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1 SATELLITE
1.1. . SATELLITE

SATELLITE (System Analysis Total Environment
for Laboratory - Language and InTeractive Execution)

SATELLITE C (SATELLITE )
248

Program

(Analysis Algorithm)

Execute
— _'_'_'_4_,—-—"'_'_

T Extensity
0
Interpreter | Objects Procedure
built-in functions
operators
data
Interface
Protocol
External Functions
ISPP A
D\gigl signal GPM pPphcato
processing Visualization o are
NPE
lonie current model Nonlinear parameter
estimation
BPS
Backpropagation STATISTICS
simulator Statistical analysis

1.1. SATELLITE

1.2.

SATELLITE

1.2.1. SYSTEM



SYSTEM
1.2.2. ISPP

ISPP (Interactive Signal Processing Package) SATELLITE

FFT
( )
1.2.3. GPM
GPM (Graphic Package Module)
3

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

1.2.7. DCM

DCM (Data Conversion Module)

1.2.8. STATISTICS

1 SATELLITE

SATELLITE



1

STATISTICS

2
1.3.1. OS

SATELLITE (O]
e PC/IAT (Windows98, Windows2000, Windows XP)
e PC/IAT (FreeBSD 4.7 , Linux kernel 2.4 )
e Apple Machintosh (MacOS X 10.2 )
. POSIX 0OSs( )
1.3.2.

SATELLITE  Windows
e X Window System Version 11 Release 6

Windows
http://satellite.sourceforge.jp/download.html

1.4.1. Windows

Windows satellite-win32-4.2.3_exe

SATELLITE 423 ©yb Py 24 —F~LD

L .
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T FRCy

1.2.

1.4.2. MacOS X/Linux/FreeBSD

SATELLITE


http://satellite.sourceforge.jp/download.html

1 SATELLITE

MacOS X/Linux/FreeBSD

satellite-4.2_3._tar.gz

% tar zxvf satellite-4.2.3.tar.gz

configure

% cd satellite-4.2.3
% ./configure

% make

% sudo make install



2 SATELLITE

Mathematica LabVIEW
AVS
SATELLITE
SATELLITE API (Application Program Interface)
( )
SATELLITE
SATELLITE ( )
for while
2.1.
Jydoteuy
TFATERT - WICERT
2.1.
2.2.1.
* Windows
 IDE
SATELLITE 4.2.2 SATELLITE IDE



2

SATELLITE

@ Windows L—F— A—H—
b UE=b PLAAA

Manuals 3
& SATELLITE

SATELLITE Site.url !
fa Uninztall

2.2. Windows IDE SATELLITE

View  Window

D fEaEr « ae Ele 22

Fils  Edit Help

B O g g QT G GOy

Yelcome to The SATELLITE Warld
Copyright (G) 2003-2005, RIKEN Japan

Yersion

4.7.3

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

HODLILE
MODLILE
HODLILE
MODLILE
HODLILE
MODLILE
HODLILE
SYSTEM MODULE
SYSTEM MODULE

SYSTEM MODLLE ATISTI
[ ETRTIEWETEN] "My Docunent ¥y

34
23
36
25
17
22
)
14
16

©39 Ex
SATELLITE: [2671%

Install
Install
Install

Funct ions ...

Functions ...

Funct ions ...

Functions ... Install

Funct fons ... Install

Funct ions ... %nstall
I

External
External
External
External
External
External
External
External
External

ternal

Functions ... Install
Functions ... Install
Functions ... Install
Functions ... Install

Ready ’WI_W A
2.3. Windows IDE SATELLITE
SATELLITE4.2.2 SATELLITE

@ Windows L—E— A—h—
o ME—RTURALA
& SATELLITE

2.4.

Manuals

%, SATELLITE IDE
SATELLITE Siterl

fa Uninstall

SATELLITE



e MacOS X/Linux/FreeBSD

1]

BUILTIN
SYSTEM

BPS

2  SATELLITE

2.5.

SATELLITE

% /usr/local/satellite4/bin/sl4

SATELLITE

2.2.2.

(CTRL D

2.6.

SATELLITE

SATELLITE

=l

SATELLITE 4.2.3

e b 6 6 616 66 B BB 6 BB 0 E 10 E1810 DI 1D B8 016018 16,0 610 5 0.6 151015,0/016,6/0 6166 008101016 6/0166/0

*

SYSTEM MODULE

We lcome to The SATELLITE

Wor |d

Copyr ight(C) 2003-2005, RIKEN Japan
Version 4,2.3

eleliblolbi ikl blelb bl ‘.‘6‘.‘6‘.‘6i‘6‘.‘6‘.‘6‘.‘6?6‘.‘6‘.‘6‘.‘6‘.‘6i‘6‘.’6‘.‘6‘.‘6?6‘.’6‘.‘6‘.‘6?6‘.‘6‘.‘6‘.‘6‘.‘6i‘6‘.’6‘.‘6‘.‘6?6‘.‘6‘.‘6‘.‘6‘.‘6i‘6?6?6?6?6?6?6?6?6‘?6?6?6?6?6?6?6?6?6?6?6?6?6?6%?6
Ok,

- BUILTIN 34 External Functicns .

»

Install

[1SATELLITE[]~/home/demo:[1]% exit
[1SATELLITE[]~/home/demo: [2]% ~D

2.2.3.

setup.sl

rc.sl

* SYSTEM MODULE 22 External Functions ... Install Ok,
* SYSTEM MODULE 36 External Functions ... Install Ok,
* SYSTEM MODULE 25 External Functions ... Install Ok.
* SYSTEM MODULE 17 External Functions ... Install Ok.
* SYSTEM MODULE 22 External Functions ... Install Ok.
* SYSTEM MODULE 27 External Functions ... Install Ok,
* SYSTEM MODLULE 12 External Functions ... Install Ok.
* SYSTEM MODULE : 16 External Functions ... Install Ok,
* SYSTEM MODULE STIC. 39 External Functions ... Install Ok,
{1 SATELL I TELH workfsatc-l | ite:[2571% I
2.6. SATELLITE
"exit"
rc.sl

setup.sl

Ctrl-D



2  SATELLITE

Windows : %INSTDIR%!\etc\rc.sl
MacOS X/Linux/FreeBSD : ${prefix}2/etc/satellited/rc.sl

Windows : %INSTDIR%/etc/setup.sl
MacOS X/Linux/FreeBSD : ${prefix}/etc/satellite/setup.sl

Windows : Document and Settings\%USERNAME%3\Application Data\SATELLITE4\setup.sl
MacOS X/Linux/FreeBSD : ~/.sl4rc/setup.sl

Windows : %INSTDIR%/etc/clean.sl
MacOS X/Linux/FreeBSD : ${prefix}/etc/satellite/clean.sl

Windows : Document and Settings\% USERNAME%\Application Data\SATELLITE4\clean.sl
MacOS X/Linux/FreeBSD : ~/.sl4rc/clean.sl

2.2.4.

SATELLITE
. - « )
e -rc rc
e -setup setup
e -clean clean
e -help

% sl4 setup2.sl -

)

2.2.5.

1

2configure --prefix
3

SATELLITE



2  SATELLITE

SATELLITE

e SL_HOME

SATELLITE

HOME Windows SL_HOME
HOME My Documents\My SATELLITE
e SL_TEMP
(SATELLITE-Langxxxx)

SATELLITE

2.3.1.

SATELLITE

n_n Il/ll

[1SATELLITE[]~/home/demo:[1]% cd Tex
[1SATELLITE[]~/home/demo/Tex: [2]%

1 e

[1SATELLITE[]~/home/demo:[3]% n=0
[1SATELLITE[]~/home/demo:[4]% for( 1 = 0; 1 < 10; i++) {

n=n+11%

2.3.2.

GNU-Emacs
AF /\B AA /\E
DEL ~H (BS) ~K

N

[1SATELLITE[]~/home/demo:[1]% n=0



0

A

GNU-Emacs

2.1.
set mark @ (Ctrl-SPACE)
begining of line A
backward char "B o~
interrupt "C
delete char DEL
end of file "D
file listup "D
end of line "E
forward char "FEoS
backward delete char "H BS
newline N M
kill line K
search next history AN
search prev history Pt
transpose chars T
yank kill Y
kill region "W
filename completion TAB
command completion TAB

[1SATELLITE[]~/home/demo: [2]%
[1SATELLITE[]~/home/demo: [3]%

hl:

~p

[1SATELLITE[]~/home/demo:[4]% J =

~p

[1SATELLITE[]~/home/demo:[5]% n =

[1SATELLITE[]~/home/demo:[6]% ]}

N

10

~H

2

~B

SATELLITE
0
AP
AN

2.1.



2  SATELLITE

[1SATELLITE[]~/home/demo:[7]% n
[1SATELLITE[]~/home/demo:[8]% ]}

~p

[1SATELLITE[]~/home/demo:[9]% j}

1
o

TAB

[1SATELLITE[]~/home/demo:[10]% i
[1SATELLITE[]~/home/demo:[11]%

TAB]

-
=rm™

~D
[1SATELLITE[]~/home/demo:[12]% iir"D
iirQ) iirmake(Q)
TAB

[1SATELLITE[]~/home/demo:[13]% ii
[1SATELLITE[]~/home/demo:[14]% ii

~D
(cd )

[1SATELLITE[]~/home/demo:[15]% cd /home/okumura/TeX/

/home/okumura/Tex/ D

[1SATELLITE[]~/home/demo:[16]% cd /home/okumura/TeX/"D
DSP/ reportl.tex report2.tex
report3.tex RETINAL/ RETINA2/

workl.tex work2 . tex work2 . tex
[1SATELLITE[]~/home/demo:[17]% cd /home/okumura/TeX/

e B MacOS X/Linux/
FreeBSD "Q" FIFO ( ) "
II%II ll#ll

[1SATELLITE[]~/home/demo:[18]% cd /home/okumura/TeX/REND
/home/okumura/RETINALl/ /home/okumura/RET INA2/
[1SATELLITE[]~/home/demo:[19]% cd /home/okumura/TeX/

"RE"

11



2
[ ]
UNIX (Windows )
2.3.3.
SATELLITE
1.
2.
SATELLITE
2.9.1.
2.3.4.
SATELLITE
3*6
[1SATELLITE[]~/home/demo:[1]% 3*6
18
3 6 P
[JSATELLITE[]~/home/demo: [2]% 3*6
B D B
[1SATELLITE[]~/home/demo:[3]% 3/6
0.5
2.4.1.
1
) 2.7.
Series
SATELLITE
Series
Scalar File 5
Scalar Snapshot Series File Scalar
Snapshot Scalar
Snapshot 1

UNIX

12

SATELLITE

Snapshot  String

Series
File

Snapshot



2  SATELLITE

Time

Q T
100 I
\ 2 2-di i | Series
> i
3 |
Series y e -
2.7.
(Method)
Scalar Series Snapshot String File
Scalar 2.8. Scalar
O - O -
2.8. Scalar
Series 2.9. Series
2.9. Series
"
SATELLITE
e Scalar
Series
) Scalar

N

2.10. Scalar

[1SATELLITE[]~/home/demo:[1]% k=0.8
[1SATELLITE[]~/home/demo:[2]% k
0.8

e Snapshot

Series

13

*)

( 2.10. Scalar

Snapshot
)



2  SATELLITE

Series
Shapshot Snapshot
Snapshot Snapshot
( 211 2 Snapshot )
4
\N
211.2 Snapshot
( 24.2. )

[1SATELLITE[]~/home/demo: [3]% snapshot z[2][2]

2 Snapshot

[1SATELLITE[]~/home/demo:[4]% z
[O]:[1]:% 0 0
[0]:[0]:% 0 0

[1SATELLITE[]~/home/demo:[5]% z[O0][1]=4

[1SATELLITE[]~/home/demo:[6]% z
[01:[1]:% 0 4
[0]:[0]:% 0 0

[1SATELLITE[]~/home/demo:[7]1% z[01[1]
[0]:[1]:%4

e Series
( 27.
) 1 Series 1
( 212, 1 Series ) Series
(Snapshot)
Time
2.12.1 Series
2 Series 1 Series
Series  Scalar
Series Scalar Series
‘0
Series

[1SATELLITE[]~/home/demo: [8]% x=1~7

14



2

1 Series 1 7 ( 213
) II__,II 1

213.1 Series

[1SATELLITE[]~/home/demo:[9] x

[O]J:% 1 2 3 4 5

[5]1:% 6 7
[1SATELLITE[]~/home/demo:[10]% x:[3]
4

3 2
( 242

[1SATELLITE[]~/home/demo:[11]% series y[2][2]

y
[1SATELLITE[]~/home/demo:[12]% y[O][1]=x

Series 1)

[1SATELLITE[]~/home/demo:[13]% y[O][1]
[O]:% 1 2 3 4 5
[5]1:% 6 7

2.14.2 Series

Series 2)

[1SATELLITE[]~/home/demo:[14]% y:[3]
[O1[1]1:% O 4
[0][0]:% O O

2.15.2 Series

15

(

SATELLITE

1

2.5.

Series

2.14.

2.15.



2  SATELLITE

o File
series
File Series (Series  Snapshot)
( 216. ) Series
File

[1SATELLITE[]~/home/demo:[15]% $'data.dat":[0] = vy

y (Serries Snapshot ) data.dat 0

File
Series

[1SATELLITE[]~/home/demo:[16]% x = $"data.dat':[0]

File type
Data type

Header part COwner

256byt
byte Date

Dimension
Data part Record 0 Index

Record 1

Record n-1

Record n

2.16.

X  data.dat 0

[1SATELLITE[]~/home/demo:[17]% y = $"data.dat"

y data.dat Xy Series
data.dat 2
Series
e String
String nyn nn
)
II+II

[1SATELLITE[]~/home/demo:[18]% y = ""test™ + '.dat"
[1SATELLITE[]~/home/demo:[19]1% Yy
test.dat

16

File

String

n/u



2  SATELLITE

[1SATELLITE[]~/home/demo: [20]% y
[1SATELLITE[]~/home/demo: [21]% y
test

= ""test.dat" - ".dat"

Hgenn

[1SATELLITE[]~/home/demo: [22]% "ABC"™ * 4
ABCABCABCABC

II/II
[1SATELLITE[]~/home/demo: [23]% "A,BC,D,EFG,H,1JK" /7 ","
[0 A BC D EFG H
[51% 13K

"[0]%" "[5]%"

2.4.2.

Series

[1SATELLITE[]~/home/demo:[1]% series X
64x 64
[1SATELLITE[]~/home/demo:[2]% series y[64][64]
Snapshot
[1SATELLITE[]~/home/demo: [3]% snapshot a[10], b[20][20]

Snapshot Scalar

[1SATELLITE[]~/home/demo:[4]% scalar 1, j, kK

Scalar 1 String

[1SATELLITE[]~/home/demo:[5]% string str, mstr[10]

String

2.4.3.
()

[1SATELLITE[]~/home/demo:[1]% a = 1
a

ISPP fftc

[1SATELLITE[]~/home/demo:[2]% fftc("'P", X, Yy, U, V)

17



Scalar  String

[1SATELLITE[]~/home/demo: [3]%
test3
[1SATELLITE[]~/home/demo: [4]%
3.14159

" " +3.1415926 3.14159
String  Scalar

[1SATELLITE[]~/home/demo: [5]%
9.1415926
[1SATELLITE[]~/home/demo: [6]%
0.0108

2.4.4.

X

2.5.

series y  Snapshot

[1SATELLITE[]~/home/demo: [1]%
series
[1SATELLITE[]~/home/demo: [2]%
snapshot

[1SATELLITE[]~/home/demo: [3]%

[1SATELLITE[]~/home/demo: [4]%
10

[1SATELLITE[]~/home/demo: [5]%
[0]:% 10 50

"test" + 3

"'+ 3.1415926

6 + '""3.1415926"

0 + "1.08e-2"

Series String

typeof(x)

typeof(y)

index

a = 1-10

index(a)

index(b)

18

2

SATELLITE

fftc

String  Scalar

Scalar

Series

typeof

b[10][50]

String

String



"0

[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[0O]:% -3 -2 -1
[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[0]:% 1 2 3
[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[0O}:% -3 -2 -1
[51:% 2 3

2.2.

2.2. ( )

[1]%
[2]1%

[31%
[4]1%

[5]1%
[6]1%

-3~-1

1-3

x, 0, y)

00 :1

Series

z>0* z

[1SATELLITE[]~/home/demo:[7]% (z > 0) * z

[0]:% 0 0 0
[51:% 2 3
2.6.
oy PI E
(2) const

[1SATELLITE[]~/home/demo:[1]% const Degree = P1/180

0

( 23

19

2

SATELLITE

"



2  SATELLITE

const const
Series
2.3.
DEG 57.2957 %
E 2.7182 €
GAMMA 0.5772 T Euler-Mascheroni
PHI 1.6180 ;%I-_l
Pl 3.1415 m
C if while do-while for {...}
e if (expr) stmt
e if (expr) stmt else stmt
« while (expr) stmt
e do stmt while ( expr)
« for (‘expr;expr; expr) stmt
expr stmt {}
stmt expr AND "&&" OR "I
0
(Series ) 0
2.7.1. if
if
2 (else )
2
e |if 1
it ( ) {
}
e if 2
it ( ) {
1 ?
} else {
2
}
X n s X

20



2  SATELLITE

[1SATELLITE[]~/home/demo:[1]% if (X < n){
+ s =85+ X

+ 3}

[1SATELLITE[]~/home/demo:[2]% if (x < n){
+s=s+X

2.7.2. while do-while

while do-while
while
do

* while

while ( ) {

}

* do-while

do {

¥ while ( ) :

while X n s X

[1SATELLITE[]~/home/demo:[1]% while (x < n) {
+ s =85+ X
+ n++

+ }
do-while

[1SATELLITE[]~/home/demo:[2]% do {
+ s =5 +X

+ n++

+ } while( x < n)

2.7.3. for

for

 for

for 3

21



) {

[1SATELLITE[]~/home/demo: [1]% Ffor(
+ s =5+ X

+ 3}

break
continue

2.8.

2.8.1.
SATELLITE

const

SATELLITE

2.8.2.

series snapshot scalar

2.4.

22

1;

while

i <=n;

2  SATELLITE

i++) {

for

external

2.5.



2.4.

abs(x)

acos(x)

asin(x)

atan(x)

X | X | X [ X

atan2(x,y) Xy

atan(x y)

cos(x)

exp(x)

int(x) X

mod(x) Xy

log(x) e

log2(x) 2

log10(x) 10

pow(x.y)

sgn(x)

sin(x)

sqrt(x)

tan(x)

2.5.

history()

index(x)

inline(x)

length(x)

printf(x,...)

strlen(x)

typeof(x)

undef(x)

symbols()

2.8.3.

plusten

2

[1SATELLITE[]~/home/demo:[1]% func plusten (n) {

+ f=n+ 10
+ return f

+ 3}

23

SATELLITE

10



2  SATELLITE

[1SATELLITE[]~/home/demo:[2]% num = 8
[1SATELLITE[]~/home/demo: [3]% plusten (num)
18

X fac

[1SATELLITE[]~/home/demo:[4]% func fac(x) {
+ IT(X<=0) return 1 else return x*fac(x-1)

+ 3}

X n y n+1
2.4.3.

[1SATELLITE[]~/home/demo:[5]% scalar X,y
[1SATELLITE[]~/home/demo:[6]% proc plusten(n, x, y) {
+ X =n

+y n+ 1

+ }

[1SATELLITE[]~/home/demo:[7]% plusten(14, X, Y)
[1SATELLITE[]~/home/demo: [8]% X

14

[1SATELLITE[]~/home/demo:[9]% Yy

15

(

) ( ) external

external

[1SATELLITE[]~/home/demo:[10]% proc subplusone(n) {
+ external X,y

+ X =n

+y n+1

+ }

[1SATELLITE[]~/home/demo:[11]% func glplusone (gn) {
+ external X,y

+ subplusone(gn)

+z=X+Yy
+ return z
+}

[1SATELLITE[]~/home/demo:[12]% scalar Xx,y,z
[1SATELLITE[]~/home/demo:[13]% glplusone (4)
?]SATELLITE[]~/h0me/dem0:[14]% X
i]SATELLITE[]~/h0me/dem0:[15]% y
i]SATELLITE[]~/h0me/dem0:[16]% z

0

24



2  SATELLITE

[1SATELLITE[]~/home/demo:[17]% func sigmoid(t){
+ r=1/(1+exp(-t))
+ return r

+ }
t  Scalar

[1SATELLITE[]~/home/demo:[18]% sigmoid(0)
0.5

t  Series

[1SATELLITE[]~/home/demo:[19]% sigmoid(-10~10)
[ 0J:% 0.0000 0.0001 0.0003 0.0009 0.0025
[ 51:% 0.0067 0.0180 0.0474 0.1192 0.2689
[10]:% 0.5000 0.7311 0.8808 0.9526 0.9820
[15]:% 0.9933 0.9975 0.9991 0.9997 0.9999
[20]:% 1.0000

t  String

[1SATELLITE[]~/home/demo:[20]% sigmoid('"test')

sl: string not supported method
Series - -10 10 (21
) sigmoid 21 Series

Scalar
Snapshot  Series File

2.8.4.

printf C printf

[1SATELLITE[]~/home/demo:[1]% x = 3
[1SATELLITE[]~/home/demo: [2]% printf('x = %d\n",x)

x=3

[1SATELLITE[]~/home/demo:[3]% printf("%1.7f\n",(1,2,3,4,5))
[0]:% 1.000000 2.000000 3.000000

[3]1:% 4.000000 5.000000

read read

read

[1SATELLITE[]~/home/demo:[4]% y = read(series)

11 21 31 41 51 6, 7, 8

y
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[1SATELLITE[]~/home/demo: [5]% vy
[0O]:% 1 2 3 4 5
[31:% 6 7 8

2.9.1.
SATELLITE
[1SATELLITE[]~/home/demo:[1]% graph
[1SATELLITE[]~/home/demo:[2]% graph(x
Y-AXIS DATA ( Object or "T","F","D" )
Y "volt"
[1SATELLITE[]~/home/demo:[3]% graph(volt
[1SATELLITE[]~/home/demo:[4]% graph(volt,”T"
X-AXIS DATA ( Object or "T","F","D" )
X
SATELLITE
2.9.2.
inline
inline
( testsum.sl )
sum = 0;
for( i = 1; i <= 10; i++){

sum = sum + 1;

}
printf(‘'sum

%d\n'", sum);

2  SATELLITE

graph

inline

[1SATELLITE[]~/home/demo:[1]% inline("testsum.sl'™)

[1SATELLITE[]~/home/demo: [2]% inline("testsum.sl')

sum = 55

sum = 0;

for( 1 = 1; 1 <= 10; i1++) {
sum = sum + 1

26
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2  SATELLITE

}
printf("'sum = %d\n",sum);
inline(™ ");
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3
3.1. SYSTEM

SYSTEM

3.2.

3.2.1. (help)

help( "funcname"™ )

funcname String

[1SATELLITE[]~/home/demo:[1]% help(“'help™)

help

3.2.2. (header)

header( "file_name™, mode )

file_name mode O: 1: )

[1SATELLITE[]~/home/demo:[1]% header(*‘'test.dat’, 0)

(test.dat)

3.2.3. (wait)

wait(Q)
Scalar

[1SATELLITE[]~/home/demo:[1]% wait(3)

3.2.4. (reform)

y = reform(x, index)

X y index 3.1. reform
1 1 Series a 2 Series b

[1SATELLITE[]~/home/demo:[1]% a = 1~14
[1SATELLITE[]~/home/demo:[2]% a

28



[OJ:% 1 2 3 4 5

[51:% 6 7 8 9 10

[10]:% 11 12 13 14
[1SATELLITE[]~/home/demo:[3]% b = reform(a, (7, 2))
[1SATELLITE[]~/home/demo:[4]% b

[0O]:[0]1% 1 2
[1]1:[0]1% 3 4
[2]:[0]%* 5 6
[31:[0]1% 7 8
[4]:[0]% 9 10
[5]1:[0]% 11 12
[6]1:[0]1% 13 14
3.1. reform 1
3.2.  reform 2 2 b

[1SATELLITE[]~/home/demo:[5]% c = reform(b, (3,2,4))
[1SATELLITE[]~/home/demo:[6]% c

[O]:[0J[oj» 1 2 3 4

[O]:[1][0]* 5 6 7 8

[1]:[0]J[0]% 9 10 11 12

[1]:[1][0]% 13 14 0 O

[2]:[0]J[0]»* O O O O

[2]:[1][oj» o o0 0 ©

3.2. reform 2

Snapshot

3.2.5. (bm)

bm( X )
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X X

[1SATELLITE[]~/home/demo: [3]% bm(x)

3.3.
X
[1SATELLITE[]~/home/demo:[1]% t = 0~99
[1SATELLITE[]~/home/demo:[2]% X = sin(2*P1*t/100)
B (= .

F\I
alw| <« x| ¢|2]

1.0

33, ()
SCALE 4]
3.4.
i Y, R
= Lingar " Log &+ Linear " Log
& futo " Fixed & futo ¢ Fixed
Max I'ID Max |10
Min |10 Min  |[-10
& Grid o+ Girid
FeEl |
3.4.
x 1 Series
reform
X 2 Series y

[1SATELLITE[]~/home/demo:[4]1% v = reform(x, (2,50))

2 Series y
[1SATELLITE[]~/home/demo:[5]% bm(y)

3.5. 1(2

30
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Series

1

Series
Series



3.5. 12 Series )
i 3.6. 22
Series )
& i) ]
File
ajul| </ [v] 2]
0.0
1.0
3.6. 2 (2 Series )
3.5. 1(2 Series ) 3.6. 2(2
Series ) 3.5.
1(2 Series ) 3.3. ( )
1 50 3.6. 2(2 Series )
( ) 51 100
3.2.6. (sampling)

sampling( frequency )

frequency ISPP
GPM  graph

[1SATELLITE[]~/home/demo:[1]% a = 1~10

3.7.  sampling 1 frequency
1000.0

31
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=

=

Q|

[ee)
[}
= o
g ©

(S

<

(S

N

T T T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0
Time [msec]
3.7. sampling 1

100 a 3.8.  sampling 2

[1SATELLITE[]~/home/demo: [2]% sampling(100)

o |
S
o
o)
o
2 o
g ©
o
<
(=N
N

0.0 200 400 60.0 80.0 100.0

Time [msec]
3.8. sampling 2
3.2.7. (cut)
y = cut(x, start, end)
X y start end
3.9. cut 1 1 Series

[1SATELLITE[]~/home/demo:[1]% a = 1~7
[1SATELLITE[]~/home/demo:[2]% a
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[O]:% 1 2 3 4
[5]1:% 6 7
[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[O]1:% 4 5 6

[1SATELLITE[]~/home/demo

[1SATELLITE[]~/home/demo
sl4: Error [<SYSTEM:cut>

3.10. cut 2

[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[O1:[01% 7
[11:[01% 9
[21:[0]% 11

Snapshot

3.2.8.

z = put(Xx, y, index)

X y
z
1 Series )

5

:[31% b
-[4]% b

cut(a, 3, 5)

:[5]1% b = cut(a, 3, 5)

:[6]1% b = cut(a, 5, 3)

No.7] Illegal index near line 6

— .ink
Time .
3.9. cut 1
2 Series
[71% a = 1~14
:[8]1% b = reform(a, (7,2))

[9]1% c
:[10]% c

3.10. cut

1 Series

33

cut(b,(3,0),(5,0))

index

1

y

3.11.

Series

put



br

[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo

[11% a = 1~7

:[21% b = 11~17
:[31% ¢ = put(a,b,3)
:[41% c

[0]:% 1 2 3 11 12
[51:% 13 14

6th

Time

Oth
3.11. put (1 Series )
3.12. put (2 Series ) 2 Series

[1SATELLITE[]~/home/demo:[5]% a = 1~14
[1SATELLITE[]~/home/demo:[6]% b = 30~35
[1SATELLITE[]~/home/demo:[7]% ar = reform(a,(7,2))
[1SATELLITE[]~/home/demo:[8]% br = reform(b, (3,2))
[1SATELLITE[]~/home/demo:[9]% c = put(ar,br,(2,0))

[1SATELLITE[]~/home/demo
[O]:[0]% 1 2
[1]:[0]1% 3 4
[2]:[0]% 30 31
[3]1:[0]% 32 33
[4]:[0]% 34 35
[5]1:[0]% 11 12
[6]1:[0]% 13 14

13~ 14

3.12. put

Snapshot

3.2.9.

Series

z = merge(X, Yy)

-[10]% ¢

(2 Series )
(merge)
2 z
y
3.13.  merge
Series ar  br

34
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[1SATELLITE[]~/home/demo: [1]%
[1SATELLITE[]~/home/demo: [2]%
[1SATELLITE[]~/home/demo: [3]%
[1SATELLITE[]~/home/demo: [4]%
[1SATELLITE[]~/home/demo: [5]%
[1SATELLITE[]~/home/demo: [6]%
[0]:[0]% 1 2
[1]:[01% 3 4
[2]:[0]% 5 6
[(31:[01» 7 8
[41:[01% 30 31
[51:[01% 32 33
[6]1:[01% 34 35

O0T9®Q T

r
r

1-8
30~35

merge(ar, br)

34,35

7~ B
5 L]
3rd 3~ 4
1 2
||

3.13. merge

Snapshot

3.2.10.

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

X y
X start

1 1 Series

[1SATELLITE[]~/home/demo:[1]% a
[1SATELLITE[]~/home/demo:[2]% b
[1SATELLITE[]~/home/demo:[3]% b
[O]J: % 1 2 3 20 20

[5]: % 20 7

Time

3.15. fill 2

[1SATELLITE[]~/home/demo:[4]% a
[1SATELLITE[]~/home/demo:[5]% b

(2 Series

start
end

a

1~7
fill(a,3,5,20)

2 Series

1~-14
reform(a, (7,2))

35

reform(a, (4,2))
reform(b, (3,2))

20

end
value

value

3.14.

fill
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[1SATELLITE[]~/home/demo: [6]% ¢ = Fill(b,(3,0),(5,0),30)
-[71% ¢

[1SATELLITE[]~/home/demo
[0]:[0]% 1 2
[1]:[01% 3 4
[2]:[0]% 5 6
[31:[0]1% 30 8
[4]1:[0]1% 30 10
[51:[01% 30 12
[6]1:[01% 13 14

Snapshot

3.2.11.

y = reverse( X )

X y
a

[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[O]: % 1 2 3 4
[5]1: % 6 7
[1SATELLITE[]~/home/demo
[O]J: % 7 6 5 4
[51: % 2 1

3.16. reverse

[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[0]:[0]% 1 2
[1]:[01% 3 4
[2]:[01% 5 6
[31:[01% 7 8
[41:[01% 9 10
[51:[0]% 11 12
[6]1:[0]1% 13 14
[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[0]:[0]% 14 13

3.15. fill 2
(reverse)

[11% a = 1~7
:[2]1% b = reverse(a)
[31% a

5
:[41% b

3
(2 Series )
:[51% a = 1~-14
:[6]1% b = reform(a,(7,2))
[71% b
:[8]1% c = reverse( b )

[91% c

36

3

2

1

Series

Seires



[1]:[0]%
[2]:[0]%
[3]:[0]%
[4]:[0]%
[51:[0]%
[61:[0]%

B
NRAOOON
P WO~ O

3.16. reverse (2 Series )

Snapshot

3.2.12. (rotate)

y = rotate(x, index)

X y index 3.17. rotate
(1 Series ) 1 Series a

[1SATELLITE[]~/home/demo:[1]% a = 1~7
[1SATELLITE[]~/home/demo:[2]% a

[0O]J: % 1 2 3 4 5

[5]: % 6 7
[1SATELLITE[]~/home/demo:[3]% b
[1SATELLITE[]~/home/demo:[4]% b
[O]: % 4 5 6 7 1

[5]1: % 2 3

rotate(a, 3)

3.17. rotate (1 Series )
3.18. rotate (2 Series ) 2 Series b
[1SATELLITE[]~/home/demo:[5]% a = 1~14
[1SATELLITE[]~/home/demo:[6]% b = reform(a,(7,2))

[1SATELLITE[]~/home/demo:[7]% b
[0]:[0]% 1 2
[1]1:[0]1% 3 4
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[2]:[0]% 5 6

[31:[01% 7 8

[4]:[01% 9 10

[5]1:[0]% 11 12

[6]1:[0]% 13 14
[1SATELLITE[]~/home/demo:[8]% c = rotate(b, (3,0))
[1SATELLITE[]~/home/demo:[9]% c
[0]:[0]% 7 8

[1]:[0]% 9 10

[2]:[0]% 11 12

[3]1:[0]% 13 14

[4]:[0]% 1 2

[5]1:[0]1% 3 4

[6]1:[0]% 5 6

3.18. rotate (2 Series

Snapshot

3.2.13. (thin)

y = thin(x, step)

X y step (step-1
step=0 1 3.19. thin
1 Series a
[1SATELLITE[]~/home/demo:[1]% a = 1~7
[1SATELLITE[]~/home/demo:[2]% b = thin(a, 2)

[71->[4]
[1SATELLITE[]~/home/demo:[3]% b
[0OJ: % 1 3 5 7

3.19. thin 1
3.20. thin 2 2 Series
[1SATELLITE[]~/home/demo:[4]% a = 1~21
[1SATELLITE[]~/home/demo:[5]% b = reform(a,(7,3))

38



[1SATELLITE[]~/home/demo:[6]% b
[O]:[0]% 1 2 3

[1]:[0]% 4 5 6

[2]:[0]1% 7 8 9

[3]:[0]% 10 11 12

[4]:[0]% 13 14 15

[5]:[0]% 16 17 18

[6]1:[0]% 19 20 21
[1SATELLITE[]~/home/demo:[7]% c = thin(b,(3,2))
[71031->[31[2]
[1SATELLITE[]~/home/demo:[8]% c
[0]:[0]% 1 3

[1]:[0]% 10 12

[2]:[0]% 19 21

Snapshot

3.2.14. (get)

y = get(x, position)

X y position
3.21. get 1 1 Series a

[1SATELLITE[]~/home/demo:[1]% a = 1~7
[1SATELLITE[]~/home/demo:[2]% b = get(a, 3)
[1SATELLITE[]~/home/demo:[3]% b

4
\N
1
3.22.  get 2 2 Seires
[1SATELLITE[]~/home/demo:[4]% a = 1~14
[1SATELLITE[]~/home/demo:[5]% b = reform(a,(7,2))
[1SATELLITE[]~/home/demo:[6]% c = get(b,(3,0))
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[1SATELLITE[]~/home/demo:[7]% c
7

2
Snapshot
3.2.15. (max)
y = max(x)

X y 1 Series
[1SATELLITE[]~/home/demo:[1]% a = (3,7,5,1,6,2,4)
[1SATELLITE[]~/home/demo:[2]% c = max(a)
[1SATELLITE[]~/home/demo: [3]% c
7

2 Series b

[JSATELLITE[]~/home/demo: [41% a = (7,13,1,3,12,6,11,4,14,2,9,10,5,8)
[1SATELLITE[]~/home/demo:[5]% b = reform(a, (7,2))
[1SATELLITE[]~/home/demo:[6]% c = max(b)
[1SATELLITE[]~/home/demo:[7]% c
14

Snapshot

3.2.16. (min)

y = min(x)

X y 1 Series
[1SATELLITE[]1~/home/demo:[1]% a = (3,7,5,1,6,2,4)
[1SATELLITE[]~/home/demo:[2]% c = min(a)
[1SATELLITE[]~/home/demo:[3]% c
7

2 Series b

[1SATELLITE[]~/home/demo:[4]% a
[1SATELLITE[]~/home/demo:[5]% b
[1SATELLITE[]~/home/demo:[6]% c

(,13,1,3,12,6,11,4,14,2,9,10,5,8)
reform(a, (7,2))
min(b)
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[1SATELLITE[]~/home/demo:[7]% c
1

Snapshot

3.2.17. (maxpos)

y = maxpos(x, num)

X y num
3.23.  maxpos 1 1 Series a

[1SATELLITE[]~/home/demo:[1]% a
[1SATELLITE[]~/home/demo:[2]% c
[1SATELLITE[]~/home/demo:[3]% c
1

a3,7,5,1,6,2,4)
maxpos(a,l)

3.23. maxpos 1

3.24.  maxpos 2 a

[1SATELLITE[]~/home/demo:[4]% c = maxpos(a, 2)
[1SATELLITE[]~/home/demo:[5]% c

[0]:[0]%1
[1]:[0]%4

3.24. maxpos 2

3.25.  maxpos 3 2 Series b
[1SATELLITE[]~/home/demo:[6]% a = (7,13,1,3,12,6,11,4,14,2,9,10,5,8)
[1SATELLITE[]~/home/demo:[7]% b = reform(a, (7,2))
[1SATELLITE[]~/home/demo:[8]% c = maxpos(b,l)
c

[1SATELLITE[]~/home/demo: [9]%
[O]:[0]% 4 O
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3.25. maxpos 3
Snapshot
3.2.18. (minpos)
y = minpos(x, num)
X y num
3.26. minpos 1 1 Series a
[1SATELLITE[]~/home/demo:[1]% a = (3,7,5,1,6,2,4)
[1SATELLITE[]~/home/demo:[2]% c¢ = minpos(a,l)

[1SATELLITE[]~/home/demo: [3]% c
3

3.26. minpos 1

3.27.  minpos 2 a

[1SATELLITE[]~/home/demo:[4]% b = minpos(a, 2)
[1SATELLITE[]~/home/demo:[5]% b

[0]:[0]% 3
[1]:[0]% 5
3.27. minpos 2
3.28. minpos 3 2 Series b

[1SATELLITE[]~/home/demo:[6]% a
[1SATELLITE[]~/home/demo:[7]% b

(,13,1,3,12,6,11,4,14,2,9,10,5,8)
reform(a, (7,2))
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[1SATELLITE[]~/home/demo:[8]% c = minpos(b,1)
[1SATELLITE[]~/home/demo:[9]% c
[0]:[0]% 1 O

3.28. minpos 3
Snapshot
3.2.19. (find)
Series
ip = find(x, val, num)
X ip val num
3.29. find 1(1 Series ) 1 Series

[1SATELLITE[]~/home/demo:[1]% a
[1SATELLITE[]~/home/demo:[2]% c

1~7
find(a, 5.8, 2)

DATA[6] -- POINT:[5]
DATA[5] -- POINT:[4]
[1SATELLITE[]~/home/demo:[3]% c
[0]:[0]% 5
[1]1:[0]% 4

RS

REA

\m

3.29. find 1(1 Series )
3.30. find 2(2 Series ) 2

[1SATELLITE[]~/home/demo:[4]1% a = 1~14
[1SATELLITE[]~/home/demo:[5]% b = reform(a,(7,2))

[1SATELLITE[]~/home/demo:[6]% c
DATA[7] -- POINT:[3]1[0]
DATA[6] -- POINT:[2]1[1]
[1SATELLITE[]~/home/demo:[7]% c
[O]:[0]% 3 O

[1]:[0]% 2 1

find(b, 6.8, 2)
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3.30. find 2 (2 Series
Snapshot
3.2.20. (pwd)
pwd ()
3.2.21. (mkdir)

mkdir("fille_name™)

file_name

[1SATELLITE[]~/home/demo:[1]% mkdir(*'My Directly'™)

~/home/demo My Directly

3.2.22. (tempdir)
tempdir()
3.2.23. (getenv)

getenv(*'env_name')

env_name

3.2.24. (setenv)

setenv(*'env_name', "variable'™)

env_name variable
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4
4.1. ISPP

ISPP (Interactive Signal Processing Package) SATELLITE
FFT

)

4.2. ISPP

ISPP 41. ISPP
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4.1. ISPP

argen

AR

gauss?2

arand

mnrand

nrand

urand

dccut

norm

interp2

det

eigen

sum

inv

mul

trans

nmegq

burg

Burg

AIC

cep

fftc

()

fftn

(

)

fir

FIR

firmake

FIR

hil

butwmake

IIR

icep

iir

IR

iirmake

IR

levin

Levinson-Durbin

AIC

phase

2

pole

AR

power

rank

spcf

window
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4.3.

ISPP

4.3.1.

[1SATELLITE[]~/home/demo:[1]% sampling(4000);
[JSATELLITE[]1~/home/demo:[2]% t = (0~1999)/2000;

[1SATELLITE[]~/home/demo: [3]% a
[1SATELLITE[]~/home/demo:[4]% b

acut
bcut

acut
bcut

acut
bcut

[1SATELLITE[]~/home/demo:[5]% acut
[1SATELLITE[]~/home/demo:[6]% bcut

series ®

5*sin(2*P1*20*t) + 3;
3*sin(2*P1*50*t) + 3;

series (a, b)

0 1023 1024

series

cut(a,
cut(b,

cut(a,0
cut(b,0

cut(a,0,1023);
cut(b,0,1023);

series (acut, beut)
nrand
series
nrand(1024,
nrand(1024,1
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C )
nois = nrand(1024,1,0

[1SATELLITE[]~/home/demo:[7]% nois = nrand(1024,1,0,1);

1024 0
urand

data =

series

[1SATELLITE[]~/home/demo:

2

[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:

[10]%
[11]%
[12]%

series (nois)

[8]% data = acut + bcut + nois;

series (data)

[9]1% wopen(l,"A4",0,0);

X = 0~1023;
size(100,50);
scale(’'N","F","N","F",0,1000,-20,20);

[1SATELLITE[]~/home/demo:[13]% graph(data,x,0,0,0,0,0);
[1SATELLITE[]~/home/demo:[14]% title(1,"Time[sec]"," Amplitude'™);
[1SATELLITE[]~/home/demo: [15]% axis(1,1,"XY","XY¥",5,0,3,200,20,1);
[1SATELLITE[]~/home/demo:[16]% frame();
(GPM)
41. 2
o
N
o 4
=
S
S
< -
o
(\Il T T T T T T T T T
0 200 400 600 800 1000
Time[msec]
4.1.2
FFT
dccut
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datal =

series

[1SATELLITE[]~/home/demo:[17]%

series

[1SATELLITE[]~/home/demo: [18]%
[1SATELLITE[]~/home/demo:[19]%
[1SATELLITE[]~/home/demo: [20]%
[1SATELLITE[]~/home/demo:[21]%
[1SATELLITE[]~/home/demo:[22]%
[1SATELLITE[]~/home/demo: [23]%
[1SATELLITE[]~/home/demo: [24]%

datal = dccut(data);

(datal)

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

size(100,50);
scale("N","F","N","F",0,1000,-20,20);
graph(datal,x,0,0,0,0,0);
title(l,"Time[sec]","Amplitude™);
axis(1,1,"XY","Xy",5,0,3,200,20,1);
frame();

4.2.
Q
S
>
2 o
o
£
<
8 T T T T T T T T T
0 200 400 600 800 1000
Time[msec]
4.2.
window
data2 =
series
data? = window(datal,
data2 = window(datal,l1,
1: 2: 3: 4: )

[1SATELLITE[]~/home/demo: [25]% data2 = window(datal,1,0);

(

) 0
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fftc

[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo

series (data2)

:[261% wopen(l,'A4",0,0);

:[27]1% size(100,50);

:[28]1% scale("N","F","N","F",0,1000,-20,20);
:[291% graph(data2,x,0,0,0,0,0);

:[30]% title(l,"Time[sec]","Amplitude™);
:[81]1% axis(1,1,"XY","XY",5,0,3,200,20,1);
:[321% frame();

4.3.

o

N
(5]
©
>
O
=3
£
< -

8] T T T T T T T T T

0 200 400 600 800 1000
Time[msec]
4.3.
FFT 2

[1SATELLITE[]~/home/demo:[33]% series Rout, lout;

series

[1SATELLITE[]~/home/demo:[34]% rei = (0~1023)*0;

ffFtc(C'P",

P: l:

fftc('P",data2,

fftc('P",data2,rei,

fftc('P",data2,rei ,Rout,

0 series (rei) 1024

series
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[1SATELLITE[]~/home/demo: [35]% fFftc(''P'",data2,rei,Rout, lout);

series

series (Rout, lout)

[1SATELLITE[]~/home/demo:[36]% wopen(1,"A4",0,0);
[1SATELLITE[]~/home/demo:[37]% size(100,50);
[1SATELLITE[]~/home/demo: [38]% scale(’'N","F","N","F",0,100,-1000,1000);
[1SATELLITE[]~/home/demo:[39]% graph(Rout,"F",0,0,0,0,0);
[1SATELLITE[]~/home/demo:[40]% ltype(5,1);
[1SATELLITE[]~/home/demo:[41]% graph(Rout,"F",0,0,0,0,0);
[1SATELLITE[]~/home/demo:[42]% title(1,"Frequency[sec]","Amplitude’™);
[1SATELLITE[]~/home/demo: [43]% axis(l,1,"XY","XY",5,0,3,20,1000,1);
[1SATELLITE[]~/home/demo:[44]% frame();

44. FFT ( : : )
3
=
[
E
E o
(o
£
<
= |
S T T T T T T T T T
"0 20 40 60 80 100
Frequency[Hz]
4.4. FFT ( : : )
2 power fftc
spcf spcf
pw =
series
pw = power(Rout,

[1SATELLITE[]~/home/demo: [45]% pw = power(Rout, lout);

series (pw)

[1SATELLITE[]~/home/demo:[46]% wopen(1l,"A4",0,0);
[1SATELLITE[]~/home/demo:[47]% size(100,50);

[1SATELLITE[]1~/home/demo: [48]1% scale(’'N","F","N","F",0,100,-200000,2000000);
[1SATELLITE[]~/home/demo:[49]% ltype(1,1);
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[1SATELLITE[]~/home/demo: [50]% graph(pw,"F",0,0,0,0,0);
[1SATELLITE[]~/home/demo: [51]% title(1,"Frequency[sec]", " Power'™);
[1SATELLITE[]~/home/demo: [52]% axis(1,1,"XY","XY¥",5,0,3,20,1000000,0);
[1SATELLITE[]~/home/demo: [53]% frame();

4.5,
l..-’.: ﬁ
. |
fl
|
. I
B = ||
= [
[ [ || i
| III { I|II
0 20 40 i) 80 L0
Frequency[Hz]
4.5,
2 phase fftc
phs =
series
phs = phase(Rout,
phs = phase(Rout, lout

phs = phase(Rout, lout,'D",
("D" : degree "O": radian)
[1SATELLITE[]~/home/demo:[54]% phs = phase(Rout, lout, D" ,"U"™);

IIUII nou

series (phs)

spcf

[1SATELLITE[]~/home/demo:[55]% series pw,phs;

series

spcf(dataz,
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spcf(dataz, pw,
series
[1SATELLITE[]~/home/demo:[56]% spcf(dataz,pw,phs);
series

series (pw  phs)

4.3.2.
MA

[1SATELLITE[]~/home/demo: [1]% coef = (1/5,1/5,1/5,1/5,1/5);

series

output =

output = Fir(coef,

fir
[1SATELLITE[]~/home/demo:[2]% output = fir(coef, input);

(input)
series (output) fir 4.6. fir
(@1, @2, a3, G4, 05 )
( 2n+1 )
n n+1
n+1 n+1
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Input
Series
Time
Output
Series
Time

Start End
4.6. fir

FIR

FIR
fir

[1SATELLITE[]~/home/demo:[3]% sampling(1024);

coef =
series
coef = firmake(l,
(1 : LowPass
coef = firmake(l,11
fir
coef = firmake(1,11,100

2 : HighPass

[1SATELLITE[]~/home/demo: [4]% coef = firmake(1,11,100,3);

O: 1: 2:

100Hz 11 FIR

coef = firmake(2,11,400,3);

54

series

firmake

3 : BandPass)

(coef)



400Hz 11 FIR
2 series
100Hz 400Hz 11

coef = firmake(3,11,(100,400),3);

coef fir

[1SATELLITE[]~/home/demo:[5]% output = fir(coef, input);

IR
IR
butwmake iirmake
fir iir
[1SATELLITE[]~/home/demo:[6]% sampling(1024);
[1SATELLITE[]~/home/demo: [7]% series zr,zi,pr,pi;
series
gain =
scalar
gain = butwmake(1,100,
gain = butwmake(1,100,13
FIR
101
gain = butwmake(1,100,13,zr,zi,
( )
[1SATELLITE[]~/home/demo:[8]% gain = butwmake(l1,100,13,zr,zi,pr,pi);
( )
100Hz 13 IR
(zr,zi) (pr,pi) (gain)  series
gain = butwmake(2,400,13,zr,zi,pr,pi);
2
100Hz 400Hz 13

gain = butwmake(3, (100,400),13,zr,zi,pr,pi);

zr zi pr pi iirmake

[1SATELLITE[]~/home/demo:[9]% series a,b;
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series

iirmake(zr,zi,pr,pi,

iirmake(zr,zi,pr,pi,a,

[1SATELLITE[]~/home/demo:[10]% iirmake(zr,zi,pr,pi,a,b);

fir iir

[1SATELLITE[]~/home/demo:[11]% temp = Fir(b, input);

[1SATELLITE[]~/home/demo:[12]% output = iir(a,temp)*gain;

series (output)

Input
Series

Se\ /Te\ /¢e\ /ce\ /Te

Output
Series

0 Time

Stllrt End

4.7.1ir

100Hz 13 1R

[1SATELLITE[]~/home/demo:[13]% sampling(512);
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(

butwmake

4.11.

[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:

iirmake spcf

[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:

[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:

[147%
[15]%
[16]%

[171%
[18]%
[19]%
[20]%

[211%
[221%
[23]%
[241%
[25]%
[26]%
[271%
[28]%
[29]%
[301%
[31]%

series zr,zi,pr,pi;
series a,b;
series u,Vv;

delay = 50;

datp = 511;

impulse = (1, (1~datp)*0);
d_impulse = ((0~delay)*0, impulse);
wopen(1,"A4",0,0);

x = 0~205;

size(100,50);
scale("'N","F","N","A",0,205);

graph(impulse,x,0,0,0,0,0);
title(l,"Data Point","Amplitude™);
axis(l,1,"Xy","Xy",5,0,1,50,0.5,0);
origin(120,20);
graph(d_impulse,x,0,0,0,0,0);
title(l,"Data Point","Amplitude™);
axis(l,1,"Xy","Xy",5,0,1,50,0.5,0);

impulse ( 4.8. impulse ) delay 0 d_impulse ( 4.9. d_impulse
fir
d_impulse ( 4.10. firtemp ) delay
firinp )
4.6. fir fir
iirmake (
0 ((2x
1) 2x 13 1 25 25 (50)
S
5
2
= 1]
Q o
£
<
Q T T T T T T
o T T
0 50 100 150 200
Data Point
4.8. impulse
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Amplitude

Amplitude

o

—

0|

o

o

o‘ T T T T T T T

0 50 100 150 200
Data Point
4.9. d_impulse

i

o

o

3

Q

=3

S

o

o‘ T T T T

0 50 100 150 200
Data Point
4.10. firtemp
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Data Point
4.11. firinp

[1SATELLITE[]~/home/demo:[32]% gain = butwmake(1,100,13,zr,zi,pr,pi);
[1SATELLITE[]~/home/demo:[33]% iirmake(zr,zi,pr,pi,a,b);

[1SATELLITE[]~/home/demo:[34]% Firtemp = Fir(b,d_impulse);
[1SATELLITE[]~/home/demo:[35]% Firinp = cut(Firtemp,delay+1,datp+delay+1);

impulse 0 delay

[1SATELLITE[]~/home/demo:[36]% wopen(1,"A4",0,0);
[1SATELLITE[]~/home/demo: [37]% x = 0~205;
[1SATELLITE[]~/home/demo: [38]% size(100,50);
[JSATELLITE[]~/home/demo: [39]% scale(’'N","F","N","A",0,205);
[1SATELLITE[]~/home/demo: [40]% graph(firtemp,x,0,0,0,0,0);
[1SATELLITE[]~/home/demo: [41]% title(1,"Data Point","Amplitude'™);
[1SATELLITE[]~/home/demo: [42]% axis(1,1,"XY","XY¥",5,0,1,50,900,0);
[1SATELLITE[]~/home/demo:[43]% origin(120,20);
[1SATELLITE[]~/home/demo: [44]1% graph(firinp,x,0,0,0,0,0);
[1SATELLITE[]~/home/demo: [45]% title(1,"Data Point","Amplitude'™);
[1SATELLITE[]~/home/demo: [46]% axis(1,1,"XY","XY¥",5,0,1,50,900,0);

[1SATELLITE[]~/home/demo:[47]% output = iir(a,firinp)*gain;

[1SATELLITE[]~/home/demo:[48]% wopen(1,"A4'",0,0);
[1SATELLITE[]~/home/demo:[49]% x = 0~160;
[1SATELLITE[]~/home/demo:[50]% size(100,50);
[1SATELLITE[]~/home/demo: [51]% scale('N","F","N","A",0,160);
[1SATELLITE[]~/home/demo: [52]% graph(output,x,0,0,0,0,0);
[1SATELLITE[]~/home/demo:[53]% title(1,"Data Point","Amplitude'™);
[1SATELLITE[]~/home/demo: [54]% axis(l,1,"XY","XY",5,0,1,20,0.3,0);

( 4.12. )
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Amplitude

0 20 40 60 80 100 120 140 160
Data Point

4.12.
[1SATELLITE[]~/home/demo: [55]% spcf(output,u,v);

output (w

[1SATELLITE[]~/home/demo:[56]% wopen(1,"A4",0,0);
[1SATELLITE[]~/home/demo:[57]% size(100,50);
[1SATELLITE[]~/home/demo: [58]% scale('N","A"™,"N","A");
[1SATELLITE[]~/home/demo:[59]% graph(u,"F",0,0,0,0,0);
[1SATELLITE[]~/home/demo:[60]% title(1,"Frequency[Hz]", "Power™);
[1SATELLITE[]~/home/demo: [61]% axis(l,1,"XY","XY",5,0,1,50,0.000004,0);

( 4.13. )
Bt ©
= o
*
S <«
§ o
O_ T T T T T T T T T T
o
0 50 100 150 200 250
Frequency[Hz]
4.13.
4.3.3.2 series
ISPP 1 2 fir fftn
2
2 FIR

[1SATELLITE[]~/home/demo:[1]% x = (1~441)*0;
[1SATELLITE[]~/home/demo:[2]% x:[220] = 1;
[1SATELLITE[]~/home/demo:[3]% input = reform(x,(21,21));

2
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fir

[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo

:[41% wopen(l,"A4",0,0);

:[5]1% size(80,80);

:[61% scale('N™,"A"™,"N","A"™);

:[71% gsolm(input,0.3,0.4,0,0,0,7,0,1,1,"X",1,0,5);

( 414 2 )
=]
—
[eol
o
Vil 1
=5 e >
7 7l A
3 e ¥
o~ Ny
o
1 15
g T T T T T T T
0 5 10 15 20°
4.14. 2

[1SATELLITE[]~/home/demo
[1SATELLITE[]~/home/demo

X

output = Fir(coef,

[1SATELLITE[]~/home/demo:

(input)
[1SATELLITE[]~/home/demo

3 scalar

[1SATELLITE[]~/home/demo:

[1SATELLITE[]~/home/demo

(

:[8]1% coeftemp = (1~25)*0+1;
:[91% coef = reform(coeftemp, (5,5));

[10]%

- [11]%

[12]%

:[13]%
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:

[147%
[15]%

4.15.

1

output = Fir(coef,input);

output2 = fir(coef,input,0.0);

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

size(80,80);

scale('N"™,"A","N","A");
gsolm(output2,0.3,0.4,0,0,0,7,0,1,1,"X",1,0,5);

2 FIR )
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4.15.2 FIR

[1SATELLITE[]~/home/demo:[16]% series u[32],v[32];

series

[1SATELLITE[]~/home/demo:[17]% datp = 15;
[1SATELLITE[]~/home/demo:[18]% data = ((1~datp)*0,1,1,(1~datp)*0);
[1SATELLITE[]~/home/demo:[19]% x = mul(trans(data),data);

2
[1SATELLITE[]~/home/demo:[20]% y = x*0;

0 series 1024x 1024
[1SATELLITE[]~/home/demo:[21]% wopen(1,"A4",0,0);
[1SATELLITE[]~/home/demo:[22]% size(80,80);
[1SATELLITE[]~/home/demo:[23]% scale(''N","A","N","A");
[1SATELLITE[]~/home/demo:[24]% gsolm(x,0.3,0.4,0,0,0,7,0,1,1,"X",1,0,5);

( 416. 2 FFT ( ))

62



o
H,
0 |
o,
=y S
< ¥
d, A (\9
o N
ol N
o R
o T T T T T T T T T T T T Q
0 5 10 15 20 25 30
4.16. 2 FFT ( )
fen (P,
("P": B B )
fen (P, X,
ftn (P, X, Y,
fen('PL X, Y, U,
series
[1SATELLITE[]~/home/demo: [25]% FFtn('P",X,y,u,V);
series power fftn

pw2 =

series

pw2 power (u,

[1SATELLITE[]~/home/demo: [26]% pw2 = power(u,V);

[1SATELLITE[]~/home/demo:[27]% wopen(1,"A4",0,0);
[1SATELLITE[]~/home/demo:[28]% size(80,80);

[1SATELLITE[]~/home/demo:[29]% scale('N","A"™,"N","A");
[1SATELLITE[]~/home/demo: [30]% gsolm(pw2,0.3,0.4,0,0,0,7,0,1,1,"X",1,0,5);

( 417. )
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4.17.
4.3.4.
ISPP n 1
bty + -+ TR =1
mmlﬂl + -+ Imn'gn =Ym
n 1
i1 **° Tin 5'1 i
eI : = : (4.1)
Eml ' Tmn 0, Um
(4.1)
Xe=Y (4.2)
4.2) xT
XTxe=XxTy
XTx
e=(XTxX)"'xTy (4.3
(4.3) (4.1)
ISPP (4.3)
1 1 1 10
1 2 2 20 6,
X=|21 3 Y=| 25 e=| 6
3 31 27 (‘M
2 3 2 21

64



ISPP

XTx

[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:

X

[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:

Y

[1SATELLITE[]~/home/demo:

xt

[1SATELLITE[]~/home/demo:

X XtX

[1SATELLITE[]~/home/demo:

X'Tx—l

[1SATELLITE[]~/home/demo:

xTx—* X7

[1SATELLITE[]~/home/demo

XTx-1xT vy

|

X

[1]%
[2]%

[3]%
[4]%

[51%

[61%

mul inv

tempx = (4,1,1,1,2,2,2,1,3,3,3,1,2,3,2);

x = reform(tempx, (5,3));

tempy = (10,20,25,27,21);
y = reform(tempy, (5,1));

xt = trans(x);

xtx = mul(xt,x);

[71% ixtx = inv(Xtx);
iXtx
[8]1% ixtxxt = mul(ixtx, Xt);
iXtxxt
:[91% theta = mul (ixtxxt,y);

Y e

theta = mul(mul (inv(mul (trans(x),x)),trans(x)),y):;

6, 5.544
8, | = 1.583
85 4.126

4.3.5.

ISPP  nrand

(

rank

)

[1SATELLITE[]~/home/demo:[1]% X = nrand(4096,1,0,1.0);

0 1.0

4096

[1SATELLITE[]~/home/demo:[2]% series u, Vv, Ww;

series u v w

rank(x,

rank
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rank(x,u,

rank(x,u,v,

rank(x,u,v,w,

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

rank(x,u,Vv,w,min(x) ,max(x),

[1SATELLITE[]~/home/demo: [3]% rank(X,u,v.w,min(x),max(x),100);

u v w
** MEAN VALUE = -0.018528
VARIANCE = 0.99103
STANDARD D = 0.9955
3-ORDER M = 0.0070914
SKEWNESS = 0.0071879
4-ORDER M = 3.0125
KURTOSIS = 0.067269
-0.01852805
3
skewness ( ) 4 kurtosis ( ) skewness
kurtosis 3
rank 3

kurtosis

[JSATELLITE[]1~/home/demo: [4]% wopen(l,'"A4',0,0);

[1SATELLITE[]~/home/demo:[5]% size(80,80);

[1SATELLITE[]~/home/demo:[6]% origin(30,30);

[1SATELLITE[]~/home/demo:[7]% title(l,"Data Point","histogram™);
[1SATELLITE[]~/home/demo:[8]% scale('N","F","N","F" ,min(Vv) ,max(v) ,min(u) ,max(u));
[1SATELLITE[]~/home/demo:[9]% graph(u,v,0,0,0,1,3.5);
[1SATELLITE[]~/home/demo:[10]% graph(w,v,0,0,0,1,3.5);
[JSATELLITE[]~/home/demo:[11]% axis(l,1,"XY","XY",5,0,0,0,0,0);

4.18.
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4.18.
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S

5.1. GPM
GPM SATELLITE NCS ISPP
GPM GPM OHP
GPM
2 30 51. GPM
e 1
. 2
"ltype() " " Iwidth()
" color() "
© 7)
5.2. (
)
SATELLITE
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5.1. GPM

wopen

weclose

we

newpage

chwin

graph

axis

draw

frame

label

line

cont

gsolm

map

color

factor

font

Itype

Iwidth

origin

scale

size

title

ginit

gstat
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o
N

black

blue

red

mazenta

green

cyan

yellow

~N|lojga|h~|lOW|IN|FPL]|O

white

5.2. GPM

GPM

"wclose"
"chwin"

GPM

% gpm2ps > Filename
% Ipr -Pps filename

"gpm2ps"  GPM

ulprn

% gpm2eps > Filename

GPM

5.21.1

1: (sin )

[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:

[1]%
[2]%
[3]%
[4]%
[51%
[61%
[71%

"wopen"

PS (
Tgif
Tex

PS
eps

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

t = (0~100) 7/ 100

y = sin(2 * PI * t)
scale('N","A™, "N, "A"™)
graph(y,t,0,0,0,0,0)

frame()
axis(l1,1,"XYy","Xy",5,0,0,0,0,0)

1 "wopen"
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N (linear)

[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:

[10]%
[11]%
[12]%
[13]%
[14]%
[15]%
[16]%
[17]%
[18]%

L (log)
"scale"
F (fix)

Xy

"color"

2
Y N A (auto)
X Y
X Y
6 7
"graph” “"color"
e

o |

—

L0 |

o

o |

o

w0 |

<Q

o

FI| T T T T T T T T T T

0.0 0.2 0.4 0.6 0.8 1.0

5.1. 1

2: 2
[1SATELLITE[]~/home/demo:[1]% wopen(1,"A4,0,1)
[1SATELLITE[]~/home/demo:[2]% sx = 80
[1SATELLITE[]~/home/demo:[3]% sy = 80
[1SATELLITE[]~/home/demo:[4]% origin(40,40)
[1SATELLITE[]~/home/demo: [5]% size(sx,SYy)
[1SATELLITE[]~/home/demo:[6]% title(l,"time","FfF(t)")
[JSATELLITE[]1~/home/demo:[7]% t = (0~100) / 100
[1SATELLITE[]~/home/demo:[8]% y1 = sin(PlI * 5 * t)
[1SATELLITE[]1~/home/demo:[9]1% y2 = 0.5 * sin(2 * PI1 * 5 * t)

2

scale("'N","F","N","F",0,1.0,-1.2,1.2)
Iwidth(1,2)

graph(y1,t,0,0,0,0,0)

Iwidth(2,2)

graph(y2,t,0,0,0,0,0)
axis(l,1,"Xy","Xy",5,0,0,0,0,0)
Iwidth(1,2)

Itype(1,2)

line(0O,sy 7/ 2,sx,sy / 2)
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[1SATELLITE[]~/home/demo:[19]% Itype(l,1)
[1SATELLITE[]~/home/demo: [20]% frame()

2 X Y
4 5 6
"scale" F (fix)
1 A (auto) 2 D (default)
11 13 18 "line"
"origin” "origin” (
) 17 "Itype"
y=0 2 5.2. 2
o]
—
L0 |
o
8 o
- O
w0 | \\/
<?
o |
i
0.0 0.2 04 0.6 0.8 1.0
time
5.2 2
5.2.2.2
° 3: 2
[1SATELLITE[]~/home/demo:[1]% x = nrand(128,1,0,1)
[1SATELLITE[]~/home/demo:[2]% y = reform(x, (16,8))
[1SATELLITE[]~/home/demo: [3]% wopen(1,"A4',0,1)
[1SATELLITE[]~/home/demo:[4]% size(80,80)
[1SATELLITE[]~/home/demo: [5]% origin(20,200)
[1SATELLITE[]~/home/demo:[6]% gsolm(y,0.3,0.4,0,0,0,0,-1,1,1,"Y",1,1,5)
[1SATELLITE[]~/home/demo:[7]% origin(20,100)
[1SATELLITE[]~/home/demo:[8]% cont(y,0.3,"X",1,1)
[1SATELLITE[]~/home/demo:[9]% frame()
[1SATELLITE[]~/home/demo:[10]% origin(120,200)
[1SATELLITE[]~/home/demo:[11]% color(‘green™, " red"™)
[1SATELLITE[]~/home/demo: [12]% map(y,''X",1,0,1)
[1SATELLITE[]~/home/demo:[13]% color(*'black',black')
[1SATELLITE[]~/home/demo:[14]1% frame()
[1SATELLITE[]~/home/demo: [15]% origin(120,100)
[1SATELLITE[]~/home/demo: [16]% map(y,'X",0,0,1)
[1SATELLITE[]~/home/demo:[17]% frame()
3 1 2 MAP
MAP 4 "reform" 128 1 16x 8 2
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8
MAP "map"
2
5.3. 3
ﬁ co .||.I|I| T
N K/4 N 1 | |II| BIEEERE |
\\\”’Jﬁ’ |IIIl . II IIII'II
] ..‘|.||.I|I.||.
o
il |||.|I.|||I|I- ]
o]
e | © lIll'IIIIIIIIIII
o |
<] - (NN PR RN | N
o
& v N1 B LEN T
0 5 10 15°
5.3. 3
° 4
[1SATELLITE[]~/home/demo:[1]% wopen(1,"A4",0,1)
[1SATELLITE[]~/home/demo:[2]% sampling(1000*10)
[1SATELLITE[]~/home/demo:[3]% size(80,80)
[1SATELLITE[]~/home/demo:[4]% X = nrand(1000,1,0,1)
[1SATELLITE[]~/home/demo:[5]% origin(20,200)
[1SATELLITE[]~/home/demo:[6]% title(l, ' time[msec]", " value'™)
[1SATELLITE[]~/home/demo: [7]% scale('N","A"™,"N","A™)
[1SATELLITE[]~/home/demo: [8]% graph(x,"T",0,0,0,0,0)

[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:

SATELLITE
4 1000
10
"sampling" 10

[91%

axis(1,1,"XYy","Xy",5,0,0,0,0,0)

[10]% frame()
[11]% Mabel('1',20,70,5.0,0,"exampled™)

00

100[msec]
(100[msec])
1000
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T (time)
11 "label"
"label" "font"

example4

value

T T T T T T T T

0.0 25.0 50.0 75.0 100.0
time[msec]
5.4. 4
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6.1. BPS

BPS (Back-Propagation Simulator)
SATELLITE

BPS

6.2. BPS

BPS

SATELLITE

SATELLITE

SATELLITE

SATELLITE

6.3. BPS

BPS

BPS

inline

GPM

ISPP

75

Rumelhart

SATELLITE

Parallel Distributed Processing
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6.1. BPS

6.1. BPS

bteach, bsetrec

bteach

bwalgo, bwinit, bweight

bweight, bsetrec, blearn, bwgtload,
berrfunc, brvmap, bsigmoid

berror, blearn, berrload

bsetrec

bsetrec, brec, bactload

6.4.

BPS
XOR (Exclusive Or) 6.2. XOR 2 1
6.2. XOR
0 0 0
0 1 1
1 0 1
1 1 0
6.4.1.
6.1.
( ) brec
XOR 6.2. XOR 2 1
4 series snapshot
in out

Y pattern 1 data 11 data 12 data 13 LI data 1n

%" pattern 2 data 21 data 22 data 23 IO data 2n

% pattern 3 data 31 data 32 data 33 LI data 3n

8 ° '

a [ ] o o o o o o

b ] N ] ]

¢ pattern n dataml | datam2 ; datam3 [ e e e ; datamn

6.1.
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series

series in[2], out[1];

#

in:[0] = (0,0);
in:[1] = (0,1);
in:[2] = (1,0);
in:[3] = (1,1);
#

out:[0] = 0O;
out:[1] = 1;
out:[2] = 1;
out:[3] = 0;

$"in.dat” = in;
$"'out.dat" = out;

XOR in.dat
6.4.2.
4
1.
2.
3.
4
bpsave

shapshot

snapshot
#
in[0][0]
in[1][0]
in[2][0]
in[3]1[0]
#
out[O]
out[1]
out[2]
out[3]

OrEFrOo

out.dat

in[4]1[2]., out[4];
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; In[0][1]
; in[1][1]
; in[2][1]
; In[3][1]

R OPRFrO
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6.3.

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
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blayer bfunction

0 ) bfunction blayer
XOR 2 1 XOR
2 ( [ )
)
(
)
blayer(3,2,2,1);
bfunction(’"LN","SA","LA");
bwinit bwinit
«C ) (
)
(RANDOM) JA) 2
(JIA )
bwalgo
XOR
bwalgo("'R","initwf",1,1.0,-1.0);
bwinit();
bweight berror bteach blalgo blend bdisp
bweight (
) ( )
( ) (
)
berror (
( 2
)
bteach
) 0 0
blalgo ( ) (Steep Momentum 6
)
blend
bdisp
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XOR

bweight("initwf","wgt',200,"A™);
berror(*'err',200,"D"™);
bteach(""in","out",0,0);
blalgo(*'S*,6,0.005,0.6,0.0003,0.75,0.6);
blend(0.0,5000);

bdisp(200,"1*M LEARNING!'™);

bteach 0 0
bsetrec

XOR

bsetrec('wgt"”,0,"in",0,0,0,2,"res");

6.4.3.
bwinit

1
1 Init
1 Init

i
1 SATELLITE

6.2. bwinit
6.2. bwinit bwinit

*** File [ Ffilename ] is already exist. ***
Overwrite ? (y/n)

y

File [ filename ] is overwrited.

6.4.4.
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blearn blearn
( )
series ( snapshot
) x mon blearn
series X; snapshot x[Ic] (lc= )}
mon(Xx);
blearn(x);
blearn(0)
6.3.
Threshold l l
Input layer
Threshold 1.2 3 425_6
Hidden layer
78 9
Output layer
6.3.
3 2--2--1
6.4.
Weight 1 | Weight 2§ Weight3: e e e | Weight9
6.4.
/
( 65. )
0.0
6.5.
n m n+m+1 m
1 1 bwinit 00 2
blearn 2
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Record n+m+1

Record n+2m+1

Record n
[
[ J
°

Record n+m

Connection weight data

Pre-correction amount

6.5.
2
1
Weight data n
Pre-correction n — Weight data n+1
< Pre-correction n+1 < Weight data n+2
-«— Pre-correction n+2
History n History n+1 History n+2
Weight data n
Weight data n+1
Weight data n+2
Pre-correction n+2
6.6.
Weight data n «— Weight data n+1 < Weight data n+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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6.8.

1 (data_num)
: Error + Error_ ¢ Error
History 1 | (Unit1) | (Unit2) i ® ® ® { (Unitn) :TotalEror
History 2 Error Error e oo | Error iTotaI Error
o o o o o o
History n Error Error LI Error iTotaI Error
6.8.
6.9. blearn blearn

i ITERATION it = 1000

6.9. blearn

=

N
ei=Y  (ti— o)

i=

=
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by
I
=
o

...
Il
-

*** Learning is done 1 ***

6.4.5.
brec brec
wopen
GPM
size origin color
6.10. brec brec
[ BE.3,
6.10. brec
y n
6.4.6.
BPS SATELLITE GPM
SATELLITE
berrload :
bwgtload :
bactload :
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wopen
cont graph gsolm map GPM

6.4.7.

SATELLITE ISPP BPS
brvmap bsigmoid berrfunc bcor

e brvmap

SATELLITE 2
GPM

e bsigmoid

= berrfunc

SATELLITE GPM

= bcor

SATELLITE
bwgtload
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NCS (Neural Circuit
Simulator) NCS NCS
NCS
NCS
NCS
NCS
7.1.1.
7.1. NCS NCS NCS 3 NCS
NCS NCS
NCS C
C C
NCS NCS
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Model Description
(NCS Language)

J L

NCS Preprocessor

Commands

e
9
| (2]

< b

Simulation
Program

-+

Compiler
Linker

-+

Executive File

7.1. NCS
7.1.2. NCS SATELLITE
NCS MS-DOS
SATELLITE
NCS  SATELLITE
SATELLITE
7.2. NCS
NCS NCS
NCS NCS
RL 7.2. RL
1
NCS 1 "module”
1 NCS
NCS
NCS NCS

Control Files

Refer

H

UNIX

"end

Create
SATELLITE
NCS
NCS
74.2. NCS

7.2.

RL
NCS



7.2.RL
7.1. RL
i [A]
%:%’— E. [V]
I 0.1[H]
vy V]
v = ﬁ;‘__ 1
Ur: V]
Vp=T-"1 T 10[Q2]
1:NCS RL
1 /* RL circuit module */
2 module: circuit;
3 exinput: E;
4 output: i;
5 observable: Vr, VI;
6 constant: L =0.1;
7 parameter: R = 10., i0 = 0.;
8 function:
9 di = (E - Vr) 7/ L;
10 i = integral(iO,di);
11 VI = di * L;
12 Vr = R * 1i;
13 end;
7.2.1.
2
1. TIME:
2. CN:
71.2.2.
5
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/* */
Vi
Vha

*/

*/



pulse

ramp

y = pulse(a,b,c,d,e);

1. a

2. b

3. ¢

4. d

5 e

A

y
b

Y

A

y = ramp(a,b,c);

1. a
2. b:
3. ¢

7.3.
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-« o —»

a {’
7.4.
e integral
)
y = integral(a,p);
)
v(®) = [ pdt, v(0)=a
e sigmoid
)
y = sigmoid(-x);
)
_ 1
v= 1+ exp(x)
* rcasb
)
y = rcasb(v,a,b,c,d,e,f,q9);
)
_a-exp{b-(v+e)}+d-(v+e)
- exp{f-(v+c)}+g
NCS C 7.2. NCS
C
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7.2. NCS C

exp y = exp(z) y=e®

pow y = pow(z, a) y=z"

sin y = sin(x) y = sin(x)

cos y = cos(x) y = cos(x)

tan y = tan(x) y = tan(x)
7.2.3.

1. module [ ]
)
/* circuit”
module : circuit;
2. exinput [ ]
)
/* "E"
exinput : E;
3. output [ ]
)
VAo B */
output : i;

observable [ ]

function
nout

"module” "output"”

*/

*/
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/> "Vrt, vt */
observable : Vr, VI;
constant [ ]
function
)
/> UL 0.1 */
constant : L = 0.1;
parameter [ ]
npara
function
)
/* YR "iQ"
10 O */
parameter : = 10, 10 = O;
function [ ]
function if
)
it ( DL 1xLetlse{ 2}1]
7.3.
<>
< > <= >=
.or.
.and.
.not.
1 2 7.3.
)
/= VIt tvre */
function :
VI = di * L;
Vr = R * i;
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u/*n u*/n
module function
7.2.4.
NCS
e RL
72. RL RL
VR=R-i (7.1)
di
Vp=L-—  (7.2)
di 1 .
(7.1) (7.2) NCsS
Vir = R * 1;
VI = di * L;
i (7.3)
di = (E - Vr) /7 L;
i = integral(iO,di);
module circuit;
E
exinput: E;
output: VI;
Ve i
observable: Vr, i;
constant: L =0.1;
R i0
parameter: R = 10., 10 = 0;

function

1 NCS

I[m]

Vi

93

75.
m [kg]

module
end;"

"circuit"”

output function

RL



7.5.

s[m](s=16)

2
m% = —mgsin# (7.4)
NCS
module: PENDULUM;
output: theta;

observable: d2theta,dtheta,theta;
parameter: m=1.0,9g =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;
2 1
Alrad] 1
d*s
mos = —mgh (7.5)
. g
f =y - sin (1f?t+qﬁ) (7.6)
"pendulum.mdl” SATELLITE
7.3. NCS
f 10 ( ) 7.6
10
2:
1. npp(C'pendulum™) #
2. nlinkQ; #
3. ntime(10.0,0.01,0.01,0.01); #
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4. time = (0~(10.0 /7 0.01)) * 0.01; #

5. series theta;

6. nout(theta,"pendulum”,0,1); #

7. thetaO = PI /7 180 * 10.0; # 10
8. npara('PENDULUM™,"thetal", thetal); #

9. ncal(Q); #

10. phi = PI /7 180 * 90; #

11. m = 1.0;

12. 1 = 1.0;

13. gra = 9.8;

14. true_theta = theta0 * sin(sqrt(gra /7 1) * time + phi);
15. theta = theta /7 (Pl /7 180.0); # [rad] [deq]
16. true_theta = true_theta / (Pl / 180.0);

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

18. title(l,"time[s]","angle[deg]™);
19. scale('N","F","N","F",0,10,-30,30);
20. axis(1,1,"XY","XYy",5,0,3,2,15,0);
21. frame(Q);

22. graph(theta,time,0,1,10,0,2);

23. graph(true_theta,time,0,0,0,0,0);

o
o™

angle[deq]

time[s]
7.6.

e Hodgkin-Huxley
Hodkin-Huxley ( H-H

— =ap(l-m)—F,-m (7.8)
0.1(25 — V)
-1

95



Bm = 4exp (— %) (7.10)

dh
S =on(l=h)=Bu-h  (711)
ap = 0.07 exp (— :—ﬂ) (7.12)
o= — g (1.13)
exp [3%=F] +1
Tna: 120[ mS/em?]
Ewa: 115[mV]

(7.9) (7.10) NCS

am
bm

0.1 * (25. - V) /7 (exp((25. - V) /7 10.) - 1);
4. * exp(-V / 18.);

@m V= 25[mV]

if(v 1= 25.){
am = 0.1 * (25. - V) / (exp((25. - V) /7 10.) - 1);
Yelse{
am = 0.1 * 10.;
}
mn
dnNa = am * (1. - mNa) - bm * mNa;

mNa = integral(mNaO,dmNa);

h (7.11) (7.12) (7.13)
ah = 0.07 * exp(-V 7/ 20.);
bh = 1. /7 (exp((30. - V) /7 10.) + 1.);
dhNa = ah * (1. - hNa) - bh * hNa;

hNa = integral (hNaO,dhNa);
INa (77)
INa = GNa * pow(mNa,3.0) * hNa * (V - VNa);

Li=gx-n*(V-Ex) (7.14)

dn
E:an(l—n)—ﬁ-n (7.15)
0.01(10-V)

=20 ) (7.16)
exp [145Y] -1

i

Bn = 0.125exp (—J—{J (7.17)

9k : 36[m5”m2]
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B -121[mV]
(7.15) (7.16) (7.17)

if(v 1= 10.){
an = 0.01 * (10. - V) / (exp((10. - V) /7 10.) - 1.);

Yelse{
an = 0.01 * 10;
}

bn = 0.125 * exp(-V 7/ 80.);
dnK = an * (1. - nK) - bn * nK;
nK = integral (nKO,dnK);

(7.14)

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

IL=9,(V-Ef) (7.18)
ds: 0.3[ mS/em? ]

E. ! 10.6[mV]

11 =Gl * (Vv - VD);

dv

—=I=Ipya—Ix-1 7.19
di Na = 1Kk — 1L (7.19)

Cn
Iex
I=1I,—Ina—Ix—1Ip (7.20)
(7.19)

dv I

NCS
lall = lex - INa - IK - 11;

dv = lall / Cm;
V = integral(V0,dV);

uhhu

module: HH;

Iez v

exinput: lex;
output: V;

INa Ig I

observable: INa, IK, 11;
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Ena, Bk, EL

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

Cum INa: Ik TL

parameter: Cm = 1.0, mNaO = 0.05293, GNa = 120., GK = 36.,

Gl = 0.3, hNaO = 0.5961, nKO = 0.3177, VO = O.;
function 3 NCs

4 7.3. NCS 7.7.

3:NCS Hodgkin-Huxley

1 /* HH module */
2 module: hhmodel ;
3  exinput: lex;
4 output: V;
5 observable: 1INa, IK, 11, Ig;
6 constant: VNa = 115.0, VK = -12.0, VI = 10.6;
7 parameter: Cm = 1.0, mNaO = 0.05293, GNa = 120.0, GK = 36.0,

Gl = 0.3, hNaO = 0.5961, nKO = 0.3177, VO = 0.0;

8 function:

9 it(v 1= 25.0){

10 am = 0.1*(25.0-V)/(exp((25.0-V)/10.0)-1.0);}
11 else{

12 am = 0.1*10.0;}

13 bm = 4_.0*exp(-V/18.0);

14 dmNa = am*(1.0-mNa)-bm*mNa;

15 mNa = integral (mNaO,dmNa) ;

16 ah = 0.07*exp(-V/20.0);

17 bh = 1.0/(exp((30.0-V)/10.0)+1.0);

18 dhNa = ah*(1.0-hNa)-bh*hNa;

19 hNa = integral (hNaO,dhNa);

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

21 if(v 1= 10.0){

22 an = 0.01*(10.0-V)/(exp((10.0-V)/10.0)-1.0);}
23 else{

24 an = 0.01*10.0;}

25 bn = 0.125*exp(-V/80.0);

26 dnK = an*(1.0-nK)-bn*nK;

27 nK = integral (nKO,dnK);

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

29 I = GI*(v-vl);
30 lall = lex-INa-IK-11;
31 dv = lall/Cm;
32 V = integral(V0,dV);
33 end;
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';‘ -

E

s

& o

*6 Yo}

o

o -

£

[}

£

o
0 2 4 6 8
time[ms]
7.7. H-H
4:H-H

1 nassign(*hhmodel™); #
2 nppQ: #
3 nlink(); #
4 ntime(10,0.001,0.01,1); #
5 nstim("hhmodel",0,"P",1,0,100,3,999); #
6 series V,lin,INaO;
7 nout(lin,"hhmodel*,0,2); #
8 nout(V, "*hhmodel™,0,1);
9 nout(INaO, ""hhmodel™,0,3,"INa");
10 ninteg(''R™); #
11 ncal(Q); #
12 wopen(1,"A4",0,0); #

13 time=(0~1000)/100;

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

15 title(d,"time[ms]","membrane potential[mv]'™);
16 axis(1,1,"XY","X¥y",5,0,3,0,0,0);

7.3. NCS

SATELLITE
SATELLITE

NCS

NCS NCS
NCS
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NCS
3.
4,
5.
6.
1

7.3.1.

NCS

) ver2.95
nassign ne
UNIX editor
7.3.2.
npp nlink
NCS
npp npp
".mdlI"
[1satellite[]~/home/demo:[1]% nassign('circuit™)
"circuit.mdl"

7.3.3.

npp NCS

[1satellite[]~/home/demo:[2]% npp()
npp nassign
npp nassign

".mdl"

[1satellite[]~/home/demo: [3]% npp(‘circuit™)

100

".mdl"

Vi

SATELLITE

nassign



"circuit.mdI"
npp nlink Cc NCS
[1satellite[]~/home/demo:[4]% nlink()

7.3.4.

npp

npp
npp
npp
sl - Error [<NCS:nout> No.1l] : Improper Model File Name
near at line <n>
npp
[ ]
ntime ntime
) ntime( last, cal, str, itv)
)
1. Jlast:
2. cal:
3. str
4. itv:
nout
[1satellite[]~/home/demo:[5]% ntime(0.1,0.005,0.005,0.05)
0.1[s] 0.005[s] 0.005[s]

0.05[s]
nsclist T

[Isatellite[]~/home/demo: [6]% nsclist('T")
TIMER

Last Time = 0.1
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Calc. Step = 0.005
Store Step = 0.005
BufferStep = 0.05
nsclist
°
nstim nstim
nstim
) nstim( mdul, com, type, p1 [, p2, p3, p4, p5] )
)
1. mdul:
2. com:
3. type: ("P", "R","B")
4, P17~ Ps;
m P2 Pa P4 Ps
/
Y - Ps >

=

Ps

«— Pq—»

P1

7.8.
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3 '

—— g —»

~y

P1

7.9.
exinput
[1satellite[]~/home/demo:[7]% nstim(*'circuit",0,"P",0,1,0,10,999)

"circuit"

nsclist "s

[1satellite[]~/home/demo:[8]% nsclist('S"™)

EXTERNAL INPUTS
Data No. Component Function Data No.
1 circuit(0)

No.1 Function start_tm init_out height width period
< PULSE> L 0] L 1] L Ol L 2101 [ 999]

nsclist

nout nout
nout
) nout( buff, mdl, com, type [, val] )
)
1. buff:
2. mdl:
3. com:
4. type: (1: 2: 3 : observable )
5. wval:type=3 observable
mdl output
exinput
nout series

nout
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[1satellite[]~/home/demo:[9]% series Vin, i, vr, vl

nout Vin i vr vl
nout

[dsatellite[]~/home/demo: [10]% nout(Vin,'circuit'”,0,2)
[1satellite[]~/home/demo:[11]% nout(vl,"circuit”,0,1)

"circuit" Vin

[1satellite[]~/home/demo:[12]% nout(vr,'circuit'”,0,3,"Vr'™)
[1satellite[]~/home/demo:[13]% nout(i,"circuit™,0,3,"i")

"circuit" "Vr"

nsclist "o"

[1satellite[]~/home/demo:[14]% nsclist('0™)

OUTPUT
Variable OUTPUT VARIABLE
Vin [ 0] EX.INPUT OF circuit(0)
vli [ 0] OUTPUT OF circuit(0)
vr [ 0] Vr OF circuit(0)
i [ o] i OF circuit(0)
Max of Number of Output = 255

npara npara

) npara( mdl, var, num)

)
1. mdl:
2. var:
3. num:
npara mdl var

[1satellite[]~/home/demo:[15]% npara(‘‘circuit',"R",20)

npara npp

nlist

nlist

[1satellite[]~/home/demo:[16]% nlist(‘'circuit'™)
Parameter List

Modulle name : circuit
R = [ 20]
i0 = [ 0]
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NCS -
ninteg ninteg
) ninteg( type )
)
l. type : (IIFII : IIRII : - IIEII : )
7.3.5.

ncal
[1satellite[]~/home/demo:[17]% ncal()
ncal

## NCS Ver.6.8.3 SIMULATION PROGRAM on osf4.0 ##
>> THE CALCULATION HAS FINISHED . ... .. ... ... ...... 1l << 0.0% done.

"0.0%" "100%"

## NCS Ver.6.8.3 SIMULATION PROGRAM on osft4.0 ##

>> THE CALCULATION HAS FINISHED ...... ... ... oc..... 11 << 100.0% done.
7.3.6.
1
inline
5:
1 nassign('circuit™); #
2 nppQ); #
3 nlinkQ; #
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,"vl');
11 ninteg('R™); #
12 ncal(Q); #
[1satellite[]~/home/demo:[18]% inline(" )
5 circuit.mdl
"circuit.sl"

[1satellite[]~/home/demo:[19]% inline('circuit.sl™)
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7.3.7.

nout SATELLITE
circuit.sl GPM

[dsatellite[]~/home/demo: [20]% wopen(l,"A4,0,0)
[dsatellite[]~/home/demo:[21]% time = (0~20) / 200
[dsatellite[]~/home/demo: [22]% graph(i,time,0,0,0,0,0)
[dsatellite[]~/home/demo: [23]% title(1,"time[s]", "current[a]'")
[dsatellite[]~/home/demo: [24]% axis(1,1,"XY","XY",5,0,0,0,0,0)

SATELLITE GPM
i

o O

i C)‘A

* —
0 |
N~

E: |

€ o]

L 0
0 |
N
Q T T T T T T T T
o
0.0 25 5.0 75 10.02

time[s] *10
7.10. RL
7.4.1.
NCS 7.11.
NCS 7.12.
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Neural Network

Module L
N Cell
Horizontal Cell CONE GABA Glutamate
(HC) (GLU)

HC(0) HC(1) ...  CONE(0) CONE(L)... GABA(0) GABA(L).. GLU(0) GLU(1).. GAP(0) GAP(1)....

FaSN\Y)=

NPt
1

Component
Neural Network
Model
7.11. NCS
CONE module
COmponentéé %\
CONE(0) CONE(1) CONE(2)
CELL type
SYNAPSE type
GABA module 1
GABA(0)
GABA(1)
HC module
7.12.
( )
3
NCS 3 ( )
(cell type : ) (synapse type : ) (gap type :

)
= { cell type, synapse type, gap type }
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(CONE) (HC)

cell type = { HC module, CONE module, ... }

HC

HC module = { HC[0], HC[1], ... }

HC[0] HC[1]
7.4.2. NCS

NCS

7.4.  Hodgkin-Huxley
Hodgkin-Huxley ( H-H ) 7.13.
6
- 2 12
7.13.
I G[0] I G[1] G[9] I
7.13.

e 14 47

H-H Iy v function

Hodgkin-Huxley
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7.4. Hodgkin-Huxley

V. [mV]
Cm%zf—l'ya—fﬁ-—ﬁ Cm [;.sF,"cmz]
i [ #Afem? ]
Ina: [#A/em?]
INe =Gna m® - h(V = Eng) TN 120[ mS/em? ]
it =ap(l—m)—Bn-m Ena: 115[ mV ]
= _0.125-V)
Om = exp| S5—|=1
m = dexp (— r—s]
b — (1= h) =B+ h
ap = 0.07 exp (—%J
— 1
Bn= exp[ TG ]+1
Iic [#Afem?]
I =g - n*(V — Eg) U - 36[ mS/em?]
%=an{1_“)_ﬁn‘n Bk ; -12[ mV ]
— 0.0110-V)
Gn = exp| =5 |—1
Ba = 0.125 exp (—35)
9L 0.3[ mS/em? ]
I, =g.(V - Ep) EL . 10.6[ mV]
49 56
NCS ( 6 14 62
( 6 2 12 ) 2
6: NCS Hodgkin-Huxley
1 /* Hodgkin-Huxley®s cell model */
2  type: NETWORK ;
3 module: SQUID;
4 cell: HH[11];
5 gap: G[10]:
6 connection:
7 HH[O] < ( G[O] < HH[1] ):
8 for( n = 1; n <= 9; n++ ){
9 HH[Nn] < (G[n-1] < HH[n-1] + G[n] < HH[n+1]);
10 }
11 HH[10] < ( G[9] < HH[9] ):;
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

7.4.3.

1. PRECN

/* HH module
type:

module:
exinput:

input:

output:
observable:
constant:
parameter:

function:

/* G module
type:

module:

input:

output:
parameter:
function:

end;

end;
*/
CELL;
HH;
lex;
19;
V;
INa, IK, 11, Ig;
VNa = 115.0, VK = -12.0, VI = 10.6;

Cm = 1.0, mNaO = 0.05293, GNa =120.0, GK = 36.0,
Gl = 0.3, hNaO = 0.5961, nKO = 0.3177, VO = O.;
if(v 1= 25.){ /* sodium current */

am = 0.1 * (25.-v)/(exp((25. - V)/10.) - 1.);:}

am = 0.1 * 10.;%}
bm = 4. * exp(-V /7 18.);
dmNa = am * (1. - mNa) - bm * mNa;
mNa = integral (mNaO,dmNa);
ah = 0.07 * exp(-V /7 20.);
bh = 1. /7 (exp((30. - V) /7 10.) + 1.);
dhNa = ah * (1. - hNa) - bh * hNa;
hNa = integral (hNaO,dhNa);
INa = GNa * pow(mNa,3.0) * hNa * (V - VNa);
if(v 1= 10.){ /* potassium current */
an = 0.01*(10.-V)/(exp((10. - V)/10.) - 1.):}
else{
an = 0.01 * 10.; }
bn = 0.125 * exp(-V 7/ 80.);
dnK = an * (1. - nK) - bn * nK;
nK = integral (nK0,dnK);
IK = GK * pow(nK,4.0) * (V - VK);
I =Gl * (v - VD); /* leakage current */

lall = lex - INa - IK - 11 + 1g;
dv = lall /7 Cm;
V = integral(V0,dV);

end;
*/
GAP;
G;
VOP(0.1,0);
19;
Gl = 5.0;
Ig = GI * (VOP - POSOUT);

7.2.1. 3

PRECN
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2. POSTCN

POSTCN
3. POSOUT
7.4.4.
[ ]
7.2.3.

1. type

e CELL: ( )

e SYNAPSE: ( )

e GAP: ( )

type : NETWORK

/* */
type : NETWORK;
/* */
type : CELL;
2. cell
)
/* IIHHII
11 */
cell : HH[11];
3. synapse
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/* ""SYN"'
5 */
synapse : SYN[5];
4. gap
)
/* ch
10 */
gap : G[10];
5. input
connection
1 "
input
input : (¢ )
0
)
/* "1g" */
input : 1g;
/* ""VOP"
0.1 0] */
input : VOP(0.1,0);
6. output
1
)
/* v */
output : V;
7. connection
nen
1 0"
mdI[i] < (inputl)(input2);
inputl mdl i 1 input2
mdl i 2 input
mdl
input : V1, V2;
2 V1 inputl V2
input2
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input

mdl[i] < O;

mdl i 1 mdl

mdI[i] < (syn[k] < mdI[j])(input2);

" mdl
n syn m mdl
| syn 0
mdl i 2

mdI[i] < (inputl)(syn[m] < mdI[n] + syn[o] < mdI[1]);

connection:
/* ""HH" 1

"HH 0 */

HH[O] < (G[O] < HH[1D):

/* ""HH™ 4
"G
"HH 6
"G
SHH
HH[5] < (G[4] < HH[4] + G[5] < HH[6]):

+
O
+

*/

Gl4]

‘l%l’ ol 1N
ol

-

/* "HH 9
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"HH 10 1

IICAII o
""SYN" 0

"HH 10 2

HH[10] < (G[9] < HH[91) (SYN[O] < CALOD);

type

module

exinput

input

output

observable

constant

parameter

function
8 7.2.3.
)
/* celll type module */
type: CELL;
module: CL;
exinput: lex;
input: lg;
output: V;
observable: 1K, Il, Ig, nK;
constant: VK = -12.0, VI = 10.6;
parameter: Cm =1.0, GK = 36.0, GI = 0.3;
finction:

if(v! = 10.){

an = 0.01 * (10. - V) /7 (exp((10. - V) /7 10.) - 1);
Yelse{

an = 0.01 * 10.;

114

74.4.

end;

*/



}

bn = 0.125 * exp(-V 7/ 80.);
dnK = an * (1. - nK) - bn * nK;
nK = integral(0.3177,dnK);
IK = GK * pow(nK,4.) * (V - VK);
I =G1 * (v - VD);
lall = lex - IK - Il + Ig;
dv = lall / Cm;
V = integral(0.,dV);
end;
[ ]
1
1. type
2. module
3. input
4. output
5. observable
6. constant
7. parameter
8. function
3 7
"end;"
)
/* synapse type module */
type: SYNAPSE;
module: GABA;
input: P0(0.1,0);
output: Tr;
parameter: FB = 0.01;
function:
Tr = PO/ (FB + PO);
end;
[ ]
1
1. type
2. module
3. input

7.2.3.

/*
/*

/*
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output
observable
constant
parameter
function

7

)

7.2.3.

"end;"

/* gap type module */

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

VOP(0.1,0);

GL = 5.0;

Ig = GL * (VOP - POSOUT);

end;

type
module
cell
synapse
gap

connection

"end;"

for

2 ;

7.2.3.

for

A1

2 3 for
for o 2
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/* Hodgkin-Huxley"s cell model

type:
module:
cell:

gap:
connection:

HH[O0] < (G[O0] < HH[O]);
for(n =1; n<=9; nt+ ) {
HH[N] < (G[n-1] < HH[n-1]

}

HH[10] < (G[9] < HH[9D):

end;

7.4.5.

H-H

type:
module:

exinput:
input:
output:

observable:

constant:
Cm

parameter:

function

type:
module:

input:
output:

NETWORK ;
SQUID;
HH[11];
G[10];

7.13.

CELL;
HH;

lex;
V;

Ina

INa, 1K, Il, 1g;

Ena, Ex, B

+ G[n] < HH[N+1]);

I

VNa = 115.0, VK = -12.0, VI

Cm = 1.0, mNaO

Gl = 0.3, hNaO
"G

GAP;

G;

VOP(0.1,0);
Ig;

§Nu? EK! EL

0.05293, GNa 6.,
nkKO = 0.3177, VO = O._;

10.6;

120., GK = 3

0.1

"HH"



parameter: GL = 5.0;
Iy 7.13.

Ig=§><(V1—V2]

V1, Va function

function:

Ig = GL * (VOP - POSOUT);

"SQUID"
type: NETWORK;
module: SQUID;
7.13. "HH" 11 "G" 10
cell: HH[11];
gap: G[10];
for

connection:

HH[O] < (G[O0] < HH[OD;
for(n =1; n <= 9; nt+ ) {

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

HH[10] < (G[9] < HH[9D):

)
/* Hodgkin-Huxley®"s cell model */

type: NETWORK;
module: SQUID;
cell: HH[11];
gap: G[10];
connection:

HH[O] < (G[O] < HH[1D;
for(n =1; n<=9; nt+ ) {
HH[N] < (G[n-1] < HH[n-1] + G[n] < HH[N+1]);

}
HH[10] < (G[9] < HH[9D):;
end;

3 3 6 NCS

7.4.6.

7.3. NCS
7.3.4.
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npp

npp

[1satellite[]~/home/demo
[1satellite[]~/home/demo

nassign

[1satellite[]~/home/demo

"hh-network.mdI"

nlink C

[1satellite[]~/home/demo

ntime

[1satellite[]~/home/demo

10[ms]

nstim

[1satellite[]~/home/demo

:[25]%
:[26]%

:[271%

:[28]%

:[29]1%

:[30]%

“HH"

nout

[1satellite[]~/home/demo

"HH"
nout

nout

[1satellite[]~/home/demo
[1satellite[]~/home/demo
[1satellite[]~/home/demo
[1satellite[]~/home/demo

- [31]%

[32]%
[33]%
[34]1%
:[35]%

"HH"

(1] VI2]

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

nassign("'hh-netowrk)
nppQ)

npp(**hh-network™™)

NCS

nlink("-02")

ntime(10,0.001,0.01,1)

0.001[ms] 0.01[ms]

nstim("'HH",10,"P",1,0,100,3,999)

10

nout(lin,"HH",10,2 )

10
series

series V[3]

nout(V,0,"HH",0,1)
nout(V,2,"HH",5,1)
nout(V,3,"HH",10,1)

0 5 10

ndelay

119

lin

series

1[ms]

V[0] V



2. var:

4. init:

"G" "VOP"

[1satellite[]~/home/demo:[36]% ndelay('G","VOP",0.25)

nsclist "D"

[dsatellite[]~/home/demo: [37]% nsclist(*'D'")

DELAY

DELAY INFORMATION

Data No., Input Name, Delay Time,

1 G( VOP) 0.25

nsclist

ninteg

[1satellite[]~/home/demo:[38]% ninteg("'R™)

"ALL"

[dsatellite[]~/home/demo: [39]% nlist(ALL'™)

Parameter List

Module name : HH
Cm = [1]
mNaO = [0.05293]
GNa = [120]
GK = [36]
Gl = [0.3]
hNaO = [0.5961]
nKO = [0.3177]
VO = [0]
Module name : G
Gl = 51
7:
1 nassign("'hh-network™);
2 nppQ;
3 nlink();
4 ntime(10.0,0.001,0.01,1);
5 nstim(*'HH",10,"P",1,0,100,3,999);
6 series lin, V[3];
7 nout(lin,"HH",0,2);
8 nout(V,0,"HH",0,1);
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H*

nlist



9 nout(V,1,"HH",5,1);
10 nout(V,2,"HH",10,1);

11 ndelay('G","VOP",0.25); #
12 ninteg('R™); #
13 ncal(Q); #

ncal

[dsatellite[]~/home/demo: [40]% ncal()

7 hh-network.mdl
"hh-network.sl"

[1satellite[]~/home/demo:[41]% inline("*'hh-network.sl™)

GPM

[1satellite[]~/home/demo:[42]% wopen(1,'"A4",0,0)
[1satellite[]~/home/demo:[43]% time=(0~1000)/100
[1satellite[]~/home/demo:[44]% graph(V[0],time,0,0,0,0,0)
[1satellite[]~/home/demo:[45]% scale(*'N","D","N","D"™)
[1satellite[]~/home/demo:[46]% graph(V[1],time,0,0,0,0,0)
[1satellite[]~/home/demo:[47]% scale(*'N","D","N","D")
[1satellite[]~/home/demo:[48]% graph(V[2],time,0,0,0,0,0)
[1satellite[]~/home/demo:[49]% title(1,time [ms]",

"membrane potential [mV]'™)
[1satellite[]~/home/demo:[50]% axis(l,1,"XY","XY",5,0,0,0,0,0)

Q
p=gl
=
s
E
=
g o
L O
B v
o
(5]
g
5 4
£
(5]
1S
o
o
T T T T T T T T
0.0 25 5.0 7.5 10.0
time[ms]
7.14.
SATELLITE GPM

121



38
8.1. NPE

NPE (Nonlinear Parameter Estimation module)
NPE

NPE

Simplex BFGS DFP SSVN

. ( C C++
NCS

NPE 1)
( 83.
( 85 NPE )

y1(t) = Ay sin(2wt + B)+C (8.1)
y2(t) = Agcos(2nt + B)+C (8.2)
4 (Als AB# B:C)

8.2.

NPE

8.21.C

NPE Cc C++

N

: (double
3 : (double )

2 8.4.

( 82
) (3

2 (¥1-42)

NPE

NPE

122

)

NPE

(2
8.4

)

cinit()

SATELLITE

) @)



(8.1) (8.2 8
8 14 get_sampling() SATELLITE
point/samp point

static NCS
1 /* NPE USR (sin2.cpp) */
2 /* SIN , , */
3 /* COS , , */
4  /* 2- */
5 #include <stdio.h>
6 #include <math.h>
7  #include <libsatellite_h>
8 #if ldefined(Pl)
9 #define Pl 3.14159
10 #endif
11  int model(int point, double *param, double *output)
12 {
13 double y, theta, samp;
14 samp = get_sampling();
15 theta = 2.0 * P1 * ((double)point / samp) + param[2];
16 y = param[0] * sin(theta) + param[3];
17 output[0] = vy;
18 y = param[1] * cos(theta) + param[3];
19 output[1l] = vy;
20 return(0);
21 }

8:C (sin2.cpp)
8.2.2. NCS
NPE NCS C

NCS ( :sample.mdl)

[1SATELLITE[]~/home/demo:[1]% npp (‘'sample™)
[1SATELLITE[]~/home/demo: [2]% nlink ('-02'","0")

8.2.3.
NPE

8.1) (8.2

A, A2 <5  (8.3)

o™ ris
T ecpel
12 <7 <3

C>0 (85

(8.4)

cinit()
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8.3.

NPE

1kHz

( 9 6 param) (double
1 /7 2- (sin2_pena.cpp) */
2  #include <stdio.h>
3  #include <math.h>
4  #ifdef _ _cplusplus
5 #define Pena Val 1000.0
6 double penalty( 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_PI1/2. ) pena += Pena Val;
13 if( param[3]<=0 ) pena += Pena Val;
14 return(pena);
15 }
9: (sin2_pena.cpp)
(
SATELLITE
0
2

[1SATELLITE[]~/home/demo: [3]% datal = $"data.dat':[0]
[1SATELLITE[]~/home/demo: [4]% data2 = $"data.dat':[1]

1 2 datal data2

8 2

A1=2,4,=3,B=3,0=2 SATELLITE
1000
1
1 10
8.1.
(8.1) 8 16 (8.2) 8 18
SATELLITE

1 const dpt = 1000;
2 const A1 = 2;
3 const A2 = 3;
4 const B_ = PI1/8;
5 const C_ = 2;
6 series y[dpt],wgt[dpt];
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20
21
22

10:

0~

(dpt - 1)) / dpt;

Al * sin(2 * PI * t
A2 * cos(2 * Pl * t

+B) +C_;
+B) +C_;

(sin2_mkdata.sl)

Time

# d
ran0 = nrand(dpt,1,0,0.01);
ranl = nrand(dpt,3,0,0.01);
# T
y:[0] = y:[0] + ranO;
v:[1] = y:[1] + ranl;
#
wgt:[0] = (O~(dpt - 1)) * 0 + 1;
wgt:[1] = wgt:[O0];
#
$"sin2.dat" = y;
$"sin2.wgt" = wgt;
o
Yo}
L 0|
S
=
g
<
(=3
o
0.0 0.2
8.1.
SATELLITE
SATELLITE
text2buffer()

8

1.0

SATELLITE
SATELLITE

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

2

"data.txt" 2000

[1SATELLITE[]~/home/demo:[5]% data = text2buffer('data.txt'™)
[1SATELLITE[]~/home/demo:[6]% data
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[0]:%
[51:%

2.845
4.808

4.746
2.747

2.875
4.779

4.845

2.751

[1SATELLITE[]~/home/demo:[7]% data = trans(reform(data, (1000,2)))
[1SATELLITE[]~/home/demo:[8]% data:[O]

[0]:%

2.845

2.875 2.751

2.747

[1SATELLITE[]~/home/demo:[9]% data:[1]

[0]:%

4.746
[1SATELLITE[]~/home/demo: [10]% $"data.dat™ = data

4.845 4.808

4.779

( o
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8.4.
NPE 8.1.
CORNC)
8.1.
1) cmethod() clsearch()
2 cmodel()
3) cpenalty()
@) cinit()
(5) cscale()
(6) clogic() cterm()
(7 cnumber()
(8) cpoint() cdata() cweight()
9 creault() chistory()
(10) cdisp()
(11) cnorm()
8.1. NPE
1. ...cmethod() clsearch()
NPE
BFGS (Broyden-Fletcher-Goldfarb-Shnno) DFP (Davideon-Fletcher-Powell)
Variables Metric) (Fletcher-Reeves )
6 Simplex
2. ...cmodel()
C
NCS
3. ...cpenalty()

SATELLITE

Simplex

SSVM (Self-Scaling

(Polak-Ribiere-Polyak

)



...Cinit()

...cscale()

...clogic() cterm()

Simplex
clogic() cterm()
...cnumber()
...cdata() cweight() cpoint()
cdata() cweight()
cpoint()
...cresult() chistory()
cresult() chistory()
8 SATELLITE (sin2_com.sl)
11 BFGS
SATELLITE inline()

[1SATELLITE[]Jtom//home/demo:[11]% inline(*'sin2_com.slI™)

cstore()

[1SATELLITE[]Jtom//home/demo:[12]% cstore('sin2.prm™)

(sin2.prm) cload()
1 ## NPE (sin2_com.sl) (USR )
2 #
3 cmethod("'bfgs™); # "BFGS

4 clsearch('golden',0.00001); #

5 #

6 cmodel (""'USR","sin2.cpp™); # C "sin2.cpp”

7 #

8 cpenalty(‘'sin2_pena.cpp'™); # "'sin2_pena.cpp"
9 #

10 cinit(4,1,1.8,"VAR","A1",0.000001); # "A1" "1.8"

127



11 cinit(4,2,2.8,"VAR","A2",0.000001); # "A2" "2.8"
12 cinit(4,3,-0.1,"VAR","B",0.000001); # "B" "-0.1"
13 cinit(4,4,3.0,"VAR","C",0.000001); # "C" "3.0"
14 #

15 cscale(0); # "

16 #

17 clogic(0]1™); # " "
18 cterm(0,100); # 100

19 cterm(1,20); # 20

20 #

21 cnumber(2); # "2

22 #

23 cpoint(1000); # "1000""

24 cdata(''sin2.dat™); # “sin2.dat”

25 cweight('sin2.wgt™); # "sin2.wgt"
26 #

27 cresult(sin2_res.dat"); #

28 # ''sin2_res.dat"
29 chistory("'sin2_hist.dat",10); #
30 # "'sin2_hist._.dat"”

31 ##

32 #
33 cdisp(0); # " "

34 #
35 cnorm(2); # "2- "

11: (sin2_com.sl)

8.5. NPE

(sin2.cpp) (sin2_pena.cpp)
(sin2.dat) (sin2.wgt) (sin2_mkdata.sl)
(sin2_com.sl) npe()
(sin2_est.sl)

[1SATELLITE[]~/home/demo:[13]% series result,hist
[1SATELLITE[]~/home/demo:[14]% npe(result,hist)
Making Executable file is done.
[ NPE] BFGS
<< 0 Step: Error = 3495.14 Penalty = 1000 >>>

Al A2 B C
1.8 2.8 -0.1 3
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<<< 1 Step: Error = 799.14 Penalty = 0 >>>

Al A2 B C
1.79589 2.78321 0.52453 2.55808
npe() 1 (result) 2 (hist)
cresult() chistory()
B
(-0.1) "Penalty=1000"
1
<<< 11 Step: Error = 799.14 Penalty = 0 >>>
Al A2 B C
1.97965 2.97731 0.39562 1.9979
Error < 20
3 points are stored in "sin2_hist._dat"
Estimation is done.
20 11
[1SATELLITE[]~/home/demo: [15]% hist
[O]:[0]% 1.8 2.8 -0.1 3 3495
[1]:[0]% 1.969 2.967 0.3864 1.997 20.44
A'.I.: A21 B: C
Ay =2,A=3,B=%,C=2
8.2. ( )
)
o]
Yo}
L |
=N
£
e |
<
o]
o
0.0 0.2 04 0.6 0.8 1.0
Time
8.2.
NPE NCS Hodgkin-Huxley
(9Na) (Cm)
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NPE

NCS

2-3
NPE

Cm

NCS 7.

7 3:NCS Hodgkin-Huxley

hh.mdl

NPE NCS
NPE ( ) NCS HH

NCS 3 2 NCS

nlink

©CoOoO~NOUDWNEPER

C++

A WOWN P

~N O O

10
11
12
13
14

15

C
2 "o"

nassign(*'hh™);

nppQ;

nlink(*'-02","0");
ntime(10,0.01,0.01,1);
nstim(**HH",0,"P",1,0,100,3,999);
series V;

nout(V,"HH",0,1);

ninteg("'F'™");

ncal(Q);

datapt = length(V);

series vd[datapt];

vd:[0] = V;

wgt:[0] = (1~(Iength(V))) * 0 + 1;
$"hh.dat" = vd;

$"hh._wgt" = wgt;

(NCS : hh_mkdata.sl)

GNa O 1000
10 13

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

#define lambda 0.1

#ifdef _ cplusplus
extern "C" {
#endifT

double penalty(double *param)

{
double ret=0.0;

if(param[0] < 0. ) ret += param[O]*param[O];

if(param[0] < 1000.) ret += (param[0]-1000.)*(param[0]-1000.);
if(param[1] < 0. ) ret += param[1l]*param[1];

if(param[1] < 10.) ret += (param[0]-10.)*(param[0]-10.);

return(ret * lambda);
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16
17
18
19

NPE

O©CoO~NOOPS~WNER

}
#ifdef _ cplusplus

b
#endif

NPE 14

cmethod(*'bfgs'™);
clsearch('golden',0.00001);

cmodel ("*"NCS",""hh.0"");
cpenalty("*hh_pena.cpp');
cinit(2,1,140.0,"VAR","GNa@HH",0.000001);
cinit(2,2,0.1,"VAR","Cm@HH",0.000001) ;
cscale(3d);

clogic('0]1');

cterm(0,20);

cterm(1,0.0001);

chumber(1);

cdata("‘hh.dat'™);

cweight(""hh.wgt');
cresult("hh_res.dat'™);
chistory("'hh_hist.dat",10);

cdisp(0);

cnorm(2);

: 14 Hodgkin-Huxley (hh_com.sl)

3

cmodel ("NCS","hh.o")

1

2

5 6

C "USER" NCS "NCS"
nlink

cinit(2, 1, 140.0, "VAR", "GNa@HH", 0.000001);
cinit(2, 2, 0.1, "VAR", "Cm@HH", 0.000001);

OO WNLPE

cinit 5 NCS @NCS
NPE NPE
15 NCS
NCS npe()

nassign(*"hh');

nppQ;

nlink(*"-02");
ntime(10,0.01,0.01,1);
nstim(*'"HH",0,"P",1,0,100,3,999);
series V;
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nout(V,"HH",0,1);
ninteg("'F");
inline(""hh_com.sI1'");
cpoint(length($"hh.dat
series res,hi;
npe(res,hi);

(hh_est.sl)

":[0D);
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9
9.1. DCM

DCM (Data Conversion Module)

e AXON pClamp ABF

« AVS

e MATLAB Matrix
* Mathematica

e Genesis  disk out

e Neuron
e TEAC DR-M2a/ M3a
9.2. Excel
9.2.1. SATELLITE Excel
7.4. NCS (hhmodelE.sl)
Excel

[1SATELLITE[]~/home/demo:[1]% inline(hhmodelE_slI")

[1SATELLITE[]~/home/demo:[2]% V1=V[O0]

[1SATELLITE[]~/home/demo: [3]% V2=V[1]

[1SATELLITE[]~/home/demo:[4]% V3=V[2]

[1SATELLITE[]~/home/demo: [5]% buffer2text(""hhE.txt"," ,%8.4F ,%8.4F ,
%8.4F\n",V1,V2,V3)

Excel Excel hhE.txt (
)
Neuralnetwork
120
= 100 &
O AN AN
E 60 I \ \ ——HH[¥]
E 40 ! 3 \ —::Ei
A AN
" 7 7 N\
_20{ 201 401 601 \‘90\1‘———@]1
time [ms]

9.1. SATELLITE Excel
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9.2.2. Excel SATELLITE
(1) 9.2 (9.1) Excel
t=10mw 04 (97)
T = sin(t)
B t C X
ST
H LB FEE TV FAD FRQ WD FoHD bW AIH -8 X
DEdR @ -eB e %
MS PI2eh - - B I E=E=EH —'&'ﬂj"i 'ﬁﬂ
L37 - &
A | B [ ¢ [ o [ & | F [ & | H |3
1 1 2760578 0371863 =
2 2| 2766942 0365948
3 3 297332 0.360004
4 4| 2779713 0354033
i 5| 2786121 0348032
a 6 2792544 0.342004
7 7| 2798981 0335848
] 8| 2805434 0329864
9
10 Wave
" 15
12
13 !
141 o os
15 2
16 3 °
17 eE -0.5 \
i v/
19 o
20 -15
e 1 5M 1001 1501 20Mm 25
22 Point
23
24 24 2810717 022883
25 25 2.017427 0222253
26 26 2.924152 0215731
27 27 2830893 0209144 =z
M 4 » MNDCM / | «] | |
Juk LM 4
9.2. (9.1) Excel
Excel SATELLITE SATELLITE
[1SATELLITE[]~/home/demo: [6]% x=text2buffer('sweep.txt™)

[1SATELLITE[]~/home/demo:

[0]:% 3000 3

[1SATELLITE[]~/home/demo:

[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:
[1SATELLITE[]~/home/demo:

L71%
[8]%

[9]%
[10]%
[11]%
[12]%
[13]%
[14]%
[15]%
[16]%
[17]%
[18]%

index(x)

wopen(1,"A4,0,1)

size(120,80)

color('black™,"black™)

Iwidth(1,1)

origin(40,40)
scale('N","F","N","F",0,3000,-1.2,1.2)
graph(x[2],"7",0,0,0,0,0)
title(d,”point™,"Amplitude™)
axis(l,1,"Xy","Xy",5,0,0,0,0,0)
frame()
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o]
< 2
0.0 500.0 1000.0 1500.0 2000.0 2500.0 3000.0
Point
9.3.
9.3. MATLAB
9.3.1. SATELLITE MATLAB
74. NCS (hhmodelE.sl)
MATLAB

[1SATELLITE[]~/home/demo: [19]% inline(*hhmodelE.slI™)
[1SATELLITE[]~/home/demo:[20]% buffer2matlab("'V.mat","V',V)

MATLAB MATLAB
Workspace  buffer2matlab

>>load V.mat

>>VT=V’
>>plot(VT)

9.4.
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) Figure No.

1

JrLE REED T BAD D Jobd sTtH

IbDzga|/x»a 2/ 200

120

100+

a0+

60 -

4t

20+

L L L L L
1} 200 400 Lilui] 800 1000 1200

9.3.2. MATLAB

>>num=[4 5]
>>den=[1 3 2]
>>[k,pl=residue(num
>>1t=0:0.01:10

9.4.

SATELLITE

,den)

>>y=k(1)*exp(p(1)*t)+k(2)*exp(p(2)*t)

>>plot(t,y)

>>xlabel ("time [s]"); ylabel("y(t)"); grid

1

-} Figure No.

ILE REE FTO FAD LD oM ALINH)

lbsada/yar/sr @2po

4

time [=]

>>save time.dat t
>>save outp.dat y

9.5. MATLAB
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[1SATELLITE[]~/home/demo: [21]% matlab2satellite("time.dat')
[1SATELLITE[]~/home/demo: [22]% time = $"t"
[1SATELLITE[]~/home/demo:[23]% matlab2satellite("outp.dat'™)
[1SATELLITE[]~/home/demo: [24]% outp = $"y"
[1SATELLITE[]~/home/demo: [25]% wopen(1,"A4",0,1)
[1SATELLITE[]~/home/demo:[26]% color(*'black',"black')
[1SATELLITE[]~/home/demo:[27]% sx = 80
[1SATELLITE[]~/home/demo:[28]% sy = 80
[1SATELLITE[]~/home/demo:[29]% origin(40,40)
[1SATELLITE[]~/home/demo:[30]% size(sx,SsY)
[1SATELLITE[]~/home/demo:[31]% title(1,"time [s]","y(t)")
[1SATELLITE[]~/home/demo:[32]% graph(yout,tim,0,0,0,0,0)
[JSATELLITE[]~/home/demo: [33]% axis(l,1,"XY","XY",5,0,0,0,0,0)
[1SATELLITE[]~/home/demo: [34]% ltype(2,1)
[1SATELLITE[]~/home/demo:[35]% line(O,sy 7/ 2,sx,sy / 2)
[1SATELLITE[]~/home/demo:[36]% ltype(l,1)
[1SATELLITE[]~/home/demo: [37]% frame()

y(®)
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