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SHEIC K2 DFROBIMEZEIEFHTDRN

o rEEERDS
fi(z,y) = ax —bry =0 . d a
fa(z,y) = coy — dy = 0 » (2%,47) = (0,0), (E’E)
2. WREBDINEREZRAALT S
ofi 0f1
B2 a—by —bx
J(CE,Q): <% aﬁ) ( cy cx—d)
. EFHRIFLDOTOEEME (ELEEXRYKNL) ZKkHD

a— \ 0
1J(0,0) — M| = 0 —d—)\‘

4. BEIREOXIDIER, EROFREZHANS

A=a>0,0= —d<0» (%, y%) = (0,0) or=
B[ TLE
LOFELLWRIE, B (HATA) saddle -
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R (1)

BBEROBEH W< OHDT—XATREENICROEBAE ZBbNnd

# 01-01. REEROEIZIA

% = S : * 15F PythonTIIHEE XFIDESER
* BERTORR. printi T3, BRORBEAFTONLL.
a=>5 Bl. 1+ 1" FIS—ICHESD.
b =2 BROPATRHBEZRNANE.
c = 3.3
d = 6.5 + 2]
pr;nt("type(a): ", a, type(a)) . print(31%, )
print(*type(b): *,b, type(b)) TlE, BIMESrRICERLT
print("type(c):", c, type(c)) KELTWB
print("type(d): ", d, type(d))

int®! + float®! — float:!

e=a+cC .
f=a+d int® + complex® — complexZ!
= a b int® / int& — float® o = ; ;
E - 3 i c !nt /Int oat FDUINBDZEDINE/IntEITH
- int® * float® — float® e
floatBICEHic 5. HIKRDH
pr%nt("type(e): ",e, type(e)) ZANFRLTALS,
print("type(f):", f, type(f))
print("type(g): ", g, type(g))
print("type(h): ", h, type(h))

|
RIZN YR (2)
BARIBIZEE | Python TIZEARMICIZBEIZAL 7 WIS EISBERMICIEE L
TYLLE2REND S

HDEEFHNEUEPHEDECOANMHLTWNDIHE
b DEMDIIBMIREDRICOHNIGH L TWVNDIHE B E(CFIA

# 01-02. BAIRAYEIZIE

print('int("1"): ', a, type(a))

(

## Str 3 | 1 11} 1
a = str(1) int, bool, float’x & print('int("010"): ',b, type(b))
b = str(True) Caet print("int(True): ", c, typel(c))
c = str(5.2) str print("int(10.0): ", d, type(d))
print("str(1): ", a, type(a)) z#—f}?g;t(" 6.31")
print('str(True): ',b, type(b)) - e : Fr

: . o b = float("5e-006") |str, int, bool’d &
print('str(5.2): ', c, type(c)) c = float(1) float

d = float(False)

# XFFDEENDFIF
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))

3 f 12331%) str, bool, float’ & print(“float(False): *, d, type(d))
c = int(False) —int

d = int(10.0)




EA¥Zzi#Z2 (1) 1 O—AILZE#HE7O—/NILEE

# 01-03. 7 O0—/NLEHK
s = "Hello, World!"
def print_hello_global():

print(s)

. # th7J
print_hello_global() Hello, World!
# 01-04. 70O0—/N)ILEHEO—HILEE
s = "Hello, World!"
def print_hello_local():

s = "CAICBIFHHR I

print(s)

# B
print_hello_local() CAICHIFHERA |
print(s) Hello, World!

fAhEET>TWNWB?

A ZiRZ 5 (2) ZTHORXRA—T

« A—AILZEHIIBEH T Oy VAN TEIFFIAREE
— MO EHIHRT (BAEDIRIHE THEIT, returnXUTEE, BRE) T2EHEMT S
« AUABIDEHHNELET 35S, O—HILEHDEBENICSEBINS

# 01-04. 7O—/NLZEHEO—NILE # 01-05. 7' O0—/VJLZHIZEEHA
TEXHZ SNV

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

g0 |def print_hello_local(): _ .
Euﬁ s = "ZhlchEFHE de;rggi?’;yhello_local().
%?E\\ print(s) s = "TAICEIFHR I
o% rint(s)
print_hello_local() = g
print(s) A s | print_hello_local()
Hello, World! IS>5—(EdB

BEHEANS T O—/NILEHEZSRBIDIAELH D
B, HEDOHREBLBWDO T ZTIEHRBEL R,
BLK 5 B Aldglobal EE R EZFANTHT.
TA7 S LD EKHICKEDE, ECTEARBLBZE L >TLWSIHESRLHLLHE->TLS (AN
FyF4a—K{K) . O—ALERERES 2 L THEORIBAEHETE, ARENLHS. |,




F# =Rz d (3)

def BB (/SS A —51,
ROLIER 1
AL 2

RLIEn
return
« BERERDRIC, FED/INSA—=F[CFLTT

TAILMEZRET DI ENTES. HITIEIN
SIR—=H2(CT T A MENERESNTLD.

INGAX—F DT 7 A MNE

IRSX—=52=7T 7 )L K{E):

DER T I7AINMEDHBINSA—F
=88 (T 74 MEDEW) /NS X—
FEDBHEICECETIS—ICRD.

funcl(1,b=2)
funcl(b=1) # T>—

# 01-06. /NTX—=HF DT 7 #)LNME

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

funcl(1,2)

funcl(a=1)

EE
o

_

NN
+
-
—

SELHEHAEDLETHEWPITVEHZIE>THED

13

FH =R Z 5 (4)

def BAERBUSSX—5, )
RILEER 1
ROLIE 2

RLEEn

return

# 01-07. EHORDIE

def func_multi(a):
return a, axx2, axk3

X, Y, z = func_multi(2)
print(x,y,z)

# B
248

SELHAGTDETEVWPTVEHZF>THES

2, 22,

EHDRD(E

s returnX TChY Y &EFE>TXYIBZET

BHDRDEZRT ZEHTES.

- ROEEYTIL (BETERWIRLH

EWRHD) TEZ5NS.

s BHEHYITXY)BDZETRATES

AN (WS X—%a) /LT, a, a2, ad%=RY

23%X, ¥, ZICZENENARAT S

14




OYRATAVIBRRETINODYZaL—Y 3y
ZB¥ZEE>TESHMATHD

# 01-08. OYRT1 v IR (BERE)
import matplotlib.pyplot as plt

def logistic_growth(r, K, x0, tEnd, dt = 0.1):

dt = dt
X = X0
t_list = [0]
x_list = [x] e —
iEnd = int(tEnd/dt) OJXFa1wv D\I}ﬁE:ET“J
for i in range(iEnd): DB
t = dtk(i+1) t_list&Ex_listERDELE
X = X + dtkxrx(1-x/K)*x LTED

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

100

return t_list, x_list N

t_list, x_list = logistic_growth(0.2, 100, 10, 100)

plt.plot(t_list, x_list) ’

NA-IRILTZ EFILD
VIalb—YgaryveE&E7OV M

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

# 02-01. HE-HER v t_list = [t]
# EFINDICSA—Y r X_list = Ix]
v y_list = [y]
a=2.0 + for i in range(iEnd):
b =3.0 ) t = dtx(i+1)
g = %g wEE Ccll_ff = (a — by)x X_new = x + dt*ga—b*y;*x
= 2. = dtk(cxx—d)*y
WRE| %= (w—dy| 25 )7
X = X_new
# WHAE : y = y_new
X = 0.4 : .
y = 0.4 : t_list.append(t)
f=o0.0 : x_list.append(x)
E y_list.append(y)
# FFRDRTE '
TRORE L # BEEROTOY K
dt = 0.0001 ! . .
tEnd = 10 : plt.plot(t_l;st, x_l;st)
iEnd = int(tEnd/dt)+1 E plt.plot(t_llst, y_llst)

matplotlib.pyplot
o legend(ZXNJU, loc =

SRNIWEEEASNEIVISTET.

SDFEULLRDTEVWAL,
matplotibDAX KF 21 XV SR | :

RME) : NBIZEEMT B

6 — Prey
Predator
4 /
3
[} 2 4 6 8 10

18

Predator

X| phase diagram

# 02-02. HN WER-HR%R

plt.plot(x_list, y_list)
plt.xlabel("Prey")
plt.ylabel("Predator")
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"w:_ 2
Z—ax—bx — cxy

1 ,
=y —exy—Jy

BR-HERDZEZSZE(C
RERECHERIICETZT70T3LZERLTLIEEWV
# 02-03. 5rFER

— Sp-1 08
Sp.2

0.7 07

08
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~ 05

05 i}
&

04 /¥ 04

03
03

0.2
02

01
01

015 020 025 030 035 040 0.45

kﬁﬁkﬁﬁ%ﬁﬁﬁ@ﬂﬁ(if—m
ZhM%@ﬁﬁ%m?@Té&&A7x—9EJLT$$5.

HAXR
% = ax — bx* + cxy
1 d
— = dy + exy — fy*

BR-HERDIZEZSZE(C
REREEVCPERIICET 270 S AZERLTSIEE L
# 02-04. H£EXR

—Sp. 1

10 Sp.2 10
08 / 08

~
06 506
04
04
02
02

CZICEIFREARRPHERIZS < TTH.
ChUNDER S RIDTEIBGINIA—FTZHALTHELS.

20




BERDIEERD

AHDE-E /—<IU

| BEROFEROBFRREMERITNICEN, ERE

gl 2. 1r.omiroRRNS, ﬁménégtﬂ%ﬁén5%®ﬁ
1l BEINTHENCERE S

E 3. HEROFEROBMRELERINNICEN, BREL.
V) 4. 3OBAOBRNS, BRENZTENBEESNZIROZ

BEINTHENICHIRE L.
5. BfEl, BR, BEFZLESZ.

mER (1+20€EY ), LR, HER B+40EYF) OVWTFhhICEDHSHIFOK

iz /—R87v Y (ipynb7 7AI) IcExEHT, Moodlelc TIRET R &
77 &E[EE, O01~-15]_[#B5E, /—<IL nHh/\—K hlipynb. #l. 05_n.ipynb 21

UNElg=
Bob: SVILRBRER
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5B24H

- EE#HRE

- BIGRFEE
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AHDERE /\—

1. B5%%, HERICDOWT, Za1—kVEERBLTHIBENICE
Bz KD K.

2. [HR-HRR, HmPER HEROWINHNCDOWTERDED(E
+2 (BBEBALEP>THOK) ]
B (BTFBmLomEEFER) 270V LK T, £
DPAVISAVHERTTOY hEK.

FEE/—87vY (ipynb77AI) ICXEHT, MoodlelcTIRET S &
770IVAIL[EE, 01~15]_[ESE, /—<J)L nh/\—K hlipynb. #I. 05_h.ipynb 24
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— 31— k% Newton’s method (1)

FERZHB<HOZILTIV X L
BaROIEWARRZ () =0 EI 1L, B fx) ExBliE DRRICKES,
TlE, £5vP->T "8ERNIC) RDHDBZIH?

Fxe U, BYBZONEME x &R0 B |
g)EFfx)ERAVWTRIRA

1. BBl

E]
2. ﬁgwi&{'l?\{{@ xlf‘\a)}%ﬁb? g(.X) %ﬂ%&)% g(X) :f(xi) +f/(xi)(x _ X,-)
3. ZDEBEEEDRA (oo = 0EHBETY) ERD3B |
4.

e . _ g) =0&\/TIx&Ex, 1 £ET D
R R DXEREIZIELUE x,,, & UTERAT S FO) + £ (X — x;) = 0,

DT,
- LUg, SELUEN IR T B F T2.~4. 512 0RT. BETE L, = x -0
4 1 f/(xi)
i=0 o i=1 i=2 i=3

HMEAEICIH U T, WIh
it : . hDOFELENE S NS
x2 gl X ‘
/\\ Y :
x/' X0 X1 ‘
! go(x)

26




— 31—k >iE Newton’s method (2)

OYVZXT14 v VBRRETIV \
r: RNBARENER. BEEHIA+D/INSVNES (X~0) D1t

X : =
D DIBER. r>0.
Xt+1 — Xt+ 1= ! Xt KRB DIBIEXR. r>0 )
K K IRBENEH., HIRETHRSINSDIBHE, K> 0.

CODETILDFE S (r<1—%>)’(=0’éiﬁf:§”5{) ZHUERIICIK D T L,
EZBHIE
ATy IBRRETIVIERITZ Z2— M VETHRWSETER
v =x._f(xi)
i+1 I f/(xi)
c EDELSBIL—TFEHDIELNM?

FEERWICITED L SRBEICHREZ N ?

WBWBRHEAENS AT —MUT, MADFEREKRDTHLD.

ZRIT=—a1— h2EICDWVWTI,
https://koji.noshita.net/materials/compbio/
compbio2018/06/NM.pdf

EBR

VAR RS
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T s BIENIC B D32 - OVRT ¢ v VREETIL

AJRATF1 v IBRRETIV

(-2)

= 0,)65X< =K

dx
—_— =7

dt

R

XlCB T BEFRDOIFE

Za—hYEHRY SEER

X1 =
T —K

# 03-01. OYRATAvIBHRRETI

# INTA—IEKE

K = 100
# Y)HB(E
X = 90

for i in range(1000):

X = xkx/ (2%x-K)
prlnt(nﬁgjﬁ_ﬁg: ||' 0’ ||’||' K)
print("aEE: ", x)

# BH

BRWTEE: 0, 100

WER: 100.0
EMEICIHU T,

FRAOWT OO BIERICRE S

29
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HWR-HRR dx

Ezax—bxy
dy
E—cxy—dy
FRATR
* v¥) = (0.0 * ¥ — d a
(xl’yl)_( s )a(x27y2)_ ;’Z
YaETs
s %
e a | fa-by —bx
J(X,)’)— 0_f2 a_fz _< Cy C.x_d
dx dy

Za—bhYERHAT5HER

)

T ERENICEOS A BER

# 03-02. HE-HER

# INSGX—FHE

a=2

b=3

c=1

d =2

# WHAME

x = 1.5

y = 0.5

for i in range(1000):

bxdkxxy/ (@xckx+bkxdkxy—axd)

y = axckxky/ (akxckx+bxdxy—axd)
print("#&#reE: ", (o,0), ",", (d/c, a/b))
print("iEBEE: ", (X, y)

X1 = X; = J3 (X))

# HH
FRITER: (0, 0) , (2.0, 0.6666666666666666)
WTIEE: (2.0, 0.6666666666666666)

Xit1
Yit+1

_ Xidi <bd >
acx; + bdy; — ad \ac

30
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— _ < i
714y =4 Y isocline
2@%@%@ﬁa,%;m,itu%;m%ﬁtvﬁﬁﬁﬁﬁ@:a
FAVISAUEERE LCEEEDERD/ Y Y HAEDZDT, T hHE
FEECTOY R TE3E2EDT(FI I AESBLYT LS

d
xX=-
c
Stream Plot
BR-BRR % = ax — bxy A
" =~
— = CXy — dy i (' / e =
FAVISAY 7
dx a
dt b ?
d d
_y — 0> x=— 20
dt c
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# REDRTE
dt = 0.0001
tEnd = 10

iEnd = int(tEnd/dt)+1

t_list
x_list = [x]
y_list [y]
for i in range(iEnd):
t = dtx(i+1)
X = X + dtx(a-bky)*x
y =y + dtk(ckx—d)*xy

[t]

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

# < axhline, axvline&f#>T(\%, | Plt.axvliine(d/c, color

V—A—YrXEEEL THREA plt.plot(0,0, "ko",d/c, a/b ,"ko", markersize = 8)

# 03-03. WE-HRRDIAFIIRETAVISAY '
# EFLONSA—S | BR-BRROBPAEE, PrYDSy (¥ IT/TITY
a=2.0 VIIKE, BEEOEELD TplotTld | plt.axhline(a/b, color
b =3.0
c=1.0 [
= 2. s
¢ =20 FHERERBOATIOY R, | 4 vas
# YIHAE .
‘= 0. MEEFTNS
y = 0.4
t=0.0

“b")
||ru)

# HFELTOYIFIOR

plt.plot(x_list, y_list)
plt.xlabel("Prey")
plt.ylabel("Predator")
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o
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L
[ ]

E¥9E, #B-HERROIY=aL—Y3 Y
(EZBERSS5E #02-01) & (ZOY LD
MAERET)EU

matplotlib.pyplot

o axhline(yDfE, 723 V) KFELERE OV ~

. axvline(xDfE, 773 V) EELEEE OV ~
CCTREBODATIaVTE (b)) ER(r)ELVE |33




