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f(x 4+ n) = f(x) A

o (1) &
dn_
dt

=fx+n -

of

" ox

=L, (M
(1) n=

ERT D

of

n+ 2R LEDIA

9).¢

&S x*CDWTEZDE il

X=X¥

dx
= f(x*) = 0

X=Xx*

dt

n+ 22X EDIE

n(X+2/ASLNDT

2R EDIEZEEBIT D E
an
— = Mn
dt
=72 U,
SR SE) e L)
v of zj—ﬁjw) j—i(*) 2 (x)
0X s
>I< >X< af >l<
a—xl< ) a—x; ) m )
CDmRDIEAITIIMOBEBRIBEZKD S

CET, HEROBMMZEMREZHRANDZ

« INTOEBEHNEDE

78\ b (j:gﬂ_slz‘[*]./n\

c 1 DTHEDERHEHDE

Tgﬂ_slz‘[ﬁlln\

&£ D




EHBEIC K2 NERDODBEFIZE /BT DM

1. FEIRZEXRDD

2. REWBDNFRERALT B

3. FERFHOTOEARE (EBBENY ML) Z2KDHD
4. BBEEDRESDIER, EHDFEZRHND

HRR-HRR

B % = ax — bxy

ez | 2 = d

" a YT b d>0ETB

HE-HRRICOVWTHFHRORBFIZEEZRANTHELDS



EBEIC LD NFROBAZEMSERENTOM
1.

1. FHRZKRH S
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# 01-01. REEADEYZTHA :
oy = L Ty e 5 hon CIFEYE & XFF DEE
Z?M!Sn PIES, printE ) EADBIZHLNITHONIRLN,
b — 2 “1” (3:__7_‘;7’8\5
cC = 3.3 BT BIZ BN E,
d = 6.5 + 27
orint("type(a): ", a, type(a))
orint("type(b): ", b, type(b)) : "
D S e print(5I£L, ..)
Tt pypetedity e, typelel) T, BIEstrRICEIRL TR
y co B BYP ~LUTWS
int® + float®! — float#!
e =a+ ¢ .
£ = a + ( int22 + complexZ — complexi:
g=a/b int® / int® — floatBY
h=axc int * float®! — float!
rint("type(e): ", e, type(e)) Z|D YN BFZEDINtE/IntBETH
orint("type(f):", f, type(f))
orint("type(g): ", g, type(g)) ] . ggfﬁgéh%_ _
rint("type(h): ", h, type(h)) LR D D ANIEE U TH K D.
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BRIV E | PythonTIRERICIFEZH U I WHERIXFATNICIEE U TP S2HENH S

b 2EEFHEILEPHEDRICOAXTILLTWLWDIEE
& 2 EH D3O EDE (CDHIIH UTWLWDIHE IR EICHIFE

# 01-02. BH/EVEYZSHA ' print('int("010"): ', b, type(b))
## str v print("int(True): ", c, type(c))
a = str(1) int, bool, float’x & E orint("int(10.0): ", d, type(d))
b = str(True) .
¢ = str(5.2) —str \ ## float
v a = float("-6.31") : S
orint("str(1): ", a, type(a)) v b = float("5e-006") str, int, boola &
orint("str(True): ", b, type(b)) ¢ = float(1) —float
orint("str(5.2): ", ¢, type(c)) + d = float(False)
# XFIDRENDHFE E orint('float("-6.31"): ', a, type(a))
print("str" + str(21)) + print('float("5e-0086")"', b, type(b))
'+ print("float(1): ", c, type(c))
## int ' print("float(False): ", d, type(d))
a = int("1") \ ;
b = int("010") str, bool, float’g & :
c = int(False) —int :
d = int(10.0) :

print('int("1"): ', a, type(a))
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# 01-03. J0O0—/VILZEE

# L'Ij]
"Hello, World!" Hello World!

def print_hello_global():
print(s)

print_hello_global()

# 01-04. J0O0—/N)LEEE

"Hello, World!" # 7]

AICEIETHER |
Hello, World!

def print_hello_local():
s = "CHAICBILERF "
print(s)

print_hello_Tlocal() 15.[7'3‘{%_3.: >CLW57?

print(s)
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# 01-05. J0O0—/VIVZEILREEA T

# 01-04. J0O0—/NILTEE

"Hello, World!"

{p) : .
=N |def print_hello_local(): . .
E&%’ s = "CHhICBIFHR I " def pr‘}n:EEh()ello_local().
ﬁi?: print(s) prln"_s _ e )
'R'I'\i S = L__/U‘k_-glj: 5'?'
IIZf\Q print(s)
) # L_Ij]
rint_hello_local i .
Er‘intES) B () L_/U(L_-S(j: Egl?“ I
Hello, World! print_hello_local() TS—(CH3
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# 01-06. INOX—9DT T AV MME
def funcl(a,
print(a,

funcl(l, 2)
funcl(a=1)

b="strl"):

b)

funcl(1l, b=2)

funcl(b=1)
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def BAEZ (/NS X—4, ..):  returnX CHY REFE>TRXEYNB T & TERDRD &%
zﬁi% EYZEMNTES,
+ s RO I (BEETERVWIRRHELRDHD) T
AZn igfgéooit ZETHRATES
return « ZNH NI TXYBDBZET

# 01-07. EHORY(E
def func_multi(a):
return a, a*x*x2, a**3 ABD (NS X—=%a) [CHUT, a, a2, a3%&iRd

X, Yy, z = func_multi(2) 2, 22, 23%X, y, zICFENFNARAT S
print(x, y, z)
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# 01-08. OIJRT1vIBEK (FEH#)
import matplotlib.pyplot as plt

def logistic_growth(r, K, x0, t_end, dt=0.1):
dt = dt
X = X0
t_1list = [0]
X_T1list [ X]
i end = int(t_end / dt)
for i in range(i_end):
t =dt » (i + 1)
X =x +dt*r *x (1 -x/ K) * x

t_Tlist.append(t)
X_Tlist.append(x)

return t_Tlist, x_1list

t_1list, x_list = logistic_growth(0.2, 1600, 10, 100)

plt.plot(t_Tlist, x_1list)
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# 02-01. #%
import matplotlib.pyplot as plt
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# BFEIDEKTE
dt = 0.0001
t_end 10

1_end

t_list = [t

matplotlib.pyplot

= -1
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=T )LDINT X—H

int(t_end / dt) + 1
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HE-HER

e Llegend(SANJL, loc = FfLE) : NHIZEINT S
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[x]
[y]

Xx_Tlist
y_Tlist

for i in range(i_end):
t =dt « (1 + 1)

+dt * (a - b *xy) * X

+dt *x (c *x x - d) vy

X_New

nend(t)
nend(x)

nend(y)

# BFEFERD D
olt.plot(t_Tlist, x_1list)
olt.plot(t_list, y_list)
hylt.legend(["Prey", "Predator"],

W~

loc="upper right")

6

m— | TN
Predator

~
~
1
~
~
~
4
| |

8 10




e

A1 Z—RICX DL @ HE-HERR

Z = X — by . XrEE
% — CXY — dy x(t + Af) & x(1) + At (ax(t) — bx(0)y(1))
MADEL (AtE+HNSVETB) * *(0) ;X;Ct :; ;x; oo X
dr  x(t + At) — x(t)
dt At X, .1 XX, + At (axn _ bxnyn)

x(t + Ar) — x(¢)
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B phase diagram

# 02-02. Y #HE-HER

Tt.plot(x_1list, y_list)

1t.xlabel("Prey")
1t.ylabel("Predator")
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& — ax — bx? — CXY

WA DEL (AtE+3NEVET B)
der  z(t + At) — x(t)

N\

dt At

ax(t) — bx*(f) — cx(Hy(f) =

x(t + At) — x(¢)

At

Bt FR

= B
x(t + Af) & x(1) + At (ax(?) — bx*(t) — ex(D)y(D))

x(0)=x0 & U, x1,x2, ..., X
7o, tw=At*n

v

X, 1 ~ X, + At (axn — bx? — cxnyn)
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— 21— k% Newton’s method (1)
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g)I&f(x)Z AL TERIRA]
g(x) = f(x) +f(x)(x — x))

o) = VBB Ex, &F B
F05) + F(6)(xiy — %) = O,

1= 1
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R EBENICEDIT2  OYAT« v IBEETIL

AATF1vIRBREETIV
dx X
—=r|{l—-——)x
w12

2 for i in range(1000):
X =X *x / (2 * x - K)
. print ("#ZMEE. ", o, ",", K)
X‘L&Ljé*ﬁ*&o)ﬂ;ﬁg pl“in't("ﬁﬁﬂ}{ﬁﬁt ||’ X)
2
ffx)y=r (1 — —x)
K # h7]
BRAARE: 0 , 100
—a—b2EICFIRAY %EMEIN T{EZ: 100.0
X2

i+1 — X
2x; — K TEHEDWT IO DBEIERNICKE S



FEREBENICEDITS  #HR-HRER

dt
dy p 03-02. #WE-#
dt Y Y INS X — S EBRE
= 2
= 3
AR AT AR -1
(x*,y*) — (0,0), (x*,y*) — <ﬁ,ﬁ) = 2
1 1 2772 c b Al
= 1.5
= 0.5
¥ LT S
% % -ar

dx  dy a—by —bx .

J(x,y) = = print ("EEMTHAR:
9% % print ("a{olEE:
dx dy

Za—bYEICFIRAT 5EETN

= x, — JZf(x,) : (08, 9) , (2.0, 0.6666666666666666)
Xivl = X X L\Ki TPEE: (2.0, 0.6666666666666666)

Ait1 _ AiYi <bd )
Yit1 acx; + bdy, — ad \ac
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# 03-03. HE-HBERDIAFTIORETAVIITAY
import matplotlib.pyplot as plt
# ETIVDINSKA—4
L BE-BEROBAE, 71751 Vi
c =1.0 KE, BEDERRDTplot TIERL
d = 2.0 axhline, axvlineZ{E>T\L\3.
# HHEAME
X = 0.4
y = 0.4
t =10.0
EEmEZ20h Oy b, Y—H—

# BFEIDERE A XEEELU CHEBEZLITTWS
dt = 0.0001
t_end = 10
i_end = int(t_end / dt) + 1
t_list = [t
x_list = [x]
y_list = [y]
for i in range(i_end):

t =dt « (1 + 1)

X =X +dt x (a-b*y) * X

y =y +dtx (c *x-d) *y

ZHEDE, BBE-HERODIVI1L—23r (FE5E #02-01) &

(70v bDEDZRFRE ) BU

A
\C

I = = = = == = =H =H = = = =H = = = = = =B =B =B = = B ¥V =B =B =B =B =B =B = = N 4

7

ZA VBT F I ADEM

t_Tlist.append(t)
x_Tlist.append(x)
y_list.append(y)

# 71405140
plt.axhline(a / b, color="b")
plt.axvline(d / ¢, color="pr")

# R
plt.plot(®, @, "ko", d / ¢, a / b, "ko", markersize=8)

# 1H-

M ETCOYA1TIIOXR

plt.plot(x_list, y_list)

plt.xlabel("Prey")
plt.ylabel("Predator")
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matplotlib.pyplot

e axhline(yDiE, AT 3aV) : KEQERETOY ~

e axvline(xMDE, A3 ) : FEREZZOY &
_CTIFRBEDATIIITE (b) &7 (r) ZI8E




