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 1 

1.1

 (simulation 

model)

 (input 

process)  (dependent 

component)

 (components)  

 (simulation experiments) 

 (random variable) 

 (correlated random variables)   (simulation model) 

. . 1997 cario  nelson  (NORTA ,NORmal To 

Anything) (multivariate random vector) 

(marginal distribution)  nFF ,,1  (feasible correlation 

matrix)  (random vector) nXX ,,1X

. . 2001 Ghosh  Henderson 

 NORTA 

 NORTA 

 NORTA defective 
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 NORTA defective  NORTA  

 Ghosh  Henderson  Semidefinite Programming (SDP) 

 (distance function) 1L L

 2 

  1  NORTA 

  2  NORTA defective 

 NORTA  2 

2.1)  Semidefinite Programming  (SDP) 

 (distance function) 21 , LL L 1L

L  Ghosh  Henderson . . 2001 2L

.  Dolchai La-ornual . . 2004

2.2)   Eigenvalue Shifting (ES) 

 (non-positive semidefinite matrix) 

 @RISK

 NORTA 

 NORTA 
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1.2

  NORTA  

 NORTA defective 

 SDP  ES

1.3

 NORTA  

(Microsoft Windows) 

 NORTA defective  SDP  ES 

(distance measure) 3 1L - norm, 2L - norm L - norm

1.4

NORTA (NORmal-To-Anything)

 (standard normal random vector) 

dZZZ ,,, 21Z  (transformation) Z

X  (marginal distribution) 

 (feasible correlation matrix) 

 (non-negative definite matrix) 

NORTA defective  (feasible correlation 

matrix) X X

 NORTA  (transformation)  X

Z Z

 NORTA 
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Semidefinite Programming (SDP)  convex 

optimization problem  (objective function) 

(linear function)  (constraint)  (positive 

semidifinite matrix) 

1.5

1)  NORTA 

2)  NORTA 



 2 

1. X
T

dXXX ,,, 21X

 (uniform marginal distribution)  jiX ,

iX jX ji

2. Z
T

dZZZ ,,, 21Z

 (standard normal marginal distribution) 

jiZ , iZ jZ ji

3. Z Z jiZ ,

jiZ ,

X  , Z Z  (non-negative definite matrix) 
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2.1  (generating correlated normal 

random variables) 

d dYYY ,,, 21

T
dYYY ,,, 21Y (multivariate normal distribution) 

Y ,~ dN  (mean vector) 
T

d,,, 21 diYii ,,2,1,E

(covariance matrix) dd  (positive definite matrix)   

 (joint probability density function)

-y-yy 12
2
1exp2 T

d
f

; diyi ,,2,1,
T

dyyy ,,, 21y ,

dddd

d

d

21

22221

11211

jiijjiij YYYY ,Cov,Cov ji iii YVar

djdi ,,2,1,,,2,1;  ,  (determinant)  ,  1

 (inverse matrix) Ty -  (transpose vector) 

-y

TCC  Cholesky decompositon

C  (lower triangular matrix)

ddddd cccc

ccc
cc

c

321

333231

2221

11

0
00
000

C
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T
dZ,,Z,Z 21Z dZZ ,,,Z 21

 (standard normal distribution)

 (linear transformation) 

diZcY i

d

j
jiji ,,2,1,

1

CZY
Y  (multivariate normal distribution)

YE CCCCICZCY TT
d

TVarVar dI

 (identity matrix) dd

 (covariance matrix) 
T

dZ,,Z,Z 21Z Z dZZZ ,,, 21

(standard normal distribution) djiji ,1:,ZZ 1, iiZ

di ,,2,1  (correlation matrix) 

Z Z

(correlation matrix) Z

Z

2.2  (cholesky decomposition) 

 1  (cholesky cecomposition)  

M  (positive definite matrix) 

 (symmetric matrix) M  (decompose)  

 (lower triangular matrix) TCCM

C  (lower triangular matrix)
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ijc C

jj

j

k
jkikij

ij c

cc
c

1

1    , dij1

   
1

1

2
j

k
jkjjjj cc    , dj ,,2,1

0
1

1

j

k
jkik cc

2.3   NORTA 

 NORTA 
T

dXXX ,,, 21X

1. diFX
iXi 1,2,...,,~

iXF  (cumulative 

distribution function) 

2. X X

X  (vector transformation) d
T

dZZZ ,,, 21Z  (standard 

multivariate normal variables) Z Z

X  NORTA 

dX

X

X

ZF

ZF
ZF

d

X

1

2
1

1
1

2

1

 (cumulative distribution function) 

 (standard normal random variable) uxxu XX FF :inf1

 (inverse cumulative distribution function) 
1
iXF iX  (marginal distribution) 

iXF

 NORTA  

Z X
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2.4  NORTA (properties of NORTA vectors) 

ji jiZ , i j Z

jiX , i j X X

Z

jXiXjiX ZFZFXXji
ji

11 ,Corr,Corr,

][E ji XX

]]Var[Var[

]]E[E[]E[
,Corr

ji

jiji
ji XX

XXXX
XX

][Var],[E],[E iii XXX ][Var jX
iXF

jXF

ji ZZ ,  (standard bivariate normal 

distribution) jiZZ Zji ,],Corr[

jXiXji ZFZFXX
ji

11 ,E],[E

                      jijijijXiX dzdzzzZFZF
Zji

,, ,
11

jiZ ,

jiZ ,

. . 1985  Kruskal Z X

jiji XZ ,
6

sin2, (2.1)

jiZ , jiZ ,

Z Z Z Z  (non-

negative definite matrix) 
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. . 1972 Li  Hammond    (2.1)  

Z

TXXX 321 ,,X

 (0,1] 

18.02.0
8.014.0
2.04.01

X

 (2.1) 

15168134732861.035312090569265.0
5168134732861.0135524158233816.0
35312090569265.035524158233816.01

Z

Z

(eigen vector)  (-0.00920482, 1.16625071, 1.8429541)  Z

 (feasible correlation matrix) Z

Z

 NORTA  NORTA defective  

 NORTA 

 NORTA 

defective Z

 2  Semidefinite Programming (SDP) 

 Ghosh . . 2001  Eigenvalue Shifting (ES) 

@RISK  Add-In  (Microsoft Excel)  
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2.5  semidefinite program (SDP) 

 Vandenberghe  Boyd  . . 1996 

 SDP

  minimize  xcT

   subject to   0)(xF     
n

i
iix

1
0)( FFxF                       (2.2)

c ixx n
nFFF ,,, 10 dd

dd

  NORTA  Z     (2.1)

 (infeasible correlation matrix) Z

Z

. . 2001 Ghosh  Henderson  SDP

ZZ ,r Z Z

Z  (feasible correlation matrix) Z

ZZ ,r  SDP

 minimize  ZZ ,r

  subject to   0Z  ,     

),(),( ijji ZZ

         1),( iiZ           (2.3)

0Z Z  (positive 

semidefinite matrix) 
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 (distance function)  SDP 3 

SDP- 1L
ji

ZZ jijir ),(),(,1 ZZ ,

SDP- 2L
ji

ZZ jijir 2
2 ),(),(, ZZ

       SDP- L ),(),(max, jijir ZZjiZZ

dji,1  SDP- 1L , SDP- L  Ghosh  Henderson 

. . 2001  SDP- 2L .  Dolchai 

La-ornual . . 2004 

 (marginal distribution function) 

dFFF ,..., 21 X dd

(correlation vector space) X 2
)1(ddn

(dimension)  ( )

 (main diagonal) X         ( X  (symmetric 

matrix)  1)   

Z  NORTA defective 

ddpnpnpn

pn

pn

pn

uuu

uuu
uuu
uuu

1

1
1

1

312111

3132

2131

1121

Z

T
nuuu ,,, 21u  NORTA defective (NORTA defective vector) 

n
Z  (feasible 

correlation matrix)

ddpnpnpn

pn

pn

pn

vvv

vvv
vvv
vvv

1

1
1

1

312111

3132

2131

1121

Z
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T
nvvv ,,, 21v (feasible correlation vector) 

Z
n 1,1 ii vu

ZZ ,r

SDP- 1L
n

i
ii uvrr

1
11 ,, uvZZ , (2.4)

SDP- 2L
n

i
ii uvrr

1

2
22 ,, uvZZ (2.5)

 SDP- L iii
uvrr max,, uvZZ (2.6)

Z uv,r

SDP- 1L  , SDP- 2L  SDP- L Z

 SDP- 1L  , SDP- 2L  SDP- L  SDP  

 3 3,3 nd

1
1

1

32

31

21

vv
vv
vv

Z , Tvvv 321 ,,v

(2.7)

1
1

1

32

31

21

uu
uu
uu

Z , Tuuu 321 ,,u

 SDP 1L  , 2L L

. . . 2006   
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2.5.1  SDP- 1L

 (2.3)  (2.4)  SDP 

  Minimize 
n

i
ii uv

1

   subject to  0Z                 (2.8)

  (2.7)  (2.8) 

Minimize 332211 uvuvuv

   subject to  0Z      (2.9)

. . . 2006 

 SDP  

(linear programming) iiii xxuv iiii xxuv

0,0 ii xx  SDP (2.2)  9x
Tvvvxxxxxx 321332211x     

 (objective vector) 
T000111111c

 constraint matrices 

5

4

3

2

1

i

i

i

i

i

i

F
F

F
F

F

F

ijF 33 9,,1i 5,,1j

iF  (off diagonal blocks)  (zero matrix) 

ijF
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3

2

1

01

u
u

u
F ,    

3

2

1

02

u
u

u
F ,       

1
1

1

05F ,

0
0

1

11F ,
0

0
1

12F ,
0

0
1

13F ,

0
0

1

21F ,
0

0
1

22F ,
0

0
1

24F ,

0
1

0

31F ,
0

1
0

32F ,
0

1
0

33F ,

0
1

0

41F ,
0

1
0

42F ,
0

1
0

44F ,

1
0

0

51F ,
1

0
0

52F ,
1

0
0

53F ,

1
0

0

61F ,
1

0
0

62F ,
1

0
0

64F ,

0
0

1

71F ,
0

0
1

72F ,
000
001
010

75F ,

0
1

0

81F ,
0

1
0

82F ,
001
000
100

85F ,

1
0

0

91F ,
1

0
0

92F ,
010
100
000

95F

ijF  0 ijF

 (zero matrix)
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2.5.2  SDP- 2L

 (2.3)  (2.5)  SDP 

  Minimize 
n

i
ii uv

1

2

   subject to  0Z                 (2.10)

  (2.7)  (2.10) 

Minimize 2
33

2
22

2
11 uvuvuv

   subject to  0Z      (2.11)

 (objective function)  (2.11)  (non-linear 

function)

. . . 2006 

 SDP - 2L  (2.11) 

 (linear function)  t  (scalar variable) 

t

ttt TTT /1 uvuv0
uvI

uv
0I

uv
uvI

M

I  (identity matrix)   (determinant) M

uvuvM Ttdet

M  (determinant) M

 0 0det M M  (non-negative definite 

matrix)
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 (2.11)  SDP 

 Minimize  t

  subject to   0Z ,                    

0
tTuv
uvI

                  (2.12)

 SDP (2.2) 4x
Tvvvt 321x

 (objective vector) 
T0001c

 constraint matrices 

2

1

i

i
i F

F
F

1iF 44 2iF 33 4,,1i

ijF

0
100
010
001

321

3

2

1

01

uuu
u
u
u

F   , 
100
010
001

02F  , 

t000
0000
0000
0000

11F   , 
000
000
000

12F  , 

0001
0000
0000
1000

21F   , 
000
001
010

22F  , 

0010
0000
1000
0000

31F   , 
001
000
100

32F  , 
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0100
1000
0000
0000

41F   , 
010
100
000

42F

2.5.3  SDP- L

 (2.3)  (2.6)  SDP 

  Minimize nn uvuvuv ,,,max 2211

   subject to  0Z         (2.13) 

  (2.7)  (2.13) 

Minimize 332211 ,,max uvuvuv

   subject to  0Z          (2.14) 

 (2.14) 

Minimize t

   subject to  0Z ,    

33

22

11

,
,

uvt
uvt
uvt

                      (2.15) 

t  (scalar variable) t

 SDP- L iiii xxuv

iiii xxuv 0,0 ii xx  SDP (2.2) 
10x

Ttvvvxxxxxx 321332211x     

 (objective vector) 
T1000000000c
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 constraint matrices 

6

5

4

3

2

1

i

i

i

i

i

i

i

F
F

F
F

F
F

F

ijF 33 10,,1i 6,,1j

iF  (off diagonal blocks)  (zero matrix) 

ijF

3

2

1

01

u
u

u
F ,

3

2

1

02

u
u

u
F ,       

1
1

1

05F ,

0
0

1

11F ,
0

0
1

12F ,
0

0
1

13F ,
0

0
1

16F ,

0
0

1

21F ,
0

0
1

22F ,
0

0
1

24F ,
0

0
1

26F ,

0
1

0

31F ,
0

1
0

32F ,
0

1
0

33F ,
0

1
0

36F ,

0
1

0

41F ,
0

1
0

42F ,
0

1
0

44F ,
0

1
0

46F ,

1
0

0

51F ,
1

0
0

52F ,
1

0
0

53F ,
1

0
0

56F ,

1
0

0

61F ,
1

0
0

62F ,
1

0
0

64F ,
1

0
0

66F ,

0
0

1

71F ,
0

0
1

72F ,       
000
001
010

75F ,
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0
1

0

81F ,
0

1
0

82F ,       
001
000
100

85F ,

1
0

0

91F ,
1

0
0

92F ,       
010
100
000

95F ,

1
1

1

6,10F

ijF  0 ijF

 (zero matrix)

2.6  Eigenvalue Shifting  (ES) 

 2.4  NORTA Z

 (2.1)  (infeasible correlation matrix) 

Z Z

1.  (lowest eigenvalue) Z  ( lowest )

lowest

2. I*ZZ lowest I  (identity matrix)

dd

3. ZZ
lowest1

1

4.

Z  (feasible correlation 

matrix) ZZ
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2.7  Power Method 

 2  (eigenvalue)  Power Method

M  (square matrix) nn  ,
T

n11,,1,10x 1ii Mxxia ix

 1  ix x  ( ix  converge to x ) ia a  ( ia

converge to a ) a  (largest eigenvalue) M

 Eigenvalue Shifting (ES)  (lowest 

eigenvalue) lowest Z lowest

 Power Method 

Z 33 3d

 1)  

11.06.0
1.019.0
6.09.01

Z

 2)  Z  ( Ztrace ) 3trace Z

Z

41.06.0
1.049.0
6.09.04

311.06.0
1.0319.0
6.09.031

*
Z

 3)  *
Z

BZ

2258.00024.00389.0
0024.02634.00596.0
0389.00596.02692.0

1*
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 4)    (highest eigenvalue)  highest B

(form) B highest

xBx highest            (2.16) 

T
dxx ,...,1x

highest

  1   (2.16)

3highest321

2highest321

1highest321

2258.00024.00389.0
0024.02634.00596.0
0389.00596.02692.2

xxxx
xxxx
xxxx

TTxxx 1,1,1,, 321x

2192.0)1(2258.0)1(0024.0)1(0389.0
2061.0)1(0024.0)1(2634.0)1(0596.0
1707.0)1(0389.0)1(0596.0)1(2692.2

 (right-hand side)  0.2192 

 1

1
9401.0
7788.0

2192.0
2192.0
2061.0
1707.0

1
1
1

2258.00024.00389.0
0024.02634.20596.0
0389.00596.02693.2

 1 highest highest
)1(   0.2192  

T1,9401.0,7788.0x
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  2 B T1,9401.0,7788.0x   (2.16) 

1
8938.0
5040.0

2277.0
2277.0
2035.0
1147.0

1
9401.0
7788.0

2258.00024.00389.0
0024.02634.20596.0
0389.00596.02693.2

 2 highest highest
)2(   0.2277 

T1,8938.0,5040.0x highest

(error estimate) 0

%86.3100
2192.0

2277.02192.0100
highest

)1(
highest

)2(
highest

)1(

0

%101 16
0

highest

 3 B T1,8938.0,5040.0x   (2.16)

1
8716.0
1827.0

2383.0
2383.0
2077.0
0435.0

1
8938.0
5040.0

2258.00024.00389.0
0024.02634.20596.0
0389.00596.02693.2

 3 highest highest
)3(   0.2277 

T1,8716.0,1827.0x highest

(error estimate) 0

%6467.4100
2277.0

2383.02277.0

highest
)2(

highest
)3(

highest
)2(

0

.

.

.
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 (  3,4 ,5,… ) %101 16
0

 96

 107 B T4994.0,8195.0,1x   (2.16)

4994.0
8195.0
1

3375.0
1686.0
2766.0

3375.0

4994.0
8195.0
1

2258.00024.00389.0
0024.02634.20596.0
0389.00596.02693.2

 106 highest highest
)107(   0.3375 

T4994.0,8195.0,1x

highest  (error estimate) 0

%101100
3375.0

3375.03375.0 16

highest
)89(

highest
)90(

highest
)89(

0

highest B 1*
Z  0.3375

 5)    (lowest eigenvalue)  lowest Z

highest B 1*
Z

    Ztrace1

highest
lowest

3
3375.0
1

037245.0
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2.8  Superdiagonalization 

 NORTA 

 C/C++ Z  NORTA 

 (feasible correlation matrix) 

Z  (positive semidefinite matrix) Z

 (  SDP 

 ES)   Superdiagonalization 

M  (square matrix)  nn M

(symmetric matrix) M

(positive definite matrix)  (positive semidefinite matrix)  
TMMD

 1

D D

nidii ,,1,  0  D

nidii ,,1,  0 

 2

D ijd nji ,,1, D

0iid  (row) iid  (column) 

iid  0 

 3

D  (symmetric matrix) 

nnnn

n

n

ddd

ddd
ddd

21

22221

11211

D
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 (first diagonal entry)  0  ( 011d )

(transformation) D 1D

n
n

nn
n

n
n

n

nn

n

d
d
d

dd
d
d

dd
d
d

d

d
d
ddd

d
ddd

d
dd

ddd

1
11

1
12

11

1
211

11

1
1

1
11

21
212

11

21
2211

11

21
21

11211

1D

11
1

1
2

1
22

1
1

1
12

1
11

0

0

nnn

n

n

dd

dd
ddd
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 2 

  NORTA 

 NORTA defective  Semidefinite 

Programming (SDP)  Eigenvalue Shifting (ES) 

3.1   NORTA

 NORTA 

(Microsoft Excel)

 3.1.1  NORTA 

 C/C++  

X
T

dXXX ,,, 21X

 (uniform marginal) Z

T
dZZZ ,,, 21Z

Z Z

ji, jiji XZ ,
6

sin2,

Z  (feasible 

correlation matrix)  Superdiagonalization  2 

 2.8

Z ZZ

Z  ES Z

 (feasible correlation matrix) Z   (



28

 (distance function))  

ZZ X

  (1) C  (lower-triangular matrix)    

 (nonsingular matrix) ZCCT

  (2)  T
dWWW ,,, 21W 1d

  (3)  CWZ

  (4)  

dX

X

X

ZF

ZF
ZF

d

X

1

2
1

1
1

2

1

di ,,1

  (5)   2 

 1-3 

(multivariate normal (MVN)  random vector)  2  2.1

 3.1.1  (flow chart) 

 NORTA  3.1 
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 3.1

 NORTA 

Z

Z

Z

jiji XZ ,
6

sin2,

T
dXX ,,1X

 (0,1) 

X

Z Z

 ES 

Z0,Z MVN~,,, 21
T

dZZZ

X

dX

X

X

ZF

ZF
ZF

d

X

1

2
1

1
1

2

1

ZZ

ZZ

Z  non-
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 (random number)  (uniform 

distribution)   [0,1]  NORTA 

Pierre L’Ecuyer  Richard Simard . . 2000    

 (cumulative distribution)  (standard normal 

random variable)   George Marsaglia . . 2004

 NORTA.cpp (compile)  Visual C++ 6.0

 3.1.2   (building)  dll (NORTA.dll)   NORTA  

 NORTA.cpp  Visual C++ 6.0

 3.1.3  NORTA.dll  (Visual Basic) 

  (Visual Basic for application on Microsoft Excel)

 3.1.4  NORTA  Microsoft Excel  Visual Basic 

Editor (VBE)  Microsoft Excel

 3.1.1 - 3.1.4  (flow chart)  3.2 

 3.2  NORTA 

 NORTA 

 NORTA.dll   Visual C++ 6.0

  NORTA.dll VB  Microsoft 

 NORTA.cpp  NORTA  C++

 VB   Microsoft Excel 

 NORTA 

 NORTA.dll
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3.2  NORTA defective 

NORTA defective  NORTA  2 

1.  Semidefinite Programming (SDP)     

 (distance function) 

 SDP 3  SDP  3 

  1.1  SDP- 1L

  1.2  SDP- 2L

  1.3  SDP- L

2.  Eigenvalue Shifting (ES) 

 2

3.2.1

1)  NORTA defective

  2) d  NORTA 

defective 15,,4,3d

 3)    NORTA defective 

5,000 15,,4,3d

             4)   NORTA defective  4  

 SDP- 1L  ,  SDP- 2L ,  SDP- L  ES   

  5)   (distance measure)    1L - norm , 2L -

norm L - norm 

1L - norm  : 
n

i
ii uv

1
1uv  , 

2L - norm  : 
n

i
ii uv

1

2
2uv

L - norm  : iii
uvmaxuv

v Z  , u  NORTA defective 

Z 2
)1(ddn
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3.2.2

  1)       NORTA defective ( Z )

d 15,,4,3d

  2)     NORTA defective 

   2.1)   SDP- 1L  , 1SDP L
Z

   2.2)   SDP- 2L , 2SDP L
Z

   2.3)   SDP- L , LSDP
Z

   2.4)   ES , ES
Z

1SDP L
Z , 2SDP L

Z , LSDP
Z

ES
Z

 NORTA defective  SDP- 1L , SDP- 2L

SDP- L  SDPA(SemiDefinite Programming Algorithm)  6.20 

 M. Kojima K. Fujisawa, K. Nakata  M. Yamashita . . 2005 

 (free download) 

  3)    NORTA defective  ( Z )   

 SDP- 1L ,SDP- 2L ,SDP- L  ES 1L -

norm, 2L - norm L - norm 

  (average distance) 

 1-3  NORTA defective 

 5,000 d 15,,4,3d

  4)   SDP 

(distance) 1SDP L
Z , 2SDP L

Z , LSDP
Z

ES
Z Z

1L - norm , 2L - norm L -norm  (

NORTA defective  50,000 d )
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 (transformation) 1SDP L
Z , 2SDP L

Z  , LSDP
Z

ES
Z

 (2.1)

4.1) 1SDP L
Z   (2.1) 1SDP L

X

4.2) 2SDP L
Z   (2.1) 2SDP L

X

4.3) LSDP
Z   (2.1) LSDP

X

4.4) ES
Z   (2.1) ES

X

1SDP L
X , 2SDP L

X  , LSDP
X

ES
X

1SDP L
X , 2SDP L

X  , LSDP
X

ES
X

X 1L - norm , 2L - norm L - norm 

  5)  ( )

NORTA defective  4  SDP- 1L , SDP- 2L , SDP- L  ES

  6)   NORTA 

 3.3 

 3.3  NORTA defective 

 NORTA defective SDP

Z  5,000  d (d=3,4,…,15) 

1L - norm, 2L - norm L -
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 1 

   NORTA defective ( Z )  5,000 

d 15,,4,3d

 1.  (feasible correlation matrix)  d

d  Onion method  Ghosh . . 2004 

 Onion method

  1)  1 11

  2)  dk ,,2

   2.1)  q  (column vector) 1k

1; kk

   2.2)   
1q
q

T
k

k
1

   2.3)   k    

q q k 1k

 - Y  (beta distribution)   

2/11 k 12/2 kd yY

 -   yr

 -    (unit vector)  (surface) 1k 1k

 1  (unit ball)  (space) 1k

 -   w r

 -   wq 2
1

1k

2
1

1k

1)  (inverse matrix) 1k
1
1k

2) 1
1k  (cholesky decomposition) 

T
k CC1

1  Cholesky Decompositon C  (lower 

triangular matrix) 

  3)    12
1

1 Ck
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 (feasible correlation matrix) d

15,,4,3d

2. (transform) d  1. 

jiji dZ ,
6

sin2,

ji 1, jiZ ji dji ,,1, Z

3. Z   NORTA defective Z

(non-positive semidefinite matrix)

  NORTA defective ( Z )

3.4
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 3.4   NORTA defective

Z

non-PSD

 NORTA defective 000,5n

d  Onion method

Z d

jiji dZ ,
6

sin2,

Z  NORTA defective 

Z = n
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 2

 NORTA defective ( Z )  SDP- 1L ,SDP- 2L ,SDP- L

 ES Z Z

 NORTA defective ( Z )

 3.5  

 3.5  NORTA defective

SDP- 1L ,SDP- 2L ,SDP- L  ES

 NORTA defective 

 NORTA defective ( Z )

SDP- 1L SDP- LSDP- 2L ES

1SDP L
Z

2SDP L
Z

LSDP
Z ES

Z
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 3

 NORTA defective ( Z )   

Z  SDP- 1L  , SDP- 2L , SDP- L  ES  1SDP L
Z , 2SDP L

Z ,
LSDP

Z
ES
Z 1L - norm , 2L - norm L - norm

 3.6 

 3.6  (distance)  NORTA 

defective ( Z ) Z  SDP- 1L  , SDP- 2L , SDP- L

 ES 

Z , 1SDP L
Z ,

2SDP L
Z , LSDP

Z
ES
Z

ZZ ,1LSDP
ZZ ,2LSDP

ZZ ,LSDP
ZZ ,ES

2L - norm L - norm1L - norm
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 (average distance) 

d

 4

 (distance) 1SDP L
Z  ,  2SDP L

Z  , LSDP
Z

ES
Z Z 1L - norm , 2L - norm L -norm 

1SDP L
Z , 2SDP L

Z , LSDP
Z

ES
Z

(2.1) 1SDP L
X , 2SDP L

X , LSDP
X

ES
X

1SDP L
X , 2SDP L

X , LSDP
X

ES
X X

1L - norm , 2L - norm L - norm 

 NORTA defective ( Z )  50,000 

 5

 ( )  NORTA 

defective  4  SDP- 1L , SDP- 2L , SDP- L  ES  

 NORTA defective  1,000 

 CPU  800  (megahertz) 

 RAM  256  (megabyte) 

 6

 NORTA 



 4 

 NORTA  (Microsoft Windows) 

 Add-in  (Microsoft Excel) 

 NORTA  C/C++  

NOTRA defective  NORTA 

 Eigenvalue Shifting (ES)

4.1  NORTA 

 NORTA 

 1)    Microsoft Windows   2000, XP 

 2)    Microsoft Excel  2002 , 2003 

 3)    (uniform 

marginal distribution)  (0,1)  

     4) 

 10 

 5) NORTA NORTA   Microsoft 

Excel

NORTA
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4.2  NORTA defective 

 NORTA defective 

 NORTA  Semidefinite 

Programming (SDP)  Eigenvalue Shifting (ES) 

 NORTA defective   (feasible 

correlation matrix) 1L - norm , 

2L - norm L - norm

 NORTA defective 

X    

X X

Xv    X

Z

Z Z

Zv    Z

Z           NORTA defective

u     NORTA defective Z

SDP- 1L   NORTA defective Z  SDP

 (distance function) 1L

SDP- 2L   NORTA defective Z  SDP

 (distance function) 2L

SDP- L   NORTA defective Z  SDP

 (distance function) L

ES  NORTA defective Z  Eigenvelue Shifting 
1SDP L

Z Z  SDP- 1L
1SDP L

Zv 1SDP L
Z

2SDP L
Z Z  SDP- 2L

2SDP L
Zv 2SDP L

Z

LSDP
Z Z  SDP- L
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LSDP
Zv

LSDP
Z

ES
Z Z  ES 
ES
Zv

ES
Z

1SDP L
X X 1SDP L

Z

1SDP L
Xv 1SDP L

X

2SDP L
X X 2SDP L

Z

2SDP L
Xv 2SDP L

X

LSDP
X X LSDP

Z

LSDP
Xv

LSDP
X

ES
X X ES

Z

ES
Xv

ES
X

vu,d u v

u , Zv , Xv

Z  , Z , X

1
1

1

32

31

21

uu
uu
uu

Z

u Tuuu 321 ,,u

1
1

1
1

653

642

541

321

vvv
vvv
vvv
vvv

Z

Tvvvvvv 654321 ,,,,,Zv

 NORTA defective 

 5  3 

(distance measure) Z  5,000 

d 15,,4,3d

SDP  4 Z  50,000      

d 4,3d  5 
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  1  NORTA defective 
1SDP L

Zv  , 2SDP L
Zv  , LSDP

Zv
ES
Zv

u 1L - norm

  2  NORTA defective 
1SDP L

Zv  , 2SDP L
Zv  , LSDP

Zv
ES
Zv

u 2L - norm

  3  NORTA defective 
1SDP L

Zv  , 2SDP L
Zv  , LSDP

Zv
ES
Zv

u L - norm

 4 1SDP L
Zv  ,  2SDP L

Zv  , LSDP
Zv

ES
Zv u 1L - norm , 2L - norm L -norm

1SDP L
Zv  ,  2SDP L

Zv  , LSDP
Zv

ES
Zv

 (2.1) 1SDP L
Xv , 2SDP L

Xv , LSDP
Xv

ES
Xv

1SDP L
Xv , 2SDP L

Xv , LSDP
Xv

ES
Xv Xv

1L - norm , 2L - norm L - norm

 5  ( )  NORTA defective 

 4  SDP- 1L , SDP- 2L , SDP- L  ES  

NORTA defective  1,000 

 CPU  800  (megahertz) 

 RAM  256  (megabyte) 

  6  NORTA 
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 1  NORTA defective 
1SDP L

Zv  , 2SDP L
Zv  , LSDP

Zv
ES
Zv u

1L - norm

 (average distance) 

 ( Zv )  NORTA defective  SDP- 1L  , SDP- 2L  , SDP- L

 ES 1SDP L
Zv  ,  2SDP L

Zv  , LSDP
Zv

ES
Zv  NORTA 

defective (u ) 1L - norm Zv

u   4.1 

 4.1  SDP- 1L ,

SDP- 2L , SDP- L  ES  NORTA defective  (dimension) 

Z 1L - norm

 (average distance) 
1SDP L

Zv u 2SDP L
Zv u LSDP

Zv u ES
Zv u

3 0.01336851 0.01567182 0.01648898 0.01542814 

4 0.01693522 0.02275397 0.02965510 0.03002324 

5 0.02133829 0.03153256 0.04602560 0.05149511 

6 0.02571162 0.04041634 0.06374470 0.07727912 

7 0.03008835 0.04983118 0.08259394 0.10879305 

8 0.03485090 0.06014011 0.10339699 0.14658118 

9 0.04121700 0.07297411 0.12852537 0.19430936 

10 0.04830935 0.08725008 0.15560603 0.24788286 

11 0.05527101 0.10159042 0.18512909 0.30902130 

12 0.06457444 0.11968895 0.21993564 0.38003880 

13 0.07439652 0.13888371 0.25712917 0.45973457 

14 0.08592684 0.16054367 0.29911511 0.54445389 

15 0.09748156 0.18321961 0.34413466 0.64126286 
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 (average distance) 

Zv u 1L - norm  (dimension) Z

Zv  SDP- 1L  , SDP- 2L , SDP- L   ES  

 4.1

 4.1 u 1SDP L
Zv , 2SDP L

Zv  , 
LSDP

Zv
ES
Zv  SDP- 1L ,SDP- 2L ,SDP- L  ES 

1L - norm 
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  2  NORTA defective 
1SDP L

Zv  , 2SDP L
Zv  , LSDP

Zv
ES
Zv u

2L - norm

 ( Zv )

 NORTA defective  SDP- 1L  , SDP- 2L  , SDP- L  ES 
1SDP L

Zv  , 2SDP L
Zv  , LSDP

Zv
ES
Zv  NORTA defective (u )

2L - norm Zv u

  4.2 

 4.2  SDP- 1L ,

SDP- 2L , SDP- L  ES  NORTA defective Z

2L - norm

 (average distance) 
1SDP L

Zv u 2SDP L
Zv u LSDP

Zv u ES
Zv u

3 0.01313784 0.00927594 0.00951992 0.00989792 

4 0.01648326 0.01063119 0.01217308 0.01404923 

5 0.02039556 0.01210463 0.01470520 0.01900544 

6 0.02387517 0.01328404 0.01678178 0.02368547 

7 0.02716003 0.01423564 0.01846809 0.02837412 

8 0.03016204 0.01521947 0.02013938 0.03333411 

9 0.03424833 0.01654504 0.02218783 0.03919301 

10 0.03806435 0.01778966 0.02406787 0.04487136 

11 0.04134975 0.01897599 0.02598838 0.05072907 

12 0.04539174 0.02044292 0.02819301 0.05711717 

13 0.04939449 0.02183559 0.03027779 0.06368960 

14 0.05353891 0.02335786 0.03258600 0.06997980 

15 0.05752355 0.02484392 0.03485508 0.07683825 
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Zv u

2L - norm  Z Zv

SDP- 2L , SDP- L , SDP- 1L   ES  

 4.2

 4.2 u 1SDP L
Zv , 2SDP L

Zv , LSDP
Zv

ES
Zv  SDP- 1L , SDP- 2L , SDP- L  ES 

2L - norm 
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  3  NORTA defective 
1SDP L

Zv  , 2SDP L
Zv  , LSDP

Zv
ES
Zv

u L - norm

 ( Zv )

 NORTA defective  SDP- 1L  , SDP- 2L  , SDP- L  ES 
1SDP L

Zv  , 2SDP L
Zv  , LSDP

Zv
ES
Zv  NORTA defective (u )

L - norm Zv u

  4.3 

 4.3  SDP- 1L ,

SDP- 2L , SDP- L  ES  NORTA defective Z

L - norm

 (average distance) 
1SDP L

Zv u 2SDP L
Zv u LSDP

Zv u ES
Zv u

3 0.01306429 0.00654677 0.00549667 0.00774197

4 0.01634319 0.00686763 0.00505428 0.00897107

5 0.02008198 0.00716758 0.00477519 0.01033263

6 0.02328077 0.00728414 0.00452828 0.01138844

7 0.02623921 0.00726202 0.00424704 0.01217934

8 0.02866126 0.00729319 0.00404934 0.01300918

9 0.03200827 0.00744234 0.00396904 0.01407982

10 0.03484962 0.00752838 0.00386213 0.01487389

11 0.03709613 0.00765827 0.00379759 0.01565049

12 0.03964082 0.00780627 0.00376430 0.01654062

13 0.04197671 0.00788911 0.00371260 0.01735929

14 0.04415246 0.00804664 0.00370009 0.01809084

15 0.04605556 0.00818418 0.00367860 0.01880602



49

Zv u

L - norm Z Zv

SDP- L , SDP- 2L , ES  SDP- 1L

 4.3

 4.3 u 1SDP L
Zv  , 2SDP L

Zv  , 
LSDP

Zv
ES
Zv SDP- 1L ,SDP- 2L ,SDP- L  ES 

L - norm 
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 4 1SDP L
Zv  , 2SDP L

Zv  , LSDP
Zv

ES
Zv

u 1L - norm , 2L - norm L -norm
1SDP L

Zv  ,  2SDP L
Zv  , LSDP

Zv
ES
Zv 1SDP L

Xv ,
2SDP L

Xv , LSDP
Xv

ES
Xv 1SDP L

Xv ,
2SDP L

Xv , LSDP
Xv

ES
Xv Xv 1L - norm , 2L -

norm L - norm

X

 NORTA 

 NORTA defective  SDP- 1L  , SDP- 2L  , SDP- L

 ES X

X

Z  3 

Z  50,000 1SDP L
Zv  ,  

2SDP L
Zv  , LSDP

Zv
ES
Zv u

 (2.1)  1SDP L
Xv , 2SDP L

Xv , LSDP
Xv

ES
Xv

Xv 1SDP L
Zv  ,  2SDP L

Zv  , 
LSDP

Zv
ES
Zv  SDP- 1L  , SDP- 2L  , SDP- 

L  ES u
1SDP L

Xv , 2SDP L
Xv , LSDP

Xv
ES
Xv Xv

1SDP L
Zv u 1SDP L

Xv Xv

4.4  4.5 
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 4.4 1SDP L
Zv , 2SDP L

Zv , LSDP
Zv

ES
Zv

u 1L - norm , 2L - norm L - norm 

u 1SDP L
Zv u 2SDP L

Zv u LSDP
Zv u ES

Zv

1L - norm 0.01353565 0.01584189 0.01665163 0.01559755 

2L - norm 0.01329999 0.00937212 0.00961383 0.00999403 

L - norm 0.01322835 0.00660022 0.00555089 0.00780408

 4.5 1SDP L
Xv , 2SDP L

Xv , LSDP
Xv

ES
Xv

Xv 1L - norm , 2L - norm L - norm

Xv 1SDP L
Xv Xv 2SDP L

Xv Xv
LSDP

Xv Xv
ES
Xv

1L - norm 0.01394093 0.01589174 0.01659226 0.01578001 

2L - norm 0.01370419 0.00947284 0.00958485 0.01020173 

L - norm 0.01363225 0.00683823 0.00574180 0.00808541

1SDP L
Zv  ,  2SDP L

Zv  , LSDP
Zv

1SDP L
Zv  ,  2SDP L

Zv  , LSDP
Zv u

1SDP L
Xv , 2SDP L

Xv , LSDP
Xv

Xv 1SDP L
Zv u

 (2.1) 1SDP L
Xv Xv
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Z  3 Z

 50,000

1) 1L - norm 1SDP L
Zv  3 

 0.006  u
1SDP L

Xv 1SDP L
Xv Xv

2) 2L - norm 2SDP L
Zv  745 

 1.49 u
2SDP L

Xv 2SDP L
Xv Xv

L - norm 

Z  4 

Z  50,000  L - norm 
LSDP

Zv    1  0.002 u
LSDP

Xv
LSDP

Xv Xv

1L - norm 2L - norm

 0.002  0.042 

 3 

1L - norm , 2L - norm L - norm

 1  NORTA defective 

1L - norm

Z  3 
1SDP L

Zv  ,  2SDP L
Zv  , LSDP

Zv
ES
Zv u

1SDP L
Xv , 2SDP L

Xv , LSDP
Xv

ES
Xv Xv

1SDP L
Zv u

 (2.1) 1SDP L
Xv 1SDP L

Xv

Xv 2SDP L
Xv , LSDP

Xv
ES
Xv
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X

1626379447.0512600215.0
626379447.01294078450.0
512600215.0294078450.01

X

626379447.0,512600215.0,294078450.0Xv X

 (2.1)  NORTA defective 

1644246654.0530372040.0
644246654.01306742748.0
530372040.0306742748.01

Z

644246654.0,530372040.0,306742748.0u

 NORTA defective  SDP- 1L  , SDP- 2L  ,SDP- L  ES 

644222384.0,530360831.0,306737126.01SDP L
Zv

644184596.0,530314889.0,306688781.02SDP L
Zv

644231358.0,530357323.0,306728782.0SDP L
Zv

644228730.0,530357284.0,306734214.0ES
Zv

1SDP L
Zv  ,  2SDP L

Zv  , LSDP
Zv

ES
Zv

u 1SDP L
Zv u ES

Zv , LSDP
Zv

2SDP L
Zv  4.6 
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 4.6 1SDP L
Zv  ,  2SDP L

Zv  , LSDP
Zv

ES
Zv

u 1L - norm

1SDP, Ld Zvu 0.0000411011

2SDP, Ld Zvu 0.0001731764

Ld SDP, Zvu 0.0000439805

ES, Zvud 0.0000412147

1SDP L
Zv  ,  2SDP L

Zv  , LSDP
Zv

ES
Zv

(2.1) 1SDP L
Xv , 2SDP L

Xv , LSDP
Xv  , ES

Xv

626354966.0,512589113.0,294073017.01SDP L
Xv

626316850.0,512543613.0,294026298.02SDP L
Xv

626364018.0,512585638.0,294064953.0SDP L
Xv

626361367.0,512585600.0,294070203.0ES
Xv

1SDP L
Xv , 2SDP L

Xv , LSDP
Xv

ES
Xv

Xv
ES
Xv u 1SDP L

Xv , LSDP
Xv

2SDP L
Xv  4.7 

 4.7 1SDP L
Xv , 2SDP L

Xv , LSDP
Xv

ES
Xv

Xv 1L - norm

1SDP, Ld XX vv 0.0000410153

2SDP, Ld XX vv 0.0001713507

Ld SDP, XX vv 0.0000435022

ES, XX vvd 0.0000409416
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 2  NORTA defective 

2L - norm

Z  3 
1SDP L

Zv  ,  2SDP L
Zv  , LSDP

Zv
ES
Zv u

1SDP L
Xv , 2SDP L

Xv , LSDP
Xv

ES
Xv Xv

2SDP L
Zv u

2SDP L
Zv  (2.1) 2SDP L

Xv
2SDP L

Xv Xv 1SDP L
Xv ,

LSDP
Xv

ES
Xv

X

1579339252.0686029799.0
579339252.01145817457.0

686029799.0145817457.01

X

579339252.0,686029799.0,145817457.0Xv X

(2.1)  NORTA defective 

1597421277.0703058975.0
597421277.01152551372.0

703058975.0152551372.01

Z

597421277.0,703058975.0,152551372.0u

NORTA defective  SDP- 1L  , SDP- 2L  ,SDP- L  ES 

597414209.0,701411280.0,152548723.01SDP L
Zv

596784411.0,702340795.0,152030223.02SDP L
Zv

596786736.0,702424366.0,151916968.0SDP L
Zv

596685375.0,702192949.0,152363459.0ES
Zv
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1SDP L
Zv  ,  2SDP L

Zv  , LSDP
Zv

ES
Zv

u 2SDP L
Zv u LSDP

Zv , ES
Zv

1SDP L
Zv  4.8 

 4.8 1SDP L
Zv  ,  2SDP L

Zv  , LSDP
Zv

ES
Zv

u 2L - norm

1SDP, Ld Zvu 0.00164771268

2SDP, Ld Zvu 0.00109223516

Ld SDP, Zvu 0.00109901746

ES, Zvud 0.00115189637

1SDP L
Zv  ,  2SDP L

Zv  , LSDP
Zv

ES
Zv

(2.1) 1SDP L
Xv , 2SDP L

Xv , LSDP
Xv  , ES

Xv

579332179.0,684349376.0,145814920.01SDP L
Xv

578702028.0,685297285.0,145318347.02SDP L
Xv

578704353.0,685382520.0,145209884.0SDP L
Xv

578602942.0,685146502.0,145637490.0ES
Xv

1SDP L
Xv , 2SDP L

Xv , LSDP
Xv

ES
Xv

Xv
LSDP

Xv u LSDP
Xv , ES

Xv
1SDP L

Xv  4.9 
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 4.9 1SDP L
Xv , 2SDP L

Xv , LSDP
Xv

ES
Xv

Xv 1L - norm

1SDP, Ld XX vv 0.00168044031

2SDP, Ld XX vv 0.00109166890

Ld SDP, XX vv 0.00109142669

ES, XX vvd 0.00116393923

 3  NORTA defective 

L - norm

Z  4 
1SDP L

Zv  ,  2SDP L
Zv  , LSDP

Zv
ES
Zv u

1SDP L
Xv , 2SDP L

Xv , LSDP
Xv

ES
Xv Xv

LSDP
Zv u  (2.1) 

1SDP L
Xv

LSDP
Xv Xv

1SDP L
Xv , 2SDP L

Xv
ES
Xv

X

18663391477.02179772694.02194718061.0
8663391477.012813064271.00282032263.0

2179772694.02813064271.018597619173.0
2194718061.00282032263.08597619173.01

X

8663391.0,2179773.0,2813064.0,2947181.0,02820322.0,8597619.0Xv

X   (2.1)  NORTA defective 
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18764340149.02277700117.02293248345.0
8764340149.012935193995.00295332761.0

2277700117.02935193995.018702377248.0
2293248345.00295332761.08702377248.01

Z

8764340.0,2277700.0,2935194.0,2293248.0,0295333.0,8702377.0u

 NORTA defective  SDP- 1L  , SDP- 2L  ,SDP- L  ES 

8764327.0,2277707.0,2935164.0,2293239.0,0500710.0,8702363.01SDP L
Zv

8727559.0,2311564.0,2896568.0,2257834.0,0335681.0,8665216.02SDP L
Zv

8727188.0,2314851.0,2898042.0,2256097.0,0032486.0,8665225.0SDP L
Zv

8668038.0,2252673.0,2902942.0,2268050.0,0292088.0,8606756.0ES
Zv

1SDP L
Zv  ,  2SDP L

Zv  , LSDP
Zv

ES
Zv

u 2SDP L
Zv u LSDP

Zv , ES
Zv

1SDP L
Zv  4.10 

 4.10 1SDP L
Zv  , 2SDP L

Zv  , LSDP
Zv

ES
Zv

u 2L - norm

1SDP, Ld Zvu 0.020537737039

2SDP, Ld Zvu 0.004034835270

Ld SDP, Zvu 0.003715285278

ES, Zvud 0.009630180154

1SDP L
Zv  ,  2SDP L

Zv  , LSDP
Zv

ES
Zv

(2.1) 1SDP L
Xv , 2SDP L

Xv , LSDP
Xv  , ES

Xv
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8663377.0,2179779.0,2813035.0,2194709.0,0478193.0,8597604.01SDP L
Xv

8624335.0,2212326.0,2775780.0,2160679.0,0320567.0,8558226.02SDP L
Xv

8623942.0,2215485.0,2777203.0,2159009.0,0317515.0,8558236.0SDP L
Xv

8561216.0,2155719.0,2781933.0,2170498.0,0278933.0,8496334.0ES
Xv

1SDP L
Xv , 2SDP L

Xv , LSDP
Xv

ES
Xv

Xv
LSDP

Xv u LSDP
Xv , ES

Xv
1SDP L

Xv  4.11 

 4.11 1SDP L
Xv , 2SDP L

Xv , LSDP
Xv

ES
Xv

Xv 1L - norm

1SDP, Ld XX vv 0.019616065408

2SDP, Ld XX vv 0.003939291678

Ld SDP, XX vv 0.003944904097

ES, XX vvd 0.010217517055
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 5  NORTA defective  4 

 SDP- 1L , SDP- 2L , SDP- L  ES

 ( )  NORTA defective 

 SDP- 1L , SDP- 2L , SDP- L  ES   NORTA 

defective  1,000 

 CPU  800  (megahertz) 

 RAM  256  (megabyte)   4.12 

  4.12  NORTA defective 

 NORTA defective  1,000 

(dimension)

 NORTA defective ( )

SDP- 1L  SDP- 2L  SDP- L  ES 

3 7.8212464 7.0601520 8.7626000 2.1030240

4 12.1875248 10.2547456 14.8012832 4.9070560

5 22.4322560 14.5909808 28.2606368 8.2017936

6 42.1005376 21.3006288 54.8288400 11.6467472

7 77.3512256 33.2578224 104.6504800 14.6610816

8 145.6694624 52.2551392 201.9203472 17.9558192

9 263.2084752 88.4972528 371.9348160 20.1389584

 NORTA defective 

 ES  SDP- 2L , SDP-

1L   SDP- L  4.4
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 4.4  ( )  NORTA defective 

 NORTA defective  1,000 

highest  Power Method %101 7

NORTA defective  Eigenvalue Shifting 
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  6  NORTA 

 (uniform marginal distribution) 

TXXX 321 ,,X

3,2,1,1,0Uniform~ iX i  40 

15.04.0
5.013.0
4.03.01

X

 NOTRA 

 Add-in 

 4.13 3,2,1,1,0Uniform~ iX i  (

iX -

(Kolmogorov-Smirnov Test)) 

 ( Spearman Rank Correlation 

Coefficient)

1512.0462.0
512.01356.0
462.0356.01

X
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 4.13  NORTA 

NOTRA  Add-in 

1X 2X 3X 1X 2X 3X

1 0.895909 0.4871767 0.6319227 21 0.024749 0.7473251 0.3905439

2 0.086321 0.2409905 0.0461101 22 0.194001 0.1286708 0.2127792

3 0.237927 0.0828096 0.0928234 23 0.472680 0.1890967 0.6304841

4 0.575617 0.5378011 0.2224160 24 0.127118 0.2613186 0.5156464

5 0.237843 0.9358914 0.6002674 25 0.632937 0.5177645 0.7647444

6 0.048711 0.6890374 0.4546676 26 0.075759 0.0294038 0.4230466

7 0.949491 0.6555785 0.5034968 27 0.419425 0.0052382 0.0672602

8 0.096471 0.4106428 0.6512717 28 0.804107 0.8910437 0.8987647

9 0.358089 0.5423982 0.0965719 29 0.210034 0.4615712 0.4036434

10 0.584169 0.8391793 0.3220608 30 0.316756 0.0187362 0.1009511

11 0.955972 0.6460590 0.8319773 31 0.900714 0.6457400 0.5182254

12 0.794327 0.7725165 0.4040998 32 0.360690 0.0353851 0.0023524

13 0.262050 0.9098597 0.5806982 33 0.074920 0.3166363 0.3174046

14 0.461725 0.1118856 0.1412359 34 0.917681 0.7492253 0.8622307

15 0.219080 0.2391023 0.0104826 35 0.584083 0.5284120 0.2078923

16 0.609777 0.4756022 0.4576747 36 0.316979 0.6556826 0.5445653

17 0.268653 0.4847291 0.5051981 37 0.858037 0.2690799 0.7593943

18 0.499543 0.5872587 0.9413656 38 0.951110 0.5457686 0.5569359

19 0.726144 0.8561319 0.6258324 39 0.690135 0.6781150 0.7403643

20 0.112797 0.4404548 0.2363551 40 0.295503 0.3987849 0.6102692



 5 

 NORTA  NORTA defective 

 NORTA  Semidefinite 

Programming (SDP)  Eigenvalue Shifting (ES)

5.1

 5.1.1  NORTA 

 NORTA 

 Add-in  (Microsoft Excel) 

 NORTA 

 C/C++   NORTA defective 

 NORTA  Eigenvalue Shifting (ES) 

NORTA

 (uniform marginal distribution)

5.1.2  NORTA defective

 NORTA defective 

 NORTA  1.  Semidefinite 

Programming (SDP)  3  SDP- 1L  , SDP- 2L  SDP- L  2.

Eigenvalue Shifting (ES) 

NORTA defective  (feasible correlation matrix) 

1L - norm , 2L - norm L - norm
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Z

NORTA defective Z 1L - norm  Z  SDP- 1L

Z 2L - norm  

Z   SDP- 2L Z

L - norm Z  SDP- L

Z

Z

Z  2  1L - norm , 2L - norm L - norm

1)  NORTA defective 

ZZ ,d 1L - norm   Z

SDP- 2L  2   SDP- L  ES 

 3  4 

(distance measure) 1L - norm     SDP- 1L    SDP- 2L

 NORTA defective

 2)   NORTA defective 

ZZ ,d 2L - norm   Z

SDP- L  2   SDP- 1L  ES 

 3  4 

(distance measure) 2L - norm    SDP- 2L   SDP- L

 NORTA defective 

3)   NORTA defective 

ZZ ,d L - norm   Z

SDP- 2L  2  ES  SDP- 1L

 3  4 

(distance measure) L - norm    SDP- L   SDP- 2L

 NORTA defective 

 NORTA Defective  Semidefinite Programming (SDP) 

 SDP- 1L  , SDP- 2L  SDP- L

Z Z

X X X
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 (numerical problem) 

5.2  NORTA defective 

 (distance 

measure)  3 1L - norm , 2L - norm L - norm

NORTA defective  Semidefinite Programming 2L

 SDP- 2L

 (feasible correlation matrix)  NORTA defective  

(algorithm)

Eigenvalue Shifting (ES) 

5.3

 NORTA  

(uniform marginal distribution)  NOTRA defective 

 NORTA  Eigenvalue 

Shifting (ES)

 NORTA 

1)  NORTA

(marginal distribution)  (gamma distribution) 

 (beta distribution)  (mixed distribution) 

2)  NORTA defective  

(dimension)  NORTA 



.  2547.  Macro  VBA  Microsoft Excel.

 : .

.  2547.  : Introduction to Simulation.  : 

.

.  2547.  C++.  3.

 : . .
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 NORTA  C/C++  3 

#include <iostream> 

#include <iomanip> 

#include <math.h> 

#include <stdio.h> 

#include <stdlib.h> 

#include <time.h> 

#include "RngStream.h" 

using namespace std; 

int MatrixChecking(double* LambdaZ,int n); 

int Superdiagonalization(double* LambdaZ,int n,int index); 

void InverseMatrix(double* LambdaZ,double*InverseLambdaZ,int n); 

void SumRow(double* S1,double* S2,int n); 

double MaxValue(double* EigenVal,int n); 

void MultipM(double* Matrix,double* VectorOld,double* VectorNew,int n); 

double FindLowestEigen(double* LambdaZ,int n); 

void SigmaUtoLambdaZ(double* SigmaU,double* LambdaZ, int n); 

void CholeskyDecomp(double* Co,double* Co2,int n); 

void GenerateMVN(double* Cholesky,double* MVN,int n); 

double GenerateMVUniform(double Zij); 

const int nVar=3,Amount=1; 

const double Pi = 3.1415926535897932; 

double __stdcall nortaFunction(double a1,double a2,double a3,double* op1,double* 

op2,double* op3) 

{ static double VectorInput[nVar]={a1,a2,a3}; 

 static double MSigmaUniform[nVar][nVar]={0}; 

 static double SigmaZprime[nVar][nVar]={0}; 

 static double CholeskyLambdaZ[nVar][nVar]={0}; 

 static double MVNs[Amount][nVar]={0}; 
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 double Uvar[Amount][nVar]; 

 double SmallestEigen; 

 double* SigmaUniform; 

 double* LamZ; 

 double* CholLamZ; 

 double* MVNvar; 

 int i,j,k=0; 

 for(i=0;i<nVar;i++) 

  for(j=i;j<nVar;j++) 

  { if(i==j) 

    MSigmaUniform[i][j]=1; 

   else  

   {MSigmaUniform[i][j]= VectorInput[k]; k++; 

   } 

   MSigmaUniform[j][i]= MSigmaUniform[i][j]; 

  } 

 SigmaUniform = &MSigmaUniform[0][0]; 

 LamZ = &SigmaZprime[0][0]; 

 CholLamZ = &CholeskyLambdaZ[0][0]; 

 MVNvar = &MVNs[0][0]; 

 SigmaUtoLambdaZ(SigmaUniform,LamZ,nVar); 

 if (MatrixChecking(LamZ,nVar)==0) 

 {  SmallestEigen=FindLowestEigen(LamZ,nVar); 

  for (i=0;i<nVar;i++) 

   for(j=0;j<i+1;j++) 

   { if(i!=j) 

    {  SigmaZprime[i][j]= SigmaZprime[i][j]/(1-SmallestEigen); 

       SigmaZprime[j][i]= SigmaZprime[i][j];   

    } 

   } 

 } 
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 CholeskyDecomp(LamZ,CholLamZ,nVar); 

 GenerateMVN(CholLamZ,MVNvar,nVar); 

 for (i=0;i<Amount;i++) 

  for (j=0;j<nVar;j++) 

   Uvar[i][j] = GenerateMVUniform(MVNs[i][j]);  

 op1[0]=Uvar[0][0]; 

 op2[0]=Uvar[0][1]; 

 op3[0]=Uvar[0][2]; 

 return 1;  

}

int MatrixChecking(double* LambdaZ,int n) 

{ int i,j,k,flag =1; 

 static double LambZ[nVar][nVar]={0}; 

 double Coef; 

 double* LambZmatrix; 

 LambZmatrix = &LambZ[0][0]; 

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

  for(j=0;j<n;j++) 

   LambZ[i][j] = *(LambdaZ +(i*n+j)); 

 for(k=0;k<n;k++) 

 { if (Superdiagonalization(LambZmatrix,n,k)) 

  { if (LambZ[k][k]>0)  

    for (i=k+1;i<n;i++) 

    { Coef = LambZ[i][k]/LambZ[k][k]; 

     for (j=k+1;j<n;j++) 

      LambZ[i][j]-=Coef*LambZ[k][j]; 

     LambZ[i][k]=0; 

    }      

   else 

    ; 
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  }   

  Else 

  {  flag=0;   break; 

  } 

 } return flag; 

}

int Superdiagonalization(double* LambdaZ,int n,int index) 

{ int i,j,status=1; 

 double resid;  

 static double LambZ1[nVar][nVar]={0};  

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

  for(j=0;j<n;j++) 

   LambZ1[i][j] = *(LambdaZ +(i*n+j)); 

 for (i=index;i<n;i++) 

 { if (LambZ1[i][i]<0) 

  { status=0; break; 

  } 

  else if (LambZ1[i][i]==0) 

  { for (j=index,resid=0;j<n;j++) 

    resid += fabs(LambZ1[i][j])+fabs(LambZ1[j][i]); 

   if (resid>0)  

   {   status=0;  break; 

   } 

   else status = 1; 

  } 

  else status = 1; 

 } 

 return status; 

}
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void SigmaUtoLambdaZ(double* SigmaU,double* LambdaZ,int n) 

{ int i,j;  

 double U[nVar][nVar],V[nVar][nVar]; 

 double* CoU; 

 CoU = &V[0][0]; 

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

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

  { U[i][j]= *(SigmaU + (i*n +j)); 

   if (i==j) 

    V[i][j]=1; 

   else 

    V[i][j]=2*sin((Pi/6)*U[i][j]); 

   *(LambdaZ + (i*n + j)) = *(CoU + (i*n + j)); 

  } 

 } 

}

double FindLowestEigen(double* LambdaZ,int n) 

{  static double MLambZinverse[nVar][nVar]= {0}; 

 static double VectorM[nVar]={0}; 

 static double SubMax[nVar]={0}; 

 static  double LambdaZ1[nVar][nVar]={0};  

 double* SubM;  

 double* LambZinverse; 

 double* VecM; 

 double* LambdaZ0; 

 double MaxOld,MaxNew; 

 int i,j; 

 LambdaZ0=&LambdaZ1[0][0]; 

 VecM = &VectorM[0]; 

 SubM = &SubMax[0]; 
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 LambZinverse=&MLambZinverse[0][0]; 

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

  for(j=0;j<n;j++) 

  { if (i==j) 

   LambdaZ1[i][j] = 1+n ; 

    else 

   LambdaZ1[i][j] = *(LambdaZ+(i*n +j)); 

  } 

 InverseMatrix(LambdaZ0,LambZinverse,nVar); 

 SumRow(LambZinverse,VecM,nVar); 

 do 

 { MaxOld = MaxValue(VecM,nVar); 

  for (i=0;i<nVar;i++) 

   SubMax[i]=VectorM[i]/MaxOld;   

  MultipM(LambZinverse,SubM,VecM,nVar);  

  MaxNew = MaxValue(VecM,nVar); 

 } 

 while (fabs((MaxOld-MaxNew)/MaxOld) > 0.00000000000001);  

 return (1/MaxNew)-n; 

}

void SumRow(double* S1,double* S2,int n) 

{ int i,j; 

 static double R0[nVar][nVar]={0}; 

 double* R1; 

 R1 = &R0[0][0];  

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

  for(j=0;j<n;j++) 

  { *(R1 + (i*n + j)) = *(S1+ (i*n + j)); *(S2 + i) += R0[i][j]; 

  } 

}
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void InverseMatrix(double* LambdaZ,double*InverseLambdaZ,int n) 

{ static double d[nVar][2*nVar]={0}; 

 double Temp; 

 double* mCorrZ;  

 int i,j,k; 

 mCorrZ=&d[0][0]; 

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

  d[i][i+n]=1; 

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

  for(j=0;j<n;j++) 

   d[i][j]=*(LambdaZ+(i*n +j)); 

 for(j=0;j<n;j++) 

 { Temp = d[j][j]; 

  for(k=0;k<(n*2);k++)   

   d[j][k]=d[j][k]/Temp;  

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

   if (j!=i) 

   { Temp=d[i][j]; 

    for(k=0;k<(n*2);k++)     

     d[i][k]=d[i][k]-(d[j][k]*Temp);    

   } 

 } 

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

  for(j=0;j<n;j++) 

   *(InverseLambdaZ+(i*n +j))=d[i][j+n];  

}
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double MaxValue(double* EigenVal,int n) 

{ static double x[nVar]={0}; 

 int i; 

 double max; 

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

  *(x + i) = *(EigenVal + i); 

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

 { if (fabs(x[i]) > fabs(x[i+1])) 

  { max=x[i];  x[i+1]=max; 

  }   

  else if (fabs(x[i])== fabs(x[i+1])) 

  { if (x[i] > x[i+1]) 

   { max=x[i];   x[i+1]=max;    

   } 

   else  

    max=x[i+1];   

  } 

else

   max=x[i];    

 } return max; 

}

void MultipM(double* Matrix,double* VectorOld,double* VectorNew,int n) 

{ int i,j;  static double sum = 0.0;  j=n; 

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

 { sum = 0.0; 

  for(j=0;j<n;j++) 

   sum += (*(Matrix+(i*n + j)))*(*(VectorOld+j)); 

  *(VectorNew + i) = sum; 

 } 

}
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void CholeskyDecomp(double* Co,double* Co2,int n) 

{ int i,j,k;  double sum; 

 static double c[nVar][nVar]={0}; 

 static double d[nVar][nVar]={0}; 

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

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

   d[i+1][j+1] = *(Co + (i*n +j));  

  c[i+1][1]=d[i+1][1]; 

 } 

 for(k=1;k<=n;k++) 

 { for(i=1;i<=k-1;i++) 

  { sum = 0; 

   for(j=1;j<=i-1;j++) 

    sum += c[i][j]*c[k][j]; 

   if (c[i][i]==0) 

    c[k][j]=0; 

   else 

    c[k][j] = (d[k][i]- sum)/c[i][i]; 

  }   

  sum = 0; 

  for (j=1;j<=k-1;j++) 

   sum += c[k][j]*c[k][j]; 

  if (d[k][k] - sum < 0.0000000000000001) 

   c[k][k]=0; 

  else 

   c[k][k] = sqrt(d[k][k] - sum); 

 } 

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

  for (j=0;j<n;j++) 

   *(Co2 +(i*n + j)) = c[i+1][j+1];  

}
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void GenerateMVN(double* Cholesky,double* MVN,int n) 

{ int i,j,k; 

 double v1,v2,w,s,sum,Z[Amount][nVar],X[Amount][nVar],q[nVar][nVar];

 double* p; 

 RngStream RngObj; 

 p = &X[0][0]; 

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

  for (j=0;j<n;j++) 

   q[i][j] = *(Cholesky + (i*n +j)); 

 for (i=0;i<Amount;i++) 

 { for (j=0;j<nVar;j++) 

  { do 

   { v1=2 * RngObj.RandU01() -1; 

    v2=2 * RngObj.RandU01() -1;   s =v1*v1+v2*v2; 

   } 

   while (s >= 1);  w = sqrt(-2*log(s)/s); 

   Z[i][j]=v1*w;  sum = 0; 

   for (k=0;k<j+1;k++) 

    sum += q[j][k]*Z[i][k]; 

   X[i][j]= sum; 

   *(MVN +(i*n +j)) = *(p +(i*n +j));  

  }   

 }    

}

double GenerateMVUniform(double Zij) 

{ double s=Zij,b=Zij,q=Zij*Zij,i=1,t=0; 

 while(s != t) 

  s=(t=s)+(b*=q/(i+=2)); 

 return (0.5+s*exp(-0.5*q-(0.91893853320467274178)));

}
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 Visual Basic 

 NORTA  dll

 Visual C++ 6.0

Option Explicit 

Declare Function nortaFunction02var Lib "D:\ProgramNORTA\DLLs\nortaSim02var.dll" _ 

    (ByVal a1 As Double, ByRef op1 As Double, ByRef op2 As Double) As Double 

Declare Function nortaFunction03var Lib "D:\ProgramNORTA\DLLs\nortaSim03var.dll" _ 

    (ByVal a1 As Double, ByVal a2 As Double, ByVal a3 As Double, _ 

     ByRef op1 As Double, ByRef op2 As Double, ByRef op3 As Double) As Double 

Declare Function nortaFunction04var Lib "D:\ProgramNORTA\DLLs\nortaSim04var.dll" _ 

    (ByVal a1 As Double, ByVal a2 As Double, ByVal a3 As Double, ByVal a4 As Double,_

     ByVal a5 As Double, ByVal a6 As Double, ByRef op1 As Double, _ 

     ByRef op2 As Double, ByRef op3 As Double, ByRef op4 As Double) As Double 

Declare Function nortaFunction05var Lib "D:\ProgramNORTA\DLLs\nortaSim05var.dll" _ 

   (ByVal a1 As Double, ByVal a2 As Double, ByVal a3 As Double, ByVal a4 As Double, _ 

    ByVal a5 As Double, ByVal a6 As Double, ByVal a7 As Double, ByVal a8 As Double, _

    ByVal a9 As Double, ByVal a10 As Double,ByRef op1 As Double, _ 

    ByRef op2 As Double, ByRef op3 As Double, ByRef op4 As Double, _ 

    ByRef op5 As Double) As Double 

Declare Function nortaFunction06var Lib "D:\ProgramNORTA\DLLs\nortaSim06var.dll" _ 

   (ByVal a1 As Double, ByVal a2 As Double, ByVal a3 As Double, ByVal a4 As Double, _

    ByVal a5 As Double,ByVal a6 As Double, ByVal a7 As Double, ByVal a8 As Double, _ 

    ByVal a9 As Double, ByVal a10 As Double,ByVal a11 As Double, _ 

    ByVal a12 As Double, ByVal a13 As Double, ByVal a14 As Double, _ 

    ByVal a15 As Double,ByRef op1 As Double, ByRef op2 As Double, _ 

    ByRef op3 As Double, ByRef op4 As Double, ByRef op5 As Double, _ 

    ByRef op6 As Double) As Double 

Declare Function nortaFunction07var Lib "D:\ProgramNORTA\DLLs\nortaSim07var.dll" _ 

   (ByVal a1 As Double, ByVal a2 As Double, ByVal a3 As Double, ByVal a4 As Double, _ 

    ByVal a5 As Double,ByVal a6 As Double, ByVal a7 As Double, ByVal a8 As Double, _ 
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    ByVal a9 As Double, ByVal a10 As Double,ByVal a11 As Double, _ 

    ByVal a12 As Double, ByVal a13 As Double, ByVal a14 As Double, _ 

    ByVal a15 As Double, ByVal a16 As Double, ByVal a17 As Double, _ 

    ByVal a18 As Double, ByVal a19 As Double, ByVal a20 As Double, _ 

    ByVal a21 As Double, ByRef op1 As Double, ByRef op2 As Double, _ 

    ByRef op3 As Double, ByRef op4 As Double, ByRef op5 As Double, _ 

    ByRef op6 As Double, ByRef op7 As Double) As Double 

Declare Function nortaFunction08var Lib "D:\ProgramNORTA\DLLs\nortaSim08var.dll" _ 

   (ByVal a1 As Double, ByVal a2 As Double, ByVal a3 As Double, ByVal a4 As Double, _ 

    ByVal a5 As Double, ByVal a6 As Double, ByVal a7 As Double, ByVal a8 As Double, _ 

    ByVal a9 As Double, ByVal a10 As Double, ByVal a11 As Double, _ 

    ByVal a12 As Double, ByVal a13 As Double, ByVal a14 As Double, _ 

    ByVal a15 As Double, ByVal a16 As Double, ByVal a17 As Double, _ 

    ByVal a18 As Double, ByVal a19 As Double, ByVal a20 As Double, _ 

    ByVal a21 As Double, ByVal a22 As Double, ByVal a23 As Double, _ 

    ByVal a24 As Double, ByVal a25 As Double, ByVal a26 As Double, _ 

    ByVal a27 As Double, ByVal a28 As Double, ByRef op1 As Double, _ 

    ByRef op2 As Double, ByRef op3 As Double, ByRef op4 As Double, _ 

    ByRef op5 As Double, ByRef op6 As Double, ByRef op7 As Double, _ 

    ByRef op8 As Double) As Double 

Declare Function nortaFunction09var Lib "D:\ProgramNORTA\DLLs\nortaSim09var.dll" _ 

   (ByVal a1 As Double, ByVal a2 As Double, ByVal a3 As Double, ByVal a4 As Double, _ 

    ByVal a5 As Double,ByVal a6 As Double, ByVal a7 As Double, ByVal a8 As Double, _ 

    ByVal a9 As Double, ByVal a10 As Double, ByVal a11 As Double, _ 

    ByVal a12 As Double, ByVal a13 As Double, ByVal a14 As Double, _ 

    ByVal a15 As Double, ByVal a16 As Double, ByVal a17 As Double, _ 

    ByVal a18 As Double, ByVal a19 As Double, ByVal a20 As Double, _ 

    ByVal a21 As Double, ByVal a22 As Double, ByVal a23 As Double, _ 

    ByVal a24 As Double, ByVal a25 As Double, ByVal a26 As Double, _ 

    ByVal a27 As Double, ByVal a28 As Double, ByVal a29 As Double, _ 

    ByVal a30 As Double, ByVal a31 As Double, ByVal a32 As Double, _ 



82

    ByVal a33 As Double, ByVal a34 As Double, ByVal a35 As Double, _ 

    ByVal a36 As Double, ByRef op1 As Double, ByRef op2 As Double, _ 

    ByRef op3 As Double, ByRef op4 As Double, ByRef op5 As Double, _ 

    ByRef op6 As Double, ByRef op7 As Double, ByRef op8 As Double, _ 

    ByRef op9 As Double) As Double 

Declare Function nortaFunction10var Lib "D:\ProgramNORTA\DLLs\nortaSim10var.dll" _ 

   (ByVal a1 As Double, ByVal a2 As Double, ByVal a3 As Double, ByVal a4 As Double, _ 

    ByVal a5 As Double, ByVal a6 As Double, ByVal a7 As Double, ByVal a8 As Double, _ 

    ByVal a9 As Double, ByVal a10 As Double, ByVal a11 As Double, _ 

    ByVal a12 As Double, ByVal a13 As Double, ByVal a14 As Double, _ 

    ByVal a15 As Double, ByVal a16 As Double, ByVal a17 As Double, _ 

    ByVal a18 As Double, ByVal a19 As Double, ByVal a20 As Double, _ 

    ByVal a21 As Double, ByVal a22 As Double, ByVal a23 As Double, _ 

    ByVal a24 As Double, ByVal a25 As Double, ByVal a26 As Double, _ 

    ByVal a27 As Double, ByVal a28 As Double, ByVal a29 As Double, _ 

    ByVal a30 As Double, ByVal a31 As Double, ByVal a32 As Double, _ 

    ByVal a33 As Double, ByVal a34 As Double, ByVal a35 As Double, _ 

    ByVal a36 As Double, ByVal a37 As Double, ByVal a38 As Double, _ 

    ByVal a39 As Double, ByVal a40 As Double, ByVal a41 As Double, _ 

    ByVal a42 As Double, ByVal a43 As Double, ByVal a44 As Double, _ 

    ByVal a45 As Double, ByRef op1 As Double, ByRef op2 As Double, _ 

    ByRef op3 As Double, ByRef op4 As Double, ByRef op5 As Double, _ 

    ByRef op6 As Double, ByRef op7 As Double, ByRef op8 As Double, _ 

    ByRef op9 As Double, ByRef op10 As Double) As Double 
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Sub clearCorr() 

    Dim i As Integer, j As Integer, amount As Integer 

    amount = Sheets("InputData").Range("f2").Value 

    Sheets("InputData").Range(Range("C6"), Range("L15")).Interior.ColorIndex = Null 

    For i = 2 To 10 

            For j = 1 To i - 1 

                Sheets("InputData").Cells(i + 5, j + 2).ClearContents 

            Next j 

    Next i 

    For i = 1 To amount 

        Sheets("InputData").Cells(i + 5, 3).Interior.ColorIndex = 36 

            For j = 1 To i 

     If i = j Then 

   Sheets("InputData").Cells(i + 5, j + 2).Interior.ColorIndex = 20 

                Else 

   Sheets("InputData").Cells(i + 5, j + 2).Interior.ColorIndex = 36 

                End If 

            Next j 

    Next i 

End Sub 

Sub NTsimulation() 

    Dim Met  As Double, nVar As Integer, nSim As Long, nDimv As Long 

    Dim i As Integer, j As Integer, k As Integer, status As Integer 

    Dim reside As Double, coeff As Double, tempM() As Double, cc As Double 

    Dim a() As Double, Vectors() As Double, matrixCorr() As Double 

        Sheets("OutputData").Range("A5:P50000").ClearContents

        nSim = Sheets("InputData").Range("K2").Value

        nVar = Sheets("InputData").Range("nVAr").Value

        nDimv = nVar * (nVar - 1) / 2 
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    ReDim a(0 To nDimv - 1), Vectors(0 To nVar - 1), matrixCorr(nVar, nVar) As Double, _

                tempM(nVar, nVar) 

    'Check Correlation Matrix by Superdiagonalization Method 

    For i = 1 To nVar 

        For j = i To nVar 

            matrixCorr(j, i) = Sheets("InputData").Cells(5 + j, 2 + i).Value 

            matrixCorr(i, j) = matrixCorr(j, i) 

        Next j 

    Next i 

    For k = 1 To nVar 

        For i = k To nVar 

            If matrixCorr(i, i) < 0 Then 

                status = 0 

   If status = 0 Then 

                MsgBox " The Correlation Matrix that you filled is not positive definite matrix. " _ 

 & vbCrLf & "" & vbCrLf & "   You must enter new data ! ", _ 

    vbOKOnly + vbExclamation, "Invalid Correlation Matrix" 

        End If 

                Exit Sub 

            ElseIf matrixCorr(i, i) = 0 Then 

                reside = 0 

   For j = k To nVar 

   reside = reside + Abs(matrixCorr(i, j)) + Abs(matrixCorr(j, i)) 

     If reside > 0 Then 

         status = 0 

       If status = 0 Then 

                MsgBox " The Correlation Matrix that you filled is not positive definite matrix. " _ 

       & vbCrLf & "" & vbCrLf & "     You must enter new data ! ", _ 

         vbOKOnly + vbExclamation, "Invalid Correlation Matrix" 

            End If 

         Exit Sub 
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         Else 

         status = 1 

        End If 

                Next j 

            Else 

                status = 1 

            End If 

        Next i 

        If status = 1 Then 

            For i = k + 1 To nVar 

                coeff = matrixCorr(i, k) / matrixCorr(k, k) 

  For j = k + 1 To nVar 

   matrixCorr(i, j) = matrixCorr(i, j) - coeff * matrixCorr(k, j) 

                Next j 

   matrixCorr(i, k) = 0 

            Next i 

        End If 

    Next k 

    'Start Generate Multivariate Uniform Random Vectors by NORTA Technique 

    For i = 1 To nDimv 

        a(i - 1) = Sheets("InputData").Cells(5 + i, nVar + 13).Value 

    Next i 

    For i = 1 To nVar 

        Vectors(i - 1) = 0 

    Next i 

        If nVar = 2 Then 

            For i = 1 To nSim 

                cc = nortaFunction02var(a(0), Vectors(0), Vectors(1)) 

                Sheets("OutputData").Cells(i + 4, 1) = i 
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   For j = 1 To nVar 

   Sheets("OutputData").Cells(i + 4, j + 1) = Vectors(j - 1) 

                Next j 

                Sheets("InputData").Range("i24") = i 

            Next i 

        ElseIf nVar = 3 Then 

            For i = 1 To nSim 

                cc = nortaFunction03var(a(0), a(1), a(2), Vectors(0), Vectors(1), Vectors(2)) 

                Sheets("OutputData").Cells(i + 4, 1) = i 

   For j = 1 To nVar 

   Sheets("OutputData").Cells(i + 4, j + 1) = Vectors(j - 1) 

                Next j 

                Sheets("InputData").Range("i24") = i 

            Next i 

        ElseIf nVar = 4 Then 

            For i = 1 To nSim 

                cc = nortaFunction04var(a(0), a(1), a(2), a(3), a(4), a(5), _ 

        Vectors(0), Vectors(1), Vectors(2), Vectors(3)) 

                Sheets("OutputData").Cells(i + 4, 1) = i 

   For j = 1 To nVar 

   Sheets("OutputData").Cells(i + 4, j + 1) = Vectors(j - 1) 

                Next j 

                Sheets("InputData").Range("i24") = i 

            Next i 

        ElseIf nVar = 5 Then 

            For i = 1 To nSim 

                cc = nortaFunction05var(a(0), a(1), a(2), a(3), a(4), a(5), a(6), a(7), a(8), a(9), _ 

                Vectors(0), Vectors(1), Vectors(2), Vectors(3), Vectors(4)) 

                Sheets("OutputData").Cells(i + 4, 1) = i 

   For j = 1 To nVar 

   Sheets("OutputData").Cells(i + 4, j + 1) = Vectors(j - 1) 
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                Next j 

                Sheets("InputData").Range("i24") = i 

            Next i 

        ElseIf nVar = 6 Then 

            For i = 1 To nSim 

                cc = nortaFunction06var(a(0), a(1), a(2), a(3), a(4), a(5), a(6), a(7), a(8), a(9), _ 

a(10), a(11), a(12), a(13), a(14), _ 

                Vectors(0), Vectors(1), Vectors(2), Vectors(3), Vectors(4), Vectors(5)) 

                Sheets("OutputData").Cells(i + 4, 1) = i 

   For j = 1 To nVar 

   Sheets("OutputData").Cells(i + 4, j + 1) = Vectors(j - 1) 

                Next j 

                Sheets("InputData").Range("i24") = i 

            Next i 

        ElseIf nVar = 7 Then 

            For i = 1 To nSim 

                cc = nortaFunction07var(a(0), a(1), a(2), a(3), a(4), a(5), a(6), a(7), a(8), a(9), _ 

                a(10), a(11), a(12), a(13), a(14), a(15), a(16), a(17), a(18), a(19), a(20), _ 

                Vectors(0), Vectors(1), Vectors(2), Vectors(3), Vectors(4), Vectors(5), 

Vectors(6))

                Sheets("OutputData").Cells(i + 4, 1) = i 

   For j = 1 To nVar 

   Sheets("OutputData").Cells(i + 4, j + 1) = Vectors(j - 1) 

                Next j 

                Sheets("InputData").Range("i24") = i 

            Next i 

        ElseIf nVar = 8 Then 

            For i = 1 To nSim 

                cc = nortaFunction08var(a(0), a(1), a(2), a(3), a(4), a(5), a(6), a(7), a(8), a(9), _ 

                a(10), a(11), a(12), a(13), a(14), a(15), a(16), a(17), a(18), a(19), a(20), _ 

                a(21), a(22), a(23), a(24), a(25), a(26), a(27), _ 



88

                Vectors(0), Vectors(1), Vectors(2), Vectors(3), Vectors(4), Vectors(5), 

Vectors(6), _ 

                Vectors(7)) 

                Sheets("OutputData").Cells(i + 4, 1) = i 

   For j = 1 To nVar 

   Sheets("OutputData").Cells(i + 4, j + 1) = Vectors(j - 1) 

                Next j 

                Sheets("InputData").Range("i24") = i 

            Next i 

         ElseIf nVar = 9 Then 

            For i = 1 To nSim 

                cc = nortaFunction09var(a(0), a(1), a(2), a(3), a(4), a(5), a(6), a(7), a(8), a(9), _ 

                a(10), a(11), a(12), a(13), a(14), a(15), a(16), a(17), a(18), a(19), a(20), _ 

                a(21), a(22), a(23), a(24), a(25), a(26), a(27), a(28), a(29), a(30), a(31), _ 

 a(32), a(33), a(34), a(35), _ 

                Vectors(0), Vectors(1), Vectors(2), Vectors(3), Vectors(4), Vectors(5), 

Vectors(6), _ 

  Vectors(7), Vectors(8)) 

                Sheets("OutputData").Cells(i + 4, 1) = i 

   For j = 1 To nVar 

   Sheets("OutputData").Cells(i + 4, j + 1) = Vectors(j - 1) 

                Next j 

                Sheets("InputData").Range("i24") = i 

            Next i 

        Else: nVar = 10 

            For i = 1 To nSim 

                cc = nortaFunction10var(a(0), a(1), a(2), a(3), a(4), a(5), a(6), a(7), a(8), a(9), _ 

                a(10), a(11), a(12), a(13), a(14), a(15), a(16), a(17), a(18), a(19), a(20), _ 

                a(21), a(22), a(23), a(24), a(25), a(26), a(27), a(28), a(29), a(30), a(31), _ 

                a(32), a(33), a(34), a(35), a(36), a(37), a(38), a(39), a(40), a(41), a(42), _ 

                a(43), a(44), _ 
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          Vectors(0), Vectors(1), Vectors(2), Vectors(3), Vectors(4), Vectors(5), Vectors(6), _ 

          Vectors(7), Vectors(8), Vectors(9)) 

                Sheets("OutputData").Cells(i + 4, 1) = i 

   For j = 1 To nVar 

   Sheets("OutputData").Cells(i + 4, j + 1) = Vectors(j - 1) 

                Next j 

                Sheets("InputData").Range("i24") = i 

            Next i 

        End If 

        Worksheets("OutputData").Activate 

End Sub 
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 NORTA 

 NORTA

 NORTA  3 

            1)  dll  9 

 NORTA  2–10 

2)  NORTAgenerating.xls 

 NORTA

3)  Manual.pdf 

 NORTA 

1  NORTA 

 ProgramNORTA 
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     1)  (coppy)  ProgramNORTA  (drive) 

 ProgramNORTA  D 

2  ProgramNORTA  D

2)

2.1  Tools  Macro Security

2.2  Security  Security Level  Medium 

 OK

3)  NORTAgenerating.xls  File  Open …

Look in :    NORTAprogram  D 

 NORTAprogram     DLLs  NORTAgenerating.xls  

 NORTAgenerating.xls  Open

4)  NORTAgenerating.xls  Security Warning 

 Enable Macros 
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5)  NORTAgenerating.xls  2 worksheet  InputData 

OutputData 3

3  worksheet : InputData  worksheet : OutputData 

5.1)  worksheet : InputData 

 3 

            -   (dimension) 

InputData

OutputData
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               -   (N) 

               -

5.2)  worksheet : OutputData 

 worksheet : InputData

6)  dll  NORTA 

6.1)  Visual Basic Editor  Tools  Macro 

Visual Basic Editor  Alt + F11 

6.2)   Visual Basic Editor 

       6.2.1)    Project – VBAProject  Modules 

 Module1  (code) 

 (coding window) 4

4  Project – VBAProject  (coding window) 
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6.2.2)  (Coding Window)  (Code)

 NORTAprogram 

Declare Function  9  (Code) 

            - C

Declare Function nortaFunction02var Lib “C:\NORTAprogram\DLLs\nortaSim02var.dll”

- D

Declare Function nortaFunction02var Lib “D:\NORTAprogram\DLLs\nortaSim02var.dll”

             - E MyProgram

Declare Function nortaFunction02var Lib “E:\MyProgram\NORTAprogram\DLLs\

nortaSim02var.dll”

 NORTAprogram  D 

(Code)  9 5

5  (coding window) 

NORTAprogram  D 

       6.2.3)  File Save NORTAgenerating.xls

  Ctrl+S 
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 (0,1)  NORTA  5 

 5  (  5 )  5000 

12.03.05.04.0
2.014.06.03.0
3.04.015.02.0
5.06.05.011.0
4.03.02.01.01

X

 worksheet : InputData

        1)   Amount of Variables  5 

      2)   Iteration (N)  5000 

        3)   (Textbox)  “ClearValue” 

        4)   Correlation Matrix 6

5)  (Textbox)  “NORTA Simulation Start!!” 

6  NORTA  5 
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 worksheet : OutputData  NORTA 

 worksheet : InputData 7

7  NORTA  5 

 NORTA

1)  (0,1) 

2)  2-10 

 2 – 10 

3)  (NORTAgenerating.xls) 

 (2-10)     Correlation Matrix 

  Correlation Matrix 
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 3  (  3 )

 1000  Correlation Matrix 

15.04.0
5.013.0
4.03.01

X

 Correlation Matrix  3 

 ( )

 Correlation Matrix 

3  (NORTAgenerating.xls) 

Correlation Matrix 

4) Correlation Matrix 

 (Positive Semidefinite Matrix or Positive Definite Matrix) 

 Correlation Matrix 

 3  (  3 )

Correlation Matrix 

11.06.0
1.019.0
6.09.01

X

 (non-positive definite matrix)

  Correlation Matrix  OK

8

8  Correlation Matrix 
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