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ABSTRACT

In general, the assets traded in a market such as stocks, bonds, commodities and foreign
currencies have degree of uncertainty. This motivates theoretic economists, financial engineers and
mathematicians to conduct researches to overcome such behavior. Various kinds of derivative .
securities have been rapidly developed and effectively applied in the market for decades.

This project primarily studies a theoretical framework for financial instruments in both
underlying assets and simple derivatives. Given the formula of such derivatives at the expiration date,
the derivative value can Be obtained by virtue of the martingale property which in turn is a solution of

the so-called Black-Scholes PDE. Numerical method is also available as a tool for solving the value

of simple derivatives.
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(Principle of Finite-difference Method)

6.1 matlsznammaniaouny (Finite-difference Approximations)
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o ar { 5 ar r [l
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6.4.1 nMuenuidag (LU decomposition)
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6.5 sz dlavIBHamadunznuuLSene (Fully Implicit Method: FI)
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k Lo ) 1
! 6v(s,r0) v[s,ro+§5r0) v(s,ro 252'0J

Jr, ot
i 1 1 i
v| nds, m+§ 510+§§ro —v{ nds, m+5 51’0—551'0
- (7.7)
dt,
_yt-v
oT,

o a o 4 Qr o a ' :
TumsiuumieyWubdesves v Weamoududaunls s alisulszunmauiendny

Yy
AZAIN A

1 1
V(S",’Z’m +§5z’0) ~ E(v(s",rmﬂ)+v(s",rm }) (7.8)
J 1 1{ 0 aJ
—v| 5,7, + =07y |m =t — V(5,7 )+ —V(5,,7,) (7.9)
Os 7 2\ 0s Os
o* 1 1{ & 9* ,
P v[sﬂ,rm + 5570 w5 5 ESTV(SM,TW,) +ES—2v(sn,rm) (7.10)
kY = a &1 'Y o a A 1 A T
mandilyvvesarumadeyiusdessududesdmualoulvimveumauazeu lua
 Guay sutulumsmeamareIEuns BS-PDE 39d a9 imuaiau lumvsauaziden lum
A b4 [ -:?
FUAUAI
. 4. o .
¥ NAUNT BS-PDE lilp 5, <5 <5,,7, > 0 Taofidoulusvonmariiv v(s,,7,) Hag

v(s,,z,) wneitouTvsusudili v(s,0) mld

& 1 1
M31lszunng au”lmm%mwlma

h v al w  d. 1 .; ] 1 Qs 3 ] § 3/ A
ilasnnyamvsmdannindindinhgudbild dai veueesaganilu 1A fedie

4 1
s, ~ 0 aniwiloununls = 0 asluaums BS-PDE azldh
——22 _v(0,7,) =0 (7.11)

1 ] ¥ ]
minsmualditenlususuduie v(0,0) =v, (0) Auiunamasyosaumsh (7.11) fio

v(O, 7, ) =e "y, (0) (7.12)

-/ MINABINS MIHARAUTIA UAVVIITUNTITA (7.11) 9ZWLN
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= T " o af vm+l vm
1. FEUIUIPHAANDUATUULITAIIY L S =—pyy (7.13)
o1,
= Pt ] @ = Vm+l - Vm
2. sulsuitwadnsuazsuuudioeg . L0 = (7.14)
0T,
a o at v
3. sziuIsuane-illaady °——=-—[ o ] (7.15)

lﬂl. 1
ﬂ'l‘i‘]J§$111ﬂ!lﬂﬂu1‘llﬂ'l“llﬂ‘ljl‘l]ﬁﬂu

1 q =t T A
mathzinumiv(s,, )iin s difmn q (s, =) Fozamsodszna i
V(S,To) ~Cs+Ce ™ (7.16)
x »
PNANMIT (7.16) W annIameyiusouades lAdall

v(s,7,) O (Cs+Ce™)

=0
Os” Os®
N W
VINANNOUAZTITVOUIG 5 = N s Uas 7, = moT ﬁnmmiﬂs“mmma— Tédatl
A}
d*v(s,t ) ) AR v
=4 E=V= .Y o B ar ar
FLIVUUIFTOUAZLUTAIY 2’ Vi ”2 N1 2 0 a9
Os (8s)
Vi = 2Vy Vi (7.1
o \, a2v S.T vm+l 2vm+l +vm+l
sudlordiouazuuuifson ( > °)= Ll =0 i
. Js (55)
v =2yt ot (7.18)
- - . Ov(s,T L v =2vi eyt =2V vy - 2
ilouIsunad-il lnady ( > °), = | A Ny Vi 1 =0 aaiu
os 2 (é‘s) (5.9)

von =2Vt v =—( Vi, — 2V V. ) (7.19)
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7.2 seibaudsnamsounzlas3ene (Fully Implicit Method: FI)

MIMIYAMIRTIANSANSVINAUNS Black-Scholes PDE (iios > 0 , 7, > 0 uas

fmuald os =2 "%
N+l
2 av .
%stzgr(s,ro)-i-rs (;;TO)—av(airn)—w(s,ro)zo S (7:20)

0

Saumi (7.4), (7.5) uag (7.6) Tunuanliudams Black-Scholes PDE huemunms (7.20) 3314

3
HUNTIALL)
1 m+l 2vm+l +vm+l 1|’,:ru+l ""VMH vm+l _vm )
el O"ZSZ Vot ; nl | 4| 2ot a1l || = no|_ I’V:' L., 0 (721)
2 oS 288 ot,
° Y
Mrualima = waz f = mmmummnanmiuﬁumm (7.21) uanilvagy
65)
3
Tmil@aunisdail

l 2.2 +1 +1 1 +_ +1 +1 1
—o’sta| Vi =2 VT [ L Lyt — oy =0 (1.22)
Lo I Lol 2]

n+l

n+l

VI =—~v,’,’!"’]1 [0' sta— rsﬂ]+ ‘"“[14- o’sfa +rét )]———v‘"“ [0' s a+rs[)’] (7.23)

S 1
4,= %[stza —rs[)’] (7.24)
B, =[crzsza+r51'0] (7.25)
Uiz
C, = —;—[0232(1 + rsﬁ] (7.26)

WEUAIT (7.24), (7.25) Uaz (7.26) Yy luaums (7.23) se'ldyalaumsedisdwdomsls
szl IBFdavlumsAnnuyamves v nanfe
Lﬁ’ﬂ 1<n <N

V== A (1+B Wt —Cr (7.27)

= H ‘é =% r
MunsSift 7= 0 FufuuSnavoursa Neaumsh (7.14) 1213
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vm+1 _vm
R 0 C= ™ o (14T, Wy =)
ot,
3
ar 9T
dariu 3¢ 1d N
vy =(1+B,)v;™ (7.28)
P 91
lunsaia = N+19z1édn
mo +1 +1 +1
Vo =—Ay vy (l +BN+|)VK:+| —CrnVyn (7.29)

" v ¥ ¥
Tasendoion lvrssvoruauuluaumsi (7.18) daiuaumsi (7.29) eananmoulna 1@

moo_ m+l m+l mtl ol
Vi = ~AyaVy +(1 + By, )VN+1 Cyn (2VN+| YV )

x "(ANH —Cya )VEH + (1 + By —2C0, )V;:: (7.30)

A ar o u’ﬂ =) n’u[yw p?.’
WOUANVAUWU T TUN TN WRAIU

1+B, -C, 0 0 0 v e ]
—-4 1+B, —-C 0 0 : v;"” vy
0 -4, 1+B ' :
: (;42 *5 =l | @3
0 —A, 1+ B, &
. | 0 0 _(ANH “Cmn) (1+BN+1 ~ZCNH)J vai:- _Vﬂn_
) 2o
Fadiaogluzl
MV-mH — vj'rl (732)

nnauMsh (7.32) annsaldmailansuonuuuteaginmnamanao li

7.3 szflauIsunas-Hlaadu (Crank-Nicolson Method: CN)

. . ¥
ﬂ'l'i'ﬂ113@?]1(5151’611iﬂ“ﬂ‘ﬁﬁ)']ﬂ’ﬁllﬂ'l‘iBIack—Scholes PDEWas >0, T, > 0 Tﬂﬂigmﬂﬂﬂlﬁ_u

vz ¥ dszanamuaunsf (2.7 — 7.10) vy luauns® (7.20) 912180

n—1

|
2 o's'a [v:’:]l =20y ey 2V VT ]

n+l n-] n

+ % rsf [v;":,' —yr e = ]H vy — % rér, (v"‘“ + v:'.) =0 (7.33)



70

v,’,"fll[ia s a—%rsﬂ]+v””'[ 1—%0‘ s a—%r&' ] fﬁl[;azsza+irsﬂ]
| Lo a—lrsﬂ +y" 1~ L5252 a—lré't 10232a+lrsﬂ =0 (7.34)
" 4 4 2 2 & 4 4 '
111 A, B way C, mmmmﬁ‘n (7.24), (7.25), uaz (7. 26)ﬂ1uﬁ1ﬂml,ﬂu1uﬂ11ﬂ'l§‘lfl (7.34) i

auUnNIT mu

dol<n<iN

1
—lA,,v;"*‘ 1+IBJ " —Cy ;":l‘_lAv + 1—13 "'+1Cv (7.35)
2 2 2 2

2 7' n—l n n+l

f=% i 'é < 1 {
Tunsfin # =0 FuhSnuveUwAa 1 VINTUMSA (7.15) 3214

mtl  om
Ll”—=—£[ "y ]<:> I+= ! roT, ]v’"“ (l—lrér vy
ot, 2 2 2
farlu 9z 1N
(1+ B))v* =(1—-B, vy (7.36)

dlon=N+112ld

1 n+ l m+ 1 m+ 1 mn l 1 n
. 2 — Ay ] (1 I\~ ) BN+1)VN+: — 5 CN+lvN+; = EANHVN +(1 = > — By, ]VN'H + - > 2CyViey (137)

Tasordodien lvvesveunauulnaunsh (7.17) - (7.19) Saruaumsh (7.37) annsadoulm
il
1 ,.,H 1 mt 1 m+ mt
5 ~ Ay [l"' ZBNHJ = 5 5 Cvu (ZVI\H: “Vy l)
= Ay oWy | 1= 5By, Vv 5 Gy (2VN+1 _VN) (7.38)
2 2 2
Tagu 1w 1

]. m 1 nt+
_E( N1 T N+l) ! (1+EBN+I—CN+IJVN+:

1 1 1 m
:E(ANH _’CNH)VN +(1 _EBHH +CN+]JVN+1 (7.39)
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8.1 Amnizvimaganlsuuiiny (Comparative Analysis)
»
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option) tazas 115 aNE 1 Hneniwddunnng syl (Bucopean Put option)

) = -! (7]
% 8.1.1n1ﬁm‘mﬁyaﬂ'ma1'miﬁﬂ’ﬁ‘ﬁunmamwﬁﬁmmnqhﬂ 1aei% CN uaz FI
.c.’n ar 1 ar ar oA ¥ ] g d = t
@lodimuald yadmdnnindliaragazning 0 i 200 um, Saianasiiynn

ot S z o . &
dlu 100 Uz 7,=1 ﬁmiiuﬂﬂmiﬁmﬁﬁﬂﬂmﬂm‘ﬂﬁﬁu (Call option) MU ITDUTAY

9f o 1 cr
Tadansvde hlil
o Crank Nicotson, Implicit, Exact Crank Nicolson, [mplicit, Exact
—— Fully tmplicit for cali option —— Fully Implicit for call option
—— Crank Nicolson for call option 54.4385| — Crank Nicolson for cell option [.&
—— Exact value of call option —— Exact value of call option
100 —““""""E'""""""';“"‘“'““"E‘"'“'"‘" £4 438 : : ; :
80 H j i H
5 K Y L e S
o 2 e R B4 B
[~ i H H
= T SAARE5 st
o G0 ] !
"6 o : H
@ g L7, .k (] STCTIRY SERERER. BRI
3 & i
3 > : H
4n T L] e i WL 47 Ll
20 514345 :-- A SR
54_434 - ...I.._......E.. e
0 i i i i i H '
0 50 100 150 200 148 484148 4B5148 486148 487148 468148 489
Stock price Stock price

: a 1 H LU Y
gili 8.1 uaasmanfFoudloumsdnnumyamanmadniGondeninidu

AN



73

A 1 a e =, = :' - ]

vinjiff 8.1 ifudunsfeyarasmsininmTasds roduihidudsyosiieen
P - g |
asAnifn laeds oN uozidudilvfeyaas s dninm lagaun1aBS-PDE nw
a . a ad & agd oy

nadreilefenmilndvasyadnnas@aiam Taefsa i himmsaugnany
1 ] T 5 a ar J ’ 2
uanea 18 lddee i nddiashmsaenmudh hivedudaglmarniiedaeswudyadi

- -a.:i 2 P o 3 A a1 A & afr 1]
aTmsaAnTAfuaNIAds A1 uazds ON dulidiladifeenuuin uidiszvienn

sl o r 1 L) A e
dunsiiduruenaunts BS-PDE udeglugashieenin1d

A a d \ - ' -~ Y o

flevhinsnaseulasusananesnmsfinsan navde ¢,=0, 1,2,3, 4, 5 1a5hng
A T [ o 1 = ¥

nffodeuns i 1daznanedt o fu FL lunsdnnamyasanosiniifende

s fa ] - & & W
nSndduez 1AnsmAagln 8.2 uaz 8.3 Ay

Glven K(Stike pilce) = 100 and S(Stock price} =0-200

120

[ —— Grank Nicolson for call option |

B ] S B R E DL LIS EE S EEEELELLR T T o SLEETE LT L T R Tr TP PP,
‘ 0=6

w0
Q
T

Value 0f call option
=3
(=
1]

00 20 40 60 a0 100 120 140 160 1ec 200
Stock ptice

T ¥
1 8.2 napsyadmsrerAniGendenindiuTasds oN

Glven K(Strike price)=100 and S{Stock price)=0-200

120 T T T T
— Fully Implicit for cal option_|
T S T et S
-7 AU, SUURRROUT WU IEPRSNE S taw
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A191998.1 llﬁﬂ\‘lyjﬂﬂ']ﬂ‘ﬂﬁﬁﬁﬂﬁﬁﬂﬂfﬂﬂﬁuﬂﬂw (call option)
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T, Stock CN Im Exact
100 0.0000000 0.0000000 0.0000000
120 20.000000 20.000000 20.000000
fo~ 140 40.000000 40,000000 40.000000
160 60.000000 60.000000 60.000000
100 14.231219 14223118 14.231255
120 28.881219 28.875321 28 880431
o 140 46.480237 46478756 46.480579
160 65.487075 65.487607 65.495520
100 21.187399 21.174346 21.193735
120 36.098892 36.085561 36.127708
o~ 140 53.133210 53.122369 53.227580
160 71.359770 71.351358 71.600499
100 26.742424 26.723307 26.805484
120 41.937031 41.915727 42.124272
fo” 140 58.740805 58.720690 59.176345
160 76.465122 76.447707 77.320432
100 31.429805 31.404152 31.649110
120 46815791 46.787140 47.335489
ot 140 63.452435 63.424695 64.471400
160 80.800044 80.775475 82.553088
100 35469641 35.437775 35.957807
120 50.971847 50.936907 51.979565
P 140 67.465577 67.431712 69.245792
160 84.517149 84.486875 87.341310

MAMITIISHUN Yamvedasasanii laeanmsaminlagds CN A FI dadioniy

msfumanms BS-PDE Tasasaiuiiyamlndifoaiuinn
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8.1.2 mAmnzyamanmsinlduneninddunuuylsllaa3s CN s FI
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dlovhnsnansaioudoyds oN fu FI lunsdnnamyadianmsadns i
& Ao 1 ~ a A J
neniwidudouiuaieia Tnedmualiz, =0, 1,2, 3, 4, 5 nagafisnaadlaniiiioo
w d a_ W 1 éﬂi a é
1w 93 18051l Kagalii 8.4 noe 8.5 awddn sazyadwesanasEniid o lde

o 1 ar QF v A
mwuwamwanmmt’fﬁmﬂu 40, 60, 80, LA 100 11 uang 14 Tums1eng.2

Given K = 100 and Stock price =0-200
00 " I ,

[—I Crank Nicolson f:)rput optlion |
N tali0=0 i
" 5. Jau0=t i .
8O \ T . USSR SRS SRR S ]
/ tau0=3 | :
80 4 taulr4
I SRR S NN SRR N FOIUOUUI SN S .
3 \\ ) ttuD-E
3 .
é_ FT:] S S N : it
s :
2
£ .
1+ Y IS ............ i
% :
D ............ e 5
-20
0 20 40 60 a0 100 120 140 180 180 200
Stock price
3 r o g&a
51fi8.4 ngaayadiagiasting lfueniwiaulasds cN
Given K=100 ,Stock price=0-200

100 ,

I —— Fully Implicit for put option i

80

60 L ¢ SRV SURON: S 4
H tauD=4
8 g " t4u0=6
5
T | e L P
[<)
L)
2
s
20 T e R—
%%
Y USRS USSR SRS SISO S \““‘:‘:_‘:Eﬁ-;—
-20 ‘
0 20 40 80 80 100 120 140 1860 180 200

Stock price

5185 namyamanarint iven inidu Taeiie



H J a A a  Jda
A1919% 8.2 UARIYBAINITIENT ANT IRV IONTHIGY (put option)

Ty Stock CN Im Exact

40 0.0000000 0.0000000 0.0000000

60 20.000000 20.000000 20.000000
fo” 80 40000000 40.000000 40.000000

100 60.000000 60.000000 60.000000

40 9.354161 9.346655 9354197

60 19.676392 19.675261 19.676162

P! 80 15.731067 35.735695 35.729406

’ 100 55.133746 55.134994 55.133301
) 40 11671140 | 11.660349 11.677477
60 20.150273 20.146128 20151317

Fo~ 80 33210893 33216839 33.210394

100 50745348 50.751938 50.744171

40 12.813221 12.798944 12.876281

60 20206398 20.199872 20.221157

fo” 80 31.353666 31.350266 31.355435

100 46.995253 47.006904 46.994402

R 40 13.302879 13.285409 13.522185
60 19.967841 19.958996 20.036998

i 80 29761177 29766033 29774537

100 43765431 43.780837 43.765891

40 13.349717 13.330013 13.837885

60 19.506383 19.495595 19.692351

i 80 28295120 28.299107 28.342305

100 40.924376 40.942542 40.929486
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8.3 minanefSuuisuyamanmsaniiifnualasaumannuiorfieudvi
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fuald £ =1=17,

1 - § d:’ o ooy ool = ar 9 =
wasasansisendenindduninSeuoudunaac I luuaaslumani 8.3
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i ' = ad - v dn s
mneh 8.3 waaamasiansniGendenindduidnnaaumanuion

Heal equation CN Exact
7, Stock .
u V: V. v
100 1.453681 1.125532 0.0000000 0.0000000
120 23.936056 18.346048 20.000000 20.000000
fo” 140 50.676419 38.510272 40.000000 40.000000
160 82.445959 62.189672 60.000000 60.000000
100 20.285483 14.938232 14.231219 14.231255
“y 120 37.740182 27.511792 28.881219 28.880431
Rt 140 62.399063 45.099704 46.480237 46.480579
160 94.258994 67.623345 65.487075 65.495520
100 31.350480 21.957505 21.187399 21.193735
120 50.125680 34.753626 36.098892 36.127708
o2 140 75.384828 51.820849 53.133210 53.227580
160 107.688594 73.479892 71359770 71.600499
100 41389712 27.571232 26.742424 26.805484
. 120 61.623608 40.63;6091 41.937031 42.124272
fo 140 88.048223 57.566010 58.740805 59.176345
160 78.770870 121.378532 76465122 77.320432
100 51.056798 32.347617 31.429805 31.649110
120 72.768533 45.638712 46.815791 47.335489
fo” 140 100.574064 62.539800 63.452435 64.471400
160 135.282346 83.500648 80.800044 82.553088

a131af 83 wamamsmiygadiasasdntim lasaumsanuiendeudviini lay

=4 v qs o ' 1 o o yu,: acdag 3 ar
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(Comparative Analysis and Future Works)

9.1 TinnzvinagulSoufiou (Comparative Analysis)

vinmsfrinesdeuds Fesd oN dnnaumEamasEiduauvsIamas s
ansuuugTsl ssnuhmamanit diaindifveiuann ﬁ”agafimﬂﬁﬁﬁﬂ%’ﬁﬂﬂ%ﬂﬁwﬁﬁuum
anasAnilineninddy uaniledhmsaasvesrimflanasiuas aufisnfesniisnves
wannindinn o szdaa i :u“afi1m1ﬁ1'sﬁw§ﬁﬂﬂ£§aﬂ%'wﬁﬁu vziianging y,miwmﬁ'mumg%fa
VIOWUY Forward Henuninilenmualyl simianasfuilsunanihmnaindnnindin q 92
nUN Qafhmmﬁﬁﬂﬁﬁﬂn%ﬂﬂ%’wﬁﬁuﬁdm’fﬂﬂﬁ’quﬁ Fadoandoafungui

dietimsssngadidadiednnayamansing Tasorfvaunaanuiouss
Wi samaed e 18T lndidosfumadnavadins s indin lasassnnaums

BS-PDE

=y d
9.2 U913 (Critics)

A o :3 o n.J = ©° J o aq 9
1. Jamnnedulumslszutagadida ae Tunsdnaryamanmsdnsiv
o da B 1 1 ¥ P 1 = Aaa e 1 o
PWNTHITU (put option) HUNTINGIVBATUNTINTL A1V MTITITINTRIARINDNIRUD
4 a =t d g9 v A 1 1 o e - 1
FutuanuAanaadivadniosdumamnain msuaszinumneduas ifinnaziea i

1IN

P o o o @ = Sl A W s Yar o

2. ilesninddalineiiia lumsfnusadoniTdduay nodsdu gimina

o - nIJ o 0-1 o
szaunisellunsiougamds laumnizgaidiues MATLAB® 3amldmsidou
a g

P 1 ¢ 1A
gafdeh 18 luaanysalmininag

¥ ur
9.3 YAUBMUZTUAZTUUINMNITNAUT (Suggestions and Future Works)
[| A ‘:? LT oq ~ o | J ar t

1. @ 2 i ddayimslssgnaldssifiouiTnadnduas lumsmyaaasiais
ansuuuglsyd daulsennsothuaild ldnmdemonnamyadimsmsdnsuuy
8u 4 o1H WU At ANTIEEEM nieyamas@sAntumeF (Hudu

b
2. Tulnssnuatiudl Mddeamaila LU Tunsdnnumyamasionstng dauls

=Y i 3 = ] £ ar ¥ o ¥ i
ansaldimaiasulumsduan 01i wu sor  Fefiadi lddwaueion ifio
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a Vo %X
VG L PREUREER A TITERTE

~ (Fundamental of Probability Theory)

f.1 M1INARRIGH (Random experiment) Hluminaaseii hismisamanmsalldarmdiwadnios
4 v & n,.: T " 2 A ar r
ponilugtunnle  duwaveswasni v’/ 18 muavesmsnaaesquisund  Jigidredn

o A ]

(Sample Space) TaoraIfndddydoudl  umnfSpiidndie  flEgifietie Q dhuwndiia
(Finite Set) Wiowranifud v 18 (Countably Infinite Ser) S piidanaazgniieni Ysguned 1 iyn
¥

(discrete sample space) wAdI3Qiifa0e1a Qi sweniu 1 I8 Uncountable Sery Tgiidrmeniuag

gonarinihuSgldandhadaios (Continuous Sample Space) §1 % iilufivndingnanmfsgd

ar [} = . " ¥ Il Ao oy oy A a a1 dy

Fre61a Qudicingnuns I vzgana il mgnisel eveny laoniiwadiadni THinudase Tl
W Qihuaad i lgwane Fsadagnn(e -algebra) 11 Q Ho297 (Family) (B 115199319)
1 & e a0 ar

yausadasund Q dsilguainianisilaneldnsiaufu (Complement) tazgiilon (Union) 11114 3o

oA 4 i e ~{ o a A
namdnsoniis1d S =9 Hufirndindaunnnoiio
1. MdeTagldnd e

2. M4 eIdmiuynain =1,2,3,..u0218 4= 4, wldhdes

n=}

o~ = o oo =] 0 S ﬂ 1 A A Y 3
i)'lﬂufﬂilqlﬂﬁﬂ‘lfﬂﬂlﬂ"ﬂﬂiﬂﬂglﬂurlﬂ'ﬂ 01 I iU yAtiagniNUUL QUaD ‘ilgvlﬂ'l'l

1. GeSnaz QeJiileanint deIwldn G=AnduazQ=Aud

]
a

2. 4 eIdmAugnain=1,2,3,...u0318 B=[] 4, s1¥ B e Fiiune 31

=l

quanianiatliamoldsumeianduiiu’ld (Countable intersection)

$1.4, B e 3 tumgmisiez1d A0 B, A0 Buaz 4 Humgmiadidiond nite
AUB fomamssl 4 n3e mamsel B ity
AnB fomamidl A uaz mamsel B fndu
A fomanisel 4 1 Fata

d“ A ] 1 L -1 1 -
wONNIIAT 4 A B = BFznan1dn 4 uas B tmamsel ARSI (Mutually exclusive events)



oy

n.2 Ahoziilu @robability) fmuald(Q, 3) dhnlSplwmesuasi P dlunnyefiignilo
é U 1 L] a o
1 (Q,I)% P weganainiluanuminedly (probability) 1 (Q, )0 <P(4)<ldmsy
150 4 € Iuae (Q,T, P) azgnnaduily Uiglaanieg (probability space)
- o T L 1 =] ar . ¥
‘wesaninsdy P uag O gananhilinnuauyanii (Equivalence) $

P(4)>0 o 0(4)>0 Tauit 4 dhugmsalla  luitsadadnin s

.3 ﬁl!!ﬂ‘iiiil(Random variable) fofanFummes1Id X : Q >R

~f x dhidanlsguez i

0 {0 X (0)<a} dhavgmsel dmsuyndrae R

. L f ) o 1 ﬁid l:l
7.3.1 Fu1/sgsiyh (Discrete Random Variable) Aodmulsau X 7l Tawwihumad

ar = 4
an30iis 18 (Countable Set) S = {a, :i e N} fid5a

%P({W:X(a)):a,.})ﬁl

o oa 4 I

&1 dhusnlsduden iesBoniladdu £, : R — [0,1] Afiowlas
fi(@)=P({o: X (0)=d})
1 o ar T & o’ as
T Warsuwavesmuiiezihe (Probability Mass Function) %39 HaAGHMSHRNUINYEY
] =1 [ 1
AW 19T (Probability Distribution Function) ﬂummuﬂsqn X
dradnaves Awilsgudya
o A:; 5 oy 4 té
D Y=dhuwwawndrhndulusmasuranin
° i v g A
2y P=dmnuaudldInsdmindoalszanuranils

[-] ~ r= | dl X or 1] A =y H L]
3) R=9unududnfeiiaiesdniveslssenuranilanaa ldludounmuin

o/’ ] ! d; l. roar 1
n.3.2 Faurfsgustotiiod(Continnons Random Variable) ssoznaryidunlagy X iifu
1 4 « d c}
aoLilna (Continuous Random Variable) fidasa fx (x) =094
P(4)= [fy(x)dx,V4eS
A

) o o dw 1 « ar [} ]
eeisenitaddu £, 1N A FUANUH UM HUYIIA NI (Probability Density

Function)
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fandups Analsguaaiiios
ar ] ar 1 { £ 1
1) dulsguengy (Uniform Random Variable) fiofunlsgy X niifanduanuminmiu

ypapMiniwziiu

1
ifa<x<b
fX (x) = b —a
0 other
2) dunlsaur)snd (Normal Random Variable) fofunlsdy X Alifafiduanumuunive

Azl

1 ~(x-p) 207
fr(x)= 5 162 et

P 2 ‘T] = o o
" dio g uaz o iwsliwmeivosnmaueniealing
o ) A o o 1 P oo
3) AuUsguuumayFig (Exponential random Variable) fofudligy X Aflatdunnu
wuiuveniuth

‘f() e if x>0
xXi1=
X .
0 ifx<0

A = o d’o as

wal>0 lﬂu?‘ni‘]lﬂﬂﬂ'i‘i]'t]\‘ifnﬂNﬂllﬂﬁllﬂﬂlﬁ“\lﬂfﬂ1aﬁ

ar ' A o | Ao 'y '

4) ﬂ?!lﬂﬁ@'ﬂ!lﬂﬂﬂ?{Gamma Random Variable) ﬂﬂﬁilllﬂS'EIJJVllJﬁQﬂ‘H‘LIﬂTIIJHH'Ilmu‘UﬂQ

ahasily

ﬂ'a —Ax a1
SRV Y S
‘ Y (x) £ F(a)
! 0 if x<0
A!i [=Y o
1§10 oz, A > 0 HIuw1s1iiee s 10IN I ANIINLN HAS
F(a) = fe_xx-amldx fio Wdf{fuuﬂﬂiﬂ(Gamma Junction)
fion# (Q, 3, P) WhnlSgiianninedly W 4, B e Sitlumgmsaliaz X, Y : Q> R fludaals
quuda -
o 1 3 wefa 1w o
1. mamsal 4 uag B wwgnanduilu memseiidasedont (independent Events)
Aeiile P(An B) = P(A4) P(B)
2. dulsgu X waz ¥ vailu Faalsquitdaszreiu Undependent Variable) f
oA
aoito P(X (A) e a,Y(A) e B} = P(X (4)ea)P(Y(4)e p),Va,fcR
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o ar or 1 A A a o oy ¥ Qr 1 di
Aot Sdaudsgu X Felldnnu nszthudunlsqudassaeiuideiionn 4
n
@, cCRWEWENP(X (Hea,..,X,(4)e )= ]P(X,(4) e ak) HAZATAAII NN
k=1

vosrunlsgu { X, } ihudaseantudmnidudesiia {X,,I,..., X,,k} il Baszaai

n.4 MaanaNenaza U550 (Expected Value and Variance) 1 (Q, 3, P) alul3giiaam

ezl uaz X, Y : Q- R dludunlsdu

4.1 ATRIATNY (Expected Value) H3en ol (Mean)
ar 1 o A 1
$ x udanlsduigadalsznoudion x,x, ,x, o x, 18z £, (x)ilu

v
o [=

ar 1 ar . A s 3 1
Hatduarminzdhmesdmlsguign 7% £, (x)= P(X =x) dnfuimanung
Y99 X 130 Mdiuves X Ao
V n
Hy :E[X] i inp(xr')
i=1
TuFanusssund) mmamnerieausdiuvesiunlsdy X AnliHuiaown
E[x]|= [xaP
Q

n.4.2 Anuiy5159 (Variance) %, 130 var (X} vosduidu X Ao
2 2
o =var(X)= E[(X ~E(X)) ]
oy sy a k3 ar 1 u’.: =Y a L1
Tumalfiia msamsnssnovsadoyadunlsgu visnseeziionialavlsm

= . 4 4
18U Y (Standard deviation: $.D.) Faiusinhwosvesanunlsdsm

S.D.= o’ =,/var(X)

n.5 rsniludaszaeiuuazmamarinauuuilidowly (Independence and Conditional

Expectation)

n.5.7 Aand1siluniiionly (Conditional Probabitiny 1 (Q, 3, P)ihwl3giinanning
o A ' A
Shuaztmuad 4 uaz B ihuandnlu 3 &1 2 dhuuseiamninsiiuida
P(ANB)=P(4)P(B)

wdamgmant 4uaz B gaaaryinilumgmsdhidaszsoy
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&1 P(B)#0 ud szannsaiswnmnhesdudndszamnila]d Tavmssnnuen
Sasrdn dail

P(AnB)

P(B)

Tavh P( 4| B) A weailuuuuiiden Iy (Conditional probability W04 A dlofvua B

P(45)

3
a1 daiiu dungmsel 4 uag B wzdaszdeiy wzwuh
P(4|B)=P(4)
o A L) ) ¥ a ¥ A [ [P ] 1 [
thufie Tdhedmuadeyaveanamsel B inldwTel doulhifinadamsninaunihezdiu

yoamgn139i A s inanuiludasydennies

n.5.2 Wardunmmsninfusyiliionly (Conditional Density Function) dJUBAM X Uas Y
duslsduiignienlsgiinonningiy (2,3,P) Taufifs Xz ¥ iludunlsgu
ABIT194 (Continuous random variable) taz I RedFuANIMU NN YO X g ¥

f0 £,y (x5 y)udaildduanumunivvesdunlsguusiazdd Gailon 1 Fdadnualh 1 (%)
waz £, () gniSen flaiFuanmuniniumuyen (Marginal density functions) Haeunn

A ldnn

fx(x)=_1fxy (o)

1Y3}+

Sy (J’) - _[fn (x,y)dx
fulsu X waz ¥ fiifaddunnumumivim £, (x,y)gnnanmdaszaan fnaiile
fr(52)= 1 (3) 15 ()
TwiweaRerfuarunheziiu Sadiusznin HedFuarumuiniugu e Hadduniu
wusiunmey wenBuniuih Hedsunmmnuhuunii@ou Ty (Conditional density
Junction) ‘f}uﬁﬂ

S (:3)

Q) b
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n.5.3 mamansnenuuiidonly (Conditional Expectation) W (€, 3, P) dhnl3glinannie:

3
w o

- ar L 1 d‘!
Wunazdmvua i x dudmilsguomasilos uaz S, € 3 Aniumsnianmneve X

moldiTeulaniomgnizalla q 3, seliduilu

E[X|3, )= [ (43 Jx
_m Ed
Tuvhweadendr X dudunlsguomigazdnsannmmanang [ddail

E[X]3, = Zx,P(X =x|3,)

¥
Qs

ar 1 3 + o ) = d? = ) & o
dreeta Tunis Tougnieh 2 gnmansaifidly il Idfesdavuiiianig 36 mgmasl duaas

‘4[1

Tdaugalen il
b
Qe j
2/ +
WA
A
fe rEEN 11X
sISEE G 4 JaNg L

T S

H '
I i

£) WY AN S S G 1. /7 4

O et e St et o

anei i

1 2 3 4 5 6 HUIGNIAT

sulit a1 ugaamhveans Tougneh 2 gn

fmua i Z () waz W (@) dludunlsguveamgmsed o= (i, j)e 3 Tavgnitonm 3ail
Z(@)=(i,j)=i+j uaz W(w)=W(i,j)=i-j
INAIDEIUT 1919) mstifaeandsfudaudsdu Z (@)="9 fowsn

{6 )i+ =9}={(3.6)(4:5),(5:4):(6.3)} *)
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3 b
o ar

& [ { = = r
Failanna 4 mgmssiinmgmssiianua 36 mgmaainiull 18l glinnninedy

o ]
w A =

] ﬁ = o o 14 =) 4 ]. T
QAUU AITHUIS uﬂﬂﬁﬂﬁlﬂﬂlﬂﬁ!ﬂﬁﬂ!ﬂﬂﬂﬁ Z((D) =9 A9 £=§ LIAIHDIDN
d 1 o =] ] el 3 dy voos ] o u’: A
mqm‘smtmazmamm“luﬂignmmm%uﬂuuTﬂmmﬂmmmnn % AU IHNITULA

o A W - T ﬂ A
SMANMTMNINAYY ANTUNIT(*) %QHTBﬂ'Iﬂ‘UﬂQﬂ'J']iJu'ﬁ]gl H Ao

L),[ij,[i),(ij Faannsofounondnlszaountdifi
36 J3\36/\36/\36

ELL) s e

o s d?' 1 Y 1 -
Wﬁmmmwwme;msmmnmm“luﬂnms *) wwmmwmmuﬂsqn W %nmﬁ]u

W{w@)={-3,-11,3} Futu Tomavesramiheziihi W (0)=-3 nmuldmgmanily

s (=) Saiiadlu % ude P[W(w) = 1|z(a>) - 9] =-} Auvaiz i Tomausaniny

r=

el 7 (0) = -3 muldmgmssiiamumhnlSgiinmminadiufo %:% e
P[w(0)=1Q]|=P[W(w)=1]= %) unsiifi mgmsaiim i (o) =-3 nold
mamzaiiild Z(0) =9 fomanisel o =(3,6) dsiifivangmaaifiorluFgiinm

snedhuianue 36 mamaal dude P((W(a_;) =-3)n(Z(w)=9))= 31—6- Fndrodai

4; @ = ¥ = A ull
gnail szmenndosuiinuves A esiivuypiidou ly (Conditional probability) WU
P(WnZ) 1

P(z) P#|Z)=4

L
36 =
1
9

1.6 Kolmogorov’s Strong Law ol Large Numbers

L o_ o o [ Aoy s = [= Y ]
WX, ) idudivuvesdaulsqy L ileunds { g } nomwlsifsn{o} } uasihidaszde

o o @ O_Z
Auua? a Z 1

[} 1 < '
<o W IFN =) (X, - p1,) —> 0 (AOUNAUHY)
a=1 B n

k=1

.7 Central Limit Theory (C.L.T)
WX, X, X iudanlsquiaseduilumninhuya N fiimsuenussvesnnnin:

i P(x,,..., x,, ) iunileurusaziiudaszaiomy independent and identically distributed random

' = ] o & w : = 3
variable) Ao ( ;:)un::mﬂﬂmu]n!s?u(0-2) aniudwlsgqy X eeiinsuemmuihmuy

1Y3ind (normal distribution)
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711]"?14ﬂ‘]ﬁuﬂ'J'lllﬁ‘lﬂuuu‘l]ﬂiﬂﬁl’]l]u‘lﬂ%lﬂu (Probability Dt;nSlty Function) BQTUETJ

MYa-u :

f(X)=;2e 2 "] 00 <X <00 i1 0 > 0,—00 < pr <00
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(Stochastic Processes and Related Theory)

=)

mamin v Shimstredmguiiauiiuiid1$lumi 4 Taoldesinenguiuaziivwds
q Adades wu nsvunsFaludgy madudy mandeuiinuuusadiou dudu
4.1 NazIUM T UAUGH (Stochastic processes)
fmuald (Q,3,P) WudSasianmiheadiy aszvoumsFadugy fengu  (collection)
{X(t)[t € T} yoaawlsgu X (¢) figniiowu (,3,P) Tauih T fomaiigniSondn wadysi
(index set) VBINIIIUNIT {X(t)]tei"} Tawiah! 7 sinovilusadosvo usasnminse R

= 1 = v o ar @

pszwrumnFududuenszgainsurduduilsaduluaesdanls X (=X (t,0)) Tac
i '& r r a s 1 r ot
A teTunzoecQ W51 X, (0)=X (r,0) Hudunlidum (Q,3,P) dmivi ¢ udaze

) ' 9 v o ar ]

gmuad ¢ T q i udawesilendu X () gndenduily aomme (Sase) ves
AFTUAUNTS 1987 ¢ aYDIaDIENRAl duiunna ¢ vosnszuaunaFaiugugaiEend
sguiane (State space)

Vv = b = 1 [] [ =

& 7 haaedgaudansmnumsFadtuguizgoaariniiu nssuaunisnarign

\ ¥ 1 ' . o =
(discrete-time stochastic process) Waul T Hueradesndluya (interval)} YOUFANUIUIIN R
3 el v 4

LA NITUIUNTI {X(t)lt S T} 1501 ATZIIUNTITIAMDLUON (continuous-time stochastic

process)

.2 mssﬁmju {Random walk)
W(Q,3,P)dudsginnmmheniy uas {X, Jilunssuaunsaiiuguoanigaigailons

i (Q,3, P) Taohi X, urazdatiudulsquiniandaszrefunasiimsusnuamaain

‘mileufunazi e N Suilumave s moniuudamisidugu@andom walk) sziiluddutosuns

Vv
Y3OMNAT YDA

L
w,= ZXf
i=1 .
4 X, e {~1, 1 idmsiuduiigniismun X, izgndoniuilumsiduguesiadinsimple Random
watk) minlemaanuieziiuiinld x, = 1fiawhdy (P(X,. =1)= %) uAINSIRUGUEN

1 T o = 1 U ]
»‘lwwgnﬂmnuﬂu ﬂ'lilﬂuf!ilf)ﬂ'lﬁﬁ'lﬁlllﬂﬂﬁlﬂl'lﬂi (Symmetric Simple Random Walk)
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4.3 PIsIAABUTINUYUS1UHBY (Brownian motion)
i 4 a » s 4 ¢ d
mIedauiuiuusuisuevies ey alnngnissinianisnmieyuuiame
A 1 [] =} ] oy o o ] a A
wdenlnaeiegy iomnefagluumendiamias AldusssengAnssumsadonlvuwy
1 ' a a 3 A A a o a o
gy innanludadiamaasiung msndsunuu I utieudaidunssurumsGouues
. Ad A r et . .
(Wiener  Process) ‘nmuﬂmmmmmmuwmﬂmmuma au'ly {Conditional  Probability
Distribution) ¥94fMM1avaIeYINIAT £ +dt lofmualddumuisvesoyhnm s p suilu
A 1 @ & J i =1
asusnuailnaniiawiadiuily p + pdenazaanundslinnilu o?ds Taohi £ fia anuaves
A = . . P E= a_ o ar o 4 e
ASIAROUT (drift velocity) Hag o> fin Masvesdyanusuniy Taoia luds nszuiunsd
r 2 A = Vv S’di
Whugunmenszuumsannsoaagilaamilu mamdeuiivinnmadoy Wanelddeulvng

Usznis

.3, 1 NISINADHULVLF UHEUT AT VIR {(Geomelric Brownian Motion: GBM) i
o t 1 A A4 =1 b= ~ 1 1 5 ar
m:mumnﬁmﬂuqunammum ﬂ‘]f\‘iﬂﬁlﬂ'l'i"ﬂil‘UEN'L]i‘ll"Im‘b’lll.ﬂiﬂ']!.l.'ﬂﬂ’q&lﬁﬂﬂﬂﬁﬂﬂﬂﬂ
A P a A = o
NN ADUNLLUU I TUUIUHTBNTSUIUMTVIINIYUUDT

@ 4 { = TG [ = o
Taovia liludamsindeunuvuisndisugasnadatieugnlddugiummendamans

o =y w o IS A = 1 T 1
#Aldussnrongans suvesdunindlusarmmisidy denszuaumadudugy s, gnaaim

-t A A4 ¥ ¥ w w & a s
fimaadouinuuGBM i S, denndoainauniseyRu STy
ds, = puS;dt + oS, dW,
. , y/ .

Teof {7} fonszuumsfomueiniemamaeuinuuu uiion e 4 uag o Wy

1 oA & ot (=) el n,: 1 A &
Andivsoifuilenduvesd s qudase lunTdinng « uaz o dumai eoums
Fhadniinamanialhil

g .
ﬂ+%}'+o‘l}’r

S, = Soe[

e s, Wuausudulag

o w da 1 a as
U4 AITNNTIHM (Multiplication table) 1um’:‘mmmmauwummtﬂuqu ﬂ1tﬂuﬁﬂﬂﬂ1ﬁﬂﬂ1§1ﬁ

¥
nsgasia Tl lunadimon

dt 0 0
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1.5 NQUUNGEIVLA Tto (Ito’s Lemma)

uazld

=g o = [} { o & )
s X, uaz Y, dlunsziumsduiuguaeanszysunsideyiusiGuiiugy

rs ] ¥
£ (o y)iiluitsdsuaesdulsidaunsamenius Woddeniovaownia  ud

»
f(X,,Y,) doufioyiuniganuguei

5,

0
XY= S (KX )X 7 (3, %)Y,

o & 2
axay f(X:’Yr)erdYt-I_Ey_zﬁf(Xr’Yf)(dY!)

3 o

+L if(x Y )(dX,) +2
2 a2 YA

¥ ¥
Tunifadornamy nouRiumasums It o19ez@ou'1d dsil

) i e ) o ¢ t
1Y idunszroumnvaiuguiiaeandosaumnFeyiusoiugy Y =odX, +rd,

as ! o T ¥ A J
uaz fituiandunannsomeyius laedndaiiowrewnss  wds 7= (%) ey

nszwaumaiuguiay wasimerpiusiu dz, =(o f'(v))dx, (o' (¥, ) + Lo’ £1(Y,) ) dz,

feg ssdnannawes dipl e 7, umandeuiuuuunation

L. [}

¥ 1
Wi dwmuald £ (x)=x dniy eldn /() =2xuaz f7(x)=2 dounualy
qRImMInIeyiuGYea Ito 92 1441

G)= £ O)aw, v 1 (%) (@) =20, +
§re619 vednnumeyiusiFuiluguues S, = exp(ue +oW,) o 1 uag oy

1 = 4 A4 1
AT LUOs I’V‘ r'ﬂumsmaﬂummumnmau

3
Fih dmunld f(x)=e waz X, = p + oW, dai wzldn

=g"
Fx)=¢ = 7' (x) = f"(x) vag dx, = pdt +cdw, diownuslugasmeneyiud

¥04 Ito 92 14
df (X,)= f'(X,)dx, +%f"(X,)(dX,)2 =f(X;)([ﬂ+%Gz]df+0dW,J

viude das =S8, ((;t+%o—2Jdt+adW,J

4.6 NN IGUT WU (Stochastic Product Rule)

fmuald X, sz Y, flunssumumsi@afugy dauns

X =aW +bt waz Y, =aW, + it

}
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]
~A

Yaoft w Wumsadeufivunysaiion Fahu wléh
X, Y, =(aW, + bt).(aW, + Bt) = aaW; +(afi+ba)tW, + bpt*

Lﬂaﬁm’ammgﬂuum%qauﬁ’uﬁ (Differential form) 9318

d(X,Y,)=acdW} +(af+ba)d(tW,)+bpds’
uanndetsturindos.seswun dW = 2WdW, + dt oz d(tW,)=tdW, +W,dt Faif
pluuFeaypiuivewaguuenszuumaduiluduasnssuiums lddu

d(X,Y,)=acdW}?+(af+ba)d (tW,)+bpds

= aq (2W,dW, + dt)+(af + ba )[tdW, + W,dt| + b (2tdt)
Fuftommstagilmindd wlén 4(X, Y,) =X, dY,+ Yd X, +(d X, )(dY,)
diownd X, = adW, + bdt,d Y, = cdW, + fidt
wos(d X,)(dY,) = (adW, + bdt)(adW, + pdt) = acdl

femazdunaldh G 1dthedy sxfinnives (dX,)(4Y,)

(30 aads) gy udmndmuald X, uaz Y, ihunszooumaidadugy deums
X =aW,+btuaz Y, =W, + pt Tatf W s W dumsndoufiuunmaiisuidaszdodu

wdaemamsoigaildin d(X, Y,) =X, dY+YdX,

9

4.7 Nagﬂﬁﬂqﬂ (Discrete product)
9 ar 1o r:; £ 1 s 1 i
W x uaz Y iludulsguigaiiomia 9 dsaunsonmanesosianlsdy X naz Y inal
[] ar 9 o a:’
a1afu 1aaati

AXY) =X Y +X, 7,

/R

= (X ~X,, )Y +X,. (Y Y, )
=AX,Y +X, AY,

~ Q'J o o A Py '
4.8 Hun3¥u (Filtrations) Tunguuses Tasmmuizodiasy TungqufvesnszuumsiFuiiugu

@ . R A 9w =1 aon o a o & o 1 =
Hawmssu (Filtration) ADENAUVD W%ﬂmﬂmﬂﬂ1ﬂuﬂigﬂlu!‘ﬁﬂi Gﬁﬂﬁﬁlﬂ'ﬁﬂ«l a1 'l'iﬂﬂﬁ’l'liuﬁﬁ

v
amAsans laaail

o ey ey o n'; o o a &
sl (Q,3) dhaffgioayes Hunsdu Aodwivveefisnsingnn {3, :0 <1 <o}
Inoil 3, < S dwmsunnm ¢

¥ ]
g =

= = . 1:.-:(1 = F-Sr-N 9 d? P=1 w o~ = 1
UN9ATI D1VASUNMTHYT I 1UU WEARATNIN 'YIQﬂﬁﬁN‘iluiJ'l‘iﬂﬂﬂ'lﬁgluﬂuﬂu“UBﬁ <3, AUDNA

.
as ar

-
PUUA UUAD S =

w

Cs

3,c3
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‘UquJﬂ‘ﬂmﬁuU%ﬁﬂ Silverstarenergy (OBB: SVSE)

Tunssnaumaunfovesdoyn g =

l a1

S,

+1 i

A 3 ° oA
e S‘. ﬁ‘luﬂmuu U AUEHHIN £

ndt

14
o ar gt 1 ]
n i nudeyasmuianus oz 14 dr ihusarivesdioyn

(Sm _Sr')

)

aaslugnnammanulidinmesteya o? = — pddt
N N (n —1}dt S,
Stock History OBB : SVSE DATE OPEN | CLOSING | VOLUME

DATE OPEN | CLOSING | VOLUME 03/282006 | 0.4 0.37 233585
0412612006 | 0.275 0.25 531310 03/27/2006 | 0395 0.4 191463
042502006 | 0265 | 0253 438025 03/24/2006 | 04 0.395 114093
04/24/2006 | 029 0271 724422 03/23/2006 | 0395 | 0395 187935
04/21/2006 | 0.8 0.3 382158 0312212006 | 0.39 0.395 325774
041202006 | 0.31 0.28 417882 03/21/2006 | 0.39 0.38 240337
04/19/2006 | 0.28 031 640350 03/20/2006 | 0.36 0.4 618325
04/18/2006 | 0.268 0.28 662987 03/17/2006 0.34 0.36 148600
owiznoos | 026 N\obkd el 0371612006 | 0335 | 0351 136230
041132006 | 0.261 0.27 439035 037152006771 04535 0.34 97451
womees | o5 028 et 03/14/2006 | 0335 | 0335 118790
aninoos | o043 031 199560 03/13/2006 | 0335 | 0335 137344
4102006 | 0345 0.33 479070 31072006 | 034 0.34 97430
4772006 | 0336 | 0339 78639 31912006 0.34 0.34 65784
/62006 | 0335 | 0359 332010 3/8/2006 0.37 0.34 80571
41512006 | 0.33 0.335 257596 3312006 0.37 0.35 183750
14006 | 0375 033 311795 36/2006 | 0355 0.35 216290
4132006 | 0375 0.376 325195 3/3/2006 0.38 0.37 209630
03/31/2006 | 0.365 0.39 197871 3/2/2006 | 0375 0.37 95850
03/30/2006 | 0.37 0.36 338625 3/1/2006 0.35 0.38 138340
03292006 | 0.9 0.38 97200 02282006 | 0.36 0.39 164584
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DATE | OPEN | CLOSING | VOLUME DATE | OPEN | CLOSING | VOLUME
02/27/2006 | 0.36 0.34 222771 11012006 | 025 0.3 691731
02/24/2006 0.33 0.36 104571 1/5/2006 0.255 0.25 171249
02/23/2006 | 0.38 0.37 17680 1/6/2006 0.26 0255 | 222908
022212006 | 038 0.38 194557 152006 | 0.4 0.25 206890
02/21/2006 '| 0.37 0.39 150030 11422006 | 02165 | - 024 [ 107376
02/17/2006 | 0375 04 77450 1312006 0.21 0.25 173041
02/16/2006 | 0345 | 0375 | 292070 12/30/2005 | 0.23 0.22 597058
02/15/2006 | 0.34 0.345 | 233425 122972005 | 0.215 0.23 681648
02/14/2006 | 0.354 0.35 403395 121282005 | 0.225 | 0215 [ 415119
02/13/2006 | 0361 0.36 188938 WML N 0.24 0212 | 495205
102006 | 038 r oas 12/23/2005 | 0265 | 0249 | 263918
wozoos | oa1s Y d5 158251 12222005 | 026 | 0265 | 263336
2/8/2006 041 0.405 134685 12/21/2005 | ©0.28 0.255 | 333828
21712006 & 4GS Lsates 12202005 | 0.255 | 0275 | 225802
21612006 04 0.405 2 250 1211922005 | 027 0264 | 539329
21372006 0.4] 0.4 191355 12/16/2005 0.27 0.28 292000
2212006 | 0401 0.4 128240 12/15/2005 | 0.265 0.26 270735
21112006 0.41 0.401 166515 12/14/2005 0.265 0.265 347540
01312006 | 04 T o i 12/13/2005 | 026 0265 | 627374
01/30/2006 | 037 M3 e 12/12/2005 | 0.265 0.26 339642
ol2006 | 042 0.3 e 12/912005 | 026 | 0265 | 405978
01/26/2006 | 0.43 042 | 305725 JapfFz005 | 0.25 0.26 274085
01/25/2006 | 0.44 0.43 554605 12/772005 | 0.24 0.25 471625
01/24/2006 | 0.46 0455 | 1232223 12/62005 | 0.285 0.26 380202
01/23/2006 | 0.39 0.45 1419833 12/5/2005 | 024 0.27 721611
017202006 | 0395 | 0385 | 442350 1222005 | 0245 | 0235 | 405592
01/19/2006 | 0.3 0.395 | 651665 12/1/2005 | 0255 | 0.245 | 336361
017182006 | 0319 | 034 310099 1173072005 | 0.26 [ 0245 | 515289
01172006 | 031 0326 | 440763 11/29/2005 | 0.284 0.28 963519
01/13/2006 | 0.32 0.305 00658 11/28/2005 | 0.29 0.284 | 425047
1122006 | 0335 0.32 262129 1172572005 | 0.295 | 0295 83350
o0s | o 0.33 287766 111232005 | 0.28 0.295 | 507345




99

DATE OPEN | CLOSING | VOLUME
11/22/2005 0.27 0.28 250364
1172172005 0.3025 0.28 1016930
11/18/2005 0.315 0315 322426
11/17/2005 0.315 0.319 792400
11/16/2005 0.33 0.315 573295
11/15/2005 0.3525 0.34 218831
11/14/2005 0.345 0.3599 136036
11/11/2005 0.3525 0.35 243842
11/10/2005 0.3525 0.35 358152

11/9/2005 0.35 0.35 472130
11/8/2005 0.35 0.35 153595
11/7/2005 0.35 0.36 275919
11/4/2005 0.37 0.36 133715
11/3/2005 0.33 0.37 354750
11/2/2005 0.35 0.35 186895
11/1/2005 0.326 0.36 346563
16/31/2005 0.325 0.331 242735
10/28/2005 0.325 0.325 110277
10/27/2005 0.315 0.325 194606
10/26/2005 0.31 0312 283580
10/25/2005 0.315 0.315 346226
10/24/2005 0.34 0.32 286044
10/21/2005 0.335 0.35 168280
10/20/2005 0.35 0.35 207574
10/19/2005 0.35 0.34 124070
10/18/2005 0.37 0.35 172484
10/17/2005 0.37 0.37 260459
16/14/2005 0.33 0.37 440549
10/13/2005 0.365 0.33 495130
10/12/2005 0.379 0.365 679679
10/11/2005 0.39 0379 348640
10/10/2005 047 0.41 1930710

DATE OPEN | CLOSING | VOLUME
10/7/2005 0.45 047 | 341415
10/6/2005 0.49 0.445 479833
10572005 | 0.485 0.49 718798
10/4/2005 0.45 0.48 620223
10/3/2005 | 045 0.452 607977

09/3072005 | 0.455 0.455 986288

09/292005 | 0.49 0.47 613912

09/28/2005 0.5 0.4944 538860

09/27/2005 | 0.51 0.505 201057

09/26/2005 | 0.52 0.51 410934

09/23/2005 | 0.54 0.53 324680

09/2212005 | 0.522 0.54 301657

0912112005 | 0.529 0.523 468775

09/20/2005 | 0.55 0.53 256765

09/19/2005 | 0.54 0.54 296468

09/16/2005 | 0.5 0.5695 261406

09/15/2005 | 0.58 0.57 199858

09/14/2005 | 0.57 0.57 151916

09/13/2005 | 0.595 0.57 113861
9/12/2005 0.56 0.59 615846
9/9/2005 0.535 0.55 377200
9/8/2005 0.56 0.54 659914
9/7/2005 0.58 0.555 460455
9/6/2005 0.6 0.59 305170
01212005 0.62. 0.6 360695
91112005 0.61 0.619 509077

08/31/2005 | 0.605 0.61 136630

08/30/2005 | 0.61 0.61 471817

08/29/2005 | 0.625 0.6 1062488

08/26/2005 0.6 0.61 359360

08/25/2005 | 0.62 0.59 570290

08/24/2005 | 0.58 0.6195 756294
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DATE OFEN | CLOSING | VOLUME
08/23/2005 0.541 0.565 188127
08/22/2005 0.56 0.55 313715
08/19/2005 0.565 0.56 474914
08/18/2005 0.59 0.565 288863
08/17/2005 0.61 0.57 896192
08/16/2005 0.68 0.61 693274
08/15/2005 0.68 0.68 598743

8/12/2005 0.72 0.66 1563200
8/11/2005 9.63 0.7 1804415 .
8/10/2005 0.58 0.6 626257
8/9/2005 0.53 0.57 621445
8/8/2005 0.53 0.54 788977
8/5/2005 0.51 0.532 405342
B/4/2005 0.535 0.52 563731
8/3/2005 0.48 0.515 567710
8/2/2005 0.465 0.465 288099
8172005 0.47 0.46 354610
07/29/2005 0.47 047 139545
07/28/2005 0.46 0.47 202983
07/27/2005 0.45 0.46 192868
07/26/2005 0.47 0.45 336420
07/25/2005 048 0.47 682524
07/22/2005 0.49 0.4% 264080
07/21/2005 0.52 0.49 213985
07/20/2005 0.515 0.52 193985
07/19/2005 0.51 0.52 548251
07/18/2005 046 0.5 1467790
07/15/2005 0.455 0.46 632357
07/14/2005 0.47 0.46 629862
07/13/2005 0475 0.475 730234
7/12/2005 0.51 0.48 1114204
/1172005 0.54 0.515 692413

DATE OPEN | CLOSING | VOLUME
7/8/2005 0.565 0.55 371101
71712005 0.59 0.565 865573
7/6/2005 0.62 0.6 296909
7/5/2005 0.61 0.62 197124
72005 | 0.63 0.61 210580

06/30/2005 | 0.609 0.605 207880

06/29/2005 0.6 0.6 189177

06/28/2005 | 0.62 0.6 257842

06/27/2005 | 0.63 0.61 303386

06/24/2005 | 0.61 0.62 344440

06/23/2005 | 0.63 0.6 456848

06/22/2005 | 0.635 0.625 745813

06/21/2005 | 0.56 0.6 1229693

06/20/2005 | 0.52 0.545 728721

06/17/2005 | 0.515 0.52 579226

0671612005 | 0524 | 05 938326

06/15/2005 | 0.58 0.524 1836001

06/14/2005 | 0.56 0.545 2471405

06/13/2005 | 0.48 0.51 3115646
6/10/2005 | 0.424 0.46 802693
6/9/2005 0.44 0.424 888030
6/8/2005 0.445 0.429 1259994
61112005 0.465 0.445 1746632
6/6/2005 0.44 0.455 1587874
6/3/2005 0.49 0.435 1967976
6/2/2005 | 0.485 0.485 994276
6/112005 0.535 0.499 2408936

05/31/2005 | 0.53 0.53 1734057

05/27/2005 | 0.59 0.53 1579991

05/26/2005 | 0.68 0.6 3983213

05/25/2005 | 0.69 0.68 667570

05/24/2005 | 0.705 0.695 712319




~

101

DATE OPEN | CLOSING | VOLUME DATE OPEN | CLOSING VOLUME
05/23/2005 0.72 0.715 508626 4/7/2005 0.73 0.73 423178
05/20/2005 0.75 0.725 844001 4/6/2005 0.751 0.74 283106
05/19/2005 0.75 0.745 1207365 4/5/2005 0.75 0.775 282734
05/18/2005 0.81 0.73 1573450 4/4/2005 0.74 0.79 515481
05/17/2005 0.825 0.805 355373' 4/1/2005 0.76 0.75 261811
05/16/2005 0.83 0.82 889734 03/31/2005 0.79 0.74 1292301
05/13/2005 0.805 0.81 596683 03/30/2005 0.84 0.718 662923

5/1272005 0.82 0.8 618475 03/29/2005 0.91 0.86 351465
5/11£2005 0.84 0.82 2529906 03/28/2005 0.9 0.9 312020
5/10/2005 0.78 0.825 1850128 03/24/2005 0.915 0.89 288074
5/9/2005 0.69 0.76 1598112 03/23/2005 0.92 0.92 704880
5/6/2005 0.68 0.69 322690 03/22/2005 0.865 0.91 527018
5/5/2005 0.67 0.67 642365 03/21/2005 0.86 0.87 378839
5/4/2005 0.625 0.04 294960 03/18/2005 0.8 0.87 884117
51312005 0.68 0.63 220401 03/17/2005 08 0.78 539258
51212005 0.675 0.68 149515 03/16/2005 0775 0.815 599413
04/29/2005 0.65 0.68 449201 03/15/2005 0.83 0.79 1201024
04/28/2005 0.67 0.66 244296 03/14/2005 0.88 0.83 338409
04/27/2005 0.66 0.67 230150 3/11/2005 0.88 0.86 452552
04/26/2005 0.75 0.69 470605 3/10/2005 0.99 0.9 580573
(4/25/2005 0.65 0.72 560927 3/92005 0.94 0.99 1145395
04/22/2005 0.62 0.64 316686 3/8/2005 0.93 0.93 318842
04/21/2005 0.66 0.63 283733 31112005 0.91 0.94 637335
04/20/2005 0.66 0.63 236897 3/4/2005 6.92 0.91 289764
04/19/2005 0.67 0.66 335092 3/3/2005 0.92 0.91 423318
04/18/2005 0.7 0.69 264679 3/2/2005 0.94 0.92 331451
04/15/2005 0.71 07 360436 3/t/2005 0.94 0.95 876570
04/14/2005 0.62 0.7 660922 02/28/2005 0.785 0.885 1157793
04/13/2005 0.66 0.63 613889 02/25/2005 0.88 0815 936838
4/12/2005 0.69 0.66 881204 02/24/2005 0.96 0.9 1327841
4/11/2005 0.725 0.71 424327 02/23/2005 1.01 0.97 654036
4/8/2005 0.71 0.735 322794 02/22/2005 1.03 1.02 488140
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DATE OPEN | CLOSING | VOLUME DATE OPEN | CLOSING | VOLUME
02/18/2005 1.01 1.03 484455 1/4/2005 1.21 1.195 848494
02/17/2005 1.01 1 687737 1/3/2005 1.23 12 541743
02/16/2005 1.02 1.01 462293 12/31/2004 1.17 1.22 370541
02/15/2005 11 1.02 599819 12/30/2004 1.15 1.17 647962
02/14/2005 1.11 111 507330 12/29/2004 1 1.125 1384264
2/11/2005 1.12 1.12 770170 12/28/2004 1.05 1.02 1025106
2/10/2005 L18 1.125 593178 12/27/2004 1.1 Lo5 1512979
2!9[2005 1.24 1.19 582016 12/23/2004 1.19 112 984261
2/8/2005 1.265 1.24 480520 12/22/2004 1.255 1.19 946604
21712005 1.28 1.27 492230 12/21/2004 1.29 127 721376
2/4/2005 1.26 1.27 405746 12/20/2004 1.37 1.33 1229162
2/3/2005 1.28 1.26 525681 12/17/2004 142 1.34 1813933
21212005 1.26 1.28 475527 12/16/2004 1.42 1.4 2205389
2/1/2005 1.22 1.26 606985 12/15/2004 1.32 1.405 4472862
01/31/2005 1.2 1.24 552121 12/14/2004 1.2 1.29 3835966
01/28/2005 1.165 1.19 402155 12/13/2004 1.09 L18 2940740
01/27/2005 .16 1.16 746031 12/10/2004 1.02 1.07 2384002
01/26/2005 1.3 1.16 828025 12/9/2004 0.995 1 944520
01/25/2005 1.29 1.29 871662 12/8/2004 0.99 0.99 838014
01/24/2005 1.28 1.28 750758 12/7/2004 1 0.96 1204055
01/21/2005 1.24 1.27 664237 12/6/2004 1.04 0.98 1817095
01/20/2005 1.26 1.24 665255 12/3/2004 0.935 L0 2296725
01/19/2005 122 1.22 1360807 12/2/2004 0.52 0.92 1033709
01/18/2005 1.18 12 544248 12/1/2004 0.9 0.91 964081
01/14/2005 1.19 1.14 197514 11/30/2004 0.9} 0.89 1152164
01/£3/2005 1.12 1.15 470771 11/29/2004 0.961 0.91 1367092
1/42/2005 1.17 1.14 405629 11/26/2004 0.94 0.92 433687
1/11/2005 1.17 1.15 320 11/24/2004 0.93 0.93 1002274
1/10/2005 1.22 117 600287 11/23/2004 0.97 0.92 710930
1!7;’2005 .12 1.225 493648 11/22/2004 098 0.96 1155100
1/6/2005 1.11 1.11 437270 11/19/2004 095 0.955 666442
1/5/2005 1.18 1.14 392200 11/18/2004 0.88 0.952 512186
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DATE OPEN | CLOSING | VOLUME DATE OPEN | CLOSING | VOLUME
11/17/2004 | 0.94 0.88 586682 10/4/2004 0.56 0.57 104680
11/16/2004 | 0.96 0.91 448733 10/1/2004 0.6 0.56 112069
11/15/2004 1 0.94 782617 09/30/2004 | 0.57 0.6 135747
1171272004 | 097 1 291287 09/29/2004 | 055 0.575 125500
11/11/2004 | oe 0.99 733532 09/28/2004 0.55 0.55 66375
11710/2004 | 097 0.95 638603 09/27/2004 0.54 0.59 98950
11/9/2004 0.87 0.95 657370 09/24/2004 0.6 0.55 63125
11/8/2004 0.86 0.865 633450 09/23/2004 | 0.55 0.55 208005
11/5/2004 0.9 0.89 65101 09/22/2004 | 0.56 0.55 165222
11/4/2004 0.86 0.9 1368685 09/21/2004 | 0.555 0.56 63129
11/3/2004 0.9 0.885 203526 09/20/2004 | 0.64 0.551 232378
11/2/2004 0.9 0.385 100801 09/17/2004 0.66 0.59 34250
11/1/2004 0.94 0.9 1561634 09/16/2004 0.7 0.64 31950
10/29/2004 | 0.86 0.93 1007846 0971512004 | 072 0.7 44299
10/28/2004 | 0.85 0.84 302119 09/14/2004 0.76 0.72 120280
10/27/2004 | 0.82 0.865 724655 09/13/2004 0.7 0.75 437659
10/26/2004 | 0.78 0.82 743616 9/10/2004 0.67 0.705 1313445
10/25/2004 0.7 0.77 211546 9/9/2004 0.66 0.67 53642
10/22/2004 | 0.745 0.7 149900 9/8/2004 0.65 0.66 50480
10/21/2004 | 0.81 0.75 120935 9/7/2004 0.66 0.66 87785
10/20/2004 | 0.81 0.785 127986 9/3/2004 0.67 0.66 124355
10/19/2004 | 0.85 0.805 425541 9/2/2004 0.58 0.67 262499
10/18/2004 | 0.84 0.84 687267 9/1/2004 0.58 0.595 182110
10/15/2004 | 0.85 0.83 656463 08/31/2004 0.54 0.58 200800
10/14/2004 | 0.78 0.85 614789 08/30/2004 0.53 0.54 121891
10/13/2004 | 0.79 0.76 943034 08/27/2004 | 0.52 0.56 40650
10/12/2004 | 0.69 0.765 1320771 08/26/2004 | 052 0.55 38025
10/11/2004 | 0.715 0.66 98255 08/25/2004 | 055 0.54 96614
10/8/2004 0.62 0.7 926390 08/24/2004 0.57 0.55 93000
10/7/2004 0.57 0.6 406775 08/23/2004 0.55 0.565 590000
10/6/2004 0.6 0.57 116655 08/20/2004 0.54 0.56 526905
10/5/2004 0.55 0.6 92560 08/19/2004 0.49 0.52 666857
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DATE OPEN { CLOSING | VOLUME DATE OPEN | CLOSING | VOLUME
08/18/2004 0.56 0.515 170383 74212004 0.79 0.8 40300
08/17/2004 0.59 0.6 236992 7/1/2004 0.77 0.8 61300
08/16/2004 0.63 0.615 68516 Q6/30/2004 .83 0.77 65300
08/13/2004 0.69 0.63 82580 06/29/2004 0.8 0.77 38800

8/12/2004 0.69 0.69 126680 06/28/2004 0.89 0.83 109500
8/11/2004 0.68 0.69 109515 06/25/2004 0.93 0.9 182700
8/10/2004 0.64 0.69 86608 062412004 0.93 0.92 432700
£/9/2004 0.66 0.62 71275 06/23/2004 0.83 0.92 366000
8/6/2004 0.61 0.62 157133 06/22/2004 0.77 0.86 268900
8/5/2004 0.69 0.64 96349 06/21/2004 0.83 0.83 460900
81472004 0.69 0.67 15350 06/18/2004 0.76 0.79 129300
8/3/2004 0.7 0.67 39675 06/17/2004 0.86 0.76 140500
8/2/2004 0.74 0.68 47627 06/16/2004 0.93 0.86 140000
07/30/2004 0.73 0.72 31369 06/15/2004 0.91 0.92 130500
07/29/2004 0.71 0.72 18600 06/14/2004 0.9 0.91 152000
07/28/2004 0.72 0.68 32300 6/10/2004 0.87 0.89 71200
07/27/2004 0.72 0.68 68600 6/9/2004 0.87 0.89 113000
07/26/2004 0.67 0.7 82400 6/8/2004 0.77 0.86 171300
07/23/2004 0.67 0.7 29900 6/7/2004 0.7 0.77 595800
071222004 0.67 0.67 58200 6/4/2004 0.86 0.71 959300
077212004 0.72 0.71 94000 6/3/2004 0.93 0.85 355000
07/20/2004 0.69 0.7 34700 6/2/2004 0.97 0.94 105900
07/19/2004 0.75 0.69 49700 6/1/2004 0.99 0.96 108909
07/16/2604 0.74 0.71 21900 05/28/2004 1.03 1.02 35000
07/15/2004 0.65 0.74 65100 05/27/2004 1.04 0.99 104300
07/14/2004 0.7 0.7 60300 0512612004 1.01 1.04 55400
07/13/2004 0.76 0.71 42900 05/25/2004 1.07 1.02 117500
71212004 0.71 0.76 128600 05/24/2004 1.02 1.08 291200
7/9/2004 | 0.68 0.71 68000 05/21/2004 0.99 .02 391100
7/8/2004 0.74 0.71 181200 05/20/2004 0.97 1 136500
77112004 0.75 0.76 111700 05/19/2004 0.97 0.99 90700
7/6/2004 0.75 0.78 59400 05/18/2004 0.99 80200

0.975
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DATE OPEN | CLOSING | YOLUME
05/17/2004 1.02 0.98 116200
05/14/2004 1.04 1 179400
05/13/2004 1.05 1.05 156600
5/12/2004 1.06 1.04 448500
511142004 1.03 102 1396300
5/10/2004 1.05 1.02 172500

5/7/2004 1.11 14 151700
5/6/2004 1.1 L11 93600
5/5/2004 1.15 1.13 153300
5/4/2004 1.01 1.12 232300
5/3/2004 0.94 1 109200
04/30/2004 0.89 0.9 187800
04/29/2004 0975 0.9 195200
04/28/2004 1.1 0.96 513800
0472712004 1.23 [.11 401600
04/26/2004 1.24 1.23 137700
04/23/2004 £.25 L.26 134100
04/22/2004 1.41 1.28 265800
04/21/2004 141 1.35 212500
04/20/2004 1.43 1.4 257400
04/19/2004 1.46 1.4 234200
04/16/2004 14 1.42 305000
04/15/2004 1.29 14 383000
04/14/2004 1.3 1.27 575100
04/13/2004 1.4 1.3 507800
4/12/2004 158 1.41 508100
4/8/2004 1.63 1.56 373000
4112004 1.575 1.585 564700
4/6/2004 1.62 1.56 288500
4/5/2004 1.65 1.605 639300
4/2/2004 1.62 1.62 578800
4/1/2004 1.57 1.55 436500

DATE OPEN | CLOSING | VOLUME
03/31/2004 145 1.56 632600
03/30/2004 1.58 1.48 729400
03/29/2004 L.6 1.565 913800
03/26/2004 1.68 1.55 1311500
03/25/2004 1.635 1.66 1845600
03/24/2004 1.54 1.6 1496000
03/23/2004 1.525 1.54 2195000
03/22/2004 1.37 1.47 1627500
03/19/2004 1.26 1.34 751800
03/18/2004 1.28 1.25 342200
03/17/2004 113 1.25 411400
03/16/2004 1.16 1.12 340100
03/15/2004 1.19 1.155 299000

3/12/2004 1.22 L.17 134200
311/2004 1.29 1.23 174400
3/10/2004 1.17 1.27 253000
3/9/2004 1.26 .18 218200
3/8/2004 1.22 1.26 109900
3/5/2004 1.31 1.23 220200
3/4/2004 1.38 1.35 185400
3/3/2004 1.32 1.37 431000
37212004 1.19 1.29 589000
3112004 1.19 1.19 3400800
02/21/2004 1.6 1.54 234200
02/26/2004 1.68 1.58 399300
02/25/2004 1.65 1.66 542100
02/24/2004 1.68 1.64 792200
02/23/2004 l.64 1.68 330900
02/20/2004 1.64 1.62 515300
02/19/2004 165 1.62 566300
02/18/2004 1.83 1.61 2178500
02/17/2004 193 1.815 1030500
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DATE | OPEN | CLOSING | VOLUME DATE | OPEN | CLOSING | VOLUME
02/13/2004 | 2.04 1.92 510100 12/31/2003 1.6 1.575 46800
21272004 | 2.05 2.03 589400 12/302003 | 1575 1575 46600
211/2004 | 195 2.04 878800 12292003 | 1.63 156 68400
2/10/2004 | 191 1.94 962500 wnenoes | 1.6s Lod 2200
2/9/2004 191 1.89 470200 12/24/2003 | 1.65 1.65 2600
2/6/2004 192 1.89 132500 1212312003 | L.71S 1.65 75200
2/5/2004 1.9 1905 188500 12222003 | 175 1.7 160400
2/4/2004 192 L9 353900 12/19/2003 | 1725 | 1735 199200
2/3/2004 191 1.9 566200 12/18/2003 | 1.665 | 1.705 487400
20212004 192 1.91 529900 2172003 | 165 1.66 61000
0i/30/2004 | 205 1.92 1147900 121162003 | 1.65 164 137200
01729/2004 | 1.6 2.02 1558900 15003 Aeos 1% 1635 137200
01/28/2004 | 186 | 1935 | 3214400 121122003 | 165 | 1585 | 116800
0172772004 | 1.84 1845 | 1095760 ooy | 1.8 185 21600
01/726/2004 | 133 |® 68RO 12/10/2003 | 1.625 | 1.625 246000
017232004 | 1568 175 500400 rvobs N 1607 16 £10400
0122/2004 | L71 1.69 218300 el sk J | 2181200
012172004 e L F 12/5/2003 1415 1.475 135600
012012004 | 174 173 512400 ot AN TR [_4 123000
01/16/2004 | 1.72 1.72 1652600 w3003 | 130 1.8 | 196400
01152004 | 167 171 508900 oo AR 45 .38 145400
01/14/2004 | 1.64 1635 | 457700 00 | 130 145 72400
01/1372004 | 1.6 1.63 33000 11/28/2003 | 1415 1.4 79200
1712/2004 | 1.66 1.65 58800 11/26/2003 | 14 1.425 156800
1/5/2004 1.65 1.65 239500 11/25/2003 | 1.375 1.395 627200
1/8/2004 1.6 1.645 291400 11/24/2003 | 152929 | 1.375 787200
1/7/2004 1.63 1.645 166100 21003 | 15 L5 1715000
l6/2004 | 17 163 | 241500 117202003 | 1075 | 145 | 2606000
1572004 | 165 17 290400
1122004 | 1575 | 1625 67400
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CREDIT UNIC '*l SHARE CER TIFICATE R

;@ 05-09-03 990186658 =
=) Cam aved TECH Federal Credit Union ctoum Number E
= 5478 " Wame of Crasit Union- 224-79-4924 1=
= i Cerificate Number .o Sooial Socurily Mumber =
g This Is to certify that Tar_ut Malakorn or Matthew Bublitz @
@-—e' Has a Share Certificate Accnunt_i_a the above named Credil UnIor"f‘me =
=1l CERTIFICATE MINTHUH BALARCE MATURITY TERM PVDENDRRTES %
=311 s10,001.00 | $500.00 | 05-09-06 36 Months _ |3.25% APY =

Suybject to Ihe levms herein and the signature card refating 16 Lhis account, the credit union’s bylaws and applicable State and Federal laws, §
fules and reguiations, upon Lhe surrender of Ihis certilicale the person named above of any jomi owner{s) whose srgnature(s) appear on tho

][“.01
-

@ signature card relating to this accounl may (1) on the malurity date, withdraw all funds then in lhe account, and (2) prior to the maturily dain %{:‘ «-‘d"
527 wilhdraw the funds remaining in the accaun after the Geduciion of he amount of the penalty prescribed for early Withdrawal. =

el

R —
% This certilicate may ot be pledged, lransferfed or assigned 1o any party other than the Gredil Union.

@m

il

=y If more than ane owner is lsted on the slgnaiure card, the right of the Credit Unlon fo permit Ihe withdrawal of funds from this account in
% accordance with the terms hereof and the signature card relaling 1o thisaccounl may be terminated only by ils receipt otwritien notice from aay
ol the persons named on the signaturé card thal withdrawals should not be permitled, but such notice shall not dlject withdrawals thérelolore -

=31 made.
—d

== The Right of Survivorship ot the certificate shail be delermmed by the pro-nsuons conlalned In the slgnature card relating to this account.
fr——

=]  Dividends are available 1o lha owner .

= . {specity peried)

= m compounded Parly redeeming

=] -

g‘: % Dlvidends are asfollows Quarferly certificate

[ not compounded. ! Address

== Dividends [ paid to regular share Social Security Number,

are lo be- account do___ 90T 86658 Date
mailed to owner{s).

Except for certain early withdrawals as specified by applicable Law, Rules and Regulalions or lhe creditunion, ASUBSTANTIAL PEMALTY
13 IMPOSED il certificate funds other lhan dividends are withdrawn before lhe maturify date. The penalty is:

i
mmm@wwmww

& forfeiture of earned gividands equal to the smaller of {1} all dividends since the date of issuance or (2)90 DaySd‘vndends The fodeitwe is calculaled al

the simple interest sale being paid on |he ceitilicaie regardless ol bow long lhe funds wilhdrawn have temained in thé account. The gsincipal emount upon e

W(wﬂaﬂ%{’aﬂﬁ)ja j

==

= which Ihe fordeiture is calculated is lhe amount wilhdiawn uoless the amounl wilhdrawn reduces Lhe balance below $. __Q.O 5 QQ in that evenl, the accounl, =57

will be cancelled, and Ihe principal 2maunl upen which ihe forfellure Ts czlculaled |s the entile amounl ot lhe certificare. —é-::!

)

=) Zﬁ/‘(ﬁ LT

e = - b=

gy Kithonzed Signatu =il

= NOT. TRANSFERABCE = ore Sigrature =2
R 3 0 s

== 100 VCUL 855 3/85

d‘. or 1 c:’ .
;ﬂﬂ .2 LAAIAIDN1UDIAT1A1IH U (Share Cerlificate)

yioan Iae Federal Credit Union
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ALIGN TECHNOLOGY, INC.
NOTICE OF GRANT OF STOCK OPTION
Notice is hereby given of the following option grant (the "Option") to purchase shares
of the Common Stock of Align Technology, Inc. (the"Corporation"):
Optionee: Kelsey Wirth
Grant Date: January 4, 2001
Vesting Commencement Date: January 4, 2001
Exercise Price: $ 15.00 per share*
Number of Option Shares: 1,000,000 shares*®
Expiration Date: January 3, 2011
Type of Option: Non-Statutory Stock Option
Exercise Schedule: The Option shall become exercisable for twenty-five percent (25%)
of the Option Shares upon Optionee's completion of one (1) year of Service measured
from the Vesting Commencement Date and shafl become exercisable for the balance of
the Option Shares in a series of thirty-six (36) successive equal monthly installments
upon Optionee's completion of each additional month of Service over the thirty-six
(36) month period measured from the first anniversary of the Vesting Commencement
Date. In no event shall the Option become exereisable for any additional Option Shares

after Optionee's cessation of Service.

Optionee understands and agrees that the Option is granted subject to the terms and
conditions of the Stock Option Agreement attached hereto as Exhibit A and agrees to be bound by
those terms and conditions. The Option is subject to the approval of the Corporation's
stockholders and shall terminate in the event such stockholder approval is not obtained before
July 1, 2001. -

*  Pre-adjusted to reflect the 2-for-1 split of the Commen Stock to be effective January 5,

2001.
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Employment at Will. Nothing in this Notice or in the attached Stock Option Agreement

shall confer upon Optionee any right to continue in Service for any period of specific duration or

interfere with or otherwise restrict in any way the rights of the Corporation (or any Parent or

Subsidiary employing or retaining Optionee) or of Optionee, which rights are hereby expressly

reserved by each, to terminate Optionee's Service at any time for any reason, with or without

cause.

Definitions. All capitalized terms in this Notice shall have the meaning assigned to them in

this Notice or in the attached Stock Option Agreement.

DATED: 1/24/01

ATTACHMENTS

ALIGN TECHNOLOGY, INC.

By: Illegible

Title: Director

Illegible

OPTIONEE
Address:

Exhibit A - Stock Option Agreement

Exhibit B - Prospectus

<PAGE>

EXHIBIT A

STOCK OPTION AGREEMENT

<PAGE>
EXHIBIT B

PROSPECTUS
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COMPENSATION AGREEMENT
Agreement dated as of the......... day of January, 2001 by and between Kelsey Wirth
("Optionee") and Align Technology, Inc., a Delaware corporation (the "Corporation").
WITNESSETH

WHEREAS, Optionee is to provide services to the Corporation, and the Corporation wishes
to provide an equity incentive to Optionee to provide such services.

NOW, THEREFORE, in consideration of the above premiscs, the partis hereto agree as
follows:

1. On January 4, 2001 Optionee was granted an option to acquire 1,000,000/1/ shares of the
Corporation's Common Stock {the "Option") nnder the terms and conditions set forth in the Stock
Option Agreement, allached hereto as Exhibit A. |

2. Corporation and Optionee acknowledge and agree that the Option is granted as
compensation for services and not for any capital-raising purposes or in connection with any
capital-raising activities.

3. This agreement 1s intended to constitute a written compensation contract within the
meaning of Rule 701 of the Securities Act of 1933, as amended.

4. Nothing herein or in the Stock Option Agreement shall confer upon Optionee any right
to continue in the Corporation's employ or service for any period of specific duration or interfere
with or otherwise resirict in any way the rights of the Corporation or Optionee, which rights are
hereby expressly reserved by each parly, to terminate Optionec's service at any time for any
reason, with or without cause,

IN WITNESS WHEREQF, the parties hereto have executed this agreement as of the
date first above written.
OPTIONEE: Align Technology, Inc.

[llegible By: [Iltegible

Title: Directo

/1/ Pre-adjusted to reflect the 2-for-1 split of the Common Stock to be effective January 5, 2001.

s

51 9.3 nansdindavesnsmseyEul

al



; ' sz Iagrilasanu

So: uoaiy Tatfys

IHa: 45380040

Haufi: 14 a0, 2526

Aidmn: 42 1.3 a. Insanss 8.1n3nwse 2.unsmI55A

F=1}
Usz¥amsanu:

W ar = - 4 o
szauiTseuAnnenae: 15950UUATEITIA LUATHITIN
szavilSagnas: awdndanssy Wi mednisessuiidhuas

g neuTivmes aazdrnsTumans um Inuduuses viveylan

ifo: wioqniius dndtnys
SHa: 45380139
HaUN: 7.7, 2526

i 284/1 1.7 0.7 uea 8.11uAa 9. 1F89318 57190

ez 3amIfinu1:

o ar =% L= A =) L
szAuisauAnnewiae: Tsafouiioudoie v.iduese
‘ szaufganei: awiinimnssydth madndeanssy ez

=) o =y o o ar =
ADUWIAUADT ATUSIFAINI TUMITAT NHITNYIULITIT ﬁ].W'HﬂéIﬁﬂ

Fo: WoAn 19A 555UIES

THE: 45380263

daduud: 30 n.v. 2526

2AAUN: 99 1.9 A.FBIUA D.AINT VLUATAIIIA 60210

sz Samsanun:

°f ot =1 L a d d
zhnisenAnmnaoulae: TsuSouaniyszanassa vunsaasse
" zaufgannd: s dnimnssy i madedranssy e

= o = o a [ ~
ADUHIAADT ANUSININITUMTAT UHIINYIYUITFG %.W‘Hﬂﬂﬁﬂ

115



	title
	abstract
	content
	chapter1
	chapter2
	chapter3
	chapter4
	chapter5
	chapter6
	chapter7
	chapter8
	chapter9
	references
	appendix
	bibliography

