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P

FEE

ThL
L |/

T2 IV (MRE
dx

dt
dy
dt

10

-HER)

= ax — bxy

IEHNLIEME | KEENBERABCEEDL
—EDEETHEIND

= cxy —dy

HEECIOU CTIBIE || —EDFETRTRD

a,b,c,d>0 &9 35

s HEBHANUVWRIINITHRES (XISBUBIE
- HRBIHEENVLWR(FNIE
AATER—TF > TLIL

IREN S B /N5 > H
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ONA-MILTZ EFIL (2FEXR)

HEER-HER \ \
- BEENVEFNHEE IS8
dx \
WEHE | — = ax — bxy . BEEIWEEIN VRN
dy d %tg_ﬁgf‘\;‘ﬁijt L) <
HEE | — = cxy —
dt yo &y a,b,c,d>0 £TF B
R
dx - BHPEHNNB(FEBEEBERRRERNT

— =ax—bx2—cxy
dt . BBEANVEFNEOYRT 4 v IRE
dy 2
— =dy—exy—fy

a,b,c,d e, f >0 £E9F D
(tBF1) HER

ax _ o 2
o O T X Xy B B R R EE BT B
dy HABANRINEOIRT 1 v OB

a,b,c,d e f>0 &E9FD



BHBE gy

R DEFTZ E T

XICAAT B +D/INESR"INnEEZDE

d(X +n)
dt

—f(x+n) --(1) n=

=20, (M

65D&ETAS—ERIDE

of . .
f(x + n) = f(x) + . 2R DB
X
FHA xHCDNTER S E ‘C’i_" — f(x*) = 0
!
(1) (& =
dn of

dr ox

x=x%*

n+ 2R EDIE

ZDmRDIEATIIMDEREZKD

52T, HEHROBPAIZEEZRN

B ENTED.

« INTCOEBEIEDESZE
DIXS5 XL EFER

+ 1 DTCTHIEDEZEZHDE
NEEFEER

N\

nlZ+9/NES VDT
2 RUEDBEEFERT DL
dn
— = Mn
dt
ere L, (o o v
M:a_f _ j_fl(x*) ZT]é(X*) %(X*)
o X=X : : . m:
\ZL;:(X*) ZLXZ(X*) %(X*)
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EBEIC KD NFERDODBEFIZE T DM

1. FERZTKDHD

2. REBZDNERZTIRALT D

3. FERFNLOTOERE (EEBENI ML) Z2KkHBD
4. BEEDEZIDIEE, EEDEEZRHND

HR-HR%R

HEE % = ax — bxy

: dy
RS dar = CAY = dy a,b,c,d>0 &9 D

HBR-HERRICOVWTEEROBAREMEZRANTHES .



EBEIC KD NFERDODBEFIZE T DM

O rERERe B
fi(z,y) = az — bay = 0
folz,y) = cxy —dy =0
2. WREBDNFRZRALT S

ofp 901
Iz.y) = | 22 f a—by —bx
Y O {5 af/ cy cr —

ox
3. Slziﬁéi,'f—:"\ibb'éd)lilﬁﬁ (CEBARNYZ KNIV) Z3k&H B
a— A\ 0
J0,0) -1 =" "

4. EEEOEROIER, EROEEEZRENS

A=a>0,1= —d<()* (%, y*) = (00) ors
L ’ BB
SIDEULLWAL, #Fx (HATA) saddle -
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print("type(a):
print("type(b):

print("type(c):
print("type(d):

oWV —+H D
QO VY O QD
* ~~ + +
O Ao

print("type(e):
print("type(f):
print("type(g):
print("type(h):

B (1)

IS N\ DADT —A TIRABNICEOZEANE Z Bbh 3

I_]j'_l‘j;ﬁq
printREEX E PythonTIFEIEE XFFIDER
CTlE, BEROBIZTHEMNITHNRLN.

Bl 1+ “1” [FTS—ICRB.
B DA NE

::’ E’ Eypggsgg e print(5/IZX, ..)
A Tl&, BIEEstri IR LT
", ¢, type(c)) £==LTW\3

", d, type(d))

int® + float® — float?!
int® + complex® — complex?!

int® / int® — float®Y

int® * float® — float®! 2D TN 55Z50Int8&/intB! TH
1 e type(e)) ﬂOatﬁz ﬁﬁén% EEE[EE@%
","F,"type('F)) A EKL/—C%LJ:—B
", 9, type(g))
", h, type(h))



BRAIBIZE I - PythonTldE

HBDEEDIINEOFEDERICOAIUTULDBIHE 73 E(CFIFE

# 01-02. BERBEYAYZSiHA
## str

print("str(1):
print("str(True):

str(1)
str(True)
str(5.2)

print("str(5.2): ",

# XFHDFEEN\NDFIA
print("str" + str(21))

## int

d

b
C
d

int("1")
int("@10")
int(False)
int(10.0)

RIZHR (2)

ANRICIFBIRHA L fo WV ig

TPLRELH D
H2BEEFHE CEPRHEDRICOHIIHLTNDE

int, bool, floatix &

—>str

", a, type(a))
", b, type(b))

c, type(c))

str, bool, float’x &

—int

print('int("1"): ', a, type(a))
print('int("010"): ', b, type(b))
print("int(True): ", c, type(c))
print("int(10.0): ", d, type(d))

## float

a = float("-6.31") gty int. boolts &
float("5e-006") , ’ °
float (1) float

float(False)

b
C
d

print('float("-6.31"): ', a,
type(a))

print('float("5e-006")', b, type(b))
print("float(1): ", c, type(c))
print("float(False): ", d, type(d))

TIFRATRICEE U



HMzimZA5 (1) - O—RILEHE7O—/NILEH

# 01-03. J0O0—/V)LEEK

) ) # 7]
Hello, World! Hello, World!

def print_hello_global():
print(s)

print_hello_global()

# 01-04. J0O0—/N)IVEHEO—HIVEE

# 7

"Hello, Wortld!" ToEa/l
ZAICBIEHER |
Hello, World!

def print_hello_local():
s = "CHwICBIFEF I
print(s)

print_hello_local() 1'373‘%_3.: ’JTL\% ?
print(s)

11



A ZEIRZAD (2) BHORO—T

« A—AIEHRIIEHTOY VAT FIRATRIEE
— BB OLENET (BHORIEE TET, returnXUcEE BE) 925 EHHT S
- AURAMOEHDFET $5G, A—NhILEHHEENICSRINS

# 01-05. J0O0—/VJULEEILEEIEP
TET]Z 5Ny

# 01-04. J0O0—/N)LZEHEO—HIVEE

] ] I 11
Hello, lWorld: s = "Hello, World!"

10 def pPEnE:pel}0_19g81$13 def print_hello_local():
2o S = L_/U(L_B(i_ﬁ ! I"iﬂt(S)

21U print(s) ° e fHE | v
RE s = "CAICBILTEFR |
[gﬁ print(s)

#
ZAICBIEHER ]
Hello, World!

print_hello_Tlocal()
print(s)

ITS5—IC%85
print_hello_local()

BEHANS T O—/NILERESHBI Z2HEHH DD, HERDHERLGL

DT ZTIFFALGW, HEERH 2 AlEglobalEE R EZANTHT,
7O Lh 8 ICKESE, ECTEABMBZE IR >TWAIHMESREI#HULLBEH>TLS (AN
TyvTF4d—K{) . O—HIWEHZFES ETEEDRIEGEHZHIETE, AHELEDS.




M ZIRZAD (3) INTA=FDTT7AILNME

def BAEEZ (/\oA—21, IN\SGA—92=FTTA IV ME):

381
AIE2
QLN
return
- BAHMERDRIC, FEDI\OXA—=F[CHLTT 15 F2 T I9AILNMEDHBDINS A=
T2A)MEZERET B ENTED. HITIEIN ZER (T 74 MMEHAEZL) IS X—
SAX—HF2ICTF7A)LMBLEESNTLS, YEDBHFEICEL EIDS—ICIRB.

# 01-06. INTX—FDTIT#IMME
def funcl(a, b="strl"):
print(a, b)

funcl1(1, 2)
funcl(a=1)

funcl(1l, b=2)
funcl(b=1) # Io5—

SEHEHBEDETHEVLTVBEEFE>THES ;




FziRA S (4) EBHDORDIE

def BHEZNTA=F, ..): . retuUnX THY R EES>TRYZ T ET

gﬁti% BHORDEZRT ZENTES.

- - ROEIEYTIL BETERWNI R LH
Z.@--I::In cWRHD) TEZ5ND.
Pe'_t_ur\n « ZHHNIYVTXYIBZETHRATEDS

# 01-07. EHORY (&
def func_multi(a):

return a, axx2, a**x3 AN UVSA—Ha) [ ULT, a, a2, a3z:Re

X, Y, z = func_multi(2) 2, 22, 23%x,y, zZICZFNZFNKRATS
print(x, y, z)

DFELHEABTDOETEVWPTVERZIE>THLS

14
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# 01-08. OIURXT1voKE (¥EfR)

import mat

def logist
dt = d
= X0
t_Tlist
X_Tlist
1_end
for 1
t
X

t
X

return

t_list, x_

plt.plot(t

plotlib.pyplot as plt

<~TETFILD=Za2L—3V

EXWZTHD

ic_growth(r, K, x0, t_end, dt=0.1):

t

[0]

[x]

= int(t_end / dt)
in range(i_end):
dt * (1 + 1)

_list.append(t)
_list.append(x)

t_Tlist, x_Tlist

list = logistic_growth(0.2, 100, 10, 100) "

_list, x_1list)

OJXRT74vIKEETIV
DR
t_list&Ex listzRYEE

X +dt *xr *x (1 - x/ K) * x LTED

100 A

0 20 40 60 80 100

15
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HE-FHER

loc="upper right")

# 02-01. E-HEXR v t_list = [t]

import matplotlib.pyplot as plt v X_list = [x]
v y_list = [vy]

# ETILDINTA—H . for i in range(i_end):

a=2.0 t =dt » (1 + 1)

b = 3.0 WwEE %:(a—by)x xnew:x+dt*Ea—b*yg*x

c =1.0 new = + dt * (c » x - d) *

q-2 BEE| 2 =(cz—dy| = xnen !
i Y = Y_Nnhew

# HEAME :

X = 0.4 : t_list.append(t)

y = 0.4 : x_list.append(x)

t = 0.0 : y_list.append(y)

# FFREIDERE , # FEFEROTOY b

dt = 0.0001 . plt.plot(t_list, x_list)

t_end = 10 . plt.plot(t_list, y_list)

i_end = int(t_end / dt) + 1 . plt.legend(["Prey", "Predator"],

Q.‘<
1-0

matplotlib.pyplot 51
e Llegend(SANJL, loc = RRUIE) : MHIZEINT D .
SRIVISERSNIEY Z ~ TET. ]
KDFFLLRDIZWVWALL, 3

matplotlibO AL FF a2 XYV SR |

\




e

A1 Z—KRICKDEERIL | IMEB-HER

ax _ ax — bx '
dr Y L RERE

dy x(t + Af) = x(1) + At (ax(t) — bx(t)y(D))
dr  x(t+ At) — z(1)

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

dt
dt At i X,p1 R X, T+ At (axn _ bxnyn)

Xt + Af) — x(f)

ax(t) — bx()y(t) ~ ~ v X =X, + Ar (aX - DX Y )
Y, =Y, + At (cX,Y, —dY,)

M DEE (AtE+23NhESWVWETS)

18



B phase diagram

# 02-02. tHY HE-HER

plt.plot(x_1list, y_list)

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

2.00 -

175 -

150 -

125 -

100 -

Predator

0.75 1

0.50 -
0.25 - K

1 2 3 4 5 6
Prey

H¥FE ETOEPEZAIHRIETE 3.

| O




R d } ;71$@i% %t%‘b
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02-03. 3RFX%

—00. 1

0.8 4 0.8 -
Sp. 2
07‘ 07.
0.6 1 0.6 1
~ 05 A1
0.5 1 o
" 041
0.4 /\ |
0.3 1
0.3+
0.2 1
0.2
0.1 1
0.1 1 T T T T T T T
T 0.15 0.20 0.25 0.30 0.35 0.40 045
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Z ZICEIF R ELHEEIE 5 < £ T—HF.
NN OSBRI E RTDTBABINSGA—TERLTHLS.




A4 Z—ERICKDEEEUL - BrFR

E—ax bx? — cxy

dy
- =dy—exy—fy’

WA DiEE (AtE+aNhESWVWETSB)
der  x(t+ At) — x(t)

Y

J——

dt At

ax(t) — bx*(t) — ex(H)y(f) =

x(t + Ar) — x(1) i

At

x(t + A1) ~ x(1) + At (ax(t) — bx*(1) — cx(D)y(1))

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

X, 1 R X, + At (axn — bx? — cxnyn)

v

X,.1 =X, + At (aX, — bX; — cX,Y,)
Y, =Y, +Ar(dY, — eX,Y, — fY;)

n

21



HER

ax — bx* + cxy

— dy + exy —fy2

R-HRROZESZTZE(C
ZRVHENICET2T0T S LZERLTIZSL)
02-04. HEX

—Sp- 1

10 //////”‘* Sp. 2
0.8 - /

06
0.4 1
02 1
02 0.4 06 038 10

Z ZICET AR PHEIE S < FTH.
CNUADEEIGRIDTEBABINGA—=FZAULTHLS.




FRPERDIEERD

3

A
[ ]

2. 1.OFITDBRLS, BIRSNDIEDATNDIROE
P)e I N THBEHICHIRT L.

oo

AHDERE /—YIL

P ROV RDBFARE S EITEICHRN, ZREL.

/_

7 N\

ES S5 PNIFOK

4. 3.DEFENTDBERNS, BRINDIEHDHFINDIRDE
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O
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ERDOVPERORBMZE LTSRN, Z2REL.
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— 21— k& Newton’s method (1)
FEAZHELOHO7ZIVTVX L
BaEKDIEWAERZ f0) =0 EI NI, BIE fx) ExBllEDRRICES.
'Z“H:, ES5PHT TEERIC) kHBH?

yakal
1. BOE{EZx,E U, BERZDOHHME x,ZRD D
7 N> Of(x)&EHWTRIRA
2. ﬁﬂFU)lﬁﬂ;UE X T@}SZ%? g(X) %-:__k&bé g(i) =f.2€xi) _l_f/(xi)(x . xi)

3. COES() e DR (o) = 0BT r) ERDS |
g(x) = O’Zr/ﬁﬁtﬁ'x’&x“é: ERG

4, RXRDXPERZHTZ(SELUE x,,, E UTERATS 7o) + () (X —x) =0

DT,
- BUg, SELUBENIRR T B E T2.~4. %1 DIRT. BET By, = x — L
l l f,(xi)
i=0 J@ =1 =2 |i=3 ,
’ / | MEBMECISCT, WIh
2 ) / | POELBNESND
f*}\,/é : |
%o X .
, : go(X) 28




— 31— k& Newton’s method (2)

VATV IBRERETIV |
r T REARBIE, BEEANHHNSNES (X~0) Ot

_ t RHZD DIBIER, r> 0.
K K IRIBINEH. HIRBTHEHT NS DEEE, K > 0.

CDETILDOIFE R (r(l —%)X=o€;‘%f:“¢)‘o Z BUERIICIKR D T L,

ER5HIE
VATAVIRRETIVICEITZZa2— M ETRWSEEE
M ]ff((“) FEAIIC IR EDE S RIBIC DM
Xi

- EDLDBIL—TZHHDIE LW ?

|~

WEWBGRHEAENS AT —HMUT, MADFERZEZKRKOTHKLD.



%RIL—1— bM2EICDODWVWTIE,

https://Kojl.noshita.net/materials/compbio/

compbio2018/06/NM.pdf

BB

71\
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https://koji.noshita.net/materials/compbio/compbio2018/06/NM.pdf
https://koji.noshita.net/materials/compbio/compbio2018/06/NM.pdf

|-]

x*=0x*=K

XlcH 5%

KOS
o=

] ——x

—a—bkiEICH

39 5L

X 4 =
+1
l 2x;

=)L

Alll

AT AR

# 03-01. OVRTAVIRRKETIV

VS X—HSERE

for i in range(1000):
X =X *x / (2 % x - K)

ppint(uﬁg*ﬁ.ﬁgz ||’ @’ ||’||’ K)
print("EfiEE: ", x)

#IHAEICIL U T,
LE R DOWIT OO BIERIICK K S

|¢l

31



TEEERENICED T2 | HEBER

dt
dy 03-02. HER-FHEXR
— =cxy—dy
dt INSA— D ETE
= 2
BRAT AR ] ]
a _
(%, ) = (0,0), (x5, ¥3) = (;,3) e
#IHR(E
= 1.5
= 0.5
eI in range(1000) :
(of, of, ) =b*d*xxx*xy / (a*cx*x+
Joon i <a—by —bx —a*c*xx*xy/ (a C * X +
X, = =
g % % cy cx—dJ |print("@@irfR: ", (0, @), ",", (d / c, a / b))
| dx  dy print ("EEEE: ", (x, y))
Za—b2EICFIAYT 5EMER # 7
_ 3-8 FRMTER: (0, 0) , (2.0, 0.6666666666666666)
Xip1 = X; — J (X)) SELER: (2.0, 0.6666666666666666)

Y1) _ XiYi (bd)
Yit+1 acx; + bdy, — ad \ac

32



AN T A



7147 =14 isocline

2EBROGEIEL, — = 0, X7l — = 0 Zimlc 9 EfRVHIRD Z &

TAVIT A EIERE U TEEFEHRDOERD/INY VDB ZEDEDT,
NZHEFEERLICTOY NTEZELERDIMFIIVRAZRBBLYLI LS

d
X = —
C
Stream Plot
*&ﬁ'."ﬁ% % = ax — bxy 7 // :’:—-:.—_.H ———— "“'_-_-_—: llzo
dy BY/;:T :— —
— = CXy — dy | /:—F* g o0
AT A
dx a
dt b .
d d
—y — O — X = — 20
dt C




NO-MILT 2 ETIVOBRETAYV VoAV ZESTTAF I T ADEN

# 03-03. HR-HRRDIAFTIVRETAIISAY
import matplotlib.pyplot as plt

# PAVTSAD
plt.axhline(a / b, color="b")

# ETILDINTGX—4H : plt.axvline(d / c, color="pr")
= 2.0 —_ 1
b - 3.0 BE-BBROBAE, TAVIS1Y |/
c=1.0 [ZKE, BEEDERRD Tplot TR v # TS
d =2.0 <axhline, axvlineZ{@->T\\3, : plt.plot(®, @, "ko", d / ¢, a / b, "ko", markersize=8)
# HA(E : # HEEmLETHDIIFTIOR
X = 0.4 a2\ coay b, ¥— s plt.plot(x_list, y_list)
y = 0.4 _ A B =) 1 plt.xlabel("Prey")
t =0.0 j] TAXAOREL CRE3EZ L . plt.ylabel("Predator")
[T TLD '
# B DE :
dt = 0.0001 1
t_end = 10 ! |
i_end = int(t_end / dt) + 1 : 2:00
1 1.75 A
t_list = [t] :
x_list = [x] 1 1.507
y_list = [y] : _1.25
for i in range(i_end): . 2
t=dt x (i+ 1) ' g 100
X =x+dtx (a-bxy)x*xx : * 0.75 1
y =y +dt*x (c*x-d) xy : 050 - ?
t_list.append(t) : 0.25 -
X_list.append(x) I
y_list.append(y) : 0001 @ . . . :
I 0 1 2 3 4 5 6
Prey
AN, WEB-HEROIVI1L—Y3 Y (CEE matplotlib.pyplot
BRAS5E #02-01) & (T7OY FOERZERR e axhline(yDE, ATV 3a ) i KERERZTOY ~
=) BAU e axvline(xDE, A3 V)  BERERZIOY ~

__ ClREDATarTE (b) &k (r) ZI5E



