HIEEY)FEE

F 40 EERBEEIREOEIEETTIL (2)
BEUEETTIL, OV AT v IRRETIV

BT 53 (Noshita, Koji)
& noshita@morphometrics.jp

(-} https://koji.noshita.net
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fEHUE%E

HHDEFDTFAX (BFEE) =x &L,
ZFDBIORE (dx/dr) DNEAY A X x(¢) [CHHIT BI5E,
A4 FZIOREILUTORTRI CENTED.

dx e
— = ax X(O) = X

dt

a : BAIREH = D —@RB =0 DEBINR (YILY REH)

x(1) = xpe”
BWTHEDS

VAT4VvIRE

BRIBIEICHTDVILTRFEE (a) Hr(1-x/K) TESHRZS5NTWVD,
DXRD, EFEEDMENT B (CHEWEMIFFRED e O —BFkd 7z D DIBIRNEDT B,

ERSR Y
dx

- =7 1—% X x(()):xo

r: ABBRENER. BAEBBEN+2 (/IS0 (~0) BEDIFHIK,
K RIBIRESN. HIRBEIMIT TS Z2EGE. FIBTES2EREDP
ZEYA AR EZRRT D, TITRK>0E9 3.

K
1 + (5—1>e—”

X0

BWTHES

x(1) =




+ 1fX

if REX:
1
X2

%

FKEFIx ifX

REDKH T TOARITULWMLEZES |

EUHXREES(E,
X1 ~Xn&EETI S,
(BIESIERE LEL)

# 01-01. ifX
for i in range(30):
if 1 > 15:
print(i)

BIER ! !
17V hENiXH
ifXD70Ov 7 EHBEND

i 77

]2 itk DA TN

iIZEHEICKRTI D
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BEIRERE T &

=/
nff -

# 01-02. %{%/i%?tuﬁﬁfil;ﬁﬁ?

for i in range(10):
print("i=", i)
if 1 > 5:

print(" ilF5&HDKEWN")

if i ==
print(" ilF3&FHELWL")
i<=6:

LE3EGLLT")
if not (i==1 or i==2):

if i>=3 and

print("

print(" ilF1F7IF2TIEREN)
BEREEF
. \ z
ORNONE
< EDMEO « and H'D (RERE)
e T « or FlzlF (FWIEM)
.:; =10 « not TIEV (BE)
« 1= FLLLEW

0
CiFZEF2TE>IL

e e =
o
w N =

ilF3&EFELWL

i(F3U E6UTF

iF1FRZE2TIEEL
i= 4

i(d3 E6IAT

HETF 2 (E2TIEAR LY
i= 5

(33 E6IAT

ETFZ 2 (F2TE ALY
i= 6

ilFsL D KF L)

i(d3 E6IATF

HETE 2 (F2TE AR LY
i= 7

ilF5L D KREFWV

iF1FRZE2TIEEL
i= 8

ilFsE O KEF L)

HETE 2 (E2TIEAR LY
i= 9

i[Fs5K D KF0V

iE1F 2 (F2TE ALY

ERER T &

I\\\I

=AN

A

H -

ESRYHZEWTHD




fXziEZ5 (1)

- if-elseX # 01-03. BFHE

if ®M43: for i in range(50):
7 1 if i%2==0:
¥ print("even")
: o N else:
: RAFXI print("odd")
Xm BHES5EX1~Xn&EEfT o+

else: WESIEX 1 ~X'n&EfT even
X' odd
X'2 Ry E AT even
. iINMBEL S [LevenZz odd
¥ n FH2 5 (XoddE ..

EEICHIT S odd

LS : elseldifEAIUES

fXZziEZ5 (2)

# 01-04. 3DEHE
+if-else-ifX for i in range(50) : 25\7031
ifRE1: if i%3==0: »
1 print("30EH")| |3om%
X2 elif i%3==1: RO
E print("%01") 3DEH
Xm else: C
elif FHX2: print("") =01
X'
X'2 iZ3TE>EROM
: onEE, T3NEHY
¥ 'n mEeE, TR0
EZNTNEECETL,
20EE, @ME LKL

ZUETINRELSIEX 1 ~XnE EfT
EUHTIRENDRE2ARENLSEX ' 1~ 'n&E E£1T
(RE1E25H/BESERIE LEL)




BRRAKErOEIL—T

t8IL—2

8

(BEDrICDODLTH)
=DM

5

AR if ) N—

A=

# 01-05.

import matplotlib.pyplot as plt

K = 100
r_list =
x_Llist =
for i in
X0 =
r =
X=X0
for

plt.figu
plt.plot

PER ifIN—T3 >

range(150,300):
10
1/100

t in range(5000):

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

X = XX

if t >= 4000:
r_list.append(r)
x_list.append(x)

re(dpi = 200)
(r_list, x_list,

, markersize="1")

1.6 1.8 2.0 2.2 24 2.6 2.8 3.0

1
ra1.5M53FTo.01%d

TEILEE S
|

SHOEEET5000X T v IEtET S

BENDI000XFTv2PE D I LICIBM

MRATIE D 7

W




IERUBIE (BEATHE)

# 02-01. IBEUBTE
import math EIa-IbeNRvT—=IIF
import matplotlib.pyplot as plt J—=brTJvOHRT1EZRHANEOK
a==0.2
x@ = 10 WBWBBATY 3 VERELT
dt = 0.1 Brd<<70y rULTHKD.
t_list = [] 1eg
x_list = [] ’
for i in range(1000): .

t = dt*i

X = x@xmath.exp(axt) x(gﬁfﬁﬁem 3

t_list.append(t) 0= 11,

x_list.append(x) .
plt.plot(t_list, x_list) 0 :

IER 1 dtE LI EReS, TZDDIORKEEZER
AETNE, BRBELULTLIREORETIREDS.

VAT A v IR (BT

# 02-02. OYRTFTa4vIHE
BEIEED 7O S L BSEICBNTEATHATLEZTW

100 A1

20

0 20 40 &0 80 100

CARBRLOHZTAY kULTWL




Mo IRV BUBERY IC#F <

7|_’I/ 3—\\£ Euler's method

- SIEHEEEZEEHD PREID TERL
- WaAHiERNE (BEAGIC) BMELUSHEEIRAZES(CTS

B b x(0) = x,& U,
17’5(53\75&;& b3 (= 2(AD). 1, (= 22AD), . x, (= x(nAD) EE X
— =0 - (1) .
L emiEmcmE Xy R Xy J 061l )AL
7’:7—(—3 L/, ln:At ‘n
WA DERNS e
X x(t+ Ar) — x(t
dx _ . X+ A) - x(0) X, =X, +fX,_.t,_)At
dt Ar—0 At E
' ZD X, & xn DIFELUE K .
O 4 A b | EUT. 20X & OERIEE LTRATS
(1) (EREic L. BRESAONME 4 ENETBTETHD
x(t + Ar) — x(1) P REREENSCTES
fxn A Lo A1 S—KEBHEDBEORVELIETRE
e BRI TOITS A

x(t + At) ~ x(t) + f(x, 1) At

RIBDZEDHEAEBIEHDICIED




TEEURIEDRERL

He | tamm

dx -
—- = ax 5 x(t + At) = x(t) + ax(t) At
5 '
. i x(0)=x0 & U, x1,x2, ..., xn
waoEM (AtE+a2hSVned3) : * Sk _Aren
dv _x(t+At)—xz(t)
a7 At L X, R X, +ax,At

\ 4 ¥

x(t + Ar) — x(1) :
ax(t) & Ar L X, =X, +aX At

' n

IERUEE

# 02-03. ISHUETE (BMER) WBWBRATY 3 VZER/BELT
BY9< 70y ULTHKS.
a = @.2 — ==
R —45 - YIHAEDE 1ed
%0 = 10 > X MHAMEDEE ,
dt = 0.1 BREAEDZHIEDRE .
t =0 o
X = x0 10
t_list = [t] 0s
x_list = [x] 001 : : : . :
for i in range(1000): 2 R 2 =
t = dtx(i+1) e o
" F4S—FHEICLBIEL
X = X + akxkdt X, =X, +aX,At
t_list.append(t)
x_list.append(x)
plt.plot(t_list, x_list)

IR dtE BT ERES, TORINDRKEZR
ZETNEL, BRUTCVLIBEAODRINEDS.




# 02-04. EBUBIE (BBRATAER & BUER D LLE)

a=20.2
X0 = 10
tEnd = 100
# _ dt_N%Z0.1~0.001DEHET
# FfEE BRT, EOBRERRRE
# BONERFTLTHD
dt_A = 0.1
iEndA = int(tEnd/dtA)+1
dt N = 0.1
iEndN = int(tEnd/dtN)
# FRATHR
x_list_ A = []
t list A = []
for i in range(iEndA):
t = dtAxi
X = x@xmath.exp(axt)

t_list_A.append(t)
x_list_A.append(x)

IEBURIE

—H X r+ X +

# BUER
=0
= X0
_list_ N = [t]
_list_N = [x]
or i in range(iEndN):
t = dtNx(i+1)
XX = X + a*xxkdtN
X = XX
t_list_N.append(t)
x_list_N.append(x)

plt.plot(t_list_A, x_list_A,
t_list_N, x_list_N)

rpaltll

AJZAT 1 v 7 Ri&
dx x(t)
(1 -2 2
it ( K ) #(t)
WA DER (AtE+2MhENnETB)

dr _ x(t+ At) — x(t)
dt At

VAT4 YU RRERDEEY

e

e EHE
x(t+ At) = x(t) + At - r (1 — @> x(t)

K

x(0)=x0 & U, x1,x2, ..
Xfc, tn=NAt*n

o Xn

\4

aznﬂzscn—l—At-r(l—x—n)mn

\4

Xn
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# OVATav IR (BUERR)
BEUBIED 7O S L%ESEICENTEATHATLIEIWN

Alll

AT 4R

s/ —VIL 2
#.OYVATo v IR (BT EBIERDOHEK)
BEUBIED 7OV S LZEEICED TEATHTLIEEL




Colab®F*+ X MEILICEET 2 E
Markdown, LaTeX:tik

Colab®DT7FAKEILDODE 5 L)

g@AZV3ay (LRI, XKF, 159 VUvH, J—-R2JOvD, UVD, )

r* v oo B R X T
T B I < o M

Il
i
iii
i

# THFAMIDEESN

TFAMEILOEES5 W

« MarkdownigiEZBWT, =AHARIEE

* Markdownfg;&Z BT, &S AT HE
* MathJax(Tky,LaTeXECEZE>/- B R S RT RE

## BROB « MathJaxic & D, LaTeXECEZfE o i EiCR A RIRE
#i# OSAT AV IBRETIV > 45|
# #R OB
\frac{dx}{dt} = r \left(1-\frac{x}{K}\right)x s o
$$ o AOYZAT74 v IBRRETIL
17U, MIBIESX(0) = x_0$&F3. ax _ . (1 _ i) «
dt K

2L, #8EEREx0) = xo& 7 5.

ADRAT =LK JLEa2-RAT7r—ILR

« MarkdowniCiEZHWT, ZXEMH AIEE
« MathJaxlc &k b, LaTeXiiEZ{#E > =Lk H rlaE 24




Markdown

# BHU

## NRHLU

HEERBSIETREL, NBHUEERTES. TRTES.
(BFSHL) URb

#it#
-, "+ TYURNEZRRTES.

e,
* BRI
* ER2
* ER3

#i BEEHDUAS
HF.CTESHODUANZMENS BSEABTRONS.

1. X1
1. BR?2
1. %3

#H# V>
C[RRI(URL) TY VI #KRIBTES,

[(EEAWeb~R—] (https://koji.noshita.net/page/
compbio/)

### 1—R&d—RJOv Y

ITIFALTWSD,

Ny I 4x—bTHOCEDA-FZERRT 5.

FeNv I3 —bE3DERTEKITERC L I-RTOY AR
RTES.

REDSFECI—F7OY VDBERENDIENY 77+ —kD
HEICEFRLELRIZ (WHLTWBEBEDIBERRIY VIV IR
N T RDFBTES) .

=:zFH
=San

- REL
“code”

import math

*“python
import math

HICH VWS WS RHEEED 35 2 D THEIKSH D AN TEE S

- 8%

« GitHub Flavored Markdown Spec https:

ithub.

ithub.com/gfm

« MarkdownEZAVY=a7J)l (fFSE) https://sugarnaoming.github.io/markdown_manual/
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ColabTO#AZED AN LaTeX (1)

# $\LaTeX$&EFE > e DER (1)

# AVTAVERET A ATLAEHA

1Y T4 YRR XERICHAEIERHIAD.
U,
TARATILAHERBIREFLWTICLT (F74I KN TIEFPRRIZT) &
RI D!

$$ f(x) = a x $%
EWSRU,

BIZIE, $F(x) = a x$%4&

## BEANGEET
Mg+ (C+7) PE $-$ (-7) OREBRZDFE.

ERERT N, TRERT _ TXF - EEAEKoBEG
THRUDHENH .

$$

x(t) = x_0 eMa t}

$$

# T AV N DR

WBWBREENH DD, B TOFBIIUTOLEDONET T H.
TI7A WM TEERFPDOTILT 7Ry MEAFT Vv I T, BFIEIHE TR
REh3.

Rw h& $\cdot$ (‘\cdot') , ZOXFE $\times$ (" \times') * K%I: \ma_thPf{A} _$\ma‘thbf{A}$_
2 DB D EES £ BN * AUy o “\mathit{1}" $\mathit{1}$
) * 4K D C\mathrm{x}' $\mathrm{x}$
##H DI [ X _
\fraclhFIHHE BEORREERTHELS.
L BMIpX & @ custo®n (1
$$ - m
x = \frac{FHH&} '
$$ I
= AN F
LYSAVREE, BENEEIND, ThAK $x = \frac{BFHH
B}$ BU. - .
## RT
*Sz‘t$ »r/j—rJ;ﬁz‘t(EZ%(DEP c?_é,_\) \

26




ColabTOHAFNAA LaTeX (2)

# $\LaTexsxfE> X DORR (2)
# I P XF
N\&E KR 2TWS, AXFREAOTILT 7Ry MHKXE.

$\alpha, \beta, \gamma, \cdots$®™$\Delta, \Phi$/r&.

#H BT

"N\ DESIENY I RTYY 1% 2DERS.
$$

f(x) = x*2 \\

g(x) =x2+2x+1

$$

# Ry =ZRU—%

Ry NETHE-> A, “\cdot' THEEZRRTES.
Fle=RV—9HEAMICHLTERS.

* K

*\cdots"
x EE '\vdots®
* #46 “\ddots®

$\cdots$
$\vdots$
$\ddots$

Fle, KFEABED=HY -5 DER/N—Y 3 v$\ldots$ld \ldots TF
BTE>S.

## A5y I LR WEIER
ZRIDDVWTWBEH G EBAITIZ U v ZIZIELBEVWSHDIE, FHOAT
Y RABEEEINTWZD T 3,

h(\theta) = \tan(\theta) \\
$$
TEHBI
$$
x(t) = x_0 \exp(a t)
$$
mE

# W% (FBRET) KRB

WA IWXFZ & THD (Bl "&=&") .

‘egnarray REValign RIETHEZS. BHAEZSWCHIZcWEE
[CRUTH LS.

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

&=6& f\left(\bar{X}\right) + \frac{df}{dX}n_t + \frac{1}
{21\ frac{d"2f}{dX"2}n_t~2+ \cdots

\end{eqnarray}
$$

HEX @ > nmRO&

BIZIE, =A%
$$
f(\theta) = \sin(\theta) \\ mee (39
g(\theta) = \cos(\theta) \\ ’ o7
A\Y 4 AY /r
ColabTO#EHAKZED A LaTeX (3
Z S
# $\LaTeX$ZE > A DERR (3) !
## BNOKRES2EHTRET S v #EE T RLOB
1
BRI () CEARREFREE, RARATRWCESZ Eh% 3, ' %%
: \mathbf{x} = \begin{pmatrix}
o X1\

$$ TN

\frac{dx}{dt} = r (1-\frac{x}{K})x 1 x_3
' -

5 v \end{pmatrix}

\left( ... \right) & 32ET BIrEBcHESRD 8 1 °
oEEOEL 11, 117, \W\}) KHELB. ' OB

1
Voss

$9 _ i \mathbf{A} = \begin{pmatrix}
\frac{dx}{dt} = r \left(1-\frac{x}{K}\right)x ' 4 {11} & a {12} & \cdots & a_{1n} \\
$$ " a_{21} & a_{22} & \cdots & a_{2n} \\

v \vdots & \vdots & \ddots & \vdots \\
. L v a_{ml} & a_{m2} & \cdots & a_{mn}
#t NI ML - 175 v \end{pmatrix}
WS ODEENH BN ZTId pmatrix’ 25 5EEHBNT 2. LY 3 -
1 (3)
1

\LaTeX Ti& \begin{&Al} ... \end{&A1} T HLREH®H |
BEEETES. ! . iE
N7 MLPTAERRUZWE Eid \begin{pmatrix} ... ! o (1-2
\end{pmatrix}' THEH. !

Fiz, BIOHNOEINE &, "\ ZFES. 1 . tni. wozumone
OB DORBOLEH EFARNGNEEZZ LS ICHE>TVCERW, I |
LaTeX&MICDONTHHMD I VWARBRTHE S, 5

e .
LaTeXd <Y > K& http://www.latex-cmd.com/ '
LaTeXdY > R¥—k—E http://www002.upp.so-net.ne.jp/latex/index.html
28

LaTeXAF]| TeX Wiki https://texwiki.texjp.org/?LaTeX%E5%85%A5%E9%96%80




AHDE-E /—<IU

BHUENE, OYRT 4 v IRKRETILZRETICEET.
OYRTFT4VIBREETILICDWT 1. TROEMBITER
EXAS=HRICKDEBUIEHERZ—DDRICTOY
MK, (ZOBROINSX—YPPEREERT &)
2. ODEICDOWT, EEIARORIMEAZIRA [CELS
T, TOEEZEREL.

B, BR, BEFZESZ.

iz /—R87v Y (ipynb7 7AI) IcExEHT, Moodlelc TIRET R &
77 &L[EE, 01~-15]_[E#H5E, /—<IL nHh/\—K hlipynb. #I. 03_n.ipynb

AHDERE /\—

AFFTDEZIDOHFMICHFDERE LTHSNTVD RDE/ YV RXII\F
(spruce budworm) &EWSEBOHEHWND, ZDH(E, BEFEKBEN—TELULICK
DERBABRECKDBRZES ZR>THRLIED2OLE L. BIC, BEEEEN
HIRETHNDEUVRESK IS UERERERFB IS, COKSIBIIFIOR%E

FKIRIB7HDETILE LTLudwig et al. (1978) TIIUTDEFILIREINE

dx _ <1 _ 1) g

ar k) TPy
COETIVOFEERIPZDEFAREMRT, BENBII2L—Yy3avRELS, £5
ULThOE/ IV YRXINSFDIAMFZORZHIREBIRTED2DOHN 2ERE L.
LT OBBENSE (LD ; &ik (1998) , Murray (2007).

- 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

- BERE (1998). BIBAMZEAF] EMHEDIT1F I v IV RZHRD. HITHHR,
« Murray, J. (2007). Mathematical biology: I. An introduction. Springer, New York, NY

FEE/—87vY (ipynb77AI) ICXEHT, MoodlelcTIRET S &
77L& IL[EE, 01~15]_[ESE, /—<I)L nh/\—K hlipynb. #l. 04_h.ipynb
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