4D
EBUBIE
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I8 IHFTRE £

"‘ﬁ@i% EE
IFREDOHIZETIL (2)

VATA4VvIRETTIL
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Y IR =




)

E 40O BEIEE OVATa v IBE

AHDBEE

A HER R BB AR <
ERE R L BT 2




TEHUETE

HIEFDYA X (EFE) & x &L,

ZFDIBILRE (dx/dt) HVE&E

=

~F

Y4 X x(t) [CLHHIT D% E,

SAFIVRAFUTOHTERI ZENTES.

dx
— = ax

dt

FIBASRF

x(0) = x

a @ BAREHIC D —EBHEDIC D DIBNXR (ZILY RFRE)

x(1) = xpe®
BWTHELS



O3 X744 v I RE

BEIBIEICE FBRILY RFRE (a) Dr(1-x/K) TESRZASNTLS.
DED, EFEELIENT BICHWVWENIFEHDIC D —ERdH 7T D DIBIIRNFED T B.

d.x X IHASRAF

rt ARNBABINE. BEBEFZEEN+D(T/AE W (~0) HBEDIBIK,
K IRBINEN. HHIRENMEIFCEDERHRE. FBETESHIEREP
TPETA AR EZRIRT D, I TIFK>0ETD.

0= 1 + (5 — 1>e—”

X0

RWTHELS






Rl if3C

REDFHE T TOAETLIEVWILIEZSEL |

if &fz:| (X1 ~XnEETY 3. for i in iange(w):
7 1 (HBERS(EAE LRLY) if i > 15:
X2
5 BICER | |
N 1 V7Y hEhiexh

ifXD70y 7 EHEEnd

for)L—&EifXHMEZNIET=VWTLWOTOT S ADEDH S |




FRER FEmEEE T

Ny yp— T
# 01-02. FAREEFERE i= 0
for i in range(10): LIFIFRZE2TIERLY
et 5 -1
if i > 5 i3
print(" ilFZ5LKYUKRIFL") ilF3EZ UL
if i == 3: 1lF3LLESLITF
pPiﬂt(u 1‘3:3&:’_‘%&'th\") 1=1L|3:1§7:‘_(12Tl178~\:\
if 1 >= 3 and 1 <= 6; 1123 F6LLTF
print(" 1lFILAL6LLTF") ilF1FE=IF2TIEAERL
if not (i == 1 or i == 2): iz‘lsa*BL:u:éL;L‘F
. 1 . - - N 1 1
pPlﬂt( 1(&*1?72.(&*2’((?&79&\ ) ilZ1FE= X2 ClE AN
i= 6
ila*SJ:j):j(iFL\
- HERD NIV
Fﬂ%@ii s ilF1E = (Z2TIEAL
° > —~,\ = e i= 7
. > BLE SR T ECPIb
) e and HD (FHEFRE) F7EEF2 Tl
e < KUI/hTLY s i= 8
. <= LT e or ZF/zIE (FREM) ilZ5 LU KT L
. no.t -Z\'\lj:fa:\'\ (ZI:?A_I-E) _1(&*1&7&(12?[&*&\,\
+ == sLu sy A
ja ~ l 5 g_\z\
e I= ZFULLZL ilF1EZ L2 TIEE L
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MATESNVRZFWTHS



fXxi#A 2 (1)

- if-elseX

# 01-03. BFHE
for i in range(50):
if 1 % 2 .
print("even")
- else:
RN print ("odd")
BERSIEX 1 ~XnZEELT

{BRSIEX 1 ~X ' nERT

IDMBEUL S [Xeven®
LTS [ Xodd%E
BT B




fXxi#A 2 (2)

- if-else-ifX ﬁor@};@ir} 2211%3%5@)'
if SRHFXL: i£1%3 == o:
e print 3OS
72 elif 1 % 3 == 1:
: pr‘lnt(n$(,)1n)
else:
Ym pr‘in't("")
elif FRHFX2:
7] iZ3TE S IZRYD

%2

oD EE, T3 MEH]
1DES, TRV
X'n EENENE@ICERRL,
2DEE, AE LA

FXANERSIEX 1 ~XnZERT
RSB DRSO ER S I3 1~ nZERT
(FRAFXIE 2B S IEEE LR )
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RRAErDEIL—T

t8IL—7

a

(BEDTICDOVTH)
=DXXD

S

MMEE if/I\— 3 >

# 01-05. IR

import matplotlib.pyplot as plt

K = 100

r_list = []

x_list = []

for i in range(
X0 = 1@

i / 100

in ra

ifIN\—=23 >

150, 300):

nge(5000) :

r%1.5h\ 535 T0.01%H
TRETED
|

SolEEERTS5000 R T T51ET S

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

X = XX
1f t >=

4000:

=ED1000 R T & 1) R ~ZIEHK

r_list.append(r)
x_list.append(x)

plt.figure(dpi=

plt.plot(r_list,

200)
x_1list,

".", markersize="1")
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IERURIE (REATHE)

# 02-01. FEBUEHE
import math
import matplotlib.pyplot as plt

T 1INV T—IIE
J—bTvORT1 EFHAADILOK

3 [] c 1e9
for i in range(1001):

t =dt ¥ 1 ——
x = x@ * math.exp(a * t) ﬁ#iﬁﬁq:m )
t_list.append(t) x(1) = xye

x_list.append(x)

plt.plot(t_list, x_Tlist)

0 20 40 60 80 100
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A1 = —3% Euler's method
S EEEERE IS PRAD TEBL
. WABERE BEAEC) BB UHTMARZSDES TS
i
A HIRR
dx

— =fx0 - (1)
EHUBRICRRE 12\,

x(0) =x,& U,
x, (= x(AD), x, ( = x(2AD), -, x, ( = x(nAD) ZEZE Z
&

X, X, 1+ fx,_,t,_1)At
7—:7—5 L/, tn:At ‘n

dt

M DERNS

dx o x(t+ Ar) —x()
lim
dt Ar—0 At

BDT, 4 DFHIhEiFnid,
(1) (FaBlvic

x(t + At) — x(¢)

ZZT

Xn = Xn—l +f(Xn—19 tn—l)At

LT, 2D X, Z x, DIELYEE UTERAT 5.

- FRAACOXHE 4 E/NSs<FTDIETHD
EEREZINSSTED

A K

USRS A7 © AL S—EEH EDREEDRUELIETEAL
Kigdoc RN TOT S A

x(t + Ar) & x(1) + f(x, At AMEOEN AR EBEHDICRRD




TEBUSIEDEERUL

mwe . Remm
= ax : x(t + At) =~ x(t) + ax(t) At
der  x(t+ At) — z(¢)

dt
x(0)=x0 & U, x1,x2, ..., %n
x7c, ta=At°n

a5 At X Rt ax, At

v

x(t + At) — x(¢) :
ax(t) & N X =X, +aX At

n

W DELl (AtiEt+2/hEWeEd3)

17



# 02-03. IBHUEE (FUEkE)

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

plt.plot(t_list, x_Tlist)

TERURTE

20

100

NS X—% - MEHEDBRE wf
| .
dt = 0.1 R A R DL AIBDERE .
t = 0 15 -
X = X0 ol
t_1list = [t] 02
x_list = [x] P
for i in range(1000):
t=dt » (1 + 1) = E 2
Xx = X + 3 % x % dt 7.|"I'7 /f(u_ckéﬁﬂél

Xl’l+1 = Xn + CanAt




I

# 02-04. 1EEUEIE (FRITERC BUBREDLLER ) # BERR
a = 0.2 t = 0
X0 = 10 X = X0
t_list_n = [t]
t_end = 100 x_list_n = [x]
for 1 in range(i_end_n):
dt_a = 0.1 ; t =dt_n * (L + 1)
i_end_A = int(t_end / dt_a) ; X = X +a*xXx *x dt_n
dt_n%0.1~0.0010&HETEZ T, t_list_n.append(t)
dt. n = 0.1 EDNIRERBITBREESONERTLTHD x_list_n.append(x)
i_end_n = int(t_end / dt_n) :
. # \AIfR1E
# FRATRE ! plt.plot(t_list_a, x_list_a)
X_list_a = [] [ plt.plot(t_list_n, x_list_n)
t_list_a = [] ;
for i in range(i_end_A): 451

t =dt_a x 1

X = X0 * math.exp(a * t)
t_list_a.append(t)
X_list_a.append(x)

B U tJVRTEEpLt. plotZ=3=1T
gHEERTTOY FEIND

1e9

20

100
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AV AT vIREDOHEL ™

dt K
x(0)=x0 & U, x1,x2, ..., %n
x7c, ta=At°n

OYRF 4y IR . REmE
: t
d_il? :,,,,<1 m(t)>x(t) i x(t+At)%af;(t)%—At-fr(l—%))x(t)
W DEE (AtiE+93/haEWVWET3)
dr  z(t+ At) — z(?)
dt At L Tpgl N T At-fr(l ?)xn

20
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Logistic Growth (Numerical Solution)

20 40 60 80
Time (t)
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#.O0VRT1VvIBE ( ﬁﬂﬁﬁtpé:%&ﬁ_ﬁq:@tt%& )

HREUEED TOI S LESEICHA TEZATH LT

r=2,dt n=1 r=2,dt n=0.1 r=0.2, dt n=1

BIZIEZABREUT, redt nicitUT
FELNSE WD Vo TWEN SN TZZ EERELTIELL. -



Colab®TF*+X Nt /)LICEET B E
Markdown, LaTeXEE /&



ColabD T AMTEILDEE 5 LY

gEA 3y (LR, X=F, 19Uy O, O—r2J0OvD, UVD,

MT B I <> o M

I'I

# THFAMILDEESSN

* Markdownig;EZ BT, Z86 5T 6E
* MathJaxICkV,LaTeXge:EZ&E->7/=# R 5cik A al gE

#H#t WD

### O AT19IBREKRET IV

$$

\frac{dx}{dt} = r \left(1-\frac{x}{K}\right)x
$$

ff2U, #IEAMEIRSX(0) = x_0$L75%.

ATBEDr—ILE

« Markdownidix%

2L, HMEERX0) = x0 & T3,

TNV o B8 X

FEZRELOBE 5L

e MarkdownitiEZFH\\T, A FIEE

o MathJdaxic & D, LaTeXE:E%Z - I H I EE

HHOBI
OY2F 4 v IRRETI

dx_ (1 x)
a T

LEa—-HB7r— LR

JWVT, FETH AIEE

« MathJaxic &b, LaTeXEiEZE> - tikh AIEE

24



Markdown

# BHU

##t NEHU

## (FEFEL) YA S
%', =", "+  TCURKNERIBTES.

x EXR 1
x E3R2
*x ER3

### BSHOHUA S
HFE.TESHHD IR 2ENDS. BESREEHTRSND.

1. EX1
1. EXR?2
1. EX3

##H# Iy
"[RARI(URL) " TU Y I ZRITES.

#H HERDIETRAEL, MNRHEUZMEKRTE S, TERTHES.

[JEEBWeb~X—] (https://koji.noshita.net/page/
compbio/)

#H# J—R&d—R7JOv Y

I TICFALTWSA,

Ny A—KNTHEHDEI-REXKIRT 5.

KNV IO FA—RNZE3DERTEHITZHOCEI—- ROy I7h%
IRTED,
BEDNDSEBOI—RJOv I DHEERADIE/NY I T +—KD
HEIWCERBRLELTRT D (HIHELTWBREBDHRIFI VI VIR
N ZA4 SHFATES) .

[ BHU
“code’ MRHU

#EERDETRIHEL, MBHUEFERTES, THTES,
(FSL) URK
* -, +TURARERRTES.

import math « TR

. B2
- EXR3

BSHOYZRL
uF. TESHDUANEFNS ESHIBTESND

" python 1 ER
2. ER2

import math 3 B%3

T Yy
[&RI(URL) TY V2 ZRIHTED,
BEEWebR—
Jd—kK&d—R70Ov 7

FTRABLTWSE, Nyl 2+4—rTELEI-FERRTS. /v 0 04— b E230ERTEBITERALEI-RJ0O
wOHERTES HECEFOI—-RIOVI/OBERBYIOIENYIIA—bDOHEICEFLEDRTSE (HELTWSE
OB’ I v I AN TA RHFIATES) |

code

icHWNWBWNWBEHEEEDH DD THEHIkH D AFFAXRTHERS. .

.« &%

import math

« GitHub Flavored Markdown Spec https://github.github.com/gfm/

« Markdown&EZAv=a7J)l ([E=#) https://sugarnaoming.github.io/markdown_manual/
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Colab T 5

DAA LaTeX (1)

# $\LaTeX$&EFE->cHADER (1)

## AV TA VR ET A AT LA

AT VERIEIXERICHAEZIEDOAD. HIZIE, $f(x) =
TAATLAHREFERZHLWMTICLT (F7AIMTIEFARFZT) XK
ANE IR

$$ f(x) =
EWSRU.

a x$/%

a X $%

# BEXWNREET

M $+$ (C+) PE $-% C-") DEFIEFZEDEXR.

Kwv h& $\cdot$ (“\cdot’) , /7OXRHE $\times$ ( \times')
XZDHEEDEFES ERBW,

##H N
‘\frac{2FHPE}"

$$
x = \frac{»FHnE}
$$

AVIAVEE, BEDRBINDG. AR
Bt1$ BU.

$x = \frac{moF}{%

## RNF

EMERTF N, THERT M OZaIE {}H

THTREDLH .

I TXEF

$$
x(t) =

$$

x_ 0 e™{a t}

## T A2 S DEA

WBWBRERENH DD, BATOFBITUTDEDNE T I,
T7AINTIEERFDOTZILT 7Ry NI T Y v I T, BFIFILAETE
Ny (8

* KF : "\mathbf{A}" $\mathbf{A}$
x 45w . “\mathit{1}  $\mathit{1}$
* IR D \mathrm{x}> $\mathrm{x}$

BEORRTELRNTHK D,

- BTEX ZE > e oRR (1)
AVIAVERETA AT LAEA

SRS T T YS A VER (XBEOHICET )
SIS : T XTL AN (FTILLVITICERT)

AU VEABXFPCHEIAEEOAD, PIAK f(x) =axBBU, TAA7LAABAEEES K ( Lt i
T) #TI D
WomU,
HANZEREF
M+ (+) - (-) 23EF0EFE Ky b®. I 0AH X (\times)id S DB LD EE =
\frac{sF {58}
_B¥
a8
Y741 AR =—
RT
LEER Ffo2 X % BYOBER () THCDENSS
x(r) =
PE AN S i
RN Z TONARKUTDS & F72 N TREPDPILT FUIT, MFRIKTE

20



ColabTDHAFD AT LaTeX (2)

# $\LaTeX$Zx{FE->TeHADFR (2)
#H YUY XF
NGHITICR>TWS, KXFEEADTILT 7Ry NHKXE,

$\alpha, \beta, \gamma, \cdots$¥$\Delta, \Phi$/i:&.

## KT
"N DESICNNYITRTYYa1HE2DERS.
$$

f(x) = x*2 \\
g(x) = x2 +2x +1
$$

# Ryh, =HU—%
Ky NETHFESTH, "\cdot' THEEZRRTE 3.
Fle=ZR )= NEAEICHLTEZS.

* 7K “\cdots® $\cdots$
* EE "\vdots® $\vdots$
*x §16b “\ddots® $\ddots$
T, KEAEAO=SY—YDER/\—I 3 %\ ldots$iE " \ldots TFX

IWTES.

# A5 )y 7ICULRWER
ZEIDDOVWTWSEHAREER Ty 7ICIFLEVWEDIE, FHOY
Y RABEEnhTW:=Dh T 3,

Bz, =AEK

$$
f(\theta) = \sin(\theta) \\

g(\theta) = \cos(\theta) \\

h(\theta) = \tan(\theta) \\
$$

. IBHEH

$$

x(t) = x_0 \exp(a t)

$$
&,

## Bz (F5RET) MRS

WA TEWXFZ & THD (Bl "&=&") .
“egnarray IRIEV align RIETEZS. HHAZENWCHIZ cWEE
ICE U THEKD.

$$

\begin{eqgnarray}

\bar{X} + n_{t+1} &=& f\left(\bar{X}+n_t\right)\\

&=& f\left(\bar{X}\right) + \frac{df}{dX}n_t + \frac{1l}
{2\ frac{d™2f}{dX*2}n_t~2+ \cdots

ETpX 2> it oxr (2)
$ $ FUIPXF
BRI TVD, AXFREBNOTILT 7Ry hHRLE
a, fly, A O E
ST
WDKSENYIAZY 24208 NRD
fx)=
=x +1
Ry bk, =ZRYU—=%
o bRTBESH, \cdot THRERTRTED., =AY —IHELHEENLTIERZS
» KF \cdots
o @A \vdots :
» §i&H \ddots .
e, KFABD=MY —F OEE) (3> ... (& \dots TR TXS
A1)y 71 LIRWBIE
ZROOVTVWARBRVEHT ) v 2ICRLAVSOIR, FHITY FHFESEINTVWANTS. MAE —mEY
n(@)
s(0)
n(f)
BME
expla
BIi%E ($5RET) WAB
BALVWKEE & THMO (Bl &=8) . egnamay BEPalign FRTHER S, BAESNVICEAL WL ECRLTHES
X+ny=f(X+n)
. df 1df , 27
=SX) gt gt -




ColabThO# R &

DAA LaTeX (3)

# $\LaTeX$&EFE-> A DER (3)
## FENOKRKEAZBECHEIT S
B () THARRETEE, MARDIRRIWICERS ZENH S,

$$
\frac{dx}{dt} = r (1-\frac{x}{K})x

$$

SSHNEHTHREINS. b
ICHEZS,

\left( ... \right) &9%52&T,
oEFEOFEM C 17, 117, \M\})

$$
\frac{dx}{dt} = r \left(1-\frac{x}{K}\right)x

$$

## R NI - 1751
WL DODEENH DN Tl pmatrix’ ZFES HEEBNT 5.

\LaTeX Tl& \begin{#&a1} ...
RZEETES.

NI ML TilzRRUIZWE ZidE \begin{pmatrix} ...
\end{pmatrix} THE.
Tfe, BITIPIDOEFE &,

\end{&HI} T, HRRQEHPI

A\ ZEES.

###t N NLOA

$$

\mathbf{x} = \begin{pmatrix}
x_1\\

X_2\\

X_3

\end{pmatrix}

$$

### 75 DH

$$

\mathbf{A} = \begin{pmatrix}

a_{11} & a_{12} & \cdots & a_{1n} \\

a_{21} & a_{22} & \cdots & a_{2n} \\

\vdots & \vdots & \ddots & \vdots \\

a_{ml} & a_{m2} & \cdots & a_{mn}

\end{pmatrix}

% - BIpX %> BRAOERTR (3)
FMDOKRKESZEHTHET S
WMtic () THAKEBRE, BARITRWCEZZ ENBS
\left( .. \iight) EF 32 £ T, BEHNEHTHEIN S, LOBHOED ([, I, \\})) K6Wz3

7="(-%)

N7 K - 1751
WS OHEFINHEHNC T pmatrix EE S HEERBNT 5.

\LaTeX Tl \begin{&#il} ... \end{&#1} T, MALEHONEEIETTES. ~U MLOFIERTR

\end{pmatrix}\begin{pmatrix} ... \end{pmatrix} THE Fic, 2TPIDEFIZ&, \\EES

MOBMADORBOAFITFARGNSEZ D LSICHE>TWVC ERBLY,

LaTeXE2MRICDWTHHD FcWAIFANRTH K S.
e

LaTeXO Y > K& http://www.latex-cmd.com/

LaTeXd¥Y > K> — —& http://www002.upp.so-net.ne.jp/latex/index.ntml

N7 ~LDF)

THI0H

LTz & Z [ \begin{pmatrix} ...

LaTeX AF9| TeX Wiki https://texwiki.texjp.org/?LaTeX%E5%85%A5%E9%96%80
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. 18RUIETE,
OJRAT4vIKRETETILICDOWT 1. TKRO-ERITEE

AHDERE /—YIL

DI RAT0vIORKRETTILEZREITHICEE(T.

EHdAMDECHKDPEUUUTEHEERZ—DODORICTOY
MK,

(ZFDEDINOA—YPYEAMEL RT Z &)

3. 2. D

\>\<

[CDWT, FFEARDOXMEAZIRR [CEILS

4. B,

2, %GDQ’@"@?%,—R g K.

=28, BEEFZESE

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

7 71IVAIE]

O

#, 01~15] [#HE, /—<J/L nHh/\—R hlipynb., fl. 04 n.ipynb
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AHDZFRZE /\— K

NFIDEZDHFMRICHIFRDERELTHSNTWVWD ROE /I Y RXIN\YF
(spruce budworm) &EWSEODHEN WD, DL, EEHKBEN—FEL LICK
DERBAREICKBDIRZHE R >THRHDSEBDIDOHE L. IS, BHFEEEEN
HIEETHNDEULREESKIS UVEAREBRERE ISR, COEIBRIAMFTIORZE

FKIRTBEHDETILE LCludwig et al. (1978) TIIUTOETFTILHIRESNT -

dx _ (1 _1) g r

dr ' K * a’? + x?
CDETIVOFERI/PZDRFARE RN, BENRGYI2L—Y3VRELS, ED
LThOEBE/ IV YRXINRFDIANF IO RZHIREBIRTEIDOHNZERE K.
LT OHEBIEHNSE(CID ; BiE (1998) , Murray (2007).

AN K}

- Ludwig, D., Jones, D., Holling, C. (1978). Qualitative Analysis of Insect Outbreak Systems: The Spruce
Budworm and Forest The Journal of Animal Ecology 47(1), 315. https://dx.doi.org/10.2307/3939

- BRfERE (1998). BIBEMZEAF £EMHEDITAF I v IV XA Z2R D, HIIHIR,

- Murray, J. (2007). Mathematical biology: |. An introduction. Springer, New York, NY

sz /—h7v Y (ipynb77A)) ICXEDHT, MoodlelcTIRET B &
7 71)L&IE[EE, 01~15] [BFE, /—<JL nh/\—K hlipynb. . 04 h.ipynb 30
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MEREFENREDHEEETIL (3)
OKA-INILTZ EFTIL
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