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# 0
imp

for

1-01. BLELET) DR
ort random
i in range(100):

r = random.randrange(1,1001)
print(r)
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IS SEUELBBERDEY 21—
(randomE€¥ 21—Jl) Zimportd 3%

random® < 1 —JU

« randrange(f&7)

« randrange(BHa, #7)

« randrange(fita, &7, X7wv )
FNEN, range(¥& 7 ), range(BHA,
#®7T), range(BitA, &7, XFTvT)D
ERXNSSVYSLIC—DOERZRT.
{5l ) random.randrange(100) : 0~99(M
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random®< 1 —JU # 01-02. ¥—R
« seed(¥— ) import random
ALEER DRI, L random. seed (1)
NB(V-F)EHETS for i in range(100):
r = random.randrange(1,1001)
print(r)
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# 01-03. >—7 > RX#E{E choice, choices
a_list = [23, 22, 32, 12, 31, 30, 3, 35, 26, 36]

# choice
print("# random.choice")
for i in range(30):
r = random.choice(a_list)

print(r)
# choices e RSVEDN
weights = [0,1,1,1,1,1,1,1,1,10] EJ}’E?E\\EL/_&\\ =
print("# random.choices") &, INTEUEH

for i in range(30):
r = random.choices(a_list, weights=weights, k = 5)
print(r)

random® 3 1 —Jb

e choice()—"7 UV X)
=T UINSSUSLICERERT

« choises(¥ =47 VX, weights=Ed#, k=EZH¥)
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# 01-04. >—
a_list =

# sample
r =
print(r)

# vy

r =
print(r)

T2 AME sample
[23, 22, 32,

print("# random.sample")
for i in range(30):
random.sample(a_list,

print("# random.sample >+ wv7J)L")

for i in range(30):
random.sample(a_list, k =

12, 31, 30, 3, 35, 26, 36]

k =5)

len(a_list))

random®< 1 —JU

« sample(¥—7 >V X, k)
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# 01-05. EfEXRNH
# — KD
# random

r_list_uniform_1 = []

for i in range(100):
r = random. random()
r_list_uniform_1.append(r)

print("—¥5% (0~1)

# uniform
r_list_uniform_2 = []
for i in range(100):
r = random.uniform(5, 10)
r_list_uniform_2.append(r)
print("—

# IEED

r_list_Gauss = []
for i in range(100):
r = random.gauss(@, 1)
r_list_Gauss.append(r)
print ("IF#57% : ", r_list_Gauss)

", r_list_uniform_1)

#EN% (5~10) : ", r_list_uniform_2)
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random® < 1 —Jb

e random()
[0, )DEBEDFENNERE (floatB )
DEZES VS LICRY (—&92%H) .

« uniform(a, b)
— k2. asxsb (a>b/L Sb=x=a ) D&
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e gauss(mu, sigma)
FEfmu, EEREsignaD ERDMICHE
SEHNERBERT .
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# 01-06. OOV b
import matplotlib.pyplot as plt
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plt.hist(r_list_Gauss) TER (r list Gauss ) & = K

plt.title("Gaussian distribution")

Gaussian distribution

matplotlib.pyplot®I 1 —JU
e hist(¥—7 2V X)
=T UZOEIRTSLEZDOY M.
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* breakX # 01-08. XA =nic)L—7 ol
—BRBDIL—T=HKT U, for i in range(20):
ZDIN—FDRDINLEHHED for j in range(20): |
print(i,"™, ",j) g , ?

- if j == 5: ’
# 01-07. JL—F DK 7] break 0 3
for i in range(100): 1 . 0, 4
print(i) 2 break Lic-—BRRIDIL—THHET |° > °
if i == 10: " I3 (ZONMUBEEESRD) |1
break 5 ] ’ §

print("JL—7#T") 6 1., 4

1, 5

W—7hSEHT3 : 2, 0
(>10Tforll—7REFENBEN) |0 20
Jb_jljﬁgT 19 s 4

19, 5

fori EDIL—7THRATES




"B, Y9 LoA—7

13

H OOOBDOKBMMNTI00%#B X5 X TCOFLIFE

import random

for i in range(100):
r = random.randrange(1,7)
X =X+7r
print(str(i+1)+"[EHE : ", x)

# 02-01. Y QODOHDEHMH100ZBZ 25X TORFEKME

X =0 x U I0O00E O

if x >= 100: xMN1e0U £ 5 (E
rint(str(i+1)+"EE Cl00%#Bx =, " ATy TEERDU
print( (i+1)+"[=] ) i S mh
break |
# HH
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random. randrange(1,7) 3[]@ 12
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# 02-02a. TVYLT7+—7 choice
X =0
x_list [x]
for i in range(100):

r = random.choice([-1,1])
X=X+r
x_Llist.append(x)

# 02-02b. T V%LU A+—7 randrange

X =0

x_list [x]

for i in range(100):
r = random.randrange(-1,2,2)
X=X+7r
x_list.append(x)
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# 02-02a.

X =0

x_list [x]

for i in range(100):
r = random.choice([-1,1])
X=X+7r
x_list.append(x)

VLT A—7 choice

e len(V—T7 U RX)
=T IVXDETERT

# B
# 02-03. TVHLTA—U DFERME FEREA ¢ 596
X =0 .
x_list = [x] 5
for i in range(10000):
r = random.choice([-1,1]) ’
X=X+7r =
list. d 10
Rl ek ) xIR10ICBEL 2 5
’ SHEEIILHUS w
break : : : : : : :
print("F5EME ", len(x_list)-1) Coomoome e mem
_ i BOBELEH (URRDES-1)
plt.plot(x_list) sl SR
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# 02-04. A b-TqvIv— EFI

pop_size = 100 # {E{&x%K

gen_end = 200 # &M

E550ENSBET A SH
h, BER1Q2TS U LICRTES

# aDYIHREDRTE

a =[]
for i in range(pop_size):
if i % 2 == 0:
a.append(0)
else:
a.append(1)

a_list = [a.copy()]

p1&ER tpz%@@ﬂﬁlﬁib‘i
BRelLT®EENS

for i in range(pop_size):

pl = random.randrange(pop_size)
p2 = random. randrange(pop_size)
r = random.choice([a[p1],alp2]1])

a_new.append(r)

! a = a_new.copy()
DEEe LTk | a_list.append(a.copy())
EAM Fog
ES5¥NOEEDR | # HEDER

Ml &Z{H2&93

a: E@NEFBL TV BNIL

for a in a_list:
print(a)

BILEFEEZRIBDIIE

[1, o,

for t in range(gen_end): new: XERKTOFAL TUSHTRES & DRI 5
# a_newDHIHAEL a_list: SHRDaERRITSZY X ~
a_new = [] '
.
e« UX~.copy()
# 7 | UZROENIEC—ERT
e, 1, 0, 1,0, 1,0,1,0,1,0,1, 1] £ & Hpop_sized) 2 ~ (FULLE&R )
1, e,0,1,1,1,0, 1,0, 0, 0, 0, ]
0, 1,0,1,0,1,1,1, 0,1, -]

1, 1, 1, 1, 1, 1, 1

BIEMICOELLIIZEINASHESY X~
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5% : Pythonlc BT 3ZTHERA

e FATIIHK: THIE] »TXF] D'AER"

B s B iATIIORECDOIFESNE" SN

PythonDRRARETR AT/ bHIE—ENBDIFT
B, ATV MEHIEBIRIL (EH) 220 TWS

ATV bk
. R, ANEIZN?
“la = [3, 1, 2] o - FiBEBRATEREZEET S
&, RDEHAIICHEEL LS
b =a
=1 : —1)
b[2] = 100 *Zhéhfﬁlhft%ozb
rrauliEsd
print(a) 5 3
# HA
[3, 1, 100]
JZhpabE— (2)
# BBICRSBWIT—2X # BBICRDT—X # {EIE
a_list = [] a_list = [] a_list = []
for i in range(10): a=1[0,0,0] a=1[0,0,0]
a=[i, i, i] for i in range(10): for 1 in range(10):
a_list.append(a) for j in range(3): for j in range(3):
aljl =1 aljl =1
print(a_list) a_list.append(a) a_list.append(a.copy())
T print(a_list) print(a_list)
[fo, o, 01,
(11 1], # A # HA
2, 2, 2] [[9, 9, 91, [(ro, o, 01,
e [9, 9, 91, [1, 1, 11,
SIS 9, 9, 91, 2, 2, 21,
S (9, 9, 91, (3, 3, 31,
S (9, 9, 91, [4, 4, 41,
Lo or ol (9, 9, 91, [5, 5, 51,
e (9, 9, 91, [6, 6, 61,
o ot [9, 9, 91, (7, 7, 71,
o 2 21 (9, 9, 91, (8, 8, 81,
algforll—7ROO—5 [9, 9, 9]] (9, 9, 911

VEHT, L—7H#T alistitiBMEhicablINTHE copylc kD ATV I D
93EATIIIOMED UATIVIVMZERLTVWSD gEZEHAIP—SINEZNS
DIRBDOHEZS 20
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# HH |
[e,1,0,1,0,1,0,1,0,1,0,1,0,1,0, 1] £ & fRpop_size® U X ~
(1, e, 0, 1,1,1,60,1,0,0,0,0,1,1,0, ]
(1, e, 0, 1,0, 1,60,1,1,1,0,1,1,1,0, -]

BINICOT L <RIEONSES YR
0,1, 1,1, 1,1, 1,1, 1, 1,1, 1,1, 1,1, =1 CEBE< (EREROET )

CDESBHERTHEJTERWNI LRV,
HEDERMTRBVDOTHOARILZAXLTHELS
# 02-06. FEEOHRERLEL

# 02-05. matshowlc KB FE[RIL # EEDEE
plt.matshow( a_list, interpolation=None, p_list = [

vmin=0, vmax=1) ?_115t.= []1. .

" i " Oor a 1n a_List:
plt.ylabel("generation") D = sum(a)/len(a)

p_list.append(p)

1 R OBEFEORETIEH T a_list.append{1-p)
FCHENT=EILTRIR plt.plot(p_list, "-", qg_list, "-")
p‘L.t.'Legend( [Ilpll n II])
plt.xlabel(”generatlon”)
matplotlib.pyplot® a1 —Jb plt.ylabel("Frequency")
. matshow(B2HIS 15, 773 V)
EE&'J?*(U(*ZFE.”{LE'JZI\ wf— ] pr—
HE)E?‘TFU%&HLFC, Z 0D 08 A
cefFLTIOY RT3, AT A $374
« interpolation < 3 v C# a GO o E{K?‘D&EFE
e LHEWC EEBTR W/ TW = -
o vminE Uvmax TEDNEEHEH = I5E wf W "+§b-€7n v
5 bk m B kb 1
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ZREFROVBEERTE|

v
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N—FORE =
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Eﬁ?%%jﬁﬁwﬁ%k,%wﬁg%p<=§>t¢%.N=mQAhﬂm®
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2. FHUALEYICH U TRAZREEX COHIFEEE 7 ORETEN

1
T(p) = — > {2N(1 = p)log,(1 —p)}

T5Z256N3EE, COUTSI7ZEN=100, N=200[CDWLWTHE, LIS
FTEROTOY MEHEL, ZREL.

iz /—R87v Y (ipynb7 7AI) IcExEHT, Moodlelc TIRET R &
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Ficure 1.—Average number of generations until fixation of a selectively neutral mutant
gene as a function of its initial frequency. The theoretical values are represented by curves and
those of Monte Carlo simulation by dots. 2V,=20 in the upper curve and 2N,=10 in the lower
one.

Kimura & Ohta, 1969, Genetics

e Kimura, M., Ohta, T. (1969). The Average Number of Generations until Fixation of a Mutant Gene in a Finite Population. Genetics
61(3), 763-71. https://www.ncbi.nlm.nih.gov/pubmed/17248440

1
T(p) = - » {2N(1 - p)log,(1 = p)}
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