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I.��7��ym}=�

1. 5n�znE#A�W=#A���	/�mZ 4 ���X#A�r~T�

real function RNPFR1(IX)

subroutine RNPSRN(IX, RN, N)

double precision function RNPFD1(IX)

subroutine RNPSDN(IX, DRN, N)(2f7~aU (0, 1) tX{4},#A�	RTX��v<Rmi�p#A��1��v<�mi�p#A�	)�q	Xr~T0L��WU 1 �#A��&�q	Xr~T0Lb�WU N �#A�N{9�p�e RN(1:N) ?�mip�e DRN(1:N)A	Cp�e IX(1:2) N{_;I�RDI (�=r~TXU_) ��4/���-d
0 < IX(1) < 2146058219, 0 < IX(2) < 2145434063IWZ�X
�t�#A�r~T
���?7%_;	�

X
(j)
i+1 ≡ a(j) X

(j)
i mod M (j), j = 1, 2, M (1) > M (2),ÆmZy	e/WUX�

Xi+1 ≡ (X
(1)
i+1 − X

(2)
i+1) mod M (1), ri+1 = Xi+1/M

(1), i = 0, 1, 2, 3, · · ·

{ri}#
�7~XaU (0,1) tX#A�x 		T X
(1)
0 - X

(2)
0 B�4/�XDI (F�xTX IX(1) - IX(2)).e/r~T���L�R�?7%_;	�>Xr~T7~WQ�:Z8LMS�*Xx 	t� 4 �r~TX,m_;	Xu11�f
b7X�(2
�;� M (1) = 2146058219, M (2) = 2145434063,?_� a(1) = 43465, a(2) = 45271.�r~TX6'L9#b�y	-e%miX+7	&��m#b7XU_ IX, m%+�&e%XR��mi&O�f=WUb7X#Ax 	L�U_ IX X��I�/t�3[�;x XWQ& IX Xu1IP��R:i0B 261.t�r~TXb��x�_Z^ 3 d	�
YX!t�oZR1X1�L^	

2. w'>
MMf~?�"R�-X���r~T7~�!X#Ax r1, r2, r3, r4, r5 · · · (�=U�B 1 Xx ), S(rL!T �u�7~41x ��m41U�B 100 Xx r1, r101, r201, r301, · · ·��t�(rL!TX�I�T9��7��#A�r~T�9u1��T� �� - �E �U+7X��y�	qL!T�� p �I�T ("+B 0, 1, · · · , p− 1), 0�I�Tu� n �#A��A�
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���k T�I�T��X#A�
�I�T 0: r1, r2, r3, · · ·, rnI�T 1: rn+1, rn+2, rn+3, · · ·, r2nI�T 2: r2n+1, r2n+2, r2n+3, · · ·, r3n

· · · · · · · · · · · · · · ·I�T p − 1: r(p−1)n+1, r(p−1)n+2, r(p−1)n+3, · · ·, rpn�E�k T�I�T��X#A�
�I�T 0: r1, rp+1, r2p+1, · · ·, r(n−1)p+1I�T 1: r2, rp+2, r2p+2, · · ·, r(n−1)p+2I�T 2: r3, rp+3, r2p+3, · · ·, r(n−1)p+3

· · · · · · · · · · · · · · ·I�T p − 1: rp, r2p, r3p, · · ·, rnpL!T�41y��`�I�T0L7~U�B p X#A�	M#}ky��"h90�I�TAXx / 41�S9/���I�TX#A�DI�� 41U� nXM0	BK���x	/�mZ 5 &u%<�!QT�* :

real function RNPFRK(IX)

real function RNPFRI(DK)

double precision function RNPFDK(IX)

double precision function RNPFDI(DK)

subroutine RNPSKIP(J, DK, ISEED))� RNPFRK�? RNPFDK �v<�p�?�mip�#A��R41U�B K. ��Xu�)� RNPFRI(? RNPFDI) D�7�R1� DK r
�4JdX41U� K IX�miq	�q K I+$�r+ 8LD�7	�BN2X#A�WQ0: (ak
261), K ���miq	1�#�5w41U�<&Cp�Xt` 231 − 1 ._�x RNPSKIP �e/r~TAX^ J � (J=1,2) ?7%_;	XU_ ISEED

(bT#X�X IX(1) ? IX(2)) MTXI� \4UU�B DK(�mip) Xm�I	P5������d/�X_�x7~#A����#<jTUe%�B<E�mi�Bmg&
XwA��jK�tXI���Ri'�B��^ 1 dXb��x[����l�u�	�49(rL!T
�� ���k 7~#A�	A��90�I�TA���^ 1 dX��r~T7~�k�!X#A�x �oKIX41!t_�xi�#7~��I�TX#A�U_ IX I	b��d_�xX�_℄1�Zd	
3. �-�?UV�d�Er�b��xX
ws�_	�<4m�xl
�*STZ��xb�&� RNGSR 7~ 100 ��p#A�N{#�e RN A�
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INTEGER N, IX(2)

REAL RN(100)

N = 100 ! length of random sequence to be generated

IX(1) = 20041215 ! seeds for generator

IX(2) = 12345

CALL RNPSRN(IX, RN, N)

ENDt��xTb�&� RNPSRN X?�(x��}9��)� RNPFR1 X(xQ2�
DO 10 K=1,N

RN(K) = RNPFR1(IX)

10 CONTINUE�<�E�xl�x(�Rl
Æ6�NT(rL!T��}ky����mZX�x>W�I�TX#A�U_ (�xTX NP - N }'
I�T�>-0�I�T��X#Ax :i�&WXU_{9Cp�e IXX A):

INTEGER IX(2),IXX(2,0:NP-1)

NP = 8 ! NP is the number of processors

N = 100000000 ! N is length used for every processor

IX(1) = 20041215 ! original seeds

IX(2) = 12345

WK = RNPFRI(DBLE(N)) ! initialization (skip N, WK is useless)

DO 10 I=0,NP-1

IF (I .GT. 0) WK = RNPFRK(IX)

IXX(1,I) = IX(1) ! save seeds for processor I

IXX(2,I) = IX(2)

10 CONTINUE

... ... ... ...)�o
���k�y���e/r~T,`�B(rL!TX0�I�T*#:iak 231 X�k#A�	ye/r~TX��?7%_;	}'7~mZx �
X

(1)
1 , X

(1)
2 , X

(1)
3 , · · · - X

(2)
1 , X

(2)
2 , X

(2)
3 , · · ·fy#X}ky�
"L!At p �I�T&��X?k#A�XU_}'


(X
(1)
1 , X

(2)
1 ), (X

(1)
1 , X

(2)
2 ), (X

(1)
1 , X

(2)
3 ), · · · , (X

(1)
1 , X

(2)
p ).A��I�TT+V
Xx :+h# {X

(1)
i } XWQ:i (M (1) − 1 ≃ 21.46Æ ≃ 231),A�X:iB-dzPn��4Xu�	Z7X�x�>W�I�TX#A�U_�

INTEGER IX(2),IXX(2,0:NP-1)
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NP = 8 ! NP is the number of processors

IX(1) = 20041215 ! original seeds

IX(2) = 12345

DO 10 I=0,NP-1

IF (I .GT. 0) CALL RNPSKIP(2, 1.0D0, IX(2))

IXX(1,I) = IX(1) ! save seeds for processor I

IXX(2,I) = IX(2)

10 CONTINUE

4. *HAXX2�zn��I
L’Ecuyer-Tezuka (1991)��E9�X7hvX��e/r~Tk�#����r~T (;0PXR�?7%r~T), MoW7�e/r~TX8L,sX}S��B?7%r~T��{n�q-"x��	,'
PV�yt�L�FVM, a �1�I�#�+ �O7~x rB;FRX�X8L,s	AB�:��Xe/r~TJ9�ye�9L!At7~��?7%r~T(!ERe/&WX��r~TX M, a I�jojPV�	V�A�&��HM>WfQ?-�XPV�e%	A��m�Xe/r~Tr
fQ?`*�	9�YT��B~�&�m�^��/ fSfX|asC�#6M0�oZ9�IL!T�P�XTUe%Xmi�`�<&��L!AX�mi�|M��miwA	N29`\Xj�mi6!N)tj�P�L!1�WU�X7hvXe/r~T	R��r~TPV�IX 2 ∼ 6 Ce%
�

0.9202, 0.8329, 0.8585, 0.8261, 0.8290A��EX
�I�F�r~TX�OJ%&�)DIG��(29\�# L’Ecuyer-

Tezuka (1991) /�X7�r~TXe%�
0.7824, 0.8392, 0.8417, 0.8653, 0.7770m#N2Xe/r~T&7~X:iB 10 Æ�#A�Xx �<jr&`BB}X8LV�	V��#T$�|/L!Tm SASD o[�X#A�V�;
 SUTEST

(A( 12 � 27 U 61 �V�8L�), (�� 3 V Kolmogorov-SmirnovV�K�	V�e%\
N2/�Xe/r~Tu ��X8LMS	}L� 
[1] �`Y�I�� (2001), 9Z#A�r~TXf_Ee/#A�r~TX�)&�Y� slzf�bl, 20(1), 45-51.

[2] �`Y�I�� (2001), b��7~E#A�Xq�lyt� s
fv�fve��, 22(3), 201-216.

[3] I����`Y (2001), �#(r#A�r~TXq�!t�s
fv�fve��, 22(4), 311-320.

[4] L’Ecuyer, P. and S. Tezuka (1991) Structural Properties for Two Classes of Combined

Random Number Generators, Mathematics of Computation, 57(196), 735-746.
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II.h�7��ym}=�
C (quasi) #A�x �St
gdsX{4x ��K ji�.�=GB[K6x 	AUx &na4,|*ytT��XE (pseudo) #A�x (Z^ I .}�+7	��C#A�
QE#A�X4,|*yt=BC4,|*yt	1�9�#�2V{4so+*92R#AsX����M0 (m�CB}M0-f�7M0Z).�
YX!t�oER��℄ZR1X1�L^ [1−6].

Sobol x [2] 
9ZXC#A�x 	��x	/�Xr~T�� Gray,K� [3],B� \7~�� M CX Sobol x �(�mZ t&T�* e>�
subroutine RNQSOBS(X, M)

subroutine RNQSOBI(MAXM, INIT)

subroutine RNQSOBK(NSKIP)&� RNQSOBS℄9�p�e X(1:M) Av<�� M CC#A`�bPb�#�WU�� MCXC#A�x 	S9b�GX�	Lb�!��&� RNQSOBI- RNQSOBK,X��#r~TXD�7��1���4/��RT MAXM &
R1��T�BE℄XC� M XfPI (��x#d MAXM≤52† ), INIT & Sobol x �:TXye�DI{
 �� INIT ��
aU [0, 230] tXj�C��9" INIT=0, A���x7~X
M C Sobol x XX 6 Ce%&Y:o[ Numerical Recipes[7] b7	K=�Æ[K6x X�� ��x }9X NSKIP �`9�wU�A�X&� RNQSOBK ��#K>X (A�9" NSKIP=212).9 u%<� T�&� RNQSOBK :�B�I�T6}�kC#A�x 	�mI�TX"+B MYID=0,1,2,3,· · ·, 0�I�T��Xx :iB N, ;�I�TA�
FmZHr�x�

PARAMETER (M=9) ! M-dimensional sequence to be generated

REAL X(M) ! X stores an M-dimensional point of sequence

N = 2**13 ! N is length used for every processor

NSKIP = 2**12 ! discarding the first NSKIP points

INIT = 0 ! initial values of direction number

CALL RNQSOBI(M,INIT)

CALL RNQSOBK(NSKIP + N*MYID)

... ... ... ... ...

DO 10 I=1,N

CALL RNQSOBS(X,M) ! X returns an M-dimensional point

... ... ... ... ...

10 CONTINUE

... ... ... ...

† O3;~s��$�
D� (I�D�}N'WD) YAy�v�Y�5^'O3�X
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}L� 
[1] �`Y I�� (2003), C4,|*yt&[K6x � �h[_, T$�|/ L!�|&�|��L!�q&	
[2] Sobol’, I.M. (1967), On the Distribution of Points in a Cube and Approximate Evaluation

of Integrals, USSR Comput. Math. Math. Phys., 7, 86-112.

[3] Antonov, I.A. and Saleev,V.M. (1979), An Economic Method of Computing LPt-sequences,

USSR Comput. Math. Math. Phys., 19, 252-256.

[4] Niederreiter, H. (1992), Random Number Generation and Quasi-Monte Carlo methods,

CBMS-NSF Regional Conference Series in Applied Mathematics, No. 63, SIAM.

[5] Bratley, P., Fox, B.L. and Niederreiter, H. (1992), Implementation and Tests of Low-

Discrepancy Sequences, ACM Transactions on Modeling and Computer Simulation, 2,

No.2, 195-213.

[6] Ninomiya, S. and Tezuka, S. (1996), Toward Real-time Pricing of Complex Financial

Derivatives, Applied Mathematical Finance, 3, 1-20.

[7] Press, W.H. et. al. (1992), Numerical Recipes in Fortran: The Art of Scientific Computing,

2nd. ed., Cambridge University Press, Cambridge.
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III.s9�y�7q[�2�+}=�
A.}hv��x	/�X�eB7~ r8Pu�x - r8V.�x #A$�XL!AC��x	"h�xX,m���nU�/C�K���ER�<(, S!�y7��xA"9D�7bk
F�P�i�RBsX`e}SGlyt��Xu��4/�XnU�&�A
�e 7<#�*. m#�s},��4Lu�n\+�> m -
A m �\+X	' p1,p2, · · · ,pm; m#�z},�Lu�E#A$�X5i)� f(x) E&K)� �XR(��nU (`$� x Xd�aU (a,b) E},
~m=).�3&9���x �1
�%, |M�wnBmR�u1},[1yLX9#!t:�� (Z�% B -1�L^ [1]), 
6��
��MS-i'wQX�x	�xN��#JrL!�����#(rL!�1�℄1� 2.3 d	Æ ���xL�&�+},\q	{4},XC� (FE#A�) �`WR�� �*Xyt&�x (�mZ��x	^ I .} |xes^qnr�um), +\�����x	
1. 5n.�:j}�j�},#A$�C��xX�4g7�X���mZ 	&-�:

function RNGDINI1(m, p)

function RNGDSAM1(iseed)

function RNGCINI1(f, a, b, isymm, ab)

function RNGCSAM1(iseed)RT^ 4 �a=B D X)��#j��s},C��o7JPa=B C X)��#j��z},\q	:aTXR1a�JB SAM1 X)��#C��u����WU��C�x �SKX�j℄��j�F��:aA(a�J INI1 X)�mRD�7�Z7~j�U},fLu���LD�7�x	 -�K
(&|�
,: 
�
m — Cp���s},TX\+�>���x>X`d m≤512.

p — �p�e p(1:m), ��4/�X m ��s\+	' p1,p2, · · · ,pm, &�s$�I x1,x2, · · · ,xm m���x�1�ydB 1,2,· · ·,m . Mo�eI xi X�n	
ZZdZ 1 �Z 2.

iseed — Cp�e iseed(1:2), N{E#A�U_�(#^)�X����l	�{ 0 < iseed(1) < 2146058219, 0 < iseed(2) < 2145434063j�},#A$�XC�f
9E#A��HtWUX�&�u�E#A�U_	��x&WXj�},C��	�KU_	
f — �p=.)���4/�XC�5i)� f(x). �_ZZd	
a, b — �p�� (a, b) �>t�5i)� f(x) Xd�aU	�x5w

a=−∞, Z / ? b=+∞, K�0d�� 999999.0Q& ∞.

isymm — Cp� isymm=1 &
5i)� f(x) 
m=X�~;B|m=	��m=s�%jD�7�U�S+=/���xXC� i	� m%�4�9+[G5i)� f(x) 
~m=�E�y isymm=0.

ab — �p�e ab(1:2), v<1�� ab(1)=a’, ab(2)=b’, 69 a’=a, b’=b,T (a, b) BP_�� (a’, b’) ℄
	A�x`ebC1X _aU	
8



2. �-�?UV�d�E�s},-�z},C�X��
ws�x�_	
2.1 Qv�z�3�,TUZ��x��)� RNGDSAM1 7~u 4 �\+X�s},X 10000LC��e%	>�e P T�EX	'#A\E℄ J=1,2,3,4. C�X��x��)� RNGDINI1m RNGDSAM1 jD�7	qRv<I WK> 0, �H^D�7���q WK= −1, �H^�4�EX	'G--� 1.0, L!Ptjr	

INTEGER M, N, ISEED(2)

REAL P(4)

DATA P/0.8607, 0.1291, 0.0097, 0.0005/

M = 4 ! number of classes in discrete distribution

WK = RNGDINI1(M, P) ! initialization

ISEED(1) = 314159265 ! seeds for generator

ISEED(2) = 271828

N = 10000 ! sample size

DO 20 K=1,N

J = RNGDSAM1(ISEED) ! sampling

... ... ... ...

20 CONTINUE

... ... ... ...S 1 ��td1� P X(���e+� P(i) &(X	' pi &�s$�I xi m�	C�)� RNGDSAM1 Xv<I J m�^�s$�I xJ , &� J L
$�IXZ%	S
B�WR�	A�x"� xi 0dB i, F xi = i, �!6I x1,x2, · · · ,xm X�n�&� J"7���j
$�I	S j}, (m)�},) XI x1 = 0,Z xi = i−1, i = 1, 2, · · · ,�#K�XZ%&I�z+7�����Z�a}	�m9t7X�xT�m%�e
P TX 4 �+�	Lm�^)�},$�
I 0,1,2,3 �X	'�;C�I J X 1 G1/
)�},$�X
I	S 2 � j�s}, (m)�},) �)t� P_n�\+��4�E `X\+�> M Q2����&U�
eX	'd�h	N2\��K5wR6��&L6TXC��> N �� (L!n�&9 EPS=0.49/N  `*Xi%). �m� mZXL!)�},	'X�4�x (RT V B)�},X1�)

EPS = 0.49/N

P(1) = EXE(-V)

SUM = P(1)

DO 10 I=1,100

P(I+1) = P(I)*V/i

IF (P(I+1) .LE. EPS) GO TO 15

SUM = SUM + P(I+1)

10 CONTINUE

15 M = I+1

P(M) = 1.0 - SUM
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2.2 W/�z�3�,TUZ��x��)� RNGCSAM1 7~u D+},X 10000LC��K},5i)�
m=X�d�)
 (−∞, ∞). C�e% CS 
�I (	A�xn`e}S1���� (−4.5, 4.5) Q2�4Æ�)�EXP_aU�A�X	'$�iB 0.000006). C�X��x��)� RNGCINI1 m RNGCSAM1 jD�7�Rv<I WK m���4/ �I	
INTEGER ISYMM, ISEED(2)

REAL FN, A, B, AB(2)

EXTERNAL FN

A = -999999.0 ! interval (a,b), a = -infinity

B = 999999.0 ! b = infinity

ISYMM = 1 ! FN is symmetrical density

WK = RNGCINI1(FN, A, B, ISYMM, AB) ! initialization

ISEED(1) = 314159265 ! seeds for generator

ISEED(2) = 271828

N = 10000 ! sample size

DO 20 K=1,N

CS = RNGCSAM1(ISEED) ! sampling

... ... ... ...

20 CONTINUE

... ... ... ...

END

C--------- normal density function

FUNCTION FN(X)

REAL X

FN = 0.3989423*EXP(-0.5*X*X)

RETURN

ENDS 3: T5i)� k;� �	���4`JI�	�m�,p},5iB� f(x) = 1
2x− 1

2 e−x
1

2 , x ∈ (0,∞),RT x=0 
S�`	A��4�{��ÆThXD� ε, (�d�aU�B (ε,∞); ?�t� (0, ε) A)� f(x) Xd���!6L! x− 1

2 �t�	
2.3 v&=�LÆ�>TUN2Xj�},C��x���#(rL!\q	�BC�bk��X)�&	�XU_ ISEED �St
E#A�XU_ (Z^ 1 d1�&), &��1> �Æ6��xl|<�b(^ 2,3d) TX(rL!8/I�	�pj�},C�-�7~E#A��7	9(rL!T�j�},C�LÆ/ ���k, ZLB��E#A�r~TTX_�x RNPSKIP(J,DK,ISEED), �_�x�r~TAX^ J � (J=1,2) U_ ISEED(J)MTXI� \4UU�B DK(�mip) Xm�I��B��I�T/�U_	 DK���miq	
B�5w41U�<&Cp�Xt` 231 − 1 . IWZ�X
�7~j�},X��C���u�n�E#A� (�s8/
 1 ���z8/ ��O 3, 5��N{
 1.15 �), &�gd41U����&K��	
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Z7X�x�#(rL!TXj�I�T�MYID
I�T"+�MYID=0,1, · · · ,

N 
0�I�TC��Xj�},C�x :i��xT� 1.25N jB41U� (F0�I�T���XE#A���). B:EV`-d�J���xT(e�<j$�X�I (mD�7)�X1�) -�4�/�X=.)�Z�S�4+�z> 2.3 dX�_��*t	
WK = RNGCINI1(F, A, B, ISYMM, AB) ! initialization

ISEED(1) = 314159265 ! seeds for generator

ISEED(2) = 271828

N = 10000000 ! sample size

NK = 1.25*N

IF (MYID .GT. 0) THEN ! MYID is processor number, MYID=0,1,2,...

CALL RNPSKIP(1, DBLE(NK), ISEED(1))

CALL RNPSKIP(2, DBLE(NK), ISEED(2))

ENDIF

DO 20 K=1,N

CS = RNGCSAM1(ISEED) ! sampling

... ... ... ...

20 CONTINUE$℄ A: ?BC��z�O�8 {	4�;'teV�-9�4X�xT����W8�x7~nU+7},X#A$�C���L�gM �B~ ,;�?.P) nuU+7X},�DLT/�X��)�r�d�	&KP^4
J�xm<U}, (�1�gd) D�7-7~u�XC�x f>>G1�/m!�U}, (�!=X1�gd) D�7-7~!�C�x 	L mZ8/5wHaX^4���i(�U},�Z�U
�sp�!�U
�zp	FK�=�^4���f�jK�I��RTfBy#X
���W8!=/�XH�':)�	Z76&���_�99���xA^4��nU},#A$�C�Xyt	ST: L!r+)� g(d,u,v) XN{I�
Eg = 1

N

∑N

k=1 g(dk, uk, vk),RT {dk}, {uk} - {vk} 
+7},Xr�#A$� D,U,V XC�x �RT D 
�s},� U, V 7��z},	A�� mZ�k�x�
WK = RNGDINI1(M, P) ! initialization for D

WK = RNGCINI1(FU, AU, BU, ISYYMU, ABU) ! initialization for U

WK = RNGCINI2(FV, AV, BV, ISYMMV, ABV) ! initialization for V

SUM = 0.0

DO 30 K=1,N

D = RNGDSAM1(ISEED) ! sampling from D

U = RNGCSAM1(ISEED) ! sampling from U

V = RNGCSAM2(ISEED) ! sampling from V

SUM = SUM + G(D, U, V)

30 CONTINUE

EG = SUM/N
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t��xT�+7X)����0�+7XU_	K=�B:EV`-d�J���xT(e�<j$�X�I (m��Ph�D�7)�X1�-E#A�XU_Z), S�4+�z>XdX�_��*t	�Z�X
�A�X (RNGCINI2, RNGCSAM2) �W8/��(2�Ot
 (RNGCINI1, RNGCSAM1) X���L
���:af1X�a��= sd-�.��':)�X,��6&mZX}SWF�Sy� (RNGCINI2, RNGCSAM2) �< (RNGCINI1, RNGCSAM1), A�^�L��D�7)� RNGCINI1 G1�RA.��N� U XnU	^qL��7��D�7)� RNGCINI1 WUX
 V XlnU�Mo U XnU� V �
	#
R1�L��XC�)� RNGCSAM1 �OtfLBv<
V },XC� ("h�U_+7�C�I=+7).�	�x/���#�sp-�zp},X� 3 e':)��

(RNGDINI2, RNGDSAM2),(RNGDINI3, RNGDSAM3),(RNGDINI4, RNGDSAM4)

(RNGCINI2, RNGCSAM2),(RNGCINI3, RNGCSAM3),(RNGCINI4, RNGCSAM4)fy^4��M0����� �WFJ�k . 
ZmZ�k�x�
REAL UU(10000), VV(10000)

... ... ... ...

N = 10000 ! sample size

WK = RNGDINI1(M, P) ! initialization for D

WK = RNGCINI1(FU, AU, BU, ISYYMU, ABU) ! initialization for U

DO 10 K=1,N

10 UU(K) = RNGCSAM1(ISEED) ! sampling from U

WK = RNGCINI1(FV, AV, BV, ISYMMV, ABV) ! initialization for V

DO 20 K=1,N

20 VV(K) = RNGCSAM1(ISEED) ! sampling from V

SUM = 0.0

DO 30 K=1,N

D = RNGDSAM1(ISEED) ! sampling from D

SUM = SUM + G(D, UU(K),VV(K))

30 CONTINUE

EG = SUM/NT��� N0P���0�7~�k���kX�t%X�e UU- VVX�U}g	SA��0kf�j�LD�7�j	$℄ B: nO�-�	4J\1"_N2<���	�x}'7~�q�%U�s?�z}, (m)��qd��qd�H.�<H.�m��J��D+� χ2 � t � F ��,p� Γ � β �p��m�D+�ÆT�*C�℄�DI�
O
�Z},)XC�� 10 ?��nL!��{I�y6-�)I�`�(n��L�-�)L�6�X χ2 V��&9�	�x7~X�U�s?�z},#A$�XC�MS��	,'IW�9X
�N2&jX χ2 V�
�}YOX	9& �z},T��#V�X}e�>fnO 64 ��Z χ2 Im�X
12



t2	'Pn�f9 50% �t�oÆ ��K	'Lu+h# 5% #�=6&V�	!�y7�m#�)t
P_n\+X�s},�EP_aUtX�z},�RF.\+9N2X�OC�TfWU�YOXu�	& B.1 T} �HU},9��9ZX+7�pATt7~ 1000 ?�C�XN{�U (5 L 1000?C�XN{). �#m�X�9#yt�Æ`9ZX8L;CYj� [3]T W9Xhv�m�N2Xyt� odXh��3h�% C. L!T��X"�T
 Compaq Visual Fortran ([�� 6.6B, ���71� /Ox /G5).r B.1 �x 1000 �&�1
iK{? (RJ�8)}�,� AMD/K6-233 �- P4/2.4GHzN2Xyt 9#yt N2Xyt 9#ytE # A � 3.20 4.38 1.04 0.52)�}, (λ = 5) 7.40 7.16 1.60 1.68J�}, (λ = 1.0) 8.12 8.18 1.87 1.73J�}, (λ = 2.2) 8.15 9.00 1.86 1.89%℄D+}, 8.25 24.82 1.90 5.56

χ2(5) }, 8.12 63.57 1.87 18.81

t(5) }, 8.26 84.85 1.90 22.40t&TR �7~E#A�X�U�A
�BE#A�
7~R'},C�X�H�oZL!WR��7~R'},X�U&G�`�l
�i#Z{�X�f	7~E#A�TX9#yt
J_��tf9Z�fWRX?7%_;	X�`�mi6!�℄ (Rx WQ
 2 ∗ ∗31 − 2), F
FUNCTION RNG(IY)

INTEGER IY

IY = DMOD(16807.0D0*IY, 2147483647.0D0) ! 2**31-1=2147483647

RNG = IY*4.656613E-10 ! namely IY/(2**31-1)

END&TX�N2Xyt�JX7 I. �Æ6��xl|<�b TX)� RNPFR1, (
��?7%_;	Xe/ (Rx WQ0B 2 ∗ ∗61), m%���mi�℄�R�U�`h
t�WRr~TX��h!�SN2X�x�Ot��;}fK��_;	L�C�6!�R�I9+7XL!At��fR'},X+7C�yt?�= 0PX6�	SN2Xyt9�`�mi6!i'+�XL!At��9\���?7%	_;X
�U��mi6!�℄R�?7%	_;:�Wn	�t& B.1 Xe%�<�`
���xr8�xÆ6pZ
6��1{?iK�
1.6 I 2.6 &�Æ6�
�x{?	pPu�x�){?D�V.q$
 90%.l
�E�9�z},C�T��`
���)
�1{?Ca�-�
#F��4m�+, o9#yt;� 10 ��tX6�	1r��z},C��UX�I (��x / 9#) k�
�D+},� 1/3, χ2(5) },� 1/8∼1/10, t(5) },� 1/10∼1/12
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A&9 �`
��G6l
V.�x�1K��9�b�. u�n�Hx8X8/�BL J�},��BA��kX9#yt
 − 1
λ

lnR, F7~��E#A� R G18
m�F� λ #<�$A=GZ �K�WRX!t	SN2Xt�3�e%"ikV+���BjB6�!t�N2X�x&�kXfQ[�!t&uX�U0ak�ZT1� λ 6= 1.0 ��N2Xyt:��	F�T λ = 1.0 � (A��k!t:�e����`Ft), �Uyt9+7ATt�3 ��	�)�},���E� YN��GPu�x�1!^wDH, Z9+7ATt�3 ��	
G�N2/�����#j�},#A$�C�X�MS-i'wQX�x	$℄ C: nO�-�
�AG!t�oxE`nXL!AC�F�����4+ Yh	�	/�X�xT��s-�z��},C����+7X�x
I��0��x
���nn�)��>	�sp����n��m�^X7hv&X��)� (RNGDINI1, RNGDSAM1),	L>>D�7-C��bkXjQ	�zp����m�^!��)� (RNGCINI1,

RNGCSAM1). D�7
�LsX�j�oC�bk;
V?L\���	B/�C�i'�Æ ��L�B9D�7bkiX��F�QT��j��y+{9C�bkA	Pu#��

�3�)� RNGDINI1 u`eV5 m ��s\+	' p(1:m) X-& 1.0 
~ *PX6��(}S m ��s\+	'X},,`��{
�Uf/ÆX!t (�W8 r�!t�{�	L
�_t (urn), ':t (alias) -Hat). a^#
B{dX?�!tjj�-X℄��j (m':tT:E':&�HatT:E�B	'&
(q(j) =

∑j

i=1 p(i), j = 1, 2, · · · , m) Z	f1�	A�xTX SAVE (x�N �XTUe%BC�bkX)� RNGDSAM1 ��	K= RNGDINI1 �v<{TX!tQ+�
1, 2 ? 3 	L&X�r�!tm�	STr℄�4�EX\+	'G--� 1.0 ��℄v<I −1 (5KL!	V.#��

�3��zpM0��spM0XD�7�j�B�7	(��

(1) Gl5i)�Xd�aU (a,b). m% a=−∞ ? / - b=+∞, ;�x6&5i)�X}SL!�`e=E�� `aUÆQ2 (a,b). �mD+},���x`e=E
(−4.5, 4.5) Q2 (−∞, ∞), R	'$�iB 0.000006 .

(2) Y}aU (a,b) > m �_aU� m+1 �}`-d�
a = x1 < x2 < x3 < · · · < xm < xm+1 = b.A��x6&L!5i)� (������4/�X
~m=nU) `egd/ÆXY}�> m Eu1X}` xi {n�e x(1:m+1). }`69
|Zv\IP�5iPX\y�}`�bm�Wkj�SIPy���&U},9h	'a (F.) Xq+BWUB}Xu�	

(3) =E0�_aUA5i)�baXfPI-fhI (}'Nn�e SU(1:m) -
14



SL(1:m)), (L!5i)�baZXfPsq7B�R m �G-MB pa (B�QR1C�bkXL!R6B��t�Xsq7B�Ot:�n&<UR6
lI�). L!n�&9�9Pn�8/Z�9�" m=256, A�X pa �O 0.95 �t	f1�m7�spM0?��6&	A�xTX SAVE (x�Nt�& TUe%�C�bkX)� RNGCSAM1 ��	K= RNGCINI1 �v<�x{dX m I	V.#�x�1E�
�����9�zp},C�T�	A�x��e/C�K�	�[�(�0PX	' pa ≃ 0.95jb.},C�	A
�BX� (3) T5i)�baZXfPsq�jB,Æ},XD-k�	!=�m �sq"��j
( m GXb.},5i)��RC��}WR���#�_tI��0LC�&uX�U0B7~��E#A�X�U	Ar�E�C�X�is	!�y7�B�/�C�mi���x:�h	' 1− pa ≃ 0.05M*;},TC�	*;},
J0�_aUAt�fPsqGt�5i)�baGZXh7B�>X},	9*;},T��w{tC� (t� (3) TX SU(1:m) - SL(1:m)I�#KC�), �#*;},X,`�w{tC�i'69�O 1/2, m%5i)��0�_aUAX�k?aQ2�C�bkr+8u�L!,ÆX5i)�I	�K
XC�i'0�	}L� 
[1] �`Y�I�� (2005), j�},#A$�X��C�yt-�x�℄��h[_,T$�|/ L!�|&�|��L!�q&	
[2] �`Y�I�� (2003), j�},#A$�X��C�yt��h[_, T$�|/L!�|&�|��L!�q&	
[3] H$> (2000), j�},X`eC�yt� Yd℄��[��pj�Z, 2000, No.

3A, 1-6.
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