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Figure 1.2. Continuous-system state
Figure 1.1. Discrete-system state variable. variaBblE:
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YOI~ T Cao ool s O

Solw 83Lel 1 wd (55w A

System Clock B(1) Q(1) Arrival times of Event calendar
custs. in queue

Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(f) B(t)
times in queue

Q(f) graph

0 = N W &
1 1 1

B(t) graph

(= I S ]
i

0 5 10 15 20

Time (Minutes)

Interarrival times 1.73, 1.35,0.71, 0.62, 14.28, 0.70, 15.52, 3.15, 1.76, 1.00, ...

Service times 290, 1.76, 3.39,4.52,4.46,4.36, 2.07, 3.36, 2.37, 5.38, ...




AL T 20 ool prhuaw O

t=0.00 Ol 5 adgl bl : Gwd (5w dunid

System Clock B(t) Q(1) Arrival times of Event calendar
custs. in queue [1, 0.00, Arr]
0.00 0 0 <empty> [[-, 20.00, End]
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(f) B(t)
times in queue
0 0.00 0.00 0.00
4
3-
Q(f) graph 2]
14
0 T
0 5 10 15 20
2
B(t) graph 14
0 . . .
0 5 10 15 20
Time (Minutes)
Interarrival times 1.73, 1.35,0.71, 0.62, 14.28, 0.70, 15.52, 3.15, 1.76, 1.00, ...
Service times 290, 1.76, 3.39,4.52,4.46, 4.36, 2.07, 3.36, 2.37, 5.38, ...




AL T 20 ool prhuaw O

Arrival of part 1, t=0.00 : suws (g lw 4

System Clock B(1) Q(f) Arrival times of Event calendar
custs. in queue [2, 1.73, Arr]
o 0.00 1 0 <empty> |[1, 2.90, Dep]
[-, 20.00, End]
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(f) B(t)
times in queue
1 0.00 0.00 0.00
4
34
Q(1) graph 2]
14
0 T
0 5 10 15 20
B(f) graph 1
0 T T T
0 5 10 15 20

Time (Minutes)

Interarrival times 1,?5’, 1.35,0.71, 0.62, 14.28, 0.70, 15.52, 3.15, 1.76, 1.00, ...

Service times 240, 1.76, 3.39, 4.52, 4 46, 4.36, 2.07, 3.36, 2.37, 5.38, ...




AL T 20 ool prhuaw O

Arrival of part 2, t=1.73 : suws g lw auis

System Clock B(t) Q(1) Arrival times of Event calendar
custs. in queue [1, 2.90, Dep]
9 o 1.73 1 1 (1.73)|[3, 3.08, Arr]
[-, 20.00, End]
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(f) B(t)
times in queue
1 0.00 0.00 1.73
4
3 -
Q(f) graph 2
11
0 .
0 5 10 15 20
B(t) graph 1
0 T T T
0 5 10 15 20
Time (Minutes)
Interarrival times 1)3’, 1,?5, 0.71, 0.62, 14.28, 0.70, 15.52, 3.15, 1.76, 1.00, ...
Service times 240, 1.76, 3.39, 4.52, 4 46, 4.36, 2.07, 3.36, 2.37, 5.38, ...
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Departure of part 1, t=2.90 : suws (g lw 4w

System Clock B(t) Q(t) Arrival times of Event calendar
custs. in queue [3, 3.08, Arr]
e 2.90 1 0 <empty> |[2, 4.66, Dep]
[-, 20.00, End]
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(f) B(t)
times in queue
2 1.17 1.17 2.90
4
34
Q(f) graph 2.
14
0 ] ] T
0 5 10 15 20
B(t) graph 1
0 T T r
0 5 10 15 20
Time (Minutes)
Interarrival times | 1,73, 1.25. 0.71, 0.62, 14.28, 0.70, 15.52, 3.15, 1.76, 1.00, ...
Service times 240, 146, 3.39,4.52,4.46,4.36, 2.07, 3.36, 2.37, 5.38, ...




AL T 20 ool prhuaw O

Arrival of part 3, t=3.08 : suws (g lw auis

System Clock B(1) Q(1) Arrival times of Event calendar
custs. in queue [4, 3.79, Arr]
e 9 3.08 1 1 (3.08)([2, 4.66, Dep]
[-, 20.00, End]
Number of Total of Area under Area under
completed waiting |[waiting times in queue | Q(f) B(t)
times in queue
2 1.17 1.17 3.08
4
3
Q(1) graph 2.
14
0 ] l .
0 5 10 15 20
2
B(t) graph 1
0 T T T
0 5 10 15 20
Time (Minutes)
Interarrival times | 1,74, 1,29, @71, 0.62, 14.28, 0.70, 15.52, 3.15, 1.76, 1.00, ...
Service times 240, 1476, 3.39,4.52,4.46, 4.36,2.07, 3.36, 2.37, 5.38, ...
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Arrival of part 4, t=3.79 : suws g lw auis

System Clock B(t) Q(1) Arrival times of Event calendar
custs. in queue [5, 441, Arr)
o 9 9 3.79 1 2 (3.79, 3.08)|[2, 4.66, Dep]
[-. 20.00, End]
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(f) B(t)
times in queue
2 1.17 1.88 3.79
4
3
Q(f) graph 2
1 H
04 .
0 5 10 15 20
2
B(t) graph 1
0 T T T
0 5 10 15 20

Time (Minutes)

Interarrival times | 1,73, 1,29, Q?1, 082, 14.28, 0.70, 15.52, 3.15, 1.76, 1.00, ...

Service times 240, 146, 3.39,4.52, 4.46,4.36, 2.07, 3.36, 2.37, 5.38, ...




AL T 20 ool prhuaw O

Arrival of part 5, t=4.41 : suws g lw auis

Time (Minutes)

System Clock B(t) Q(1) Arrival times of Event calendar
custs. in queue [2, 4.66, Dep]
o o 0 9 4.41 1 3 (4.41,3.79,3.08)|[6, 18.69, AIrr]
[-. 20.00, End]
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(f) B(t)
times in queue
2 1.17 3.12 4.41
4
3
Q(t) graph =
14
0 T T T
0 5 10 15 20
2
B(f) graph B )
0 T r T
0 5 10 15 20

Interarrival times

1.4 1,25, 71, Q82 1428, 0.70, 15.52, 3.15, 1.76, 1.00, ...

Service times

240, 176,3.39,4.52, 4 46,436,207, 3.36,2.37,5.38, ...
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Departure of part 2, t=4.66 : iws s)lw dui

System Clock B(t) Q(t) Arrival times of Event calendar
custs. in queue [3, 8.05, Dep]
e 0 9 4 66 1 2 (4.41,379)|[6, 18.69, Arm]
[-, 20.00, End]

Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(f) B(t)
times in queue
3 275 3.87 4.66

4

g
Q(t) graph 2

14

0 .

0 5 10 15 20

2
B(t) graph 1 oo

0 T T T

0 5 10 15 20
Time (Minutes)

Interarrival times 18135, 021, 07, 1428,0.70, 15.52, 3.15, 1.76, 1.00, ..
Service times 290, #76, 340, 452, 4.46,4.36, 207, 3.36, 2.37, 538, _




AL T 20 ool prhuaw O

Departure of part 3, t=8.05 : suws (g lw 4w

System Clock B(t) Q(t) Arrival times of Event calendar
custs. in queue 4, 1257, Dep]
e o 8.05 1 1 (4.41)|[6, 18.69, Arr]
[-. 20.00, End]

Number of Total of Area under Area under
completed waiting ([ waiting times in queue | Q({f) B(t)
times in queue
4 7.01 10.65 8.05

4

3.
Q(t) graph . i

' |

0 T T

0 5 10 15 20

2
B(t) graph 1

0 T T T

0 5 10 15 20
Time (Minutes)

Interarrival times | 1,28 1,35, 021, 0,&Z, 1428, 0.70, 15.52, 3.15, 1.76, 1.00, ...
Service times 290, 176,339 457 446,436,207, 3.36,2.37,5.38, ...
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Departure of part 4, t=12.57 : ws s)lw duis

System Clock B(t) Q(1) Arrival times of Event calendar
custs. in queue [5, 17.03, Dep]
e 12.57 1 0 (O|[6, 18.69, Arr]
[-. 20.00, End]
Number of Total of Area under Area under
completed waiting | waiting times in queue | Q(f) B(t)
times in queue
3 15.17 1517 12.57
4
3
Q(t) graph =
1 %
04 T T
0 5 10 15 20
B(t) graph 1 M - .
0 T T T
0 5 10 15 20
Time (Minutes)
Interarrival times 15,135, 01, 067 1428,0.70, 1552, 3.15, 1.76, 1.00, ...
Service times 290, 176,339 457 446, 436,207,3.36,2.37,5.38, ...
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Departure of part 5, t=17.03 : suws g lw 4w

System Clock B(f) Q(1) Arrival times of Event calendar
custs. in queue [6, 18.69, Arr)
17.03 0 0 () [-, 20.00, End]
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(f) B(t)
times in queue
S 15.17 15.17 17.03
4
3
Q(t) graph =
1 %
04 T T »
0 5 10 15 20
2
B(t) graph 1 oo o
0 : . : 1
0 5 10 15 20
Time (Minutes)
Interarrival times | 1,24, 1,35, 021, QL&2, 1428, 0.70, 15.52, 3.15, 1.76, 1.00, ...
Service times 200, 176,339 4 27 446, 4.36,2.07,3.36,2.37,5.38, ...
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Arrival of part 6, t=18.69 : iws s)lw duis

System Clock B(t) Q(f) Arrival times of Event calendar
custs. in queue [7, 19.39, Am]
e 18.69 1 0 () [-. 20.00, End]
[6, 23.05, Dep]
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(f) B(t)
times in queue
6 15.17 15.17 17.03
4
3
Q(t) graph .
1
049 - e
0 5 10 15 20
2
B(t) graph 1 o o
. . , — 11
0 5 10 15 20
Time (Minutes)
Interarrival times | 1,34, 1,25, 0?1, QL8Z, 1428, 040, 1552, 3.15, 1.76, 1.00, ...
Service times 220, 176,339 457 446 426 207,3.36,2.37,5.38, ...
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Arrival of part 7, t=19.39 : iws )lw dui

System Clock B(f) Q(t) Arrival times of Event calendar
custs. in queue [-, 20.00, End]
o e 19.39 1 1 (19.39)|[6, 23.05, Dep]
[8, 3491, Am]
Number of Total of Area under Area under
completed waiting | waiting times in queue | Q(f) B(t)
times in queue
6 15.17 15.17 17.73
4
3
Q(t) graph 2]
14
0 T T 4—
0 5 10 15 20
2
B(t) graph
(f) grap ; - ' - ‘ 1 |
0 5 10 15 20

Time (Minutes)

Interarrival times

175 1,29, Q71, 082, 1378, o710, 1752, 3.15, 1.76, 1.00, ...

Service times

290, 176, 3,29, 472 446 486 207, 3.36, 2.37, 5.38, ...




AL T 20 ool prhuaw O

The End, t=20.00 : s> s)5lw dms

System Clock B(t) Q(1) Arrival times of Event calendar
custs. in queue [6, 23.05, Dep]
o e 20.00 1 1 (19.39)][8, 34.91, Arr]
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(I) B(t)
times in queue
6 15.17 15.78 18.34
4
3
Q(t) graph 2 ]
14
0 T T v
0 5 10 15 20
2
B(t) graph
( )g p ; ] o ' o ‘ 1 '—-—0
0 5 10 15 20
Time (Minutes)
Interarrival times | 1,24, 1,29, Q71, Q.82, 1478, o770, 1552, 3.15, 1.76, 1.00, ...
Service times 240, 146,399, 472 446 4286 207, 3.36,2.37,5.38, ...




PO~ T Cao ool s SO

5l Ao ok by o geedy E 900 al,31 slaas obe) obe)
s 399 sl oy GBS s
b el el o Saldey
0 0 2.90 0 0 0 2.90
1.73 1.73 1.76 2.90-1.73=1.17 1 2.90 4.66
1.35 3.08 3.39 4.66-3.08=1.58 1 4.66 8.05
0.71 3.79 4.52 8.05-3.79=4.26 2 8.05 12.57
0.62 4.41 4.46 12.57-4.41=8.16 3 12.57 17.03
14.28 18.69 4.36 0 0 18.69  23.05

0.70 19.39 2.07

15.92 3491 3.36

3.15 38.06 2.37

1.76 39.82 5.38
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B(1)

0.4 17.03 18.69

Q(t)
2] J] :
I
1-ﬂ8 4 .41 | 19.39| l

1.73 29 3.79 4.66 8.05 12.57 17.03 18.69 2p
I




PO~ T Cao ool s SO

Total of times in queue _ 1.17+1.58+4.26+8.16+0 _ 15.17 253
— =— =2

No.of times in queue 6

minutes per part
Oley d=lg y5 Cao 5 danbed sl Lo ge .2

Area under Q(t)curve

Final clock value

C117x14071X140.62%x2+025x3+339%x2+452x1+0.61x1
B 6

1174071+ 1244075+ 678+ 452 + 0.61 _ 15.78
B 6 20

= 0.79 part




PO~ T Cao ool s SO

Oeele jleslawl dpys .3

Area under B(t) curve 1834

Final clock value 20
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a<x<b
f(.\')=-<’b—a '
‘_0 othervise
. X, — X
plx, <X <x,)="2—-
i b—a

Solw il ) bl Sldaw 5 o900 12

gl @295

il o s JSS e JBe b

0 x<a
= Fx)=13"%  a<x<b
b—a
1 x>b

E(x)= a+b
2
var(x)= (b-a)
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peN=I(5)=(4-1)

f(X):-

Z.ﬁ ﬁ_1 —AX S O
I'(4)
0 otherwise
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Var (x ) = ﬁz
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X=X1 +X2 +X3

— X,~ EXP (%)
1

— X,~ EXP <%>
1

— Xy~ EXP <%>

2 1 [ 2 .
~1 X 50 2.5)
p(50):1_ez—oX5°xz(/20, ) =1—e"2'52(_) — 1—0.543

[ i!
i=0 =0

= 0.457
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The random vanable X with probability density function

_ B/x\P! x\P n
flx) = g(g) exp [—(g> ] forx >0

1s a Welbull random varlable with scale parameter & > 0 and shape parameter B > 0.

July @59

1.0

N\

F(x)=l—e_(;J x>0

Ex)=(pB/a)l(1/a)
var( x) = (8 /a){zr(i) "L (@(/a ))2}

(04 04
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Let W have a normal distribution mean 6 and vanance ©; then X' = exp(W) 1s a log-
normal random varlable with probability density function

Inx — 9)?
u] 0 <x <

xoVaw 2w

|
Nx) = ——= exp[—

The mean and vanance of X are

Jlbo 5 S 22595

E(X)=e®*2  and VX)) =& (& - 1) (4-25)
1 —20
09 — mi = 0.25
08 !\ w* = 1

—— w*=2.25 1.5
1LoH

i)

0.5

— o0=10
— 0=3/2
o=1

o=1/2
— o=1/4
— o0=1/8
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