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FRNICEELABN @IDELHLENTNG) REEZR D, ZOREMEEZAND
EHE X, =X =XEBDES5KEX FFAREMY | FERL S DN T

 BDEUVERICES RS H
77 antn <3 — S — W ' — ’ Ay 7«-\ > - —
Bl. BEBMOYRT 1 v OREEFIL | T =/WEL, BVETN nEZ27A

X . =X+7r(1 r) X+n,, =f(X+n)
+1 t K to of L af
\ 2
. :f(X)+d_Xnt+2dX2nt+...
FTLDRIERATAE,  XEPERBOTY=1(X). =, n (F+D
(1-2)x=o. NSO TIRUEDEE AT B,
K I df
Npp1 =~ d_Xnt
NZ@mcIH X WM EERICKED. " i

g9 3. L BEROYRTAYIRKRETILDZEIC
2 DDFEESICDOWTHELTHELS e




LE R EETE

BERICZIL UL (9D EUVLHENTULD) REZR DS, TOLTEUZEFAND

All

Bl. BEOYRT v IBRETIL | REH
X
X=X +r|l % X

EHFR (X, =X =XERD K D7%X)
EFILORICHRATNIL,

X\ _
r(l——>X=O.
K

cNnzEmEIH X DN EGFSICRS.
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ESE3N

» Python& (75 & (E, HED—E
« INETHEOTER, print()Ptyp

88 F2[E

(1)

DNIB7Z1TD T
e() (3B

—ZFXEDHEHED

» ESHICERL, (£5 &S (CIHUL

LIBELD D,

# 02-01.

2y F)IVIR B

B ZEFOE LR L. |
ERTSEDEE

HEE
HZER def simplefunc():
def BEEA(): print ("B ZzEzHFEUCHELELE ")
BT 1 —
. | #
B2 BMIFOE L ||simplefunc() EHMERCHLE LR,
QLT n

# 02-02. V2TIIRER £D2

def simplefunc2():
orint ("1, E#H=E")

orint(" 2. EOHL")
orint("3. Lk ")

D
Xk
i}
S

HIDRICULELLSTERVHE
printtypeFEIIFHAEBEINTULSD #H
HIAHEBEE] . FULHHISHEZD.

e MHIAFEHMIANTNRFIXAY

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

BEEIEO'E U [|simplefunc2()
FHAITANIBZREMICEEHS I ETEHIHEZSMDS

()

9


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

B (2) 5 ERDME

c BIEACKD, AN UAIBZECKERSIEMNTED
Bll. print)HMFTRIT BDXFIHZEHD

c IBUTHERZ, RDIEE L GRIZENTED
. a = abs(-2) # alZ2HMRXASND

AN UTAE & Z DIESHE
ERRS 2B
# 02-03. 5|¥ %% OB

A ¥ES def my _abs print(x):
y = abs(x)
def BE¥E (/TS X —5): print("A7%, x)
M-I:“:|1 . 11 ]|
= print ("“@XIME", y)|[x &1
LIE2 AN -9
VLI n my_abs_print(-9) HEXIfE 9
return

# 02-04. 5|HERDEZD DR

def add(a, b):

C=a+b
return cC

e IRSA—H (REI#) BEANTOHNAET
NE3ZH. BHICEIEPLPIIRETEZ AT
ELTED.

e returnX ¥ ZRTL T, IR

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

10



8 F2[0

T a—J)L-)\wvo— (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. mathETy 1 —)lDiEHIAH

# 02-06. 0S/\V T —I DFHAH
import math

import os

a = math.log(Z) filepath = os.path.join("parent", "child", "file.txt")

print(filepath)

print(a)

EHGEEZREOHIDLDZEBEIRAITEIETI DSEIRENGLED I




88 F2[E

mathT> 21 —JL

EARANGEHZERDEZ

https://docs.python.org/ja/3/library/math.htmi
X ({EL\%*)UF‘;@ 2D # 01-07. mathE®EYa21—JL
L -I.Og /\\\ﬂ*& import math
° Sqrt . _713_$E . 1 E3 S :
. sin,cos,tan, ' | = AEKER p:i::":i;*&@’ﬁ?&]t;ﬁ)e)
52 B % O 2 28 " e T
- pi:AAEXR print("log(2) : ",math.log(2))
- e:BANWHDE print("v3:", math.sqrt(3))
printBEA& D E print(“sin(m/2) © ", math.sin(math.pi/2))
e print(obj1, obj2, ) print("cos(m) : ", math.cos(math.pi))

obj1, obj2, % (7_:?7]')|J|\ print("tan(rn/4)", math.tan(math.pi/4))
CEZEHT) XY > TERR

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

88 F2[E

Ta—)L )N — (2)
Z DM DEFTHIAH 7

. from /Vy o —3) import €32 —)L
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 EY 2 —JL as Bl&E
Ny T —VRDEY 21— )L ZEEH E U TERAAAD

# 02-07.
# matplotlib/Sy o —IDpyplotEI a2 —I)LZpltE UTHEHAAD

import matplotlib.pyplot as plt

BR2T175VDERBAIRIEEWEWEIHDHZDT, FhicHES (6.
matplotlib.pyplot—plt) . £, BYEDEY 2 —ILPN\NyvI5—I%EBIERICIE, F5U
B2 7177)DETCERA EDEEZEITDDHEEH.

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. plotBEA#E

import matplotlib.pyplot as plt JRW T — D EEHAH
import math

[0, math.pi/2, math.pi, 3*math.pi/2, 2xmath.pil
[0, 1, 0, -1, O]

X_list
y_list

plt.plot(x_1list, y_list) BT 3 X~
A
050 matplotlib.pyplot
s . plot(EEAMEY X I, HEBRMEY 2 1)

(BREHE, MEE) TEXONDIEEER
~0.50 1 0w ~9 3

15
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[ U &

70w bk
HRZEEULUTHHRIET S

# 01-02. sinBE¥OT7Ow b

import matplotlib.pyplot as plt
import math

IRV T —DEE A FH

PCETHETBN? (xDEAME)
X1 75 161 0D % 4

list = [ ABBEZZTTOY FLTHES |
;j—ﬁzt - 0 VR, yEROEERMT S X -

for 1 in range(0, int(x_end/step)+1): | xBH 5 A DL FHIE ( step ) &
X = step*l xDEE (0MSx_end) LT
y = math.sin(x) — D ERD D

x_list.append(x)

Xx_end = 2xmath.pi
step = math.p1i/36

y_list.append(y) 77

plt.plot(x_list, y list)

e« )X~ .append(Z£3%£) 025 |
JXAFDODXREICEZZMNITMZ S o

. int(HIE) wml .
HEEG DR T TERICT 3 —
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A

53D
for)JL—2

Il

MR TEBUBEETIL (1)

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

ﬁﬁc

xXDIEOQEFHFTENA
A

® 3

0.

— @. X =X + a%*X
=1 ISSA—5 - PHEDRTE ~ N
-0 HLWAT I hA
‘ XDINJLHEEDBEE NS
t_list = [t] B2 (t) CEAES (x) BRI B U2~
x_list = [x] |
for i in range(100): 100ttt XD IL—2
f =t o+ |
X = X + axkX Xt+1_X +aX 14000 1

I
t_list.append(t) B NCER
Xx_list.append(x) ) X~ (CHER

plt.plot(t_Tlist, x_list)

12000 H

10000 A

8000 +

6000 A

4000 A

2000 A

o.

20

40 60 80 100
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# 02-02.

(BREH(E,

0Oy hEiRAS (1)

matplotlib.pyplot
e plot(EEEHEY X |~, fit#EY X+, T3 —Vwvhk)

MEME) CEXSONBEREEIBEI NI+ —VYy ~ToOY LTS

TJA4A—~NY NOZEHE ]

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

14000 H

12000 A

10000 A

8000 -

6000 A

4000 A
2000
o.

0 20

40 60 80 100

J4—VY v ~DHF

r: 7n,

0: circle¥ — 11—

EETE3T 4 —7 v DS

# 02-03. 7A—NYNDERE?2

plt.plot(t_list, x_list, "k——")

14000 A

12000 -

10000 -

8000 A /

6000 - /
4000 /g
/

2000 A

J4—VY v ~ODH
k: 2, —: SwvTas—1Y

AR RFa XA N ESE,

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

100
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https://matplotlib.org/api/_as_gen/matplotlib.pyplot.plot.html
https://matplotlib.org/api/_as_gen/matplotlib.pyplot.plot.html

Oy hEiRAD (2)

matplotlib.pyplot

e plot(EHEY X ~1, MtEMEY X M1, J4—Vwv k1, @EE{EY X ~2, Mit#EY) X ~2, A —Vwv k2, )
(EEHE, MEHE) TEXONDIBEEEZEBESINZ IA—VYRTCOOVERTDI (T4 -V rRZEELLE
CTERW).

02-04. RIUERZEG ST A —
Yv M TCERTZ7AY S

# 02-05. EHDOT—YDTOv K2 )
: : _ BAE (x ) ZEETH I B X o000
x_list_list = [} (x_list) #RBHIT3YU R ~
for a in [0.1, 0.11, 0.12]: 3O DaDEICDNT .
- X = 1 Jb_jﬁ@a_ 20000 A
™ t =0
J t_list = [t] N
—A\ X llSt = [X] 0 20 0 &0 20 100
e
N B : ZENZENDaDEIC DN T 02-05. Bl dalcxyd 5%
™ foE i %n+r?nge(1®0). 100t 4 b — S T i
L X = % + a%x ZFeHT7OY M
I\< 20000 4
Y t_list.append(t)
% x_list.append(x) 60000 ]
(@)
G
x_list_list.append(x_1list) 40000
pLE.plot(t_list, x_list_listlo],* | =0 108X
t_list, x_list_list[1], | a=0. 11 D#ER __,,////

t_-l.iSt, X_.LiSt_-l.iSt [2] ) 2=0. 12 B 0 20 a0 &0 20 100 20


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

0Oy hEiRA 5 (3)

matplotlib.pyplot
e title(ArRJV) 1 0OV EKkICITRILEDITS.
e xlabel(xEH S NJL),ylabel(YEHSXNIL) | FEHICSNILZ DTS,

# 02-06. YA NIL-EZN)L] D51 b
plt.plot(t_list, x_list)

Exponential growth

plt.title("Exponential growth") 14000 -
plt.xlabel("Time (t)") 12000 4
plt.ylabel("Pop. size (x)")

10000 A

8000 A

YERD SN

6000 A

Pop. size (x)

4000 A

AR TI7AIMNEE, BREFEZ7AV N EYAL NV
NIVICES EERET S (HERE7 AV DO -T 0

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

# 02-07. YA NIL-EAZNIL2

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

2214 XZEETETS. BHY
€ U< (E 'xx-small', 'x-small',
'small', 'medium', 'large', 'x-
large', ‘xx-large'dUL\FNH.,

plt.xlabel("Time (t)",fontsize="x-1large")
plt.ylabel("Pop. size (x)",fontsize="x-large")

21



J0Ovy hzi#gZA5d (3) [ &FXWT

matplotlib CEAEBZ{F S

#t matplotlibT\Ezlgggj Y N EESERF ] matplotlibCHABR TR CET DL DICTH /NI —I

japanize-matplotlib

# japanize—-matplotlib®d-1 > XA ~k—JL . https://github.com/ueharal414/japanize-matplotlib

e https://pypi.org/project/japanize-matplotlib/

A4V =)U, FOSETYTIVIVIYREETIT S

'pip 1install japanize—-matplotlib EHOYIvOIVIR

# matplotlibTHARET7 A > b Z2{ES>EE 2

matplotlibZEFHHIAATCE T,
japanize_matplotlibZ®E ¥ VR— kT B,
CNIEKPDmatplotlibD T # Y R EE F

# matplotlib& &HI(Cjapanize_matplotlibZz&FAHAAL |0, BAREI 2 Y~ EFBAARELREICL T

import matplotlib.pyplot as plt
import japanize_matplotlib

nsa.

2% | pip install LT import 9 BT
T matplotlib ZHAREBRTINIGIE S

| Qiita https://qiita.com/ueharal414/
items/6286590d2el1ffbf68f6¢C

i=to 80 F

14000 -

# Y488 (HAGE

plt.plot(t_list, x_list) .|
plt.title("52UEIE") o0

plt.xlabel("fZl (t)") 000

2000 +

e oi R I

plt.ylabel("ERTA X (x)") o]

T
0

T T T T T
20 40 60 g0 100
EUR

japanize-matplotlib® 1 Y XA ~k=ILId1 > X7 > A H H;i

LB.EH ) hi‘ci%ﬁ‘t: ‘i, =21

Mk

TO2RESHD 1 2



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

7Oy h&EE23 (4)

matplotlib.pyplot
o« figure(dpi=fRRE) : ROBREEIEEISD. 7 I 43100 (dpi) .

o figure(figsize=[lg, &) 1 HMOYrX (BT ) ZEZT1TVFCTEETD. T
J#AI)L(E[6.4, 4.8]

# 02-08. FAREDZTE # 02-09. Ov MY AXDEE

plt.figure(dpi = 200) plt.figure(figsize = [5,7])
plt.plot(t_Tlist, x_list) plt.plot(t_Tlist, x_list)

MICHRRGIABHTESDIDT, FLSHDIEWVWALE
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
hEZRESHE Fl, matplotlibAmatplotlibZziEzR I 370y M

DZATZ7VHHB5HDT, BEERDBBIARBELTHES.
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https://www.datacamp.com/community/tutorials/matplotlib-tutorial-python

RERTEBUBIETETIL (2)

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

a .1

Exponential growth

OO

X
T

t list = [t]

x_list = [x]

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

X = X + axkX

t_list.append(t)
x_list.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-1large")
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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

oI —7F
ENTTEN -

K

ZEW, t+1 A7y 7HZFRT 5.

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

BFFZEHBITOERIS
WHERINDHRRGETHH B
70w b IHTE5EGood!

ERZUXMICED
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RIS RUEETETILEZSEICUTH LD

WMHERIVYy 75— (matplotlib) DS+ AR

# 02-10. BEEUSBUSETETIL (2) +
import matplotlib.pyplot as plt HAE (xO) < INFAX—4 (a) DESE
a=0.1 v
x =1
t=20 BFt & EEHBEXD IR~ (tlist, x_list) Z{ERk
t_list = [t] +
x_list = [x] forll 7,|
for i in range(100): oriv— N

f ot el |7 : 100t DIL—F

X = X + axXx g

I

t_list.append(t) _

x_list.append(x) X1 = X+ aXy
Jlt. figure(dpi = 200) ZEW, t+1 X7y 7BZ5HET 3.
plt.plot(t_list, x_list, "-", t_list, x_list, "r+4 X = X + axX
plt.title("Exponential growth", fontsize="xx-large")
plt.xlabel("Time (t)",fontsize="x-large") 3+ | -
plt.ylabel("Pop. size (x)",fontsize="x-large") \\ mRE IR b IEM J

Z0Ov b




B Rt

HBIBTEET I ZSZICLTHAKD

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

plt.
plt.
plt.
plt.
plt.

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

1 1n

t_list.append(t)
x_list.append(x)

figure(dpi = 200)
plot(t_list, x_list,
title("Exponential
xlabel("Time '
ylabel("Pop.

-t _list, x_list, ")
ptgwtb", fontsize="xx-large")
/t fontsize="x-large")
sizg (x)",fontsize="x-large")

WMHERIVYy 75— (matplotlib) DS+ AR
\
fIHAE (xO0) - INFX—% (a) GDE%
\ _
Rt E BEBxD U A~ (t list, x_list) Z{ERk)
| v \
ijor”’_j | 100fHRDIL—F
=NAEN
X, =X+aX

ZEW, t+1XA7Yy 7BZ5ET 3.

X = X + a*X

\ fERZ Y X MCED
=
v
Z0Ov b

| CDDEZTEThIEESZS ! |

28




% 30 BE /—YI

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, /—~JIL nHh/\—RK hlipynb. #l. 03 n.ipynb 29



% 3] FReE /\— bk

1. B0 RT4 v IETILDORIRRZET.

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

771V &IE]

O

#, 01~15] [EFE, /—~JIL nHh/\—NK hlipynb. #l. 03 h.ipynb =0
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. FEENEK:
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b
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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.

v I RRRETIV
X
] — E X,

AtENHIRT 5.

120 A

100 A

Pop. size (x)

40 -

20 A

P RBBAIENR. B +D/IS W5

2 r>0,

KB D DIBFEER

5 (X~0) Ot

K IRIBIE ). HIRRETHF SN DEEFE, K> 0.

TFICRD.

'°&:/\ﬂmi?3-%5_

53T, WA RGPEHNSKHEDEBRICEDL D WA RDBEME(EIN B ZE

Bifurcation diagram

80 A

60

.................... nm I T 'I;" e 'M
,,,,,,,,,,,,,, ﬂ!u !H,: 'gg I
H hl !;0 ; * :...: !"._'
h#.ﬂn:ﬂﬁ%ﬁ
At R Fig
R EIS FEIRE S
X=K %
ﬂﬁzm@mm
ﬁ6 ﬁ8 iO 52 24 26 28 io
B4, 8, =, NAX
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705LD%ENn
- ;.um”’ ’ REN-R 1

Bifurcation diagram

MELRINY T —Y (matplotlib) DEEHAH
v ?ZZ:

INTA—=%5 (K) DESE '§jz:

v o
INGA—=FrEBEEFEEXXDIY A~ (r list, x_list) Z{ERL|

v

HAfE (x0) - /XTX—% (r) DOFRE| 1.5sr=30%HE
forlL—7
t=0H05t<1000X T

=R HEN X, =X+ r(l - ﬁth

K

Z=EW, t+1 A7y 7B%Z5E9 3.

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

REODI00RTy 72U RN (rlist, x list) (CEM

BRNICCALD
=70vEsUEEW

s PAVA
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