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. :f(X)+d_Xnt+2dX2nt+...
FTLDRIERATAE,  XEPERBOTY=1(X). =, n (F+D
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R (1)

* Python&E (F725RME (&, HD—EDQUIBZITOI—RZIREDHTEHBD
# 02-01. U JIVIREEER

» INXTEDTET, print()Ptype() [XEAE
- ESHICERL, ES&EETICHEVOEINELNDHD.
ERRSEDEH
def simple_func():
print("BEHEMRUEHLELE. ")

BEIRER TS

def B3R ():
QLI 1 —
It .
i REIFOE L | [simple_func() M EIFOELELE.
NLIEn

# 02-02. VTV FD2
R¥EZ||def simple_func_2():
print(" 1. E@%ZE")
print(" 2. FEUHL")
print("3. FLEZ. ")

HFEVRICUR<KTERVER
printPtypeFEfEFHABINTLD THHA
HEEE . IZUHDSFEZR B.

o HAAHREH|IAXFFIXIH

https://docs.python.org/ja/3/1library/functions.html

simple_func_2()
MEHARAITI2NIBZREAMICEFEHS I ETHIIHEZESH S 5



https://docs.python.org/ja/3/library/functions.html

& (2)

SIEERDE

» BIECKD, AAEHUIAIBZE RS IEDNTED

Bl. print()HRIRI DXFIHEDD

- B UTHERZE, EDEE L TOGRIZENTED 7%\; bgft;gﬁ@%ﬂt@
AR 5 RE%
Bl. a=abs(-2) # alC2hRASNS =

BEIEER

def BB (/I A —5):
015
015

WL n

return

]
2

ITLL JTTLL

. /?7>( S (IRBIE) BEHATOHNMETD
2. f%*ﬂkjgﬁwﬁﬂﬂJiihtﬁt%E]QU
tL/Z?Ef).
e returnX ¥ ZRTL T, IR

10

# 02-03. 5|8 =% DK
def my_abs_print(x):
= abs(x)

print("AA", x)

print ("HEXME", Vy)

# 7
AH -9
my_abs_print(-9) fExIE 9

# 02-04. BIHERYEZE DK
def add(a, b):

c=a+b
return c

X = add(2, 4)
print(x)



8 F2[0

EIJ2—)L Iy —3 (1)

Pythond—KR%ZF&0Fk7 74)[1‘\*’%0)%%

e BV OA—REFITEHRT 7L
« NWT—IJ I EIJa1—-IVEEEBRHICTENHIZED

CHDBEHTRINSORAEBED ULV, EVa—I, NvT—Y, FA4T7VLBERLES
BRITHINS 5D, "MELGESICHVEESENLGEREZIEDHLED <SVWDZa TV

ATCHEHEBULTEIFIEFOK
HELH

. import EVa2—J)L (BHULLIF/ Ny T —2)
EIa—)L (BbULLIF/ICY T —) BFEAAD

# 02-05. mathT®Y 1—ILDFHAIAH

. # 02-06. 0s/\YT—IDFHHAH
1mport math

import os

a = math.log(2) fi}eg?$h1= oiﬁgath.join("parent", "child", "file.txt")
print(a) print (filepa

EHGEEZREOHIDLDZEBEIRAITEIETI DSEIRENGLED I




88 F2[E

mathT> 21 —JL

HEAN R EFEERDBEEL
https://docs.python.org/ja/3/library/math.htmi

=N <1§b\%972£|3§ 2D

-+ log : BAXH # 02-87. mathEJ1—JU
e sqrt: FEAIR import math
e sin,cos,tan, ' =ABEHERKR (I - hopi)
N N print(" ", ma p1
&‘7‘551%@ 2 print ("BAXEHDE", math.e)
e pi:ARAXR
e e:BANMHMNE print("log(2) : ", math.log(2))
print("v3:", math.sqrt(3))
: x
pl”lnt.Fa'ayﬁz@ﬁE | print("sin(m/2) : ", math.sin(math.pi / 2))
e print(obj1, obj2, ) print("cos(m) : ", math.cos(math.pi))

obj1, obj2, &= (FTTJ7# Ik print("tan(m/4)", math.tan(math.pi / 4))
CEZEHT ) XY >TERTR

FDMDIEXRESATSY) (T7AIPTEZZEI2—=ILPINyT—Y) HHBIDTHEEKDH B Al

E>THKS.

« Python BE#ZS1473Y | 8XK* 2 X I https://docs.python.org/ja/3/library/index.html
S5IC, ColabIiCFBEES I TS VBMNMCET—I LTV ARITOINY T—ID MLV A=

BH FISENMAL A M—=ILDORBELG LS FUHES) . 12



https://docs.python.org/ja/3/library/math.html
https://docs.python.org/ja/3/library/index.html

Ta—)L )N — (2)
Z DM DEFTHIAH 7

. from /Vy o —2 import €32 —J)b
ISy T —IANDEY 12— )L & EHAD

. import EVa2—J)L (HULLIF/Ny T —2) as g4
I\ T —2 BB E U TERMAAD

. from /¢y — import €Y 2 —JL as Bl&E
IV T —=VRNDEY 1 —)LZEER E UL THRMAD

BR2T175VDERBAIRIEEWEWEIHDHZDT, FhicHES (6.
matplotlib.pyplot—plt) . £, BYEDEY 2 —ILPN\NyvI5—I%EBIERICIE, F5U

IcB2717 7Y DRAVEREG EDEEZ TS DOHEE

13



Matplotlib
matplxtlib 7o

EXRWGE70OY b BB X EXANTS L A
3 1 °, . __ stream Plot
2 . T
| e a2
= il NN 7 e
o ‘... . N 177 ,‘““*p;;;:f_’;
R LX) M N
o0 . %
g e WANS
..o S 50 a +\‘ ‘ ’ {/ N N \‘\\:
o0 0—*—\1 e e
3 : T 00 02 04 06 y 10 !

CZTRAIZWS ORI T T, ERIDREEDFFHGEWTIXERAL LY.

BUCZEF BN ICHRALBZTOY D ElgE. 2XRDY Y TIVEZBSHTHS

&, EVWEWTOY NAEDBRDODSIDS.

e Gallery | 2AFFa X2V b
https://matplotlib.org/gallery/index.html



https://matplotlib.org/
https://matplotlib.org/gallery/index.html

70w

farzEELTAHRILET S

# 01-01. plotPFI
import matplotlib.pyplot as plt JS Y — S DIEAAH
import math -

[0, math.pi/2, math.pi, 3*math.pi/2, 2*math.pi]
[0, 1, 8, -1, @] |

X_Tlist
y_list

IR, YEEIRRDEZ
plt.plot(x_Tlist, y_list) X %’rl’ﬂ@y% T) Zﬁl\_
A
@m matplotlib.pyplot
o o plot(HEEHE) R b, HtEHE!J X )
025 ] (FEEE, HEE) T5 X SN DEZE(E
o =70OvY EdS

15



SD1TVFVRICED
for)b—2NJ0Ov O AERXRIE

V=

70w

farzEELTAHRILET S

# 01-02. sinFEZoO70Ov b
import matplotlib.pyplot as plt
import math

Xx_start = 0 — —— —
x_end = 2 * math.pi ECEXTHRETHNY (XDEwAE)

step = math.pi / 36 BN EIDRIHIE | WHMEETZTTOY FLTHES |
1_start = 0 | for)b—DERs | 7L —S Mi_starth

i_end = int((x_end - x_start) / step)l for)b— DT Bi'en%ig—?ﬂ%a;?i%bu
X -LiSt - [] Y ¢id T Gii |
y_list = [] XEERR, YEERRDIEZIENT D) X bk

for i in range(i_start, i_end + 1): iy | o7
. (N 0.50 -

= Xx_start + step * 1 025

y = math.sin(x) oo
x_list.append(x) o
y_list.append(y) o7

-1.00 -

0 1 2 3 3 5 e

plt.plot(x_list, y_list)
e U X .append(E3%)

JUZFOXREBICEEZEZEMITMNZ S
e int(FE)
HEEYDBRTTERICTS 16
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53D
for)JL—2

Il

A A BUEIET

# 02-01. BEEIEZUENEETIL (1)
import matplotlib.pyplot as plt

plt.plot(t_Tlist, x_1list)

t_list.append(t) BHHNEE
x_Tlist.append(x) 1) R AR

7L (1)

12000 A

10000 A

8000 +

6000 -

4000 A

2000 A

o.

ﬁﬁc

xXDIEOQEFHFTENA
A

0.

® 3

q = @.1 X =X + axX
X =1 HAE DR E .
I INTX—% - FIHAED ﬁc NN
‘ XDINILHEEDEEINS
t_list = [t] B (t) SMEAS (x) E2FTBUR
x_1ist = [x] |
for i in range(100): 100t DIV—T
t=t+ 1 |
X = X + a *« X Xt+1_X +aX 14000 -

20

40 60 80 100
18



0Oy hEiRAS (1)

matplotlib.pyplot
o plot(f=EHE!) X I, MEEHME X, TA4—YY )
(tEEHME, MWEHME) TSR ONBIEEREZIEESNIEZEIA— Yy hTTOY FT3

# 02-02. JA—<YYErDEE

plt.plot(t_list, x_1list, "ro")

14000 - @ 14000 i
® ]
12000 - 12000 l’
@] ]
o ]
10000 - 10000 h
O I
O I’
8000 - ° 8000 i
® K
6000 1 'y 6000 - /]
/
4000 - 4000 - ,"
/
2000 - 2000 1 ,/l
0 1 P
0 20 40 60 80 100 0 20 40 60 80 100
J4—Y v kDA J4—Y v kDA
r: 78, o: circle¥v—7H— k: 22, —: SvTasq4Y

HETES 74—V Y FOFHIEARF 2 AV b ESE.
https://matplotlib.org/api/ as_gen/matplotlib.pyplot.plot.html

19


https://matplotlib.org/api/_as_gen/matplotlib.pyplot.plot.html
https://matplotlib.org/api/_as_gen/matplotlib.pyplot.plot.html

forMX XA~ (2EIL—T)

Oy hZE#RZAS (2)

matplotlib.pyplot

e plot(FEEME) X b1, #MEME) R ML, JA—<w b1, #EHME) X2, MEMEJ X2, J4—<v b2, )
(ta#hfE, HWMEME) CSASNBEZREZREEINL I A—VYy hTTJOY bT 5.
A=Y M ZREEUVGE<TEHERL\.

# 02-05. BEOT—HYDTOVE2 | BEH (x) EDBREITDY I~

x_list_list = [] (x_list) ) Z®EE®RI DU X~
for a in [0.1, 0.11, 0.12]: 3O DaDBEICDUNT
Xx =1 JV— %[O 9
t =0
t 1list = [t]
x_1list = [x]
. ) ZNENDaDEICDULT
for i in range(100): 100D DI, — T & [T
t =T+ 1
X = X + a *« X

t_list.append(t)
X_list.append(x)

X_list_list.append(x_1list)

02-04. AVERZRGS
74—y hTERTZOY b

80000 A

60000 -

40000 1

20000 -

04

T T T T T T
] 20 40 60 g0 100

02-05. £73%alcxd9d 5
EREzFEOHTTOY R

80000 4
60000 A
40000

20000 A

sl

T T T T T T
0 20 40 60 20 100

plt.plot(t_list, x_list_list[@], t_list, x_list_list[1], t_1list, x_list_list[2])

a=0.1NIFR a=0.11TDEE

a=0.12ME R

20


https://matplotlib.org/api/_as_gen/matplotlib.pyplot.plot.html

0Oy bEiRZA 5 (3)

matplotlib.pyplot
e title (¥4 MJV) : OV MCHA RMILZEDITB.
o xLabel(xEHZNJV),ylabel(yEHSNIV) : FEHICSNILZ DT 3.

D51 I

# 02-06. YA IV -EASANIVT
plt.plot(t_Tlist, x_list)

Exponential growth

plt.title("Exponential growth")
plt.xlabel("Time (t)")
plt.ylabel("Pop. size (x)")

14000 -

12000 A

10000 A

8000 A

YERD SN

6000 A

Pop. size (x)

4000 A

AR T7AINEE, BFEEIAV N ZEIARLVPS
NIVIEES EBERIETS (HFET7 42 bDBUIIREST 0]

LES) . EXRFPILI7RY MDBHTTH. ES5LT N
HAFELLEWARBROBEEFELERLTHES. XBH DS )b

# 02-07. A IV -ESARIL2 P "
plt.plot(t_Tlist, x_1list) 7j62“b/<l\(;3:’r2r;é]{allm’q%5m.1%§&
plt.title("Exponential growth", fontsize="xx-large") 'small’ 'mee_dsiuam', ’.laxr_gse.a’ e
large', ‘xx-large'dUL\FNH.,

plt.xlabel("Time (t)",fontsize="x-large")
plt.ylabel("Pop. size (x)",fontsize="x-large")

21



J0Ovy hzi#gZA5d (3) [ &FXWT

matplotlib CEAEBZ{F S

: = = v matplotlib CHARER T CEDLIICTH/NYT—T
# matplothb?ﬂz}:ggj A2 b 75:1%7‘%1@ 1 japanize-matplotlib

: : : N e https://github.com/ueharal4l4/japanize-
# japanize-matplotlib®D1 > X k=)L natolotlib
e https://pypi.org/project/japanize-matplotlib/
A A=)V, HFO0SETIU T IOV REZETITBIZHD
RIUwHIATIR

I'pip install japanize-matplotlib

— = N vy matplotlibZ&FHAAATZE T,
# matplotlibCHAE 7 AV M Z2ES%#E(H 2 japanize. matplotlibZf iti— 9 3.

# matplotlib& &H(Cjapanize matplotlibZFHAuAD || HiickYmatplotlibd T 4> bEREZFY,
P Jap —Matp I AAED #+ ¥k EFIFHREAREIC LT,

% . pip install_b‘( import 37T T

import matplotlib.pyplot as plt matplotlib ZRFFEHRTHIGIESD

: : : : | Qiita https://qiita.com/
import japanize_matplotlib ueharal414/items/6286598d2e1ffhf68F6e

EHURM®R
# F4 8-SR (BFREE o
plt.plot(t_list, x_Tlist) 2 oo
plt.title ("$5%UE5E") 5 oo
plt.xlabel ("Bl ()") " 00|
plt.ylabel("&EFT1X (x)") 2000 §

g3 (1)

japanize-matplotlib® 1 YA =ILIgA VA7 VY ADBREISNIERICIE, B

Mk

TOBEHD 12



https://github.com/uehara1414/japanize-matplotlib
https://github.com/uehara1414/japanize-matplotlib
https://pypi.org/project/japanize-matplotlib/
https://qiita.com/uehara1414/items/6286590d2e1ffbf68f6c
https://qiita.com/uehara1414/items/6286590d2e1ffbf68f6c

7Oy h&EE23 (4)

matplotlib.pyplot

o figure (dpi=f#&

e figure(figsize=[1g,

<) -

=

=

T IAIVNIK[6.4, 4.8]

###02-08. FREE

DNE

EI

plt.figure(dpi = 2@@)

plt.plot(t_1list,

NDOFREEZIEET D. 7 4V 100 (dpi) .

S IHOUAM X (IRBEST) 1 U F THEET 2.

X_1list)

ICHRRGABHDTZESDDT, FULLHADIEVWAR
e N KF 2 AV https://matplotlib.org/
. DataCamp7F a1— kYU 7?JL Matplotlib Tutorial: Python Plotting

https://www.datacamp.com/community/tutorials/
matplotlib-tutorial-python

hEzsHE FI, matplotl|bu91~'\5matplotllb7é#rti%'§'% Z0v ME

D7A4T7I)DHBDT, §

FERD D S ANIEERLTH LS.

23
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https://www.datacamp.com/community/tutorials/matplotlib-tutorial-python
https://www.datacamp.com/community/tutorials/matplotlib-tutorial-python

RERTEBUBIETETIL (2)

02-10. BEBUSEUENEETIL (2)
0.1
1

Exponential growth

[t]
[x]
range(100):

t_list.append(t)
x_Tlist.append(x)

.figure(dpi=200)
plt.plot(t_list, x_list, "-", t_list, x_list, "r.")
plt.title("Exponential growth", fontsize="xx-large")
.Xlabel("Time (t)", fontsize="x-large")

.ylabel("Pop. size (x)", fontsize="x-large")

24
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7075 LDFKNn =/ g
%ﬁ’ﬁ‘ﬂlﬂ’/“l?"{‘yﬁ%i:‘;bd)’?:Faﬂ%—' E%E/—E» /_7”/ 3

HERINYy— (matplotlib) DFEdriAH
v

fIHAE (xO) - /INTX—% (r, K) ODESE
v

FHtEBEAEHXXD Y A~ (T list, x_list) Z1ERK

1

HEDIL—T

ENHEN

X
X =Xt+r(1——’th
K

ZEW, t+1 ATy THZEET 3.

= X+r*x(1-x/K)*Xx

BFFZEHBITOERIS
WHERINDHRRGETHH B
70w b IHTE5EGood!

ERZUXMICED

20



B Rt

HBIBTEET I ZSZICLTHAKD

# 02-10. BEBUEEUBIEET IV (2)

import matplotlib.pyplot as plt
a .1
X
t

OFRLP®

t_Tlist
X llst
for 1

t

X

[t]
[x]
range(100) :
t + 1
X + a * X

I 1mn M.
>

t_list.append(t)
Xx_list.append(x)

pLt.
pLt.
pLt.
pLt.
plt.

figure(dpi=200)
plot(t_list, x_list, "-",
title("Exponential growth",
xLlabel("Time (t)",
ylabel("Pop. size (x)",

t_Tlist,

x_list, "r.")
fontsize="xx-large")

fontsize="x-large")
fontsize="x-large")

WMHERIVYy 75— (matplotlib) DS+ AR

\
fIHAE (xO0) /N5 AXA—% (a) DESE

\

Rt EEBxD Y A~ (tlist, x_list) Z{ERX
| \

ijoru’_j | 100t#RDIL—7

=NAEN

Xy = X, +akX,
ZEW, t+1 A7y 7BZEHET 5.

X + a*X

X =
Rz U X MCED

v
Z0Ov b

\_ S

27




B Rt

HBIBTEET I ZSZICLTHAKD

WMHERIVYy 75— (matplotlib) DS+ AR

# 02-10. EEEGEHUSEETIV(2)
import matplotlib.pyplot as plt

a=2=0.1

x =1

t =0

t_list = [t]

x_Tlist = [x]

for i in range(100):
t=t+ 1
X = X +a* X

t_list.append(t)
X_list.append(x)

plt.figure(dpi=200)

plt.plot(t_1list, x_list, "-", t_list, x_1list, "r.")
plt.title("Exponential growth", fontsize="xx-large")

plt.xlabel("Time (t)", fontsize="x-large")
plt.ylabel("Pop. size (x)", fontsize="x-large")

\
fIHAfE (x0) < /INTX—% (a) DERH
\
Rt E EFHExD Y X~ (t list, x_list) Z{ERX
| \
ijoru’_j | 100t#RDIL—7
=aAER

Xy = X, +akX,
ZEW, t+1 A7y 7BZEHET 5.

X = X + a*X

\¥ wRZUXMCEDN 4/
v
Zav b

28




B Rt

HBIBTEET I ZSZICLTHAKD

WMHERIVYy 75— (matplotlib) DS+ AR

# 02-10. BERGEEUSIEETIV (2)
import matplotlib.pyplot as plt

a=2=0.1

x =1

t =0

t_list = [t]

x_Tlist = [x]

for i in range(100):
t=t+ 1
X = X +ax* X

t_list.append(t)
X_list.append(x)

plt.figure(dpi=200)

plt.plot(t_1list, x_list, "-", t_list, x_list, "r.")
rowth", fontsize="xx-large")

plt.title("Exponential
plt.xlabel("Time (t)a ontsize="x-large")
plt.ylabel("Pop. 51z&l(x) fontsize="x-large")

\
fIHA[E (xO) /N5 X—% (a) 0);1%
' |
FAEtE BEExDU X M (tlist, x_list) Z{ERk
| v \
ijorw_j | 100fHRDIL—F
=nHEN
X, =X +akX,

ZEW, t+1XA7Yy 7BZ5ET 3.

X = X + a*X
\k Rz U X MCED

v
Z0Ov b

TEITNITEIZS ! |
L +70Y NEOY A ML
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1. BOIRTAVvIETILOFERZKRD K.

X, TORE L%

AN K.

(=]1]1]

2. RO RT 4 v IETILDRBREEZKRAR X

rFCXILTT70Y REXK (05<r<3<5LDEE
hEITITH) .

3. BRl, BR, &5

[1ldD
/l _Fql:

FZ ED X,

SHEE/—b7vY (ipynb7 7AIl) ICEXEHT, MoodlelcTIRHET S &

7 71IVAIE]

O

#, 01~15] [EFE, /—~IL nHh/\—RK hlipynb. #l. 03 n.ipynb =0



% 3] FReE /\— bk

1. B0 RT4 v IETILDORIRRZET.

SHEE/—b7vY (ipynb7 7AIl) ICEXEHT, MoodlelcTIRHET S &

771V &IE]

O
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KX bifurcation diagram

~ B

AT A

Xt+1 =Xt+l’

. AMBREBIMER () HNRELLBD EFEFREHAL
. r>2 TR 2 DRERIREIZEHRTED, oI RELBRDE, FHE4, 8,
. ZTDR, NAXMEHEHEINS.
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