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Agent-Base Modeling of Refueling Vehicles based on Demand Management Approach
and Comparing its Result with the Stated Preferences Method in Tehran
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ABSTRACT: The increasing demand for private cars and the unbalanced and dense growth of land-
uses in the north of Tehran metropolis have caused fuel supply stations (gas stations) to face the demand
queue most of the time. On the other hand, the exorbitant price of land in these areas does not make
the construction of a new location cost-effective. Demand management policies such as increasing the
cost of using the facility are the possible solution to solve such problems. In this paper, the gas station
users’ data in the north of Tehran were collected using the stated preference method and analyzed using
SPSS statistical analysis software to define the agent features and build agent-based modeling. The
survey results were used to define the characteristics of factors and interactive rules in the NetLogo
simulation software. Then, the existence of a fast-passing line (with five different pricing scenarios)
was simulated compared to the normal condition. The results showed that although the price increase
scenarios (scenarios 4 and 5) are more welcome by relying on the statistically-based stated preference
method, the agent-based simulation shows the popularity of cheap scenarios (scenarios 1 and 2) based
on the interactive behavior of people are more valid. This indicates that the stated preference method’s
responses cannot be reassured in cases where interactive behaviors exist. Also, due to the imbalance of
supply and demand due to the region’s context, creating a tolled high-speed passing line is an effective
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solution to adjust the queue length and reduce waiting time.

1- Introduction

The expansion of cities and metropolises has always been
the source of new problems. These problems in the traffic
sector include congestion, noise pollution, air pollution,
etc., which are due to the lack of urban traffic facilities and
inequality of supply and demand. One of these essential
facilities is gas stations, where congestion and long queues
can be formed, especially on holidays and weekends. This
is especially the case in metropolitan areas such as Tehran,
especially in the north, due to the high price of land. Waiting
in line and wasting time is unpleasant and stressful for many
users; this issue is more evident in users who have more time
value.

Based on previous studies, one of the best ways to adjust
the queue is to use supply and demand control policies.
These policies, which usually link their characteristics to
price changes, are examined as scenarios of price increases
and their impact on congestion. Since time is not the same
for everyone, raising fuel prices, in general, will not make
sense to manage queue length. Therefore, this increase can be
considered selectively and in a separate queue only for users
who, for any reason, do not want to wait in line.

*Corresponding author’s email: mirzahossein@eng.ikiu.ac.ir

In this paper, using two methods of statistical analysis
of the answers of the Stated Preference (SP) method and
modeling the refueling method of vehicles and examining
the queue length by the Agent-based method, the effects of
different demand management scenarios of individuals with
price increase policy are investigated.

2- Methodology

According to the objectives of this article, it is necessary to
examine the views of users of fuel supply stations. Therefore,
the data were collected through a questionnaire with a
combination of open and closed questions and also the scenario
in relation to pricing in 1398 from the metropolitan area of
Tehran through face-to-face interviews. The experimental
questionnaire has three parts: 1) demographic characteristics
(individual characteristics and demographics) 2) information
related to refueling (to determine the behavior of the Agents
and the rules governing them and the environment in NetLogo
software) 3) Scenarios (analysis Sensitivity in NetLogo
software and comparison of results with preferred results).
The number of scenarios in 5 classes is 1200, 1400, 1600,
1700, 1800 and 2000 Tomans (at the time of the research
17159 Tomans Iran = 1 US dollar). A total of 60 experimental
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questionnaires were collected from the statistical population,
Velenjak gas stations, Yadegar Imam and Dadman (20 each).
Of these, 39 were healthy questionnaires (13 each) and 21
were distorted and had defects. The reliability and validity
of this questionnaire were assessed with SPSS software
and some of its parts were removed due to low Cronbach’s
alpha score and the main questionnaire was designed. The
statistical population according to the objectives of the article,
field study and annual land price statistics randomly led to
the selection of Velenjak (Zone 1), Yadegar Imam (Zone 2)
and Dadman (Zone 2) gas stations. Also, to maintain random
sampling at the appropriate hours and days of the week,
collection was performed. The sample size is 387 according to
Morgan’s table. A total of 387 questionnaires were collected
from three positions, the share of each position was 129. Of
these, 360 were healthy questionnaires and 27 were distorted
and had defects. After checking the reliability and validity of
the main questionnaire (Cronbach’s alpha = 0.948) data in
SPSS software in two categories of the approximate value
of the vehicle (million Tomans) and the waiting tolerance
threshold in the classification queue and lead to recognition
of Agents, attributes and rules They and the environment.
Using these results, the environment in NetLogo software is
considered as a regular gasoline line with two pumps and two
refueling stations with a normal price of 1000 Tomans, and
a fast-pass gasoline line with two pumps and two refueling
stations with price scenarios. People waiting in the normal
queue of gasoline applicants with a normal price of 1000
Tomans and willing to tolerate more waiting, and people
waiting in the fast-passing queue of gasoline applicants with
higher prices and do not want to tolerate more waiting. All
drivers of waiting cars in two queues of solitude and crowds
are considered as one operating group. The number of
Agents is selected as a variable by the slider (Car-Number).
The input rate of Agents per hour is selected as a variable
by the slider (Inc). Wealth, waiting time and the degree of
fullness or emptiness of the tank are defined as the attributes
of the agents based on the information obtained from SPSS
software. The rules governing agents were also defined in
six paragraphs. Scenarios were also defined as a drop-down
menu called (Scenario) with five prices of 1200, 1400, 1600,
1800 and 2000 Tomans (17159 Iranian Tomans = 1 US dollar
- at the time of research). Software outputs in the form of a
queue and queue diagram in a graph called “queue diagram”,
a diagram of the number of refueled and unused agents at
the moment called “current status”, a graph of the wealth of
agents joining a crowded queue with The title of “crowded
queue organizers”, the chart of the amount of wealth of agents
joining the queue with privacy as the title of “less crowded
queue organizers”, the threshold chart of tolerance of joining
crowded queues as the “tolerance of crowded queue” and
the chart of tolerance of crowded queues Privacy is defined
as the “tolerance of a low-congestion queue.” Finally, the
simulation results in Net Logo software and the questionnaire
were compared using SPSS software.
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3- Results and Discussion

After validation, it was found that the simulation results
are more in line with the research of Kho et al. [1] based on
the effect of price increase on demand reduction. The results
are also consistent with research by Khalilikhah et al. [2]
in which increasing fuel prices to control demand was the
least acceptable among users and reduced demand. On the
other hand, the simulation results showed that increasing the
number of nozzles regardless of their price can have positive
effects on adjusting the queue length. This result is completely
consistent with the results of other researches [3-5].

In this paper, agent recognition, data collection and
analysis are the basis for Agent-based simulation of fuel supply
stations. This data, which was analyzed in SPSS software,
was mostly related to refueling methods and scenarios, and
it was found that users often wait for 2-14 minutes in the
queue from their point of view, while the simulation shows
that the time most users can stand in the waiting queue is 10-
18 minutes, however, their tolerance range is 2 to 42 minutes
Based on inquiries. From the users’ point of view, scenarios 4
and 5 are more popular for joining the privacy queue in terms
of preferred analysis. Of course, their wealth and tolerance
threshold have a significant effect on this, because it was
found that users’ wealth has a direct relationship with their
willingness to pay. Also, users with a high tolerance threshold
are less willing to pay or cancel, and even get to zero. These
results were achieved while the simulation with the NetLogo
software showed the popularity of scenarios 1 and 2 among
users. In other words, as the cost of scenarios decreases, more
users are joining the low-traffic or high-speed queue that they
have to pay for. In lower-priced scenarios, users with lower
categories of wealth are seen joining, and in scenario 5, where
the price is higher than all scenarios, only users with category
6 wealth join the fast-pass queue. On the other hand, in all 5
scenarios, the wealth category 1 users are the most crowded
members of the queue. Also, in all 5 scenarios, users who
join the fast-pass queue have a tolerance threshold between
categories 1 (2 to 10 minutes) and 2 (10 to 18 minutes), and
people in the crowded queue are mostly in categories 3, 4 and
5 are tolerance thresholds. Comparison of SPSS and NetLogo
results shows that individuals are more inclined to more
expensive scenarios due to their own judgments and mental
imagery in the preferred mode, while Agent-based simulation
results show the opposite.

4- Conclusions

In a situation where users are faced with an abnormal
situation where there is a long queue for refueling, relying on
the answers obtained from the preferred method cannot be the
correct basis for making a decision. In addition to the results,
in general and based on each of the results, it can be said that
the prediction of high-speed lanes at gas stations with long
queues, higher prices and shorter queues in urban areas where
land prices are much higher than the city average and most
Residents also have a moderate to the high economic status
of the community can be a way to adjust the queue length.



M. Ramezani et al., Amirkabir J. Civil. Eng., 54(9) (2022) 695-698, DOI: 10.22060/ceej.2022.18192.7141

References

[11H.L. Khoo, G.P. Ong, W.C. Khoo, Short-term impact
analysis of fuel price policy change on travel demand
in Malaysian cities, Transportation Planning and
Technology, 35(7) (2012) 715-736.

[2] M. Khalilikhah, M. Habibian, K. Heaslip, Acceptability
of increasing petrol price as a TDM pricing policy: A case
study in Tehran, Transport Policy, 45 (2016) 136-144.

[3] A.O. Odior, Application of Queuing Theory to Petrol
Stations in Benin-City Area ff Edo State, Nigeria,
Nigerian Journal of Technology (Nijotech), 32 (2013)
325-332.

[4]M.R. Galankashi, E. Fallahiarezoudar, A. Moazzami,
N.M. Yusof, S.A. Helmi, Performance evaluation of a
petrol station queuing system: A simulation-based design
of experiments study, Advances in Engineering Software,
92 (2016) 15-26.

[S]M.R. Galankashi, E. Fallahiarezoudar, A. Moazzami,
S.A. Helmi, J.M. Rohani, N.M. Yusof, An efficient
integrated simulation—Taguchi approach for sales rate

evaluation of a petrol station, Neural Computing and
Applications, 29(4) (2018) 1073-1085.

HOW TO CITE THIS ARTICLE

DOI: 10.22060/ceej.2022.18192.7141

M. Ramezani, H. Mirzahossein, A. A. Rassafi, Agent-Base Modeling of Refueling Vehicles
based on Demand Management Approach and Comparing its Result with the Stated Prefer-
ences Method in Tehran, Amirkabir J. Civil Eng., 54(9) (2022) 695-698.

697






785 500 ()] yo (o kien & i

YRV B PEYY) oo AF) Jlo @ o)l BF 053 s peal (yas sovie 43
DOI: 10.22060/cee}.2022.18192.7141

Sunzlio g LOWT Sy 520 3,509, b oadend (g4l Jylwrg (555 gu Glino—Jole Juo
IR SR OIS (63,90 (sarllao 1l 9,5 (o0 by o, b o) S
Sloy b ol ol e Ao o Slan) dee

el 958 o) e plol llallipe oKy () pas sutine 0uStils

1891 au )b

A SCVALVARERIIT
VEe o O/ 1,55k

N RRVARVAVER-JORY
VEeAVIVE oMl )

OIS BN Jlads )3 g )8 (05150 5 33l52el 45y b S 5 o (el (9,095 3l ool (3855, (SLOIES oW
Ol 3 o) SIS Cead (Bl 1Al g g LOLE cao b o)lgan (agn s cany) g (s pe loolSola b Al o
ookl aiza islial a8 Lol o pae jl olaculu was (pl jl0ke ed dyo 4 (yshe |y Las oKl @lis! bl
U Jole gy 42 ol csallia ;o o il o ol S Jusd ) S e (680, olsie 43,1 (g 31y Mg
eSS ootz b g (gpglaez s ol oy o) b 085 e Jlosd (sl fia uag oS o0l llio ol )3 sl 005 o
c6ibosnss 138l 5 55 Lol (ylsh g o bole Cleogad Ly e o @l 5l g 100)5 Jiloss SPSS (g lel o JI381s 5
Foere bt LS )3 ()5 casd Cilisie (o)l g L) @y youe b (K 2939 4ol j3 s edlil NetLogo

Lolds cu y o
01l olo gl

b conlito fobs o g s 0 e oy 2 aon csolel ooy 4 1551 L e /5148 s s gl b (gl
Lo Jole (g5lo J 1o '
e ) slagle Cugme oS amd o (L5 Lo Jole Jho Lol ol oo (g i JLELMI L (0 5 ¥ (slagy L) cund yial38]
et et . . ) o )
Sypm i Sl iy ol e 10y 0l b it 5l oo g s e (1 3 sl
argio ol (gloylis) 4 (03)lge 13 008 by oy Bs) (slagiwl &S canl (f orimd Lt gadge cpl sl )8 an g
ooyt > Jed jladlate CL 1 (30 GLAlE g aspe il pie 4 da gl iomen B (linebol 390 Ml ced sl )18
s 50 Soe 6yl oud ()5 C0B gy ygue s SO 3l (S]] Cuosd dlas Mo g asuiie (6 )8 g (e (1092

ol Hlazl e ials 5 cas Jobo

Solol do o NS )3 0329 4 e s (I (ol 003
ol 2 Vb lacio 5 pbodjl (5 IS5 & Wil (5 (sadye
o ol Wl iy 4 atin UL slajg) g e pLI o o5
Y5 4 ol Jlab 5o Lo o5 cseed (oS 55 ehg 4
oasdie )8 9k w2l 395 9 YU (S 5515 (e SIS e
025 5 90 5 Lilaiayd Ses L ool Slisl b odd ows 45
CBg B g cas jd sl S e dged i 1 i AL 1S ale pu
S u;])‘.)lg ) Al O?.' ol ‘)u““‘ 9 J‘*"L‘“’?l’ C)‘)’.)K }1 d)l:&*“’. dlﬂ
D)0 i A ke BB gy Sloy b))
g 4y Jyol 5 cho lad )i (slie p iy Slalllae I (g)kuns
e il SO Oldllas pl g b ilod S oy |y gadge opl Lolas
slcwluw I cpSoe Plue jlatws opl 0 o J1a by,

doddo )
M il olSiwls o)lgen aya s M 5 oyl o yiuS
Lib).e(w Sdrwgy ).3‘).3 2 LZbC;Jj.) B ol wla.-ugw‘ 039 (Sl
$9088 5l (b e il MU e (6 )0ud Cumex Ay g
Sl el ol Sl o 3 OMSe ol Aisanl Lnyed
@308l Soke bl ()bl sl Lo g adye splp pie g o0
i o el (gomad (aliste LY & pases slagydes 5l eolicl
Slodia sl 033 (luizgs |y O (pl (ogad > g (o i
sy dy G |y EMgund ol Ay ey eyt Mgy lis | GIS

9290 byl (1395 SEl 4 e Cold 3 g 03 ials Lol A3

mirzahossein@eng.ikiv.ac.ir :olsle Jlsorge odiag ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

(AR



FEYY B YFVY docio VF ) Jlo A o)l OF 093 ¢S ool (lpos suoie 4y

ool GLold Gngin cs2)l 2 1) e I V¥ Jlo 3 [V]
onl -l sl ol (0,5 (glaibl) (salwsg & (wlgi slogy cnih
S 288 plool GLES] | olan (cdrws (545 yr 5l odlizul b g
ool b L atin S, ) bl st 5 A2 slopy s ey
o S 35 i ol 4 Sl g gllas LSS (o
By ol o 4 YN0 Jlo 3 [V] ohlSen 5 Sygql 45 ol
@it (sly Aad ol ()8 Jiloo e gl (silwand
@ Comd (Silodnnd | (g pS0s0e e domi (pl g (ST Canb |
Y15 Jlo 5o [F] ohSen ¢ 5kt Ll gy yigusels oLd cllllas gl
Ol 0505 @i o Jae I L Sloj g0y jl oolasinl b 1y dliiee ppom
O5elS (3L Sl odlatel gainge (5o prs e S Sloj s my
2 Sy S aw gl pin olKls 5l slas gemme 4 1)) Cps (5500
iy Lol i s ol 45 Gsilad 393 5l 390 (53000005 381 S
@ Cud 0ad Bpas Jypaze E5 bl gdasly 4|y (1S S pan
o GBS s i iad GRIEIL 5 45 o hrog o] Cuad
4 S el &S ol LY e goind ol adye &b Jg
239w Sl Cad il g WS oo s Jpaee Caodd I (U (s
SIS s pate o ol ply [V] 290000 adpe IRl g St My
Jls 0] ohlKen 5 5 olsl cpod ol Lol&S 5 adye el jo
Jox 0 yow lold p Cogw Cuoid pod Canliw e oligS™ 31V VY
(b oS g 4o jl edlil b e 3 1) (pogad 5 eges S
303 51,8 oy 2 3550 O bl (SLOIE SlundS 5 glodle Sl 340
b (o Glolis gy @) S5 gl ool S byl mls
B g Jo> 4 (ogad cadi Jilwg jlogill ogud juid iasd ulj8)
yaww LIS o e )3 S g gal)b ialS 5 aly 39 S50 5 SKen
GRIBIVNE Jlo 53 35 [7] ohSen g olgd (s 390 o515 Gials g
b samolio )3 Lold g pie slaculuw j (S5 olgie 4 1) C8 gu Cuos
SIS Cad ol jhw (Lol Co pie (gl casd slacasluw plo
23313 )13 (y 3)90 Ol 3 SaSHb ()T Cu0d b slodgize (135l
e 5 Chg b il Sul Cusio byl Loy osls oo
IS o o)ylSan g 55 (canllas 5 3900 ST |y 365 (bl
O oGl Ll (g (cwyp oS Jlo (e 53 (6,503 sadlllae
g Mo S a9 Sy JeloS g (Bolal (s pSgel (hey L LS )

Gr92 2 )5 5l )y (6 g Card oS 0l Lt [V] 5 )

L1y 365 slo Sy Yoans & Il ol sl Lolis 5 adye ]S
oot § Ceaid lalEl slag s Cjgo 4 A5 0 0)F Cansd Ol
39131 ke (sl o o 2o )9 00 o o33 2 o] 5T
Co I Oppo & Cd g Cord Gl s JI0y08 0 LS 3]
©)ygo 4 olgicen |y GRIFEN nl W 29 aalss dlate cho Jobo Cu e
2 dS Cd)S b Sl gl b albls s S py 5 bl
Lgd Jezie |y cas j el wales o5 Jds
Gl s sl 2 (39) 99 egd9e ol (sa e i ol
85 51,8 it luem Jale (gjlore g 0rd plo by (g slagesl
0391 (§jlwdend g slagby) 5l (o diem Jole (silo e b9y
o gy onl cal 03,8 Cla 353 4 ) liiee ) gyl slai 09 el &S
s9800 2k o ele wiz g plindele (iloand plyie 4 o] ) B
SIS 3,8dos ol 3 a8 el IS wejp b YL 4 ol o8 (ol
2 dlie (pl )3 A8 oo S 1) e IS5 (206 518, b Jole
s 9 dsd (6 xS CEgm (sogud (5iloJde Shrwgi b U Cunl oyl
sl Copie slagluw calises il il e Jole o9y & can Job
ssboled &S Cul Jba 3 pl ogd wyp Cuodd ol 38l Cuolow b ol )3l
25505 b 9090 ol iloe 15 el o)lBl o] 4y sy i 5 &S
@i 390 98U Cwl (land) o oyl Ll 4 drg b Lo Jole

ol 00l @Blg oS img$y

bt ©ladl 2 5950 =Y
Gl 428)5 Cjao Lisu duw  puols dlds jd atdldS clodl p g0
o )L3l (S o gw 0jo> 3 LA 5 adje (o by 4 Jol e
Co g SolGle 3 cho Jsb Jlod Coe 4y pod (150 ) sl 0a
ol i el Glgie 4 Lo Jole clalas 31 )5 5 o sy

sl &85 )13 (g2 390 lie

Lolis g adye =) =
5 Jolis Jgammo Sy sl coobatil il oSy 5] S8 olS 15

SIS 1 8y LSS by g SAS M sl LLelsS 0,8
et Lol gl (S, b SALS by )5, 5 didye ol Sy bawss
woye g ol )3 & Cul Jpame G j cnsi V] 2950
9 Lold 5 asye sl p g aliie slasio b (g3anie 3130 )3 5 395 o

OSan g s &S (gysb sl 48)S J1E sy 3y9e o] yie

YeyVy



I ez 0y50 Job 10 cho S Lol il S8g0 Cunl San 4 S
1t sodlatwl ¢l yiiie Hlanl ey iol38l Coge Chio JuSis AS o
SRS g Joro 13 39 o0 (6 e Lol (A8 g 392 90 ooy | i
Oil38l e pel (B, (glis 5 cudbge Lol Jelos I (SO [VY] 24 0
(Slss lojle o 5wl Clodd cudS daug o b 1 (6o cols,
Olosd i)y car plyide b )90 ploj b akaly 3 plpae St
oo J»S\w.v S99y ¥ = Oladllas u*’L*" el [\Y] JJ)L) PR
S5 s las sl oad @)l (T L dlarly )3 (oste slad i g plos]
a,la ol Cal sl belas (60,8 IS Lo 0L, sadllas i
Bl e 0,8 Jol (samd j5 (SHlaily b Lol « Y (Sl bwgs
e oo sl el Sl (B Gt S Slgoe o s e VY]
DIF] 25 edlatsl cpin slacw o Job 5 lanl lej uSke
s i3y 5SS 2l Jae Sy Lo slize i Lo 5 4020
s s lala p3 glaJle p» W] el o 4 (539)5 polis
loal> 1555 (£los il Jio 5 silodind & 1y 05 sl 3L, o
Sl epSopme LYW Jo ;0 VO] o )Ken 5 sloed iges lgie &
2 bl slacao )3 S sl siloding 4 gilodnd
S e 2l o Sy J £6 5 e S oSl
[aes) JL.: ;ﬁ: D9 Ls.’u...]o )’lf L;‘Jboliil? d‘)% .\.oi)lf Lglmc).‘o 9 (39?944
Silwdns S8 o0 | R Kl &S ks, [VF] OI)K&&» 9 plaxo
Byo Juo cped ;0 W] ool diwly cpad )0 00503 Julod g 4350
D)5 ey A 9SOt b (i Sl 3 1) o sl
b Coie P ‘_gl.fbali:h )I ;i; PRy oo S99 )l ‘_;l> 9] CJLJ
YN0 Jlo o Lol b o cho Job Joad el bnyg s dlaws yiol3al a8
oy i g o Jsbo s e Sl g s (658 g Jituno (5 lone
(olojed yob 4 lpylS 5 el cleMbl (g,li5ST il 51 salatwl b
2okl floy yialS & e &S b dlpiuin [VA] o )Kes 5 (59 bawg
S b 4 plsl V] en 5 LSISE e S S 035 o
L3505 (0938 (e 5 (i ey o (Silwdinte S (Silodnd Sl
ool @ 39)5 (loj g (65 g (Slacaay) baojg ps dass Cmnl oS
S5 i (gilodnnd 4 plBI[VF] (YL VWY Jlo > ol

YNy

5 asye cobe pogle iun 5,50 wjied 5 closs cuaS o
Sllllas oy bogas Jgamo S5 )ik Caosd Ol Ly g Lol
a5 Gglano By 45 36500 033 otz cloolSyls b alal 5 55 (6,500
V0 Jlo 3 [A] phlSen 5 lg9n ol cpl 2 Cons Cand (o)
2 o5 solle > (sytde (5)ly IS L by )
35 ladsl iy o Jlaslue Solal (6ySaises oalatwl b sl
aS ol plis bl @l sl SPSS sl s b oo g udlye
e e Coldy g st 651y (2b)lik S Bll o
Cigw Lol cunliol oo 500 (gou 5l 3429 & hhlixe oo
G Ol 6yglid b LSS g 4 ye porde ( By slagdgs ogad
9 Ulgig,S adlllan 1> diges (lais 4y .Cuwl 03)83 0,5 calises slayloj o
Slgs o Calaxio (£33 )40l a8 Cawl 0dd 0315 LS Y VA Jlw 10 1535550
1l ] 1l 4 s 4y diay Lolis gy Jlais] Olyis o955l
b a3l g5l 1) plyiie Sl (A Mg oo oy o BnygiS Sl (S
Ci w1 dg50 Jbl glite do > 55 a5 dille Glodd CuaS @ d g
mal G slaadls cwdd I LS caly Salate dabsa 8L
Y o jd Ol 5 (J Oldllas jo diges laie .l LS g a5y
Bgu dine (sly (638 g olite 53l Ll e 13 Cuosd i 3]
[V o] ol o Julos 1S5 el oaseio VLI 5
@ hlese She LS g ad)e ]38 )5 (A5 Clalllas (gl
ol o i8] 039 4 lal @y wlel p Lol § as,e o pte
Lo Jole 39y aile (gyde slocsjloans 5 oslinel M5 a8 Jbs j
13 0 ol ogole i o b ol 3 1y LS s ;8 i3 o oS
CSgw (4 ye oKl opg 4 b G o Lol 9 doye &S col u”>
Jolse 3115 5 el b o] b)) cde 4 &5 5 o> cloojon pbo b
oS 5l Byo claeiglite 5 Casl odim st o 53 0358 b
ol byl ol oLl ol ol 3 syl n 1y (ool adgl sla o,
35 2l bl S50 5l o S5 5 LolEs 5 ay0 o o
s $sly 1y o Jo 3,8 Lok )3, & 4255 Ll ol JoT5 L

o Jolo Y —Y
P9 Pt pB &S cwl mli eyl S glasl o JSas

BM] oyl a3 o &y o) 50l)) b cud s 51 gy S (6l Lol



FEYY B YFVY docio VF ) Jlo A o)l OF 093 ¢S ool (lpos suoie 4y

e ol 3 b Jele a8 w0l @8l)) (o) on gline p ol ais sl
Gl 4 o BAl 5 GleMbl Glas Bainy &) s
IS porao Yeord Juo 3 [YA] 8 &5 Jb )5 Dgr yuwe Colin
Copde sl JyS ganls Sl Glaptus gl 1) e ol
il 259y So JpES Ghgy cnl o5 €85 i 935 Jlesl Sl
Joo lapians S50 g dedgn S Cax phlasl g sleiel LB
LYers Jlo o [Fo] ohSan 5 sall bl ad 5 tdbo U
Sbiloans gy )l W gl Jols silo s I oslizl
g o & s o] Joo gosas Cyje i3l plxl Sid s
Ul ity e plo o (parass 9 SSE (@8 bn) glal> e
OhSan g il cslsl j3 gy s ©ygo 4 il b (gilwdnd
b laemJole gy @ 1) yhw Lol opl (giloand VoA Jlo ) [TV ]
(MATSIM) pasan SJ58lo 5 (5l g Slowlno 3,Sles j] arlizel
vatse (MATSIM) paocen Sl5éle 5 a0l 295 ool b ol s
5 ade e @ ollas gyl o Ll sl (8 g Joo pia
39l .l o oolizl o 51 (NetLOgo) 5ol Jljéle s odgr yiels
5 el Giledie cole S X2 Sl g [YY] S
51 oslazwl 8™ waly &l 4 gy SLolE glyp Lo Jolo glarwgs
2 Silbodbe gy cnl 2905 42 ) 1) ol 3Skes 5 Kb s pe
Oy 4 Cunl 48515 03litnl 3)90 35 i g Joo 5l (5,505 oz
Y obels jloand VO Jlo ) [TY] () g () Redgn Jlze
Oy 62,595 51 aiadyud oS Wby &l Lo Jole Jao S8
e 1y s yiie SO 5 Mg (LB o yob 4 Cuslyice g 092
A3y eje o > JB g Joo slopads S5k om Jols 9 48
6 )8 [YF] ) en g jauo VooV Jlo 13 )55 diges lgie 40,8
comglie o o Jale sla Jta 5 odlitul L 1y e (s lS (slo i
oSl g (z (ke silodds (@ cuwlow Jlod 5 420 (<l
38hes sy (o9 (ot pole munlao () (5 (2] il (lad
» Vo] ghlses 5 S5 cpizen 2535 j9p0 (o) 5l o2litul @y
il o 45 gly5516 diom Jole (g5l Juo 31 oolizal L Y+1) o
s ol slas aas (ioliel ly ads bl (p 50l s gw liss]
9 e paslSo o wlgs o (6y9L8 s a8 By lis byl o 5bodend
S)ge 4 )ik QS bl 4l blog p 3Kl slacd guw Liml g s

4 e oA Wg g HLid g el Hlizl 53 oo L3l ) SL;

P G )8y Gapln el & 290w Sk glaclle > o
aldl )3 0)S o palyd el floj ials aa b ) calisee (sla o
55 ot 5 o0zl b Y VA Lo 3 [Yo] o Kan 5 Lol
(5SS g lacy) aygyw (09,8 Olise Silodinre Jbo S cSlo
lacaes Shaw ol j3 oS w3, 1al 1) dho Job (9,8 Johs & a9 L
5 ol 4l 35 585 9,8 e 13 e sk Jole olsie
b gl dile ed aldss lug Sluycdgw 4yl Jb olllls
5 Jo> 055> )0 w2 3ylg0 plad ;0 Lol [VV] 4GS o )18 55 L aS 5l o L3l
Ca dlazsl LB Bel) S lsis 4 (iloand (SBan 5 e 8
Cusl 0392 ()l Sitingy o3l 3)90 ()5 (35S g J18) (5l Je
[vY]
Job b )3 wre olge 51 (S 00 ploni] Slalllas (gl o ol
Siloded 5 gy p IS a0 Slag b b @y jgee © )90 4 pob>

ol 00

UomJole (53l Jae =¥ =Y
ol odlaiwl 03 S IS 4 iz pole 0 Luo— Jole (gl Jo
N eulidly) 9 Slojle 18y giloJre Jold (63,1)8 sladiges .l
IVY] caol g G bazme wyp (B g Jo> Cupde o slois]
5 T30y by il duem ol ilodie sllae la Shy
s Uz Sl (53l J30 158 5503 51 [VF] el (53l 512! S
Jor Olej 3 e landyria ) o gl g Syl 5yl
5 Lolil 5 s ) Lemole iloae os 5 5yl (Sbe V200
Couo sl Gldllas (0 WWdges asuin 1) O] Cdawgl gla yog,)
390 chuo A2l )b Julo g (gilodend sl silo e jl g9 ol ) oolinl
sl 3l oalatwl 6jes oplply [YV] Cuol 35 51,5 - SKimghy Al
oAb iy poi £9d90 b Lai po 3)l90 009 4 (B 5 Jo> b )3 Lo Jolo
Oygo 4y doMS IS5 &y a8 58 ppndld dlawd duo 4 ()lg o |y dldo ]

S o )8 ey 3)90 481>

Sl o pde =) =Y =Y

So YooY Jlo 3 [YA] LT g ol oS3l bys Copde 5w 4

AEAEA



39 6559 J&al o Ll 5 as e cole o b= Jole il Jao Jb
Jlo 3 [FF] hlSen 5 (JE saddlae 3 &5 (5)5b & 15 o (2leides
S sl > (S Ol e Cae Lo Jole (g3lo e Y00
&S Gl ol 03,8 4 ldlrs GleMbl i jl oolitwl b aJgaYly
2 bl elal Gl Koo g b b 865 S o b
Lo Jole (gl Jro 51 a8 (65 g0 5 ,Sod (ol O I3 (Lol
)0 )}Q‘bﬁ" d)sl.a.‘) ol Jol.u)] 2 Lol 9 4»0)9 l; Léy A9 D 0 0
Yool Jlo 0 [¥V] buo)l8 saallas p> yol cpl il o i &Y gae
a8 S 18wy 3y50 Lo Jole (gilu Jae sSusS 5l aolazul b
GSoymo by e pl VOV Jlo jd 55 [FA] o)) 5 yoginl .cusl
Codgiome g b bla calis 4 oo a5 03,5 oy (sjlwand

ol 02035 orbo58 (Sl g )5lid (saine > Lo Jole (5l S

Solsl galss Y -y -y
Silwdde SaS 4y sl o a8 K0 wphe dylge I (S
Jelod g5 5l & canl ()hlasl gad5S g9S90 398 pldl Linem oo
g ol jpas Cle 4 odge pl (St sl odom )kl
LYo Jlo 3 [Y4] guig o5 psbo @ icamgl (Jlais] daste gla 3,
Tobe )3 ol lod sl (2SS Lo Jale (5l Je 5l oalizul
Gl L YooY Lo 5 [0+ )Sed g o slis b adllas oyl 3500
Sl glayliz) ool (Sloand e (olesin Jao sliee 2 (22>
2B Gioled 4 3B &S b 5l gl lasl gads Jobo 53 (eleiat
OhBen 5 ) D9 2o g o SIS o) pl5 )l 5 odm
131y bl (4l sy cymen ) o3lial L Y-8 Lo, 3 [00]
4 e siloe ol @l ol )l alllas 350 (55T b agzlse
Dy @3l | Cand pl CBlge falS Can dine 48 ol o
Obgy Cim 3 Veod Jlo )3 [OY] e 5 S5 sl 1550 S Ll
Obgy 3al)lS 10,8 ol Cumex (sad5S o 25 (3 b,
2 eolibolyy ol 88 5 (S bl @l ag e ol
sl als ladse 3 (ol &5 39 (938 9 (e )l
Soblsl gadss YAV Jlo ) [0F] canlisSd 5 b 09 enilns
O L8 Hhaie b (S cldlae b awglie )3 Posomy (IS 0 )
Caleg > & 3l HIE (390 BUT i b adl dix syl

Colls Co g ool 29y gojlul (BT Oy oll o 4 oxie

AT

A5 salgs lgn Sogll ials

2995 (559ld 9 Lol 5 adye (glo o =Y -V -V
asye (gode Slue Pt (s Clilllas LIS 5 asye ()
Jss Law 5 o GlogSazmy 5 & o ool b sl 035 Lol
Lolis 5 i (slne o) o Laom Jole (g3l o 31 daaia Jolge (392
Jlo 33 [Y8] han g pg)0yS ciges (lais & .Canl oaid 428 )5 0,00
il g iledse lp |y Luemole b9y 5 (ilodirs S5 Ve
PYY Jls 3 [YA] 5 [YV] a2 g W Lol o638 w3, Slee
Colgg p> a5 wadly o8 Lo Jole 59y 4 05005l oot (sl
Copde 5 O)llai cgilode o 2 )L co )l S Sl 4 i
(Y] J 9 ool colive (ola8l 50 s oo Vb S§ ) ddye (slo s
S Copde Ct Slles () Cgnyla SH V¥ Lo o 5
Lo SleMbl slaass o lolesis (slagiumw o 5 a5 23,5 @] ey
Ll ajglp bl o ()l g 15 (530 y2aby g 2l o0 JuSUis
Sy pdo gdlgio )8 48 39 b )3 cpl 38 o Simlan |y a3l
S0 y5) SS9 35 Voo Jlo 3 [¥e] Ll 9 S eS8 ol )
P bdele ol LUl S5 can (oras saols gabug 4 1y el
(M Bl ials slacusluw @i (550 )5 5 oS (g, Soly caus
Jie asye 00255 3 ) e g Jleinl (Lol b apalye > (Ul
s SO Y8l 10 35 [PV ] Klga o SSU bl et )3 1033505
il Gl ylate 4y S pe (50,505 S (il (gl (leleix
Sinlon g plesl (IS Sl gals g S ganze il Jlie 4
Sbls,l 5 leMbl 6)ls jl oslitul b el (0,05 ) Wyppiames 3l
Yoo¥ Jlo o [¥Y] (her 5 jdgin,S &5 Jb jo .00,8 sleiudy
slooyo55 b 0y 53 (b oy (siledde (513,809, (saal U
@)l ) o= Jole (Slaslome Cogzjla g oy |y S pe by g ye
—dele ilodse cozle Jlo Gmen 1 5 [FY] e 5 )l il
a6l e (5l ylaw LB S5 5> 4y (glvo 205 (sl Lo
W)l Voo Jlo o [FF] ohlKen g )lsS Lol 5n,8 dlpiiy o e
Boly &yl iged (e JYaul g Jolo w5y e (e a2 lSG
388 o 1y el (60,0505 5 (6o Calisie Mo Cannslys o oS
0y55 cpl (Sinlea Voo Jlo 5 [¥O] h)en g 95 (6,50 sadllls

Ol b3l 518 w2 3)50 L= ol 39y (olsl 1) 5l 5 Sl >



FEYY B YFVY docio VF ) Jlo A o)l OF 093 ¢S ool (lpos suoie 4y

ool 33 oolaidl 5 clan oSl ouiS

oo NetLogo ,lible 5 )3 16 pScdgw b g ye cleMbl (o
(st 10 salgd (gilodend n 3 oy M 3 OIS xS S g
o Jgo 3 ] 5 o815 el 5 8, da Jale Sl o (IS S
Alye @ i ooy b a3 (S MLl 35 g 358 asuie X,
ASb dLsld 3939 lmo] e

ExS Sy goged p ogMe NetLogo Jljdleys ) lagy b (g
Jsb 5 i S (g lis 4 cos gl Coslus <)
Llyds 3 )5 iy jl Juol> Lg)LcT @L:L»Lj 22l g 00 odutus Cao
awlio (Stated Preference - SP) o ol gl Gub (o558
a olol8 (iSls ot g cpie Crosd s el &5 >l dalgs
Revealed Prefer-) ous Sl ol 505 3909 (ly &g
.(ence - RP

32y S5 Vgoms il 5008 ol gy s 4055 b (slosysbis 3
ol ys 31,81 a5 g ol 0ald s Calisee Tokbaw )0 Cueud Wile (S
050k 5 0Vl i 4 oS o 03T 5 gl 3 Ysane 29500
Ol dlae cpl 530,05 599 01,81 51 aie Fwly Hlams) ol (oud oo
Ll g (pleg Veoe) Ot Cuogd b 25 4 g b Cuad s
ol 0k 48,5 a3 5 ol calsl

929 (R ey 3 o 93 85 Casl opl g 28 gyl ol
Voo (Jod Cgan Caogd g3l sl Hloj b plosl 1 Jgl cho )l
Cuad J 5VL ad g o Sl loj b plodjl o5 pgd o g ooy
sboojl p 013l a5 (28 Ll ol )3 Jb o plegi Vev e (9> g
Slass g4 o 0wy A (510G S Cygeo 4 o Job 5 Cuaud Caliseo
wbcwwd pas el gyl B slaay bl 5 lailiwl sl bagy )l
Siwd g oS el o] ol ol g p3Y claodly 4 Kiag
ol 48,5 a5 1> 5l O ol Alde Cpl > ad o BN dlias
YoV = ol legy WM g} plol ol 53) 51 sl )l a8 ol

ologi WWer pod Lo 50 (i (4 ) Caoud =)

Ologi Vv pod Lo 40 i (4 s Caosd =Y

Ologh Vo v pod o jd (3 (44 ) Cuoud =Y

ologh YA+ p9d Cas 53y (dd s Caoud =¥

.OLo93 Yoo pod Cho )yl (§ud )5 Caosd =0

a5 lodily )3 35 gl 3 adss ploj y i3e Saol s g
393 gaalllae 1 YoNF Jlo ,0 [OF] o) Ken g o0 45 (oyolgs Lol s
Je ool 292 (sl ) A58 plSim 4y (LSl 2902 ol plos
9o 3 M GUi a5 w18 Jsbo )3 1y (68 erenci )l g s
izl qwpp ]y 08 gadlas Voo A Jlo 3 [00] Gl g o &
s Jilog (S5 slaglyz (Sledie 5 plejon a5 sl
obgy 3 odlatl b g pags (mex (a5 LB, (gwyy g sj aw

W03 Gows Lo Jole
ol Lom oo (giloJde 5929 b (05b) Godzmn Sl J> 4 5l
Silodde gy &5 8Ly Glgie (o 4 lillas (@ w2g L
Slawle & 0l oo il lagby) crijgs j (So b dale
A g0 &S LSe 8 (il de Cuons 4 5035 58] (ool (sodomy
o Job wyp o oS s oss plosl Slalllas 45 4 el s 5> o)
i 4 ks laylSoly sl g o (siludige (JB g o> 0je
Sy ko 5 Lolds g as ye Colo 5l oolaiinl b oy cpl S 20)55 05

sl phg, -V

oolS 1 (g yglaaz 5 () 4 cdlio (yl Glinl g alis & a5 L
3y90 (ko] (ganals 09> 13 Cogw s, solSls o)l Calisee
IS5 b by Gl Il )50 laodlsy Wl jlo ks
ASOWS o ST Jlo 5> (gilog )l o5 5 a9 5k S5
5 Cod bl > SVl (B s e 4 0D (glaer ol
N san g Giloglw jo g algimy )3 Coaw IS Ced o0
anlas (o5 g pliel Jleiol (J& 5 Joo (o) (paass slaofly
Sy galas Gl | asb iy cplpl «udls 392y (529
Syge & gl pbxl Jolpe Cusl 0ad JooS5 0aS s las bawg
Al ) S5

@thi d“hu:'**’)f. u")J" -y -y

Caol Gylie a8 295 0 Jolis 1y wlwl sy dw adgl (saol yiuw y

Yl 51 isu aeb iy o el 60,8 Clasuie ()

pasudie &5 wb pelail (Bldcuwes 5 (638 G Shy 4 Gl

yeyvt



SYsb i Ghls i el OIS Sl (6 S i

1
] 1 ]
Sl i e o5 Asll L s o Dl 5 a5 e Laesls olSL
sl sl iy b
S el e TS RS
SYsb o s b s OB S 6 S e
1
] 1 ]
Loy esls Ll sas o5 ol )\j-_'e\rji o3 aesls 05 S 550 slaasl e o olalll
JJ‘JJ\‘;JAJ‘ J‘ﬁ‘?}-’ Lﬁe}.: AK{L; uirj.)éuﬂ 9 CAM
|

SISl 5 L s3ladde 5 0T 8l 5 Sl da Jale cols

1

Jde lsl O, sl dbe ol

El saslie 5 Jds oLl

oA Pl Jal e ) UK

Fig. 1. Research steps
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Table 2. Results of the reliability study of section (c¢) of
the experimental questionnaire
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Table 1. Results of the reliability study of section (b) of
the experimental questionnaire
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Fig. 2. Map of 22 districts of Tehran and selected gas stations
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Table 3. Sampling at different times of the day (Dark cells are the sampling hours)
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Table 4. Results of the reliability study of section (c) of
the main questionnaire
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Table 5. Classification of quantitative variables
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Fig. 3. Gas station plan in NetLogo software
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Fig. 4. Steps to follow the simulation process
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Table 6. Summary of descriptive statistics of scenarios (17159 Iranian Tomans = 1 US Dollar)
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Fig. 5. Status of row diagrams in scenarios 1 to 5 (x-axis: time, y-axis: number of factors in the queue)
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Fig. 8. Diagram of crowded queue organizers in scenarios 1 to 5 (x-axis: time, y-axis: number of agents
in a crowded queue))
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Fig. 10. Diagram of overcrowding tolerance in scenarios 1 to 5 (x-axis: time, y-axis: number of factors
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