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A1

MATLAB 7]
MATLAB(www.mathworks.com)< 1] =2] Math Workso| A ¥FE0] X 22
JPog 1984dE ] AVfE o]F 2 &g A AA 507 o]/de] AHE-3E
JTF. MATLAB-2 MATrix+LABoratory2 A S 7| E o F 2 A3}y
A1 meagow duelE AW, UolE £AR A} A 24eE A 2
-l—TH dojoltt. CAofel nla| AHE-3H7] 7F A g stth= o] ot Ay
£ob mehe BRE 9 Yk
M2 B 4EE 28 OR 22 AT S W MAT
LABE d2 gt Ao R H2 RS A3 =238 d g0z Q7]
doj7ka glom o] A E BE FE+= MATLABRIO| &2 @ &3ith
E£3] MATLAB®] Financial Derivatives Toolbox+ =& Tt|o]E &A1,
2, B ol 0 A A5E 8 MATLAB 2 EWaz o 4418 U
g2 F3lo) A8 257 vach
A1Zd MATLAB 7|
>>a=1 aoll 1919
=1
9

a



A1 2 MATLAB 7|2

>> a=1;b=2,c=3; [Enter|
b =

_—

>> d=[1 2 3;4 5 6] [Enter]
d =

>> d(1,3) [Enter]

ans =

3

>> d(2,3) [Enter

ans =

6

>> 2x3  [Enter]

ans =

6

>> ans  [Enter]

ans =

6

————

>> ans+6 [Enter]

ans =

12

>> clear  [Enter|

11

a=1,b=2 c=3%°] A= A 1t
HuZE(;)0] L a%}ce= 3Ho &
g 5 2] 9ka1 ;o] BA o5 byt 31

o =8dt
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kv

9] 23 3
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AN
kv

2 x 39 AXgS HolEoth

Rk o 2 A AHE ansFhS B o=t

anst= BhA o gk 7HA 3 ek

upz] o 2 AAE ansgkol +6 AAF
< Sttt o] & cleardW anshe

AFehAT)



A1 2 MATLAB 7|2 13

>> a=2, A = 3; i'
>> -
2 MATLABLS i &EAHE F&E3Hth
a =
2

>> A=[1 2 3;4 5 6;7 8 9]; [Enter]

>> sum(A) [Enter| Ad o] 7+ 49 9459 F
ans =

12 15 18

>> sum(A’) [Enter| AP 7+ o dasY F F,
ans = A9] transposed Ho] Z+ Ho] A4 E
6 15 24 o .

—_—

>> sum(sum(A))  [Enter|
|/ —
ans = sum(A) 9] 7t HAE9 3

45

—_—

>> b=[1 2 3]; |[Enter|

>> sun(o)  [Ente] b ele) 7 Asse o

ans =

6

>> A=[1 2;3 4]

A=
1 2
3 4 N .
ILEENTEEEE
>> B=[5 6;7 8]
B =



A1 2 MATLAB 7|2 15

oS Z7e) Yol e AH A eleh

MATLAB W&o | A4k ojn]
1 2 5 6 19 22
A*B AB: =
3 4 7 8 43 50
1 2 —4 3 3 -2
A/Bor Axinv(B) | AB~1 = -
3 4 3.5 2.5 2 -1
-2 1 5 6 -3 —4
A\Bor inv(A)*B | A~ 1B = —
1.5 —-0.5 7 8 4 5
1 2 1 2 7 10
A2 or A*A A2 = _
3 4 3 4 15 22

Aol A FE3} FPAArolo ARE-SE * A4EA}= WA (Inner Product) A

ARRfolth. wheba FoteE 7 A A A7) 7F (n,m) x (m, k) = (n, k)o]ofoF
stoy 3/ AAAbE PP S Fole= Aoz AAelauR; st F 3™
o] 7= 2o Ay Holojof sttt oA YA B AR} <ol L&
Ko ofH A7 Y= 43 B2}
MATLAB H& o] | dAF 2] n]

1-5 2-6 5 12
A.*B —

3-7 4-8 21 32

1> 26
A.”B —

37 48 2187 65536
AARR} ko] Lol EA H W dEe] 2 Ao A= 7ol dav)e Ak
< Fdstets oujojth. a7 gy OJ&O]EE HEEA] = PE o] 77
= AEsHA L A& oF sh.
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Al 2 d M-FILE 215 7] 19
A 24 M-file ¥H57]

MATLABE ©]§3le] 93t 75 $asts $ie 2 % Az 7

S =

JMATLAB 7.6.0 (R2008a) [C |16
Ei_Ie Edit Text Go Cell TQ@I_S Debug _Earallel »
N |smB20 B |0 |[cH o[ @
Shortcuts 2l How to Add 2l What's MNew
Worksp... 2 7 = |id

= ;
Lglame Value ‘
H = [1,1.1]
£ ans [234]

1 [1.2.3]
£ | 3 |

L. 2 0er x| Command Window * 0 2 X
S _.é =
Al Files - ans =

!:Iteat.m
= test asy 2 3 4

>

&l >

|« start ln 2 Col 13

a9 1.1: MATLAB#

A WA= Command Windowol] 21 W& 3= YHola, F
WA= Scriptd} L o] &3= Aot}
MATLABe| A A-§oHe 5t9¢ 25 Mfileo]2tT 21 5}9le] 843



Al 4 4 FOR ~ END & 21

A 34d for ~ end ¥

‘for’ T ‘end’w I &S o] Fo] AFREH T for’wwd T2 dof = WM
9] T XVIFEY SR IU|NE 3 % = w7
Z] ‘for’ &3 ‘end’ & Alo] +Fo WHEE st FHEo] ‘19 AFF

FEre A= st

-~

for Heg=2713:(5E:)ASHL

for x=0:0.5:1

a=2"x
end
for k=5:-2:1
b=k
end
[Z2ad HP2H]
a=1
a = 1.4142
a =2
b=25
b=23
b=1




Al 6 & LINSPACE &

S,

while 27

e

Md

end

[¢]| Al] while ~ end ¥ Z & 713

a=1;
while a<4
a=a+l

end

a= 2
a= 3
a= 4

Al 6 4 linspace ¥

‘linspace’= a®} bAlo] 9] 712 iy
o237} Zro] o] g3l oo st A& A KA}

B
)
10
i)
a
flt
ju]
g,
[r
rlr
fn)
>
ofo
ol

linspace(a,b,n)

linspace( X 2+, 24,4

(©
o
jz,

[ 4] linspace & =272



A7 A

AAE A Ao ols yF9 e

PLOT +#

A 2 2kl
b | Blue Point - Solid
g | Green o | Circle Dotted
r | Red x | x mark - Dashdot
¢ | Cyan + | Plus - Dashed
m | Magenta | * | Star (none) | No line
v | Yellow s | Square
k | Black d | Diamond
w | white v | Triangle(down)

= | Triangle(up)

o

% 1.2: Plot 9309 &4

25

=9, plot(x,sin(x), ’k--’,x, cos(x),’ko’) & AY3}lH, T}

o5 T 0% °,
0-57 // o \\ o //,
// 0 \\ O /,
or . N o ]
_0 5, o \\\ [e] /// |
) o ~ 0 .
I L ° o o ° o~e 7 |
0 1 2 3 4 5 6 7
39 1.3: plot® 345 o] &3t =23 AP A3}
e o, A-A] sin(z)e A2 Ao FHLE, cos(zv)E A2H
A" (28 1.3 )

sin(z), cos(z) & st= F 7|9 8=
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Al 2 %
Ask=

Al A (European

#e5)

mj

o

= d2 7 WAE Ads d2et

T
) -

=& 4 (call option), uj

e

(put option) o] 2}al

A1 ] A (option buyer): 34123 ZH(option seller)ol Al &

219 (premium)= A3k

)
)

7
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A1 E IYFESE 31

Ak do =2 e E st A Y A HEsdS o} :
nZA ol sAANTE 4HA o] F W L7A vituiug, Az
P B HFAA T HAAHA I S T v v dA

o|

gt TEly wE v ZA AL HGetr Q= AL “ul= iTL_X]/ﬂ(Short
Position)2 #dt1 .’ zha &3t

Y

mE‘: S
2

FA e TAR] AERRol B oA S P AL HF B
A e A 98 AAL B W FAGZEE FAI A 3B
e EE A5V TYB FAL W A7A BRA g, 5o
wr) vl shel <o) AL Aol 7 A4

1.1 KOSPI 200 &4 A A% o= ¥

a9 21 ok g§ FAAANA EH T AR, th2 o Ao EE R
o] FRE At

http://kr.stock.yahoo.com/sise/idx202.html

olAl, 1H 2.1 HWA Z7Ze] golE9 ouE Afe A}

CHAAN L (20744 ) 0 AA A5
-AYGu] (v230): AL FTtoll wlud o= (A - ALET)
- A AR S 207.44 + 2.30 = 209.74

)]
=
-SHE (1L09%) : Y F7HE 7€ E 220 Y AER

A7 (209.43 ) 0 3L HA2E IJAH A5
- 27F (20999 ) : 3}
- A7} (205.80 ) : B}
- PA7HA (210.00 ) -
g o A8+ 74

FYAL7HA(210.00 )l TR F5d w7k 9.4001th ol & =i, AZFTA
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S —oo OV 2T
A, p=00]2L 0 =19 A5 FEWT X7 2EHAEEE I E
3 she), ojn] HEUE Y4 Ch2 3 2k
1 22
¢(z) = e 7.

EG X ~ NO,1)Z %7 & 5 9tk 38D =TS (probability density

EX] = p 2.2
Var[X] = o° (2.3)
0.2
Mx(t) = exp <Mt+7t2) (2.4)

Proof. Y A& At

M () = /Z \/21_ﬂ_gexp (m _ @) da.

o] Aol A exp(-) ) A% F e A WE YTk

(x—p? 1 9 2 o?
tr -~ =~ (= (0t +w) +pt+ St

A7) y =z — (0% + p) Bk BHAL LW, b A B Her

< 1 {x — (o +p)}? /OO 1 y?
_ dr = ——=— | dy.
/oo vV QWJGXP [ 202 v o V QWUexp 202 ) WY

oAl I the 3t 2ol et

[e%e) 1 y2
I= exp | —== | dy.
/_oo V2ro p< 202) Y




35

° 01:],9/]9/]0§t1<t2<t3<"'
S(t), -+ A& SHolTh

24

o] 00
A (volatility) 2} st}

te] Q4 g4ol .

E34 {S{t)|t < 0}= Brown<%o]gtal

ol thall A S(t1), S(ta)—S(t1), S(tz)—

Fol o2(8 —

43l E Brown 2%
o] H .

713} Brown 2% (Geometric Brownian Motion, GBM)

A3l E Brown €5 {S(t)[t < 0}o
{Z(t)|t < 0}2 713} Brown&% o] g} gt

dal A, 4 Z(t) = SOz Hej=

fol
o
X
>,
o
N
N
Pl

e A9 BE AR F

(effective market hypothesis)2 A] oA 7|22 HH
gApke) Aol weys
WA, 24t ZFA ol A Ao A ¢l WstE I AA = A #
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50| 2 24l (stochastic differential equation)

% = pdt + odX (2.5)

AA At 2Rk 7HA 9] 5 A Q1 F2H9] A (randomness )& 283 dX =

o
=
< ‘]J/}@(Wlener process)S W= L9 AL Zr=t}

al ;
o dXt AFEERTE L FE 5ot}

AAD S(t)9] WBhF dSTE Tl Aol mhet £ el w ek B
dS = a(S,t)dt + b(S, t)dX

S7} o7
dS = a(S,t)dt + b(S, t)dX
£ wg o, 59 19 T4 V(S0 FFS

_(av 10°V

ov ov
7 2 i il
o +28526 (S, 1) + Z=a(5S, t)> dt + ——b(S, t)dX

o8 o8
= wer
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o,
A,
K
o,
il
1>
~
:l
=
4

SR

o? o2
AV = (;L ?> dt + odX = <u— ?) dt + oVdto

A Aot
A2d A 713 2A 239 Black-Scholes Hn|&
w4

Black-Scholes 3 v]& %7 4] (partial differential equation:PDE) [?] & u]=F
9] Fisher Black 252} Myron Scholes . 5=of o]&f 7|dd 4 712 2H
BEYgozA 54 o M4 =@ vl &8 38 2o A dF o
897 gtk of RAE o83 AZAMIAA(S), BAIA(E), 227

P

ZHT), FARIAE(r), 7122749 M54 (0)d] == S5
e oletAae AR AT+ ok

w4 o|Z7HAE T3] A& thg o] Al 7HA M4E ukE A
ofof gt
1) 712244k 744, S

&2

_

Black-Scholes= A4S A 317] YA o2 22 2 71x] 7HA- S

o Adul g3t AT AR neSA o, ML gl Aoz Bk,

o V|ZES A A&K5H o7 dojdrh
7

dS = pSdt + oSdX (2.8)
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v £ 4]

¥

°] BLACK-SCHOLES

53]

=

HA "tk o 7]

w7 At

235

550, 13

s

o A(2.14)& @
Vs - {

(2.14)8] 712 AS 714

(2.14)

if S>F
if S<FE

S—F

0

il

)

%]

-

Black-Scholes ]

-
| -

13)2 4]

(2.

o},

<

]

e}

200

200
V(ST)

150¢

100y

50r

S 300

100

2.1 Black-Scholes 1]

32

.'_?7_

=
=

Black-Scholes ¥ u] 212 2] o] 3j

T
-

o] Ao A

ol

(2.15)




A 2d 94714 4% 22 BLACK-SCHOLES Hu]Eu4g4] 43

A A= € WA (heat equation) FE| 2 A&kl & 73 &
ThA] X138 ZaiA] Qe %4 42 Black-Scholes #u] &5 A 9] & 7
sttt Black-Scholes AW|ZHA A (2.13)) thallA F 7S] W 29} 75
=4kt

1] HeH3
S o?
= log — —— | (T —t 2.24
o= g3 (-2 ) -0 (224)
T o= T—t (2.25)

209 W5 w9 78 Aol V(S,1)E e 2o] EAHAL

= 2 (efrTu(a:,T)) Tg

Vs(S,t) = Vu(S,t)xzs + V(S t)rs B

= e Mug(zx,7)S™L.

Vss(S,t) = % (e_rTux(a:,T)S_l) =e 7 (usx(a;,T)S_l - ux(x,T)S_2)
= 65—2 (ugz(z,7)S — ug(x, 7))

e*’l"T

= < ([tgz(z, )25 4+ Urg (2, T)TS| S — Uy (2, 7))

e*’l"T

= F (u$$(l‘,7') - U$(x>7—)) :
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34

L

H
o

e

]

I
T

9] BLACK-SCHOLES

|

Ex

=

A (2.30) 25 H o=

(2.31)

21\2
U;aunqza

)4

ou(\, T
or

2] 7}

7} o] U

o

o2

=

-

He, o]

o]

olgtilE

Al
Al

i
Q

(2.32)
(2.33)

WA, 27|27 u(x,0) =

i 22

)

1205 A&

u(A,7)

g

(2,0)
(2.33)°] & Fourier ¥ 3=

>

<474 ¢+ Aok
Al

=
6]
=< a
s
=
(o]
fal ~
a_ =
.
2
v .
—~ >
= S
(> = —
g 8 9 <
| m—/ 1 &
/ = ™
= 2\A2
_€ =
__ —~ |
NG
s S 3
|
\m 3 M_W )
8 T 8
S S /
< g —
& — =
8 58 8. %,
/ / 2 _

1
V2

1
V2r
1
]

u(z, T)
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v= ° —y=1x+ 0TV (2.42)
o\T

g9(y) = gz + o/Tv) = T ovT

1 [ 2
u(z,7) = —/ g(y)e = dv
2 —00
g(y)2) AAZAC Wek v < ——£_ o) MR AW gEL wE 09
2 A HEE, 0> 2o SR A% v AZ45Y Bk g()9) 37
270 2535,

L[ 5 d L [ (gertovm gt
ulz,7) = — e 2dv=—— e TIvTY e 2av
wn) = gz L o =] )

1 [t toyF 1 [t

= Ee* VT2 dy — —— FEe zdv 2.43
V2 )= \/27T/awﬁ (243)
R AR WwSH2.25)0 o5 A)(2.43)9 R WA T T} BE T}
—+o0 52 +oo 2
u(a:,T) - - Se' T T T oV TV ™ 2 d’U -
27 27
s —+o00 +o00
_ 5 e 2w "f)Qd’U——/ Ee_Tdv (2.44)
V2 T J_




A 3 d 3 2E% (FINITE DIFFERENCE METHOD) 49

dl = (log(S/E) + (r+ 0.5*sigma"2)*T)/(sigma*sqrt(T));

d2 = dl -(sigma*sqrt(T));

CallPrice = S * normcdf(dl) - E * exp(-r * T)*normcdf (d2)

Do 1oo o To o o To o o ToTo o ToTo o ToTo o ToTo o ToTo o Jo 1o o o To o o To o o ToFo o To T o o To o o To o o Jo Fo o o To o o To o o To T

21¢] MATLAB F Zeurocall.me A33lH o} Z24E d=t}

>> eurocall

>> CallPrice =11.6105

Al 3 A 3 £ (Finite Difference Method)

FoAHEH S u] 2 4] (differential equation)S X 4] (difference
equation) @ & o] 2k} A|AA FX A Q] HE T Ry olTh o] Aol A
< AR S AREst] @84 (heat equation)y} £ &= Hn|E
WS 2ANE 72 AolTh. WA Taylore] A28 WRoE 32 3
= FAENY 718 dEE A EA Taylord] AelE o]§std T
u(z + h,t)= o3 2o (z,t) XY v T nEFEs FAETE
vebd 5 9l

W+ hyt) = ua, ) + g, )h + Leel@ 8 2 | Cane@8) 5 o )

2
ug(z,t)°l thal Al g 2lstd, 1xpm]&of gk AHE 4 s A=t
u(z + h,t) —u(z,t)

ug(z,t) = ) + O(h). (2.46)
o] Aol Ax} A& (forward difference method) o]t} wFRE7FA] & WM 4= o]
Aot A AES 3t

(s t) = M E ’2 —u@Y o (2.47)

*Taylor Ae]: ¥4 f(z)7} & = zooll A n¥ v E7bs ek 3hat

u//(xo)
2!

S 2 =209l A u(z)2] n AR Taylor thH4] o] g} 3hr}.

pn(x) = u(zo) + u'(x0)(x — x0) + (x—z0)® +...+




sin(rz) (0 <z < 1) WE3c}h A= u(a,t) = sin(rz)e ™ to]w 1
2259 292648 Tz el + ek o] B A6 e A E
HAA, A, 28y 2 I-USE FIAEHE o 85te] P A}

for i=2,...,N, —1 and n=1,2,..., N;.
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for n=1:Nt
for i=2:Nx-1

u(i,n+1) = u(i,n)+alpha*(u(i-1,n)-2*u(i,n)+u(i+1,n));

exu(i,n+1) = sin(pi*x(i))*exp(-pi~2*(k*n));
end

end

plot(x,u(:,1),’k*’ ,x,u(:,50),’kd’ ,x,u(:,100),°ks’, ...
x,u(:,Nt+1),’ko’);

hold

plot(x,exu(:,1),’k’,x,exu(:,50),’k’ ,x,exu(:,100),°k’,...
x,exu(:,Nt+1),°k’)

legend(’initial’,’n=50’,’n=100’, ’n=Nt+1’,’exact

solution’,-1)

xlabel(’x’,’FontSize’,20); ylabel(’u(x,t)’,’FontSize’,20)

Toto o 1o o To o To o ToTo o ToTo To o Jo To o To o To o Jo Jo o To o o Jo o Jo o Jo o o To o To o o To o Jo o o oo Jo T o o o Jo o o Fo o Yo o

4.2 $%4 (Implicit) 3 AL

WA AR BFRAA 0 < a < 1] AL Wty fal FEA
R ARWS o §VTh FHH PP AMMAL A A gas
Be 5o ANAES o8 4 Utk Tiw BEA PHL AL A
A e Took ATk HE FEA KRRy T A4
G54 FRALRE 0,0 N T FAFR ALY ol ThI FFAE
22 ol BTk WA thed 2L BEH FEAE BHAL oo
2 4 9

Wt = 2t
k h?

ChA Aol e 5 §RARE A
-—au?ff—%(l%—?a)u?+1——au?ﬁf = U, a=— (2.55)

foreachi=2,--- | N, — 1



u(x,t)

99

1420 -« 0o ... 0
—a 1420 —a 0
0 -«
—a
0 0 —a 142«

1
auf ™t 4 ul

n Tl+1
Uy, 1 T auy,

* initial
¢ n=50
o n=100
O n=Nt+1
—— exact solution
u§+1
u§+1
n+1
UN,—1
by
by
(2.56)
n
Np—1




= = - 1 T X 1 H 5
0| z
[o )
]

)
ithm
Algor

2]& (Thomas

o]-_]—_y_ =

2 =

Euta

1

4.2.

x1
T2
x3
di
dy ¢ |
aq )
ds
a
Ci
1 d; :
(7. _1
1 CN, -
dn,—
AN, —2 de
1
an,_
bl (2.59)
by
b3
: b
bn,—1
bn,

& aﬂ%
al) s & i
idiagon o
ZH(Tri n
. AEZ S
. o
o E$0017}x11 sk
o Et _ ]%
1o -
x] ?‘61_. ]- =
_u_/\]ﬂ =07 ;HEX}‘
e - =g I3
o il > 29 cq10L y =t
i o g3
9 =

= 0°] 9
2ol =
o A
HHA ay
off A wich 1
o 2%@
H3 3=
Jd1 S 3
16§°ﬂ al
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di x1 by
do ¢ x2 bo
d3 c3 T3 b3
dz C; Ty b’L
dn,-1 CcN,—1 TN, -1 bn, -1
dn, TN, bn,
A7NA b;8 ;TS A e o Fe A AT Y FES As
# sdotrt. oAl =AY M an,, TN,—1, -, T2 AEHE T
T4 90
bn,
T = —=
Ny dea
1
Ty = d_(bz CZ$Z+1)7 1= Ny 1, Ny 27 5 1
(2

Tl ot to oot to Toho T to Tofo o To To fo o Toto oo heatim.m %%utote ot ts oot tote ot tote oo toto o toto oo
clear; clc; clf; Nx=12; x=linspace(0,1,Nx); h=x(2)-x(1);
T=0.1; alpha=2; k=alpha*(h~2); Nt=round(T/k);
u(:,1)=sin(pi*x);
for i=1:Nx-2

dd(i)= 1 + 2xalpha; c(i)= - alpha; a(i)= - alpha;

end
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0.6

u(x,t)

0.4

0.2f

% 29 T4 WA a=29 AT AH

oA =
4 .

k
T(z,t") = Ut(l‘utn)Jr§Utt(3fz’7tn)+0(1€2)
2

h
— Uy (24, t") + 7

AZNA u(w;, 1) BRAAS THoIBR thgo] 4 HIrh

Uxxx:r(xh tn) + O(h4)

k h?
T(x;,t") = Eutt(azi,t”) + Eumm(l‘i,t”) + O(kQ) + O(h4)
= O(k) + O(h?) (2.60)
FAA A7 +EE7] He 28 2 AL FAVNHY gAaETEe At
7F FAT ADNEE ELFE 00 ZAoF Stk Aot} ol E
(

der of accuracy) FF 2} oA hel k9
e xS Okl + k)2 7FREE X719 o] 12 A7 AE (Ith order
time accurate)3Fal maF 374 & (mth order space accurate)d}rial k.
A(2.60) 2 2EE WA A §RALEL 14} A7 A1 24 27 A8
2 %% e
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end
fprintf(°--------------"-"-" \n’)
T to To T ot T Tt To 1o T ot T Toto To To To ot to To o To To ot To To o To o FoTo To o To o ot To o To To o to Fo Fo o To FoJo to To o To o o

2712A& u(z,0) = sin(z), T = 0.1, « = 0.1, h = 1/N, At = ah®.
F E heatex_convergence_test= A3Y3H o} 235 A

2 % gk

>> heatex_convergence_test

h dt max_error order
0.10000 0.001000 0.001220
0.05000 0.000250 0.000303 2.008865
0.02500 0.000063 0.000076 2.002218
0.01250 0.000016 0.000019 2.000555
0.00625 0.000004 0.000005 2.000139

DY) FEHA R AR FHYL Sokus] A3 29 g
s A}

Dbt h bl heatim_convergence_test.m %h%hhhhhlhhhhhhh
clear; clc; T=0.1; alpha=0.1;
for iter=1:5
N=10*2" (iter-1)+1; x=linspace(0,1,N); h=x(2)-x(1);
k=alpha*h~2; Nt=round(T/k); u(1l:N,1:Nt+1)=0;
u(:,1)=sin(pi*x); exact=u(:,1)*exp(-pi~2*T);
for i=1:N-2




I~
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for iter = 2:5

fprintf (°%8.5f %8.6f %8.6f %8.6f \n’,
hh(iter),tt(iter), err(iter),Order(iter-1))

end

fprintf(°----------"----"--- \n’)

Toto 1o 1o 1o To o To 1o o To o To o JoTo o 1o o JoTo JoTo o To o Jo 1o o To o Jo 1o o Jo 1o Jo o o To o Jo o o To o Jo o o Fo o To o o Jo o To o o T

2712388 u(z,0) = sin(x), T = 0.1, a = 0.1, h = 1/N, At = ah?.
MATLAB F E heatim_convergence_test= A3l Tt} A& ¢

h dt max error order
0.10000 0.001000 0.004820
0.05000 0.000250 0.001209 1.995470
0.02500 0.000063 0.000302 1.998865
0.01250 0.000016 0.000076 1.999716
0.00625 0.000004 0.000019 1.999929

A 5 A Black-Scholes Hu]EulA o) )t 83+ 2}

s
Fe19d 2 F49 S 7317 Yl Al Black-Scholes Hu]EHAH A2 &
StatE W o7 ZojA patrh. Hu]B¥lAg AL Dirichlet AAZ AL 2=
TEMY An A Aoltt E38] 272 ARTE ©rA 9 2] FoR
oo =T-t5 ALV FI 02N, H AAL 2 A BH A
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Tt TotoTotoTo o to foto foto Toto Toto oo o foto fots BS€X .10 %o oot foto oo To o oo To o o fo o fo o fo o ToTo Yoo Fo o
clf; clear; E=230; L=800; sigma=0.5; r=0.03; T=1; Nx=50;
Nt=1000; k=T/Nt; x=linspace(0,L,Nx); h=x(2)-x(1);
u(1:Nx,1:Nt+1)=0;
for i=1:Nx
if x(i)<= E
u(i,1)=0;
else
u(i,1)=x(i)-E;
end
end
for n=2:Nt+1
u(Nx,n)=L-Exexp (-r*k*(n-1));
end
for n=1:Nt
for i=2:Nx-1
u(i,n+1)=u(i,n) + k*x((1/2)*(sigma~2)*((i-1)*h) "2*...
((u@i+1l,n)-2*%u(i,n)+u(i-1,n))/(h~2)) +...
r*(i-1)*h*((u(i+1,n)-u(i-1,n))/(2*%h))-r*u(i,n));
end
end
plot(x,u(:,1:200:Nt+1),’ko-")
axis image; axis([0 L 0 600])
Toto o 1ot To o To o ToTo o ToTo Jo o Jo To o To o To o Jo Jo o To o o Jo o oo Jo o o Jo o Jo o o To o Jo o o o o Yo o o o o Jo o o Fo o Jo o

AZvel T A AR ol 8 WA el dold 5 g Boby
4 EAE AAR] Ao FRALE ol gotel BFA PUS A5
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Toto o To o Toto Too folo o Toto Jo o foto o TotoTe BSAm .1 %% oo oo oo o Too fo o o oo oo fo o fo oo oo fo o o
clf; clear; E=230; L=800; sigma=0.5; r=0.03; T=1; Nx=50;
Nt=100; k=T/Nt; x=linspace(0,L,Nx); h =x(2)-x(1);
u(1:Nx,1:Nt+1)=0; N=Nx-2;
for i=1:Nx
if x(i) < E
u(i,1)= 0;
else
u(i,1)= x(i)-E;
end
end
for i=1:N
dd(i)=1/k+(sigma*i) ~"2+r; c(i)=-r*i/2-((sigma*i)~2)/2;
a(i)=r*x(i+1)/2-((sigma*x(i+1))~2)/2;
end
for n=1:Nt
d=d4d;
for i=1:N-1
b(i)=u(i+1,n)/k;
end
u(Nx,n+1)=L - Exexp(-r*k*n);
b(N)=u(N+1,n)/k - c(N)*u(Nx,n+1);
for i = 2:N
xmult= a(i-1)/d(i-1);
d(i) = d(i) - xmult*c(i-1);
b(i) = b(i) - xmult*b(i-1);
end
u(N+1,n+1) = b(N)/d(N);
for i = N-1:-1:1




Al 3%

A XA & 8 (Computational

Fluid Dynamics)

AAb 74 9 8HCFD, Computational Fluid Dynamics)-2 B A3 o] & b4
2] Navier-Stoke Equatiom2 2] 7] (numerical methods)e] &1 e]5&

AHgate] §4 f5 BAE 23 s Aeks Aol

A1d wds HAY 7A 7

Navier-Stokes WA A ol&t AAE 7M1 FAlY 52 7|&st= v)Al
n2 g Aoty A& =
AR s2+ F719 22 A< 71AY

5 t}. o
2] 3t Navier-Stokes B A= L5I7HA] 1 7% 9 T4 &4 o F
WA X3k glo 7 A EA(Zd ol

lz 8 o] 4894, Clay Mathematics Institute 7| ¢ B 8] x] A H}o] 9= Al
By Ader £35 DA 7|12 8] ZFE ot Fs RS A AH A
o]&l7] = sttt} 1 % Navier-Stokes WA A= Z o] & AF4A7F 100923 9 AAF
= W a7k ey BA F shuol 7= stk o AAME e S o] £
&3 o] A (http:/ /www.claymath.org) & Z313}7] vltc}.

O>'
[UIO [U_\_;

71
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1.1 Navier-Stokes

%

&+

B

B
et

(3.1)
(3.2)

~Vp+ pAu+ pg,

V-u = 0,

ou

Ao A4 AN AHEE 7]

s

oy

a
- =

iR

)

AL no-slip AA =

%35} © 1 Navier-

=243

]

A
>

o

uo} 2]

1.2 Navier-Stokes
2219 8-=9] Navier-Stokes 4

oF

w o)
ma)o 2 %37}

b7 92 el

0|

1 At s

)

e SAEE o3
of o

]

P
&

Newton?] A| 21 2

o

.

g_

ojn

o}J

(3.3)
(3.4)

o)Al 9 Aol & =AM 2 Stobr g}

B
K

pdxdy

dm =
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OTye dy
<Ty$ + W?) dx

4
«

OTye dy
- (TW e 7) d ‘

7Y 32 oEol U SHRE
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a9 9. . = 3.8

P < ot ox U@y) Or oy’ (3.8)
v Ov v\  Ooyy  OTay

p( AT 8y> Ay oz (3.9)

ou ov
Ozz = =P+ 2#%» Oyy = =P+ Q#O_y

ou ou ou\ = Op 004z  OTye
p<at+u8m+v8y>_ oz " oz oy

:—%3(2 %) 3 (5 2)
Ox 0 How oy oy Oz
8p Pu  u 9 (du v

__@+ P, o
~or T M\0a2 a2 )
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A de Aolth. o] ZollAe FAE2 olslE w71 A8l 2443l A 7]
<3| gk o] 2 7uto g 3P oo FAE oA oA H2T 5 9o
Ze} Azte
U
i—dlit1 ui+%,j+1
vm‘+% vi+1,j+%
Oop. .
uif%,j Pi uz‘+% j
Ui,jf% Uz‘+1,j7%

IH 34 A A TG 2R S A FA ZoH ] A

AR dele AADA] hel BEAR L. 27k A Q0] FAL
(zi,y;) = ((i = 0.5)h, (j —0.5)h) i=1,--- ,M 283 j=1,--- ,N o 94
s Aok 71 M3} N Zbz; o9} y-3Fe] Aol 7S onjgit. o
A, Navier-Stokes WA A E &7] 93l Staggered Marker-and-Cell (MAC)
ARE o] 8T Zlolt}t. Harlow and Welch [3] &) MAC A A= 452 A
Foll L= A FAc BYst= AAE o7 g}

of

u;:_%J ~ u(xi+%,yj,t”), (3.17)
UZj-f—% ~ U(xivy]q_%atn)v (318)
Py ~ pri,y;,t"). (3.19)

17 342 MAC 4 PE et 2™elth ul —% ety A
&
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Oo[A| (n+1) A|lFNA 7ol thato] tha FAH A S FT}
u"tl —qa

At
Vg-u"tt = 0. (3.25)

2] (3.24)9] A divergence operator(Vy <)<} 4] (3.25)=
o St 3 o} vk 4] (Poisson equation)S S 4 AA ok
Agpntt = ivd -1, (3.26)
At
o) Aol A ZAzhe] FEL thet o] Helw oj7T

n+1 n+1 n+1 n+1 n+1
At Py TP — APy P P
dpy,] - h2 ?
. Yirdg ~Yi-3g | Vg T Y-y
Va- u;; = h + n .

un-{—l —u® 1
n-Vyp'tl =n. (—7 —(u-Vgqu)" + EAdu”> , (3.27)
el

of| A 2] ©+$] ¥ A1 ¥ B (unit normal vector)©] T}
Aol R "2 Gauss-Seidel HFE A A S 0] -85}
ZAIE & 4 ok ptle F3 th2 divergence-free £ 5= th23}

Zo] A= o)A

Lln—’—1 =1u- Atvdpn+1.

=
L
unJrl T _At( n+1l n+1)
i+l Yirgs T T WPivng T Py )
At
n+1 _ _ n+l _  ntl
Yigrl T Vg T (Pije1 = Pij -

o] 24, & 9] time stepo] ZL}A H Tk
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¢

FolR 2712702 (2°,9%,2°) = (0,0,0)& &3] HEH oz 3| & T3
B oo 238 44 9ot
k=0 < x1:(3—2y0+20)/4:;
1
yl:(—l—ﬂﬁo—zo)/3=—§7
A =4-2—9y0/4=
k=194 o 22 = (3-2y' 4+ 2')/4 ~ 0.6667,

y? = (=1 —2'—2") /3~ —0.9167,
22 =(4—2' —y') /4~ 0.8958.

AA S v =1y =-1,2=12 ZFH ZF3A 7= Aot} th- MAT-
LABZ o]&3te] 919 ojale] i & T3t =0Tt

YT Sttt o oo ot hds Jacobi_iteration.m Y%lhltstatstolotetstststatetotototstots
clear; clc; x(1) = 0; y(1) = 0; z(1) = 0; Max_iter = 20;

fprintf (O ———-———--——--———- o \n’)
fprintf (° k X y z \n’)
fprintf (O ———-———--——--———- o \n’)

for n = 1:Max_iter

x(n+1) = (1/4)*(3 - 2*xy(n) - z(n));
y(+1) = (1/3)*(-1-x(n)-z(n));
z(n+1) = (1/4)*(4-x(n)-y(n));

fprintf(°%5.0d %10.4f %9.4f ¥8.4f \n’,...
n, x(n+1), y(+1), z(n+1))
end
fprintf(°---—-----------—————— \n’)
Toto 1o 1o 1o To o To o o 1o o To o To o o 1o o To o To o JoJo o To o o To o Jo o Jo 1o o Jo o To o o To 1o Jo o o To o Jo 1o o 1o o Jo o o 1o o

MATLABZE Jacobi_iteration.m2 AYs|EH t}29 AFAE A8

L=
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ol A
o9 Fo AP AES Gauss-Seidel HHEAAHE o] §3}1]
z, y, 28 ZAHE FHEA 27 2AL22°=0, 4" =0, " =02 =
7174 &1}
dr 4+ 2y + 2 = 3,
z+3y+z=-1,
x4+ y+4z =4
Ao AP AHAS b3 Zo] P ste] e E AL

Gauss-Seidel HFEA A L o] 2-31H 9

dr =3 — 2y + 2,
Jy=—-1—x— z,
dz=4—z—y.

o 4 et 2ol Aot
1 k k
1
=gl
1
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MATLABZ E GaussSeidel_iteration.m2 A3 E W t}2o A= A

k X y z

1 0.7500 -0.5833 0.9583
2 0.8021 -0.9201 1.0295
3 0.9527 -0.9941 1.0103
4 0.9944 -1.0016 1.0018
5 1.0004 -1.0007 1.0001
6 1.0003 -1.0001 1.0000
7 1.0001 -1.0000 1.0000
8 1.0000 -1.0000 1.0000

9o A7e 2w 7A7e] Aol k, 2, y, 25 HERITE 99 TEE F 8
o WHES AYEged o2 Af A S r=1y=-1,2=12
23S ol E 2= Q). ak 9A] 8-S Jacobi BFE A E T DA )
274 o £EEE & 4 S Aot

Al 4 A  FolH w2l (Poisson equation)

Poisson 74 412 7 A 7] 8}(electrostatics), 7] A5 3}
i%ﬁ4]%% S}(theoretical physics)ollA] dg] 2 o]= Hul& =3 A o]
o} Zopd WAA LS vk} ATt

H(mechanical engineer-

Au=f, (3.28)

o 71 A A¥x gbZ el A AR} (Laplace operator) 2kl 3}l 13} o Al =
AU = Uy, 22D AN A& Au = gy + uyy ©1TH O A, 1A} 224D A =

e AN L FHHOR FARER FA.
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ug — 2us +up = h2f2
ug —2u3 +us = h2fs
—uy +un_1 = h’fn

9 A 28-S Gauss-Seidel W37 Aol whak £ 719 8] ThAl A 2l 5k,
X

0SS 49 4+ Atk
ustt = (uf — 1 fa) /2
u§+1 _ (ui + u72€+1 o h2f3)/2
ugt = uf - Ry

9 AzEe B 2as e,

uytt = (uf —h?f2)/2
it = (ufg a0 )2 3<i<N-1)
uyt = uf - PP

TR
o
>,
B3
o
s
2
o
[
o,
ftlo
=
H
=
o>
oy
K
[

f(z) = —4n? cos(2mx) (3.31)

o 4 (320)2 BEFE 2A NS P L
L=
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— Exact solution

5 —— Exact solution
—=—Numerical solution g o ] r ——Numerical solution

132 3.6: Gauss Seidel®}H o] oJ&f = Z o}
B (b) 50W wHE

S AEA712 9 A A (3.32)2 A

U‘+17'+U‘,17'—4U”+U‘7'+1—|—U‘7',1
T Tl S T T L — (3.34)
for 1 <i< N, 1<j<N,

A (333)2 ol§3Hd e 2ol UYEhdS 9

AN
t}.
Uip = Uil, uiN,+1 = Ui, (1 <i < Ny)
Uugj = U1y, UN,+1,j = UN,j (1<j <Ny
< Agstd g3 & ol% WA A (3.28)9] u(x,y)7F fehd, &
9,] A} 5

S
7h Aok mEtA, slY REdE B
H
H

2 k k41 k k+1
i (h*fij — Uit1j — Uiij — Ui 41 T Ui,;'rf1)/(—4)-
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end

end
end
mesh(xx,yy,exu-exu(1,1));
mesh (xx,yy,u) ;
xlabel(’x’,’fontsize’,25); ylabel(’y’,’fontsize’,25);
zlabel(’u’,’fontsize’,25, ’rotation’,0);
set(gca,’fontsize’,20); colormap([0 O 0]);
axis image; view(26,34); axis([0 1 0 1 -1.2 0.6])
Toto o 1o o To o ToTo foTo o To o To o fo To o To o Jo o Jo o o JoTo o Jo o To o o Jo o To o Jo o o Jo o o o o Jo o Jo o o Jo o o o o To o o T

7978 2 a1, 1)~ 02 o2 RANE F L Aol
o]:l— H(

7O
(f)= 2, 10, 50, 5000, ~L2] 3 100000% ¥FE A 3}o|T}.

As5AE A3

MACZ Z}ol| A ¥] =4 2] Navier-Stokes W A1 9] 4=
gl 4 gl o] AFe AA 4G Q= (0,1) x (0
160132, AIZEZEA At = 0.001, &l o]E2= = Re = 10021 2o
= UW?ﬂﬁ%ﬂiﬁ,imﬂgﬁﬂgq§§4pﬂgagg

& 9k

Ittt T T To T T T To Tl T To o o T To oo o To oo NS _GS o1 Yo Jo o o o To o o o T oo o T oo o T T o o o T oo o

clear; clc; clf;

xleft = 0.0; xright 1.0; yleft = 0.0; yright = 1.0;
nx = 16; ny = nx; h = xright/nx; h2 = h~2;
max_it = 50; dt = 0.001; Re 100.0; a = 1.0;

0.0; nu

u(l:nx+1,1:ny+2) u;

v(1:nx+2,1:ny+1) = 0.0; nv = v; p(l:nx+2,1:ny+2) = 0.0;
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+ 0.25%(u(i-1,j)+u(i-1,j+1))*0.5%x(-v(i,j)-v(i-1,3j))/h;

else

adv_v(i,j) = 0.5*v(i,j)*(v(i,j+1)-v(i,j-1))/h ...

+ 0.25x(u(i-1,j)+u(i,jr+u(i-1,j+1)+u(i,j+1)) ...

*0.5%(v(i+1,j)-v(i-1,3))/h;

end
end

end
for i = 2:nx

for j = 2:ny+1

tu(i,j) = u(di,j) + dex((u(i+1,j)+uli-1,3j)-4.0%u(d,j)

+u(i, j+1)+u(i, j-1))/(Rexh*h) - adv_u(i,j));
end
end
tu(l,2:ny+1) = 0.0; tu(nx+1,2:ny+1) = 0.0;
for i = 2:nx+1

for j = 2:ny

tv(i,j) = v(i,j)+dt*((v(i+1,j)+v(i-1,j)-4.0%v(i,]) ...

+v(i,j+1)+v(i,j-1))/(Rexh*h)-adv_v(i,j));
end
end
tv(2:nx+1,1) = 0.0; tv(2:nx+1,ny+1) = 0.0;
tol = 1.0e-4; oldp(l:nx+2,1:ny+2) = p; resid = 1.0;

while (resid > tol)

oldp = p;
for i = 2:nx+1
for j = 2:ny+1
coef = 0.0;
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for i = 1:nx
for j = 1:ny+1
if (j==1)
dpdy(i,j) = 0.0;
elseif (j==ny+1)

dpdy(i,j) = 0.0;

else

dpdy (i, j)
end
end
end
for i = 2: nx+1
for j = 2: ny+1
nu(i,j) = tu(i,j) - dt*xdpdx(i,j-1);
end
end
for i = 2:nx+1
for j = 2:ny+1
nv(i,j) = tv(i,j) - dt*dpdy(i-1,j);
end
end
nv(1l:nx+2,1) = 0.0;
nv(1l:nx+2,ny+1) = 0.0;
u = nu; Vv = nv;
end
x=linspace(0.5%h,1-0.5%h,nx);
y=linspace(0.5%h,1-0.5%h,ny) ;
[xx,yyl=meshgrid(x,y);
for k2=1:ny

(pGi+1,j+1)-p(i+1,3)) /h;
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A1 HEA LT i3] A
1.1 W E@A X (Parallel computing)o]gH?

@%Hﬂﬂ%ﬂﬁ4ﬂ_4ilﬂﬁﬂq ol T2 A Aol Hat
Lo 2 wWhE AIZE ol Yete §e Fate FYe dA et

2 2H(Cluster) & M EYPIE Sl 2] B AFEHE d23te] shut
o &d AFEHAY AT AATT AFEHE T

Cluster 7+= A Q okl

1. &gl (Master) AFFE o gl528 A X3 & MPI(Message Passing In-

terface) 2ol B & gl & A % st}
2. A AH(Slave) A -El ol Bl H 2
3. 9AE ZEAHE HAE

Az

rol

o},

a4 m{m
it
o
=
o
)
™
v
A
il

*=U W 23] AFRZ = clunixZ} QUTh http://www.clunix.com

"B Ao X e Master HAFE — | AFE o Slave AFE — A4 AFE ety 3t

At
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& 293 ¥ B (Switching Hub)
293 JB (2" 43)x SAYUSTAG(LAN) S 14T u G277 A
A BAAZ 2F 7ls= 7H A E 7HE A

13 4.3: Route

& KVM ~¢]%]

SY2HE A Euole EYE, vk, I2a JJHES ARSSH
A ga HEYRIE ol&sto] Z2ads AP Aok sHAW Ae
of E¥AHE F52 wde EUHE Hi npeag) 7|HES ARSS
o A BRI ol AANG. wpA St AnE, ¥
UH, k2S5 Ffetd Hl828 73] 237 Ak o] wf 2ol= FHE
KVM(Keyboard, Video, Mouse) 2] x| 2}aL gt}

13 4.4: Switch



Al 24 PCFel2E 75 105

‘ Fedora Download =} ‘

1. KAIST FTP Serverol A Download

F4a Yl
ftp://ftp.kaist.ac.kr /fedora/linux /releases/11/Fedora/i386 /iso/ € ¢ &
831 Fedora-11-i386-DVD.iso S Th-2 =T},

oee EEe 27w BEFw =3O EEEM) i
O 2 J ? J/ ba il Z0 EI = [!‘} Felder Sync
@ _g_j fipiftp kaist ac krifedoralinucireleases/t 1/Fedora/iZ66/isol a g 92
g 3N &R =EEER
0 FE - =) Fedora-11-i386-CHECKSUM 156k IFE 2008-06-04 27 12
=) I Fedora-11-386-disc1 iso E94MB  ALZip 150 File 2009-06-02 27 12
- ) Fedora-11-386-discZ iso 631MB  ALZip 120 File 2009-06-02 2.7 12
B4 ) Fedora-11-386-disc2.iso E28MB  ALZip 150 File 2008-06-02 27 12
| ) Fedora-11-286-discd ise ES4MB  ALZip ISO File 2009-06-02 2F 12
}f @FeuorﬁJ1-\2-&&--msc§.isc E84MB ALZip ISO File 200%-06-02 2 12
E1.6MB  ALZip 130 File 2009-06-02 21 12.
EE oA @ :Fedor 5-DVD.iso 34368 ALZip 150 File 2009-08-02 2 12
’ [0 Fedora-11-366-netinst. ise 176MB  ALZip ISO File z00%-08-02 2H 12
21
-
=]
L]

% 4.5: KAIST FTP Server

2. Fedora& | o] X9 91+ Mirror Serverg ©|-§
Fedora Mirror Server 2 ©]%3to] FTPAHE A& 3tc}.
releases Directroy 2 ©]%
11 Directroy 2 ©]%
Fedora Directroy 2 ©]%
i386 Directroy @ ©]%
iso Directroy @ ©]%

Fedora-11-i386-DVD.iso & t}-&Wr+=r}.
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oEE EEE 2w SAFNE EFm 22

J ? g il =0 E\v l“f} Folder Sync

|
V]
2
il
ra
iy

=
= A - - ; ; ;
=1t &1 ftp-imirrors sohu comifedoraireleases!

19 4.8: 11 Directroy

fipimarmors.sohu.comffedoralreleases!11/ - Microsoft Internet Explorer

HEE 2l EHFENE 3o E82W)
?‘ 7 et Z0 E' ﬁ‘} Folder Sync

i

ra
i)

o=

=
= Iy > 4
e ) _&I ftpoimirrors.sohu.comifedoraireleasesi11/

T ~ - ol -

Everything Fedor:

9 4.9: Fedora Directroy
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mEE EZe 2w B EFm E8Zw) i
Q CES ? J i = E i Q‘} Folder Sync
F D) _g_j fip.iiftp kaizt.ac krifederafinuxireleases/1 1/Fedora/iZ66/izo/ a os HZ
0g 37 &8 =HE W
S0 &E il [ Fedora-11-286-CHECKS UM 1.seks DHY 2008-06-04 27 12
@ @Feccra-ﬂ-ﬁ&&-msm g0 E84MB AL Zip ISO File 2009-86-62 2 H 12
. B Fedora-11-286-0isc2 is0 651MB ALZip IS0 File 2009-06-02 T 12.
B @Fesorﬁ-ﬂ-\ZSE--u\sc?- i=c E68EMB  ALZip IS0 File 2p09-08-02 2 12
D @Feocra-!1-\2-85-6\5(:4]50 E54MB  ALZip IS0 File 2008-06-02 2.7 12..
}7 B Fedora-11-286-0i8cs is0 684ME ALZip IS0 File 2008-06-02 27 12
@Feucra 11-i386-discE.iso E16MB ALZip 120 File 2p09-06-02 2 12.
JEL 91 A e ] 3.43GB  ALZip1SO File 2009-08-02 27 12
P 176MB  ALZip 150 File zo08-08-02 27 12
-
-
J
L]

13 4.12: Fedora iso Download

Al 3 A A2 H3FE(Master computer) Linux A |
(Fedora 11 7] &)

T )] AAEE Pl AT A Gk
& BIOS HA

Fedorall DVDE CDROM®l| ¥ A% 9 & stk CDROME F 93
oF 3}7] #o BIOSolA £ &M E CDROMO| A M2 HEE 3
£} BIOSZ Eoj7le Wi £d sl 3puolA 12718 w2 Ao
CDROMe] 7} R & 2492 59 F1071§ &8 #3skal BIOS3HH

of A LZhet.
& Select Install Menu

4 %]+ Install or upgrade an existing system-2 A1 € glc}.
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& Media Test
F8S 3t CD WAl & AAFEA] EolH =d] Tab 7] & AF&-3}] [Skip|=

AEF F Enter 72 P20k o] Fo] Next 2 g,

hud

Disc Found

To begin testing the media before
installation press OK.

Choose Skip to skip the media test
and start the installation.

gl Ao A 2 o] &5 AE st} English(English)E A1 8] & Next

=
=9
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fedora®"

Select the appropriate keyboard for
the system.

swedish 2

Swiss French

Swiss French (latinl)
Swiss German

Swiss German (latinl)
Tajik

Tamil (Inscript)

Tamil (Typewriter)
Turkish

U.s. International g
Ukrainian

United Kingdom

|

1% 4.16: Keyboard

fedora’"

= Please name this computer. The
@] hostname identifies the computer on a
=" network.

Hostname: lrmdel

‘ ‘Eack | | »mext ‘
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Please select the nearest city in your time zone:

Selected city: Seoul, Asia

AsiajSeoul ~

' System clock uses UTC

o

29 4.19: Nearest City

The root account is used for administering
O the system. Enter a password for the root
user.

Root Password: |=====+ ‘

Confirm: [ ...... | ]

4 Back B Next

13 4.20: Root Password
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Drive /dev/sda (30718 MB) (Model: VMware, VMware Virtual S)

ree
30718 MB
New Edit Reset RAID M
Mount Point/ Size
Device RAIDMolUme Type Format (MB)
~ Hard Drives
- [dev/sda
Free None 30718
Hide RAID device/LVM Valume Group members
48 Back ) Next

13 4.22: Partition

Mount Point: /
Dri File System Type: ext3
|
307

Allowable Drives:

Size (MB): 200

New
Additional Size Options
! M i :
ixed size
Device =) E

'~ Hard Drives
= /devisda

Fill all space up to (MB):

@ Fill to maximum allowable size

Free | Force to be a primary partition

Encrypt

Hide RAID device/LV

o Cancel

Add Partition

v

~

MM

Jok

41 Back = Next

13 4.23: Partition Add
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Pa

fedora.

Writing storage configuration to disk

The partitioning options you have selected will
now be written to disk. Any data on deleted

New or reformatted partitions will be lost. M

Mount Point/ Go back te changes to disk
Device RAIDNVolume Type b Wrif ige

Hide RAID device/LVM Volume Group members

4aBack mp Next

19 4.25: Partition WriteDisk

fedora®"

[ Install boot loader on jdev/sda. ‘ghange device

[ Use a boot loader password

Boot loader operating system list

Default Label Device ‘ Add ‘
¥ Fedora /dev/sdal | Edit |
‘ Delete ‘

e

1% 4.26: Boot System
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e
fedora: fedora’
: Congratulations, your Fedora installation is complete.
of nd

i T vchoes oo

Installing glx-utils-7.5-0.14.fc11.586 (43 k8)
GLX utilties

L3
W reoot

(a) (b)
1% 4.28: (a) Install (b) Reboot

& Welcome Fedora
Reboot-& 331 Ui th33h 22 3ol 1o =t Forwardg 93

Understood, please proceed

=

(b)

1% 4.29: (a) Welcome Fedora (b) License

& License
License 3 B 7} v}&t}. ForwardE =23t}
& Create User
A7 o]F2 oE o5& AAUAR HEA]
o AL AFEIS} HY FAFE S AR o] 5 Zotof &k & oA
N = koreagh= A7 o] 5= AFEETE HIEW I E A4 1111112

jug
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3K

Welcome

Date and Time

Information

Create User
+ Date and Time
Hardware Profile

Please set the date and time for the system.

Date & Time | Network Time Protocol |

Date Time

< January > <2010 > Current Time : 01:57:17

Sun Mon Tue Wed Thu Fri  Sat Hour : |1 ~|

1 2
3 4 s s 7 & EH Minute : |54 )
10 11 12 13 14 15 16 second: [54 8]
17 18 19 20 21 22 23 - —
24 25 26 27 28 29 30
31
‘ 4mBack |

13 4.31: Date And Time

el i Hardware Profile

Information
Create Dsef smolt is a hardware profiler for The Fedora Project. Submitting your
profile is a great way to give back to the community as this infoermation is
used to help focus our efforts on popular hardware and platforms,
Hardware Profile Submissions are anenymous. Sending your profile will enable a monthly
update.

UUID: ce7b3a39-a38b-4e1d-b1d0-4f33651253ef

0S: Fedora 11 Leonidas
Default run level: 5
Language: en_US.UTF-8

Date and Time

Are you sure you wouldn't like to send the profile?
Submitting your profile is a valuable source of information
for our development and can help troubleshoot issues
that may come up with your hardware.

Reconsider sending

Orm TaCtor: unknown
Kernel: 2.6.29.4-167.fc11.i686.PAE
SELinux Enabled: True
SELinux Policy: targeted v

Send Profile
* Do not send profile

dmBack Finish

13 4.32: Hardware Profile
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BApphcatwuns Places System @ C 7 G.U:'g korea Satjan 9, 2:04 AM

13 4.34: Main

& 52 JdZE Va3 Az H4F
(3 Ao e cthlo] 22 @A o] Ytk el 95 4-E Network con-
figuration o] /] HardwareE X ™ 2] % @7} = DescriptionS HH &<+ AT}
AL AFEQA A5 DA HA =t

e Terminal 2 9|7} system-config-networkE ¢ & st}

e 210e 9R

re
(i

X,
B
=
=
it

g 29

e Controlled by NetworkManager 2} Activate device when computer startsS
A=Zsta

e Statically set IP address®5-2 A1 ®13}o] Address, Subnet mask, De-
fault gateway address, Primary DNS, 12| 11 secondary DNSE ¢ &
gty WEEA] F ol [Pojojokdtty. OKE 223ty File > Saves &
gty 283 QuitE skl Y2tk
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2 oA A=
Address : 163.152.197.67
Subnet mask : 255.255.255.0
Default gateway address : 163.152.62.1
Primary DNS : 163.152.1.1
Secondary DNS : 163.152.11.6
° 2 3.
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pus

& Uiz A449 vagda Fx AA
(B Ao A= ethOo] YFEZ AZA= o] dr})

e Terminal 2 9] 7} system-config-networkE ¢ & st}
o 1T UHE Ad4H FA(et0)E HEZE

e Controlled by NetworkManager 2} Activate device when computer startsS

A =2sn

e Statically set IP address®5-2 A1 ®13}o] Address, Subnet maskE ¢
qach Uiz 428 AFET FAL ) feol ofn PE &
4% Q= ATk @ O AL AFES 2L P B

KE Z8 3}l File > Save® F 83ttt 1831 QuitE st 2t}

o

2 oA A =
o Tel AFE A F9 (1Y 4.37)
Address : 192.168.111.111
Subnet mask : 192.168.0.100

o ALt AFEA BH(ZH 4.38)
Address : 192.168.111.222
Subnet mask : 192.168.0.100

° 2 3.

& Network 37 A&
OFA] A A EL network 748 AL317] 95

e Terminal 2 E©]7} service network restartS ¢ 3t}
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=]
File Edit View Terminal Help
[rooctBhnodeZ koreal# Sgstem—con{'ig—networkﬂ A

| General 'Route Hardware Device

HMickname: etho
I« Controlled by NetworkManager
/| Activate device when computer starts
Allow all users to enable and disable the device

Enable IPvE configuration for this interface

Automatically obtain IP address settings with:

® Statically set IP addresses:
Manual IP Address Settings
Address: 192.168.111.222

L3

Subnet mask: 192 168.0.100

Default gateway address:

Primary DNS:
Secondary DNS:

Set MTU to: 1500 &

'ogancel 455@(

23 4.38: AAF AZE UEZ EA & Network &3] AA



A 32 e #3E (MASTER COMPUTER) LINUX 4 X (FEDORA 11 7]%)133

pus

korea@nodel:/media/Cluster_Util

Fle Edit View Terminal Help

[rootBnodel Cluster_Utill# rpm —-ivh xinetd-2.3.14-21.fcl0.1386.rpm
warning: xinetd-Z.3.14-21.fcl0.1386.rpm: Header Y3 DSA signature: NOKEY
, key ID 4ebfczZ?3

Freparing. ..
HHHHAHHEHARHAR AR AR AR A ER AR AR [100%]

1:xinetd
HHHHHHHBH AR RS R SRS R AR R Hapaaaes [100%]

[root@nodel Cluster_Utill# ||

-

1% 4.40: Rpm Xinetd 4 %]

korea@nodel:/media/Cluster_Util

Fle Edit VWiew Terminal Help

[rootPnodel Cluster_Utill# rpm -ivh rsh-server-0.17-51.fcl0.1386.rpm
warning: rsh-server-0.17-51.fcl0.1386.rpm: Header Y3 DSA signature: NOK
EY, key ID 4ebfciZ?3

Freparing. ..
HHHHHHUBHEHE BB R R BB R R [100%]

1:rsh-server
HEHHHHHAHEHHHAHERHB RS R e aas [100%]

[rootBrodel Cluster_Utills |

~

19 4.41: Rpm Rsh-Server A %]

& LAM-MPI Ax] 2 4%
tar -C /home/korea/Download -zxvf lam-7.1.5b2.tar.gz & Y
Ak C AL PFES E GoE ARG L4l koreak AR E

ojnz whE A wet gehd ? ATt

%2 ¥ 3 lam-7.1.5b2 2T 2 o] F 3.

[ ]
10

Ao A= cd /home/korea/Download/lam-7.1.5b2/5 = 3IH
t}.

i e

& Configure

A 089 FHRU ALY AA, T/ 52 e, A Azt
dol &5d =2 AAE AAAY, 7B 5 FE= FIA A
Alo] ¥3t= makefilex THEo W& 4 o]t}

o SHA] 0]%5 3t lam-7.1.5b2 =T of| A]
./configure --prefix=/usr/local/lam< ¢ &3} <lE 7|

]
2

o},
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38 AAshe Aotk AFE ol o} o
.

--prefixg A2 A A
o

=
. =2
2AAW, F5EAE &

Fo ot

=5
File Edit View Terminal Help
[rootBnodel lam-7.1.5hZ21# . configure ——preFix:/usr/chal/laﬂ] 4

korea@nodel:/home/korea/Download/lam-7.1.5b2

Fle Edit View Terminal Help

confilg.status: creating sharestrillium/Makefile ~
conflg.status: creating shareststdio Makefile
config.status: creating tools/Makefile

conflg.status: creating tools hboot/Makefile
conflg.status: creating toolsslamboots/Makefile
conflg.status: creating toolsslaminfosMakefile
conflg.status: creating tools mplexec/Makefile
config.status: creating tools/recons/Makefile
conflg.status: creating tools tkillsMakefile
conflg.status: creating tools wipesMakefile
conflg.status: creating toolsAwrappers/Makefile
conflg.status: creating romlosutilslam-configure-wvalues
confilg.status: creating sharesincludeslam_config.h
conflg.status: executlng depflles commands

[rootBnodel lam—-7.1.5b2]# [f

19 4.44: configure

& make
make ¥ ¥ o= LAMMPIE Build3tt}.

e Terminalol] 4] makeS ¢ &3k}
& make install

make 8 o] £ T 0] % binary 3t Y2 A A Directory 2 9] X Al 7] =
B4 0.

e Terminalo] 4] make installE B XZ Qg 7]|E Xt}

LAMHOME=/usr/local/lam
PATH=$PATH: /usr/local/lam/bin
export LAMHOME PATH
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= 27 4473} Zo] w1 Fof F7}3krh

violA 8L 7|HE i7]8 23 AZed H 3, A g
W ESC?] & F+E& v} Shift7] 9} :7 =
AE 7] & 2t v 2HE ol A expor

o}.

o

~
File Edit Wiew Terminal Help
[roctBrnodel lam-7.1.5021% vi Jetcsbashre []

korea@nodel:/home/korea/Download/lam-7.1.5b2
File Edit View Terminal Help
# wvim:ts=4:sw=4 |_|

LAMHOME=/ugr/ local lam
FATH=%FATH : fusr/local lamsbin
export  LAMHOME PATHR

R

—— INSERT — k7’:1.,120—2:1_ Bot

1% 4.47: LAMMPI &7 474
bashrest -5 A -§3}7] 93l
e Terminal®|| A source ~/.bahsrcE ¢ 33t}

korea@nodel:/home/korea/Download/lam-7.1.5b2

File Edit View Terminal Help

[rootBrodel lam-7.1.502]18# source ™/ .bashrc Y A
[rootBnodel lam-7.1.5b2]1# |:|

9 4.48: 73k bashre 31 A&
& ntsysv 4%
ghry. 22d REA HES AHsos

=]

b
=o°] Y42t} nfs, rexec, rlogin, rpcbind,
rsh7} 2| 3= =R &Qlstar, A TZEA7F ittH A5 o] AnLE o] §

e Terminal 9| A ntsysvea ¢

.
A T 5+ 9r 3=



Y A4 (remote shell) 2 A] r-commands & ¢F ot} =, <

2ERHH 388 XEEZ o] 83 AF5H AHEA 944

o
o

A zsdlo] U8 RPCE AHE3}7] 913te], HE An| 28 HhEA
= ojof 3t} rpeH]EL A AE oA RPCA B AE Fa]dhr).
oJAl, ntsysvE HAH WL 4834

e Terminal ol A] service xinetd restart& Y3ttt 13 4.530] A
£ 4 1% 0] Starting xinetd &5 7F OKo|®H AF X o2 H Z ot}

korea@nodel:/home/korea

File Edit View Terminal Help

[rootEnodel koreal# service xinetd restart ~
Stopping xinetd [ ok 1]
Starting =xinetd: [ ok 1]

[rootBrodel korealt []

13 4.50: Xinetd Restart
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e Exports A7 (&2 AFEHU AA)

=

Terminal | A vi /etc/exportsE Y& X AE7|E Xt}
Jetc/exportsit Y& £ H st o] v EE & 718 vl E &g} ut

CEEZ Y TAE 525 AAT 4 Arh

/home nodel(rw,async,no_root_squash)

/home node2(rw,async,no_root_squash)

File Edit View Terminal Help
[rootBrodel koreal# vi Jetc/exports [ 2

korea@nodel:/home/korea

File Edit View Terminal Help

shome nodel(rw,async,no_root_sguash)
Ahome nodeZ (rw, async,no_root_sgquash) []

—— INSERT — Z2,38-40 All

19 4.52: Exports

Terminalo| 4] service nfs restartE ¢ =3It} Starting NFSTE

S OK= o w 453 Aot

korea@nodel:/home/korea

File Edit View Terminal Help

[rootBnodel koreal# serwvice nfs restart 4
Shutting down NFS mountd: [ ok 1]
Shutting down NFS daemon: [ Ok 1]
Shutting down MFS gquotas: [ O 1]
Shutting down MFS serwvices: [FAILED]

WARMIMG: Deprecated conflg file setc/modprobe.conf, all config files belon
z into Setoc/modprobe.ds .

Starting MFS serwvices: [ O 1]
Starting MFS guotas: [ ok 1]
Starting NFS daeman: [ ok 1]
Starting MFS mountd: [ ok 1]

[roctBrodel korealt []

19 4.53: NFS Restart

portmapper H&2 &2l ‘
RPC portmapper< RPC Z2 13 W$ & TCP/IP(Z2 UDP/IP) =
EEE XE HT R #Sst= Aol o] A2 e RPC AH¥E<S




A 34 #e] H5FE (MASTER COMPUTER) LINUX 4 X|(FEDORA 11 7] &)143

‘ A2 Host 55 ‘
Az J2E T2EE /etc/hosts.equive] 5F3Hc} EF hosto] &2

2 g3t E Jetc/hostsoll vl ] 5235 ofof Fhet.

e Terminalo| A vi /etc/hosts.equivs ¢ & 3tr}.
£ oA | A= nodeA FE 2th EA 311, hostE nodel ¥} node2 2 4
oorvz 19 45637} Z+o] nodel, node2E ¢ 3t T A A3}AL

File Edit wiew Terminal Help
[rootBnodel koreal# wi /etc/hosts.equiv] ~

korea@nodel:/home/korea

File Edit View Terminal Help
nodel
rode

o~

—— INSERT — Z,6 All

9 4.56: = Hosts
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E A% 145

3K

Al4d A A

& 7 FA 2§ mount H7H

e Terminalo|A] vi /etc/rc.localS JZHsitt uix|vt Zof 22
)25
sleep 7
mount -a
F hl
Eile Edit View Terminal Help

[rootBrode? koreal# vi Jetc/rc.local []

korea@node2:/home/korea

File Edit View Terminal Help
touch Awars/lockssubsys/local

sleep O
mount —a

10,1 Bot |

13 4.58: HE A 25 Mount A3

& 55 mount A%
ZF& mount A o] H A & A, 52 E mount A A& 3 of S

korea@node2:/home/korea

File Edit view Terminal Help
[rootBnodeZ koreal# mount -t nfs nodel: home Shome
[roctEnode? korea]l#

19 4.59: 4% Mount A A
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LAM/MPIE ©]-83to] MPI Job= A3 A]7]7] flsli A= Al itell 3o

5= E & Nodeo|| o3l lamd(LAM demon)7} 4 3 =] of oF 3}, lamboot ©]
gt= # o] o]y 3 IF4L st} 3 AFRE Cluster Nodeol] T3t A B
7} 9l ofoF sttt

o &g AF ¥ Terminaloll A root A A 2 Z vi lamhostsS ¢ & 3sirt.
Lol gL o |G o Zolol® Aalrh
nodel

node2

g 9 g,

File Edit View Terminal Help
[root@nodel koreal# vi lamhosts [ ]

korea@nodel:/home/korea

File Edit View Terminal Help

% 4.62: Cluster Node % 2]

1 th2 lambootW H o] & lamdE A 3P A| 71T}

[

e Terminalo| A LA © 2 lamboot -v lamhosts(?] oAl A4 st 3}
2 2

korea@nodel: ~

File Edit View Terminal Help
[koreafnodel ™1% lamboot -v lamhosts |7|

LaM 7.1.8b2/MPI 2 C++/ROMIO0 - Indiana University

n-1<3188> ssi:boot:base:linear: booting nd (nodel)
n-1<318&> ssi:boot:base:linear: booting nl (nodeZ)
n=-1<3188> ssi:boot:base:linear: finished
[korea@rodel ~1% []

13 4.63: NodeAFE A



korea@nodel:~/Download/mpi

File Edit View Terminal Help

[korea@nodel mpi]$ gcec -o greets greetings.c
[korea@nodel mpi]$ ﬁ

j>]

19 4.65: greetings.c Compile

korea@nodel:~/Download/mpi

File Edit View Terminal Help
[korea@nodel mpi]$ . /greets
Hello world!

[korea@nodel mpil$ []

) >]

19 4.66: greets A3

o] Johd, rankZ 0,1,--- ,p—1& ZHA B Zojt}. T8al J7|A] ZE2 A
2 09 A WAA] AL 0S8 AL 3 o= =2 A A

MPI_Send®} MPI_RecvE o] 23t 7Id3dl =2 7: S Ay X 2}

#include <stdio.h>

main()

{
printf ("Hello World!\n");

}

MPI Compiler ¢l mpiccZ Compiledtt}.

e Terminalof| A AHF AlH S Z
mpicc -o greetp greetingp.cE ¢ &3t}

Parallel Program 4l 3} ‘
mpirun™ & o]  compiled]| A} A 715} L & Al 3§ shry.
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int id, p;

double wtime;

MPI_Init ( &argc, &argv );
MPI_Comm_rank ( MPI_COMM_WORLD, &id );
MPI_Comm_size ( MPI_COMM_WORLD, &p );

printf ("Solve the 1D time-dependent heat equation from
node %d.\n",id);
update(id, p );
MPI_Finalize ( );
return O;
}
void update (int id, int p)
{
int i, it, it_max = 100, n = 5, tag;
double pi, time_delta, x_delta,
x_max = 1.0, x_min = 0.0, *h, *h_new,;
FILE *x_file, *h_file;

MPI_Status status;
pi=4.0*atan(1.0);
time_delta = 0.001;

x_delta=(x_max-x_min)/(double) (p*n+1);

h=(double*)malloc((n+2)*sizeof (double));
h_new=(doublex*)malloc ((n+2)*sizeof (double));

for (i=0; i<=n; i++) {




A5 d HEAL) 153

printf ("node %d %f\n",id,h[i+id]);}
free (h );
free ( h_new );

return;

mpicc -o heat heat_mpi.c -1m

korea@nodel:~/Download/mpi

Fle Edit View Terminal Help
[korea@nodel mpil$ mpicc -o heat heat_mpi.c -1m [~
[korea@nodel mpil$ ‘

19 4.69: heat_mpi.c Compile

Agstdol BEoidtt. 1 43
= Beta

il

o
%)
e

11 Mool o) heato] k=
= 2709 ZE A 20 S5 A=

mpirun -np 2 heat

o) Zz el Az 17 4703} 2o] ko] Lhebiy.

korea@nodel:~/Download/mpi

Fle Edit View Terminal Help

[korea@nodel mpil$ mpirun -np 2 heat [~
Solve the 1D time-dependent heat equation from node 0.
Solve the 1D time-dependent heat equation from node 1.
node @ 0.000000

node @ ©,1@5199

node 0 0.201875

node 1 0.369599

node 1 0.339656

node 1 0.282197

node 1 0.201875

node 1 0.105199

node 1 0.000000

node 0 0.282197

node @ ©,339656

node 0 0.369599

[korea@nodel mpil$ D

13 4.70: heat A3}
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gtol 1. 7]

Black-Scholes #Hu] & 210 F A Eulxa &3 2] (Thomas algorithm)
41 v 57
KOSPI 2007 4=, 28 B FEEE, 27
Taylore] 7], 49 34 (put option), 27
S

ot 4 (Implicit) &38F A2, 53
7|22, 27
o5 u] 214 Al (stochastic  differen-

TAREANT LT, 48 tial equation), 37
S vl xE (backward difference), 50
uk7] Y, 28

WAl A (Explicit) 38 224, 51

u] A k4, 31

A, 27
#2899 %A (European option), 27
3 A= (Finite Difference Method),

49
ol HxAe, 37

2w} A& (forward difference), 49
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