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O problema

Objetivo: simular uma praça de pedágio com

2 cabines onde o motorista paga em moedas o valor exato
do pedágio (não há troco);

2 cabines que recebem dinheiro e dão troco;

1 cabine para pagamento eletrônico automático.

Referência: Altiok, T.; Melamed, B. Simulation modeling and analysis with Arena. Academic Press, 2007
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O problema

13.4 EXAMPLE: A TOLL PLAZA

This example concerns a transportation system consisting of a toll plaza on the
New Jersey Turnpike, and aims to study the queueing delays resulting from toll
collection. The system under study is depicted in Figure 13.28.

The toll plaza consists of two exact change (EC) lanes, two cash receipt (CR) lanes, and
one easy pass (EZP) lane. Arriving vehicles are classified into three groups as follows:

1. Fifty percent of all arriving cars go to EC lanes, and their normal service time
distribution is Norm(4.81, 1.01). Recall that only the non-negative values
sampled from this distribution are used by Arena (see Section 4.2).

2. Thirty percent of all arriving cars go to CR lanes, and their service time distribu-
tion is 5 þ Logn(4.67, 2.26).

3. Twenty percent of all arriving cars go to EZP lanes, and their service time
distribution is 1.18 þ 4.29 � Beta(2.27, 3.02).

Figure 13.27 Simulation results for the Port Tamsar model with shorter lay periods.
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Figure 13.28 A toll plaza system on the New Jersey Turnpike.
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Dados - Tipos de pagamento e tempo de passagem

50% dos carros pagam em MOEDAS
Tempo de passagem na cabine (seg): Normal(4.81, 1.01)

30% dos carros pagam em dinheiro, com TROCO
Tempo de passagem na cabine (seg): 5 + Logn(4.67, 2.26)

20% dos carros pagam ELETRONICAMENTE
Tempo passagem cabine (seg): 1.18 + 4.29*Beta(2.27, 3.02)

Por cada cabine passa no máximo um carro de cada vez
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Por cada cabine passa no máximo um carro de cada vez

4 / 8



Dados - Tipos de pagamento e tempo de passagem

50% dos carros pagam em MOEDAS
Tempo de passagem na cabine (seg): Normal(4.81, 1.01)

30% dos carros pagam em dinheiro, com TROCO
Tempo de passagem na cabine (seg): 5 + Logn(4.67, 2.26)

20% dos carros pagam ELETRONICAMENTE
Tempo passagem cabine (seg): 1.18 + 4.29*Beta(2.27, 3.02)

Por cada cabine passa no máximo um carro de cada vez
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Dados - Tempo entre chegadas (trânsito em cada hora)

To simplify matters, we assume that an incoming car always joins the shortest queue
in its category (EC, CR, or EZP). We further assume that no jockeying between queues
takes place. That is, once a car joins a queue in front of a tollbooth, it never switches to
another queue.

Traffic congestion is distinctly nonstationary, varying widely by time of day. As
expected, traffic is heavier during the morning rush hour (6 A.M.–9 A.M.) and the evening
rush hour (4 P.M.–7 P.M.), and tapers off during off-peak hours. Table 13.1 summarizes
vehicle interarrival time distributions over each 24-hour period.

The number of operating cash receipt booths varies over time. Since such booths
must be manned, and therefore are expensive to operate, one of them is closed during
the off-peak hours. Only during morning and evening rush hours do all cash receipt
booths remain open.

Typical performance analysis objectives for the toll plaza system address the
following issues:

� What would be the impact of additional traffic on car delays?
� Would adding another booth markedly reduce waiting times?
� Could some booths be closed during light traffic hours without appreciably increasing
waiting times?

� What would be the impact of converting some cash receipt booths to exact change
booths or to easy pass booths?

� How would waiting times be reduced if both cash receipt booths were to be kept open
at all times?

Of course, additional issues may be specific to particular toll plazas under study, but
in our case we wish to address the last issue in the list, using the performance metrics of
average time to pass through the system and booth utilization.

An Arena model for the toll plaza system presented here is depicted in Figure 13.29.
The model can be decomposed into the following segments: creation of car entities from
the appropriate distributions over various time periods, dispatching a car to the appro-
priate tollbooth with the shortest queue, and serving incoming cars. To this end, we use
the Set construct to facilitate modeling of module sets (model components) with
analogous logic (e.g., multiple tollbooths). Consequently, the number of such compon-
ents would be easily modifiable. The structure of the toll plaza model will be described
next in some detail, along with simulation results.

Table 13.1

Interarrival time distributions by time of day

Time Period (hours)
Interarrival Time
Distribution (seconds)

12 A.M.–6 A.M. 8 þ Gamm(4.4, 4.12)
6 A.M.–9 A.M. Tria(1.32, 1.57, 1.76)
9 A.M.–4 P.M. 2.64 þ Weib(0.82, 4.5)
4 P.M.–7 P.M. Tria(1.32, 1.57, 1.76)
7 P.M.–12 A.M. 4.2 þ Gamm(0.87, 8.24)
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Dados - Tempo entre chegadas (trânsito em cada hora)

Chegada Saida
entre chegadas
Atualiza tempos
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Dados - Escolhas entre cabines de mesmo tipo

Escolha entre as cabines que só recebem moedas:
a de menor fila

Escolha entre as cabines que dão troco:
a de menor fila, mas a 1a cabine só abre entre 6h-9h e 16h-19h
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Visão geral do modelo no Arena
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