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Abstract

According the census of Taichung City Government, there are more than fourteen
thousand people living in North area. At mealtimes, people will line up at the
restaurant and the vendors. If you want to buy your lunch or dinner, you should wait
for a long time.

We want to solve this problem, so we will find a method by queueing theory that
we learn from Operation Research. We invite the Ming Chih high fiber restaurant to
be our object of study. We hope we can help them solve the queueing method.

In this study, we will collect the customer’s arriving time and serving time( ¢ ), and
we will use these data to compute the customer’s interval arriving time( A ).

When Finishing the data collecting, we will use a software named Experfit to
compute the distribute of these data. After running the software, we find its model is
similar to M/G/C. We will use this model to compute the Lg, Wq, L, W of the
restaurant. Finally, we will make a suggestion to help the restaurant. After they use
the method to improve their queueing condition, we will collect the new data and
compute the new Lq, Wq, L, W by the M/G/C model to compare the difference.

Keyword : arriving time , queueing theory, waiting time
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2. FHA4
AR T R EREFRF(L) g o 5 A4 TR
ﬁzé}i% ~ ExpertFit gt I st AR E D E R R (A)a feo bzt % 5 T
7\ MR
Data Characteristic Value
Source file BEIIEREPRRE
Observation type Real valued
Number of observations 50
Minimum observation 0.20000
Maximum observation 2.78300
Mean 091734
Median 0.77900
Variance 0.39803
Coefficient of variation 0.68774
Skewness 1.01326
B 6~ Bf % I B IE pF I Data-Summary Table
Relative Evaluation of Candidate Models
Relative
Model Score Parameters
1 - Weibull(E) 88.89 Location 0.19991
Scale 0.71316
Shape 0.98409
2 - Exponential (E) 69.44 Location 0.20000
Scale 0.71734
3 - Gamma(E) 66.67 Location 0.19991
Scale 0.79828
Shape 0.89872

10 models are defined with scores between 0.00 and 88.89

Absolute Evaluation of Model 1 - Weibull(E)

Evaluation: Good

Suggestion: Additional evaluations using Comparisons Tab might be informative.

Additional Information about Model 1 - Weibull(E)

"Emror” in the model mean
relative to the sample mean -6.7847e4 = 0.07%

Bl 7~ kg £ Tl A I PR AY Automated-Fitting Resul
9
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d R 6 fot Bl 7V FIAEE DL B R R AT & ha fey Weibull(E)
Exponential(E) ~ Gamma(E)= f& 4 fie > 2 #7 § #74 * 4 fie i Exponential 4 fie > £f
ZIERFRPER(A)S dpdcs fe R 240 5% F 8 :

Density-Histogram Plot

0.38

0.28

c 022
R=]
G =
o
[= 8
e
&
=
2
g 014

0.07

0.00

0.33 0.85 1.37 1.89 2.41
Interval Midpoint

Il 10 intervals of width 0.26 B 2 - Exponential(E)

Bl 8 ~ g % i A I 5 A Density-Histogram Plot

f

BFVERBPERF(0) Bdpand = 54 & &gt ~ ExpertFit #odg

IR M RGRPE R (1) ek fie o Bzt eniE % T AN
Data Characteristic Value
Source file R B el
Observation type Real valued
Number of observations 48
Minimum observation 1.82600
Maximum observation 2.63200
Mean 2.10417
Median 2.09050
Variance 0.02883
Coefficient of variation 0.08069
Skewness 0.63949

Bl 9 ~ PRixpF ¥ Data-Summary Table
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Relative Evaluation of Candidate Models

Relative

Model Score Parameters

1 - Lognormal 97.22 Location 0.00000
Scale 2.09764
Shape 0.07840

2 - Log-Logistic 88 89 Location 0.00000
Scale 2.09179
Shape 2225780

3 - Gamma 80.56 Location 0.00000
Scale 0.01306
Shape 161.05481

10 models are defined with scores between 0.00 and 97.22

Absolute Evaluation of Model 1 - Lognormal

Evaluation: Good
Suggestion: Additional evaluations using Comparisons Tab might be informative.

Additional Information about Model 1 - Lognormal

"Emror” in the model mean
relative to the sample mean 7.3096e-5 = 0.00%

B 10 ~ PRF+pF & Automated-Fitting Results

d B9 B 10 7 F B PRAXPF R #7if & e04 fie 3 Lognormal~ Log-Logistic
Gamma = &4 fie » S AT 7 7 * chk fe i Lognormal 4 fie o PRARPER (1 )2
Lognormal 4 fie e 25 4™ 51 % B 11 ¢
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Density-Histogram Plot

0.14+

0.08

Density/Proportion

0.05

0.00
1.85 2.03 222 2.40 2.59

Interval Midpoint

B ¢ intervals of width 0.093 B 1 - Lognormal

B 11 - FR7%PF & Density-Histogram Plot
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I ~ Model 445

1. Queueing Theory Software 4 7

g FRAT RS ETRAEROIE S MIG2 %- BM R LAREE
PRI R A 5 BCRAMBPREIR AR 5= B2
APRIFAREF 2(BFF ~ERAR)  m TAIFRIE RS

%1
A 0.917
Aeft | 0.8634
[ 0.475
1/p |2.104
(cv)? | 0.00651

A eff - }a s Hp ’ﬁx“%@éﬁ%i‘]éﬁ{
Aeff= A X (1 —balk%) = 0.91734 x (1 — 5.88%) = 0.8634
balk% = (R ZRHF FYE L /18~ 5 Seenii e 2 8K)% = 3 /51 = 5.88%

F1QTS #x# @ L5 M/G/C -r Model » #7224V i 1] * 370 3 i L4538 17 Lo
fr Wq e ;3% 8 o ;ﬁﬂ M/M/C i3] » ‘& d MIG/L & 1340 % se@ anfe e o 3¢
(1+ (cv)?/2)2 % MIM/L $53] » $H i eh s X deT

standard deviation

v =
mean

2 2
(P 1+ (cv) 2_V(x)_ 5 5
Lq_(l—p)( > ) when (cv) —E(x)z—au
M/GIC % i & & 3o Lq fv WQ si1 i = 4258 > AP e R E 715 $#E T
M/IMIC & =38 ¢ e lg 4 Wq k& E M/G/C i1 > 4258 > * cv :L#;—tx"r 1 4%:7

7o A Al MIGIC iz i = 4258 K3 H H S prR ~ X A % - Ap i
T J1* QTS HH:e 7 MIM/2 4 45 BFIEIS 5] T 4 %% ¢
% 2
M/M/2
IR BRI A E (o) 90.84%
LS FESSTE DS EPN (g (W 10.389
FlEG LRGPP A (L) 8.573
{8 Za e TR P A (W) 12.0332
FR{BEER Za A TR I AT (Wa) | 9.929

AR A A5 A ki R o 1% MIGIC et iy f25% k35 4 Lg s
Wg LW #2255 o e
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1+ (cv)? 1+ 0.00651
Lqg = Lq x — )= 8.573 X (f) = 4314405115

1+ (cv)? 1+ 0.00651
Wq = Wq X — )= 9.929 X (f) = 4.996818895

0.8634

L=Lq+ A = 4314 + = 4.724115
H /0.475
W = L_ 4.724 = 5.47139217
2 0.8634
E{_[,H» ‘},3\,?3"111,5'4‘(-’}%1{1?,1%,%1-11;{1%‘} #* % 90.84% > d_f‘f‘ﬁ,l S

@_ﬁvu;ﬂ@gg% 4724 4 5 4% ﬁml&wg*gh 4314 % fEE LA
BRI IOEFEERF L0471 248 L AZ ERDTHTGER 4.997 A ki o
RS heT &

% 3

M/G/2
AR B R AR (p) 90.84%
Bl A FRE AL (L) 4.724
FRGR AT P PR E AR (Lg) 4.314
Bl SRR S R (W) 5.471
FEG ARG TEAIE Y ERTE (Wa) | 4.997

2. Simulation 4 37
BFAPL AT ProModel St R84 & Uil (79 B R R R OB VR b it
‘;5' “f ﬁ/;pm—» 7:}::_;" » T g] - %5—;]7‘57{”‘ 5,‘,_‘{1’1 LayOUt E]

s
e QEE§

EELE

T

F9O EEFEERE

&l 12 ~ ProModel Layout ]
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< B 5 ProModel - Location 3% Z_:

* Locations *
Mame Cap Units Stats Rules Cost
Fﬁ[j inf Time Series Oldest, .

Time Series Oldest.,

1

B 1 1 i

BRI SE (S5 INFINITE 1 Time Series Oldest, FIFO,
?%}xé% 1 1 Time Series Oldest, .

B 12 ~ ProModel Location

[ Arrivals s

Entity Location Qty Each First Time Occurrences Frequency Logic

BEE M 1 inf e(B.8634)

B 13 ~ ProModel Arrival

T % ProModel 0 Entities 3% Z_:

= Entities s

Mame Speed (fpm)> Stats Cost

EEE 158 Time Series

B 14 ~ ProModel Entities
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% Z_Processing > 425 SRR EFIE M v S v PRIFA R BB o B F BT R ITA
4%Eﬁ?**%%WQ#W“?moipmiwbw%%ﬁwbaﬁﬁWQSOQ#
FEpFR (BT RLTE BE) G F A A Fe n(2.104,05) > HAp R AR Ao T
* Processing =
Process Routing
Entity Location Operation Blk Output Destination Rule
B ME . 1 EE BEE SR 1540 FIRST 1
B R E R 1 EE A= FIRST 1
= JcE= =] wait u¢A.5,.@.5) i EaE [EFR FIRST 1
EE [EFAT wait n¢2.1A4.0.5>
i EEE EXIT FIRST 1
] 15 -~ ProModel Processing
BFEHS GNP R AR SR 54T B
Scheduled Capacit Total Avg Time Per M aximum Current I
Name Time [MIN] [ Entries Entry [MIN] Avg Contents Contents Contents % Utilization
] 180.00 933393... 21000 0.00 0o 1.00 o.on 0.0o
BB 180.00 1.00 ga.00 215 041 1.00 1.00 9922
EREHER SRR 180.00 933393... 21000 54 E7 B3 78 126.00 126.00 0o
HBTE A S 180.00 1.00 g4.00 213 041 1.00 1.00 99 46
] 15 ~ ProModel Output Location
Entity Activity for $#EE
N Total Current Oty In Avg Time In Avg Time In Move| Awg Time Wait For Avg Time In Avg Time
s Exits Spstem System [MIN] Logic [MIN] Res [MIM] Operation [MIN]| Blocked [MIN]
BT 52.00 123.00 0.00 53.09 287 356

] 16 ~ ProModel Output Entity Activity

EERRA S AP BHE R R LT 4

% 4
Tyo @ r & 99.34%
BEE T ¥oh k AenpE Y | 59.61 A
T YapR i pE 2.14
AP p E i 210-82=128
Balk% (128/210)*%=60.95%

g * QTS fr ProModel = f& it 4838 {7 Tl 4 47 » 7 I3 QTS 82 X 5

B ® > & ProModel $#dkiT B
izl =g A

/pri;‘;:,

R R g B A
T EEE R FRA AT it B
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N EF

RBF L% APEHm DA fBecd 22 §- A5 S0 e F AR
wa’ﬂaﬁﬁ@wf*—w’a%Jmp—@{:T%ﬁ,agﬁaﬁi’{
6 P - Lok o TR R BT 0 - FIRTEA R EERER

?&ﬁé% B3
EEA* FTE S BT URAEELTIOEGEpFF L e 85% 0 Bl & 40T
%
%5

JR4G | #Ein—A | SEEE
AR EHIRL I ES (p) 90.86% | 60.57% 33.34%
BfE AP FaRE A2 (L) 4.737 0.6899 85.44%
FEGLRF P PIEE A (La) 4.327 0.2798 93.54
B 24 PR F R E (W) 5.486 0.799 85.44%
FEG A F PRI EERR (Wa) 5.0119 0.324 93.53%

¥ = 85 'F fﬂFRﬁHi‘F"* P F R BF L LR TAEFTR IR VR
g EAR T R @ K Aot j\,Th—a VLR U PRFRE A pE R AP R
BT L PRAAPER 0 "5 M3 5% ~ 10% ~ 15%:cnfin s A R kot 0 BRaOEE
PERF < PE R 7& B 3T%EZ+m e o AP ERENESAT
% 6
JF4A PR 5% | IEEE | B 10% | SGERE | K 15% | SCEEERE
ks B YRS I
2 (p) 90.84% 86.30% 4,99% 81.75% 5.27% 77.21% 5.55%
A [EENS TR S |
= N# (L) 4,724 2.943 37.7% 2.068 29.73% 1.557 24.71%
L N e
[EYN @ ()] 4.314 2.533 41.28% 1.658 34.54% 1.147 30.82%
Bl SR R
(R (W) 5471 3.409 37.7% 2.395 29.74% 1.803 24.72%
e N
SR (WQ) 4,997 2.934 41.28% 1.920 5.27% 1.329 5.55%
18
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1~ e
1L R4FH
BEL TR PR A% P
I % b va)
1 6 18 36 1.981
2 6 19 37.98 1.905
3 6 20 58 1.956
4 6 22 23.5 2.205
S 6 25 9.5 1.983
6 6 26 57.5 2285
7 6 28 5.48 ra
8 6 28 20.48 2.098
9 6 29 38.18 2.217
10 6 31 56.18 212
11 6 32 59.3 1.873
12 6 33 19.28 2313
13 6 34 14.3 2.33
14 6 34 52.28 1.853
15 6 35 27.26 1.833
16 6 36 17.24 2.183
17 6 37 4.22 2.33
18 6 37 46.22 2.098
19 6 38 10.22 S
20 6 38 31.22 2201
21 6 39 6.02 2.233
22 6 39 20 2.066
23 6 39 37.1 2013
24 6 39 53.12 2.433
25 6 40 6.02 2.403
26 6 40 24.32 1.826
27 6 40 43.34 2133
28 6 40 55.34 2.183
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29 6 41 15.32 1.933
30 6 41 32.3 2.075
31 6 41 52.28 2.3

32 6 42 27.26 2.153
33 6 43 7.28 2.003
34 6 43 57.26 2.083
35 6 44 28.1 2.632
36 6 44 59.3 2.03
37 6 45 48.32 2.13
38 6 46 23.12 2.263
39 6 47 1.1 2.015
40 6 47 48.08 2.157
41 6 50 5.06 2.083
42 6 52 0.08 2.043
43 6 53 36.08 2.033
44 6 54 42.56 1.92
45 6 55 55.58 2.175
46 6 57 16.58 1.982
47 7 0 3.56 2.108
48 7 1 41.54 A
49 7 3 51.56 1.993
50 7 5 8.54 1.902
51 7 6 31.52 1.933
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2. FRHEA
b T R PR PRA P Y
va) 7l
1 1.033 1.981
2 1.167 1.905
3 1.425 1.956
4 2.783 2.205
5 1.8 1.983
6 1.133 2.285
7 0.25 p ki
8 1.295 2.098
9 2.3 2.217
10 1.052 2.12
11 0.333 1.873
12 0.917 2.313
13 0.633 2.33
14 0.583 1.853
15 0.833 1.833
16 0.783 2.183
17 0.7 2.33
18 0.4 2.098
19 0.35 p ki
20 0.58 2.201
21 0.233 2.233
22 0.285 2.066
23 0.267 2.013
24 0.215 2.433
25 0.305 2.403
26 0.317 1.826
27 0.2 2.133
28 0.333 2.183
29 0.283 1.933
30 0.333 2.075
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31 0.583 2.3

32 0.667 2.153
33 0.833 2.003
34 0.514 2.083
35 0.52 2.632
36 0.817 2.03
37 0.58 2.13
38 0.633 2.263
39 0.783 2.015
40 2.283 2.157
41 1.917 2.083
42 1.6 2.043
43 1.108 2.033
44 1.217 1.92
45 1.35 2.175
46 2.783 1.982
47 1.633 2.108
48 2.167 y
49 1.283 1.993
50 1.483 1.902
51 1.033 1.933
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3. QTS A 454 %

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

RagidE
Input Parameters:
Arrival rate (1) 0.8634
Mean service time {1/u) 210417
Mumber of servers in the system (c) 2

Plot Parameters:

Maximum size for probability chart 15
Total time horizon for probability plotting 2.
Results:
Mean interarrival time {1/%) 1.158212
Semvice rate (p) 0476247
Average # arrivals in mean service time {r) 1.81674
Server utilization (p) 90.84%
Fraction of time all servers are idle (pg) 0.048015

Mean number of customers in the system (L}  10.389471
Mean number of customers in the gqueue (Lg) 857273
Mean wait time (VW) 12.033208
Mean wait time in the gueue (Wg) 9.929038
Probability arriving customer is delayed in

gueue (1-Wq(0)) 0.864755

M/M/c: POISSON ARRIVALS TO MULTIPLE EXPONENTIAL SERVERS
Bm—ukREAR

Input Parameters:

Avrrival rate (i) 0.8634
Mean service time (1/p) 210417
Mumber of servers in the system (c) 3

Plot Parameters:

Maximum size for probability chart 15
Total time horizon for probability plotting 2.
Results:
MMean interarrival time {1/} 1.168212
Semvice rate () 0475247
Awerage # arrivals in mean senvice time (r) 1.81674
Senver utilization (p) 60.56%
Fraction of time all servers are idle (pg) 0142841

Mean number of customers in the system (L} 2372433
Mean number of customers in the queue (Lg) 0.555692
Mean wait time (VW) 2747779
Mean wait time in the gqueue (Wq) 0.643609
Probability arriving customer is delayed in 0.361927
queue (1-Wg(0)) ’
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M/M/c: POISSON ARRIVALS TO MULTIPLE EXPONENTIAL SERVERS

P AL AR 75 B A 5%
Input Parameters:
Avrrival rate (i) 0.8634
Mean semnvice time (1/u) 1.99896
Mumber of servers in the system (c) 2

Plot Parameters:

Maximum size for probability chart 15
Total time horizon for probability plotting 2.
Results:
Mean interarrival time {1/%) 1.168212
Senvice rate (p) 0.50026
Awerage # arrivals in mean service time (r) 1.725902
Server utilization (p) 86.30%
Fraction of time all servers are idle (pg) 0.073566

Mean number of customers in the system (L) 6.759879
Mean number of customers in the gqueue (Lg) 5033977

Mean wait time (W) 7.8293M
Mean wait time in the queue (Wa) 5830411
Probability arriving customer is delayed in 0.799468

queue (1-Wg(0))

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

P AL AR F5 B A 1 0%
Input Parameters:
Avrrival rate (i) 0.8634
Mean semnvice time (1/u) 1.89375
Mumber of servers in the system (c) 2

Plot Parameters:

Maximum size for probability chart 15
Total time horizon for probability plotting 2.
Results:
Mean interarrival time {1/%) 1.168212
Senvice rate (p) 0528053
Awerage # arrivals in mean service time (r) 1.635064
Server utilization (p) 81.75%
Fraction of time all servers are idle (pg) 0.100393
Mean number of customers in the system (L) 4 930213
Mean number of customers in the gqueue (Lg) 3.295149
Mean wait time (W) 571023
Mean wait time in the queue (Wa) 3.81648
Probability arriving customer is delayed in 0.735457

queue (1-Wg(0))
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M/M/c: POISSON ARRIVALS TO MULTIPLE EXPONENTIAL SERVERS

P AL AR F5 B AE 1 5%
Input Parameters:
Avrrival rate (i) 0.8634
Mean semnvice time (1/u) 1.78854
Mumber of servers in the system (c) 2

Plot Parameters:

Maximum size for probability chart 15
Total time horizon for probability plotting 2.
Results:
Mean interarrival time {1/%) 1.168212
Senvice rate (p) 0.559115
Awerage # arrivals in mean service time (r) 1544225
Server utilization (p) T7.21%
Fraction of time all servers are idle (pg) 0.128596

Mean number of customers in the system (L) 3.823836
Mean number of customers in the gqueue (Lg) 2279611

Mean wait time (W) 4 428812
Mean wait time in the queue (Wa) 2640272
Probability arriving customer is delayed in 0.672822

queue (1-Wg(0))

M/M/c: POISSON ARRIVALS TO MULTIPLE EXPONENTIAL SERVERS
BN—UhREA R - FRERFEITRE %

Input Parameters:

Avrrival rate (i) 0.8634
Mean semnvice time (1/u) 1.99896
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/%) 1.168212
Senvice rate (p) 0.50026
Awerage # arrivals in mean service time (r) 1.725902
Server utilization (p) 57.53%
Fraction of time all servers are idle (pg) 0.160442

Mean number of customers in the system (L) 2164379
Mean number of customers in the gqueue (Lg) 0.438477

Mean wait time (W) 2.50681
Mean wait time in the queue (Wa) 0.50785
Probability arriving customer is delayed in 0.323693

queue (1-Wg(0))
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