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= ax — bxy

BHMLEE | HRENEREBICHE S C
—ENEETHEIND

= cxy — dy
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HRE
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HR-HR®R
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HMRE | — =cxy—dy
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dt - BERHINVRINEOYRT 1 v IR
dy
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(18#) HEXR

ax _ ax — bx* + cx
ar Y [TRABIV B ECEEEREEDENT S
d [ ] ;i\ \\L\f\ “D\\\\ — W >
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a,b,c,d e f>0&ETFD
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| oTEREpoORmRELERNS ) "
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XEET B HHNSB T nEEZ D E L) Zer) e )
d(X + n) eI LJ, ™ of ﬁ(x*) %(x*) ﬁ(x*)
n = — = X X2 Xim
———=factm) () =TT
g N L) Z(xr) e 22(x)

BDETAS—REEAT3E
of

f(x +n) = f(x) + po by 2R L DIE
X

PR HCONTEZDZE | e =0
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2. WREBDNERZRIALT S
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3. FERFDLO TOEBE (EEBXI ML) Z2KkdD
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4. EIBEDOXIDIER, EMOBEZRNS
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R (1)

BEOBEER  W<ONDT—XATEFEBNICRHOZENE Zhbnd

print("type
print("type
print("type

(
(
(
print("type(

oQ —h 0
i n i n
Qo Y
* N + +
0T aon

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

a): "
b):
c)
d)

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

:", ¢, type(c))
: ", d, type(d))

int® + float®! — floatBY

# 01-01. EEERDAIZ A

= N : % 5 PythonTI(FHEE XFFDEE
* BEALORR, printhi T3, BROREB/AFTONEL.
a=>5 Bl. 1+ "1" FIS—ICHED.
b=2 BROBETRHABEBRBANE,
c = 3.3
d =6.5+ 2]

e print(5l#, )
T(E, Bl EstrB(CERmLT
#mLTWLD

int® + complex®! — complexf!

int® / int® — float®!

int®! * float® — float®!

): ",e, type(e))
)", f, type(f))
)

): ", h, type(h))

» 9, type(g))

BANFEHUTHELD.

2 DI ZZBEDINtE/intElTH
floatBY(CEHEI NS, HEKRDH

BRHR (2)

BARAIBIZE | Python TIFEARRICIZBRZTHR L /- WHS IXBERIICIEE L
TP 2RENHD

H2BBEFHNB UEVPRHEDRICOANIGLTNDIHE
b BEABDSIBIHEDE(COAMISLTWLNDIHE B EICHA

# 01-02. FARRVBIZHA

## str print('int("l"): ', a, type(a))

a = str(1) int, bool, float’: & pr;nt('mt("@l@"): ',b, type(b))

b = str(True) sty print("int(True): ", c, type(c))

c = str(5.2) print("int(10.0): ", d, type(d))
- " . on ## float

print(*str(1): *, a, type(a)) a = float("-6.31")

print('str(True): ',b, type(b))

e - b = float("5e_06") |Str, int, boolt&
print('str(5.2): ', c, type(c)) C = float(1) float
d = float(False)

# XF5DFEENDFIAB
print("str" + str(21)) print('float("-6.31"): ',a, type(a))

print('float("5e-006")"', b, type(b))

## int print("float(1): ", c, type(c))

g f izii:éléu) str, bool, floatZx & print(*float(False): *, d, type(d))
c = int(False) —int

d = int(10.0)
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FEHziRAd (1)

# 01-03. 7 O0—/NJLEH

s = "Hello, World!"

def print_hello_global():
print(s)

print_hello_global()

 O—HIIEHE T O—/NLEE

# H 7
Hello, World!

# 01-04. 7 O—/)VLZHEO—HILEHH

s = "Hello, World!"
def print_hello_local():
s = [CBEFHFE "

T

(@

print(s)

print_hello_local()
print(s)

# H7
CAICBIRTER!
Hello, World!

fAHEE>TWB?

11

O—NDILE¥s
NEBIND

F#H =S (2)

« O—AIEHISRBT Oy YATEITFIARAEE
- BBOMENKT (FABOKIHETET, retunXICEE BE) T2EHRTS
- AUZRAOEHHEFHET 51568, O—AILEHHEENICSRINS

ZHDAI—T

# 01-04. 7 O—/N\)LZ#HEO—HILEE

s = "Hello, World!'"

def print_hello_local():
s = "ChAICBIFTER!I"

(&

print(s)

print_hello_local()

print(s) # 7

CAICBFIHRA!
Hello, World!

# 01-05. 7' O—/V)LZEHIFEEAN
TEZHZ 50

s = "Hello, World!'"

def print_hello_local():
print(s)
ICBIFER "

s ="Z

print(s)

print_hello_local()
IS>—(CED
BHANS I/ O—/NNILEHEZSRIT 25 E56H2
D, HEDHBELARWVWDTI ZTIEERAL AL,

Bk 2 AlFglobal EE R EZFANTHT,

TATSLDEHICEDE, ECTEABULBES B >TVWSMEGMNELLBE>TLS (AN
Tyv7T4d—KR{E) . O—HILEHEES CETREDORIERZHHTE, AHREDLEHS. |,




R ziHAD (3) NI A=FDTTAILNME

def BAEIRBUSSA—51, IS A—52=7 T # )L E):
RIVEER 1
RILVIE 2

RLIEn

return

- ERERDKIC, BED/I\SAXA—FICHLTT I53ER T 24BN HBI/ISAX—5
TA ) MBZERET D ENTES, HITIZ/IN H#EZE (T 7 A4 MEDERL) IS X—
SAX—=H 2T 7AI MEDERESNTULD. FEDBFEICECEIS (TR,

# 01-06. /XTX—=5DTT7 A NE
def funcl(a, b = "stri"):

print(a,b)
# B
funcl(1,2) 12
funcl(a=1) 1 stri
funcl(1,b=2) 12

funcl(b=1) # T>—

SEKHAELETEVWPTWVEREE>THES
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FHzikAd (4) BHORDIE

def BRSNS AX—5, )

RILEER 1 * returnX CThHY Y ZEE>TRYZZET
I EHORDEE RS ZENTES,

. - ROMBRY T (BEETEHBNIR LM
L n EWRHD) TEZ5NS.

return - ZRHHYITRENBZETRATES

# 01-07. BEHORDE

def func_multi(a):
return a, akk2, a%*3 AR (S5 X—=%a) [CHLT, a, a2, ad&RY

X, Yy, z = func_multi(2) 2, 22, 23%x, y, zICZFNFNRAT S
print(x,y,z)

# B
248

SEKHEAETLETEVWPTWVEREZE>THES
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BB EE> TESHAT

# 01-08. OYATa vIEEK (BEHR)
import matplotlib.pyplot as plt

def logistic_growth(r, K, x@0, t_end, dt = 0.1):
dt = dt

B

X = x0
t_list = [0]
x_list = [x] — —
i_end = int(t_end/dt) OXAF7orwv D\’E‘ZE:ET”I
for i in range(i_end): OEH
t = dtk(i+1) t_list&Ex_listERDEE
X = X + dtxrk(1-x/K)*x LTED
t_list.append(t)
x_Llist.append(x) 0
return t_list, x_list N
t_list, x_list = logistic_growth(0.2, 100, 10, 100) ||«
plt.plot(t_list, x_list) )
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# KEFEEOTOY

# 02-01. HFER-HEXR v t_1d

# EFILDISA—% : ;—{

a = 2.0 ' for

b =3.0

g = %8 WRE [ 2 = (a—by)z
- WEE| Y =(cx—dy

# #HA(E :

X = 0.4 ;

y = 0.4 !

t = 0.0 '

# BREO%E ;

dt = 0.0001 ;

t_end = 10 : plt.

i_end = int(t_end/dt)+1  plt.

v plt.

[t]
[x]
[y]
i in range(i_end):
= dtx(i+1)
x_new = x + dtx(a—-bxy)*xx
y_new =y + dtkx(ckx—d)xy
X = X_new
y = y_new

ist
ist
ist

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

plot(t_list, x_list)
plot(t_list, y_list)
legend([“Prey , "Predator"],

loc="upper right")

matplotlib.pyplot
. legend(SRNJU, loc = RRUE) : MFIEEMT D
SRNWEEHOINEIVITETY .
KDFELLHD VWAL,
matplotlib AKX FF 2 XYV SR |

S

17

7M’7 A ot%hiﬁﬁﬂlﬂ: MR- Tﬁﬁﬁ’?\

dt = ax — bxy
dy _
— = cxy — dy

Wa0iEEl (AtE+53NhEVneEd )
dr _ x(t+ At) — x(t)

& B
x(t+ Ar) ~ x(t) + At (ax(t) — bx(0)y(1))

x(0)=x0& U, x1,x2, ..., %n
X, thi=At*n

dt At Xop1 R X, + At (ax, — bx,y,)
AL —
ax(t) — bx(H)y(t) = He+ Ati X0 X,.1 = X, + At (aX, — bX,Y,)
Y1 =Y, + At (cX,Y, — dY,,)
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# 02-02. HN HE-HRR

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

1 2 3 3
Prey
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A1 Z—RICKDRBUL © FFR

B — ax —bx? —cx :
dr Y nenm
dy 2 E A ~ A _ 2 _
— =dy—exy—fy P X A R0+ A (ax() = b0 = ex0y()
=x0 & U, ooy Xn
MADER (At+HHNEVETB) 5 * x(0) i);o iJ i
' C, = e n
dr  z(t + At) — x(t)
it Al Xop1 B X, + At (ax, — bx; — cx,y,)

AR

x(t+ Atr) — x(¢) i

ax(t) — bx*(t) — ex(t)y(t) X1 = X, + At (aX, — bX; — cX,Y,)

At
Y1 =Y, + Az (dY, — eX,Y, — fY})
21
/__
HAXR
([ d
X
— = ax — bx* + cxy
3

dy )

w =dy+exy—fy
RR-HERDBEESEIC
FEREVPENIICEAT S T70T S AZMERLTIZEN
# 02-04. HEXR

10 —r Sp.2
08
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~
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02
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CZICEITRHEREPHERIEZH < T
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AHDRE /\—

1. 35%, HAERICDOWT, Za1—hkVEZAVTHENICE
BRZEKDH K.

2. [HBR-BRR, HPER HAEROLINHICDOWTEDEDE
+2 (BBE3AEEP>THOK) ]
BK (FBFmLofEsTExR) 270y AKX T, £
DFPAVISAVHBERTTOY L.

FEE/ 8TV (ipynb77AI) ICFEHT, Moodlelc TIRET B &
77L& IE[EE, 01~15] [#FE, /—<JL nHh/\—K hlipynb. #l. 05_h.ipynb 26




i el NS

27

— 31— k& Newton’s method (1)
FRERRAZHELHOTZILTIVX L
BAERDIEWARRZ f0) =0 EITNIE, BBIE f(x) ExBliE DRRICHK S,
et T, E5v->7T #EMIC) KkHBHh?

1. BOablEZExE U, EERZDYHRME x, 2RO D |

2 NS T - - gFfx)EBUVWTKRIERET
ﬁﬂF@ﬁMﬂE .Xi't @}%ﬁ‘% g(x) %:k&b% g(x) =f(xi) +f/(xi)(x _ xi)

2.
3. TR EHEDRR (00 = 0EBT) ERD3B |
4.

o . _ gx) =0 mrIxex £T B
RRADXEIRZ I ISELUE x,,, & UTIRAT S £ + £, —x) = 0.

DT,
- L%, SAUELUNR S B £ T2.~4.ER DR, BB Sy, = x -0
S
i=0 @ i=1 i=2 i=3

MEAEICIHE U T, WIh

it : HOELENE SN
x2 gl(-x) ‘

/§§\‘ L1 .

N /X X ‘

! go(x)
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— 31— k>E Newton’s method (2)

OYXT4vIBRETIV ‘
r: REIBIIBIE, BHEES+HNSVES (X~0) 01

_ t Rip7= D DIZIER, >0,
Xgu=X+r|{l1—-—=]X e e _ .
K K BENSN. HRBEETHESNS BBHY, K> 0,

CDETILDFE R (r<1—%>)’(=0%‘:ﬁ7‘:'§“)’() % HER TR DTN,
ERBHIE
- OYVATa Vv IBRRETINICEITZZ2a— M VETHWS LR
- =x._f(xi)
i+1 i f/(xi)
 EDEKSBIN—TZEBOIEL WM ?

FEARNICIEED K SBEICEDH?

WBWBRBHHMENS AT —M LT, MADFEREKDTHKD.

ZRITZ 21— M VEICDWTIE,
https://koji.noshita.net/materials/compbio/

compbio2018/06/NM.pdf

AN 73
7 Z=HG
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T EERENICESFS  OYRT (v IREETIL

AYATF1 v IBRETIV

(1

= O,x;l< =K

dx_
dr

R

XICE T BERDOES

Za—bhYEICHAY 3EER

X =
a le'—K

# 03-01. OYVRTavIBRETIL

# INTA—FERTE

K = 100
# YEAME
X = 90

for i in range(1000):

X = xxx/ (2%x-K)
print("ﬁ’i’l‘ﬁﬁ’#’: "p @p "I“I K)
print("mME&: ", x)

# BH

BEMTERE: 0 , 100

FER: 100.0
MEMEICIH U T,

FEROWITNIDBIENICKE S

|~

dt
dy _
— =Xy — dy
BRI R
d a
(-x]*’yl*) = (0’0)9 (x5k7y£k) = <?, Z)
YaETH
%
_|&x @ | fa-by —bx
e =y o= < o er—d
dx dy

Za—hYECFIAYT 5EHER

)

TS A RENICEOF 2 HE-RER

# 03-02. HB-HER

# INTA—TRE

a =2

b=3

c=1

d =2

# FEAME

x = 1.5

y = 0.5

for i in range(1000):

bxdkxxy/ (@akckx+bxdxy—axd)
akckxxky/ (akckx+bxdxy—axd)

<
I

print ("
print (Tl

||’ (0’0)’ non

,", (d/c, a/b))

R |

Yy (x,y)

X1 =X — J;ilf(xi)

# BH
R AT BB -
T LA

(0, 0) , (2.0, 0.6666666666666666)
(2.0, 0.6666666666666666)

Xit1
Yit+1

_ Xidi (bd >
acx; + bdy; — ad \ac
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71470 =4 isocline

cEmogare, L oo, 2z Y=
dt dt

0 Zimlc 9 B PHIRD 2 &

AV AV ERERE U THEGRRDIBRD/NY Y HEDZDT,
INZERFHELICTOY N TERELLEDIAFIVRAZRBLPILLBS

d
xX=—
¢ Et
_ % ﬂ _ . Stream Plot .
BER-BR% = ax bxy
dy — 100
— = CXy = dy
AV TAY
dx 0 a
T N [
di Y= :
d d
_y =0 x=— 20
dt c




ORA-MILTZ ETIVORRETAYV I SA VafE>Tc A+ 3T XADFIT

03-03. WE-HBROIAFIVRETAVIIAY '

# 1]

#EFLONGA— HE-BRROBEE, 7AYHSq (P ITITITY

a=2.0 VIFAKF, EEOBEELED Tplot Tl | plt-axhline(a/b, color = "b")
b = 3.0 75 < axhline, axvlineZ{f>T(\3, |Plt-axvlineld/c, color ="r")
c=1.0 1

d = 2.0

FEREEVWALTTOY I, # TS

# #HEAE V—ﬁf\U{Z\E}EEL—C*ﬁ,Eﬁ plt.plot(0,0, "ko",d/c, a/b ,"ko", markersize = 8)
‘= 0.4 EELFTVS

y = 0.4 # BFEmLTOYCIFIIR

t =0.0 plt.plot(x_list, y_list)

plt.xlabel("Prey")

# BEEODRTE plt.ylabel("Predator")

1
‘
dt = 0.0001 1
t_end = 10 : 2.00 A
i_end = int(t_end/dt)+1 ' 175
t_list = [t] : 1.50
x_list = [x] ! 1.25
y_list = [y] : g
for i in range(i_end): ' ?3100
t = dtx(i+1) ' * 0.75 1
X = X + dtk(a-bxy)*x : 0.50
y =y + dtk(ckx—d)*xy ' 05
t_list.append(t) ' 0001 ®
x_list.append(x) . 0 1 2 3 4 5 6
y_list.append(y) ' Prey
(RBEBERES5E #02-01) & (2POV LD « axhline(yDDE, 7 ¥Y3V) i KEHLEKE POV ~
BRERET )AL . axvline(xDE, 7273 vV): BEELEKE 2OV ~

CCTREBOAITavVTE (b)) ek (r) ®ERE




