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1. 20000

gbogodgb20bdggodbbooouboooboooobobon

godgog

oobot¢t=o0,1,..., 7000000 S, 00000000 S, 00bO00bOOoDbOOOO
gogudgoobobobobbdobobduooobuoooooboo ohsbooooboobo
goon

goooogooo:. b rodb0 KOooboboooboobobooo
oooooooo:0b0 rTobo0b KOoODoooooboooooobo

goubbgouobubdgbouogoooog 1o obooboobbooooon
oooog s;0gooSy<KOOooopooono s;,0obooboboobogooo
ool Koooboooooobooobooobobobooobooooooooobo
oobooo ooooboosS,>KO000ODODO0OO0ODLDOODODODOODOOD KODOOD
oo00oboO0ob0o0obbobOOo0ob00bbOO0oKOOObOoOOoooooobogoooooD Sy o
00000 Sr—KOOOODOOODOOOODOOOoOOoOoooooooooo (Sr—K).,
gobbobbogobogbouooooboobbobobn

00000000: H=(S—K),
00000000: H=(K-57),

0000000000000 «(H)DO0OD0O0O00ODODODOODOOOODOOOOOOO0OO
goobodobbgoboggd

ggboubogobboubbooboobuoobuogbbbouooobboooooago
000000000000 (derivative secureity) 000000000000 OCOOOOOOO
00000000000 00D (contingent claim) 00000 OO

gooood: ggooooooof
000 00 1000000000 {S},t=0,1000085,=10000

20, OO p
81:
75, 00 1—p

000000000000 00D H=(5—-K),0 K=15,000000000000
gboobogoood

E[(S; —K),]=(20—15) x p+0x (1 —p) =5p

googbboobbobuobobbbbubp=050000250000000
goooooo 1gboudgoogoodooouooooooooobobbuonobobo
gudbbuooguboboobboubobboouobugobogaog



gobboooobobboobobobuoboobobobbon

e 00O viable (no arbitrage) < 000000000000 0OO0

viable 000000 « ODOO0ODOOO0OOODOOOOOOO

ggbboobouogobboouobbboooo

goooo

000 00000000000000000D00000000 (arbitrage) 000000
gbguoobooobuobuooggbbbooobbuobooboobboobbooobog
goooodgon

e JOJOODO (no arbitrage)

O00Ono freelunch OO OOOOOOOODO
gboggbbooououoooboooobobboooobuobooobooobon
goobon

goooogoooon

000000000000000000000000000000000000

000 (Sr—K), 0000 (K-5,),000000000000000 (1+p)!000
00000000000000000000000000000000000000000
000000000000 +¢0000000 ¢, R00000000000(@00000
0000000000)000000

Ct—Pt:St_(1+P)i(Tit)K' (1.1)
0000000000 +0o0b00b0o0ooooooooooooo

1.00000000000000
2.00 10000000 (1+p)"T9K000000

ooobobooooboboo rogoboooooon

1.Cp —Pp=(Sy—K), —(K—-Sp), 00
2. 97 —(1+p) T D1 +p)~THKDOODOO

o000 Sy—KODOODOOODOO
(L.L)y)oopoooooOOoOoOO0D +t+ODDOO0oDOU000ODOOOO000D0OO0DDOoOOOOOooOoO
gogbodgooooboggoobbooooooouooooonboboobooboogo



goooogg

0S0000000000000000000000000000000000000
00000 B OOOOB O0O0O0DOO (riskless secwrity) 000 000000000000
0000000000 (risky secwrity) 100 000B,0000000000B, 00000
0000000000000 0B,0000000000000000000000000
0000000000000000000000 B, =(14p)f0000p,0000000B,
00000 0008 00000 600000 (p,6,)000000000000000
0000000000000000

Vi = 0By + 0.5,
Jdoo00ddodooooggooooooooooboobod oo oo oo
By + 0.5, = n 1By + 04415,

0000000000000 00000000000000000 (self financing) 0 0 0O
0D0000000000000000000000000000000000000000
O0000000000 Ve O H=(Sy—K), 000000000000 0000000
000000 (duplication) I 0O OO

Vp=HOOODOOODOODOOOD (9,6,)0000000000000 V%,0OO0OO00O0O
D00000000000000000000000000

goooodooogg

gobogogoobooooboobobbobb p=10000000 oooOooooooD
00 r=100000m,s,) 0000000000 (p,/) 0000000 0OOOOOO0OO0
oboooobod B,=1. 000

Vo =n+ 05
Vi=n+05

H=Vv,000O (n,§)000000OS, 00000000DO0O0

Sl(W+) = 20,

Sl(wf) = 75,
goon

H(w+) == 5,

Hw-)=0
gooo



gooboobgobod

5 =1 + 200,
0=n+T7.50
googognd
So Si H
20 5 5=1n+ 200
m(i
75 0 0=n+7.50
gogogg

Vo=n+0S,00000
Vo=-3+04x10=1
0000000000

e J00DDOODODODOO (writer) OO ODOOO

— t=0000
gobbgodobb 1000 1
g oodgg 30bdgd 3
gobo4000 04x10 —4

— t=1000

S,=20000
U obobbooobdoouodgb 1isboobdaggo 15
gogoednbn 0.6x20 —12
gobd 300 -3
U 1oggogooboood

S,=75000
go4000 04x75 3
g obd300gn -3

000 n(H)>1000001000000000000000#xH)—100000
00000000 —a(H)>100000000

e 000 (buyer) 10000000



— t=0000
0 -04000 =04000(@0O0O) 04x10 4

03000000 -3
01000000000 ~1
- t=1000
S =20000
00000 15000 15
0 1500000000000 1000 —15
01-04=06000 0.6x20 12
0000 1200 —12
S, =75000
00000 30000 3
004000 04x75 -3

000000 n(H)<100000000 1-x(H) 0000000000 —x(H) <1
00000000

googoogon

20, OO p
S, =
5, 00 1—p

gogobbodgdguobobuoooobobboooubooooobbboboooo

5 =n+ 200,
0=mn+50
0000
5 1
= —— 0:—
="y 3
Vo=n+0S, 00000
5 1 5
Vie—2 4 x10=2.
0="3t3x 3

gbbuodgbobbboooobbbobbbbbbobooobboobobobboboo
goon



godo3o0o00

So=10000
20, OO p
S1=¢10, OO0 py
7.5, 0 P3

Oobooboooobooooooboooooon0 K=1oooooooobogooo Sy —Ky
gbouboggboooogzuoboggobboobobobbobobobobbooobon

5=mn+ 200,
0 =n+ 100,
0=n+7.50.

guogoboboboobuogbuoobuogobbooooobobouoboobuobobo
guouodgboogbubooobbouogboobuooboboooobuouooboobabo
goudbogbbuooooobobobbobobbooboboooobbbobobboooooog
gogoobobuogbbobob

gooooog

0000000000000000000000000000 By=(1+pt00000
00B8=(1+p)'<10000000000000000000DOOOOOOOOOOO
ooooooogoos, sso0oooooos o

Sl(W+), Sl(wf)

O0000000Pw+)=p, Pw-)=1—-p0000p00000000O0O0O0OODOOOO
ooddd AO00 AFO000000oogon
gboood

Vo =n+05
Vi=0""n+65,.

Vi=HOOO0OOOO H=p3"'n+68,.

H(wy) = 87"+ 081 (w+) (1)
H(w-)=p8""n+08(w-) (2)
gooboog
g — Hwy)—H(w-)



00 (1)x S (w)—(2)xS(ws) 000000000

Si(w ) H(ws) = Silw ) H(w-) = 8n(Si(w-) = Siw:)
_ B(S1(ws)H(w-) — Si(w-)H(w+))
Si(ws) = Si(w-)

oooooooo vwo

Vo =n+05
(S H )~ S )H()) | H(w,) - Hw)
Sl(w+)—51(w_) Sl(w+)—51(w_)
o Sp — B3S1(w-) w BS1(w+) — So
= 5w S ) I s - s
_ 715y — Si(w-) w Si(wy) — 6718, w
- {smw+»—smw>ﬁ<”*‘smw+»—smwa()}

= BlgH(w+) + (1 = q)H(w-)).

So

H(w-)

goo

S = Si(w-)
1= 5 (@s) = Si(w) (1.2)

0000 (000 HOOOOODOOOUOOOOOoooo)obooooo O

Qw:}) =¢, Q{{w-})=1-¢

ooogg
7(H) = Vo = E?[3H].

gogbbgooogboobbodboobbobbbooouogbbobouobouooogno
gbobbuouododgguooboobbbboooooboooboobboooo
000000000000000000000 ECBS, | 0000000

E?[3S)] = BSi(w+)q + BSi(w-)(1 — q)

o w B~1Sy — Si(w-) w Si(wy) — B~1S,

- ﬂsl( +)51(W+) - Sl(w,) +ﬂsl( *)Sl(er) _ Sl(wf)
_ 51(w) S0 — BT + BSulw ST — Si(w-)S)

Sl(W+) —Sl(w_)
_ (Si(w+) = Si(w-))So
Sl(W+) — Sl(w_)

=5

OOoooooo S, p5,00dboooooboboboooooobooboooooooon
0000{@UO0O00)obooooDO0000d0o0o0oooo0ooooOoOO0oOooOOoDoooOoO
gbuogbooboboououoon



go0020000=CRRUOO0O

0000 Sy, Si, Se,..., S, 0000000

g _ (14+06)S— OO p
" la+a)Ss 0O 1-p

0O 1: CRROOO

0000000O0(1.2)00

B _ Sy - (14+a)Sy  p—a
p=01+n" =0+ nS - 1+a)S, b-a

10




ooooooong
V = E9[BH] = B(qHy + (1 — q)H,)

goodd
gob20000b00000000000

02200 CRROOO

00000 HOOO 7T-20000000 V., 00000000000 000000
00 7T-1000000 V,,V,0

Vi = B(gHw + (1 — q) Ha) (1.3)
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Vo= B(qHa + (1 — q) Haa)- (1.4)
000 V,V, 000000000000 7T-20000000
V=BV + (1= g)Va) (1.5)
(15)0 (1.3), (1.4)00000
V = 3%(¢°Hyp + q(1 — @) Hypo + (1 — q)qHap + (1 — q)* Haa) (1.6)
000000Sr,=5S000000000000 H=(Sy—K), 00000000

V= B{((1+ D)7 — K) . +29(1— g)((1 +a)(1+0)S — K) .
(- @((1+0)*S ~ K).) (17)

gboobodoboboood

CRR 00O
gbobobbogogbbooooobboogobobogboa

v = ﬁTZ( )it = a0 S - ).
= s T () -0 a0 - ke Y ()00

SE o () () oo (oo

goo

A = min{k; So(1+b)*(1+a)' %> K}.

gooboooobooon

_p—a /o 1+b
q_b—a7 q_ql—l-p
oooo
1+0 1+a b—a 1+a




goooo

1+a
'e(0,1), 1—q¢ =(1—
q €(0,1) q¢ = qh+p
000o0o000
T/ /T
=53 (4)@ra-r - ke 30 (7 e - o
t=A t=A
= SoU(A;T,q) — K(1+ p) "W(A; T, q) (1.8)
000

WOnﬂ%p)Z'n <?)p%1——pWi

j=m
(1.8) O Cox-Ross-Rubinstein (CRR) 0 000000000

gog
gboobo:tgoooo

T—t
T—t
V; _ BTH&Z ( ) )qs(l - q)Tftfs((l + b)s(l + a)TftfsSt _ K)+
s=0
= SW(AsT —t,¢") = K(1+p) "0 (A: T — t,q) (1.9)

goboogad
A, = min{k; S;(1 +0)*(1 +a)" 7% > K}.
000 t-1,40000000000 (3,6,) 0000
Vi =n(1+p)" + 0,5,

v,0 §, 000000080 S.,00¢—-1,40000000000000000 200
0000 S =(1+b)8.,0 8=(1+4a)s_,00000000000000000000
VP, Veoooo

goooo

Ltb_ita (1+0Ve—(1 @)Ltb
-t 't = 1.1
b " (1+p)'(b—a) (1.10)
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0000000 Vh,Veooooooooo

ve= g (- 0 TS ) - ),

T—t
ve=om 3 (U] e ot T s - K,

s=0

oooogoe,n0 S, 00000000000000000DOO0DOO0O
0000000000 D0bO00bOObO0bOoODbOO S;000 KOOODOoDOooooooos,

0 KOOO0ODODOO0o0oO00oooooooooooooooooooooooooo (oo
0000000000000 0O000OO000O0O0DO0O0oDO0O0OooooD)oDoooO
bbb bgoboobbbooobooobboboounoooon
O00000000000000 (hedge)DOOODOOODOOOOOODOOOOOOOOO
gogggbbobbgbbboobobooobobuooooboubbbonboboon

2. Jobobooooobobod

gooo

0ooo (Q,.%,P)000000000 T={0,1,...,7} 00000000 (S)000 ¢
00000000 ofieldDd % 000000 d-00008%,82%...,59000000000
000000 $°000000000 §=(8°5,52%...,8) 000

S0 0000 (riskless security)
Sts2...,84 0000 (risky security) 000 O

B, =2 0000 (discount factor) 000000 S =(1+4p) 0000000000000
0B=(1+4pt000000000000000000000O000O0O0O00O0S®O
deterministic 00 00 000000000000000000000004, 000000
000000000000 +00000000 1000000000 400000000
000

000000000000000000000000 000000 $°8Y,...,5900
000

0, = (62,0},...,6%)

goguboobooouoobuoogobobobooobuoobooooobboaobo
0000 (trading strategy) 0000000000000 (value process) O

Vo(6) = 01 - S (2.1)

Vi) =0,-S =) 6,5, t>1 (2.2)



0000000 ¢+-10000000 6,0000(-1,4000000000000000
+00000 ¢-5000000000000000 6,,000000000000¢0
000000 ¢, 000000000000000000 ¢,,00000000 ¢t000
0D00000000000000000000000 6,0 %.,000000000000
000000000000 o-field000000000000000 (predictable) 0 00O
D0000000000000000000000000000000000000000

0000000000000 t+—-10000000 6,-5,.,000000000000 S,
0000000000000 ¢+00 6,-5,00000000 6,-S,—6,-S,,000000
(0000000000)00000000 (X,) 0000 AX,=X,—X,, 0000000
000000

0, - AS, (2.3)
0000D00000000000000 (gain process) GOOD OO0

Go(0)
G1(0)

0,
01 - ASy 40y - ASy + -+ -+ 0, - AS;.

00 21. 0000 0000000000000 0O0O0O0O0O (self-financing) 000000
(000000000 D0Ooooon):

9t~St:9t+1~St, 1§t§T—1 (26)

00000000 +«+000000000000000oo0OoooboboOoOooooon 6,5
ooooboooooboboonoo 6 -S;0b00b0000boogobobooooooo
O0ooo0ooooooooocoooooooooooooooon

self-financing 0000 61 - S — 0y - S, = Ay - S, 000

A9t~St,1:O, QStST (27)
000000000 Oselffinancing0000000000000O0

g 2.2. d0dogogoooon:

Ab - S =0, 2<t<T, (2.8)
AV,(0) =0,-AS,, t=1,....T. (2.9)
Vi(0) =Vo(0) + Gi(0), t=0,1,....T. (2.10)

00 00 (28)00 (29)0000000(28)0000000¢t=2,...,70006,-5,_, =
6,15, 00000

AVi(0) =6, - Sy — 6,1 Si1 = 0,- Sy — 6+ Sy = 6, - AS,

15



gooddt=10000
AV1(9):Vl(@)—vo(@):91'51—91‘50291'A51

0000 (2900000000
00 (2900 (210000009 000000000

w@%ﬂﬁw+§éA%W)
= Vo(0) + i@s - AS,

— Vi(8) + Gi(6) — Go(6)
— Vy(0) + G(6).

0003000000 AG,(0)=6,-AS, 00000000 (21000000000
000 (210000 (28)00000(210)000000 ¢>1000

AV;(0) = AG4(6) = 0, - AS,.
00 ¢t>2000

AVi(0) =0, - Sy — 01 - Sp_1.
000 ¢t>2000

OS5 — 01+ Sy =0, AS; = 057 — 0, S,_1.
000
(0 —0,1) - S;_1 =0

000 (28) 00000 O

oo

00000000 (Z,) 0000 (muméraire) 00005, 00000 ZS, 0000000
O0D0000D000 selffinancing OOOD0OODOOOO0OO

Aet . St,1 =0 <& Aet . (thlstfl) =0

goodooooooDooOO0ObOO0OO0OO0(Z)0Db0O0OOo0OOoOUoDODOUO0DO0OO0D0DOoOoOoOd
000000000 O0OO0OO00O0OU0OoOoOoO00ODOOOODOODOUODOODOOO(Zy) O

16



0 Z=(5)'=4300000000000000000000(SH)"'00000000
0000 $°00000000000000000000000000000000000
0000000000000000

0000000 Z=40000

gt = Sy

D000((S,) 0000000000000 (discounted security price process) 0 00 0 0O
(S)0000000000 V,Go0o0:

Vo(6) =6, - So (2.11)

Vt(e) =0,-5;, t>1 (2.12)

Go(6) =0, (2.13)
0023000000 SO0000000000000000

NG, -S,_1 =0, 2<t<T, (2.15)

AV(0)=0,-AS;, t=1,....T, (2.16)

Vi(0) =Vo(0) + Gi(0), t=0,1,...,T. (2.17)

(2.15)0000000000000000000 selffinancing 000000000000
00000000 self-financing 0 00000000 VOOOOO

Vt(e) = Qt 'gt = ‘9t ’ @St = @t ‘9t : St = ﬁt ‘4(‘9)

D00000000G(0)0 G/ 0000000000 00000000 60 self-financing
0000 (217)00

Gi(0) = V4(0) — Vo(0)
= BuVi(0) — BoVo(0)
= Bi(Vo(0) + G4(0)) — BoVo(0)
= BiGi(0) + (B: — Bo)Vo(0)
000000 V(@) =00000 G(f) =3G(#) 00000000 $$=1000000
000000 Vo) =V(¢)000000000000000

G()O0 A O0000000060 Ve O ¢, i=1,...,d00000000000
0000000

00 2.3. VO predictable process #',...,0¢0 0000 00 O O predictable process #° O

6 =(6°0". .., 0%

17



0 self-financing 0 000000000000 0000000 0O0O0O:

t—1
—d
-1

60 =Vo+ Y (OLAS, + -+ 9IAS,) — (015, + -+ 65,

u=1

). (2.18)

OO0 6=(0°0...,0%) 0 self-financing 0000000
Vi(0) =00 +0/S, +---+0/S] = Vo + G,

t
=Vo+ Y (BLAS, + -+ 0IAT)).

u=1

goog

t
00 =Vo+ > (B1AS, + -+ 02AS,) — 015, + - + 675,
u=1
— 1 d 1 d 1 d
=Vo+ Y (OLAS, + -+ 0IAS,) + (0; AT, + -+ 0/AS}) — 0}, + - + 075,
u=1
t—1

=Vo+ Y (BLAS, + -+ 0IAT,) — 015, | + -+ 6i5,_,

u=1

0000218000000
00 (218)0 00000 060 predictable 0 D0 D0 D000000D00 V() = Vo+Gy(6)
O000000Oself-financing0 000000000 O

goon

self-financing strategy 0 000 © 0000000 self-financing strategy ¢ 0 0 O (ad-
missible) 0 0 0000

Vi(0) >0, VteT
O0000000000000D0000 self-financing strategy 000 6, 0000

00 24. 00000 0000 (admissible strategy) 0 0 0O 00O (arbitrage opportunity) O
goo

Vo(0) =0, Vi(0)>0 VteT, E[Vi(0)]>0.
EVp(0)]>00000 P(Vp(0)>0)>00000000
00 25 00000000000000000 (viableDOOOOOOOOO
00,00 Vod)=0 = Vi) =0

gooooo

18



002400 V,(0)>0 VieTODOOODO
Vo(0) =0, Vr(0) >0, E[Vr(0)] >0
00000D0000000000000

g 26. J0dogodgoobboboobobodgobbobobobooooo

00 ¢000000000000000000C0 t0 V@ 00000000000000
000 t<T0 Ae.% 0 P(A)>00

0;-S; <0 onA, 0,-S,>0 foru>t

OO000000DbDbO0000o00ooobU op0ObODODDbDOOOD Ac0D0 ¢o,=000
ooADOO

Gu(w)=0, u<t

Pw)=0w)— ==L $iw)=0w), i=1,...,d u>t

O00000¢ 0 predictable 0000000000

self-financing 00 00000000A° 00 V,(¢) =00000000000 AOO
Agpr-S,=00000000(A¢, 0 A6, 000000 v=¢t+1000000000)A4
oon

;- S,
Aqth ¢t+1 Q?H - tSO _t,
t

A¢t+1_0t+17 izlj...,d.

gao

d
Agpi1- S = Agpy S+ Z A4S

i=1

) S
= (01 — S SO+ZQt+1

=015 —0;- S, + Z 0415

=1
:9t+1'St_0t'St
=0

OO00ooooed self-financing O OO0 O

19



00 V() >00 P(Vi(¢)>0)>00000A4°00 V,(¢)=00000A000 u<t
0000 Vu(¢)=00000u>t000

0,-5)8° .
— ¢ -9 =@° O_M 9t g
V() = by - S, = 0250 5, +; i s
S,
0000 6,-5,>0,u>t0 (6,-5)<0,5°>000000 V,(¢)>0000000
000 ADO Vp(¢)>0000000 6,-5,<000000 O

000000 HO100OOOUOODHUOOD 4 000000000000000D0D00
HOOOD e, 00000

Vr(9) = H (2.19)

000000000000 (duplicated) 00000000 Oviable 00000000000
0V, 00000000006, €0,0 Vi)=Ve(@)=HOOOOOOV(0) = V,(0)
0000 ¢+000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000000000000000000000000

00 2.7. viablemarket 0 00000 HOOOODOOOOOOOOOO0OO0OOO
00 0O0006,¢0000

Vr(0) = Vr(¢) = H
00000000V #V(¢) 00D t<T O

‘/;L(Q) = Vu(¢)7 u<t
Vi(0) # Vi(9)

000 ¢+00000A4 = {V®) > V(¢)} 0000PA) >0000000000000
X=V,0)-V(¢)0 £ 000000y 00000004000

W =3X, =0 i=1,...,d u>t
Ac0O0O0O

¥ O predictable. self-financing O 0000w <t 0000 60, ¢ 000 self-financing 0 0O O
O00D0uw>t00000A00D000 self-financing 0000w >t0 ADDDODODOOO
0000 ¢, =2,0000000000

20



b0 w=t0o0o0ooggo

Yi - Sy = Vi(0) — Vi(9).
00
Ver1 - St = Lac(Ori1 — dri1) - Se + 1aB XS,
= Lae(Br41 — der1) - St + 1a(S)) 1 (Vi(0) — Vi(9)) S
(

= 1Ac 9t+1 — ¢t+1) : St + 1A(Vt(6) - Vt(¢))
=Vi(0) = Vi(¢) = ¥ - St

000 o O self-financing 00000000 Vy(v) =000
Vr(¥) = 148X 5P

O0000O0AO0ODODDDODODOOD viableDOOOOOOODDOOOODODDO
gooon 0

googoog
cfield9 000000000X e 00000000 Aeg 000

E[X14] = E[Y1]

Oo00¢yOOoOO0oyOoOoOoooOOoOoDOOOOD XO0yUOoooooooobooooobooo
000 FX|9 000000 4000000000 disjoint 00 Ay,...,Ax 0 U;jA; =Q
OOoooodoboobobvyoOdo 4,,...,Ax000DOOO0DbOO0oO0OoOooOoooboDbDooD

EX) =Y P(;j)E[XlAj]lAj

gobgbbobuoggboooubobuobooonon
gbboooobbbobobboboogbn

1. ElaX + BY|9] = aE[X|9] + BE[Y|Y)

2. 9, C 9% 000 E[E[X|%]|%] = E[X|4]
3. E[E[X|¥9]] = E[X]

4. X0 9-0000 E[XY|¥]=XE[Y|9).
5. X0 9000000 E[X|¥9] = E[X].

00 ofields 0000 {£#hher 00000000000 00000000O (M) O (%)-
adapted O

E[Mt+1’yt] :Mt, t: 1,2,...,T—1 (220)

21
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