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1. 00 BASICODOOOOOOO 1

1 00BASICOOOOODOOO
1.1 000000

1)00000000000 download O O (YahooO Google D D OO OODOOOODODOO

BASICOOOOOODOOOOOODOOOOOO)
http://hp.vector.co.jp/authors/VA008683/

2) 0 download 0 00 BASICT27.zip O (0000000 DOO)0OOOBASICT27setup.exe

0000000000000 0000(USBOO0O00O0D0OOOODODODODOOOOODO)

3) 0000 BASICOOOOOOODODOOOOBASICEXEDOOODODOOOO

1.2 00 BASICOODDOO

)0oooooooooooooooooooo
gbbboooobbobodogeduggn
2)0000000000000000D00000000O0 (CoDOoOOOoOoOoOo0)
3) 00000000000 0ooDooooO00UoooooDooODO
00000000 (00000000000 0O0)0o0000oos$oooooo
4)000000 LT, 000=0000000 (LETODOOOO)

INPUT,U OO
INPUT PROMPT " O OODO":000
5) 00000000000+ goog- EREREREE oooa/

Ooo0-~002°000 275
Ooooboobobooboooooooob obobooo
6) 000000 PRINT,ODOCDOO
(00oDooo0OoUooooooooOoon)
PRINT, OO OODODO,
(DOooOoU0OoUoOoooDoooooOoOoooon)
PRINT OO OODODO;
(00oOoOO00O0U0OoDOoDooOoOOoOoOoOooooooon)
gbobobooogboboboooobobobooooboooboood
NHNO0o0o0oD00o000oooooooo
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gboboobod ol

PRINT "OOOCOCOO"

PRINT, "OOOO"

LET a=2

LET_ b=5

LET_ c$="University of Hyogo"
LET_d$="Kobe University of Commerce"
PRINT, a+b,a-b,a*b,a/b

PRINT_ c$

PRINT_d$

END

obooogd o2

INPUT_PROMPT,,"x=(x>0) " :x
INPUT_PROMPT,"y=":y
PRINT,"x+y=";x+y,"x-y=";x-y,"x"y=";x"y
END

1.3 000(@OO0)

(I) FOR 00 NEXT O

FOR,O O=00 1,700 0O 2[LSTEP,O O 3]
uoub 01

ool O 2

Lo

NEXT_ 0 O

gboboglbooog2bogobooog3sbognobbooobobobboonbboon
O000(@O0O000000000000 EXITFOR)
goboboooobbodod
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gboodd o3

FOR,x=1,T0_,10
uuuprint x, "KOBE"
NEXT,_x

END

O00000004(100 10000000000)

LET,3=0
FOR_x=1,T0,10
uuuLET,S=S+x
NEXT_x
PRINT.,S

END

o010 INPUTOODODOO100n0000000000000DO0DOOMODODOO
goo

00200000 1000000000000000000000000000
(1) 1P+2243°+---+n

@ Lelilpg

1 2 3 n

11 1 1 1
3) o4 it
) 1 2 3 4 +(=1 n
(4) nl=1x2x3x4x--Xn

g3dbduouotdodotioiouooouoouoouooon
az + 2
2a,

Apy1 =
ap = 2

as.az, -, a100 000000000
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(II) DO WHILE 00 LOOPO (DO OO0O)

DO_WHILE O O O
w001

Lo O 2
e

LOOP

O000000000000000000000(O0O0O000D00000000 EXIT,DO)
gbobboooobboboobboggbbobooooboboooil1ooobboood

afalulslsls
(1)0 £00<>00000><0
(2)0000>=00000=>0
(3)0000<=00000=<0
(4)00000000AND,00RO0000
(500000000N0TO0

00000005100 10000000000)

LET,S=0

LET X=1

DO WHILE, X<=10
uuuLET,S=S+X
uuuLET X=X+1
LOOP

PRINT.S

END

(III) DO 00 LOOP WHILED (00D000)

Do,O

WENERER
e
LOOPWHILE O O
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000000000000000000000MUODO00D0000000O00OO0O EXITDO)
gbobbuoooobbboodboogbboboooobbooo1oboboboood

(IV) DO 00 LOOP UNTILO (DOO0O0O)

Do,O

w001
Wi
LOOPLUNTIL, O O

000000000 (o0oO0)ooooooooo

(V) DO UNTIL 00 LOOPO (DO OO0)

DOLUNTIL,O O
WENERER
iy

LOOP

000000000 (oo0)ooooooood

O0000oooe(0000D0O0O0OOODOOODOOOODOOO)

INPUT PROMPT "U O OO O x=":x
INPUT PROMPT "U OO yy=":y
LET,,g=0

DO UNTIL x<y

uuuLET x=x-y

uouLET,g=q+1

LOCOP

PRINT, "L =";q

PRINT,"O O =";x

END

DO_UNTIL_x<y 0 0 00 O O DO WHILE x>=y 0 0000
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0040000000000 1000000000000000 100000 3% 0000
gbooblog,2og3boo,---0budboogbbadgbbog2oco00buodboon
O0000000000000000(DO0OLOOPWHILED OODODOO)

gooboogodn

()0 ABS(x) 0 200000 |z|

(2)0SR(x) 0z 00000000

(3)0 INT(x) 0 2 0000000000 O [2] (Gauss00OD0)
(4)

4)0 sinx - SIN(x) cosx — COS(x) tanz — TAN(x)

sin~'z - ASIN(x) costz - ACOS(x) tan~txz - ATN(x)
(5)0 e* - EXP(x) log, z - LOG(x) log,,x - L0G10(x)
(6)0 RND O DO O0Z<RND< 1000000000000

gbboboooobbbuodobobbobdood RANDOMIZE DO OOD

005000304/200000000000000000 1070000000000
0000000000000 000(DoOLoOPWHILED OODODOO)

V20 SQrR(2),a, >v/2 0000000000000, —v2000000 10710

107(-10) OO OO
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1.4 0O0O0OO

()OOIF0 (10000)
IF,0 O LTHEN, O O
000000000000000000000000000000000000000

IF,0 0O GTHEN,O O 1,ELSE,O 0O 2
gboboboogobbliboogoobboooobobobo 2000000

(I) IFOO0 THEN O ENDIFO (000000)
IF,0 0 THEN

ooud 001

ooud O 2

AEain

END IF

gboboggbboodbbooobuooobbuooobboodbbOENDLIFOU
gobooo

() IF 00 THEN O ELSEO ENDIFO (0O0O0O0O0O)
IF,0 0O THEN

ooud 01

ELSE

wou O3

END_,IF

gbobobobobobigoboobobbobboboboos3sboobon

(IV) ELSEIF
IF,00 1,_THEN
ooul 01
ELSEIF,,00 OO 2, ,THEN
ooul O 2

ELSE

ooud 03

END  IF
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gb1ouoggbbogl1gbbuogdbbl1oobbb200bbooon 2000
gbobobolgao2bobbuooobs3sbbouagon

Doooooo7(on)
INPUT,PROMPT,,"x=":x

IF x>=0_then

LuuPRINTSQR (%)

ELSE

uuuPRINT "+ ";SQR(-x) ;"i"
ENDIF

END

000000 o08(10000ax=000)
INPUT_PROMPT,"a=":a

INPUT_PROMPT_ "b=":b

IF ,a<>0_then

LuuLET x=b/a

LuuPRINT "x=";x

ELSEIF b=0,THEN
LouPRINT"OOO (OOOO )"
ELSE

uooPRINT O OO "

END ,IF

END

ooooooo9(OooOoon)
RANDOMIZE

LET_ X=INT(RND*10)
DO

LuuINPUT A
LOOP_WHILE X<>A
PRINT,"OJ OO "
END
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gbebUuodbbbuooogbbbuoooobbbuooobn

(1) 0099000000000 0O0ODOOO0ODODOOOO

(2) X>AOOODOODOOOOOOOOX <AD0D0O0O0OOOOOOODOOOOOOO
gboboobooogn

(3) D0000D0ODOOOOO0O0UooooDoOoooOoOooo

(V)Dooooooooooooo

DO
Lo LI
LOCOP

U000 WHILED UNTILOOOOOODOOroop DO D OOODOO0OOODLOODOODO
gbobobooboobo0obb0oO0bO0O0wHILE O UNTIL OO0 poyU (LOOP O O FORy
OWEXT JO00oopoooObobbbbooooooooooooobbooooooood
EXIT,DO U EXIT,FORUO U D OO0ODOODOOO0OOO0DOO00OO00D0

00000010 00ooo 2)
RANDOMIZE

LET_X=INT(RND*10000)

LET k=0

DO

uuuINPUT A

uuuLET k=k+1

uuuIFuX=A THEN

uoowouPRINT k"D OO0 O0Ooooog”
vooouuEXITLDO

uuuELSETF X>A THEN

oooowuPRINT k"0 OO0 O0O0oooog™
uuuELSE

oooowuPRINT k"0 OO0 O0O0Ooooog™!
uuuENDIF

LOCP

END
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(V) Doooo

FOR,O (NEXT 00 DOLO ,LOOP 00 20030000000000000000000
D000000000000000EXITFOR O EXIT,D000000000000000
00000000000000000000000000000000000 GoT000
0000GTo 000000000000 (=000000)0000000
GoTO,000 00000000000000000000000000
000000000000000000000000000000000000000
0000000000000000000000000

1.5 Uggouoooon

(hooooooo
SET_WINDOW, ,OOOO,, ,0000.,,,0000,,,0000
(Ihooooo
PLOT_ POINTS: x U0, yd O
O0000O0oo0ooboooboooboooobooooDo
SET_POINT_ STYLE,[ OO [
000000 point stylelD OO O OO0
1- 2+ 30 40 5 x
(IIHooooo
PLOT,LINES: x1,,,y1u;ux2,,y2
(x1,11)00 (x1,5,) 000000000
0000000000000 00bO00bOo0DbOo0OO
SET_LINE_ COLOR, 00 O O
00000 200000000000 000O0DODODODOOOOOODOODO
000 100 200 300400 5000 6000 7TOODO8ODOO9YODOO,
woooonoooD 120000B00000DOK400001LB,O000---
SET_LINE_STYLE, O OO
oooobo100,200,300,40000
(Ivyboooo
DRAW circle (OO0 linecolor 000000 O0OOODO 100000O)
O (x,y) DOODODODOOO-r0000000D0OODOO
DRAW_circle WITH_ ,SCALE(r)*SHIFT(x,y)
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(Vybooooooooo
DRAWLAXES (x D0 yOOODO)
DRAW,LGRID (: 00 ODOUOO0yOODO OODDODOODDODO)
(vijooooo
CLEAR
(vil)oDoooO
FLOOD x,yO (O (z,y) DO OODODODO (v,y) DOOOOOOOOODOOOO
000000000 areacolor0000ODOONO)
PAINT x,yO (O (z,y) D0OODO0O linecolor 0000000000000
000000000 areacolor0O0O0O0ODO)
Ooboobooooogn
SET_UAREA,COLOR,0 O U

000000 11(000000)

SET_WINDOW, -3,3,-3,3
PLOT_LINES:-2,-2;2,-2;2,2;-2,2;-2,-2
PLOT_LINES:-2,-2;2,2
PLOT_LINES:-2,2;2,-2

DRAW circle WITH SCALE(2)
PLOT_POINTS:0,2.5

SET_AREA_COLOR_6

paint;1,0

END

11
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000000 12(20000)

SET_WINDOW. ,-3,3,-3,3
PLOT_LINES:-2,-2;2,-2;2,2;-2,2;-2,-2
FOR,x=-2,,T0,,2, ,STEP,0.4
uuuPLOTLINES:x,-2;%,2

NEXT, x

FOR_y=-2,T0_2, STEP,0.4
uuuPLOTLINES:-2,y;2,y

NEXT.y

FOR,x=-2+0.2,T0,2,STEP_0.4
uuuFORLy=-2+0.2,T0,2 ,STEP 0.4
uuuuuuDRAW circle WITH SCALE(O.2) *SHIFT (x,y)
LULNEXTLy

NEXT_ x

END

gbvoo0O0b0O0O0b 1200000000000000O00O00DOO0ODO
(1) 10000 00000000ODOO00O00O00
(2) 1000 0000000000 (0DO00o002B) 0000000000
(3) 10000000000 1010000000000 0D0D0O0DO0OODOOOOO
(4) D0OOD0O0ODO 1206000000000000000
FOR,y=-2+0.2,T0.,2,STEP,0.4 U U U FOR_y=-2+0.2,T0_xSTEP,0.4
(5) DODDOOOsKO000D0O00D0D0D0D0OODOOODOOOO

)
)
)
)

YT
e A A
N
i

A
>
P

T
N L

Y Y N

S N N,

N N N N

S S Y S,

P T P P PN F N

N L S N N
NN Y T Y N

S S AN, S S Y
Y Y Y Y Y

N L Y SR LS Y (S
N N N N N T NN
S N S U N D N N

TV VS 7 VAV N
oA A AN A A AN A A AN

(6) (5)0000L0000000000OO(DODOoOI2/) 0000000 0ODOO

12



2. 0000000

2 ODOoOoobooo

2.1 y=f(x)000000

21,1 0000000

y=f(z)00000
020000 p,y0000¢0000000000y=f(z—p)+gq
0000000 20000¢0,y0000b00000 y=0>bf(2)

f(z,y) =000000
O0:0000p,y0000¢0OOODOOOOOOO f(z—p,y—q)=0
0000000«0000¢0,y0000b00000 f(2,%)=0

2.1.2 O0Oy=f(x)000000O0O0OOODOO

000000 13(y=2? (-3 <2 <3)0 graph)
SET_ WINDOW -3,3,-1,5

DRAW_AXES

DEF f (x)=x"2

LET h=0.1

FOR,x=-5_,T0_,5-h STEP h

LuuPLOT LINES:x, f (x) ;x+h,f (x+h)

NEXT, x

END

OO0 BASICOOODOO 1
gboobogl
DEFL,LODO O (DO)=00000O
0 PLOT,LINESU O OO
PLOT_LINES:x1,y1;
(0000000 0DO0DoDDoOCoOOoOoU0OOUODoDOoooDooOoOoOOn)
U0 PLOTLLINESUOUOODDOOOOOO
PLOT_ LINES:x1,y1
(000000000 0ODDoOCoOOoOo00O0DoDOoooDooOoOOoOOn)
PLOT_ LINES
(DO0OoOoO0O0UoOoooDooooOoOoOooon)

13
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000000 14(y=1 (-5<2 <5)0 graph)
SET,WINDOW,_-5,5,-5,5

DRAW,_AXES

DEF f (x)=1/x

LET_h=0.1

FOR_x=-5_,T0, 5-h_ STEP_h

LuuPLOT LINES:x, f (x) ;x+h,f (x+h)

NEXT_x

END

gobbbob 40 >=00000000000000000000D0ODODODOOOO0O
gobboooobbboooobbboooboboboooobobobooooboon

000000 14-2(y=2 (-5 <z <5)0 graph)
SET,WINDOW_-5,5,-5,5

DRAW_AXES

DEF_ f(x)=1/x

LET_h=0.1

FOR_x=-5_,T0, 5-h STEP_h

LLUWHEN, EXCEPTION, ,IN
LuuuuuPLOTLINES :x, f (x) ;x+h,f (x+h)
uuuUSE

LuuuuUPLOTLINES

LLUEND, WHEN

NEXT_x

END

OO0 BASICOOODOO 2
gbooooo

00O 0O WHEN_,EXCEPTION,IN

00001

000 USE

o0t 2

00O 0O END_WHEN

ob10boo0booboobob1gobooob 20000
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15

0090000000000000000000000000000000000000
000000000000000(O000000000000000000000000
0000000000000)0000y=f(z)00000y=g(z)00000y=Ah(z)
0000000000

(MO y=f(x) :cosa:+llosin40:c (=5 <x <5)
(8)0 y=flz)==zcost (—0.1<2<0.1)

(9)0 y=flz) = (—7T<z<7)

(10)0 y = f(x) = f(x) =sinllz +sin12x (—10 <z < 10)

(11)0y=f(z)=tan'z |, y=g(z)=tanx (-7<zx<7)
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22 OJUOUOO0OO0OO
{fczf(t)

y=9(t)

t0 00 A000000000(f(t),¢(t) 0000000 PO 2000000000
godgooboooobbbooodudoooug obbbibb 00Ul para-meter U U
O0000000000¢t00000 (para-meter) D0000000 (f(a),9())0 00O

0 (f(8),9(8)0 D0 0000

t:a— f3

0 1(cycloid)
U cUoooboobboobbbobbtbuduooobbbobbuuuuua
POODOOOOOOODO (cycloid) 0000000000 ODOOOOOODOOOOO

ooon
{xza@—asin@

y=a—acost

0:0—p

000000 15(cycloid)

SET,_WINDOW,-1,7,-1,7

DRAW,,AXES

DEF_f (t)=t-SIN(t)

DEF,g(t)=1-C0S(t)

LET_h=0.01

FOR,t=0,,T0,,8-h, ,STEP_h

uuuPLOT LINES: £(t) ,g(t) ;£ (t+h) ,g(t+h)
NEXT_t

END

0 2(epicycloid)
obysy0o00boboobobo0bUbebOb00obobobOobbobOobobDoobOoD
0000000000000 POOOOOODOOOOOO (epicycloid)00O00ODOO
gbobobobooboobod

x:(a+b)cosﬁ—bcosa+b6
a—llzb §:0— 5
y = (a+b)sinf — bsin 0
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0 3(hypocycloid)

OO0y 0db0oobodbUbebOb00O0Ob00ObU0ObObOObOObDOobDOObDOD
0000000000000 POOOOOOOOOOOOO (hypocycloid)DOOOOO
0000000000000000([@0000b<a)

—b
xz(a—b)cos@—l—bcosa 7
v 0:0—p
y = (a—b)sinf — bsin 7
0400000 (Lissajous) 0 0)
x = ay cos(wit + aq) £ 0
Yy = ag cos(wat + ava)
gogd
w:AC?s(at) £ 0
y = Bsin(bt + 0)
0s5000000)
2 P
DDDE—beQ:lD
x =acosf
{ ) 0:0— 27
y = bsinf
2y
DDDD?—[?:1D
a
Tr =
cos 6:0— 27
y=btan6
godad

el +et
2

el —et

r =acosht =a
t:—00 — 00
y = bsinht =10

gbl1o0boboboogobbbuoooobboooobbbbooobbbbooon
O00000000o0o0o0o0U00ooo0 (DOboooU0UUOooDoooUoUoOoDoO)OOoO
0000000000000 (trochoid)D 0000000 (epitrochoid) 00000000
O (hypotrochoid) 00 0000000000 DOCOOOODODODOOOOODODODDOOOOO
gbobobuogoboboboooobn
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O011000x=acosf , y=asimdO0ODO0O0O0000O00O0O0ODO0O0ODOOOOOO
gbobbbuooogbbobooooobbbbooobobbboooobbobbooad
O0000000000000000000000000 (6,0)0000000

23 000000

oboobopPOODODODODOODODxw-ODODOODODOODOOOODOOD
OobooboboboooooobooboooooobooXxuoooboooo

OP=r , ZXOP =40

Ooo00oo0oOoO0OPOOOO (rA)DDOODOOOOODODODODDOOOOOOOAOOOOO
goboboooobbb-0bbbuooobn

OP =|r| , ZXOP' =6

0000000 PpPOPOOODODODOOOODOOUOODODODDOOOOOO
r000000 f(r,/))=00000000000000000000000000O
gog
OOoooXOzOOOOOOODODODODODODOLOyOOOOOODO20000
gboboboogoooobooo

r=az2+y?
x =rcosf tan~' ¥ (x>0000)
y=rsinf g — tan™' L+ (z<0000)
]z (x=0,y>0000)
_z (=0, y<0000)

06(00)

00000000 6=a («:00)
0000 (r,0) 000000 ADDDO OADDDODOOOODO reos(d —a) =rg

0 7(0)

0000000000 n000 r=ry (ro:00)
0000 (r,e) 00000000 1000 72 4+7f —2rrycos(f —a) —ra =0

08000000000 (0OD))

r=af (a>0)
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D9@OoOo00O0000)

r=a’ (a>1)

010(000)
r=asinnd (¢>0,n0000)

0 11(Pascal 0000 O (limagcon=00000))
r=acosf+b (a>0,b>0)
a=b0000000000 (cardioid) 0000

00 1200800000000 O)00Y9DDOO)00000DODODOOOOO0OO
001300 10000)00000n=1,2,3,4,500000000000000

001400 11(Pascal 000 O00)00000a>b,a=b,b=2s00000000
gobobogd

r=f0)000000000000000000O0O0O0O0OOOOOOOOOOOO
gooobod

{xzf(@)cos@

y= f(0)sind
ob100040006000000D0ODODODODOODOODODOODODOO
gboboboooobboood

24 2000

241 000

00 F(p,0)0000x=—-p0000000000 P(z,y)DOOO
O0000y? = 4px
O00000F(p,0)0000000000000z=—-p0000000

000000000
0000 2000000000000 FODOO0OOOODOOODOODOODOODO
oooo
y* = 4p(z + p)
OO000x=rcosf, y=rsinf 000000 -00000000
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2 -2
Tzl—fose Hbud Tzl—l—ccz))sé’
000 20000000000000000000
2p
Tzl—cosﬁ

goboodao

0016000 F(p,0)0000z=—-p0000000000 P(a,y) 0000 y* = 4dpa
000o000O0ooog

00170000 ¢?* =4p(x+p) 0 z=rcosf , y=rsinf 000000r00000
good

_ 2
1+ cos6

_ 2%
1 —cosf

gboboboogooboo

r gooo r

242 00O

()0 20000 F(¢,0)0 F(—,0) 00000000002 (a>c¢>0000000
0 P(z,y)00000000

Ja—c2+y+ @+ +y2=2a

(x — )2+ y?2 =2a—\/(z+ )%+ y?

gogoddoooo4bobooooooon

ary/(x +¢)2+y?2=a%+cx
obobboobooboobd

(a? — )a? + a2y? = a?(a® — )
gaad

(a*> =) =b (b>0)

000000000

1.2 y2
?_’_ﬁ:l (a>b>0)

0000000000000 000020000 FOFOOOO0OOOOOODOOOO
goboboogooooo

F(V&F,0) , F(—va 7,0
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(I)000 F(¢,0)0000z=p000000000000 e0000000000000
(@ — )2 + 2
= €
|z — p|

gbboboooboboboooobo

(1—e*a? —2(c—e*p)x + y? = ?p* — 2
O000z0 1000000000000
c—e?p=0 00000 p=—

gooo

(7 (=2

€ e

gogo
v/ 1 — e2 Va2 — b2 2
a="C : b= VT (22 : e YO 7Y : p:ai
e e a JaZ — b2
goooo
22 P
?"‘ﬁ:l (a>b>0)
a? — b2 a?
Oe=—000000002=p=—000FWa*>—-0%0)00000
€ a r=p m (a 7)
gooooo
) A a? a? — b?
00 F'(—Va —b,O)DDDx:—p:—ﬁDDDDGZTDDDDDD
2 92
00000000000+ =100000C0
a

gboooboon
0000 2000000000000 F(-0)00000000000000O0O0OO
bbbl z=—pdbbObOogg

r4+c=rcos, y=rsind

ooo
(z+c)* +y?

[z + p|
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gtbooouotuotibs+p>000uoood
b2

e(p —c) a
_ 0 — 0ooo0O0r= =
r = e(rcos c+p) T T ecosf  1—ecosd
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_\5
ps -9
= 2830n"

My , My = max,ecjq ]f(4)(zr)]

1
n00D000000000bon0d0 0 order 0000000 Simpson U000
n

1
oood —0o order 0000000000 0OO0Smpson 0000000 OOOOODODO)
n

L4
gbenbnug 152 >dr0O0ooooooooooooboooooobbbo
0 x

Simpson0 00000000 OO0ODOOODOOO

gbOvooO0obDO0o0ebO0O0ODLDOODDODOODbLOODOODn
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4 0DO0(0O)oOO
41 00 (0O0)0O0000

O07(@Q0O000)0000000000 «e000OO0OO0ODODOOOODODOORDODODOODOO
P, O000000FR 0 PR 0D00O0O0OOO

0 8 (FibonacciD OO )00O0OO0OODO0O0O0ODO0OO0ODOOOOODODOOOOODOOOO
a0 0000800000 01000000 FibonacciDOOODOOODODOODOO

Upyo = App1+ap, , a=0, a=1

goubobi0O.0000000D0O0DO2000000000000030000010
gbobboooobbbdd-00dbbboooobbboodbil e, 0000 ap4+1
Ua, 00000000

010(000000000)00000000000000000000O0DO0O00O0OOO
gbogobuodgbbodbooobuoobbuodboboobooboobbooboon
ooboooobooooboooobooo cooooboooboooobooooobooobboOooo
00000000000000 p00000000000000O0O0O00O0 a(1—p/C)p
00000 (oodp0 COOUUOU0DOD)000O («tODODODOD)ORDOOOO
gobbobooooobbbboddnboooooboh p, 000U pp O p, 000
gobooo

011(0000000)0o000oo NOOOODOOOoOoODoOOoooOooOOooooooo
gbobobbudqgouooduooobbbuoogobobbboooobobboooon
gobbboooogoboobooooobbobobuooooobbbobbbooood
gboboboooobobuooooo

Tps1 — Ty = kx, (N — )

012(000000000000—000000)00000oooooooooooOoOo
goboogobbbbodud edbbbObObOO0OO0O0OoobLbbObObOO000oon
ooobobbobooboooobobobbobosbbobOobbOObbbObDODnDO
0000000000000 00000000c% 000000000o0oo0o0ooooo
000000000000000000000000000000000 d% 0000
gubuodbobgoboogoboobbuoobbuoobbobbboobobooboon
nO0O0000000D0O00O000OnO0D00O00000O0O R, 0000000 F, 0000
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o, R0 FRGOR,, FL,U00000000000O0O00O0O00DODO0ODO

Fn+1 Fn
oooooon

013(0000000000000000000000000000000000000
000 ROODODOOOOD FOOOOOOOOOOOOOOOO000000000000
00 (1+A(1-R/C)ROD0D0O0O0O0O0D0D00000O0 0000 PDRFOOOOOOO
000000000000000000 QDRFO00000000000000000O
0pnO00000000000000pO000000000 R, 0000000 F,000
00,R,0F,w0OR,, F,00000000000
(0000A0O00O0C:O0O00D:0000QO000000000000000000)

1dpbobogdo3sgbbogboooboboooobboooboboobbboon
goboobboosgdobbooobob1bobboooooobobobboooooon
gobooo 2000000000000 b00000ooboobobobob 30bb00ooon
goboobobogoobooobobboobo1ooobbooobboobb 1o00n
gobobobooodgo 20000bb0bb000 200000oobbobbbooooono
030000000000000000(COoDOO0000D0DO0OODOOODODOOODOOO
0000000000000 00O0) o000 000D0D0D0D0ooOooOoOoDoOOO
gbogloodgbobobdobnbO0bObObLObLODODOOO0OO0ODLODbOODbOO
O00,000000000000 PPO0D 1000000 PO0O 2000000 P20
03000000 PPO0ODODOO(0000DD)000000O00OO0OOO0OOOOO
gbobbooodgobobod

015000000 20040 0000000000000000000000)0 AOO
gbobBOODOODLOr0ebO0DOOLOOODLODIDODOODODOODOODO
O0000s00000002000000000000000O0(M+1)0000O0ODOOO
oo z,mnUe, b, z, 0000000 0O00OOOOODOODO10O00D0ODODO
oobooboobo20b00b0bobooooooo s OoDO

0 16(Markov chain0 0 0000)000000000000OOOODOOO 3000

gboboobooogd
gboobuooboobooboobboobborobbooboobbOoo2n0gDn

gobobolbuogoobbbbuoooobobbbooogosuobbbuoooon
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03000000000020000000000000000000003000000
0000 040000000000300000000
0000000000000R0000000000000000 2,0000000
000 y,000000000 2,00000 02041, Ynst s 2es1 0 Tn s Yoy 200000

017000000000 4000000000000 f(n,k)000000 f(n+1,k)
0 f(n,k)0 f(n,k—1)00000000000(000000010000010000
0000000000000 20000000000000000000000)
000f(n,1)=1, f(n,n)=100000000000000000f(53)0000
0ooo

01800000 n00000000C000000OD0OODO0O0O0OO p(n)000O0DODOO
gddnOd kDDDDnDDDDDDDDDDDDDDp(n,k‘)DDDDDDDDD
p(n) = _p(n, k)
godad =
000000 pn,k)0000
Ti+ao+-Farp=n (r1>20>-- >3, 2>1)
00000 (xy,29,--+,2,) 00000000p(n, k)0 p(n—Fkk)O pn—1,k—1)00
000000000z, =10000 ¢ >2000000000000)
00000000000 p(lo)0ooooooon

0 19(Mandelbrot Set) DO 000000000

i =224+a , 2=0
O0000On—00o0000-,,00000000000000 0000 Mandelbrot Set
000000 Mandelbrot Set DO 000000000 O0OOOOOO0O

0 20(Julia Set) 0 0O O0O0OOO0O0OOOO

1 =224+ 08 , 2=«
O0000On —-o00o0000,,00000000000000 «O0O0O00O JuliaSetOdODO0O
OO0 JuliaSet 0000000 ODOO0OO0OOODOODOOOO DOOOppO0OO0ODOOOOO
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5 ULooon
5.1 UOODOOO
00000000000000000

oy @t h) = f(x)
f(x) = lim .

OoooboboooooAODODODOOLOOODOODOO

flz+h) - f(x)

! =
fily = 122N
O00O00O00CO0UdC0O0 0000000000000 ob0bOoubooo-
_flx—h)— flz
oy - L= =1

gbobobooogobobo200bbbuogan

fl@+h)— flz—h)
2h

fl(x) =
ddooodooooogod

go8uuooodooooodoobgoooooodooooooogooon
0oodooooooooooooooooooooooo
(1) f(z)=2%-3z (2) f(z)=sinx (3) f(z)=tan"'x

5.2 UJUouoood

doodoooooooooboooouoooboooooooooooboooooo
0000000000000 (CoOODO0O0000¢t0oooooDn)
021 (00000000)
z:00000 , ¢:00000 (0 9.8m/sec?)
d*x

ae =Y

022(000000000000000000)
p(t): 00 ¢t0000O0OO , «:00000@O)



023 (0000000000000000000)
p(t): 00 t000000 , «:00000(00)

dp
= — ap — bp?
di ap /4

—y?:0000000000000000000000 (k:00)

024 (000000000C00O0O0O00O0O0OD0)
N:OOooogooo , e:00
p(t): 00 ¢000000000O0O0O0O0OOOOOO

dp
£ — ep(N —
o cp(N —p)

025 (000-0000000 Lotka-VolterraOlO OO OO)
F:0000000000O0000000oooooO (sh)ypooo
S:000000000 (shark)DO OO

dF

E:(a—bF—cS)F

as _
dt
O000ack,A000000000000000000

(—k + AF)S

026 (000000000)
. 000000000000 DODOOd
d?0 g

= —Zsinf

dt? I

, 1:00000

027 (00000000)
0000000000000000 »y00000000C 000000000

d*x x
m— =—-—C———~
dt? (a2 +y?)?
d2
Moy =—Cry o
! (22 +12)
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028 (0000D0O0O0)
mOD0O000D000O
p:0i0000000
zi(pL,p2,--+,pm) 0 400000000
yi(p1,pa, - ,pm) : 0 100000000

dp
Br b rrpn ) — 01 )
dp
ditZ - kQ {:EQ(plva:" ' 7pm) _yQ(plaPQa T ’pm)}
dpm,

dt - km {zm(pbp?? T ,pm) - ym(p17p27 e ’pm)}

Ooo0ob0 g O000000000DO0O00O0O0O0O00O0O00O00DO0DO0O0OO0

3’51;<p1>p2> e 7pm) - yi(p17p27 e 7pm)
O E(p1,ps,---,p) 0000000000000000000O

029(00000)
cy 0000000

F(z,y,c) =0

gboogobuodbogbbooboobbooboobobuogboobbuooboon
gboboboooobbbuoooobbboooon

dy  F,
dr F,
0000000000000 D0000D00DN0ONonoooo
dy F,
dr  F,
0000000000000 000000000 c0000000000000000
dy F 1
00000000 y—e?=0000000 F =22 c=2 00O
de F, —2cx 2

y_ T
dr 2y
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(51) F(l‘,y,y/,y//y'.'7y(n)) :O

0000,0000 200000 ¢yO00000000 ¢,y,---,y™ 0000000
goodobobobooooooooooob0 nO0OD0O0O0O00OOObObDU0O0O0o
nO(0)0000O0O0ODODOO
gobobooooobobogo2000bbboooon
(n1) (n2)

Fl(xayby/lv"'ayl 7y27yé7"'7y2 7"'7ym?y;n7"'7y1(7?m)):o

FQ(xvylvylh"'7y§n1)7y27yé7"'>y§n2)a"'7ym7y7ln7”'7y7(7?M)) =0
(5.2)

Fm(x7ylayia"'7y§n1)7y27yéa"'7y§n2)7"'7ymay7/na"'7y£)?m)) =0

gob20000000000bogoboboobbobbbobooo 1boooboa
goboboooooboboood

Fl(xayhy/py%yé?'"7ym7y;n) 0
F2(x7y17yl7y2ay/7' : '7ym7y;n) =0
(5.3) nom

Fm(xaylaylhy?ayéa"'>ym7y;n>:O
O0ooooooooo3d0doonooodoooon ooooooooog

(54) y(n) = f(xv Y, ylu yﬂa e ’y(n—l))
(1) _ Pl T fo e ymm—1)
n - f1($7y17y17y17 y U1 ) s Yms Yy U y YU, )
n ni—1 Nyn, —
(5 5) yé 2):f2<x7y1’yi7yila”'7y£ ' )a """ 7ymay;n7yqlq/q,7”'v q(n 1))
Nm) ny—1 T —
y1(n )_fm(xvylvyi7y/1/7"'7y§ ' )7 """ 7ym7y;n7ygw”'7y1(n 1)>

yi = f1<x7y17y27"'7ym)
yé = f2(xay172/27"'7ym)

y;n = fm(xvyhy% e 7ym)

rOogbobodboooboobboobboobboobbooooboboon
0000000000000 O0 (b.1)0O (b4)000000000OnOOODOOOOOO
O000000000000ODOD0ODOO0O00ODDDOOOCOOCOOOOOOD (DoOoOOO
O00000ooo0)b 000 0000o0opooooo0oooooooooooooo
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00(2)0 (65000000000 ny4+ne+---4+n, 0000000000 (5.3)0
(5.6) 000000000 mO000000000
O00000000000000000000D0000000000000000O
0D00000(G.1)0 (54000000
r=x000000y(x),y (z0), -, y" V(z) 00DDOOO0O

(5.2)0 (5.5)000000

r=zoUOOOO

yi(0), Y (o), -, 91" ™ (o)

ya(0), Y (), -+, 95"~ (o)

Yo (20), Y (20), - - -y =1 (o)
ODoO0O0O0oo

D000000000 0000 (Cauchy 00)0000

O0DD000020 z=0 2=2,0000000000000000000000
D0D000000D0000000000D000000D000000DDDO000oOon
D0DO00000DDooOd

o21000
d’x  d (dx dx
=2 =-90005 = [(~g)dt+Ci=—gt+ 00000000
di2 dt(dt) ) (—g)dt + Cy gt + Cy
1
w:/Pm+Cﬁﬁ+@:—?ﬁ+C¢+@DDDDDDDDDDDDD

1
x:—igt2+2tDDDDDDDDDDDDDDDDDDDDDDDD

oboboobooboobooboon

gbbboogobboooobbboodn

gbobbooodgobobod

gbobboogoobbboood

gbobboogobbbuoooobbboooooboo
gbogbobbooudgbbobobuoobboobuoobbooboobbooboon
gboobobouobobuodobboobuoobobuoobbooboobbooboon
goo
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5.3 UUOOOOoObooon

gboogobbbodblobobuoobbuoobboobbooboobbooboo
gubbbobib -,y oobbobbbObOO30bb00000uu00ooooooon
goo

=) )=
(5.7) o
E - g(t7 €, y) y(t0> = Yo

000 (5.7)0 t, <t <T0O0000000000000000000 [t,7)0 N
T—t

0000000000000 h= Jpo0O000O00nROO000O00 t=¢00

c=az(t), y=y(®) 0 t=t, 000000 2, =a(tn) , yo =y(t,) 0000000000

tn = to +nh
(5.8) 20 = a(t)
Yn = y<tn)

gooogoboodde=¢, 0 =z, ,y, U000 oooo ¢t z, y0O
goboboogoboboooobobbuoogn

5.3.1 Cauchy-Euler 0000

gbobobooggy

Tpp1 — Tn  B(typr) —2(tn)  do

(5.9) " " a0
Ynt1 = Yn _ Y(tnir) = y(tn) — @(t + 09.,h)
3 h dt n 2n
DDDDDD(5.9)DDDDD
d
ﬁ(tn + gmh) =f (tn + ‘91,nh, x(tn + leh), y(tn + el,nh»
(5.10) dy

a(tn + 92,nh) =g (tn + 92,nh7 x(tn + 92,nh’)7 y(tn + 92,nh))

Ooo0bo0obooooOoAOO0ODODOOOOOOD NOODOODODOODOODOOD

ogooooo
) g (tn 4 O2nh, x(t, + 02,h), y(t, + O2,h)) = g (tn, x(t,), y(tn))

000000000 (b.7)OO0OD0oO0OoOoOoooooooOd
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(5.12)

go 52

tn+1 - tn ‘I— h
Tn+1 = Tp + hf(tn7 Ly yn)
Yn+1 = Un + hg(tna T, yn)

000000000 Cauchy-Euler 0000 00 00Cauchy-Euler 000000000

O order O
ogoo

00000000000 ADorder 000000000000 A O orderd

5.3.2 Runge-Kutta [l

Cauchy-Euler OO 00000 simple0 00000 0DOOOOOOODOODOOODOOO
O0Oo0b000obOob0O0OOd Runge-Kuttall 0O OO

(5-5)

tn+1 = tn + h
a; = hf<tnaxnvyn) ) bl = hg@nu T, yn)
h a; by h ap by
— hf(t, + ~ Do+ Y by = hg(te + 2 LR
h Qo bg h (05} bz
— hf(t, + ~ D+ 2Y by = hg(te + 2 92+ 2
ay=hf(ta+ 5o+ o Yn+5) 5 by =hglte + 5 20+ 0 yn + )

ay=hf(t, +h,x, +as,yn +b3) , by =hg(t, +h,z, + as,y, + b3)

1
Tpgl = Tp + G (a1 + 2ag + 2a3 + ay)

1
Ynt1 = Yn + 6 (by + 2bg + 2b3 + by)

Runge-KuttaOOOOOOO order 000000000000 A0 order 00000

goboo

00 A*0 order 0000

0090 Runge-KuttaOO O OOOOOOOOOOOOOOO0OOOOOOOOO [to,t]

gobooo

gooo

dx
@

t
0O 1f(zf)athSimpsonDDDDDDDDDDDDDDDDDDDD

to



