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dX = a(X, t)dt + b(X, t)dW , X(0) = X0? Y = X2 miiwn d`eeyn dfi`.` sirqn Y -le X-l miq"nd oexztl dniexn-xliie` zhiy z` aezk (a)ii lr e` X-l q"nl divleniq ii lr e` E[X(T )2] = E[Y (T )] z` aygl ozip (b)ze`eeynd izyl dniexn-xliie` zhiy ii lr zeivleniq m`d .Y -l q"nl divleniq.jzaeyz z` wnp ? ze`vezd oze` z` epzi,t -e X ly divwpet `id g m` ,ehi` ly dnld itl (`)
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2miriten `ly h2 -e h3/2 ly leb xqn mixai` yi - Y -l n-` zhiy len zeeydl yi.my riten `ly Z2
i xai` mbe ,my



xigna miieqn qiqa qkp ipnn zepwl divte`d lral dkfnd call zivte` xeknl ipevxa .2lrn `ed mipexg`d mini 5-l qkpd ly rvennd xignd ,T yenind onfa m` wx la` ,Kzipkez aezk .r, s mixhnxt mr GBM z` miiwn qiqad qkp xigny gipdl ozip .L sql.miihpeelxd mixhnxtd lk ozpda ,ef divte`n geexd ly zlgezd z` aygl Matlab

function z=optprice(r,s,K,L,T,S0,M)

% r,s parameters of GBM - time unit is 1 day!

% K,L paramerets of the option

% T number of days to expiration

% S0 initial price of asset

% M number of Monte Carlo simulations

Z=randn(M,T); % random numbers

S=zeros(M,T+1); % daily prices - each row a simulation

S(:,1)=S0*ones(M,1); % initial price in each row

for i=1:T

S(:,i+1)=S(:,i).*exp( (r-s^2/2) + s*Z(:,i) ) ;

end

% option profit is price - K so long as price is bigger than K

% and other condition is met:

P= exp(-r*T)*(S(:,T+1)-K).*(S(:,T+1)>K).*...

(S(:,T-3)+S(:,T-2)+S(:,T-1)+S(:,T)+S(:,T+1)>5*L);

% return average value, std of value, error in estimate of average

z=[mean(P) std(P) std(P)/sqrt(M)] ;

itl bdpzn miieqn qkp ly S(t) xignd .3
dS = S(rdt+ sdW )drwydl zeibhxhq` izy zeeydl mivex .xpiee jildz `edW (t) -e mireaw md r, s xy`kzipyd .dtewzd seqa wx xeknle zepwl ,"buy and hold" dpey`xd :mipy 5 ly geehldxikn oiae ,15% ly diilr mi`exy mrt lk xeknle 5% ly dixi mi`exy ixg` wx zepwl.r ziaix xry mr wpaa sqkd z` mixney diipwlxi e` xigndy ixg` wx mipew dtewzd zlgzda :diipyd dibhxhq`d lr hexit xzei).eil` ribdy `iyl zgzn 5%-l aey xi ok ixg`e ,dlr e` ,dgiztd xignl zgzn 5%xigndn 5% ly dixi e` yiy r aey mipew `l ,dtewzd rvn`a mixken m` ,ok enkmrt lk mixken .eil` ribdy `iyl zgzn 5%-l aey xiy r ,dlr m` ,e` ,dxiknd onfa(.oexg`d diipwd xign lrn 15% dlr xigndy mi`exy



.zeibhxhq`d izy z` deeyn ziid ji` ,aygn zeewt aezkl ila ,dxvwa ,xaqd (`).zeyrl yi zeivleniq dnk dnbel ,mihpeelxd mixhnxtd z` xgea ziid ji` xaqd (a)? s -e r ly mikxrd lr ze`vezd zelzd didz ,jzrl ,dn (b)-id divleniq lka .qkpd ixign ly zeivleniq M dyer iziid ,2 dl`ya enk (`).dtewz-zz lka mixign lawne ,zetewz-zz N-l mipyd 5 ztewz z` wlgn izily zlgezd z` lawn iziid .e5r `id dpey`xd dibhxhq`d ly geexd ly zlgezdaygn divleniq lkl heyt - mixignd zvixhn jezn diipyd dibhxhq`d ly geexdz` aygl mb sirn iziid lreta .rvenn dyer seqae divleniq dze`a geexd z`ly llkd df - mixignd zvixhn jezn dpey`xd dibhxhq`dn geexd ly zlgezdxviil sir ,miaexw mixa ipy oia zeeydl mivex m` - common random numberslawl mb jxev yi ,miaexw mixa ipy mieeyn epgp`e zeid .divleniq dze`n mze`zelgez ly mipne`a zeierhl one` zzl ik ,migeexd ly owzd zeihql mipne`.migeexdqtqtp diipyd dibhxhq`a mzqd on if` ,leb witqn zeidl N z` migwel `l m` (a)-y lk .(zerhd oniq il xexa `l) geexa zerhl mexbi dfe ,dxikne diipw zeiepnfdz` wiien ote`a x`zz divleniqdy ik ,leb zeidl jixv N ,leb xzei `ed sjixv dfe s√ 5
N

ly leb xqn `ed rhw-zz lka xigna depzd .xigna zeepzd.2 dibhxhq`a diipwl znxeby depzd ,0.05 -l qgia ohw zeidlwitqn didz zeivleniqa zihqkehqd zerhdy jk ,leb witqn zeidl jixv M mbdiira zeidl leki df .zeibhxhq`d izy oia xexa ote`a hilgdl lkepy ike ,dphwlk ,ok enk .(`ad sirq d`x) mine eidi migeexd mixwn daxday llba ,ynn ly.leb xzei er M -l jxev didie ,dlrz owzd ziihq leb xzei s -y`l mrt i`e ,qkpd xigna zewfg zeepz dpiidz `l if` ,ohw e`n `ed s m` (b)geex dze` z` epzi zeibhxhq`d izye ,wpaa x`yii sqkd .diipw ly i`pzl ribpxignd m` .deab `ed s xy`k gieexdl iekiq wx yi diipyd dibhxhq`l .(zlgeza).zeixid z` qtqtpe zeilrd z` qetzp mixwnd ly wlga if` ,dler illk ote`aoi`y llba dpwp `le ,dlri onfd lk qkpd xigny zexyt` mb yi ipy vn la`oel dyw okle .dilr epi`x `ly llba xeknp `le xi onfd lk xigndy e` ,zeixi,r len s leb z` enl yi mzqd on .dibhxhq`d ly dglvdd lr mixtqn ila.zxtp drtyd r -l didiy zeidl leki mb la`ziwlgd zil`ivpxtd d`eeynd oexztl Crank-Nicolson zhiy z` aezk (`) .4
ut = uxx + cux + du 0 < x < 1 , t > 0

u(0, t) = u(1, t) = 0 dtyd ii`pz z` miiwn u(x, t) -e ,mireaw md c, d xy`k.drei divwpet f mr ,u(x, 0) = f(x) dlgzdd i`pzemi`pz milawn u(0, t) = u(1, t) = 0 mi`pzd mewna m` dhiyd z` zepyl yi ji` (a)? zerei zeivwpet od a, b xy`k u(1, t) = b(t) ,u(0, t) = a(t)



-e ,h = 1
N

,x oeeika rv jxe` `ed h o`k .u(ih, nk) -l aexiwl ui,n aezkp libxk (`)lawn n qwpi`de ,N r 0-n mikxr lawn i qwpi`d .t oeeika rv jxe` `ed kdtyd ii`pz itl .dlrne 0-n mikxr
u0,n = uN,n = 0 dlgzdd i`pz itle
ui,0 = f(ih),n ≥ 0 lkle ,(llek) N − 1 -e 1 oia i lkly `id Crank-Nicolson zhiy
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4hozpda n+ 1 onfa u ly mikxrd z` `evnl ozip dpnny zipeqkl`-zlz zkxrn ef.n onfa u ly mikxrd-y reawl epl znxeb miil`iaixh `l dty ii`pz ztqez (a)
u0,n = a(nk) , uN,n = b(nk)xy`ky dfa dpzyn (*) d`eeyn ly okezd la` ,ze`eeynd x`ya iepiy mey oi`m` ,okle .(m`zda) uN,n -e u0,n lr miielzd mixai` miriten i = N − 1 e` i = 1dxeva (*) z` aezkl epleki .` sirqa
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dxevd z` zlawn (*) eiykr ,zeni`zn zeipeqkl`-zlz zevixhn od A,B -e
Aun+1 = Bun + fnmday ,oexg`e oey`x hrnl 0 mleky miaikx m` ,mi`zn xehwee `ed fn xy`k.dtyd ii`pz miriten



jezn n + 1 "onf"a oexztd z` mipea ut = uxx megd z`eeyn oexztl leapfrog zhiya .5zyxetnd dgqepd jx n− 1 -e n "mipnf"d ipya oexztd
ui,n+1 = ui,n−1 +

k

h2
(ui+1,n − 2ui,n + ui−1,n)dxeva oexzt yi ef diqxewxly gked .(xliie` zhiy mr zeeydl ulnen)

ui,n = λne
√

−1iα? ef dhiy ly zeaivid iabl xne` df dn .|λ| > 1 mr
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Von ly zeaivid llk it okl .|λ| > 1 xnelk ,λ < −1 milawn ,−d oniq z` migwel m`.daivi dpi` ef dhiy Neumann


