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« 0{|Al| 5.16

et BO|

NBA AST2 7M™ 4MEHME Ho{ZIch ASToM it = &l 4
gt d7|olM ARIo| BRIZ O|Z &E0|0.55 Y [, C}E HES F5tAIR
(a) ARI0| 6HI Mol S48 &HE

(b) AElO| @48 &&

(c) Ol & o] 5T 3M&x[Ql Edilo]2z oM BHtChH ARIO0| E0/2Z 0l
PSE HE
(a) SSE 5 E0[0.55 A HE0|1- 055022 SAE ALESHH

5
b*(6;4,0.55) = <3> 0.55*%(1 — 0.55)°"* = 0.1853

(b) P(AEIO| NBA 8) = b*(4;4,0.55) + b*(5;4,0.55) + b*(6; 4,0.55) + b*(7; 4,0.55)
= 0.0915 + 0.1647 + 0.1853 + 0.1665 = 0.6083

SOIgEE J=
r=4, p=055

Ok
o

i
i
Ho
ro
b
I

o
OHm
N
1o

|

Yunhong Min, Protocol Engineering Lab. 37



SO|2EX

« 0{|Al| 5.16

NBA Z&7T2 7™ 4MESKE Ho{ZIch Z& ™o q Bt 5 B A%+ B2

st ZA7]0iM AElO| BEIE O|Z & E0|055 Y I, CIS EEE F3IAI2

(a) AZIO| 6HI Mo LESE &HE

(b) ARIO| @& =HE

(c) Ol & Elo| 57 3M&AQ ZE2lo|2Z oM PHotct™ ARI0| Z80|20d| A
oA

oot e

(c) P(ARIO| EBI0|2 =X £5) = b*(3;3,0.55) + b*(4;3,0.55) + b*(5; 3,0.55)

= 0.1664 + 0.2246 + 0.2021 = 0.5931
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« 0{|Al| 5.17

IIIIH

MZ=3EolA 100702 MZ0OtCH eF 7He| EE .
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x=5p=0012 7|t EXZE ME2Z
g(5;0.01) = (0.01)(0.99)* = 0.0096
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e
e

7SR E 2T (45
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6
p(6;4) = E p(x; 4) — E p(x;4) = 0.8893 — 0.7851 = 0.1042
ZOHS BXE :LEH (UKl 5.19, At=4)
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St 0d Z|CH 15332 =M
CIE RO =2 ELHA{OF & =

=
e 10 zolaE T = Ale=l0
+ At =10,f(x;10) = ——C ZOISE XS ALE5tH
« P(X>15)=1-PX <15)=1-312 p(x;10) =1 —

ZOFS 22 2= (O 5.20, At=10)

0.9513 = 0.0487

CI2 202 HUX &8
P(X >15)=0.0487
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ZOISEX

o = 04
o

o

b(x;n,p) = (;’Cl)pan—x —

x!(n—x)!

p=L2 x|gstH

b(x;n,p) =

n(n-1)---(n—-x+1) (E)x ( M)n—x
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e_)lt(/lt)x
x!

* EIXX —1)] = Xxzox(x — Dplx; At) = Lyzox(x — 1)

. oy @a* 2 (A)*—2

x(x — 1) x! = (1t) (x—2)!
_ _-At(ya2 g A 2
+ E(X(X = DD = e A2 TR, T = (A0)
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SE#2 7 LOIESEXLE

r_op(; )8 A EOIESE AL

0 0.0498 0.0302 0.0183 0.0111 0.0067
1 0.1991 0.1359 0.0916 0.0611 0.0404
2 0.4232 0.3208 0.2381 0.1736 0.1247
3 0.6472 0.5366 0.4335 0.3423 0.265
4 0.8153 0.7254 0.6288 0.5321 0.4405
) 0.9161 0.8576 0.7851 0.7029 0.616
6 0.9665 0.9347 0.8893 0.8311 0.7622
7 0.9881 0.9733 0.9489 0.9134 0.8666
8 0.9962 0.9901 0.9786 0.9597 0.9319
9 0.9989 0.9967 0.9919 0.9829 0.9682
10 0.9997 0.999 0.9972 0.9933 0.9863
11 0.9999 0.9997 0.9991 0.9976 0.9945
12 1 0.9999 0.9997 0.9992 0.998
13 1 1 0.9999 0.9997 0.9993
14 1 1 1 0.9999 0.9998
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FEH#2 T ZOISEEE

r=oP( D T4 OIS EX

0 0.0025 0.0009 0.0003 0.0001 0.0000
1 0.0174 0.0073 0.0030 0.0012 0.0005
2 0.0620 0.0296 0.0138 0.0062 0.0028
3 0.1512 0.0818 0.0424 0.0212 0.0103
4 0.2851 0.1730 0.0996 0.0550 0.0293
5 0.4457 0.3007 0.1912 0.1157 0.0671
6 0.6063 0.4497 0.3134 0.2068 0.1301
7 0.7440 0.5987 0.4530 0.3239 0.2202
8 0.8472 0.7291 0.5925 0.4557 0.3328
9 0.9161 0.8305 0.7166 0.5874 0.4579
10 0.9574 0.9015 0.8159 0.7060 0.5830
11 0.9799 0.9467 0.8881 0.8030 0.6968
12 0.9912 0.9730 0.9362 0.8758 0.7916
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HE#3 12X Python I E

« 0{|A| 5.6

1. 1import math 17. if show_line:
2. 1import numpy as np 18. plt.plot(x, pmf, marker="0", Tinewidth=2,
3. import matplotlib.pyplot as plt label="PMF (points+line)")
4. -import matplotlib as mpl
19. def shade_range(x_lo, x_hi, label):
5. mpl.rcParams['font.family'] = 'Malgun Gothic' 20. mask = (x >= x_10) & (x <= x_hi)
6. mpl.rcParams['axes.unicode_minus'] = False 21 plt.bar(x[mask], pmf[mask], width=0.8,
alpha=0.6, label=1abel)
7. n=15
8. p=20.4 22. if shade_a:
23. shade_range(10, n, "(a) X > 10")
9. x = np.arange(0, n + 1)
24. 1if shade_b:
10. pmf = np.array([math.comb(n, xi) * (p ** xi) * ((1 - || 23 shade_range(3, 8, "(b) 3 < X < 8%)
p) ** (n - xi)) for xi 1in x])
26. 1if shade_c:
11. show_line = True 27. shade_range(5, 5, "(c) X = 5")
12. shade_a = True
13. shade_b = True 28. mu=n *p
14. shade_c = True 29. var =n * p * (1 - p)
15. plt.figure(figsize=(9, 5)) 30. plt.title(f"Oo|ZEE2Z: QAR}={n}, 2AFSE={p}
(mean={mu:.2f}, var={var:.2f})")
16. plt.bar(x, pmf, width=0.8, alpha=0.35, label="PMF 31. plt.xlabel("x")
(bars)™) 32. plt.ylabel("P(X = xX)™)
33. plt.xticks(x)
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HE#3 12X Python I E

« 0{|A| 5.6

34. plt.grid(True, axis="y", alpha=0.3)
35. plt.legend(

36. plt.tight_layout()

37. plt.show(Q)

38. pa = pmf[x >= 10].sum(Q)

39. pb = pmf[(x >= 3) & (x <= 8)].sum()
40. pc = pmf[x == 5].sum(Q

41. print(f"P(X >= 10) = {pa:.6f}")

42. print(f"P(3 <= X <= 8) = {pb:.6f}")
43. print(f"P(X = 5) = {pc:.6f}")
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HE#3 12X Python I E

« 0{|Al| 5.10

import math

import numpy as np

import matplotlib.pyplot as plt
import matplotlib as mpl

import matplotlib.cm as cm

import matplotlib.colors as colors

from mpl_toolkits.mplot3d import Axes3D # noqa:
F401

NOO v, WN R

(o)

mpl.rcParams['font.family'] = 'Malgun Gothic'
9. mpl.rcParams['axes.unicode_minus'] = False

10, # ——-——-—mmmmmm -
11. # Multinomial example 5.10

12, # —————m e
13. n=6

14. pl = 2/9

15. p2 = 1/6

16. p3 = 11/18

17. def multinom_pmf(x1l, x2, x3):

24,
25.
26.

27.
28.
ZOR
30.

31.
32.
33.

34.
35.
36.

37.
38.
39.

x_vals = []
y_vals = []
z_vals = []
for x1 in range(n + 1):

for x2 in range(n + 1 - x1):

X3 =n-x1 - x2
prob = multinom_pmf(x1l, x2, x3)
x_vals.append(x1)
y_vals.append(x2)
z_vals.append(prob)

x_vals = np.array(x_vals)

y_vals = np.array(y_vals)

z_vals = np.array(z_vals)

dx = 0.5

dy = 0.5

z_base = np.zeros_like(z_vals)

18. coef = math.factorial(n) / ( 40. # MAF JPbHO|M MH

19. math.factorial(x1) * 41. norm = colors.Normalize(vmin=min(z_vals),

20. math.factorial(x2) * vmax=max(z_vals))

21. math.factorial(x3) 42. cmap = cm.viridis # viridis / plasma / inferno

22. ) / coolwarm &

23. return coef * (pl**x1) * (p2**x2) * (p3**x3) 43. bar_colors = cmap(norm(z_vals))

O|SSTE et &E 2 SAHE Yunhong Min, Protocol Engineering Lab. 59



EE#3 12X Python

« 04 Al 5.10

44 . #E2FBE (alpha)

45.
46.

47.
48.
49.

50.
51.
52.
53.
54.
55.
56.
57.
58.
59.

60.
61.
62.
63.
64.
65.
66.

alpha_value = 0.8
bar_colors[:, -1] = alpha_value # OiX|2} x{'20| alpha

# o= MM
fig = plt.figure(figsize=(10, 7))
ax = fig.add_subplot(11ll, projection='3d')

ax.bar3d(
x_vals,
y_vals,
z_base,
dx,
dy,
z_vals,
color=bar_colors,
shade=True

ax.set_title(

frogE= 30 YAz = (n={n})\n"
f"pl={pl:.3f}, p2={p2:.3f}, p3={p3:.3f}"
)

ax.set_xlabel("x1 (ZF2 1)
ax.set_ylabel("xX2 (BFZ 2)
ax.set_zlabel ("&&™)

)
")

67.
68.
69.
70.
71.
72.
73.
74.

75.
76.
77.
78.
79.

80.
81.

# X3 HIAE T H5A
ax.text(
n/2,
-1.2,
max(z_vals)*1.1,
"X3 (BFE 3 B3 04",
fontsize=12

)

# dofdt F7t

mappable = cm.ScalarMappable(norm=norm, cmap=cmap)
mappable.set_array([])

cbar = fig.colorbar(mappable,ax=ax, pad=0.1)
cbar.set_label("&& 37|")

plt.tight_layout(
plt.show()
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HE#3 12X Python I E

« 0 A 5.11

1. 1import math

2. import numpy as np

3. import matplotlib.pyplot as plt

4. -1import matplotlib as mpl

5. 1import matplotlib.cm as cm

6. 1import matplotlib.colors as colors

7. mpl.rcParams['font.family'] = 'Malgun Gothic'

8. mpl.rcParams['axes.unicode_minus'] = False

9. N =140

10. K =3

11. n =5

12. def hypergeom_pmf(x, N, K, n):

13. if x<0or x>Kor x > n:

14. return 0.0

15. ifn-x>N-K:

16. return 0.0

17. return (math.comb(K, x) * math.comb(N - K, n -
x)) / math.comb(N, n)

18. # x= 0~5

19. x = np.arange(0, n + 1)

20. pmf = np.array([hypergeom_pmf(xi, N,
x1)

21. plt.figure(figsize=(9, 5))

K, n) for xi in

22.

23.
24.
25.

26.

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

cmap = cm.plasma # viridis / plasma / inferno /

coolwarm 7=
norm = colors.Normalize(vmin=min(x), vmax=max(x))
bar_colors = cmap(norm(x))

plt.bar(x, pmf, width=0.8, color=bar_colors,
alpha=0.8)

plt.plot(x, pmf, marker="0", Tinewidth=2,
color="black")
# ZEU HA
for xi, pi in zip(x, pmf):
if pi > O:
plt.text(
Xi,
pi,
f"{pi:.4f}",
ha='"center',
va="'bottom',
fontsize=11,
fontweight="bold",
bbox=dict(
facecolor="white',
edgecolor="none',
alpha=0.8,
pad=2
D,

zorder=5
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HE#3 12X Python I E

« 0 A 5.11

46.
47.
48.
49.
50.
51.
52.

53.
54.
55.

plt.title(f"X7|st2=E 2= \nN={N}, K={K}, n={n}")
plt.xlabel("x (EE20AN ZHE EZFE +)")
plt.ylabel("P(X = x)")

plt.xticks(x)

plt.grid(True, axis="y", alpha=0.3)
plt.tight_layout()

plt.show(

print("7Fsg x:", Tist(x))
for xi, pi in zip(x, pmf):
print(f"P(X={xi}) = {pi:.6f}")
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HE#3 12X Python I E

« 0JXl| 5.16 — (b)

1. import math 21. # "3l
2. import numpy as np 22. normalizer = pmf_truncated.sum()
3. import matplotlib.pyplot as plt 23. pmf_truncated = pmf_truncated / normalizer
4. -import matplotlib as mpl
5. import matplotlib.cm as cm 24. # MH
6. import matplotlib.colors as colors 25. cmap = cm.viridis
26. norm = colors.Normalize(vmin=min(t), vmax=max(t))
7. mpl.rcParams['font.family'] = 'Malgun Gothic' 27. bar_colors = cmap(norm(t))
8. mpl.rcParams['axes.unicode_minus'] = False 28. bar_colors[:, -1] = 0.85
9. p = 0.55 29. plt.figure(figsize=(9, 5))
10. r =4
30. plt.bar(t, pmf_truncated,
11. # O0~107tX| EAISIE| 77HX|2 2E EXY 31. width=0.8,
12. t = np.arange(0, 11) 32. color=bar_colors,
33. edgecolor="black",
13. def negbin_T_pmf(t, r, p): 34. Tlinewidth=0.5,
14. ift<r: 35. zorder=2)
15. return 0.0
16. return math.comb(t - 1, r - 1) * (p ** r) * (1 36. plt.plot(t, pmf_truncated,
-p) ** (t -r)) 37. marker="o0",
17. # &2l 5018 &E 38. Tinewidth=2,
18. pmf_raw = np.array([negbin_T_pmf(ti, r, p) for ti in 39. color="black",
th) 40. zorder=3)
19. pmf_truncated = pmf_raw.copy(Q
20. pmf_truncated[t > 7] = 0
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41, plt.title("SO|FEE A= \nr=4, p=0.55")

42. plt.xlabel("t (25 & 471 )"

43. plt.ylabel("P*(T=t)"

44, plt.xticks(t)

45. plt.grid(True, axis="y", alpha=0.3)

46. plt.tight_layout()

47. plt.show(Q

48. print("HT = =E o:", pmf_truncated.sum(Q))
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1. -import math 19. # 5 34dSH g (5 x3k= 0)
2. import numpy as np 20. pmf_series = pmf_raw.copy()
3. import matplotlib.pyplot as plt 21. pmf_series[t > 5] = 0.0
4. -1import matplotlib as mpl
5. 1import matplotlib.cm as cm 22. # 95 =E
6. import matplotlib.colors as colors 23. p_win = pmf_series.sum()
7. mpl.rcParams['font.family'] = 'Malgun Gothic' 24. # My MdHA
8. mpl.rcParams['axes.unicode_minus'] = False 25. cmap = cm.viridis
26. norm = colors.Normalize(vmin=min(t), vmax=max(t))
9. p = 0.55 27. bar_colors = cmap(norm(t))
10. r =3 # 3HK 52 28. bar_colors[:, -1] = 0.85
11. # x= 0~87X| (E7] &4 &) 29. plt.figure(figsize=(9, 5))
12. t = np.arange(0, 9)
30. plt.bar(
13. def negbin_T_pmf(ti, r, p): 31. t, pmf_series,
14. if ti < r: 32. width=0.8,
15. return 0.0 33. color=bar_colors,
16. return math.comb(ti - 1, r - 1) * (p ** r) * (1 34. edgecolor="black",
- p) ** (ti - r)) 35. linewidth=0.5,
36. zorder=2
17. # O|&X Zo|& 37. )
18. pmf_raw = np.array([negbin_T_pmf(ti, r, p) for ti in
th
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38. plt.plot(t, pmf_series,

39. marker="0",
40. Tinewidth=2,
4]. color="black",
42. zorder=3)

43. plt.title(

44 . f"S2Oo|d2=E Jdei= (5F 3M5HD\n"

45. 'F"r'=3, p={p} | P(A _?%):Z p(T:t):{p_W'in:.4'F}"
46. )

47. plt.xlabel("t (AEIO| 3& EMsl= 7] &)™)

48. plt.ylabel("P(T=t)")

49. plt.xticks(t)

50. plt.grid(True, axis="y", alpha=0.3)
51. plt.tight_Tayout()

52. plt.show()

53. # AN &Y
54. for ti, pi in zip(t, pmf_series):

55. print(f"P(T={ti}) = {pi:.6f}")
56. print("P(A £3) =", p_win)
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1. -dimport numpy as np 17. # 2. O|H| ZQIE(x=5) ZA=5}7|
2. import matplotlib.pyplot as plt 18. prob_at_5 = geom.pmf(target_x, p)
3. import matplotlib as mpl 19. plt.bar(target_x, prob_at_5, color='red',
4. from scipy.stats import geom edgecolor="black', Tinewidth=1.5, zorder=3)
20. plt.annotate(f'x=5% 0Of =&E: {prob_at_5:.4f}",
5. # o= EE 4% 21. xy=(target_x, prob_at_5),
6. mpl.rcParams['font.family'] = 'Malgun Gothic' 22. xytext=(target_x + 20, prob_at_5 +
7. mpl.rcParams['axes.unicode_minus'] = False 0.002),
23. arrowprops=dict(facecolor="black',
8. p=-0.01 #43 =8 (O: 1007 5 Uhel §¥E) B reortve ot boTd"
- x|o3 s : — ) = J
9. target x =5 # Clidiofl A E-EZTH SHHM| Al color="red")
10. # x% B 48 (83 HBO| Ho22 YU 200K W) || 5o 43 maM EA 0O - 1/p)
11. x = np.arange(1l, 201) 26. meanx =1/ p
— 27. plt.axvline(mean_x, color='darkorange',
12. # SEIFRT(PMF) Alth: g(x; p) = p * (1-p)AKx-1) Tinestyle='--', Tinewidth=2, label=f'®z 7|54
13. pmf_values = geom.pmf(x, p) (1/p = {int(mean_x)})")
14. plt.figure(figsize=(12, 6)) 28. # Jdgj= JO|7|
29. plt.title(f"7Ist2= daj= (M3 &E p={p}",
15. # 1. ™Y 2= 12|7| fontsize=16, pad=20)
16. plt.bar(x, pmf_values, color='Tlightblue', alpha=0.7, 30. plt.xlabel ("M == (xX)", fontsize=12)
label=f'7|Sl2Z (p={p}") 31. plt.ylabel("&E& P(X=x)", fontsize=12)
32. plt.legend(
33. plt.grid(True, axis='y', alpha=0.3, Tinestyle='--
)
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34. # x5 Hel AT

35. plt.x1im(0, 200)
36. plt.tight_layout()
37. plt.show(Q)

tok

38. print(f"® =T EO0| SHM{OAM HAE
{prob_at_5:.4f}")
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5.18

20.
21.

22.

23.
24.
25.

26.

27.

28.
29.
30.

31.
32.

33.
34.
35.
36.

# 2. O|H ZQIE(x=5) ZZ=5}7|
prob_at_5 = geom.pmf(target_x, p) # A4 Zu};
0.0407

plt.bar(target_x, prob_at_5, color='darkviolet',
edgecolor="black', Tinewidth=1.5, zorder=3)

plt.annotate(f'x=5% O =&: {prob_at_5:.4f}",
xy=(target_x, prob_at_5),

xytext=(target_x + 10, prob_at_5 +
0.005),

arrowprops=dict(facecolor="black',
shrink=0.05, width=1, headwidth=5),

fontsize=11, fontweight="bold',
color="darkviolet"')

# 3. WM BA (EQX) = 1/p)
mean_x =1/ p

plt.axvline(mean_x, color="red', linestyle='--',
Tinewidth=2, Tabel=Ff'"=# Al 3+ (1/p =
{int(mean_x)})")

# Jel= Foj7|

plt.title(f"7[5I2Z 1= (&2 43 &E p={p})",
fontsize=16, pad=20)

plt.xlabel("AlE 2+ (x)", fontsize=12)
plt.ylabel ("&E& P(X=x)", fontsize=12)
plt.legend()

plt.grid(True, axis='y', alpha=0.3, Tinestyle="--
D)

1. dimport numpy as np

2. import matplotlib.pyplot as plt

3. import matplotlib as mpl

4. from scipy.stats import geom

5. # o= EE 4%

6. mpl.rcParams['font.family'] = 'Malgun Gothic'

7. mpl.rcParams['axes.unicode_minus'] = False

8. # ————-

9. # 7IstE= m2tojg 2% (82 Az oD

10. # - —————— -

11. p = 0.05 # o HO| AR S3E = A= EE

12. target_x = 5 # CHA BHWj AROM 3 &HE

13. # x= He 4% (43 =2E0| 0.050|22 1003 HENZX]
AlZzh

14. x = np.arange(1l, 101)

15. # SEHITES(PMF) AlLt: glx; p) = p * (A-p)A(x-1)

16. pmf_values = geom.pmf(x, p)

17. plt.figure(figsize=(12, 6))

18. # 1. ®N 2= 12|7|

19. plt.bar(x, pmf_values, color='thistle', alpha=0.7,
label=f'7|SI2Z (p={p})")

OIBEE olst 28 ol S8
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37. # x=x HY HT

38. plt.x1im(0, 100)

39. plt.tight_layout()

40. plt.show(Q

41. print(f"CHd HE A|ZOM St &E: {prob_at_5:.4f}")
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1. import numpy as np 19. # 3. WEO\t) X EA
2. import matplotlib.pyplot as plt 20. plt.axvline(lamb_t, color="red', linestyle='--"',
3. 1import matplotlib as mpl Tinewidth=1.5, label=f'&E# (At = {lamb_t})"')
4. from scipy.stats import poisson
21. # 4. 9t 2Io =HELU E2A
5. mpl.rcParams['font.family'] = '"Malgun Gothic' 22. for i, prob in enumerate(pmf_values):
6. mpl.rcParams['axes.unicode_minus'] = False 2337 color = 'blue' if i == target_x else 'black'
24. fontweight = 'bold' if i == target_x else
7. lamb_t = 4 # W L4 = (1) ‘normal’
8. target_x = 6 # SE2|7} FEAXt = ALAH 3% 25. 'p'lt.‘te)'(t('i, pr‘(?b + 0.005, f'{prob:.3f}',
9. x = np.arange(0, 16) 2a= cer_1ter_, font§1ze=9, color=color,
ontweight=fontweight)
10. pmf_values = poisson.pmf(x, Tamb_t)
_ Ny 26. # J2j= Fo|7|
11. plt.figure(figsize=(10, 6)) 27. plt.title(f"=0l& 2Z 2= (OIX| 5.19,
At={T1amb_t})", fontsize=15, pad=20)
12. # 1. HH = %o 28= 8|7 28. plt.xlabel("¥Xt &= (xX)", fontsize=12)
13. bars = plt.bar(x, pmf_values, color='lightgray', 29. plt.ylabel ("&8 P(Xx=x)", fontsize=12)
edgecolor="gray', alpha=0.7, label=f'ZO0}& EXE O Tt ks 00O
A\t={T1amb_t}) ")
31. plt.legend(
14. # 2. OX| BOIE (x=6) ZZ=3}7] 32. |'o;t.gr'1'd(Tr'ue, axis='y', alpha=0.3, linestyle='--
15. prob_at_6 = poisson.pmf(target_x, lamb_t) # A4t Zx}:
ok 0.1042
16. bars[target_x].set_color('royalblue')
17. bars[target_x].set_edgecolor('navy')
18. bars[target_x].set_alpha(1.0)
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33.
34.
35.
36.
37.

38.

39.
40.

41.

# 5. OfH| AL FM F7}

plt.annotate(f'P(X=6) = {prob_at_6:.4f}",
xy=(target_x, prob_at_6),
xytext=(target_x + 2, prob_at_6 + 0.05),

arrowprops=dict(facecolor="black',
shrink=0.05, width=1, headwidth=6),

fontsize=11, fontweight="bold"',
color="blue', bbox=dict(boxstyle="round,pad=0.3",
fc="white", ec="blue", 1w=1))

plt.tight_Tayout()
plt.show()

print(f"d=0| 4 m, 6719 LXI7l Sute =E:
{prob_at_6:.4f}")
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1. import numpy as np 16. # 2. 8Y X1} BE(x > 15) ZX3}7|
2. import matplotlib.pyplot as plt 17. for i in range(capacity + 1, len(x)):
3. import matplotlib as mpl 18. bars[i].set_color('salmon')
4. from scipy.stats import poisson 19. bars[i].set_edgecolor('red')
20. bars[i].set_alpha(0.8)
5. mpl.rcParams['font.family'] = 'Malgun Gothic'
6. mpl.rcParams['axes.unicode_minus'] = False 21. # 3. & U 8 THAM A
22. plt.axvline(lamb_t, color="'green', Tlinestyle='--",
7. Tlamb_t = 10 # oI Ed =& {fZ=M &= (\v) Tinewidth=1.5, Tabel=f'¥"a# E=X& ({lamb_t}H)')
8. capacity = 15 # gqo| % 8 53 23. plt.axvline(capacity + 0.5, color="red',
Tinestyle='-', linewidth=2, label=f's+g %7
9. #x% el 4 ({capacity}=) ")
== 0, 26) 24. # 4. BB A AN YL YAE @A
11. # BERTUS (WD) A R L POX < 15) |
I e s <=on_ pmT(x, Tamb_t) 26. prob_over_capacy:ty. = 1 - poisson.cdf(capacity,
Tamb_t) # A4t Z1b: 0.0487
13. plt.figure(figsize=(12, 6)) 27. plt.text(18, 0.08, f'CtE RS2 HLIE HE\n$P(X >
15) = {prob_over_capacity:.4f}$"',
14. # 1. Ny 2= 12(7| 28. fontsize=12, color='red',
15. bars = plt.bar(x, pmf_values, color='1lightsteelblue’, fontweight="bold', ha='center',
edgecolor="'cornflowerblue', alpha=0.7, Tabel=f'Z0}& 29. bbox=di ct (boxstyle="round,pad=0.5",
=% (At={lamb_t})"') fc="white", ec="red", 1w=1.5))
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30. plt.title(f"=05 2% 2= (O™ 5.20, At={lamb_t})",
fontsize=16, pad=20)

31. plt.xlabel("st& =& Sx=M = ()", fontsize=12)

32. plt.ylabel("&& P(X=x)", fontsize=12)

33. plt.xticks(x)

34. plt.legend()

35. plt.grid(True, axis='y', alpha=0.2, linestyle='--")

36. plt.tight_Tayout()
37. plt.show(Q)

38. print(f"§=M0| CIE X2 HLUXol & =E:
{prob_over_capacity:.4f}")
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1. -dimport numpy as np 20. # 3. A7t BOjOF 3¥Y (x <= 3)
2. import matplotlib.pyplot as plt 21. for i in range(4):
3. dimport matplotlib as mpl 22. if i 1= 1: # 12 (a)0lAM ojo] &t
4. from scipy.stats import poisson 23. bars[i].set_color('skyblue')
24, bars[i].set_edgecolor('dodgerblue')
5. mpl.rcParams['font.family'] = '"Malgun Gothic' 25. bars[i].set_hatch('//")
6. mpl.rcParams['axes.unicode_minus'] = False 26. # 4. SE X B
27. for i, prob in enumerate(pmf_values):
7. n =400 28. plt.text(i, prob + 0.005, f'{prob:.3f}",
8. p = 0.005 ha="center', fontsize=9)
9. lamb=n*p # A =2
29. # 5. 4 2 Ay FH F7}
10. x = np.arange(0, 11) 30. plt.annotate(f'(a) P(X=1) = {prob_a:.4f}',
11. pmf_values = poisson.pmf(x, Tamb) 31. xy=(1, prob_a), xytext=(2.5, 0.35),
12. plt.figure(figsize=(12, 6)) 32. arrowprops=dict(facecolor="black',
shrink=0.05, width=1),
13. # 1. My 2% 127 33. ' 'Font?1'ze=11, fontweight="bold",
14. bars = plt.bar(x, pmf_values, color='lightgray', B earkorange *)
edgecolor="gray', alpha=0.6, label=f'ZO}& EXE
Q={1amb} ") 34. prob_b = poisson.cdf(3, Tamb) # 0.8571
35. plt.text(7, 0.20, f'(b) EOfof 3 =E\n$P(X \\leq
15. # 2. ()% #Hlo|A ZZ: AtD7} HEs| 171 LM (x=1) 3) = {proz_b:-4f}$',
. ntsize=12, color='dodgerblue',
16. prob_a = pmf_val ue?[l] # (').2707 36 fontweight:'zcsﬂd', hae' center" 9
17. bars[1l].set_color('orange') : N .
18. bars[1].set_edgecolor('darkorange') o i l'o'box=d'1'ct(boxsty1ﬁ= e paCa015,
- fc="white", ec="dodgerblue", Tw=1.5))
19. bars[1].set_label('(a) At 17 Hd")
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38.

39.
40.
41.
42.
43.

44,
45.

46.
47.

plt.title(f"O|ZE=Z2| ZO}E ZA A= (n={n}, p={p} -
A={1amb})", fontsize=15, pad=20)

plt.xlabel ("AtD 2’ ZE (X", fontsize=12)
plt.ylabel ("=E& P(X=x)", fontsize=12)

plt.xticks(x)

plt.legend()

plt.grid(True, axis='y', alpha=0.2, Tinestyle='--")

plt.tight_Tayout()
plt.show()

print(f'(a) 14 &d =&: {prob_a:.4f}")
print(f"(b) 37 0|5} ¥ =&E: {prob_b:.4f}")
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1. import numpy as np 20. # 3. () fX EA
2. import matplotlib.pyplot as plt 21. plt.axvline(mu, color='red', Tinestyle="--"',
3. dimport matplotlib as mp]l linewidth=1.5, label=f'"z# & = (u = {mu})")
4. from scipy.stats import poisson
22. # 4. =& X BA (U 9D
5. mpl.rcParams['font.family'] = 'Malgun Gothic' 23. for i, prob in enumerate(pmf_values):
6. mpl.rcParams['axes.unicode_minus'] = False 24. if prob > 0.001: # YT R2 =HE2 A W&
25. plt.text(i, prob + 0.002, f'{prob:.3f}',
7. n = 8000 ha="'center', fontsize=9)
8. p=0.001 A
9. mu=n*p #pu=8 (ZO0S %9 HAF) 26. # 5. 2 FH F7t
27. # PX <7) = P(X <= 6)
10. x = np.arange(0, 21) 28. prob_res = poi?son.cdf(G, mu) # 2f 0.3134
11. pmf_values = poisson.pmf(x, mu) 29. plt.annotate(f'$P(X < 7) \\approx
12. plt.figure(figsize=(12, 6)) L
P - 30. xy=(3, 0.05), xytext=(1, 0.12),
A 31. arrowprops=dict(facecolor="black',
iz- ::1- W"1 "'—': :(13|7| 4 LA shrink=0.05, width=1),
B e R GG pmi—va fues, Co or='_19 tg'"az" 32. fontsize=12, fontweight='bold'
%dg?;ﬂ;)r; gray', alpha=0.6, label=f'ZOl& EX= color="darkgreen"
-2 33. bbox=dict(boxstyle="round,pad=0.5",
N .y fc="white", ec="darkgreen", 1w=1.5))
15. # 2. Tot1%} st= 2&F Y 4x
16. for i in range(7):
17. bars[i].set_color('mediumseagreen')
18. bars[i].set_edgecolor('seagreen')
19. bars[i].set_alpha(0.8)
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34. # J2j= Fo|7|

35. plt.title(f"O|FEZx=2| EOIE ZAt: O|H 5.22 (n={n},
p={p} - p={mu})", fontsize=15, pad=20)

36. plt.xlabel("EFE I+ (X)", fontsize=12)

37. plt.ylabel("&& P(X=x)", fontsize=12)

38. plt.xticks(x)

39. plt.legend(

40. plt.grid(True, axis='y', alpha=0.2, linestyle='--")

41. plt.tight_layout()
42. plt.show(Q

43. print(f"2EE0| 77HELC} HS &HE P(X < 7):
{prob_res:.4f}")
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