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_16
15°

7} A,

Asian:= proc(S0::numeric, N::posint)

local 1, j,k, u, d,r,tmp,StockPrice, SumStockPrice, OptionPayoff,
StockShare,StrikePrice ;

local p,q,s,m,a,b,h,tmpl,tmp?2;

u = 2.; d = evalf(l./u); StrikePrice = 4.; r:=1/4.;

p:=(1+r-d)/(u-d); q:=1.-p;

OptionPayoff:=array(0..N,0..2°N);

StockPrice:= array(0..N,0..2°N);

SumStockPrice:= array(0..N,0..2°N);

StockShare:=array(0..N,0..2°N);

a:=array(0..N); b:=array(0..N);

StockPricel0,0]:=4.;

al0]:=0;
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for 1 from 1 to N do

od;

alil:= 271-1; blil:=4*2"1;

for 1 from 1 to N do

od;

for j from 0 to (271-1) do

if irem(j,2)=0 then

StockPriceli,ali]l-j] := 2% StockPriceli-1,ali-1]1-j/2];

else

StockPriceli,ali]-jl:= 2°(-1)* StockPriceli-1,ali-11-(-1)/2];
end if;

od;

SumStockPricel0,0]:=4.;

for 1 from 1 to N do

for j from 0 to 27i-1 do

if irem(j,2)=0 then

SumStockPriceli,ali]l-jl:= SumStockPriceli-1,ali-1]-j/2]+2*
StockPriceli-1,ali-11-j/2];

else

SumStockPriceli,ali]-jl:= SumStockPriceli-1,ali-1]-(G-1)/2]
+2°(=1)*StockPriceli-1,ali-1]-(-1)/2];

end if ;
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od;
od;

for j from 0 to 2°N-1 do
OptionPayoff[N,j]:=max(0,SumStockPrice[N,jl/(N+1.)-StrikePrice);
od;

for 1 from N-1 by -1 to 0 do
for j from 0 to (27i-1) do
OptionPayoffli,jl:=1./(1+r)*( p*OptionPayoff[i+1,2%j] +
q*OptionPayoff[i+1,(2*%j+1)]);
StockShareli,j]:=(OptionPayoff[i+1,j+1]-
OptionPayoffli+1,j]1)/(StockPriceli+1,j+1]-StockPriceli+1,j]);
od;

od;

printf("Option_Price _Time_Zero=%g \n”, OptionPayoff[0,0]);
printf("Stock_Share_Time_Zero=%g\n", StockShare[0,0]);

end proc:

Asian(4.,2);
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EuropeanPutKnock := proc( SO::numeric, StrikePrice::numeric,
Barrier::numeric, N::posint)
local 1, j, u, d,r,m, tmp,StockPrice, OptionPayoff, ST,
Minvalue,total;
local Deltat, T,pu,pd, pm,q,sigma,f,dl,d2,tmpl,tmp2,BS_price, temp;
local H1, H2, OBOptionPayoff, IBOptionPayoff SPT, FinalPrice;
sigma:=0.3; T:=0.5; r:= 0.05; Deltat:=evalf( T/N); q:=0.01;
u =exp(sigmax*sqrt(3*Deltat)); d = evalf(1./u);
w:= sqrt(Deltat/(12+sigma”2))*(r-q-sigma’2/2) + 1./6 ;
pd:= -sgrt(Deltat/(12#sigma”2))*(r-q-sigma~2/2) + 1./6 ;
pm:=2/3.;
OptionPayoff:=array(0..2+N,0..2*N);
ST:=array(0..2*%N);SPT:=array(0..2+N);
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for 1 from 0 to N do
for j from O to 2xi do
StockPriceli,j] = SO*u’j*d™i;
od;
od;

for j from 2*N by -1 to 0 do
STIljl:= abs(Barrier - StockPrice[N,j]);
SPTIjl:=StockPrice[N,jl;

od;

temp:= ST[2*N];
for j from 2*N-1 by -1 to 0 do
tmp:=STI[jl;
Minvalue:=min(temp,tmp); temp:= Minvalue;

od;

total:=0;

for j from 0 to 2#N do
if STI[j] = Minvalue then break end if;
total:=total+1;

od;
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if SPT[totall = Barrier or SPT[0] > Barrier or SPT[2xN]
<Barrier then H1:=SPTl[totall; H2:=SPTItotall;
elif SPT[total]>Barrier then
H1:=SPTltotal-1]; H2:=SPTItotall;
## Hl:outside of barrier, H2:inside of barrier
else
H1:=SPTltotall; H2:=SPTItotal+11];

end if;

## Option Payoff outside of Barrier f(H1) (HI<Barrier<H2)
for j from 2*N by -1 to 0 do
if SPT[j] > H1 then
OptionPayoff[N,jl:=max(0,StrikePrice - SPTI[j]);
else
OptionPayoff[N,j]:=0.;
end if;

od;

for 1 from N by -1 to 1 do
for j from 0 to 2x(i-1) do
if StockPriceli-1,j] >HI1 then
OptionPayoff[i-1,j]:=
exp(—r*Deltat)* (pu*OptionPayoffli,j+2]

+pm*OptionPayoff[i,j+1]+pd* OptionPayoffli,jl);

_57_



else
OptionPayoff[i-1,j]1:=0.;
end if;
od;

od;

OBOptionPayoff:=OptionPayoff[0,0];

## Option Payoff f(H2) inside of Barrier

for j from 2*N by -1 to 0 do
if SPT[j] > H2 then
OptionPayoff[N,j]:=max(0,StrikePrice - SPTIj]);
else
OptionPayoff[N,j]:=0.;
end if;

od;

for 1 from N by -1 to 1 do
for j from 0 to 2x(i-1) do
if StockPriceli-1,j] > H2 then
OptionPayoff[i-1,j]:=
exp(—r*Deltat)*(puxOptionPayoffli,j+2]
+pm*OptionPayoff[i,j+1]+pd* OptionPayoffli,jl);

else
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OptionPayoff[i-1,j]:=0.;  end if;
od;
od;

IBOptionPayoff:=OptionPayoff[0,0];
FinalPrice:=OBOptionPayoff
+(OBOptionPayoff-IBOptionPayoff)/(H1-H2)*(Barrier-H1);

printf("Final Option_Price_Time_Zero=%g\n" FinalPrice);
end proc:

EuropeanPutKnock(1000.,1000.,700, 350);

9 mzade ARe e p

Final Option_Price_Time_ Zero=46.3127
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EuropeanCallKnockIn := proc( SO::numeric, StrikePrice::numeric,
Barrier::numeric, N::posint)
local i, j, u, d,rym, tmp,StockPrice, OptionPayoffl,
StockShare, ST,
Minvalue,total;
local Deltat, T,pu,pd, pm,q,sigma,f,dl,d2,tmpl,tmp2,BS_price, L,
temp;
local H1, H2, OBOptionPayoff,
IBOptionPayoff SPT FinalPrice,OptionPayoff?;
sigma:=0.3; T:=0.5; r:= 0.05; Deltat:=evalf( T/N); q:=0.01;
Digits:= 20;

_60_



u :=exp(sigmax*sqrt(3*Deltat)); d := evalf(1./u);

pu:= sqrt(Deltat/(12#sigma’2))*(r-q-sigma”2/2) + 1./6 ;
pd:= -sgrt(Deltat/(12+sigma”2))*(r-q-sigma~2/2) + 1./6 ;
pm:=2/3.;

OptionPayoffl:=array(0..2*N,0..2%N);
OptionPayoff2:=array(0..2*N,0..2%N);
StockShare:=array(0..2%N,0..2%N);
L:=array(0..2*N);ST:=array (0..2*N);SPT:=array(0..2*N);

for 1 from 0 to N do
for j from O to 2xi do
StockPriceli,j] = SO*u”j*d™i;
od;
od;

for j from 2*N by -1 to 0 do
STIljl:= abs(Barrier - StockPrice[N,j]);
SPTIjl:=StockPrice[N,jl;

od;

temp:= ST[2+N];
for j from 2*N-1 by -1 to 0 do
tmp:=STI[j];

Minvalue:=min(temp,tmp); temp:= Minvalue;

_61_



od;

total:=0;  L:=[seq(STIj1j=0.2+N)];
for j in L do

if j = Minvalue then break end if; total:=total+1;
od;

if SPT[totall= Barrier or SPT[0] > Barrier or SPT[2+N]
<Barrier then
H1:=SPTl[totall; H2:=SPT|[totall;
elif SPT[total] > Barrier then
H1:= SPTI(totall; H2:=SPT[total-11];
# Hl:outside barrier, H2:inside barrier
else

H1:=SPTltotal+1]; H2:=SPT[total]l end if;

printf("H2=%g\n", H2);

## First Step: caculate OptionPayoffl

for j from 2*N by -1 to 0 do
tmp:= SPTI[j]-StrikePrice;
OptionPayoff1[N,j]:=max(0,tmp);
od;
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for 1 from N by -1 to 1 do
for j from 0 to 2x(i-1) do
OptionPayoffl[i-1j]:=
exp(—r*Deltat)*(pu*OptionPayoff1[i,j+2]
+pm*OptionPayoffl[i,j+1]+pd* OptionPayoffll[i,j]);
od;

od;

##Second Step: Option Payoff outside Barrier f(H1) (HI1>Barrier>H2)
for j from 2*N by -1 to 0 do
if SPT[j] >= H1  then
tmp:= SPTI[j]-StrikePrice;
OptionPayoff2[N,j]:=max(0,tmp);
else
OptionPayoff2[N,j]:=0.  end if;
od;

for 1 from N by -1 to 1 do
for j from 0 to 2x(i-1) do
OptionPayoff2[i-1j]:=
exp(—r*Deltat)*(pu*OptionPayoff2[i,j+2]
+pm*OptionPayoff2[i,j+1]+pd* OptionPayoff2[i,j]);
if StockPriceli-1,j1>= H1 then
OptionPayoff2[i-1,j]1:=OptionPayoffl[i-1,j] end if;
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od;
od;

## Option Payoff f(H2) inside Barrier
for j from 2*N by -1 to 0 do
if SPT[j] >= H2 then
OptionPayoff2[N,j]:=max(0,SPTI[j]-StrikePrice);
else
OptionPayoff2[N,j]:=0. end if;
od;

## Step3:

for 1 from N by -1 to 1 do
for j from 0 to 2x(i-1) do
OptionPayoff2[i-1j]:=
exp(—r*Deltat)*(pu*OptionPayoff2[i,j+2]
+pm*OptionPayoff2[i,j+1]+pd*OptionPayoff2[i,j]);
if StockPriceli-1,j1 >= HI then
OptionPayoff2[i-1,j]1:=OptionPayoffl[i-1,j] end if;
od;

od;

IBOptionPayoff:=OptionPayoff2[0,0];
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for 1 from N by -1 to 1 do
for j from 0 to 2x(i-1) do
OptionPayoff2[i-1,j]:=
exp(—r*Deltat)*(pu*OptionPayoff2[i,j+2]
+pm*OptionPayoff2[i,j+1]+pd* OptionPayoff2[i,j]);
if StockPriceli-1,j1 >= H2 then
OptionPayoff2[i-1,j]1:=OptionPayoffl[i-1,j] end if;
od;

od;

OBOptionPayoff:=OptionPayoff2[0,0];

FinalPrice:= IBOptionPayoff

+(IBOptionPayoff-OBOptionPayoff)/(H1-H2)*(Barrier-H1);

printf("Final Option_Price_Time_Zero=%g\n" FinalPrice);

end proc:

#showstat(EuropeanCallKnockIn);

##stopat(EuropeanCallKnockIn);

EuropeanCallKnockIn(1000.,1000.,1300, 300);

9 mmade ARe e pr

Final Option_Price_Time_Zero=62.1065
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S (HH)=16
S S,(HT)=8,(TH)=4
X /

5 (TT)r=2

V:,,(HHH)ZSg(HHH)—Sg(HHH)232—3220,
Vg(HHT)ZSQ(HH)—SB(HHT)ZM—S:&
V,(HTH) = S,(H)— 5,(HTH) =8 —8 =0,
Vg(HTT)ZSl(H)—Sg(HTT)ZS—QZG,
V,(THH) = S,(THH) — S,(THH) =0,
V?,(THT)ZSQ(TH)—SB(THH)ZZL—Q:Q,
V,(TTH) = S,— S;(TTH) =4—2 =2,
Vi(TTT) = 5,~ §,(TTT) =4- =35 °lx
ARE 2014 A0 A

411 1 411 1
v, (H) = §V3(HHH)+5V3(HHT)}—€[§><0+§x8
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4 1 4 1
VoHT) = £ | 5 Vo HTH) + 5 Vy (BT )}:g[§x0+§x6}:24,
V(TH):élV(THH)—i—lV(THT)}Zé[—X0+iX2}=O8
2 502 °° 23 512 2 ’
411 1 411 1
VQ(TT)—g51/3(TTH)+5V3(TTT)}—g[§x2+5x3.5}—2.2
7b Aot
Eok AIRE TelA FAe] 7hA =
411 1 411 1
Vi) =5 5v2<HH>+5v2<HT>}_g[§x3.2+5x2.4}_2.24,
411 1 471 1
v1<T>_g[§v2<TH>+5v2<TT>]_3[5x0.8+5x2.2]_1.2.
weta] Sl g g 7 Ve
41 1 411 1
e - =~ | —%9. —%1.2|=1. ol 7
Vo=3 2Vl(ﬁr)+2V1(T)] 5[2><224+2x12} 1.3760] 11
Abob & FAF A=
ViH)=Vy(T) 224-12 1.04
A e prm— = = .1 .
0TS @81 s—2 ¢ 01T

olAl V,=13762] =7 AFE 7FA I A =0.17339] FAS A TEZFS
o] 7HAE Azha) At
X, (H)=A,S,(H)+1+r)(V,—A,S,)

=0.1733 <8+ %x (1.376—0.1733 < 4)

=1.38674+0.8533 =2.24
— V(1)
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PF7EA 2 Ak e
X, (T) :0.1733x2+%x(1.376—0.1733X4)
=0.3467+0.8533 = 1.2
= V(D).

oAl Htt.

< &9 2 A (lookback option)d] 712424 A Z21Y
Maplel3o. &2 W&, SulgHdol Al A

o},

2

o]
N
N
i

-

Lookback:= proc(S0O::numeric, N::posint)
local 1, j,k, u, d,r,tmp,StockPrice, MaxStockPrice, OptionPayoff,
StockShare,StrikePrice ;
local p,q,s,m,a,b,h,tmpl,tmp?2;
u = 2.; d = evalf(l./u); StrikePrice = 4.; r:=1/4.;
p:=(1+r-d)/(u-d); q:=1.-p;
OptionPayoff:=array(0..N,0..2°N);
StockPrice:= array(0..N,0..2°N);
MaxStockPrice:= array(0..N,0..2°N);
StockShare:=array(0..N,0..2°N);
a:=array(0..N); b:=array(0..N);
StockPricel0,0]:=4.;
al0]:=0;
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for 1 from 1 to N do
alil:= 271-1; bli]:=4%2"1;
od;

for 1 from 1 to N do
for j from 0 to (271-1) do
if irem(j,2)=0 then
tmpl:=irem(j,2);h:=alil-j; ki=ali-11-j/2;
StockPriceli, h] := 2% StockPriceli-1,k];
elif irem(j,2)=1 then
tmp2:=irem(j,2);
StockPriceli,ali]-jl:= 2°(-1)* StockPriceli-1,ali-1]-(G-1)/2];
fi;
od;

od;

MaxStockPricel[0,0]:=4.;

for i from 1 to N do
for j from 0 to 27i-1 do
if irem(j,2)=0 then
h:= alil-j; k= ali-11-j/2;
MaxStockPriceli,ali]-j]:=max(
2*StockPriceli-1,k],MaxStockPriceli-1,k]);
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elif irem(j,2)=1 then k:= ali-1]-j/2;
MaxStockPriceli,alil-jl:=MaxStockPriceli-1,ali-1]-(j-1)/2]
; 11,
od;
od;

for j from 0 to 2°N-1 do
tmp:= MaxStockPrice[N,jl- StockPrice[N,jl;
OptionPayoff[N,j]:=max(0., tmp );

od;

for 1 from N-1 by -1 to 0 do
for j from 0 to (27i-1) do
OptionPayoffli,jl:=1./(1+r)*( p*OptionPayoff[i+1,2%j] +
q*OptionPayoff[i+1,(2*%j+1)]);
# StockShareli,j]:=(OptionPayoffli,j+1]-
OptionPayoff[i,j]1)/(StockPriceli,j+1]-StockPriceli,j]);
od;

od;

printf("\n");

printf("Option_Price _Time_Zero=%g \n”, OptionPayoff[0,0]);
##showstat(Lookback);
#stopat(Lookback);
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Lookback(4.,2);
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=
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1 (variable floating-strike option)<]
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(4) {9 ¥4 (ladder option)
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39 %
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_0|L
1
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Lo,
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o
et
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r d
_0|L
rlr
o,

oA v Al & 7tAs 7Iele® A A9 7HA 7 AA
L, o nA AS7tA(Ladder)S A3ttt stH, @]

<X (ladder option)®] 7} &=,
Ao 349 71 =max|0, S;—min(L,, L, -+, L,, Sy)]
A E5Ae 714 = max[max(L,, Ly, -+, L, Sy)—S;]

7 #nh Ay Aol s A4l wE]l AGHA G diel, ¥E

AL 7FA vl 5 A (floating - strike ladder option)o] 2t % 3sht}.

1) &3 dgA
2 B 34 (ladder option)2] W3 o

=
Aeg 5 Qe dnAe Ao gade

)
¥
>
n
o
)
o

T4 A9 Z549] 784 = max|0, max(L,, L,, -, L,, S;)—X]

T4 Y E5A9] 7HA] =max[0, X—min(L,, Ly, -+, L, Sy)]

ol o},

2) 2" Z g 1A (step-lock ladder option)

2 & Z ) 3 A (step-lock ladder option)> v dHe 71AE

o
{0
ol
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d Fa, s 7o) dAHoR o] stAd mdsd FAAE A
g8, FFo] 71Fo] ojEA WEE BARl 2 =7+ WATFA

Ads Badhs Aotk d& 5, ¥4 A x719 AIEA] 50

o] Atk st¥, 7FAe] & Wolftx HoAH PAEAL 552 A HA T
I 5(=55—50)2] F2o} Aol wAHTh ALNA Tl 60 HolA
W A A ol 602 AMAH I 5(=60—55)9 FHo] FhE wgH
A 288 714 olgtel A Edtia s

of &8 Fde AFH. 7HAol 558 A= =3 A4
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d& o, od A Hx IAHAS 10022 A 5 34
Mz Aol 7125 A7b7F 1052 JeEbdd WA 7FR] 57F Qg FH e A
"ol WS PArtAE 1062 =4HT. =4 A=A A TxE
AZF7E 10322 shErst A2 WiAZEA = flel #AEARE 1032
ARG AA A=A A 7lz=s A7EE 10602 Weshd A2
WA ZEA 7h 3w sk PArA L 10602 AxAAT 2o Wl o
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3. 4% 3Rt A4

a2 A E (multifactor  derivatives) 432 2~ E (correlation
risk) & Egtets ATl oY d A aas MRS g ot
AF7HA ool = FAREY 7= st a5 AAE 7HA e A H o
oA AAH= del vt s esr FANFS 2 ol e FEAt

(1) 99 B %34 (rainbow option)

A 91 B 95 A (rainbow option B+ better of options)e] 7Fg H ¥
FHl= & v 2 o] A Tl HAHo] M FL& A EJTxE
of wel 7EA7F 2 H = Aotk o2ld ddE A F2 T A

=

gl 2eketa =, olEH™ o el F7HA

4
of\
2
>
N
o

T2 AAES FAA7E HAskA Aok nl Y kS 2
n—color best rainbow options 2] 7} =max[S/, S, S, -, ST, X]
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SlTa SQTa SgTa Ty SnT}i Z} X]'ﬂ’(nﬂ)-‘ﬂ ?_]_—7] U«H}ﬂ 7]—5(] O] T:I—

e EW, oW TAR} A FoA

b
S
®
W

F7HA
FTSE® Alole A o= Ao FxEAE uwlsti Q¥ o] FapAb=
T OFMAE FolA ARl F2 Y 95 AESE two-colord]
NEG-FAS vfsst= Aol Foh "ok FTSEZF 11% <538t DAX7}
5% eatdttd, FAabE 1% A S #A ®loh o]y g HdRSF

2—color best rainbow option®] 7}X]=max[DAX, FTSE]

BN Foll FA Tl HAol 2 Ho AAE AEshe wAd F

5) DAX A 4=(Deutscher Aktien IndeX, German stock index)©= ETHIAF=ZE F
AA Y 2ol FgE F2 T 307 719E ddeE FAAE T 77 ATl o
F 719 A7 AS Ve R b 2 3070 71el AR E T DAX Ao Ve
A 1987 12¢ 30U=E, o] €9 A+E 1,00002 Agstr 1988 7€ 1dH
B 27t Al A A

6) FTSE(Financial Times Stock Exchange Index) A& 9= #F3AAA 3
oA Bl A AdFAAYNLTE T 5 o2 AFsta = FTSE JIH WA EA}
7b Zgs) waskeE A FUHAFR F94A FTAS gk vt A AAE o
gy A= 53] A A= 8o T8 V|To=Z AMEH I 9l
#HEo] e FA Al Zt=d B vsE AAsE 7|22 FTSE
A= kel BlFo] FolA|H o=l T antg SuiE vhs Aol A
Zich

_83_



AAE 4%
12%0l <+

a1
d o

o

A
9]

W FAA ST 12%
o BHAE F7A

S G "o W . Hoool o OB
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wte] FTSEZF 12% £ 23 DAX7F ™% &3ktha s, BRaAE 1 5
&9 zfolQd 5%E whAl 2 Aolrh o]lgd FH Y JFAe] DAX X E

FTSE?] =98 A ¥ Aot} oF E9f, DAX ¢ldx A=E &
st A=y A7 DAXE U= FTSE $9&o] =& Aoz Joad v
DAX #AE=E sAstar FTSE AFAEE A2 FA 7Rt E ~Zd=

[
A
dlo
=
me

FA2 st Rol ¥ BEAY Ak AL FA

Call on the Max<] 7F*] = max[max(S/, S, S, -+, S/)— X, 0]

Put on the Max?] 7} = max[X—min(S, S, S, -+, S)), 0]

olth. #, Call on the Max®] 7bX% nAsl WAt FAM 13 we
A& Adstel olAe A YAAA Xqbe] Ao|ziE FaTh v
o

oz
>

rlo

7FA & Put on the Max®] 7Fxl= nlel A4b SolA 7hd &
kel VA AT Ao A A} Este] gk

A5 59, 5/ F24o FoE5g udoz dx, FArIFl 10%:2
Call on the MaxolA 57 F2o] FA7IzF Fd 271 5%, 9%, —7%,

—13%, 15%9) £ ES /1 FSAHE 15%] Fo)Eol AT,
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=max| | S/ X, |+ S =X, |+ - +|8'—X | X, 0]

F detols gHe) 7hA
=max[ X— | X, -S|+ X,— S |+ -+ X -S|, 0]
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Bl dolE S, AdAEe]l oldd AFNA AFe AdsuA s A,



-
1

5t

o

=z 1Y

%

)

o =

=

1990 o

A

)

I

=
=

oA AlZlell Wi Q17]7F okt o

gt ddEng ¥

=9, A(&

NR

ol

il
mm
¥r
)

il

it
i+

ol

-
1

ol 71

=

=

L]

}

0]
pul

t, ol

2] Az >

hyA

$10.000,000x 6712 USD LIBOR
$10.000.000% (6712 DM LIBOR - X%)

< a9 34 4

t, olm o]

s

o

el

-

o)

oy

14
=
;Onﬁ

—_—

0
"

)l

#7F et
A olg=

= &

]

Al

gl # o] E9F LIBORZH

hyA

dolE sgte wael
— 88 —

Ea

H o] A]

L

R

17§ ¢ LIBOR®} 671€ LIBOR

At

=

T
T

s o

T



FAA Av WELE 119 29y st 6/M€nitt 67149 USD
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A Study on Types and Characteristics of The Various

Exotic Options
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We study derivatives. Investors are growing more and more interested
in derivatives because of a globally sudden change in financial
environment. So, it becomes more important for us to study the
derivatives. First, we examine significance and functions of derivatives.
Second, we research pricing model of options that is a kind of
derivatives with using option pricing model based on binary tree model,
Black—-Scholes model and trinomial tree model. Finally, we investigate
exotic options which is a type of over-the-counter options. They
have unique structures and are different from the general options that
deal on the Exchange. We investigate types and characteristics of the

various exotic options. The exotic options are offered properly to



investors for their varied demands as they are able to use diverse

structures and investment purposes.
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