EP ALY HRE ePaper

I—L PR

R ATL pAFE AL T2t gRE
Improved report of using queuing theory to

improve Takoyaki

FE RSB ALE 2 H R T
sl 1 EI AR KAEIRE fZ Ese T

£ 5. :D0029659 ~ D0070553 ~ D0041350 ~ DO070672

Rt rm @ kB <F

o 1 EaAee "“?Iw%f



TR IGE DR VAT 2SS s

2

AR HFLOPE R A RSERAD T AN EIF AP
O] A ;,?'ﬁ;rf;4 BEPERIVEESDGIL BAELZEEFRERRSERE R
¥W PR R ;ﬁd T- A EGRILGAETY o NP RILP SR b

—"r]rﬁﬁ ;L“m—f\?\ FI* FEF TP RTE GG e R o B FIE R R

LEEN ﬂ%’ﬂi" P A PR D R TR LR ER R
(AW FePRAxpE R (n) > £ 38 * ExpetFit it 88 35038 {8 en Tl 203 DR 2 PIE PF AV (M)
frFRz}EE?F’“(p)m/»\ fe o Rfichp B > 2702 MIMIS $23) 5 Flpt A xru 2 MIM/S 2
A RBIRP ISR AL F PBEIRIEA B ol 2 BE N £ 2 228 A Lg-Wq »
LW o B fd st gt 0 ez 32 32 2 1% MIM/S $23]35 5 M arenLg~Wg -~ L~
W b gee d o s eng B o

1 R ERER A iy ePaper(2014 )



FRRHER IS DR R NAT ZBE RS

Abstract

Taiwan's Feng Chia is a famous shopping district, attracted a large number of
visitors come to the pilgrimage while creating unlimited business opportunities. We
can find that the popular store outside always ranks full long a little of queue, and lead
to the customer's waiting time becoming so long , so the situation usually has the
supply falls short of demand in the store. By this time the study of queuing theory, we
will be Takoyaki as the object of study, and applied queuing theory learned in the
operations research classroom to help relieve queuing crowds.

In this study, we sorting the collected raw data, calculate the customer
inter-arrival times (1) and service time (p ), and then use ExpetFit software to
determine the distribution of the data statistics of customer arrival time (1) and service
time (p).After sorting the original data, the data is approximately M / M / S model, so
we use the M / M / S model to simulate service personnel and customers ordering
situations, and calculates Lg, Wq, L, W. Finally, using again the M/ M / S model to
calculate the new Lg, Wq, L, W, in our improve ways, compare with the difference
before and after improvement.

Keyword : Queuing Theory
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Data Characteristic Value
Source file RRE FERE R
Observation type Real valued
Number of observations 64
Minimum observation 1.50000
Maximum observation 101.60000
Mean 18.85156
Median 12.65000
Variance 374 99682
Coefficient of variation 1.02723
Skewness 1.97382

Ll BEEDERIRRER.

it o Hi

Relative Evaluation of Candidate Models

Relative
Model Score Parameters
1 - Weibull 78.13 Location 0.00000
Scale 19.26318
Shape 1.05186
2 - Gamma 75.00 Location 0.00000
Scale 16.41598
Shape 1.14837
3 - Exponential 71.88 Location 0.00000
Scale 18.85156

9 models are defined with scores between 0.00 and 78.13

Absolute Evaluation of Model 1 - Weibull

Evaluation: Good

Suggestion: Additional evaluations using Comparisons Tab might be informative.

Additional Information about Model 1 - Weibull

"Bmor” in the model mean

relative to the sample mean -0.02920 = 0.15%
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Density-Histogram Plot
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Density/Proportion

0.09

0.00
610 24.50 42.80 61.30 79.70

Interval Midpoint

I 10 intervals of width 8.2 B 3 - Exponential
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Data Characteristic Value
Source file R 75

Observation type Real valued
Number of observations 60
Minimum observation 3927000
Maximum observation 14797000
Mean 58.92167
Median 51.92000
Variance 495 79034
Coefficient of variation 0.37790
Skewness 254911
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Relative Evaluation of Candidate Models

Relative

Model Score Parameters

1 - Gamma(E) 88.89 Location 39.23180
Scale 15.87106
Shape 1.24061

2 - Log-Legistic 83.33 Lecation 0.00000
Scale 53.58435
Shape 7.56466

3 - Lognormal({E) 80.56 Location 39.23180
Scale 12.50024
Shape 1.10340

10 models are defined with scores between 278 and 88.89

Absolute Evaluation of Model 1 - Gamma(E)

Ewvaluation: Borderline
Suggestion: Additional evaluations using Comparisons Tab are strongly recommended.

Additional Information about Model 1 - Gamma(E)

"Emor” in the model mean
relative to the sample mean 0
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5 (AT S R LT s

W2 R B TR

PERFR PR3P I WME R
e & ) 2 A ¥ 2 2 4

1 19 15 07.5 19 20 30. 2 19 20 43. 6
2 19 16 00.3 19 20 43. 8 19 20 53.9
3 19 16 01.8 19 20 54. 1 19 21 09.4
4 19 16 17.7 19 21 09.6 19 21 23.6
5 19 16 28.9 19 21 23.6 19 21 32.3
6 19 18 10.5 19 21 32.5 19 21 38.8
7 19 18 23.3 19 21 39.0 19 21 57.0
8 19 18 30. 4 19 21 57.2 19 22 03.6
9 19 18 46. 1 19 22 03.8 19 22 14.3
10 19 19 01.6 19 22 14.5 19 22 25.3
11 19 19 04.0 19 22 25.5 19 22 58.5
12 19 19 24.8 leave

13 19 19 29.7 19 2 58. 7 19 23 04.4
14 19 19 36. 7 19 23] 04. 6 19 23 15.1
15 19 20 48. 2 19 23 15.3 19 23 34. 4
16 19 20 49. 8 19 23 34.6 19 23 46. 6
17 19 20 52.0 19 23 46. 8 19 23 56. 3
18 19 20 59.9 19 23 56.5 19 24 03.6
19 19 21 39.3 19 24 03.8 19 24 22.9
20 19 21 46. 8 19 24 23.1 19 24 23.8
21 19 22 02.1 19 24 24.0 19 24 36. 0
22 19 22 24.8 19 24 36. 2 19 24 38.9
23 19 22 47.4 19 24 39.1 19 24 51.1
24 19 23 20.7 19 24 51.3 19 25 03.5
25 19 23 22.5 19 25 03.7 19 25 37.0
26 19 23 48. 2 19 25 37.2 19 25 52.6
27 19 23 57. 1 19 25 52.8 19 26 08. 3
28 19 24 09.0 19 26 08.5 19 26 18.6
29 19 24 15.4 19 26 18.8 19 26 50. 3
30 19 24 18.9 19 26 50.5 19 27 13.7
31 19 24 54.5 leave

32 19 26 01.4 19 27 13.9 19 27 17.7
33 19 26 07.2 19 27 17.9 19 27 26. 6
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34 19 26 17.4 19 27 26. 8 19 27 50. 9
35 19 26 28.7 leave

36 19 26 46. 9 19 27 51.1 19 28 04.7
37 19 27 28.7 19 28 04.9 19 28 28.0
38 19 27 31.5 19 28 28.2 19 28 55.5
39 19 27 33.7 19 28 55. 7 19 30 02.6
40 19 28 19.1 19 30 02.8 19 30 13.4
41 19 28 22.4 19 30 13.6 19 30 26.9
42 19 28 23.9 19 30 27.1 19 30 51.2
43 19 28 25. 6 19 30 51.4 19 30 56. 8
44 19 28 30.9 19 30 57.0 19 32 24.5
45 19 28 46. 7 19 32 24.7 19 32 35.6
46 19 28 59.2 19 32 35.8 19 32 58. 3
47 19 29 16. 8 19 32 58.5 19 33 02.6
48 19 30 19.0 19 33 02.8 19 33 08.7
49 19 30 26. 4 19 33 08.9 19 33 19.6
50 19 30 54. 1 19 33 19.8 19 33 35.3
51 19 31 01.8 19 3] 35.5 19 35 24.9
52 19 31 15.7 19 35 25. 1 19 35 46. 9
53 19 31 21. 4 19 35 47.1 19 36 17.7
h4 19 31 24.0 19 36 17.9 19 36 30.1
55) 19 31 34.9 19 36 30. 3 19 36 35.7
H6 19 32 01.1 19 36 35.9 19 36 42. 6
57 19 32 19.5 19 36 42.8 19 37 05.0
H8 19 32 41.4 19 A 05.2 19 38 24.7
59 19 33 05.6 leave

60 19 33 27.7 19 38 24.9 19 38 39.6
61 19 33 38. 3 19 38 39.8 19 38 50. 7
62 19 34 08.7 19 38 50.9 19 39 07.8
63 19 34 45.9 19 39 08.0 19 40 43.7
64 19 34 52.2 leave

65 19 35 15.1 19 40 43.9 19 41 04. 3
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i RETEES Bcdh
\ ARASEFE (RER | AR R R
B2 R RReE R LR [E] 1 /) 12 A

1 0 52.7 0 13.4 0 51.97 0 49.02
2 0 01.5 0 10.1 0 48.67 0 45.72
3 0 15.9 0 15.3 0 53.87 0 50.92
4 0 11.2 0 13.8 0 52.37 0 49.42
5 1 41.6 0 08.7 0 47.27 0 4432
6 0 12.8 0 06.3 0 44 87 0 41.92
7 0 07.1 0 18.0 0 56.57 0 53.62
8 0 15.7 0 06.4 0 4497 0 42.02
9 0 15.5 0 10.5 0 49.07 0 46.12
10 0 02.4 0 10.8 0 49.37 0 46.42
11 0 20.8 0 33.0 1 11.57 1 08.62
12 0 04.9 leave leave leave
13 0 07.0 0 05.7 0 44.27 0 41.32
14 1 11.5 0 09.5 0 48.07 0 45.12
15 0 01.6 0 19.1 0 57.67 0 54.72
16 0 02.2 0 12.0 0 50.57 0 47.62
17 0 07.9 0 09.5 0 48.07 0 45.12
18 0 39.4 0 07.1 0 45.67 0 42.72
19 0 07.5 0 19.1 0 57.67 0 54.72
20 0 15.3 0 00.7 0 39.27 0 36.32
21 0 22.7 0 12.0 0 50.57 0 47.62
22 0 22.6 0 02.7 0 41.27 0 38.32
23 0 33.3 0 12.0 0 50.57 0 47.62
24 0 01.8 0 12.2 0 50.77 0 47.82
25 0 257 0 333 1 11.87 1 08.92
26 0 08.9 0 15.4 0 53.97 0 51.02
27 0 11.9 0 15.5 0 54.07 0 51.12
28 0 06.4 0 10.1 0 48.67 0 45.72
29 0 02.5 0 31.5 1 10.07 1 07.12
30 0 35.6 0 23.2 1 01.77 0 58.82
31 1 06.9 leave leave leave
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32 0 05.8 0 03.8 0 42.37 0 39.42
33 0 10.2 0 08.7 0 47.27 0 44.32
34 0 11.3 0 24.1 1 02.67 0 59.72
35 0 18.2 leave leave leave

36 0 41.8 0 13.6 0 52.17 0 49.22
37 0 02.8 0 23.1 1 01.67 0 58.72
38 0 02.2 0 27.3 1 05.87 1 02.92
39 0 454 1 06.9 1 45.47 1 42.52
40 0 03.3 0 10.6 0 49.17 0 46.22
41 0 01.5 0 13.3 0 51.87 0 43.92
42 0 01.7 0 24.1 1 02.67 0 59.72
43 0 05.3 0 05.4 0 43.97 0 41.02
44 0 15.8 1 27.5 2 06.07 2 03.12
45 0 12.5 0 10.9 0 49.47 0 46.52
46 0 17.6 0 22.5 1 01.07 0 58.12
47 1 02.2 0 04.1 0 42.67 0 39.72
48 0 07.4 0 05.9 0 4447 0 41.52
49 0 21.7 0 10.7 0 49.27 0 46.32
50 0 07.7 0 15.5 0 54.07 0 51.12
51 0 13.9 1 49.4 2 2797 2 25.02
52 0 05.7 0 21.8 1 00.37 0 57.42
53 0 02.6 0 30.6 1 09.17 1 06.22
54 0 10.9 0 12.2 0 50.77 0 47.82
55 0 20.2 0 05.4 0 43.97 0 41.02
56 0 184 0 06.7 0 45.27 0 42.32
57 0 21.9 0 22.2 1 00.77 0 57.82
58 0 24.2 1 19.5 1 58.07 1 55.12
59 0 22.1 leave leave leave

60 0 10.6 0 14.7 0 53.27 0 50.32
61 0 30.4 0 10.9 0 49.47 0 46.52
62 0 37.2 0 16.9 0 55.47 0 52.52
63 0 06.3 1 35.7 2 14.27 2 11.32
64 0 22.9 leave leave leave

65 0 20.2 0 58.77 0 55.82
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M/M/c: POISSON ARRIVALS TO MULTIPLE EXPONENTIAL SERVERS

S %

Input Parameters:

Arrival rate ()
Mean semvice time (1/p)
Mumber of servers in the system (c)

Plot Parameters:

Maximum size for probability chart
Total time horizon for probability plotting

Results:

Mean interarrival time (1/%)

Semvice rate (p)

Average # arrivals in mean senice time (r)
Server utilization (p)

Fraction of time all servers are idle (pg)

Mean number of customers in the system (L)
Mean number of customers in the queue (Lg)
Mean wait time (W)

Mean wait time in the queue (Wqg)
Probability arriving customer is delayed in
gueue (1-Wg(0))

2.94
0.982
3

15

0.340136
1.01833
2.88708
96.24%
0.008725
26.657702
23.770622
9.067246

8.085246

0.929721

M/W/c: POISS0ON ARRIVALS TO MULTIPLE EXPONENTIAL SERVERS

Input Parameters:

Arrival rate (L)
Mean service time (1/u)
Mumber of servers in the system (c)

Plot Parameters:

Maximum size for probability chart
Total time horizon for probability plotting

Results:

Mean interarrival time (1/%)

Service rate (u)

Awerage # arrivals in mean senvice time (r)
Server utilization (p)

Fraction of time all servers are idle (pg)

Mean number of customers in the system (L)
Mean number of customers in the queue (Lg)
Mean wait time (W)

Mean wait time in the gueue (Wq)
Probability arriving customer is delayed in
queue (1-Wg(0})
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2.94
0.982
4

15

0.340136
1.01833
2.88708
72.18%

0.044504

4. 088275

1.201195
1.39057
0.40857

0.46304
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M/W/c: POISSON ARRIVALS TO MULTIPLE EXPONENTIAL SERVERS

Input Parameters:

Arrival rate (i) 294
Mean service time (1/u) 0.93575
Mumber of servers in the system (c) 3

Plot Parameters:

Maximum size for probability chart 15
Total time horizon for probability plotting 2.
Results:
Mean interarrival time {1/} 0.340136
Semnice rate (p) 1.068662
Average # arrivals in mean senvice time (r} 2751105
Server utilization (p) 91.70%
Fraction of time all servers are idle (pg) 0.020258

Mean number of customers in the system (L)  12.117109
Mean number of customers in the queue (Lg) 9.366004
Mean wait time (W) 4 121466
Mean wait time in the queue (Wag) 3.185716
Probability arriving customer is delayed in 0.847351
queue (1-Wg(0)) ’

= ?;‘:._ :
M/M/c: POISSON ARRIVALS TO MULTIPLE EXPONENTIAL SERVERS

Input Parameters:

Avrrival rate (i) 294
Mean senvice time (1/u) 0.93575
Mumber of servers in the system (c) 4

Plot Parameters:

Maximum size for probability chart 15
Total time haorizon for probability plotting 2.
Results:
Mean interarrival time (1/%) 0.340136
Semvice rate (u) 1.068662
Awverage # arrivals in mean senvice time (r) 2751104
Server utilization (p) 63.78%
Fraction of time all servers are idle (pg) 0.053619

Mean number of customers in the system (L) 3.654022
Mean number of customers in the queue (Lg) 0.902917
Mean wait time (W) 1.242865
Mean wait time in the gqueue (Wq) 0307114
Probability arriving customer is delayed in

queue (1-WgiD)) 0409889
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¢ 5 : Promodel Formatted Listing fr3i i7 @

PSS SRR ST e ettt sttt oottt ettt ettt tite sty

Time Units: Minutes
Distance Units: Feet

B L e s e e Tt ST T e T S e P S e e P TP T ST LT S e T TS T 2 22T

* Locations ¥
2 2 e g e g g ey S g ey g g e s g s sy

Name Cap Units Stats Rules Cost

FREH INFINITE Time Series Oldest, FIFO,

Time Series Oldest, , First
Time Series Oldest, ,
Time Series Oldest, ,
Time Series Oldest, ,

HEAR

HEAR.1
HBAH. 2
HEAR. 3

1
R 112 3 Time Series Oldest, , First
HE 1 112 1 Time Series Oldest, ,
. 2 112 1 Time Series Oldest, ,
a3 112 1 Time Series Oldest, ,
BEES 1 1 Time Series Oldest, ,
B EZEESE INFINITE 1 Time Series Oldest, FIFO,
ESAH 6 2 Time Series Oldest, , First
E&AR 1 1 Time Series Oldest, ,
E&EAB.2 1 Time Series Oldest, ,

3

1

1

1

— - Y O

PSS ST LTSI SIS LSS RS L SR LIS oS00SRt L oS Sd

* Entities *
FEERRRR R R R R R R R R R R R R Rk Rk ok Rk

Name Speed (fpm) Stats Cost
BE 150 Time Series
TR EE 150 Time Series
F & RT 150 Time Series
L -+ ¥ 150 Time Series

ekl ook oeoooooookoooeeokceooooooieoeoieooooooookx

* Processing *
FEERRRR R R R R R R R R R R R R Rk Rk ok Rk

Process Routing
Entity Location Operation Blk Output Destination Rule Move Logic
% SR 1 R BEES JOIN 1
FTh AT wait u(l1,2) 1 3 S E&AE FIRST 1

E&8 LT EHAE  combine 6

wait n(10, 1) sec 1 E - ¥ 3 EEEiZ% FIRST 1
BT 8 ROERP 1 E&T 6 BEES FIRST 1
Ee¥ a0 BAAES join 1 A%

wait e(20) sec 1 TR B EE EXIT FIRST 1

Fkkkxkkkkokokookek kool okokooock kool kkkooooooockkoooekkoockkekkkkoooekokx

¥ Arrivals ¥
skkbokxookookook ookl sookooolosock ook koo

Entity Location Qty Each First Time Occurrences Frequency Logic
BE &8 1 0 INF E(1,17.9) sec
BEE&T e AEES 300 0 INF 1

FEINRT EEAR 6 0 INF E(39,19.9) sec
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