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- &'El ™O|: State Transition
- AHA|ZF OFE X 1H: Continuous-Time Markov Process
- HWHITEE: Average Arrival Rate

- W MH|AE: Average Service Rate

« EtR| AlZ}: Unit Time

« HWHRTEZHA: Average Interarrival Time

- "I MH|AA|ZE: Average Service Time

- MME: Birth Rate
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- EH=HE: State Probability
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- % TZE: Effective Arrival Rate

« A ZXH AlZt: System Sojourn Time

- HWx AMAH AlZt: Mean Sojourn Time

- "W oi7| AlZt: Mean Waiting Time

« CHZ| AlZ+ B 2: Waiting Time Distribution
- AJABL LY BWF 124 £ Average Number of Customers in Syste

o = e
7~ L
= =

S

:‘\\—\:\\\\ﬁ\\ - - ‘

|




- 0 HE #1- QSN

-
Q
7
>
o N
i
C o
L%
O C
|.NPOU
o

mo.wml,_n
RSz 5«
ShAeO
h..thW
S5 .o
%B%Mﬁ_&n
\/_._.ox.-./A_no___
FR=e

Tl

of
LS

ZH
2
ot
—
-

A
T

IS
=

Mol &=

2 A2 2
-?—.IOl

—

Alod| %12
2

x| S A 042
=1y
LR

F 37|(8t o
22 HUS
=1z

==
Ql

=~
olzF E'.ZI._S Al

olx
]
=O

AT

M




_ Q HE 42 - BAMH 7122 NAR =2

o M/M/c: Bt EE/MH|A, Cl M, FX[8F 7

« M/M/c/K: MEtEl F 37| 28 (Z =8 F K)

« M/M/c— B: nZ40| £ & EEHE (Balking Z &)

« M/M/c—R: 1240| 7|Ct2|C} =5 O|E (Reneging £ &)

« MX/M/c/c: Batch =& + Cts= AH{ + no queue

« M/D/N@c: 37X deterministic AH|A + bulk |

« M/G/oo: T8 M + Lt EX MH[A Alzh

« M/X/oo: MH|A BE7} O/7HQI F8F M A|AH]

/22//;//// -

. /f?/?///%/

= /f///



- 0 BE #3 - Python FC

- (AR 3)

1. 1import matplotlib.pyplot as plt
2. import numpy as np
3. plt.rcParams.update({'font.size': 11})

4. c =3
5. T =30
6. N =06

7. time_points = np.arange(0, T + 1, ©)
8. processed_customers = [3, 2, 4, 6, 3, 2, 4, 4, 5, 2, 6]

9. plt.figure(figsize=(5.5, 4))
10. bars = plt.bar(time_points, processed_customers, width=2.5, align="'center', color='skyblue',
edgecolor="black"')

11. for bar in bars:
12. height = bar.get_height()

13. plt.xticks(np.arange(0, T + 1, c))

14. plt.yticks(range(0, N + 2))

15. plt.xlabel('Time')

16. plt.ylabel ('Number of Customers')

17. plt.title(f'm/D/{N}@{c}")

18. plt.grid(axis='y', linestyle='--', alpha=0.7)
19. plt.tight_layout()

20. plt.show(Q
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N

9.

10.
11.
12.
13.
14.

15.
16.
17.

18.
19.

import matplotlib.pyplot as plt
import numpy as np
plt.rcParams.update({'font.size': 11})

arrival_times = [0.5, 1.5, 2.8, 4.2, 6.3]
service_times = [0.5, 1.8, 3.5, 2.4, 1.4]
t =25

x_1line = np.linspace(0, t, 100)

y_line = t - x_line

colors = []

for 1, (X, y) in enumerate(zip(arrival_times, service_times)):

ify>t-xand x <= t:
colors.append('black')

else:
colors.append('white')

plt.figure(figsize=(5.5, 4))
for x, y, ¢ in zip(arrival_times, service_times, colors):
plt.scatter(x, y, color=c, edgecolor='black', s=100)

plt.plot(x_line, y_line, color='black', label=r'$y = t - x$")
plt.axvline(x=t, linestyle='--"'

, color="gray', label=r'$x = t$')
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20. plt.xticks(arrival_times, [f"$A_{i+1}$" for i in range(len(arrival_times))])
21. plt.xlabel ("Arrival Time")

22. plt.ylabel ("service Time")

23. plt.title("mMarked Poisson Process')

24. plt.x1im(0, 7)

25. plt.ylim(0, 6)

26. plt.grid(True)

27. plt.legend(Q

28. plt.tight_layout()
29. plt.show()
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w N

O 00N O U1 &~

10.
11.
12.
13.
14.
15.
16.
17.

18.
19.
20.
21.
22.

import numpy as np
import matplotlib.pyplot as plt
plt.rcParams.update({'font.size': 11})

c=4

mu = 2

Tambda_1 = 1

p3 = 0.3

p4 = 0.2

Tambda_2_range = np.linspace(0, 2, 100)

def calculate_utilization(lambda_1, lambda_2_range, p3, p4, c, mu):
utilization = []
for lambda_2 in Tambda_2_range:
terml = 1 * lambda_1l * (1 - p4)
term2 = 2 * lambda_2 * (1 - (p3 + p4))
psi = (terml + term2) / (c * mu)
utilization.append(psi)
return utilization

utilization_values = calculate_utilization(lambda_1, lambda_2_range, p3, p4, ¢, mu)
plt.figure(figsize=(5.5, 4))

plt.plot(lambda_2_range, utilization_values, label='System Utilization ¥', color="blue')
plt.axhline(y=1.0, color="red', linestyle='--', label="'Max uUtilization (100%)')
plt.xTabel('A;")

i
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23. plt.ylabel ('Ssystem utilization(¥)"')
24. plt.grid(True)

25. plt.legend()

26. plt.tight_layout()

27. plt.show()
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1. import numpy as np

2. 1import matplotlib.pyplot as plt

3. from scipy.stats import poisson

4. plt.rcParams.update({'font.size': 11})
5. c_values = [5, 6, 7, 8, 9]

6. Tlambda_vals = np.linspace(0.1, 1.5, 100)

7. drop_threshold = 4
8. plt.figure(figsize=(6, 4))

9. for c in c_values:

10. drop_probs = []

11. for 1am in Tambda_vals:

12. gamma = lam * c

13. drop_prob = 1 - poisson.cdf(drop_threshold - 1, mu=gamma)
14. drop_probs.append(drop_prob)

15. plt.plot(lambda_vals, drop_probs, label=f'c = {c}’)

16. plt.xlabel('Arrival Rate (A)')

17. plt.ylabel('Drop Probability $P(k \\geq 4)$')
18. plt.grid(True)

19. plt.legend(

20. plt.tight_layout()

21. plt.show()
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1. import numpy as np

2. 1import matplotlib.pyplot as plt

3. from scipy.stats import poisson

4. plt.rcParams.update({'font.size': 11})
5. N=2

6. c_list = [10, 5]

7. lambda_values = np.linspace(0.01, 1.0, 100)

8. def compute_avg_queue_length(lam, c, N):

9. gamma = lam * c

10. L=20

11. for k in range(0, 100):

12. pk = poisson.pmf(k, mu=gamma)
13. if k > N:

14. L += (k - N) * pk

15. if pk < le-10:

16. break

17. return L

18. plt.figure(figsize=(9, 3.5))
19. for c in c_list:

20. L_values = [compute_avg_queue_length(lam, c, N) for Tam in Tambda_values]
21. Tabel = f'c = {c}s'

e plt.plot(lambda_values, L_values, label=1abel)

-
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23. plt.xlabel('Arrival Rate (A)')

24. plt.ylabel('Average Number of Customers (L)')
25. plt.grid(True)

26. plt.legend()

27. plt.tight_layout(Q

28. plt.show()
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A wWN R

10.
11.

12.
13.
14.
15.
16.
17.

import numpy as np

import matplotlib.pyplot as plt

from scipy.stats import poisson
plt.rcParams.update({'font.size': 11})

gamma = 2

k_vals = np.arange(0, 15)
cdf_vals = poisson.cdf(k_vals, mu=gamma)

plt.figure(figsize=(5.5, 4))

plt.plot(k_vals, cdf_vals, marker='o', linestyle='-"', Tabel='"P(N < k) ")
plt.axh1ine(0.99, color='r', linestyle='--', Tlabel="y=0.99")
plt.axvline(6, color="g', linestyle="'--', Tlabel='k = 6’)

plt.xlabel('k")
plt.ylabel ('Probability')
plt.grid(True)
plt.legend(Q
plt.tight_layout(Q
plt.show()

Wl
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10.
11.
12.
13.
14.
15.
16.

import numpy as np

import matplotlib.pyplot as plt

from scipy.stats import poisson
plt.rcParams.update({'font.size': 11})

gamma_values = np.arange(l, 61)

k_threshold = 5
prob_ge_5 = [1 - poisson.cdf(k_threshold - 1, mu=gamma) for gamma in gamma_values]

plt.figure(figsize=(5.5, 4))

plt.plot(gamma_values, prob_ge_5, marker='o', color='orange', linestyle='-', Tlabel='"P(N >= 5)"')
plt.xlabel('$\gamma$')

plt.ylabel ('Probability')

plt.grid(True)

plt.legend()

plt.ylim(0, 1.05)

plt.tight_layout(Q

plt.show()

Wl
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1. 1import matplotlib.pyplot as plt

2. import numpy as np

3. plt.rcParams.update({'font.size': 11})

4. k=3

5. divisor =5

6. cost_serverB_values = np.linspace(0, 100, 500)

7. cost_channelB_values = (cost_serverB_values / divisor) * k

8. identity_line = cost_serverB_values

9. plt.figure(figsize=(6, 4))

10. plt.plot(cost_serverB_values, cost_channelB_values, Tlabel=fr"threshold", color="'blue', Tinewidth=2)

11. plt.plot(cost_serverB_values, identity_line, label=r"$cost\_channelB = cost\_serverB$", color="red',
Tinestyle="--")

12. plt.fill_between(cost_serverB_values, cost_channelB_values, identity_line, where=cost_channelB_values

< identity_line, color="green', alpha=0.2, label="cost_channelB < cost_serverB")
13. threshold_x = 100
14. threshold_y = (threshold_x / divisor) * k
15. plt.scatter([threshold_x], [threshold_y], color='black', zorder=5)

16. plt.text(threshold_x, threshold_y + 2, f"({threshold_x}, {threshold_y:.1f})", fontsize=10, ha='center'
va="bottom')

17. plt.title("cost_channelB vs cost_serverB (k=3)")
18. plt.x1abel("cost_serverB")

19. plt.ylabel ("cost_channelB")

20. plt.grid(True)

21. plt.legend()

22. plt.tight_layout(Q

23. plt.show(Q
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