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ABSTRACT
Special Project Title Queueing Simulation of cars at Meanburi
intersection
Name Miss Jeerawat Chanachol
Mr. Chanchai Pharadornsuthum
Miss Noppamas Akarachantachote
Miss Yuvadee Chulasrisomboon
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Department Bachelor degree of Science
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One of +the most serious problems in Bangkok nowaday is the
traffic Jjam problem. Both of the government and private sections try
to resolve this problem by many ways such as an express-way
;onstructian in various routes, fly-over bridges in mnany
intersections, and ¢traffic signal switching system, etc. From the
above alternatives, the bhest way to salve the problem is Traffic
Signal Switching System.

As 8 developing country, everyone has to do his activity te

compete with time. Therefore, there are many vehicles on the road and



everywhere is crowded. Then, it causes inconvenience for incoming
caré instead of going through the intersection. The traffic jam
problem may results from the rate of traffic 1light switching
improperly. From the problem mentioned above can he solved by Queuing
Theaory. It can be dissolved by switching the traffic signal balancing
with number of incoming cars. Besides, the Simulation Technique also
can he used to solve the problem in order to propose to whom it may
concern. It takes four days for data gatheringj namely Sunday, Monday,
Tuesday and Wednesday during period of 5.00-6.00 PM. that have
the most excessive cars. Those data gathering are abhout the incoming
and outgoing time of cars in the system, the traffic light switching
time (green and red 1light) in each roads (Ramkamhaeng, Meanburi,
Nongjok, Ladkrabang Roasd) at Meanburi intersection. In addition, it
is tested by computer programming by using hascal language afterward.

The Simulation Techniqué is the method used to find out the
propered traffic signal switching time balancing with number of cars
in each roads by reducing waiting time. From the traffic problem
solving mentioned above, it may help anyone who concerns directly in
making decision and in setting the traffic equipments to improve the

traffic flow.
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16 2 0.0063 32 170.7783
17 2 0.0063 34 209.7408




M319f 3. 1(A9) NITUANKAIAINIRITORLINTINTINTIN 4 45 Jual

Y IRENWUD 330N
U Aun A273U7 FX | fax B
Tuusastae ¢ | asiiy
45 Juh
(X )
L §
18 2 0.0063 36 262.7033
394 320 2163 4746.471

] [
amTINITLINTINTNTIeeTe (D) nuannuaaaanasnw1ﬂﬂeu
X

T f X /N
17t

21637320

6.7594 Qu/45 U

[}

AMAMls1TIu19 9015 LI UNTNIT Y9990 (s.D.’)ﬁuﬂnnuaoﬂanﬂvn11ﬁﬁeu

S.D.

PAX - D2 (N-1)

47467319

14.8792



Probebility

PROB. DISTRIBUTION OF ARRIVAL RATE

WENVUDINDN

2.06 [~

.25 I~

2.04

2 T T T T T T T T T T
n | 2l RN Qe (AT 2 | w A/
1 3 5 7 9 1 13 15 17

Number of cars / 45 sec

71 3.1 NIk IMTEaNUAsRaTaias L Jureesuausofic S Fuusnnamn 1
]

45 UM YDILENRUDISON



mT1efi 8.2 mTksnuasmwivesTL NI imTIn 45 Jual

vosugniiuy
MUIUIN A2h A1 £FX | £ x D
Tuunastas £ | aedu

45 UM
(X))
0 7 0.0219 0 743.9825
1 3 0.0094 3 259.9934
2 7 0.0219 14 483.3200
3 B 0.0250 24 427.4157
a 14 0.0438 56 557.3150
5 15 0.0469 75 422.8419
6 17 0.0531 102 315.7021
7 29 0.0806 203 317.6069
8 23 0.07189 184 122.6639
g 19 0.0594 171 32.5748
10 . 35 0.1094 350 3, 3500
11 18 0.0563 198 .8.5853
12 17 0.0531 204 48,5896
13 26 0.0813 338 | 188.2260
14 15 0.0469 210 204.3107
15 17 0.0531 256 374.0334
16 13 0.0406 208 420,9818
17 12 0.0375 204 537.1736

-
b\_’



719N 3.2(A9) MIuINKAIAWRNEsTAnLINFINTnITIN 4 45 Fun

wandiuyg
WUIN PP AU £ X £ X *
Tuusiastag £ | asid

45 JunM
(X,) ,
18 6 0.0188 108 354.8743
19 8 0.0250 152 604.2157
20 4 0.0125 BO 375.6329
21 2 0.0063 42 228. 5789
22 3 0.0094 66 410.0121
24 1 0.0031 24 187.4332
28 1 0.0031 28 312.9562

320 3299 7942,371

] »
MTINITLINTIUTNTI0998 (D) ﬂuanuuggaunﬁ1ﬁneu

1 »
AnuulTlTIues 1T LI FuuSn1eeTa (S.0.75) nuﬂnuuqsaunﬂ15ﬂui

S.D.

X

2

T fX
17

3299/3

/N

20

10,3094 Au/45 UM

£ (X -DN-D
1 3 1

7942.37

24,8977

1/319
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Probebility

.08

2.0%

.01

'PROB. DISTRIBUTION OF ARRIVAL RATE

ueniivys

I 1 I ! § | 1 1 ! LB )
4[sla|1o|1zl14|13|1arzo|22|28
s 7 8 M 13 15 17 19 a1 24

Number of cars / 45 sec

71 3.2 nﬂduaﬂam‘iuﬂnuwmwﬁﬂwxﬂwmiwmu‘mﬁw"w%’uu%msqn "

a o o o
45 UM ‘nmuﬂfmmp




mIg1ef 3.8 mITuanLasAwRvesTAfiLInFIIINaNn 45 Fuh

10 IRENRINNTEUS
AMNT0 Ava A7 £FX | £ x-D°
Tuunasiae £ | anid
45 Juan

(X,)
0 5 0.0156 0 798.1372
1 10 0.0313 10 1353, 5868
2 12 0.0375 24 | 1357.0792
3 11 0.0344 a3 1021.0330
4 13 0.0406 52 969.1816
5 9 0.0281 45 524.5531
6 12 0.0375 72 528. 1792
7 1 0.0344 77 349.2080
B 14 0.0438 112 300. 6840
9 17 0.0531 153 224,5476
10 18 0.0563 180 124.9188
11 17 0.0531 187 45,4101
12 21 0.0656 252 B.4511
13 19 0.0594 247 2.5400
14 17 0.0531 238 31.7038
15 15 0.0469 225 83.9427
16 14 0.0438 224 158.5840
17 10 0.0313 170 190.5868




m319fi 3.8¢0)  MTRINKI AR ITai N FuLTNINN q 45 Sl

LENANANTEU
UU50 Ae AW £X, | P X TP
Tuunaedae (£ ) au i
45 Ju
(X))
18 11 0.0344 198 316.6892
18 9 0.0281 171 364. 6906
T-20 8 0.0250 160 434.0195
21 7 0.0219 147 489. 8858
22 6 0.0188 132 526.2896
23 7 0.0219 161 752.1233
24 5 0.0156 120 645.8872
25 4 0.0125 100 611.6347
26 5 0.0156 130 893, 1997
28 5 0.0156 140 1180.5122
31 3 0.0094 93 1011.8885
35 2 0.0063 70 1000, 4424
36 1 0.0031 36 545.9524
42 2 0.0063 B4 17246799
320 4043  |18570.2219




1 P
onTINTLINTNTmsesse (0 ﬂﬂﬁﬂﬂﬁﬂﬂ?uﬂﬂﬂvﬂﬂ15ﬂﬂ%

X I f X /N
t ¢

40437320

12,6344 Qu/45 Juh

]
auutlsiTInre T L i uuinisue990¢s. 0. ) fugnaansedssen 1aee

S.D.

If (X - O 22(N-1)

18570.2219/319

58.2139
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a
U
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Probebility

PROB. DISTRIBUTION OF ARRIVAL RATE

uansnnresiia

@.07

.06 -

.05 |-

.22

2.21 I~

A 1 1 ] ] | ¥ I ) | L}
|10l12|14|16|18]20I22|24|26I31]36|
9 T 13 15 17 19 21 23 25 28 35 42

Number of care / 45 sec

11 3.3 nsﬂﬂuaﬂenﬂﬁuanuaoﬂawuiﬂastﬁunaeiwuausnﬁtiﬁ%uﬂ%nwsqn "

45 N 19 ILANRNANTHUS



M1319fl 3.4 nMTuanUAsAIMBTRTARLINFINTNIN 46 W

UENTINATURS
MmN mud | A | ex, | f 0 D*
Tuusiaete ¢ | asudu
45 JuM

(X))
0 20 0.0625 0 825.6125
t 18 0.0563 18 §29.7513
2 23 0.0719 46 450.3544
3 30 0.0938 90 351.9187
4 33 0.1081 | 132 194.0606
5 26 0.0813 | 130 52,7963
6 28 0.0875 | 168 5.0575
7 22 0.0688 | 154 7.2738
: 26 0.0813 | 208 64,4963
9 19 0.0594 | 171 125.9819
10 20 0.0625 | 200 255,6125
1 1 0.0344 | 121 230. 2369
12 12 0.0375 | 144 372.9675
13 10 0.0313 | 130 432.3063
14 6 0.0188 B4 344.2838
15 8 0.0250 | 120 588, 2450
16 3 0.0094 a8 275.0419

4G
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maofi 3.4¢9)  MIuanuasAIwBvesTailL irfuuinaamn q 45 Juni

Y IUINTINATURS
AUIUTH A A1 £FX | P x D
lunnartae ¢ | awid
45 U
(X )
£ 3
17 2 0.0063 34 223.6613
18 2 0.0063 36 267.9613
22 1 0.0031 22 242, 5806
373 320 2056 5840.2000

1 ]
gnTmTLinfundnsuesTn (0 TuansruAiunessnn Lo oi
X

If X /N
17

2056/320

6.425 AN/45 JuM

o

] .4
ﬁ?ﬁﬂuﬂ?ﬂiﬁuﬂﬂﬂﬂﬁiliﬂ?ﬂﬂ?ﬂﬂ?ﬂﬂﬂ?ﬂ(5-Doz)ﬂuﬁﬂ71ﬂﬂﬂuﬂﬂﬂsﬂﬁ1ﬁﬂﬂu

S.D.

If (X - D2/N-1

5840.2/319

18.3078
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PROB. DISTRIBUTION OF ARRIVAL RATE

UWENT WAL

.29

.07

2.24 —

0.23 [
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s’j 3. 4 ) o ﬂ' » w o
i NTMUFAINITUINKIIAIWUNE L ﬁﬂ‘ll‘i)\‘l'i’\'ll’)ﬂ‘mﬂ t ﬁﬁ?ﬂﬂ‘iﬂ’l‘i?}ﬂ 1

45 UM YBIRENTINATUNMS



3.2.2 ﬂﬁ?ﬂﬂﬂﬂﬂﬂﬂiﬂuﬂﬂﬂﬁiuﬂﬂuﬂﬂﬂﬂTliﬂ%ﬂﬂ%ﬂﬂ?ﬂﬂﬂ?ﬂ

au1in17nnaauanszﬂaﬁnﬁ (Goodness of Fit Test) laglin1snadey

1aauand (1* - test) Feli38n19ae
4
n.) fvassiigIutesntamadey Tnaqawnnswdaﬁuzﬂﬂéwanﬁsuanuaeuuu1n

H + {1mnseicirfuninainsenuasmnsitas  Suuuind

B 1 dwausefiuirdudnislifnsuanuasaanainas Susumind
' ﬁ a' a o [ a a o
1) wianuinae dueedsauiniudnislunn q 45 Junfi 9o

=1/2  (x=p)
fi(x) = 1 e c

2llc

w30 wlaoldmouty x (fudouds z  Teefl

S'D.
uﬁatﬂﬂéﬂnaﬁuﬁwauLﬂuawnnwiweuﬂnsgﬁu
A.) WIANIANIY (Expected Value) 19937%7u3ant115u1u3In159n

1

E = N.f(xi) § N=320



44

3.) nagoulneld

n 2
A =2 (0 -E) V/E
1 1 1
i=1

o o ] 2 ﬂ‘ﬂ 2o ' a ﬂ'
30 ulfsndfierdr 2 iewaaldfvar * sanmareneegn
seiiedndy o wasfiosnruiendnuidudase (Degree of Freedom Audoxafiay

a é
AT IEN

3.2.2.1 ﬂﬂ?ﬂﬂﬂﬂﬂﬂﬂzﬂuﬂﬂﬂﬂfﬂﬂﬁuﬁﬂﬂﬂﬁﬂﬂ?liﬁ%ﬂﬂ%ﬂﬁ?ﬂaﬂuﬂﬂ

#U8930N
auuﬁgwuﬁﬁwnuﬂ Ao

H_ 1 dawausanivirduninas lusanmuesseninisuanuasaanuinas dusumin

H, ¢ Swousonindudmalussnmassenlafnisuanuasaanainae  Suuuntn



A919R 3.5 wansAnANINeEs Tukuning uae  Armdnuiianantseeduugof

LINTUNTANT YOIUENWUBISEN <ﬁaunwsﬂ?uﬂgoéﬁﬂaﬂuﬁnwnnia)

AMINTA/ 453U 0, z arutinae du E,
(X £(x)
0 10 | -1.7523 0.0401 12,8320
t 19 | -1.4931 0.0280 8.9600
2 20 | -1.2338 0.0412 13,1840
3 23 | -0.9746 0.0567 18.1440
4 25 | -0.7154 0.0698 22,3360
5 30 | -0.4561 0.0870 27,8400
6 35 | -0.1969 0.0979" 31.3280
7 28 0.0624 0.1032 33,0240
8 23 0.3216 0.1016 32,5120
9 26 0.5809 0.0935 29.9200
10 23 0.8401 0.0805 26,7600
1 18 1.0994 0.0648 20,7360
12 17 1.3586 0.0488 15,6160
13 12 1.6178 0.0343 10,9760
14 4 1.8771 0.0225 7.2000
15 1 2.1363 0.0139 4.4480
16 2 2.3956 0.0080 2.5600
17 2 2.6548 0.0042 1.3440
18 2 2.9141 0.0022 0.7040
79 320 320.0000




M990 3.6 wansAANiee L Tuuuninfve e nausafii S duugnnTuasdn

‘ 9 (] L] B' (']
1raua2d  vosusnwuosson (naennsﬂiuﬂgoﬁﬂnowunﬂWﬂﬁae)

duousosesdund| o, | avwtiesdlu | g <0,-E )*/E,
(X)) £(x)
0 10 0.0401 12.832 0.6250
1 19 0.0280 8.960 | 11.2502
2 20 0.0412 13.184 3.5238
3 23 0.0567 18.144 1.2996
4 25 0.0698 22,336 0.3177
5 30 0.0870 27.840 0.1676
6 35 0.0979 31.328 0.4304
7 28 0.1032 33.024 0.7643
B 23 0.1016 32.512 | 2.7829
9 26 0.0936 29,920 0.5136
10 23 0.0805 25,760 0.2957
11 18 0.0648 20,736 0.3610
12 17 0.0488 15,616 0.1227
13 12 0.0343 10.976 0.0955
14 4 0.0225 7.200 1.4222
15 7 0.0283 9.086 0.4668
16
17
18
793 320 24,4391




3NM1519% 3.6 agldan

x* 3nmsduIm = 24,4391

fissduliadoiy (0 = 0.025

fossuisma fudase = 12

vJansrs leduans sels

1* 9IMMT19 = 24,736

apuiulein x* anmgdun feEndr 1 anmane

HTERE Y a§ﬂ15$ﬁ $rusonidrduinirluennuossen  Snauen

w3 uuuing
3.2.2.2 nwsnﬂaaunﬁiﬂnwsuﬂnuaeﬂaenﬂstﬁﬁ%uﬂ%ﬂﬁsnaeuanﬁqu
auuﬁgﬂuﬁﬁﬂwua 9

H_ 5ﬁuqu7nﬁtiw%uu?nw71uuan§ug?ﬁnﬁsuanuﬂoaawuﬁwaanﬁuuuuﬂnﬁ

o o v u a a  oav s ' ﬁ a
H:. H 'a’\mu‘mﬂL‘n’wuusn’w‘luuﬂnuug‘i‘launwu‘anuﬂmawuws|. wuulng



a919% 3.7  wansArneunes L Swrninfuaedtaanuiaams s1e s uansaficin

Fuusn1g ﬂaeuanﬁqu (ﬁaunﬁsﬂ¥nﬂ§eéwaa1uﬁﬂﬁﬂw§o)

AMINTO/ 45U 0 z s i E,
(X)) £(x)
0 7 -2.0661 0.0192 6. 1440
1 3 ~1.8657 0.0115 3.6800
2 7 -1.6653 0.0168 5.3760
3 8 -1.4649 0.0247 7.9040
4 14 ~1.2645 0.0316 10.1120
5 15 -1.0641 0.0408 13.0560
6 17 ~0.8636 0.0503 16,0960
7 29 ~0.6632 0.08597 19.1040
8 23 -0.4628 0.0662 21,8240
9 19 -0.2624 0.0746 23,8720
10 35 ~0.0620 0.0787 26.1840
1 18 0.1384 0.0796 25,4720
12 17 0.3388 0.0774 24,7680
13 26 0.5392 0.0723 23,1360
14 15 0.7396 0.0650 20,8000
5 17 0.9400 0.0560 17.9200
16 13 1.1408 0.0465 14,8800
17 12 1.3409 0.0370 11,8400
18 6 1.5413 0.0283 9.0560
19 8 1.7417 0.0209 6.6880

48



A9 3.7(RD)  wdAvANANINGE L Tuninfuasanad uBRteM S 919 93 NNT AR

LINTIU5NT ﬂaouanﬁuq§ <ﬁaunnsﬂ%nﬂzedﬂﬂnﬁuﬁnﬁnnieJ

3T/ 453U 0, z arwinas. iy B,

(X, £(x)

20 4 1,9421 0.0147 4.7040
21 2 21425 0.0100 3.2000
22 - 2.3429 0.0066 2.1120
24 1 2.7437 0.0065 2.0800
28 t 3.5454 0.0031 0.9920
73 320 320.0000




A1979% 3.8 wansmAaunae L Suuinfivessnuausafi S fuin1Tuaran

l o o “ o 1 ﬂ'
1aauang 1D IUENAULT (naanﬁsﬂsnﬂienﬁﬂawunnﬁnnia)

Jwawsasasiund| o, | mwanidu | E 0,-E)*/E,

(X)) £(x)

0 7 0.0192 6. 1440 0.1193
1 10 0.0283 9.0560 0.0984
2

3 B 0.0247 7.9040 0.0012
4 14 0.0316  |10.1120 1.4949
r 15 0.0408  |13.0560 0.2895
6 17 0.0503  |16.0960 0.0508
7 29 0.0597  |19.1040 5.1262
8 23 0.0682 21,8240 0.0634
9 19 0.0746  |23.8720 0.9943
10 35 0.0787  |25.1840 3.8260
11 18 0.0796  |25.4720 2.1918
12 17 0.0774  |24.7680 2.,4363
13 26 0.0723 |23.1360 0.3545
14 15 0.0650  |20.8000 1.6173
15 17 0.0560  |17.9200 0.0472
16 13 0.0465  |14.8800 0.2375
17 12 0.0370  [11.8400 0.0022
18 6 0.0283 9.0560 1.0313
19 8 0.0209 | 6.6880 0.2674

o0



ag1ef 3.8(9) uandAnAdNENeEL Tuwiuinfs s uanefic rfunsnaTuae

[ 4 ( o o [ 4 o J ﬂl (4
ﬂ’\‘lﬂﬂuﬂ’ﬁ ﬂaeuanauq‘i (ﬂﬁ\‘]ﬁ'\‘iﬂ‘i’ﬂﬂ?ﬂﬂ’lﬂ‘)’mﬂﬂ'\ﬂﬂ?\1)

dwonsasesiunfi| o, | owmheeidu | B, | o -E)?E,
(X) £(x)
t

20 6 0.0247 7.9040 0.4587
21
22 5 0.0162 5.1840 0.0065
24
28

.. 320 | 20.7046

wyind

4 23
M990 3.8 aelan
1° IINNTANM = 20. 7046
fiTuAuleaTAg (a) = 0.05
fosAunearn Judase = 18
s

Jamane  laauans aeld
1* 9901919 = 28.869

[ ("X 2 [J L4 J 2
wdulan 10 nmgauae %eEn31 10 9MN509

LHTIERBRY a§ﬂ155w 5wuau7nﬁtiw¥un§nﬁ71uuan§uy§

ANTUINUIY

51



3.2.2.3 nwsnﬂamnwwiﬂnﬂsuanuaanaenﬂstiﬁ%ﬂﬂ%nﬁ?uaouﬂnawﬂnsuﬁe
o ﬂ'o r- 3
duufgutiivun Ao
1, + dwovgaiuindrinisluenaansedsinisuanuasaanains Suuumind

H, + dwauseirduninnsluenanansedelafinsuanuasaaraminas dusuming

M91eR 2.9 wdnsAnAeEnees TuunninfuseAtaatsAIam S 918 93 8 uTRL I

fUr3n15 vosnENaNANTEYY (ﬁaunﬂsﬂguﬂzeéﬁnaﬁuﬁﬂwnnga)

AUIUTA/ 4530 0 Z aaaaae L B,

(X,) £(x)

0 5 ~1.6559 0.0485 15.5200
| 10 ~1.5249 0.0158 5.0560
2 12 -1.3938 0.0180 5. 7600
3 11 -1.2627 0.0215 6.8800
4 13 ~1.1817 0.0254 8. 1280
5 2 -1.0006 0.0295 9.4400
6 12 ~0.8695 0.0335 10.7200
7 11 -0.7385 0.0374 11.9680
8 14 -0.6074 0.0413 13.2160
9 17 -0.4763 0.0447 14.3040
10 18 -0.3453 0.0476 15,2320

11 17 -0.2142 0.0536 17,1520




AT19R 3.9(9)  udasaraduinas L uuuning uas AranaBANaRS 91998 1N

FONLITUITNNT Yo SUERANANTEL S (ﬁaunﬁ7ﬂ¥uﬁ§aéwnaﬁuﬁ

ANHI9)
NWUTD/ 53U 0, Z At i E,

(X,) f(x)

12 21 -0.0831 0.0513 16.4160
13 19 0.0479 0.0518 16.5760
14 17 0.1790 0.0515 16. 4800
15 15 0.3101 0.0503 16.0960
16 14 0.4411 0.0483 15.4560
17 10 0.5722 0.0457 14,6240
18 11 0.7032 0.0423 13.5360
19 - 0.8343 | . 0.0387 12,3840
20 8 0.9654 0.0373 11,9360
21 7 1.0964 0.0303 3.6960
22 6 1.2275 0.0264 8.4480
23 7 1.3586 0.0224 7.1680
24 5 1,4896 0.0188 6.0160
25 4 1.6207 0.0155 4.9600
26 5 1.7518 0.0125 4.0000
28 5 2.0139 0.0179 5,7280
31 3 2.4071 0.0142 4.5440
a5 2 2.9314 0.0063 2.0160
36 1 3.0624 0.0006 0.1920




13 ]
71919 3.9(M0)  USAIAIAINUTIBL ﬁuunuﬂnﬁ Uat ATAINNAIAKITTDIINIU

AN INTIUTNT T9ILENSIANTETY (dounwsﬂ%uﬂ;adﬁﬂaﬁuﬁ

AR
3UIUTA/ 4574 0 z arainas L Ju E,
(X ) £(x)
1
42 2 3.8488 0.0011 0.3520
594 320 320.0000

A1919R 3.10  waAIAnAIeInes L Susuutnfue s uausath S uugnasuaean

{ o v u ' o v
1ﬁauﬂ')7 P IUENIIANTBUY ( 'ﬂa\m’\‘iﬂ‘i‘uﬂ’i JANRINUNAIARIY)

dwowsasesifi| o, | awiendu | E, (0,-E )*/E,

(X)) £(x)

0 5 0.0485 | 15,5200  7.1308
1 10 0.0158 5.0560|  4.8345
2 12 0.0180 5.7600|  6.7600
3 1 0.0215 6.8800|  2.4672
4 13 0.0254 8.1280{  2.9208
5 9 0.0295 9.4400[  0.0205
6 12 0.0335 | 10.7200  0.1528




a519f 3.10(9)  wandArAeinae s usrninfuesduausefi s uusng

4 4 [ v o 1
uaum‘lﬂaums TeINENIANTEUY (naam‘nlwﬂ‘{am

AT )
dwogesasiund| o, | moweedu | B, | c0,-&p%E,

(X)) £(x)

7 1 0.0374 | 11,9680  0.0783
8 14 0.0413 | 13.2160|  0.0465
;] 17 0.0447 | 14,3040  0.5081
10 18 0.0476 | 15.2820|  0.5030
11 17 0.0536 | 17.1520{  0.0013
12 21 0.0513 | 16.4160(  1.2800
13 19 0.0518 | 16.5760|  0.3545
14 17 0.0515 | 16.4800] 0.0164
15 15 0.0508 | 16.0960|  0.0746
16 14 0.0483 | 15.4560)  0.1372
17 10 0.0857 | ta.6200|  1.4621
18 11 0.0423 | 13.5360|  0.4751
19 9 0.0387 | 12.3840| ~ 0.9247
20 8 0.0373 | 11,9360  1.2979
21 7 0.0308 9.6960|  0.7496
22 6 0.0264 8.4480|  0.7094
23 7 0.0224 7.1680|  0.0089
24 5 0.0188 6.0160{  0.1716
25 9 0.0280 8.9600  0.0002




a519f 2.10(RD)  udasArrdeinae Jusninfeesduausafit frsuuinng

] ‘ L4 [
uaunﬂaﬂums 1Y IRFNIMNTEU (ﬂa\‘lﬂ'l‘i'ﬂ‘%'ﬂﬂi\lﬁh

A2730AANY )
NWIN/A5UM| o0, autinaet Ju E, (0,-E)°/E,
(X ) £(x)
1
26
28 5 0.0179 5.7280 0.0925
3t 8 0.0222 7.1040 0.1130
35
36
42
320 33.2862

A0n19190 3. 10 asldn

1® 3IMTAMIM = 33,2862

fseduliedrin (@ = 0.05

fovrnurennu fudase = 25

vanae laduaad seld

1" 91A151e = 37.662

seuduldan x* 9anmadwam desndn 11 91NN

\NTIERETY a§ﬂ155w Fwansan ruinasluuanananeds Snrsusnuss

wumlng



3.2.2.4 n17nﬂaauwn3ﬂnw7uanuaanaenwstiﬁ%ﬁﬂ%nﬁsﬂaauanswuﬁﬁune
auuﬁgwuﬁﬁnnum As
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- mwuaAnTaenasseanana Laluiauls GREEN Tashdn

A =1 WA? GREEN = Gi
A =2 u3y GREEN = G2
A =3 ud) GREEN = G3
A = 4 Ua? GREEN = G4

- INTERSECTION(1) 15837ANAY0IUENKUDIFEN 1uT291931 GREEN 9t
16A7 31u2u5aN 1N (CARCL D) Ua¥LIaNToRBEELaN (THTL1 )

- INTERSECTION(2) ﬂssuoaﬂaﬂaauﬂnﬁug§1uiaataaﬂ GREEN 4y lf
A7 9UIUTONLEINCCARE21) Wa¥LI8N50A0EAEEN(TWTL21)

- INTERSECTION(3)  19837ana109ugnatanseds luiiei7an GREEN 9
16d7 31u0uTaf L 41(CARL3T) wa¥ L2915 0AREALANCTWTE3T)

- INTERSECTION(4) 1l553788RY0ILENTINATURY 141291781 GREEN J
16d7 97u30M 11 (CARL A1) WAk L Ia150RDEALANCTWTL4T)

] ] a [/ [ 1] o ﬂ' ?

- fmnuantungi Bnldidmoasusonuds  Thhundulifuannuessonln
Y - 8 2 o ou: o o W o [ 7] o o «
dosdulniToeardumeld  TamiSoedrdunisidaldiianss  wuossan IwF aransels
FINAURY

- (BouLianreeldTunsy
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a a o 0 ' v o
- WWoUTENTANaATY 1 91 (3600 UM FLATUMANARUTVDITOUUY 9

ﬂ' d 1 o (
- 49UTEN2aNAATY N 50U LANUMATGARHTIDY N F01

TilsunsudenluTilsunsy (Procedure)

INTERSECTION 1537auaW1198170R0838Y  Wab 3S7wausofLdhuee
weniiu 1

RedLight desarananIa1ToRes  way  Sawausani i ludoely
4AIYIRBNI

Greentight  treiaasamrdnanzoniinlutreiaan i feavesusniu

Gen_AT wsuseiiinludae 15 Sund

Gen_DT wdmousatoanlutas 15 Sund

] ”
CHECK_M_S #1A7L aA8UALANWITITINID JuaNUY 9



SET VALUE OF
VARIABLES

FOR Ki= 4
0 N

8ET VALUE OF
VARIABLES

HHILE
CLOCK ¢3600

GREEN = 61

GREEN = 62

GREEN = 69

GREEN = 64

116



INTERSECTIONS

!

INTERSECTIONS

!

INTERSECTIONS

?

INTERSECTIONG

CLOCK=CLOCK+GREEN

CALCULATE ALL
RESULT AND
PRINT EACH LOOP

Q

CALCULATE ALL
RESULT AND
PRINT N LOOP

111



INTERSECTION

'

CHECK_I_8

GREENLIGH?
REDLIGHT CAR=CAR+UNT
y
THT =THT+TTHT
v
CAR=CAR+UNT

“RETURN  CAR, TWT

112



RED LIGHT

GEN_AT

y

TTUT = TTNT+HL®LY

v

CCLOCK=CCLOCK+4%

P_LEFT=0,8029

P_LEFT=0,1094

P_LEFT=0, 0500

P_LEFT=0,3740

LEFT = P_LEFT#AT

!

HL = WL+CAT_LEFT)

!

UNT = UNT+AT

RETURN TTHT, UNT

11



GREEN LIGHT

'

UNT=8 , CCLOCK=0

CCLOCKCGREEN

GEN_AT

GENDT

?

UNT = UNT+AT

CUL+AT)
(= DT

HL = HL+(AT-DT)

CCLOCK=CCLOCK+43

RETURN N, UNT

114
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GEN_AT

'

sunx = 0

 J

FOR I=1 T0 43

X = RANDON

y

SuMX = sunx + X

AT = (BUNX-6)
#SIGHA+NEAN

v

RETURN AT




DT=(45/4%) LY

DT=(15/45) naé

DT=(48/4%) %37

DT=(15/4%)#4e

X (= 92,0339

X
(=0,

GENDT

!

X = RANDON

DT=(43/45) %270

X <= 20,1094

994

X 08,4
x<=3?§sse

X > 0 4688
xs=5?§m

X
K=

a?gaaez

59

DT=(48/4%) %43

116

DT=(18/4%) %6

DI=(45/4%) %37

DT=(43/45) %48

DT=(15/43)#E9




DT=(43/43) %43

DT=(45/4%) #2¢

DT=(15/4%) %37

DT=(15/45) %48

DT=(15/43) #39

DI=(43/43)%70

X {(= 02,0469

X @, 0469
X(=8.2013

X >a?2801

%¢=0, 6407

X 0,640
X(= .3751

% 0,075
X(=3?§533

X 09,9332
X(= .2945

DT=(435/4%) %04

9 X (= 0,080

178=4
N

N

X 0,058
X(=a§g464

X ) 8,23464
X(=g?g361

X Q0261
X¢= .g?i

DT=(45/4%) wil

DT=(13/4%) %36

DT=(45/4%)#37

DT=(43/4%) w48

DT=(43/43)%70

RETURN DT




CHECKR.M_S

MEAN = (43/4%)
#6, 7594

3¢ 1N

SIGHA = (15/4%)%
§QRT(14,0792)

HEAN = (13/4%)
#49,3094

WA

SIGHA = (48740 %
SQRT(24.8377)

HEAN = (48/4%)
#12,6344

®." 1

SIGHA = (83/49)%
SQRT(58, 0319

HEAN = (L3/4%)

#6, 4350,

Slona = (15/4%)w
SQRT (48, 3079)

RETURN HMEAN, SIGMA
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Program QSimulation(input,output)}

Uses CRT}
Const N=203%

Var i1,J,K,A,ITS

t Integers

CLOCK,GREEN,G1,G2,G3,G4 ¢ Realj

chy,cch ¢ Char

TWT,CAR,WAIT_AVE,WL,NTwt,NCar,NWait_ave $ ‘Arrayl1..4]1 of Realt

Mean,Sigma

Procedure Check_M S

begin
Case ITS of

1t begin

end}

2t hegin

end}

3: begin

end}

43 begin

end}
end}

end}

¢ Realg

Mean 1=

Sigmast=

Mean =

Sigmas=

Mean =

Sigmas=

Mean =

Sigmat=

(15/45)%6.75943

(15/45)%sqrt(14.8792) §

(15/45)%10.3094%

(15/45)%sqrt(24.8977) ¢

(15/45)%12.63444

(15/45) %sqrt(58.2139)

(15/45)%6.4250%

(15/45)%eqrt(18.3078)
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Procedure Gen_AT(var ATiReal)j
Var X ¢ Arrayl1..12] of realg
SumX ¢ Realj
. begin
SumX 1= 03
for it=1 to 12 do
begin
XLil 3= Randomj
SumX 1= SumX+X[ilg
end}
AT t= round((SumX-6)*Sigma + Mean)i

end}

Procedure Gen_DT(var DTiReal)s
var X ¢ reals
begin
X := Randamj
Case ITS of
1t hegin
if X <= 0.1094 then DT $= (15/45)%15
else if (X > 0.1094) and (X <= 0.4688) then DT 3= (15/45)%26
else if (X > 0.4688) and (X <= 0.8281) then DT = (15/45)%37
else if (X > 0.8281) and (X <= 0.9531) then DT $= (15/45)%48
else DT t= (15/45)%59;
end}
2t begin

if X <= 0.0339 then DT $= (15/45)%15

121



else if
else if
else if
else DT
end}
3t begin
if X <=
else if
else if
else if
else DT
end}
43 begin
if X <=
else if
elee if
else if
else if
else if
else DT
ends
end}

end}

(X > 0.0339) and (X <= 0.3559) then DT t= (15/45)%26

(X > 0.3559) and
(X > 0,9153) and

1= (15/45)%704

0.058 then DT =

(X <=

(X <=

0.9153) then DT 3= (15/45)%37

0.9831) then DT $= (15/45)%48

(15/45)%15

(X > 0.058) and (X <= 0.2464) then DT 1= (15/45)%26

(X > 0.2464) and (X <= 0.8261) then DT 3= (15/45)%37

(X > 0.8261) and (X <= 0.971) then DT := (15/45)%48

t= (15/45)%70

0.0468 then DT t= (15/45)%15

(X > 0.0469) and

(X > 0.2813) and

(X > 0.6407) and

(X <= 0.2813) then DT

(X <=

(X <=

0.6407) then

0.8751) then

DT

DT

(X > 0.8751) and (X <= 0.9532) then DT

(X > 0.9532) and

1= (15/458)%813

(X <=

0.9845) then

Procedure Greenlight(var WL,UNT:Real§GREENtReal)}

var AT,DTtReal}

CCLOCK:Real}y

DT

1= (15/45)%26

$= (15/45)%37

1= (15/45)%48

$= (15/45)%b9

8= (15/45)%70

12



Begin
UNTs =03
CCLOCK: =03
while CCLOCK < GREEN do
begin
GEN_AT(AT) 3
Gen_DT(DT) 3
UNT 3= UNT + ATj
if (WL + AT) <= DT then WL := 0O
else WL t= WL + (AT - DT)
CCLOCK 3= CCLOCK + 15%
endy € while }

Ends

Procedure RedLight(var WL,UNT,TTWT$RealjGREEN:Real)}
var AT,DT ¢ Realg
CClock ¢ Realt
left ¢t Realy
P_left 3 Reals
Begin
UNT2=03
CCLOCK:=03
TTWT 3= 03
while CCLOCK < GREEN do
bhegin
Gen_AT(AT)}

TTWTs=TTWT + WL¥15}

128

~
[¥]



124

CCLOCK t= CCLOCK + 153

case ITS of
1t P_left 3= 0.0829¢
2t P_left t= 0.1094¢
3t P_left ¢= 0.05%
4: P_left 3= 0.37403

end}

left := P_left¥AT}

WL t= WL + (AT - left)s

UNT ¢= UNT + ATj

endy { while }

End}g

Procedure Intersection(AsIntegerivar CAR,WL,TWTtReal {GREEN:Real)}
var UNT 3 Realj
TTWT t Reals
Begin
Check_M_S3
if A=ITS then
begin
Greenl ight (WL, UNT, GREEN) §
CAR 3= CAR+UNT;
end
else
begin
RedL ight (WL, UNT, TTWT, GREEN) §

TWTs=TWT+TTWT}



CARs=CAR+UNT}
end}

Endg

BEGIN fmain}
ch 1= 'y's
clrscry
Got.oXY(15,7)}
Writeln('# ¥ ¥ ¥ ¥ ¥ ¥ ¥ % ¥ ¥ ¥ ¥ ¥ ¥ k¥ k¥ *F & %k ¥ F F % ¥')3

BotoXY(15,8)

Writeln('¥ *')s
GotoXY(15,9)¢

Writeln('#® %')¢
GotoXY(15,10)%

Writeln('¥ Tﬂsunsuiﬁaaeiuuuunaﬁaasn 1] éuﬂﬂﬁqu *')¢

GotoXY(15,11)}

Writeln('# ¥')3
GotoXY(15,12)¢
Writeln('¥ *')3
GotoXY(15,13)3

Weiteln(' % % % F % F % X 5 F % X K K% F % 5 % % % 5 F % %)
GotoXY(30,23)}
_ 4w
writeln( nautula q (liouson'rs
cch t= readkeyt
WHILE CH = 'y’ do
BEGIN

Randomize}

12
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clrscri
CLOCK := 0%
for jt1=1 to 4 do
begin

NTwtLj1 1= O}

NCarLjl1 1= 0%

NWait_avel j1 1= 0%
end}
clrscrg
Got.oXY(15,10)3
write('n;mwnsansvﬂsLaaw1ﬂt§ﬁanaeuannuaaaan-...'):
GotoXY(156,11)3
writet'nzmﬁnsansuauLaaw1ﬂtiﬂauaeuanﬁug§..-.---');
GotoXY(15,12)%
write('nimﬂnsansvauLaaﬁ1ﬂt%gaﬂaeuﬁnaﬁﬂnsuﬁa...'):
GotoXY(15,13)¢
write('nimﬁﬂiaﬂiuﬂuLQaﬁ1ﬂl§ﬂ?ﬂaﬂuﬁﬂ7ﬁuﬁ1uﬂﬂ...')8
clrscry
write(’ ')

for i1=1 to 72 do

write('-')y
writelng
write(' ‘)4
writeln(" 7auﬁ'.' uan ! LIR170ADERLAN

' l?ﬂﬂiﬂﬂOﬂTﬂﬂlaaﬁ')t
write(' ')

for it=t to 72 do

readln(G1)}
readIn(G2) ¢
readln(G3)

readln(G4)}

FWmWTANLEN’
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write('-')3
writelng
for kt=1 to N do
begin
CLOCK:=03
far jt=1 to 4 do
begin
TWTL 31 3= 03
CARCJ1 3= 0y
WLLJ1 = 0%
WAIT_AVECJ1 s= 03
endg
At=1}
while CLOCK < 3600 do
begin
case A of
1 3 GREEN 3= G1
2 3 GREEN 1= G23
3 s+ GREEN 3= G3j
4 1 GREEN := G4y
end}
ITS 1= 1}
Intersection(A,CARC1I,WLL11,TWTC11,GREEN) §
ITS 1= 2%
Intersection(A,CARC21,WLL21, TWTL21,GREEN) §
ITS 1= 3%

Intersection(A,CARC31,WLL31,TWTC31,GREEN)

127



ITS 1= 43
Intersection(A,CARC4],WLL41, TWTL41,GREEN) §
if A=4 then As=1
else inc(A)}
CLOCK:=CLOCK+GREEN;

endy € while }

for j ¢= 1 to 4 do
begin

WAIT_AVELj1 8= TWTLj1/CARLCj13

NTwt[ j1 = NTwt[ JI+TWTL j13

NCarLjl t¢= NCar[ jI+CARLjI13

NWait_avel j] ¢= NWait_avel jI+WAIT_AVELj1s
end}

for ji=1 to 4 do

begin
write(' '3
case j of
1 1 Write(' - ',k,* 7u999an '3
2 1 Write(" ok ! awT o '
3 1 Write(' k! anangely g
4 1 Write('® Yok FUAURY ')
end}

writeln(round(TWTL j1):10,' ',round(CARLJI)110,"
round(WAIT_AVEL j1)210)3

endy {for j}
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writelns

if (k mod 4)=0 then

begin
write(' ')y
writeln(' nautula q (iacBounines. .. s

cch 1= readkey}
ends
if ((k mod 4)=0) and (k<>20) then
begin
clrscry
write(' ')

for it=t to 72 do

write('-"')}
writelnj
weite(* *)s
writeln(' 70“%';' uwan ', ! (29 70RDEdYAY ",

! 5wu7n1nﬁn§1 e l?ﬂﬂ?ﬂﬂﬂﬂiﬂﬂtﬂ%ﬂ’)!
write(' ')
for i1=1 to 72 do
write('-')}
writelns
end}
endy {k-loop}

clrscry
writeln(' AriadEann N, ' TOU')g
writelng

write(' ')
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for it=1 £o 62 do

write('-')}
writelng
write(" ')s
weiteln('  Ugn ','  (28170A0EAEAN’,  Swwousefitdac,

¢ mrrenenTngiade’)
write(' ')
for i1=1 to 62 do
write('-')}
writelng

for j$=1 to 4 do

begin

write(' '3

case j of
1t Write(' ®wu9990N ")y
2 i Write(' ﬁuq% "y
3 3 Weite(' @ipngells  ")j
4 3 Write(' FIMAWMS ')y

end}

writeln(round(NTwtLj1/N)s10,' 'sround(NCarCLj1/N)t10,
' 'sround(NWait_avel j1/N):10)}
end}
write(' ')
for it1=1 to 62 do
write('-')¢
writelng

writelng
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write('fosniImadounlsunedudnuTolaizcy/mr ... g
ch := readkey}
END;

END.
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