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42




°"
L 2 )
L) L)

&J
(N'th) s Qs Hsidall & el = W ()
(N'th) s sl aldaill (3 el = W(n)
rmaa JU FCFS sl (6

W, (n) =D (n)- A*(1)

W, (n)= D (n)- A*(1)

43



°"
[ ]
N o

9:48 59:44 59:38 2ic aad 3 (e 3l Ol ghadll M
(BB 10=W, (3) 5 38 6=W,(3) L& 13%a

44



laiill gay L gia

osihall (8 JUREY) (e ) s gia o

1 N
V\GZN;V\G(@
Al 8 JURGY) e ) Jans sie o
1 N
VVSZNZ:;,WS(")

45



Gl Qi) 3

W, =(0+3+6+8+7)/5=4.8

W, =(4+7+10+12+11)/5=8.8

46



Al eyl @ slymall sl agdl

Ji[wq(n)—vﬁ

N

g =

Wy

47



) JUiall 2l 5 Y e 3 (5 jlemal il iy

48



soslall Jgha b gia

(0520) ol Jsbo Lo gia o

alaill 8 3L 3l dae dadigia e

49



°"
L)
L) L)

N

JalSill Lgale o gunall 558l ey Al = T
3

Sl Leale G guenall 35380 ey diles = T

50



Time Interval L (t )
(Interval Length) q

9:30 - 9:37 (7)

9:37-9:38 (1)

9:38 - 9:44 (6)

fe ) Ly
L Lq(t) dt O La

9:45 — 9:48 (3)

aad Jsaadl (pad

9:48 — 9:52 (4)

0
1
2
L s
9:44 — 9:45 (1) 1 q
2
1
0

9:52 — 10:00 (8)

t,-t.,=10:00-9:30=30min

. COkioe (e S L (1) (Hinde o aaY) caad o
J-tte Lq (t)dt:tZLq (t):7X0+1X1+6X2+1X1+3X2+4X1+8x0

S
S

=1+12+1+6+4=24

24

0L, =—=0.8 Customers
30

51



52



soslall Jobl @ slezall 2ol sas3l

Jﬁu\ d)ﬁ ngw\ u\J;;‘)Z\ .

tS _te

AUl & 5N aaal (g bemal) ol Ayl

53



Time Interval L
(Interval Length) q (t) g TN i
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0.257z +0.277, + 0.1277, + 04377, = 77, s
0.257, +0.2/7, +0.12/7, + 0 A3, =71,
0.257rz, + 0.2077, + 0.5577, = 11,
0.2577;, + 0.9577, = 11,
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0.757, - 0.2, - 0.12/, - 04377, =0
-0.2577, +0.877, - 0.1271, - 04377, =0
- 0.2571, + 0.8/, —0.55/7, =0
-0.2577, + 0.45/7, =0
mt  TLt Lt =l
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Eolver sluagsly Jall

Sl Jaal Jus) 8

A | B | ¢ | b | E | F | 6 | H |1
Decision Variables pi1 pi2 pid pi4
Objective 0.1 0.1 0.1 0.1 0.4 !
Constraint 1 0.75 0.2 012 | -043 = 6.94E-18 0
Constraint 2 -0.25 0.8 012 | -043 = 6.94E-18 0
Constraint 3 0 -0.25 0.8 -0.55 = 6.94E-18 0
Constraint 4 0 0 0.25 045 = 0.02 0
Constraint 5 1 1 1 1 = 0.4 1

0.25 0.2 012 0.43

P= 0.25 02 012 0.43
0 0.25 0.2 0.55
0 0 0.25 0.73
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Solver 3L

Solver Parameters

Set Target Cell: sHs2| =|i=]
Equal To: @Max OmMmn  Ovalueof: |1
By Chanaging Cells:
| SC§2:5F 52 . [ Guess ]
Subject to the Constraints:

SHE4:SHST = SIS 5157

Reset All
Help
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Solver Options [zl

Max Time: 100] | seconds [ K ]
[terations: 100 [ Cancel ]
Precision: 0.000001 | Load Model... |
Tolerance: 5 U [ Save Model,.. ]
Convergence: 0.0001 [ Help ]
[ ] Assume Linear Model [ ] Use Automatic Scaling
Assume Mon-egative [ ] show Iteration Results
Estimates Derivatives Search

E} Tangent E} Forward @ Mewton

() Quadratic () Central () Conjugate
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Decision Variables
Objective
Constraint 1
Constraint 2
Constraint 3
Constraint 4
Constraint 5

pi1 pi2 pi3 pi4
05807 02347 01187 0.0659
0.75 0.2 012 -043
-0.25 0.8 012 043
0 0.25 0.8 0.55
-0.25 0.45
1 1 1 1

0.25 0.2 0.12 0.43
0.25 0.2 0.12 0.43
0 0.25 02 0.55

0 0 0.25 0.75
Solver Results @
Solver found a solution. All constraints and optimality
conditions are satisfied. Reports
Answer
Keep Solver Solution! Sensitivity

{(*)iKeep Solver Solution Limits

() Restore Original Values

[ (04 Cancel ] [ Save Scenaria... ] [ Help

11

0.345002 |

1.56E-14

1.26E-14

4 39E-14
1
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A B C D G H

1 States Transition Matrix

2 |Stages  pl p2 pJ 0.7 0.2 0.1
3 1 1 0 0 0.35 0.5 0.15
4 P 0.7 0.2 0.1 0.25 0.3 0.45
5 3 0.585 0.27 0.145

b 4 0.54025 0.2955 016425

i 5 0522663 0.305075| 0172263

8 6 0515706 0.308749 0175546

9 7 0512942 0310179 0176878

10 8 0511842 0310742 0177416

11 9 0511403 0310964 0177633

12 100 0.511228 0311053 017772

13 11 0.511158 0.311088 0177755

14 12, 051113 0311102 0177768

15 13 0511119 0311107 0177774

16 14 0511114 0.31111] 0177776

17 15 0511112 0311111 077777

18 16| 0511112 0.311111| 0177778

19 17 0511111 0.311111| 0177778

20 18| 0511111 0.311111| 0177778
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A B C D E | F | ]

1 States Transition Matrix

2 |Stages p1 pa p3 pd 1 0 0 0
3 1 0 0 1 0 0 1 0 0
4 2 0.45 0 0.3 0.25 0.45 0 0.3 0.25
5 3 0.7225 0.0125 0.1275 0.1375 0.55 0.05 0.15 0.25
6 4 0.8555 0.019375 0058875 0.06625

[ 5 0.918431 0.022688 0.0276 0031281

8 6 0948056 0.024252 0.012972 0.01472

9 7 096199 0024938 0.0061 0006923

10 8 0968542 0025334 0.002868 0.003256

11 9 0971624 0.025497 0.001349 0.001531

12 100 0.973073 0025573 0.000634 0.00072

13 11 0.973754 0.025609| 0.000298 0.000339

14 12 0974075 0025626/ 0.00014 0000159

15 13 0.974225 0.025634| 6.6E-05 7.49E-05

16 14 0974296 0025638 3.1E-05 3.52E-05

17 15 0.974329 0.025639| 1.46E-05 1.66E-05

18 16/ 0.974345 0.02564| 6.86E-06) 7.79E-06

19 17 0974352 0025641 3 23E-06) 3.66E-06

20 18 0974356 0025641 1.52E-06 1.72E-06

21 19 0.974358 0025641 713E-07 8.1E-07

22 20| 0.974358 0.025641 3.35E-07 3.81E-07

23 21| 0.974359 0025641 1.58E-07 1.79E-07

24 22| 0974359 0025641 7 42E-08 B842E-08

25 23| 0.974359 0025641 3.49E-08 3.96E-08

106



°"
L)
L) L)

sa il syl a5l of
(7, 7,,m,,1m,) =(0.974359,0 025641 0 0)

107



ol

1 0 0 0 0
042 025 033 O 0
032 026 014 028 O
045 0.08 005 004 038

0 0 0 0 1

(075 01 005 01)
02 065 01 005
005 01 08 005
L 01 035 015 04,

108



°"
L)
L) L)

(016 071 01 003
0.08 0.68 019 005
0.03 058 031 008
0 0 0 1,

(073 01 003 008 006)
006 056 018 016 004
08 003 0 008 009
0 0 0 1 0

0 0 0 0 1,

109



(0 07
O O
O O

0 0

)
o0
2\ 2Ys

01 0.15 005
0O 082 009 006 003

1
0
0

0
1
0

0
0

1)

110



[ransition Diggrams Jlail sglubaa

0 095 0.01 0.04
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23 ghaall L) il Aludosiall JEY) Jalade

0.4

0.01 0.24
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1
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L, =0(0.4)+1(0.3)+2(0.2) +3(0.1)  =1.0 customer

L, =0(0.4+0.3+0.2) +1(0.1) = 0.1 customer
p=L,-L,=1.0-0.1 = 0.9 customer
o, =./1(0.4)+0(0.3)+1(0.2) +4(0.1) =1.0customer
0,. =,/(0.01)(0.9) +(0.81)(0.1) = 0.3 customer
W, =L1/1=10/8 =0.125 hour
W, =L,/4=0.1/8 =0.0125 hour

V=W, - W =0.125-0.0125 =0.1125 hour
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L, =
1-0.875
W, =(1/105)(7) = 0.0667 hours = 4 minutes

W, =(1/105)(6.125) = 0.0583 hours = 3.5 minutes

= [/ customers

= 6.125 customers
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m=2, 4 =120( customet hour per servg

A =105 (customer houy, o =0.875 L"’j
1 _1-p/2 _ .
= =0.391
1+p+
1-p/2
0.875) /2
. (o873)) (0.391) = 0.206 customer

q

21(1- (0.875/2))2
L, =0.206+0.875 =1.08 customer

W, =0.206/105 = 0.00196 hour = 0.12 minute

W, =1.08/105 = 0.0103 hour = 0.62 minute 168
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1+(0.38)°
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2

=(0.83 customer:

L, =p+L,=0.68+0.83=151 customers
W, = L,/A=0.83/49=0.017 hour
W, =L /A=151/49=0.031 hour
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L, =p+L,=0.68+0.050=0.73 customers

W, = L,/A =0.050/(98/120) =0.061 minute

W, = L,/A =0.73/(98/120) =0.89 minute
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B9 Microsoft Excel - QUEUE.XLS
i8] Fle Edit View Insert Format Tools Dats  Window Help  Adobe PDF

HIB =N AN WY R AN e R ---@Ev%l_%_ll_ﬂa@ﬁi_mal =0 | B LU === ]38 ¢
- I3

| | A | 5 BeEgw v | E | F | 6 | # [ 1| v [ L | m [ N | 0 | P |

% 1 [M/M/k Queuing Model

| 2

‘ 3 INPUTS  Value “INPUTS Value

4 |Lambda = Senver Cost =

| 5 [Mu= Goodwill Cost When Waiting =

| 6 Goodwill Cost While Being Served =

| 7

| 8 | Probabiility of n Customers

| 9 lOUTPUTS in the System where n =

10 |# Servers L w Wq Pw Rho Cost 0 1 4 5

11 1

12 2

| 13 3

[14] 4

| 15 5

| 16 6

| 17 7

18 8

18] 9

200 10

| 21 1

[22] 12

| 23 13

[ 24| 14

| 25 15

2| 16

27| 17

28| 18

23| 19

[30] 20

% MMk, MEn1 / MG1 £ MM1 m £ MGkk / MMkF / MD1 /
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sl

A | B | ¢ D E F | G H K L M N 0 P

1 |M/M/k Queuing Model

2

3 [INPUTS  Value INPUTS Value
4 |Lambda = 105 Semver Cost =

5 [Mu= 120 Goodwill Cost When Waiting =
| 6 | Goodwill Cost While Being Served =

i
| 8 | Probabiility of n Customers
9 |OUTPUTS in the System where n =
| 10 |# Servers L Lq w Waq Pw Rho Cost 0 1 2 3 4 5
| 11| 1 7 6125 0.066667 0058333 0.875 0.874 0 0125 01083756 0095703 0.08374 0073273 0.064114
| 12| 2 1.082126 0.207126 0.010306 0.001973 0266304 043745 0 0.391304 0342391 0149796 0065536 0.028672 0.012544
| 13| 3 0.301871 0.026871 0.008589 0.000256 0.065253 0.291667 0 0414003 0362253 0158486 0046225 0013482 0003932
14| 4 0878646 0.003646 0.008368 347E-05 0.013022 0.21875 0 041654 0364473 0159457 0046508 0.010174 0.002225
| 15| 5 0875458 0.000458 0.008338 4.36E-06 000216  0.174 0 0416828 0364724 0159567 0.04654 0010181 0.001782
| 16 | 6 0875052 519E-05 0.008334 4.95E-07 0.000304 0.145833 0 0416853 0364751 0159579 0046544 0010181 0.001782
|17 | T 0875005 53E-06 0.008333 5.05E-08 371E-05 0125 0 0416862 0364754 015958 0046544 0010182 0.001782
|18 | 8 0875  49E-07 0008333 467E-09 3.99E-06 0.109375 0 0416862 0364754 015958 0046544 0010182 0.001782
| 19| 9 08756 412E-08 0008333 392E-10 3.83E-07 0.097222 0 0416862 0364754 015958 0046544 0010182 0.001782
200 10 0.876 318E-09 0008333 3.02E11 3.3ME-08 0.0874 0 0416862 0364754 015958 0046544 0010182 0.001782
210 M 0.876 226E-10 0008333 215E-12 2.61E-09 0.079545 0 0416862 0364754 015958 0046544 0010182 0.001782
220 12 0875  149E-11 0008333 142E13 1.89E-10 0.072917 0 0416862 0364754 015958 0046544 0010182 0.001782
23| 13 0875 913E-13 0008333 B6IE-15 1.26E-11 0.067308 0 0416862 0364754 015958 0046544 0.010182 0.001782
24| 14 0876 524E-14 0008333 499E16 7.87E13 0.0625 0 0416862 0364754 015958 0046544 0010182 0.001782
(25| 15 0876 278E-15 0008333 264E-17 4.57E-14 0.058333 0 0416862 0364754 015958 0046544 0010182 0.001782
(26| 16 0875 111E-16 0008333 1.06E-18 2.49E-15 0.054688 0 0416862 0364754 015958 0046544 0010182 0.001782
27| 1T 0.875 0 0.008333 0 1.28E-16 0.051471 0 0416862 0364754 015958 0046544 0.010182 0.001782
28| 18 0.8745 0 0.008333 0 6.19E-18 0.048611 0 0416862 0364754 015958 0046544 0010182 0.001782
290 19 0.8745 0 0.008333 0 2. 84E-19 0.046053 0 0416862 0364754 015958 0046544 0010182 0001782

30 20 0.8745 0 0.008333 0 1.24E-20 0.04375 0 0416862 0364754 015958 0046544 0010182 0.001782

JE 134 Jal Gl adlly il o3a o )l

198



LY men Js QUEUE.XLS gebiy aladiul;
Aslad) o laill

199



seslghIl ailag
Queuing Models

REECHE

WINQSB

200



M/M/L )l aslall ot e Jlia 21 Jia
SIS e slaall Ja00 a3 308 A5 Us) QALEXE gl 8

Problem Specification

ingle Server

201



Data Descnption ENTRY

Mumber of zervers

Service rate [per zerver per hour]

Customer arnival rate [per hour]

g
Queue capacity [maximum waiting space] M
Customer population M

Busy server cost per hour

.........................................................................

Idle zerver cost per hour

Customer waiting cost per hour

Customer being served cost per hour

Cost of customer being balked

Unit queue capacity cost
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03-13-20032 Performance Measure Hesult
1 System: M/M A1 ) From Formula
5 e [Iamhda]perhuur= ................................. 2 0000
3 Service rate per server [mu] per hour = 10.0000
4 Overall zystem effective amival rate per hour = 8.0000
i Overall syztem effective service rate per hour = 8.0000
b Overall system utilization = 80.0000 =
f Average number of customers in the system [L) = 4_ 0000
8 Average number of customers in the queue [Lq] = 3.2000
9 Average number of customers in the queue for a busy zystem [Lb] = 4 0000
10 Average hime customer spends in the spstem [\w)] = 05000 hours
11 Average time customer spends in the queue [Wq) = 04000 hours
12 Average time customer spends in the queue for a busy system [Wh] = 05000 hours
13 The probability that all zervers are idle [Po] = 20.0000 %
14 The probability an amiving customer waits [Pw] or spstem iz busy [Pb] = 80.0000 X
15 Average number of customers being balked per hour = 0
16 Total cost of busy server per hour = 30
17 Total cost of idle server per hour = 30
18 Total cost of customer waiting per hour = 30
19 Total cost of customer being served per hour = 30
20 Total cost of customer being balked per hour = 30
21 Total queue szpace cost per hour = 30
22 Total sypstem cost per hour = 30
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