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Goals

Discrete events simulation:
@ Understand how to simulate events
@ Apply the Poisson process

@ Model a queue

Implementation:

@ Modeling vehicle queue on a single road
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Modeling a queue

© Modeling a queue
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Modeling a queue

Problem definition: Vehicle queue on a single road

Single road Bottleneck
(Travel time of the entire road: t°) (Service point)
DEPARTURE

- (Travel) R s

GENERATION I ‘ [ 7))

ARRIVAL ' vehicle queue

Events:
@ Vehicle GENERATION
@ Vehicle ARRIVAL in queue
© Vehicle DEPARTURE from queue
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Vehicle GENERATION

Single road Bottleneck

(Travel time of the entire road: t°) (Service point)

GENERATION[
V272072

Vehicle queue

@ New vehicle enters at time t9, following a Poisson process with rate A.

o Create GENERATION event at time t{,; = t{ + Exp(A).
@ Vehicle entry point is uniformly distributed over the road (imagine
vehicles pulling out of their driveways).
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Vehicle ARRIVAL in queue

Single road Bottleneck

(Travel time of the entire road: t° ) (Service point)

|:> (Travel) s

)7

ARRIVAL ' vehicle queue

@ Travel time on the entire road is t°, thus vehicle arrives downstream
of the queue after tt ~ U(0,t°) (see the previous slide).

o Create ARRIVAL event at time t{' = tig + tt.

@ Increase queue by 1.
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Vehicle DEPARTURE from queue

Single road Bottleneck
(Travel time of the entire road: t° ) (Service point)
DEPARTURE
s

7277

Vehicle queue

@ Service time for vehicle is t* ~ Exp(u).
o Create DEPARTURE event at time td,; = td 4 t°.
@ Reduce queue by 1.

@ Attention at special cases, e.g., only one vehicle in the queue.
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Discrete events simulation

© Discrete events simulation
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Discrete events simulation

Simulation

State variables:
o t: Time

@ g: Number of vehicle in the queue

Parameters (scenario):
@ T: The limitation of generation time
o t°: Travel time of the entire road
@ A: Rate for vehicle generation

e 1 Rate for service time (road capacity)
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Discrete events simulation

Simulation

Events:
o List of future events sorted in chronological order.

e Initialization of the simulation: first event (Generation).
@ Process the next event:
© Update the variables.
@ Collect statistics.
© Generate and add new events to the list.
© Remove the processed event from the list.
© Finish the simulation if the list is empty, go to next event otherwise.

Oyama, Y.(TRANSP-OR) Optimization and Simulation February 27, 2018 10 / 19



Discrete events simulation

Event triggers event

Event Triggered event State variables
(Sim. Start) | Generation (, Sim. End)
Generation | Generation (if t < T), Arrival

Arrival Departure (if g =1) q=4q+1
Departure Departure (if g > 0) q=q—1
Sim. End
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Exercise

© Exercise
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Exercise

Exercise

Codes:
@ QueueingSimulationl.m: to implement

@ QueueingSimulationlTest.m: to test the implementation

TODO:
o Play with the codes.

@ Improve the script with good practices, e.g., comments, labels.

Hint:

o Use a "switch” block to process each event type.

Oyama, Y.(TRANSP-OR) Optimization and Simulation February 27, 2018 13 / 19




Exercise

Exercise - given functions

NewRoadl.m:
@ Function to set the scenario

@ Parameters:

© .DEMAND_DURATION: Demand duration (T)
@ .T0: Travel time of the entire road (t°)

© .LAMBDA: Rate of vehicle generation (A)

@ .MU: Service rate, i.e., road capacity (u)

@ For definition: scenario = NewRoad1()
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Exercise

Exercise - given functions

NewEvent.m:
@ Function to create a new "event” object

@ A "event” object needs the following variables:
@ time: the time at which the event occurs (real)

Q link: thetink-on-which-the-event-oecurs{integer) Always 1
© type: the type of the event (integer). Suggestion:

o 1 = GENERATION

e 2= ARRIVAL

o 3= DEPARTURE

e 4 = SIMULATION END

@ For definition: event = NewEvent(time, link, type)
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Exercise

Exercise - given functions

UpdatedEventList.m:
@ Function to add events to the list
@ Using the binary search to maintain the chronological order
e For addition: Eventlist = UpdatedEventList(EventList, event)
°

For removal: Eventlist = Eventlist(2: end)
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Exercise

Extra challenge

If you finish earlier, e.g.:
@ Try to consider "peak time” using non homogeneous Poisson process

@ Write this code in an expandable way. Good practice.
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My results

@ My results
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My results

Queue sizes over time - random runs
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