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Evacuation studies have grown in importance over the years as arnamiszent

emergencies, natural and man-made, have raised the genetalfleweareness about
public responses to the threat or actual occurrence of disa8iei@ccurate prediction of
the rates of evacuation and estimate of the time requireédo &lrisk area are important

planning tools that can mitigate the consequences of an emergency situation.

Traditional evacuation models are predicated on the assumption tmgbreve
would seek the quickest or shortest route to safety, given a ldatédming situation.
Observations, however, show that a large percentage of the populatoonad@seek the

quickest route to safety. Parents may move toward dangers to picgiuphildren from



schools. Persons at work may go back home to pick up dependent famiberagpets,
and personal effects before evacuation begins in earnest. bicasgumptions of
evacuee behaviors could lead to measures that negatively ithpacaffic flow during

evacuation.

One effective method to evaluate different evacuation stratégidse use of
simulation. Most established simulation models, however, are not butik®® the
underlying drivers’ social behavior into considerations. In this study develop a
computerized tool for modeling evacuation dynamics with household cortswiidand
then incorporate it into a traffic-simulation software platforihis tool will allow a
percentage of the population to consolidate as a family before they evacuateth#f a
study is conducted to explore the consolidation by household in a networkvanideis
demand levels. A mathematical model is presented to capture thelyunde
relationships among the network components. Next, the traffic volunteeng and
leaving the network are investigated to highlight some recommendadiomst the
appropriate implementation of contraflow or staged evacuation g'ate To help
decision makers have a better understanding of the evacuation pedterns, this study
also examined the influences from spatio-temporal information saitheainformation
dissemination delay, the evacuees’ preparedness time, the numbetscations of
shelters in a network, and demographical information like the numbeehotles in a

family.

The proposed research will allow planners to study more realigtibe effects



of evacuation strategies. The results of studying such householdbrisplidation
behavior are (1) evacuation times are significantly longer coedpa the assumption of
evacuees taking the shortest route away from danger in lowgavdeamands; (2) with
heavy demand, low consolidation rates can produce long evacuaties dne to the
rapid development of congestion at the network exits; (3) with heawyand, high
consolidation rates could delay the turning point to reverse the inbcugsltta outbound
in a contraflow operation; (4) the sequencing of converting inbound lameghiound in
a contraflow operation should start at the outermost links and workdnahae to extra
bi-directional traffic on the network engaged in consolidation a&sit{5) information
delays and evacuees’ preparedness as a family, coupled witantilg €onsolidation
behavior, are important parameters to the evacuation perform&)cefqrmation on
demographics and geography also has an important impact on the netaotation
efficiency and evacuees’ social behaviors; more specifidhkkyevacuation performance

is very sensitive to the number of shelters in the network.
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Chapter 1: INTRODUCTION

1.1 Background

An evacuation process is generally required when people are tredigremergency
events, such as hurricane, wildfire, flood, chemical and nuclearlplgtand manmade
disasters like the terrorist attacks of September 2001. WHeleinderlying issues of
evacuation decision-making are complex processes due to the imamatare of

evacuation, an effective evacuation strategy, which has an acqretication of the
rates of evacuation and estimate of the time required to &lgsk area, is an important
planning tool that can mitigate the consequences of an emergamnatyosi, such as the

chaos caused by the increase of traffic flows, and the loss of lives and properties.

Given that it is unrealistic to study and check available ev@acuatrategies during an
actual event, numerous models and simulation studies have been conduntedtigate
various problems that may be encountered during an evacuation. W i&vpevious

studies is found in the following chapter.

Most existing evacuation modeling studies are based on the assumhgaticEveryone
would seek the quickest or shortest route to safety, given a ldatédming situation.
Observations, however, show that a large percentage of the populatoonad@seek the
quickest route to safety. Parents may move toward dangers toppibkir children from

schools. Persons at work may go back home to pick up dependent famiberagpets,



and personal effects before evacuation begins in earnest. Incas®anptions of
evacuee behaviors could lead to measures that, however magnanimoustyved,

could negatively impact the traffic flow during evacuation.

For example, one of the evacuation strategies is to converaféit to outbound flow.
This strategy is reasonable if evacuees do indeed exit Ishtreest route. However, if
consolidation as family unit takes precedence, a substantial portitwe afitial traffic
may be inbound. Indeed, they may travel in the direction of increseger. Failure to
model this behavior could result in chaos and gridlock during the period iatelgdi

following a disaster.

Other issues, like the evacuation information dissemination delapréparedness time
the evacuees have for the evacuation, the demographical and geairagbrmation

like the number of vehicles in a family and the number of shetiteasnetwork, are also
interesting things to be investigated, and more specificallyntbeactions between these

issues and the consolidation by household behavior.

It is our premise that basic research to understand people’s housemsidlidation
behaviors during an emergent evacuation is still required. Basedr knowledge, there
IS no existing simulation tool that incorporates the complex sbahavior that we
postulate in some evacuation scenarios. Development of such magohot only
provide more reliable output for better understanding of evacuation behawidralso

offer more flexibility in assessing evacuation strategies throughorsimulation.



1.2 Research Objectives

The main objective of this study is to investigate the impaetvatuee’s consolidated
household behavior on the evacuation performance. We would also like to develop a new
simulation tool that can model the underlying evacuee’s sociavim@s by chaining the
activities corresponding to evacuation. We then simulate and evatvatiation
strategies, such as contraflow operation and staged operation, undepé#ut of the
consolidation by household behavior. We also model and examine how stoa c
factors, like information dissemination delays, evacuation prepargdmad the network
demographics and geography, affect the performance of the ewacugiven the
consideration of household consolidation behavior. Three sets of questibhe wded

to guide this research:

1. Based on the reviews of previous studies, how do we model the cotisolioka

household behaviors in an evacuation?

To examine this question, this dissertation first reviews extensievious evacuation
studies to identify their achievements and main limitations in nmagedvacuation
behaviors. To improve the existing literature, we propose a newagiaruttool for
modeling household consolidated behavior. The Application Programmindabeter
(API1) is written to track multi-class vehicles’ household behaviardoth typical
commuting traffic and emergency evacuatidrhis tool can allow a percentage of the

population to consolidate as a family before they evacuate. nitatso model the



behaviors of multi-class drivers who are in a number of differatés on the network
respectively, including yet to be released vehicles, en routeleehahicles that have
already arrived, and vehicles in consolidation process. Furtherrh@eool can also

model various chained activities, with or without scheduled previously.

2. On an existing road network, with different demand levels, how does @wvacua

performance vary under the influence of evacuees’ household social behaviors?

In answering this question, this study develops a general retwodel, and then
simulates different household consolidation scenarios with the tool wedoged in the
previous research. Different demand levels have been examined tioetenteractions
between the evacuation behaviors and the traffic conditions. A matical model is

also presented to capture the underlying relationships among the network components

3. In the evacuation, how might different strategies, such asaflomtrand staged
evacuation, be implemented properly with household consolidated behaviors being

considered?

Based on previous research finding from the household consolidation behasor, thi
study will seek to investigate when to implement lane revdragegy and how. As
discussed earlier, since people incline to consolidate as farailig then evacuate as a
single unit, when and how to change traffic patterns from inbound to outkarend

critical. Therefore, this study will model and investigate hbevtraffic flows entering



and leaving the network, in the incorporation of people’s household consolidation

behavior.

4. In the evacuation, how might other critical factors, such as infmmaissemination
delay and network demographics and geography, affect the ewacpatformance in

the incorporation of the household consolidation behaviors?

To extend the study of the evacuation dynamics with household conisoljdtis
dissertation also studies the impact from spatio-temporal infammahd demographics
information. The ability to observe flow patterns and performamegacteristics in
evacuation in the incorporation of both evacuees’ household consolidation behaviors and
the spatio-temporal information presents a challenge for traasiparagencies. In this
study, the interaction between the household consolidation behavior amdtspgioral
issues, such as the information dissemination delay, the evacliegEs'quness time, the
numbers of shelters in a network, and demographics informationhigkeumbers of

vehicles in a family, have also been investigated.



1.3 Organization of the Dissertation

The dissertation is divided into eight chapters. Chapter 1 desctitmesgeneral
background of this study, and introduces the research objectives guidadsdty of
guestions. Chapter 2 provides a general overview of previous evacuatt@isnand
related literature. Chapter 3 presents the developmensiofudation tool that describes
the efforts that have already been undertaken as part aftllig to model the household
consolidated behaviors in an emergent evacuation. Chapter 4 expmnsolidation
by household in a network under various demand levels. Chapter 5 investiyate
traffic volumes entering and leaving the network, to reveal the dmp# family
consolidation to the development of contraflow and staged evacuatieyggtrathapter
6 discusses the evacuation dynamics with household consolidation undadeeit
considerations, which include the evacuation information disseminatiay ded the
preparedness time the evacuees have for the evacuation. Chaptamines how
demographics and geography information, like the number of vehiclesamily, and
the number of shelters in a network, might have an impact on the goaquerformance
in the incorporation with the consolidation by household behaviors. Finallye som

conclusion and possible future research directions of this stugyesented in Chapter 8.



Chapter 2: LITERATURE REVIEW

The background relevant to this study is divided into four sections. In the fitisinsen
overview of evacuation literature is presented. The second skmiianinto the existing
evacuation simulation models. The third section investigates @lieers to evacuation

behavior patterns. Finally, a summary of the literature review is offered.

2.1 Research Overview

With the terrorist attacks of September 2001 and the Hurricanes Katrina and 2005,
researches for evacuation-related transportation issues haieeteenore and more
attentions in recent years. This section outlines the releeasetirch in emergency
evacuation, for example, the application of contra-flow operationstagddsor phased
operations, the integration with Geographical Information Systen$)(@ata, the
implementation of Intelligent Transportation System (ITS) techmedpghe refinement
of urban signal controls, the involvement of mass transit, and so on. efdied review
of the literature gives us a clear idea about how effectiverfessch studies is and what

we can learn from them.

To begin with, it should be pointed out that emergency evacuation gpsratie always
divided into different phases (Southworth 1991, Sisiopiku et al. 2004, Murrag-Tui

2003). Those phases generally consist of preparedness, responsmaeny [@ocesses.



Most studies we discussed here are focused on the preparednesspamdeaghases,

which are associated with the actual evacuation.

Emergency preparedness typically involves the development dedetanergency plans
that address the roles, responsibilities, and actions requireddalut state emergency
agencies. In development of such plans, Geographical InformatiomS¥5t8) plays a

key role by providing useful geometrical data and demographical information.

Early in 1993, Pidd et al (1993) proposed a CEMPS simulation model whidhQiSe
system as the data base, and then linked the GIS data to a devalopedimulator.
The CEMPS microscopic simulator was developed using an objecteatigarsion of
the three-phase approach to discrete simulation. Pidd’s model do¢akeotraffic
congestion into consideration. The CEMPS simulator cannot simulateatfie control
in the road network either. Later, in 2000, Silva and Eglese (20000esththe CEMPS
simulation model’s decision support capabilities. In this enhancedrgthe model is
able to communicate to a GIS-ARC/INFO database, which caforpe mapping,
plotting, storing, handling and analyzing spatial data. Relevant stumtiede Dunn and
Newton (1992), Pal et al. (2003), Wilmont and Meduri (2005), and Laefér 086).
However, common character is that all the proposed approachessystemeveloped
for contingency planning in evacuation rather than for real-emergency management

use.



Many other factors may also affect the development of emeygs#ans. For example,
low-mobility people such as those in schools, nursing homes and hosgifiaile rpublic
transportation or walk as pedestrians to go to shelters. ElyMitial. (2007) studied the
effect of evacuating persons either by bus or as pedestnamsmall road section of
Orlando, Florida. By using VISSIM to simulate nine scenarigeasentage changes in
volume of pedestrian and number of bus on the evacuation network, redhits sitidy
suggested that giving signal priority for buses with considerationpeasfestrian
movements during evacuation would reduce evacuation time. Howevengrfurt

discussions of how to improve or design transit plans in evacuation were not given.

With the development of Intelligent Transportation System (IT&)rtelogies, there are
more and more studies involved ITS technologies into emergency a@evacpknning.
For example, Morrow (2002) proposed how to use Dynamic Message B (o
inform and assist evacuees in Orlando, Florida for a safe egffievacuation. Lively et
al. (2006) discuss how Advanced Traveler Information Systems (BI1$/enhance
emergency and disaster response. The development of ITS technolagiesmergency
evacuation planning helps transfer the proposed evacuation stratiegyhe field

practice.

Another large number of literatures are associated with evasuasponse phase. In
this phase, people response to the emergency by following the ordeaafation. A
large number of evacuation strategies are studied to provide evaoeges route-

guidance and effective movements.



For example, one way to facilitate evacuation is appropridiectcantrol. Sisiopiku et
al (2004) studied the effect of evacuating a particular network mgUSORSIM to
simulate various evacuation plans. The results suggested thdtaptjnazation for the
evacuating traffic could decrease average vehicle delay anelaggcitotal evacuation

time.

Chen and Miller-Hooks (2007) constructed a simulation model via COR8tMested
various signal timing plans for Washington D.C. area in no-advanandisasters.
Results of this study revealed that increasing signal cycle length foebatuation route

and minor roadways would provide the best result in most full-scale evacuations.

At the same time, Liu (2007) also studied the signal control gtestdor Washington
D.C. area under emergent evacuations. This study also employesika@Rnulation as
a base model to simulate different signal control plans and thploged a mathematical
model to generate refined signal timing plans quantitatively. Belom this research
indicated that critical intersections play important roles andaghel distribution could

significantly influence the effects of different control strategies.

Although the lack of route choice capability of CORSIM makes sudies extremely
difficult, the results from these researches do revealsthatlation is a good option for
developing and evaluating evacuation plans. An in-depth overview of sSonutabdels

in evacuation study will be presented later in this chapter.
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Staged evacuation, also known as phased or zoned evacuation, is enotmenly used
strategy in evacuation response. In this control strategy, eseaue evacuated by zones

in a particular sequence.

For example, Chien and Korikanthimath (2007) proposed an analytical toagfgimize
the number of evacuation staged zones for minimum evacuation time aydtides.
Chen and Zhan (2008) investigated the effectiveness of simultaneoustaayedl s
evacuation strategies in different road networks using agent-samathtion. Mitchell
and Radwan (2006) identified critical factors such as population dedstgnce to
destination, flow rate and so on which might affect the stagingidesi Related studies

consist of MWCOG (2004), Farrell (2005), Liu et al. (2006), etc.

Although this type of studies identified the effectiveness ofestay phased strategies in
emergency evacuation, social behavior is not considered. Ewaca@ategy and tactics

can potentially change the evacuation pattern significantly.

One evacuation strategy that has received significant attemti the literature is
contraflow. Under contraflow operations, one or more of the inbound lamesed for
outbound evacuation. Contraflow evacuation has been shown to be a useful method in

increasing the flow rates of evacuation traffic largely (Wolshon 2001, 2002).
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Contraflow strategy study is mostly handled by scenario aesbysd simulation models.
For example, Theodoulou and Wolshon (2004) studied the designs of contratlosy a
entry points and evaluated the contraflow plans at the city of Qid@ans. They coded
contraflow operations into CORSIM simulation platform by addingitedes between
lanes and making closure of normal flow lanes to represent #mngd contraflow
operations. Results from this study indicated that the use ofdwwoaflow lanes could
increase the capacity of a four-lane freeway by about 58eper Their results also
revealed that inappropriate design of entry points may createbo#ignecks which

further lead to heavily congested zones during an emergent evacuation.

Lim and Wolshon (2005) focused on the designs of contraflow at terannpoints,

where traffic flow changed from reverse flow patterns backormal flow directions.
The study also employed CORSIM to model the planned operationgelaying a
permanent blockage incident for lane closures. The results drooiation suggested
that factors, such as split design, merge design, channelizatiorepaiciton design,

would help enhance the traffic flow performance through the termination vicinity

Kwon and Pitt (2005) studied the access capacity for contraflotegyrdesign by using
the simulation software DYNASMART-P to test alternative nglafor evacuating
downtown Minneapolis. To code the contraflow operation, an incident weed di@
reduce half of capacity of outbound links until the evacuation startechenWhe
contraflow operation starts, the incident was moved from outbound linkbdand links

to block these inbound links completely. Kwon and Pitt showed that tesscapacity
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to the network is the critical issue in contraflow operations. dxample, when the
capacities of the key entrance ramps in the Minneapolis downt@anvwaare increased,

the performance of the contraflow operations was also improved.

Similar studies include Zou et al. (2005), Wolshon and Lambert (2005), dliaW et

al. (2007). Although the large number of contraflow studies provedftbetiveness of
contraflow operations in improving evacuation efficiency, it should bedntitat these
studies do not take social behaviors into consideration. For examhmgacuees
consolidate as families before evacuation in earliest beginsgicitathe traffic pattern
from inbound to outbound could exacerbate the problem. To our knowledge, there is

work to investigate this variation.

Recently the analytic approaches have also been proposed teatidflow operations.
For example, Tudyes and Ziliaskopoulos (2004) proposed a link-coupling epprsiag
the cell transmission model for deciding which reverse lanes dtomulutilized under
evacuation. With solving the objective function of the systenetrime optimization,
they generated a contraflow plan. Their results indicated lleaproposed contraflow
plan had a significant reduction in total travel time comparirt winormal evacuation

plan without any lane reversibility.

In the extended work, Tudyes and Ziliaskopoulos (2006) proposed a Tabu-bassticheuri

approach for designing an optimal contraflow plan for urban evacsati Their

objective is to find the optimal capacity reversibility frorgigen capacity re-distribution
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reversibility scheme. Their results revealed that even ththug solutions for the large-
scale capacity reversibility problem are most likely subroglf this approach would still

provide some quantifiable useful contraflow designs.

Similar analytic approaches were presented by Shashi andXo6), and Liu (2007).
Although these analytic approaches can generate contraflow plahs various
optimization formulations, unlike simulation models, these studiek the abilities in

effectively modeling traffic behaviors and capturing network traffic dyina.

To sum up, from the review of previous studies, we found that simulatbaelswere
widely applied in different types of evacuation studies. Refuolts the literature shows
that simulation is a good option for developing and evaluating evacuatetegsts.
Therefore, in the following section, we will review and discumes dvailable simulation

models in representing and evaluating emergency evacuation process.
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2.2 Traffic Simulation Models in Emergency Evacaati

A large number of different models, especially simulation modelse baen developed
to represent traffic conditions under emergent conditions and to promide-choice

guidance to evacuees.

Sheriff and Mahmassani (1982) developed a fixed-time NETwork gamey
eVACuation modeL (NETVACL) which included a route-choice modeldstimating
network clearance time in the context of nuclear emergenciexeikh et al. (1985)
proposed a MASS eVACuation model MASSVAC which used macroscopicationul
to estimate the maximum network evacuation times. However, altleet relatively
inadequate computer technology at that time, these models am@ilyristatic analysis
tools at macroscopic or mesoscopic levels. Such models do not atberapture traffic

dynamics, nor does it track detailed movements of individual vehicles.

Later on, Oak Ridge National Laboratory developed a microcompasadbmodeling
system OREMS to simulate traffic flow during regional popataevacuations (Rathis
and Solanki 1993). However, they assumed that en-route travel ttheeasly factor in
distributing traffic. That is to say, more traffic will go the closet destination, which

may not be realistic during evacuation.

Pidd et al (1993) proposed a microscopic simulation model called CEWHR&) used
GIS system as the data base. The CEMPS microscopic simuégareveloped using an

object-oriented version of the three-phase approach to discreteatsomul Silva and
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Eglese (2000) enhanced the CEMPS simulation model’s decision supgpahilties by
linking the model to a GIS-ARC/INFO database, which can perfoapping, plotting,
storing, handling and analyzing spatial data. However, the CEMR3asion model
assumes that the vehicles’ traversing time is independent néthwerk congestion. The

CEMPS simulator does not simulate the traffic control in the road network.

Based upon the MASSVAC, Hobeika and Kim (1998) proposed a transportation
evacuation decision support system (TEDSS) model to incorporate reeling
features such as the User Equilibrium assignment algorithm.y Ui$e this model to
analyze and develop evacuation plans and management for differentascerwever,

this study also assumed that all vehicles in the network wouldl trawards the closest
exit point outside the dangerous area without traveling on the linkiinte towards the
center point of the area. The possibility of an evacuee enterimtiger area to retrieve

belongings or people is not considered.

Rather than those efforts in developing simulation models for ewacuatnore
researches investigated evacuation problems from different pgvgseusing existing
simulation software packages. Among them, the most widely appiedlasion
software packages are TSIS/CORSIM, Paramics, VISSIM,aA-based simulation

software.

Traffic Software Integrated System (TSIS) is a suitealfic analysis tools including its

core simulation model CORridor SIMulation (CORSIM), developed by Be&tleral
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Highway Administration since 1970’s (ITT Industries, 2000). In ea#ion studies,
TSIS/ICORSIM has been widely used to develop emergency evacuaionng systems
(Zou et al. 2005, Liu et al. 2005), evaluate contraflow stratébiesand Wolshon 2005,
Liu 2007), staged or phased strategies (Liu 2007), signal operdgmispiku et al.
2004, Chen et al. 2007, Liu 2007), geometric design alternatives (Theodoulou and

Wolshon, 2004), the effect of traffic incidents and events (Chen et al., 2007), and so on.

PARAIller MiICroscopic Traffic Simulator (PARAMICS) has beeteveloped by
Quadstone Ltd., Edinburgh, Scotland (Quadstone 2006). It provides not only traffi
simulation with 3-D visualization but also a powerful programmedule which allows
users to augment the core Paramics simulation with new functi©harch and Sexton
(2002) employed Paramics to test the efficiency of a proposed dngkdemand model
for wildfire evacuation planning in Santa Barbara, CA. Here the bulk lane dengamd m
the total vehicle demand leaving a neighborhood versus the number obfamadway
leaving a neighborhood. The studied road network was coded into Parionn a
database provided by the Geology Department at UCSB. Eightediffscenarios with
various traffic controls and road exits were examined. Resalts imulation revealed
that without special evacuation plans, the neighborhood with high bulk larendemay
not be able to evacuate in a timely manner during a wildfifbis study considered
people’s taking care of last minute issues before departing, asuthke their pets or
gather a few belongings, however, rather than modeling thisdtibéhaviors, it simply

represented these behaviors by assuming that 30% total demand ifedkesfirst 5
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minutes, 50% leaves within the nearest 5 minutes, and 20% leaves thihnext five

minutes.

Cova and Johnson (2002) used Paramics to study neighborhood evacuation ptanning i
Salt Lake City, UT. In this study, statistical data coltets were based on individual
households within a neighborhood. A US Geological Survey digital orthophoto quad
(DOQ) was acquired to code the transportation network and househattusgs into
Paramics. This study investigated a set of neighborhood evacusitaries, which was
comprised of a combination of two variables, i.e. number of evacuatinglesiper
household and the mean vehicle departure time. For example, a gvanigenight be

one in which the average number of vehicles per household was 0.5 (fdentesat
home) at the time of the event and the average vehicle depérme was 5 minutes
(evacuees have quick response). An API tool was presented to enaehigle
generation, departure timing and destination choice for the studied networkts Resal
simulating those scenarios indicated that shorter household preparates would
result in a quicker evacuation for the study area. However, vermtugyacuations
would cause significant traffic congestions. Therefore, construofi@ansecond access
road and staged operations were suggested. However, it should be notdththagh a

this study focused on a neighborhood evacuation on a household basis, g#dsdium
vehicles were assigned from their home to their closest exshelter by using the

network distance.
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Cova and Johnson (2003) proposed a mixed-integer programming model tdasierdy
based evacuation routing plans for downtown Salt Lake City. Their olgastio route
vehicles to their closet evacuation zone exit, as well as nzimignthe number of
intersection merging-conflicts and avoiding intersection crgssonflicts. To evaluate
the relative efficiency of the optimal lane-based routing praparing with the no-
routing plan, Paramics was used to run the experiments. Resu#taled that
channeling flows at intersections to remove crossing-conflictsldc significantly
decrease network clearing time over no routing plan. It alszsaled that the benefits of
channeling flows to remove merging could as well reduce netwegkich time, though
this amount of reduction was likely to vary depending on the road netwotkxt and
scenarios. However, it should be pointed out that, due to evacueelshebawior, the
objective of this study — to route vehicles to their closet evemuabne exit — may not

represent the reality.

VISSIM has been developed by KLD Associates, Inc. in GerfRav, 2005). It is one

of the latest developed microscopic traffic simulation packagasjréel for multi-modal
traffic flow modeling, such as pedestrians, cyclists, and meinehicles. El-Mitiny et

al. (2007) employed VISSIM to study the effects of transit prartation and pedestrians
on emergency evacuation planning, as discussed earlier in previous section. dtkker w
include evaluating lane reversal plans (Tagliaferri 2005, Williagtsal. 2007),

investigating traffic operations (Han and Yuan, 2005), etc.
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In order to better estimate and predict traffic conditions wébpect to changing
demands, researchers have attempted to develop traffic simulatiofs n@demplement
dynamic traffic assignment (DTA) algorithms. Among themYNASMART-P,
developed by FHWA in the 1980s, has been widely applied into evacuation study
DYNASMART-P is a meso-scopic model that has been used to stadiraflow
evacuation operations (Kwon and Pitt, 2005), develop evacuation routing(@lainset

al. 2005), investigate staged or phased evacuation strategies (&mbéyWahmassani,
2006), and analyze evacuees’ trip-chain decision making actiyMasray-Tuite and
Mahmassani, 2003, 2004). Due to the similar premise as our researcay-Vuite and

Mahmassani’s studies will be discussed in more details in the Section 2.4.

DYnamic Network Assignment for the Management of Information Tohvelers
(DYNAMIT) is another DTA program developed by FHWA in the 1980s. Balakrigtina
al (2008) applied DYNAMIT for the modeling of transportation network peréorce
under emergency conditions. They tested the proposed modeling franteviioekCity
of Boston using a contraflow strategy implemented. Their reshitsved that the
provision of reversed traffic flows could reduce the averagelttame. However, this

study did not take evacuee’s social behaviors into consideration.

In summary, from the numerous simulation-based evacuation studieomeentbove,
the findings reveal that effectiveness of applying transportatranlation packages into
evacuation studies. However, there is no conclusion that one modektlagpais

superior to the others. Each model or package has its own strengthsaknesses.
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None of them can be used for all situations. It all depends on theufsrapplications

when pick up the appropriate model for research.
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2.3 Evacuation Behavior Patterns

In order to model evacuation appropriately, choices and behaviors afeegamust be
considered. According to social science research, there are pamodistinctive to

evacuations, which differ from the ordinary traffic situations.

Many of previous social science studies have reported that householthgons are an
important form in evacuation. Zeigler et al. (1981) point out that thgrty of
evacuees from Three Mile Island departed as complete famitg, yet there were a
larger number of partial family units departing than previossaech on natural disasters
would have suggested. Urbanik (2000) correctly identifies “returningregers” as a
population segment that might tend to consolidate by household beforeatavg.cu
Wolshon (2001) points out that evacuees frequently travel with pedreshiland elderly
family members. Other studies, such as Greene et al. (1981poatga@mut that people
tend to evacuate as a family unit or as an established sociasuahi as a carpool.

Similar studies include Barrett et al. (2000), Alsnih et al. (2005), and so on.

Disaster researchers have also found that almost alliéanmelvacuate using private
vehicles (Drabek, 1986; Tierney et al., 2001). In part, this is begeunsenal vehicles
are mobile assets. This implies that those who commuted lyilcattempt to leave by
car. Most of those who used other modes to commute to work \eithpttto evacuate
from work using the same mode, but situational circumstancebt rfogce them to

improvise by taking another mode.
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Almost all research on disasters has studied families’ esacufrom their homes, and
where the most frequent destinations are the homes of relatideBiends who live in
what is believed to be a safe location (Drabek, 1986; Tiernaly, &001). This implies
that the initial evacuation destination from the workplace willthee home unless the
family has established a plan to meet elsewhere. Ondarthiy is reunited, or has at
least established that all members are in safe locationswilidyavel to a location of

temporary shelter if they believe that they need to evacuate from their homes.

People will attempt to evacuate on the most familiar routessimiecumstances dictate
otherwise (Dow & Cutter, 2002; Prater et al., 2000). The initial pl&i be to evacuate
from work to home via their usual commuter route, but they willalsgnate routes if

their preferred route is unavailable.

Research has repeatedly found that panic is hardly observed duriogevaguations
(Herr, 1984). It is also observed that there is no state of plamieg toxic chemical
releases — which would be the situation most likely to produce pahitew studies
(Sattayhatewa et al., 2000, Zelinsky 1991) reported that people onlg garing
evacuation in some special environments, such as limited visibiirtyted exits.
Therefore, generally, we can model evacuation with a traffraulation model without

driver panic.

Recently researchers also studied evacuees’ trip-chain behaMaorray-Tuite and

Mahmassani (2003, 2004) studied behavioral aspects of family trip-@vaicuation
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employing DYNASMART-P. In their work, an initial set of linkkavel time was
generated by DYNASMART-P from planning/historical data faegain network. With
these perceived travel time, each household’s decision maker coulchidetevhere to
meet and how to meet by solving two linear integer programmivdels. For example,
if this family has school children, how parents pick up their childrertheir way to
family’s meeting place. After solving the linear modéi® results of each family’s trip-
chain sequencing decision were input into the DYNASMART-P modak simulation
model then evaluated the effects of various network loadingegtes. Their results
revealed that a minimum of 150% of the original demand should be edston

developing evacuation plans if the impacts of trip chains are ignored.

Though this study demonstrated a reasonable way to investigateath&gon trip-chain
behaviors, it has some limitations. For example, it used the plahisitogical O/D data
to estimate each family’s travel time; and it predetermthedwaiting time for multiple
vehicles in one family. A detailed discussion about this studyoandesearch will be

reported in chapter 4 in this dissertation.
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2.4 Summary of Literature Review

Extensive research has been conducted to study emergency erapuatiaredness and
response processes. However, as reviewed in the previous sectiomst sunulation
models and evacuation studies have some important limitations, whakk those
models inconsistent with evacuees’ social behaviors under emergantiagon
situations. The followings summarize the problems and limitabbesirrent evacuation

studies.

The overview of evacuation literature covers the utilization obdegphical
Information System data, the integration of mass transit, tipgementation of
Intelligent Transportation System technologies, the refinementrlzdn signal
controls, and the development of contraflow operations and staged op&rati
However, in these studies, the understanding of the impact of evasoerd

behavior on traffic flow during emergency evacuation is limited.

Simulation models have been widely developed and applied into different types of
evacuation studies. Results from the literature show that aiiorulis a good
option for developing and evaluating evacuation strategies. Howheeg, is no
guideline for choosing appropriate simulation models for a certzcuation

study.

Rather than those efforts in developing simulation models for evacuatme,

researches investigated evacuation problems from different pevegeasing
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existing simulation software packages or models directlya Assult, limitations
and shortcoming in the kinds of software themselves could also be involved,

which make them unreliable to work as platforms in solving particular problems.

Evacuation modeling studies in the research literature demonstaai®us

approaches to represent traffic conditions under emergent evacuatiatioosnd

Some of them have concluded that household consolidation is an important issue

for certain types of evacuations. However, the specific sociaavibers of

household consolidation have not yet been fully explored.

As a product of this study, we are going to propose a new apprmacbetter
understanding evacuees’ social behaviors and special traffic flatterns during
evacuation. To do this, we will develop a computerized tool that hadlaigbility and

reliability to model various types of household consolidation behavioa imass
emergency evacuation event, which might overcome and improve thetsdiding and
shortcomings of the existing evacuation simulation model. This toolnuadel the
behaviors of multi-class drivers who are in a number of differatés on the network.
We will also demonstrate how to use our tool to assist traffigineers for doing

evacuation planning and operations, such as contraflow strategies, in a bgtter w
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Chapter 3. Development of API tool

This chapter presents an approach to develop a simulation-bases shayt emergency
evacuation that includes household evacuation behaviors. The Applicatioar®magg
Interface (API) is written to track household behaviors of vehicWith various

dispositions in both typical commuting traffic and emergency evacuation.

This chapter is organized as follows. The first section pteshe modeling framework
(corresponding to the first objective identified in section 1.1. of endyt The second
part of this chapter introduces the hierarchical data structumethel third and forth
section, the initialization of the data structure and the sortintpeofdata structure are
presented. The fifth section of this chapter introduces how theo®PHeals with the
vehicles in typical commuting traffic. Next, section 3.6 to 3.9 mtefsur designed
modules, which study the behaviors of drivers with various disposititros are in a
number of different states on the network. These states inckidéo ybe released
vehicles, en route vehicle, vehicles that have already arrived, andlegelm the

consolidation process.
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3.1 System Framework of API Tool

We present a framework that represents the development of the ajoplic
Programming Interface (API) tool as illustrated in figurd.3 It consists of seven
principal modules that provide the abilities to do different studidge main function of

each module is briefly stated as follows.

Thehousehold generatiormodule is designed to initialize and sorting a hierarchical data
structure. The hierarchical data structure consists of dyfatmucture and a vehicle
structure, which has interrelations between each other. In thys egh family’s
information in the network is available, and vehicles within a farody be tracked
during the simulation. A detailed presentation of this module, includiagdesign,
initialization, and sorting of the data structure, is in thetigec3.2, 3.3, and 3.4

respectively.

At the beginning of the simulation, all vehicles that are loaded thtonetwork are
assigned origins and destinations, a release time, and itdatsddcome base. The
regular simulation module is designed to model driver behaviors for the vehicles in
typical commuting traffic. We are doing the commute tragfimulation as part of the
initialization to load the network. A detailed discussion of this modula the section

3.5.

Then an emergency event is initiated at a predetermined tnhéhis time, the vehicles

that have not yet been released into the network will be assigmad destination and a

28



new release time according to their states in the networkexamnple, for a vehicle that
is still at its work and plans to go home a few hours later,vingcle will be released
immediately. The module ofet to be released vehicless designed to model driver
behaviors for those vehicles that have not yet been released at the onsevattiation.

A detailed description of this module is in the section 3.6.

29



Household Generation

- Data Structure Initialization

- Data Structure Sorting

Simulation Starts

Regular Simulation

- Vehicle Loading

- Regular Commuting Traffic Simulationg

Evacuation Starts!

Evacuation Simulation

- Sub-model of Yet To Be Released Vehicles

- Sub-model of En Route Vehicles

- Sub-model of Vehicles That Have Already Arrived

- Sub-model of Consolidated Household Vehicles

Expected Output

- Measure of Effectiveness

Figure 3-1. System framework

At the beginning of the emergency event, some vehicles mayeadalat there is an

evacuation while they are still en route. Each of these vehidlielse assigned a revised

destination that will only be enforced when a random revision timgdmssed, and in the
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meantime they will continue on their original routes. When theicgvigne is reached,
this kind of vehicles will travel towards the new destination dyoally. The module of
en route vehiclesis designed to study driver behaviors for those vehicles who have to
change their destinations en route due to the evacuation. A detatedsion of this

module is in the section 3.7.

Finally, when a vehicle arrives at its destination, for those whmat affected by the
evacuation (i.e. they arrived at their destinations before the ohsle¢ evacuation), a
new trip will be generated for each of them based on theirhiama@activities. For those
vehicles who are affected by the evacuation, we will checkadheof them is a
consolidated vehicle. If so, consolidation actions are invoked. Otherthese/ehicle

will be sent to the closest shelter/exit. The modularaked vehicles is designed to
study the dynamic behaviors for those vehicles who just arrivdtem destinations. A

detailed presentation is in the section 3.8.

One of the key features of this developed API tool is to model teet eff household
consolidation on evacuation traffic. There are two types of vehiclassolidating
vehicle and non-consolidating vehicle. As we mentioned before, once tbgatua
starts, a non-household vehicle will evacuate to a shelter iratebdiwhile a household
vehicle will return to its consolidated point. After all vehiclassociated with a
household arrive at their home, they then evacuate together inla gefucle, i.e, a

consolidated trip is generated.  Therefore, the moduleonfolidating household
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vehiclesis designed to study the effect of this vehicle’s household consotidatocess

on the traffic. A detailed description is in the section 3.9.

At last, theoutput module is designed to collect data that shows how the consideration of
household consolidation behaviors would affect the network performance under
evacuation situation. The evacuation metrics are the percevitagaval vehicles, the
number of evacuated vehicles, the vehicle miles traveled aral/émage travel time. It

will be used in the case study of the Chapter 4.
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3.2 Introduction of Data Structure

Assuming that evacuees seek the shortest or quickest route tp afeh over-
simplification of the evacuation problem. Depending on the nature oértfezgency
evacuation, a significant portion of the evacuees is expected to idatsas a family
unit before evacuation away from the area of danger, especiatigsies of planned
evacuation, such as hurricane. Past researches have attemptatetdhis behavior by
assigning a portion of the vehicles to turn into the danger zos®gkiu et al. 2004,
Chen and Miller-Hooks 2007, El-Mitini et al. 2007The accuracy of such a model depends on
how the number of turns into the danger zone is determined. A more tacappaoach
should consider a few criteria, such as how many family menters to work, how
many members need to be picked up, the current location of thelese where the
members of the evacuation unit should consolidate, whether all merbeifse
evacuation unit arrived at the consolidation point or not, how much dellagres before
evacuation should begin, and for those family members that finishplagined trips,

does s/he have any trip chain activities. .

One way to keep track of such information is to assign asiatature to each family,
and a data structure to each vehicle. If a data structure containing such figiorcaa be

added to a general purpose traffic simulation tool, then it magossible to use the
general purpose tool to simulate evacuation traffic. As iHtstl in table 3.1, the

following data would be necessary for such a simulation:
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Table 3-1. Summary of Data Information

Data Name Data Description Data Utilization
HomelLocation Home location (integer) for each fgmilGenerate trip OD for family members
WorkLocation Work location (integer) for each vdhic Generate trip OD for family members

Number of vehicles (integer) ina Count number of trips completed &
NumOfVehs - : - : )

family’s fleet trigger consolidated evacuation trip
Number of vehicles (integer) arrived Decide when consolidated evacuation
NumOfArrivedVehs their associated family (consolidation trip starts

point)
Type of Homebound (Boolean) (i.e. Decide whether the family’s fleet are
Homebound . : )
family-dependent) consolidated household vehicles
orgZone Origin zone (integer) for each vehicle  &ate trip OD for vehicles
desZone Destination zone (integer) for each Generate trip OD for vehicles
vehicle
A revised destination (integer) for an efenforce the vehicle to travel to a new
RevisedDest route vehicle that is aware of the destination when a random revision
evacuation time has passed
StartTime Departure time (float) for vehicles Decide when vehicles will be released

leaving their origins

Revision time (float) for an en route
RevisionTime vehicle that is enforced to change its
destination due to the evacuation

Decide when the en route vehicle will
travel towards its revised destination

Aware time (float) for vehicle being Decide at what time the vehicle (yet to

AwareTime ' be released or en route) is aware of the
aware of the evacuation .
evacuation
) Delay time (float) for vehicles who are Generate a random waiting time in a
DelayTime

waiting to start a new trip specific range for family members

We propose to set up two data structures for this purpose: (1) &umdrgontaining
information about each family, and (2) a structure containing infdomabout each

vehicle of the family. The structure contains the following information:
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Structure Family {
int NumOfVehs;
int NumOfArrivedVehs;
int HomeLocation;
int HomeBound,
Struct Vehicle*Vehicle_list;
Struct Family*next;

3

Structure Vehicle {
int WorkLocation;
int HomelLocation;
int orgZone;
int desZone,;
int RevisedDest;
Float StartTime;
Float RevisionTime;
Float AwareTime;
Float DelayTime;
Struct Vehicle*next;
Struct Family*next_family;

The proposed data structure has two significant features: gpthlecation of linked list;

and ii) its hierarchical constitution.

Instead of using conventional data structures such as an astyd¢damily and vehicle
data, we employ linked list to store the information. The advarmbgsing a linked list
is the ability and flexibility to add or remove a node that contéansily or vehicle

information as shown in the figure 3-2 into or from the linkeddisany time and any
location, while keeping the link list connectivity. In this study, feeture is extremely
important as consolidated vehicle are represented by a newevefiice ability to insert
such a new vehicle without changing the other vehicles eel@ag into the network is

an important feature.
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For example, there is a vehicle that arrives at its worktimtat 9 a.m., and will leave
for its home at 5 p.m. In most of micro-scopic simulation tool Begamics, once a
vehicle arrives at its destination, it disappears. Theref@pegchrining is represented by
a new vehicle. This new vehicle’s destination is the home of vebédhe replaced and
its release time is set to 5 PM. The new vehicle is themted into the sorted vehicle
linked list among the yet to be released vehicles. If we mduelkind of vehicle
maneuver with the traditional arrays, we have to determine theosithe vehicle array
upon its creation. Since we do not know the number of this kind of vehvdlesut
running the simulation, it is difficult to decide the right sizetlué array. If the per-
determined array size is too small, we lose the capability to geme@igh new vehicles.

If too big, the memory and computation efficiency is lost.

Moreover, since the family linked list and vehicle linked list@®enected, a hierarchical
linked-list structure is designed to allow inter-correlations betweach family and its
associated members. In this way, for a certain family,cae track each family
member’s information like their destinations, release times, ¢ a certain vehicle, we
can also find which family it belongs to, how many members #msly has, and so on.
In this work, this feature is particular important to model deveonsolidated household
evacuation behavior. For example, once a vehicle arrives at itslidatsd point, we

need to check if all vehicles associated with the same househol@dlheagy arrived at

their home. If so, a new consolidated trip will be generated.uddyg this hierarchical

data structure, such information can be exchanged between the fdas$/and the
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vehicle class at any time during the simulation.

Graphical representations of these linked lists are shown in Figuresi®2 be
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Figure 3-2. Family and vehicle linked list structures for householdwacuation
simulation
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3.3 Data Initialization

To initialize the hierarchical data structure constructedhénlast section, we need to fill
in information for each family in the network, and for each velotlthe family. Such
information includes: (1) the distribution of family locations, (2) tl&ribution of the
family member(s)’ work locations, (3) number of vehicles in etchily, (4) is this
family a consolidated one, (5) the distribution of departure timée#wehicles, and (6)

the distribution of origins and planned destinations of the vehicles.

Paramics API functions do not have the ability to generate thosiyfieelated and
vehicle-related data to fulfill the aforementioned requirementerefore, a couple of
random number generators are created to generate the randoesvaaised on a priori
assumed distributions. Rationale and implementations for each of itheselained

further in the following paragraphs.

First, we assume that the distributions of the family locatiowlsveork locations are bi-
normal distribution. This is an attempt to represent a situatiorevthe city center is the
central business district (CBD), which has a concentratiacomfmercial facilities, and
where there are also some residential zones around the CBXfariftee away from the
city center, the fewer families and commercial facsitexist. A pair of normal random
variates is generated for this purpose. Polar Method (Law ahonkK000) is used as

follows.

38



Step 1. Generate a pair of uniform random variates which arpandent and identically

distributed with U(0,1), sayz"

Step2. Lets 21 1V, 2, 1w vZ Ve

y /( 2Inw)
Step 3. IfW 1 reject, go to step 1. Otherwise, let w

Step 4. Lett 1¥:% VoY then* and *2are independent and identically distributed

normal random variates ~ N(O, 1).

Second, as the size of the studied network vatfiesgenerated normal random variates
need to be scaled and then discretized into thwanmktby adjusting the standard
deviations of the variates. In the context of ti@isearch, this refers to the centralization
of locations of work zones and home zones. Simresof the zones are on E-W
locations while others are on N-S locations, a Belihnrandom number is generated to
decide which direction each zone locates. TherbBe/@ransform approach (Ross, 2006)
is utilized as follows. Besides, the functibacationGenerator()s coded to handle the

setting of home and work locations as just desdribe

Step 1. The distribution function is:

0 if x O
F(x) 1 p if0 x 1
1 ifl x

(@)

Step 2. Generatd ~Y O1)
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Step 3. IfY @ p)’ return X 0 Otherwise, returf 1.

Third, in this case study, we adopt the followingn@e distribution of vehicle
ownership: 50% of the families own a single vehid@% of them own two, and 10%
own three. No household owns more than three le=hicThe distribution is only for the
illustration purpose. Users can put any specifimber they have into the API tool.
Besides, the number of drivers is always equalrtgreater than the number of vehicle
used. The functiorWehicleGenerator()is coded to deal with the generation of total

number of vehicles.

Forth, for each family’s homebound attribute, irstburrent case that 50% families are
home-bound (i.e., family-dependent), which mearsvealhicles in this family will be

consolidated ones. The other 50% families arefanoily-dependent, which means all
vehicles in the non-homebound family will be nomsolidated ones. The function
HomeboundGenerator()s coded to handle the generation of family’s hbod

attribute. The family’'s homebound attribute isustable to demonstrate the effect of
household consolidation on evacuation efficien€&pr example, except for setting 50%
families consolidate before evacuation, we are altgrested in studying scenarios like
100% vehicles take the shortest route to safety)%ddamilies consolidate before

evacuation, etc.

Fifth, for the distribution of departure time oktlehicles, in the context of this work, we

assume it follows a triangular distribution. Thiangular distribution is used since it is a
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straightforward imitation of the vehicle loading opess. The function
pp_start_time_assign{$ coded to set the departure time for each vehi& triangular

random number is generated using Inverse Transimproach (Ross, 2006) as below.

Step 1. The density function is:

2(x a)

—= 2  jfa x ¢
(b a)(c a)
fg 28X e o p
(b a)b c)
0 otherwise
(€))
f) a
2/(b-a)

Step 2. The distribution function is:

0 if x a
(x a)°
(b a)c a)
(b x?
(b a)b c)
1 ifb x

ifa x c
F(x)

ifc x Db

(4)

Step 3. ForX ~Triangular(a,b,c) e inverted the distribution function to
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(@]
D

a Ju(b a)(c a) foru

b J@ wb ab o for% u

a ()

O
Q

F *(u)

Step 4. Generatd ~U O

C

U
Step 5. If a,returnX a yu(b ajc a); Otherwise,

jab)

return X P Ja wb ab c)

Sixth, for origin and planned destination of eaehicle, we take on the following basic
distribution to generate a number of trip typesheg§e trip types consist of different
combinations of origins and destinations in theul@gcommute, for instance, home-to-
work trip, work-to-home trip, stay-at-home trip,rhe-to-random (i.e. mall, post office,
school, etc.) trip, work-to-random trip, and randtwywandom trip. The relative
percentages of each type in the basic distribudi@n 50% are the vehicles who have a
home-to-work trip at the beginning of the simulati®0% have a work-to-home trip,
10% have a stay-at-home trip, 10% have a homerera trip, 5% have a work-to-
random trip, and 5% have a random-to-random tfijis distribution is dependent on
evacuation time, but for the example used, theofohg are assumed. The function

VehicleODGenerator(js coded to deal with the trip generation.

At last, we put all of the generated data that aioist the essential family-related and

vehicle-related information into an user-defineddtion calledpp_init_data() Before
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the onset of the simulation, once the network scessed, the Paramics API function
gpx_NET_postOpen{® used to call oupp_ini_data()function so that our hierarchical

data structure could be initialized. A brief ialtzation process is illustrated as figure 3-3.
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Figure 3-3. Flowchart of data initialization
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3.4 Data Sorting

Once the data initialization has been completedessribed in the previous section, we
have the hierarchical data structure, including faraily list and the vehicle list, filled

with the information, like how families locate ihet network, how many family members
drive to work, stay at home, or drive to other komas, when each vehicle leaves for its
planned destination, etc. As outlined at the bagop of this chapter, at the onset of the
simulation, all vehicles are loaded into the netwtwy simulate the regular commute

traffic. That is to say, all vehicles need to eleased according to their departure times.

Linked lists, as we mentioned in the section 3.8like an array, only allow
sequential access to elements. For example, &tetianing of the simulation, to release
a vehicle #5 as show in the figure 3-4, we neegatthrough the whole 100 vehicles in
order to decide which vehicle(s) have the departure that equals to the current
simulation time (i.et=6). Therefore, it makes sorting the vehicle listcsibical before
we can process the list. Since there are comelstbetween the family list and the

vehicle list, once the vehicle list is sorted, tamnily list will be sorted correspondingly.
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Vehicle 1 Vehicle 2 Vehicle 3 Vehicle 4 Vehicle 5

Time =5 Time=5 Time =5 Time=5 Time =6

Zone =2 Zone =1 Zone =1 Zone =3 Zone =2
Vehicle Linked List Sorted by Time Only

Vehicle 1 Vehicle 2 Vehicle 3 Vehicle 4 Vehicle 5

Time =5 Time=5 Time =5 Time=5 Time =6

Zone =1 Zone =1 Zone =2 Zone =3 Zone =2

Vehicle Linked List With Double Sorting

Figure 3-4. Compare of single-sorting and double-sorting for vehicle lis

The purpose of sorting the vehicle structure isetease vehicles in an efficient way.
To release a vehicle, in this work, the API funietgpx_ZNE_timeStep($ used to verify
if a vehicle exists whose release time equals thieent simulation time in every zone.
That is, in the simulation, the functigpx_ZNE_timeStep($ called for each zone in the
network once per simulation time step. As a resh#re are two concerns we need to
consider in sorting the vehicle list: when to releaa vehicle and where the vehicle
locates. Therefore, a double-sorting processas.usVe sort the vehicle list in terms of

ascending vehicles’ departure time first, and tyenehicles’ zone index later.

The most challenging part of double-sorting a lohkist is because of a linked list’s
sequential nature. The sorting algorithm we pakthis study is a bubble sort algorithm.
It compares and swaps pair of adjacent values mnandered list. Although it is one of
the simplest sorting algorithm to understand anglément in arrays (Astrachan, 2003),

it brings the complexity in sorting a linked lig we require information of previous and
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next nodes of swapping nodes. A bunch of poindeesimplemented in this process.
Figure 3-5 shows an example about how to swap ®bocles in accordance with their

departure times.

In this example, we compare vehicle #1 and #2atedlhe vehicle #2 from the list,
insert it in the front of the vehicle #1, and thaerge the list by linking vehicle #1 with
#3. During the swap process, we have to keep whpkevious and next nodes by using
“prev’ and“tmp” pointers. We also keep an eye on the new stateoforted list by
using “head” pointers. If the node being compared is not tinst fhode, pointer
“potentialprev” is applied. Pointetist” is used to verify the current node that will be

compared with its neighbor.
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Figure 3-5. Bubble Sort a linked list

After sorting the vehicle list in terms of ascerglinehicles’ departure times, we
repeat the same process so that the vehicles calstw@rdered by increasing vehicles’
zone index. After that, we code the previouslycdbesd double-sorting process into an
user-defined function calledpp_sort_data() In the same APl function

gpx_NET_postOpen(ih which thepp_init_data()function (described in section 3.3) is

48



called, our function ofpp_sort_data()is loaded. In this way, once the network is
processed, after the family and vehicle data sirastare initialized, the vehicles and
their associated families are also be double-sdijedehicles’ departure times and zone
indexes. With the initialized and sorted datadtres, the regular commute traffic can

be simulated as described in the following sections
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3.5 Regular Commuting Traffic Study

Once the family and vehicle data structures aré bod sorted, we start the simulation

with the proposed API tool by populating the netkvbased on typical commuting traffic.

Although most of the currently available commerdialffic simulation codes are
generally designed for commuter traffic simulatioagood number of them do not have
the option of user-determined origins and destmati (O-Ds) for each vehicle. For
example, as a widely-used microscopic traffic satioh software package, CORSIM
does not have the O-D feature and can only transfer's input turning percentages to
some O-D trip possibilities. In another word, iIORSIM, vehicles move randomly in
the network with respect to turning percentages #ma specified by users for each
intersection until they disappear at any of thespme destinations that cannot be
specified by user (Zhang et al. 2003, Molina eR@D5). Without control of independent

vehicle’s movement, it cannot be used in the priesteily.

Even for codes that do allow for individual vehiclegin-destination assignment, the
criteria described in the sections 3.2 and 3.3iredghat family information be available,
and vehicles within a family be tracked during @ieulation. Some vehicles have
chained activities during the regular commute. &ample, for a family member who
arrived at his/her work location in the mornings/her next stop may be the home in
eight or nine hours from now. Some family membaray have some random

destinations, such as stopping by post office ftbeir home to grocery stores, picking
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up/dropping off their kids from schools on their ywaork/home, and so on. Other

packages cannot do this.

One way to keep track of such information is tdude the following:

(1)

(2)

)

(4)

(5)

(6)

(7)
(8)

at the beginning of the simulation (AM/PM/...), waeesach family member is
located (home, work, mall, ...)

what is the planned destination for each family mnen{work, home,

school, ...)

when each family member is going to leave for l@sfflanned destination

is there any stay-at-home family member

how many family members drive to work, stay at hporadrive to other
locations like school, post-office, mall, etc

for those family members that finish their plantegs, does s/he have any trip
chain activities

what are each family member’s intermediate stopthi¢ has chained activities
how do these activities being chained, like whée s¥ill leave for his/her next

stop

Some of the distributions used in addressing tlpmstions were described in the

section 3.3, such as (1), (2), (3), (5), and (6Y athers will be discussed later.

As presented in the section 3.2, 3.3, and 3.4, ivg¢ develop a hierarchical data

structure that consists of a family list and a ekhiist, which are related to each other
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(details are in the section 3.2). Next, we fillthre family and vehicle structures with
information mentioned above (details are in sect®B). Last, we double-sort the
structures to make sure the vehicles are ordereztnms of their departure times and zone

indexes (details are in section 3.4).

Paramics can do this study by implementing the gseg hierarchical data structure
into the core simulator through the use of its ARie network-related data, such as the
number of families, number of vehicles per famigc., are added to the simulation
database by using the API functigps_NET_userdata() Vehicle-related data, such as
vehicle capacity, origin and destination, releaset and delay time, are added by using
the gps_VHC_userdata(junction. This function is used to set the usetadsructure

associated with the specified vehicle.

After that, with the proposed API tool, we startsimulate the typical commuting
traffic. At the beginning of the simulation, akhkicles that are loaded into the network
are assigned origins and destinations, like honoekwpost office, mall, school, etc., as
well as a departure time and the vehicle’s assediabme. At each simulation time step,
the API functiongpx_ZNE_timestep(}s used to confirm if a vehicle exists whose
departure time equals the current simulation timevery zone. If so, the vehicle is

released by using our releasing functum release_vehicle()

After all vehicles are loaded into the network, Weicles’ route choice is handled by

the Paramics software. Paramics employs a rougeheuristic based on individual
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vehicle’s decisions at intersections (Quadstoneiteith) 2006). It considers the influence
of driver's familiarity with the studied network wh making route decisions. The
Paramics routing procedure assures that drivetsadjiist their routes dynamically based
on real time traffic conditions en route. In aduht driver's aggressiveness can also be
modified in Paramics. Therefore, as suggestedrbyiqus studies (Southworth 1991,
Cova and Johnson 2002, Chena and Zhen 2008), Rargsryenerally considered as an
appropriate microscopic simulation model for evaioua analysis. Figure 3-5-1
demonstrates the animation of the regular traffia simulated environment. The yellow

dots represent the vehicles with the user-defirsgd gtructure. The green line represents

the arterial streets while red lines for the fregsva

Figure 3-6-1. Demonstration of the regular simulation
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Last but not least, an emergency event is initi@ead predetermined time, which
interrupts the regular commuting traffic. A few dubes are developed and loaded to
study different kinds of driver behaviors undessthituation. They include vehicles who
have not yet been released into the network, vehithat may realize there is an
evacuation while they are sill en route, vehicleeowarrive at their destinations
affected/unaffected by the evacuation, and vehiatee have consolidated household
processes. A detailed discussion of these modsilpeesented in the following section

3.6, section 3.7, section 3.8 and section 3.9.
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3.6 Sub-Model of Yet To Be Released Vehicles

As described previously, in the context of thisessh, the simulation starts during the
regular commuting traffic. Then an evacuation évsninitiated after the network is
reasonably populated. At this moment, some vehialeo have already been assigned
the origins and destinations in the initializatimmocess are waiting for their turns to be
released into the network. However, when the ondervacuation is given, these
vehicles’ departure times have not been reached Vberefore, we name this kind of
vehicles as yet to be released (YTBR) vehiclessidgs, thanks to the evacuation, the
behaviors of such vehicles are changed. One afxtbheples is, for a vehicle that is still
at its home and plans to go to work half an hoterJaonce it is aware of the evacuation,
this vehicle, say a non-consolidated one, will gthte closest shelter as soon as possible.
Therefore, we develop this sub-model to study aodehthe behaviors that how those

YTBR vehicles react to the evacuation.

A great deal of the previous work on emergency eaaon study evacuees’ reaction
by assuming that all those evacuees depart imnedgliaince the evacuation starts.
However, these studies ignore the delay time betvilee evacuation starts and each of
individuals finds about the evacuation. In thisdst we propose a more realistic
assumption that an awareness time for each evanagediffer. This realization may
depend on the efficiency of evacuation informatiissemination. The awareness time
may vary by each person’s location, his/her plansestination, his/her current activity,
and other issues such as whether or not the pé&@®no consolidate with other family

members.
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For each YTBR vehicle, its current location andnpked destination composes
different types of trips. In this study, we ex@osix typical trip patterns that have
observed in a regular traffic condition. Thesp tyipes include: home-to-work, work-to-
home, home-to-random (i.e. school, post office, ljmetc.), work-to-random, stay-at-
home, and random-to-random. These trip types hasignificant effect on the evacuees’
behaviors in the network, which contributes a totthe traffic congestions during the
evacuation. For instance, if a YTBR vehicle hagoak-to-home trip, which means this
vehicle is currently at work and is planning tolgmme a few hours later, once it finds out
there is an evacuation, this vehicle may leavelherclosest shelter as soon as possible,

referring to Table 3-2. Figure 3-5-2 is a sumnetizersion of the table 3-2.
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Figure 3-5-2. Summary of the scenarios for the YTBR vehicles
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Another significant feature of the developed APlbltds to model drivers’
consolidated household evacuation behavior. Irek@nple above, if this work-to-home
YTBR vehicle is a consolidated household vehiclgeoit is aware that the evacuation
starts, instead of going to the shelter immediatelwill return to its home first. Then
after all vehicles associate with its family artivieey then evacuate together in a single

vehicle, as shown in Table 3-2 and the figure 3-5-2

Once we have the YTBR vehicle’s trip type and cdidated attribute identified, in
the proposed approach, we check whether or notvihgcle’s planned departure time
earlier than the evacuation start time plus itsram@ss time. Different treatments are
made according to the vehicle’s current locatiod expected destination. The flowchart
depicting the logic implemented for this sub-modethown in Figure 3-6. In line with
this flowchart, a list of combinations of each YTB®hicle’s current location, planned
destination, consolidation attribute, awarenesstl# evacuation, current activity,
scheduled changes, and special tips, are summanizbd table 3-2, which leads to a set

of 36 possible scenarios that can be simulatedhisystib-model.

Among those scenarios, there are some special sesesed to pay attention to. One
particular case is when the departure time of aBR Vehicle is just minutes from the
onset of the evacuation. This trip’s start timewdt not be inferred by the evacuation
event, but the vehicle will be assigned an awaretiege, which will be used in the sub-

model of the en route vehicles. Further detagseaplained in the section 3.7.
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Another example of the 36 possible scenarios isfstay-at-home vehicle, a special
vehicle type (i.e. vehType = 1, as shown in Tabl) and a large enough departure time
(i.e. StartTime=999,999 seconds) need to be agbigmeprevent this kind of vehicle

being released from the queue of the sorted veshatléhe beginning of the simulation.

We implement this sub-model by wusing a Paramics ARInction
gpx_ZNE_timeStep(). This function is called forclkazone in the network at each
simulation time step. There is another API functigpx_ NET timeStep(), which is
called for the whole network once per simulatioapst Both of these functions are
suitable for implementing our sub-model of YTBR Mdés. The reason we pick the
former is that, per our test, the function qpx_ZMNBEeStep() is called earlier than the
function gpx_NET _timeStep() during a simulation,iethleads to an increase of the
computation efficiency. After the implementati@uring the simulation process, at the
moment the evacuation starts, each yet to be edeashicle will be scanned, and then
the corresponding change will be applied to thdacleliollowing the modeling flowchart

(i.e. figure 3-6).
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Figure 3-7. Simulation of Yet To Be Released Vehicles (APl Funeh:
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gpx_ZNE_timeStep())
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Table 3-2. Summary of Yet to be Released Vehicles’ Behaviors

Release
Planned from
Current Planned trip start current New Awareness
Scenarios | location | destination | Consolidate(?) time Action location destination time Notes
veh type
arrived incidence + 1 can be
1 Home Home Yes >evac time veh++ No -- delay used
veh type
virtual incidence + 1 can be
2 Home Home No >evac time | begin evac Yes shelter delay used
3 Home Home Yes <evac time treatas 1
4 Home Home No <evac time treat as 2
veh type
arrived incidence + 1 can be
5 Home Work Yes >evac time veh++ No -- delay used
virtual incidence +
6 Home Work No >evac time | begin evac Yes shelter delay
change dest incidence +
7 Home Work Yes <evac time en route as planned home delay
change dest virtual incidence +
8 Home Work No <evac time en route as planned shelter delay
veh type
arrived incidence + 1 can be
9 Home Other loc Yes >evac time veh++ No -- delay used
virtual incidence +
10 Home Other loc No >evac time | begin evac Yes shelter delay
change dest incidence +
11 Home Other loc Yes <evac time en route as planned -- delay
change dest virtual incidence +
12 Home Other loc No <evac time en route as planned shelter delay
incidence +
13 Work Home Yes >evac time | begin evac Yes -- delay
14 Work Home No >evac time | begin evac Yes virtual incidence +
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3.7 Sub-Model of En Route Vehicles

In the aforementioned sub-model of yet to be reldasehicles, we propose an API tool
to simulate the behaviors of those vehicles thathaot yet been released into the
network at the beginning of the evacuation. At doenmencement of an emergency
evacuation, the network should be loaded with cotenmaffic, i.e. each one is in a trip
from its origin to its destination. We call thesehicles en route (ENR) vehicles.
Behaviors of these vehicles are also changed dtietevacuation. One of the examples
of such changed behaviors is that, for a vehicténmiddle of a trip from home to work,
once the driver is aware of the evacuation, thigole that we assumed is a consolidating
one will change its destination dynamically en eputamely, this vehicle will go back
home immediately instead of going to work as schetiuThe purpose of this sub-model
of en route vehicles is to extend the proposed #Bl to model how each of ENR

vehicles react to the evacuation.

One of the most significant features of this stiglo add the capability by using an
API to make Paramics be capable of reacting to mlyniahanges in an en route vehicle’s
destination via the proposed API tool. As mentibme section 3.5, a great deal of
existing traffic simulation tools does not have tapability to track individual vehicle’s
destination. For those that have the options ef-dsfined origins and destinations,
based on our knowledge, none can model the dyneh@nge of an en route vehicle’s
destination during a simulation. In the proposeol,twe model this kind of dynamic
change of destinations by using revision time awised destination. These definitions

are explained in the following example. For a cdidated vehicle who is in a trip from
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its home to work when the evacuation starts, thacle will continue on its original

route to work. A new destination home for consatiigg vehicle and shelter for non-
consolidating vehicle is assigned and a start tineairrent time a random time is given.
We call this new destination as the revised detstinand the random delay time as the
revision time. The revision time and revised dedion may vary by each ENR vehicle’s
location, planned destination, and current activit/hen the revision time is reached,
this vehicle will travel towards its new destinatio A figure that summarizes this and

other cases of ENR vehicles is shown below.

Home-to-Work

Work-to-Home Consolidating > Home

ENR Vehicle &——» Home-to-Other

Work-to-Other Non-Consolidating Nearest shelter

Other-to-Other

Figure 3-5-3. Summary of the scenarios for the ENR vehicles

Another feature of this sub-model is, like in thagnodel of yet to be released
vehicles, for each ENR vehicle, it is also assedatith a specific trip type. There are
five typical trip types we studied in this sub-mbde®me-to-work, work-to-home, home-
to-other location (i.e. school, post office, madtc), work-to-other location, and other

location-to-other location. Unlike the YTBR velaslwe studied in the previous section,
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we do not need to study those vehicles that hagesthly at home/work trips as these

kinds of trips are not applicable to en route vigsic

In the concept of household consolidation studis #xtended API tool can also
model each ENR driver's consolidated household eat@an behavior. In the example
above, if the en route home-to-work vehicle is a-nonsolidated one, which means it
will go to the closest shelter as soon as possibt it is aware of the evacuation, we
assign its revised destination as a virtual shedtigrer than its home location. Its revision
time will still be the same. The reason why we as®&irtual shelter” is because we
assume that when evacuation starts, each non-adetsal vehicle will go to the closest
shelter based on its current location. Howeverthat moment we assign each ENR
vehicle a revised destination, we do not know wilsilcalter is the closest one. In another
word, since this vehicle is still traveling to asiginally planned destination, the closest
shelter we pick at that time may be different frdme closest one that responds to the
vehicle’s location at the revision time. For tlmadson, we use a virtual shelter as a
temporary revised destination, and afterward wHen revision time is reached, the
virtual shelter will be replaced by the closestitgrghat the vehicle will move towards at

that moment.

As mentioned in the previous section, the prop@sebtool presents a more accurate
approach by taking each individual vehicle’s reactitime to the evacuation into
consideration. In this sub-model, for each ENRialehin most cases, its revision time

and awareness time, which is the duration betwbherohset of the evacuation and the
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time the driver comes aware of the evacuationjdaetical. In a few cases, the revision
time and the awareness time of one vehicle maybadthe same. For instance, for a
consolidating, work-to-home ENR vehicle, as itsreat route is identical to its planned
evacuation route, there is no need for this vehiclbée assigned a revised destination.
Therefore, this vehicle’s revision time is void Whits awareness time is equal to the
evacuation time plus some delay that models how dhacuation information is

disseminated.

Another special case we need to consider is th&NR vehicle is seconds from its
current destination, but its awareness/revisioretisxmuch greater. In this case, this
vehicle will finish its current trip as well as bei assigned a revised destination and an
awareness time. Afterward, once the vehicle asrateits destination, it will be handled
in the sub-model of arrived vehicles by generatingew trip in which the origin will be
its current destination, the destination will benévised destination, and the release time

will be its awareness time. A detailed process$ valexplained in section 3.8.

Overall, in this sub-model of ENR vehicles, we matie dynamic changes of an en
route vehicle’s destination during a simulatione tinaffic maneuvers of different trip
types of ENR vehicles, the ENR vehicle’s consokdahousehold behaviors, and the
ENR vehicle’s revision times, revised destinatiansl awareness times. The flowchart
depicting the logic implemented for this sub-modélen route vehicles is shown in
Figure 3-7. Furthermore, according to the previdissussions, in general, there are a set

of 28 possible scenarios that combine each ENRclesitrip type, its consolidation
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attribute, its revised destinations, its awarenaags, and the relevant action. These

scenarios are summarized into table 3-2.

We implement  this sub-model by using an API functio
gpx_LNK_vehicleTimeStep(). This function is calledscan each vehicle in each link of
the network once per simulation step. A similarl Alhction is gpx_LNK timeStep(),
which is called to examine each link of the netwonke per simulation step. The reason
we do not pick gpx_LNK_timeStep() is that, in thisction, all vehicles, no matter in
which state of yet-to-be-released, en-route ovedrat-its-destination, are all involved.
In contrast, the function qpx_LNK_vehicleTimeStepfjy deals with those vehicles that
are currently on a link, namely, those vehicleg dra currently in the middle of a trip.
Therefore, the use of function gpx_LNK_ vehicleTines) leads to high computing
efficiency and a more concise and accurate modginegess compared to other API

functions.
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Figure 3-8. Simulation of En Route Vehicles (API Function:
gpx_LNK_vehicleTimeStep())
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Table 3-3.

Summary of En Route Vehicles’ Behaviors

Consolidate Trip start Revised
Scenarios Origin Destination (?) time Action destination Revision time Notes
Number of en route
1 Home Work Yes >evac time re-route this veh home as planned vehicle -1
nearest Number of en route
2 Home Work No >evac time re-route this veh shelter as planned vehicle -1
"=evac assign revised time Number of en route
3 Home Work Yes time" and destination home now + delay vehicle +1
"=evac assign revised time virtual Number of en route
4 Home Work No time" and destination shelter now + delay vehicle +1
Number of en route
5 Home Other loc Yes >evac time re-route this veh home as planned vehicle -1
nearest Number of en route
6 Home Other loc No >evac time re-route this veh shelter as planned vehicle -1
"=evac assign revised time Number of en route
7 Home Other loc Yes time" and destination home now + delay vehicle +1
"=evac assign revised time virtual Number of en route
8 Home Other loc No time" and destination shelter now + delay vehicle +1
Number of en route
9 Work Home Yes >evac time re-route this veh as planned as planned vehicle -1
nearest Number of en route
10 Work Home No >evac time re-route this veh shelter as planned vehicle -1
"=evac
11 Work Home Yes time" as planned -- -- --
"=evac assign revised time virtual Number of en route
12 Work Home No time" and destination shelter now + delay vehicle +1
Number of en route
13 Work Other loc Yes >evac time re-route this veh home as planned vehicle -1
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As shown in the figure 3-7, for each vehicle inle#iok of the network once per
simulation step, the functiogpx_LNK_vehicleTimeStep¢hecks if the vehicle is en
route once the evacuation starts. If so, basethisrvehicle’s current location, planned
destination, household attribute, revised desbmatiand revision time, the relevant
changes will be implemented. Another API functgps_VHC_destination{¥ also used
to set the new destination zone for those vehitiashave to change their destinations if

necessary while they are still en route to thaginally scheduled destination.

Next a group of figures demonstrates the simulatibthe ENR vehicles after the

implementation.

Figure 3-9-4(a). Demonstration of the en route vehicle simulation
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Figure 3-10-4(b). Demonstration of the en route vehicle simulation

Figure 3-11-4(c). Demonstration of the en route vehicle simulation
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3.8 Sub-Model of Arrived Vehicles (Vehicle Consalidd Process Included)

In the previously sections, we proposes an APItoohodel the regular commute traffic,
to simulate the behaviors of those vehicles thathaot yet been released into the
network due to the evacuation, and to model howehicle changes its destination
dynamically while it is still en route when the ewuation starts. Finally, for all these
vehicles that are loaded into the network durirggimulation, some of them may arrive
at their destinations before the start of the eaton. Others may arrive at their
destinations after the evacuation. We named abdhvehicles arrived (ARV) vehicles.
Some of these arrived vehicles even have chainegdti#s. For instance, for a vehicle
that has just arrived at its work location in thermng, its next stop may be its home
location in eight or nine hours. Thus, in thiste®t we propose a sub-model of arrived
vehicles, which models the behaviors, especialg, $sequence of behaviors of each

arrived vehicle in the simulation process.

For each arrived vehicle, the destination it reaamay be its final destination or just be
one of its intermediate stops. Most of the exgssimulation software packages cannot
model vehicles’ chained behaviors, such as TSIS/SIORITT Industries, 2000). Even

for a limited number of traffic simulation toolské VISSIM, DYNASMART, which are

able to simulate vehicles’ trip chain activitiesgtway they handle such behaviors has
some limitations. The significant difference isitttthese tools can only do the vehicle
assignment at the beginning of the simulation, evitile proposed API tool can do the

vehicle assignment in the middle of the simulation.
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For example, in VISSIM, to model a trip-chain vééais movement, user has to fulfill the
chained trip information into a specific file. Thdormation includes the vehicle number,
vehicle type, origin zone number, departure timetermediate destination zone
number(s), and stay time. DYNASMART has the simiquirement but with separated
input files, such as zone data file, O-D demandrimdile, generation link file,
destination node file, vehicle loading file, andipéle. We use an example to illustrate
how these tools work. For instance, there is aclelwith a scheduled home-work-home
trip. These tools can simulate such kind of mowvan®y pre-assigning the vehicle’s
intermediate destination, i.e. its work locatiorHowever, if there is an emergency
evacuation, this vehicle may not travel to its wdestination as scheduled, but to the
nearest shelter as soon as it finds out the tlireatt is a non-consolidated vehicle). In
this case, based on our knowledge, none of théirxisimulation tools is capable to re-
assign the new destination to the vehicle in thedhei of a simulation. However, as one
of the most significant features of this study, ptoposed API tool can teach Paramics to

be able to do vehicles’ intermediate destinatieasggnment during a simulation.

To model such kinds of scheduled and unscheduledhiaining behaviors, in this tool, a
set of dummy vehicle is used. This type of dumrakigles is generated during the data
initiation process with a very large departure tithe. t= 2,000,000seconds) which
prevents this type of vehicles from being sorted agleased at the beginning of the
simulation. Therefore, the dummy vehicles arereseto create new trips during the
chained events. During the simulation, once a cleharrives at its destination, in

Paramics, this vehicle disappears at its destinatioHowever, with our proposed API
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tool, at this moment, the dummy vehicle is usedake over the “disappeared” one.
Information carried by the “disappeared” vehicli&elits home location, its homebound
attribute, its current location, etc, is passedmthis “dummy” vehicle. After that, this
“dummy” vehicle is being assigned a new trip’s mmh@tion that comes from the
potential chain movements of the “disappeared” dnethis way, a new trip is created in

the middle of the simulation.

As shown in the example above, if the arrived, hooaerork vehicle has another work-
to-home trip eight hours from now, then for thisifemy” vehicle that will replace the
arrived vehicle, it has the arrived vehicle’s wddcation as its origin, the arrived
vehicle’s home location as its destination, andhieigpurs from now as its departure time.
The flowchart depicting the logic implemented fbistsub-model of arrived vehicles is
shown in figure 3-8. After that, thanks to thexitelity of the hierarchical data structure
that we described in the section 3.2, we can irtbest“dummy” vehicle that holds the
information for the new trip into the proper loaatiof the sorted vehicles. This kind of

insertion process will be explained in more detailsection 3.9.

Furthermore, for those arrived vehicles that afeca#d by the evacuation, there is a
special case we have to consider. In this chseatrived vehicle is not aware of the
evacuation that happened only minutes before tiwchkeereached its destination. As
described in the previous section 3.7, this vehide already been assigned a revised
destination and a revision time when it was engouiowever, in this case, the revision

time is not reached when the vehicle arrives alewtination. Therefore, for such type of
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arrived vehicles, when we use the “dummy” vehiolegplace the arrived one, we assign
the arrived vehicle’s revised destination as themichy” vehicle’s destination, and the
arrived vehicle’s revision time as its departuredi Both the revised destination and

revision time are identified in the sub-model ofreate vehicles (i.e. section 3.7).

Some readers may raise the question that if weddoeht this “dummy” vehicle as a yet
to be released (YTBR) vehicle, since it is a vehitlat has not been released to the
network yet. The answer is no. For the type oBRTvehicles, as discussed in section
3.6, at the onset of the evacuation, each YTBR ckehwill be assigned a revised
destination, an awareness time and a new departaesaccording to each vehicle’'s
attributes. After that, the whole vehicle list Mble re-sorted in terms of each vehicle’s
departure time and departure zone. However, fertype of arrived vehicles, once a
vehicle arrived at its destination, this vehiclsagipears from the network, and a new
“‘dummy” vehicle will substitute it for continuings subsequent trip(s). A new trip,
including a new destination, an awareness timesamelw departure time, is generated for
this “dummy” vehicle, and then this “dummy” vehiclgll be inserted into the current
sorted vehicle list (i.e. this kind of insertionopess is explained in section 3.9).
Comparing with the YTBR vehicles, this procedureids double-sorting the vehicle list
each time when an arrived vehicle is replaced leydbhmmy vehicle. In this way, the
total time and efforts spending on the computationsaved and the overall efficiency is

improved.
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Like in other sub-models, each arrived vehiclel$® associated with a specific trip type.
The types of trips we study in this model includeme-to-work, work-to-home, home-
to-other location (i.e. school, post office, madic.), work-to-other location, other

location-to-home, other location-to-work, otherdtion-to-other location.

In the sub-model of arrived vehicles, we also matiel arrived vehicles’ evacuation
dynamics by checking whether it is a consolidatiedicle. If the arrived vehicle is a
non-consolidating vehicle, it will go to the closeshelter once it is aware of the
evacuation. Otherwise, if the arrived vehicle i€ansolidated one, it will go to its

consolidation point (i.e. its home) to meet withetfamily members. If the destination
that the consolidated vehicle just arrived at igatly its consolidation point, this vehicle
will be involved in a household consolidation pregewhich is explained in more details

in the following section 3.9.

Overall, in this sub-model of arrived vehicles, fmach vehicle that has arrived at its
destination, it may have scheduled succeeding rdggin(s) in a regular commute
situation, or it may have unscheduled trip-chainvement(s) in an emergency
evacuation condition. In this sub-model, we mdatgth kinds of trip-chain movements
during a simulation by using our proposed API todle also simulate the different trip
types of the arrived vehicles, and the householdawiers of the arrived vehicles.
Generally, there are a set of 16 possible of seen#nat combine each arrived vehicle’s

characteristics, like its current location, plannéeéstination, revision time, revised
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destination, awareness of the evacuation, housetttibute, which is summarized into

the table 3-4.

This sub-model is implemented by using a Parami$ fanction qpx_VHC _arrive()
which is called once a vehicle arrives at its aegion zone. As shown in the figure 3-8,
each arrived vehicle is scanned and then being freddcorrespondingly, like being

replaced by a “dummy” vehicle for generating a sgjoent trip.

We also have a group of figures demonstrate thalation of the consolidation approach

after the implementation, as shown in the figui& &) — (d).
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Figure 3- 12. Simulation of Arrived Vehicles (APl Function: qpx_VHC arrive())
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Table 3-4. Summary of Arrived Vehicles’ Behaviors

Previous Arrived Arrival New
Scenarios location destination Consolidate(?) time Action destination Departure time Notes

Home/Other Number of en route

1 loc Work Yes >evac time | generate a new trip home current time vehicle -1
Home/Other nearest Number of en route

2 loc Work No >evac time | generate a new trip shelter current time vehicle -1
Home/Other

3 loc Work Yes <evac time | generate a new trip home 8 hrs from now --
Home/Other

4 loc Work No <evac time | generate a new trip other loc 8 hrs from now --
Home/Work/ Number of en route

5 Other loc Other loc Yes >evac time | generate a new trip home current time vehicle -1
Home/Work/ nearest Number of en route

6 Other loc Other loc No >evac time | generate a new trip shelter current time vehicle -1
Home/Work/

7 Other loc Other loc Yes <evac time | generate a new trip home now + delay --
Home/Work/

8 Other loc Other loc No <evac time | generate a new trip other loc now + delay --

consolidation

Work/Other start consolidation nearest trip depature

9 loc Home Yes >evac time process shelter time arrived veh +1
Work/Other nearest

10 loc Home No >evac time begin evac shelter now + delay --
Work/Other

11 loc Home Yes <evac time -- -- -- arrived veh +1
Work/Other

12 loc Home No <evac time | generate a new trip other loc now + delay --
Work/Home/

13 Other loc Shelter Yes >evac time collect data -- --
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Figure 3-8 (a). Arrived vehicle — before reach its destination

Figure 3-8 (b). Arrived vehicle — vehicle disappeared when reachestitsaties

82



Figure 3-8 (c). Arrived vehicle — new vehicle generated

Figure 3-8 (d). Arrived vehicle — new chained trip
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3.9 Sub-Model of Consolidated Household Vehicles

One of the key features of the developed API tedbimodel the behavior observed by
social scientist that many drivers consolidate amdcuate as a social unit. To model
such behavior, a vehicle that belongs to a constatig family will return to its home first

when evacuation begins, while a non-consolidatiagiale will evacuate to the closest
shelter. After all vehicles associated with a letwatd arrive at their home, they then
evacuate together in a single vehicle. In this-madel, we study the drivers’

consolidated household evacuation behaviors at @osuopic level. Based on our
knowledge, there are no existing simulation tobé &are capable of simulating this kind

of behaviors.

The most challenging part in simulating such cods¢éd household evacuation
behaviors is to generate a new consolidated trgadme no one else can do this. Similar
to the procedure proposed in the previous seciiaet of dummy vehicle is used to for
this purpose. This type of dummy vehicle is alsaagated during the data initialization
process with a very large departure time to enthatthis vehicle will not be sorted and
released. Therefore, we have two different tygeduonmy vehicles. One is used for
creating the new chained trips during the simufgtend the other is used for generating
a consolidating trip in this sub-model. To shove ttifference between these two
different types of dummy vehicles, at the initialion, the large departure time for the
consolidating dummy vehicle s= 1,000,000seconds, while for the new trip dummy

vehicle ist = 2,000,000seconds

84



One of the significant features of this study isetoploy a dynamic waiting time
when generating the new consolidated trip. As maet above, traditional studies,
which are capable of modeling vehicle’s trip-chaictivities, adopt deterministic (i.e.
pre-defined) and static waiting time to decide gatien of the consecutive trip. In this
proposed tool, the dynamic waiting time is appliedmitate the time duration that the

evacuees spend at home for packing essentialsanable items before hit on the road,

as shown in the figure 3-9.

Another significant improvement of this tool isrtiodel the preparedness time of the
evacuees for the evacuation. For instance, folaraily that has more than one
independent family member, some members who aravéme earlier may find out the
evacuation and start packing items while waitingdiver members to arrive. In this way,
once the last family member returns to home, thelefamily can leave home for safety
as soon as possible. To model it, in this sub-mdte awareness time at which the
evacuee is aware of the evacuation is taken intgideration. Therefore, the departure
time of the new consolidated trip must be the maxmtime between the last family
member’s arrival time and the earliest time at Wwisomeone in the family was aware of

the evacuation, plus a random delay time thatesl fisr packing stuffs.
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Figure 3-13. Proposed Vehicle Consolidation Procedure
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After that, we insert the dummy vehicle that caribe information of the new
consolidated trip back to the sorted vehicle Watich is a challenging process. This kind
of insertion process is described as follows, wheclalso the same process as the one
implemented in the generation of chained tripshie $sub-model of arrived vehicles (as
discussed in section 3.8). Because of the spac#s)iwe have these two similar

processes to be discussed together as follows.

Step 1: We compare the dummy vehicle’s departuane twith thelast vehicle’s one
in the sorted vehicle list. If the dummy vehiclesggreater, we insert the dummy vehicle
at theend of the vehicle list. Otherwise, we insert the daynvehicle in the proper

location of the vehicle list. Figure 3-15 showsexaample.

—

Vehicle 1
time=3

List

zone =1

Vehicle 2
time = 4
zone =3

Y

Vehicle 3
time=5
zone =1

Vehicle 4
time =6
zone = 2

time=7
zone =1

Figure 3-14. Insert the “dummy vehicle” at the end of the sorted vehiclist

Step 2: Except for the departure time, we comphes dummy vehicle’s current
location (i.e. zone index) with tHast vehicle’s one. If the dummy vehicle’s zone index
is greater than the last node’s, we insert the dywehicle at theend of the vehicle list.
Otherwise, we insert the dummy vehicle in the prdpeation of the vehicle list, as

shown in Figure 3-16.
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Figure 3-15. Insert the “dummy vehicle” at the end of the sorted linkedist by
considering its zone index
Step 3: We compare the dummy vehicle’s departune twith thefirst vehicle’s
departure time in the sorted vehicle list. If theammy vehicle’s is less, we insert the

dummy vehicle at th&ont of the vehicle list. Otherwise, we insert the doyrnvehicle

in the proper location of the vehicle list. Fig€d7 shows an example.

\l/ Vehicle 1 Vehicle 2 Vehicle 3 Vehicle 4 Dummy V2
time =3 » time=4 » time=6 time =6 N/ > time =2 \N/ »
zone = 1 zone =3 zone =2 zone =3 /\ zone = 1 /\
\ R *
List
vehicle

Figure 3-16. Insert the “dummy vehicle” in the front of the sorted vehite list

Step 4: As similar as shown in step 2, we then @mthe dummy vehicle’s current
location (i.e. zone index) with tHest vehicle’s one. If the dummy vehicle’s zone index
is less than the first node’s, we insert the dunwelyicle at theront of the vehicle list.
Otherwise, we insert the dummy vehicle in the prdpeation of the vehicle list, as

shown in Figure 3-18.
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time=3
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Vehicle 2
time = 4
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Figure 3-17. Insert the “dummy vehicle” in the front of the sorted linked list by
considering its zone index
This sub-model is implemented to augment the caramics simulator by using the
same API functiompx_VHC_arrive(Jas we used in the previous section. The flowchart
that we used to model consolidated household eeaturehaviors is displayed in the

Figure 3-9.

Next a group of figures demonstrates the simulatibthe consolidation approach

List

after the implementation.
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time =6
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time=3
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Figure 3-15 (a) Household consolidation — Two vehicles moved towards their home

Figure 3-15 (b) Household consolidation — Two vehicles moved towards their home
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Figure 3-15 (c) Household consolidation — First vehicle disappeared at its home

Figure 3-15 (d) Household consolidation — another vehicle also disappeared at its home
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Figure 3-15 (e): a new consolidated trip is generated
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Chapter 4. Household Consolidation during Evaouati

In this chapter, a general network model is dewadopo evaluate the evacuation
performance varying under the influence of evacukessehold social behavior. The
tool developed in Chapter 3 is implemented. lboa@gamines the interactions between
the evacuation consolidation behaviors and traf@inditions, in low demands and high

demands conditions.

4.1 Consolidation by Household

A general road network model is designed as abestfor this study. To simplify our
study, the road network is developed with homogasgmarameters, such as the same
length and width for each block. No traffic sigr@ntrol was implemented in this
network so that the results of the simulated evdmuatudy can be attributed directly to
the differences between evacuation directly viartglsd path and evacuation after

consolidating as a family unit.

The simplified road network is coded into Paranaisshown in Figure 4-1. Roads in
the simulated network are set as urban roads asnsimogreen. Each link length is about
0.5 mile so the total network is 10 miles X 10 mileEach road segment has two lanes,
one in each direction, with the same speed limB®Mmph. Two freeway rings and two

crossing freeways are shown in red, with speeddiofi60 mph.
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East Shelter

South Shelte

Figure 4-1. Simulated road network

Each link is designated as a zone, as Paramicginediestination matrix for
individual vehicles uses the unit of zone. In thay, a vehicle can be controlled to move
from one origin zone, a link, to a destination libk defining the origin zone and
destination zone. Finer division of the zones fatwork-wide evacuation is not
necessary from the system perspective of view. slinelated network has a total of 542
nodes, 1677 links, 33 interchanges, and 616 zonks.two boundary zones, as shown in
Figure 4-1, represent two shelter locations ingast and south of the network. For most
coastal cities, in an emergency event, such asricte, evacuation is typified with

evacuating in a signle direction or two directionsChapter 7 will investigate the
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influences of different numbers of shelters in nle¢éwork on the household consolidation

evacuation.

The network is seeded with 1,000 families and 1@,08hicles, with an assumed
bivariate normal distribution about the geograpbenter of the network. For the
distribution of departure time of the vehiclesriartgular distribution is assumed. For the

simulated scenarios, normal driving tactics areaesl.

First, we present the proposed API tool by idemdyits capability of modeling
consolidation by household. To illustrate the efffef household consolidation on

evacuation efficiency, a range of scenarios arepewed:

- All vehicles take the shortest route to safety.

This is the typical assumption used in traditioegacuation studies. Every vehicle
would seek the shortest or quickest route to safEgch vehicle is assigned a link on the
boundary of the network closest to its current fimca While not considered a very
realistic scenario, it is a reasonable approximattothe network capacity to evacuate. It
also provides a baseline that is similar to otlkeeorted results, against which to compare

the scenarios that consider some household coasolid

- All families consolidate before evacuation.
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All family units with two or more members will cooigdate, and then evacuate as a
unit. The home is assumed to be the de facto ngetcation. Once all vehicles in the

family’s fleet arrive, a new consolidated trip srmgrated.

- Some fractions of families consolidate beforecenxaion.

Families with no dependents that have evacuatianspilnay not need to meet at
home, and if communication channels are still add, some families may decide to
meet at a destination shelter instead of meetinigoate. Some emergency situations
might be so life-threatening that some of the fgnmhembers will not consider
consolidating before evacuation. For a better wtdading, consolidation ratios of 10%
increment, i.e. 10%, 20%, ..., 80%, and 90%, aravahalthough any specific ratio can

be implemented in the tool.

The simulations uses half-second time intervalschation is assumed to start after a
warmup time, i.e. at t = 15 minutes, which is aitiahzation time period for filling
vehicles into the network. Evacuees are assumée taware of the evacuation with a
random delay time as the evacuation starts. FKagetihousehold vehicles who return to
their homes first, before they evacuate together siagle unit, a dynamic delay time for
the family to pack essentials and valuable itemesgimed to vary uniformly between 0

and 30 minutes.
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The elapsed time for a percentage of residentsritceaat the boundary link, and the
percentage population to be evacuated, are usedetigcs to evaluate the evacuation

performance.

Figure 4-2 shows the traffic flow performance und¥ consolidation, 50%
consolidation, and 100% consolidation scenarios.he lue line represents the
performance of the 0% consolidation scenario, tekow line the 50% consolidation
scenario, and the pink line the 100% consolidasicenario. As expected, the scenario
with all families consolidating before the evacaattakes longer to fully evacuate than
the 0% consolidation scenario. An interesting ghis that the 50% consolidation and
100% consolidation curves end at the same timegiwimeans to evacuate 100% of the
population, the model suggests it will take the saime for the 50% consolidation

scenario and the 100% consolidation scenario.
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Figure 4-2 Performance of consolidation by household under three scenarios with
low demand

97



Furthermore, Figure 4-3 shows the consolidatioiosatvith 10% increments. This
figure shows that the times for evacuating 100%the population from the 10%
consolidation scenario to the 100% consolidati®@nado are almost identical. However,
for evacuating 90% of evacuees, the 10% consadidaticenario takes about 3200
seconds, the 30% consolidation scenario takes al3®@@0 seconds, the 50%
consolidation scenario takes about 4250 secondsthen 100% consolidation scenario
takes about 4500 seconds, which lead to signifigadifferent performance. Many
previous studies (Sheffi et al. 1982, KLD 1984, &wmhand Crous 2000, Tuydes and
Ziliaskopoulos, 2004, etc.) used the time to eveeual evacuees outside of an
evacuation area as one of the primary measureSeatiegeness (MOES) for evacuation.
The reason is that it is easy to talk about 100%ceees being evacuated. However, in
reality, people do not use the 100% since someopsmay not leave the area at the end
of the evacuation. A more common metric is to t8B&o of evacuees out of the network.
As shown in Figure 4-2 and 4-3, it does make eetbfice. Therefore, we use 90% as a

metric as suggested by the simulation.

Figure 4-3 also reveals that, as the consolidaates go from 0% to 50%, the differ
more in their upper portions, which represent @ half of the evacuees. When the
consolidation rates are higher, from 60% to 100%,lower portions of the curves differ

the most, corresponding to the first half of tha@ees.
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Figure 4-3. Performance of consolidation by household under various scemas with
low demand

Furthermore, as documented in Table 4-1, the et@cuame for 90% of vehicles for
the 0% consolidation scenario is about 3000 secamus for the 100% consolidation
scenario it is about 4500 seconds, which is 50%dorthan 0% consolidation. This
result agrees strongly with the results of 50% é&nid) evacuation is preceded by the
members meeting at home, as obtained by MurrayeTantd Mahmassani (2003, 2004).
Besides, our results also show that, with halfhef tamilies consolidating as a unit for
evacuation, it takes about 4250 seconds, whichpsoximately 42% longer to evacuate

90% of the families compared to no families cordating.
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Table 4-1. Network clearance time of various scenarios with low traffic volume
situation

Time (sec) 100% | 90% | 80% | 70% | 60% | 50% | 40% | 30% | 20% | 10% | 0%
0
Conso?ig)ation 3240 | 2960 | 2760 | 2600 | 2400 | 2250 | 2040 | 1860 | 1700 | 1500 | O
0
Conslo?i%:tion 5200 | 4500 | 4200 | 3950 | 3750 | 3560 | 3420 | 3200 | 3000 | 2660 | O
0
ConS(S)I(i)d/;tion 5200 | 4250 | 3850 | 3500 | 3120 | 2950 | 2700 | 2350 | 2000 | 1650 | O

Figure 4-4 shows the trend from a different perspec It shows that the yellow bars,
which come from the 50% consolidation scenario,cmee to the blue bars, which are
for the 0% consolidation scenario, at the right ehthe figure when evacuating 10% to
20% of the people. The main reason is that ab#ggnning of the evacuation, there are
more non-consolidated vehicles that take the skibpath to the safety, so those are the
same group of vehicles to be evacuated for bot@¥hand 50% consolidation scenarios.
Later on, at the left end of Figure 4-4, to evael®1% to 100% people, the yellow curve
gets closer to the pink one, which is for the 10€86solidation scenario. It shows that
there are more and more families who finished theirsolidation process entering the
network at the final stage of the evacuation. Bseahe yellow curve is not increasing
linearly from the blue curve to the red one, it Wdobe unwise to simply interpolate

between the two extreme scenarios.
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Figure 4-4. Comparison of arrival time of various scenarios with low demand
situation

The study of consolidation by household evacuasioows a significant difference in
evacuation time compared to the assumption of \akeees taking the shortest route
from the danger. In this study, the inbound floengrated by the 100% consolidation
scenario delay the process of the traffic leaving metwork. In contrast, in the 0%
consolidation scenario, all vehicles leave the netwmmediately from the start of the
evacuation. Therefore, it takes longer for the %00onsolidation scenario to fully
evacuate than the 0% consolidation scenario. Hewat/also raise the question: once
the traffic flows become heavy in the studied nekydf all vehicles take the shortest
route to safety under the 0% consolidation scenaithere a chance that the network
will be congested by these vehicles so that nocao#d move? If this were true, the

scenario in which all vehicles leave immediatelyyrtake longer to fully evacuate than if
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all families consolidated before the evacuatiomisTscenario will be investigated in the

next section.
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4.2 Consolidation Pattern with Heavy Demand

After the evacuation begins, there is a rapidlingsdemand in the network, especially
for emergency events that have no early warningss gives rise to the question: what
will happen to the traffic patterns that incorper&iousehold consolidation under such

heavy demand situation?

In this section, we investigate this problem by dumting a case study of how the
traffic pattern changes with different householdsmidation behaviors under heavy
network demands. We also compare the resultsr@atdrom this study to those from

the previous section.

The simulation test network used for this case ystisdthe same as the one we
described in section 4.1. In addition, in thisecathe network is seeded with 5,000
families and 100,000 vehicles, which represent asfp@lemand situation. There is an
initialization time period t = 20 minutes in themailation, which allows more vehicles to

fill into the network.

Next, we conduct the case study by identifying éffects of the heavy demands on
the following three scenarios. In this case, 0%sotidation scenario has all vehicles take
the shortest route to safety, 100% consolidatioenado has all families consolidate
before the evacuation, and 50% consolidation saer@as fifty percent of families

consolidate before the evacuation.
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The simulation results are summarized in figure 4H5shows that, in contrast with
those results from the consolidation by househaeénarios under low demands in
section 4.1, in this case, with the heavy demadsconsolidation scenario will take the
longest time to fully evacuate compared to 50% cliiation and 100% consolidation
scenarios. This is an important result, becaussuggests that it may actually be
detrimental to have a very high percentage of \lehiattempting an outbound movement
simultaneously, because they over-congest the mietworhis is not necessarily a
controllable outcome — people will presumably rettnome and possibly consolidate
regardless of instructions from the government t-ibbdoes shed considerable light on
what the most useful and efficient traffic managetrstrategies for evacuations might be,

like staged evacuation.

A confounding factor, however, is the fact that thember of vehicles departing the
network is different under the scenarios. With enoonsolidation, the ultimate number
of vehicles attempting to depart the network deswea which suggests decreasing

amounts of congestion at the exits.
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Figure 4-5. Performance of various scenarios on the studied network — heavy
demand case vs. low demand case
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The differences between heavy and light trafficunaés are demonstrated in Figure
4-6. From these two figures, we observe that, whth low demand, the yellow curve
gets closer to the blue curve from 10% to 20% aifceation, and gets closer to the red
curve from 90% to 100% of evacuation. However,hwibhe high demand, when
evacuating 10% to 40% of evacuees, the yellow cisretose to the blue curve, and then
from 50% to 100%, the yellow curve gets close ® ithd one. In particular, there are
significant differences among the three curves wiheomes to evacuate 80% to 100%

of population.

The main reason is that, if all vehicles take thertest route to safety, they congest
the network exits. In addition, these vehiclesrfdines that spill back quickly, and
create congestion at other parts of the netwoltis iE a “compounded” effect and means

that more people cannot move.
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Figure 4-6. Comparison of arrival time of various scenarios with heavy demand vs
low demand situations

Figures 4-7, 4-8, and 4-9 highlight the differenbesween heavy and light traffic
demands under different consolidation scenarias. ekample, in Figure 4-7, it indicates
that, with 0% consolidation scenario, it takes sgigantly longer to evacuate 0% to 100%
of population with the high demand situation. ligufe 4-8, with 50% consolidation
scenario, to evacuate 0% to 40% of evacuees, tredamand case takes less time than
the low demand case. However, to evacuate theimargeb0% to 100% of evacuees, the
high demand case takes longer than the low demasel cin Figure 4-9, with 100%
consolidation scenario, it also takes dramatidalhger for evacuating different fractions
of evacuees with the high demand situation. Bssideese figures show that low
demand has a linear trend, while high demand idrgtia trend. Therefore, it is difficult

to estimate the consolidation behavior effects uadeigh demand situation.
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Figure 4-9. Comparison of percent of vehicles evacuated with low vs. high dend
under 100% consolidation scenario

Quantitatively, as shown in Table 4-2 and Figur® #he evacuation time for 90% of
vehicles for the non-consolidation scenario is abbl100 seconds, and for the all-
consolidation scenario is about 5700 seconds, wikiebout 50% shorter than the non-
consolidation scenario. The results reveal that eavy demand has a significant

influence on the traffic patterns with householchsidation during an emergency

evacuation.

Table 4-2. Arrival time of various scenarios with heavy demand situation

Time (Sec) e I 2l I 1010 I
Consolidation | Consolidation | Consolidation
100% Evacuated 14000 11350 8500
90% Evacuated 11000 8100 5700
80% Evacuated 8400 6500 5100
70% Evacuated 7000 5100 4600
60% Evacuated 5450 4250 4250
50% Evacuated 4150 3850 4050
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40% Evacuated 3450 3400 3850
30% Evacuated 2900 2900 3600
20% Evacuated 2400 2400 3200
10% Evacuated 1850 1900 2700
0% Evacuated 0 0 0

Next, we simulate the aforementioned case with @@ement in the percentage of
family consolidation. The simulation results afeown in Figure 4-10, which is
compared with the figure from the low demand studyigure 4-10 reveals that at the
beginning, from 0% of families consolidating to 4@¥families consolidating, there is
no obvious difference between low demand and haghahd results. The turning point
occurs when the consolidation rate increases fro% tb 50%. The changes from 50%
to 100% are more significant than those from 0%Q&6, where each increment pushes
the curve to the left side only slightly. Thesesules emphasize the impact of

consolidation of household on the traffic pattewnith heavy demand situation.
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Figure 4-10. Performance of various scenarios on the studied network — heavy
demand vs. low demand

It is very important to remember what real effemhsolidation has. If we had stuck

with Figure 4-10, one might conclude that consdiaia improves the evacuation
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performance, but the top graph in Figure 4-10 ssiggthat this is not the case. The
reason is that the consolidated vehicles have rpeople in them. Therefore, in the
100% consolidaton scenario, the number of depasatgcles is less than it would be
otherwise. Figure 4-11 shows the total numberatficles to have arrived at the shelter
among different consolidation scenarios. It shoket the 100% line is always behind
the 50% line in time, which is in turn always behithe 0% line, as we would

expect.
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Figure 4-11. Total Number of Vehicles Being Evacuated under Heavy Demand
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Figures 4-12 and 4-13 shows the actual vehiclesnikveled and the average speed
for vehicles being evacuated, respectively. Itwahthat with high consolidation rates,
extra vehicle miles traveled are incurred to acdshghe consolidation. The average
speed shows the network congestion level. Thesdtsevalidate that with high demands,
low consolidation rates seem to produce the longeatuation times, which means a
very high percentage of vehicles attempting an @mutd movement simultaneously so
that the network becomes over-congested. TheseeBgare also further evidence of the

importance of having a good estimate of percertvatuees likely to consolidate.
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Chapter 5: Directional Flow Study

In this chapter, we investigate the traffic volunsgering and leaving the network, as
family consolidation is believed to have an impaat such traffic flow patterns. As
discussed previously, the study of directionalficaffow plays a critical role in making
evacuation management strategies such as the usentf-flow and signal control
operations. However, incorrect assumptions of @ses’ behaviors could lead to
ineffective use of these strategies, which may elesw the evacuation rate rather than

increase it.

5.1 Overview

In this case study of directional flow, we use g@mme network as described in the
previous section. The network is seeded with 5f@étllies and 100,000 vehicles, which
represent a heavy demand situation. An evacuatider is assumed to be given after
twenty minutes of the simulation. Due to the dslag the dissemination of the
evacuation order, evacuees are assumed to be aivdahe evacuation with random
delays between 0 and 30 minutes, distributed umifpr For those homebound vehicles
who return to their homes first, a delay time tisaised for the evacuation preparedness
for this family is assumed to vary between zero laalfl an hour. These numbers are for
illustration purposes; any distributions can beomporated into the API tool. In this
study, as shown in Figure 5-1, we assume that #werdour shelters, one in each of the

four directions of the network.
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Figure 5-1. Simulated road network with a few picked links

Next, we investigate directional link flows by ugithe API tool we proposed in
chapter 3. The simulation results are generatethéothree scenarios, which include i)
no family consolidation, ii) 50% of families congtdted, and iii) all families consolidate
before the evacuation. We identified a few freewals that carry significant volumes
as shown in blue in Figure 5-1. Links 1, 3, arat® eastbound links and links 2, 4, and 6

are westbound ones.
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5.2 Study Results on Links #1 and #2

In this part, we study the directional flows on thaer of links located on the west of the
network. For the pair of links 1 and 2, twestbounddirection is the direction to leave
the network. Figures 5-2, 5-3, and 5-4 show th#itrflow on links 1 and 2 under the
0%, 50%, and 100% consolidation rates. The blus bepresent traffic flows on the
eastbound link, and the pink bars the westboundisflo As shown, for the three
consolidation scenarios, the westbound flows aeeike than the eastbound ones. Not
surprisingly, the 100% consolidation scenario Hees highest eastbound flows, which
represent significant numbers of vehicles travelogtrary to the primary evacuation
direction in order to consolidate. It should alse noted that the evacuation times

increase with the increasing percentage of corestotid rates.

0% consolidation scenario @ Link 1
| Link 2

link flow

000 time (seconds)
©

Figure 5-2. Directional flow counts on link 1 and 2 under 0% consolidatedcsnario
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Figure 5-4. Directional flow counts on link 1 and 2 under 100% consolidated
scenario
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These findings reveal that as the consolidatioresrancrease, inbound traffic
continues to increase for some time after theaitiith of the evacuation, which leads to

the longer evacuation time.

As mentioned earlier, one of the most popular eation strategies is the contraflow
operation, which converts one or more of the inlablames to outbound ones. In this
study, as documented in these figures, the ap@tepturning point to reverse eastbound
lanes at link 1 to westbound for Scenario 1 is 44@00 seconds, as some vehicles try to
turn around using the freeway link when the evaonastarts. For Scenario 2 the
appropriate time is about 4800 seconds, and fon&@u® 3 it is about 5400 seconds.
Thus, this study shows that the consideration Ibcinsolidation could delay the turning
point in a contraflow operation by about 30 perceompared with no consolidation.
This is an interesting finding as the inappropriatplementation of contraflow strategy

may cause deterioration of the network congestioing the evacuation.
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5.2 Study Results on Links #3 and #4

In this part, we study the directional traffic flewan the first pair of links located on the

east of the network. This pair of links, i.e. liBkand 4, as shown in Figure 5-1, is located
at the east section of the studied network, and the eastbound direction is the primary
direction to leave the network. The study of lirkkand 4 produces symmetrical results

as those from the link 1 and 2, as might be explecte

Figures 5-5, 5-6, and 5-7 show the network perforweaunder three different
consolidation scenarios, i.e. 0%, 50% and 100%almlzions. In this case, we have the

blue blocks represent traffic flows on the westlbuimk, and the pink blocks the

eastbound flows.
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Figure 5-5. Directional flow counts on link 3 and 4 under 0% consolidatedcenario
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Figure 5-6. Directional flow counts on link 3 and 4 under 50% consolidated snario
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Figure 5-7. Directional flow counts on link 3 and 4 under 100% consolidated
scenario

As displayed in these figures, with the increasthefconsolidation rates, the westbound
flows grow higher and the total evacuate time tdomger. This trend is consistent with

what was observed with the western links. In paldr, quantitatively, the turning point

121



to reverse westbound lanes at link 4 to eastbasid@00, 5100, and 5400 seconds for the
Scenario 1, 2 and 3 correspondingly. This studg aidicates there is about 30% delay
in determining the turning moment of a contraflotrategy when full consolidation is
considered. These persistent results are antdpéecause as shown in the Figure 5-1,
the pair of links 1 and 2 is symmetrical with th&rpof links 3 and 4 in the network.

Except for some stochastic variation, the two itssarle identical to each other.
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5.3 Study Results on Links #5 and #6

This section studies the second pair of links ledatn the east of the network. In this
case, the eastbound direction is still the directmleave the network, as this pair of links
5 and 6, is located at the east quarter of thear&wComparing with the previous pair of

links 3 and 4, this pair of links is one step ctdasethe shelter, as shown in Figure 5-1.

The simulation results of directional flow on tipiair of links for the three different
consolidation scenarios (i.e. 0%, 50% and 100% alategion rates respectively) are
displayed in Figures 5-8, 5-9, and 5-10 respegtivéls shown, the results for the turning
point in this case are about 4200, 4500, and 48@0rls for the Scenario 1, 2 and 3
respectively. That is to say, high consolidatiates could delay the turning point to

reverse the inbound lanes to outbound.
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| Link 5
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Figure 5-8. Directional flow counts on link 5 and 6 under 0% consolidatedcenario
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Figure 5-9. Directional flow counts on link 5 and 6 under 50% consolidated snario
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Figure 5-10. Directional flow counts on link 5 and 6 under 100% consolidated
scenario

Results from these figures reveal that, compariitg the previous links, this set of

links has earlier turning points and heavier outlublink flows. This is because, given

the geometry of the test network, the traffic & tutside of the network is heavier than
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the inside once the evacuation begins. Besideshtlusehold consolidation behaviors

lead to a substantial portion of inbound traffi¢ted beginning of the evacuation.

To further investigate this issue, a comparisonmade between each of the
directional links from the two pairs of links thate located at the east quarter of the
network. Namely, we compare the eastbound flowwsdxen link 3 and link 5, and the

westbound flows on link 4 and link 6.

Figures 5-11, 5-12, and 5-13 show the link flowghe eastbound direction for all
three consolidation scenarios, i.e. 0%, 50%, ar@f/d@onsolidation rate, respectively.
As shown, overall, the outer link 5 that is clogethe network boundary (i.e. the shelter)
carries more traffic than the inner link 3. As gensolidation rate increases, there are
significant differences of link flows between lirkkand link 5. The outer link carries
more outbound flow than the inner link at the begig of the simulation. Later on, with

more consolidated vehicles into the network, tierdink flows turn heavier.
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0% Consolidation Scenario (Eastbound)
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Figure 5-11. Directional flow counts on eastbound links under 0% consdiated

scenario
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Figure 5-12. Directional flow counts on eastbound links under 50% consolided

scenario
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100% Consolidation Scenario (Eastbound)
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Figure 5-13. Directional flow counts on eastbound links under 100% consobted
scenario

The link flows on westbound links 4 and link 6 the three different consolidation
scenarios are shown in Figures 5-14, 5-15, and Bedpectively. As shown, with 0%
consolidation, there are fewer vehicles on linkvBjch is an inbound link at about 65%
of the distance from the population center. As tbasolidation by household rate
increases, the inbound flows on both links incresageificantly. Later on, closer to the

end of the evacuation, fewer inbound vehicles arthe outer link 6.
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0% Consolidation Scenario (Westbound)
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Figure 5-14. Directional flow counts on westbound links under 0% consalated
scenario
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Figure 5-15. Directional flow counts on westbound links under 50% consdiated
scenario
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100% Consolidation Scenario (Westbound)
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Figure 5-16. Directional flow counts on We_stbound links under 100% consdated
scenario
Therefore, with the traffic flow pattern disclosky this study, a proper sequence of
reversing lanes, if staged evacuation is consideseftiom the outer side of the network
to the inner side. In this way, it can help redthee bottleneck and chaos in the network
that would be caused by the consolidation by haoulgelibehavior in the period

immediately following the disaster.
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Chapter 6: Information Dissemination and Evacuefizvareness

In this part, we examine the evacuation dynamids Wwousehold consolidation under
extended conditions, which include: (1) how thecefhcy of evacuation information is

disseminated, and (2) how much preparedness tienevidicuees have for the evacuation.

6.1 Information Dissemination Delays

In this study, we investigate the influence of thelay of evacuation information

dissemination, namely, how long it takes for theaamation order to reach each
individual. As noted in chapter 3, there are npldticlasses of drivers who are in a
number of different states on the studied netwdnkemwthe evacuation starts. There were
three sub-models developed, i.e., the sub-modgkbfo-be-released vehicles, the sub-
model of en route vehicles, and the sub-model e vehicles (corresponding to the
sections 3.6, 3.7, and 3.9). Vehicles in various-mwdels handle information delays

differently.

As studied in the previous section, the same nétwardel is used with high demand
flows, i.e., the network is seeded with 5,000 fasiand 100,000 vehicles. Evacuation is
also assumed to start after a quarter of an hotlreo$imulation with low traffic volumes.
The time for a percentage of vehicles to arrivéhatshelters or other destinations, and
the cumulative population to be evacuated, are @ded as measures of effectiveness for

evacuation performance in this study.
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We study the evacuation information disseminati@iays in this part with 0%
consolidation rate. The delays consist of the aness time and revision time, which are
presented in details in section 3.6 and 3.7 repmdgt Generally, the awareness time
represent the delays for a yet-to-be-released Metocreceive the information about the
evacuation, while the revised time stands for tifermation delays for those vehicles
that have to change their destination en routetoltiee evacuation. Per the discussion in
chapter 3, these delay times vary by each persoo&ion, his/her planned destination,
his/her current activity, and other issues suchwasther or not the person has to
consolidate with other family members. In thisecasudy, we assume that both the
awareness time and revised time are random vasiabith a uniform distribution
between 0 and 30 minutes. The mean of the detay i 15 minutes. This distribution
is used only for the illustration purposes. Useaa put any specific distribution they

want into the API tool.

Simulation results are shown in the Figure 6-1 &1 The blue line represents the
network performance without the information deland the pink line is with the
information delay. It indicates that the “with amfation delay” curve from the
simulation runs has a similar pattern as the “withaformation delay” curve, but a shift
to the right side, compared to the one from théout information delay runs. In other
words, with the consideration of information delajtstakes longer to evacuate all
evacuees. The reason is that for the without mé&pbion delay scenario, it simply
assumes immediate departures for all the evacuees the evacuation is ordered.

Quantitatively, as shown in Table 6-1, the elaptiete for evacuating 90% of the
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population with considering the information delay11000 seconds. Comparing with

8400 seconds in the scenario without informatidayjet increases about 45 minutes.

—e— without information delay

—&— w ith information delay
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Figure 6-1. Comparison of percentage of vehicles evacuated with/without
information delay

Table 6-1. Comparison of times for evacuating different percentage of evacisee
with/without information delay

Time (sec) |100% | 90% 80% 70% 60% 50% 40% 30% 20% 10% 0%

Without
Information | 10800 | 8400 | 6300 | 5400 | 4200 | 3200 | 2650 | 2350 | 2050 1680 0
Delay

With
Information | 14100 | 11100 | 8400 | 7000 | 5400 | 4200 | 3450 | 2950 | 2400 | 1900 0
Delay

Increase 3300 | 2700 | 2100 | 1600 | 1200 | 1000 800 600 350 220 0
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Figure 6-2. Comparison of percentage of vehicles evacuated with/without
information delay

From this case study, it can be seen that the atiaouperformance metrics that we
evaluated were sensitive to the information dissation delays. Therefore, this is an

important parameter to estimate as correctly asiples
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6.2 Evacuation Preparedness

In this section, we study the evacuation preparesitiene. We assume that there is a
preparedness time for vehicles that arrived at htongrepare for the evacuation. For
example, with a family that has more than one iedéeent family member, some
members who arrived at home may find out abougtlauation and start packing items
while waiting for other members. Once the lastifammember arrives at home, the
whole family can leave together immediately. lhestwords, the departure time of the
new consolidated trip equals the maximum time betwtbe last family member’s arrival
time and the earliest time at which someone inféingily was aware of the evacuation
plus an evacuation preparedness time. In this sth@ypreparedness time is assumed to
be a random variable with a uniform distributiortivizeen 0 and 30 minutes. The mean of
the preparedness time is about 15 minutes. Adgaendistribution is only for illustration

purposes.

The simulation results are presented in Figure 6H3demonstrates the closeness
between the results from the “with evacuation pregaess” scenario and those from the
“without evacuation preparedness” scenario. In“thighout evacuation preparedness”
scenario, the departure time of the new consolkitiaie simply equals the last family
member’s arrival time plus a random delay. In thdth evacuation preparedness”
scenario, the departure time = max {last family rbers arrival time, earliest time at
which someone in the family was aware of the eviamoprdelay. The “with
preparedness” curve from the with evacuation pesragss scenario is shifted to the left

side of the without preparedness scenario. Itcatds that, when considering the
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preparedness of the evacuation among family memtie¥svacuees start to evacuate a
little bit earlier. The reason is that in the ‘Mout evacuation preparedness” scenario, we
simply add a random delay time to the family’s adiakated trip, however, in the “with
evacuation preparedness” scenario, the departueedf the new consolidated trip is the
maximum time between the last family member’'s atritme and the earliest time at
which someone in the family was aware of the evamniaplus a random preparedness
time. In this way, the whole family will not waiintil all members’ arrival to start
preparing for the evacuation, which is more realisfThus, it causes that, in the “with
evacuation preparedness” scenario, the consolidateiies start to evacuate earlier than

those in the “without evacuation preparedness” agen
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Figure 6-3. Comparison of percentage of vehicles evacuated with/withoutaeuation
preparedness
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6.3 Information Dissemination Delays and EvacuaRoeparedness

In this part, we consider a scenario that consist®oth information dissemination delays
and evacuation preparedness simultaneously. Is thise, both the information
dissemination delay and the preparedness timeasmdom variables between 0 and 30
minutes. The same network model is used with digimand flows, i.e., the network is
seeded with 5,000 families and 100,000 vehiclebe purpose of this study is to show
that, if there are data for both information detnd the evacuation preparedness time,

how the factors affect the evacuation together.

Figure 6-4 gives an illustration of the simulatioesults between the “without
information dissemination delays or evacuation gregness” scenario and the “with
information dissemination delays and evacuationpgmedness” scenario. At the
beginning of the evacuation, in the network, thare more individual vehicles that
respond to the evacuation by taking the shorteft fmasafety. Therefore, due to the
consideration of the possible delays in evacuatidormation dissemination, it takes
longer to evacuate the 10% to 15% of evacueesh®ofwith information dissemination
delays or evacuation preparedness” scenario. Lateghe evacuation, when more
families who finished their consolidation processee the network to evacuate, the “with
information dissemination delays and evacuatiopgmedness” curve gradually becomes
higher than the other one, as the preparedness ttiaie each family has for the

evacuation has been taken into consideration.
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Figure 6-4. Comparison of percentage of vehicles evacuated with/without
information dissemination delays + evacuation preparedness
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Chapter 7: Demographics and Geography

In the previous chapters, we discuss that somécti@iaracteristics, such as the traffic
demand, information dissemination delay, and theetthat evacuees prepare for the
evacuation, has an impact on the household comrd@id evacuation. There are also
some other factors that might affect household @ltetion behaviors during an
evacuation, such as the number of vehicles in alyamme number and location of
shelters in the network, and so on. In this chapte perform two studies to investigate

demographics and geography issues that affectvémuiation with consolidation.

7.1 Distribution of Vehicle Ownership among Houdeo

Different number of vehicles in a family may haviéfedent affect on the network
performance during an evacuation. In the studyresented in the chapter 4, we adopt
the following distribution of vehicle ownership: @0of the families own a single vehicle,
40% of them own two, and 10% own three. No houlskbwns more than three vehicles.
With this distribution, the average households haweumber of 1.6 vehicles. On the
other hand, according to data from the Bureau ah3jportation Statistics (RITA, 2001),
the average households have 1.8 drivers. It aldizates that “households with more
members are likely to have more personal vehickeslable for regular use. For
example, single-person household average abouvetmele while households with two
members average about two vehicles. However, holdekvith seven or more members

average about 2.8 personal vehicles.” (RITA, 2001)
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Therefore, in this study, we adjust the distribatiof vehicle ownership as: 30% of
families have one single vehicle, 50% of them htave vehicles, and 20% have three.

The mean number of the household vehicles is 2.2.

We use the same network as the one we describsztiion 4.1 to test the change of the
distribution of the number of vehicles in houselsoldHigh demand traffics, i.e. 5000
families and 100,000 vehicles, are loaded intonggvork. The initialization time period
is t=20 minutesin the simulation, which allows vehicles to filltsnthe network before
the start of the evacuation. Three scenarios attmutatios of family consolidations,

namely, 0% consolidation, 50% consolidation, an@%@onsolidation, are examined.

Figure 7-1 shows the comparison results betweeditfexent distributions of household

vehicle ownerships. It is very clear from the figthat the more families have more than
two vehicles, the longer evacuation time it tak&€®r example, under 0% consolidation
scenario, for evacuating 90% of population in thsec(a) in Figure 7-1, it takes about
12,000 seconds, which is a slight higher than thd 0 seconds in the case (b) for
evacuating the same percentage of evacuees. Theserical results are summarized
into table 7-1. This suggests that if the studieea’s average household own more

vehicles, the expected network clearance time neajogger.
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Figure 7-1. Performance of various scenarios on the studied network for lele
ownership study
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Table 7-1. Network clearance time of various scenarios with different digbutions
of household vehicle ownerships

Case (a) - 30% of families own one vehicle, 50%hem own two, and 20% own three

Time (sec) 100% | 90% | 80% | 70% | 60% | 50% | 40% | 30% | 20% | 10% | 0%

0%
Consolidation | 15300 | 12000 | 9000 | 7500 | 6000 | 4500 | 3700 | 3000 | 2450 | 1950 0

50%
Consolidation | 12300 | 9000 | 7400 | 5700 | 4700 | 4150 | 3750 | 3150 | 2600 | 2050 0

100%
Consolidation 8400 | 6600 | 5850 | 5150 | 4800 | 4550 | 4300 | 4100 | 3700 | 3050 0

Case (b) — 50% of families own one vehicle, 40%hem own two, and 10% own three

Time (sec) 100% | 90% | 80% | 70% | 60% | 50% | 40% | 30% | 20% | 10% | 0%
0%
Consolidation 14000 | 11100 | 8400 | 7000 | 5450 | 4150 | 3450 | 2900 | 2400 | 1850 | O
50%
Consolidation 11350 | 8100 | 6500 | 5100 | 4250 | 3850 | 3400 | 2900 | 2400 | 1900 | O

100%
Consolidation 8500 | 5700 | 5100 | 4600 | 4250 | 4050 | 3850 | 3600 | 3200 | 2700 | O

Figure 7-2, 7-3, and 7-4 illustrate how the evaicmatimes for each scenario of
household consolidation vary with different houddheehicle ownership distributions.
As mentioned previously, we study two sets of thstions:

Case (a) - 30% of families own one vehicle, 50%heMm own two, and 20% own three.
Case (b) — 50% of families own one vehicle, 40%hefm own two, and 10% own three.
These tends confirm that for all three consolidaseenarios, the households own more
vehicles take the longer to evacuate. Furthermwit all vehicles take the shortest
route to the safety immediately, the blue and pinkves almost end at the same time

when evacuating 0 to 30 percent of evacuees. Henvehere are differences in
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evacuating low percentage of evacuees in the 50%otidation and 100% consolidation
scenarios. In addition, the more consolidationosatthe higher differences in the

evacuation times.
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Figure 7-2. Comparison of percent of vehicles evacuated with differehibusehold
vehicle ownerships under 0% consolidation scenario
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Figure 7-3. Comparison of percent of vehicles evacuated with differehbusehold
vehicle ownerships under 50% consolidation scenario
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Figure 7-4. Comparison of percent of vehicles evacuated with differehbusehold
vehicle ownerships under 100% consolidation scenario
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7.2 Number of Shelters

The effect of different number of shelters on tleéwork was investigated. In the study
we performed in the chapter 4, we assume that teréwo shelters that locate in east
and south. In this study, we add two more shekliersorth and west, as shown in figure
7-5. During the evacuation, vehicles will travelthe closest shelter following certain

rules as we described in the chapter 3.

North Shelte

West Shelter East Shelter

South Shelte

Figure 7-5. Comparison of percent of vehicles evacuated with differehbusehold
vehicle ownerships under 100% consolidation scenario

Except for the two more shelters, other network daoons, like high demand,

initialization time, etc., are the same as we dbedrin the section 6.1. Different
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consolidation by household behaviors, like 0%, 5@%g 100% consolidation rates, are

investigated.

Figure 7-6 and 7-7 shows the comparison resultwd®st the four-shelter network and
the original two-shelter network. This is an iet&ing result, because it shows that as the
number of shelters increases, the total networlgestion decreases dramatically. It
indicates that, with four shelters, the networkf@enance with high demand is more
likely close to two shelters in low demand situatioThe numerical results from the

simulations are summarized into Table 7-2.
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Figure 7-6. Performance of various scenarios on the studied network for mber of

shelters study

Table 7-2. Network clearance time of various scenarios with défent distributions
of household vehicle ownerships

(a) four shelters with high demand

Time (sec) 100% | 90% [80% |70% |60% |50% |40% |30% |20% |10% | 0%
0,
Consoolic/ioation 6400 | 4400 | 3850 | 3550 | 3200 | 2900 | 2600 | 2300 | 2000 | 1700 | O
0,
Consgﬁd/:ltion 6100 | 4350 | 4000 | 3750 | 3450 | 3100 | 2800 | 2450 | 2100 | 1750 | O
0,
Conslooli%:tion 6750 | 4800 | 4450 | 4300 | 4150 | 4000 | 3800 | 3600 | 3150 | 2650 | O
(b) two shelters with high demand
Time (sec) | 100% | 90% [80% |70% |60% |50% |40% |30% |20% |10% | 0%
0,
Conso?ig)ation 14000 | 11100 | 8400 | 7000 | 5450 | 4150 | 3450 | 2900 | 2400 | 1850 | 0
0,
Consglci)d/;tion 11350 | 8100 | 6500 | 5100 | 4250 | 3850 | 3400 | 2900 | 2400 | 1900 | 0
0,
Conslooli%:tion 8400 | 5700 | 5100 | 4600 | 4250 | 4050 | 3850 | 3600 | 3200 | 2700 | 0
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(c) two shelters with low demand

Scenario | Scenario | Scenario
1 2 3

100% 3240 5200 5200

90% 2960 4500 4250

80% 2760 4200 3850

70% 2600 3950 3500

60% 2400 3750 3120

50% 2250 3560 2950

40% 2040 3420 2700

30% 1860 3200 2350

20% 1700 3000 2000

10% 1500 2660 1650
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Case (a) — four shelters with high demand
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Figure 7-7. Network clearance time of various scenarios with differentumber of
shelters
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Figure 7-8, 7-9 and 7-10 shows the time for evaogalifferent percentage of vehicles
for the three consolidation scenarios, i.e. 0%, 5@¥d 100% respectively. The
comparison is made among four shelters with higmatel, two shelters with high
demand, and two shelters with low demand. Theltseshow that, for all consolidation
scenarios, there are significant differences beatweer shelters and two shelters with the
same demands. Besides, the study shows that tineskelters have a more smooth

evacuation rate compared to the two shelters.
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Figure 7-8. Comparison of percent of vehicles evacuated with differenumber of
shelters under 0% consolidation scenario
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Figure 7-9. Comparison of percent of vehicles evacuated with differenumber of
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Figure 7-10. Comparison of percent of vehicles evacuated with differenumber of
shelters under 100% consolidation scenario
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Chapter 8: Summary and Conclusion

The primary goal of this dissertation is to betiaderstand the collective behavior of a
population during an emergency evacuation, and rmpeeifically, the effect that certain
family’s intent to consolidate and evacuate togetten have on overall evacuation
performance metrics. This kind of consolidatiorogass is usually ignored in the
academic literature. Efforts have been made is thssertation to investigate the
problems and to build a new tool to model peopé/acuation behavior, including the
household consolidation behavior. Other critisglies related to the evacuation, such as
information dissemination delays and evacuation ramess, and the network

demographics and geography, have also been inatsdig

The reminder of this chapter is organized as fallowThe first section presents a
summary of the research findings. The second wediscusses the future research

directions.

8.1 Summary of Research Findings

This dissertation includes a through review of tierature in this area. Chapter 2
includes an overview of the evacuation literatungportant features and limitations of

current evacuation models, and the existing obsiensof evacuation behavior patterns.

Extensive research has been conducted to studygenmr evacuation preparedness and

response processes. Some of them have concludedhidbsehold consolidation is an
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important issue for certain types of evacuatiotfowever, as shown in that chapter,
although there are a large number of studies that bheen conducted to measure traffic
engineering impacts of evacuations, the specificiasobehaviors of household

consolidation has not yet been fully explored, amate specifically, there is no reported
work that has assessed the influence of evacueesehold consolidation behavior on

various traffic conditions at a microscopic level.

Chapter 3 presents an approach to develop a sionHadsed tool to study emergency
evacuation that includes household evacuation betsavin this chapter, an Application
Programming Interface (API) is written to track miglass vehicles’ household

behaviors in both typical commuting traffic and egency evacuation.

This chapter introduces the modeling framework,dbeelopment of a hierarchical data
structure, and the initialization and sorting o€ tbata structure. Most important, it
introduces how the API tool deals with the vehidiegypical commuting traffic, and
how the tool model the behaviors of multi-clasvers who are in a number of different
states on the network respectively, such as ybetoeleased vehicles, en route vehicle,

vehicles that have already arrived, and vehiclékenconsolidation process.

In the Chapter 4, a primary application of the tdeVeloped in chapter 3 is provided. It
investigates the consolidation by household dutiregevacuation in both low demand
and high demand situation. It shows that, withvijgedemands, low consolidation rates

seem to produce the longest evacuation times whig at first seem counter-intuitive.
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This is an important result, because it suggestsitimay actually be detrimental to have
a very high percentage of vehicles attempting attbaund movement simultaneously,
because they over-congest the network. This isqeo¢ssarily a controllable outcome —
people will presumably return home and possiblysotidate regardless of instructions
from the government — but it does shed consideriadgté on what the most useful and

efficient traffic management strategies for evaicunst might be, like staged evacuation.

Chapter 5 investigates the traffic volumes enteangd leaving the network, as family
consolidation is believed to have an impact on dtedfic flow patterns. It indicates that
high consolidation rates could delay the turningnpto reverse the inbound lanes to
outbound.  This is an important result, becauseshibws that inappropriate

implementation of contraflow strategy without calesing people’s household
consolidation behavior may cause the network cdiggeso be detrimental during the
evacuation. This chapter also reveals that if clbdation as family unit takes

precedence, there is a substantial portion of inotraffic at the beginning of the

evacuation. Therefore, a proper sequence of negetanes, if staged evacuation is
considered, is from the outer side of the networthe inner side. In this way, it can help
reduce the bottleneck and gridlock in the netwdnkttcaused by the household

consolidation flows in the period immediately fallmg a disaster.

Chapter 6 examines the evacuation dynamics withsdimald consolidation under

extended considerations, which include the efficyerof evacuation information

dissemination, and the preparedness time the essaduave for the evacuation. The
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results show that consideration of information gelfaas a significant impact on the
network performance. Besides, in combination i preparedness time that evacuees
may have, it shows that it is more realistic tdude the communications between family

members so that the total delay time could be @secka lot.

Chapter 7 discusses that some demographics andagéggfactors that might affect
household consolidation behaviors during an evamuasuch as the number of vehicles
in a family and the number of shelters in the nekwdt shows that these factors have an
impact on the evacuation performance in the incafpmn with the evacuees’ household
social behaviors. Moreover, the number of shelf#eys a more critical role. The
increase of the number of shelters can signifigadécrease the congestions in the

network, and produces a more smooth evacuation rate
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8.2 Future Research

The work conducted in this dissertation leads tedhpossible future directions. First,
other road networks with real demographic, geogcabhand archived evacuation
information need to be investigated. In this disg®n, we only examined a virtual
network and provided a starting point. More expemts with some real networks
should be conducted in order to examine whether résearch findings from this

dissertation are transferable to other networks.

Second, there are some interesting specific stutlias can be performed with the
proposed approach and tool from this work. Fomgpla, if there is an emergency event,
like a chemical leak or man-made disaster, howicafitcomponents affect the
performance of the evacuation, such as the locatighe incident, its distance from the
city center, the exit location, the locations ofidential centers, and the percentage of

consolidation.

Third, a more thorough investigation of contra-floperations could be conducted for a

specific network and demand distribution.
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Appendix A: Paramics APl Code

#define QPV3_TYPES

#include <stdlib.h>
#include <stdio.h>
#include <string.h>
#include <math.h>

#include "programmer.h"
#include "plugin_p.h"
#include "Data_Structr.h"

static float g_Evacuation_Start Time = 1200;
static float g WarmUp_Time = 18;

static VEHICLE * testvehicle;
static int g_altcolor = 1;

static int g_firstVehicle = 0;

static int g_trackVehicle = 20002;

static int g_nFamilies = 10000;

static int g_nNewTripDummyVehs = 1000;

static int g_nEvacDest = 4;

static int g_SimulationTime = 1440;

static int g_nTotalVehs = 100000;

static int g_nEnRouteVehs = 0;

static float g_max_Time=1000000;

static float g_max_Time_2=999999; //initilizae "stay-at-home" vehicle

static float g_max_Time_3=2000000;

static float g WorkToHomeTrip_Delay = 28800.00; //This vehicle's departure time is 8-hr from
now

static int g_BoundaryZoneVeh = 20;

static float g_time_step=0;

static float g_time_step1=0;

static float g_agg = 300; //g_agg,Aggregation time interval is 300

static int g_ttVehCounts[10000]; //total link counts in a time interval for output purpose

static int g_tt[10000]; //total link counts in the planning horizon for output purpose

static int g_boundaryZone_North = 613;

static int g_boundaryZone_West = 614;

static int g_boundaryZone_South = 615;

static int g_boundaryZone_East = 616;

static int g_dummy_shelter = 700; //set a location (zone 700) for a dummy shelter (for yet to be
released vehicle to change destination later when en route)

static int g_dummy_home = 750; //set a location (zone 750) for a dummy home (for stay at
home vehicle's destination)

static int g_dummyDest = 800; //set a location (zone 800) for a dummy vehicle used for
generating new trip during a simulation

static int g_ArrivedShelterVehicle = 0;

static Bool evacuation_started=FALSE;

static Bool ytb_Veh=FALSE, enRoute_Veh=FALSE;
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struct Enroute_Vehicle *enroute_vehHeadPtr=NULL;
struct Enroute_Vehicle *enroute_vehTailPtr=NULL,;

/[Pointer always pointing to the head of the veh link list

struct Vehicle *g_VehList_headPointer=NULL;

/[Pointer to the current veh ready to be released to the network

struct Vehicle *g_VehPointer=NULL,;

struct Vehicle *g_LastVehPointer=NULL,;

struct Vehicle *g_ DummyVehPointer=NULL; //A Pointer always pointing to the head of the dummy
veh

struct Vehicle *g_LastDummyVehPointer=NULL; // A pointer always pointng to the previous head
of dummy veh list (initial state: pointing to the tail of the undummy veh)

struct Vehicle *g_NewTripVehPointer=NULL;
struct Vehicle *g_LastNewTripVehPtr=NULL;

FILE* g_Results;

FILE* g_Results_2;

FILE* g_Results_3;

FILE* g_Results_4;

FILE* g_Results_flow;

char fname[_MAX_PATH],fnamel[ MAX_PATH];;

char fname_flow[ MAX_PATH], fname_YTB[_MAX_PATH];
int g_totalLinks;

static Bool scenarioType[40];

static char *scenarioName[2]={"scenario 1","scenario 2"};

NET_USERDATA *netdata = NULL;

/* Function Prototypes */

static void pp_NormalRandomNum(float *, float *);

/Istatic void pp_insert_dummy_veh(VEHICLE*, VEHICLE*, VEHICLE?);
static void pp_init_data(void);

static void pp_sort_data(void);

static void pp_print_data(void);

static long pp_Bernoulli(double);

static long LocationGenerator(int, int);

static int VehicleGenerator(void);

static int VehTypeGenerator(void);

static int VehicleCapacityGenerator(void);

static int HomeboundGenerator(void);

static void pp_start_time_assign(int, float*);

static void pp_release_vehicle(int);

static float pp_Uniform(float, float);

static int pp_consolidated_dest(int);

static int VehicleODGenerator(void);

static double pp_triangular(double, double,double);

static void pp_draw_yet _to_be released_vehicles(void);

struct Vehicle

{
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int WorkLocation;
int HomeLocation;
int orgZone;

int desZone;

int capacity;

struct Vehicle* next;
float StartTime;
struct Family* fm_next;
float DelayTime;

int vehType;

int VehiclelD;

int NewDest;

float ChangeTime;
float AwareTime;

h
struct Family
{
int NumOfVehs;
int NumOfArrivedVehs;
int HomeLocation;
int HomeBound; //1-homebound (consolidated); 0-non-homebound (non-consolidated)
int FamilylID;
struct Vehicle* VehicleList;
struct Family* next;
h

typedef struct NET_USERDATA_s
int NumOfFamilies;
struct Family* FamilyList;

} NET_USERDATA;

void gpx_DRW_modelView(void)

{
gps_DRW_solid();
gps_DRW _ highlightLink(link, APl_RED);
gps_DRW_moveToVehicleHome(testvehicle);
gps_DRW_hollowCircleXY(0, 0, 10);
gps_DRW_vehicleTag(testvehicle, API_RED, 1, 3, scenarioName[1]);
gps_DRW _forceVisibleObjectsRebuild(TRUE);
gps_DRW _forceTimeStepRedraw(TRUE);
}
/*
* call gpx_NET_postOpen once when the full network has been read into modeller
* */
void gpx_NET_postOpen(void)
{
int zone = 0;
int iLinkldex;

gps_DRW _forceTimeStepRedraw(TRUE);

159



/* open the output file */
sprintf(fnamel,"c:/Arrived_Veh.dat");
g_Results=fopen(fnamel,"w");
fprintf(g_Results,"Origin  Dest HomelLoc WorkLoc Homebound StartTime\n");
fclose(g_Results);
/****End Open the fi|e*********************/

/IOpen the link performance file, comment it out when not required
sprintf(fname_flow,"c:/LP_Flow.dat");

g_Results_flow=fopen(fname_flow,"w");

fprintf(g_Results_flow,"Time Link_ID UpNode DownNode  Flow\n");
fclose(g_Results_flow);

g_totalLinks=qpg_NET _links();
for(iLinkldex=0; iLinkldex<g_totalLinks;iLinkldex++)

{
g_ttiLinkldex]=0;

/******************************************/

g_time_step1=0.5;
gps_CFG_timeStep(g_time_stepl);

g_time_step=gpg_CFG_timeStep();
g_time_stepl=gpg_CFG_timeStepDetail();

gps_GUI_printf("Code initiated\n");

/* call to initialize the data structures for Network, Family and Vehicle*/
pp_init_data();

/* call to sort the veh list according to the start time */
pp_sort_data();

/* call to print out the vehicle information after initilization and double sorting*/
pp_print_data();

/* Point to the head of the veh linked list */
g_VehPointer=netdata->FamilyList->VehicleList;

[* Pointer always point to the head of the veh linked list (head pointer)*/
g_VehList_headPointer=netdata->FamilyList->VehicleList;

/[This function is called for each zone in the network once per simulation time step.
void gpx_ZNE_timeStep(ZONE* zone)

{

float current_time, tempStart_Time;
float delay_a=0, delay_b=900;

int dest_zone;

int veh_id1=0, veh_id2=0;

int CurrentOriginZone, iidebug;
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Bool cont=TRUE;

struct Vehicle * veh_temp= NULL;
VEHICLE* vehicle_S1=NULL;
float test_x, test_y, test_z;

current_time = gpg_CFG_simulationTime();
CurrentOriginZone = gpg_ZNE_index(zone); //This function returns the network wide

index for the specified zone.

/[This part is used to generate the visualization
if(CurrentOriginZone == 1)

{
gpg_POS_crossHair(&test_x, &test vy, &test_z);
gps_GUI_printf("crossHair x=%5.2f, y=%5.2f, z=%5.2f\n", test_x, test_y, test_2z);
gpg_POS_viewPoint(&test x, &test_y, &test z);
gps_GUI_printf("viewPoint x=%5.2f, y=%5.2f, z=%5.2f\n", test_x, test vy, test_z);
}

/I release a vehicle from a double-sorted (by zone and time) vehicle list
while((g_VehPointer!=NULL) && cont)

{
if(g_VehPointer->StartTime<=current_time) //If the current veh start time less
than the current simulation time, release

if(g_VehPointer->orgZone ==CurrentOriginZone)

{
dest_zone = g_VehPointer->desZone;
/[Debugging

1 if(g_VehPointer->desZone == 616 && g_VehPointer->orgZone
==160) //&& qpg_VHC_startTime(vehicle)==2445.5)
1 iidebug=1;

/[End Debugging

if(g_VehPointer->vehType == 1){ //This is a type of at-home vehicle which won't
be released when evacuation starts

}

else

{

}

/lqps_GUI_printf("Veh scheduled to be released from Org %d to
Dest %d, at departure time : 9%5.2f\n", g_VehPointer->WorkLocation, g_VehPointer-
>Homelocation, g_VehPointer->StartTime);

g_LastVehPointer = g_VehPointer;

g_VehPointer=g_VehPointer->next;

/ldo nothing

pp_release_vehicle(dest_zone);

}
else
cont = FALSE;
}
else
cont = FALSE;
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Il yet-to-be-released vehicle's simulation
/IGO over entire link list at Zone 1 (the first zone) change the departure time, destination zone of
/lthe entire veh link list at zone 1 (the first zone)

veh_temp=g_VehPointer;
if(current_time>=g_Evacuation_Start Time-0.05 &&
current_time<=g_Evacuation_Start_Time+0.05 && ytb_Veh==FALSE)

{
ytb_Veh=TRUE;

/I This is used to create a report for checking yet-to-be-released vehicles. It should be
comment out when necessary

sprintf(fname_YTB,"c:/YTB_Released_Veh.dat");

g_Results_3=fopen(fname_YTB,"w");

while(veh_temp!=NULL&&veh_temp->StartTime!=g_max_Time)
{

dest_zone = veh_temp->desZone;
if (dest_zone == veh_temp->HomeLocation)

if(veh_temp->fm_next->HomeBound == 1) //is this veh a consolidated one?
{
if(veh_temp->StartTime < (current_time+veh_temp-
>DelayTime))
{ /lis this vehicle's planned trip earlier than evacaution time plus
delay?
veh_temp->ChangeTime = current_time + veh_temp-
>DelayTime; //set changetime to evacuation time + delay
veh_temp->NewDest = veh_temp->HomeLocation;
veh_temp->AwareTime = veh_temp->ChangeTime;
/ladd on 6/12/09
}

else

{
veh_temp->StartTime=current_time +  veh_temp-
>DelayTime; //set release time to evacuation time + delay
veh_temp->AwareTime = veh_temp->StartTime; //add

on 6/12/09
}
else if(veh_temp->fm_next->HomeBound == 0) //this vehicle is not a
consolidated one
{
if(veh_temp->StartTime < (current_time+veh_temp-
>DelayTime))
{
veh_temp->NewDest = g_dummy_shelter;
veh_temp->ChangeTime = current_time + veh_temp-
>DelayTime;
veh_temp->AwareTime = veh_temp->ChangeTime;
/ladd on 6/12/09
}
else
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veh_temp->StartTime=current_time +  veh_temp-
>DelayTime;

veh_temp->desZone =
pp_consolidated_dest(dest_zone); //Set its dest to the closest shelter

veh_temp->AwareTime = veh_temp->StartTime; //add
on 6/12/09

}

else //destination = home

if(veh_temp->fm_next->HomeBound == 1) //is this veh a consolidated one?

{
if(veh_temp->orgZone == veh_temp->HomeLocation) //origin =
home
{
if(veh_temp->StartTime <  (current_time+veh_temp-
>DelayTime))
{
veh_temp->NewDest = veh_temp-
>HomelLocation;
veh_temp->ChangeTime = current_time +
veh_temp->DelayTime;
veh_temp->AwareTime = veh_temp-
>ChangeTime; //add on 6/12/09
}
else
{

veh_temp->vehType = 1; /lvehType 1 --- vehicle
at home when evacuation starts; (prevent it from being released)

veh_temp->fm_next->NumOfArrivedVehs++;
/Ithis veh is already at home, increase the number of arrived vehicles by one

veh_temp->AwareTime = current_time +
veh_temp->DelayTime; //add on 6/12/09

}

else //origin '= home

if(veh_temp->StartTime <  (current_time+veh_temp-
>DelayTime)) {

veh_temp->NewDest = veh_temp-
>HomelLocation;
veh_temp->ChangeTime=current_time +
veh_temp->DelayTime;
veh_temp->AwareTime = veh_temp-
>ChangeTime; //add on 6/12/09
}
else
{
veh_temp->StartTime=current_time +

veh_temp->DelayTime;

veh_temp->desZone=veh_temp-
>HomeLocation;

veh_temp->AwareTime = veh_temp->StartTime;
/ladd on 6/12/09
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}

else if(veh_temp->fm_next->HomeBound == 0)//this vehilce is not a
consolidated one

if(veh_temp->StartTime < (current_time+veh_temp->DelayTime)) {
veh_temp->NewDest = g_dummy_shelter;
veh_temp->ChangeTime = current_time + veh_temp-

>DelayTime;
veh_temp->AwareTime = veh_temp->ChangeTime;
/ladd on 6/12/09
}
else
{

veh_temp->StartTime=current_time +  veh_temp-
>DelayTime;
veh_temp->desZone =
pp_consolidated_dest(dest_zone); //Set its dest to the closest shelter
veh_temp->AwareTime = veh_temp->StartTime; //add
on 6/12/09
}

} /lelse Destination != home

/[This is used to create a report for checking yet-to-be-released vehicles. It
should be comment out when necessary

fprintf(g_Results_3,"Vehicle %d release time %7.2f, origin %d, dest %d,
home %d, work %d, FamilylD %d, homebound %d, vehType %d, newdest %d,
changeTime %7.2f, delay %7.2f\n", veh_temp->VehiclelD, veh_temp->StartTime, veh_temp-
>orgZone, veh_temp->desZone, veh_temp->HomeLocation, veh_temp->WorkLocation,
veh_temp->fm_next->FamilyID, veh_temp->fm_next->HomeBound, veh_temp->vehType,
veh_temp->NewDest, veh_temp->ChangeTime, veh_temp->DelayTime);

/Imove pointer to point to next
veh_temp=veh_temp->next;
} /lend while(veh_temp!=NULL&&veh_temp->StartTime!=g_max_Time)

/IRe-sort Vehicles
pp_sort_data();

/I This is used to create a report for checking yet-to-be-released vehicles. It
should be comment out when necessary
fclose(g_Results_3); //generate an output

/lpp_draw_yet to_be_released_vehicles();

} /lend if(current_time>=g_Evacuation_Start_Time-0.05...)

}

/[This function is called once at the start of each time step of simulation time
/IReport Network-wide Link Statistical Results
void gpx_NET _timeStep()

{

float ttCounter=0;
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int iLinkldex,jLinkldex,ttLanes;
LINK* link_tmp;

int VehID = 0;

int currentZonetemp = 0;

Bool cont=TRUE;

struct Family *tempFamilyPtr;
struct Vehicle *tempVehiclePtr;

/I Output link performance
ttCounter=gpg_CFG_simulationTime();

// Count the total number of vehicles in the network
for(iLinkldex=0; iLinkldex<g_totalLinks;iLinkldex++){
link_tmp=qpg_NET_linkBylndex(iLinkldex+1); //This function returns a pointer to the
link with the specified network wide index
ttLanes=qpg_LNK_lanes(link_tmp); //This function returns the number of lane on the link.
for(jLinkldex=0;jLinkldex<ttLanes; jLinkldex++) {
g_ttVehCounts[iLinkldex]+=gpg_LNK_vehicles(link_tmp, jLinkldex); //This function
returns the number of vehicles in the given lane on the specified link.

}
}

/[Output link performance for each aggregated time interval (300 seconds in this case)
if(fmod(ttCounter,g_agg)==0) //This function returns the remainder of dividing the
arguments.
{
g_Results_flow=fopen(fname_flow,"a");
fprintf(g_Results_flow, "%5.2\n",qpg_CFG_simulationTime());
for(iLinkldex=0; iLinkldex<g_totalLinks;iLinkldex++)

[ffprintf(g_Results_flow,"%5.2f %7d  %8d \n", qpg_CFG_simulationTime(),
iLinkldex, g_ttVehCountsJ[iLinkldex]);
link_tmp=qgpg_NET _linkByIndex(iLinkldex+1);

fprintf(g_Results_flow,"%5.2f %7d %7d %7d %8d \n",
qpg_CFG_simulationTime(), \
iLinkldex, gpg_NDE_index(gpg_LNK_nodeStart(link_tmp)),

gpg_NDE_index(gpg_LNK_nodeEnd(link_tmp)), g_ttVehCounts[iLinkldex]);
g_tt[iLinkldex]+=g_ttVehCounts[iLinkldex];
g_ttVehCounts[iLinkldex]=0;
}

fclose(g_Results_flow);

}

/[This function is called for each vehicle in the network, for each link in the network, once per
simulation time step.
void gpx_LNK_vehicleTimeStep(LINK* link, VEHICLE* vehicle)
{
float ttCounter=0, Vehstart_time=0;
float delay_a=0, delay b=60;
int currentZonetemp=0, randomZone=0, iidebug=0;
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Bool cont=TRUE;
struct Vehicle *tempVehiclePtr;
struct Enroute_Vehicle *enroute_veh;

float test_x, test_y, test_z, test_b, test_g;

ttCounter=gpg_CFG_simulationTime();
currentZonetemp = qpg_LNK_zone(link); //This function returns the index of the zone
associated with the link.

1 gps_GUI_printf("Vehicle's origin  %d, destination %d, start time %d \n"
gpg_VHC _origin(vehicle), gpg_VHC_destination(vehicle), gpg_VHC_startTime(vehicle));

/ldebug

[[for the first vehicle appears at the network, change its color and pass its pointer to
"testvehicle" pointer

/[Draw Vehicle part, comment out when necessary

tempVehiclePtr=(struct Vehicle*)qpg_VHC_userdata(vehicle);
/[This part is used to generate the visualization

if(tempVehiclePtr->VehiclelD == g_firstVehicle)

{
gps_DRW _forceTimeStepRedraw(TRUE);
gpg_POS_vehicle(vehicle, link, &test_x, &test vy, &test_z, &test b, &test _g);
gps_GUI_printf("vehicle x=%5.2f, y=%5.2f, z=%5.2f\n", test_x, test_y, test_2z);

/lgps_POS_viewPoint(test_x,test_y,750);
gps_POS_crossHair(-test_x+5601,test_y,0);

if (g_altcolor == 1) {
gps_DRW_vehicleColour(vehicle, API_RED);
}

else

{
}

g_altcolor = 1-g_altcolor;
testvehicle = vehicle;

gps_DRW_vehicleColour(vehicle, API_GREEN);

if(tempVehiclePtr->VehiclelD == g_trackVehicle)

{
gps_DRW _forceTimeStepRedraw(TRUE);

gpg_POS_vehicle(vehicle, link, &test_x, &test vy, &test_z, &test b, &test _g);
gps_GUI_printf("vehicle x=%5.2f, y=%5.2f, z=%5.2f\n", test_x, test_y, test 2z);

/lgps_POS_viewPoint(test_x,test_y,750);

gps_POS_crossHair(-test_x+5601,test_y,0);

if (g_altcolor == 1) {
gps_DRW_vehicleColour(vehicle, API_RED);

}

else

{
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gps_DRW_vehicleColour(vehicle, API_GREEN);
}
g_altcolor = 1-g_altcolor;
testvehicle = vehicle;

/[1. Check if the current time step equals to the evacuation start time, if so, do the
following
if(ttCounter==g_Evacuation_Start_Time )

{
enRoute_Veh=TRUE;

/2. go through the Vehicles on the vechile linked list
tempVehiclePtr=netdata->FamilyList->VehicleList;

sprintf(fname_YTB,"c:/EnRoute_Veh.dat");
g_Results_4=fopen(fname_YTB,"w");

while (tempVehiclePtr = NULL) //&& cont)

Vehstart_time=(int)(tempVehiclePtr->StartTime+0.5); //convert a float value of StartTime
to an integer (by plus .5)

1 tempVehiclePtr=(struct Vehicle*)qpg_VHC_userdata(vehicle);

if(gpg_VHC_startTime(vehicle)==Vehstart_time &&
gpg_VHC_origin(vehicle)==tempVehiclePtr->orgZone &&
gpg_VHC_destination(vehicle)==tempVehiclePtr->desZone) //three parameters to identify this
vehicle in Paramics is the one we are looking for in our data structure

{
cont=FALSE;

if(gpg_VHC_destination(vehicle)==tempVehiclePtr->HomeLocation)
/IDestination = Home?

/ICheck if the vehicle is a consolidated vehicle
if(tempVehiclePtr->fm_next->HomeBound == 1) //this vehicle is a consolidated

{
/[This Vehicle is a consolidated vehicle heading
towards its home (consolidated point), do nothing
tempVehiclePtr->AwareTime = ttCounter +
tempVehiclePtr->DelayTime; //add on 6/12/09
g_nEnRouteVehs++; //add on 6/12/09

vehicle

}

else

/[This vehicle will go to the dummy shelter/exit
/I tempVehiclePtr->NewDest = pp_consolidated_dest(currentZonetemp); //Set its
dest to the closest shelter
tempVehiclePtr->NewDest = g_dummy_shelter;
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tempVehiclePtr->ChangeTime = ttCounter +
tempVehiclePtr->DelayTime;

tempVehiclePtr->AwareTime = tempVehiclePtr-
>ChangeTime; //add on 6/12/09

gps_DRW_vehicleColour(vehicle, APl_RED);

g_nEnRouteVehs++;

}
else //destl=home
{
if(gpg_VHC_destination(vehicle)==tempVehiclePtr-
>WorkLocation)
{
if(tempVehiclePtr->fm_next->HomeBound == 1) {
/lchange the en route vehicle's destination to
its home
tempVehiclePtr->NewDest = tempVehiclePtr-
>HomeLocation;

tempVehiclePtr->ChangeTime = ttCounter +
tempVehiclePtr->DelayTime;

tempVehiclePtr->AwareTime =
tempVehiclePtr->ChangeTime; //add on 6/12/09

gps_DRW _vehicleColour(vehicle, API_RED);

g_nEnRouteVehs++;

}
else {
/IChange the en-route vehicle's destination to
the dummy shelter
tempVehiclePtr->NewDest =
g_dummy_shelter;
tempVehiclePtr->ChangeTime =  ttCounter +

tempVehiclePtr->DelayTime;
tempVehiclePtr->AwareTime =
tempVehiclePtr->ChangeTime; //add on 6/12/09
gps_DRW _vehicleColour(vehicle, API_RED);
g_nEnRouteVehs++;

}
Ylend if(gpg_VHC_destination(vehicle)==tempVehiclePtr-

>WorkLocation)
else //this is a meander vehicle
{
if(tempVehiclePtr->fm_next->HomeBound == 1)
/[Change the en-route vehicle's destination to
its home
tempVehiclePtr->NewDest=tempVehiclePtr-
>HomelLocation;

tempVehiclePtr->ChangeTime = ttCounter +
tempVehiclePtr->DelayTime;

tempVehiclePtr->AwareTime =
tempVehiclePtr->ChangeTime; //add on 6/12/09

gps_DRW_vehicleColour(vehicle, API_RED);

g_nEnRouteVehs++;

else
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//IGenerate a "meanderer” vehicle with random
destination

/ldo {

/I randomZone = LocationGenerator(17,18);
/IGenerate random location for this vehicle

/l} while (randomZone == tempVehiclePtr-
>desZone);

/ltempVehiclePtr->NewDest=randomZone;

tempVehiclePtr->NewDest=g_dummy_shelter;

tempVehiclePtr->ChangeTime = ttCounter +
tempVehiclePtr->DelayTime;

tempVehiclePtr->AwareTime =
tempVehiclePtr->ChangeTime; //add on 6/12/09

gps_DRW _vehicleColour(vehicle, API_RED);

g_nEnRouteVehs++;

Ylelse if(gpg_VHC_destination(vehicle)==tempVehiclePtr-
>WorkLocation)
Ylelse (gpg_VHC_destination(vehicle)==tempVehiclePtr-
>HomeLocation)
Yiif (qpg_VHC_startTime(vehicle)==Vehstart_time &&

gpg_VHC_origin(vehicle)==tempVehi...

[ffprintf(g_Results_4,"At time %7.2f, Vehicle %d release time %7.2f, origin %d, dest %d,
home %d, work %d, FamilylD %d, homebound %d, vehType %d, newdest %d,
changeTime %7.2f, delay %7.2f\n", ttCounter, tempVehiclePtr->VehiclelD, tempVehiclePtr-
>StartTime, tempVehiclePtr->orgZone, tempVehiclePtr->desZone, tempVehiclePtr-
>HomeLocation, tempVehiclePtr->WorkLocation, tempVehiclePtr->fm_next->FamilyID,
tempVehiclePtr->fm_next->HomeBound, tempVehiclePtr->vehType, tempVehiclePtr->NewDest,
tempVehiclePtr->ChangeTime, tempVehiclePtr->DelayTime);

/Imove the pointer to the next vehicle in the linked list
tempVehiclePtr = tempVehiclePtr->next;

} /while(...

fclose(g_Results_4); //generate an output

Yiif(ttCounter>=g_Evacuation_Start_Time-
0.05&&ttCounter<=g_Evacuation_Start Time+0.05

/[Re-route enroute vehs to the new destinations (shelters) after the evacuation starts

/ICreate Enroute veh link list--4/11/2009

1 if(g_nEnRouteVehs>0 && enRoute_Veh==TRUE && ttCounter>g_Evacuation_Start_Time)
if(enRoute_Veh==TRUE && ttCounter>g_Evacuation_Start_Time)

tempVehiclePtr=(struct Vehicle*)gpg_VHC_userdata(vehicle);
iftempVehiclePtr->ChangeTime  >=  ttCounter-0.05 || tempVehiclePtr-
>ChangeTime <= ttCounter+0.05)
{
if(tempVehiclePtr->NewDest == g_dummy_shelter){
/IChange the current vehicle's destination to the nearest shelter
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a new trip from current location to the nearest shelter
tempVehiclePtr->desZone =
pp_consolidated_dest(currentZonetemp);
gps_VHC_destination(vehicle, tempVehiclePtr->desZone, 0);
tempVehiclePtr->ChangeTime = 0;
g_nEnRouteVehs--;
gps_DRW_vehicleColour(vehicle, API_BLUE);

else if(tempVehiclePtr->NewDest == tempVehiclePtr->HomeLocation){
/[Change the current vehicle's destination to its consolidated
point (home)
gps_VHC_destination(vehicle, tempVehiclePtr->HomeLocation,
0);
tempVehiclePtr->ChangeTime = 0;
g_nEnRouteVehs--;

}

gps_DRW_vehicleColour(vehicle, API_BLUE);

/*Vehicle user data structure set function*/
void gpx_VHC _release(VEHICLE* vehicle) /*This function is called when a vehicle is released
from a zone.*/

{
gps_VHC_userdata(vehicle, (VHC_USERDATA*) g_LastVehPointer); //set the user data
structure associated with the specified vehicle.

if (g_firstVehicle ==0)
{

g_firstVehicle = g_LastVehPointer->VehiclelD; //ffirst vehicle to be released

/[Debug
gps_GUI_printf("First vehicle released has ID number %d.", g_firstVehicle);

/l[debug
I tempVehiclePtr=(struct Vehicle*)qpg_VHC_userdata(vehicle);

if(g_LastVehPointer->VehiclelD == 20002)
{

g_trackVehicle = g_LastVehPointer->VehiclelD; //the test vehicle to be released
/[Debug
gps_GUI_printf("Test vehicle released has ID number %d and dest zone %d.\n",
g_trackVehicle, gpg_VHC_destination(vehicle));

}
/lend debug

/[Debug
/lqps_GUI_printf("Veh released from Org %d to Dest %d, at departure time : %5.2f\n",
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gpg_VHC _origin(vehicle), gpg_VHC_destination(vehicle), gpg_CFG_simulationTime());

/IGenerate a output for currently en-route vehicles
sprintf(fname,"c:/Veh_Release.dat");
g_Results=fopen(fname,"w");
fprintf(g_Results,"Origin Dest HomelLoc WorkLoc Homebound StartTime\n");
fprintf(g_Results,"Veh released from Org %d to Dest %d, at departure time : %5.2f\n",
gpg_VHC_origin(vehicle), gpg_VHC_destination(vehicle), gpg_CFG_simulationTime());
fclose(g_Results);

}

/*Vehicles (that have already arrived)' Simulation & Vehicle Consolidation Functions are called
here*/
void qpx_VHC_arrive(VEHICLE* vehicle, LINK* link, ZONE* zone) //This function is called when
a vehicle arrives at its destination
{

float arrival_time, current_time, r;

int num_vhc_arrive=0;

/lint icounter=0;

int icounter=1; //add by Ke at 7/15/09

int iidebug;

int destindex=0, currentZonetemp=0;

struct Vehicle *VehArrive;

struct Vehicle *CurrentVeh_temp=NULL;

struct Vehicle *CurrentVeh_temp_front=NULL;

VHC_USERDATA *user_veh=NULL,;

struct Family *FamArrive;

float delay_start_time = 0;

float delay_end_time = 1800.0;

/[float delay_end_time = 300.0;

float maxTime=0.0, minTime=0.0;

int originzone,destinationzone;

BOOL cont=FALSE, cont0=0, cont_trip=0;

struct Vehicle *VehPointer;

int totalNumbofVeh;

int ConsolidatedDestination, curr_home_location, randomZone;

VehArrive=(struct Vehicle*) gpg_VHC_userdata(vehicle); //return the user data structure
associated with the vehicle

current_time = gpg_CFG_simulationTime();//Determine Current time
destindex=qpg_VHC_destination(vehicle); //This function returns an index to the vehicles
destination zone.
currentZonetemp = gpg_LNK_zone(link);//This function returns the index of the zone
associated with the link.

/

/IGenerate a output for arrived vehicles

g_Results=fopen(fnamel,"a"); //add 7/13/09

fprintf(g_Results,"Origin  Dest HomelLoc WorkLoc Homebound StartTime\n");

fprintf(g_Results,"%d %d %d %d %d 9%7.2f \n", VehArrive->orgZone,
VehArrive->desZone, VehArrive->HomeLocation, VehArrive->WorkLocation, VehArrive->fm_next-
>HomeBound, VehArrive->StartTime); //add 7/13/09

fclose(g_Results); //add 7/13/09
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if(current_time<g_Evacuation_Start Time-0.05) //Evacuation didn't start yet

if(destindex==VehArrive->WorkLocation) //Dest = work

{
/IGenerate a new work-to-home trip with depature time 8 hrs from now
if(g_NewTripVehPointer == NULL)

gps_GUI_printf("No new trip is ready to be generated for this veh!!\n");
}

else

{

g_NewTripVehPointer->StartTime =
current_time+g_WorkToHomeTrip_Delay; //This vehicle's departure time is 8-hr from now

g_NewTripVehPointer->orgZone = currentZonetemp;

g_NewTripVehPointer->desZone = VehArrive->HomelLocation;

g_NewTripVehPointer->DelayTime = 0.0;

g_NewTripVehPointer->ChangeTime = 0.0;

g_NewTripVehPointer->fm_next->HomeBound = VehArrive->fm_next-
>HomeBound;

g_nEnRouteVehs--;
gps_DRW _vehicleColour(vehicle, API_ORANGE);

/linsert this new vehicle into the sorted vehicle linked list
if(g_LastNewTripVehPtrl=NULL&&g NewTripVehPointer'=NULL)

{
if((g_NewTripVehPointer-
>StartTime>g_LastNewTripVehPtr->StartTime))

{
cont_trip=1,;
if(g_NewTripVehPointer-
>next!=NULL&&g_NewTripVehPointer->next->StartTime==g_max_Time_3)

{

g_LastNewTripVehPtr=g_NewTripVehPointer;
g_NewTripVehPointer=g_NewTripVehPointer->next;

}
else if (g_NewTripVehPointer->next==NULL)
{

g_LastNewTripVehPtr=g_NewTripVehPointer;
g_NewTripVehPointer=NULL;

}
}
Hlend
if(g_LastNewTripVehPtr!=NULL&&g_NewTripVehPointer!=NULL)
if(! cont0)

/[Step 1: isolate the new generated veh from the dummy
vehs list

if(g_LastNewTripVehPtrl=NULL&&g NewTripVehPointer'=NULL)
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g_LastNewTripVehPtr-
>next=g_NewTripVehPointer->next;

}

/[Step 2: Insert the isolated new generated veh to the
sorted veh link list
if(g_NewTripVehPointer!=NULL)

if(g_NewTripVehPointer->StartTime
<g_VehPainter ->StartTime)
{ Il'insert front
g_NewTripVehPointer->next=
g_VehPointer;
g_VehPointer=g_NewTripVehPointer;

else if(g_NewTripVehPointer-

{

>orgZone<=g_VehPointer->orgZone) //OrgZone?

>StartTime==g_VehPointer ->StartTime)

if(g_NewTripVehPointer-

{
g_NewTripVehPointer->next=
g_VehPointer;
g_VehPointer=g_NewTripVehPointer;
}
else
{
CurrentVeh_temp=g_VehPointer;
CurrentVeh_temp_front=CurrentVeh_temp;
cont = TRUE;
while
((CurrentVeh_temp!=NULL) && cont)
{
if(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)
{
if(g_NewTripVehPointer->orgZone<=CurrentVeh_temp->orgZone)

{
g_NewTripVehPointer->next=CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;

cont =
FALSE;

}

else {
CurrentVeh_temp_front=CurrentVeh_temp;
CurrentVeh_temp=CurrentVeh_temp->next;

}
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/lif(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)
else /linsert the dummy
veh to the last postion with the same starttime

{
g_NewTripVehPointer->next=CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;

cont = FALSE;
}
} I/While
((CurrentVeh_temp!=NULL) && cont)
} [lif(g_NewTripVehPointer-
>orgZone<=g_VehPointer->orgZone)
Mlelse if(g_NewTripVehPointer-
>StartTime==g_VehPointer ->StartTime)
else if(g_NewTripVehPointer-

>StartTime>g_VehPointer ->StartTime)

{
CurrentVeh_temp=g_VehPointer;

CurrentVeh_temp_front=CurrentVeh_temp;

cont = TRUE;

while  ((CurrentVeh_temp!=NULL) &&
cont)

{

if(g_NewTripVehPointer-
>StartTime>CurrentVeh_temp->StartTime)

{
CurrentVeh_temp_front=CurrentVeh_temp;
CurrentVeh_temp=CurrentVeh_temp->next;
}
else  if(g_NewTripVehPointer-
>StartTime<CurrentVeh_temp->StartTime)
{

g_NewTripVehPointer-

>next= CurrentVeh_temp;

CurrentVeh_temp_front-

>next=g_NewTripVehPointer;

cont = FALSE;

}
else  if(g_NewTripVehPointer-
>StartTime==CurrentVeh_temp->StartTime)
{
if(g_NewTripVehPointer->orgZone<=CurrentVeh_temp->orgZone) //OrgZone?

{
0_NewTripVehPointer->next= CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;

cont = FALSE;
}
else
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cont = TRUE;
while
((CurrentVeh_temp!=NULL) && cont)
{
if(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)
{
if(g_NewTripVehPointer->orgZone<=CurrentVeh_temp->orgZone)
{
g_NewTripVehPointer->next=CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;
cont = FALSE;
}
else {
CurrentVeh_temp_front=CurrentVeh_temp;
CurrentVeh_temp=CurrentVeh_temp->next;
}
}
else
/linsert the dummy veh to the last postion with the same starttime
{
g_NewTripVehPointer->next=CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;
cont = FALSE;
}
} IIWhile

((CurrentVeh_temp!=NULL) && cont)
Ylelse
Ylelse if(g_NewTripVehPointer-
>StartTime==CurrentVeh_temp->StartTime)
} //while ((CurrentVeh_temp!=NULL) &&
cont)
} /lelse if(g_NewTripVehPointer-
>StartTime>g_VehPointer ->StartTime)

g_NewTripVehPointer=g_LastNewTripVehPtr-
>next;

} /if(g_NewTripVehPointer!=NULL)
} /1if(! contO)
Ylend else
Ylend if(destindex==VehArrive->WorkLocation)
else if(destindex==VehArrive->HomeLocation) //Dest = Home
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VehArrive->fm_next->NumOfArrivedVehs+=1;
if(VehArrive->fm_next->NumOfArrivedVehs == (VehArrive->fm_next-
>NumOfVehs-1))

{
//Generate a consolidated trip with departure time = evacuaiton time +
delay, dest = nearest shelter
if(g_NewTripVehPointer == NULL)

gps_GUI_printf("No new trip is ready to be generated for this

veh!!\n");
}
else
{
g_NewTripVehPointer->StartTime=current_time+VehArrive-
>DelayTime;

g_NewTripVehPointer->desZone =
pp_consolidated_dest(VehArrive->HomeLocation);
g_NewTripVehPointer->orgZone = currentZonetemp;
g_NewTripVehPointer->DelayTime = 0.0;
g_NewTripVehPointer->ChangeTime = 0.0;
g_nEnRouteVehs--;
gps_DRW _vehicleColour(vehicle, API_ORANGE);

/linsert this new vehicle into the sorted vehicle linked list
if(g_LastNewTripVehPtrl=NULL&&g NewTripVehPointer'=NULL)

{
if((g_NewTripVehPointer-
>StartTime>g_LastNewTripVehPtr->StartTime))

{
cont_trip=1;
if(g_NewTripVehPointer-
>next!=NULL&&g_NewTripVehPointer->next->StartTime==g_max_Time_3)

{
g_LastNewTripVehPtr=g_NewTripVehPointer;
g_NewTripVehPointer=g_NewTripVehPointer->next;

}
else if (g_NewTripVehPointer->next==NULL)
{

g_LastNewTripVehPtr=g_NewTripVehPointer;
g_NewTripVehPointer=NULL;

}
}
Ylend
if(g_LastNewTripVehPtr!=NULL&&g_NewTripVehPointer!=NULL)
if(! cont0)

/[Step 1: isolate the new generated veh from the dummy
vehs list

if(g_LastNewTripVehPtrl=NULL&&g NewTripVehPointer'=NULL)
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{
g_LastNewTripVehPtr-

}

/[Step 2: Insert the isolated new generated veh to the

>next=g_NewTripVehPointer->next;

sorted veh link list
if(g_NewTripVehPointer!=NULL)

if(g_NewTripVehPointer->StartTime
<g_VehPainter ->StartTime)
{/l'insert front
g_NewTripVehPointer->next=
g_VehPointer;
g_VehPointer=g_NewTripVehPointer;

else if(g_NewTripVehPointer-
>StartTime==g_VehPointer ->StartTime)

if(g_NewTripVehPointer-

{

g_NewTripVehPointer->next=

>orgZone<=g_VehPointer->orgZone) //OrgZone?

g_VehPointer;

g_VehPointer=g_NewTripVehPointer;

}
else
{
CurrentVeh_temp=g_VehPointer;
CurrentVeh_temp_front=CurrentVeh_temp;
cont = TRUE;
while
((CurrentVeh_temp!=NULL) && cont)
{
if(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)
{
if(g_NewTripVehPointer->orgZone<=CurrentVeh_temp->orgZone)
{
g_NewTripVehPointer->next=CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;
cont
= FALSE;
}
else {
CurrentVeh_temp_front=CurrentVeh_temp;
CurrentVeh_temp=CurrentVeh_temp->next;
}
}
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/lif(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)
else /linsert the
dummy veh to the last postion with the same starttime

g_NewTripVehPointer->next=CurrentVeh_temp;

CurrentVeh_temp_front->next=g_NewTripVehPointer;
cont = FALSE;
}
} /IWhile
((CurrentVeh_temp!=NULL) && cont)
} [if(g_NewTripVehPointer-
>orgZone<=g_VehPointer->orgZone)

Ylelse if(g_NewTripVehPointer-
>StartTime==g_VehPointer ->StartTime)

else if(g_NewTripVehPointer-
>StartTime>g_VehPointer ->StartTime)

{

CurrentVeh_temp=g_VehPointer;
CurrentVeh_temp_front=CurrentVeh_temp;
cont = TRUE;
while ((CurrentVeh_temp!=NULL) &&
cont)

if(g_NewTripVehPointer-

{

>StartTime>CurrentVeh_temp->StartTime)

CurrentVeh_temp_front=CurrentVeh_temp;
CurrentVeh_temp=CurrentVeh_temp->next;

}
else if(g_NewTripVehPointer-

{

>StartTime<CurrentVeh_temp->StartTime)

g_NewTripVehPointer-
>next= CurrentVeh_temp;

CurrentVeh_temp_front->next=g_NewTripVehPointer;
cont = FALSE;

}
else if(g_NewTripVehPointer-
>StartTime==CurrentVeh_temp->StartTime)

{
if(g_NewTripVehPointer->orgZone<=CurrentVeh_temp->orgZone) //OrgZone?

{
0_NewTripVehPointer->next= CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;

cont = FALSE;
}

else
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cont = TRUE;
while

{

((CurrentVeh_temp!=NULL) && cont)

if(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)

{

if(g_NewTripVehPointer->orgZone<=CurrentVeh_temp->orgZone)

{

g_NewTripVehPointer->next=CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;

cont = FALSE;

}

else {
CurrentVeh_temp_front=CurrentVeh_temp;

CurrentVeh_temp=CurrentVeh_temp->next;

else
/linsert the dummy veh to the last postion with the same starttime

{

g_NewTripVehPointer->next=CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;
cont = FALSE;

}
} IIWhile
((CurrentVeh_temp!=NULL) && cont)
Mlelse
Ylelse
if(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)
} /iwhile
((CurrentVeh_temp!=NULL) && cont)
} /lelse if(g_NewTripVehPointer-
>StartTime>g_VehPointer ->StartTime)

g_NewTripVehPointer=g_LastNewTripVehPtr-
>next;

} /if(g_NewTripVehPointer!=NULL)
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} 1if(! cont0)
Ylend else
Ylend if(VehArrive->fm_next->NumOfArrivedVehs == (VehArrive->fm_next-
>NumOfVehs-1))

Ylend else if(destindex==VehArrive->HomeLocation)
else //Dest = Random
{

/IGenerate a "meanderer" vehicle with random destination

if(g_NewTripVehPointer == NULL)

gps_GUI_printf("No new trip is ready to be generated for this veh!!\n");
else

do {
randomZone = LocationGenerator(17,18); //Generate work
location for this vehicle
}while (randomZone == destindex);
g_NewTripVehPointer->orgZone = currentZonetemp;
g_NewTripVehPointer->desZone = randomZone;
g_NewTripVehPointer->StartTime = current_time;
g_NewTripVehPointer->DelayTime = 0.0;
g_NewTripVehPointer->ChangeTime = 0.0;
g_NewTripVehPointer->fm_next->HomeBound = VehArrive->fm_next-
>HomeBound;
g_nEnRouteVehs--;
gps_DRW_vehicleColour(vehicle, API_ORANGE);

/lInsert this new vehicle into the sorted vehicle linked list
if(g_LastNewTripVehPtrl=NULL&&g NewTripVehPointer'=NULL)

if((g_NewTripVehPointer-
>StartTime>g_LastNewTripVehPtr->StartTime))

{
cont_trip=1,;
if(g_NewTripVehPointer-
>next!=NULL&&g_NewTripVehPointer->next->StartTime==g_max_Time_3)

{
g_LastNewTripVehPtr=g_NewTripVehPointer;
g_NewTripVehPointer=g_NewTripVehPointer->next;

}
else if (g_NewTripVehPointer->next==NULL)
{

g_LastNewTripVehPtr=g_NewTripVehPointer;
g_NewTripVehPointer=NULL;

}
}
MYlend
if(g_LastNewTripVehPtr!=NULL&&g_NewTripVehPointer!=NULL)
if(! cont0)
{

180



/[Step 1: isolate the new generated veh from the dummy
vehs list

if(g_LastNewTripVehPtrl=NULL&&g NewTripVehPointer'=NULL)

{

g_LastNewTripVehPtr-

>next=g_NewTripVehPointer->next;

}

/[Step 2: Insert the isolated new generated veh to the
sorted veh link list

if(g_NewTripVehPointer!=NULL)

if(g_NewTripVehPointer->StartTime
<g_VehPainter ->StartTime)
{ /l'insert front
g_NewTripVehPointer->next=
g_VehPointer;
g_VehPointer=g_NewTripVehPointer;

else if(g_NewTripVehPointer-
{

>orgZone<=g_VehPointer->orgZone) //OrgZone?

>StartTime==g_VehPointer ->StartTime)

if(g_NewTripVehPointer-

{
g_NewTripVehPointer->next=
g_VehPointer;
g_VehPointer=g_NewTripVehPointer;
}
else
{
CurrentVeh_temp=g_VehPointer;
CurrentVeh_temp_front=CurrentVeh_temp;
cont = TRUE;
while
((CurrentVeh_temp!=NULL) && cont)
{
if(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)
{
if(g_NewTripVehPointer->orgZone<=CurrentVeh_temp->orgZone)

{
g_NewTripVehPointer->next=CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;

cont =
FALSE;
}
else {

CurrentVeh_temp_front=CurrentVeh_temp;
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CurrentVeh_temp=CurrentVeh_temp->next;

}
}
/lif(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)
else //insert the dummy
veh to the last postion with the same starttime
{
g_NewTripVehPointer->next=CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;
cont = FALSE;
}
} I/While
((CurrentVeh_temp!=NULL) && cont)
} /if(g_NewTripVehPointer-
>orgZone<=g_VehPointer->orgZone)
Ylielse if(g_NewTripVehPointer-
>StartTime==g_VehPointer ->StartTime)
else if(g_NewTripVehPointer-

>StartTime>g_VehPointer ->StartTime)

{
CurrentVeh_temp=g_VehPointer;

CurrentVeh_temp_front=CurrentVeh_temp;

cont = TRUE;

while ((CurrentVeh_temp!=NULL) &&
cont)

{

if(g_NewTripVehPointer-
>StartTime>CurrentVeh_temp->StartTime)

{
CurrentVeh_temp_front=CurrentVeh_temp;
CurrentVeh_temp=CurrentVeh_temp->next;
}
else  if(g_NewTripVehPointer-
>StartTime<CurrentVeh_temp->StartTime)
{
g_NewTripVehPointer-
>next= CurrentVeh_temp;
CurrentVeh_temp_front-
>next=g_NewTripVehPointer;
cont = FALSE;
}
else  if(g_NewTripVehPointer-
>StartTime==CurrentVeh_temp->StartTime)
{
if(g_NewTripVehPointer->orgZone<=CurrentVeh_temp->orgZone) //OrgZone?
{

o_NewTripVehPointer->next= CurrentVeh_temp;
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CurrentVeh_temp_front->next=g_NewTripVehPointer;

cont = FALSE;
}
else
{
cont = TRUE;
while
((CurrentVeh_temp!=NULL) && cont)
{
if(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)
{
if(g_NewTripVehPointer->orgZone<=CurrentVeh_temp->orgZone)
{
g_NewTripVehPointer->next=CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;
cont = FALSE;
}
else {
CurrentVeh_temp_front=CurrentVeh_temp;
CurrentVeh_temp=CurrentVeh_temp->next;
}
}
else
/linsert the dummy veh to the last postion with the same starttime
{
g_NewTripVehPointer->next=CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;
cont = FALSE;
}
} IIWhile

((CurrentVeh_temp!=NULL) && cont)
Mlelse
Mlelse if(g_NewTripVehPointer-
>StartTime==CurrentVeh_temp->StartTime)
} //while ((CurrentVeh_temp!=NULL) &&
cont)
} /lelse if(g_NewTripVehPointer-
>StartTime>g_VehPointer ->StartTime)

g_NewTripVehPointer=g_LastNewTripVehPtr-
>next;

} /if(g_NewTripVehPointer!=NULL)
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} /1if(! cont0)
Ylend else
}lend else
MYlend if(current_time<g_Evacuation_Start_Time-0.05)
else //[Evacuation started!

if(VehArrive->ChangeTime >= current_time){
/lthis vehicle's change time >= current time
if(VehArrive->NewDest == g_dummy_shelter) {
/IGenerate a new trip with origin = current location, dest =
nearest shelter, release time = current time
if(g_NewTripVehPointer == NULL)

gps_GUI_printf("No new trip is ready to be generated for
this veh!!\n");

else

og_NewTripVehPointer->orgZone = currentZonetemp;

g_NewTripVehPointer->desZone =
pp_consolidated_dest(currentZonetemp);

g_NewTripVehPointer->StartTime = current_time;

g_NewTripVehPointer->DelayTime = 0.0;

g_NewTripVehPointer->ChangeTime = 0.0;

g_NewTripVehPointer->AwareTime =
g_NewTripVehPointer->StartTime;

g_NewTripVehPointer->fm_next->HomeBound =
VehArrive->fm_next->HomeBound,

0_nEnRouteVehs--;
gps_DRW_vehicleColour(vehicle, API_ORANGE);

/nsert this new vehicle into the sorted vehicle linked list
if(g_LastNewTripVehPtrl=NULL&&g NewTripVehPointer'=NULL)

if((g_NewTripVehPointer-
>StartTime>g_LastNewTripVehPtr->StartTime))

{
cont_trip=1,;
if(g_NewTripVehPointer-
>next!=NULL&&g_NewTripVehPointer->next->StartTime==g_max_Time_3)

{

g_LastNewTripVehPtr=g_NewTripVehPointer;

g_NewTripVehPointer=g_NewTripVehPointer->next;

}
else if (g_NewTripVehPointer-
>next==NULL)
{
g_LastNewTripVehPtr=g_NewTripVehPointer;
0_NewTripVehPointer=NULL;
}

184



}lend
if(g_LastNewTripVehPtrl=NULL&&g NewTripVehPointer'=NULL)
if(! cont0)
{
/[Step 1: isolate the new generated veh from the
dummy vehs list

if(g_LastNewTripVehPtrl=NULL&&g NewTripVehPointer'=NULL)
{
g_LastNewTripVehPtr-
>next=g_NewTripVehPointer->next;

}

/[Step 2: Insert the isolated new generated veh
to the sorted veh link list
if(g_NewTripVehPointer!=NULL)

if(g_NewTripVehPointer->StartTime
<g_VehPointer ->StartTime)
{ /l'insert front
g_NewTripVehPointer->next=
g_VehPointer;

g_VehPointer=g_NewTripVehPointer;

else if(g_NewTripVehPointer-
>StartTime==g_VehPointer ->StartTime)

if(g_NewTripVehPointer-
>orgZone<=g_VehPointer->orgZone) //OrgZone?

{ g_NewTripVehPointer-
>next= g_VehPointer;
g_VehPointer=g_NewTripVehPointer;
}
else
{

CurrentVeh_temp=g_VehPointer;
CurrentVeh_temp_front=CurrentVeh_temp;

cont = TRUE;
while

{

if(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)

((CurrentVeh_temp!=NULL) && cont)

if(g_NewTripVehPointer->orgZone<=CurrentVeh_temp->orgZone)

g_NewTripVehPointer->next=CurrentVeh_temp;

CurrentVeh_temp_front->next=g_NewTripVehPointer;
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cont = FALSE;

}
else {
CurrentVeh_temp_front=CurrentVeh_temp;
CurrentVeh_temp=CurrentVeh_temp->next;
}
}
/lif(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)
else /linsert the
dummy veh to the last postion with the same starttime
{
g_NewTripVehPointer->next=CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;
cont =
FALSE;
}
} /IWhile

((CurrentVeh_temp!=NULL) && cont)
} [if(g_NewTripVehPointer-
>orgZone<=g_VehPointer->orgZone)

Mlelse if(g_NewTripVehPointer-
>StartTime==g_VehPointer ->StartTime)
else if(g_NewTripVehPointer-
>StartTime>g_VehPointer ->StartTime)
{
CurrentVeh_temp=g_VehPointer;
CurrentVeh_temp_front=CurrentVeh_temp;
cont = TRUE;
while
((CurrentVeh_temp!=NULL) && cont)
{
if(g_NewTripVehPointer->StartTime>CurrentVeh_temp->StartTime)

{

CurrentVeh_temp_front=CurrentVeh_temp;
CurrentVeh_temp=CurrentVeh_temp->next;

}

else

if(g_NewTripVehPointer->StartTime<CurrentVeh_temp->StartTime)

{
0_NewTripVehPointer->next= CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;

cont = FALSE;
}
else
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if(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)
{

if(g_NewTripVehPointer->orgZone<=CurrentVeh_temp->orgZone) //OrgZone?
{

0_NewTripVehPointer->next= CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;
cont =
FALSE;
else
cont =
TRUE;

while
((CurrentVeh_temp!=NULL) && cont)

if(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)

{

if(g_NewTripVehPointer->orgZone<=CurrentVeh_temp->orgZone)
{
g_NewTripVehPointer->next=CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;

cont = FALSE;

else {
CurrentVeh_temp_front=CurrentVeh_temp;

CurrentVeh_temp=CurrentVeh_temp->next;

else /linsert the dummy veh to the last postion with the same starttime

{

g_NewTripVehPointer->next=CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;

cont = FALSE;
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/\While ((CurrentVeh_temp!=NULL) && cont)
Mlelse
Ylelse
if(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)
} /lwhile

((CurrentVeh_temp!=NULL) && cont)

} /lelse if(g_NewTripVehPointer-
>StartTime>g_VehPointer ->StartTime)

g_NewTripVehPointer=g_LastNewTripVehPtr->next;

} /if(g_NewTripVehPointer!=NULL)
} /1if(! cont0)
Ylend else{
Yiif(VehArrive->NewDest == g_dummy_shelter)
else

{

startTime = current time,

/IGenerate a new trip in which origin = current, dest = newdest,

if(currentZonetemp == VehArrive->HomeLocation)

{
VehArrive->fm_next->NumOfArrivedVehs++;
g_nEnRouteVehs--;
VehArrive->ChangeTime = 0.0;
VehArrive->AwareTime = current_time;

}

else

{

if(g_NewTripVehPointer == NULL)

gps_GUI_printf("No new trip is ready to be
generated for this veh!!'\n");

else

g_NewTripVehPointer->orgZone =
currentZonetemp;

0_NewTripVehPointer->desZone =
g_NewTripVehPointer->NewDest;//new destnation is home

g_NewTripVehPointer->StartTime = current_time;

g_NewTripVehPointer->AwareTime =
g_NewTripVehPointer->StartTime;

g_NewTripVehPointer->fm_next->HomeBound =
VehArrive->fm_next->HomeBound;

g_nEnRouteVehs--;

gps_DRW_vehicleColour(vehicle,
API_ORANGE);

/Insert this new vehicle into the sorted vehicle
linked list

if(g_LastNewTripVehPtrl=NULL&&g NewTripVehPointer'=NULL)

if((g_NewTripVehPointer-
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>StartTime>g_LastNewTripVehPtr->StartTime))
cont_trip=1,;

if(g_NewTripVehPointer-
>next!=NULL&&g_NewTripVehPointer->next->StartTime==g_max_Time_3)

{

g_LastNewTripVehPtr=g_NewTripVehPointer;
g_NewTripVehPointer=g_NewTripVehPointer->next;

}
else if (g_NewTripVehPointer-

{

>next==NULL)

g_LastNewTripVehPtr=g_NewTripVehPointer;
0_NewTripVehPointer=NULL;

}
MYlend if((g_NewTripVehPointer-
>StartTime...
Hlend
if(g_LastNewTripVehPtr!=NULL&&g_NewTripVehPointer!=NULL)

if(! cont0)

/[Step 1: isolate the new generated veh
from the dummy vehs list

if(g_LastNewTripVehPtrl=NULL&&g NewTripVehPointer'=NULL)

{
g_LastNewTripVehPtr-

>next=g_NewTripVehPointer->next;

}

/[Step 2: Insert the isolated new
generated veh to the sorted veh link list
if(g_NewTripVehPointer!=NULL)

if(g_NewTripVehPointer-
>StartTime <g_VehPointer ->StartTime)
{ /l'insert front
g_NewTripVehPointer-
>next= g_VehPointer;
g_VehPointer=g_NewTripVehPointer;

}
else  if(g_NewTripVehPointer-

{

if(g_NewTripVehPointer->orgZone<=g_VehPointer->orgZone) //OrgZone?

>StartTime==g_VehPointer ->StartTime)

g_NewTripVehPointer->next= g_VehPointer;

g_VehPointer=g_NewTripVehPointer;
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CurrentVeh_temp=g_VehPointer;

CurrentVeh_temp_front=CurrentVeh_temp;

((CurrentVeh_temp!=NULL) && cont)

else

if(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)

if(g_NewTripVehPointer->orgZone<=CurrentVeh_temp->orgZone)

{

g_NewTripVehPointer->next=CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPaointer;

cont = FALSE;

else {
CurrentVeh_temp_front=CurrentVeh_temp;

CurrentVeh_temp=CurrentVeh_temp->next;

/lif(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)

/linsert the dummy veh to the last postion with the same starttime

g_NewTripVehPointer->next=CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;

cont = FALSE;

((CurrentVeh_temp!=NULL) && cont)
/lif(g_NewTripVehPointer->orgZone<=g_VehPointer->orgZone)
>StartTime==g_VehPointer ->StartTime)

>StartTime>g_VehPointer ->StartTime)

CurrentVeh_temp=g_VehPointer;

cont = TRUE;
while
{
{
}
}
}
else
{
}
} /\While

}

Ylelse if(g_NewTripVehPointer-

else  if(g_NewTripVehPointer-

{
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CurrentVeh_temp_front=CurrentVeh_temp;

cont = TRUE;
while
((CurrentVeh_temp!=NULL) && cont)
{
if(g_NewTripVehPointer->StartTime>CurrentVeh_temp->StartTime)

{
CurrentVeh_temp_front=CurrentVeh_temp;
CurrentVeh_temp=CurrentVeh_temp->next;

}

else

if(g_NewTripVehPointer->StartTime<CurrentVeh_temp->StartTime)

{
0_NewTripVehPointer->next= CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;

cont =

FALSE;

}

else

if(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)

{
if(g_NewTripVehPointer->orgZone<=CurrentVeh_temp->orgZone) //OrgZone?

{
0_NewTripVehPointer->next= CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;
cont = FALSE;

}

else

{
cont = TRUE;

while ((CurrentVeh_temp!=NULL) && cont)

{

if(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)

{

if(g_NewTripVehPointer->orgZone<=CurrentVeh_temp->orgZone)

{

g_NewTripVehPointer->next=CurrentVeh_temp;
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CurrentVeh_temp_front->next=g_NewTripVehPointer;

cont = FALSE;
}
else {
CurrentVeh_temp_front=CurrentVeh_temp;
CurrentVeh_temp=CurrentVeh_temp->next;
}
}
else /linsert the dummy veh to the last postion with the same starttime
{
g_NewTripVehPointer->next=CurrentVeh_temp;
CurrentVeh_temp_front->next=g_NewTripVehPointer;
cont = FALSE;
}
}
/I\While ((CurrentVeh_temp!=NULL) && cont)
Ylelse
Ylelse
if(g_NewTripVehPointer->StartTime==CurrentVeh_temp->StartTime)
} Iiwhile

((CurrentVeh_temp!=NULL) && cont)

} /lelse if(g_NewTripVehPointer-
>StartTime>g_VehPointer ->StartTime)

g_NewTripVehPointer=g_LastNewTripVehPtr->next;

} /1if(g_NewTripVehPointer!=NULL)
} /1if(! cont0)

}lend else
Mlend else
Ylend else
Ylend if(VehArrive->ChangeTime >= current_time)
else //this vehicle's change time < current time, which means this vehicle has
already been changed its destination while it is en route

if(destindex==VehArrive->HomeLocation) //if the vehicle's dest equals to
its home

if(VehArrive->fm_next->HomeBound==1) // this vehicle is a
consolidated Veh
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/[The following codes handles consolidated vehicles'
consolidation process

FamArrive=VehArrive->fm_next; //point to its associated family

/[CheckNotes: 4. How many vehs in this family,
increament arrival veh by 1
num_vhc_arrive=FamArrive->NumOfArrivedVehs+1;
1 gps_GUI_printf("At time %5.2f, a vehicle from Org %d arrived at
Dest %d, to make %d out of %d family vehicles\n", gpg_CFG_simulationTime(),
gpg_VHC _origin(vehicle), gpg_VHC _destination(vehicle), num_vhc_arrive, FamArrive-
>NumOfVehs);

FamArrive->NumOfArrivedVehs=num_vhc_arrive;

/[CheckNotes: 5. If # arrived vehs = # vehs, dispath
consolidated trip

if(FamArrive->NumOfArrivedVehs == (FamArrive->NumOfVehs-
1)) /1 if total number of arrived veh equal to the num of veh of the family)

/[Debugging
/lif(qpg_VHC_destination(vehicle) == 97 &&
gpg_VHC_origin(vehicle)==408) //&& gpg_VHC _startTime(vehicle)==2445.5)
1 iidebug=1;

/[Determine the start time of the dummy veh
(consolidated veh) according to awareness time of each vehicle in this family
minTime=g_max_Time;
for (icounter; icounter<=FamArrive->NumOfArrivedVehs;
icounter++)

if(FamArrive->VehicleList!'=NULL) {
if(FamAurrive->VehicleList-
>AwareTime<minTime)
minTime=FamArrive-
>VehicleList->AwareTime;

FamArrive->VehicleList=FamArrive-
>\ehicleList->next;
}
}
if(minTime<=current_time)
maxTime=current_time;

else
maxTime = minTime;

/[Assign the start time to the dummy veh generated at
the PP_Init
arrival_time = maxTime;

/I Generate Delay Time for each vehicle, randomly
distributed at [0, 30min]
r = pp_Uniform(delay_start_time, delay_end_time);
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if(g_DummyVehPointer==NULL)
gps_GUI_printf("no  Family ready to be
assigned a dummy veh!!\n");
else
{
g_DummyVehPointer->DelayTime =r;
g_DummyVehPointer->StartTime = arrival_time

/[Determine which destination the "dummy
(consolidated)" vehicle will be assigned

ConsolidatedDestination =
pp_consolidated_dest(g_DummyVehPointer->HomeLocation);

g_DummyVehPointer->desZone
=ConsolidatedDestination; //the new destination zone , temp

/lgps_GUIL_printf("All veh arrived, a dummy
veh %d is ready to release to the network, start time %5.2f, home %d, orig %d, dest %d\n",

g_DummyVehPointer->VehiclelD, g_DummyVehPointer->StartTime,

g_DummyVehPointer->HomelLocation, g_DummyVehPointer->orgZone, g_DummyVehPointer-
>desZone);

/IGenerate outputs into a txt file

g_Results=fopen(fname,"a");

fprintf(g_Results,"All veh arrived, a dummy
veh %d is ready to release to the network, start time %5.2f, home %d, orig %d, dest %d\n",

g_DummyVehPointer->VehiclelD, g_DummyVehPointer->StartTime,

g_DummyVehPointer->HomelLocation, g_DummyVehPointer->orgZone, g_DummyVehPointer-
>desZone);

fclose(g_Results);

/I Insert the new generated veh to the sorted veh
link list.
/[Step 0: Check the new generated veh from the
dummy vehs list is larger than the last regular veh
if(g_LastDummyVehPointer'=NULL&&g DummyVehPointer'=NULL)

if((g_DummyVehPointer-

{

>StartTime>g_LastDummyVehPointer->StartTime))
cont0=1,;
if(g_DummyVehPointer-
>next!=NULL&&g DummyVehPointer->next->StartTime==g_max_Time)

g_LastDummyVehPointer=g_DummyVehPointer;

g_DummyVehPointer=g_DummyVehPointer->next;
/1 cont0=1;

else if (g_DummyVehPointer-

{

>next==NULL)

g_LastDummyVehPointer=g_ DummyVehPointer;
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g_DummyVehPointer=NULL,;

}

}

/if(g_LastDummyVehPointer'=NULL&&g_DummyVehPointer!=NULL)

if(! cont0)

from the dummy vehs list

if(g_LastDummyVehPointer'=NULL&&g DummyVehPointer'=NULL)

>next=g_DummyVehPointer->next;

generated veh to the sorted veh link list

>StartTime <g_VehPointer ->StartTime)

>next= g_VehPointer;

g_VehPointer=g_ DummyVehPointer;

>StartTime==g_VehPointer ->StartTime)

>orgZone<=g_VehPointer->orgZone) //OrgZone?

g_DummyVehPointer->next= g_VehPointer;

g_VehPointer=g_ DummyVehPointer;

CurrentVeh_temp=g_VehPointer;

CurrentVeh_temp_front=CurrentVeh_temp;

((CurrentVeh_temp!=NULL) && cont)

{

/[Step 1: isolate the new generated veh

g_LastDummyVehPointer-

}
/[Step  2:

Insert the isolated new

if(g_DummyVehPointer'=NULL)

if(g_

DummyVehPointer-

{ /linsert front

else

g_DummyVehPointer-

if(g_DummyVehPointer-

if(g_DummyVehPointer-

{

else

if(g_DummyVehPointer->StartTime==CurrentVeh_temp->StartTime)

cont = TRUE;
while
{

{

if(g_DummyVehPointer->orgZone<=CurrentVeh_temp->orgZone)
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{
g_DummyVehPointer->next=CurrentVeh_temp;
CurrentVeh_temp_front->next=g_DummyVehPointer;

cont = FALSE;

else {

CurrentVeh_temp_front=CurrentVeh_temp;

CurrentVeh_temp=CurrentVeh_temp->next;
/lif(g_DummyVehPointer->StartTime==CurrentVeh_temp->StartTime)

else

/linsert the dummy veh to the last postion with the same starttime

g_DummyVehPointer->next=CurrentVeh_temp;

CurrentVeh_temp_front->next=g_DummyVehPointer;

cont = FALSE;

}
} /\While
((CurrentVeh_temp!=NULL) && cont)

}
/lif(g_DummyVehPointer->orgZone<=g_VehPointer->orgZone)
Ylelse if(g_DummyVehPointer-
>StartTime==g_VehPointer ->StartTime)
else if(g_DummyVehPointer-

{

>StartTime>g_VehPointer ->StartTime)

CurrentVeh_temp=g_VehPointer;

CurrentVeh_temp_front=CurrentVeh_temp;

cont = TRUE;
while
((CurrentVeh_temp!=NULL) && cont)
{
if(g_DummyVehPointer->StartTime>CurrentVeh_temp->StartTime)
{
CurrentVeh_temp_front=CurrentVeh_temp;
CurrentVeh_temp=CurrentVeh_temp->next;
}
else
if(g_DummyVehPointer->StartTime<CurrentVeh_temp->StartTime)
{
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g_DummyVehPointer->next= CurrentVeh_temp;

CurrentVeh_temp_front->next=g_DummyVehPointer;

cont =
FALSE;
}
else
if(g_DummyVehPointer->StartTime==CurrentVeh_temp->StartTime)
{
if(g_DummyVehPointer->orgZone<=CurrentVeh_temp->orgZone) //OrgZone?

{
g_DummyVehPointer->next= CurrentVeh_temp;
CurrentVeh_temp_front->next=g_DummyVehPointer;
cont = FALSE;

}

else

{
cont = TRUE;

while ((CurrentVeh_temp!=NULL) && cont)

{
if(g_DummyVehPointer->StartTime==CurrentVeh_temp->StartTime)
{
if(g_DummyVehPointer->orgZone<=CurrentVeh_temp->orgZone)
{
g_DummyVehPointer->next=CurrentVeh_temp;
CurrentVeh_temp_front->next=g_DummyVehPointer;
cont = FALSE;
}
else {
CurrentVeh_temp_front=CurrentVeh_temp;
CurrentVeh_temp=CurrentVeh_temp->next;
}
}

else /linsert the dummy veh to the last postion with the same starttime
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g_DummyVehPointer->next=CurrentVeh_temp;

CurrentVeh_temp_front->next=g_DummyVehPointer;

cont = FALSE;
}
}
/\While ((CurrentVeh_temp!=NULL) && cont)
Mlelse
Mlelse
if(g_DummyVehPointer->StartTime==CurrentVeh_temp->StartTime)
} /Iwhile

((CurrentVeh_temp!=NULL) && cont)

} /lelse if(g_DummyVehPointer-
>StartTime>g_VehPointer ->StartTime)

g_DummyVehPointer=g_LastDummyVehPointer->next;

} /lif(g_DummyVehPointer!=NULL)
} /1if(! contO)
Mlelse {

} [/lif(FamArrive->NumOfArrivedVehs == (FamArrive-
>NumOfVehs-1))

} /lif(VehArrive->fm_next->HomeBound==1)

else //this vehicle is a non-consolidated Veh
{
/Iset the vehicle's destination to the closest shelter

VehArrive->desZone = pp_consolidated_dest(VehArrive-
>HomeLocation);

/Iset the vehicle's departure time to the current time
VehArrive->StartTime = current_time;

} /lif(destindex==VehArrive->HomeLocation)
else

{

/IVehicle arrive at shelter, collect statistical data, end of story.
iidebug=1;

g_Results=fopen(fnamel,"a");

fprintf(g_Results,"At time %5.2f a vehicle with homebound %d fam
members %d from Org %d arrived at Dest %d \n", gpg_CFG_simulationTime(), VehArrive-
>fm_next->HomeBound, VehArrive->fm_next->NumOfVehs, gpg_VHC_origin(vehicle),
gpg_VHC_destination(vehicle));

fclose(g_Results);

} /lif (VehArrive->ChangeTime >= current_time)
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I if(current_time<g_Evacuation_Start_Time)
/[Debug
/ICount the total number of vehicles arrived at shelters

if(destindex==613 || destindex ==614 || destindex ==615 || destindex ==616)
{

}

g_ArrivedShelterVehicle++;

/*
* This function sets the Network Structure, the Family Linked List and the Vehicle Linked List

Structures
* */

static void pp_init_data(void)

{

/INET_USERDATA *netdata = NULL;

struct Family *CurrentFamily;

struct Vehicle *CurrentVehicle;

/I Veh Point always point to the end of the veh list of each family
struct Vehicle *ptr_Vehicle_tail=NULL;

int i, j, dummyFamilylndex=0, ThisHomeLoc, ThisWorkLoc, index=0;
int veh_id=0, i_index, fam_id=0;

struct Vehicle *tempVehiclePtr;

int TotalVehicles = 0;

float* Veh_Start_Time;

int vehTotal=0, temp_HomeLocation=0;

float vehStart_time=0, r;

float delay_start_time = 0;

float delay_end_time = 1800; //300 seconds = 5 mins

int temp_dummy_veh=0, tripType=0, randomZone=0, randomZone2=0;
VEHICLE* vehicle=NULL;

netdata = calloc(1, sizeof(NET_USERDATA));
netdata->NumOfFamilies = g_nFamilies;

CurrentFamily = calloc(1,sizeof(struct Family));
netdata->FamilyList = CurrentFamily;

/I Build Family and veh link list
for (i=1; i<=netdata->NumOfFamilies; i++)
{
CurrentFamily->NumOfArrivedVehs = 0;
/IGenerate home locaton for the current family (home location ~ normal
distribution)
ThisHomeLoc = LocationGenerator(17, 18); //the links in the network are 17 * 18

CurrentFamily->HomeLocation = ThisHomeLoc;
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/IGenerate number of vehicles for the current family

CurrentFamily->NumOfVehs = VehicleGenerator();

/IGenerate homebound attribute for the current family
CurrentFamily->HomeBound = HomeboundGenerator();

/IGenearte family ID for the current family
fam_id++;
CurrentFamily->FamilylD = fam_id;

if(CurrentFamily->HomeBound == 1) {
CurrentFamily->NumOfVehs = CurrentFamily->NumOfVehs+1; // +1 a dummy

veh without departure time

I

}

TotalVehicles = TotalVehicles + CurrentFamily->NumOfVehs;

/[Allocate memory for vehicle list
CurrentVehicle = calloc(1,sizeof(struct Vehicle));
if(ptr_Vehicle_taill=NULL)
ptr_Vehicle_tail->next=CurrentVehicle;
CurrentVehicle->next=NULL;
CurrentFamily->VehicleList=CurrentVehicle;

/lgenerate vehicle list (its capacity and its origin) for the current family
for (j=1; j<=CurrentFamily->NumOfVehs; j++){
CurrentVehicle->capacity = VehicleCapacityGenerator();

/I Check the generated work location (Origin Zone) is the same as the home location (Dest zone)
/l'if Origin Zone == Destination Zone, generate a new orgin zone, else assign other properties to

the veh

do {
ThisWorkLoc = LocationGenerator(17,18); //Generate work

location for this vehicle

} while (ThisWorkLoc==ThisHomeLoc);

CurrentVehicle->WorkLocation = ThisworkLoc;
CurrentVehicle->HomeLocation = CurrentFamily->HomeLocation;

/IGenerate Vehicle ID for each vehicle
veh_id++;
CurrentVehicle->VehiclelD = veh _id;

/[Set org and dest zone for the current veh

tripType = VehicleODGenerator();

if (tripType == 1) { //[Home-Work Trip
CurrentVehicle->orgZone=CurrentVehicle->HomeLocation;
CurrentVehicle->desZone=CurrentVehicle->WorkLocation;

}

else if (tripType == 2) { //Work-Home Trip
CurrentVehicle->orgZone = CurrentVehicle->WorkLocation;
CurrentVehicle->desZone = CurrentVehicle->HomeLocation;

}
else if (tripType == 3) { //stay at home trip
CurrentVehicle->orgZone =  CurrentVehicle->HomeLocation;
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/lorigin is home

CurrentVehicle->desZone = g_dummy_home; //destination is a
dummy destination (zone 750)

/[CurrentVehicle->vehType = 1;

}
else if (tripType == 4) //Home-Random Trip
{

CurrentVehicle->orgZone=CurrentVehicle->HomeLocation;
do{
randomZone = LocationGenerator(17,18); //Generate
random destination for this vehicle
}while (randomZone == CurrentVehicle->orgZone || randomZone
== CurrentVehicle->WorkLocation);
CurrentVehicle->desZone = randomZone;

else //Random-Random trip
{
do {
randomZone = LocationGenerator(17,18);
}while (randomZone == CurrentVehicle->orgZone || randomZone
== CurrentVehicle->WorkLocation);
CurrentVehicle->orgZone = randomZone;
do {
randomZone2 = LocationGenerator(17,18);
}while  (randomZone2 ==  CurrentVehicle->orgZone ||
randomZone2 == CurrentVehicle->WorkLocation || randomZone2 == randomZone);
CurrentVehicle->desZone = randomZone2;
}

/[Current Veh Point back to the family
CurrentVehicle->fm_next=CurrentFamily;

if (j < CurrentFamily->NumOfVehs) {
CurrentVehicle->next = calloc(1,sizeof(struct Vehicle));
/[Current Veh Point back to the family
CurrentVehicle->fm_next=CurrentFamily;
CurrentVehicle = CurrentVehicle->next;
/ICurrentVehicle->next=NULL;

}

if(j==CurrentFamily->NumOfVehs)
CurrentVehicle->next=NULL;

ptr_Vehicle_tail=CurrentVehicle;

}
if (i<g_nFamilies)

CurrentFamily->next = calloc(1,sizeof(struct Family));
CurrentFamily = CurrentFamily->next;

}

else if(i==g_nFamilies) //family link list tail point to NULL, add by Ke at 6/22/09

{
CurrentFamily->NumOfVehs = g_nNewTripDummyVehs;

TotalVehicles = TotalVehicles + CurrentFamily->NumOfVehs;
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/[Allocate memory for vehicle list

CurrentVehicle = calloc(1,sizeof(struct Vehicle));

if(ptr_Vehicle_taill=NULL)
ptr_Vehicle_tail->next=CurrentVehicle;

CurrentFamily->VehicleList=CurrentVehicle;

/lgenerate a dummy vehicle list for this dummy family

for (j=1; j<=CurrentFamily->NumOfVehs; j++){
CurrentVehicle->orgZone = CurrentFamily->HomeLocation;
CurrentVehicle->desZone = g_dummyDest;
veh_id++;
CurrentVehicle->VehiclelD = veh_id;
CurrentVehicle->fm_next=CurrentFamily;

if (j < CurrentFamily->NumOfVehs) {
CurrentVehicle->next = calloc(1,sizeof(struct Vehicle));
CurrentVehicle->fm_next=CurrentFamily;
CurrentVehicle = CurrentVehicle->next;

}

if(j==CurrentFamily->NumOfVehs) {
CurrentVehicle->next=NULL;
ptr_Vehicle_tail=CurrentVehicle;

} /lend for (j=1; j<=CurrentFamily->NumOfVehs; j++)
CurrentFamily->next=NULL;
CurrentVehicle->next=NULL; // Veh Link List tail point to NULL
MYlend else if(i==g_nFamilies)
} /lend for (i=1; i<=netdata->NumOfFamilies; i++)

/[Assign the start time and delay time to each vehicle
Veh_Start Time=(float*) calloc(TotalVehicles, sizeof(float));
pp_start_time_assign(TotalVehicles,Veh_Start_Time);
CurrentFamily=netdata->FamilyList; /Starting from the head of the family link list
for (i=1; i<g_nFamilies; i++)
{
CurrentVehicle=CurrentFamily->VehicleList;
for (j=1; j<=CurrentFamily->NumOfVehs; j++){ //Scan each veh of every family
CurrentVehicle->StartTime = Veh_Start_Time[index];
/I Generate Delay Time for each vehicle, randomly distributed at [O,
15min]
r = pp_Uniform(delay_start_time, delay_end_time);
CurrentVehicle->DelayTime=r;

/[Assign the dummy veh only to the family having more than 1 veh
if(CurrentFamily-
>NumOfVehs>1&&CurrentFamily!=NULL&&j==CurrentFamily->NumOfVehs) {
CurrentVehicle->StartTime=g_max_Time;
}

/[Assign a large start time to stay-at-home vehicle
if(CurrentVehicle->desZone == g_dummy_home
&&CurrentFamily!=NULL) {

}

CurrentVehicle->StartTime=g_max_Time_2;
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if(CurrentVehicle->StartTime==g_max_Time)
temp_dummy_veh++;

CurrentVehicle = CurrentVehicle->next;
index++;
} /lend for (j=1; j<=CurrentFamily->NumOfVehs; j++)

CurrentFamily=CurrentFamily->next;

Ylend for (i=1; i<=g_nFamilies; i++)

/IGenerate a large departure time for dummy vehicles used for new trip generation, add
by Ke on 6/22/09
if(i==g_nFamilies){
CurrentVehicle=CurrentFamily->VehicleList;
for (j=1; j<=CurrentFamily->NumOfVehs; j++){
CurrentVehicle->StartTime = g_max_Time_3;
CurrentVehicle = CurrentVehicle->next;
temp_dummy_veh++;

/* This is used to generate initlization report. It should be comment out when necessary
sprintf(fname,"c:/After_Init.dat");
g_Results_2=fopen(fname,"w");
tempVehiclePtr=netdata->FamilyList->VehicleList;
while (tempVehiclePtr != NULL)

/lqps_GUI_printf("\nVehicle %d, origin %d, destination %d (%d vehicles in this
family), release time %5.2f\n", VehID, tempVehiclePtr->WorkLocation, tempFamilyPtr-
>HomeLocation, tempFamilyPtr->NumOfVehs, tempVehiclePtr->StartTime );

fprintf(g_Results_2,"Vehicle %d release time %7.2f origin %d destination %d in
family %d\n", tempVehiclePtr->VehiclelD, tempVehiclePtr->StartTime, tempVehiclePtr->orgZone,
tempVehiclePtr->desZone, tempVehiclePtr->fm_next->FamilylD);

tempVehiclePtr = tempVehiclePtr->next;

}

fclose(g_Results_2);
End Comment */

/*debug
sprintf(fname,"c:/Init_without_dummy.dat™);
g_Results=fopen(fname,"w");
tempVehiclePtr=netdata->FamilyList->VehicleList;
while (tempVehiclePtr = NULL)
{
if (tempVehiclePtr->StartTime != g_max_Time) {

/lqps_GUI_printf("\nVehicle %d, origin %d, destination %d (%d vehicles
in this family), release time %5.2f\n", tempVehiclePtr->VehiclelD, tempVehiclePtr->WorkLocation,
tempFamilyPtr->HomelLocation, tempFamilyPtr->NumOfVehs, tempVehiclePtr->StartTime );

fprintf(g_Results,"Vehicle %d release time %7.2f origin %d destination %d delay
time %7.2f\n", veh_id, tempVehiclePtr->StartTime, tempVehiclePtr->orgZone, tempVehiclePtr-
>desZone, tempVehiclePtr->DelayTime);
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}

tempVehiclePtr = tempVehiclePtr->next;
}
fclose(g_Results);
debug*/

gps_GUI_printf("vehicle list has been built\n");

/* VehType Initalization for visaulazation check */
for (i=0;i<40;i++)
scenarioType[i]=FALSE;

}

//IBubble Sort for the veh_linked_list
static void pp_sort_data(void)

{

struct Family *CurrentFamily;
struct Vehicle *CurrentVehicle;
struct Vehicle *Ist, *tmp , *prev, *potentialprev, *head ;
int idx, idx2, TotalVeh = 0;
int vehTotal=0,vehStart_time=0, dummy_veh=0, new_veh=0;
BOOL next_dummyVeh = FALSE;
BOOL next_newVeh = FALSE;
int veh_id=0, i_index;
struct Vehicle *tempVehiclePtr, *tempVehiclePtr_1;

/[Traverse the veh list and change the start time
CurrentVehicle=netdata->FamilyList->VehicleList;
while (CurrentVehicle '=NULL)
{
vehTotal++;
vehStart_time=CurrentVehicle->StartTime;
if(vehStart_time==g_max_Time)
dummy_veh++;

CurrentVehicle=CurrentVehicle->next;

}

CurrentVehicle=netdata->FamilyList->VehicleList;
head=CurrentVehicle;
potentialprev=CurrentVehicle;

//determine total number of nodes
for (tmp=CurrentVehicle;tmp; tmp=tmp->next)

{
TotalVeh++;

vehStart_time=tmp->StartTime;

}
for (idx=0; idx<TotalVeh-1; idx++)

for (idx2=0,Ist=head;Ist && Ist->next && (idx2<=TotalVeh-1-idx); idx2++)
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if (lidx2)
{
/lwe are at beginning, so treat start
/Inode as prev node
prev = Ist;
}

/lcompare the two neighbors
if (Ist->next->StartTime < Ist->StartTime)

/Iswap the nodes
tmp = (Ist->next?Ist->next->next:0);

if (lidx2 && (prev == head))

/lwe do not have any special sentinal nodes
//so change beginning of the list to point
/Ito the smallest swapped node
head = Ist->next;
}
potentialprev = Ist->next;
prev->next = Ist->next;
Ist->next->next = Ist;
Ist->next = tmp;
prev = potentialprev;
}
else
{
Ist = Ist->next;
if(idx2)

/ljust keep track of previous node,

/ffor swapping nodes this is required

prev = prev->next;

}
} llelse
} /ifor (idx2=0,Ist=head;Ist && Ist->next && (idx2<=TotalVeh-1-idx); idx2++)

} /I for (idx=0; idx<TotalVeh-1; idx++)
netdata->FamilyList->VehicleList=head;

/l[double-sort by zone
CurrentVehicle=netdata->FamilyList->VehicleList;
head=CurrentVehicle;
potentialprev=CurrentVehicle;

for (idx=0; idx<TotalVeh-1; idx++)
for (idx2=0,Ist=head;Ist && Ist->next && (idx2<=TotalVeh-1-idx); idx2++)

if (lidx2)

{
/lwe are at beginning, so treat start
/Inode as prev node
prev = Ist;

}

/lcompare the two neighbors
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>StartTime))

if ((Ist->next->orgZone < Ist->orgZone) && (Ist->next->StartTime == Ist-

{

else

/I[swap the nodes
tmp = (Ist->next?Ist->next->next:0);

if (lidx2 && (prev == head))
{
/lwe do not have any special sentinal nodes
/[so change beginning of the list to point
/Ito the smallest swapped node

head = Ist->next;
}

potentialprev = Ist->next;
prev->next = Ist->next;
Ist->next->next = Ist;
Ist->next = tmp;

prev = potentialprev;

Ist = Ist->next;

if(idx2)

{

/ljust keep track of previous node,

/[for swapping nodes this is required
prev = prev->next;

}

netdata->FamilyList->VehicleList=head,;

/lend double sort-Jan 5 2009

/[Traverse the veh list

CurrentVehicle=netdata->FamilyList->VehicleList;
g_LastDummyVehPointer=CurrentVehicle;
g_LastNewTripVehPtr=CurrentVehicle;

vehTotal=0;
dummy_veh=0;

while (CurrentVehicle '=NULL)

{

vehTotal++;

vehStart_time=CurrentVehicle->StartTime;

if(g_LastDummyVehPointer->next->StartTime==g_max_Time
&&dummy_veh==0) {
/[Reach the end of the veh link list (before the dummy veh)

next_dummyVeh=TRUE;

if('next_dummyVeh)

g_LastDummyVehPointer=CurrentVehicle;

if(vehStart_time==g_max_Time)
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dummy_veh++;
if(dummy_veh == 1)
g_DummyVehPointer=CurrentVehicle;  //g_DummyVehPointer point to
the head of the veh link list

//Add by Ke on 6/23/09

if(g_LastNewTripVehPtr->next->StartTime == g_max_Time_3 && new_veh==0) {
next newVeh = TRUE;

}

if('next_newVeh)
g_LastNewTripVehPtr=CurrentVehicle;

if(vehStart_time == g_max_Time_3)
new_veh++;

if(new_veh == 1)
g_NewTripVehPointer=CurrentVehicle;

CurrentVehicle=CurrentVehicle->next;

}

/I This is used to generate a report after doubl-sorting to check double-sorting's result. It should
be comment out when necessary

sprintf(fname,"c:/After_D-Sort.dat");

g_Results_2=fopen(fname,"w");

tempVehiclePtr=netdata->FamilyList->VehicleList;

while (tempVehiclePtr != NULL)

{

/lqps_GUI_printf("\nVehicle %d, origin %d, destination %d (%d vehicles in this
family), release time %5.2\n", VehlD, tempVehiclePtr->WorkLocation, tempFamilyPtr-
>HomeLocation, tempFamilyPtr->NumOfVehs, tempVehiclePtr->StartTime );

fprintf(g_Results_2,"Vehicle %d release time %7.2f, origin %d, dest %d, home %d,
work %d, familylD %d, homebound %d, delay %7.2f, vehicle type %d, change time %7.2f, new
dest %d, and num of arrived veh %d\n", tempVehiclePtr->VehiclelD, tempVehiclePtr->StartTime,
tempVehiclePtr->orgZone, tempVehiclePtr->desZone, tempVehiclePtr->HomeLocation,
tempVehiclePtr->WorkLocation, tempVehiclePtr->fm_next->FamilylD, tempVehiclePtr->fm_next-
>HomeBound, tempVehiclePtr->DelayTime, tempVehiclePtr->vehType, tempVehiclePtr-
>ChangeTime, tempVehiclePtr->NewDest, tempVehiclePtr->fm_next->NumOfArrivedVehs);

tempVehiclePtr = tempVehiclePtr->next;

}
fclose(g_Results_2);

/IEnd Comment*/

gps_GUI_printf("vehicle list has been sorted\n™);
}

/[This function determines which destination zone is for each consolidated vehicle
static int pp_consolidated_dest (int curr_home)

{
int X,y,cons_dest;
int z1,z2;

[Itraffic flows go to four shelters
if(curr_home<=306) {
y = curr_home % 17,
x = ((curr_home -y)/17);
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}

if(y>=x) {
if((17-y)>=x)
cons_dest = g_boundaryZone_ West;

else
cons_dest = g_boundaryZone_South;
}
else {
if((18-x)>=y)
cons_dest = g_boundaryZone_North;
else
cons_dest = g_boundaryZone_East;
}
}

else {
y = curr_home % 18;
X = ((curr_home - y-306) / 18) +1;
if(y>=x) {
if((18-y)>=x)
cons_dest = g_boundaryZone_West;

else
cons_dest = g_boundaryZone_South;
}
else {
if((17-x)>=y)
cons_dest = g_boundaryZone_North;
else
cons_dest = g_boundaryZone_East;
}

}

return cons_dest;

/lprint-out the Family & Vehicle list
static void pp_print_data(void)

{

family), release time %5.2f\n", VehlD, tempVehiclePtr->WorkLocation,
>HomeLocation, tempFamilyPtr->NumOfVehs, tempVehiclePtr->StartTime );

time

struct Family *tempFamilyPtr;
struct Vehicle *tempVehiclePtr;
int VehID = 0;

sprintf(fname, "c:/InitFile.dat");
g_Results_2=fopen(fname, "w");
tempVehiclePtr=netdata->FamilyList->VehicleList;
while (tempVehiclePtr != NULL)

Vehl|D++;
tempFamilyPtr = tempVehiclePtr->fm_next;

/lqps_GUI_printf("\nVehicle %d, origin %d, destination %d (%d vehicles in this

tempFamilyPtr-

fprintf(g_Results_2,"Vehicle %d has home %d, origin %d, destination %d, release

%5.2f\n", tempVehiclePtr->VehiclelD, tempVehiclePtr->HomeLocation,

tempVehiclePtr-
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>orgZone, tempVehiclePtr->desZone, tempVehiclePtr->StartTime);

}

tempVehiclePtr = tempVehiclePtr->next;

}
fclose(g_Results_2);

/*Generate home/work locations from normal random variates*/
long LocationGenerator(int rowNum, int columnNum)

{

double probNum;
float x, y;
int m, n, w, thisLocation;

/IGenerate a pair of normal random variates, which locate on [-3,3]
do{

pp_NormalRandomNum(&x,&y);
}while ((x<-3|[x>3)[|(y<-3|ly>3));

/I x and y are ~normal(0,1). They need to be scaled, and discretized into link ID numbers.
/I m and y are scaled on [-8,8]

/IGenerate a Bernoulli number

probNum = ((double)rand()/((double)(RAND_MAX)+(double)(1))); /* random value in

range [0,1) */

}

w = pp_Bernoulli(probNum);

/If w=0, this location is located on one of those E-W zones;
/lif w=1, this location is located on one of those N-S zones;
if (w==0) {

m = (int)((columnNum / 6) * (x + 3));

n = (int)((y + 3) * rowNum/6);

thisLocation = m * rowNum +n + 1;

}
else {

m = (int)((x + 3) * rowNum/6);

n = (int)((columnNum / 6) * (y + 3));

thisLocation = rowNum * columnNum + m * columnNum + n + 1;
}

return thisLocation;

[*For each family i, generate the random number of vehicles (0, 1, 2, 3).*/
/*Assume that 50% families have 1 vehicle, 40% of them have 2, and 10% of them have 3.*/
int VehicleGenerator(void)

{

*

double p;
int NumOfGeneratedVehs;

p = ((double)rand()/((double)(RAND_MAX)+(double)(1))); /* random value in range [0,1)

if (p<0.5) {
NumOfGeneratedVehs = 1;
}
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}

else if (p<0.9){
NumOfGeneratedVehs = 2;
}

else
NumOfGeneratedVehs = 3;

return NumOfGeneratedVehs;

/IGenerate Veh Type 0--- Individual, 1--- consolidated veh
int VehTypeGenerator(void)

{

*

}

double p;
int TypeOfGeneratedVehs;

p = ((double)rand()/((double)(RAND_MAX)+(double)(1))); /* random value in range [0,1)

if (p <0.5) {
TypeOfGeneratedVehs = 0; //Individual veh

}
else if (p<1) {

TypeOfGeneratedVehs = 1; //Consolidated Veh
}

return TypeOfGeneratedVehs;

[*For each vehicle i, generate its origin and destination*/

/*Assume that: 50% vehicles have home-work trips, 40% vehilces have work-home trips, and
10% vehicles have home-random trips.*/

int VehicleODGenerator(void)

{

*

double p;
int tripTypes;

p = ((double)rand()/((double)(RAND_MAX)+(double)(1))); /* random value in range [0,1)
if (p<0.4) {
tripTypes = 1; //[Home-Work trip

}
else if (p<0.8){
tripTypes = 2; //Work-Home Trip

}
else if (p<0.85){
tripTypes = 3; //stay-at-home trip

}
else if (p<0.91

tripTypes = 4; //[Home-Random Trip
}

else
tripTypes = 5; //Random-Random trip

return tripTypes;
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}

[*For each vehicle i, generate its capacity, (2,4,6,8) person/each*/

/*Assume that: 15% vehicles have 2-person capacity, 50% - 4 persons, 25% - 6 persons, and
10% - 8 persons.*/

int VehicleCapacityGenerator(void)

{

*/

}

double p;
int vehCapacity;

p = ((double)rand()/((double)(RAND_MAX)+(double)(1))); /* random value in range [0,1)

if (p <0.15) {
vehCapacity = 2;

}
else if (p<0.65) {
vehCapacity = 4;

}

else if (p<0.91
vehCapacity = 6;

}

else
vehCapacity = 8;

return vehCapacity;

[*For each family, generate its homebound attribute*/

/*Assume that: 50% families have home-bound trip (family-dependent), while the other 50%
families are not family-dependent.*/

int HomeboundGenerator(void)

{

*/

}

double x;
int HomeboundFamily;

X = ((double)rand()/((double)(RAND_MAX)+(double)(1))); /* random value in range [0,1)
if (x<0.5){

HomeboundFamily = 0; //non-homebound family

}
else if (x<1) {

HomeboundFamily = 1; //homebound family
}

return HomeboundFamily;

//[IRandom Number Generators

/*Generate N(0,1) random variates using Polar Method*/
void pp_NormalRandomNum(float *x1, float *x2)

{

floaty, w, v1, v2;
double r1, r2;
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do

r1= ((double)rand()/((double)(RAND_MAX)+(double)(1))); /* uniform random value in range
[0,1) %/

r2= ((double)rand()/((double)(RAND_MAX)+(double)(1))); /* uniform random value in range
[0,1) %/

vl =2.0*rl-1.0;

v2 =2.0*r2-1.0;

w=v1l*vl+v2*v2;

twhile (w>=1.0);

y =sqart (-2.0 * log (w) / w);
*x1=vl*y;
*X2 =Vv2*y;

}

/*Generate a Bernoulli random number, which returns 1 with prob p or 0 with prob 1-p.*/
long pp_Bernoulli(double p)

doubler;

r= ((double)rand()/((double)(RAND_MAX)+(double)(1))); /* random value in range [0,1) */

if (r<(1.0-p))
return O;
else
return 1;

}

[*Generate a Triangular random number */
double pp_triangular(double min, double max, double mode)

double unifNum;
double x;

unifNum = ((double)rand()/(RAND_MAX+1)); /IGenerate a uniform number in [0,1]

if(unifNum <= ((mode-min)/(max-min))) {
X = min + sqgrt(unifNum*(max-min)*(mode-min));
}

else

{
}

return x;

X = max - sqrt((1-unifNum)*(max-min)*(max-mode));

}

/*Generate a random number in a specific range. */
float pp_Uniform (float lowest, float highest)
{
doubler;
float r_range, range;
r= ((double)rand()/((double)(RAND_MAX)+(double)(1))); /* ris a random number in range [0,1)
*/
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range = (highest - lowest) + 1;
r_range = lowest + (range*r);
return r_range;

/IVeh Start Time Generation: 0-3hrs
void pp_start_time_assign(int Total_Veh, float* Veh_Start _Time)
{
inti, Veh_1;
double Time_min, Time_max, Time_mode;
Time_min = 0.0;
Time_max = 18000.0; //5-hr simulation period
Time_mode = 10800.0;
Veh_1 = Total Veh;
for (i=0;i<Veh_1; i++{
Veh_Start_Time[i] = pp_triangular(Time_min, Time_max,Time_mode);
}

}

/*
* This function sets all the variables needed for releasing a vehicle into
* our network.

* */

static void pp_release_vehicle(int dest)

{

/* normal will be used as the distrution for our DVU's aggression and
* awarness factors */

int normal[9] = {1, 4, 11, 21, 26, 21, 11, 4, 1};

int aggr;

int awar;

int sum;

int new_sum;

/* maximum integer size */

int max_rand = 32767,

int i;

/IAdd by Ke, we can change vehicle type later if required.
int type =1,

/* this callback function set the type of vehicle to be released from the
* zone */

gps_ZNE_vehicleType(type);

/* this callback function set the destination zone index of the vehicle

* about to be released */

gps_ZNE_vehicleDestination(dest);

/* calculate aggression and awareness factors */
aggr = (((float)rand()/(float)(max_rand)) *100.0);
awar = (((float)rand()/(float)(max_rand)) *100.0);

sum = 0;
for(i=0;i<9;i++)
{
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new_sum = sum + normal[i];
if((aggr > sum) && (aggr <= new_sum))

gps_ZNE_vehicleAggression(i);
}

if((awar > sum) && (awar <= new_sum))

gps_ZNE_vehicleAwareness(i);

}
sum = new_sum;
}
}
void pp_draw_yet to_be_released_vehicles(void)
{
struct Vehicle *tempVehiclePtr;
Bool cont=TRUE;
tempVehiclePtr = g_VehList_headPointer;
while (tempVehiclePtr 1= NULL)
{
/lqps_DRW _forceVisableObjectsRebuild(TRUE);
if(tempVehiclePtr->orgZone == tempVehiclePtr->WorkLocation &&
tempVehiclePtr->desZone == tempVehiclePtr->HomeLocation && tempVehiclePtr->fm_next-
>HomeBound == 1 && tempVehiclePtr->StartTime>g_Evacuation_Start_Time+tempVehiclePtr-

>DelayTime && cont){
/lgps_DRW _vehicleTag(veh_temp, API_RED, 2,3, "scenario 13..");
cont = FALSE;

}

tempVehiclePtr = tempVehiclePtr->next;

void gpx_NET_complete(void)

{
struct Vehicle *tempVehiclePtr;
int VehlD = 0;
pp_print_data();

}
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