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The New reference rates
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4.3 The Risk-free rate

oHil oI, SHIGE] Hetol ol REIW REZ QS FET 4 UL, o]/l H ReIHoI A& W
o] solo] AT 71HS AHETS YT 2, TBOI A4S TAYFE] Leto] Yol vfg- SA 22l
A ok gk AZ EoltEL FAE ol gl TP LEE 0.8 FESHE Slo] Ao
geroll}, @Ae TgA EUTh QAo FAFE AT 5 FAAL ol f2 WA GAE]
EERIS
1. h5Eo 2] of AR BT v, FAo] FASHE AL QT T4l hE RYAAES Fch
2. H1F0] B9, Y] FolA] A o] ola4lel et AlFelEo] £

4.4 Measuring interest rates
ol oltell 17 10% 9] w817 A8 Hrh= 22, o]A&0] SAYHE FA0R sttfo] met the
A7 g & lEyTh

L= 11009 B4k 1 £ 1107HS Eefeng 10% =< g

-{O[l
r

2. B 1 B F7]o mhE FolAE v AlRAStE R, de| ot ddofakgo] 7 H

o semiannually : 100 x 1.05 x 1.05 = 110.25, 10.25%
« monthly : 100 x (1 + 1%£)12 = 110.47, 10.47%
e & o x(1+—)~

where — 00
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4.5 Zero-rates

S nd7t FAS ], F7to|at 2 54 glo] gir]of] 433} o|RE LAY G4kt =rtd, o AH-8-E=
ojAE&L FEo| gl A FAGH Ay} Z OB Z zero-coupon interest rate@hil T 4 5 U
wS

-year zero ratestal F Tt

e,
r
)
lo ¢
I
o,
i
$
<
L
=
3
S
4
S
R
rlr
3

A0 FA W, A 02 ol A FASPIH DR 51 §7] A4S AelekE s FA] YTMo] 5
¥e] zero-rate® elshs AL obgueh. 371 olatele] BAysh] R (Duration # 5)

o A : 5W zero rate’} A&5EY 2 5% 2 55 5218 100 x €9-0°%5 = 128.40

4.6 Bond pricing

AA0) 7P M A o] W717HA] sk olAket 43S 27 AR = e 5 sl AR,

o 7)o A, Z+ze] o|ztet & AR 2 ERIct=T] 20]= ©|AHE 0] zero ratesPH T

years Zero rates

0.5 5.0%
1.0 5.8%
1.5 6.4%
2.0 6.8%

Aol 100$0] FEo] 6% o] semiannually ©|AHE Z|F5taL, ¥9] zero ratesE Z-85HH

Al AAe gest 2o

36—0.05><0.5 + 36—0.058><1.0 + 36_0‘064X1‘5 + 1036—0.068><2.0 = 98.39

Bond Yield



YTMy :

Par Yield

par yield=t, zero ratesE

3e V05 4 310 4 e x5 4 10320 = 98.39

o, oF 6.76% Y- & 4= st

Sl Ad7HAe A= o, AA7H4 0] par”7t 5= coupon rateS T,

Z 919] g Aol A] par yield=

Cc C
7670.05><0.5 + ~e

4.7 Determining zero rates

A2 zero rates= & &

AFgERh

O

B A 23]

7 w8 T

6714

NS e W

4.8 Foward rates

AmFe, s el AemE Fo% 2
Al Feeh 7HgshY, 1

ojuf Ah-g-5h= 1

—0.058x%1.0 + 5670.064><1.5 + (100 + 2) 70 068x2.0 __ 100(]?(17“)
c~ 6.87%
AR rong 4052 085t zero ratesE GAlot= WAS F=2

218 Bootstrap method=til o™, 23t A5t}

o|Z-E Z|ERtal 74

3704, 6704, 14, 29, 1.5, 2 zero rates&
&ofl t71E
37ME 2 6718 =A= 7t
zero-rate®} 1997 =9 7148-&
671 2 14 zero-rate?} 1.5 =713 53l 1.5 zero-rate A&

e " o0 2 29 zero-rate A&

ot &
AHE YTM= A&
ojztz]|Fo] floeB = YTM=zero-rate

E3] 19 zero-rate A=

Tyt 9
3 zero rate?} 29 zero ratel] TAS

So} AAAANA 1T 197 485
B9 78 4 e
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AAAI A YF2 29 zero rated]] FAE 23 14 zer rate + A=gd o FAF ZEZ2] 2 9]
Fol2 Fdfof stz

100ezed, = 10067272 — fl, =2 X 2y = 2,

re

30) 0l Bl A 1y AHONA ¢, ~ 1,714 9] HES0|E F, 2 Aurslsia,

0z
—>Z-|—t—tfort2—>t1

il

g Ftgk2 7|7te] uf¢ g A8 4~ Q= ATfER, instantaneous forward rate=til g

Foward rates : furthermore

instantaneous forword rate®] -
LetP() i a present value functions, P(t,T) = e~ (T=t2r

Then, Forward rate F(t,T,T + 0) = F is,

oxF P(t,T) 1 _ _ In[P(t,T+8)—In[P(t,T)
AT = PO T+6) = F =3l a7 = — : g : ]
instantaneous forward rate F = 37 In[P(t,T)] where 6 — 0

4.9 Forward rate agreements

FRA: Fejs g5 %1;;9&, ARAEL FF EHN A

R ) R T e N Y

FRAHH—rZ}— WE2e s 0y w3 (FRAATZE 50, thebd WE a7t 4% A
AU aetd FF £ el nA st AlgrEol Ag T h Wi E FRAMEA: WES

A
Fi 1A E Rrens, w2 sk fEet ZA A A

Rl
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FRAE &4 50] gl Aol B2, AloFS A Z k= Aol w2t 2 v =2b7} 553 Y|4 Ak
At whebA A ZAE Y Al Tl Al fEshA A2 oA = b= A, o= Ak 71X]7} 0

S omdyrt, &, AloFut7| A A 9] Forward rate’ ¥ <1 FRA 9] AlFZ27F HYtt.

AleF=ZE]7t Forward rate2 A& =2 gH=ttd, 2ol A 7] 8]7F AR}, Forward rate ot @7

FRAASFo] A ZH A, F212H= FRA M2} Aol FRA Y925 Forward rateo]] =& He8jgoz

A Forward rate - FRA&2] ¥H&2] F9dx1e)S 945 4= 54t

o

)

4.10 Duration

>
|
S
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o
<
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Il
s+

c;e Yt B
S5l ) ti=1

% 8P = —DAyE =T 4 dav
ol A7 0] Mske AL 7L S0l vshin IO R Do WS &Itk 2 olmlghch,
o BN Feflolde A o] Mpmetn BAg )

DVo1elet s2lE0] 0.01%(1bp) et AA7HA o ¥sZ< Fdyet. =, DV01 = —0.0001 x B x
D
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Modified duration
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dB . 1d’B 1 )
B 1 )

EESe| 0.0 AMAEA 0] FHASH: B9 (FutsiA), o|Akgo] A7) Waletelet oL A% BT
% glovt, 94 TmtEoAL BYsH 408 FHo] gHolk 90l e EATL.

4.12 Theories of the term structure of interest rates

ot fjm) 2= flat sl &, 9513k
Avgsh= F2]9] 717z tieiAl=

iy
L
-

—_

expectations theory : 77|15 == vl#i o] @7la2 9] 7|t 5. DA Aeg27t vj=) o]
Al2529] 7ok

2. market segmentation theory : @71, 71, A71ael= 242t A& AZ7 Dt A2 2 BA 7
ow, 2t AAE FAREE] golut Ao uhet &4

3. liquidity preference theory : 587 A3 0|2 A& &2 Efdl= 22 Agstng
Ao A7)tz dejal Hojgh webA 5= dhtA o s 49k Aeae|7t Al2a2 2o =4
oﬂ/d 03/\114. 7].1} H 01-
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Chapter 5
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(Determination of Forward and Futures Prices)
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o EZA I (investment asset) @ FA A, &, 20 T2 FAEH o2 2 A EE A4t
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O =
1 Note
of gt Apato] BLEA] EApabatolL 2H]AhaTe] &3k 2L obg Ut Frbe 998 R4 B
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5.2 ZoE
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5.3 Assumptions and Notation
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Ty N3l 7122440l Tihg @550 BRI, & 499 w7712 @335-82 offet Z5uUtt
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1. T F,

2. Spe 4T, Spe 9T (e —1)

| Fy = Syelr-aT

5.7 M= A9 J}x|
2oL} 7|/ AA ol A kA of o] Fo] X A AokO] 72| P 7= v o dUTH AA 2 235 5 7]
e ALA ko] 7Hx]E wfdufd H7FH(Marking to Market) skl 155Ut

A=A ko] 7HA]= Al FEof F4tetaz st EAATE @AEE £olB R, 7|E9] A A oFt
7FA] 7} “07 1 A 7HA (&, %ZH*VSPJ A& 71A) o] A5 5S v sk RS ARy

WA AxA 2Fe] 7HA (delivery price) 7t K, @A AZA k] #7HF o] F, Lozl rolH &
Ak k7] TAHL A&L 2442 K, Fy JUth. @A A=A ke 7127} “07 o] B g A A ko] mlafj7pA] &=
oj4=9] B¢ Fy — K, Wi=9] 3¢ K — Fy 7} gyt

olg Helsh M Alere] 7H fi kgt Ty,

flong = (FO - K)eirT Or Jshort = (K - FO)eirT
S0l A ThE MEZVE Fy 2 ol7]o] 4o, bt 2ol maet 4 gy,
Jiong = (Fp—K)e ™ =S5, —Ke ™ =8, —1,— Ke ™" = Sye " — Ke T

HEAAT HEFAS QA2 SUskAE, A2 JLPAOZ A Fol7h AT L HEAFS

WA o), Sel @Al w7 BAete @35S Hlaskda Yt
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F, = S, — Benefit + Cost = Sye'cest=vieldT (Generalized)

o)
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Index Futures Fy = Sye™~47T

ARG ABE SPIAA R o] S0 Aeelx] Ferthd AelA I MAT . Fy > SpeldT
%

sfelEete] dAT-ES Sy, ARTES Fy, A= o2l FAHIA S A2 r, rp2hal o, 7
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Hzo] A% 1981 IBM1} World Bank?te]] 2= E3tA&d Ut @A World Bank= 51}
2912 58S AgA 02 Ak 4 AT IBMelA = eo] tg ol 48 AFt 5U L 292

ek Aok AAstaU.
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7.1 Mechanics of interest rate swaps
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o
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g Ak FAAET e e SHNAIA 97 F7lvkek FRE PRI thote] FohE
TAFE Y} AEFAE AET ol F3 W AUt
4§

o17]°f A-&5]
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+ Wsads 227k LIBORZL @8] AR H 5 Ut ZL2iu, LIBOR 2t AHEj| o] %
LIBOR A& Setoll whet o] & thAlstazat she =97 A&5 1 glom, 53] A A2 = 3d 204
o]4Fo] A7)~ e] 79 FIkol Reference float rateS wAsforst22, u]=e] 79 US LIBOR th4l
SOFR+aE AH&dte FAI9Y

HE

SOFR 9 92] SONIA 5 Overnight&2]= AA4] Af7)5te] GRE Z2]2 LIBOR thH] 22715
o] Fil P or], AES Bl BrIFE R AA AR £ e —5—94 ol Y&yt ol
o2t Overnight 525 ©]-8e 2¢0°] d2] o] 851 i, o|A-&2Y F Overnight 52| € &3t
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i LIBOR swaps vs. OISs

= A2 5] Reference float rates TS AH85}=x]of ula} LRE= Ao}, T Za 9
o] Z-& AFZHFA] o] 2}o] 7} 9l-2-2 & o]stojof Tt}

Libor+= Forward-looking &2 2, 2¢1A%k2 & Q15j 374ntet 4329 Liborg F1 ¥
ohe, % 37097 H-49 3-month Libor7t @A He] A4 E Yt ¥ro] Overnight 22]=
Backward-looking 2=, &% 37147t 482 3-month rate= &% 371 €7t Overnight=52&

A5l AESH 5, & w98 Fa Te Aol HAoF e & AAEYH.
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7.2 Determining Risk-Free rates

OISs= FHdolr&& 24ste Hloll ¢ a3 d&d< Bl syt 1A, OIS A2 24 ==

1= OIS ratew QA 284A k] 7E2]7F 0= Ao 24E A dYH.

o714, wreF 2gAF WIIA o] HERFAS FRztel Fu Ferhy AAeiEAY LT A
AFGAARZY 41 o B Aok 7hx]o & 5ol gl U

olf, HEFE W= A 1HFE (OIS rate) & He= A9 dF5 52 A A6 A, 122 &
HHE 79 OIS rate & FEL2 A Fstal dgo] 2gAIoF] B3Rl QAT A5, HeaE
HE- 40 Overnight rateS FEZ0 2 2| gst1 Yo J2Folol MsZa|An SIghc}

StH, Overnight rates &&= AT Overnight rates FEZO0=2 2| Foh= HEeZ A
A7 2= da (Par value) @t 5 dsHA HUth o|A], OIS rate= @4 29A

Aozt govw HEaa AL OIS rateE FELE AFot= AL 7] += 5L Par value
ol AUt =, OIS rate: A2 Par ratest SY5H4 Fuch.

Par value = FRN's price = Value of float rate receiver =

Value of OIS rate receiver = Treasury bond’s price

38



7.3~-5 Reasons for trading Interest Rate Swaps
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T, AV HEsaE et 13 E 9 o JjF oz vwe9rt ¢l BY|Y2 WEaE = Ul
o v 2-$-917F ikl ZHg S E AT AZ]go]l HEEE 2 AFS WEof sk A%, viE WEs Ao
oty et Bl w917t Q= 1 AFE R AA 2G-S AAYoty, Hsaeel 917t Sl B7 A7 A9k (A
o /B:uf4) o, o] 8-S Aot AE B8 4 AFUTh E&, AARE 7gel uhet o] g

H 9917 §l& e Q1AL & 719 9] Default Risk7F Bt 21 & 10 340}7] ofg-eH, 7|49 41§
Lof| whet A-gojztgo] njfo] Wty dEe] o]=|gt H2fo] Aggw]7] o] Pt v EA Yt

@ The organization of swap trading

=

2 mies 285y Ag H Hesad 75, 2g viks 2858 a9 B Heed Aee 9
gyt

AR Aol A= mig /M E 2 277 U], Ayt e g o] w4 /uik 7] Hd ke Swap
rate2tal Y,

FE3h, 57F 2 o]2kgnttt A8 5= Day count convention©] HHE 4= 3lof FoJsloF gyt ol &
E°] SOFRUY Libor+ 2ctual & A1-g512)9h, 17dFejo] 74§ actual i 30 5 Za ALgsobg
Yt

20089 89171 o] & AgA 9 mjAA| ool thet f1d e & Aelstaat ke =27t
Ao, A= = CCPoA A AloFES gt ol FAFAAE

3] (International Swaps and Derivatives Association) 9|4 ZFA A E A|Z35HH #

HARE QY.
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7.6~7 Valuation of Interest Rate Swaps
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%, 28700Fe] A E 7t o AAFAY) S AEol A RelHolau ATt Fot 4 At
orA A2, OISE 535l zero rate curves 7+ 4 91, Forward rate= A4 ooz,
2GA O] 7tR = Age] @A FHATre 2 B FUEe 4 syt

o}uqu} A, BE A2 i%sﬂ A7 E H e
2 (A Ag /s 23] dRelA Rzt 713l et ¢-ddFshs FEHE, A8

oFe] 71X 8 B W) AYACE 27)0] AFuE WEFe uct $7)0] AFHE WEFe 7} 2
=

2 QUL of A, 29AHS Aol BEAA AR AL A, A3 Ackel A7)
Z7¥sH vt

w2, W Re)r] St NPVE (D4 (= 83, A7ke] 580 et Aokl
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! Difference in compounding methods

IRS 9] swap rates valuation® M, swap rate+ slid A 2Fe] w719 9= compounding
method & AH&-SHthE 22 Frofsliof Fth

= 6/l gnict wgkstohA Semi-annually, 370 Dotct WSk querterly, 170Q0tct w2kskctH
monthly compounding 4] 22 swap rates Ar&d|oFgtych

A delgg dutxog A]- 85}+= zero rate continuous compouding © 2 AFE35IE 2 swap
rateE zero rate= HeFS o {-o5fjoF g,

(Table 7.3 Faf|%.7])

7.8 Fixed-For-Fixed Currency Swaps

og Sol, Felvt WRF A7I%lo]l BEF 100812 €] 51 W] mHFALL hEGEr, A
Aol 1009H el S 2 o]o] JSohe sk AT e, AhgelA nFe ol et Fejol g A
AZSEE, ool Al g T e Acke TR, o] o), YT 7 Wi 4R g
544 @A) T8-S A8EUT

VA EAYE oSG vRTIA 2 Aoy RAIE HE o] @eoE o uHtAl A7y, F

7FA] 9] “Eotol| tiet AFdH]g-ofl Hlale-97F e -7 vt e Agshe Hloll E-8-Huyt

AFIAGE R A o §oke] Brkge,

FEoE2 AN ER, 7} o|AA]FA7] H w7 mhE FEo

=
(2) A & ol-§ste] 7 o|AAFAZE Ae-Ea At
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(3) 2t olAAFAI7]E ehl Boto] it @RS EE MEES ol §atel BIAFL

() 7 I AXFAE £EFEES BAZAZ AU AR LA Holehe, $& Ei o]

A48 NPV=00| 5|5 29gh)

= BD - SOBF

swap, foregin pay

1 Another Currency Swaps

FotAago 2=, Fixed-for-floating Swap, Floating-for-floating Swap©| $ %HE}

AS3 opz| el 46 jhe WA2 FASHAIT, AT Ag 2 ol 4o T3}

7.11-13 Other Types of Swaps

CDS, Credit Default Swaps

#1A, 94 A Credit Risk el Thelt spEAE 2 28] glol 4] th$ Za3hieh. CCP
S olgokA) kT Ak FAAZ HAEA} ol 2ol A B9, AT Default 2 Q18] o717 23
E4o] T 5 97 HEYHI,

O Market Risk vs. Credit Risk

Market Risk : TH3AFE 0] 7] 2 2}4E0] 7FARE o|x}-& 2] WS S0 2 <13

[$) ji
Credit Risk : 724t 9] Default 522 AAlEo]ddo] TS 4 9
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0|23t Credit RiskE® Market Risk* ¥ #e]stal wtEo]x AF&Zo] CDSYU ) Algstet £=
Default & ¢-#ot= A7] o] o] 5 Hedgest?| $1sll =24 1009H2 2ol 51d7t7] CDS w45 ot
59 Foll A71de] At A8 & steto] §llttH A7 -2 Wix=ztel Al 100822 x CDS spread
2|55t A8 st 5o & SAY F2]7t S ottt d, 100R ol tht 298 A5 ws =t
oNA Fst= Fx AU

ufjSe2p= Algsteto] st B3-S 712 1 o]o] that ti7HE 2281, Default AFgro] BHA1sHH o =27}
il

42 BASE TR 0b BYT 2L YA T Y

Other Interest Rate Swaps

(2) Amortizing swap : 2~¢9] %7]77]—7\] HE Tofo| ]41\_ 2
(3) Step-up swap : 22| 7

(4) Forward swap : AleF & DA H7IA| = o] 2w et g, deferred swaps.
1
r

N,
ﬁ,
uu
12
o,
X,
1P
o|N
N
N

(5) compounding swap : L% or FLe| o

O O ] =
(6) Accrual swap : =27t 44 = oL 1852 AF

Sotage] dFolARt, AF E ojw e o] 3t T3 ERE AAol= WA o] AgACF o = Diff swap

Equity Swaps

%4019 (Total Return Swap) o] 9502, FAJo] A MAIshe Aol Wl 5 F20le n)e] Hale

174 or Rewe|et wekshs A9,

Options

(1) Extendable swap : o] 1ol 2¢ke] ©H7]E AFAIE 4= e @7t Fold g eF.

(2) Puttable swap : o] o 24 X7|F=AZ 5 Q)
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(3) Swaptions : Options on swaps2til e 5}, o] = AdHlof u|zf| w3tA| 7] o] AgA ok what A=

WS AR W] gt @27t Fofd AgAef,

Other Swaps

(1) Comodity swap : S 712 9] W77} oh2 LAk 42 0 2 Adstas she 49, A&
22 o183
2) Volatility swap : 2] 8 7122403 HEA ol ths), wekA 7o s WE4 x gt
>
[)

WA 7)o HAH ¥

il
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Chapter 10

FANFY 22

Mechanics of Options Markets

10.1-3 Types, Positions, Underlying Assets of Options

=
Z|2ZH4HE A e E 54, T A9 E E5AolE A sh, FrH o2 S0 HeEPAtE T d
(Expiration date, Maturity date) |9t & 4= )= 342 58P (European) &4, 7] o] dof 54

Qe g4
w577k ek wo] QAL BalaAE o 4 Qe m12E (American) S/40]2h T

0] e Pals g4 ujaolA] glon], MEAL uj4A7t AelsArE sl she A9 e A] o]
Saok gt Wty 84 BAAE £ 47 PRI,

m}u
rZL

i<, Long in Call, mazx(Sy — K,0)
i<, Long in Put, max(K — Sp,0)
w4 W=, Short in Call, —max(Sy — K, 0)
X254 Wk, Short in Put —maz(K — Sp,0)

ru k >~{r|
rﬁ

1.
2.
3. =
4.
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maz (St — K,0)

S s,

2=
0 K Sy Sr
—maz(Sr — K,0) maz(K — Sr,0)
+el7E 297z
Figure 1: Options payoff, from A41
F449] 7] 222 ol theFety Tt of 7| A= FA41%-4 (Stock Options), ETP-34, 834, X434,
AE3/4 (Futures Options)E YF=2 AHE ALY

10.4-10 Specification of Stock Options

jEH I A2, Cboe(Chicago Board Options Exchange) 9|4 A2 == 4154 (American stock
option) ol a4 oot AL}
o TR Ui AEA Fod WY 9 A4 4 g Bl R EE Ho] /12y rt. HF w7t

THsh= YE8aAE EA5HH, T7]7F 343 o]/l LEAPS(Long term equity anticipation

securities) H AP ARTE AAFEA FALE S AAsh= HEEE S48 FLEXS4E A
Yt

o PAHA L FEER §2.5, 85, 1002 FEEY

o 80 EA Mo oA, F Tt F ol FFFE AT 1 Option Class, IAE AT

o Options series2tal OHJE} T35t YA AT @A 7) 2 AR A o) whet WA 7R 7 0 Bk 2



242 W7HAITM, In The Money), WA7F7H 0B th 22 418 ©]7bA (OTM, Out of The
Money), WAZFA 7L 091 42 5714 (At The Money) 2Fal gt}

a2 ef P4 & 240l gled, 719 10%E
FUct olgle] 23 @ FAule] A9 1
71%712) 3} GAVAS 24617 AT,

Aok 5 BG5S (Position limit) ¥ 2|t YA7Hsa=F (Exercise limit) 7}

W 9 3 Qura o2 AFug pl

rna

!

er

e g
Zfote @FUFE olAe] dBL Fo) 2T
=)
—

AAAE - AAE 719 Be A7 dAstE e, £8 F5 FIF 2718 a5k AR
FAAEE G5t 3lol walahA A7t 7hestH, vitiANE F6l AR it ZAAE
APONA slaE 4= s
Aefu]g - Al M e 7 e, HAA W8 5] Blgo] AU
— BAIA B ARA, AR, YRR S
— §=4 ¥ L kALY = HE, AT AYE T
A=
— i derH o2 FAueAtE ] (1) & A ol A FEshE Zo] AR ol
T717F 970 ol H2 A7eAE A dle S 25% T FEekal vz Adshs

— Wk oE 224 glo] HA MRS 7L QlE 4%, Naked optione]2kil 5t Cboe
£ o] A “FAMEHF + 712 *20%” S0 TARS A5

AL OCC : BE WS OCCE oA HAE, OCCE HAHEA oo= &4
i -210] AR BAE Qe -, M=AbAl S5k Ao uid o 24 Hds] FHEZAA
o] Z4itd & =E FeEota IS,

TAZIE  =5lE G894 BE FAEMe 7HA AL QLo vl=0] B¢ T4/ F7H A [ F 8%
A& SECOlA, A&l gt 542 CFTColA #AE & .
A AR gt A2 o tricky 2t Hol . dtd oz = FAA A T oh=
AHE29] (capital gain/loss)oll tiall Al Alg2 F1}st t

S AR EX Ao 2B of sy =0 A5t 9]

— Wash sale rule : 45 H31 30 ool thA] AbE 7= )l 4= ebsh=H, FARHI
J (<)

FAL W 30 ool BLHL thgahs AS 4olel4] bl
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Act of 1997914 (1) FW=E St= 3%, (2) A=/daAs she A7, (3) et A

B3
PN

— Constructive Sales :

| TaxRelief

ke

g

=% Il
- O

b1 919,

5|

A

5

he g

5|

tol A2 3t

S

Constructive SalesZ <14

S}A]

F42 e

HH, Al

)

= ¥ BWBond with Warrent)2t1l

SH
=]

HE | J™EJL &
S

A
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oF
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=

o
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i,

o

— Z3kAE © CB(Convertible bonds) 2k1!

F &4 (plain

A R Ao, &
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=

vanilla) o] 2]of = T}
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Chapter 11

Properties of Stock Options

11.1 Factors Affecting Option Prices

o

Lz
N

European Put American call American put

European Call

Variable

Current stock price, S,

Strike prkce, K

Time to expiration, T’

Volatility, o

Risk-free rate, r;

Amount of future dividend, d

st 7 o]

£ 11

. TH7] pay-off

YA}

F7h 9

1.

WA

A

N EE

R B

5 ©

P 3] A

]

%

Al

o
)

7A0

3
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11.2 Assumptions and Notation

ol HE et FUsH R A7HE ZEvgol jlaL

WelAL BeiE 5 ks PS A8 T A dun,

0]
[IR=

e
)
o
filo
)
oo
yi=?
o
=
+d
4o
el
o,
)
o
il

t]

tfE2= American option2, &EA= European option< o]v| 9yt

11.3 Upper and Lower Bounds for Option Prices

Upper bound

NeHoR AlPAE B BATFES ARG TS AAE), JAHEe] 42 1h= @) -S4
37000 mhet B AL B FohEch 0] 5 QLT ERAL GATEAS] BT R} ol S g,

%%ﬁﬂiﬂ%ﬂEQMﬂq A hE 54 58, F840] A ] @A ek ulsetA

W&+ 29 o] zhg o] Eareto 24 7ot AFel A7t 7Hs517] tlE gy T

>~lt\
rﬁ

C<S8, ¢<8,, P<K, p<Ke™l

Lower bound for Non-dividend
European

% 717 REEY 08 uwalR A%

1 254 50 2 AT O] A7 (Ke )ik B9 ol2hgo] &2t
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2. F4& AA7A S, ol W4
7|4 Tol % LEE 00 747k thga} Z&YTh

1. maz(Sy — K,0) + K = max(Sp, K)
2. Sp

olof wel, LEZ2| @ 19] 7Fx = gt 2R TE AokstERE ¢ > S, — Ke—rT 7} &3t}

AR 2

1 324 w5 (p) 2 2418 @A7HA (S,) o v

(K e T)RrE RgIdol A8l £4t

[\)
o2
>

N
N
Bh)
1o
rel
)

N
N

WA Toll 7 ZEER] 9] 7HA] & w23 25Ut

].. max(K — ST, 0) + ST — 7’716“1;([{7 ST)
2. K
oo wkzt, p > Ke—rT — S, 7} T&gth.

S, 949 ZHAE g 03T SAL Polobstn e el gl GHUW &4
e},
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_O,lE
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My
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¢ > max(Sy — Ke—rT,0), p > mazx(Ke ™ —5,,0)
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A, o] §l& wl= S0 AX7EA 7 4 0BT AAY Zo B2 n=y 34T FEY F549

Wgro] girkel, 27]aALe] kA <0 ek,
9] ool WA7HA 7 ot w24
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max(Sy — Ke ™) <c=C

11.4-6 Put-Call Parity
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o2, ofgfj et Zo] Put-Call parity

S| o3|

299 711t 5

EEE

wetA

c+Ke ™ =p+ S,

@ ATM 4] 7H4

= K)

Put-call parity ol 4] ATM(S,,

Sy(1—e) >0

p+Sy=c—p

T _

c+ Spe

Parity in American options
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WA, 271PAF glo] W7 Hf5hs A 7 ZEEY Q9 7HA] =,

1. max(Sy — K,0) + Ke'l = max(Sy, K) + K(e™' —1)
2. max(K — Sp,0) + Sy = mazx (K, Sy)

EERQ 1AL AFNA TAPoIA&WT Solo] SR TESQ 210} 717} 57§

g0z, FFAGIA 271 BSHE A9 AR AE .
27 WAL 0 < ¢ < T 9 (Ao By eet 220 29 7% K7t 5o 9]

T Aol KerT-0 71 gue.

=]
>
)
2
e
o
D
1o
=1
|m

v T Ao LEZE]Q 19] 7HA]E S40] gldate Ke'Tolng A LEZEQ 19] 7147} A AY
ZAEY

AN

,C+ K =c+ K> P+ Sy7F =5, A3 9 slet& A2|shd ofer Z25yrh.

Sy—K<C—-P<S,—Ke "

Effect of Dividends

oA, HiFol = A5 AHEFS U WA 7EA] FA oA EAYSH= widg o] A7 E Dt
o

9 24 W5 (0) @ D+ Ke ' Tuh3 29Idol2hgo] 51t

x]
He Z&A UH—’F(p) 54 UHZF—(SO)

- o=

Aot E2 Aoz v TAH 24 2EZ2] 9] 7HA] & H| w5,

1. max(Sy — K,0) + D™’ + K = max(Sy, K) + De™
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= maz(Spe 9 — Ke™'7T)

(Sy— D — Ke T, 0)

= ¢ > max
(3) > (4) = p > max(D + Ke ™" — S,,0) = mazx(Ke ™" — Sye 7

(1) = (2)

3. max(K — Sp,0) + S, + De™? = maz(K, Sy) + De™”

2. ST + DBTT
4. De'T + K

Soe_dT —Ke T

SO_D—Ke_rT —

(4)=c+D+Ke ™ =p+Sy=c—p
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@ Tip

4|1
%

Flguich el

°

95

[l A1 L 919]

[e]

S W50 D D+ K8 FHRAed 21

she 9ol o

<]

2, 77 ZEEYL

[©)

A o] gl Aol C— P < Sy — Ke ™7 49

o

American

ok

wabs] O — P ZEEZ2] Qof|A] Hjgo]

ugro] 27

ot



%7 BAP} ok 9] TAA ] AR ZEZE @ 10] 84 A 24U

1. maz(Sy — K,0) + (D + K)e™ = max(Sy, K) + De™™ + K(e™ — 1)
2. maz(K — Sp) + Sy + De'™ = max(K, Sy) + De'™

thgo g wigro] AT T 2IPAL 0 < t < T Q1 tAI-o] Aot A9, tA-o] TEEZRQ 2]
7W%K + Demol®, gt7] T A7 9] 7421 Ke' (7= + Der™ Qutt.

Wl EEE2)0 1.8 g4Ho] glEetE W) T Al (K + D)er? @l 737} glens mEZe| e 1
o 77} g4k 27 Bk

Webd, C+ D+ K > c+ D+ K > P+ S,7 Aste, n39 404 g2 v H54.e
ofehet 24yt
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Chapter 13

o5}t ¥ (Binomial Trees)

S e] Zetol ol diet 7 e U &
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el ot s thE U

CRRXE¥ (Cox, Ross, Rubinstein 1979)< th& o|Aoln, F£7l= HEPIE w21 2p] A7t A
512] =t 7| E A0l 712 AAGY ) o]= BSM(Black-Sholes-Merton) 23 ¥} &7 of-$ = a5t
HHECR, o] 9 stepo] Wobd 5 F BP9 AWgh2 FAaiH Y o|2fet e s+
chaper15 ¥ 2194 B} ZHA|5] oH& o YUt

CRR®E 3 (1) ¥¥H4 <l no-arbitrage< 7|8FC = 511, (2) vj=g &4 R o]AM54AS 7HA]H7sol=
glof @A ola §-851H, (3) AHFSH7IAF7H Risk-neutral valuation)< AHE-SITH= Aol A ol

S oy

13.1 A one-step binomial model and a no-arbitrate argument
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%, ASqu—f, = ASyd—fy = A = gh=lio A AS 255t 42 ujpdictd g ZEET ok
el 0o] 2 A Yy

@ 136 Options Delta

9]9] Weh Opion Greeks &, 712AH17H2 W5l the §47H29 7 wel dek(A) o] i3
Uk,
919] FAuS 4 S E BEE QA S ¥
2, ok AANHANA FA714 9 WE Rt 47}
2] Qo)A F49] b0 1%

722 FHA ] Yt {A7bA 9 mgrEet g4
shal, 0|2 §AS Bol FALES Q0] FHAUEES 5] Aashs 22 LeslA (Delta
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wrebA, LEZ2 QO] 7t A 9 otetol whE 7R 7 ASyu — f, & 1=, no-arbitrage 7+l

utet T7kA] 9] ol &-2 T olA-E rp 2 Ao A oF .

%, REEY 9] AA7HA= vl pay-off & FAFolAE= LIS FA 7| 2 5 Ao A oF o4, (AS) —

fo = (ASyu— f,)e™™") o710l A = Sfu ng i qlste] g =std, ofeliet 2ol FA o] AA7IAE
T

= fo=AS, — (ASyu — f,)e”™T = ASy(1 —ue™™) + f e T

_ —rT —rT _ —rT
= fy= fZ gd(l efrT) _i_fuefrT — fu=Ffa—Ffiue +J;d_uj +(u—d)f,e

= fo = fu(l_deirqu:gd(l_ueirT) — efrT fu(erT_dl)bigd(u_erT)

= fy= e T fu(eTT—d)thj((ilf(eTde)) _ e—TT(fu X p+fyx (1—p)) forp= e;T:d

! Probability of stock price

219] 1-step binomial treet= FF F2]0] A5 ] 7141} shetet wff o] 7FARHS: o]-8-5fo] A7
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o] Al 7HA T SHFA] 7HA o] WA= o] 9171 w2,

Uk FA49 45 B slestE

ohA] ghel SHE-S T W et

BFY/HABAA SYYES Dol 4T o, BE ExA} SR F A (risk-neutra) o2t 7HE5H=
L RE Ao 7| j4elgol R9IPol A& SUsteh uloln], olefd FAAE

2 risk-neutrall world=ral gyt
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AL 37 71219 EA o] 94Ut}

@) wetA, waua +% pay—off% QA7 2 B o) ALl BelEe T ol Aol

oAl thAl, @A) F7H(S,) T AH7A
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E(Sy) = SoerTa E(Sy) =p x Squ+ (1 —p) x Spd

= Sl = Sy(plu—d)+d) =p=

5, AdSHA N F7H] AeES <— oF Zon, o= 1-step binomial treeol| A ATt f, =
e (fp+ fi(1—p)) S p2t SLFULE &, F49] A7 = ADSHAZANA ~r7]'—4 & /ot
g5 2 49| u]g pay-off £2] &2] @A7IA]¢t Erh= 7

BHIHeE 549 7HA 7 AA AVl A= FL6HA A8 th= St A S %} T ‘21%‘4"4’.

@ Tip

AA AFAA B2 = 1@ ate] B2 off, Bt 52 429152 71t (risk-averse) 517 W&ol
AR AT} Q) FEGAALL 2Fol7t 9l Ut 28U, 1-step binomial tree®t $18E A o) A
F7He) 50 ATHE Foll SIS HAI Gl A Brke il AR 0] ZHA] = AA| Aol A B LA

A ks 22 & 4 Uk
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St AA| A& (risk-averse) ol A F712] 7]

A BE SRS DT A
o

£‘.=
o JE
N

St= 77 vl pay-offll 2-&st= &RIE
I

HA ol A

O{N

 FA SR8 ARl G A0] BRARS AEH AL WS ojenz 9

=
I7ksh Ao] AlA| A4 B ekt AL ul$ Zest meiutt

H -2 O

13.3 Two-step binomial trees

Sud=Sdu,fud=fduJ

Sdd, fdd

I

gHoto] 2-step model S AT EAGFUTH F717} 5ot ofetst= Ao

O], binomial treeE &+
Hol| AA A o]F 0]z 11, 7} 7] o] A7+ Atetal 5P, 1-step binomial tree®] W th-2-3} Zo]

% g,

l:l:l

efrAt —d

fo=eT2pf, + (A —p)fy) forp= Tu—d

EQF, olFE G 2-step T2 =T Zol 2AY 4 S Y

fu=€"2pfyu + (1 =p)fua) and fg = e (pfy, + (1 =) faa)

= fo=e 2 P+ 20(1 =) fug + (1 — D) faq)
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1 13.4 Put options example

Binomial tree®] AWTold A2 53 5 BAglo] A&

nst

13.5 American Options

BE node® ANE F, @AZEAR T4 1) s1uke] noded ek A 27| WAGIRE Tt Bl et

AUt

fu = mazlmaz(K - 8,,0), ¢ " (pfy, + (1 =) fua)]

fa = maz[maz(K — S4,0), 6_TAt(pfdu + (1 =p)faa)l

fo = maz[maz(K — 8,,0), e "2 (pf, + (1 —p)fy)]
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I Chapter 15 : 38 &

ZF7}7} Geometric Brownian Motion< w2kl 7H45t AU Th(% = pdt + odW,)
=, F719 712l g0l p, EEHEATE oolH, - &2 AZte] "t FrheolEe] AR
(A5 ~ N(uAt,o2At) S d2chy & 4 U,

olul, ABFYAE 7H95HA = r ik,

9FA binomial tree2] A stepoll Al F712] M5AS F[X?] — (E[X])? 22 FAsHH th33 2o

Helg 4 gl

o?At =pu—1)*+ (1 =p)(d—1)* — (e" —1)?

— p[(u _ 1)2 _ (d _ 1)2] 4 (d _ 1)2 _ p2rAt 4 2¢TAt _q

rAt
= :ﬁ[(u +d)(u—d) —2(u—d)] + d? — 2d — 2"At 4 2erAt

— "My d) —ud — d? — 267D 4 2d + d2 — 2d — €2rA 4 2emA

= et d) — ud — 2By 1y,

0 HlE&5 St Ao S22 v #ot powerZ} 1t AW 022
=

(AHF =0 fork>1 & Syud = Sydu = Sy = ud = 1

a9, d = 1, u > dolv] HlLHANE Bl ¢*A =1+ alt, VA =1+ aV/At + La?AtR % 5

tHA] (13.13)9] o] & A g R A5t
eTAt(u 4 d) — ud — eQrAt — O'2At

= " (u 4 d) —ud = e*At + o2 At

62



= "M (u+1/u) —1 =1+ 2rAt + 02 At = 270t
=4l At o elr+o?)At
— u2— (6(r+02)At + efrAt)u +1=0

=u?—(2+0?At)u+1=0

2+ 02 At + /4 + 402At + o4 (At)2,, — 4
u =
2

= ea'\/At7 d = e °VAL

A ANE Bl = 4 A= u,d7t CRREF A AREsh= 45 A stefvledytt

1
=1+o0VAt+ §U2At = etoVAL

! In Real-world u&d

9] u, d= RFLAROIA FHET A% D shehulgolut, real worldo|HE 551 48

slzruiet.

i
>
H—‘
I=
1o,

measure) St ZAQNH|, SEEo| A AA|AFS P-measure ¥ A AFHAS2 Q-measure ]|

AAte Ao w2, S HATNA AAAG R H3stth= A2 SEE HAe(changing

Rk

£EE A 0, 7RSS AT MBS GAH ), olZl0] AAFAAONA LA
A o} =

13.8 The Binomial Tree Formulas

il ANAE QoFSHY, F7ke] WA (o) B RIRIAE (), Lstep®] ARHANTF F012 1)
P2 A§T FH 7S WIHE 5 AU,
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FAFEE U=V FEE d = L FARSEp = €4 Sl g = 1 - prt A8E
Ytk

A g7 A] 1-step T 2-step o] IHASh o] utS Aw B o, AA| AFof A2 ufli= oF 30-step
o] o|@TAo] WM, o]= &M 9] utr|7}A] F7tE 20 tﬂ@ AL0] =27} 230 ~ 109 = 10billions
ol Hrh= A= outyt. otH, 01 T 9 stepo] Worda=, At7} - 2otd4E o g o
AN BSMREH ] Avgre 2 £ Byt (Appendix & )

13.11 Binomial Trees in various Options

Options on Stocks & Stock indices with continuous dividend

=, E[Sp,] = Spe™t = Syektteddt k=1 —qgdYth,

whatba, oA Al A p = €10 g ey,

Options on Currencies

ol ol A FedAk 9 FoAge] =2l E AeiEAlh
AAAH A AHFE 2Fiste] el Este] FARTH, 7IH4l 82 eI 7 F Ay

(T—rf)At

b= #7} AU

N

Options on Futures

Hge| 44 F, = 5,07 2 AP

Fp = SpolB2, @S HAVoNA E[Fp] = E[Sp] = Spe'™ o7 o] rgoflA] o] & 2-gotH HE9]

7l 0] 095 & = sy,
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pFyu+ (1 —p)Fyu = E[Fp| = E[Sy]

= pSpe"Tu+ (1 —p)Sye™’d = Sye™
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Chapter 14

Ao g 2 o|E R XA E] (Wiener Processes and Ito's Lemma)

A|7ke] B u
7to] S Eo] ojAtH o2

)
it
oy
11
ot
o,
Hl
k

& o= WeE SEIA (stochastic process) ©]2F1l TUTE, Al
FoR=X], A&F o g Fojx|=x]o watA discrete variable?} continuous
variable2 UE 4= 9o ohA] A E o5t o] thE A QI discrete variableE ©]-&35F 7}x|H 7t

& 4 v

O

| Aol A= continuous variable= 7F45F3l, Wiener processes 5 525 SEH-E A& Zloj0,

A0 7EA1 37l wi-- S A Y o] o] HEAR E AuE oAyt

14.1 The Markov Property
2 g (Markov process) = S5 FHI O] SEIY S &2, A7H0] 55 ute} Hoh= M4o] n#ighe
QA AA Frolwt e H= FEFF AU

Z, 279 99 F7p} ohan 9L 2L thg 7o) ok 0.8 @A) Fohon G won,

AFY A FoH ok R JFL FA ke Julget.

=2 AN 7Hd (EMH, Efficient Market Hypothesis) ¢ weak-form-& 9H&3tth= oJn| e} f-A}
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Wiener Process

AU npxr x 7o) AdF o 7 HHHSHE (drift rate) ©] 00]1L H-F-E (variance rate)©] 191 &1}
AUt o= =8| gtol A B2 32 Y-& Zdot=t] 20]7]k o, Bl 25 (Brownian motion)
olgtil: EHYrt

Ha 27 IS T Eth= AL, ofef & AdS &Stk on| gyt
Property 1. For At, Az = eV At for e ~ ¢(0,1)°|t}.

Property 2. For any At; # At,. Az; and Az, are independent.

)

E3 VAL >> At for At — 00|22 &

-

Az o] HE (BEVAD) S AR o] vl A & 5 AsE
p=h
—

(]
>,
=
e
N
o -
L)
2
R
o,
>,
2
i)
4>
Jhu
do
g
=
o
il
B=)
it
rr
ot
(]
rE
>

ol "AAIGlA fUTEe e

s

-
Bete 250 54 TS R EE 4 AEU.
o]

Mgk 77| A7 BESIH S 29 Aol Lo]o]

2. 57 2] 2o oo, G 2 AL Ak ofwF T2 A BESHE s PRt B
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Generalized Wiener Process

A e (drift rate) 7} 0°] 3L H-5-E (variance rate)©] 191 Y19 ¥4-& A H k5.

srshel $1U T (GWP)olgh, weIAIzrel el B asham Mg Bol A% a, b2 Foi2 9U742
U

Z, dx =adt+bdW <l &E}Y r= GWPE 24 HUt},

= e
il

=

i(')_]x‘

2_
—

AZIA AW = Aol m=z, FAZE At7F Fo1A4 vt GWPE 2= SEHSF ¢ o |
Arx =aAt+beVAtLZ AT 4 dH5YtY

w2bA], Az 9] B2 a At, B4 2 Atolw] M5 (BEHADL2 bV AL7L Hv, T9A| o] FH 3]
Aehd Az ~ p(alt, B2AY R A 4 Sl

712t Toll diet GWP 9| 22
27F GWPE wEeha /4t 717 Tsh 323 448 912 A, S At = NAt =T
7} Fol AT 71 A et
Z7Yo] Ax; = aAt + be, VALtE A GWPE 27 =M, 5 Sy YU
a9, el 29 71 AR v — 2y = 3 A= oo &l A 5 syt
ZA:L’ ZaAt—{—Zbe t=aT+bVAL) ¢
217}9] ¢; ~ §(0,1) 2 ZAOIEE e, ~ ¢(0, N) U Th A,

x, — 29 ~ ¢(aT,b*At N) = ¢(aT, b*T)

YU, adt % GWP] AR EAsst ofefet 24Tt
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A Value of

variable. x Generalized

Wiener process
dx=adt+bd:

dx = adt

|

Wiener process. dz

Time

W

Figure 2: Path of Stochastic processes : dW, adt, adt+bdW

14.8 Fractional Brownian Motion

F7HA) AE Beke o (U, GWP)2 mham 3o B4 delaA arfehduc.
SHEWHS X7FGWPE 20 ZF Ato] tis] AX = 5H4doz2 AFEYrt o=t > s >0

7ko] Fo1 2 W X (1)— X (s), X(s)7h Egolel ojnjo|m

ﬁ

AN

b

s

A

H

Var[X(t) — X(s)] = E[(X(t) — X(s))?] — B[X(t) — X(5)]* = 0*(t — 5)

E[X(s)X(t)] = E[X(s)’] + E[X(s
dEu, AR A= F719] 5F
S50 HA F7to S e AR BEEILE Y Th

o]g|gt H¢E g (e.g. rough volatility models)s}t7] 913l 52t 7Hd ] Fractional Brown-
ian Motion ¥4t}

FBML Hate £=9 adulslsl jdog A7tol t > s > 02 2o AL uf, A7 A g
H(Hurst exponent) 7} 501 2™, th53} o] oYt}

)(X(t) — X(5))] = 50?8
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0.2

7(,52H 4 SQH o (t o S)QH)
H > 054 ol 271384, H < 0.590 58] A71d38d, H = 0.5 off vp2 = v (g ¢

)= A He Bebe 2FdUh

B[(X(t) — X(s))’] = 0*(t — 5)*, E[X(s)X(t)] =

119

Ito’s Process

Qushel §1ahgel ] B Wske Tt B Bo] AR Fol ATty o Evbgel i Baushea W Bl
¥} g%l digh W4 a(z, 1), blx, t) 2 F01717] Buth =,

dr = a(z,t)dt + b(x,t) dW, Az = a(z,t)At + b(x,t)eV At

o1& o o =Ty vt RISl B EHAS L 5 AU,

14.3 The Process for a Stock Price

olA|, wiido] gli= 4o tiell SETFS LAY E RS

HA F7H71 4utstd QU AH(GWP)E thEtty 7Hg3ictd, HdHeET WsEo] Al SENA
dS = adt +bdW s B4 4 A5

a3y, o] F71e] fstRo] A2 A r|ofQlnt= ou|ly] A Ayt Fatobz] k= F

AA FAERA = @A F7 =1 B30l A glo] B4R tiH] 7S 1ejot=t], 12 oA
ARt 7= E otoll F71e] ®igtE o] @A 7o whet GeEtx] 7] g2yt

wrebA], F7F iAo kel Eo] GWPE wHEntal 7H k= Ao Hop @A o Bt = HH
g0l u, HEEC] o 2 FolAUTH 7t E2 o3 T2 o|EY S Erty & 4 95Uyt
ol 3t FA9] BHEIA-S 7|55t Bake €5 (GBM, Geometric Brownian Motion)©]|2t11 %
eyt

dS=pSdt+oSdW =
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A

5 = puAt + oeV At

FHIAZE Atoll disl B2 pAt, #ARE o?Atoln] BEBAE oV Ato]aL, TeIAITEe] FE o] Arhd

A

S

(pAt, o2 At) 44,

=, pot = 42 SAIRe Higt 271 i g EEHEAE A8 = SR Ayt

Warning

SRAZE et FredES AR ER AR 4 e, 7| T o gk 71 Sp — S,
H
=]

syt
tialel, F7he] ARkt 7ol E W BEHAIE FAAUTNH &2 ~ ¢(uAt, 02At) S 043t
2H7HER AEH °]d (Monte Carlo Simultation)S 53 57} S, & R@Y3 4 5ok

oA Sl AES] A DA | 2A ] BARTE Aste] F| 2440 BANA S

3 2 Hv= A AN EdSU. 5, HAZEL 7ML 71224 7H4 9 eyt

of7]o] SEIA S A8, SAGEY 7HE-L FEHS 712441 1A T} AT e PR
BAL F vke AdUth 280 SEHSE o 8% g4 old Ao g X oy, ojudt gE
HAL g2 HEA787 oj7]| A o|EQ] HE A (Ito's Lemma)ztyl B ofF F a3t 7go]
ST

o|E°] HxAe|eh o] ENFS B SHEWS dr = a(x, t)dt + b(x, t)dW ot SEHS 9 A7k gt
g5 G = f(x,t)7F FAAUNS W, G7F o= 22 FENES GEA Hoe Fdyh

oG 0G  19°G,, .  0G
o0t a5 g bl S bdW

dG = (

FHshgo] 9 4 96 | 122 0)n) mzgo] ¢l o] ERAS w2k o],
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oG oG 10°G , ., . 0G

=, THAAAE O] 714 A 7|2 AT GARRE o| BN S wE A B, F S YUy daW el ol 1 AH =
7} AR=E Yt} o] 7fd-& th& Ae] BSM(Black Sholes Merton) 28] 232 £ &3 of siAl/jd oz
ol g5yt

14.7 Application of Ito’s Lemma

Forward Contract

tAE HEAAAL Fy = SperT—t ol Ba, Ro|golahgo] Fol ATt o] £9 B2els 48T 4

ozt

2
oF + or + LO°F 2 S%)dt + OF  saw

dF = (GgrS+ 5 t 5950 a5

= ("™ Yy S —rSerT=)dt + e TVg S dW

wdF =(p—r)Fdt+oFdW

The Lognormal property

G = insen o, 46 = &, 4 —0, £~ &
oG 0G 10°G , _, . 0G
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= _772 2
(s S =5 S)dt+SanW

1
~dG = (1 — 5az)dt +odW

o9 BEHe|] e}, o EnbY S uhEt F7lo] 41212 HshE GWPE th2A] Bk o4, 14.2
o AL 285 717 T ol that F7he) 2140l Bo] AFRES WA He FET 5 dSuch

1
InSp—1InS, = lni ~¢((p— =0®)T,0%T)
Sy 2
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Chapter 15

o gz mE R

ofl

rl

(The Black-Scholes-Merton Model)

197090 A ARSI A FEAA] 2 WSS o] BT, 1 T2 AWl 97 WA SAFF
e &2 mE mgu,

o] Mol At HES] WAO 2 FAL FET Zolm, vigo] Gl 4HUF TR E4, wigo]
QU= A%, ofrllelzt 4744 SHsIU e W E 2748 o)Ayt

WJ
=17

A AR vie} Zro] 7425 0] Generalized Wiener Process& W2t Qujo|H F71=

Ito Process= W27 Huc},

F7te 215 3t H Ito’s lemmas Z-85H thA] Generalized Wiener ProcessS w27 &,
TSt ofefet Z5Ur.

2
%:ucﬁﬂ—adz = lnS:(u—%)dt+adz

2
INT, 02T

= InSp ~ ¢[lnS, + (1n— 5
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F7Holl Ad 218 Ft FE7F A ZE whETE AU AAle] AHESY .

Z7to] g E A5Rel5oE 2+ 2 PP RAS T

a

o]

=
=,

L]

S, TAHS F7F Sp = SpetT 2 EFE 5= 5t
€ ol tial FElstd o = %hlf’;—z d(p— %, o) JUc.
F7to] A= E FT FEVt A REE HETHH F710] ALEF)EE FANE HPEE

A EYdt.

il

1 Note

el H e F7he BRsHEe] T 7|l 2 ol AL ), FohY A%

A
T
£ Bl p— o Q) FFREE Bects FAE IYsUh ol F71 e guct ke

o & olajslorg ). &R el 4ol o] B
2 Aol A, Sali A7 Atol Al Z7ke] 40l 8o] Hapol pAtel AFRES fETT
st agych

N
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O

zi

0
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~
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o
I
e
9
>
N
N
&
19,

5
EE ﬂﬂﬂ 1 Afole] ke Aol ta] 408 1B FA5HA
7

w22, HEdS Hetde 79 E] &0 ool HisiA Lot AsuH.

HHH 0 2 o= 15% ~ 60% %2 22 7HAH, o] oJul= F7te] AWEAo] 15% ~ 60% 2= vy
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2k G won] adeldhH x /2, 674 Yolet

AZE Atofl gl 542 o At7F Hyth

[¢}

1 Estimating Volatility from historical data

xl/\@

5t P

=
m

s

e e

e

I
i

11 %
2RE

Tk

approx.252s

B
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15.5 ~ 6 The Black-Scholes-Merton differential equation

The idea and Assumption

o
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ol

o

ol

Tod
—_

shelm

]

oq 012 £

o

1

[e)

2l.e /g0l 7}

o

2
=

=
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=

=

ol u, AEE°] 0 GWP
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Fei A 7181
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o
Ak

_0[4

76



Derivation of the Black-Scholes-Merton Differential Equation

7AA 190] whet ke d.S = pSdt 4 0 S dzS wHgUth

i
)
oo
ok
>

E49 7HAE feal otH, o= HWs] S, = T — ¢t 9] go|BR, o]ES] KAy
A5

2
of S+ of + 1ﬁcﬂs@)dt + ganz

df =(GH5+ 5 3952 5S

o] 7712 FEHAHE o8, tAHANA FARZEZZ L E A EASHH.

— 0L5— feba obd, YT dz7h AR RE, (A Fel A 2714Ql ZEZE Qo)

of  10%f ,

dll = 52 dS —d f = —(5 + 5 5550757t

T, o] ZEZR oL LA o7 BoFlolug 714 5 60 et dIl = 11 d t YU Th

af 10%f

MLdt = dll= (5 + 5 5 c05%)di
= —rf+rg£,5——aa{—;g;}; 262
rf g{ + rSg“é + ;g;]; ek
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@ Tip

boundary conditions, perpetual derivatives, tradeable derivatives 5 W2 3=

15.7 Risk-Neutral Valuation

B4 A o}

3

i EASUT EA o

9]

A Hydt.

S

tolete Aot AA A8 5L

125

=
-

Risk-neutralo|¥, o]of wiat =

8. BE At

olct

! Important

bl

o

o7

]

s, 9185 Y712

AN S s

{1

o]

<«

<|n

o5

il

AEA S AX =

w7 T ) A A ke AEsho) K olul, @A) A=A 72171 f ekl A=A 5] pay-off

£ Sy — K gyt

AT HA Gl A=A oF

~

e "TE(Sy) — Ke " Yt

~

“"TE(Sy — K)

(8}

9t 5

o] 7}

FAEA

)

e 9 R
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15.8 Black-Scholes-Merton Pricing Formulas

SoN(dy) — Ke ™ N(dy)

o
I

c=e"T E[maz(Sy — K,0)]

(Sp) = SoeT o1 §7] TS MEH L oy/Tol B2, ofef H2lS o §ohn Beles= T4L

cC = SoN(d1> — KeiTTN(dQ)

By using Put-call parity c—p =S, — Ke "1,

p = Ke ™ N(—dy) — SyN(—d,)

| Important

Thm

For lognormally distributed with the mean m & volatility w,

E[max(V — K,0)] = E(V)N(dy) — K N(dy)
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where d, = n|B(V)/K]+w”/2 [EW)/MKHWQ/Q, dy =d; —w

Proof
Elmaz(V — K,0)] = [Z(V — K)g(V) dV
Let Q = h‘VTfm, then @ ~ ¢(0,1), h(Q) = 1 Q%2

Vors
We get,
Elmas(V - K,0) = [ (@M — K)R(Q) dQ
(In K—m)/w
-/ C@Umi(Q) dQ — K hQ)dQ
(In K—m)/ (In K—m)/w
Note that,
QUM (Q) = e~ b(@—2uQ-2m) — _ L —3(@-wp-u-2m)
V2T V2T
2 1 1 2 2
— e(w?+2m)/2 —3(Q-w)? _ o(w?+2m)/2 p () _
e X e e w
N @-w)
Therefore,
Elmaz(V — K,0)] = e(w’+2m)/2 / hQ —w) dQ — K h(Q) dQ
(In K—m)/w (In K—m)/w

It is obvious that m =In E(V) — %2 & 1— N(z) = N(—=x),

Lot dy = —mE=m | — WEV)/Klru?/2

Now,

Elmaz(V —K,0)] = E(V)N(d,) — K N(dy), = ew*+2m)/2 — (mE(V) — p(V)
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Chapter 17
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(Options on Stock Indices and Currencies)
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Lower bounds for option prices
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17.4 Valuation of european stock index options
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17.6 American Options
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Chapter 18

(Futures Options and Black's Model)
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1 Building portfolio

Portfolio A : a European call futures option + cash Ke—rT

Portfolio B: a European put futures option + long futures + cash Fye "7
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. dy=d, —oVT
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18.9 American vs. European for futures options

A B7HA]

Ut

of 7471

171 dZ Ayt

)

7y

o} ¥ @Sk oA

o] contango(EF > S)<Q1A] Backwardation(S > F)<lz]of uj=} =2 Yt

(]

A

)

ARVAE A

%

vt 2 Backwardation 2]

18.10 Futures-style options

AE4] F4 (futures style options)©|

A} o] wet 21524

3

2]

=)
—

90



4l

o]

<

ol

= 7_|1-7_|1—

A5

<[z
%
<

L
__OE

o

ce'l = FyN(dy) — K N(dy)

Cc __
0=

Futures style options,

K N(—dy) — FyN(=dy)

perT —

tod

5|

HEREETE

g

ol

c—p=F,—K

91



Chapter 19
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1 A Stop-Loss Strategy
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19.4 Delta
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Summary
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Figure 3: Options Greeks Summary
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Chapter 26
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26.3 Nonstandard American Options
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26.11 Lookback Options

2.9 .8 wr| A 0] 7| 2A4ke] FHA ) B A H7AA 0] 4AS Bl EEA pay-oft7h AAE £41¢]

Yk,

Floating lookback call options®, BF7] A5 9] 7] 22H:te] 74A 3} jE7| A4 7k2] 9] 7] 2 214ke] 2|2 7}
7 9] 2}o| & Pay-off 2 727 Uttt (K = S

min)
HhH, floating lookback put options+= T7|7k2] 0] 7] 22Hike] Z|Hj7HA ) wh7|7HA o] 2o & A g6t
wAdUT (K = S,,,.)

Fixed lookback call options+ Frj 2 T7|742] 9] | th7}A 3} YAp7HA o] zpol& AFEUH. (S, =
S

mar)

Fixed lookback put options+ A4 T} H7]7b2] €] 22714 o] 2fol& Alggut. (S =

mzn)

26.12 Shout Options
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26.13 Asian Options

oRXIgt Aol S WA 1 Al 1247 A o] obd Birh e AHESHE SA YT
2, 7 = Saug S AHESA BT
OFXISHEHON A S, S log-normal 2 7V45Ha 74X 7k BSMel whet 2hers] Hels 4 A,

A7 = log-normal ©] 4t&H -2 log-normal-& W22] 90 B = ofpA|QFgA O] 7FX| B 7} = wl-¢- of 2%

A AU .

26.14 Exchange Options
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A MEAE Q=D 5= e F72 Aol ul-¢ wefstal, tixart 21 oA g5k mEdyt
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26.16 Volatility and Variance Swaps
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26.17 Static Options Replication
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MESM HW(~midterm)

Chapter3

Problem 3.4 (Hedging with Futures)

A company has a $20 million portfolio with a beta of 1.2. It would like to use futures
contracts on a stock index to hedge its risk. The index futures price currently stading at

1080, and each contract is for delivery of $250 times the index.

(1) what is the hedge that minimizes risk?

(2) what should the company do if it wants to reduce the beta of the portfolio to 0.6?

Solving
WA, AR 149F] 7121 = 1,080 x 250U SD = 270,000U SD 44t

243 2ABE 9§ 22 AN RLE F = § x portielic_ojmg

futurescontract

(1) 223 H43hs AaAE b = 1.2 x 200000 — 88,89 ~ 89 & wiwstd e,

(2) HIELE 0.6 2.2 Z0]7] 9lojA= ZEEZQ HEHE 0.6TF UA|5HH Hh h = 0.6 X % =
44.44 ~ 44 S wjx=S}H Hrt
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Problem 3.24 (CAPM)

A portfolio manager has maintained an actively managed portfolio with a beta of 0.2.
During the last year, the risk-free rate was 5% and equities performed very badly
providing a return of -30%. The portfolio manager produced a return of -10% and

claims that in the circumstances it was a good performance. Discuss this claim.

Solving
CAPMe| 275t &2 A= o, WiyA 9] 82 4 &t

WA, CAPMo] 174@ REBHQ F0BE Ry jorio = 75+ BFmarger — 1) O151, ©17]0] w2
H[EE7E 0290 FARE S 0 o] F|j4ol e BUFAM 1 AF = 828 EAT AFLEEZ 0]
FolEQl 5%+02( 30% — 5%) = —2%°ltt.

AN

, YA 7} good performanceet= ou|= 2% H ot &2 FolES GAMNA AFEZEEDZQE out-
perform ettt o]l o] & 8% U st3]oh= -10% 9] 44-& AFJoY E2 AHE o & 5

flet.
AEE A

A A 9] = E0] -30%Q w, HEF7F 0.29] FAZEEZR] 7 A beatols FUES
0.2 x —=30% = —6%°ltt. ZEZ2] 27} good performance\“/]'— 72 HE AA-S out-perform
S5 olnlst=H|, &0l -6%E St2loh= -10% 01 B2 £2 A& Wittal 2] o Hr}.

0

S

Problem 3.25 (Changing Beta)

It is July 16. A company has a portfolio of stocks worth $100million. The beta of the
portfolio is 1.2. The company would like to use the December futures contract on a stock
index to change beta of the portfolio to 0.5 during the period July 16 to November 16.

The index is currently 2,000 and each contract is on $250 times the index.

(1) What position should the company take?

(2) Suppose that the company changes its mind and decides to increase the beta of the

portfolio from 1.2 to 1.5. What position in futures contracts should it take?
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Solving
Problem 3.4t 54 B4 o|ot, WA, A2 14]9Fe] 71x]+= 2,000 x 250U S D = 500, 000U S D ©]H,

(1) EEZ2)0 et 0,55 FolW WIEHS 0.792 AASHH ek h = 0.7 x 10000000 _ 1y
2 = st e,

(2) ZEEFQ HEE 1.5% 2 HH HEE -0.37F SIAsHH "k =, fie3lz] gidl AsmieE
il

5ol WetS 0.373 Selw "o h = —0.3 x 120900 — 60 =60 3}

Chapter4d

Problem 4.2

1. Problem 4.2 (face value $100)

The 6-month and 1-year zero rates are both 5% per annum. For a bond
that has a life of 18 months and pays a coupon of 4% per annum (with
semiannual payments and one having just been made), the yield is 5.2%
per annum. What is the bond’s price? What is the 18-month zero rate? All
rates are quoted with semiannual compounding.

Figure 4: Chapter4-2

Solving

2 2 102
Price = = 908.29
S T 52%/2) T (11 52%)2)° | (1+5.2%/2)
2 2 102
. 2y s = 5.204%
A+ 5%/2 " T+ 5%28 (11 20200 18 O
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Problem 4.14

2. Problem 4.14

A 10-year 8% coupon bond currently sells for $90. A 10-year 4% coupon
bond currently sells for $80. What is the 10-year zero rate? (Hint:
Consider taking a long position in two of the 4% coupon bonds and a
short position in one of the 8% coupon bonds.)

Figure 5: Chapter4-14

Solving

100
0= o, i S0~ 363%

Problem 4.29

3. (Extra Problem 9ed. 4.29)

A bank can borrow or lend at LIBOR. The two-month LIBOR rate is
0.28% per annum with continuous compounding. Assuming that interest
rates cannot be negative, what is the arbitrage opportunity if the three-
month LIBOR rate is 0.1% per year with continuous compounding? How
low can the three-month LIBOR rate become without an arbitrage
opportunity being created?

Figure 6: Chapter4-29, 9ed.

Solving

M2 2719 5 170¥47F Libor Foward rate= th-22} 2,
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371, 2
Libors,, — 0.28%
F2m,1m = O% = 12 : 12

= Libors,, ~ 0.1867%

-
:\3"‘

Z1217] flsliA = 2F 0.1867% 71| 370 Libor 7} /f<-slioF
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o},

Problem 4.39

4. (Extra Problem 9ed. 4.30)

A bank can borrow or lend at LIBOR. Suppose that the six-month rate is
5% and the nine-month rate is 6%. The rate that can be locked in for the
period between six months and nine months using an FRA is 7%. What

arbitrage opportunities are open to the bank? All rates are continuously
compounded

Figure 7: Chapter4-39, 9ed.

Solving

WA, 67014 9 9 =2 R Y F,, 5, o #3714 S AFESH,

9 6
6% — 55%
F6m,3m = 12 ’ 3 1227 = 8%

12

T2, @4 FRA Alokade 7%l 8 1%pita A7k o it
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L)

1. 67147t 5% = A

2. 97047 6%l =t 4l

3. FRA wjsAlcF(H5F2] %4 4 1A AF)S L FEFHUE AE - 6712 F 971
RA A =

7HA) 37HE7E Liborg2 8 2 A2 W8 ¥ FR

ol ol
i o
L

i)
—{N R

97H D7 effective ratets 2(55% + 157%) ~ 5.6667% |22, 0.333% WF £99 2pol& wHE &
Aet.

Chapterb

Problem 5.1

1. Problem 5.1. What is the difference between the forward price and the
value of a forward contract?

Figure 8: Chapterb-1

Forward price : A%=714

M A AAA AFFARTY G 71 2AH4T0] A=A AL Wsto], 7] 2Apate] @A77 AmAF
W74 )24 BASHEA S vl gt oS

=

Value of a forward contract : AL A k2] 7}3]

WA AZAH LA S AAAIEANA F7td o, Ao A] &LT DA kS A Z23tH A==
A7t A I} A A AAH O] A7bA 9] apo] 2 BE] AME &= A2kl 7YYt &, 3A 9] A AokS
ARA A R A RS Foll Fatsta & off == &2 54U

N

S5, AAAHAA A=Ak 7HAE 0" o7 =X 7}
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o,
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Problem 5.7

2. Problem 5.7. A 1-year long forward contract on a non-dividend-paying
stock is entered into when the stock price is $40 and the risk-free rate of
interest is 5% per annum with continuous compounding.

(a) What are the forward price and the initial value of the forward contract?

(b) Six months later, the price of the stock is $45 and the risk-free interest
rate is still 5%. What are the forward price and the value of the forward
contract?

Figure 9: Chapterb-7

(@) AEA F = Sper™ = 40e%% = 42.05, AAH <] AmAko] 742] “0”

() 67HY Fo] HErhA F = 45600505 — 46,14, o] wf wjS=A & Aoko] 744 V, — F, = 4.09

Problem 5.10

3. Problem 5.10. Suppose that the risk-free interest rate is 6% per annum
with continuous compounding and that the dividend yield on a stock index
is 4% per annum. The index is standing at 400, and the futures price for a
contract deliverable in four months is 405. What arbitrage opportunities
does this create?

Figure 10: Chapter5-10

IS vy = 0.06, HiFE d = 0.04, DA A7 4009 7372 4704E F w77} Eefiste F7HA
ZAE0] o] 2714 F = 400e1z 0-06-0.04) = 402,68 Yt

a2, @A FIHASAEL A7 4052 v 1 g 7 ZhA o] A E L Qs wretbA,

(1) FAAIEANA F7HA GBS 4059 vi=st

(2) 400%HE FAF o] A&l A& AHdstod,

(3) N A4S BAG FALEZ Q. 4000] vjgteh,
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AXEZZQE 405 tied 4= 12, 2FdZoll tigh o]&}H]
0l.8 = BRAYSA 405 — 402.68 = 2.329H2 0] Bo|H 2}9]

Problem 5.24

4. Problem 5.24. Suppose the current USD/euro exchange rate is 1.2000 dollar
per euro. The six-month forward exchange rate is 1.1950. The six-month USD

interest rate is 1% per annum continuously compounded. Estimate the six-month
euro interest rate.

Figure 11: Chapter5-24

Sy = 1.2USD/EUR, Fy = 1195, 74 mestic = 0.0101%, AE77 $21-& E5 ofgfje} ZHo] A&7}
sEYh

=

Fy = Spel™ 7T = 1,195 = 1.2¢(000-7105 = f — 0,0184
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Chapter7 : Swap
Problem 7.1

1. Problem 7.1. Companies A and B have been offered the following
rates per annum on a $20 million five-year loan:

Fixed rate Floating rate
Company A 5.0% SOFR + 0.1%
Company B 6.4% SOFR + 0.6%

Company A requires a floating-rate loan; Company B requires a fixed-
rate loan. Design a swap that will net a bank, acting as intermediary,
0.1% per annum and that will appear equally attractive to both
companies.

Figure 12: Chapter7-1

& 3AE HlwstH A= Fixed rateolA 1.4%%E, Floating rateoll A 0.5%%E A2l 3l
Ytt.
o]& thA|oloF7]|otH, A+ Fixed rateollA] H]-9-917F 9111 B+ Floating rateo|A] B]-$-917} lth=

st gt

ol

FHE ol8oiM TR R A =2 YA, Bt &

H Bl
Acke AAsk Utk (A== =14 F a5, HEF 22D

2

BN
ot

1=z
=

]_

rr

o] 2gt7oFo] SOFR®} Swap rate 31 W Agtoletn, A7} Helo] 4% Wi el
AR} o]olo] WAISHE swap ratel= 4.9% 5 et AL Zofof Rt
§HH, B7h MERelR £ Weld AgAoke Bk 49 B o2lo] MAISH: swap ratet 5.8% Rt

AL} oo e,

é [}
S4a 2 9=t Swap rates 5.0% ~ 5.8%°lA 24E A dYrh.
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22 5% = A2L 2994 SOFRE AFa1 5.3% 14228 +30.1%% FA542)
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e SOFR-0.3%°] AHg= £€5t= 832 0.4%E o2 4 314,
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8153 SOFR-+0.6%0] 22 294 5.4% AFok1 SOFRE SH2cHe, 6.0% ol -
Sh e, 0.4% 5 ob2 4 gladth
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npzjero 2 w9917k AHEQl 0.9% =
oA A7} 0.4%, B7} 0.4%, E77) 8o
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>
%
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24S o] &gt v HFe 2 =
10.1%

S whea el Ey e

Problem 7.4

2. Problem 7.4. A currency swap has a remaining life of 15 months.

It involves exchanging interest at 10% on £20 million for interest at
6% on $30 million once a year. The term structure of risk-free interest
rates in the United Kingdom is flat at 7% and the term structure of risk
free interest rates in the United States is flat at 4% (both with annual
compounding). The current exchange rate (dollars per pound sterling)
is 1.5500. What is the value of the swap to the party paying sterling?
What is the value of the swap to the party paying dollars?

Figure 13: Chapter7-4

sl 2gA 2 Fixed-fixed currency swap©l|™, @A AgA|oFe] zh=

ol ol 2L e + 974 o] o] L + 15742 Fol A} o] 2 mo

FN

oL el
;O
>
i
k)

HEe AT, R BHFOR HE §) = 155, rf = 0.04, r} = 0.079 21, sg 2gA ok Hxe
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1.04, 3 1.04., 9 1.04.,, 15
f3m = 1.55elnT07 X iz, f9m = 1.55e!mT07 % 12, f15m = 1.55e!nT07 X 13

I Interest Compounding method

FA9] o]A-&L2 annual compounding©] 22, ¢

LR a0 48-g LA HEFES Tolan
continuous compounding © 2 x| g+s|| 4] o]-&-3fjof gt
é’ 1+ Tannual = eleontinuous = l?’L(l + rannual) = Tcontinuous

olA, 7171 sterling payer2] &

BOES AR ool 5t
e Cash-Inflow Cash-Outflow forward rate Outflow($)  Net
3month $1.8m S2m 1.54 3.08 -1.278
15month $31.8m S22m 1.50 32.91 -1.109

npz]ato 2 Net o] dA714] -$2.32m 7} Sterling payer ©] 2~&AF 712|171 =, Dollar payer 2] 7}x]+=
gets] w7t gy

(2) X2 LAl

sl dFsERE

e 4 it
gel A ea 2998 AT RIS 212 Adehd ofelel 2t
1.8 31.8
Bondusd = 3 + 15
(1+0.04)%  (140.04)5
2 22
Bondsterling = 3 + 15
(1+0.07)%  (1+0.07)5
Sterling payer®] da355-2 GelAfdS At 2GS Yot A TASIERE, A9 7=
Busg — 1.55 X Byyerjing = 32.061 — 1.55 x 22.182 = —$2.321m 7} 241t}
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Problem 7.8

3. Problem 7.8. Companies X and Y have been offered the following
rates per annum on a $5 million 10-year investment:

Fixed rate Floating rate
Company X 8.0% LIBOR
Company Y 8.8% LIBOR

Company X requires a fixed-rate investment; company Y requires a
floating-rate investment. Design a swap that will net a bank, acting as
intermediary, 0.2% per annum and will appear equally attractive to X
and Y.

Figure 14: Chapter7-8

Problem 7-17} 513t Zolulw U},

2l X7F0.8% e dol-¢-9loll 3L, HEals $LstE e Age Ade wf o] vlue-9le X7t
g, Y7 Hsadol sy

2 A Y] swap rate= 8%~8.8% A o] Fojd 4= Qlom, =g 0.2%E et 8.2%~8.8% A
=
dg =01, 8.5%°lA o]FojXIttH

XX Libore] 261 (Libor A 2-8.3%43]) AgA RS A A3gtct
TI7F 91e] 0.3% 2] o] o] ¥rAyg

=)
oo
W
X
r ¢}
Rl
o

ol £AshE

A 2 Y 12 e 8.8% o £A8HTL (Libor441-8.5%413) 2gAloke A
ol Eapst= w7} 9lo] 0.3%2] o ejo] Bt

ruhL

stthH Libor+0.3%

T 2849 0.8%= mMAHY) 0.3%, EAHX) 0.3%, T7H 0.2% = Weol 7Y,
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Problem 7.21

4. Problem 7.21. A financial institution has entered into a swap where
it agreed to receive quarterly payments at a rate of 2% per annum and
pay the SOFR three-month reference rate on a notional principal of
$100 million. The swap now has a remaining life of 10 months.
Assume the risk-free rates with continuous compounding (calculated
from SOFR) for 1 month, 4 months, 7 months, and 10 months are
1.4%, 1.6%, 1.7%, and 1.8%, respectively. Assume also that the
continuously compounded risk-free rate observed for the last two
months is 1.1%. Estimate the value of the swap.

Figure 15: Chapter7-21

S OIS OIS rate=2% % SOFRE 3719 7712 239 $100me] ofa meals ~g okl
Yet,

g7¥st7] el E OISE SOFRE Agate FRNT 2% 5 A&oh= A=
o

SOFR-FRN 9] ¢, 1719 H o|AE AFur2 2 F o 7}Z 0] Par valueZ FA T ofof st=d| o] &
o] &84 7122 B 4 25Ut 1719 5 A FEE o]A= $0.3mo|H o223 A ¥ SOFR-FRN

1

O] 7FAL Paro| B2, A7 100.3¢0-014% 13 = 100.1831

2% A A A9, 055, e+ 100e "2 = 100.4956

s 712 2= (g 5, Head AF)ol2=, FRNS &35t 2% Ade w3 At

U whakA Agere] 7hA ofefe} BT,

Valueprg = Bondyy, — FRN = 100.4956 — 100.1831 = $0.3124m

121



1 OIS vs. Libor-IRS

Libor 2} & 2] Backward-looking 410 = 4AF&E%= SOFR average rateE °©]-85to] OISE

Adste ¢, TF Headle AN 2E A FaL oA FAH L 2R H A 34T

=, 10710 F2 A d2 olAAFA 7= 1/4/7/1070 4744 4701, 170 Foll ¥ 2
HEade A7 271 9 Fod 17047 SOFR 5215 F2{sto] A=y

014x L 0.022 + 0.014
Q0L F xS L gopp + ~1.2%

Problem 7.22

5. Problem 7.22. Company A, a British manufacturer, wishes to borrow
U.S. dollars at a fixed rate of interest. Company B, a U.S. multinational,
wishes to borrow sterling at a fixed rate of interest. They have been
quoted the following rates per annum:

Sterling U.S. Dollars
Company A 11.0% 7.0%
Company B 10.6% 6.2%

(Rates have been adjusted for differential tax effects.) Design a swap that will
net a bank, acting as intermediary, 10 basis points per annum and that will
produce a gain of 15 basis points per annum for each of the two companies.

Figure 16: Chapter7-22
Fixed-fixed Currency swap
A= USD payer, USD 6.85% pay / Sterling 11.0% receive

B+ Sterling payer, Sterling 10.45% pay / USD 6.2% receive

And, F71713-2 USDIA 0.65% ©]2] / Sterling®ll A4 0.55% <4 - 0.1% =ke] &4
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Problem 7.extral

(Extra Problem 1) Under the terms of an interest rate swap, a financial
institution has agreed to pay 10% per annum and receive three-month
LIBOR in return on a notional principal of $100 million with payments
being exchanged every three months. The swap has a remaining life of
14 months. The average of the bid and offer fixed rates currently being
swapped for three-month LIBOR is 12% per annum for all maturities.
The three-month LIBOR rate one month ago was 11.8% per annum. All
rates are compounded quarterly. What is the value of the swap?

Figure 17: Chapter7-E1

M, Libor-IRS 9] +%& Libort& FEZ& Z|g6H= FRN¥} Swap rate?t& FE& 2| Foh= 2Ho =2
Tt H, AgA Sk FHAI A - A FRN Q] 7H2]= 4 Par value Yt

A A AN A 2 AF 2] 7HA]= 00| 22, Swap rateRhg F2Z& 2| F5t= AL 7HA| & par value”t
HojokdUrtt. &, Swap rate= 2 ZHAIAI A A] Par rate”l B2, o= FAet FHo]AdZ 7H]=
AHEe] YIMo] Hyrtth,

fu

A bid-offer F7kgkol 12% 2= A2 swap rateZt Bg 7|7k sl 12% 2= U U =, A#H 9
yield curveZ} 12% =2 flatsttt= 9o Yt} o]+= quarterly-compounding 222, 4455
SHH (1+0.12/4)t =e” = r=0.11822 & 4 5Utt.

oAl 17H4E A 11.8%°l A2dH g2 A 2 (Swap rate =, Libor 45) 47ollA H7}
SHE™, 14709 &2 FRN Y} 11.8% FE9] S 22lE 0.1182F #-§sto] vlwstd Jyrt.

@A FRN 9] 7}2]+= par values &8l & & AFUrh 2719 & FEo] (g5 & 4% FRN 9
7FA] % par valueZt 2 A JUrth &, 2709 & FRN 9] 714+ 100+2.95(F-&) 4yt

0|2 A7 2 FHASHA 102.95¢0-1182x 15 — 100.941

11.8% F-x o] @] A7} ofele} &),

2 5 8 11
2.5(6_0'1182Xﬁ +€_0'1182X§ —|—6_O'1182Xﬁ +€—0.1182x§)
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1+102.5e70-1182x15 — 98 678

fF 712 Fixed rate payero] 22, FRN2 A1 11.8% FE°] AH-S w3t A} F5ULt =,
2 A0kO] 73] FRN — 11.8% Note = 100.941 — 98.678 = $2.263m

e, Swap rate”} @A 12% 2= A2 AN FLt Ak Adshd 21 8=27F 12%

é&ﬂ%@%H%%ﬂ%ﬂ%i%ﬂ%%iﬂﬂ@ﬂﬁ@ﬂﬂé@q@u%iﬂéﬂﬁazi

[e)
A& F|z olAtughE2 olu] 171 Aol 11.8% = 2A4=%denz Eiﬂrxl e 1.8% Y ‘43}.

2 5 8 11 14
0.45670-1182x 75 4 0. 5(e=0-1182x 75 4 00118235 | o—0.1182x 15 4 o—0.1182x43)

Problem 7.extra2

(Extra Problem 2) Suppose that the term structure of interest rates is
flat in the United States and Australia. The USD interest rate is 7% per
annum and the AUD rate is 9% per annum. The current value of the
AUD is 0.62 USD. In a swap agreement, a financial institution pays 8%
per annum in AUD and receives 4% per annum in USD. The principals
in the two currencies are $12 million USD and 20 million AUD.
Payments are exchanged every year, with one exchange having just
taken place. The swap will last two more years. What is the value of
the swap to the financial institution? Assume all interest rates are
continuously compounded.

Figure 18: Chapter7-E2
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Chapterl0 : Mechanics of Options Markets
Problem 10.3, 10.13

1. Problem 10.3 An investor sells a European call option with strike price
of K and maturity T and buys a put with the same strike price and
maturity. Describe the investor’s position.

2. Problem 10.13 Consider an exchange-traded call option contract to
buy 500 shares with a strike price of $40 and maturity in four months.
Explain how the terms of the option contract change when there is

a) A 10% stock dividend

b) A 10% cash dividend

c) A 4-for-1 stock split

(Extra) Explain carefully the difference between writing a put option and
buying a call option

Figure 19: Chapter10
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Chapterll : Properties of Stock Options

Problem 11.5, 18, 23, 24, 25

1. Problem 11.5. Why is an American call option on a dividend-paying
stock is always worth at least as much as its intrinsic value. Is the same
true of a European call option? Explain your answer.

2. Problem 11.18. Prove the result in equation (11.11)

3. Problem 11.23. The prices of European call and put options on a non-
dividend-paying stock with an expiration date in 12 months and a strike
price of $120 are $20 and $5, respectively. The current stock price is
$130. What is the implied risk-free rate?

4. Problem 11.24. A European call option and put option on a stock both
have a strike price of $20 and an expiration date in three months. Both
sell for $3. The risk-free interest rate is 10% per annum, the current
stock price is $19, and a $1 dividend is expected in one month. Identify
the arbitrage opportunity open to a trader.

5. Problem 11.25. Suppose that c1, c2, and c3 are the prices of
European call options with strike prices K1, K2, and K3, respectively,
where K3 > K2 > K1 and K3 - K2 = K2 - K1. All options have the same
maturity. Show that c2 < 0.5(c1 + c3).

Figure 20: Chapterll
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