Queueing Solutions

Set 1 Selected Problems (Use MMk)

1. λ=10/60 μ=1/4.8 (all in minutes)

	
	
	
	
	
	
	

	0.166667
	0.208333
	0.8
	
	
	
	

	P0
	Pw
	Lq
	L
	Wq
	W
	k

	0.2
	0.8
	3.2
	4
	19.2
	24
	1


 a. 3.3     b. 19.2min     c. 24min     d. 0.2     e. 0.8

2. Option a) change μ to 1 /2.5

	
	
	
	
	
	
	

	0.166667
	0.4
	0.416667
	
	
	
	

	P0
	Pw
	Lq
	L
	Wq
	W
	k

	0.583333
	0.416667
	0.297619
	0.714286
	1.785714
	4.285714
	1


Option b) hold μ as in question 1. but use k=2:

	
	
	
	
	
	
	

	0.166667
	0.208333
	0.8
	
	
	
	

	P0
	Pw
	Lq
	L
	Wq
	W
	k

	0.2
	0.8
	3.2
	4
	19.2
	24
	1

	0.428571
	0.228571
	0.152381
	0.952381
	0.914286
	5.714286
	2


3. λ=3/60 μ=1/15 (all in minutes)

Before the merge use the k=1 line

	
	
	
	
	
	
	

	0.05
	0.066667
	0.75
	
	
	
	

	P0
	Pw
	Lq
	L
	Wq
	W
	k

	0.25
	0.75
	2.25
	3
	45
	60
	1


After the merge λ is doubled and use the k=2 line.

	
	
	
	
	
	
	

	0.1
	0.066667
	1.5
	
	
	
	

	P0
	Pw
	Lq
	L
	Wq
	W
	k

	***
	***
	***
	***
	***
	***
	1

	0.142857
	0.642857
	1.928571
	3.428571
	19.28571
	34.28571
	2


c. Use Goal Seek 

Set Cell I5 to value 5 by changing cell E2 and get

	
	
	
	
	
	
	

	0.066667
	0.066667
	1.000011
	
	
	
	

	P0
	Pw
	Lq
	L
	Wq
	W
	k

	***
	***
	***
	***
	***
	***
	1

	0.333329
	0.333339
	0.333346
	1.333357
	5.000143
	20.00014
	2


The answer is (per hour. Alternatively you can enter for a formula such as =M1/60 and use goal seek with entering M1 for “by changing cell”.

d. Use data tables. (result on next page)

	
	Wq
	W
	Lq

	
	3.333333
	13.33333
	0.333333

	10
	3.333333
	13.33333
	0.333333

	11
	4.770609
	15.77061
	0.477061

	12
	6.75
	18.75
	0.675

	13
	9.510823
	22.51082
	0.951082

	14
	13.45098
	27.45098
	1.345098

	15
	19.28571
	34.28571
	1.928571

	16
	28.44444
	44.44444
	2.844444

	17
	44.26126
	61.26126
	4.426126

	18
	76.73684
	94.73684
	7.673684

	19
	175.8718
	194.8718
	17.58718


4. λ=20/60 μ=1/2 (all in minutes)

	
	
	
	
	
	
	

	0.333333
	0.5
	0.666667
	
	
	
	

	P0
	Pw
	Lq
	L
	Wq
	W
	k

	0.333333
	0.666667
	1.333333
	2
	4
	6
	1


a. 4 minutes      b. 1-Pw=0.333333

Merging means combining all arrivals thus  λ=200/60

	
	
	
	
	
	
	

	3.333333
	0.5
	6.666667
	
	
	
	

	P0
	Pw
	Lq
	L
	Wq
	W
	k

	***
	***
	***
	***
	***
	***
	1

	***
	***
	***
	***
	***
	***
	2

	***
	***
	***
	***
	***
	***
	3

	***
	***
	***
	***
	***
	***
	4

	***
	***
	***
	***
	***
	***
	5

	***
	***
	***
	***
	***
	***
	6

	0.000353
	0.861136
	17.22273
	23.88939
	5.166818
	7.166818
	7

	0.000917
	0.532687
	2.663433
	9.3301
	0.79903
	2.79903
	8

	0.001133
	0.313256
	0.895016
	7.561683
	0.268505
	2.268505
	9

	0.001218
	0.174582
	0.349164
	7.015831
	0.104749
	2.104749
	10


c. 0.104749 minutes

d. 1-Pw=1-0.174582 =0.825418

e. Compare to 4 minutes (part a.). Answer: either 7 or 8.

5. λ=12/60 μ=1/3 (all in minutes)

	
	
	
	
	
	
	
	
	 $   30.00 
	 $   50.00 
	

	0.2
	0.333333
	0.6
	
	
	
	
	
	
	
	

	P0
	Pw
	Lq
	L
	Wq
	W
	k
	Mechanic
	Disp.
	Total
	

	0.4
	0.6
	0.9
	1.5
	4.5
	7.5
	1
	 $   75.00 
	 $   30.00 
	 $ 105.00 
	Diff.

	0.538462
	0.138462
	0.059341
	0.659341
	0.296703
	3.296703
	2
	 $   32.97 
	 $   60.00 
	 $   92.97 
	 $   12.03 


a. Save $12.03

b. Using GoalSeek: $42.03

c. Using GoalSeek:

	
	
	
	
	
	
	
	10.84883
	 $   30.00 
	 $   50.00 
	

	0.180814
	0.333333
	0.542441
	
	
	
	
	
	
	
	

	P0
	Pw
	Lq
	L
	Wq
	W
	k
	Mechanic
	Disp.
	Total
	

	0.457559
	0.542441
	0.643071
	1.185512
	3.556537
	6.556537
	1
	 $   59.28 
	 $   30.00 
	 $   89.28 
	Diff.

	0.573291
	0.115732
	0.043071
	0.585512
	0.238204
	3.238204
	2
	 $   29.28 
	 $   60.00 
	 $   89.28 
	 $    0.00 


Answer: 10.84883 per hour.

6. Receptionist: λ=20/60 μ=1/2.4 (all in minutes)

	
	
	
	
	
	
	

	0.333333
	0.416667
	0.8
	
	
	
	

	P0
	Pw
	Lq
	L
	Wq
	W
	k

	0.2
	0.8
	3.2
	4
	9.6
	12
	1


Driver License: λ=12/60 μ=1/12 (all in minutes), k=3

	
	
	
	
	
	
	

	0.2
	0.083333
	2.4
	
	
	
	

	P0
	Pw
	Lq
	L
	Wq
	W
	k

	***
	***
	***
	***
	***
	***
	1

	***
	***
	***
	***
	***
	***
	2

	0.05618
	0.647191
	2.588764
	4.988764
	12.94382
	24.94382
	3


Registration: Driver License: λ=4/60 μ=1/10 (all in minutes), k=1

	
	
	
	
	
	
	

	0.066667
	0.1
	0.666667
	
	
	
	

	P0
	Pw
	Lq
	L
	Wq
	W
	k

	0.333333
	0.666667
	1.333333
	2
	20
	30
	1


a. 12 minutes

b. 12+24.94 = 36.94 minutes

c. 12+30 = 42 minutes

d. 0.2(12+0.6(36.94+0.2(42 = 32.96 minutes

Set 2 Selected Problems

For questions 1-3 Use the general sheet

1. λ=7.2/60 μ=1/6.5 (=2.8

	
	
	

	0.12
	0.153846
	2.8

	
	
	

	P0
	0.22
	

	Pw
	0.78
	

	Lq
	1.639309
	

	L
	2.419309
	

	Wq
	13.66091
	

	W
	20.16091
	


a. 13.66 minutes

b. 1.639

2. λ=16000/18/3600 μ=1/4 (=0 (all in seconds)

	
	
	

	0.246914
	0.25
	0

	
	
	

	P0
	0.012346
	

	Pw
	0.987654
	

	Lq
	39.50617
	

	L
	40.49383
	

	Wq
	160
	

	W
	164
	


a. 39.506

b. 164 seconds

c. 40.49(18

3. λ=32/12/60 μ=1/20 (=10 (all in minutes)

	
	
	

	0.044444
	0.05
	10

	
	
	

	P0
	0.111111
	

	Pw
	0.888889
	

	Lq
	4.444444
	

	L
	5.333333
	

	Wq
	100
	

	W
	120
	


a. 120 minutes

b. 4.444

c. If an “imaginary” customer shows up exactly at 6 pm he will have to wait in line for 100 minutes. This is the time required to serve all “real” customers. You expect to close 100 minutes after 6pm.

For questions 4-6 use the finite sheet.

4. λ=1/4 μ=1 (all in days) N=10

	
	
	
	N
	
	

	
	0.25
	1
	10
	188.4109
	1

	0
	1
	0.005308
	
	
	

	1
	2.5
	0.013269
	
	P0
	0.005308

	2
	5.625
	0.029855
	
	Pw
	0.994692

	3
	11.25
	0.05971
	
	Lq
	5.026538

	4
	19.6875
	0.104492
	
	L
	6.02123

	5
	29.53125
	0.156739
	
	Wq
	5.053359

	6
	36.91406
	0.195923
	
	W
	6.053359


a. 6.02

b. 6.05 days

c. 10-6.02 = 3.98

d. 0.0053

e. Presently:

	
	
	N
	
	
	
	
	

	0.25
	1
	10
	188.4109
	1
	
	
	

	1
	0.005308
	
	
	
	
	
	

	2.5
	0.013269
	
	P0
	0.005308
	
	
	

	5.625
	0.029855
	
	Pw
	0.994692
	
	
	

	11.25
	0.05971
	
	Lq
	5.026538
	Lost
	Tech
	Total

	19.6875
	0.104492
	
	L
	6.02123
	3010.615
	120
	3130.615

	29.53125
	0.156739
	
	Wq
	5.053359
	
	
	

	36.91406
	0.195923
	
	W
	6.053359
	
	
	


Change μ to 1/0.8. Copy the present calculations two lines up:

	
	
	N
	
	
	
	
	

	0.25
	1.25
	10
	54.39344
	1
	
	
	

	1
	0.018385
	
	
	
	
	
	

	2
	0.036769
	
	P0
	0.018385
	Lost
	Tech
	Total

	3.6
	0.066184
	
	Pw
	0.981615
	3010.615
	120
	3130.615

	5.76
	0.105895
	
	Lq
	4.110307
	Lost
	Tech
	Total

	8.064
	0.148253
	
	L
	5.091923
	2545.961
	120
	2665.961

	9.6768
	0.177904
	
	Wq
	3.349831
	
	Diff:
	464.6537

	9.6768
	0.177904
	
	W
	4.149831
	
	
	


Answer $464.65

f. By GoalSeek:

	
	
	N
	
	
	
	
	

	0.25
	1.25
	10
	54.39344
	1
	
	
	

	1
	0.018385
	
	
	
	
	
	

	2
	0.036769
	
	P0
	0.018385
	Lost
	Tech
	Total

	3.6
	0.066184
	
	Pw
	0.981615
	3010.615
	120
	3130.615

	5.76
	0.105895
	
	Lq
	4.110307
	Lost
	Tech
	Total

	8.064
	0.148253
	
	L
	5.091923
	2545.961
	584.6537
	3130.615

	9.6768
	0.177904
	
	Wq
	3.349831
	
	Diff:
	0

	9.6768
	0.177904
	
	W
	4.149831
	
	
	


Answer: Pay him $584.65 or $464.65 extra.

	g. By Goalseek:


	
	N
	
	
	
	
	

	0.25
	1.062772
	10
	131.5384
	1
	
	
	

	1
	0.007602
	
	
	
	
	
	

	2.352339
	0.017883
	
	P0
	0.007602
	Lost
	Tech
	Total

	4.980149
	0.037861
	
	Pw
	0.992398
	3010.615
	120
	3130.615

	9.371998
	0.071249
	
	Lq
	4.788833
	Lost
	Tech
	Total

	15.43228
	0.117321
	
	L
	5.78123
	2890.615
	240
	3130.615

	21.78117
	0.165588
	
	Wq
	4.540501
	
	Diff:
	3.77E-06

	25.61835
	0.19476
	
	W
	5.481437
	
	
	


Answer: the time is 1/1.06=0.94 days.

5. Service time is 1 hour. λ=1/12 μ=1 (all in hours) N=10

	
	
	N
	
	

	0.083333
	1
	10
	3.31208
	1

	1
	0.301925
	
	
	

	0.833333
	0.251604
	
	P0
	0.301925

	0.625
	0.188703
	
	Pw
	0.698075

	0.416667
	0.125802
	
	Lq
	0.925026

	0.243056
	0.073385
	
	L
	1.6231

	0.121528
	0.036692
	
	Wq
	1.325109

	0.050637
	0.015288
	
	W
	2.325109


a. 0.925

b. 0.302

c. 2.325 hours

d. 1.6231 (L times service time)

6. λ=1 μ=4 (all in days) N=5

	
	
	N
	
	
	

	1
	4
	5
	5.023438
	1
	

	1
	0.199067
	
	
	
	

	1.25
	0.248834
	
	P0
	0.199067
	

	1.25
	0.248834
	
	Pw
	0.800933
	

	0.9375
	0.186625
	
	Lq
	0.995334
	N-L

	0.46875
	0.093313
	
	L
	1.796267
	3.203733

	0.117188
	0.023328
	
	Wq
	0.31068
	

	0
	0
	
	W
	0.56068
	


a. N-L = 3.2

b. Change N to 7:

	
	
	N
	
	
	

	1
	4
	7
	15.93652
	1
	

	1
	0.062749
	
	
	
	

	1.75
	0.109811
	
	P0
	0.062749
	

	2.625
	0.164716
	
	Pw
	0.937251
	

	3.28125
	0.205895
	
	Lq
	2.313745
	N-L

	3.28125
	0.205895
	
	L
	3.250996
	3.749004

	2.460938
	0.154421
	
	Wq
	0.617162
	

	1.230469
	0.077211
	
	W
	0.867162
	


Answer: 3.749

	c. Create a table using Data Table:


	
	N
	
	
	

	1
	4
	7
	15.93652
	1
	

	1
	0.062749
	
	
	
	

	1.75
	0.109811
	
	P0
	0.062749
	

	2.625
	0.164716
	
	Pw
	0.937251
	

	3.28125
	0.205895
	
	Lq
	2.313745
	N-L

	3.28125
	0.205895
	
	L
	3.250996
	3.749004

	2.460938
	0.154421
	
	Wq
	0.617162
	

	1.230469
	0.077211
	
	W
	0.867162
	

	0.307617
	0.019303
	
	
	N-L
	

	0
	0
	
	
	3.749004
	

	0
	0
	
	5
	3.203733
	

	0
	0
	
	7
	3.749004
	

	0
	0
	
	10
	3.97877
	

	0
	0
	
	15
	3.99994
	

	0
	0
	
	20
	4
	


