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ARA-RILTS EFL (BB-HEER)
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ONA-MILTZ EFIL (2FEXR)

HR-HERR \ \
- BEENWVERFNIPREE 55T

dx \
BEE | — = ax — bxy . BEEIWEEIN VRN

dy d %tg_fﬁf‘\ﬂﬁjt L) <
HEE — = CXY —

dt Y Y a,b,c,d>0 &9 B
R

dx . BEEN\S ECBHEREEIHAN TS

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

a,b,c,d e, f >0 £E9F D
(tBF1) HER

Ao
A T DX Xy e e AR EE LR S
dy HEBNVWRFNEOIRT 1 v IR
D — dy+exy e BANEFNEOYRT 4 v IRE

a,b,c,d e f>0 &E9FD
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. . ' n(E DS VDT
BirsEE  dx e ' 2R EDEEERT B E
— = {(x) X = :
At : dn M
@R D D ORREMERNS 5 7
| ==
NCHIZHBNET TN EBLZE (Dxr) Lixry oo L)
d(X + n) C/c ’ n; EM: a_f _ Z_fl(x*) %(X*) %(X*)
=f(X+n) (1) n=| . : ox _ . 2 m:
dt . ' %( ) U o Do %
E0ETAS—BEETRE 'm) ERT
eI TR > " ZOmROESITHIMOEGEERD
f(x +n) = f(x) +——n + 2R EDIE | B3TET, FESOBFRREREAN
X | ZTENTES,
TS COWTEZZE K| _jpxn=0 ! . INTOFBBEHEOES
\ /T i = — : * LE] ,\®5CDB%:E)
o (1) & L DRSS AR TEFES
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EBEIC KD NFERDODBEFIZE T DM

1. FERZKDD

2. GREZDNERZTHRRIALT D

3. FERFTHDTOEEE (CBEBNXI ML) Z2XKdD
4. BEEDEZIDIEE, EEDEEZRHND

HR-HR%R

HaE % = ax — bxy

\ dy
RS E — Ay~ 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<0* (%, y*) = (00) ors
L ’ B CRRE
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B (1)

\DEITH . WO DT—IATIEEFNICEOZTBAS b

# 01-01. EEERDAEIZIA
. I5E PythonT I B E XFIDEE
Ky (i > x y « —
# BEFTOES, prinths Tld, BRORTEATDN.
a=>5 Bl.1+"“1" FITS—(CED.
b =2 ?ﬁﬁ@ﬂﬂﬁﬂgﬂ?&mb‘*ﬂ\g
c = 3.3
d =6.5+ 2j
pr%nt(::type(a)' ::, a, type(a)) . print(B1¥, )
print("type(b): ",b, type(b)) Tld, Bl EStrB (C L T
print("type(c):", c, type(c)) XTRLTWLWB
print("type(d): ", d, type(d))
int® + float® — float®!
e =a+ C .
f = a3+ d int8 + complex® — complexf
=a/b int&! / intA! — float#! - N
E = a i C . A = 2D TIN5 E0INtE/int’TH
int® * float®! — floatf! _
floatB(CEREI NS, HRD H
print("type(e): ",e, typele)) ZANFRUTHLDS,
print("type(f):", f, type(f))
print("type(g): ", g, type(g))
print("type(h): ", h, type(h))



RIZHR (2)

BRAIBIZEE | PythonTIFERWICISEZTIR L - WHEIZBERNICIEE U
TY2RENDH D
HBBEBEFHERUEVPEEDEICOHFNLTULDIG
b DD I BOFEDER(CDAMH L TWLDIFE 7&(‘.’.(9*'] ]

# 01-02. BARMBYZ A

## str

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

—str

print("str(1):
print('str(True):
print('str(5.2): '

, a, type(a))

# XFHDRFEENDFIE
print("str" + str(21))

## 1int
int("1")
int("010")
int(False) —Iint
int(10.0)

int, bool, float#x &

‘,b, type(b)
, ¢, type(c)

str, bool, float’x &

print('int("1"): '
print('int("010"): '
print("int(True): ",
print("int(10.0): ",
## float
float("-6.31")
float("5e-006")
float(1)

float(False)

)
)

print('float(
print('float("5

print("float(1):
print("float(False):

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

"-6.31"):

c, typel(c
d, type(d

)

))
))
))

str, int, boollx &
—float

"ya, type(a))

e-006")"', b, type(b))
, C, type(c))

", d, type(d))




HMzimZA5 (1) - O—RILEHE7O—/NILEH

# 01-03. 7 O0—/N)LEH

"Hello, World!"

def print_hello_global():
print(s)

# 7
print_hello_global() Hello, World!

# 01-04. 7 O0—/N)LZHEO—HILEE

s = "Hello, World!"

def print_hello_local():

s = "CAICBIFTER "

print(s)
# 7]
print_hello_local() CAICBIETHR !
print(s) Hello, World!

A >TWVWD?
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A ZEIRZAD (2) BHORO—T

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

# 01-04. 7 O0—/NILZEHEO—HILEHE # 01-05. 7 O—/VLEHISIEHAN
TEZBmZ 5NEWL

s = "Hello, World!"
s = "Hello, World!"

0o |def print_hello_local(): .

S — n= (- t def print _hello_ local():
41359-\\ prj_nt(s) s = "ChICEBIETHFEI"
O%& print(s)

print_hello_local()
print(s)

# 7
CHAICBIFHEHR!
Hello, World!

print_hello_local()

EHANS T O—/NILEH=SRIDAEFELHS

N, HEDODHEBLLZWO T ZTIEERRAL R,

LR B AldglobalES R EZFHNTH T,
7005 LhEHICIREE, ECTEABMBEZRECHE>TVWAINESEHIEHULLLE->TLS (AN
yF4a—RiE) . O—HILEHEES Z L TREORJEEEHHTE, TRELNENS.




M ZIRZAD (3) INTA=FDTT7AILNME

def BB USSA—51, INSA—52=7 T #ILHE):

RILIE 1
RLIE 2
NI N
return
- EMERDRIC, FED/INSA=FI[CHLTT 1532 T 7AINMEDHB/INSAX—H
A MBZRET D ENTED. HITIEIN ZEE (T AL MEDRLY) NS X—
IX—=H2[CT 7))L MENERESNTULS, YEDBEFZXICEL EIS—I(TEB.

# 01-06. /NTX—5DFTT7AI)LMNE

def funcl(a, b = "strl"):
print(a,b)

EE
Ny

funcl(1,2)
funcl(a=1)
funcl(1,b=2)
funcl(b=1) # T7>—

N O DN
t+
ﬁ
—

SECHEBEDETHEVLTVBREFE>THES ;



FziRA S (4) EBHDORDIE

- LAl . relUMX THYREE>TRY)B I ET
oL 3B EHORDEERT CENTES.
.. - ROM@IEFYTIL (BETERBVY LM
LI n eWRHD) TEZ5ND.
return « ZHEHVYVTRYIBZETRATES

# 01-07. EHDRERDE
def func multi(a):
return a, axx2, axx3 ABD (VS X—=%a) ([CHLT, a, a2, a3&=RY

X, ¥, z = func_multi(2) 2, 22, 23%x,y, ZICFNFNRAT S
print(x,y,z)

DFELKHATOETEVWPITWVWEHZE>THES
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OVXATA4VvIBRREETILDOY I

ZEAMEE->TEZTRZT

# 01-08. OYRAT v UK (¥E#)
import matplotlib.pyplot as plt

def logistic_growth(r, K, x0, tEnd, dt
dt = dt
X = X0
t_list [0]
x_list = [x]
iEnd = int(tEnd/dt)
for i in range(iEnd):

t = dtx(i+1)
X X + dtxrx(1-x/K)*x

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

return t_list, x_list
t_Tlist, x_list = logistic_growth(0.2,

plt.plot(t_list, x_list)

=0.1):

100, 10, 100)

OIJXF1vIORKRETI

)3k

t_list&Ex listEEDEE

LCTED

100 A

20

0 20 40 60 80 100
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HE-FHER

02-01. HE-FHER%R _li [t]

EFILD/NSX—% _U {ﬂ
) range (iEnd):

= dtx(i+1)
w = X + dtx(a—-bxkxy)xx
w =y + dtx(ckx—d)xy
_new
y_new

N
S

N W

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

.0
.0
.0

B
4
4
.0

SESES R

# BFEOXRE
dt = 0.0001

# REEEROTZOY b

plt.plot(t_list, x_list)

plt.plot(t_list, y_Tlist)

plt.legend(["Prey", "Predator"],
loc="upper right")

tEnd 10
iEnd int(tEnd/dt)+1

matplotlib.pyplot
e legend(ZNJU, loc = RRMUE) : NHIZEENT B
SRNNIEEHOINEV X ~TET.
KDFEULRID VAL, |
matplotllbd)/A‘t RFa XV EHE] | L 17
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B phase diagram

# 02-02. 1H

;(

WE-HER

plt.plot(x_1list, y list)
plt.xlabel("Prey")
plt.ylabel("Predator")

2.00 -

175 -

150 -

125 -

Predator

100 -

0.75 1

0.50 -
0.25 - L

1

| O

3 4 : 6
Prey

H¥FE ETOEPEZAIHRIETE 3.
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ax — bx* + cxy

— dy + exy —fy2

R-HRROZESZTZE(C
ZRVHENICET2T0T S LZERLTIZSL)
02-04. HEX
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AHDZFRZE /\— K

I~

ﬁ%%,Ai$EDMT,:J—Fy%%_MTﬁEWES
BIRZEXOD K.
2. [*BZ \‘EII-..—\%, ﬁﬁ%%, /\*_%@L\ﬁsnﬁ\(ljb\fﬂyD:"ﬁﬂ&b(i\

+57 (HBE3ALEPH>THOK) ]
MY (BrYrmLoimesFEss) 270y hEXK. X, £

DPAVISIAVHERTTOY K.

limli
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— 21— k& Newton’s method (1)
FEAZHELOHO7ZIVTVX L
BaRKOEWARRZ f0) =0 ETNIEL, BIE f(x) ExllE DRRITR D,
4t TlE, E5v>T #ERIIC) KHBH?
1. BROalUEZx.E U, @EHRZDYIHHE x,Z2 R0 D
B

N, I o ¢ Ef ()& AL TREA
2. %4:0)15[11;“ xi-t O)j:ﬁﬁ{}?? g(X) %;_k@% g(X) =f(-xi) _I_f/(xi)(x . xi)

3. T BEDRE (o) = 0&BHTY) ERD3B |
L _ _ . B gx)=0ZmlcIxzx &£T B
4. RRDXBERZHIZ(TELUE x,,, &E UTERATS 7o)+ f1)(x,, —x) = 0.
DT,
f(xi)

. Llig, SFELUEANERT B E T2.~4. 518 0BT METE x5
1+ l f/(xi)

1 =3 ,
TEMEICIS U T, WIh
hOEBBEHES NS

20
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— 31— k& Newton’s method (2)

VATV IBRERETIV |
r T RBERIBIR, BEEANHHINSNES (X~0) 11t

hY A\ 774
Xt KB DIBIESR, r> 0.
Xt+1 =X, +r 1 X, | remie e - %
K K IRIBINSH. HIBRETHITFIND BERE, K>0.

CDETILDOFEE = (r(l—%))_(zwé':fﬁf:@")_() BRI IC KD Tz LY,

EZHIE
VAT4VvIRRETIVICHITEAZ2— M ETAHAWSEER
M ]f((")) FEAIC IR ED & S BIBICED7?
Xi

- EDLDRI—TZEDHIEL NN ?

|~

WEWBGRHEAENS AT —HMUT, MADFERZEZKRKOTHKLD.
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https://Kojl.noshita.net/materials/compbio/

compbio2018/06/NM.pdf

BB

71\
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PR ZHENICRDIS  OYATs Vv IBRKRETIV
AATF14vIBRRETIV # 03-01. OYVRATavIRERETIL
dx 1 X # INOA—5ETE
— =7 —— | X =
7 X K = 100
# YHR(E
BRI AR Xk =0xf =K X = 90

for i in range(1000):
X = xkx/ (2xx-K)

XICH T B ERDIFE

2 pl"lnt("ﬁyiﬂ‘ﬁ'ﬁ’i: ||’ 0’ ||’||’ K)
f’(x)="(1—EX> print ("3ELUE: ", x)
i1
— N : ZiTER: 0 , 100
=2 h/&kﬂ.?fmmﬁ e 0t
Xiry = — BB U T,
2x;, — K 3

EHFROWIT NHDHERICKES
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T EEMBENICEOT S  HE-BAR

HE-HRR 7}; = ax — bxy 03-02. HB-HAZR
dy .
— = CXY = dy _
AR AT R y =
(", 7)) = (0,0), (06, y5) = (
aETS
(of,  of, )
J(x,y) = de dy | _ a— by in range(1000):
’ o, I Cy — bkd*xxy/ (@kckx+bxdxy—a*xd)
\E d_y) axCkxky/ (axCkx+bxdxy—axd)
# ", (0,0), ",", (d/c, a/b))
Za—b2EICFIAYT 5EMER print("aTBEE: ", (x, y)

Xiy1 = X; — J;,-lf(xi)

Xit1 _ XiYi (bd )
Yit1 acx; + bdy; — ad \ac
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714Y) 7 =4 isocline

PEROBATR L, % —0, Ffoix % 0 BB TEROHRD Z &
AN TAVEEBREUTEREDOERDINY O EDLZDT, ZnhHiE
FELIETOY FTEBERADIIF IV RERBLPT <53
d
X =—
C
Stream Plot
*&ﬁ'."ﬁ% % = ax — bxy 7 // :’:—-:.—_.H ———— "“'_-_-_—: llzo
dy SY/:; :— < -
— = CXy — dy | /—”"—h* Sl 109
AT oA
dx a
dt b 0
d d
_y — () > x = — 20
dt C




# FFEDERTE

dt =
tEnd
iEnd

n 1 o

t_list
x_list
y_list
for 1
t
X

y

t_
X_

y_

. 0001
10
int(tEnd/dt)+1

[t]

[x]

[yl

range(iEnd):
dtx(i+1)
X + dtx(a—-bxy)xx
y + dtx(ckx—d)xy

in

list.append(t)
list.append(x)
list.append(y)

E¥9ld, #E-HEBERXDY=aL—T3 Y
(HBEBRASMO #02-01) & (Z20OY RD
R zZBRET )AL

# FEa

# T7AVT AV

FEBEOBEEHO CplotTld | plt.axhline(a/b, color
plt.axvline(d/c, color

plt.plot(0,0,

# BFEELETOYIFITX

plt.plot(x_list, y_list)
plt.xlabel("Prey")
plt.ylabel("Predator")

NA-MNILTZ EFTI)LDOEKX
# 03-03. HE-HERXRDIAFTIUVRETAVI AV '
# ETILONIA=Y | WBE-BHERDGZGE, 7T1YIDST
3 = 2.0 VLK,
b = 3.0 & < axhline, axvlineZ#E>TUL\SD.
c =1.0 I
d=2.0 FEaEEVRTIOY K,
# Z)HA(E Y—hHh—Y1XEEEL THR
X = 0.4 ME EFTVD
y = 0.4
t =0.0

"ko",d/c, a/b ,"ko", markersize =

ETAN DAV EFESTZTAM TV ADEEN

Ilbll )
11 r.II )

8)

Predator
(e
o
o

N BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B O |
(= Ll
~ N
O} (0]

2.00 A

1.75 A

1.50 A

0.50 A

0.25 A

0.00 A

Prey

matplotlib.pyplot
« axhline(yDfE, #2723 V).

KELERZETOY ~

e axvline(xDE, #7723 V) EBELERZ0OY ~
CCCIIFBOATIIVTE (b)) YR (r) Zi8F
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