] I,

0|4 YBo =2 5l Bivariate
Normal Distribution2|
B F5tH =t

Slo| BEE HEotel g 4+ ULk |

f:f;f(xl.éﬁgﬂ)d;cldgg

o ZCh O] S 64712| 2t =RIEO| CishM 2t7| F38t= ZO|C). 13 64
7Ho| ol LIErE Z0|1, A4S HIF Q2 99%2| gf(VaR)& Tot= A0
c}.

rr

Differing exposure types

XHﬂ &3k ofL|2t swap, forward Z& A= OTC 4&0|7| W=Zof Zif ot
A& FO0|H Credit risk7h QICt ZHESHOf SHCE 20 O AtRO| O =
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5.

UILB swapS OfFAH Wt & ULTN? 5 EAD} OB 20| Liet
17l 0[0f7|0|Ck I Of BXE 4R ARHOY| R0 1 X
o QICHD FPESAL

Recovery rates (2| &)

g8 7ot/ fldiMe & S0l =7t ER5ICE 0ECH= 30 18
Ch= ZfOtof otH, 100%E g& = SiCh 22|12 2|80 -2 2= US
= SIC} O|& 05t 1 Atole] EE= f7F /ULE? 24 Uniform
distribution0] S & UCE DM HHNZ O|H 2E= HAMANAM =
HEY + Qe & O LHHQ 225 SKIH Beta 222 W3 2 &
ULt

Chart 7.2

Example beta distributions for seniority classes

4.5

Juniay subordinated
dinated

Senior subordinated

Seniar ]r\x: ured
¥

Residual value

Ol= & 7He| 247t A=E, Ol 2 H{EA F=Lto et IRe=z 22|

AU 2EZL R =2|7{L} Z2 uniformO| E[H| TS 5= RACt M2t Of

Z MO &=, HM=ZE B2 AFES0| & ¢ 220k 2f? oM DL
of

—
= Al
OfSHE HlEF 2EE MBI 9ot 20| Tofd 4 Ut

Credit quality correlations

O|X| X2 A2A =(correlation)2 {EA & ZQ17t0f CHSH X O|CH

oj
ofo
oH
o
=

{0 x| 23

ol7|of& & 7tX| g o

UL}

A) Historical 54| &2 3siC}.

Ol BBB2F AZh 27H 822 AS SAH2= 50t A= O|CH.

Table 8.2
Historically tabulated joint credit quality co-movements

Firm Firm starting in A

starting

in BBB AAA AA A BEB BB B CCC Default
AAA 0 0 0 0 0 0 0 [i]
AA 0 15 1,105 34 4 1] 1] ]
A 0 978 44,523 2,812 414 224 0 0
BER 0 12436 621477 40,584 5075 2507 1] ]
BB 0 839 41,760 2,921 321 193 0 0
B 0 175 7.081 532 76 48 1] ]
cce 0 55 2230 127 18 15 ] 0
Default 0 29 981 67 7 0 0 ]

I8 OlEA Fots E2 FHO| 00| HF BiCh EX& historical 3t
A 00|UACt SfM ez O2i2|2te @2 QIChs AO0[Ch F YA
of fIAE BR= Y22k Qe At dzs) HE 5+ Att= A

i, Ol %= EA|S}H of2fet 20| Li=Ct

Table 8.3
Historically tabulated joint credit quality co-movement (%)

Firm Firm starting in A

starting

in BBB AAA AA A  BBB BB B CCC  Default
AAN - - - - - - - -
AA - 000 014 001 0.00 - - -
A - 012 34 036 005 003 - -
BEB - 157 7870 514 064 0.32 - -
BB - o 520 037 004 002 - -
B - 002 0% 007 001 0.01 - -
cce - 0.0l 028 002 000 000 - -
Default - 000 012 001 0.00 -

t2tM BetaE 2= A0| O L2 AO|C} O] AFESHE HOlE 02

Ot =AHE T2 o= ULt

oj
ofo
oH
o
=
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N -1
iy c*
p=_b-u 5 ) B) AssetO| 37491 AL
N-1 H=p
BBB, A, CCCO| 37}X| k& O] QICt 8 EX}. Transition matrix(TM)< Ofz2f
Bivariate distribution0| & f, 27§ E X &SI rhoS X HSIH BFH o z¢r}
EICE O3 X 2Ry X 20| BOjA BB ALO[Of S0{7t2, & W x{Z
O BBBOJAf A ALOJOf RS 2HES T3l & 4= AL O] A2 ot2fiet & Table 9.1
Iransition probabilities (%)
Ct.
Transition probability (%)
Rating Firm 1 Firm 2 Firm 8
7 AAA 0.02 0.09 0.2
BB 3 " AA 0.33 27 0.00
PHZy<R<ZppZppy<R<Z0= [, j SO T )dr A B e
BBB BBB £6.93 5.52 1.30
BB 530 0.74 238
B 117 0.26 11.24
f3t correlationg TLY7| Qlof ARl 2RE ot F7HER At e e e

@ 220 ShTots FIKSTH YLk gl
%7t

9| correlationE E 11 A AtSH= Z0|CE O N o o s e -
O] 37H2| xHHOfl CHSHA BHI[/FES LH 27| CHE S50 &AS W 7t

s 10 0| of=H £/=X|5 ¥ 4 9Urt.

Country-industry index availability

- a 2 = _ = = z # = A I
Country = £ = g8 2 % g Ci g = E|E Table 9.2
< = 2 = £ 2 F 2 & = E 5|e 1

Tustralia X X X X ] Instrument values in future ratings (Smm)
Austria X
Belgium X
Canada X X X X X x ¥ X X X X X X X X 5 Value of issue (Smm)
Finland X X X x X 5
France X X X X X X & Future rating Firm1 Firm2 Firm3
Germany XX X X X X X X X X x|n
Sete x: x X 1 AAA 4375 2.132 1.162
Hong Kang X X x |3
Indonesia X 1 AA 4368 2130 1.161
Italy X X X X X X 5
Japan X X X ¥ ¥ X X % X X X > i il 16 A 4346 2126 1.161
Kores X X X X X X X X X X X i b " -
Malaysia X X X 3 BBB 4302 2.113 1,157
Mexizn X X X X 4
New Zealand X ! BB 4081 2.063 1.142
Norway X X X 3

¥ 2 2.02 37
Philippines X X % 3 B 3924 2.028 113
Foteed x . cco 3346 1774 L1056
Portugal .4 1
Singapore b X X 3 Default 2125 1023 0351
South Afriza X X X 3
Spain X 1
Sweden X x X X X &
Switzerland X x % X ox 5
Thailand X X X X X X XX X X X X X X X X X 17
- ; W o2 HotS ZIZFEXM =3 ol iT
United Kingdom | X ¥ O % W ¥ X % DB DB X b X X X 17 Ol [[H 1I:HJ—I_|' 2H‘| 27H = ME [H OlEO| 7_| = c-)I =) HO" = [[H A
United States X% ¥ % X X X X X XXAI XX XXX KX X X X X[
MSCI worldwide XX X UX X X X X X X N N X X X X X X x[19 E i T 7 uc] (=3 SlILH £ olr
Total 28 5 20 6 12 I3 7 § 2 W 6 6 12 6 1 13 4 1l 3 2 3 7 10 4 199 - Elg |- | |-O-| 07-" |— FE :rl HE T M |-

O]zl {22 CIO|EE 0|83l FEo| H2AE A Lhdl LY.

O - -

=83 HO|X| 25 =83

=
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Table $.3
Values of a two-asset portfolio in future ratings ($Smm)

New rating for New rating for Firm 2 (currently A)

(’:I::I"Elnll.\' BBB) AAA AA A BBB BB B CCC  Default
AAA 6.51 6.51 6.50 6.49 6.44 640 6.13

AA 6.50 6.50 6.40 6.48 6.43 6.40 6.14

A 6.48 648 6.47 6.46 641 6.37 6.12

BBR 6.43 643 6.43 6.42 6.37 6.33 6.08

BB 6.21 6.21 6.21 6.19 6.14 6.11 5.86

B 6.06 6035 6.05 6.04 399 5.95 5.70

{6045 548 548 547 346 541 537 5.12

Default 4.26 426 425 4.24 4.19 4.15 3.90 315

F

otoZ OofE Uo| YOo{LX| ZEL|7}, 512740 CHSH SEZHS HAtSHOF &
L Z40|C}. O|X|= BivariateO| OfL|2} <=7} 37§ [} Q| distributionS A4
25k M E5k0] =E2 Al 4tst= A0tk

SRS 3}L7F S0 0f OfCh 864 Cf #EICHs Z40|Ch a2
simulation2 & [ C} St= Z40| OfL|2} H 742t & EOfoF S} A K| XY
HOo| TEEZ| Q) Of2|eF &Lt X}

Table 1.1
Example portfolio

Credit Principal Maturity Market
Asset  |rating amount (years) value
1 AAA 7,000,000 3
2 AA 1,000,000 4
3 A 1,000,000 3
4 BBB 1,000,000 4
5 BB 1,000,000 3
6 B 1,000,000 4
i cce 1,000,000 2 s
8 A 10,000,000 g 14,220,071
9 BB 5,000,000 2 5,386,603
10 A 3,000,000 2 3,181,246
11 A 1,000,000 4 1,181,246
12 A 2,000,000 5 2483322
13 B 600,000 2] 703,409
14 B 1,000,000 2 1,087,841
15 B 3,000,000 2 3 "(u 523
16 B 2,000,000 4
17 BBB 1,000,000 6
18 BBB 8,000,000 5 H) 0"0611
19 BBB 1,000,000 3 L1IR 178
20 AA 5,000,000 5 6,181,784

24
8%0=1F18 0| =IC}. 0|& C} & 47} Qict.

=83 HO[X| 27

O|ZA Ch& Aot of EXL O Z2 24Zto| #Ef7F 87§ 0|22, 0|9] &
= 3
—

2t o @A simulationS St=Lf? Of2iet 22 H#S0| AUCt

1. Generate scenarios. Each scenario corresponds to a possible “state of
the world” at the end of our risk horizon. For our purposes, the “state of
the world” is just the credit rating of each of the obligors in our
portfolio.

2. Value portfolio. For each scenario, we revalue the portfolio to reflect
the new credit ratings. This step gives us a large number of possible
future portfolio values.

3. Summarize results. Given the value scenarios generated in the
previous steps, we have an estimate for the distribution of portfolio
values. We may then choose to report any number of descriptive

statistics for this distribution.

0| &=M2Z otC}. QG| correlationO| Z=X|St=0|, 0|2 O{EAH 1248t
simulation St=7}? 0|0 CHZt 2hEH 0| Of2of AL}

C) Cholesky Factorization [52-A| & 2H|]

M2 correlated =l random variableg S 4= Y ZE 510 F== ZA0| Ht

Z Cholesky Factorization O|LC}.
Cholesky FactorizationO|2t, O0{ Xl MatrixE 271l 9| matrixe| §2 & Li+

= AO|Ct o[ A ZI= LRoll= of2f7tx] Eo| A=, 2 F2f &Lt
7} Cholesky factorizationO|Ct.

(ﬁli'f): (ﬁli' \/10—,02)(3 \/19—,02)

I
y \pvV1—p  \Z \pz,+V1—p*Z,

ezl d7H Q0= &5 2E0f & 5= ALk J2(2 2 7HY 7[=5



ol SEf (0, 1)OICt 22|7} simulation 37| YshM < Of LH+E CHE 4
21010 $tet.

0|E £0f 18 form2 BBBO|7| 20| Zt2fo| B o| &5
Ct O] If B HAE2XE2EEH random numberE &
CF =2 <ALt AAAZE EITE O3 A|0[Ct.

off Chol 210 A
woreg, A 3548

[z Rl 24

O 1< random var2 O|E7| MRE2Zo| £X
A AloZ WACH

a#
=22 COF(FH=AEZE)E 28 0

Of2 i & Af

0

\

% CDFOMEE AR Z FHOt= AO|Lt 017[0f= norminv() 2 4=7} 20|
of, of2fet 22 HEf= AlS2[0]H 53 ElCh

rou 71 2 Cor-Z1 Cor-72

03 =NORMINV(RAND(,01) =NORMINV(RAND(,0,1) =B2 =rou*B2+SQRT(1-rou”2)*C2
=NORMINV(RAND(),0,1)  =NORMINV{(RAND(),0,1) =B3 =rou*B3+SQRT(1-rou”2)*C3
=NORMINV(RAND(),0,1)  =NORMINV{(RAMD(,0,1) =B4 =rou*B4+SQRT(1-rou”2)*C4
=NORMINV(RAND(,0,1)  =NORMINV{(RAMD(,0,1) =B5 =rou*B5+SQRT(1-rou”2)*C5
=MORMINWV(RAND(,0,1) =MNORMINV{RAMD(),0,1) =B6 =rou*B6+SQRT(1-rou”2)*Co
=NORMINV(RAND(),0,1)  =NORMINV(RAMND(),0,1) =B7 =rou*B7+SQRT(1-rou”2)*C7
=NORMINV(RAND(,0,1)  =NORMINV(RAMD(,0,1) =B8 =rou*B8+SQRT(1-rou”2)*C8
=NORMINV(RAND(,0,1)  =NORMINV(RAMD(,0,1) =B9 =rou*B9+SQRT(1-rou”2)*C9
=NORMINV(RAND(,0,1)  =NORMINV(RAND(,0,1) =B10  =rou*B10+SQRT(1-rou”2)*C10
=NORMINV(RAND(),0,1)  =NORMINV(RAND(,0,1) =B11 =rou*B11+SQRT(1-rous2)*C11
=NORMINV(RAND(),0,1) =NORMINV(RAND(),0,1) =Bl2 =rou*B12+SQRT(1-rour2)*C12

O|A siM MZO| 73t Z13t 729| M2 A=+
Ct 0| 40| ME A& A 47} Q)= random variable2 THS 0| & HHEHO|
ch

AlLtE[2 HMH[2 o] 0[2t O] A 22 random varg

£ 3l0 random number£& St

0| &38| A Simulation
normsinvE WAl #|AtSH= Z40|Ct.

=83 HO0[X| 29

Table 1114

Scenarios for standardized asset returns

Scenario Firm1l Firm2 Firm3
1 A.7769  -D.BTS0 -D.6RT4
2 21060 -2.0646 0.2006
3 -0.9276 0.0606 2.7068
4 0.6454 01532 .1.1510
5 04690  -0.3639 02832
6 0.1252 03570 -1.5479
7 0.6994 1.5191  -1.6503
2 1.1778  -0.6342 .-1.7750
9 1.8480 21202 1.1631
10 00249 04642 0.3333
O|Z H|mdl HH,

Table 1005
Mapping return scenarios to rating scenarios
Asset Return New Rating

Scenario | Firm 1 Firm 2 Firm3 |[Firm1 Firm2 Firm3

1 -0.7769 -0.87350 -0.6874 |[BBB A ccc

2 -2.1060 -2.0646 02006 |BB BBB ccc

3 -0.9276 0.0606 2.7068 |BBB A A

4 0.6454 -0.1532 -1.1510 |BBB A Default

5 0.4650 -0.5639 02832 |BBB A cce

6 -0.1252 -0.5570 -19479 |BBB A Default

7 0.6954 15191 -1.6503 |BBEB A Default

8§ 1.1778 -0.6342 -1.7759 |BBEB A Default

9 1.B4R0 21202 11631 |A AA B

10 0.0249 -0.4642 03533 |BBB A ccc
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Chart (0.1
Frequency plot of portfolio scenarios
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Chart 11.1
Histogram of future portfolio values — upper 85%; of scenarios
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6. Merton's Model (revisited) [Chapter 20:page 498-500]
p;(y) = PIR, < C|]

K
Ry = vy€, — ;l Yivg

=83 HO|X| 31

1

e & u K

é Cl"'é.kaukL'j é%l-'-é.Yka
(y)=pes < yopC

e Vo U g Vio i

& H & @

e p: Probability of default
¢ R: Rate of Return

e C: Threshold

e & Idiosyncratic risk

e Y: Systemic risks

e V. weights

O|ZA ZHO| FO{X UACtD & I, =g Rz OfH =XHE 7HEI? YE
NormalO| 1 Ei= NormalO|L|7} RE Normal distribution O =IC} 12|10
HR2 00|31 2A 10| EIC N, 1)

5 BIS AFRHS2 +E0| MAIH 2/ (Systematic risk)2| 1 + HIX|A|
X 2I"®(Unsystematic risk)2| 2I&S Z=Ct & Z0|CL O Z 0| 83HH
2 e 5 AL ROl 250|2ts A2 7Y & AL

Riy) 7t FOHRE W, & B717F 99% +=EL W, OfH =X FAS We
R 2HE0| AOrRI7LE ALt 4= AO{OF BHLt. O] =

_ C =y,
(1—p")
of ZCh = 25 352 0| £ % UCHO|H OfBH SEE|Y=X =
Z3 S0| HE2 84AY DG et BE M £EE 1L, 0| Z ofajet
Zo| 2 % Qi
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¢~ pYo é & U K o
= & C+AYuy CCrANY
/ ply)=Pé <—2—U=FF—2 "
e Vo u ¢ Vio )
-e g g 5
Py)=RIR, = Cl=o(C)=PD Q| BIS AL S-S 0|2 42 B oD Qhg|L|7t B ZO|Ch,
C, =& '(PD)
e L = Loss rate
2 2 % 9UCt 0|5 9| Aol Gojl ThAl cHelste, é LGD EAD.
(PD) L=
&~ YPD)— py, : 3
= @[ PRI ] a EADi
V(1—p?) =

EL, =E(LGD)" PD
VaR, = E(LGD)p(y, )

O] ElCt. 1 40| IRB 4{2| 7}2 0% HEet ZHCt

|4 00470 (1= PD)

BRWC=9T6.5 > $[1.118 x &' (PD) +1.288] x =
PD

¢ Assuming only one systemic risk
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=83815 - Stress Test (optional)
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One factor model of interest rates and its application to treasury

bond options

=2/0f 2ot 22 StLte] Ryt Q= Z40] OfLICt. Binomial YEHZ Lt
EfHEX], # 2 H2=2 2 7tX|7t g += Utk 52§ A2l= TF2
22 O 27X 7t A=H, 2 F /7 ChE ALCH FofLLt St A2 E
2 Qi

Jo|= B7ekn 0 BDT 2He ANHoE ol AZELL 0 ¥
Chgt e S48 It

1. Its fundamental variable is the short rate— the annualized one-period
interest rate. The short rate is the one factor of the model; its changes
drive all security prices.

2. The model takes as inputs an array of long rates (yields on zero-
coupon Treasury bonds) for various maturities and an array of yield
volatilities for the same bonds. We call the first array the yield curve and
the second the volatility curve. Together these curves form the term
structure.

3. The model varies an array of means and an array of volatilties for the
future short rate to match the inputs. As the future volatility changes,

the future mean reversion changes.
o Short rate : 8}Lt2| Binomial TH2[0f M &= 22

o Long rate : O§2{ Binomial ttQ|, & 2ERZ|, SERKZ| SO0 ML=
=zl

=835 HO|X| 5

o ME A ofof $C}. Wt CHR T 20| HO|E 7} 3
.(BDT = 20] L}2 GlO[E[E qrf2 2 24Q))

Sample Term Structure

Maturity Yield  YieldVol  Price
1 10.0% 20% N
2 11.0% 19%
3 12.0% 18%
4 12.5% 17%
5 13.0% 16%

Finding the initial short rate using a one-year zero

Price Tree Rate Tree

1] ]
L1 L]

0|Z 98|l A Z=7| Short rate(® 7t 1 Binomial Et|Q| 22)& St & 3t
c}.
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g2l 52| AH 2= 10%2IH 1A HolH BEds EL7 20%RA Tt
O[ot7[0|L}. (F & HAHZt 0.22= 0[0f7])

rr

SESHLH7E BHE 2 AbH[7F 01T input BS S CF 28" 4 A0{0F
OHCE Input 2= Z2h2 MR O3 CHefet 27| S 2HE long

=
rate(zero-coupon Treasury bond2| yield)2t, 0|0f Ci$t yield volatility2| &
20| ZICt HHWE "Yield Curve"Q| Hi Y, =HME "Volatility curve"Q| Hj
Holztal SkX} O] = ZHX| {27t Term StructureE g SHCt
HHE Ol 7+ Ijf Lognormal 225 A8 5= & 5K}

=28 2™ Short rates at any times are lognormally distributedO|2t 2¢
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Sample Term Structure

Maturity Yield Yield Vol Price
1 10.0% 20% 0.9051
2 11.0% 19% 0.8116
3 12.0% 18% 0.7118
4 12.5% 17% 0.6243
5 13.0% 16% 0.5428
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Finding the initial short rate using a one-year zero

Price Tree Rate Tree

[ ]
0.9804 2%

[ 1 ]

( 1+1 )

average 2
0.9804 = =
af 1+0.02

QF 20| LI2LCt = ™ LHO{ Al Rate TreeQ| M E OtZ discount A|FHAZFE
C

A, O[F| 0|2 7HH S SAO|M Al 7tHoz ZH =2 BHE + Ys
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Rate Tree Price Tree 1.0000
1.0000
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Rate Tree Price Tree 1.0000
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Sample Term Structure

Matwity  Yield  YieldVol  Price
1 10.0% 20% 0.9051
2 11.0% 19% 0.8116
3 12.0% 18% 0.7118
4 12.5% 17% 0.6243
5 13.0% 16% 0.5428
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o Rate Tree

21.79%
19.42%
14.32% 16.06%
10% 13.77%
9.79% 11.83%
9.76%
8.72%
o Price Tree
D One-year Zero
10
9.090909
10
@ Two-year Zero
10
B.747376
8.116215 10
9.108298
10

= 3749| Zero-coupon bondE otst TEZE| 29| SIHPV)= 3ERE| T-
bondQ| 247}ef ZHOtOf BHCt. Of2fl= MM Z 0| 73+ ALt ZA1to|C.

PV(¥EZE|?)
102.11
101.33
95561 106.69
108.79
11022
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110

110

25583%
19.48%
14.86%
11.34%

5.65%

@ Three-year Zero

9211187
82.57443

78.29449 96.66863
89.67345

100.2187

PV of PIF ((D+@+
102.1119
101.3218
95.50161 106.6863

108.7817
110.2187

Price (T-bond)

9561
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Mol 2R} BhLt.

We want to value options on this security—a two-year European call

and a two-year European put, both struck at $95.

AL 7t 0] 9521 27| 2ERE| EF49| 7hH2 L0t} £|0{0F Sh=71?
2t7|7F 2H0[7] WE0f {92.11, 96.69, 100.22} A|HOM HALE & Z0|Ct
JBH AR 7HH0] 95017 WiZ0f 92115 958 F1 & O|/= QICh
2t 92.11 o FR0l= E&4H 7t40| 00| &[0 H 2IC}. = Payoff= Of2f
o 20| Z2FEltt

Two-year European Call at 95

=MAX(0.J15-95)

0.739153
1.766395" 1.69
3.146917
522
0
0.739153
1766395 1.69
3.146917
522

2tzto| . E= MEHHE Z WOIC} C|ATFIR ES AIZFD|, 2t =E2 &I
T HE2 12 Y2 JHYOLD TS 1f 9l2k 22 Payoff TreeS 78
4 9l Zo|ct.

Two-year European Call at K=95

0
0.739153

1766395 1.69
3.146917

5.22
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Two-year European Call at 95

[<(05"E29+0.5E31)/(1+Ds)
176639 L 169

3.146917
522

£t HE DiscountE &

a3 of7joN RYE F2|S A%
O] BAS T3t Ct20] siE Rate Tree
2|7 7ot

N M
o8
=2
30
rr
o
o
ra
aju
9
[%,]
(o)
o
C
5
3
>

o & M 8Ix|5}7]

O[At=0| HSoHH, Aant X SH2| 7tA = HSoICh a4
FAAER EE M 7tA2 HE0f mat 49 7420| Lot St

=X & &aXt gl=0|, 22]= 0|Z4E hedge ratioZ (22 delta ratio)
M E2SF M| hedge ratios

Ou_cd

A = T,—T,

O Eltt 07| M T= 7| ==X}kl T-bondE RSHCY.

Ol5tE ot2fet #2 EE|E Sdl Hedge ratioE & 4 ULt

=838 HO[X| 17

PV(EFEZa Price (T-bond)

110 100
102.11 92.11
101.33 110 91.33 100
95.51 106.69 95.51 96.69
108.79 110 98.79 100
110.22 100.22
110 100
Hedge Ratio
Two-year European Call at K=95
0
0.739153 0.368996
1.766395' 1.69 0.322757
3.146917 1

522

These hedge ratios give us the sensitivity of the option to changes
in the underlying Treasury price by describing the change in the

option's price per dollar change in the Treasury's price.

£ Ol= R2|S0AH OfEH| TreasuryE S22 Hedge offOF ot
K= =Lt

fEtelo] g

Ol off 10| LtL}? O] &EfZt = upO|Z downO|d %
AAE Z40|CL hEtA O] AlFO| R 2 SHLIE A 2= AO|CH

ofofl cHsHAM ZZMof CHsi M= & 5 AL

PV(FESEF Price (T-bond)

110 100

102.11 92.11
101.33 110 91.33 100

95.51 106.69 95.51 96.69
108.79 110 98.79 100

110.22 100.22
110 100

Hedge Ratio

Two-year European Put at K=100

7.89

=838 HO[X| 18



PV(FESE T
101.33
95581
108.79

Price (T-bond)

110 100
102.11 92.11

110 91.33 100
106.69 95.51 96.69

110 98.79 100
110.22 100.22

110 100

Hedge Ratio

Two-year European Put at K=100

4.89853
2911797
1.507423

Delta Hedge+= Lt

c}.

7.89

33

-1
-0.45457
-0.93763

0

=
=]

Z0|| ofor7[ot=5F SFZUCE O|A BDT 22| 20|
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=83&5t17 - Implied Binomial Tree

2007 5€ 31 29
2% 2:39

¢ Implied Binomial Tree

0|74 £ AFZHO| Mark Rubinstein O|C}. O] A}2t2 CRR =29| £ C}2 3}
X X}O| 7| = S}C}.

0| Implied Binomial TreeE L= IHE A Lh=0|C}t X At=
Binomial treeE THS0f th AtZHQIG|, O|Z 7HX| D A X MAOAM HES ol
HACE O™A SHIHE AL 2%=0l, 0|27t 2 X 744 0] H|=35t

¢ Hott| 23| £ X = SUCE J2iM Of A2 1 7tA 2 Fedt
A RE 5 U TreeE THA |M 2 OfE A & ARIVHE WZdh 2 RtC.

HO
gl’

= TreeE FO|MFH J2{A 0| LORIX|E A2 Rl W=
_I

S K dt Rf sigma
100 100 1 5.00% 20.00%

0|Z HtE o Z Implied Binomial TreeE T2 == S}t

| 20HE ZOLoF &77t? 0|2 ofE A Hedge 5
7tA2 Ht2 SR} F710|Ct OB H WAZEA=0 2 =
I CtS0f hedgedta] ™ F=4|5 SfLf AFE ElCh d2[2 —r7f7f
ACE of EXR 8 O Al HAZHA0] 0017 HE0| HALSE
1 g AOILt G| S0 ¥ F7H7F 2000|243 O] Z 0RIE F1
ARA| ElCE O] B2 W +=F0= 2000] ez 4 3 EC oA

mo rx I r@ o%
oo nJIO e 12 x
o
N

|
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Hh2 AL7LZ 00l 2& 4ot

Of EM0| HH=Z UA7|= ALK F o8 TR FH0f Tzl LA 7+4 0
21 A0| §FO| =|0of A1, AFES0| 0| ZhX[2 A2 oot 13 of
o M= A=71? O S0 o8 TA 4= T3] BO[ 7HX[1
UL, e Fet=: O Ats =2t X|22| ot 7Icka 8f 2Xf. O]
B2 Ma MAZt 22N H B2 M2 200k g == At 13
O Al d&s EY F7t= 28 A 207 0] 320 AL 7+40] 02l
58S Abs AO|CL O] Ti= F4 XtHE At= 20| OtL| 7| I = 0f

Xzo| HatE Lo7[X| g1 o[Yts & 4 7| WE0|Ch (KI2S

10% old 712 I S5 & 22 Mgt 52 =M E mst7| flsh)

Ot Moz mpd ¢&F0| 7HE == o

o| lm|ztEX]...

qo
rir
=l
=
1o
ot
El
p=]
Ao
o
finl
=
o

A H| Implied Binomial Tree #| 4t

df= 09874778

Node  Suke  Pice PO P1 F2 P2 2 A
139.85 130 0.34 00349519 |(Price=DF) = (Node-Strike)
122.29 115 213 01767128 08685559
106.94 100 744 03172652 39389281 13928351
9351 90 139 0.356683 53744726 57060559 17423545
8177 80 2278 00765916 7874 85471247 74731838 2091874 |gmm:

75 0 100 0.0377954{ 62628951 33 3534 3.928341 21.610207 4.8880297  |P5 + (Node[] - Strike[i]) =
0.0349519 =+ ( 139.85 - 115)

e
(P

AuEk :
1-{P1+P2+ +P5) rice+DF - Sum Pj) + (Node-Strike)

MHZE 9lot 2

13=)
Aol =xHst= §E=0ICt

o
i
[o]
tu
-4
iy
rl_
in]
ro

Z node, strike, price= Al A|

o U 2t AE S Pricedi= Of2fot ZS EAl0| AR OF Bt

[(139.85—130) X Py+0xX P, +0x P, -]

Discount

0.34 =

=838 HO[X| 21

[(139.85 —115) x Py + (122 —115) X P, +0x Py +--]
Discount

At O 7[7bR|BF o= EFO] SR8t 0[0F7|0|Ct. 0] 240

ARAZF? HEZ AFOIA HeiEl= 42| 7H4

A € Z0lgts EE Aol 5 UCt= A0

=2 7|t 2|7t BRI A=, XS ?let €2 dH2= HotH
|

ojo|Ct.

Ct2 A dYsIXtH, 139.857}F & 7{atn
122297t & 722 ‘H245t= AREho| &
8l P2 Tt=
inl

T

o
212 Implied Distribution Tree2t1 otCt. & A X2 Hel &
(=1

O[Ot7|0|C} O] 2 &
Ly =
ME S0l ohkg £ofl 50 A= 7|t Y2l S &Eot= Aol

C}.
0| A2 2t =C nO| OfH &E PvS 7PN XIS B STt A 42t
SOF st 240] RAURITR HE 6740] 7k AUCkD o BXt. O] f 6742
=SS EX|H SHS ¥ ¥ HMOf SH=T 6% EX| B ECh 0|2 LiEt
Ly2t of2het Zict
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3 5
4 6
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O I} ORX|3f0] 2t state0f S EHES

nodal probability2t S}, sl &

ZE20| Est= 52 Path probability2t 1 StC}.
I3 0 ™ 22 Nodal probabiltyL} path probabilty7} M2 Zich= EXE

ZFZICE of2fet ZO| B|O| =2 LIEtL O 2}

Ending Nodes Nodal Prob. #of Paths  Path Prob.
5 0.03495 1 0.03495
4 017671 5 0.03534
3 031727 10 003173
2 0.35668 10 0.03567
1 0.07659 5 0.01532
0 0.03780 1 0.03780

Z (Path Prob) = Nodal Probability(P.) + (# of path) ¢l H&

A Ol
T A

n

[l
-

Ol i8S M3l = Z0| As simple as one, two, three 2XA{O|LC}.

OJ3tE 2H/|= 0| Path probability7} M2 ZX| CH=
9| Binomial treeE &3 Path probability7} M2 ZHC}.
LR AbE M2 T2 ZAO|Ct

10[ch AbM 22|
26| YlojM 2o

Doy

O|H| 2} cell 22 S cellof =2+t path probabilityE 1ol 2 == ShXt.
o @222 of7f 90| A 73t Path Probability S0|C} 1&,

o Node " Path Probability

[Path Probability2] €]

0.2718
0.5247

1.0000 0.2528
0.4753

0.2225

0.0703
0.0671
0.0674
0.0510
0.0531
0.0378
=

s I

0.0531 = 0.0153 + 0.0378

=838 HO[X| 23

|2 & =E0| OIC O Aoz AFoz == 73|

|
=
Ct 2™ siE Nodedf =%tg Path probabilityS 9|2t

7tet Zo| 71 =
ULt

O|H| 0| S o|&3s}0] 2z Ez| settingdf| A 2| up, down probability
E HIE FHEEE SIAL O{EA 2& = ASIP?

Ol HEtH oz JFSHAH 0§ S0 1000 Fe| ALEO| Binomial
treeS EfN FHQICHD 2= ZAO0|CE M O L ENHK| 2 ALE O
702¥0[2, O MESO| CHZH AHE0AM (= 349 7t Of2f = 353
Y ZUCD K= AO|C O] Aoz =& EQ|E 71 & IoH, UP
g 2E0f CHoi A2 o2 et 20| T2 =5 BiCt

2I0l A ¢t [Path Probabilitye| $]S 0| &35t0] of2fet 20| [Up &

Up HEER]

[=yrET

e 2

(0.0350)+(0.0350+0.0353)

0.4972
ost17
05053 0.5270
05181 0.4988 T
0.5247 05318 0.4708
0.5319 0.5693
05321 0.6996
0.489
0.2884
O|X| OFX|9f AE o2 Implied Binomial TreeE d2{EX} @M HE
e XSS LERN 5 MECH 22|12 /oM Fot Up HEE
2|E 0|83t0] FL5tH ElC)

=838 HO[X| 24



[Implied Binomial Tree]
DF = 0.99750312

130.6941
1225982
114.5345 114.7416
107.7981 106.8764
101.4690 101.1159 99.5830
95.0171 95.1124
88.5042 89.7582
81.6545 8L77
74.2760

g

(Pu = Ru +Pd * Rd) / df

Pu:upA 7HH

Pd : downA| 213

Ru:up &8

Rd : down ZE = (1-upZE)

Trick : DFX| @} A|7]©] 7H2 AFO|ALO| O] SHALTHZH S 2ObA| 0] 0f0F
sich,

= 0[Z0] BFZ implied treeE O|&310{ Tot 747 RHO|C HA | Al
YoM SOtCL = §EFSS TASHY 2t nodeli| =&Y 2HES 7311,

Zt node2 Z2t& path probabilityS FoHCt.

OStE O] HES L1 UCH
discount sjA] et £ Qict. O
we gueol ATt &

4 0|LCt.

Implied binomial tree2| MK &= 0|Z O|23|A CIE B =z
S pricing St= ZO|LCt. O & =0{A{ Barrier option& pricing StZAICt, 1H
binomial treeZ 7}Y8i A pricing 8t7LE, 2 X|Z SXf A& 71AS o
= 4= &= implied binomial tree 5& T38| A pricing & 4= CH & S0

Hots A2 ot El=0, 28 F HM YA 0| o =sict

M
1
10
El
0z

d 2X7E A=, W E0|M 1000] OFl CHE 40| Lt
| =2lof ofZt 2R 7F A M ZCE Po = E9| gtE Fot=

83 I 0|X| 25

S|

240 2X|QIE|, MK 2 P2 -7} LEo} H{ZICE 0| 20| Ote|7| 20| 5
Qo oz 1 0|40| LI &2 A8 947/ 1000] OfHl CHE X7t
A

Lt-2 ZO|C} MCHZ A4kt 1000] LE2LC} (Po ~ Ps THX| S4+2 = o
Lt 5t 10] Lh2Ch a2t S5 Al "1" 0] 40| == Z0|Ch

5 Po>=00[2t= M =S YoH oz FII5tRY| 20 1002Lt 2
40| Lot 2l ZiolCt

OlF Alo® DoAY} Lo HSE 2X|7} . dejM $etx o= of
A OHO|L{ AT} OF LE@ | BHe Of2f W S0| e it
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JIE: A HEA

282318 - Delta Hedge
200713 62 62 £ 23 of
2% 12:56 Time ZIEF  HE  Delta Tl Cost  Cum.Cost O|ZH|Z
0 20 500%| 0548 0.548 " 26.842428 26.842428 0.0258224
1 52040742  500%| 0641 0.093 48549313 31733182 0.0305273
2 49353455  500%| 0554  (0.087) -4.305316 27.458393 0.026415
3 46892053  500%| 0462  (0092) -4304915 23179893 00222991
¢ Delta Hedge [Chapter 15 : 344-352] 4 46993427 5.00% 0.460 (0.002) -0.083058 23.119134 0.0222406
5 4683152 500%| 0448  (D.012) -0.57453 22.566844 0.0217093
6 47450089  500%| 0467 0.018 0.8771926 23465746 0.0225741
L 7 4549503  500%| 02378  (0.088) -4.014081 19.474230 0.0187342
Delta= F7+ HES 20| Cist M7 HESHO|CL Q2 LIEILYH, 8 45445547  500%| 0367 (0 012% -0.540198 18952775 00182326
9 43633465  500%| 0278 (0.08Y) -3.896479 15.084529 0.0145113
10 | 44130089  s00%| 0285 0.007 03270571 15428097 0.0148399
 dc 11 4615506  500%|  0.365 D.080 36867594 19127696 0.0184009
A — 12 |48955220  s00%| 0392 D028 12971192 20443217 00196664
85 13 |42832883  s00%| 0175 (0218) -e317623 11.14526 00107217
14 [ 239415804  s00%| 0050  (0.124) -4.903908 62520732 0.0060145
7} ElC 15 | 39509571  s500%| 0038  (0.012) -0510718 57473694 0.005529
16 |36728091  500%| 0004  (0.034) -1249538 450336 0.0043322
17 | 40901347 s00%| 0022 D019 07572148 5264907 00050648
L o -~ ot _ 18 | 29433081  s500%| 0002  (0.021) -0810597 44593749 0.0042899
Delta Hedge= &80l Hedge O 2 & E2|=0|, 0| SdliA riskless 19 40169588  500%| 0000  (0.001) -0.059317 44042478 0.004237
. e 20 36.87961  500%| 0000  (0.000) -0.001763 4.4068215
portfolioE TS0 & == UL}
Ol AIEH[O|MES SolM F7to| Z2S BHE0f ¢ 4 ULt 0|7E+ o)A +4008215
Delta hedgeE O{E A &l=7t? 0| fj Binomial treeZ} 12{X UKX| L7|
20j Of2fet e Yo Pt o= S8M Delta hedgeo| Tt IN(E )+ (r+ Loy L2t
K- 2° 7 B2
Delta =N =
5 \/ T—1
52

F4 4. = Delta,_, — Delta,

Cost, = 25, x 7] 224t
InterestCost; = Cum Cost; X< exp(é) — Cum Cost;

Cum Cost; = Cum Cost;_, + Interest Cost, _, + Cost,

1
L
Cum Cost = Sx e *

(Put option0] CHa A= matA| 346-3470] QlC}
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O|ZA 157t X|LtH SimulationOf O|siM MZ& FA19| 7120| &£ SfLt
SO TICE OFA MEA F7t7t HS5HEH G| Delta &= Hsiottt. 5
F77F BOIX| & AtL, FIH0F Q2 Ohe O3 HAo 2 7% Hedgings

0| I Cost= FTAIS ME ALD D=l E= =2 Us5HH, Cum Cost= &
i W ==0f A0{0f Stz FAS LBCE F WI|IEX] ZHX| 0 b W Lt
oA E= & H|IE0|C}.

Call7}2 = CumCost < e ™

Ol AIZH0IMS S2A RXIRX| BO| A& B Histogram HEf =
#ot 2 4 U7 Hct

Time=t 0| A2 EF2

:
E
ie)
i)
_('J_}
n
rr
|
o
n

=7 HEAS E ot
Delta Hedge &0 M= —r7f7f TOIX|H FAS EA, FI7t 2EE A
O tCh O] Y& A% HH=3t= AOICh. M o= &7(7t 2FHOIX| &
o D7t Mo B2 H WEfRL FAISHY, B7| 2QE(HE)S detAIZITE

O3 o] W AN =0 =X 7F Elotd F&S= AFZ=S0| ULt ol
£0{ 1987 0] Black MondayZ} AURACt 1 219 = 3}Lt7} HEZ Delta
HedgeO|C}. 2f? =77} options Cf A=, T4 A|F0 2 F =22 EH
*”W°mmr¥¥§£ﬂ16ﬁﬂ£%HEqLR14EEELJﬂM
10% 5ol ¢ &= 240 HE O HMAM 20% Ol F717F HOo{X|A =
Z40]|LC}.

0| Delta hedge0f| 2o A= [[AlE2X[]] O[Ct. Hull % oj|x|0|7| mHEof
E YoM EHSH R EE 2}

2t719| Deltas 24t 0" Q17F?
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OFLICE S(T) < K O H< Call WAS OF 8}L|7} "A=0"0] £/, S
#S ARSI "A=1"0] Tt

7{e2jH| 21t Hedge H|2&2 Minimume & GtE = 7|7+27?

0l

™

A =820| =X|QE 7}ZLCE "open question”
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