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1

SATEILITE

1.1 : SATEILITE

: : SATEILITE (Sys-
tem Analysis Total Environment for Laboratory — Language and InTeractive Execution)

(11, ).
SATERLITE C (SATEILITE )
(SATEILITE-shell) , 200

1.2



1 SATELITE
1.1
1975 NUSS
()
1977 NUSSII
()
1978 | CATS
(Conversational Analyser for Time Series Data)
FACOM230 - Fortran( ) ‘
1
1982 ( ) 1982 TUTCSS
TLCS12A - Assembler [ ]| uELcoMTO0L)
!

1983 | ISPP 1983 SIGMA
(Interactive Signal Processing Program (MELCOMT0)
for Biological System Analysis)

MELCOM?70 - Fortran L
( ) 2040 % 4 1985 SIGMA
. (PCY801)
1986 | ISPP
(Interactive Signal Processing Package)
PC-9801 - C( ), Fortran [ ]| res7Nes
( ) 2048 x 7 (PC9801)
1988 | ISPP-PC
PC-9801(DSP, A/D ) - C,Fortran
:( ) 4096 % 4
SIGMA
DAS, NCS
1989 | ISPP-EWS 1989 NCS,
SUN3 SUNTOOLS - C,Fortran EWS SIGMA(EWS)
:( )4096
2
1991 | SATELITE 1991 NPE
(System Analysis Total Environment (EWS)
for Laboratory InTeractive Execution)
EWS X Window-C
( )
1993 | SATEILITFE Language

EWS(sun,titan,titanIl,luna88k) X Window - C




1 SATELITE

Program
(Analysis Algorithm)

-w Extensity

Functions

built-in functions
operators
data

Interface
Protocol

External Functions

|SPP
Digital signal

Neural network
imulation

1.1 SATELITE

, SATELITE
1.2.1 : SYSTEM
SYSTEM |, : :
1.2.2 : ISPP

ISPP(Interactive Signal Processing Package) , SATEILITE

) )

, FFT,



1 SATELITE 4

1.2.3 : GPM

. GPM(Graphic Package Module)

Y ) Y 3 Y
1.2.4 : BPS
BPS(Back Propagation Simulator) (BP)
1.2.5 : NCS

NCS(Neural Circuit Simulator) ) ;

1.2.6 NPE

NPE(Nonlinear Parameter Estimation module) |
. , Simplex BFGS DFP
SSVM : , ,



1 SATELITE

1.3

SATEILITE

OS

Window System

SunOS 4.1.2

Solaris 2.5

HP-UX 9.05
HP-UX 10.01

DEC OSF/1 V3.0
Digital UNIX V3.2¢c
FreeBSD 2.1.0R
Linux 2.0.0

X Window Ver. 11 R4
OSF /Motif Ver. 1.1
C



SATEILITE

2.1

Y

Mathematica,
LabVIEW,

, SATEILITE

API(Application Program Interface)

: : ( )

Y Y

SATEILITE

) :

)

SATEILITE

. SATEILITE

AVS

, for , while

Y



2  SATELLITE 7

, UNIX
, , , UNIX Bourne

2.2

, UNIX 4g]”

ss10-komo>/home/komo: [561]% sl

)

SATEILITE X 2.1 . ,
rc (/usr/local /satellite/lib /satellite /rc/re.sl) :

(7/.setup.sl)
, echo off , , UNIX

, , “echo
?Welcome to SATELITE WORLD”  /dev/tty”

re, setup )

)

, re ) ) setup ,

“close” “exit”

: ~D(CTRL D )



2  SATELLITE

= SATELLITE Language: xpi000 ! lamditas/homelkunita EE

L L L AL L L L L L
Helocome to The SATELLITE MWoeld
Copuright (C) 1992, BPEL, Touohashi University of Technology
Version 2,83
L L L L L L L

SYSTEM MODULE
v STEM MODULE

a1 External Functionzs ... Install Ok,
31 External Functions ... Install Ok,
SYSTEM MODULE 41 External Functions ... Install Ok,
SYSTEM MODULE | + 20 External Functions ... Install Ok,
SYSTEM MODULE m_ 1 23 External Functions ... Install Ok,

¥ + 21 External Functions ... Install Ok,

I"'I******

SATELLITE[H humefkunlta [2571% B

2.1 SATEILITE X

[JSATELLITE[]komo/rose: [63]% close«
[JSATELLITE[]komo/rose: [63]% exit«
[JSATELLITE[]komo/rose: [63]% "D

, clean (/.clean.sl) : :

: ( ) :

: (*/.history.sl)
SATEILITE

o - C )
o -rc rC
o  —setup setup
o —clean clean
o —log
o —work ( )
(SLxxx) SL_WORK_DIR
- work
-work
o —temp —work
o —help

, setup ,



2  SATELLITE

ss10-komo>/home/komo: [54]7 sl setup2.sl«

7 C )

, rc, setup, clean

, echo on

2.3

2.3.1

SATEILITE

[k “/77
Y

[JSATELLITE[] /home/tom: [62]% cd TeX«
[JSATELLITE[] tom/TeX: [63]%

1

)

Y

[JSATELLITE[]tom/rose: [63]% n = 0«
[JSATELLITE[]tom/rose: [64]7% for( i = 0; i < 10; i++) {«

(Xterm, Kterm, DECterm )

“SL_FIXED_TITLE”

2.3.2



2  SATELLITE

[]_SATELLITE Language: titan2 | lamdifasthomelkunita_| 1| |
(NEEI=IREEl ] “hone/kunita: (6312 0

ELEH P

2.2 SATELLITE X

, GNU-Emacs

,“F(-),"B(<),"A,"E
, “D(DEL),"H(BS),"K

[JSATELLITE[]tom/rose: [63]% n =0

, 0 . , "H
, ) , 0
B , 0 ,
~A , n
GNU-Emacs
[ ]
~pP

7AN Y

)

[JSATELLITE[]tom/rose: [63]% n = 0«
[JSATELLITE[]tom/rose: [64]%

[JSATELLITE[]tom/rose: [65]%

O«

[
]

o~
Y P Y

[JSATELLITE[]tom/rose: [64]% j = O

, P ;
[JSATELLITE[]tom/rose: [63]% n = 0

, , "N
[JSATELLITE[]tom/rose: [64]% j = O

2.1

10



2  SATELLITE 11

2.1
beginning of line ~A
backward char -~ B, <
interrupt ~C
delete char ~ D, DEL
end of file ~D
file listup -~ D
end of line ~E
forward char ~F, S
backward delete char ~H, BS
newline ~J
kill line ~ K
newline -~ M
down history ~N,
up history S
tty start output ~Q
tty stop output ~S
transpose chars -~ T
keyword completion ~ W
filename completion TAB, ESC-ESC

command completion TAB, ESC-ESC



2  SATELLITE 12

[JSATELLITE[]tom/rose: [63]% n = 0«
[JSATELLITE[]tom/rose: [64]% j = 0«
[JSATELLITE[]tom/rose: [65]% n

) b A'P b
[JSATELLITE[]tom/rose: [63]% n = 0

UNIX ’
, TAB ,
( ) ,
, , TAB
, , reportl.tex, report2.tex,
report3.tex, workl.tex, work2.tex, work3.tex 6 ,
[JSATELLITE[]tom/rose: [88]% wol[TAB]
[JSATELLITE[]tom/rose: [88]% workl.tex
“o”
, ) , TAB , 2

[JSATELLITE[]tom/rose: [88]% workl.tex[TAB]
[JSATELLITE[]tom/rose: [88]Y% work2.tex

: PATH
TAB

) ) UNIX

, W
71 ) )

[1SATELLITE[]tom/rose: [89]% i~ W
[JSATELLITE[]tom/rose: [89]% if

) AW Y Y 2

[JSATELLITE[]tom/rose: [9]} if~ W
[JSATELLITE[]tom/rose: [9]% inline

Y )



2  SATELLITE 13

/\D ,
) , UNIX

cd, cp, mv ,

[JSATELLITE[]tom/rose: [8]% cd /home/tom/TeX/

, /home/tom/Tex/ ,
~D ’

[1SATELLITE[]tom/rose: [8]% cd /home/tom/TeX/”D
DSP/ reportl.tex report2.tex
report3.tex RETINA1/ RETINA2/
workl.tex work?2.tex work3.tex

[1SATELLITE[]tom/rose: [8]% cd /home/tom/TeX/

4 Y , 4 ) FIFO( ) 4 ) ,

4 I 4 )

[JSATELLITE[]tom/rose: [9]% cd /home/tom/TeX/RE~D
/home/tom/RETINAL/ /home/tom/RETINA2/
[JSATELLITE[]tom/rose: [9]% cd /home/tom/TeX/

LLRE??

[JSATELLITE[]Jtom/rose: [10]% L~D

, U

e UNIX

UNIX , UNIX UNIX
UNIX



2  SATELLITE

2.3.3
, (1) ; (2) ; (3)
) :
[ ]
I
Istr str
°
UNIX C
[ ]
SATEILITE
29.1
2.3.4
) SATEILITE
6 ) 3 %6

[JSATELLITE[]tom/rose: [13]7% 3*6«
18
[JSATELLITE[]tom/rose: [14]%

73 6 7AP )
[1SATELLITE[]tom/rose: [13]% 3%6

-~ ~ Wy ” w/n
, B D * /

[JSATELLITE[]tom/rose: [13]}, 3/6<
0.5
[JSATELLITE[]Jtom/rose: [15]%

(SATEILITE

14



2  SATELLITE

2.4

24.1

2.3

Y

shot, String, Scalar, File 5

Scalar

, Snapshot 1

15

1
( ) ,
Series
, SATEILITE
Series Snap-

, Scalar, Snapshot, Series, File ,
Snapshot , Scalar
, Series , Snapshot

100

Time Ei

Series

2.3

Y

X[2[2]

File
UNIX
2-dimensional Snapshot
[ ]
[
2-dimensional Series
(Method)

Scalar, Series, Snapshot, String, File

24 1



2  SATELLITE 16

Vi [\ R\
2.4 Scalar
Series 2.5
Tir&%‘t‘% "-»%
2.5 Series
, ) SATELLITE
5
e Series
( 2.3) 1 Series | 1
( 2.6). Series ,
Tir&%‘
2.6 1 Series
(Snapshot) , 2 Series 1
Series . , ,
, , Series  Scalar
, Series Scalar Series

, RO,

) ) . , Series

[JSATELLITE[]tom/rose: [27]1% x=1"7«

, 1 Series 1 7 ( 2.7). , 7
1 (2.5 ).



2  SATELLITE

2.7 1

[JSATELLITE[]tom/rose:
[0]:% 1 2 3
[51:% 6 7

[JSATELLITE[]tom/rose:

4

[JSATELLITE[]tom/rose:

3

(2.4.2 ).

[JSATELLITE[]tom/rose:

y

[JSATELLITE[]tom/rose:

Y

( 2.8).
[JSATELLITE[]tom/rose:
[0]:% 1 2 3
[5]:% 6 7

[JSATELLITE[]tom/rose:

)

( 2.9).

[JSATELLITE[]tom/rose:

(0] [11:% O 4
(0] [0]:% O 0

[JSATELLITE[]tom/rose:

e Snapshot

Series
napshot

Series

[28]%
4

[291%

[30]1%

[30]1%

[311%

[32]%

[331%

[331%

[34]1%

series y[2] [2]«

y[0] [1]=x«

y[0][1]«
5

y: [3]«

( 2.3)

, Series

17



2

SATEILITE

2.8 2

2.9 2

. Scalar
Snapshot

[JSATELLITE[]tom/rose:

, 2

[JSATELLITE[]tom/rose:

(0] [11:% O 0
(0] [0]:% O 0

[JSATELLITE[]tom/rose:

[JSATELLITE[]tom/rose:

Y

[JSATELLITE[]tom/rose:
(0] [1]:% O 4
(0l [0]:% O 0

[JSATELLITE[]tom/rose:

)

[JSATELLITE[]tom/rose:

4

[JSATELLITE[]tom/rose:

Series 2

, Snapshot
, Snapshot
( 2.10).
(2.4.2 ).

[34]% snapshot z[2][2]«

Snapshot

[35]% z<=

[361%

Y

[371% z[0] [1]=4

[38]% z—

[391%

[39]% z[0] [1]<

[401%

)

18



2  SATELLITE

e Scalar

( 2.11)

2.10 2

Series

i

Snapshot

- B

&

2.11 Scalar

[JSATELLITE[]tom/rose: [41]% k = 0.8+

[1SATELLITE[]tom/rose: [42]% k<

0.8

[JSATELLITE[]tom/rose: [43]%

e File

File

[1SATELLITE[]tom/rose: [26]% $"data.dat":[0]

y ( Series

Series

, File

Snapshot

, File

Y

Series

( 212)

Scalar

, series

( Series, Snapshot )
Series

y<—’

)

File

data.dat

[JSATELLITE[]tom/rose: [27]1% x = $"data.dat":[0]«

19



2

SATEILITE
File type
Data type
Header part Owner
256byte Comment
Data part Record 0 Date
e Dimension
Record 1 Index
Record n-1
Record n
2.12
x data.dat 0 ,
[JSATELLITE[]tom/rose: [28]% y = $"data.dat"«
y data.dat . XY Series
, data.dat . 2
, X 2 ,y 3 Series
e String
) )
. String
, String
“+77 “n [13 7 (4/77
7 ) )

Y ) )
(")
(L+77

[JSATELLITE[]tom/rose: [29]% "test" + ".dat"«

test.dat
[JSATELLITE[]tom/rose: [30]%

«w.»

[JSATELLITE[]tom/rose: [30]% "test.dat" - ".dat"«

test
[JSATELLITE[]tom/rose: [311%

20



2  SATELLITE

[JSATELLITE[]tom/rose:

ABCABCABCABC

[JSATELLITE[]tom/rose:

[JSATELLITE[]tom/rose:

[0]% A BC D EFG H
[5]% IJK

[JSATELLITE[]tom/rose:

, (([O]%”’ 4([5]%77

2.4.2

Series ,

[JSATELLITE[]tom/rose:

, 64%x 64

[JSATELLITE[]tom/rose:

Snapshot ,

[JSATELLITE[]tom/rose:

Snapshot ,

)

[JSATELLITE[]tom/rose:

Scalar

Y

[JSATELLITE[]tom/rose:

String ,

[311%

[321%

[321%

[331%

[351%

[361%

[371%

[381%

[391%

"ABC" 4

((/77

"A,BC,D,EFG,H,IJK," / ","«

series x«<

series y[64][64] <«

snapshot a[10], b[20] [20]«

, Scalar

scalar i, j, k<

1 , String

string str, mstr[10]«

21



2  SATELITE 22
2.4.3
() ,
[JSATELLITE[]tom/rose: [60]% a = 1«
, a
, ISPP FFTC
[JSATELLITE[]tom/rose: [61]% fftc(P,x,y,u,v)
, P X, Y , 0, v FFTC
u, v
( ) (
) ,
, String
Scalar Scalar  String ,
[JSATELLITE[]tom/rose: [52]% "test" + 3«
test3
[JSATELLITE[]tom/rose: [63]% "" + 3.1415926«
3.14159
[JSATELLITE[]tom/rose: [54]Y%
, 77 4+ 3.1415926 3.14159
, Scalar  String String  Scalar ,
[JSATELLITE[]tom/rose: [54]% 3 + "3.1415926"«>
6.1415926
[JSATELLITE[]tom/rose: [65]% O + "1.08e-2"«<>
0.0108
[JSATELLITE[]tom/rose: [56]Y%
. , , Series String ,
Series String ,



2  SATELLITE

2.4.4

s X

[JSATELLITE[]tom/rose
series
[JSATELLITE[]tom/rose
snapshot
[1SATELLITE[]tom/rose

)

[JSATELLITE[]tom/rose

Y

[JSATELLITE[]tom/rose
10
[JSATELLITE[]tom/rose

[JSATELLITE[]tom/rose
[0]:% 10 50
[JSATELLITE[]tom/rose

2.5

[l

[k

23
, TYPEOF
Series ; y  Snapshot
1 [561% typeof (x)
1 [571% typeof (y)
: [681%
, INDEX : )
:[68]% a = 1710«
: [69]% index(a) <«
: [601%
, b[10][50]
: [60]% index(b) <«
1 [611%
’ (merge) “()



2

SATEILITE

[1SATELLITE[]tom/rose: [56]%
[JSATELLITE[]tom/rose: [67]1%
[01:% -3 -2 -1

[JSATELLITE[]tom/rose: [568]%

[JSATELLITE[] tom/rose: [69]% y

[0]:% 1 2 3
[JSATELLITE[]tom/rose: [60]%
[1SATELLITE[]tom/rose: [61]%
[01:% -3 -2 -1
(5]1:% 2 3
[JSATELLITE[]tom/rose: [62]%

.22

2.2

= -37-1<

TN

y = 173«

T

(x, 0, )«

TN

° ‘
-

Series

[JSATELLITE[]tom/rose: [63]%
[0]:% -0 -0 -0
[51:% 2 3
[1SATELLITE[]tom/rose: [64]%

, (z > 0) x

(z > 0) % z

0 1

24



2  SATELLITE 25

2.6
(1) 3.0, 1.0e-5 ,  "Welcome to SATELLITE World"
(2) PI E ( 2.3),
2.3
DEG 57.2957--- 180/m
E 2.7182- -+ e,
GAMMA  0.5772--- ~, Euler-Mascheroni
PHI 1.6180--- (V5 +1)/2,
PI 3.1415---
(3) const : :
[JSATELLITE[]tom/rose: [566]% const Degree = PI/180«
, const
const , Series
2.7
, C if while | do-while | for , {---}

o if (‘expr ) stmt
o if (expr ) stmt else stmt
o while ( expr ) stmt

o for ( expr ; expr ; expr ) stmt



2  SATELLITE

7eXpr ) )
stmt
((&&77 OR “||77 ,
0 ;
(Series )
2.7.1 if
) : , 2
if 1
if ( ) {
+
if 2
if ( ) {
1 ;
} else {
2 ;
}
“ n ;8 X

, stmt

expr ,

[JSATELLITE[]tom/rose: [86]7 if (x < n){«

+ 8 = 8 + X
+ }e
[1SATELLITE[]tom/rose: [871%

[JSATELLITE[]tom/rose: [87]%
+ 8 =8 + X

+ } else {«

+ }eo

[JSATELLITE[] tom/rose: [88]%

) S X )

if (x < n){«

26

7{7}

AND

if
(else
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2.7.2 while , do-while

while
while

while

while( ) {

}
do-while
do {

} while( )

, while , ,S X

[1SATELLITE[]tom/rose: [89]7 while (x < n){«

+ S =8 + X
+ ntteo
+ Jeo
[JSATELLITE[]tom/rose: [90]Y%
, do-while ,

[1SATELLITE[]tom/rose: [89]7, do{«
+ 8 =8 + X -
T ntteo

+ } while(x < n)«
[JSATELLITE[]tom/rose: [90]%

2.7.3 for
for ,
2 ;
;3 :
for
for( ) {

27

do-while ,

do

for



2  SATELLITE 28

Y

[JSATELLITE[]tom/rose: [90]% for(i=1; i<=n; i++){<
+ 8 =8 + X

* e
[JSATELLITE[]Jtom/rose: [91]1%

, break , while for
, continue
2.8
2.8.1
SATEILITE ,
EXTERNAL
CONST
SATEILITE
2.8.2
, series, snapshot, scalar ,
2.4 .25
, ( reference ).
2.8.3
. 13 n 10 2

plusten



2

SATEILITE

24
abs(x) X
acos(x) X
asin(x) X
atan(x) X
atan2(x,y) x/y , atan(x/y)
cos(x) X
exp(x) e”
exp2(x) 27
int(x) X , 0
mod(x,y) x/y , X%y
log(x) e X ( )
log2(x) 2 X
log10(x) 10 X ( )
pow(xy)  a¥, X"y
sgn(x) b'e
sin(x) X
sqrt(x) VT
tan(x) X
2.5
) X,y “.
abort()
alias(x, y)
history(x)
index(x)
inline(x)
length(x) /
printf(x, ...)
read(x)
strlen(x)
typeof(x)
undef(x)
unix(x) UNIX
write_type()
Symbols() ( )
GarCo() (Garbage collection)

29
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SATEILITE

[1SATELLITE[]tom/rose
+f=n +10<

+ return f<

+ Jeo
[1SATELLITE[]tom/rose

[JSATELLITE[]tom/rose
[1SATELLITE[]tom/rose
18

[1SATELLITE[]tom/rose

fac

: [671%

: [681%

: [581%
: [691%

: [601%

30

func plusten(n){<

num = 8«

plusten(num) «—

[JSATELLITE[]tom/rose: [60]% func fac(x) {«
+ if(x<=0) return 1 else return x*fac(x-1)«

+ Jeo
[JSATELLITE[]tom/rose

[43
) Y

[JSATELLITE[]tom/rose:
[JSATELLITE[]tom/rose:

+ X = ne
+y=n+1@

+ Jeo

[]ngELLITE[]tom/rose:

Y

[JSATELLITE[]tom/rose:
[JSATELLITE[]tom/rose:

14

[JSATELLITE[]tom/rose:

15

[JSATELLITE[]tom/rose:

:[611%

X

[611%
[621%

[631%

[621%
[631%

[641%

[651%

n , y n+1 7
, 2.4.3 ,

scalar x,y«<

proc plusone(n, x, y){<

plusone(14, x, y)«

=

yH
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SATEILITE

) EXTERNAL

EXTERNAL

[JSATELLITE[]tom/rose:

+ external x,y<

+xX=nmn
+ y = n+l
t )

[]ggTELLITE[]tom/rose:

+

external x,y«<

subplusone (gn)

+
+z=x+y
+ return z

t}

[1SATELLITE[]tom/rose:

[JSATELLITE[]tom/rose:
[JSATELLITE[]tom/rose:

9

[JSATELLITE[]tom/rose:

4

[JSATELLITE[]tom/rose:

5

[JSATELLITE[]tom/rose:

0

[JSATELLITE[]tom/rose:

[JSATELLITE[]tom/rose:

t  Scalar

[JSATELLITE[]tom/rose:

0.5

[JSATELLITE[]tom/rose:

t  Series

[651%

[651%

[651%

[651%

[651%

[651%

[651%

[651%

[651%

(661%

)

(671%

[681%

proc subplusone (n) {«

func glplusone (gn) {«

scalar x,y,z<

glplusone(4)

func sigmoid(t) return 1/(l+exp(-t))«

sigmoid(0)

31



2  SATELLITE

[JSATELLITE[]tom/rose: [68]% sigmoid(-10710)+«

[ 0]:% 0.0000 0.0001 0.0003 0.0009 0.0025
[ 6]:% 0.0067 0.0180 0.0474 0.1192 0.2689
[10]:% 0.5000 0.7311 0.8808 0.9526  0.9820
[16]:% 0.9933 0.99756 0.9991 0.9997  0.9999
[20]:% 1.0000 [JSATELLITE[]tom/rose: [69]Y%

, t  String ; 5

[JSATELLITE[]tom/rose: [69]% sigmoid("test")«
sl: string not supported method
[JSATELLITE[]tom/rose: [70]%

, Series , 7 -10 10
(21 ) sigmoid , 21 Series

, , Scalar, Snapshot, Series, File

2.8.4

print )

[JSATELLITE[]Jtom/rose: [70]% x = 3«
[JSATELLITE[]tom/rose: [71]7 print "x=",x,"\n"<

x=3

[JSATELLITE[]tom/rose: [72]7, print (1,2,3,4,5), "\n"<
[01:% 1 2 3 4 5

[JSATELLITE[]tom/rose: [73]%

, print printf
, C printf

[JSATELLITE[]tom/rose: [73]% x = 3«

[1SATELLITE[]tom/rose: [74]7, printf("x = %d\n",x)<

x =3

[JSATELLITE[]tom/rose: [75]% printf("%15.7f\n",(1,2,3,4,5))«
[0]:% 1.0000000 2.0000000 3.0000000

[3]:% 4.0000000 5.0000000

[JSATELLITE[]tom/rose: [76]%




2  SATELLITE 33

, read read

read

Y

[JSATELLITE[]tom/rose: [77]% y = read(series)«

Y

1’ 2’ 3’ 4, 5, 6, 7, 8

) y

[JSATELLITE[]tom/rose: [78]}% y—
[0]:% 1 2 3 4 5
[5]:% 6 7 8
[1SATELLITE[]tom/rose: [79]%

2.8.5
SATEILITE UNIX ,
UNIX
UNIX , unix unix
, UNIX , ,
, String ,
’ ’ U ?
, UNIX
unix UNIX Is ,

[JSATELLITE[]tom/rose: [79]% files = unix("ls *.dat")<«
[JSATELLITE[]tom/rose: [80]% files«<

[0]% fnamal.dat fname2.dat fname3.dat

[3]1% fname4.dat fname5.dat

[JSATELLITE[]tom/rose: [81]% for(i = 0; i < length(files); i++) {«
+ files[i] >

+ Jeo

[1SATELLITE[]tom/rose: [82]Y%
SATELITE

[JSATELLITE[Jtom/rose:[82]% t = 2 *x PI *x 071024/1024«
[1SATELLITE[]tom/rose: [83]% unix("cat > data.txt") << sin(t)+




2

SATEILITE

[JSATELLITE[]tom/rose: [84]% s

Series

unix("cat data.txt")«

[JSATELLITE[]tom/rose: [85]% t

, String s Series
Series

[JSATELLITE[]tom/rose: [84]% t—
[ 01:% 0.000 0.006 0.012 0.018
[ 51:% 0.030 0.036 0.042 0.049

[1015]:% -0.05 -0.04 -0.04 -0.03
[1020]:% -0.02 -0.01 -0.01 -0.00

0 + s«

t

0.024
0.055

-0.03
-0.00

34



2  SATELLITE 35

2.9

2.9.1
SATEILITE

(13X

graph

Y

[JSATELLITE[]tom/rose: [13]% graph«
SATELLITE[]tom/rose: [13]% graph(x,
..... Y-AXIS DATA ( Object or T F D )

Y . . “volt”

[JSATELLITE[] tom/rose: [12]% graph(volt«
[JSATELLITE[]Jtom/rose: [13]% graph(volt,T
..... X-AXIS DATA ( Object or T F D )

SATEILITE

2.9.2

, inline
inline , ,

)

inline

)

( testsum1.sl )

psum = O;

for( i =1; i <= 10; i++){
sum = sum + 1i;

}

printf("sum = %d\n", sum);



2  SATELLITE 36

Y

[JSATELLITE[]tom/rose: [14]% inline("testsum.sl")«

Y

[JSATELLITE[]tom/rose: [14]% inline("testsum.sl")«
sum = 55
[1JSATELLITE[]tom/rose: [15]1%

inline
sum = 0;
for( i = 1; i <= 10; i++){
sum = sum + 1i;
}
printf("sum = %d\n", sum);
inline(" ");

: 10



(SYSTEM)

3.1

SYSTEM ,

3.2

3.2.1 (HELP)

help( com_name )
, com_name . , 77
[JSATELLITE[Jrose: [63]% help("help")«

, HELP

3.2.2 (HEADER)
( Y ) )

header( file name, mode)
, file_name , mode (0: , 1: )
[JSATELLITE[]rose: [64]% header("test.dat", 0)«
: (test.dat)

37



3.2.3

wait ()

3.2.4

(SYSTEM)

[66]% a—

y = reform(x, index)
Y
1 Series
[1SATELLITE[lrose: [651%
[1SATELLITE[Jrose:
[ 0]:% 1 2 3
[ 51:% 6 7 8
[10]:% 11 12 13
[1SATELLITE[lrose: [671%
[(JSATELLITE[Jrose: [68]%
[01:[0]% 1 2
[(1]1:[01% 3 4
[(2]:[0]1% 5 6
[(31:[01% 7 8
[41:001% 9 10
(51:[0]% 11 12
[61:[01% 13 14
[JSATELLITE[Jrose: [69]%
, 3.2
[1SATELLITE [lrose: [69]%
[(JSATELLITE[Jrose: [70]%
fol:[fo]l[0]% 1 2
fol:[1]1[01% 5 6
[(1]:[o][01% 9 10
[1]:[1]1[0]1% 13 14
[2]:[0][0]% O 0
[21:[1]1[01% O 0
[1SATELLITE[lrose: [71]%

(WAIT)
(REFORM)
, index .
a 2 Series b
a =114«
a<——
4 5
9 10
14
b = reform(a, (7,2))«
b
2 b
¢ = reform(b, (3,2,4))«
C—
3 4
7 8
11 12
0 0
0 0
0 0

3.1

38



3 (SYSTEM) 39
) ) 0
Snapshot
3.1 REFORM 1 3.2 REFORM 2
3.2.5 (BM)
bm (x)
b X X )
[JSATELLITE[]rose: [72]% bm(x)<«
) 3.3
, X
[1SATELLITE[Jrose: [73]1% t = 0799«
[JSATELLITE[]rose: [74]% x = sin(2xPIxt/100)«
, SCALE , )
3.4
, x 1 Series .
, 2 Series , REFORM
, , 1 Series x 2 Series
y
[JSATELLITE[]rose: [75]% y = reform(x, (2,50))«
2 Series y , ,
[1SATELLITE[Jrose: [76]7 bm(y)«
3.5 . , >
, 3.6
3.5 3.6 ) ,
3.5 3.3 1 50 , 3.6 3.3
51 100



(SYSTEM)

3.3 () 3.4

Tha-Serten - y Thns-Saripn o y
1 1.2e-16
0
1
3.5 1 3.6 2

(2 Series ) (2 Series )

40



3 (SYSTEM) 41

3.2.6 (SAM)

sam(frequency)
, frequency . ,

[JSATELLITE[]rose: [77]% a = 1710«

, wopen , graph axis a
3.7 ) , frequency 1000.0

[1JSATELLITE[]rose: [78]% sam(100)«

a 3.8 . , sam ,
ISPP , GPM  “graph”
3.7 SAM (1) 3.8 SAM (2)
(default sampling frequency = 1000.0 Hz) (sampling frequency = 10.0 Hz)
3.2.7 (CUT)

y = cut(x, start, end)

, X , ¥V , start ,
end . , 3.9 1 Series



[JSATELLITE[Jrose
[JSATELLITE[Jrose
[(0]:% 1 2
[5]:% 6 7
[JSATELLITE[Jrose
[JSATELLITE[Jrose
[(0]:% 4 5
[JSATELLITE[Jrose

Y

[1SATELLITE[]rose

[1SATELLITE[]rose

: [791%
: [801%

: [811%

: [821%

: [831%

: [831%

: [841%

3.9 CUT
(1

Series

, 3.10

[JSATELLITE[]rose
[JSATELLITE[Jrose
[JSATELLITE[Jrose
[JSATELLITE[Jrose
[ol:[01% 7
[11:[0]% 9
[2]:[01% 11
[JSATELLITE[Jrose

Snapshot

3.2.8

: [851%
: [861%
: [871%
: [881%

: [891%

(SYSTEM) 42
a =17«
ac—
4 5
b = cut(a,3,5)«—
b
b = cut(a,3,5)«
b = cut(a,5,3)«—
1 3.10 CUT 2
) (2 Series )
Series b ,
a=1"14«
b = reform(a, (7,2))«
c = cut(b,(3,0),(5,0)«
C

(PUT)



(SYSTEM) 43
z = put(x, y, index)
, X Y , Z ,index y
7 X
) ,  3.11 1 Series a 1 Series
b :
3.11 PUT (1 Series )
[JSATELLITE[]rose: [89]% a = 177«
[JSATELLITE[Jrose: [90]% b = 11717«
[JSATELLITE[]rose: [91]% c = put(a,b,3)«
[JSATELLITE[]rose: [92]% c<
[0]:% 1 2 3 11 12
[5]:% 13 14
[JSATELLITE[Jrose: [93]%
, 312 , 2 Series ar  br ,
3.12 PUT (2 Series )
[JSATELLITE[Jrose: [23]% a = 1714«
[JSATELLITE[]rose: [24]% b = 31736«
[JSATELLITE[]rose: [25]% ar = reform(a, (7,2))«
[JSATELLITE[Jrose: [26]% br = reform(b, (3,2))«
[JSATELLITE[]rose: [27]% c = put(ar,br,(2,0))«
[1SATELLITE[Jrose: [28]% c«
[0]:[01% 1 2
[11:[01% 3 4
[2]:[0]% 30 31



[3]1:[01%
[4]:[01%
[5]:[01%
(6] :[01%
[JSATELLITE[Jrose: [29]%

3.2.9

z = merge(x, y)

[1SATELLITE[Jrose:
[1SATELLITE[Jrose:
[JSATELLITE[Jrose:
[1SATELLITE[Jrose:
[JSATELLITE[Jrose:
[1SATELLITE[Jrose:
[0]:
: [01%

[1]

[2]:
[3]:
(4] :
[5]:
[6]:
[JSATELLITE[Jrose:

32
34
11
13

33
35
12
14

(SYSTEM)

Snapshot

(MERGE)

2 Series ar

1st
oth

3.13 MERGE

[01%

[01%
[01%
[01%
[01%
[01%

1
3
5
7
30
32
34

2

4
6
8
31
33
35

Snapshot

[291%
[301%
[311%
[321%
[33]%
[341%

[351%

(2 Series

a =18«

b = 31736«

ar = reform(a, (4,2))«
br = reform(b, (3,2))«
c = merge(ar,br)«

Cc—

br

44



3 (SYSTEM)

3.2.10 (FILL)

y = fill(x, start, end, value)

, X Y , start , end

value . , x start , end
value . )

) ,  3.14 1 Series

20 )
[1SATELLITE[]rose: [35]% a = 177«
[JSATELLITE[]rose: [36]% b = fill(a,3,5,20)«
[ISATELLITE[]rose: [37]% b
[0]:% 1 2 3 20 20
[51:% 20 7
[1SATELLITE[lrose: [381%

th
ath >
3rd
2nd
1st
oth

3.14 FILL 1 3.15 FILL
(1 Series ) (2 Series

6t
i

3 oz

T

,  3.15 , 2 Series b 30

[1SATELLITE[]rose: [38]% a = 1714
[JSATELLITE[]rose: [39]% b = reform(a, (7,2))«
[1SATELLITE[lrose:[40]% ¢ = £il1(b, (3,0),(5,0),30)«
[1SATELLITE[lrose: [41], c—

[o]:[01% 1 2
(11:[01% 3 4
[2]1:[0]1% 5 6

[3]1:[01% 30 8
[4]:[0]% 30 10
(51:[0]% 30 12
(61:[0]% 13 14
[JSATELLITE[Jrose: [42]7



Snapshot

3.2.11

y = zero(x, start

, X

,  9.16

[JSATELLITE[Jrose
[JSATELLITE[Jrose
[JSATELLITE[Jrose
[(0]:% 1 2
[5]:% O 7
[JSATELLITE[Jrose

3.16 ZERO

(1 Series

, 317

[JSATELLITE[Jrose
[JSATELLITE[Jrose
[JSATELLITE[Jrose
[JSATELLITE[Jrose
[0]:[0]% 1 2
[1]:[0]% 4
[2]:[01% 6
[3]1:[0]% 8
[4]:[0]% 10
[51:[0]% 12
[61:[01% 14

O O O O W

(SYSTEM) 46
(ZERO)
0
, end)
Y , start , end
x  start , end 0
1 Series a 0 ,
:[42]% a = 177«
:[43]% b = zero(a,3,5)«
: [44]1% b=
3 0 0
: (4517,
1 3.17 ZERO 2
) (2 Series )
2 Series b 0

:[45]% a = 1714+

:[46]% b = reform(a, (7,2))«
:[47]1% ¢ = zero(b, (3,0),(5,0))«
:[48]% c—=




(SYSTEM)

[JSATELLITE[]Jrose: [49]%

Snapshot

3.2.12 (REVERSE)

y = reverse(x)

Y X Y y
Series a ,

[JSATELLITE[]Jrose: [49]% a = 177«
[1SATELLITE[Jrose: [50]% b = reverse(a)«
[ISATELLITE[]rose: [61]7% a«

[0]:% 1 2 3 4 5

[5]1:% 6 7

[ISATELLITE[]rose: [62]7% b«

[0]:% 7 6 5 4 3

[51:% 2 1

[1SATELLITE [lrose: [5631%

, 318 2 Series a

3.18 REVERSE (2 Series

[JSATELLITE[]rose: [54]% a = 1714«
[JSATELLITE[]rose: [65]% b = reform(a, (7,2))«
[JSATELLITE[Jrose: [56]Y% b«

[01:[01% 1 2

[1]:[0]% 3 4
[2]:[0]% 5 6
[31:001% 7 8
[41:00]1% 9 10

47



3 (SYSTEM) 48

(51:[0]% 11 12

(el1:[0]% 13 14

[1SATELLITE[Jrose: [57]1% c = reverse(b)«
[ISATELLITE[Jrose: [68]% c«—

[0]:[0]% 14 13

(11:[0]% 12 11

[2]:[0]% 10
[(3]:[0]% 8
[4]:[0]% 6
(5]1:[0]1% 4
(6]:[001% 2 1
[1SATELLITE [lrose: [569]%

w o1 N ©

Snapshot

3.2.13 (ROTATE)

y = rotate(x, index)

3.19 ROTATE (1 Series )

[JSATELLITE[]rose: [59]% a = 177«
[1SATELLITE[Jrose: [60]% a«—

[01:% 1 2 3 4 5

[5]:% 6 7
[JSATELLITE[Jrose: [61]%
[JSATELLITE[]rose: [62]% b
[0]:% 4 5 6 7 1
[5]:% 2 3
[JSATELLITE[Jrose: [63]%

o

= rotate(a, 3)«

1



3 (SYSTEM)
, 3.20 2 Series b
3.20 ROTATE (2 Series
[JSATELLITE[Jrose: [63]% a = 1714«
[1SATELLITE[]rose: [64]% b = reform(a, (7,2))«
[ISATELLITE[]rose: [65]% b«
(0]:[0]% 1 2
(1]1:[0]% 3 4
[2]1:[0]% 5 6
[(31:[01% 7 8
[41:[001% 9 10
(51:[0]% 11 12
(e61:00]% 13 14
[1SATELLITE[]rose: [66]% c = rotate(b)«
[ISATELLITE[lrose: [67]% c—
(0]:[01% 7 8
[(11:[0]% 9 10
(2]:[0]% 11 12
[31:[01% 13 14
(4]:[0]% 1 2
(5]1:[01% 3 4
(6]:[01% 5 6
[1SATELLITE[lrose: [68]%
Snapshot
3.2.14 (MABI)

y = mabi(x, step)

49



(SYSTEM) 50

, X Y , step (step — 1
, step=0 1 . ,  3.21
, 1 Series a ,

[JSATELLITE[]Jrose: [68]% a = 177«
[JSATELLITE[]rose: [69]% b = mabi(a, 2)«
[ISATELLITE[]rose: [70]% be

[71->[4]

[0]:% 1 3 5 7
[1SATELLITE[lrose: [71]%

3.21 MABI 1 3.22 MABI 2
(1 Series ) (2 Series )
, 3.22 2 Series b ,

[JSATELLITE[]rose: [72]% a = 1721«
[JSATELLITE[]rose: [73]% b = reform(a, (7,3))«
[1SATELLITE[Jrose: [74]% b«

[0]:[01% 1 2 3
[1]1:[01% 4 5 6
[21:[01% 7 8 9
[31:[0]% 10 11 12
[4]:[01% 13 14 15
[51:[0]% 16 17 18
[61:[0]% 19 20 21
[JSATELLITE[Jrose: [75]%
[JSATELLITE[Jrose: [76]%
(71 [31->[3][2]

[0]:[01% 1 3
(11:[0]% 10 12
[21:[0]% 19 21
[JSATELLITE[Jrose: [77]%

mabi(b, (3,2))«

('/ﬁO



3 (SYSTEM) 51
Snapshot
3.2.15 (GET)

y = get(x, position)

, X Y , position

,  3.23 1 Series a ,
[JSATELLITE[Jrose: [77]% a = 177«

[JSATELLITE[Jrose: [78]% b = get(a,3)«

[JSATELLITE[Jrose: [79]% b«
4

[1SATELLITE[Jrose: [80]%

g‘2|grd _» ®
3.23 GET 1 3.24 GET 2
(1 Series ) (2 Series )

,  3.24 , 2 Series b ,
[JSATELLITE[]rose: [80]% a = 1714«

[JSATELLITE[]rose: [81]% b = reform(a, (7,2))«

[JSATELLITE[]rose: [82]% c = get(b,(3,0))«

[JSATELLITE[]rose: [83]% c«
7
[ISATELLITE[Jrose: [84]7

Snapshot
3.2.16 (MAXPOS)



(SYSTEM)

y = maxpos(x, num)

X Y , num
, 3.2 1 Series a

Y

[JSATELLITE[]rose: [84]% a =(3,7,5,1,6,2,4)«
[JSATELLITE[]rose: [85]% c = maxpos(a,l)«
[1SATELLITE[]rose: [86]7, c—

1

[JSATELLITE[Jrose: [87]%

3.25 MAXPOS 1 3.26 MAXPOS
(1 Series ) (1 Series
,  3.26 a

Y

[JSATELLITE[]rose: [87]% c = maxpos(a,2)«
[1SATELLITE[]rose: [88]% c<

[0]:[0]% 1

[1]:[0]% 4

[JSATELLITE[]rose: [89]%

, 3.27 , 2 Series b

3.27 MAXPOS 3
(2 Series )

52



[1SATELLITE[]rose:
[JSATELLITE[Jrose:
[1SATELLITE[Jrose:
[JSATELLITE[Jrose:
[0]:[0]% 4 0

[JSATELLITE[Jrose:

Snapshot

3.2.17

y = max(x)

, X
a

[ISATELLITE[]rose:
[JSATELLITE[]rose:
[ISATELLITE[]rose:
7

[ISATELLITE []rose:

)

[1SATELLITE[Jrose:
[JSATELLITE[Jrose:
[1SATELLITE[Jrose:
[JSATELLITE[Jrose:
14

[JSATELLITE[Jrose:

Snapshot

3.2.18

Series

(SYSTEM) 53

[181% a = (7,13,1,3,12,6,11,4,14,2,9,10,5,8)«
[19]1% b = reform(a, (7,2))«+
[20]% c = maxpos(b,1)«

[21]% c=
[221%
, MINPOS
(MAX)
Y . ) 1 Series

[23]1% a =(3,7,5,1,6,2,4)«
[24]% c = max(a)«
[25]% c=

[26]17%
, 2 Series b ,

[26]% a = (7,13,1,3,12,6,11,4,14,2,9,10,5,8) 14«
[27]1% b = reform(a, (7,2))«

[28]% c = max(b)«<

[29]% c<

[30]1%

5 MIN

(FIND)

ip = find(x, val, num)



(SYSTEM) 54

, X , ip , val , hum
,  3.28 1 Series a ,

[JSATELLITE[]rose: [30]% a = 177«
[JSATELLITE[]rose: [31]% c = find(a,5.8,2))«
DATA[6] -- POINT: [5]

DATA[5] -- POINT: [4]

[JSATELLITE[]rose: [32]% c—

[0]:[01% 5

[1]:[01% 4

[JSATELLITE[Jrose: [33]%

3.28 FIND 1 3.29 FIND 2
(1 Series ) (2 Series )

. 3.29 2 a :

Y

[JSATELLITE[Jrose: [33]%
[JSATELLITE[Jrose: [34]7
[JSATELLITE[Jrose: [35]%
DATA[7] -- POINT: [3][0]
DATA[6] -- POINT: [2][1]
[1SATELLITE[Jrose: [36]% c«
[0]:[01% 3 0

[1]:[01% 2 1
[JSATELLITE[Jrose: [37]%

= 1714«
= reform(a, (7,2))«
= find(b,6.8,2)«

o |T |p

Snapshot



(ISPP)

4.1

ISPP(Interactive Signal Processing Package) , SATELITE
) Y FFT7 ) Y

4.2 ISPP

ISPP 4.1, 4.2 , ) ) ) )

4.3

ISPP : , :

4.3.1

55



(ISPP)

4.1 ISPP (1)

argen | AR

gauss2 | 2

arand
mnrand

nrand

urand

dccut

norm

shift

interp | 2

akima | Akima , 1
spline 3 , 1
average

det 2 ,
eigen | 2 ,
integ

inv 2 ,
mul 2 2

trans 2

nmeq

56



4 (ISPP)
4.2 ISPP (2)
bpbtw IR
burg | Burg AIC
cep
fttc ()
fttn ()
fir FIR
firmake | FIR
hil
hpbtw IR
icep
ir IIR
iircoef , IIR
levin | Levinson-Durbin AIC
Ipbtw IR
phase | 2
pole | AR
power | 2 2
rank ,
spcf )
window
(1.1) sam(4000);
(1.2) t = 071999/2000;
) , series (t)
(2.1) a = 5*sin(2*PI*20*%t) + 3;
b = 3*sin(2+%PIx50*t) + 3;
: : series (a,b)
0 1023 , 1024
(2.2) acut =
bcut =
series
(2.3) acut = cut(a,
bcut = cut(b,

o7



4 (ISPP)

(2.4) acut = cut(a,0
bcut = cut(b,0

(2.5) acut = cut(a,0,1023);
bcut = cut(b,0,1023);

series (acut,bcut)

, “nrand”
(3.1) nois =
series

(3.2) nois = nrand(1024,
(3.3) nois = nrand(1024,1
C )

(3.4) nois = nrand(1024,1,0

(3.5) nois = nrand(1024,1,0,1);

1024 0, 1 series (nois)
, , “urand”
(4.1) data =
series
(4.2) data = acut + bcut + nois;

2 series (data)



4 (ISPP) 59
(6.1) wopen(1,"A4",0,0);
(56.2) x = 071023;
(5.3) size(100,50);
(56.4) scale("N","F",6"N","F",0,1000,-20,20);
(6.5) graph(data,x,0,0,0,0,0);
(5.6) title(1l,"Timel[sec]"," ");
(6.7) axis(1,1,"XYy","Xy",5,0,3,200,20,1);
(5.8) frame();
(GPM)
4.1
YT 2o | a0 | oo | oo | mw
Time[msec]
4.1 2
FFT ,
, “dccut”
(1.1) datal =
series
(1.2) datal = dccut(data);

series (datal)
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(2.1) wopen(1,"A4",0,0);
(2.2) size(100,50);
(2.3) scale("N","F","N","F",0,1000,-20,20);
(2.4) graph(datal,x,0,0,0,0,0);
(2.5) title(1l,"Timel[sec]"," ");
(2.6) axis(1,1,"XYy","Xy",5,0,3,200,20,1);
(2.7) frame();
4.2
qo " 200 400 = 600 800 1000
Time[msec]
4.2
, “window”
(3.1) data2 =
series
(3.2) data2 = window(datal,
(3.3) data2 = window(datal,l,
(1: , 2 , 3 , 4
)
(3.4) data2 = window(datal,1,0);
( ; )

0, 1

series (data2)



(4.
(4.
(4.
(4.
(4.
(4.
(4.

2

1)
2)
3)
4)
5)
6)
7)

(ISPP)

wopen(1,"A4",0,0);

size(100,50);

scale("N","F" ,"N","F",0,1000,-20,20);
graph(data2,x,0,0,0,0,0);
title(1,"Time[sec]"," ");
axis(1,1,"Xy","Xy",5,0,3,200,20,1);
frame();

4.3

20

L] L]
0 200 400 600
Time[msec]

L]
800 1000

4.3

Lcﬂ‘tcﬂ , ,

, FFT :

(1) series Rout,Iout;

series

(2) rei = 071023%0;

1024

0 , series
0

(3.1) fftc(P,

61

(rei)



(Rout, Iout)

4 (ISPP)
(3.2) fftc(P,data2,
(3.3) fftc(P,data2,rei,
(3.4) fftc(P,data2,rei,Rout,
series
(3.5) fftc(P,data2,rei,Rout,Iout);
series
series
(4.1) wopen(1,"A4",0,0);
(4.2) size(100,50);
(4.3) scale("N","F",6"N","F",0,100,-1000,1000);
(4.4) graph(Rout,"F",0,0,0,0,0);
(4.5) 1type(5,1);
(4.6) graph(Iout,"F",0,0,0,0,0);
(4.7) title(l,"Frequency[Hz]"," ");
(4.8) axis(1,1,"XYy","Xy",5,0,3,20,1000,1);
(4.9) frame();
4.4
2 2
, “ﬁ'tcﬂ
. “Sp(}f”
(6.1) pw =
series
(6.2) pw = power(Rout,

(5.3) pw

power (Rout, Iout) ;

, “power”

, ((Spcfﬂ

62
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8

S

O=

é L] L] L] L] L] L] L] L] L]

"0 20 40 60 80 100

Frequency[Hz]
4.4 FFT ( : , : )
series (pw)

(6.1) wopen(1,"A4",0,0);

(6.2) size(100,50);

(6.3) scale("N","F","N","F",0,100,-200000,2000000) ;
(6.4) ltype(1,1);

(6.5) graph(pw,"F",0,0,0,0,0);

(6.6) title(l,"Frequency[Hz]"," ");

(6.7) axis(1,1,"Xy","Xy",5,0,3,20,1000000,0);

(6.8) frame();

4.5
2 ,“phase”
, ((ﬂ‘tC”
(7.1) phs =
series
(7.2) phs = phase(Rout,
(7.3) phs = phase(Rout,Iout



(ISPP)

N\

4
o 20
4.5
(7.4) phs = phase(Rout,Iout,D,
(D:degree, O:radian)
(7.5) phs = phase(Rout,Iout,D,U);
U,
series (phs)
“SpCf” ,

(1) series pw,phs;

(2.1) spcf(data2,

(2.2) spcf(data2,pw,

(2.3) spcf(data2,pw,phs);

series

L) L) L) L)
40 60
Frequency[Hz]

series

series

series

(pw,phs)
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4.3.2
MA

5
(1) coef = (1/5, 1/5, 1/5, 1/5, 1/5);

series

(2.1) output

(2.2) output = fir(coef,

“ﬁr”

Y N Y

(2.3) output = fir(coef, input);

(input)
series (output) : , “fir”
.46 . ,
, ( ,2n+1 ) ) ,
n ’
,n+1 . n+1
) n+1

In&"rties \.\‘M/l/ o e e

Time
Output
Series
o 1 — 1 Time
Sart End
4.6 fir

(a17a27”'7a5 ’ )
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FIR
) ) FIR‘ ) )
“firmake” , “fir”
(1) sam(1024);
(2.1) coef =
series
(2.2) coef = firmake(1,

(1:LowPass, 2:HighPass,
3:BandPass)

(2.3) coef = firmake(1,11,
, ((ﬁr”
(2.4) coef = firmake(1,11,100,
(2.5) coef = firmake(1,11,100,3);
. (0: , 1 , 2 , 3
) 4 )
, 100Hz 11 FIR series
(coef) : ; ; )
coef = firmake(2,11,400,3);
, 400Hz 11 FIR
, , 2 , series
, 100Hz, 400Hz 11
coef = firmake(3,11,(100,400),3);
, coef “fir”

(3) output = fir(coef,input);



IIR

(ISPP)

Time

Time

IIR

, “Ipbtw”, “hpbtw”, “bpbtw”

, “iircoef” ,

(1) sam(1024);

(2) series

(3.1) gain

(3.2) gain

(3.3) gain

(3.4) gain

zr,zi,pr,pi;

, series
scalar
= 1pbtw (100,
= 1pbtw(100,13,
) , FIR
, 101
= 1pbtw(100,13,zr,zi,

( )

67

)
[44 by
, “fir

Y



4 (ISPP)

(3.5) gain = 1pbtw(100,13,zr,zi,pr,pi);
( )

100Hz 13 IIR
) (zr,zi), (pr,pi), (gain) series

gain = hpbtw(400,13,zr,zi,pr,pi);

, 400Hz 13 IIR
: 2
100Hz, 400Hz | 13 :

gain = bpbtw(100,400,13,zr,zi,pr,pi);

, zr,zi,pr,pi , “ircoef”
(4) series a,b;
, series

(6.1) iircoef(zr,zi,pi,pr,

)

(6.2) iircoef(zr,zi,pr,pi,a,

(6.3) iircoef(zr,zi,pr,pi,a,b);

(43 2 (153 98%)]
fir”, “ir
)

(6) temp = fir(b,input);

(7) output = iir(a,temp)*gain;

, series (output)

68



4 (ISPP)

, 100Hz 13 1IIR

(1) sam(512);

(2) series zr,zi,pr,pi;
(3) series a,b;
(4) series u,v;

13 29 (1534 9 (13 2
Ipbtw , “iircoef , “spct ,

(6) delay = 50;

(6) datp = 511;

(7) impulse = (1,(17datp)*0);

(8) d_impulse = ((07delay)*0,impulse);

(9.1) wopen(1,"A4",0,0);

(9.2) x = 07205;

(9.3) size(80,50);

(9.4) scale("N","F","N","A",0,205);

(9.5) graph(impulse,x,0,0,0,0,0);

(9.6) title(l,"Data Point","Amplitude");
(9.7) axis(1,1,"Xy","xy",5,0,1,50,0.5,0);
(9.8) origin(120,20);

(9.9) graph(d_impulse,x,0,0,0,0,0);
(9.10) title(1,"Data Point","Amplitude");
(9.11) axis(1,1,"XYy","Xy",5,0,1,50,0.5,0);

, (8) “impulse”( 4.8(a)) “delay” 0
4.8(b)) , “fir”

)

, “d_impulse” (

13 : 7
, , d_impulse

( 4.9(a) , “delay” ( 4.9(b))
46 , “fir”

, “ircoef”

, (2% )—1)
2%13-1=25 , 25 (50)  “delay”

69
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< Q]
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(&) h ) 4
° °
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E° E°
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o o
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0 50 100 150 200 0 50 100 150 200
Data Point Data Point
(a) inpulse (b) inpulse
4.8
o o
S S.
] ]
— —
o | o |
e} e}
=) =2 O
= ol = g
s o s o
IS g o
< <
o o
o T T T T o T T T T
0 50 100 150 200 0 50 100 150 200
Data Point Data Point
(a) firtemp (b) firimp

4.9 fir
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4 (ISPP)

(9) gain = 1lpbtw(100,13,zr,zi,pr,pi);
(10) iircoef(zr,zi,pr,pi,a,b);

Y

(11) firtemp = fir(b,d_impulse);
(12) firinp = cut(firtemp,delay+1,datp+delay+1);

Wa 7
, ‘impulse
43 v
, ‘delay

(13.1) wopen(1,"A4",0,0);

(13.2) x = 07205;

(13.3) size(80,50);

(13.4) scale("N","F","N","A",0,205);
(13.5) graph(firtemp,x,0,0,0,0,0);

(13.6) title(1,"Data Point","Amplitude");
(13.7) axis(1,1,"Xy","Xy",5,0,1,50,900,0);
(13.8) origin(120,20);

(13.9) graph(firinp,x,0,0,0,0,0);

(13.10) title(1l,"Data Point","Amplitude");
(13.11) axis(1,1,"XYy","Xy",5,0,1,50,900,0);

Lcﬁrﬂ

(14) output = iir(a,firinp)*gain;

(14.1) wopen(1,"A4",0,0);

(14.2) x = 07160;

(14.3) size(120,40);

(14.4) scale("N","F","N","A",0,160);
(14.5) graph(output,x,0,0,0,0,0);

(14.6) title(1,"Data Point","Amplitude");
(14.7) axis(1,1,"Xy","Xy",5,0,1,20,0.3,0);

( 4.10).

(15) spcf (output,u,v);

“output” : (u)
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4 (ISPP)
™
o
g
%-
€ O
< ©
0 20 40 60 8b 160 léO 11‘10 1é0
Data Point
4.10
(4.1) wopen(1,"A4",0,0);
(4.3) size(120,40);
(44) scale("N” s nAu , "N" s nAu) ;
(4.5) graph(u,"F",0,0,0,0,0);
(4.6) title(1,"Frequency[Hz]","Power");
(4.7) axis(1,1,"XY","XY",5,0,1,50,0.000004,0);
( 4.11). ,
qé Q.
Q,
O T T T T T
0 50 100 150 200 250
Frequency[HZz]
4.11
4.3.3 2 series
ISPP 1 2 , “fir”, “fftn”
2

2

FIR

(1.1) x = (17441)%0;
(1.2) x:[220] = 1;
(1.3) input = reform(x,(21,21));

72
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o
—
o
s Tt ®
< 2| £
=] 1|7
ol N
o)

| %
o
= ‘

0 5 10 5 20°

4.12 2

, 2

(2.1) wopen(1,"A4",0,0);

(2.2) size(100,100);

(2.3) scale("N","A","N","A");

(2.4) gsolm(input,0.3,0.4,0,0,0,7,0,1,1,"X",1,0,5);

( 4.12).

(3.1) coeftemp = (1725)*0+1;
(3.2) coef = reform(coeftemp, (5,5));

Y

(4.1) output = fir(coef,

“ﬁr”

Y ° Y

(4.2) output = fir(coef, input);
(input)
(4.3) output2 = fir(coef, input, 0.0);

, 3 scalar

(5.1) wopen(1,"A4",0,0);

(56.2) size(100,100);

(5.3) scale("N","A","N","A");

(6.4) gsolm(output2,0.3,0.4,0,0,0,7,0,1,1,"X",1,0,5);

( 4.13).
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il
Tl

2] : $
Wil
] ! S
o)
| %
O' T T T T T T T
0 5 10 15 2°
4.13 2 FIR
2
(1) series ul32],v[32];
series
(2.1) datp = 15;
(2.2) data = ((17datp)*0,1,1,(17datp)*0)
(2.3) x = mul(trans(data),data);
2
(3) y = xx0;
0 , series (y)
1024 x 1024 0
(4.1) wopen(1,"A4",0,0);
(4.2) size(100,100);
(43) scale("N”,"A","N","A");
(4.4) gsolm(x,0.3,0.4,0,0,0,7,0,1,1,"X",1,0,5);
( 4.14).
(5.1) fftn("P",
("P"Z , nqn. )

(6.2) fftn("P",x,



(6.3) fftn("P",x,y,

(6.4) fftn("P",x,y,u,

(ISPP)

75

00 02 04 06 08 10

0

5 10 15 20 25 30

4.14 2 FFT

(6.5) fftn("P",x,y,u,v);

, “ﬂ‘tn”

series

series

Q

. “power”

5 10 15 20 25 30

4.15

Q
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(6.1) pw2 =
series
(6.2) pw2 = power(u,
(6.3) pw2 = power(u,v);
(7.1) wopen(1,"A4",0,0);
(7.2) size(100,100);
(73) scale("N” s AN , ny" s nAu) ;
(7.4) gsolm(pw2,0.3,0.4,0,0,0,7,0,1,1,"X",1,0,5);
( 4.15).
4.3.4
ISPP 1 , ,
1 )
10+ Tl = n
, ,n 1 )
T11 T1n th n
Tnl Tnn en Yn
(4.1) )
X0 =Y (4.2)
) X‘ Y
0=X'Y (4.3)
. (4.3) (4.1) , XY |
, ISPP (4.3)
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1 11 10 0,
x-(121 Y:(7) e:(e2>
21 3 16 03
ISPP | , “mul” ,
(LinV” ,
(1) tempx = (1,1,1,1,2,1,2,1,3);
(2) x = reform(tempx, (3,3));
X
(3) tempy = (10,7,16);
(4) y = reform(tempy, (3,1));
, Y
(5) ix = inv(x);
X X! , ix
(6) theta = mul(ix,y);
X1 Yy ,
, (), (6)
mul (inv(x),y)

0, 20

03 -7
4.3.5

, ISPP “nrand” , “rank”
) ( )
(1) x = nrand(4096,1,0,1.0);
) 0 1.0 4096

, ((rank77



4 (ISPP)

(2) series u, v, w;

, series u, v, w
, “rank”

(3.1) rank(x,

(3.2) rank(x,u,

(3.3) rank(x,u,v,

(3.4) rank(x,u,v,w,

(3.5) rank(x,u,v,w,min(x),

(3.6) rank(x,u,v,w,min(x),max(x),

(3.7) rank(x,u,v,w,min(x),max(x),100)

, U,V,W ,
*x MEAN VALUE = -0.018528
VARIANCE = 0.99103
STANDARD D = 0.9955
3-0ORDER M = 0.0070914
SKEWNESS = 0.0071879
4-0RDER M = 3.0125
KURTOSIS = 0.067269
-0.01852805
, 3 , skewness( ), 4 , kurtosis( )
skewness

Y

, kurtosis



4 (ISPP)

. “rank” ,
3 kurtosis

GPM

(4.1) wopen(1,"A4",0,0);

(4.2) origin(30,30);

(4.3) title(1,"Data Point","histogram");

(4.4) scale("N","F","N","F",min(v) ,max(v),min(u) ,max(u));
(4.5) graph(u,v,0,0,0,1,3.5);

(4.6) graph(w,v,0,0,0,1,3.5);

(4.7) axis(1,1,"Xy","Xy",5,0,0,0,0,0);

., 4.16
QS
Q4
n
—
=
o
o
—
5
g
jo
<
o
2
o
2 ‘ : : : ‘
-25 0.0 25

Data Point

4.16

, “nrand” ,



(GPM)

5.1

GPM | SATELLITE , NCS, BPS, ISPP ,

GPM . GPM : , OHP

GPM

)

Y

, “Itype()”, “lwidth”, “color()”

Y Y )

o 7, 5.2

).
, SATEILITE ,

80



(GPM)

5.1 GPM

wopen

wclose

we

newpage

chwin

graph

axis

draw

frame

label

line |

cont

gsolm

map

color

factor

font

Itype

lwidth

origin

scale

size

title

ginit

gstat

81



5 (GPM)

5.2
| |
0 black
1 blue
2 red
3 mazenta
4 green
) cyan
6 yellow
7 white
5.2 GPM
GPM ,
[ ]
[ ]
“WOpeIl”
, GPM ,
hgpm2ps > filename
%lpr -Pps filename
. “gpm2ps” GPM
(
, Tgif
Tex

Y

hgpm2eps > filename

) GPM

“welose”

. “lpr
eps

7

“chwin”

82
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J] (GPM)
5.2.1 1
° 1 (sin )
11% wopen(1,"A4",0,1) #
2]% t = (07100) / 100 # t 0 1 (101
31% y = sin(2 * PI * t) #sin
41% scale("N","A","N","A") #
51% graph(y,t,0,0,0,0,0) #
6]% frame() #
71% axis(1,1,"XY","Xy",3.5,0,0,0,0,0) #
1 “wopen”
, , 1
0 ( 0
4 N(liner)
L(log) 2 , X LY N A(auto)
“scale”
, F(fix) , 5, 6 X
; Y ; ;
, X Y , ) X y
, 6 .7
5.1 ,
, . , “graph”
“color” . “color” ,
, , “we”

° 2 , 2

11% wopen(1,"A4",0,1)

2]1% sx = 80

31% sy = 80

41% origin(40,40) #

5]% size(sx,sy) #

61% title(1l,"time","f(t)") # X, Y

71% t = (07100) / 100

81% y1 = sin(PI * 5 * t)

9]% y2 = 0.5 * sin(2 * PI * 5 * t)
10]1% scale("N","F","N","F",0,1.0,-1.2,1.2)
111% 1lwidth(1,2) #

83

)



121%
131%
1417
151%
161%
171%
181%
191%
201%

11,13

(GPM) 84

0.0 0.2 0.4 0.6 0.8 10

5.1 1

graph(y1,t,0,0,0,0,0)
1lwidth(2,2)
graph(y2,t,0,0,0,0,0)
axis(1,1,"Xy","Xy",4,0,0,0,0,0)

lwidth(1,2)
ltype(1,2) #
line(0,sy / 2,sx,sy / 2, "L") #
ltype(1,1)
frame ()
2 , , X Y , ,
: 4 ;
, 6 ;
“scale” F(fix) 1 A(auto)
, 2 , D(default)
18 “line”
, “origin” . “origin” )
( )
, 17 “ltype” ,y=20

5.2



(GPM)

f(t)

0.0 0.2 0.4 0.6 0.8 1.0

5.2 2

5.2.2 2

11%
21%
31%
41%
51%
61%
71%
81%
91%
101%
111%
121%

Y

3 2

wopen(1,"A4",0,1)

size(80,80)

x = nrand(128,1,0,1)

y = reform(x, (16,8)) #
origin(20,200)
gsolm(y,0.3,0.4,0,0,0,4,0,1,1,"X",1,0) #
origin(20,100)

cont(y,.5,"X",1,0) #
origin(120,200)

map (y, "X",1,0,1) #MAP
origin(120,100)

map (y,"X",0,0,1) # MAP

3 , 1 2 ;

MAP , MAP )
“reform” 128 1 16x 8 2

, MAP . “map” ,

85



11%
21%
31%
al1%
51%
61%
71%
81%
91%
101%
111%

(GPM)
2 ) MAP

(BPS) ) 3

= %

g gy\“v$

1 °

0 2 4 6 °
5.3 3

4
wopen(1,"A4",0,1)
sam(1000%*10)
size(80,80)
x = nrand(1000,1,0,1)
origin(20,200)

title(1,"time[msec]","value")
scale("N","A", "N", "A")
graph(x,"T",0,0,0,0,0)
axis(1,1,"Xy","Xy",3.5,0,0,0,0,0)
frame ()
label("I",20,70,5.0,0,"exampled")

5.3

#
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5 (GPM)

SATELITE |
.4 1000

(100[msec])

T(time)
11 , “label”
, “line”
L(font”

87
: 100[msec]
, 1000
“sam” 10
1000 .8 X
D(data)
, “label”

value

T T T
0.0 30.0 60.0 90.0
time{msec]

5.4 4



(BPS)

6.1 BPS

BPS (Back-Propagation Simulator)
, SATEILITE

Y

1

), 5
BPS ,
. BPS
Rumelhart Parallel Distributed Processing 8 ,

6.2 BPS

BPS |,

SATEILITE ,

SATELLITE inline ,

88



SATEILITE
SATEILITE

6.3 BPS

BPS

6.1

6.4

BPS

Y

(BPS)

ISPP

SATEILITE

XOR/(Exclusive Or)

GPM

89

6.2



6 (BPS)

6.1 BPS
teach®, setrec”
teach”
walgo™®, winit™, weight”
weight™, setrec”, learn™,
wgtload®, errfunc”,
rvmap”®, sigmoid®
error®, learn*, errload®
setrec”
setrec*, rec**, actload*
6.2 XOR

0 0 0

0 1 1

1 0 1

11 0

6.4.1 ’
6.1 , : ()
rec ,
XOR , 6.2 ,
1 , 4 . series snapshot

, in, out

90



6 (BPS)
g Patenl | gaa11 | data12 | data1z | o o e | gaain
g
o patem2 | gata21 | data22 | data23 | @ e o | gataon
Q.
&  patten3 data3l | data32 | data33 | ® e e | (ga3n
S °
l ° o o e o o
°
patternm | gataml | datam2 | datam3 | ® ® ® | datamn
6.1
series snapshot
geries in[2], out[1]; inapshot in[4][2], out[4];
in: [0] = (0,0); in[0] [0] = 0; in[0][1] = O;
in:El] = (O,lg; in 1} _O} = 0; inEl] El] =1;
in: [2] = (1,0); in[2] [0] = 1; in[2][1] = O;
iltn:[3] = (1,1); 1i¢n[3] [0] = 1; in[3][1] = 1;
out: [0] = 0; out[0] = O;
out: [1] = 1; out[1] = 1;
out:[2] = 1; out[2] = 1;
out: [3] = 0; out[3] = 0;
$"in.dat" = in; $"out.dat" = out;
, XOR , in.dat out.dat
6.4.2
4

91
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, bpsave ( 6.3)

, bpload

, layer, function

S : (0 )
, function , layer
XOR , 2 1 . XOR
: 2
( (1] ) , , ’
( ) )
, ( )
layer(3,2,2,1);
function(LN,SA,LA);
, winit
. winit
| ()
, ( ) ’
(RANDOM)
(JIA) 2 . (JIA )
) , walgo
XOR ; )

walgo(R,"initwf",1,1.0,-1.0);
winit();
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93

number of layer
number of each layer’s cell
status of char.func and bias
init algorithm

init data file name made by init command

seed

maximum of init data

minimum of init data

init weight file for learn command
weight history file name

weight store interval

weight history store mode

error history file name

error store interval

store direction for error

store mode for error

input data file name for learning
teach data file name for learning
first pattern No. for learning
last pattern No.

learning mode

learning algorithm

learning rate

momentum

increasing factor for learn. rate
reduction factor for learn. rate
threshold for Vogl method

factor for Ochiai’s method

min. error for end

max. learn count for end

display interval (console)
comment

weight file name for test

weight history number

test data file name

first pattern No. for test

last pattern No. for test

input layer No.

output layer No.

result file name

Vogl
Vogl
Vogl




weight

error

teach

lalgo
Momentum

lend
disp

XOR

(BPS)

, weight, error, teach, lalgo, lend, disp

b ( )
), (
), (

: 2

: (
2 ),
, 0 0 ;

b ( b )7

Y

weight ("initwf","wgt",200,4);
error("err",200,D);
teach("in","out",0,0);
lalgo(S,6,0.005,0.6,0.0003,0.75,0.6);
lend(0.0,5000);

disp(200,"I’M LEARNING!");

94

(Steep,
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, teach , 0
0 )
, setrec
, XOR ,
setrec("wgt",0,"in",0,0,0,2,"res");
6.4.3
, Winit
Sl ARl ] “home/kunita: [262]% winit()
<4 structure of network >3
### Humber of lager =3
layer num of cells condition
0 2 linear, non hias
1 2 siomoid, append bias
2 1 linear, append hias

<< Initislize condition >>

### Init algorithm = random

##d Initialize data file name = initwf.bhw

need Max Height Min Weighdt
1 1 -1
¥ File [ initwf.bhw ] is created, #%# 3
SRyl | “hone,/kunita: [265]% [] §
6.2 winit

6.2 winit

xkx File [ filename ] is already exist. *xx
Overwrite 7 ( y/n )
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File [ filename] is overwrited.

6.4.4

learn

, series (
learn
series X;

mon (x) ;
learn(x);

. learn )
) )
snapshot ) x mon
snapshot x[lc] (lc= )
, learn(0)
63
2-2-1 ;
6.4
( 65) ,
: 0.0
n m , n+m-+1
1 winit )
, learn )
2

6.6 . )
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Threshold
Input layer
Threshold 1.2
Hidden layer
7 9
Output layer
6.3
. I - I . I I .
Weight 1 | Weight 2 | Weight 3 | | Weight 9
6.4
1 ;
6.7
6.8 ;
;1
+1

6.9 learn

(data _ num)

97

)
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Record n Connection weight data

Record n+m

Record n+m+1 | hre correction amount

Record n+2m+1

6.5
3 y g
Y n Y
)y ( )
7n Y
M ) N tj 0;
) €; )
N
€ = Z(tz - 02)2
j=1
£,
N
E?zzz:ef
i=1
Y 0 ) 0 Y
**%* Learning is done ! k%
6.4.5

, rec . rec
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weight datan
pre-correction n weight datan+1
<¢— |pre-correction n+1 <+ weight data n+2
<¢— | pre-correction n+2
history n history n+1 history n+2
weight datan
weight datan+1
weight data n+2
pre-correction n+2
6.6
Weight datan -— Weight datan+1 -— Weight datan+2

Pre-correction amount n  |<—| Pre-correction amount n+1 [<«—| Pre-correction amount n+2

History n History n+1 History n+2

Weight data n+2

Pre-correction amount n+2

6.7
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) Error | Error | | Error |
History 1 (Unitl) | (Unit2) | ® ®® | (Unitn) | Tota Error

. I I I I
History 2 Error | Error | oo o | Error | Tota Error

oo o e oo

[ [ [ [

History n Error | Eror | e ee | Emor Total Error
6.8

| SATELLITE Language: xpi000 | Jamdifasihomelkano/Readme/TAR_GZ/SATELLITEIDZSL | 1] |

### COMMENT ### = T'M LEARNING!
### TTERATION ## = 200

### SOUARE’S ERROR  ## =  9.,998863s-01
##2 DIFFERENCE # = -1.222071e-06 i ""’”"@"pmm
### TTERATION # = 300

##4# SOUARE’S ERROR  ### =  9,996398s-01
### DIFFERENCE # = —3,237101e-06
### COMMENT ### = T'M LEARNTNG]
## TTERATION # = 400

#4 S0UARE’S ERROR ## = 5.93898%-01
### DIFFERENCE #d = —1.7434408-05
## COMMENT ### = T LEARNING]
### TTERATION # = 500

### SOUARE’S ERROR  ##% =  5,852399e-01
### DIFFERENCE # = -6,543717e-04

## COMMENT ### = T°M LEARNING!
### TTERATION #H = 500
## SOUARE’S ERROR  ## = 144620708
6.9 learn
) b
) )
, wopen ,
, GPM ,
size , origin , color

6.10 | rec



[ANAEN] 5L _MAN/ Zangyo: [T]% rec(D, 1)
display mode{ 1 - 4 ) =1
mininum value = 0

maximum value = 2

<{ structure of retwork >
##¥ Humber of layer =3

layer num of cells condition
1] 2 linear, non bias
1 2 =zigmoid, append bias
2 1 linear, append bias

<< Testing condition »3»
##¥ Height file for test = wet.bbw
### Weight history number = 0
## Input data file for test
Input pattern number
## Input layer =10
### Output layer = 2
### Result file for test = test_out.brc
(NI 5L _MAN/ Zanguo: (5812 [

test_in,dat
all

6.10 rec
, I
6.4.6 ,
BPS SATEILITE GPM
) , SATEILITE (
errload
wgtload
actload
, , wopen
, cont, graph, gsolm, map GPM

6.4.7
, SATELLITE 1SPP

, BPS , rvmap, sigmoid, errfunc, cor

101
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rvmap: ) SATELITE 2
, GPM
sigmoid: , , ,
( )
errfunc: 2 ,
, . , SATELLITE
, GPM

cor: SATEILITE
, wgtload

[1] Rumelhart, D. E., McClelland, J. L. and the PDP Research Group. “Parallel Dis-
tributed Processing”. MIT Press, Cambridge, MA, 1986.
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7.1 NCS
NCS ( Neural Circuit Simulator ) . NCS
NCS . NCS
NCS
) ; NCS
NCS ;
[
[

103
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Model Description
(NCSs Language)

NCS L
@i‘ ucs Preproch Commands I
= [ ] []
~~

<_~
— > Create

Simulation

Program

k-

_—"> Compiler
Linker
@ Refer
e
7.1 NCS
°
L4 )
7.1.1
7.1  NCS . NCS 3 , NCS
, NCS , . NCS
, NCS C
) C
, C , NCS
, . NCS ,
7.1.2 NCS SATEILITE

NCS MS-DOS , UNIX

SATEILITE
, .  NCS  SATELITE
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Y

. NCS , SATELITE
SATEILITE ,
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7.2 NCS
NCS : , NCS . NCS
NCS , , NCS )
.72 RL 7.1 ,
NCS , 1 :
NCS , 1 ”module” "end;” ,
1 ) , NCS
. NCS
, NCS
NCS 7.4.2
NCS , , NCS -

7.2 RL



W00 NOOT > WNI-

(NCS)

7.1 RL
di E -V, ' (4]
7 —Vr
a L b vl
L 0.1 [H]
vi = 2 Vi V]
Ve v
Vi, = R-i
R 10 [©)
1 RL
/* RL circuit module */
module: circuit;
exinput: E;
output: i;
observable: Vr, V1;
constant: L=20.1;
parameter: R =10., i0 = 0.;
function:
di = (E - Vr) / L;
i = integral(iO, di); /* */
V1 =di * L; /*
Vr = R * i /* */
end;

*/

107
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7.2.1

1. TIME

2. CN

7.2.2

e pulse v

- UIse(av ba C, d7 6)

D

p

a f

b T-—d—-
c

d

e

e ramp

7.3

e integral
)y =integral(A, P)
) Mﬂ:[ﬂmmm:A

e sigmoid

)y =sigmoid(—x)
1
) y=

1+ exp(x)

e rcasb ‘ >
) y =rcasb(V,a,b,c,d,e, f, g) . t
) _a-exp{b- (V+o)}+d-(V+e)

v exp{f-(V+o)}+g 7.4

NCS , C
72

108
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7.2 NCS C
|
exp [y = exp(z) |y = ¢
pow |y pow(z,a) |y = a°
sin |y sin () y = sin(x)
cos |y = cos(x) y = cos(x)
tan |y = tan(x) y = tan(z)
7.2.3
”function”
1. module [ |
8

)

/* "circuit"
module : circuit;

2. exinput | ]

)

/* ngn
exinput : E;

3. output | ]

”"module

” N
)

109

output”,
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/* nyn */

output : 1i;

4. observable [ |

function ,
, nout

)

/* "VI‘" "Vl" */
observable : Vr, VI1;

5. constant [ |

function ,
function . ;

Y

)

/* npn s 0.1 */
constant : L = 0.1;

6. parameter [ |

) npara
function

Y Y

)

/* IIRII’ "iO" s
10, O */
parameter : R = 10, i0 = O0;

7. function [ |

function , if

) i 1 Jlelse{ 2 }]
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7.3
|
<>
< >, <=, >=
.OR.
AND.
NOT.
1 2
7.3
)
/* "Vl", "VI'" */
function :
V1l = di * L;
Vr = R x 1i;
8.
cc/>|<777 :c*/n
module , function
output, function
, ((end;”
7.2.4
., NCS :
e RL
, 7.2 RL
RL
Ve = R-i
di
Vi = L-—
L dt
di 1
- — Z(E-—
dt 7(F—Va)

(7.1), (7.2) NCS

111

, module,
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Vr = R x 1;
V1l = di * L;
i (7.3) ,

di = (E - Vr) / L;
i = integral(iO, di);

, . “circuit”
1
module: circuit;
E Vi
exinput: E;
output: V1,
Vr, i
observable: Vr, i;
L
constant: L = 0.1;
R, 70
parameter: R = 10., i0 = 0.;
function ,
, 1 NCS
°
) 7.5
[ [m] m [kg] ,
s [m](s = 10) :
d?s
m— = —mgsinf 7.4
e g (7.4)
NCS
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[/ /11111077
AN
m
g
=
7.5
module: PENDULUM;
output: theta;
observable: d2theta,dtheta,theta;
parameter: m=1.0,g=9.8,1=1.0,theta0=3.141592/180.0%45.0;
function:
d2theta = - g / 1 * sin(theta) ;

dtheta = integral( 0.0 , d2theta );
theta = integral( thetaO , dtheta );

end;
P , 1
, 0
0 [rad] 1
d*s
My = —mgt (7.5)
_ - 9
0 = 6y - sin <\/;t + gz§> (7.6)
“pendulum.mdl” , SATEILITE
2 : , 7.3
0 10 ( )
7.6 ) 10
e Hodgkin-Huxley
Hodkin-Huxley (

H-H )
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e e e
O O > N

=
o N

7 (NCS)

2

npp ("pendulum") ; #
nlink();

ntime( 10.0, 0.01, 0.01, 0.01 );
time = (0~ ( 10.0 / 0.01 )) * 0.01;

series theta;
nout( theta , "PENDULUM" , 0,1 );

thetaO0 = PI/180%10.0;
npara( "PENDULUM" , "thetaO" , theta0 );

ncal();

phi = PI/180%90;

m=1.0

1=1.0

gra=9.8

true_theta = thetal * sin( sqrt( gra / 1)

H H HH H* H H=

*

theta = theta / ( PI / 180.0 ); # [rad]
true_theta = true_theta / ( PI / 180.0 );

wopen( 1 , "A4" , 0 , 1 ); #

title( 1 , "time [s]" , " angle [degl" );

scale( "N" , "F" , "N" , "F" , 0, 10 , -30 , 30 );
axis( 1, 1, "Xy , "Xy , 5, 0,3, 2,15 ,0);
frame();

graph( theta , time , 0 , 1, 10 , 0, 2 );
graph( true_theta , time , 0 , 0 , 0, 0, 0 );

angle [deg]

time[s]

7.6

10

time + phi );

[deg]

114
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(NCS)

Ine = Gna-m*- h(V — Eng)

dm
- = am(l—=m) — B -m
- 0.1(25 — V)

exp[(25 —V)/10] — 1

Om = 4exp(—%%)

dh

A 1—h) =8 -h

o an(l—h) = By

Vv
ap, = 007exp(—§6)
5, = 1
" exp[(30— V)/10] + 1

JNa : , 120 [mS/cm?]
Eng , 115 [mV]

(7.9), (7.10) NCS ,

am
bm

7am

0.1x(25.-V)/(exp((25.-V)/10.)-1);
4 . *xexp(-V/18.);

V =25 [mV]

if( VvV 1= 25. ){

am = 0.1%(25.-V)/(exp((25.-V)/10.)-1);

Yelseq{

}

am = 0.1 * 10.;

dmNa = am * ( 1. - mNa ) - bm * mNa;
mNa = integral( mNaO, dmNa );

ah
bh

dhNa

hNa

(7.11), (7.12), (7.13)

7 x exp( -V / 20. );

/ (Cexp( ( 30.-V )/10. ) + 1. );
ah * ( 1. - hNa ) - bh * hNa;
integral( hNaO, dhNa );

h
0.0
1.

Ing , (7.7)

115

(7.10)
(7.11)
(7.12)

(7.13)
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INa = GNa * pow( mNa, 3.0 ) * hNa * ( V - VNa );

Ix = gx-n*(V — Ek) (7.14)
‘fl_?z — ap(l—n)—B, (7.15)
B 0.01(10 — V)
T expl(10 — V)/10] — 1 (7.16)
B, = 0.125 eXp(—8—‘g) (7.17)
Jx - , 36 [mS/cm?]
Ex : , —121 [mV]

. (7.15), (7.16), (7.17)

if(V 1= 10.)1
an = 0.01 x ( 10. -V ) / (exp( (10. -V ) / 10. ) - 1. );
Yelsed{
an = 0.01 * 10;
}
bn = 0.125 * exp( -V / 80. );
dnK = an * (1 - nK ) - bn * nK;
nK = integral( nKO, dnK );

(7.14) |

IK = GK * pow( nK, 4.0 ) * (V- VK );

I = gu(V—Ep) (7.18)
gL , 0.3 [mS/cm?]
E, ,10.6 [mV]
I1 =Gl *x ( V-Vl );
r
dv
Cne = I —Ino—1Ix—1Ip (7.19)

dt



. (7.19)

, NCS

(NCS)

I = Iex_INa_IK_IL
av _ I
d — Cp

Iall = Iex - INa - IK - I1;
dV = Iall / Cm;
V = integral( VO, dV );

module:

exinput:
output:

)

observable:

constant:

Chn,

parameter:

function ,

7.7

HH;
]61‘7 V
Iex;
V;
INaa IK, IL
INa, IK, I1;

ENa7EK7EL )

VNa = 115.0, VK = -12.0, V1 = 10.6;

; gNaagKagL
Cm = 1.0, mNaO = 0.05293, GNa = 120., GK = 36.,
Gl = 0.3, hNaO = 0.5961, nKO = 0.3177, VO = 0.;
, 3 NCS
4 7.3

117

(7.20)

(7.21)

(LHH??
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3 NCS Hodgkin-Huxley
/* HH module x/
exinput: Iex;
output: V;
observable: INa, IK, I1, Ig;
constant: VNa = 115.0, VK = -12.0, V1 = 10.6;
parameter: Cm 1.0, mNaO 0.05293, GNa =120.0, GK = 36.0,

Gl = 0.3, hNaO = 0.5961, nKO = O. 3177 VO = 0.;

if( vV 1= 25. ){ /* x/
= 0.1%(25.-V)/(exp((25.-V)/10.)-1.); }

function:

elseq
am = 0.1%10.; }
bm = 4.*exp(-V/18.);
dmNa = am*(1. - mNa) - bm*mNa;
mNa = integral (mNaO, dmNa);
0.07*exp(-V/20.);
1./(exp((30.-V)/10.)+1.);
dhNa = ah*(1. - hNa) -bh*xhNa;
hNa = integral(hNaO, dhNa);
INa = GNa*pow(mNa,3.0)*hNax(V-VNa);
if(V 1= = 10. ){ /%
= 0.01%(10.-V)/(exp((10.-V)/10.)-1.); }

else{
= 0.01%10.; }
= 0.125*exp(-V/80.);
dnK = an*x(1. - nK) - bn*nK;

nK = integral(nKO, dnK);
IK = GK*pow( nK, 4.0 )*(V-VK);
I1 = G1x(V-V1); /* */
Iall = Tex - INa - IK - I1;
dv = Iall/Cm;
V = integral(VO, dV);
end;
8]
—

membrane potential [MV]
0

0 2 4 6 8 10
time [mg]

7.7 H-H
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4 H-H
nassign("hhmodel") ;
npp () ;
nlink();

ntime (10, 0.001, 0.01, 1);
nstim("HH",0,"P",1,0,100,3,999); #

series V, Iin, INaO;

nout(Iin,"HH",0,2); #
nout (V,"HH",0,1);

nout (INaO,"HH",0,3, "INa");

ninteg("R"); #

ncal();

wopen(1,"A4",0,1)

time=(0~1000) /100

graph(V,time,0,0,0,1,3.5)

title(l,"time [ms]","membrane potential [mV]")
axis(1,1,"XYy","Xy",6,0,3,0,0,0)

H = HH

119
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7.3 NCS

SATEILITE ,
, SATEILITE

NCS

NCS . NCS
7.2

NCS

7.3.1
NCS

Y

“.mdl” : nassign
, NE
vi

, UNIX EDITOR



(NCS)

Welcome to The
Copyright (C) 1992, BPEL To;

SATELLITE World
hashi University of Technology
Version 2,

SYSTEM MUDU’LE

55

SYSTEI"] MUDJ’LE
(Garbage collecting ... done,

(Garbage collecting ... done.
# SYSTEM MODULE BERagEee

32 External Functions ... Install Ok

5 External Functions .., Install Ok

14 External Functions ... Install Ok

Environment Variable EDITOR

b (empty)

"h.hmade]. nd]” 59 lines, 1411 bytes

Hodgkln Huxlefs ce]_l model

UI
11
G[[I]:I
HALO] ¢ (G[ﬂ] <HI'I[1] H
for(n = f
HH[n] ( ( 61 <I'11'I 1] + Glnl ( HAMel] )5

HA[10] ¢ (G9) ( HH[O )3
end;

HH module #
CELI

v;

T, I TL T
N = 115, 0. V

0, /nNaO 005293 GN

10,

.0, GK = 36,0, Gl =0.3;

SATELLITE Language: sy

1ThomelretinalakiworkINCS. MANE

iarbage, collecting ... dore, Tl fxly’s el odel O]
b ep ;4 External Runctions ... Install Ok
+ SUETRY DI 1 External Functions ... Install Ok S
YRESBAREIG vork NS M: CLOLY e O G[[hﬂ

HALO] ¢ (G[ﬂ] <HI'I[1] H
for(n=1; f
il { (G[nl] <I'11'Inl] +Gn) ( Hilne] );
HA[10] ¢ (G9) ( HH[O )3
end;

oh

7.8 NE

#

v;
INa, I IL I
Na = 1(1)5 0, VK

-12,0, V.
0. 05293,

7.3.2

nlink

npp
SATEILITE
. , NCS 5

. nassign ,

npp - npp

. “mdl”

[SATELLITE] % nassign("circuit")

, “circuit.mdl” .

7.3.3 :

npp ) , NCS

C

[SATELLITE] % npp(Q)
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npp
, IPP
nassign

[SATELLITE] % npp("circuit")

, “circuit.mdl”

NPP , nlink
NCS :

[SATELLITE] % nlink()

7.3.4

npp

122

. nassign

’ “« mdl”

, PP

; NPP

npp

sl: Error [<KNCS:nout> No.1]
near at line <n>

Improper Model File Name

) npp



7 (NCS) 123

ntime . ntime

) ntime( last, cal, str, itv )
last
cal
str
itv

o=

, nout

[SATELLITE] % ntime( 0.1, 0.005, 0.005, 0.05 )

, 0.1 [s], 0.005 [s], 0.005
[s], 0.05 [s] 3,
nsclist “”

[SATELLITE] % nsclist("T")
TIMER

Last Time = 0.1
Calc. Step 0.005
Store Step 0.005
BufferStep 0.05

nsclist
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yh
83

j

Ts
P, 1 ‘

P, [ P, [
7.9 7.10
nstim . nstim ,
, . nstim

) nstim( mdul, com, typea b1 [7 P2, P3, P4, p5] )

) 1. mdul
2. com
3. type
PPY
ani
ani
4. p1 Ps
| P1 P2 P3 P4 Ps
(P)
(R)
(B)

, exinput

[SATELLITE] % nstim("circuit", O, "P", 0, 1, 0, 10, 999);

, “circuit”

nsclist “S”

[SATELLITE] % nsclist("S")
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EXTERNAL INPUTS

Data No. Component Function Data No.
1 circuit( 0) 1
No. 1 Function start_tm init_out  height width period
< PULSE> [ o] [ 1L o] [ 101 [ 999]
nsclist ,
[ J
nout . nout
. nout

) nout( buff, mdl, com, type [, val] )

1. buff
2. mdl
3. com
4. type
1 —
2 —
3 — observable
5. val : type=3 , observable
, mdl output
, exinput
) 0
, nout series
, nout )

[SATELLITE] % series Vin, vl, vr, i;

, nout , Vin, vl, vr, i
, hout

[SATELLITE] % nout( Vin, "circuit", 0, 2 )
[SATELLITE] % nout(vl, "circuit", 0, 1 );
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, “circuit” Vin | vl

Y

[SATELLITE] % nout( vr, "circuit", 0, 3, "Vr" )
[SATELLITE] % nout( i, "circuit", 0, 3, "i" )

, “circuit” “Vr” VT

(1552

nsclist “O”

[SATELLITE] % nsclist("0")

OUTPUT
Variable OUTPUT VARIABLE

Vin [ 0 ] EX.INPUT OF circuit(0)
vl [ 0] OUTPUT OF circuit(0)
vr [ 0] Vr OF circuit(0)

i [ 01 i OF circuit(0)

Max of Number of Output = 255

[ ]
, ipara . npara
) npara( mdl, var, num )
) 1. mdl
2. var
3. num
npara : ’ mdl o
parameter
[SATELLITE] % npara( "circuit", "R", 20 )
npara . npp

nlist

[SATELLITE] % nlist("circuit")
Parameter List

Module name : circuit
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R = [ 20]
i0 = [ 0]
nlist ,
[ ]
, . NCS
, , ninteg )
. ninteg
) ninteg( type )
) 1. type
F —
R i ,
E I
[SATELLITE] % ninteg("R")
7.3.5
, ncal

[SATELLITE] % ncal()

ncal ,

## NCS Ver.6.8.3 SIMULATION PROGRAM on osf4.0 ##

>> THE CALCULATION HAS FINISHED .............. << 0.0% done.
. “0.0%” ,
4(100%77 ,
## NCS Ver.6.8.3 SIMULATION PROGRAM on osf4.0 ##
>> THE CALCULATION HAS FINISHED .............. I'l << 100.0% done.

[SATELLITE] Y

127
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5
1 nassign("circuit"); #
2 nppQO); #
3 nlink(); #
4 ntime(0.1, 0.005, 0.005, 0.05); #
5 nstim("circuit",0,"P",0,1,0,10,999); #
6 series Vin, i, vr, vl;
7 nout(Vin, "circuit", 0, 2); #
8 nout(i, "circuit", 0, 1);
9 nout(vr, "circuit", 0, 3, "Vr");
10 nout(vl, "circuit", 0, 3, "V1");
11 ninteg("R"); #
12 ncal(); #
7.3.6
, inline
[SATELLITE] % inline(" ")
5 circuit.mdl
“circuit.sl”

[SATELLITE] % inline("circuit.sl")

7.3.7

, nout
) GPM

[SATELLITE] % wopen(1,"A4",0,0)
[SATELLITE] % time=(0720)/200
[SATELLITE] % graph(i,time,0,0,0,0,0)

, SATEILITE

, circuit.sl

Y

[SATELLITE] % title(1,"time [s]", "current [A]")

128
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[SATELLITE] % axis(1,1,"XYy","XY",6,0,0,0,0,0)

SATELLITE GPM

current [A] * 107
50 75

25

.0 2.5 5.0 75 10.02
time[s] * 10

7.11 RL
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7.4 NCS
7.4.1
NCS : ;
7.12, 7.13 .
: : ( )
) 3
. NCS : 3 ( ) ,
(cell type: ), (synapse type:
); (gap type: ) : ,
= {cell type , synapse type , gap type}
(CONE), : (HC)
, NCS
cell type = {HC module , CONE module , ---}
, HC
HC module = {HC[0], HC[1], - - -}
HC[0],HC[1], - - - ;
7.4.2 NCS
NCS ;
) ) . , 74
Hodgkin-Huxley ( H-H ) 7.14



Neural Network

HC(0)HC(1) ...  CONE(0) CONE(1) ... GABA(0) GABA(J)... GLU(0) GLU(1)...
P v

»oh

Component
Neural Network
Model

7.12 NCS

Glo]

CONE module
component é % sh
CONE(0) CONE(1)] CONE(2)

CELL type
SYNAPSE type

\ oi.,“oo
GABA module
GABA(0)
GABA(1)

HC module

7.13

Gl9]

o 2~12

o 14~47
H-H

. function

o 49~56

NCS
14~62 ),
) 2

7.4.3
, 7.2.1

131
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7.4 Hodgkin-Huxley

\% [mV]
dVv 2
C’m% I_INa_IK_IL C"L [MF/CH] ]
I [uA/cm?)
INa gna -m® - h(V — Ena)
dm 2
E OCm(l —m) —Bm-m Ing [NA/Cm }
0.1(25 - V)
Qm,
" exp[(25 — V)/10] — 1
Bm dexp —%) JINa 120 [mS/cm?
dh
— (1 —h)—Bp-h
dt on(l =) Vﬁ’
ap 0.07 exp (—%) Eng 115 [mV]
1
ﬁh
exp[(30 — V)/10] + 1
I gx -n*(V — Ex) I [nA /em?]
d
d—ZL an(l—n)—PBn-n JK 36 [mS/cm?]
on 0.01(10 — V) Ex — 12 [mV]
exp[(10 — V)/10] — 1
n 0.125 -
B oxp( 80)
gL 0.3 [mS/cm?]
I, gL(V —Er)
EL 10.6 [mV]
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6 NCS

/*

type:
module:
cell:

gap: _
connection:

/*

type:
module:
exinput:
input:
output:
observable:
constant:
parameter:

function:

/*

type:
module:
input:
output:
parameter:
function:

end;

(NCS)

Hodgkin-Huxley
Hodgkin-Huxley’s cell model */
NETWORK;
SQUID;
HH[11];
G[10];

HH[O] < ( G[0] < HH[1] );
for(n=1; n <= 9; n+t+ ){

HH[n] < ( G[n-1] < HH[n-1] + G[n] < HH[n+1] );

HH[10] < ( G[9] < HH[9] );

end;

HH module */

CELL;

HH;

Iex;

1g;

V;

INa, IK, I1, Ig;

VNa = 115.0, VK = -12.0, V1 = 10.6;

Cm = 1.0, mNaO = 0.05293, GNa =120.0, GK = 36.0,
Gl = 0.3, hNaO = 0.5961, nKO = 0. 3177 VO =
if( vV 1= 25. ){ /*
= 0.1%(25.-V)/(exp((25.-V)/10.)-1.);
elseq{

am = 0.1%10.; }
= 4.xexp(-V/18.);
dmNa = am*(1. - mNa) - bm*mNa;
mNa = integral (mNa0O, dmNa);
0.07*exp(-V/20.);
bh 1./ (exp((30. —V)/10.)+1.);
dhNa = ah*(1. - hNa) -bh*hNa;
hNa = integral(hNaO, dhNa);
INa = GNa*pow(mNa,3.0)*hNax(V-VNa);
if(V 1= = 10, ){ /%

= 0.01%(10.-V)/(exp((10.-V)/10.)-1.); }

else{
an = 0.01%10.; }
= 0.125*exp(-V/80.);
dnK = an*x(1. - nK) - bn*nK;

nK = integral(nKO, dnK);

IK = GK*pow( nK, 4.0 )*(V-VK);
I1 = G1x(V-Vl1); /*
Iall = Iex - INa - IK - I1 + Ig;
dV = Iall/Cm;

V = integral(VO, dV);

end;

G module */

GAP;

G;

VOP(O 1,0);

Ig;

GL = 5.0;

Ig = GL * ( VOP - POSOUT );

0.;

b

by

133
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1. PRECN
2. POSTCN
3. POSOUT
7.4.4
[ J
, 7.2.3 ,
1. type
3
CELL
SYNAPSE
GAP

type : NETWORK;

. PRECN

. POSTCN

134
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11

7
/%
type : NETWORK;
/*
type : CELL;
2. cell
)
/* llHHll
cell : HH[11];
3. synapse
)
/% "SYN"
synapse : SYN[5];
4. gap
)
/* IIGII
gap : G[10];
5. input
connection

input

10

W

“won

135
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input : ( ,
0
)
/* IIIgII
input : Ig;
/* IIVOPH
, 0.
input : VOP( 0.1, 0 );
6. output
)
/* IIVII
output : V;
7. connection
((<77 ,
(L()??
mdl[i] < (inputl )( input2 );
, inputl
, input?2 mdl
. input
mdl ,
input : V1, V2;
2
, V2 input?2
mdlfi] < ();

1

input

136
);
*/
0 */
1
*/
, 1
mdl i 1
i 2
, input
, V1 inputl



(NCS) 137

: , mdl
i 1 , mdl j
( ) k
mdl[i] < (‘syn[k] < mdl[j] )( input2 );
, LC_"_”
, mdl n
syn m , mdl
1 syn 0 ,
mdl i 2

mdl[i] < (‘inputl )( syn[m| < mdl[n] + synfo] < mdl[l] );

)
connection:
/* "HH" 1
s “G)J
0 s "HH" a0l
, | OO

HH[0] < ( G[0] < HH[1] );

/* "HH" 4
, Wedl
3 , "HH"

IIGII 5
s IlHHII
0 . *x/

HH[5] < ( G[4] < HH[4] + G[5] < HH[6] );

/* nHHn 9
, ledl

9 , "HH"

10 1 R

Gl9l

"CA" 0
@ SYN[0]
)
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HH[10] < ( G[9] < HH[9] )( SYN[0] < CA[0] );

type
module
exinput
input
output
observable
constant
parameter

function

(NCS)

IlSYNll
s IIHHII
2 .

7.2.3
, (Lend;”

/* cell type module */

type:
module:
exinput:
input:
output:
observable:
constant:
parameter:
function:
if (V1=10.){

an = 0.01%(10.-V)/(exp((10.-V)/10.)-1);

Yelseq{

an = 0.01x%10.;

b

CELL;

CL;

Iex;

Ig;

v;

IK, I1, Ig, nkK;

VK -12.0, V1 = 10.6
Cm 1.0, GK = 36.0,

bn = 0.126%exp( -V / 80. );
dnK = an*( 1.- nK ) - bn * nK;
nk = integral( 0.3177, dnK );

IK

GK * pow( nK, 4. ) * (V- VK ); /*

I1 =Gl * (V -Vl ); /*
Iall = Tex - IK - I1 + Ig;

Gl = 0.3;

138
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(NCS)

dv = Iall/Cm;
V = integral( 0., dV ); /*
end;

type
module
input
output
observable
constant
parameter

function

7 . 7.2.3

, ((end;”

/* synapse type module
type: SYNAPSE;

module: GABA,;

input: POC 0.1, 0 );
output: Tr;

parameter: FB = 0.01;
function:

Tr = PO /( FB + PO );

end;

type
module
input

output

139
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observable
constant

parameter

o N o o

function

3 7 . 7.2.3 . :
, (Lend;”

/% gap type module */
type: GAP;

module: G;

input: VOP( 0.1, 0 );

output: Ig;

parameter: GL = 5.0;

function:

Ig = GL * ( VOP - POSOUT );

end;

type
module
cell
synapse
gap

connection

AR AN S

7.2.3 o
L(end;”

for , . for

) for( 15 25 3)

1,2, 3 , , , 1 . 1 ,
for ) 2 ,



(NCS) 141

3 for 1 . for
(L{ LC, 44}77 . 2 , 7.3
)
/% Hodgkin-Huxley’s cell model */
type: NETWORK;
module: SQUID;
cell: HH[11];
gap: G[10];
connection:

HH[0] < ( G[0] < HH[1] );
for(n =1; n <= 9; n++ ){
HH[n] < (G[n-1] < HH[n-1] + G[n] < HH[n+1] );

HH[10] < ( G[9] < HH[9] );

7.4.5

end;
, H-H 7.14 :
Y
’ ((HH?? ’
type: CELL;
module: HH;
Ie:v 9 Ig7 v
exinput: Iex;
input: Ig,
output: V;
INa> IKa ]L> ]9

observable: INa, IK, Il, Ig;

ENayEKyEL )

constant: VNa = 115.0, VK = -12.0, V1 = 10.6;

Cma ) gNaagKagL
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parameter: Cm = 1.0, mNaO = 0.05293, GNa = 120., GK = 3

Gl = 0.3, hNaO = 0.5961, nKO = 0.3177, VO =
function ,
(LG??
type: GAP;
module: G;
) ] 0 O. 1
input: VOP( 0.1, 0 );
output: Ig;
parameter: GL = 5.0;
I, 7.14
I, = gx(Vi—=VW)
Vi, Vo . , function
function:

Ig = GL * ( VOP - POSOUT );

“SQUID??

type: NETWORK;
module: SQUID;

7.14 , “HH” 11 “G” 10
cell: HH[11];
gap: G[10];
for
connection:

HH[0] < ( G[0] < HH[O] );
for(n=1; n <= 9; n++ ){

142

6.,
0.;

(7.22)

HH[n] < ( G[n-1] < H[n-1] + G[n] < HH[n+1] );

}
HH[10] < ( G[9] < HH[9] );
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)
/% Hodgkin-Huxley’s cell model */
type: NETWORK;
module: SQUID;
cell: HH[11];
gap: G[10];
connection:

HH[O] < ( G[0] < HH[1] );
for(n=1; n <= 9; n+t+ ){
HH[n] < (G[n-1] < HH[n-1] + G[n] < HH[n+1] );

HH[10] < ( G[9] < HH[9] );
end;

3 3 , 6 NCS
7.4.6

7.3.4

Y )

[SATELLITE] % nassign("hh-network")
[SATELLITE] % nppQO

, Nassign

[SATELLITE] % npp("hh-network")

, “hh-network.mdl” ,

NPP , nlink . C ,
NCS :

[SATELLITE] % nlink("-02")

npp ) ’ ’

ntime



(NCS) 144

[SATELLITE] % ntime( 10, 0.001, 0.01, 1)

10 [ms], 0.001 [ms], 0.01 [ms],

1 [ms]
nstim

[SATELLITE] % nstim("HH", 10, "P", 1, 0, 100, 3, 999 );

LLHH?? 10

nout . ,
[SATELLITE] % nout( Iin, "HH", 10, 2 )

“HH” 10 Iin
nout series

Y Y

series , nout

[SATELLITE] % series V[3]

[SATELLITE] % nout( V, O, "HH", O, 1 )
[SATELLITE] % nout( V, 2, "HH", 5, 1)
[SATELLITE] % nout( V, 3, "HH", 10, 1 )

, “HH” 0, 5, 10
V{0, V[1}, V(2]

, ndelay . ndelay
) ndelay( mdl, var, dt [, init | )
) 1. mdl :

2. var

3. dt

2. init
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((G?? ((VOP??

[SATELLITE] % ndelay(G,VOP,0.25)

nsclist “D”

[SATELLITE] % nsclist("D")

DELAY
DELAY INFORMATION
Data No., Input Name, Delay Time, Initial Output
1 G( VOP) 0.25 0
nsclist ,
, ninteg ,

[SATELLITE] % ninteg( "R" )

, nlist
LCALL?? ,

[SATELLITE] % nlist("ALL")

Parameter List

Module name : HH
Cm = [ 1]
mNaO = [ 0.05293]
GNa = [ 120]
GK = [ 36]
Gl = [ 0.3]
hNa0 = [ 0.5961]
nKkoO = [ 0.3177]
VO = [ 0]
Module name : G
GL = [ 5]
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(NCS)
7
nassign("hhmodel") ; #
npp Q) ; #
nlink(Q); #
ntime(10,0.001,0.01,1); #
nstim("HH",10,"P",1,0,100,3,999); #

series Iin, V[3]

nout(Iin,"HH",0,2); #
nout(V,0,"HH",0,1);
nout(V,1,"HH",5,1);
nout(V,2,"HH",10,1);

ndelay(G,V0OP,0.25) #
ninteg("R"); #
ncal(); #
[SATELLITE] % ncal()
7 hh-network.mdl

[SATELLITE]

[SATELLITE]
[SATELLITE]
[SATELLITE]
[SATELLITE]
[SATELLITE]
[SATELLITE]
[SATELLITE]
[SATELLITE]

T

b
b
b
b
b
b
b
b

“hh-network.sl”

inline("hh-network.sl")

, GPM

wopen(1,"A4",0,0)

time=(071000) /100

graph(V[0],time,0,0,0,0,0)
scale("N","D","N","D")
graph(V[1],time,0,0,0,0,0)
scale("N","D","N","D")
graph(V[2],time,0,0,0,0,0)

title(l,"time [ms]","membrane potential [mV]")

, ncal

146
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100

membrane potential [mV]
50

0 2 4 6 8 10
time [mg)]

7.15

[SATELLITE] % axis(1,1,"XYy","XY",6,0,0,0,0,0)

SATELLITE GPM
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8.1 NPE
NPE (Nonlinear Parameter Estimation module)
NPE
NPE

NPE

e Simplex BFGS DFP SSVM

. ( C ) SATELLITE
NCS

NPE (1) (8.2 ) (2)
(8.3 ) (3) (8.4 ) (4 (8.5 )
y1(t) = Aysin(2nt+ B)+C (8.1)
y2(t) = Aycos(2nt+ B) +C

4 (A1 Ay B O) 2 (y1 v2)
! SATEILITE

satellite/src/npe/samples/sin2/

148
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8.2
NPE NPE
NPE
8.2.1 C
NPE C
1 (int )
2 ; (double )
3 ; (double )
2 8.4 cinit()
3
(8.1) (8.2) 8
8 7 samp
extern SATEILITE
point /samp point
NPE
C

% gcc -03 -c sin2.c«

static NCS




OO WN -

© 00

11
12
13
14
15
16

17
18
19
20
21
22
23

8 (NPE)

/* NPE USR

/* , ,
/* , ,
/* 2=

#include <stdio.h>
#include <math.h>

extern double samp; /* satellite

#if !defined(PI)
#define PI 3.14159
#tendif

int model( point, param, output )
int point;
double *param;
double *output;
{
double y,theta;

150

*/
*/
*/

sampling freq. */

theta = 2.0*%PI*((double)point/samp)+ param[2];

y = param[0] * sin(theta)+ param[3];

output [0] = y;

y = param[1] * cos(theta) + param[3];

output[1] = y;
return(0) ;

8 C

8.2.2 NCS

NPE NCS

(sin2.c)

NCS ( : sample.mdl)

[JSATELLITE[] tom/rose: [1]% npp("sample")«

[JSATELLITE[]tom/rose: [2]% nlink("-02","0")+«

INCS NCS

((NCS ”
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8.2.3
NPE
C
(8.1) (8.2)

Al A2 < b

T T

— < B <z

12 2

¢ >0
9
2
param) (double
1 /% x/
2 #include <stdio.h>
3 #include <math.h>
4 #define Pena_Val 1000.0
5 double penalty( param )
6 double *param;
7 A
8 double pena=0.0;
9 if ( param[0]>=5. ) pena += Pena_Val;
10 if( param[1]>=5. ) pena += Pena_Val;
11 if ( param[2]<=M_PI/12. ) pena += Pena_Val;
12 if ( param[2]>=M_PI/2. ) pena += Pena_Val;
13 if ( param[3]<=0 ) pena += Pena_Val;
14 return(pena) ;
15 }
9 (sin2_pena.c)

8.3

NPE

151
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( )

SATEILITE

3 2

[JSATELLITE[]tom/rose: [3]% datal $"data.dat": [0]«

[JSATELLITE[]tom/rose: [4]% data2 = $"data.dat":[1]«

1 2 datal data2
8 2
Ay =3 B=n/8 C=2
SATEILITE
1000 1kHz 1
1
10

8.1 (8.1)
15 (8.2) 8 17

SSATEILITE SATEILLITE

152

SATEILITE
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(@]

const dpt = 1000;
const Al = 2;
const A2 = 3;
const B_ = PI/8;
const C_ = 2;

series y[dpt],wgt[dpt];

# sin, cos

t = (07 (dpt-1))/dpt;

y:[0] = Alxsin(2%PIxt + B_) + C_;
y:[1] = A2xcos(2+PI*t + B_) + C_;
#

ran0 = nrand(dpt,1,0,0.01);

ranl = nrand(dpt,3,0,0.01);
#

y:[0] = y:[0] + ranO;

y:[1] = y:[1] + rani;

#

wgt:[0] = (07 (dpt-1))*0 + 1;
wgt: [1] = wgt:[0];

#

$"sin2.dat" = y;
$"sin2.wgt" = wgt;

10

(NPE)

Amplitude

0.0 0.2 0.4

0.6

Time [s]

8.1

0.8

1.0

153
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8
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SATEILITE
SATEILITE

SATEILITE
SATEILITE

2.845, 4.746, 2.875, 4.845, 2.751, 4.808, 2.747, 4.779 ...

”data.txt”

1

[1SATELLITE[]tom/rose
[JSATELLITE[]tom/rose
[0]:% 2.845 4.746
[6]:% 4.808 2.747
[JSATELLITE[]tom/rose
[1SATELLITE[]tom/rose
[0]:% 2.845 2.875
[1SATELLITE[]tom/rose
[0]:% 4.746 4.845
[JSATELLITE[]tom/rose

2000
2

: [6]% data = text2buffer("data.txt")«
: [6]% data<—
2.875 4.845 2.751
4.779 s
:[71% data = trans(reform(data, (1000,2)))«
: [8]% data:[0]«
2.751 2.747
: [91% data:[1]«<
4.808 4.779 .
: [10]% $"data.dat" = data«<

SATEILITE



8.4

NPE

8.1

(NPE)

8.1

—_

cmethod()
clsearch()

cmodel()

cpenalty/()

cinit()

cscale

O O W WO N

(
clogic(
cterm(

)
)
)

cnumber()

—~— ] —~
— | —— | ——— ~—|

ool

r
cpoint()
cdata()
cweight()

cresult()
chistory()

cdisp()

cnormy()

cinteg()

NPE

(12)

155
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(1) ... cmethod() clsearch()
NPE

Simplex  BFGS(Broyden-Fletcher- Goldfarb-Shanno) DFP(Davideon-

Fletcher-Powell) ~ SSVM(Self-Scaling Variables Metric) (Fletcher-Reeves
) (Polak- Ribiere-Polyak 6
Simplex
(2) ... cmodel()
C NCS

(3) ... cpenalty()
(4) ... cinit()
(5) ... cscale()
(6) ... clogic() cterm()

Simplex
clogic() cterm()
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(7) ... cnumber()
(8) ... cdata() cweight() cpoint()
cdata() cweight()
cpoint()
(9) ... cresult() chistory()
cresult() chis-
tory()
8 SATEILITE
(sin2_com.sl) 11
BFGS
SATEILITE inline()

[JSATELLITE[]tom/rose: [11]% inline("sin2_com.sl") ;<

cstore()

[JSATELLITE[]tom/rose: [11]% cstore("sin2.prm");«

(sin2.prm)
cload()



(2] Sw N

o

10
11
12
13

14
15

16
17
18
19

20
21

22
23
24
25

26
27
28
29
30

31

32
33

34
35

## NPE ( USR

#

(NPE) 158

)

cmethod ("bfgs"); # "BFGS "

clsearch("golden",1.0e-04); #

#
cmodel ("USR","sin2.0"); # C

#
cpenalty("sin2_pena.o"); #

#

cinit (4,
cinit (4,
cinit (4,
cinit (4,

-
-

W -
|

WON -

O = 00 0

#
cscale(0); # "

#

clogic("0[1"); #
cterm(0, 100); #
cterm(1, 20); #

#
cnumber (2) ; #

#

cpoint (1000) ; #
cdata("sin2.dat");
cweight ("sin2.wgt"); #

+*

#

cresult("sin2_res.dat"); #
#

chistory("sin2_hist.dat",10); #
#

#i#

#
cdisp(0); #

#
cnorm(2) ; #

11

"VAR", "A1",1.0e-05);
, "VAR", "A2" 1.0e-05);
, "VAR", "B", 1.0e-05);
, "VAR", "C", 1.0e-05);

"sin2.0"

"sin2_pena.o"

IIA1II I|1.8|l
|IA2H ||2’8|l
|IB|I Il_O.lll
IlCll ||3.0|l

H H HH

100
20

Il2|l

"1000"
"sin2.dat"
"sin2.wgt"

"sin2_res.dat"

"sin2_hist.dat"

l12_ "

(sin2_com.sl)
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8.5 NPE

2

[JSATELLITE[]tom/rose: [30]% series result,hist«

[JSATELLITE[]tom/rose: [31]% npe(result,hist)«

Making Executable file is done.

[ NPE ] BFGS
<<< 0 Step : Error = 3495.14 Penalty
Al A2 B
1.8 2.8 -0.1

<<< 1 Step : Error = 799.055 Penalty

Al A2 B
1.79589 2.78321 0.52453

2.

npe() 1 (result)

cresult() chistory()
B
" Penalty=1000"

159
npe()

= 1000 >>>

C

3
=0 >>>
55808

(—0.1)

<<< 11 Step : Error = 19.7765 Penalty = 0 >>>

Al A2 B
1.97965 2.97731 0.39562

Error < 20

3 points are stored in "sin2_hist.dat"

Estimation is done.

20 11

[1SATELLITE[]tom/rose: [32]% hist«

(0] : [0]% 1.8 2.8 -0.1 3
[1]1:[0]% 1.969 2.967 0.3864 1.997
[2]:[01% 1.98 2.977 0.3956 1.998

C
1.9979

3495
20.44
19.78
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Ay
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B C

A1:2 A2:3 B:7T/8 Cc=2
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[1] Press, W. H., Flannery, B. P. and Vetterling, W. T. : “Numerical Recipes in C”

Cambridge University Press(1988).



