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AN APPROACH TO PREDICT TRAFFIC CONGESTION 

(ABSTRACT) 

The main objective of this research is to develop a model to predict 

congestion. This model is developed using the techniques of simulation and as the model 

requires dynamic modeling, DYNAMO is used. This model incorporates the three- 

regime linear model for establishing a relationship between speed and density of the 

traffic stream. The input to this model is obtained from a presence type detector system. 

These measurements are then used to calculate various parameters and then the state of 

the traffic flow for the vehicular stream in the test zone is determined. This model also 

predicts the state of the traffic stream in any other section of the highway behind the test 

section. The model developed is flexible and easy to incorporate in any traffic control 

system. 

This research is also intended to simulate the various traffic stream models 

and evaluate their performance regarding their capability to represent highway traffic 

flow conditions. A thorough review of the fundamentals of traffic flow is required to 

achieve these objectives. The simulation models developed for these traffic stream 

formulae incorporate various measures of effectiveness to determine congestion. These 

measures of effectiveness are used to define congestion. The study of the various traffic 

stream models is necessary in order to develop a flexible and efficient model to predict 

congestion. The congestion prediction model developed incorporates all the parameters 

required to define congestion.
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1. INTRODUCTION 

A well planned and efficient transportation infrastructure is the basic requirement 

for the overall development of any society. The importance of the transportation 

facilities has increased tremendously in recent years due to the industrial development 

resulting in the fact that a number of countries across the world allocate a sizable amount 

of their annual expenditure to develop and maintain transportation facilities. This 

increase in demand may be attributed to the increased industrial output, increased demand 

for freight transportation, increased long distance travel by people, changes in 

government policies and so on which ultimately result in congestion, delays and 

inefficiency. 

A knowledge of the fundamentals of traffic flow characteristics is an essential 

requirement in the planning, design and operation of the transportation systems. An 

assessment of traffic and environmental impacts of the new system modifications that are 

proposed can be accomplished only through a supply-demand framework that requires 

the understanding of flow characteristics and their interrelationships. A detailed analysis 

of the trade-off between traffic flow levels and levels of service and also the causes of 

existing system defects is required to develop operational improvement plans and predict 

their effects. 
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The efficiency of any transportation infrastructure depends to a large extent on 

the abilities of the transportation planners, designers and operators. The development 

and application of improved techniques for evaluating the impacts of land use changes 

and also the development of more precise behavior models of the effects of system 

changes on spatial, temporal, modal and total traveler responses is performed by 

transportation planners. The transportation designers deal with the problems where 

Capacity increases are needed with serious constraints on available right-of-way and 

environmental impacts. The real-time balancing of system operation is done by the 

transportation operators. All these three branches of transportation owing to their 

dependency on the traffic flow characteristics require a knowledge of those parameters 

that affect the traffic flow characteristics. 

A thorough knowledge of traffic analytical techniques and the ability to select the 

appropriate technique is required for the development of an efficient transportation 

infrastructure and also to study congestion characteristics. An understanding of flow 

characteristics is essential to convert pre-specified demand, supply and control 

information into mutually compatible qualitative expressions that can serve as direct input 

to the selected analytical technique. The analytical techniques may vary from a simple 

equation to a complex simulation model. Traffic stream models can also be use for 

uninterrupted flow situations where demands do not exceed capacities. For interrupted 

over-saturated flow situations, more complex techniques such as shock wave analysis, 

queuing analysis and simulation modeling can be employed. Microscopic analysis may 
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be employed for moderate-sized transportation facilities where the number of transport 

units passing through a system is relatively small. Macroscopic analysis may be used for 

high-density, large-scale systems in which a study of the behavior of group of units is 

sufficient. 

In the past few years level-of-service concept has been widely applied in the 

design and operation of highways. Level-of-service as applied to the traffic operation 

on a particular highway refers to the quality of the driving conditions that are provided 

to the motorist by a particular facility. The factors that are involved in the level of 

service are : (1) speed and travel time, (2) traffic interruption, (3) freedom to maneuver, 

(4) safety, (5) driving comfort and convenience and (6) vehicular operational costs. The 

volume of traffic using a facility affects all these factors, and in general, the greater the 

volume, the more adverse are the affects. As the ratio of the volume of traffic on a 

highway facility to the volume of traffic the facility can accommodate (capacity) 

approaches unity, congestion increases. Basically congestion is a direct result of the 

nature of supply and demand on a facility. Both capacity and level-of-service are 

functions of the physical features of the highway facility and the interaction of vehicles 

in the traffic stream. Congestion results due to excess of demand over capacity and 

causes delays leading to inefficiency, thereby costing colossal amounts of money to the 

society, which could be avoided through proper planning, design and operation of 

highway facilities. 
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A deep insight into the fundamentals of traffic flow characteristics, traffic stream 

models and the analytical techniques is a necessity in the planning, design and operations 

of transportation infrastructure to develop a transportation system which allows minimum 

of delays and avoids congestion. 
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2. RESEARCH OBJECTIVES 

The primary objective of this research is to develop a model to predict congestion. 

Prediction of congestion is essential in planning and operation of a highway control 

system. The various parameters such as speed, volume and density at times preceding 

breakdown in flow change from one state to another at rapid rates. These changes may 

occur from various preceding levels and achieve the change in state at various speeds. 

The predictive nature makes the measurements of these parameters naturally, associated 

with probabilities of failure. In this research, it is intended to use the various techniques 

of simulation to develop a model, which can measure these parameters with reasonable 

accuracy. It is also necessary that an appropriate methodology is adopted in developing 

this model. 

A secondary, nevertheless, equally important objective of this research is to study 

and analyze the various traffic stream models that are available for transportation 

engineers by simulating various traffic flow conditions using these models. This research 

also envisages the selection of a traffic stream model, which can represent the traffic 

stream characteristics efficiently, so that, it can be used in developing a model to predict 

congestion. This research also involves a thorough review of the fundamentals of traffic 

stream characteristics. 
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3. LITERATURE REVIEW 

This literature review is intended to pursue a thorough study of the fundamentals 

of the traffic flow characteristics. This also reviews the various traffic stream models 

that are available in transportation engineering. The past research done on these traffic 

stream models is also reviewed. The various traffic flow parameters that are used in 

describing traffic flow are studied with the perspective of interrelating these parameters 

to congestion depiction. In summary, this literature review covers the various aspects 

of the traffic flow theory. 

3.1 TRAFFIC FLOW CHARACTERISTICS 

Congestion is a situation in which the movement of traffic on a facility is severely 

restricted and at times the traffic flow may even become zero. This causes 

inconvenience and also increases the cost of travel due to decreased fuel efficiency, loss 

of time etc. congestion can happen in any type of facility. Facilities are generally 

classified into two categories : (1) Uninterrupted Flow (2) Interrupted Flow. 

(1) UNINTERRUPTED FLOW : The facilities which do not have any fixed elements, 

such as traffic signals, external to the traffic stream that cause interruptions to the traffic 

are called Uninterrupted flow facilities. Traffic flow conditions in this type of facility 
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are as a result of interactions among vehicles in the traffic stream, and between vehicles 

and the geometric and environmental characteristics of the roadway. 

The characteristics of uninterrupted flow can be described by the three 

parameters, average travel speed, rate of flow and density which are algebraically related 

as 

v=S*D 

where, v = rate of flow 

S = average travel speed 

D = density 

The rate of flow will be zero under two conditions: 

(a) When there are no cars on the facility, density is zero, and rate of flow is also zero. 

(b) When the density becomes so high that all vehicles stop, the rate of flow is zero. 

The density at which all movements stop is called Jam density. 

(2) INTERRUPTED FLOW : The facilities which have fixed elements causing periodic 

interruptions to traffic flow are called interrupted flow facilities. Flow on an interrupted 

flow facility is usually dominated by points of fixed operation, such as traffic signals, 
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STOP and YIELD signs. The flow in this type of facility is characterized by saturation 

flow rate and lost time, as these are the factors which affect capacity of the facility. 

Saturation flow rate is defined as the flow rate per lane at which vehicles can pass 

through a signalized intersection in a stable moving queue and is represented 

algebraically as 

s = 3600/h 

where, s = saturation flow rate 

h = saturation headway 

3.1.3 CONGESTION : A facility is said to be in congestion if the density of that facility 

exceeds critical density i.e., the traffic demand exceeds the capacity of the facility 

resulting in increased rate of flow and decreased travel speed. 

Congestion is said to exist when speed inversion occurs. As the volume of the 

traffic stream increases due to increasing number of vehicles in the traffic stream, density 

increases and the speed remains dependant on the vehicle. The process of increased 

density reaches a critical stage beyond which the speed decreases rapidly causing _ 

congestion. This is called speed inversion. 

It can be emphasized here that (1) congestion does not impede the input volume 

but delays the output volume (2) outgoing volume from congestion may be equal to the 
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capacity of the facility (3) for congestion to set in, there need not be a capacity restraint. 

Congestion may set in even due speed inversion. Speed inversion sets in as a result of 

reduction in speed of vehicle due to discomfort and inconvenience caused to the driver 

by the surrounding vehicle. Once speed inversion sets in, volume increases and results 

in congestion. 

Congestion does not necessarily reduce volume; it may result in higher volumes. 

Congestion will be heavily dependent on the type of drivers existing in the traffic stream. 

The critical values of density and their associated speeds will vary with the location and 

the driver concerned. 

Congestion is usually associated with a high rate of change in density and a 

correspondingly small rate of change in volume. As congestion develops, the increase 

in density results in a considerable increase in travel time to the individual driver, with 

no beneficial effects to the highway system. 

The occurrence of speed inversion takes place when speed is numerically equal 

to density. It can be determined from a U factor where 

U = (speed/density) - (density/speed) 

The factor U has a value of zero when speed equals density and is negative as 

congestion develops. Speed inversion starts when U is equal to zero. 
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The rate of flow and speed reach zero in extreme congestion and there will not 

be any movement of traffic in this facility. 

3.1.4 CAUSES OF CONGESTION : Congestion may be caused due to the following 

factors: 

O Inadequate capacity 

oO Inadequate lane widths. 

oO Inadequate clearances between the edge of travel lanes and nearest obstructions 

or objects at the roadside and in the median. 

Oo The various types of vehicles that use the facility is also a cause of congestion as 

the dimensions and speed of the vehicles varies from one category to the other. 

O Heavy pedestrian movements across the streets 

o Poor pedestrian signal discipline. 

Oo Inadequate green time for cross streets. 

O Extensive parking activity along cross streets, which restricts vehicle movement. 

O Very long discharge headway by traffic on cross streets. 

oO Limited storage capacity (i.e., short streets) on some cross streets. 

3.1.5 MEASURES OF CONGESTION : 

Measures to quantify congestion are very important in order to estimate the 

conditions existing on a facility. These measures are required not only to operate a 
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control system but also to provide an insight into the traffic conditions and are helpful 

in initiating necessary action to alleviate the conditions. Volume, Speed, Flow and 

Density of a traffic stream on a facility may be considered as measures of congestion. 

3.1.5.1 VOLUME : Volume of traffic that can flow on a highway facility has always 

been of interest to Traffic Engineers as it gives the capacity of the facility. Literature 

on the capacity of highway facilities dates back to the 1920s with studies dealing with 

such topics as the effect of street cars on the automobile capacity and the discharge rate 

at the signalized intersections. In recent years the field of capacity analysis has been 

extended to levels of service. Hence, today capacity analysis not only includes the 

determination of capacity but also the trade-off between the quantity of traffic and the 

resulting level of service to the users. 

Volume is defined as the total number of vehicles that pass over a given point or 

section of a lane or roadway during a given time interval. Volume is an important 

measure of congestion as it gives the physical size of traffic stream on the facility and 

is helpful in evaluating the traffic conditions, by comparing volume to capacity of the 

facility. 

3.1.5.2 SPEED : Speed and travel time are fundamental measurements of the traffic 

performance of the existing highway system, and speed is a key variable in the redesign 

or design of new facilities. Most analytical and simulation models of traffic predict 
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speed and travel time as the measure of performance given the design, demand and 

control along the highway system. More extensive models then use speed or travel time 

as an input for the estimation of fuel consumption, vehicle emissions and traffic noise. 

Speed is also used as indication of level of surface, in accident analysis, in economic 

studies and in most traffic engineering studies. 

Speed is defined as a rate of motion expressed as distance per unit time. In 

characterizing the speed of traffic stream, average travel speed is used as the 

representative value. The existing speed of traffic could be compared to the design speed 

and the traffic conditions could be evaluated. 

3.1.5.3 RATE OF FLOW : The equivalent hourly rate at which vehicles pass over a 

given point or section of a lane or roadway during a given time interval (less than one 

hour) is called rate of flow. Rate of flow actually represents the number of vehicles 

passing a point during a particular time interval and if this is more than the design 

capacity, then it results in congestion. Rate of flow during peak period is related to 

hourly volumes through the peak hour factor (PHF) which is defined as the ratio of total 

hourly volume to the maximum fifteen minute rate of flow within the hour. 

Hourly Volume 
PHF = 

Peak Rate of Flow (Within the Hour) 
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3.1.5.4 DENSITY : Traffic density is a fundamental macroscopic characteristic of traffic 

flow. It is an important characteristic that can be used in assessing traffic performance 

from the point of view of users and system operators. It is also employed as the primary 

control variable in freeway control and surveillance systems. The difficulty in measuring 

density inhibited its use until the early 1960s, when the presence type detectors were 

introduced. The 1985 Highway Capacity Manual" uses traffic density as the primary 

measure of level of service for uninterrupted flow situations. Traffic density is expected 

to play even a more important role in the future in system-wide traffic performance 

evaluation and in on-line traffic responsive freeway control systems. 

Density is defined as number of vehicles occupying a given length of a lane or 

roadway, averaged over time. Density can be obtained using the equation 

v=SxD 

Where, v = rate of flow 

S = average travel speed 

D = density 

Density is a critical parameter describing traffic operations. It describes the 

proximity of vehicles to one another, and reflects the freedom to maneuver within the 

traffic stream. 
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3.1.6 Capacity Analysis :- 

The Highway Capacity Manual (HCM) aids in estimating the highway capacity 

by describing various techniques which are developed for various conditions. This 

manual is useful in defining the measures of congestion also as it uses a set of procedures 

to estimate the traffic-carrying ability of facilities over a wide range of defined 

operational conditions, in performing the capacity analysis. It provides tools for the 

analysis and improvement of existing facilities, and for the planning and design of future 

facilities. The various operational criteria are defined by Highway Capacity Manual 

using Levels of Service. Ranges of operating conditions for different types of facilities 

are defined, and are related to amounts of traffic that can be accommodated at each level. 

The Highway Capacity Manual defines capacity, levels of service and measure of 

effectiveness which are used in capacity analysis which aids in the traffic flow studies. 

3.1.6.1 Capacity :- The Highway Capacity Manual!’ defines the capacity of a facility 

as the maximum hourly rate at which persons or vehicles can reasonably be expected to 

traverse a point or uniform section of a lane or roadway during a given time period under 

prevailing roadway, traffic and control conditions. Capacity is defined for prevailing 

roadway, traffic and control conditions, which should be reasonably uniform for any 

section of facility analyzed. Any change in the prevailing conditions results in a change 
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in the capacity of the facility. In this definition, the roadway conditions refer to the 

geometric characteristics of the street or highway, including: the type of the facility and 

its development environment, the number of lanes (by direction), lane shoulder widths, 

lateral clearances, design speed and horizontal and vertical alignments. Traffic 

conditions refer to the characteristics of the traffic stream utilizing the highway facility. 

Control conditions refer to the types and specific design types of control devices and 

traffic regulations present on a given facility. The Highway Capacity Manual stresses 

on the need to recognize the potential for substantial variations in flow during an hour, 

and focuses analysis on intervals of maximum flow. 

3.1.6.2 Levels of Service :- The concept of levels of service” is defined by HCM as 

a qualitative measure describing operational conditions within a traffic stream, and their 

perception by motorists and passengers. A level of service definition generally describes 

these conditions in terms of such factors as speed and travel time, freedom to maneuver, 

traffic interruptions, comfort and convenience and safety. Six levels of service are 

defined for each type of facility. They are given letter designations, from A to F, with 

level of service A representing the best operating conditions and level of service F the 

worst. 

3.1.6.3 Measures of Effectiveness :- The Highway Capacity Manual defines levels of 

service, for each type of facility, based on one or more operational parameters which 

best describe the operating quality for the facility type under consideration. While the 
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concept of level of service attempts to address a wide range of operating conditions, 

limitations on data collection and availability make it impractical to treat the full range 

of operational parameters for each type of facility. The parameters selected to define 

levels of service for each type of facility are called measures of effectiveness, and 

represent those available measures that best describe the quality of operation on the 

facility type under consideration. 

3.1.7 Acceleration Noise :- Acceleration noise’ may be defined as the disturbance of 

the vehicle’s speed from a uniform speed or can be considered as a measurement of the 

smoothness of traffic flow. It is dependent upon three factors namely, (1) the driver, 

(2) the road and (3) the traffic condition. Acceleration noise varies with the amount and 

frequency of acceleration and deceleration. The more violent and more frequent these 

variations are, the higher is the noise. 

Congestion may be considered as a factor which influences the amount of 

acceleration noise. It has been observed in past studies on suburban highways that the 

acceleration noise increased due to increase in congestion which resulted because of 

higher volumes and influence of parked cars. The amount of acceleration noise in excess 

of the natural noise of the facility was basically due to the existing traffic condition. The 

acceleration noise may therefore be considered as a good measure of congestion as it 

gives a good indication of the degree of congestion due to its dependency on congestion. 

Literature Review 17



3.2 TRAFFIC FLOW MODELS 

The early traffic flow models assumed a single regime phenomenon over the 

complete range of flow conditions including free-flow and congested flow situations. The 

first Single-regime model was developed by Greenshields based on observing speed- 

density measurements obtained from an aerial photographic study. The model requires 

knowledge of both free-flow speed and jam density parameters in order to solve 

numerically for the speed-density relationship. The use of jam density presents a 

problem because according to this model, optimum density is equal to one-half of the jam 

density value. This is not comparable with observed optimum density values. 

Greenshields model” expressed speed as 

k 
u=uf{1-—) 

Kk; 

Where, u = speed 

ur = free-flow speed 

k = density 

k; = jam density 

The Greenberg model” was the second single-regime model in which he 

concluded that a non-linear model might be more appropriate. Using a hydrodynamic 

analogy, the equations of motion and continuity for one-dimensional compressible flow 
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were combined and the following equation was derived : 

In( ‘) u-u —_ 

o "Ek 

A disadvantage of this model is that free-flow speed is infinity. Another 

disadvantage is that this model makes a crude estimate of optimum speed as one-half of 

the design speed. 

Underwood” proposed the third single-regime model as follows: 

-£ 
k, U=U fe 

This formulation requires knowledge of the free-flow speed, which is fairly easy 

to observe, and optimum density, which is difficult to observe and varies depending on 

the environment of the roadway. Another disadvantage of this model is that speed never 

reaches zero and jam density is infinity. 

A group of researchers at Northwestern University proposed a fourth model when 

they observed that most speed-density curves appear as S-shaped curves. 

The equation” is as follows : 
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-_1 
uk 

u “Ue 

In this model speed does not go to zero when density goes to jam density. 

Single-regime models were further developed by the introduction of a parameter 

in the formulation which would provide a more generalized approach. Drew proposed 

a formulation based on Greenshields model, with the introduction of an additional 

parameter ‘n’ as indicated in the following equation : 

1 
a+— 

u=u{1-(Hk,) 2 

Drew’ suggested varying ‘n’ from -1 to +1 and called these models a linear 

model (n=+1), a parabolic model (n=0), and an exponential model (n=-1). 

Pipes-Munjal™ proposed a similar formulation that would provide a more 

generalized approach to single-regime models. Their formulation is : 

u=uf 1 -(Hk)"l 

These are the various single-regime traffic flow models that are extensively used. 
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3.2.1 SINGLE REGIME TRAFFIC FLOW MODELS - A STUDY : 

The necessity to develop more accurate interrelationships among the basic 

variables i.e., speed, density, volume etc. , has become imperative as the number of road 

facilities operating at near capacity has increased. In the past a number of steady-state 

flow equations for the interrelationships among traffic flow variables have been 

suggested. Research in the past shows that the microscopic and macroscopic theories of 

traffic flow can be reduced to the equation of general car-following model formulated by 

Gazis, Herman and Rothery’® : 

_ alk, +I" 
[X.0-X...0] i x[X(t) -X, aQ] 

a atl 

n+l 

Where, 

X = speed 

X = acceleration|deceleration 

X,, Xa+1 = positions of leading car and the following car, respectively 

T = time lag of response to stimulus 

m,l,a = constant parameters 
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�W�h�e�r�e�,� �=� �s�t�e�a�d�y�-�s�t�a�t�e� �s�p�e�e�d� �o�f� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� 

�S� �=� �c�o�n�s�t�a�n�t� �a�v�e�r�a�g�e� �s�p�a�c�i�n�g� 

�c �� �a�n�d� �c� �=� �s�o�m�e� �a�p�p�r�o�p�r�i�a�t�e� �c�o�n�s�t�a�n�t�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �p�h�y�s�i�c�a�l� 

�r�e�s�t�r�i�c�t�i�o�n�s�.� 

�T�h�e� �m�i�c�r�o�s�c�o�p�i�c� �a�n�d� �m�a�c�r�o�s�c�o�p�i�c� �t�r�a�f�f�i�c� �f�l�o�w� �m�o�d�e�l�s� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� �b�y� �s�e�l�e�c�t�i�n�g� 

�p�r�o�p�e�r� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �t�h�e� �e�x�p�o�n�e�n�t�s�  ��m �� �a�n�d�  ��1 �� �i�n� �e�q�u�a�t�i�o�n�s� �m�e�n�t�i�o�n�e�d� �a�b�o�v�e�.� 

�A�n� �e�v�a�l�u�a�t�i�o�n� �o�f� �s�i�n�g�l�e� �r�e�g�i�m�e� �t�r�a�f�f�i�c� �f�l�o�w� �m�o�d�e�l�s� �b�a�s�e�d� �o�n� �t�h�e� �a�b�o�v�e� �e�q�u�a�t�i�o�n�s� 

�i�s� �d�o�n�e� �b�y� �A�v�i�s�h�a�i� �C�e�d�e�r� �a�n�d� �A�d�o�l�f� �D�.� �M�a�y�®� �t�o� �o�b�t�a�i�n� �a�n� �a�c�c�u�r�a�t�e� �r�e�l�a�t�i�o�n�s�h�i�p� �a�m�o�n�g� 

�t�h�e� �b�a�s�i�c� �v�a�r�i�a�b�l�e�s� �o�f� �t�r�a�f�f�i�c� �f�l�o�w�.� 

�I�n� �t�h�i�s� �e�v�a�l�u�a�t�i�o�n�,� �t�h�e� �t�r�a�f�f�i�c� �f�l�o�w� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �s�a�m�p�l�e�d� �o�v�e�r� �t�h�e� �r�a�n�g�e� �o�f� �a�l�l� 

�p�o�s�s�i�b�l�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �t�o� �e�n�s�u�r�e� �a�p�p�r�o�p�r�i�a�t�e� �s�p�e�e�d�-�c�o�n�c�e�n�t�r�a�t�i�o�n� �r�e�l�a�t�i�o�n�s�h�i�p�s�.� �T�h�e� 

�e�v�a�l�u�a�t�i�o�n� �m�e�t�h�o�d� �i�n�v�o�l�v�e�d� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �n�u�m�b�e�r� �o�f� �m�e�a�s�u�r�e�m�e�n�t�s� �f�a�l�l�i�n�g� �i�n� �t�h�e� 

�m�o�s�t� �s�p�a�r�s�e� �5�-�v�e�h�i�c�l�e�-�p�e�r�-�m�i�l�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �r�a�n�g�e� �a�n�d� �t�h�e�n� �a� �l�i�k�e� �n�u�m�b�e�r� �o�f� 

�m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �r�a�n�d�o�m�l�y� �s�a�m�p�l�e�d� �f�r�o�m� �e�a�c�h� �o�f� �t�h�e� �o�t�h�e�r� �5�-�v�e�h�i�c�l�e�-�p�e�r�-�m�i�l�e� �r�a�n�g�e�s�.� 

�T�h�i�s� �s�t�a�t�i�s�t�i�c�a�l� �p�r�o�c�e�d�u�r�e� �p�r�o�v�i�d�e�s� �u�n�i�f�o�r�m� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e� �d�a�t�a� �p�o�i�n�t�s� �o�v�e�r� �t�h�e� 

�a�v�a�i�l�a�b�l�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �r�a�n�g�e�.� �I�n� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�,� �a�n� �m�,�|� �m�a�t�r�i�x� �i�s� �u�s�e�d� �i�n� 
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�w�h�i�c�h� �t�h�e� �v�a�r�i�o�u�s� �m�i�c�r�o�s�c�o�p�i�c� �a�n�d� �m�a�c�r�o�s�c�o�p�i�c� �t�h�e�o�r�i�e�s� �o�f� �t�r�a�f�f�i�c� �f�l�o�w� �c�a�n� �b�e� �p�o�s�i�t�i�o�n�e�d�.� 

�E�a�c�h� �m� �a�n�d� �1� �c�o�m�b�i�n�a�t�i�o�n� �r�e�p�r�e�s�e�n�t�s� �a� �s�p�e�c�i�f�i�c� �m�o�d�e�l� �t�h�a�t� �c�a�n� �b�e� �e�x�p�r�e�s�s�e�d� 

�m�a�t�h�e�m�a�t�i�c�a�l�l�y� �b�y� �t�h�e� �e�q�u�a�t�i�o�n�s� �d�i�s�c�u�s�s�e�d� �a�b�o�v�e�.� 

�F�o�r� �t�h�e� �s�i�n�g�l�e�-�r�e�g�i�m�e� �m�o�d�e�l�,� �o�n�l�y� �m�o�d�e�l�s� �w�i�t�h� �a�n� �x�-�i�n�t�e�r�c�e�p�t� �a�m� �c�o�n�c�e�n�t�r�a�t�i�o�n�)� 

�a�n�d� �a� �y�-�i�n�t�e�r�c�e�p�t� �(�f�r�e�e�-�f�l�o�w� �s�p�e�e�d�)� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d�.� �T�h�i�s� �l�i�m�i�t�e�d� �t�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n� �t�o� �t�h�e� 

�r�e�g�i�o�n� �w�h�e�r�e� �m�<�1� �a�n�d�i�>�1�.� �I�t� �i�s� �t�h�e� �e�q�u�a�t�i�o�n�s� �d�i�s�c�u�s�s�e�d� �t�h�a�t� �t�h�e� �s�p�e�e�d� �f�u�n�c�t�i�o�n� �a�n�d� 

�t�h�e� �s�p�a�c�i�n�g� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �s�e�n�s�i�t�i�v�i�t�y� �c�o�m�p�o�n�e�n�t� �r�e�m�a�i�n� �i�n� �t�h�e� �n�u�m�e�r�a�t�o�r� �a�n�d� 

�d�e�n�o�m�i�n�a�t�o�r� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�i�s� �l�i�m�i�t�e�d� �t�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n� �t�o� �t�h�e� �r�e�g�i�o�n� �w�h�e�r�e� �m�>�0�O� �a�n�d� 

�1�>�0� �a�n�d� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e�s�e� �t�w�o� �r�e�q�u�i�r�e�m�e�n�t�s� �r�e�s�t�r�i�c�t�e�d� �t�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �t�h�e� �m�,�]�1� 

�m�a�t�r�i�x� �t�o� �t�h�e� �r�e�g�i�o�n� �w�h�e�r�e� �0�<�m�<�1�a�n�d�1�>�1�.� �A�n� �u�p�p�e�r� �l�i�m�i�t� �w�a�s� �p�l�a�c�e�d� �o�n�  ��1 �� �s�u�c�h� 

�t�h�a�t� �1�<�3�.�1� �s�o� �t�h�a�t� �t�h�i�s� �l�i�m�i�t� �o�n�  ��I �� �c�o�v�e�r�s� �a�l�l� �t�h�e� �p�r�e�v�i�o�u�s� �m�a�c�r�o�s�c�o�p�i�c� �m�o�d�e�l�s�.� �F�o�r� �t�h�i�s� 

�r�a�n�g�e� �o�f� �m� �a�n�d� �1� �v�a�l�u�e�s�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �m�a�c�r�o�s�c�o�p�i�c� �e�q�u�a�t�i�o�n� �c�a�n� �b�e� �d�e�r�i�v�e�d� �:� 

�u!"�=�u�y�  ��(�1�k� 

�w�h�e�r�e�,� �u�,� �U�;� �=� �s�t�e�a�d�y�-�s�t�a�t�e� �a�n�d� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d�s� 

�k�,� �k�,� �=� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�n�d� �j�a�m� �c�o�n�c�e�n�t�r�a�t�i�o�n� 

�T�h�e� �c�o�n�s�t�a�n�t�,� �,� �c�a�n� �b�e� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �t�h�e� �r�e�s�t�r�i�c�t�e�d� �m�,�1� �r�e�g�i�o�n� �a�s� �f�o�l�l�o�w�s�:� 

� � � � 

�1�-�m� 

�g�=�l�,�. ��s� 
�l�-�m� �,�¢�!� 
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�I�t� �c�a�n� �b�e� �o�b�s�e�r�v�e�d� �f�r�o�m� �t�h�e�s�e� �e�q�u�a�t�i�o�n�s� �t�h�a�t� �m� �a�n�d� �|� �a�r�e� �t�h�e� �b�a�s�i�s� �f�o�r� �e�v�a�l�u�a�t�i�n�g� 

�d�r�i�v�e�r� �b�e�h�a�v�i�o�r� �a�t� �b�o�t�h� �t�h�e� �m�i�c�r�o�s�c�o�p�i�c� �a�n�d� �m�a�c�r�o�s�c�o�p�i�c� �l�e�v�e�l�s�.� �I�f� �t�h�e� �r�e�s�t�r�i�c�t�i�o�n�s� �f�o�r� 

�m� �a�n�d� �1� �c�o�n�s�i�d�e�r�e�d� �p�r�e�v�i�o�u�s�l�y� �a�r�e� �a�p�p�l�i�e�d�,� �a� �d�e�p�e�n�d�e�n�c�y� �o�f� �m� �a�n�d� �1� �o�n� �t�r�a�f�f�i�c� �f�l�o�w� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� �a�s� �f�o�l�l�o�w�s� �:� 

�T�h�e� �f�l�u�c�t�u�a�t�i�o�n�s� �o�f� �m� �c�a�n� �b�e� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �t�h�e� �e�q�u�a�t�i�o�n�:� 

�I�n�f�]� �_� �f�e�y� 
�k�.� 

�m�=�l�1� �-�_� 

�u� 
�I�n�( ��)� 

�U�s� 

�T�h�e� �n�o�n�-�l�i�n�e�a�r� �f�l�u�c�t�u�a�t�i�o�n�s� �o�f� �1� �c�a�n� �b�e� �e�s�t�i�m�a�t�e�d� �f�r�o�m� �t�h�e� �e�q�u�a�t�i�o�n� �:� 

�d�-�D�i�n�( ��)� 
�(�2�)� �'�[ � ��_ ��*�_�+�1�]�=�1� 

�J� �_�¢�_�9�y�l�-�1� �I�n�{�1� �&� �y�y� 

�T�h�i�s� �a�n�a�l�y�s�i�s� �i�s� �a�p�p�l�i�e�d� �t�o� �G�r�e�e�n�b�e�r�g�,� �G�r�e�e�n�s�h�i�e�l�d�s�,� �U�n�d�e�r�w�o�o�d� �a�n�d� �D�r�a�k�e� �e�t� �a�l� 

�m�a�c�r�o�s�c�o�p�i�c� �m�o�d�e�l�s�.� �N�o�n�e� �o�f� �t�h�e�s�e� �w�e�r�e� �f�o�u�n�d� �t�o� �b�e� �s�u�p�e�r�i�o�r� �t�o� �t�h�e� �o�t�h�e�r� �m�a�c�r�o�s�c�o�p�i�c� 

�i�n�t�e�g�e�r� �m�o�d�e�l�s�.� 

�I�t� �i�s� �o�b�s�e�r�v�e�d� �t�h�a�t� �t�h�e� �G�r�e�e�n�s�h�i�e�l�d�s� �m�o�d�e�l� �r�e�s�u�l�t�s� �i�n� �a� �l�i�n�e�a�r� �s�p�e�e�d�-�c�o�n�c�e�n�t�r�a�t�i�o�n� 

�r�e�l�a�t�i�o�n�s�h�i�p� �a�n�d� �u�s�u�a�l�l�y� �e�x�h�i�b�i�t�s� �t�h�e� �u�n�d�e�s�i�r�a�b�l�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �a�n� �e�x�t�r�e�m�e�l�y� �l�o�w� �j�a�m� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�.� �T�h�e� �G�r�e�e�n�b�e�r�g� �m�o�d�e�l� �r�e�s�u�l�t�s� �i�n� �a� �c�o�n�c�a�v�e�-�s�h�a�p�e�d� �s�p�e�e�d�-�c�o�n�c�e�n�t�r�a�t�i�o�n� 
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�r�e�l�a�t�i�o�n�s�h�i�p� �a�n�d� �d�o�e�s� �n�o�t� �h�a�v�e� �a� �y�-�i�n�t�e�r�c�e�p�t� �w�h�i�c�h� �m�e�a�n�s� �t�h�a�t� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d� �i�s� �i�n�f�i�n�i�t�y�.� 

�T�h�e� �U�n�d�e�r�w�o�o�d� �m�o�d�e�l� �r�e�s�u�l�t�s� �i�n� �a� �c�o�n�c�a�v�e�-�s�h�a�p�e�d� �s�p�e�e�d�-�c�o�n�c�e�n�t�r�a�t�i�o�n� �r�e�l�a�t�i�o�n�s�h�i�p� �a�n�d� 

�u�s�u�a�l�l�y� �e�x�h�i�b�i�t�s� �t�h�e� �u�n�d�e�s�i�r�a�b�l�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �a�n� �e�x�t�r�e�m�e�l�y� �h�i�g�h� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d� �a�n�d� 

�d�o�e�s� �n�o�t� �h�a�v�e� �a�n� �x�-�i�n�t�e�r�c�e�p�t� �w�h�i�c�h� �m�e�a�n�s� �j�a�m� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�s� �i�n�f�i�n�i�t�y�.� �T�h�e� �D�r�a�k�e� �e�t� 

�a�l� �m�o�d�e�l� �a�l�s�o� �r�e�s�u�l�t�s� �i�n� �a� �c�o�n�c�a�v�e�-�s�h�a�p�e�d� �s�p�e�e�d�-�c�o�n�c�e�n�t�r�a�t�i�o�n� �r�e�l�a�t�i�o�n�s�h�i�p� �i�n� �t�h�e� �l�o�w� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �r�a�n�g�e� �a�n�d� �a� �c�o�n�v�e�x�-�s�h�a�p�e�d� �r�e�l�a�t�i�o�n�s�h�i�p� �i�n� �t�h�e� �h�i�g�h� �c�o�n�c�e�n�t�r�a�t�i�o�n� �r�a�n�g�e�.� 

�I�t� �h�a�s� �t�h�e� �u�n�d�e�s�i�r�a�b�l�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �n�o�t� �h�a�v�i�n�g� �a�n� �x�-�i�n�t�e�r�c�e�p�t� �r�e�s�u�l�t�i�n�g� �i�n� �a� �j�a�m� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �i�n�f�i�n�i�t�y�.� �T�h�e� �n�o�n�-�i�n�t�e�g�e�r� �m�,� �1� �m�o�d�e�l�s� �t�e�n�d� �t�o� �m�i�n�i�m�i�z�e� �o�r� �e�l�i�m�i�n�a�t�e� �t�h�e� 

�u�n�d�e�s�i�r�a�b�l�e� �f�e�a�t�u�r�e�s� �o�f� �t�h�e� �i�n�t�e�g�e�r� �m�,� �1� �m�o�d�e�l�s�.� 

�3�.�2�.�2� �M�U�L�T�I�-�R�E�G�I�M�E� �T�R�A�F�F�I�C� �F�L�O�W� �M�O�D�E�L�S�:� 

�M�u�l�t�i�-�r�e�g�i�m�e� �t�r�a�f�f�i�c� �f�l�o�w� �m�o�d�e�l�s� �w�e�r�e� �d�e�v�e�l�o�p�e�d� �i�n� �o�r�d�e�r� �t�o� �o�v�e�r�c�o�m�e� �t�h�e� 

�i�n�a�d�e�q�u�a�c�i�e�s� �o�f� �t�h�e� �s�i�n�g�l�e�-�r�e�g�i�m�e� �m�o�d�e�l�s� �w�h�i�c�h� �r�e�p�r�e�s�e�n�t� �t�h�e� �f�i�e�l�d� �d�a�t�a� �w�i�t�h� �r�e�a�s�o�n�a�b�l�e� 

�a�c�c�u�r�a�c�y� �i�n� �o�n�l�y� �o�n�e� �t�r�a�f�f�i�c� �f�l�o�w� �r�e�g�i�m�e� �w�h�i�l�e� �t�h�e�y� �t�e�n�d� �t�o� �n�e�g�l�e�c�t� �t�h�e� �o�t�h�e�r� �r�e�g�i�m�e�s� �o�f� 

�t�h�e� �t�r�a�f�f�i�c� �f�l�o�w� �p�a�t�t�e�r�n�.� �E�d�i�e� �w�a�s� �t�h�e� �f�i�r�s�t� �t�o� �p�r�o�p�o�s�e� �t�h�e� �i�d�e�a� �o�f� �t�w�o�-�r�e�g�i�m�e� �m�o�d�e�l�s� 

�i�n� �1�9�6�1� �b�e�c�a�u�s�e� �o�f� �t�h�e� �d�i�f�f�i�c�u�l�t�i�e�s� �e�x�p�e�r�i�e�n�c�e�d� �i�n� �u�s�i�n�g� �t�h�e� �s�i�n�g�l�e�-�r�e�g�i�m�e� �t�r�a�f�f�i�c� �f�l�o�w� 

�m�o�d�e�l�s�.� �H�e� �p�r�o�p�o�s�e�d� �t�h�e� �u�s�e� �o�f� �t�h�e� �U�n�d�e�r�w�o�o�d� �m�o�d�e�l� �f�o�r� �t�h�e� �f�r�e�e�-�f�l�o�w� �r�e�g�i�m�e� �a�n�d� �t�h�e� 

�G�r�e�e�n�b�e�r�g� �m�o�d�e�l� �f�o�r� �t�h�e� �c�o�n�g�e�s�t�e�d� �r�e�g�i�m�e�.� �T�h�i�s� �m�o�d�e�l� �c�o�u�l�d� �b�e� �r�e�p�r�e�s�e�n�t�e�d� �a�s�:� 

�F�r�e�e�-�f�l�o�w� �r�e�g�i�m�e�:� 

�u�=�5�4�.�9�e�  ��4�1�9�3�.�9� 
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�i�f� �k�<�5�0� 

�C�o�n�g�e�s�t�e�d� �f�l�o�w� �r�e�g�i�m�e�:� 

�u�=�2�6�.�8�i�n�(�1�2�5�)� 
�k� 

�i�f� �k�2�5�0� 

�W�h�e�r�e�,� �u� �=� �s�p�e�e�d� 

�k� �=� �d�e�n�s�i�t�y� 

�T�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �m�u�l�t�i�-�r�e�g�i�m�e� �m�o�d�e�l�s� �w�a�s� �c�o�n�t�i�n�u�e�d� �b�y� �a� �r�e�s�e�a�r�c�h� �t�e�a�m� 

�a�t� �N�o�r�t�h�w�e�s�t�e�r�n� �U�n�i�v�e�r�s�i�t�y �� �a�n�d� �t�h�r�e�e� �a�d�d�i�t�i�o�n�a�l� �m�u�l�t�i�-�r�e�g�i�m�e� �m�o�d�e�l� �f�o�r�m�u�l�a�t�i�o�n�s� �w�e�r�e� 

�p�r�o�p�o�s�e�d�.� �T�h�e� �f�i�r�s�t� �w�a�s� �t�h�e� �u�s�e� �o�f� �t�h�e� �G�r�e�e�n�s�h�i�e�l�d�s�-�t�y�p�e� �m�o�d�e�l� �f�o�r� �t�h�e� �f�r�e�e�-�f�l�o�w� �r�e�g�i�m�e� 

�a�n�d� �t�h�e� �c�o�n�g�e�s�t�e�d� �f�l�o�w� �r�e�g�i�m�e� �s�e�p�a�r�a�t�e�l�y�.� �T�h�e� �e�q�u�a�t�i�o�n� �f�o�r� �t�h�i�s� �m�o�d�e�l� �c�o�u�l�d� �b�e� 

�r�e�p�r�e�s�e�n�t�e�d� �a�s�:� 

�F�r�e�e�-�f�l�o�w� �r�e�g�i�m�e�:� 

�u�=�6�0�.�9�-�0�.�5�1�5�k� 

�i�f� �k�<�6�5� 
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�C�o�n�g�e�s�t�e�d� �f�l�o�w� �r�e�g�i�m�e�:� 

�u�=�4�0�-�0�.�2�6�5�k� 

�i�f� �k�2�6�5� 

�W�h�e�r�e�,� �u� �=� �s�p�e�e�d� 

�=� �d�e�n�s�i�t�y� 

�T�h�e� �s�e�c�o�n�d� �m�o�d�e�l� �p�r�o�p�o�s�e�d� �b�y� �t�h�i�s� �t�e�a�m� �s�u�g�g�e�s�t�e�d� �a� �c�o�n�s�t�a�n�t� �s�p�e�e�d� �m�o�d�e�l� �f�o�r� 

�t�h�e� �f�r�e�e�-�f�l�o�w� �r�e�g�i�m�e� �a�n�d� �a� �G�r�e�e�n�b�e�r�g� �m�o�d�e�l� �f�o�r� �t�h�e� �c�o�n�g�e�s�t�e�d� �f�l�o�w� �r�e�g�i�m�e� �w�h�i�c�h� �c�o�u�l�d� 

�b�e� �r�e�p�r�e�s�e�n�t�e�d� �a�s�:� 

�F�r�e�e�-�f�l�o�w� �r�e�g�i�m�e�:� 

�u�=�4�8� 

�i�f� �k�<�3�5� 

�C�o�n�g�e�s�t�e�d� �f�l�o�w� �r�e�g�i�m�e�:� 

�u�=�3�2�I�n�(� �2�4�3�5�)� 
�k� 

�i�f� �k�2�3�5� 
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�T�h�e� �l�a�s�t� �p�r�o�p�o�s�e�d� �m�o�d�e�l� �b�y� �t�h�e� �r�e�s�e�a�r�c�h� �t�e�a�m� �a�t� �N�o�r�t�h�w�e�s�t�e�r�n� �U�n�i�v�e�r�s�i�t�y� �w�a�s� �a� 

�t�h�r�e�e� �r�e�g�i�m�e� �l�i�n�e�a�r� �m�o�d�e�l� �w�i�t�h� �t�h�e� �f�r�e�e�-�f�l�o�w� �r�e�g�i�m�e�,� �t�r�a�n�s�i�t�i�o�n�a�l� �f�l�o�w� �r�e�g�i�m�e� �a�n�d� 

�c�o�n�g�e�s�t�e�d� �f�l�o�w� �r�e�g�i�m�e� �e�a�c�h� �b�e�i�n�g� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �t�h�e� �G�r�e�e�n�s�h�i�e�l�d�s� �m�o�d�e�l� �a�s� �f�o�l�l�o�w�s�:� 

�F�r�e�e�-�f�l�o�w� �r�e�g�i�m�e�:� 

�u�=�5�0�-�0�.�0�9�8�k� 

�i�f� �k�<�4�0� 

�T�r�a�n�s�i�t�i�o�n�a�l� �f�l�o�w� �r�e�g�i�m�e�:� 

�u�=�8�1�.�4�-�0�.�9�1�3�k� 

�i�f� �4�0�<�k�<�6�5� 

�C�o�n�g�e�s�t�e�d� �f�l�o�w� �r�e�g�i�m�e�:� 

�u�=�4�0�-�0�.�2�6�5�k� 

�i�f� �k�2�6�5� 

�W�h�e�r�e�,� �u� �=� �s�p�e�e�d� 

�k� �=� �d�e�n�s�i�t�y� 
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�T�W�O�-�R�E�G�I�M�E� �T�R�A�F�F�I�C� �F�L�O�W� �M�O�D�E�L�S� �:� 

�T�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�n� �s�i�n�g�l�e�-�r�e�g�i�m�e� �m�o�d�e�l�s� �i�s� �e�x�t�e�n�d�e�d� �t�o� �t�w�o�-�r�e�g�i�m�e� �m�o�d�e�l�s� �t�o� 

�o�b�t�a�i�n� �i�m�p�r�o�v�e�d� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �d�a�t�a� �s�e�t�s�,� �e�s�p�e�c�i�a�l�l�y� �a�t� �n�e�a�r� �c�a�p�a�c�i�t�y� �l�e�v�e�l�s� �o�f� �f�l�o�w�.� 

�T�h�e� �p�r�o�c�e�d�u�r�e�s� �u�s�e�d� �i�n� �t�h�e� �t�w�o�-�r�e�g�i�m�e� �m�o�d�e�l� �e�v�a�l�u�a�t�i�o�n� �w�e�r�e� �i�d�e�n�t�i�c�a�l� �t�o� �t�h�o�s�e� �u�s�e�d� �i�n� 

�t�h�e� �s�i�n�g�l�e�-�r�e�g�i�m�e� �m�o�d�e�l� �e�v�a�l�u�a�t�i�o�n� �w�i�t�h� �a� �f�e�w� �e�x�c�e�p�t�i�o�n�s�.� �T�h�e� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d� �a�n�d� 

�m�a�x�i�m�u�m� �f�l�o�w� �c�r�i�t�e�r�i�a� �w�e�r�e� �r�e�m�o�v�e�d� �f�o�r� �t�h�e� �c�o�n�g�e�s�t�e�d� �f�l�o�w� �r�e�g�i�m�e�.� �M�o�r�e�o�v�e�r�,� �o�n�l�y� 

�t�h�e� �d�a�t�a� �p�o�i�n�t�s� �w�i�t�h� �c�o�n�c�e�n�t�r�a�t�i�o�n� �v�a�l�u�e�s� �m�o�r�e� �t�h�a�n� �5�0� �v�e�h�i�c�l�e�s� �p�e�r� �m�i�l�e� �w�e�r�e� �i�n�c�l�u�d�e�d�.� 

�F�o�r� �t�h�e� �f�r�e�e�-�f�l�o�w� �r�e�g�i�m�e�,� �j�a�m� �c�o�n�c�e�n�t�r�a�t�i�o�n� �c�r�i�t�e�r�i�o�n� �w�a�s� �r�e�m�o�v�e�d� �a�n�d� �o�n�l�y� �d�a�t�a� �p�o�i�n�t�s� 

�w�i�t�h� �c�o�n�c�e�n�t�r�a�t�i�o�n� �v�a�l�u�e�s� �o�f� �l�e�s�s� �t�h�a�n� �6�0� �v�p�m� �w�e�r�e� �i�n�c�l�u�d�e�d�.� 

�C�O�N�G�E�S�T�E�D�-�F�L�O�W� �R�E�G�I�M�E� �:� 

�T�h�e� �c�r�i�t�e�r�i�a� �u�s�e�d� �i�n� �t�h�e� �s�e�l�e�c�t�i�o�n� �o�f� �c�o�n�g�e�s�t�e�d�-�f�l�o�w� �r�e�g�i�m�e� �m�o�d�e�l�s� �w�e�r�e� �m�e�a�n� 

�d�e�v�i�a�t�i�o�n� �a�n�d� �j�a�m� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� �T�h�e� �b�o�u�n�d�a�r�i�e�s� �o�f� �t�h�e� �m�,� �1� �c�o�m�b�i�n�a�t�i�o�n�s� �i�n�v�e�s�t�i�g�a�t�e�d� 

�w�e�r�e� �0�<�m�<�1� �a�n�d� �0�<�1�<�3�.�1�.� �T�h�e� �e�x�t�e�n�d�e�d� �r�e�g�i�o�n� �i�n� �t�h�e� �m�,� �|� �m�a�t�r�i�x� �f�o�r� 

�c�o�n�g�e�s�t�e�d�-�f�l�o�w� �r�e�g�i�m�e� �i�s�0�<�m�<�1� �a�n�d� �0�<�1�<�1�.� �T�h�e� �m�a�c�r�o�s�c�o�p�i�c� �e�q�u�a�t�i�o�n� �f�o�r� �e�x�t�e�n�d�e�d� 

�r�e�g�i�o�n� �i�s� 

�u�l�-�*�=�@� �=� �(�K�e� �-�k�'�)� 
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�F�R�E�E�-�F�L�O�W�_�R�E�G�I�M�E� �:� 

�T�h�e� �c�r�i�t�e�r�i�a� �u�s�e�d� �i�n� �s�e�l�e�c�t�i�n�g� �t�h�e� �f�r�e�e�-�f�l�o�w� �r�e�g�i�m�e� �m�o�d�e�l�s� �w�e�r�e� �m�e�a�n� �d�e�v�i�a�t�i�o�n�,� 

�f�r�e�e�-�f�l�o�w� �s�p�e�e�d� �a�n�d� �m�a�x�i�m�u�m� �f�l�o�w�.� �T�h�e� �b�o�u�n�d�a�r�i�e�s� �o�f� �t�h�e� �m�,� �1� �c�o�m�b�i�n�a�t�i�o�n�s� 

�i�n�v�e�s�t�i�g�a�t�e�d� �w�e�r�e� �0�<�m�<�1� �a�n�d� �0�<�1�<�3�.�1�.� �T�h�e� �G�r�e�e�n�s�h�i�e�l�d�s�,� �G�r�e�e�n�b�e�r�g� �a�n�d� 

�U�n�d�e�r�w�o�o�d� �m�o�d�e�l�s� �a�r�e� �e�v�a�l�u�a�t�e�d� �a�n�d� �f�o�u�n�d� �t�h�a�t� �n�o�n�e� �o�f� �t�h�e�s�e� �m�a�c�r�o�s�c�o�p�i�c� �m�o�d�e�l�s� 

�a�p�p�e�a�r�s� �t�o� �b�e� �a�p�p�r�o�p�r�i�a�t�e�.� 

�T�h�e� �m�a�i�n� �d�i�f�f�i�c�u�l�t�y� �i�n� �m�u�l�t�i�-�r�e�g�i�m�e� �t�r�a�f�f�i�c� �f�l�o�w� �m�o�d�e�l�s� �w�a�s� �t�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� 

�t�h�e� �b�r�e�a�k�p�o�i�n�t� �b�e�t�w�e�e�n� �r�e�g�i�m�e�s�.� �T�h�e� �N�o�r�t�h�w�e�s�t�e�r�n� �r�e�s�e�a�r�c�h� �g�r�o�u�p� �a�p�p�l�i�e�d� �t�h�e� �w�o�r�k� �o�f� 

�Q�u�a�n�d�t� �o�n� �l�i�k�e�l�i�h�o�o�d� �f�u�n�c�t�i�o�n�s� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� �b�r�e�a�k�p�o�i�n�t�s� �b�e�t�w�e�e�n� �r�e�g�i�m�e�s� �f�o�r� �a�l�l� �t�h�e� 

�f�o�u�r� �m�u�l�t�i�-�r�e�g�i�m�e� �m�o�d�e�l�s� �p�r�o�p�o�s�e�d�.� �T�h�e� �a�t�t�r�i�b�u�t�e�s� �a�n�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e�s�e�s� �m�o�d�e�l�s� 

�a�r�e� �s�t�u�d�i�e�d� �a�n�d� �c�o�m�p�a�r�e�d� �b�y� �s�u�p�e�r�i�m�p�o�s�i�n�g� �t�h�e�s�e� �e�q�u�a�t�i�o�n�s� �a�n�d� �b�r�e�a�k�p�o�i�n�t�s� �o�n� �a� �f�r�e�e�w�a�y� 

�d�a�t�a� �s�e�t�.� �A�l�l� �t�h�e� �m�u�l�t�i�-�r�e�g�i�m�e� �m�o�d�e�l�s� �t�r�a�c�k�e�d� �t�h�e� �f�r�e�e�w�a�y� �d�a�t�a� �s�e�t� �i�n� �a� �v�e�r�y� �r�e�a�s�o�n�a�b�l�e� 

�m�a�n�n�e�r� �a�n�d� �m�u�c�h� �b�e�t�t�e�r� �t�h�a�n� �a�n�y� �o�f� �t�h�e� �s�i�n�g�l�e� �r�e�g�i�m�e� �t�r�a�f�f�i�c� �f�l�o�w� �m�o�d�e�l�s�.� �I�n� �r�e�g�a�r�d� �t�o� 

�m�a�x�i�m�u�m� �f�l�o�w�,� �t�h�e� �E�d�i�e� �m�o�d�e�l� �s�l�i�g�h�t�l�y� �o�v�e�r�e�s�t�i�m�a�t�e�s� �w�h�i�l�e� �t�h�e� �o�t�h�e�r� �m�o�d�e�l�s� �s�l�i�g�h�t�l�y� 

�u�n�d�e�r�e�s�t�i�m�a�t�e�.� �T�h�e� �T�w�o�-�r�e�g�i�m�e� �l�i�n�e�a�r� �t�r�a�f�f�i�c� �f�l�o�w� �m�o�d�e�l� �s�l�i�g�h�t�l�y� �o�v�e�r�e�s�t�i�m�a�t�e�s� �t�h�e� �f�r�e�e�-� 

�f�l�o�w� �s�p�e�e�d� �a�n�d� �t�h�e� �m�o�d�i�f�i�e�d� �G�r�e�e�n�b�e�r�g� �m�o�d�e�l� �s�l�i�g�h�t�l�y� �u�n�d�e�r�e�s�t�i�m�a�t�e�s� �t�h�e� �f�r�e�e�-�f�l�o�w� 

�s�p�e�e�d�.� �T�h�e� �o�p�t�i�m�u�m� �s�p�e�e�d� �i�s� �s�l�i�g�h�t�l�y� �o�v�e�r�e�s�t�i�m�a�t�e�d� �b�y� �t�h�e� �E�d�i�e� �a�n�d� �t�h�r�e�e�-�r�e�g�i�m�e� �l�i�n�e�a�r� 

�t�r�a�f�f�i�c� �f�l�o�w� �m�o�d�e�l�s�.� �A�l�l� �t�h�e� �m�o�d�e�l�s� �u�n�d�e�r�e�s�t�i�m�a�t�e� �t�h�e� �j�a�m� �d�e�n�s�i�t�y�.� 

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �3�0



�I�n� �s�u�m�m�a�r�y�,� �t�h�e� �m�u�l�t�i�-�r�e�g�i�m�e� �m�o�d�e�l�s� �p�r�o�v�i�d�e� �a� �c�o�n�s�i�d�e�r�a�b�l�e� �i�m�p�r�o�v�e�m�e�n�t� �o�v�e�r� 

�s�i�n�g�l�e� �r�e�g�i�m�e� �m�o�d�e�l�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �m�u�l�t�i�-�r�e�g�i�m�e� �a�n�d� �t�h�e� �s�i�n�g�l�e� �r�e�g�i�m�e� �m�o�d�e�l�s� �h�a�d� 

�d�i�f�f�e�r�e�n�t� �s�t�r�e�n�g�t�h�s� �a�n�d� �w�e�a�k�n�e�s�s�e�s�.� �F�u�r�t�h�e�r� �e�a�c�h� �m�o�d�e�l� �d�i�s�c�r�e�t�e�l�y� �d�i�f�f�e�r�e�n�t� �t�h�a�n� 

�e�x�h�i�b�i�t�i�n�g� �a�s� �a� �c�o�n�t�i�n�u�o�u�s� �s�p�e�c�t�r�u�m� �o�f� �a� �f�a�m�i�l�y� �o�f� �m�o�d�e�l�s�.� 

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �3�1



�4�.� �S�I�M�U�L�A�T�I�O�N� �B�Y� �D�Y�N�A�M�O� 

�4�.�1� �I�N�T�R�O�D�U�C�T�I�O�N� 

�D�Y�N�A�M�O�* �� �i�s� �a� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m� �w�h�i�c�h� �c�o�m�p�i�l�e�s� �a�n�d� �e�x�e�c�u�t�e�s� �c�o�n�t�i�n�u�o�u�s� 

�s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�s�.� �C�o�n�t�i�n�u�o�u�s� �m�o�d�e�l�s� �a�r�e� �u�s�e�f�u�l� �w�h�e�n� �t�h�e� �s�y�s�t�e�m� �i�n� �q�u�e�s�t�i�o�n� �d�e�p�e�n�d�s� 

�m�o�r�e� �o�n� �a�g�g�r�e�g�a�t�e� �f�l�o�w�s� �t�h�a�n� �o�n� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �s�i�n�g�l�e�,� �d�i�s�c�r�e�t�e� �e�v�e�n�t�s�.� �A�n� �e�n�g�i�n�e�e�r� 

�i�s� �n�o�t� �c�o�n�c�e�r�n�e�d� �w�i�t�h� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �a�n� �i�n�d�i�v�i�d�u�a�l� �m�o�l�e�c�u�l�e�,� �b�u�t� �r�a�t�h�e�r� �w�i�t�h� �t�h�e� 

�p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �s�y�s�t�e�m� �a�s� �a� �w�h�o�l�e�.� �A�l�l� �o�f� �t�h�e�s�e� �p�r�o�b�l�e�m�s� �c�o�n� �b�e� �s�t�u�d�i�e�d� �b�y� 

�a�g�g�r�e�g�a�t�i�n�g� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �e�v�e�n�t�s� �i�n�t�o� �a� �c�o�n�t�i�n�u�o�u�s� �f�l�o�w� �a�n�d� �e�x�a�m�i�n�i�n�g� �t�h�i�s� �f�l�o�w� �i�n� �t�h�e� 

�c�o�n�t�e�x�t� �o�f� �t�h�e� �c�o�n�t�i�n�u�o�u�s� �v�a�r�i�a�b�l�e�s� �t�h�a�t� �a�f�f�e�c�t� �i�t� �a�n�d� �a�r�e� �a�f�f�e�c�t�e�d� �b�y� �i�t�.� �T�y�p�i�c�a�l�l�y�,� �t�h�e�s�e� 

�v�a�r�i�a�b�l�e�s� �f�o�r�m� �a� �c�l�o�s�e�d� �l�o�o�p� �f�e�e�d�b�a�c�k� �s�y�s�t�e�m�,� �w�h�e�r�e� �X� �a�f�f�e�c�t�s� �Y� �a�f�f�e�c�t�s� �Z� �a�f�f�e�c�t�s� �X�.� 

�T�h�e�s�e� �f�e�e�d�b�a�c�k� �s�y�s�t�e�m�s� �e�x�h�i�b�i�t� �b�e�h�a�v�i�o�r� �t�h�a�t� �c�a�n�n�o�t� �b�e� �p�r�e�d�i�c�t�e�d� �b�y� �l�o�o�k�i�n�g� �a�t� �t�h�e� 

�c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �s�y�s�t�e�m� �i�n� �i�s�o�l�a�t�i�o�n�.� 

�D�Y�N�A�M�O� �i�s� �a�n� �e�f�f�e�c�t�i�v�e� �t�o�o�l� �f�o�r� �b�u�i�l�d�i�n�g� �a�n�d� �s�i�m�u�l�a�t�i�n�g� �c�o�n�t�i�n�u�o�u�s� �f�e�e�d�b�a�c�k� 

�m�o�d�e�l�s�.� �I�t� �h�a�s� �b�e�e�n� �u�s�e�d� �t�o� �s�t�u�d�y� �b�u�s�i�n�e�s�s�,� �s�o�c�i�a�l�,� �e�c�o�n�o�m�i�c�,� �b�i�o�l�o�g�i�c�a�l�,� �p�s�y�c�h�o�l�o�g�i�c�a�l� 

�a�n�d� �e�n�g�i�n�e�e�r�i�n�g� �s�y�s�t�e�m�s� �v�e�r�y� �w�i�d�e�l�y�.� �T�h�e� �b�a�s�i�c� �t�o�o�l� �o�f� �c�o�n�t�i�n�u�o�u�s� �s�i�m�u�l�a�t�i�o�n� �i�s� �t�h�e� 

�p�r�o�c�e�s�s� �o�f� �i�n�t�e�g�r�a�t�i�o�n�.� �I�n�t�e�g�r�a�t�i�o�n� �a�p�p�e�a�r�s� �e�v�e�r�y�w�h�e�r�e� �i�n� �n�a�t�u�r�e� �a�n�d� �i�s� �e�s�s�e�n�t�i�a�l� �t�o� 

�r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �p�r�o�c�e�s�s� �o�f� �c�h�a�n�g�e�s� �i�n� �t�h�e� �r�e�a�l� �s�y�s�t�e�m�s�.� �S�i�n�c�e� �d�i�g�i�t�a�l� �c�o�m�p�u�t�e�r�s� �c�a�n�n�o�t� 

�i�n�t�e�g�r�a�t�e� �e�x�a�c�t�l�y�,� �i�n�t�e�g�r�a�t�i�o�n� �i�n� �D�Y�N�A�M�O� �i�s� �a�p�p�r�o�x�i�m�a�t�e�d� �b�y� �a� �s�i�m�p�l�e� �a�r�i�t�h�m�e�t�i�c� 

�p�r�o�c�e�s�s�.� 

�S�i�m�u�l�a�t�i�o�n� �B�y� �D�Y�N�A�M�O� �3�2



�4�.�2� �D�Y�N�A�M�O� �E�q�u�a�t�i�o�n�s� 

�T�h�e� �e�q�u�a�t�i�o�n�s� �f�o�r� �a�n�y� �m�o�d�e�l� �c�a�n� �b�e� �w�r�i�t�t�e�n� �b�y� �d�e�t�e�r�m�i�n�i�n�g� �v�a�r�i�o�u�s� �f�a�c�t�o�r�s� �s�u�c�h� 

�a�s� �t�h�e� �e�q�u�a�t�i�o�n� �t�y�p�e� �o�f� �t�h�e� �q�u�a�n�t�i�t�y� �t�o� �b�e� �c�o�m�p�u�t�e�d�,� �t�h�e� �v�a�r�i�o�u�s� �p�a�r�a�m�e�t�e�r�s� �a�f�f�e�c�t�i�n�g� �t�h�i�s� 

�v�a�r�i�a�b�l�e� �a�n�d� �t�h�e� �r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e�s�e� �v�a�r�i�a�b�l�e�s�.� �T�h�e�r�e� �a�r�e� �s�e�v�e�n� �t�y�p�e�s� �o�f� �e�q�u�a�t�i�o�n�s� �i�n� 

�D�Y�N�A�M�O� �w�i�t�h� �f�i�v�e� �o�f� �t�h�e�m� �b�e�i�n�g� �u�s�e�d� �f�o�r� �v�a�r�i�a�b�l�e�s�.� �T�w�o� �t�y�p�e�s� �o�f� �e�q�u�a�t�i�o�n�s� �t�o� 

�r�e�p�r�e�s�e�n�t� �c�o�n�s�t�a�n�t�s� �a�r�e� �a�l�s�o� �u�s�e�d� �i�n� �D�Y�N�A�M�O�.� �T�h�e�s�e� �a�r�e� �:�-� �(�1�)� �G�i�v�e�n� �C�o�n�s�t�a�n�t�s� �(�C�)�,� 

�w�h�i�c�h� �c�a�n� �t�a�k�e� �o�n�l�y� �n�u�m�e�r�i�c�a�l� �v�a�l�u�e�s� �a�n�d� �(�2�)� �T�a�b�l�e� �S�t�a�t�e�m�e�n�t�s� �(�T�)�,� �w�h�i�c�h� �a�r�e� �a�r�r�a�y�s� �o�f� 

�n�u�m�e�r�i�c�a�l� �v�a�l�u�e�s� �u�p�o�n� �w�h�i�c�h� �t�h�e� �t�a�b�l�e� �l�o�o�k�-�u�p� �f�u�n�c�t�i�o�n�s� �o�p�e�r�a�t�e�.� �T�h�e� �v�a�r�i�o�u�s� �e�q�u�a�t�i�o�n�s� 

�o�f� �D�Y�N�A�M�O� �a�r�e�:� 

�v�e�l� �t�i�o�n� 

�L�e�v�e�l� �e�q�u�a�t�i�o�n�s� �a�r�e� �t�h�e� �i�n�t�e�g�r�a�l� �e�q�u�a�t�i�o�n�s� �o�f� �D�Y�N�A�M�O�.� �T�h�e�y� �r�e�l�a�t�e� �a� �q�u�a�n�t�i�t�y� 

�a�t� �t�h�e� �c�u�r�r�e�n�t� �t�i�m�e� �t�o� �i�t�s� �v�a�l�u�e� �a�t� �t�h�e� �p�r�e�v�i�o�u�s� �t�i�m�e� �t�h�a�t� �c�a�l�c�u�l�a�t�i�o�n�s� �w�e�r�e� �m�a�d�e�,� �a�n�d� �t�o� 

�i�t�s� �r�a�t�e� �o�f� �c�h�a�n�g�e� �d�u�r�i�n�g� �t�h�e� �i�n�t�e�r�v�a�l� �b�e�t�w�e�e�n� �c�a�l�c�u�l�a�t�i�o�n�s�.� 

�A�u�x�i�l�i�a�r�y� �E�q�u�a�t�i�o�n�s� �(�A�)�:� 

�T�h�e�s�e� �a�r�e� �s�i�m�p�l�e� �a�l�g�e�b�r�a�i�c� �f�u�n�c�t�i�o�n�s� �o�f� �l�e�v�e�l�s� �a�n�d� �o�t�h�e�r� �a�u�x�i�l�i�a�r�y� �v�a�r�i�a�b�l�e�s� �a�t� �t�h�e� 

�c�u�r�r�e�n�t� �t�i�m�e�.� �A�u�x�i�l�i�a�r�y� �e�q�u�a�t�i�o�n�s� �m�a�y� �n�o�t� �d�e�p�e�n�d� �u�p�o�n� �o�t�h�e�r� �a�u�x�i�l�i�a�r�i�e�s� �w�h�i�c�h� �i�n� �t�u�r�n� 

�S�i�m�u�l�a�t�i�o�n� �B�y� �D�Y�N�A�M�O� �3�3



�d�e�p�e�n�d� �o�n� �t�h�e� �a�u�x�i�l�i�a�r�y� �d�e�f�i�n�e�d�;� �i�.�e�.�,� �s�i�m�u�l�t�a�n�e�o�u�s� �e�q�u�a�t�i�o�n�s� �a�m�o�n�g� �a�u�x�i�l�i�a�r�y� �e�q�u�a�t�i�o�n�s� 

�a�r�e� �n�o�t� �p�e�r�m�i�t�t�e�d�.� 

�R�a�t�e� �E�q�u�a�t�i�o�n�s� �(�R�)�:� 

�R�a�t�e� �e�q�u�a�t�i�o�n�s� �a�r�e� �s�i�m�i�l�a�r� �t�o� �a�u�x�i�l�i�a�r�y� �e�q�u�a�t�i�o�n�s�.� �T�h�e�y� �a�r�e� �a�l�g�e�b�r�a�i�c� �f�u�n�c�t�i�o�n�s� 

�o�f� �l�e�v�e�l�s� �a�n�d� �a�u�x�i�l�i�a�r�i�e�s� �a�t� �t�h�e� �s�a�m�e� �t�i�m�e� �i�n�s�t�a�n�t�.� �T�h�e� �r�a�t�e� �q�u�a�n�t�i�t�i�e�s� �a�r�e� �t�h�e� �f�l�o�w�s� �i�n� 

�c�o�n�s�e�r�v�a�t�i�v�e� �s�u�b�-�s�y�s�t�e�m�s�.� 

�S�u�p�p�l�e�m�e�n�t�a�r�y� �E�q�u�a�t�i�o�n�s� �(�S�)�:� 

�S�u�p�p�l�e�m�e�n�t�a�r�y� �e�q�u�a�t�i�o�n�s� �a�r�e� �a�l�g�e�b�r�a�i�c� �e�q�u�a�t�i�o�n�s� �t�h�a�t� �a�r�e� �c�o�m�p�u�t�e�d� �o�n�l�y� �t�o� 

�p�r�o�v�i�d�e� �o�u�t�p�u�t�.� �I�f� �t�h�e�r�e� �i�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �n�u�m�b�e�r� �o�f� �s�o�l�u�t�i�o�n� �i�n�t�e�r�v�a�l�s� �b�e�t�w�e�e�n� �e�a�c�h� �o�u�t�p�u�t� 

�p�e�r�i�o�d�,� �a� �s�m�a�l�l� �s�a�v�i�n�g� �i�n� �c�o�m�p�u�t�e�r� �t�i�m�e� �c�a�n� �b�e� �m�a�d�e� �b�y� �c�o�m�p�u�t�i�n�g� �a�s� �s�u�p�p�l�e�m�e�n�t�a�r�i�e�s� 

�t�h�o�s�e� �q�u�a�n�t�i�t�i�e�s� �t�h�a�t� �a�r�e� �o�n�l�y� �p�r�i�n�t�e�d� �o�r� �p�l�o�t�t�e�d�,� �o�r� �a�r�e� �u�s�e�d� �o�n�l�y� �i�n� �o�t�h�e�r� �s�u�p�p�l�e�m�e�n�t�a�r�y� 

�e�q�u�a�t�i�o�n�s�.� 

�I�n�i�t�i�a�l� �V�a�l�u�e� �E�q�u�a�t�i�o�n�s� �(�N�)�:� 

�T�h�e�s�e� �a�r�e� �a�l�g�e�b�r�a�i�c� �e�q�u�a�t�i�o�n�s� �t�h�a�t� �a�r�e� �c�o�m�p�u�t�e�d� �o�n�l�y� �d�u�r�i�n�g� �m�o�d�e�l� �i�n�i�t�i�a�l�i�z�a�t�i�o�n�.� 

�A�n� �N� �s�t�a�t�e�m�e�n�t� �m�u�s�t� �b�e� �p�r�o�v�i�d�e�d� �f�o�r� �e�a�c�h� �l�e�v�e�l� �v�a�r�i�a�b�l�e�,� �a�n�d� �m�a�y� �b�e� �p�r�o�v�i�d�e�d� �f�o�r� �a�n� 

�a�u�x�i�l�i�a�r�y� �o�r� �r�a�t�e� �v�a�r�i�a�b�l�e�.� �D�Y�N�A�M�O� �w�i�l�l� �u�s�e� �t�h�e� �a�c�t�i�v�e� �e�q�u�a�t�i�o�n�s� �o�f� �u�n�i�n�i�t�i�a�l�i�z�e�d� 

�S�i�m�u�l�a�t�i�o�n� �B�y� �D�Y�N�A�M�O� �3�4



�a�u�x�i�l�i�a�r�i�e�s� �o�r� �r�a�t�e�s� �a�s� �i�n�i�t�i�a�l� �v�a�l�u�e� �e�q�u�a�t�i�o�n�s�,� �i�f� �n�e�c�e�s�s�a�r�y�.� �C�o�n�s�t�a�n�t�s� �m�a�y� �a�l�s�o� �b�e� 

�c�o�m�p�u�t�e�d� �b�y� �i�n�i�t�i�a�l� �v�a�l�u�e� �e�q�u�a�t�i�o�n�s�.� �T�h�e� �c�a�l�c�u�l�a�t�i�o�n� �w�o�u�l�d� �b�e� �m�a�d�e� �o�n�l�y� �o�n�c�e�,� �a�n�d� �t�h�e� 

�N� �e�q�u�a�t�i�o�n� �w�o�u�l�d� �b�e� �t�h�e� �o�n�l�y� �e�q�u�a�t�i�o�n� �f�o�r� �t�h�e� �c�o�m�p�u�t�e�d� �c�o�n�s�t�a�n�t�.� 

�4�.�3� �D�Y�N�A�M�O� �C�o�n�v�e�n�t�i�o�n�s� 

�Q�u�a�n�t�i�t�y� �n�a�m�e�s� �m�u�s�t� �b�e� �g�i�v�e�n� �a� �t�i�m�e� �s�u�b�s�c�r�i�p�t� �(�t�i�m�e�s�c�r�i�p�t�)� �t�o� �i�n�d�i�c�a�t�e� �t�h�e� �t�y�p�e� 

�o�f� �q�u�a�n�t�i�t�y� �a�n�d� �o�r�d�e�r� �o�f� �c�o�m�p�u�t�a�t�i�o�n�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �i�n�a�b�i�l�i�t�y� �o�f� �D�Y�N�A�M�O� �p�r�o�g�r�a�m� 

�t�o� �h�a�n�d�l�e� �s�u�b�s�c�r�i�p�t�s�,� �t�i�m�e� �p�o�s�t�s�c�r�i�p�t�s� �a�r�e� �u�s�e�d� �i�n� �d�e�f�i�n�i�n�g� �t�h�e� �v�a�r�i�a�b�l�e�s�.� �L�e�v�e�l�s�,� 

�a�u�x�i�l�i�a�r�i�e�s� �a�n�d� �s�u�p�p�l�e�m�e�n�t�a�r�i�e�s� �h�a�v�e� �a� �s�i�n�g�l�e� �l�e�t�t�e�r� �t�i�m�e�s�c�r�i�p�t� �w�h�i�l�e� �r�a�t�e�s� �a�l�w�a�y�s� �h�a�v�e� �a� 

�d�o�u�b�l�e� �l�e�t�t�e�r� �t�i�m�e�s�c�r�i�p�t�s�.� �T�h�e� �p�r�e�s�e�n�t� �t�i�m�e� �a�t� �w�h�i�c�h� �a� �l�e�v�e�l� �o�r� �a�u�x�i�l�i�a�r�y� �i�s� �c�a�l�c�u�l�a�t�e�d� �i�s� 

�d�e�f�i�n�e�d� �a�s� �t�h�e� �t�i�m�e� �K�,� �a�n�d� �t�h�e� �f�o�r�t�h�c�o�m�i�n�g� �t�i�m�e� �i�n�t�e�r�v�a�l� �f�o�r� �w�h�i�c�h� �a� �r�a�t�e� �i�s� �c�a�l�c�u�l�a�t�e�d� 

�i�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �t�i�m�e� �K� �t�o� �L�,� �t�h�e� �q�u�a�n�t�i�t�y� �b�e�i�n�g� �d�e�f�i�n�e�d� �w�i�l�l� �a�l�w�a�y�s� �b�e� �g�i�v�e�n� �t�h�e� 

�t�i�m�e�s�c�r�i�p�t�s� �K� �o�r� �K�L�,� �d�e�p�e�n�d�i�n�g� �o�n� �i�t�s� �q�u�a�n�t�i�t�y� �t�y�p�e�.� �Q�u�a�n�t�i�t�i�e�s� �o�n� �t�h�e� �r�i�g�h�t� �h�a�n�d� �s�i�d�e� 

 ��o�f� �t�h�e� �e�q�u�a�l� �t�o� �s�i�g�n� �m�a�y� �h�a�v�e� �t�i�m�e�s�c�r�i�p�t�s� �J�,� �K�,� �o�r� �J�K�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e�i�r� �o�w�n� �q�u�a�n�t�i�t�y� 

�t�y�p�e� �a�n�d� �t�h�e� �q�u�a�n�t�i�t�y� �t�y�p�e� �b�e�i�n�g� �d�e�f�i�n�e�d�.� �A� �s�u�m�m�a�r�y� �o�f� �t�h�e� �D�Y�N�A�M�O� �p�o�s�t�s�c�r�i�p�t� 

�c�o�n�v�e�n�t�i�o�n� �i�s� �s�h�o�w�n� �i�n� �t�h�e� �t�a�b�l�e�.� 

�4�.�4� �B�U�I�L�T�-�I�N� �F�U�N�C�T�I�O�N�S� 

�A� �f�u�n�c�t�i�o�n� �i�s� �a� �c�o�n�v�e�n�i�e�n�t� �s�h�o�r�t�h�a�n�d� �f�o�r� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �a� �p�a�r�t�i�c�u�l�a�r� �m�a�t�h�e�m�a�t�i�c�a�l� 

�p�r�o�c�e�s�s� �i�s� �t�o� �b�e� �p�e�r�f�o�r�m�e�d�.� �A� �n�u�m�b�e�r� �o�f� �f�u�n�c�t�i�o�n�s� �a�r�e� �b�u�i�l�t� �i�n�t�o� �D�Y�N�A�M�O�.� �I�n� 
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�a�d�d�i�t�i�o�n� �t�o� �t�h�e�s�e�,� �f�u�n�c�t�i�o�n�s� �c�a�n� �b�e� �d�e�f�i�n�e�d� �b�y� �u�s�i�n�g� �t�h�e� �m�a�c�r�o� �f�a�c�i�l�i�t�y� �a�n�d� �t�h�e� �e�x�t�e�r�n�a�l� 

�f�u�n�c�t�i�o�n� �f�a�c�i�l�i�t�y�.� �A� �m�a�c�r�o� �i�s� �l�i�k�e� �a� �f�u�n�c�t�i�o�n�,� �b�u�t� �i�s� �a�c�t�u�a�l�l�y� �c�o�m�p�u�t�e�d� �b�y� �o�n�e� �o�r� �m�o�r�e� 

�D�Y�N�A�M�6�O� �s�t�a�t�e�m�e�n�t�s�.� �T�h�e� �d�i�s�t�i�n�c�t�i�o�n� �b�e�t�w�e�e�n� �f�u�n�c�t�i�o�n�s� �a�n�d� �m�a�c�r�o�s� �i�s� �n�o�t� �i�m�p�o�r�t�a�n�t� 

�u�n�l�e�s�s� �e�r�r�o�r�s� �o�c�c�u�r�,� �b�e�c�a�u�s�e� �e�r�r�o�r� �m�e�s�s�a�g�e�s� �r�e�l�a�t�i�n�g� �t�o� �m�a�c�r�o�s� �m�a�y� �i�n�c�l�u�d�e� �s�t�r�a�n�g�e� 

�n�a�m�e�s�.� �O�f� �t�h�e� �b�u�i�l�t�-�i�n� �f�u�n�c�t�i�o�n�s�,� �t�h�e� �D�E�L�A�Y�,� �S�M�O�O�T�H�,� �P�U�L�S�E�,� �R�A�M�P�,� �S�A�M�P�L�E� 

�a�n�d� �s�o�m�e� �t�a�b�l�e�s� �a�r�e� �a�c�t�u�a�l�l�y� �m�a�c�r�o�s�.� �A� �f�u�n�c�t�i�o�n� �o�r� �m�a�c�r�o� �i�s� �u�s�e�d� �o�n� �t�h�e� �r�i�g�h�t� �h�a�n�d� �s�i�d�e� 

�o�f� �t�h�e� �e�q�u�a�l� �s�i�g�n� �a�s� �i�f� �i�t� �w�e�r�e� �a� �q�u�a�n�t�i�t�y� �n�a�m�e� �o�r� �n�u�m�b�e�r�.� �T�h�e� �p�r�o�p�e�r� �n�u�m�b�e�r� �o�f� 

�a�r�g�u�m�e�n�t�s� �m�u�s�t� �b�e� �p�r�o�v�i�d�e�d� �i�n� �t�h�e� �p�a�r�e�n�t�h�e�s�e�s� �a�f�t�e�r� �t�h�e� �f�u�n�c�t�i�o�n� �n�a�m�e�,� �i�n� �t�h�e� �p�r�o�p�e�r� 

�o�r�d�e�r�,� �w�i�t�h� �c�o�m�m�a�s� �t�o� �s�e�p�a�r�a�t�e� �t�h�e�m�.� �T�h�e�s�e� �a�r�g�u�m�e�n�t�s� �m�a�y� �b�e� �n�a�m�e�s� �o�r� �e�x�p�r�e�s�s�i�o�n�s�.� 

�W�h�e�n� �u�s�i�n�g� �m�a�c�r�o�s� �t�h�e� �e�q�u�a�t�i�o�n� �t�y�p�e� �i�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �v�a�r�i�a�b�l�e� �b�e�i�n�g� 

�c�o�m�p�u�t�e�d�,� �n�o�t� �b�y� �t�h�e� �f�u�n�c�t�i�o�n�.� �A� �f�e�w� �b�u�i�l�t�-�i�n� �f�u�n�c�t�i�o�n�s� �a�r�e� �d�i�s�c�u�s�s�e�d� �h�e�r�e� �i�n� �o�r�d�e�r� �t�o� 

�g�i�v�e� �a� �g�o�o�d� �p�e�r�s�p�e�c�t�i�v�e� �o�f� �t�h�e�s�e� �f�u�n�c�t�i�o�n�s�.� 

�D�E�L�A�Y� �A�N�D� �S�M�O�O�T�H� �F�U�N�C�T�I�O�N�S� 

�T�h�e�r�e� �a�r�e� �t�w�o� �c�l�a�s�s�e�s� �o�f� �d�e�l�a�y�s�:� �m�a�t�e�r�i�a�l� �a�n�d� �i�n�f�o�r�m�a�t�i�o�n�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e� 

�b�e�t�w�e�e�n� �t�h�e�s�e� �c�l�a�s�s�e�s� �d�o�e�s� �n�o�t� �a�f�f�e�c�t� �t�h�e� �n�u�m�e�r�i�c�a�l� �r�e�s�u�l�t�s� �u�n�l�e�s�s� �t�h�e� �l�e�n�g�t�h� �o�f� �t�h�e� �d�e�l�a�y� 

�i�s� �c�h�a�n�g�i�n�g�.� �I�n� �t�h�e� �m�a�t�e�r�i�a�l� �d�e�l�a�y� �w�h�a�t�e�v�e�r� �i�s� �b�e�i�n�g� �d�e�l�a�y�e�d� �i�s� �c�o�n�s�i�d�e�r�e�d� �a� �p�h�y�s�i�c�a�l� 

�s�u�b�s�t�a�n�c�e� �a�n�d� �i�s� �c�o�n�s�e�r�v�e�d� �a�s� �t�h�e� �l�e�n�g�t�h� �c�h�a�n�g�e�s�;� �i�n� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �d�e�l�a�y� �i�t� �i�s� �n�o�t�.� 

�D�e�l�a�y�s� �c�a�n� �a�l�s�o� �b�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �t�h�e�i�r� �"�o�r�d�e�r�"�,� �t�h�e� �n�u�m�b�e�r� �o�f� �l�e�v�e�l�s� �t�h�r�o�u�g�h� �w�h�i�c�h� 

�t�h�e� �v�a�r�i�a�b�l�e� �b�e�i�n�g� �d�e�l�a�y�e�d� �p�a�s�s�e�s�.� �T�h�e� �o�r�d�e�r� �d�e�t�e�r�m�i�n�e�s� �h�o�w� �q�u�i�c�k�l�y� �t�h�e� �o�u�t�p�u�t� �s�t�a�r�t�s� 
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�t�o� �c�h�a�n�g�e� �a�f�t�e�r� �a� �c�h�a�n�g�e� �i�n� �t�h�e� �i�n�p�u�t�.� �L�o�w�-�o�r�d�e�r� �d�e�l�a�y�s� �r�e�s�p�o�n�d� �m�o�r�e� �q�u�i�c�k�l�y� �t�h�a�n� �h�i�g�h�-� 

�o�r�d�e�r� �d�e�l�a�y�s� �h�a�v�i�n�g� �t�h�e� �s�a�m�e� �a�v�e�r�a�g�e� �d�e�l�a�y� �t�i�m�e�.� 

�D�Y�N�A�M�O� �p�r�o�v�i�d�e�s� �a� �f�i�r�s�t� �a�n�d� �a� �t�h�i�r�d� �o�r�d�e�r� �m�a�t�e�r�i�a�l� �d�e�l�a�y� �a�n�d� �a� �t�h�i�r�d� �o�r�d�e�r� 

�i�n�f�o�r�m�a�t�i�o�n� �d�e�l�a�y�.� �T�h�e� �S�M�O�O�T�H� �m�a�c�r�o� �m�a�y� �b�e� �u�s�e�d� �a�s� �a� �f�i�r�s�t� �o�r�d�e�r� �i�n�f�o�r�m�a�t�i�o�n� �d�e�l�a�y�;� 

�t�h�e� �e�q�u�a�t�i�o�n�s� �a�r�e� �i�d�e�n�t�i�c�a�l�.� �T�o� �a�c�c�e�s�s� �t�h�e� �t�o�t�a�l� �q�u�a�n�t�i�t�y� �c�o�n�t�a�i�n�e�d� �i�n� �a� �t�h�i�r�d� �o�r�d�e�r� 

�m�a�t�e�r�i�a�l� �d�e�l�a�y�,� �D�E�L�A�Y�P� �f�u�n�c�t�i�o�n� �c�a�n� �b�e� �u�s�e�d�,� �w�h�o�s�e� �t�h�i�r�d� �a�r�g�u�m�e�n�t� �i�s� �t�h�a�t� �q�u�a�n�t�i�t�y�.� 

�T�h�i�s� �t�h�i�r�d� �a�r�g�u�m�e�n�t� �i�s� �a�n� �o�u�t�p�u�t� �a�r�g�u�m�e�n�t� �a�n�d� �m�u�s�t� �n�o�t� �b�e� �d�e�f�i�n�e�d� �e�l�s�e�w�h�e�r�e�.� 

�T�h�e� �D�E�L�A�Y� �f�u�n�c�t�i�o�n�s� �h�a�v�e� �t�h�e� �f�o�r�m�s�:� 

�D�E�L�A�Y�1�(�I�N�,�D�E�L�)� 

�D�E�L�A�Y�3�(�I�N�,�D�E�L�)� 

�D�E�L�A�Y�P�(�I�N�,�D�E�L�,�P�P�L�)� 

�D�L�I�N�F�3�(�I�N�,�D�E�L�)� 

�S�M�O�O�T�H�(�N�,� �D�E�L�)� 

�W�h�e�r�e�,� �I�N� �-� �i�s� �t�h�e� �i�n�p�u�t� �t�o� �t�h�e� �d�e�l�a�y� 

�D�E�L� �-� �i�s� �t�h�e� �a�v�e�r�a�g�e� �l�e�n�g�t�h� �o�f� �d�e�l�a�y� 

�P�P�L� �-� �i�s� �t�h�e� �a�m�o�u�n�t� �i�n� �t�r�a�n�s�i�t� 

�T�h�e� �S�M�O�O�T�H� �f�u�n�c�t�i�o�n� �p�r�o�v�i�d�e�s� �a� �w�a�y� �t�o� �e�x�p�o�n�e�n�t�i�a�l�l�y� �a�v�e�r�a�g�e� �a� �q�u�a�n�t�i�t�y�.� �I�t� 

�i�s� �a� �b�u�i�l�t�-�i�n� �m�a�c�r�o� �t�h�a�t� �b�e�s�i�d�e�s� �s�m�o�o�t�h�i�n�g� �t�h�e� �i�n�p�u�t�,� �i�n�i�t�i�a�l�i�z�e�s� �t�h�e� �s�m�o�o�t�h�e�d� �v�a�l�u�e� �t�o� �t�h�e� 

�i�n�i�t�i�a�l� �i�n�p�u�t�.� �T�h�i�s� �m�a�c�r�o� �c�a�n� �a�l�s�o� �b�e� �u�s�e�d� �a�s� �a� �f�i�r�s�t� �o�r�d�e�r� �i�n�f�o�r�m�a�t�i�o�n� �d�e�l�a�y�.� 
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�I�C�A�L� �T�I�O�N� 

�D�Y�N�A�M�O� �s�u�p�p�o�r�t�s� �l�o�g�i�c�a�l� �f�u�n�c�t�i�o�n�s� �s�i�m�i�l�a�r� �i�n� �n�a�t�u�r�e� �t�o� �t�h�o�s�e� �a�v�a�i�l�a�b�l�e� �i�n� �h�i�g�h�e�r� 

�l�e�v�e�l� �l�a�n�g�u�a�g�e�s� �s�u�c�h� �a�s� �F�O�R�T�R�A�N� �a�n�d� �P�A�S�C�A�L�.� �T�h�e�s�e� �f�u�n�c�t�i�o�n�s� �t�a�k�e� �t�h�e� �p�l�a�c�e� �o�f� �t�h�e� 

�c�o�n�d�i�t�i�o�n�a�l�,� �o�r� �"�I�F�"�,� �s�t�a�t�e�m�e�n�t�s� �u�s�e�d� �i�n� �o�t�h�e�r� �c�o�m�p�u�t�e�r� �l�a�n�g�u�a�g�e�s� �t�o� �s�e�l�e�c�t� �b�e�t�w�e�e�n� 

�v�a�r�i�a�b�l�e�s� �b�a�s�e�d� �o�n� �t�h�e� �r�e�s�u�l�t� �o�f� �a� �c�o�m�p�a�r�i�s�o�n� �o�r� �l�o�g�i�c�a�l� �t�e�s�t�.� 

�L�I�P� �T�I�O�N� 

�T�h�i�s� �f�u�n�c�t�i�o�n� �h�a�s� �t�w�o� �n�a�m�e�s�.� �T�h�e� �n�a�m�e� �C�L�I�P� �i�s� �t�h�e� �D�Y�N�A�M�O� �I� �n�a�m�e� �a�n�d� 

�d�e�s�c�r�i�b�e�s� �o�n�e� �p�o�s�s�i�b�l�e� �u�s�e� �o�f� �t�h�e� �f�u�n�c�t�i�o�n�,� �c�l�i�p�p�i�n�g� �a� �v�a�r�i�a�b�l�e� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �v�a�l�u�e� �o�f� 

�t�w�o� �o�t�h�e�r� �v�a�r�i�a�b�l�e�s�.� �T�h�e� �s�e�c�o�n�d� �n�a�m�e�,� �F�I�F�G�E�,� �s�u�g�g�e�s�t�s� �h�o�w� �t�h�e� �f�u�n�c�t�i�o�n� �w�o�r�k�s�.� �I�t� 

�s�e�l�e�c�t�s� �t�h�e� �f�i�r�s�t� �a�r�g�u�m�e�n�t� �I�F� �t�h�e� �t�h�i�r�d� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �t�h�e� �f�o�u�r�t�h�.� �T�h�i�s� 

�f�u�n�c�t�i�o�n� �p�r�o�v�i�d�e�s� �t�h�e� �e�q�u�i�v�a�l�e�n�t� �o�f� �a� �"�c�o�n�d�i�t�i�o�n�a�l� �b�r�a�n�c�h �� �i�n� �g�e�n�e�r�a�l� �p�u�r�p�o�s�e� �c�o�m�p�u�t�e�r� 

�l�a�n�g�u�a�g�e�s�,� �b�u�t� �i�t� �c�o�m�p�u�t�e�s� �b�o�t�h� �a�l�t�e�r�n�a�t�i�v�e�s� �b�e�f�o�r�e� �s�e�l�e�c�t�i�n�g� �t�h�e� �d�e�s�i�r�e�d� �o�n�e�.� 

�C�L�I�P�/�F�I�F�G�E� �h�a�s� �t�h�e� �f�o�r�m�:� 

�C�L�I�P�(�A�,�B�,�C�,�D�)� �o�r� �F�I�F�G�E�(�A�,�B�,�C�,�D�)� 

�a�n�d� �r�e�t�u�r�n�s� �t�h�e� �v�a�l�u�e�:� 

�C�L�I�P�/�F�I�F�G�E� �=� �A�i�f�C� �>� �D� 

�C�L�I�P�/�F�I�F�G�E� �=� �B�i�f�C� �<� �D� 

�W�h�e�r�e�,� �A�,� �B�,� �C�,� �D� �a�r�e� �t�h�e� �i�n�p�u�t�s� �t�o� �t�h�e� �f�u�n�c�t�i�o�n�,� �b�u�t� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �d�i�s�t�i�n�c�t� �v�a�r�i�a�b�l�e�s�.� 
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�M�A�X� �T�I�O�N� 

�T�h�e� �M�A�X�I�M�U�M� �f�u�n�c�t�i�o�n� �s�e�t�s� �t�h�e� �l�o�w�e�r� �b�o�u�n�d�s� �b�y� �s�e�l�e�c�t�i�n�g� �t�h�e� �l�a�r�g�e�r� �o�f� �t�h�e� �t�w�o� 

�v�a�r�i�a�b�l�e�s�.� �I�t� �h�a�s� �t�h�e� �f�o�r�m�:� 

�M�A�X�(�A�,�B�)� 

�a�n�d� �r�e�t�u�r�n�s� �t�h�e� �v�a�l�u�e� �:� 

�M�A�X� �=� �A�i�f�A� �>�B� 

�M�A�X� �=� �B�i�f�A� �<�B� 

�T�h�e� �M�I�N�I�M�U�M� �f�u�n�c�t�i�o�n� �s�e�t�s� �t�h�e� �u�p�p�e�r� �b�o�u�n�d�s� �b�y� �s�e�l�e�c�t�i�n�g� �t�h�e� �s�m�a�l�l�e�r� �o�f� �t�h�e� 

�t�w�o� �v�a�r�i�a�b�l�e�s�.� �T�h�i�s� �h�a�s� �t�h�e� �f�o�r�m�:� 

�M�I�N�(�A�,�B�)� 

�a�n�d� �r�e�t�u�r�n�s� �t�h�e� �v�a�l�u�e�:� 

�M�I�N� �=� �A�i�f�A� �>�B� 

�M�I�N� �=� �B�i�f� �A� �<� �B� 

�W�h�e�r�e�,� �A� �a�n�d� �B� �a�r�e� �t�h�e� �i�n�p�u�t�s� �t�o� �t�h�e� �f�u�n�c�t�i�o�n�,� �b�u�t� �n�e�e�d� �n�o�t� �b�e� �d�i�f�f�e�r�e�n�t� �v�a�r�i�a�b�l�e�s�.� 

�S�W�I�T�C�H� �F�U�N�C�T�I�O�N� 

�T�h�i�s� �f�u�n�c�t�i�o�n� �i�s� �u�s�e�d� �i�n� �o�r�d�e�r� �t�o� �s�e�l�e�c�t� �o�n�e� �f�u�n�c�t�i�o�n� �o�r� �t�h�e� �o�t�h�e�r� �b�a�s�e�d� �o�n� �a� 

�c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �i�n�p�u�t�s�.� �T�h�i�s� �f�u�n�c�t�i�o�n� �i�s� �e�s�p�e�c�i�a�l�l�y� �u�s�e�f�u�l� �f�o�r� �t�e�s�t�i�n�g� �t�w�o� �d�e�c�i�s�i�o�n� �r�u�l�e�s� 

�b�y� �m�e�a�n�s� �o�f� �r�e�r�u�n�s�.� �B�o�t�h� �d�e�c�i�s�i�o�n�s� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �m�o�d�e�l�,� �a�n�d� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �o�n�e� 
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�i�s� �c�h�o�s�e�n� �b�y� �t�h�e� �S�W�I�T�C�H� �f�u�n�c�t�i�o�n� �i�n� �e�a�c�h� �r�u�n� �o�r� �r�e�r�u�n�.� �T�h�i�s� �f�u�n�c�t�i�o�n� �h�a�s� �t�h�e� �f�o�r�m�:� 

�S�W�I�T�C�H�(�A�,�B�,�C�)� 

�a�n�d� �r�e�t�u�r�n�s� �t�h�e� �v�a�l�u�e�:� 

�S�W�I�T�C�H� �=� �A� �i�f�C� �=�0� 

�S�W�I�T�C�H� �=� �B�i�f�C� �=�0� 

�T�A�B�L�E� �T�I�O�N� 

�A� �v�e�r�y� �i�m�p�o�r�t�a�n�t� �p�a�r�t� �o�f� �m�a�n�y� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�s� �i�s� �t�h�e� �u�s�e� �o�f� �t�a�b�u�l�a�r� �d�a�t�a�,� �e�i�t�h�e�r� 

�e�m�p�i�r�i�c�a�l�l�y� �o�r� �t�h�e�o�r�e�t�i�c�a�l�l�y� �d�e�r�i�v�e�d�.� �D�Y�N�A�M�O� �i�s� �a�b�l�e� �t�o� �h�a�n�d�l�e� �d�a�t�a� �b�y� �m�e�a�n�s� �o�f� 

�s�e�v�e�r�a�l� �t�y�p�e�s� �o�f� �t�a�b�l�e� �f�u�n�c�t�i�o�n�s�.� �T�A�B�L�E�,� �T�A�B�X�T�,� �T�A�B�H�L� �a�n�d� �T�A�B�P�L� �a�r�e� �a�l�l� �i�n�v�o�k�e�d� 

�i�n� �t�h�e� �s�a�m�e� �m�a�n�n�e�r� �t�h�o�u�g�h� �t�h�e�r�e� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s� �i�n� �t�h�e�i�r� �r�e�s�p�e�c�t�i�v�e� �i�n�t�e�r�p�o�l�a�t�i�n�g� 

�s�c�h�e�m�e�s�.� �T�w�o� �s�t�a�t�e�m�e�n�t�s� �a�r�e� �r�e�q�u�i�r�e�d� �t�o� �d�e�s�c�r�i�b�e� �a� �t�a�b�l�e� �f�u�n�c�t�i�o�n�.� �T�h�e� �f�i�r�s�t� �o�n�e� 

�i�n�v�o�l�v�e�s� �f�i�v�e� �o�r�d�e�r�e�d� �e�l�e�m�e�n�t�s� �i�n�s�i�d�e� �a� �p�a�r�e�n�t�h�e�s�e�s� �t�o� �s�p�e�c�i�f�y� �t�h�e� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� 

�n�a�m�e�,� �t�h�e� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� �n�a�m�e�,� �t�h�e� �l�o�w�e�s�t�,� �h�i�g�h�e�s�t� �v�a�l�u�e�s� �o�f� �t�h�e� �i�n�d�e�p�e�n�d�e�n�t� 

�v�a�r�i�a�b�l�e� �a�n�d� �t�h�e� �i�n�t�e�r�v�a�l� �b�e�t�w�e�e�n� �e�a�c�h� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� �v�a�l�u�e�.� �A� �g�e�n�e�r�a�l� �d�e�f�i�n�i�t�i�o�n� 

�o�f� �a� �t�a�b�l�e� �i�s� �g�i�v�e�n� �b�e�l�o�w�:� 

�T�A�B�H�L� �(�Y�-�v�a�r�i�a�b�l�e�,� �X�-�v�a�r�i�a�b�l�e�,� �l�o�w� �X�,� �h�i�g�h� �X�,� �X�-�i�n�t�e�r�v�a�l�)� 

�T�h�e� �m�a�i�n� �u�s�e� �o�f� �t�h�e�s�e� �t�a�b�l�e� �f�u�n�c�t�i�o�n�s� �r�e�l�i�e�s� �o�n� �t�h�e� �f�a�c�t� �t�h�a�t� �e�v�e�r�y� �t�i�m�e� �t�h�e� 

�v�a�r�i�a�b�l�e� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �t�h�e� �t�a�b�l�e� �f�u�n�c�t�i�o�n� �i�s� �i�n�v�o�k�e�d� �i�n� �t�h�e� �c�o�d�e� �t�h�e� �v�a�l�u�e� �o�f� �t�h�a�t� �v�a�r�i�a�b�l�e� 

�w�i�l�l� �b�e� �i�n�t�e�r�p�o�l�a�t�e�d� �o�r� �e�x�t�r�a�p�o�l�a�t�e�d� �f�r�o�m� �t�h�e� �k�n�o�w�n� �f�u�n�c�t�i�o�n� �v�a�l�u�e�s�.� �T�A�B�L�E�,� �T�A�B�H�L� 
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�a�n�d� �T�A�B�X�T� �i�n�t�e�r�p�o�l�a�t�e� �l�i�n�e�a�r�l�y� �b�e�t�w�e�e�n� �d�e�c�l�a�r�e�d� �e�l�e�m�e�n�t�s� �w�h�i�l�e� �T�A�B�P�L� �p�e�r�f�o�r�m�s� �c�u�b�i�c� 

�i�n�t�e�r�p�o�l�a�t�i�o�n�.� �T�A�B�H�L� �u�p�g�r�a�d�e�s� �T�A�B�L�E� �b�y� �a�s�s�i�g�n�i�n�g� �t�h�e� �e�x�t�r�e�m�e� �p�o�i�n�t� �f�u�n�c�t�i�o�n� �v�a�l�u�e�s� 

�t�o� �t�h�e� �d�e�s�i�r�e�d� �f�u�n�c�t�i�o�n� �i�f� �e�x�t�r�a�p�o�l�a�t�i�o�n� �i�s� �r�e�q�u�i�r�e�d�.� �T�A�B�X�T� �p�e�r�f�o�r�m�s� �l�i�n�e�a�r� �e�x�t�r�a�p�o�l�a�t�i�o�n� 

�a�t� �t�h�e� �d�e�s�i�r�e�d� �v�a�l�u�e� �o�f� �t�h�e� �f�u�n�c�t�i�o�n�.� �A� �l�a�s�t� �r�e�m�a�r�k� �i�n� �t�h�e� �d�e�f�i�n�i�t�i�o�n� �o�f� �t�h�e� �n�u�m�e�r�i�c�a�l� 

�v�a�l�u�e�s� �f�o�r� �T�A�B�P�L� �i�s� �t�h�e� �f�a�c�t� �t�h�a�t� �a� �z�e�r�o� �m�u�s�t� �b�e� �a�d�d�e�d� �f�o�r� �e�a�c�h� �n�u�m�e�r�i�c�a�l� �v�a�l�u�e� �d�e�f�i�n�e�d� 

�f�o�r� �t�h�e� �Y�-�v�a�r�i�a�b�l�e�.� 

�T�h�e� �a�n�a�l�y�s�t� �m�u�s�t� �d�e�t�e�r�m�i�n�e� �t�h�r�o�u�g�h� �l�o�g�i�c�a�l� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�n�d� �s�t�a�t�i�s�t�i�c�a�l� �d�a�t�a� 

�a�n�a�l�y�s�e�s� �t�h�e� �v�a�l�u�e�s� �f�o�r� �c�o�n�s�t�a�n�t�s� �a�n�d� �t�h�e� �m�u�l�t�i�p�l�i�e�r�s� �w�h�i�c�h� �r�e�l�a�t�e� �t�h�e� �r�a�t�e�s� �t�o� �t�h�e� �l�e�v�e�l�s�.� 

�O�n�c�e� �t�h�e� �m�o�d�e�l� �h�a�s� �b�e�e�n� �c�a�l�i�b�r�a�t�e�d� �a�n�d� �v�a�l�i�d�a�t�e�d�,� �t�h�e� �D�Y�N�A�M�O� �m�o�d�e�l� �c�a�n� �b�e� �u�s�e�d� �f�o�r� 

�a� �v�a�r�i�e�t�y� �o�f� �a�p�p�l�i�c�a�t�i�o�n�s�,� �i�n�c�l�u�d�i�n�g�:� �f�o�r�e�c�a�s�t�i�n�g� �a�n�d� �p�r�e�d�i�c�t�i�o�n�,� �s�e�n�s�i�t�i�v�i�t�y� �a�n�a�l�y�s�i�s� �a�n�d� 

�t�e�s�t�i�n�g� �o�f� �v�a�r�i�o�u�s� �s�c�e�n�a�r�i�o�s�.� 

�P�U�L�S�E� �S�O�U�R�C�E� �F�U�N�C�T�I�O�N� 

�T�h�e� �P�U�L�S�E� �f�u�n�c�t�i�o�n� �h�a�s� �t�h�e� �f�o�r�m�:� 

�P�U�L�S�E�(�H�G�H�T�,�F�R�S�T�,�I�N�T�V�L�)� 

�W�h�e�r�e�,� �H�G�H�T� �-�-� �i�s� �t�h�e� �p�u�l�s�e� �h�e�i�g�h�t� 

�F�R�S�T� �-� �i�s� �t�h�e� �T�I�M�E� �o�f� �t�h�e� �f�i�r�s�t� �p�u�l�s�e� 

�I�N�T�V�L� �-� �i�s� �t�h�e� �i�n�t�e�r�v�a�l� �b�e�t�w�e�e�n� �p�u�l�s�e�s� 
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�P�U�L�S�E� �p�r�o�v�i�d�e�s� �a� �t�r�a�i�n� �o�f� �p�u�l�s�e�s� �w�h�i�c�h� �a�r�e� �o�f� �w�i�d�t�h� �D�T� �a�n�d� �h�e�i�g�h�t� �H�G�H�T�.� �T�h�e� 

�f�i�r�s�t� �p�u�l�s�e� �a�p�p�e�a�r�s� �a�t� �T�I�M�E� �=� �F�R�S�T� �,� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �p�u�l�s�e�s� �a�p�p�e�a�r� �a�t� �T�I�M�E� �=� �F�R�S�T� 

�+� �2�*�I�N�T�V�L�,� �F�R�S�T� �+�3�*�I�N�T�V�L� �a�n�d� �s�o� �o�n�.� �H�G�H�T� �c�a�n� �b�e� �a� �v�a�r�i�a�b�l�e�,� �p�r�o�d�u�c�i�n�g� �p�u�l�s�e�s� 

�o�f� �d�i�f�f�e�r�e�n�t� �h�e�i�g�h�t�s�.� 

�R�A�M�P� �F�U�N�C�T�I� 

�T�h�e� �R�A�M�P� �f�u�n�c�t�i�o�n� �h�a�s� �t�h�e� �f�o�r�m�:� 

�R�A�M�P�(�S�L�O�P�E�,�S�T�A�R�T�)� 

�a�n�d� �r�e�t�u�r�n�s� �t�h�e� �v�a�l�u�e�:� 

�R�A�M�P� �=� �0� �i�f� �T�I�M�E� �<� �S�T�A�R�T� 

�R�A�M�P� �=� �S�U�M�(�S�L�O�P�E�*�D�T�)� �i�f� �T�I�M�E� �>� �S�T�A�R�T� 

�I�f� �S�L�O�P�E� �a�n�d� �S�T�A�R�T� �a�r�e� �b�o�t�h� �c�o�n�s�t�a�n�t�s�,� �R�A�M�P� �i�s� �m�e�r�e�l�y� �a� �r�a�m�p� �w�i�t�h� �S�L�O�P�E� 

�t�h�a�t� �s�t�a�r�t�s� �a�t� �t�i�m�e� �S�T�A�R�T�.� �I�f� �S�T�A�R�T� �i�s� �a� �v�a�r�i�a�b�l�e�,� �t�h�e� �r�a�m�p� �t�i�m�e� �i�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� 

�t�i�m�e� �i�n�t�e�r�v�a�l�.� �I�f� �S�L�O�P�E� �i�s� �a� �v�a�r�i�a�b�l�e�,� �R�A�M�P� �i�s� �D�T� �t�i�m�e�s� �t�h�e� �s�u�m� �o�f� �a�l�l� �S�L�O�P�E� �s�i�n�c�e� 

�t�h�e� �t�i�m�e� �o�f� �S�T�A�R�T�.� 

�R�A�N�D�O�M� �N�U�M�B�E�R� �F�U�N�C�T�I�O�N�S� 

�D�Y�N�A�M�O� �g�e�n�e�r�a�t�e�s� �r�a�n�d�o�m� �n�u�m�b�e�r�s� �c�o�m�p�u�t�i�n�g� �a� �s�e�q�u�e�n�c�e� �o�f� �p�s�e�u�d�o�-�r�a�n�d�o�m� 

�n�u�m�b�e�r�s�.� �P�s�e�u�d�o�-�r�a�n�d�o�m� �n�u�m�b�e�r�s� �s�a�t�i�s�f�y� �a�l�l� �s�t�a�t�i�s�t�i�c�a�l� �t�e�s�t�s� �o�f� �r�a�n�d�o�m�n�e�s�s�,� �b�u�t� �e�a�c�h� 
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�n�u�m�b�e�r� �i�s� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �p�r�e�v�i�o�u�s� �o�n�e�.� �T�h�e�r�e� �a�r�e� �t�w�o� �r�a�n�d�o�m�-�n�u�m�b�e�r� �f�u�n�c�t�i�o�n�s� 

�i�n� �D�Y�N�A�M�O�.� �T�h�e� �f�i�r�s�t�:� 

�N�O�I�S�E�Q� 

�g�i�v�e�s� �r�a�n�d�o�m� �n�u�m�b�e�r�s� �u�n�i�f�o�r�m�l�y� �d�i�s�t�r�i�b�u�t�e�d� �b�e�t�w�e�e�n� �-�1�/�2� �a�n�d� �+�1�/�2�.� 

�T�h�e� �s�e�c�o�n�d� �h�a�s� �t�h�e� �f�o�r�m�:� 

�N�O�R�M�R�N�(�M�E�A�N�,� �S�T�D�V�)� 

�W�h�e�r�e�,� �M�E�A�N� �-� �i�s� �t�h�e� �m�e�a�n� �o�f� �t�h�e� �v�a�l�u�e�s� �r�e�t�u�r�n�e�d� 

�S�T�D�V� �-� �i�s� �t�h�e�i�r� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� 

�N�O�R�M�E�R�N� �g�i�v�e�s� �r�a�n�d�o�m� �n�u�m�b�e�r�s� �n�o�r�m�a�l�l�y� �d�i�s�t�r�i�b�u�t�e�d�.� �N�O�R�M�R�N� �s�t�a�r�t�s� �w�i�t�h� 

�a� �n�u�m�b�e�r� �f�r�o�m� �t�h�e� �s�a�m�e� �g�e�n�e�r�a�t�o�r� �t�h�a�t� �N�O�I�S�E� �u�s�e�s�,� �a�n�d� �t�h�e�n� �a�l�t�e�r�s� �i�t� �t�o� �c�o�n�f�o�r�m� �t�o� �a� 

�n�o�r�m�a�l� �d�i�s�t�r�i�b�u�t�i�o�n�.� 

�U�S�E�R�-�D�E�F�I�N�E�D� �M�A�C�R�O�S� 

�M�o�d�e�l�e�r�s� �f�r�e�q�u�e�n�t�l�y� �d�i�s�c�o�v�e�r� �t�h�a�t� �t�h�e�y� �m�u�s�t� �r�e�p�e�a�t� �a� �p�a�t�t�e�r�n� �o�f� �s�t�a�t�e�m�e�n�t�s� �o�r� 

�e�x�p�r�e�s�s�i�o�n�s� �a� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� �p�l�a�c�e�s� �i�n� �a� �m�o�d�e�l�.� �T�h�e� �a�b�i�l�i�t�y� �t�o� �d�e�v�i�s�e� �a� �s�h�o�r�t�h�a�n�d� 

�n�o�t�a�t�i�o�n� �f�o�r� �s�u�c�h� �r�e�p�e�a�t�e�d� �s�t�r�u�c�t�u�r�e�s� �w�o�u�l�d� �s�a�v�e� �t�h�e� �m�o�d�e�l�e�r� �t�i�m�e� �w�h�i�l�e� �c�o�n�s�t�r�u�c�t�i�n�g� �t�h�e� 

�m�o�d�e�l�.� �M�o�d�e�l� �r�e�a�d�e�r�s� �w�o�u�l�d� �a�l�s�o� �b�e�n�e�f�i�t� �b�y� �b�e�i�n�g� �a�b�l�e� �t�o� �m�a�s�t�e�r� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�n�c�e� �a�n�d� 

�q�u�i�c�k�l�y� �r�e�c�o�g�n�i�z�e� �i�t� �w�h�e�r�e�v�e�r� �i�t� �i�s� �u�s�e�d�.� �T�h�e� �f�u�n�c�t�i�o�n� �n�o�t�a�t�i�o�n� �i�s� �s�u�c�h� �a� �s�h�o�r�t�h�a�n�d�;� �t�h�e� 

�m�a�c�r�o� �f�e�a�t�u�r�e� �g�i�v�e�s� �m�o�d�e�l�e�r�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� �w�r�i�t�e� �f�u�n�c�t�i�o�n�s� �u�s�i�n�g� �o�r�d�i�n�a�r�y� �D�Y�N�A�M�O� 

�e�q�u�a�t�i�o�n�s� �a�n�d� �r�e�f�e�r�e�n�c�e� �t�h�e�m� �w�i�t�h� �t�h�e� �s�h�o�r�t�h�a�n�d� �n�o�t�a�t�i�o�n�.� 
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�A�R�R�A�Y�S� 

�D�Y�N�A�M�O� �p�r�o�v�i�d�e�s� �m�o�d�e�l�e�r� �w�i�t�h� �t�h�e� �c�a�p�a�b�i�l�i�t�y� �t�o� �w�r�i�t�e� �v�a�r�i�a�b�l�e� �n�a�m�e�s� �w�i�t�h� 

�s�u�b�s�c�r�i�p�t�s�.� �I�n�s�t�e�a�d� �o�f� �s�i�m�p�l�y� �w�r�i�t�i�n�g� �W�F�.�K� �t�o� �r�e�p�r�e�s�e�n�t� �a� �w�o�r�k�f�o�r�c�e�,� �f�o�r� �e�x�a�m�p�l�e�,� �o�n�e� 

�c�a�n� �w�r�i�t�e� �W�F�.�K�(�S�,�T�)�,� �w�h�e�r�e� �S� �c�o�u�l�d� �r�e�p�r�e�s�e�n�t� �t�h�e� �s�k�i�l�l� �l�e�v�e�l� �o�f� �t�h�e� �w�o�r�k� �f�o�r�c�e� �a�n�d� �T� 

�t�h�e� �t�a�s�k� �t�o� �w�h�i�c�h� �i�t� �i�s� �a�s�s�i�g�n�e�d�.� �S� �a�n�d� �T� �a�r�e� �c�a�l�l�e�d� �s�u�b�s�c�r�i�p�t�s�.� �A�l�t�h�o�u�g�h� �t�h�e� �n�o�t�a�t�i�o�n� 

�m�a�y� �i�n�i�t�i�a�l�l�y� �a�p�p�e�a�r� �c�u�m�b�e�r�s�o�m�e�,� �t�h�e�r�e� �i�s� �a� �d�r�a�m�a�t�i�c� �a�d�v�a�n�t�a�g�e� �b�e�i�n�g� �a�b�l�e� �t�o� �w�r�i�t�e� 

�v�a�r�i�a�b�l�e� �n�a�m�e�s� �u�s�i�n�g� �s�u�b�s�c�r�i�p�t�s�.� �I�t� �m�e�a�n�s� �t�h�a�t� �o�n�e� �v�a�r�i�a�b�l�e� �n�a�m�e� �c�a�n� �r�e�p�r�e�s�e�n�t� �m�o�r�e� 

�t�h�a�n� �o�n�e� �q�u�a�n�t�i�t�y�,� �a�n�d� �o�n�e� �e�q�u�a�t�i�o�n� �c�a�n� �r�e�p�r�e�s�e�n�t� �m�o�r�e� �t�h�a�n� �o�n�e� �e�l�e�m�e�n�t� �o�f� �m�o�d�e�l� 

�s�t�r�u�c�t�u�r�e�.� �T�h�e� �c�a�p�a�b�i�l�i�t�y� �t�o� �w�r�i�t�e� �v�a�r�i�a�b�l�e�s� �w�i�t�h� �s�u�b�s�c�r�i�p�t�s� �e�n�a�b�l�e�s� �t�h�e� �m�o�d�e�l�e�r� �t�o� 

�d�u�p�l�i�c�a�t�e� �a�n� �e�n�t�i�r�e� �s�e�c�t�o�r� �o�f� �a� �m�o�d�e�l�,� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �p�a�r�a�m�e�t�e�r�s�,� �a�n�y� �n�u�m�b�e�r� �o�f� �t�i�m�e�s� 

�w�i�t�h�o�u�t� �w�r�i�t�i�n�g� �m�o�r�e� �e�q�u�a�t�i�o�n�s�.� �I�t� �a�l�l�o�w�s� �c�o�m�p�l�e�x�,� �d�i�s�a�g�g�r�e�g�a�t�e�d� �m�o�d�e�l�s� �t�o� �b�u�i�l�d� �u�p� 

�f�r�o�m� �s�m�a�l�l�,� �c�o�n�c�e�p�t�u�a�l�l�y� �a�g�g�r�e�g�a�t�e� �s�e�c�t�o�r�s�.� 
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�5�.� �T�R�A�F�F�I�C� �S�T�R�E�A�M� �M�O�D�E�L�I�N�G� 

�5�.�1� �T�R�A�F�F�I�C� �S�T�R�E�A�M� �M�O�D�E�L�S� 

�T�r�a�f�f�i�c� �S�t�r�e�a�m� �m�o�d�e�l�s� �p�r�o�v�i�d�e� �t�h�e� �f�u�n�d�a�m�e�n�t�a�l� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �m�a�c�r�o�s�c�o�p�i�c� 

�t�r�a�f�f�i�c� �s�t�r�e�a�m� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �f�o�r� �U�n�i�n�t�e�r�r�u�p�t�e�d� �f�l�o�w� �s�i�t�u�a�t�i�o�n�s�.� �T�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �i�n�c�l�u�d�e� �f�l�o�w� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� �s�p�e�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�n�d� �d�e�n�s�i�t�y� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �T�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�r�e� �f�o�r� �f�r�e�e�-�f�l�o�w� �a�n�d� �c�o�n�g�e�s�t�e�d� �f�l�o�w� �c�o�n�d�i�t�i�o�n�s� �a�w�a�y� 

�f�r�o�m� �f�l�o�w� �i�n�t�e�r�r�u�p�t�i�o�n�s� �s�u�c�h� �a�s� �i�n�t�e�r�s�e�c�t�i�o�n�s�.� 

�T�r�a�f�f�i�c� �s�t�r�e�a�m� �m�o�d�e�l�s� �a�r�e� �u�s�e�d� �i�n� �p�l�a�n�n�i�n�g�,� �d�e�s�i�g�n� �a�n�d� �o�p�e�r�a�t�i�o�n�s� �o�f� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �f�a�c�i�l�i�t�i�e�s�.� �T�r�a�v�e�l� �t�i�m�e�s� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�r�a�f�f�i�c� �l�o�a�d� �a�r�e� �n�e�e�d�e�d� �i�n� �p�l�a�n�n�i�n�g� 

�s�t�u�d�i�e�s� �o�f� �t�r�a�f�f�i�c� �a�s�s�i�g�n�m�e�n�t� �a�n�d� �m�o�d�a�l� �c�h�o�i�c�e�.� �T�h�e� �t�r�a�d�e�-�o�f�f� �b�e�t�w�e�e�n� �l�e�v�e�l�s� �o�f� �s�e�r�v�i�c�e� 

�a�n�d� �s�e�r�v�i�c�e� �f�l�o�w�s� �a�r�e� �n�e�e�d�e�d� �i�n� �d�e�s�i�g�n� �o�f� �n�e�w� �f�a�c�i�l�i�t�i�e�s� �a�n�d� �t�h�e� �r�e�d�e�s�i�g�n� �o�f� �e�x�i�s�t�i�n�g� �o�n�e�s�.� 

�O�p�e�r�a�t�i�o�n�a�l� �c�o�n�t�r�o�l� �f�a�c�i�l�i�t�i�e�s� �r�e�q�u�i�r�e�s� �t�h�e� �k�n�o�w�l�e�d�g�e� �o�f� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �o�n�-�l�i�n�e� 

�m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �p�e�r�f�o�r�m�a�n�c�e� �s�u�c�h� �a�s� �d�e�n�s�i�t�y� �o�r� �o�c�c�u�p�a�n�c�y� �a�n�d� �o�p�t�i�m�u�m� �l�e�v�e�l� �o�f� 

�c�o�n�t�r�o�l�.� �A�l�t�h�o�u�g�h� �f�i�e�l�d� �d�e�r�i�v�e�d� �e�m�p�i�r�i�c�a�l� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�r�e� �u�s�e�f�u�l�,� �e�x�p�r�e�s�s�i�n�g� �t�h�e�s�e� 

�r�e�l�a�t�i�o�n�s�h�i�p�s� �m�a�t�h�e�m�a�t�i�c�a�l�l�y� �o�n� �a� �t�h�e�o�r�e�t�i�c�a�l� �b�a�s�i�s� �p�r�o�v�i�d�e�s� �a� �s�o�u�n�d� �g�e�n�e�r�a�l�i�z�e�d� 

�f�r�a�m�e�w�o�r�k� �f�o�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �a�n�d� �a�p�p�l�i�c�a�t�i�o�n�.� 

�I�n� �t�h�i�s� �r�e�s�e�a�r�c�h�,� �a�n� �e�f�f�o�r�t� �i�s� �m�a�d�e� �t�o� �s�i�m�u�l�a�t�e� �t�h�e� �f�i�e�l�d� �c�o�n�d�i�t�i�o�n�s�,� �a�n�d� �t�o� �a�n�a�l�y�z�e� 

�s�o�m�e� �o�f� �t�h�e� �e�x�i�s�t�i�n�g� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �m�o�d�e�l�s�.� �M�o�s�t� �o�f� �t�h�e� �f�u�n�d�a�m�e�n�t�a�l� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� 
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�m�a�c�r�o�s�c�o�p�i�c� �a�n�d� �m�i�c�r�o�s�c�o�p�i�c� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�r�e� �f�o�r�m�u�l�a�t�e�d� �f�o�r� 

�u�n�i�n�t�e�r�r�u�p�t�e�d� �f�l�o�w� �s�i�t�u�a�t�i�o�n�.� �A�s� �m�o�s�t� �o�f� �t�h�e� �t�i�m�e�,� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �i�s� �s�u�b�j�e�c�t�e�d� �t�o� 

�i�n�t�e�r�r�u�p�t�i�o�n�s�,� �i�t� �b�e�c�o�m�e�s� �i�m�p�e�r�a�t�i�v�e� �o�n� �u�s� �t�o� �a�n�a�l�y�z�e� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �m�o�d�e�l�s�,� �d�e�n�s�i�t�y�,� 

�s�p�e�e�d�,� �f�l�o�w�,� �a�c�c�e�l�e�r�a�t�i�o�n� �e�t�c�.� �a�r�e� �u�s�e�d� �a�s� �t�h�e� �k�e�y� �p�a�r�a�m�e�t�e�r�s�.� 

�I�n� �t�h�i�s� �r�e�s�e�a�r�c�h�,� �a�n� �a�t�t�e�m�p�t� �i�s� �a�l�s�o� �m�a�d�e� �t�o� �d�e�p�i�c�t� �c�o�n�g�e�s�t�i�o�n� �b�y� �s�t�u�d�y�i�n�g� �t�h�e� 

�t�r�a�f�f�i�c� �f�l�o�w� �p�a�t�t�e�r�n�s� �u�n�d�e�r� �v�a�r�i�o�u�s� �t�r�a�f�f�i�c� �f�l�o�w� �c�o�n�d�i�t�i�o�n�s�.� �A�l�l� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �m�o�d�e�l�s� 

�t�h�a�t� �a�r�e� �u�s�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �a�r�e� �s�i�m�u�l�a�t�e�d� �f�o�r� �f�r�e�e�-�f�l�o�w� �a�s� �w�e�l�l� �a�s� �c�o�n�g�e�s�t�e�d� �f�l�o�w� 

�r�e�g�i�m�e�s�.� �T�h�e� �b�e�s�t� �m�o�d�e�l� �t�h�a�t� �i�s� �s�e�l�e�c�t�e�d� �a�f�t�e�r� �a�n�a�l�y�z�i�n�g� �a�l�l� �t�h�e� �s�t�r�e�a�m� �m�o�d�e�l�s� �i�s� �u�s�e�d� 

�a�s� �a� �t�o�o�l� �t�o� �d�e�p�i�c�t� �c�o�n�g�e�s�t�i�o�n�.� �T�h�i�s� �m�o�d�e�l� �i�s� �c�o�n�s�t�r�u�c�t�e�d� �i�n� �s�u�c�h� �a� �w�a�y� �t�h�a�t� �i�t� �c�a�n� �b�e� 

�u�s�e�d� �t�o� �m�e�a�s�u�r�e� �v�a�r�i�o�u�s� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �p�a�r�a�m�e�t�e�r�s� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �h�i�g�h�w�a�y� �w�h�i�c�h� �i�s� �u�n�d�e�r� 

�s�t�u�d�y�.� �B�y� �d�e�l�i�n�e�a�t�i�n�g� �t�h�o�s�e� �p�a�r�a�m�e�t�e�r�s� �t�h�r�o�u�g�h� �c�r�i�t�i�c�a�l� �v�a�l�u�e�s�,� �c�o�n�g�e�s�t�i�o�n� �c�o�u�l�d� �b�e� 

�d�e�p�i�c�t�e�d�.� �T�h�e� �m�o�d�e�l� �a�l�s�o� �h�a�s� �t�h�e� �f�l�e�x�i�b�i�l�i�t�y� �o�f� �i�n�c�o�r�p�o�r�a�t�i�n�g� �a�n�y� �c�h�a�n�g�e�s� �t�h�a�t� �a�r�e� �d�e�s�i�r�e�d� 

�i�n� �t�h�e� �f�l�o�w� �c�o�n�d�i�t�i�o�n�s� �b�y� �v�a�r�y�i�n�g� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �i�n�v�o�l�v�e�d� �s�o� �t�h�a�t� �c�o�n�g�e�s�t�i�o�n� �c�o�u�l�d� �b�e� 

�d�e�p�i�c�t�e�d� �i�n� �a� �m�o�r�e� �r�e�a�l�i�s�t�i�c� �w�a�y� �i�n� �o�r�d�e�r� �t�o� �m�e�e�t� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t� �o�f� �t�h�e� �s�t�u�d�y� �z�o�n�e� �u�n�d�e�r� 

�c�o�n�s�i�d�e�r�a�t�i�o�n�.� 

�T�h�e� �v�a�r�i�o�u�s� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �m�o�d�e�l�s� �t�h�a�t� �a�r�e� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �i�n�c�l�u�d�e� �:�-� 

�a�)� �S�i�n�g�l�e�-�R�e�g�i�m�e� �M�o�d�e�l�s�:�-� 

�o� �G�r�e�e�n�s�h�i�e�l�d�s� �m�o�d�e�l� 

�o� �G�r�e�e�n�b�e�r�g� �m�o�d�e�l� 

�o� �U�n�d�e�r�w�o�o�d� �m�o�d�e�l� 
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�o� �N�o�r�t�h�-�W�e�s�t�e�r�n� �g�r�o�u�p� �s�t�r�e�a�m� �m�o�d�e�l� 

�o� �D�r�e�w ��s� �m�o�d�e�l� 

�b�)� �M�u�l�t�i�-�R�e�g�i�m�e� �M�o�d�e�l�s�:�-� 

�o� �E�d�i�e ��s� �m�o�d�e�l� 

�o� �T�w�o�-�r�e�g�i�m�e� �l�i�n�e�a�r� �m�o�d�e�l� 

�0� �M�o�d�i�f�i�e�d� �G�r�e�e�n�b�e�r�g� �m�o�d�e�l� 

�o� �T�h�r�e�e�-�r�e�g�i�m�e� �l�i�n�e�a�r� �m�o�d�e�l� 

�A�p�a�r�t� �f�r�o�m� �t�h�e�s�e�,� �g�e�n�e�r�a�l�i�z�e�d� �N�o�n�-�l�i�n�e�a�r� �c�a�r� �f�o�l�l�o�w�i�n�g� �m�o�d�e�l� �a�n�d� �L�i�n�e�a�r� �c�a�r� 

�f�o�l�l�o�w�i�n�g� �m�o�d�e�l� �a�r�e� �a�l�s�o� �u�s�e�d�.� �I�n� �t�h�i�s� �r�e�s�e�a�r�c�h�,� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m�s� �f�o�r� �a�l�l� �t�h�e�s�e� 

�m�o�d�e�l�s� �a�r�e� �d�e�v�e�l�o�p�e�d� �w�h�i�c�h� �a�r�e� �e�x�p�l�a�i�n�e�d� �i�n� �t�h�e� �n�e�x�t� �f�e�w� �a�r�t�i�c�l�e�s�.� 
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�5�.�2� �N�o�n�-�L�i�n�e�a�r� �C�a�r� �F�o�l�l�o�w�i�n�g� �M�o�d�e�l� 

�C�a�r� �f�o�l�l�o�w�i�n�g� �t�h�e�o�r�y� �a�s�s�u�m�e�s� �t�h�a�t� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �i�s� �a� �s�u�p�e�r�p�o�s�i�t�i�o�n� �o�f� �v�e�h�i�c�l�e� 

�p�a�i�r�s� �w�h�e�r�e� �e�a�c�h� �v�e�h�i�c�l�e� �f�o�l�l�o�w�s� �t�h�e� �v�e�h�i�c�l�e� �a�h�e�a�d� �a�c�c�o�r�d�i�n�g� �t�o� �a� �s�t�i�m�u�l�u�s�-�r�e�s�p�o�n�s�e� 

�e�q�u�a�t�i�o�n� �t�h�a�t� �a�p�p�r�o�x�i�m�a�t�e�s� �t�h�e� �b�e�h�a�v�i�o�r�a�l� �a�n�d� �m�e�c�h�a�n�i�c�a�l� �a�s�p�e�c�t�s� �o�f� �t�h�e� �d�r�i�v�e�r�-�v�e�h�i�c�l�e�-� 

�r�o�a�d� �s�y�s�t�e�m�.� �A� �s�e�n�s�i�t�i�v�i�t�y� �f�a�c�t�o�r� �i�s� �u�s�e�d� �i�n� �t�h�e� �n�o�n�-�l�i�n�e�a�r� �c�a�r� �f�o�l�l�o�w�i�n�g� �m�o�d�e�l� �t�o� 

�r�e�p�r�e�s�e�n�t� �t�h�e� �r�e�s�p�o�n�s�e� �l�a�g� �o�f� �t�h�e� �m�a�n�-�m�a�c�h�i�n�e� �s�y�s�t�e�m�.� �T�h�e� �g�e�n�e�r�a�l� �e�q�u�a�t�i�o�n� �f�o�r� �v�e�h�i�c�l�e� 

�f�o�l�l�o�w�i�n�g� �i�s� �g�i�v�e�n� �b�y� 

�X�(�t�-�T�)� �-�%�,�,�,�@�-�T�)� 

�[�x�{�¢�-�7�)�-�x�,�,�,�@�-�D�]�) �� 
� � �¥�,�.�,�0�=�4�,�,� 

�W�h�e�r�e�,� �a�,�,� �=� �c�o�n�s�t�a�n�t� �o�f� �p�r�o�p�o�r�t�i�o�n�a�l�i�t�y�.� 

�x�X�;� �=� �v�e�l�o�c�i�t�y� �o�f� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e� 

�X�;� �=� �p�o�s�i�t�i�o�n� �o�f� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e� 

�X�i�4�1� �=� �a�c�c�e�l�e�r�a�t�i�o�n� �o�f� �f�o�l�l�o�w�i�n�g� �v�e�h�i�c�l�e� 

�X�i�+�1� �=� �v�e�l�o�c�i�t�y� �o�f� �f�o�l�l�o�w�i�n�g� �v�e�h�i�c�l�e� 

�X�i�4�1� �=� �p�o�s�i�t�i�o�n� �o�f� �f�o�l�l�o�w�i�n�g� �v�e�h�i�c�l�e� 

�A� �D�Y�N�A�M�O� �p�r�o�g�r�a�m� �i�s� �d�e�v�e�l�o�p�e�d� �t�o� �s�i�m�u�l�a�t�e� �t�h�e� �t�r�a�f�f�i�c� �f�l�o�w� �c�o�n�d�i�t�i�o�n�s� �t�h�a�t� �a�r�e� 

�r�e�p�r�e�s�e�n�t�e�d� �b�y� �n�o�n�-�l�i�n�e�a�r� �c�a�r� �f�o�l�l�o�w�i�n�g� �m�o�d�e�l�.� �I�n� �t�h�i�s� �m�o�d�e�l�,� �t�h�e� �f�l�o�w� �o�f� �a�l�l� �t�h�e� �v�e�h�i�c�l�e�s� 

�T�r�a�f�f�i�c� �S�t�r�e�a�m� �M�o�d�e�l�i�n�g� �4�8



�i�s� �c�o�n�t�r�o�l�l�e�d� �b�y� �t�h�e� �f�l�o�w� �p�a�t�t�e�r�n� �o�f� �t�h�e� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e�.� �T�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �c�o�u�l�d� �b�e� 

�c�o�n�t�r�o�l�l�e�d� �b�y� �d�e�v�e�l�o�p�i�n�g� �a� �r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �v�e�h�i�c�l�e� �a�n�d� �t�h�e� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e�.� 

�I�n� �t�h�i�s� �m�o�d�e�l� �t�h�i�s� �r�e�l�a�t�i�o�n�s�h�i�p� �c�o�u�l�d� �b�e� �e�x�p�r�e�s�s�e�d� �a�s� �h�e�a�d�w�a�y� �a�n�d� �r�e�l�a�t�i�v�e� �v�e�l�o�c�i�t�y�.� �T�h�e� 

�h�e�a�d�w�a�y� �o�f� �e�a�c�h� �v�e�h�i�c�l�e� �i�s� �c�o�n�t�r�o�l�l�e�d� �i�n� �s�u�c�h� �a� �w�a�y� �t�h�a�t� �a� �m�i�n�i�m�u�m� �h�e�a�d�w�a�y� �o�f� �5�0� �f�t� 

�i�s� �m�a�i�n�t�a�i�n�e�d�.� �T�h�e� �s�e�n�s�i�t�i�v�i�t�y� �o�f� �a� �v�e�h�i�c�l�e� �i�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �r�a�t�i�o� �o�f� �s�e�n�s�i�t�i�v�i�t�y� �f�a�c�t�o�r� 

�t�o� �t�h�e� �h�e�a�d�w�a�y�.� �T�h�e� �s�e�n�s�i�t�i�v�i�t�y� �f�a�c�t�o�r� �i�s� �a�s�s�u�m�e�d� �a�s� �t�h�e� �r�a�t�i�o� �o�f� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d� �t�o� �j�a�m� 

�d�e�n�s�i�t�y�.� �T�h�e� �a�c�c�e�l�e�r�a�t�i�o�n� �o�f� �t�h�e� �v�e�h�i�c�l�e� �c�o�u�l�d� �t�h�e�n� �b�e� �o�b�t�a�i�n�e�d� �b�y� �m�u�l�t�i�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� 

�r�e�l�a�t�i�v�e� �v�e�l�o�c�i�t�y� �a�n�d� �s�e�n�s�i�t�i�v�i�t�y�.� 

�T�h�e� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e� �i�s� �g�i�v�e�n� �v�a�r�i�o�u�s� �s�p�e�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �i�n� �o�r�d�e�r� �t�o� �r�e�p�r�e�s�e�n�t� �t�h�e� 

�v�a�r�i�o�u�s� �c�o�n�d�i�t�i�o�n�s� �i�m�p�o�s�e�d� �e�x�t�e�r�n�a�l�l�y� �a�n�d� �i�n�t�e�r�n�a�l�l�y�.� �T�h�e� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e� �i�s� �g�i�v�e�n� �s�p�e�e�d� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �i�n� �s�u�c�h� �a� �w�a�y� �t�h�a�t� �i�t� �d�e�c�e�l�e�r�a�t�e�s� �t�o� �t�h�e� �s�p�e�e�d� �l�i�m�i�t� �i�m�p�o�s�e�d� �b�y� �a� �t�u�r�n�i�n�g� 

�o�r� �a� �c�u�r�v�e� �o�r� �a�n�y� �o�t�h�e�r� �s�u�c�h� �p�h�y�s�i�c�a�l� �c�o�n�s�t�r�a�i�n�t�.� �A�l�l� �t�h�e� �o�t�h�e�r� �v�e�h�i�c�l�e�s� �i�n� �t�h�e� �t�r�a�f�f�i�c� 

�s�t�r�e�a�m� �f�o�l�l�o�w� �t�h�e� �l�e�a�d� �v�e�h�i�c�l�e� �a�s� �l�o�n�g� �a�s� �t�h�e�r�e� �i�s� �n�o� �c�h�a�n�g�e� �i�n� �t�h�e� �f�l�o�w� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�w�i�t�h�i�n� �t�h�e� �s�t�r�e�a�m� �o�f� �v�e�h�i�c�l�e�s�.� �D�u�e� �t�o� �t�h�e� �i�n�t�e�r�r�e�l�a�t�i�o�n�s�h�i�p� �t�h�a�t� �e�x�i�s�t�s� �a�m�o�n�g� �t�h�i�s� �s�t�r�e�a�m� 

�o�f� �v�e�h�i�c�l�e�s�,� �a�l�l� �t�h�e� �v�e�h�i�c�l�e�s� �a�d�j�u�s�t� �t�o� �t�h�e� �s�p�e�e�d� �w�i�t�h� �m�i�n�o�r� �f�l�u�c�t�u�a�t�i�o�n�s� �w�h�i�c�h� �c�a�n� �b�e� 

�d�e�t�e�c�t�e�d� �e�v�e�n� �i�n� �t�h�e� �f�i�e�l�d�.� 

�T�h�i�s� �m�o�d�e�l� �a�l�s�o� �s�i�m�u�l�a�t�e�s� �a� �c�o�n�d�i�t�i�o�n� �w�h�e�r�e� �i�n� �a�l�l� �t�h�e� �v�e�h�i�c�l�e�s� �o�f� �t�h�e� �t�r�a�f�f�i�c� 

�s�t�r�e�a�m� �a�r�e� �s�t�o�p�p�e�d� �a�t� �s�i�g�n�a�l�i�z�e�d� �i�n�t�e�r�s�e�c�t�i�o�n�.� �T�h�e� �v�e�h�i�c�l�e�s� �a�r�e� �a�s�s�u�m�e�d� �t�o� �s�t�o�p� �h�e�r�e� �f�o�r� 

�t�e�n� �s�e�c�o�n�d�s� �b�e�f�o�r�e� �f�i�n�a�l�l�y� �s�t�a�r�t�i�n�g� �a�g�a�i�n�.� �T�h�e� �s�i�m�u�l�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �a�r�e� �u�s�e�d� �t�o� �s�i�m�u�l�a�t�e� 

�t�h�e� �m�e�r�g�i�n�g� �o�f� �s�o�m�e� �v�e�h�i�c�l�e�s� �f�r�o�m� �a�n�o�t�h�e�r� �h�i�g�h�w�a�y� �o�n� �t�o� �t�h�e� �m�a�i�n� �s�t�r�e�a�m�.� �T�h�i�s� 
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�m�e�r�g�i�n�g� �i�s� �d�o�n�e� �i�n� �s�u�c�h� �a� �w�a�y� �t�h�a�t� �t�h�e� �g�a�p� �i�s� �f�o�u�n�d� �a�f�t�e�r� �t�h�e� �s�e�c�o�n�d� �v�e�h�i�c�l�e� �a�n�d� �t�h�e� 

�m�e�r�g�i�n�g� �v�e�h�i�c�l�e�s� �a�r�e� �r�e�l�e�a�s�e�d� �f�r�o�m� �t�h�e� �m�i�n�o�r� �r�o�a�d� �s�a� �s�o�o�n� �a�s� �t�h�e� �s�e�c�o�n�d� �v�e�h�i�c�l�e� �c�r�o�s�s�e�s� 

�t�h�e� �p�o�i�n�t� �o�f� �m�e�r�g�i�n�g�.� 

�T�h�i�s� �m�o�d�e�l� �c�a�n� �a�l�s�o� �b�e� �u�s�e�d� �t�o� �a�n�a�l�y�z�e� �t�h�e� �a�f�f�e�c�t�s� �o�f� �b�l�o�c�k�a�g�e� �o�f� �a� �l�a�n�e� �o�f� �t�h�e� 

�h�i�g�h�w�a�y�.� �T�h�e� �a�f�f�e�c�t�s� �o�f� �c�o�n�g�e�s�t�i�o�n� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� �b�l�o�c�k�a�g�e� �c�o�u�l�d� �b�e� �s�t�u�d�i�e�d� �u�s�i�n�g� 

�v�a�r�i�o�u�s� �m�e�a�s�u�r�e�s� �o�f� �c�o�n�g�e�s�t�i�o�n� �l�i�k�e� �d�e�n�s�i�t�y�,� �s�p�e�e�d�,� �f�l�o�w� �e�t�c�.� 

�T�h�e� �n�o�n�-�l�i�n�e�a�r� �c�a�r� �f�o�l�l�o�w�i�n�g� �m�o�d�e�l� �i�s� �u�s�e�d� �t�o� �s�t�u�d�y� �t�h�e� �v�a�r�i�o�u�s� �t�r�a�f�f�i�c� �s�t�r�e�a�m� 

�p�a�r�a�m�e�t�e�r�s� �w�h�i�c�h� �i�n�f�l�u�e�n�c�e� �t�h�e� �f�l�o�w� �o�f� �t�h�e� �t�r�a�f�f�i�c�.� �A� �p�l�o�t� �i�s� �o�b�t�a�i�n�e�d� �b�e�t�w�e�e�n� �s�p�e�e�d� �a�n�d� 

�t�i�m�e� �w�h�i�c�h� �s�h�o�w�s� �t�h�e� �c�h�a�n�g�e�s� �i�n� �s�p�e�e�d�s� �o�f� �t�h�e� �v�e�h�i�c�l�e�s� �i�n� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �d�u�e� �t�o� �t�h�e� 

�e�x�i�s�t�i�n�g� �t�r�a�f�f�i�c� �c�o�n�d�i�t�i�o�n�s�.� �I�t� �i�s� �o�b�s�e�r�v�e�d� �t�h�a�t� �t�h�e� �s�p�e�e�d�s� �o�f� �v�e�h�i�c�l�e�s� �v�a�r�y� �f�r�o�m� �a� �v�e�r�y� 

�l�o�w� �s�p�e�e�d� �t�o� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d� �w�h�i�c�h� �i�s� �a�n� �i�n�d�i�c�a�t�i�o�n� �o�f� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e� �m�o�d�e�l�.� 

�T�h�e� �a�c�c�e�l�e�r�a�t�i�o�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� �d�i�s�t�a�n�c�e� �t�r�a�v�e�l�l�e�d�,� �h�e�a�d�w�a�y� �a�n�d� �d�e�n�s�i�t�y� �o�f� �t�h�e� �t�r�a�f�f�i�c� 

�s�t�r�e�a�m� �a�r�e� �a�l�s�o� �s�t�u�d�i�e�d�.� �T�h�e� �d�e�n�s�i�t�y� �o�f� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �c�h�a�n�g�e�s� �d�r�a�s�t�i�c�a�l�l�y� �d�u�e� �t�o� 

�c�h�a�n�g�e� �i�n� �t�h�e� �s�p�e�e�d�s� �o�f� �t�h�e� �v�e�h�i�c�l�e�s�.� �T�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �s�h�o�w�e�d� �d�e�n�s�i�t�i�e�s� �r�a�n�g�i�n�g� �f�r�o�m� 

�f�r�e�e�-�f�l�o�w� �t�o� �c�o�n�g�e�s�t�e�d� �f�l�o�w� �c�o�n�d�i�t�i�o�n�s�.� �T�h�i�s� �m�o�d�e�l� �i�s� �a�n� �e�f�f�e�c�t�i�v�e� �m�o�d�e�l� �i�f� �t�h�e� 

�s�e�n�s�i�t�i�v�i�t�y� �p�a�r�a�m�e�t�e�r�s� �a�r�e� �d�e�t�e�r�m�i�n�e�d� �a�c�c�u�r�a�t�e�l�y�.� �T�h�i�s� �m�o�d�e�l� �a�l�s�o� �r�e�q�u�i�r�e�s� �u�s� �t�o� �d�e�f�i�n�e� 

�t�h�e� �b�o�u�n�d�a�r�i�e�s� �f�o�r� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �s�t�a�t�e� �o�f� �t�h�e� �t�r�a�f�f�i�c� �f�l�o�w�.� 
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�5�.�2�.�1� �D�Y�N�A�M�O� �P�r�o�g�r�a�m� �F�o�r� �N�o�n�-�L�i�n�e�a�r� �C�a�r� �F�o�l�l�o�w�i�n�g� �M�o�d�e�l� 

�V�1�.�K�=�C�L�I�P�(�V�1�2�.�K�,�V�1�1�.�K�,�X�1�.�K�,� �1�5�0�0�)� 
�V�1�2�.�K�=�C�L�I�P�(�V�1�4�.�K�,�V�1�3�.�K�,�X�1�.�K�,� �1�7�5�0�)� 
�V�1�1�.�K�=�V�1�1�.�J�+�(�D�T�)�*�A�1�.�J�K� 
�V�1�1�=�0� 
�V�1�4�.�K�=�C�L�I�P�(�V�1�4�1�.�K�,�V�1�1�.�K�,�X�1�.�K�,�2�5�0�0�)� 
�V�1�4�1�.�K�=�C�L�I�P�(�V�1�4�2�.�K�,�V�1�1�.�K�,� �T�I�M�E�.�K�,�4�5�)� 
�V�1�4�2�.�K�=�C�L�I�P�(�V�1�1�.�K�,�0�,� �T�I�M�E�.�K�,�6�0�)� 
�V�1�3�.�K�=�C�L�I�P�(�V�1�3�1�.�K�,�3�7�,�V�1�3�1�.�K�,�3�7�)� 
�V�1�3�1�.�K�=�V�1�3�1�.�J�-�(�D�T�)�*�A�1�2�.�J�K� 
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�A�1�2�.�K�L�=�4� 
�V�1�3�1�=�9�5�.�3�5�5� 
�A�1�.�K�L�=�(�A�-�B�*�V�0�)�*�E�X�P�(�-�B�*�T�I�M�E�.�K�)� 
�A�=�4�.�0� 
�B�=�0�.�4�1�9�4�8�5� 
�V�v�o�=�0� 
�T�I�M�E�.�K�=�T�I�M�E�.�J�+�D�T� 
�T�I�M�E�=�0� 
�V�F�=�8�0� 
�K�J�=�1�2�0� 
�D�C�F� �=�5�2�8�0� 
�V�C�F�=�1�.�4�6�7� 

�N�O�T�E� �V�C�F� �-� �V�E�L�O�C�I�T�Y� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�N�O�T�E� �D�C�F� �-� �D�I�S�T�A�N�C�E� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�N�O�T�E� �V�1� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �1� 
�R� �P�C�1�.�K�L�=�V�1�.�K� 
�L� �X�1�.�K�=�X�1�.�J�+�(�D�T�)�(�P�C�1�.�J�K�)� 
�N� �X�1�=�0� 
�N�O�T�E� �X�1� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �1� 
�N�O�T�E� �P�C�I� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �1� 
�A� �H�2�.�K�=�X�1�.�K�-�X�2�.�K� 
�N�O�T�E� �H�2� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�A� �S�2�.�K�=�S�F�/�H�2�.�K�*�*�2� 
�N� �S�F� �=�V�F�*�V�C�F�/�(�K�J�/�D�C�F�)� 
�R� �A�2�.�K�L�=�S�2�.�K�*�R�V�2�.�K� 
�N�O�T�E� �S�2� �-� �S�E�N�S�I�T�I�V�I�T�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�N�O�T�E� �A�2� �-� �A�C�C�E�L�E�R�A�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �2� 
�A� �R�V�2�.�K�=�V�1�.�K�-�V�2�.�K� 
�L� �V�2�.�K�=�V�2�.�J�+�(�D�T�)�*�A�2�.�J�K� 
�N� �V�2�=�0� 
�R� �P�C�2�.�K�L�=�V�2�.�K� 
�L� �X�2�.�K�=�X�2�.�J�+�(�D�T�)�*�P�C�2�.�J�K� 
�N� �X�2�=�-�1�5�0� 
�N�O�T�E� �R�V�2� �-� �R�E�L�A�T�I�V�E� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�N�O�T�E� �P�C�2� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �2� 
�N�O�T�E� �X�2� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �2� 
�A� �H�3�.�K�=�X�2�.�K�-�X�3�.�K� 
�N�O�T�E� �H�3� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�A� �S�3�.�K�=�S�F�/�H�3�.�K�*�*�2� 
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�A�3�.�K�L�=�S�3�.�K�*�R�V�3�.�K� 
�S�3� �-� �S�E�N�S�I�T�I�V�I�T�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�A�3� �-� �A�C�C�E�L�E�R�A�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �3� 
�R�V�3�.�K�=�V�2�.�K�-�V�3�.�K� 
�V�3�.�K�=�V�3�.�J�+�(�D�T�)�*�A�3�.�J�K� 
�V�3�=�0� 
�P�C�3�.�K�L�=�V�3�.�K� 
�X�3�.�K�=�X�3�.�J�+�(�D�T�)�*�P�C�3�.�J�K� 
�X�3�=�-�3�0�0� 
�R�V�3� �-� �R�E�L�A�T�I�V�E� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�P�C�3� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �3� 
�X�3� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �3� 
�H�4�.�K�=�X�3�.�K�-�X�4�.�K� 
�H�4� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�S�4�.�K�=�S�F�/�H�4�.�K�*�*�2� 
�A�4�.�K�L�=�S�4�.�K�*�R�V�4�.�K� 
�S�4� �-� �S�E�N�S�I�T�I�V�I�T�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�A�4� �-� �A�C�C�E�L�E�R�A�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �4� 
�R�V�4�.�K�=�V�3�.�K�-�V�4�.�K� 
�V�4�.�K�=�V�4�.�J�+�(�D�T�)�*�A�4�.�J�K� 
�V�4�=�0� 
�P�C�4�.�K�L�=�V�4�.�K� 
�X�4�.�K�=�X�4�.�J�+�(�D�T�)�*�P�C�4�.�J�K� 
�X�4�=�-�4�5�0� 
�R�V�4� �-� �R�E�L�A�T�I�V�E� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�P�C�4� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �4� 
�X�4� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �4� 
�H�5�.�K�=�X�4�.�K�-�X�5�.�K� 
�H�S� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �5� 
�S�5�.�K�=�S�F�/�H�5�.�K�*�*�2� 
�A�S�.�K�L�=�S�5�.�K�*�R�V�5�.�K� 
�S�5� �-� �S�E�N�S�I�T�I�V�I�T�Y� �O�F� �V�E�H�I�C�L�E� �5� 
�A�S� �-� �A�C�C�E�L�E�R�A�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �5� 
�R�V�5�.�K�=�V�4�.�K�-�V�5�.�K� 
�V�5�.�K�=�V�5�.�J�+�(�D�T�)�*�A�5�.�J�K� 
�V�5�=�0� 
�P�C�S�.�K�L�=�V�5�.�K� 
�X�5�.�K�=�X�5�.�J�+�(�D�T�)�*�P�C�5�.�J�K� 
�X�5�=�-�6�0�0� 
�R�V�5� �-� �R�E�L�A�T�I�V�E� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �5� 
�P�C�S�5� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �5� 
�X�5� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �5� 
�H�6�.�K�=�X�5�.�K�-�X�6�.�K� 
�H�6� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�S�6�.�K�=�S�F�/�H�6�.�K�*�*�2� 
�A�6�.�K�L�=�S�6�.�K�*�R�V�6�.�K� 
�S�6� �-� �S�E�N�S�I�T�I�V�I�T�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�A�6� �-� �A�C�C�E�L�E�R�A�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �6� 
�R�V�6�.�K�=�V�S�.�K�-�V�6�.�K� 
�V�6�.�K�=�V�6�.�J�+�(�D�T�)�*�A�6�.�J�K� 
�V�6�=�0� 
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�P�C�6�.�K�L�=�V�6�.�K� 
�X�6�.�K�=�X�6�.�J�+�(�D�T�)�*�P�C�6�.�J�K� 
�X�6�=�-�7�5�0� 
�R�V�6� �-� �R�E�L�A�T�I�V�E� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�P�C�6� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �6� 
�X�6� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �6� 
�H�7�.�K�=�C�L�I�P�(�H�7�1�.�K�,� �1�,�X�2�.�K�,�3�0�5�0�)� 
�H�7�1�.�K�=�X�2�.�K�-�X�7�.�K� 
�H�7� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�S�7�.�K�=�C�L�I�P�(�S�7�1�.�K�,�0�,�X�2�.�K�,�3�0�5�0�)� 
�S�7�1�.�K�=�S�F�/�H�7�.�K�*�*�2� 
�A�7�.�K�L�=�S�7�.�K�*�R�V�7�.�K� 
�R�V�7�.�K�=�V�2�.�K�-�V�7�.�K� 
�V�7�.�K�=�C�L�I�P�(�V�7�1�.�K�,�0�,�X�2�.�K�,�3�0�5�0�)� 
�V�7�1�.�K�=�V�7�1�.�J�+�(�D�T�)�*�A�7�.�J�K� 
�V�7�1�=�0� 
�S�7� �-� �S�E�N�S�I�T�I�V�I�T�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�A�7� �-� �A�C�C�E�L�E�R�A�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �7� 
�V�7� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�P�C�7�.�K�L�=�V�7�.�K� 
�X�7�.�K�=�X�7�.�J�+�(�D�T�)�*�P�C�7�.�J�K� 
�X�7�=�3�0�0�0� 
�P�C�7� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �7� 
�X�7� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �7� 
�H�8�.�K�=�C�L�I�P�(�H�8�1�.�K�,� �1�,�X�7�.�K�,�3�3�5�0�)� 
�H�8�1�.�K�=�X�7�.�K�-�X�8�.�K� 
�H�8� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �8� 
�S�8�.�K�=�C�L�I�P�(�S�8�1�.�K�,�0�,�X�7�.�K�,�3�3�5�0�)� 
�S�8�1�.�K�=�S�F�/�H�8�.�K�*�*�2� 
�A�8�.�K�L�=�S�8�.�K�*�R�V�8�.�K� 
�R�V�8�.�K�=�V�7�.�K�-�V�8�.�K� 
�V�8�.�K�=�C�L�I�P�(�V�8�1�.�K�,�0�,�X�7�.�K�,�3�3�5�0�)� 
�V�8�1�.�K�=�V�8�1�.�J�+�(�D�T�)�*�A�8�.�J�K� 
�V�8�1�=�0� 
�S�8� �-� �S�E�N�S�I�T�I�V�I�T�Y� �O�F� �V�E�H�I�C�L�E� �8� 
�A�8� �-� �A�C�C�E�L�E�R�A�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �8� 
�V�8� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �8� 
�P�C�8�.�K�L�=�V�8�.�K� 
�X�8�.�K�=�X�8�.�J�+�(�D�T�)�*�P�C�8�.�J�K� 
�X�8�=�3�3�0�0� 
�P�C�8� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �8� 
�X�8� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �8� 
�H�9�.�K�=�C�L�I�P�(�H�9�1�.�K�,�1�,�X�8�.�K�,�3�6�5�0�)� 
�H�9�1�.�K�=�X�8�.�K�-�X�9�.�K� 
�H�9� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �9� 
�S�9�.�K�=�C�L�I�P�(�S�9�1�.�K�,�0�,�X�8�.�K�,�3�6�5�0�)� 
�S�9�1�.�K�=�S�F�/�H�9�.�K�*�*�2� 
�A�9�.�K�L�=�S�9�.�K�*�R�V�9�.�K� 
�R�V�9�.�K�=�V�8�.�K�-�V�9�.�K� 
�V�9�.�K�=�C�L�I�P�(�V�9�1�.�K�,�0�,�X�8�.�K�,�3�6�5�0�)� 
�V�9�1�.�K�=�V�9�1�.�J�+�(�D�T�)�*�A�9�.�J�K� 
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�N�O�T�E� 
�N�O�T�E� 
�N�O�T�E� 

�N�O�T�E� 
�N�O�T�E� 
�S�P�E�C� 
�P�L�O�T� 
�R�U�N� 
�Q�U�I�T� 

�v�9�1�=�0� 
�S�9� �-� �S�E�N�S�I�T�I�V�I�T�Y� �O�F� �V�E�H�I�C�L�E� �9� 
�A�8� �-� �A�C�C�E�L�E�R�A�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �9� 
�V�8� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �9� 
�P�C�9�.�K�L�=�V�9�.�K� 
�X�9�.�K�=�X�9�.�J�+�(�D�T�)�*�P�C�9�.�J�K� 
�X�9�=�3�6�0�0� 
�P�C�9� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �9� 
�X�9� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �9� 
�D�T�=�0�.�1�/�L�E�N�G�T�H�=�1�5�0�/�P�L�T�P�E�R�=�1� 
�V�1�=�1�,�V�2�=�2�,�V�3�=�3�,�V�4�=�4�,� �V�5�=�5�,�V�6�=�6�,�V�7�=�7�,�V�8�=�8�,�V�9�=�9�(�*�,�*�)� 
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�5�.�3� �L�i�n�e�a�r� �C�a�r� �F�o�l�l�o�w�i�n�g� �M�o�d�e�l� 

�T�h�e� �c�a�r� �f�o�l�l�o�w�i�n�g� �l�a�w�s� �a�r�e� �s�i�m�p�l�i�f�i�e�d� �d�e�s�c�r�i�p�t�i�o�n�s� �o�f� �a� �v�e�r�y� �c�o�m�p�l�i�c�a�t�e�d� �r�e�s�p�o�n�s�e� 

�t�o� �t�h�e� �w�o�r�l�d� �o�f� �s�t�i�m�u�l�i� �t�h�a�t� �c�o�n�f�r�o�n�t�s� �a� �d�r�i�v�e�r�.� �I�n�f�a�c�t�,� �o�n�l�y� �t�w�o� �s�t�i�m�u�l�i� �a�r�e� �c�o�n�s�i�d�e�r�e�d�:� 

�t�h�e� �r�e�l�a�t�i�v�e� �s�p�e�e�d� �b�e�t�w�e�e�n� �a� �v�e�h�i�c�l�e� �a�n�d� �t�h�e� �o�n�e� �a�h�e�a�d� �a�n�d� �t�h�e� �s�p�a�c�i�n�g� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� 

�v�e�h�i�c�l�e�s�.� �T�h�e� �p�r�o�g�r�e�s�s� �o�f� �a� �s�t�r�e�a�m� �o�f� �t�r�a�f�f�i�c� �f�o�r� �c�e�r�t�a�i�n� �s�p�e�c�i�a�l� �c�a�s�e�s� �c�o�u�l�d� �b�e� �s�t�u�d�i�e�d� 

�m�a�t�h�e�m�a�t�i�c�a�l�l�y� �b�y� �u�s�i�n�g� �l�i�n�e�a�r� �c�a�r� �f�o�l�l�o�w�i�n�g� �m�o�d�e�l�.� �H�o�w�e�v�e�r�,� �i�f� �a� �c�o�m�p�l�e�t�e� �s�t�u�d�y� �o�f� 

�t�h�e� �l�i�n�e�a�r� �c�a�r� �f�o�l�l�o�w�i�n�g� �t�h�e�o�r�y� �i�s� �d�e�s�i�r�e�d� �b�a�s�e�d� �o�n� �c�o�m�p�l�i�c�a�t�e�d� �v�e�l�o�c�i�t�y� �f�u�n�c�t�i�o�n�s� �o�f� �t�h�e� 

�l�e�a�d�i�n�g� �v�e�h�i�c�l�e�,� �t�h�e� �a�n�a�l�y�t�i�c�a�l� �w�o�r�k� �m�a�y� �s�o�o�n� �b�e�c�o�m�e� �f�o�r�m�i�d�a�b�l�e�.� �I�n� �o�r�d�e�r� �t�o� �s�o�l�v�e� 

�p�r�o�b�l�e�m�s� �i�n�v�o�l�v�i�n�g� �r�e�a�l�i�s�t�i�c� �s�p�e�e�d� �c�h�a�n�g�e�s� �o�f� �t�h�e� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e� �a�n�d� �r�e�a�l�i�s�t�i�c� �c�a�r� 

�f�o�l�l�o�w�i�n�g� �m�o�d�e�l�s�,� �t�h�e� �p�r�o�b�l�e�m� �c�a�n� �b�e� �s�o�l�v�e�d� �b�y� �u�s�i�n�g� �s�i�m�u�l�a�t�i�o�n�.� �T�h�e� �s�i�m�u�l�a�t�i�o�n� �c�a�n� 

�b�e� �d�o�n�e� �b�a�s�e�d� �o�n� �a� �d�e�t�e�r�m�i�n�i�s�t�i�c� �m�o�d�e�l� �o�f� �a� �v�e�h�i�c�l�e� �o�p�e�r�a�t�o�r�,� �t�h�a�t� �r�e�p�r�e�s�e�n�t� �a� �l�i�n�e� �o�f� 

�v�e�h�i�c�l�e�s� �i�n� �v�a�r�i�o�u�s� �t�r�a�f�f�i�c� �s�i�t�u�a�t�i�o�n�s�.� �T�h�e� �p�r�i�n�c�i�p�l�e� �u�s�e� �o�f� �s�i�m�u�l�a�t�i�o�n� �i�s� �t�o� �s�t�u�d�y� �t�h�e� 

�t�r�a�f�f�i�c� �a�s� �i�t� �r�e�l�a�t�e�s� �t�o� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �v�e�h�i�c�l�e� �o�p�e�r�a�t�o�r� �a�n�d� �a�s� �i�t� �d�e�p�e�n�d�s� �u�p�o�n� �g�r�o�u�p� 

�d�y�n�a�m�i�c�s�.� �A� �s�e�c�o�n�d� �u�s�e� �t�o� �w�h�i�c�h� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �m�a�y� �b�e� �a�p�p�l�i�e�d� �i�s� �t�h�a�t� �o�f� �g�e�n�e�r�a�t�i�n�g� 

�t�r�a�f�f�i�c� �f�l�o�w� �d�a�t�a� �t�o� �s�u�p�p�l�y� �i�n�t�e�r�m�e�d�i�a�t�e� �d�a�t�a� �p�o�i�n�t�s� �t�o� �t�h�a�t� �a�c�t�u�a�l�l�y� �o�b�s�e�r�v�e�d�.� 

�A� �l�i�n�e�a�r� �c�a�r� �f�o�l�l�o�w�i�n�g� �m�o�d�e�l� �o�f� �t�r�a�f�f�i�c� �f�l�o�w� �c�o�u�l�d� �b�e� �d�e�s�c�r�i�b�e�d� �b�y� �t�h�e� �d�i�f�f�e�r�e�n�t�i�a�l� 

�e�q�u�a�t�i�o�n�:� 

�v�(�t�)� �=�k� �[�v�,�_�,�(�t�-� �T�;�)�  ��v�i�(�t� �~� �T�;�)�]� 

�W�h�e�r�e�,� �v�,� �=� �a�c�c�e�l�e�r�a�t�i�o�n� �o�f� �f�o�l�l�o�w�i�n�g� �v�e�h�i�c�l�e� 

�k�;� �=� �d�e�n�s�i�t�y� 
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�v�;� �=� �v�e�l�o�c�i�t�y� �o�f� �f�o�l�l�o�w�i�n�g� �v�e�h�i�c�l�e� 

�V�;�1� �=� �v�e�l�o�c�i�t�y� �o�f� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e� 

�T�h�e� �p�r�o�g�r�e�s�s� �o�f� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �t�h�e� �l�i�n�e�a�r� �c�a�r� �f�o�l�l�o�w�i�n�g� �m�o�d�e�l�,� 

�i�n� �t�h�e� �D�Y�N�A�M�O� �p�r�o�g�r�a�m� �f�o�r� �t�h�e� �f�l�o�w� �o�f� �t�r�a�f�f�i�c� �w�h�e�r�e�i�n�,� �t�h�e� �i�n�i�t�i�a�l� �s�p�e�e�d� �o�f� �a�l�l� �t�h�e� 

�v�e�h�i�c�l�e�s� �a�t� �t�h�e� �t�i�m�e� �o�f� �b�e�g�i�n�n�i�n�g� �o�f� �s�i�m�u�l�a�t�i�o�n� �i�s� �a�s�s�u�m�e�d� �t�o� �b�e� �z�e�r�o�.� �T�h�e� �s�p�e�e�d� �o�f� �t�h�e� 

�l�e�a�d� �v�e�h�i�c�l�e� �i�s� �g�i�v�e�n� �a� �v�e�r�y� �c�o�m�p�l�e�x� �f�u�n�c�t�i�o�n� �i�n� �o�r�d�e�r� �t�o� �r�e�p�r�e�s�e�n�t� �a�l�l� �t�h�e� �p�r�a�c�t�i�c�a�l� 

�c�o�n�d�i�t�i�o�n�s� �t�h�a�t� �h�a�v�e� �a� �b�e�a�r�i�n�g� �o�n� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m�.� �T�h�e� �l�e�a�d� �v�e�h�i�c�l�e� �i�s� 

�a�s�s�u�m�e�d� �t�o� �h�a�v�e� �n�o�n� �l�i�n�e�a�r� �a�c�c�e�l�e�r�a�t�i�o�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�h�i�l�e� �t�h�e� �d�e�c�e�l�e�r�a�t�i�o�n� �i�s� �a�s�s�u�m�e�d� 

�t�o� �b�e� �c�o�n�s�t�a�n�t�.� �T�h�e� �n�o�n�-�l�i�n�e�a�r� �a�c�c�e�l�e�r�a�t�i�o�n� �c�o�u�l�d� �b�e� �s�i�m�u�l�a�t�e�d� �i�n� �t�h�i�s� �m�o�d�e�l� �b�y� �d�e�f�i�n�i�n�g� 

�T�I�M�E� �v�a�r�i�a�b�l�e�.� �T�h�e� �a�c�c�e�l�e�r�a�t�i�o�n� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �v�e�h�i�c�l�e� �c�o�u�l�d� �b�e� �c�a�l�c�u�l�a�t�e�d� �a�s� �t�h�e� �r�a�t�i�o� 

�o�f� �t�h�e� �r�e�l�a�t�i�v�e� �v�e�l�o�c�i�t�y� �t�o� �h�e�a�d�w�a�y�.� �T�h�e� �s�p�e�e�d� �a�n�d� �h�e�n�c�e� �t�h�e� �d�i�s�t�a�n�c�e� �t�r�a�v�e�l�l�e�d� �b�y� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �v�e�h�i�c�l�e� �a�r�e� �c�o�n�t�r�o�l�l�e�d� �b�y� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �l�e�a�d� �v�e�h�i�c�l�e� �a�n�d� �t�h�e� �s�p�a�c�i�n�g� �b�e�t�w�e�e�n� 

�t�h�e� �v�e�h�i�c�l�e�s� �a�s� �t�h�e�s�e� �a�r�e� �t�h�e� �t�w�o� �p�a�r�a�m�e�t�e�r�s� �i�n�v�o�l�v�e�d� �i�n� �d�e�f�i�n�i�n�g� �a�c�c�e�l�e�r�a�t�i�o�n�.� 

�I�n� �t�h�i�s� �m�o�d�e�l� �t�h�e� �m�i�n�i�m�u�m� �h�e�a�d�w�a�y� �i�s� �a�s�s�u�m�e�d� �t�o� �b�e� �5�0� �f�t� �a�n�d� �i�t� �i�s� �a�l�s�o� �a�s�s�u�m�e�d� 

�t�h�a�t� �t�h�e� �v�e�h�i�c�l�e�s� �t�r�y� �t�o� �m�a�i�n�t�a�i�n� �t�h�i�s� �a�t�l�e�a�s�t� �t�h�i�s� �h�e�a�d�w�a�y� �w�h�e�n�e�v�e�r� �t�h�e� �f�l�o�w� �o�f� �t�r�a�f�f�i�c� 

�s�t�r�e�a�m� �i�s� �r�e�q�u�i�r�e�d� �t�o� �b�e� �p�a�c�e�d� �u�p�.� �T�h�i�s� �m�o�d�e�l� �i�s� �d�e�v�e�l�o�p�e�d� �t�o� �s�i�m�u�l�a�t�e� �v�a�r�i�o�u�s� �r�e�a�l�i�s�t�i�c� 

�t�r�a�f�f�i�c� �c�o�n�d�i�t�i�o�n�s� �l�i�k�e� �l�o�w� �s�p�e�e�d� �l�i�m�i�t�s�,� �i�n�t�e�r�s�e�c�t�i�o�n� �s�i�g�n�a�l�s�,� �t�e�m�p�o�r�a�r�y� �b�l�o�c�k�a�g�e� �o�f� �a� �l�a�n�e� 

�o�f� �h�i�g�h�w�a�y� �a�n�d� �m�e�r�g�i�n�g� �o�f� �v�e�h�i�c�l�e�s� �f�r�o�m� �a�n�o�t�h�e�r� �h�i�g�h�w�a�y� �i�n�t�o� �t�h�e� �m�a�i�n� �s�t�r�e�a�m� �o�f� 

�t�r�a�f�f�i�c�.� �T�h�i�s� �m�o�d�e�l� �i�s� �a�l�s�o� �s�t�u�d�i�e�d� �t�o� �a�n�a�l�y�z�e� �t�h�e� �a�f�f�e�c�t� �o�f� �t�h�e� �m�a�x�i�m�u�m� �s�p�e�e�d� �l�i�m�i�t� �o�n� 

�t�h�e� �t�r�a�f�f�i�c� �f�l�o�w�.� 
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�T�h�e� �r�e�s�u�l�t�s� �(�f�i�g�.� �3�)� �o�f� �t�h�i�s� �s�i�m�u�l�a�t�i�o�n� �a�r�e� �a�n�a�l�y�z�e�d� �t�o� �s�t�u�d�y� �t�h�e� �t�r�a�f�f�i�c� �f�l�o�w� �p�a�t�t�e�r�n� 

�a�t� �v�a�r�i�o�u�s� �s�p�e�e�d�s� �a�n�d� �d�e�n�s�i�t�i�e�s�.� �T�h�i�s� �m�o�d�e�l� �s�h�o�w�s� �t�h�a�t� �i�t� �r�e�q�u�i�r�e�s� �a� �l�o�n�g�e�r� �t�i�m�e� �f�o�r� �t�h�e� 

�e�n�t�i�r�e� �s�t�r�e�a�m� �o�f� �v�e�h�i�c�l�e�s� �t�o� �r�e�a�c�h� �t�h�e� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d� �a�s� �c�o�m�p�a�r�e�d� �t�o� �a� �f�e�w� �o�t�h�e�r� �m�o�d�e�l�s�.� 

�A�s� �l�o�n�g� �a�s� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �i�s� �l�e�s�s�,� �t�h�e� �h�e�a�d�w�a�y� �b�e�t�w�e�e�n� �v�e�h�i�c�l�e�s� �w�i�l�l� �b�e� 

�v�e�r�y� �l�e�s�s� �a�n�d� �t�h�i�s� �s�h�o�w�s� �a�n� �a�p�p�a�r�e�n�t� �h�i�g�h� �d�e�n�s�i�t�y� �i�n�d�i�c�a�t�i�n�g� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �c�o�n�g�e�s�t�i�o�n�.� 

�T�h�e� �d�e�n�s�i�t�y� �c�u�r�v�e� �i�s� �a�l�s�o� �a�n�a�l�y�z�e�d� �f�o�r� �s�i�m�i�l�a�r� �p�h�e�n�o�m�e�n�o�n� �a�n�d� �i�t� �i�s� �o�b�s�e�r�v�e�d� �t�h�a�t� �t�h�e� 

�d�e�n�s�i�t�y� �o�f� �t�r�a�f�f�i�c� �a�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �t�h�i�s� �m�o�d�e�l� �i�s� �h�i�g�h�.� �A�s� �a� �r�e�s�u�l�t� �o�f� �l�o�w� �h�e�a�d�w�a�y�s� �t�h�e� 

�a�c�c�e�l�e�r�a�t�i�o�n� �o�f� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �v�e�h�i�c�l�e�s� �i�s� �m�o�r�e� �l�e�a�d�i�n�g� �t�o� �m�o�r�e� �a�c�c�e�l�e�r�a�t�i�o�n� �n�o�i�s�e� �w�h�i�c�h� 

�i�n� �t�u�r�n� �r�e�d�u�c�e�s� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m�.� �T�h�i�s� �m�o�d�e�l� �c�a�n� �b�e� �u�s�e�d� �i�n� �c�e�r�t�a�i�n� �s�p�e�c�i�a�l� 

�c�a�s�e�s� �o�n�l�y� �a�s� �t�h�e� �f�l�o�w� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�i�s� �m�o�d�e�l� �a�r�e� �v�e�r�y� �c�o�n�s�e�r�v�a�t�i�v�e�.� 

�5�.�3�.�1� �D�Y�N�A�M�O� �P�r�o�g�r�a�m� �F�o�r� �L�i�n�e�a�r� �C�a�r� �F�o�l�l�o�w�i�n�g� �M�o�d�e�l� 

�A� �V�1�.�K�=�C�L�I�P�(�V�1�2�.�K�,�V�1�1�.�K�,�X�1�.�K�,� �1�5�0�0�)� 
�A� �V�1�2�.�K�=�C�L�I�P�(�V�1�4�.�K�,�V�1�3�.�K�,�X�1�.�K�,� �1�7�5�0�)� 
�L� �V�1�1�.�K�=�V�1�1�.�J�+�(�D�T�)�*�A�1�.�J�K� 
�N� �V�1�1�=�0� 
�A� �V�1�4�.�K�=�C�L�I�P�(�V�1�4�1�.�K�,�V�1�1�.�K�,�X�1�.�K�,�2�5�0�0�)� 
�A� �V�1�4�1�.�K�=�C�L�I�P�(�V�1�4�2�.�K�,�V�1�1�.�K�,�T�I�M�E�.�K�,�4�5�)� 
�A� �V�1�4�2�.�K�=�C�L�I�P�(�V�1�1�.�K�,�0�,� �T�I�M�E�.�K�,�6�0�)� 
�A� �V�1�3�.�K�=�C�L�I�P�(�V�1�3�1�.�K�,�3�7�,�V�1�3�1�.�K�,�3�7�)� 
�L� �V�1�3�1�.�K�=�V�1�3�1�.�J�-�(�D�T�)�*�A�1�2�.�J�K� 
�R� �A�1�2�.�K�L�=�4� 
�N� �V�1�3�1�=�9�5�.�3�5�5� 
�R� �A�1�.�K�L�=�(�A�-�B�*�V�0�)�*�E�X�P�(�-�B�*�T�I�M�E�.�K�)� 
�C�c� �A�=�4�.�0� 
�C�c� �B�=�0�.�4�1�9�4�8�5� 
�C�c� �V�O�=�0� 
�L� �T�I�M�E�.�K�=�T�I�M�E�.�J�+�D�T� 
�N� �T�I�M�E�=�0� 
�N� �V�F�=�8�0� 
�C�c� �K�J�=�1�2�0� 
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�N�O�T�E� 
�N�O�T�E� 

�N�O�T�E� 

�N�O�T�E� 

�N�O�T�E� 

�N�O�T�E� 

�N�O�T�E� 

�N�O�T�E� 

�N�O�T�E� 

�N�O�T�E� 

�N�O�T�E� 

�N�O�T�E� 

�N�O�T�E� 

�N�O�T�E� 

�N�O�T�E� 

�N�O�T�E� 

�N�O�T�E� 

�N�O�T�E� 

�N�O�T�E� 

�N�O�T�E� 

�N�O�T�E� 

�N�O�T�E� 
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�5�.�4� �G�r�e�e�n�s�h�i�e�l�d�s� �M�o�d�e�l� 

�G�r�e�e�n�s�h�i�e�l�d�s� �m�o�d�e�l� �i�s� �t�h�e� �f�i�r�s�t� �s�i�n�g�l�e�-�r�e�g�i�m�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �i�n� �1�9�3�4�,� �b�a�s�e�d� �o�n� 

�o�b�s�e�r�v�a�t�i�o�n�s� �m�a�d�e� �b�y� �m�e�a�s�u�r�i�n�g� �s�p�e�e�d� �a�n�d� �d�e�n�s�i�t�y� �u�s�i�n�g� �a�e�r�i�a�l� �p�h�o�t�o�g�r�a�p�h�i�c� �s�t�u�d�y�.� 

�G�r�e�e�n�s�h�i�e�l�d�s� �m�o�d�e�l� �d�e�s�c�r�i�b�e�s� �a� �l�i�n�e�a�r� �f�u�n�c�t�i�o�n� �b�e�t�w�e�e�n� �s�p�e�e�d� �a�n�d� �d�e�n�s�i�t�y�.� �T�h�e� �m�o�d�e�l� 

�r�e�q�u�i�r�e�s� �t�h�e� �k�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d� �a�n�d� �j�a�m� �d�e�n�s�i�t�y� �p�a�r�a�m�e�t�e�r�s� �i�n� �o�r�d�e�r� �t�o� 

�s�o�l�v�e� �n�u�m�e�r�i�c�a�l�l�y� �f�o�r� �t�h�e� �s�p�e�e�d�-�d�e�n�s�i�t�y� �r�e�l�a�t�i�o�n�s�h�i�p�.� �T�h�e� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d� �i�s� �r�e�l�a�t�i�v�e�l�y� 

�e�a�s�y� �t�o� �e�s�t�i�m�a�t�e� �i�n� �t�h�e� �f�i�e�l�d� �a�n�d� �g�e�n�e�r�a�l�l�y� �l�i�e�s� �b�e�t�w�e�e�n� �t�h�e� �s�p�e�e�d� �l�i�m�i�t� �a�n�d� �t�h�e� �d�e�s�i�g�n� 

�s�p�e�e�d� �o�f� �t�h�e� �r�o�a�d�w�a�y�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �t�h�e� �e�s�t�i�m�a�t�i�o�n� �o�f� �j�a�m� �d�e�n�s�i�t�y� �i�s� �d�i�f�f�i�c�u�l�t�.� �J�a�m� 

�d�e�n�s�i�t�y� �v�a�l�u�e�s� �a�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �o�b�t�a�i�n� �i�n� �t�h�e� �f�i�e�l�d�,� �b�u�t� �a� �g�e�n�e�r�a�l� �v�a�l�u�e� �o�f� �1�8�5� �t�o� �2�5�0� 

�v�e�h�i�c�l�e�s� �p�e�r� �m�i�l�e� �p�e�r� �l�a�n�e� �c�a�n� �b�e� �c�a�l�c�u�l�a�t�e�d� �a�s�s�u�m�i�n�g� �t�h�a�t� �a� �s�t�o�p�p�e�d� �v�e�h�i�c�l�e� �o�c�c�u�p�i�e�s� �2�1� 

�t�o� �2�8� �f�t� �o�f� �t�h�e� �r�o�a�d�w�a�y� �s�p�a�c�e�.� �G�r�e�e�n�s�h�i�e�l�d�s� �m�o�d�e�l� �c�a�n� �b�e� �e�x�p�r�e�s�s�e�d� �a�s� 

�w�u�f�t�-�p�)� 

�W�h�e�r�e�,� �u� �=� �s�p�e�e�d� �o�f� �v�e�h�i�c�l�e� 

�k� �=� �d�e�n�s�i�t�y� 

�u�,� �=� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d� 

�k�,� �=� �j�a�m� �d�e�n�s�i�t�y� 

�T�r�a�f�f�i�c� �S�t�r�e�a�m� �M�o�d�e�l�i�n�g� �6�3



�T�h�i�s� �m�o�d�e�l� �c�o�u�l�d� �b�e� �a�n�a�l�y�z�e�d� �f�o�r� �i�t�s� �e�f�f�e�c�t�i�v�e�n�e�s�s� �i�n� �r�e�p�r�e�s�e�n�t�i�n�g� �t�r�a�f�f�i�c� �s�t�r�e�a�m� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �b�y� �d�e�v�e�l�o�p�i�n�g� �a� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �u�s�i�n�g� �D�Y�N�A�M�O� �p�r�o�c�e�d�u�r�e�s�.� �A�s� �t�h�i�s� 

�m�o�d�e�l� �i�s� �d�e�v�e�l�o�p�e�d� �f�o�r� �f�i�e�l�d� �d�a�t�a�,� �i�t� �c�a�n� �b�e� �v�e�r�y� �e�a�s�i�l�y� �s�i�m�u�l�a�t�e�d� �t�o� �r�e�p�r�e�s�e�n�t� �f�i�e�l�d� �d�a�t�a�.� 

�I�n� �t�h�i�s� �m�o�d�e�l� �a�l�s�o�,� �t�h�e� �l�e�a�d� �v�e�h�i�c�l�e� �i�s� �g�i�v�e�n� �a� �c�o�m�p�r�e�h�e�n�s�i�v�e� �v�e�l�o�c�i�t�y� �f�u�n�c�t�i�o�n�,� �w�h�i�c�h� 

�r�e�p�r�e�s�e�n�t�s� �t�h�e� �t�r�a�f�f�i�c� �f�l�o�w� �c�o�n�d�i�t�i�o�n�s� �t�h�a�t� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �i�n� �t�h�e� �s�t�u�d�y�.� �T�h�e� �s�p�e�e�d� �o�f� �t�h�e� 

�t�r�a�f�f�i�c� �s�t�r�e�a�m� �i�s� �c�o�n�t�r�o�l�l�e�d� �b�y� �t�h�e� �h�e�a�d�w�a�y� �b�e�t�w�e�e�n� �s�u�c�c�e�s�s�i�v�e� �v�e�h�i�c�l�e�s� �a�s� �h�e�a�d�w�a�y� 

�a�f�f�e�c�t�s� �d�e�n�s�i�t�y�.� �T�h�e� �o�n�l�y� �p�a�r�a�m�e�t�e�r� �t�h�a�t� �c�a�u�s�e�s� �t�h�e� �v�a�r�i�a�t�i�o�n�s� �i�n� �s�p�e�e�d� �,� �o�n�c�e� �j�a�m� �d�e�n�s�i�t�y� 

�a�n�d� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d� �a�r�e� �d�e�t�e�r�m�i�n�e�d�,� �i�s� �t�h�e� �d�e�n�s�i�t�y� �o�f� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �f�o�r� �t�h�i�s� �m�o�d�e�l�.� �T�h�e� 

�v�e�l�o�c�i�t�y� �a�n�d� �h�e�a�d�w�a�y� �o�f� �a�l�l� �t�h�e� �v�e�h�i�c�l�e�s� �i�n� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �a�r�e� �c�o�n�t�r�o�l�l�e�d� �i�n� �s�u�c�h� �a� �w�a�y� 

�t�h�a�t� �w�h�e�n�e�v�e�r� �t�h�e�r�e� �i�s� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �h�e�a�d�w�a�y� �t�h�e� �v�e�l�o�c�i�t�y� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �v�e�h�i�c�l�e� 

�i�n�c�r�e�a�s�e�s� �a�n�d� �a�s� �t�h�e� �h�e�a�d�w�a�y� �d�e�c�r�e�a�s�e�s� �t�h�e� �v�e�l�o�c�i�t�y� �a�l�s�o� �d�e�c�r�e�a�s�e�s�.� �T�h�u�s�,� �t�h�e� �s�t�r�e�a�m� 

�w�i�l�l� �h�a�v�e� �a� �m�o�t�i�o�n� �w�h�i�c�h� �d�u�p�l�i�c�a�t�e�s� �t�h�e� �r�e�a�l�i�s�t�i�c� �t�r�a�f�f�i�c� �f�l�o�w� �a�n�d� �i�t� �c�a�n� �a�l�s�o� �b�e� �o�b�s�e�r�v�e�d� 

�f�r�o�m� �t�h�i�s� �m�o�d�e�l� �t�h�a�t� �t�h�e� �p�a�t�h�s� �o�f� �t�w�o� �v�e�h�i�c�l�e�s� �n�e�v�e�r� �c�r�o�s�s� �e�a�c�h� �o�t�h�e�r�.� 

�I�n� �t�h�i�s� �m�o�d�e�l� �a�n� �a�t�t�e�m�p�t� �i�s� �m�a�d�e� �t�o� �s�i�m�u�l�a�t�e� �t�h�e� �f�l�o�w� �o�f� �t�r�a�f�f�i�c� �o�n� �a� �c�u�r�v�e�,� �t�h�e� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�t� �a� �s�i�g�n�a�l�i�z�e�d� �i�n�t�e�r�s�e�c�t�i�o�n� �o�n� �r�e�d� �l�i�g�h�t�,� �s�u�d�d�e�n� �b�l�o�c�k�a�g�e� �o�f� �t�h�e� �h�i�g�h�w�a�y�,� 

�t�h�e� �a�f�f�e�c�t� �o�f� �s�p�e�e�d� �l�i�m�i�t�,� �m�e�r�g�i�n�g� �o�f� �t�r�a�f�f�i�c� �f�r�o�m� �a� �m�i�n�o�r� �h�i�g�h�w�a�y� �i�n�t�o� �t�h�e� �m�a�i�n�s�t�r�e�a�m� 

�t�r�a�f�f�i�c� �a�n�d� �a�l�s�o� �t�h�e� �s�p�e�e�d� �o�f� �v�e�h�i�c�l�e�s� �m�e�r�g�i�n�g� �i�n�t�o� �t�h�e� �m�a�i�n� �s�t�r�e�a�m� �t�r�a�f�f�i�c�.� �T�h�i�s� �m�o�d�e�l� 

�i�s� �a�n�a�l�y�z�e�d� �t�o� �s�t�u�d�y� �t�h�e� �v�a�r�i�a�t�i�o�n�s� �i�n� �t�r�a�f�f�i�c� �f�l�o�w� �p�a�t�t�e�r�n� �d�u�e� �t�o� �c�h�a�n�g�e�s� �i�n� �t�h�e� �f�r�e�e�-�f�l�o�w� 

�s�p�e�e�d� �a�n�d� �j�a�m� �d�e�n�s�i�t�y� �v�a�l�u�e�s�.� �A�c�c�o�r�d�i�n�g� �t�o� �t�h�i�s� �m�o�d�e�l� �t�h�e� �v�e�l�o�c�i�t�y� �o�f� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� 

�r�e�a�c�h�e�s� �z�e�r�o� �a�t� �j�a�m� �d�e�n�s�i�t�y� �w�h�i�c�h� �i�s� �n�o�t� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �a� �f�e�w� �o�t�h�e�r� �m�o�d�e�l�s�.� 

�T�r�a�f�f�i�c� �S�t�r�e�a�m� �M�o�d�e�l�i�n�g� �6�4



�T�h�i�s� �m�o�d�e�l� �c�o�u�l�d� �b�e� �a�n�a�l�y�z�e�d� �b�y� �s�t�u�d�y�i�n�g� �t�h�e� �v�e�l�o�c�i�t�y�-�t�i�m�e� �p�l�o�t� �o�b�t�a�i�n�e�d� �t�h�r�o�u�g�h� 

�s�i�m�u�l�a�t�i�o�n�.� �T�h�i�s� �p�l�o�t� �s�h�o�w�s� �t�h�a�t� �w�h�e�n� �a�l�l� �t�h�e� �v�e�h�i�c�l�e�s� �s�t�a�r�t� �f�r�o�m� �z�e�r�o� �s�p�e�e�d�,� �t�h�e� 

�a�c�c�e�l�e�r�a�t�i�o�n� �p�a�t�t�e�r�n� �f�o�r� �e�a�c�h� �v�e�h�i�c�l�e� �i�s� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�a�t� �o�f� �t�h�e� �o�t�h�e�r� �v�e�h�i�c�l�e�s�.� �T�h�e� 

�t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �a�t�t�a�i�n� �m�a�x�i�m�u�m� �s�p�e�e�d� �a�n�d� �h�e�n�c�e� �t�h�e� �t�o�t�a�l� �t�r�a�v�e�l� �t�i�m�e� �a�r�e� �a�l�s�o� �d�i�f�f�e�r�e�n�t� 

�f�r�o�m� �t�h�e� �v�a�l�u�e�s� �t�h�a�t� �a�r�e� �e�x�p�e�c�t�e�d�.� �W�h�e�n� �t�h�e� �v�e�h�i�c�l�e�s� �a�r�e� �r�e�q�u�i�r�e�d� �t�o� �r�e�d�u�c�e� �t�h�e�i�r� �s�p�e�e�d�,� 

�t�h�e�n� �a�l�s�o� �t�h�e� �d�e�c�e�l�e�r�a�t�i�o�n� �p�a�t�t�e�r�n�s� �a�r�e� �d�i�f�f�e�r�e�n�t� �f�o�r� �a�l�l� �t�h�e� �v�e�h�i�c�l�e�s�.� �I�t� �i�s� �o�b�s�e�r�v�e�d� �f�r�o�m� 

�t�h�e� �d�e�n�s�i�t�y� �p�l�o�t� �t�h�a�t� �t�h�e� �d�e�n�s�i�t�y� �o�f� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �v�a�r�i�e�s� �a� �l�o�t� �d�u�e� �t�o� �v�a�r�i�a�t�i�o�n�s� �i�n� �s�p�e�e�d�.� 

�I�t� �i�s� �a�l�s�o� �o�b�s�e�r�v�e�d� �t�h�a�t� �s�o�m�e�t�i�m�e�s� �t�h�e� �d�e�n�s�i�t�y� �i�s� �a�p�p�r�o�a�c�h�i�n�g� �j�a�m� �d�e�n�s�i�t�y� �d�u�e� �t�o� �v�e�r�y� �l�o�w� 

�s�p�e�e�d�s�.� �T�h�i�s� �c�o�u�l�d� �b�e� �u�s�e�d� �a�s� �a� �g�o�o�d� �m�o�d�e�l� �d�e�p�i�c�t�i�n�g� �c�o�n�g�e�s�t�i�o�n� �b�u�t� �f�o�r� �t�h�e� �f�a�c�t� �t�h�a�t� 

�t�h�i�s� �m�o�d�e�l� �c�a�n� �r�e�p�r�e�s�e�n�t� �o�n�l�y� �a� �s�i�n�g�l�e� �r�e�g�i�m�e� �o�f� �t�h�e� �t�r�a�f�f�i�c� �f�l�o�w� �p�a�t�t�e�r�n� �a�c�c�u�r�a�t�e�l�y�.� �T�h�e� 

�p�r�o�b�l�e�m� �w�i�t�h� �t�h�i�s� �m�o�d�e�l� �t�h�e� �u�s�e� �o�f� �j�a�m� �d�e�n�s�i�t�y� �v�a�l�u�e� �a�s� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�i�s� �m�o�d�e�l�,� 

�o�p�t�i�m�u�m� �d�e�n�s�i�t�y� �i�s� �e�q�u�a�l� �t�o� �o�n�e�-�h�a�l�f� �o�f� �t�h�e� �j�a�m� �d�e�n�s�i�t�y� �v�a�l�u�e�.� �T�h�i�s� �i�s� �n�o�t� �c�o�m�p�a�t�i�b�l�e� 

�w�i�t�h� �t�h�e� �o�b�s�e�r�v�e�d� �o�p�t�i�m�u�m� �d�e�n�s�i�t�y� �v�a�l�u�e�s� �o�n� �t�h�e� �o�r�d�e�r� �o�f� �4�0� �t�o� �7�0� �v�e�h�i�c�l�e�s� �p�e�r� �l�a�n�e� �p�e�r� 

�m�i�l�e�.� 

�5�.�4�.�1� �D�Y�N�A�M�O� �P�r�o� �F�o�r� �G�r�e�e�n�s�h�i�e�l�d�s� �M�o�d�e�l� 

�V�1�.�K�=�C�L�I�P�(�V�1�2�.�K�,�V�1�1�.�K�,�X�1�.�K�,� �1�5�0�0�)� 
�V�1�2�.�K�=�C�L�I�P�(�V�1�4�.�K�,�V�1�3�.�K�,�X�1�.�K�,�1�7�5�0�)� 
�V�1�1�.�K�=�V�1�1�.�J�+�(�D�T�)�*�A�1�.�J�K� 
�V�1�1�=�0� 
�V�1�4�.�K�=�C�L�I�P�(�V�1�4�1�.�K�,�V�1�1�.�K�,�X�1�.�K�,�2�5�0�0�)� 
�V�1�4�1�.�K�=�C�L�I�P�(�V�1�4�2�.�K�,�V�1�1�.�K�,� �T�I�M�E�.�K�,�4�5�)� 
�V�1�4�2�.�K�=�C�L�I�P�(�V�1�1�.�K�,�0�,� �T�I�M�E�.�K�,�6�0�)� 
�V�1�3�.�K�=�C�L�I�P�(�V�1�3�1�.�K�,�3�7�,�V�1�3�1�.�K�,�3�7�)� 
�V�1�3�1�.�K�=�V�1�3�1�.�J�-�(�D�T�)�*�A�1�2�.�J�K� 
�A�1�2�.�K�L�=�4� �A
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�V�1�3�1�=�9�5�.�3�5�5� 
�A�1�.�K�L�=�(�A�-�B�*�V�0�)�*�E�X�P�(�-�B�*�T�I�M�E�.�K�)� 
�A�=�4�.�0� 
�B�=�0�.�4�1�9�4�8�5� 
�V�o�=�0� 
�T�I�M�E�.�K�=�T�I�M�E�.�J�+�D�T� 
�T�I�M�E�=�0� 

�V�F� �=�8�0� 
�K�J�=�1�2�0� 
�D�C�F�=�5�2�8�0� 
�V�C�F�=� �1�.�4�6�7� 
�V�C�F� �-� �V�E�L�O�C�I�T�Y� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�D�C�F� �-� �D�I�S�T�A�N�C�E� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�K�J� �-� �J�A�M� �D�E�N�S�I�T�Y� 
�V�1� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �1� 
�P�C�1�.�K�L�=�V�1�.�K� 
�X�1�.�K�=�X�1�.�J�+�(�D�T�)�\�(�P�C�1�.�J�K�)� 
�X�1�=�0� 
�X�1� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �1� 
�P�C�1� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �1� 
�V�2�.�K�=�V�F�*�V�C�F�*�(�1�-�(�K�2�.�K�*�D�C�F�/�K�J�)�)� 
�H�2�.�K�=�X�1�.�K�-�X�2�.�K� 
�K�2�.�K�=�1�/�H�2�.�K� 
�X�2�.�K�=�X�2�.�J�+�(�D�T�)�*�P�C�2�.�J�K� 
�X�2�=�-�1�0�0� 
�P�C�2�.�K�L�=�V�2�.�K� 
�H�2� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�V�2� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�P�C�2� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �2� 
�X�2� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �2� 
�V�3�.�K�=�V�F�*�V�C�F�*�(�1�-�(�K�3�.�K�*�D�C�F�/�K�J�)� 
�H�3�.�K�=�X�2�.�K�-�X�3�.�K� 
�K�3�.�K�=�1�/�H�3�.�K� 
�X�3�.�K�=�X�3�.�]�+�(�D�T�)�*�P�C�3�.�J�K� 
�X�3�=�-�2�0�0� 
�P�C�3�.�K�L�=�V�3�.�K� 
�H�3� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�V�3� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�P�C�3� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �3� 
�X�3� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �3� 
�V�4�.�K�=�V�F�*�V�C�F�*�(�1�-�(�K�4�.�K�*�D�C�F�/�K�)�)� 
�H�4�.�K�=�X�3�.�K�-�X�4�.�K� 
�K�4�.�K�=�1�/�H�4�.�K� 
�X�4�.�K�=�X�4�.�]�+�(�D�T�)�*�P�C�4�.�J�K� 
�X�4�=�-�3�0�0� 
�P�C�4�.�K�L�=�V�4�.�K� 
�H�4� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�V�4� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�P�C�4� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �4� 
�X�4� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �4� 
�V�5�.�K�=�C�L�I�P�(�V�5�2�,�V�5�1�.�K�,�X�5�.�K�,�5�0�0�0�)� 

�T�r�a�f�f�i�c� �S�t�r�e�a�m� �M�o�d�e�l�i�n�g



�
Z

�
A

�
Z

�
O

�
Y

�
 

�Y
�P

� �P�p� 

�V�5�2�=�0� 
�V�5�1�.�K�=�V�F�*�V�C�F�*�(�1�-�(�K�5�.�K�*�D�C�F�/�K�J�)�)� 
�H�S�5�.�K�=�X�4�.�K�-�X�5�.�K� 
�K�5�.�K�=�1�/�H�5�.�K� 
�X�5�.�K�=�X�5�.�J�+�(�D�T�)�*�P�C�5�.�J�K� 
�X�5�=�-�4�0�0� 
�P�C�S�.�K�L�=�V�5�.�K� 
�H�5� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �5� 
�V�5� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �5� 
�P�C�S� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �5� 
�X�5� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �5� 
�V�6�.�K�=�V�F�*�V�C�F�*�(�1�-�(�K�6�.�K�*�D�C�F�/�K�)� 
�H�6�.�K�=�X�5�.�K�-�X�6�.�K� 
�K�6�.�K�=�1�/�H�6�.�K� 
�X�6�.�K�=�X�6�.�J�+�(�D�T�)�*�P�C�6�.�J�K� 
�X�6�=�-�5�0�0� 
�P�C�6�.�K�L�=�V�6�.�K� 
�H�6� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�V�6� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�P�C�6� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �6� 
�X�6� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �6� 
�V�7�.�K�=�C�L�I�P�(�V�7�1�.�K�,�0�,�X�2�.�K�,�3�0�5�0�)� 
�V�7�1�.�K�=�V�F�*�V�C�F�*�(�1�-�(�K�7�.�K�*�D�C�F�/�K�)�)�)� 
�H�7�.�K�=�X�2�-�X�7�.�K� 
�K�7�.�K�=�C�L�I�P�(�1�/�H�7�.�K�,�1�,�X�2�.�K�,�3�0�5�0�)� 
�X�7�.�K�=�X�7�.�J�]�+�(�D�T�)�*�P�C�7�.�J�K� 
�X�7�=�3�0�0�0� 
�P�C�7�.�K�L�=�V�7�.�K� 
�H�7� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�V�7� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�P�C�7� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �7� 
�X�7� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �7� 
�V�8�.�K�=�C�L�I�P�(�V�8�1�.�K�,�0�,�X�7�.�K�,�3�3�5�0�)� 
�V�8�1�.�K�=�V�F�*�V�C�F�*�(�1�-�(�K�8�.�K�*�D�C�F�/�K�)�)�)� 
�H�8�.�K�=�X�7�-�X�8�.�K� 
�K�8�.�K�=�C�L�I�P�(�1�/�H�8�.�K�,� �1�,�X�7�.�K�,�3�3�5�0�)� 
�X�8�.�K�=�X�8�.�J�+�(�D�T�)�*�P�C�8�.�J�K� 
�X�8�=�3�3�0�0� 
�P�C�8�.�K�L�=�V�8�.�K� 
�H�8� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �8� 
�V�8� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �8� 
�P�C�8� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �8� 
�X�8� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �8� 
�V�9�.�K�=�C�L�I�P�(�V�9�1�.�K�,�0�,�V�8�.�K�,�3�6�5�0�)� 
�V�9�1�.�K�=�V�F�*�V�C�F�*�(�1�-�(�K�9�.�K�*�D�C�F�/�K�)�)� 
�H�9�.�K�=�X�8�-�X�9�.�K� 
�K�9�.�K�=�C�L�I�P�(�1�/�H�9�.�K�,�1�,�X�8�.�K�,�3�6�5�0�)� 
�X�9�.�K�=�X�9�.�J�+�(�D�T�)�*�P�C�9�.�J�K� 
�X�9�=�3�6�0�0� 
�P�C�9�.�K�L�=�V�9�.�K� 
�H�9� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �9� 
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�5�.�5� �G�r�e�e�n�b�e�r�g� �M�o�d�e�l� 

�T�h�e� �G�r�e�e�n�b�e�r�g� �m�o�d�e�l� �i�s� �t�h�e� �s�e�c�o�n�d� �s�i�n�g�l�e�-�r�e�g�i�m�e� �m�o�d�e�l� �t�h�a�t� �w�a�s� �d�e�v�e�l�o�p�e�d� �b�y� 

�o�b�s�e�r�v�i�n�g� �s�p�e�e�d�-�d�e�n�s�i�t�y� �d�a�t�a� �s�e�t� �f�o�r� �t�u�n�n�e�l�s�,� �w�i�t�h� �p�a�r�t�i�c�u�l�a�r� �a�t�t�e�n�t�i�o�n� �t�o� �c�o�n�g�e�s�t�e�d� 

�p�o�r�t�i�o�n�s�.� �T�h�i�s� �i�s� �a� �n�o�n� �l�i�n�e�a�r� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �b�y� �u�s�i�n�g� �h�y�d�r�o�d�y�n�a�m�i�c� �a�n�a�l�o�g�y� �a�n�d� 

�c�o�m�b�i�n�i�n�g� �t�h�e� �e�q�u�a�t�i�o�n�s� �o�f� �m�o�t�i�o�n� �a�n�d� �c�o�n�t�i�n�u�i�t�y� �f�o�r� �o�n�e�-�d�i�m�e�n�s�i�o�n�a�l� �c�o�m�p�r�e�s�s�i�b�l�e� �f�l�o�w�.� 

�O�n�e� �o�f� �t�h�e� �i�m�p�o�r�t�a�n�t� �r�e�s�u�l�t�s� �o�f� �G�r�e�e�n�b�e�r�g� �m�o�d�e�l� �w�a�s� �t�h�e� �b�r�i�d�g�e� �t�h�a�t� �w�a�s� �d�i�s�c�o�v�e�r�e�d� 

�b�e�t�w�e�e�n� �t�h�i�s� �p�r�o�p�o�s�e�d� �m�a�c�r�o�s�c�o�p�i�c� �m�o�d�e�l� �a�n�d� �t�h�e� �t�h�i�r�d� �G�e�n�e�r�a�l� �M�o�t�o�r�s� �c�a�r� �f�o�l�l�o�w�i�n�g� 

�m�o�d�e�l�.� �T�h�i�s� �b�r�i�d�g�e� �w�a�s� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �f�o�r� �l�a�t�e�r� �d�i�s�c�o�v�e�r�y� �t�h�a�t� �a�l�m�o�s�t� �a�l�l� �d�e�v�e�l�o�p�e�d� �c�a�r� 

�f�o�l�l�o�w�i�n�g� �t�h�e�o�r�i�e�s� �c�o�u�l�d� �b�e� �r�e�l�a�t�e�d� �m�a�t�h�e�m�a�t�i�c�a�l�l�y� �t�o� �m�o�s�t� �m�a�c�r�o�s�c�o�p�i�c� �t�r�a�f�f�i�c� �s�t�r�e�a�m� 

�m�o�d�e�l�s�.� �T�h�e� �G�r�e�e�n�b�e�r�g� �m�o�d�e�l� �r�e�q�u�i�r�e�s� �t�h�e� �k�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �o�p�t�i�m�u�m� �s�p�e�e�d� �a�n�d� �j�a�m� 

�d�e�n�s�i�t�y� �p�a�r�a�m�e�t�e�r�s�.� �T�h�i�s� �m�o�d�e�l� �h�a�s� �t�h�e� �d�i�f�f�i�c�u�l�t�y� �o�f� �e�s�t�i�m�a�t�i�n�g� �o�p�t�i�m�u�m� �s�p�e�e�d� �n�d� �j�a�m� 

�d�e�n�s�i�t�y�.� �A� �c�r�u�d�e� �e�s�t�i�m�a�t�e� �i�s� �t�h�a�t� �t�h�e� �o�p�t�i�m�u�m� �s�p�e�e�d� �i�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �o�n�e�-�h�a�l�f� �o�f� �t�h�e� 

�d�e�s�i�g�n� �s�p�e�e�d�,� �a�s� �i�t� �i�s� �e�v�e�n� �m�o�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �e�s�t�i�m�a�t�e� �o�p�t�i�m�u�m� �s�p�e�e�d� �t�h�a�n� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d�.� 

�G�r�e�e�n�b�e�r�g� �m�o�d�e�l� �c�a�n� �b�e� �r�e�p�r�e�s�e�n�t�e�d� �a�s� 

�I�n�(�  ��y� �u� �=�i�  �� 

�°� �k� 

�W�h�e�r�e�,� �u� �=� �s�p�e�e�d� �o�f� �v�e�h�i�c�l�e� 

�k� �=� �d�e�n�s�i�t�y� �o�f� �v�e�h�i�c�l�e� 

�u�,� �=� �o�p�t�i�m�u�m� �s�p�e�e�d� 

�k�,� �=� �j�a�m� �d�e�n�s�i�t�y� 

�T�r�a�f�f�i�c� �S�t�r�e�a�m� �M�o�d�e�l�i�n�g� �7�0



�A� �r�e�a�l�i�s�t�i�c� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �m�o�d�e�l� �i�s� �d�e�v�e�l�o�p�e�d� �b�y� �u�s�i�n�g� �G�r�e�e�n�b�e�r�g� �m�o�d�e�l� �a�n�d� 

�s�i�m�u�l�a�t�i�n�g� �t�h�e� �v�a�r�i�o�u�s� �r�o�a�d� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �a�v�e�r�a�g�e� �s�p�e�e�d� �o�f� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �i�n� �t�h�i�s� 

�m�o�d�e�l�,� �d�e�p�e�n�d�s� �t�o� �a� �l�a�r�g�e� �e�x�t�e�n�t� �o�n� �t�h�e� �h�e�a�d�w�a�y�s� �o�f� �t�h�e� �v�e�h�i�c�l�e�s� �o�n�c�e� �o�p�t�i�m�u�m� �s�p�e�e�d� 

�a�n�d� �j�a�m� �d�e�n�s�i�t�y� �a�r�e� �d�e�t�e�r�m�i�n�e�d�.� �T�h�e� �v�e�l�o�c�i�t�y� �o�f� �v�e�h�i�c�l�e�s� �v�a�r�i�e�s� �a�s� �t�h�e� �n�a�t�u�r�a�l� 

�l�o�g�a�r�i�t�h�m�i�c� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �d�e�n�s�i�t�y� �o�f� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �w�h�i�c�h� �c�o�u�l�d� �b�e� �c�o�n�t�r�o�l�l�e�d� �b�y� 

�c�o�n�t�r�o�l�l�i�n�g� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m�.� �I�t� �c�a�n� �b�e� �o�b�s�e�r�v�e�d� �f�r�o�m� �t�h�e� �D�Y�N�A�M�O� 

�m�o�d�e�l� �t�h�a�t� �t�h�e� �h�i�g�h�e�r� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �v�e�h�i�c�l�e�s� �i�n� �t�h�e� �s�t�r�e�a�m�,� �t�h�e� �l�o�w�e�r� �i�s� �t�h�e� �d�e�n�s�i�t�y� �o�f� 

�t�h�e� �s�t�r�e�a�m�.� �T�h�e� �s�p�e�e�d� �o�f� �t�h�e� �v�e�h�i�c�l�e�s� �d�e�c�r�e�a�s�e�s� �a�s� �t�h�e� �d�e�n�s�i�t�y� �i�n�c�r�e�a�s�e�s� �w�h�i�c�h� �i�s� �o�b�v�i�o�u�s� 

�i�n� �r�e�a�l�i�s�t�i�c� �f�i�e�l�d� �c�o�n�d�i�t�i�o�n�s�.� 

�I�n� �t�h�i�s� �m�o�d�e�l� �a�n� �a�t�t�e�m�p�t� �i�s� �m�a�d�e� �t�o� �s�i�m�u�l�a�t�e� �t�h�e� �v�a�r�i�o�u�s� �t�r�a�f�f�i�c� �f�l�o�w� �c�o�n�d�i�t�i�o�n�s� 

�l�i�k�e� �l�o�w� �h�e�a�d�w�a�y�s�,� �d�e�c�r�e�a�s�e�d� �a�c�c�e�l�e�r�a�t�i�o�n�,� �s�l�o�w� �m�o�v�i�n�g� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e�,� �p�r�o�g�r�e�s�s� �o�f� 

�t�r�a�f�f�i�c� �o�n� �a� �c�u�r�v�e�,� �s�i�g�n�a�l�i�z�e�d� �i�n�t�e�r�s�e�c�t�i�o�n�,� �b�l�o�c�k�e�d� �r�o�a�d� �a�n�d� �m�e�r�g�i�n�g� �o�f� �o�t�h�e�r� �v�e�h�i�c�l�e�s� 

�i�n�t�o� �m�a�i�n�s�t�r�e�a�m� �a�n�d� �n�o�n�l�i�n�e�a�r� �a�c�c�e�l�e�r�a�t�i�o�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �t�o� �t�h�e� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e�.� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �a�r�e� �i�n�t�e�r�p�r�e�t�e�d� �t�o� �o�b�s�e�r�v�e� �t�h�e� �v�a�r�i�o�u�s� �s�p�e�e�d� 

�p�a�t�t�e�r�n�s� �t�h�a�t� �e�x�i�s�t� �i�n� �r�e�a�l�i�s�t�i�c� �t�r�a�f�f�i�c� �f�l�o�w� �c�o�n�d�i�t�i�o�n�s�.� �T�h�i�s� �m�o�d�e�l� �s�h�o�w�s� �t�h�a�t� �t�h�e� 

�s�p�e�e�d� �o�f� �v�e�h�i�c�l�e�s� �h�a�s� �a�n� �e�s�s�e�n�t�i�a�l� �i�m�p�a�c�t� �o�n� �t�h�e� �d�e�n�s�i�t�y� �o�f� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m�.� �I�t� �c�a�n� �b�e� 

�o�b�s�e�r�v�e�d� �f�r�o�m� �t�h�e� �d�e�n�s�i�t�y� �c�u�r�v�e� �t�h�a�t� �d�u�e� �t�o� �a� �c�h�a�n�g�e� �i�n� �t�h�e� �s�p�e�e�d� �t�h�e� �d�e�n�s�i�t�y� �k�e�e�p�s� �o�n� 

�i�n�c�r�e�a�s�i�n�g� �u�n�t�i�l� �t�h�e� �n�o�r�m�a�l� �s�p�e�e�d� �i�s� �r�e�s�t�o�r�e�d� �a�g�a�i�n�.� �T�h�i�s� �i�s� �o�b�s�e�r�v�e�d� �w�h�e�n� �t�h�e� �v�e�h�i�c�l�e�s� 

�T�r�a�f�f�i�c� �S�t�r�e�a�m� �M�o�d�e�l�i�n�g� �7�1



�a�r�e� �s�l�o�w�e�d� �d�o�w�n� �a�t� �t�h�e� �c�u�r�v�e�s� �a�n�d� �a�l�s�o� �a�t� �t�h�e� �i�n�t�e�r�s�e�c�t�i�o�n�s�.� �T�h�i�s� �m�o�d�e�l� �i�s� �v�e�r�y� �s�e�n�s�i�t�i�v�e� 

�t�o� �v�a�r�i�a�t�i�o�n�s� �i�n� �t�h�e� �t�r�a�f�f�i�c� �f�l�o�w� �p�a�r�a�m�e�t�e�r�s�.� �T�h�i�s� �m�o�d�e�l� �i�s� �v�e�r�y� �e�f�f�i�c�i�e�n�t� �i�n� �d�e�s�c�r�i�b�i�n�g� 

�t�h�e� �t�r�a�f�f�i�c� �f�l�o�w� �i�n� �c�o�n�g�e�s�t�e�d� �c�o�n�d�i�t�i�o�n�s�.� �A� �d�i�s�a�d�v�a�n�t�a�g�e� �o�f� �t�h�i�s� �m�o�d�e�l� �i�s� �t�h�a�t� �t�h�e� �f�r�e�e�-� 

�f�l�o�w� �s�p�e�e�d� �i�s� �i�n�f�i�n�i�t�y� �w�h�i�c�h� �i�s� �h�i�g�h�l�y� �u�n�r�e�a�l�i�s�t�i�c�.� �T�h�i�s� �m�o�d�e�l� �m�i�g�h�t� �p�r�o�b�a�b�l�y� �b�e� �u�s�e�d� 

�i�n� �c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �s�o�m�e� �o�t�h�e�r� �m�o�d�e�l� �t�o� �d�e�p�i�c�t� �c�o�n�g�e�s�t�i�o�n� �a�s� �t�h�i�s� �m�o�d�e�l� �d�e�s�c�r�i�b�e�s� �t�h�e� 

�t�r�a�f�f�i�c� �f�l�o�w� �q�u�i�t�e� �e�f�f�i�c�i�e�n�t�l�y� �o�n�c�e� �c�o�n�g�e�s�t�i�o�n� �s�e�t�s� �i�n�.� 

�5�.�5�.�1� �D�Y�N�A�M�O� �P�r� �F�o�r� �n�b�e�r� 

�V�1�.�K�=�C�L�I�P�(�V�1�2�.�K�,�V�1�1�.�K�,�X�1�.�K�,� �1�5�0�0�)� 
�V�1�2�.�K�=�C�L�I�P�(�V�1�4�.�K�,�V�1�3�.�K�,�X�1�.�K�,�1�7�5�0�)� 
�V�1�1�.�K�=�V�1�1�.�J�+�(�D�T�)�*�A�1�.�J�K� 
�V�1�1�=�0� �.� 
�V�1�4�.�K�=�C�L�I�P�(�V�1�4�1�.�K�,�V�1�1�.�K�,�X�1�.�K�,�2�5�0�0�)� 
�V�1�4�1�.�K�=�C�L�I�P�(�V�1�4�2�.�K�,�V�1�1�.�K�,�T�I�M�E�.�K�,�4�5�)� 
�V�1�4�2�.�K�=�C�L�I�P�(�V�1�1�.�K�,�0�,� �T�I�M�E�.�K�,�6�0�)� 
�V�1�3�.�K�=�C�L�I�P�(�V�1�3�1�.�K�,�3�7�,�V�1�3�1�.�K�,�3�7�)� 
�V�1�3�1�.�K�=�V�1�3�1�.�J�-�(�D�T�)�*�A�1�2�.�J�K� 
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�A�1�2�.�K�L�=�4� 
�V�1�3�1�=�9�5�.�3�5�5� 
�A�1�.�K�L�=�(�A�-�B�*�V�0�)�*�E�X�P�(�-�B�*�T�I�M�E�.�K�)� 
�A�=�4�.�0� 
�B�=�0�.�4�1�9�4�8�5� 
�V�o�=�0� 
�T�I�M�E�.�K�=�T�I�M�E�.�J�+�D�T� 
�T�I�M�E�=�0� 
�V�O�=�6�5� 
�K�J�=�1�2�0� 
�D�C�F�=�5�2�8�0� 
�V�C�F�=� �1�.�4�6�7� 

�N�O�T�E� �V�C�F� �-� �V�E�L�O�C�I�T�Y� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�N�O�T�E� �D�C�F� �-� �D�I�S�T�A�N�C�E� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�N�O�T�E� �K�J� �-� �J�A�M� �D�E�N�S�I�T�Y� 
�N�O�T�E� �V�O� �-� �O�P�T�I�M�U�M� �S�P�E�E�D� 
�N�O�T�E� �V�1� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �1� 
�R� �P�C�1�.�K�L�=�V�1�.�K� 
�L� �X�1�.�K�=�X�1�.�J�+�(�D�T�)�P�C�1�.�J�K�)� 
�N� �X�1�=�0� 
�N�O�T�E� �X�1� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �1� 
�N�O�T�E� �P�C�1� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �1� 
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�V�2�.�K�=�(�V�O�*�V�C�F�*�(�L�O�G�N�(�K�J�/�(�D�C�F�*�K�2�.�K�)�)�)�/�2� 
�H�2�.�K�=�X�1�.�K�-�X�2�.�K� 
�K�2�.�K�=�1�/�H�2�.�K� 
�X�2�.�K�=�X�2�.�J�+�(�D�T�)�*�P�C�2�.�J�K� 
�X�2�=�-�1�0�0� 
�P�C�2�.�K�L�=�V�2�.�K� 
�H�2� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�V�2� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�P�C�2� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �2� 
�X�2� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �2� 
�V�3�.�K�=�V�O�*�V�C�F�*�(�L�O�G�N�(�K�J�/�(�D�C�F�*�K�2�.�K�)�)�)�/�2� 
�H�3�.�K�=�X�2�.�K�-�X�3�.�K� 
�K�3�.�K�=�1�/�H�3�.�K� 
�X�3�.�K�=�X�3�.�J�+�(�D�T�)�*�P�C�3�.�J�K� 
�X�3�=�-�2�0�0� 
�P�C�3�.�K�L�=�V�3�.�K� 
�H�3� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�V�3� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�P�C�3� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �3� 
�X�3� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �3� 
�V�4�.�K�=�V�O�*�V�C�F�*�(�L�O�G�N�(�K�J�/�(�D�C�F�*�K�4�.�K�)�)�)�/�2� 
�H�4�.�K�=�X�3�.�K�-�X�4�.�K� 
�K�4�.�K�=�1�/�H�4�.�K� 
�X�4�.�K�=�X�4�.�J�+�(�D�T�)�*�P�C�4�.�J�K� 
�X�4�=�-�3�0�0� 
�P�C�4�.�K�L�=�V�4�.�K� 
�H�4� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�V�4� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�P�C�4� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �4� 
�X�4� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �4� 
�V�5�.�K�=�C�L�I�P�(�V�5�2�,�V�5�1�.�K�,�X�5�.�K�,�5�0�0�0�)� 
�V�5�2�=�0� 
�V�5�1�.�K�=�V�O�*�V�C�F�*�(�L�O�G�N�(�K�J�/�(�D�C�F�*�K�5�.�K�)�)�)�/�2� 
�H�5�.�K�=�X�4�.�K�-�X�5�.�K� 
�K�5�.�K�=�1�/�H�5�.�K� 
�X�5�.�K�=�X�5�.�J�+�(�D�T�)�*�P�C�5�.�J�K� 
�X�5�=�-�4�0�0� 
�P�C�S�5�.�K�L�=�V�5�.�K� 
�H�S� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �5� 
�V�5� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �5� 
�P�C�S� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �5� 
�X�5� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �5� 
�V�6�.�K�=�V�O�*�V�C�F�*�(�L�O�G�N�(�K�J�/�(�D�C�F�*�K�6�.�K�)�)�)�/�2� 
�H�6�.�K�=�X�5�.�K�-�X�6�.�K� 
�K�6�.�K�=�1�/�H�6�.�K� 
�X�6�.�K�=�X�6�.�J�+�(�D�T�)�*�P�C�6�.�J�K� 
�X�6�=�-�5�0�0� 
�P�C�6�.�K�L�=�V�6�.�K� 
�H�6� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�V�6� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�P�C�6� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �6� 
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�N�O�T�E� �X�6� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �6� 
�A� �V�7�.�K�=�C�L�I�P�(�V�7�1�.�K�,�0�,�X�2�.�K�,�3�0�5�0�)� 
�A� �V�7�1�.�K�=�V�O�*�V�C�F�*�(�L�O�G�N�(�K�J�/�(�D�C�F�*�K�7�.�K�)�)�)�/�2� 
�A� �H�7�.�K�=�X�2�-�X�7�.�K� 
�A� �K�7�.�K�=�C�L�I�P�(�1�/�H�7�.�K�,�1�,�X�2�.�K�,�3�0�5�0�)� 
�L� �X�7�.�K�=�X�7�.�]�+�(�D�T�)�*�P�C�7�.�J�K� 
�N� �X�7�=�3�0�0�0� 
�R� �P�C�7�.�K�L�=�V�7�.�K� 
�N�O�T�E� �H�7� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�N�O�T�E� �V�7� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�N�O�T�E� �P�C�7� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �7� 
�N�O�T�E� �X�7� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �7� 
�A� �V�8�.�K�=�C�L�I�P�(�V�8�1�.�K�,�0�,�X�7�.�K�,�3�3�5�0�)� 
�A� �V�8�1�.�K�=�V�O�*�V�C�F�*�(�L�O�G�N�(�K�J�/�(�D�C�F�*�K�8�.�K�)�)�)�/�2� 
�A� �H�8�.�K�=�X�7�-�X�8�.�K� 
�A� �K�8�.�K�=�C�L�I�P�(�1�/�H�8�.�K�,�1�,�X�7�.�K�,�3�3�5�0�)� 
�L� �X�8�.�K�=�X�8�.�J�+�(�D�T�)�*�P�C�8�.�J�K� 
�N� �X�8�=�3�3�0�0� 
�R� �P�C�8�.�K�L�=�V�8�.�K� 
�N�O�T�E� �H�8� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �8� 
�N�O�T�E� �V�8� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �8� 
�N�O�T�E� �P�C�8� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �8� 
�N�O�T�E� �X�8� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �8� 
�A� �V�9�.�K� �=�C�L�I�P�(�V�9�1�.�K�,�0�,�V�8�.�K�,�3�6�5�0�)� 
�A� �V�9�1�.�K�=�V�O�*�V�C�F�*�(�L�O�G�N�(�K�J�/�(�D�C�F�*�K�9�.�K�)�)�)�/�2� 
�A� �H�9�.�K�=�X�8�-�X�9�.�K� 
�A� �K�9�.�K�=�C�L�I�P�(�1�/�H�9�.�K�,�1�,�X�8�.�K�,�3�6�5�0�)� 
�L� �X�9�.�K�=�X�9�.�J�+�(�D�T�)�*�P�C�9�.�J�K� 
�N� �X�9�=�3�6�0�0� 
�R� �P�C�9�.�K�L�=�V�9�.�K� 
�N�O�T�E� �H�9� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �9� 
�N�O�T�E� �V�9� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �9� 
�N�O�T�E� �P�C�9� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �9� 
�N�O�T�E� �X�9� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �9� 
�S�P�E�C� �D�T�=�0�.�1�/�L�E�N�G�T�H�=�1�5�0�/�P�L�T�P�E�R�=�1� 
�P�L�O�T� �V�1�=�1�,�V�2�=�2�,�V�3�=�3�,�V�4�=�4�,�V�5�=�5�,� �V�6�=�6�,�V�7�=�7�,�V�8�=�8�,� �V�9�=�9� �(�*�,�*�)� 
�R�U�N� 
�Q�U�I�T� 
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�5�.�6� �U�n�d�e�r�w�o�o�d� �M�o�d�e�l� 

�U�n�d�e�r�w�o�o�d� �m�o�d�e�l� �i�s� �d�e�v�e�l�o�p�e�d� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�r�a�f�f�i�c� �s�t�u�d�i�e�s� �o�n� �t�h�e� �M�e�r�i�t�t� 

�P�a�r�k�w�a�y� �i�n� �C�o�n�n�e�c�t�i�c�u�t�,� �a�n�d� �f�o�c�u�s�e�s� �i�t�s� �a�t�t�e�n�t�i�o�n� �o�n� �t�h�e� �f�r�e�e�-�f�l�o�w� �r�e�g�i�m�e�.� �T�h�i�s� �m�o�d�e�l� 

�h�a�s� �o�v�e�r�c�o�m�e� �t�h�e� �d�i�s�a�d�v�a�n�t�a�g�e� �o�f� �G�r�e�e�n�b�e�r�g� �m�o�d�e�l� �w�h�e�r�e�i�n�,� �t�h�e� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d� �g�o�e�s� 

�t�o� �i�n�f�i�n�i�t�y�.� �T�h�i�s� �m�o�d�e�l� �r�e�q�u�i�r�e�s� �k�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d� �a�n�d� �t�h�e� �o�p�t�i�m�u�m� 

�d�e�n�s�i�t�y�.� �T�h�e� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d� �c�o�u�l�d� �b�e� �e�a�s�i�l�y� �d�e�t�e�r�m�i�n�e�d� �i�n� �t�h�e� �f�i�e�l�d�,� �b�u�t� �o�p�t�i�m�u�m� 

�d�e�n�s�i�t�y� �i�s� �v�e�r�y� �d�i�f�f�i�c�u�l�t� �t�o� �o�b�s�e�r�v�e� �a�n�d� �v�a�r�i�e�s� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �r�o�a�d�w�a�y� �e�n�v�i�r�o�n�m�e�n�t�.� 

�U�n�d�e�r�w�o�o�d� �m�o�d�e�l� �m�a�y� �b�e� �r�e�p�r�e�s�e�n�t�e�d� �a�s� 

�k� �E� 
�u�=�U�e� 

�W�h�e�r�e�,� �u� �=� �s�p�e�e�d� �o�f� �v�e�h�i�c�l�e� 

�k� �=� �d�e�n�s�i�t�y� 

�k�,� �=� �o�p�t�i�m�u�m� �d�e�n�s�i�t�y� 

�U�r� �=� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d� 

�T�h�e� �U�n�d�e�r�w�o�o�d� �m�o�d�e�l� �e�x�p�r�e�s�s�e�s� �a�n� �e�x�p�o�n�e�n�t�i�a�l� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �s�p�e�e�d� �o�f� 

�v�e�h�i�c�l�e�s� �a�n�d� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �d�e�n�s�i�t�y� �w�h�i�c�h� �c�o�u�l�d� �b�e� �e�a�s�i�l�y� �a�n�a�l�y�z�e�d� �b�y� �s�i�m�u�l�a�t�i�n�g� �t�h�i�s� 

�m�o�d�e�l� �f�o�r� �v�a�r�i�o�u�s� �r�e�a�l�i�s�t�i�c� �t�r�a�f�f�i�c� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �s�p�e�e�d� �o�f� �v�a�r�i�o�u�s� �v�e�h�i�c�l�e�s� �i�n� �t�h�e� �t�r�a�f�f�i�c� 

�s�t�r�e�a�m� �v�a�r�i�e�s� �c�o�n�t�i�n�u�o�u�s�l�y� �d�u�e� �t�o� �v�a�r�i�a�t�i�o�n�s� �i�n� �t�h�e� �h�e�a�d�w�a�y�s� �o�f� �v�e�h�i�c�l�e�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� 

�r�e�l�a�t�i�v�e� �m�o�t�i�o�n� �o�f� �t�h�e�s�e� �v�e�h�i�c�l�e�s�.� �T�h�e� �d�e�n�s�i�t�y� �o�f� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �v�a�r�i�e�s� �c�o�n�t�i�n�u�o�u�s�l�y� �d�u�e� 
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�t�o� �c�h�a�n�g�e� �i�n� �t�h�e� �p�o�s�i�t�i�o�n� �o�f� �v�e�h�i�c�l�e�s� �o�n�c�e� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �i�s� �s�t�a�r�t�e�d�.� �T�h�e� �s�p�e�e�d� �o�f� �t�h�e� 

�v�e�h�i�c�l�e�s� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �a�s� �a� �r�a�t�e� �v�a�r�i�a�b�l�e� �i�n� �t�h�i�s� �m�o�d�e�l� �w�h�i�c�h� �a�f�f�e�c�t�s� �t�h�e� �p�o�s�i�t�i�o�n� �o�f� �t�h�e� 

�v�e�h�i�c�l�e� �t�h�e�r�e�b�y� �r�e�s�u�l�t�i�n�g� �i�n� �c�h�a�n�g�e� �i�n� �h�e�a�d�w�a�y�.� �H�e�n�c�e�,� �a�s� �t�h�e� �v�e�l�o�c�i�t�y� �c�h�a�n�g�e�s�,� �t�h�e� 

�h�e�a�d�w�a�y� �a�l�s�o� �v�a�r�i�e�s� �a�n�d� �t�h�i�s� �p�r�o�c�e�s�s� �c�o�n�t�i�n�u�e�s� �u�n�t�i�l� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �a�t�t�a�i�n�s� �s�t�a�b�i�l�i�t�y� 

�w�h�e�r�e�i�n�,� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �r�e�m�a�i�n�s� �c�o�n�s�t�a�n�t�.� 

�T�h�i�s� �m�o�d�e�l� �c�o�u�l�d� �b�e� �s�i�m�u�l�a�t�e�d� �b�y� �g�i�v�i�n�g� �t�h�e� �l�e�a�d� �v�e�h�i�c�l�e� �a� �s�p�e�e�d� �f�u�n�c�t�i�o�n� �i�n� �s�u�c�h� 

�a� �w�a�y� �t�h�a�t� �t�h�i�s� �f�u�n�c�t�i�o�n� �t�a�k�e�s� �c�a�r�e� �o�f� �a�l�l� �t�h�e� �c�h�a�n�g�i�n�g� �c�o�n�d�i�t�i�o�n�s� �i�n� �t�r�a�f�f�i�c� �s�t�r�e�a�m�.� �T�h�e� 

�l�e�a�d�i�n�g� �c�a�r� �i�s� �a�s�s�u�m�e�d� �t�o� �h�a�v�e� �a� �n�o�n�-�l�i�n�e�a�r� �a�c�c�e�l�e�r�a�t�i�o�n� �w�h�i�l�e� �i�t�s� �d�e�c�e�l�e�r�a�t�i�o�n� �r�a�t�e� �i�s� 

�c�o�n�s�t�a�n�t�.� �T�h�e� �l�e�a�d�i�n�g� �c�a�r� �i�s� �g�i�v�e�n� �t�h�e� �s�p�e�e�d� �l�i�m�i�t�s� �f�o�r� �c�u�r�v�e�s� �a�n�d� �a�l�s�o� �f�o�r� �o�t�h�e�r� 

�i�n�t�e�r�r�u�p�t�i�o�n�s�.� �A�l�l� �t�h�e� �r�e�m�a�i�n�i�n�g� �v�e�h�i�c�l�e�s� �f�o�l�l�o�w� �t�h�e� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e� �i�n� �s�p�e�e�d� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�l�s�o�.� 

�T�h�i�s� �m�o�d�e�l� �i�s� �a�n�a�l�y�z�e�d� �f�o�r� �h�i�g�h� �d�e�n�s�i�t�y� �t�r�a�f�f�i�c� �f�l�o�w�s�,� �z�e�r�o� �s�t�a�r�t�i�n�g� �s�p�e�e�d�,� 

�b�l�o�c�k�a�g�e� �o�f� �r�o�a�d�,� �l�o�w� �s�p�e�e�d� �l�i�m�i�t�s�,� �i�n�t�e�r�r�u�p�t�i�o�n�s� �l�i�k�e� �t�r�a�f�f�i�c� �s�i�g�n�a�l�s�.� �A�l�l� �t�h�e�s�e� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �h�e�l�p� �t�o� �b�u�i�l�d� �a� �m�o�d�e�l� �w�h�i�c�h� �c�a�n� �a�n�a�l�y�z�e� �r�e�a�l�i�s�t�i�c� �c�o�n�d�i�t�i�o�n�s� �a�p�p�l�i�e�d� �t�o� �t�h�i�s� 

�m�o�d�e�l�.� �T�h�i�s� �m�o�d�e�l� �d�o�e�s�n ��t� �r�e�p�r�e�s�e�n�t� �t�h�e� �c�a�s�e� �w�h�e�r�e�i�n� �a� �l�a�n�e� �o�f� �h�i�g�h�w�a�y� �i�s� �s�u�d�d�e�n�l�y� 

�b�l�o�c�k�e�d� �b�e�c�a�u�s�e�,� �t�h�e� �v�e�l�o�c�i�t�y� �c�a�n�n�o�t� �b�e�c�o�m�e� �z�e�r�o� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�i�s� �m�o�d�e�l� �t�h�e�r�e�b�y� 

�s�h�o�w�i�n�g� �c�r�o�s�s�i�n�g� �p�a�t�h�s� �o�f� �t�h�e� �v�e�h�i�c�l�e�s� �w�h�i�c�h� �i�s� �u�n�r�e�a�l�i�s�t�i�c�.� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �s�i�m�u�l�a�t�i�o�n� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�i�s� �m�o�d�e�l� �h�a�s� �a� �d�r�a�w�b�a�c�k� �a�s� �t�h�i�s� 

�m�o�d�e�l� �d�o�e�s�n ��t� �a�l�l�o�w� �t�h�e� �s�p�e�e�d� �o�f� �v�e�h�i�c�l�e�s� �t�o� �a�p�p�r�o�a�c�h� �z�e�r�o� �w�h�i�c�h� �i�s� �n�o�t� �p�r�a�c�t�i�c�a�b�l�e�.� �I�n� 
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�t�h�e� �c�a�s�e� �o�f� �i�n�t�e�r�r�u�p�t�i�o�n�s� �c�a�u�s�e�d� �b�y� �s�i�g�n�a�l�s�,� �t�h�i�s� �m�o�d�e�l� �c�a�n�n�o�t� �b�e� �u�s�e�d� �a�s� �t�h�e� �s�p�e�e�d� 

�d�o�e�s�n ��t� �b�e�c�o�m�e� �z�e�r�o�.� �T�h�e� �a�c�c�e�l�e�r�a�t�i�o�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �a�c�c�o�r�d�i�n�g� �t�o� 

�t�h�i�s� �m�o�d�e�l� �i�s� �p�r�e�t�t�y� �u�n�i�f�o�r�m�.� �T�h�e� �d�e�n�s�i�t�y� �p�a�r�a�m�e�t�e�r� �a�l�s�o� �c�a�u�s�e�s� �a� �p�r�o�b�l�e�m�,� �a�s� �t�h�e� �j�a�m� 

�d�e�n�s�i�t�y� �i�n� �t�h�i�s� �m�o�d�e�l� �g�o�e�s� �t�o� �i�n�f�i�n�i�t�y�.� �T�h�i�s� �m�o�d�e�l� �a�l�s�o� �h�a�s� �t�h�e� �p�r�o�b�l�e�m� �o�f� �d�e�t�e�r�m�i�n�i�n�g� 

�t�h�e� �o�p�t�i�m�u�m� �d�e�n�s�i�t�y�.� �T�h�i�s� �m�o�d�e�l� �i�s� �t�o�t�a�l�l�y� �f�o�c�u�s�e�d� �o�n� �f�r�e�e�-�f�l�o�w� �r�e�g�i�m�e� �a�n�d� �c�a�n� �b�e� 

�a�f�f�e�c�t�i�v�e�l�y� �u�s�e�d� �i�n� �t�h�i�s� �r�e�g�i�m�e� �o�n�l�y�.� �T�h�i�s� �m�o�d�e�l� �a�l�o�n�e� �c�a�n�n�o�t� �b�e� �u�s�e�d� �t�o� �d�e�p�i�c�t� 

�c�o�n�g�e�s�t�i�o�n�.� 

�5�.�6�.�1� �D�Y�N�A�M�O� �P�r�o�g�r�a�m� �F�o�r� �U�n�d�e�r�w�o�o�d� �M�o�d�e�l� 

�V�1�.�K�=�C�L�I�P�(�V�1�2�.�K�,�V�1�1�.�K�,�X�1�.�K�,� �1�5�0�0�)� 
�V�1�2�.�K�=�C�L�I�P�(�V�1�4�.�K�,� �V�1�3�.�K�,�X�1�.�K�,� �1�7�5�0�)� 
�V�1�1�.�K�=�V�1�1�.�3�4�+�(�D�T�)�*�A�1�.�J�K� 
�V�1�1�=�0� 
�V�1�4�.�K�=�C�L�I�P�(�V�1�4�1�.�K�,�V�1�1�.�K�,�X�1�.�K�,�2�5�0�0�)� 
�V�1�4�1�.�K�=�C�L�I�P�(�V�1�4�2�.�K�,�V�1�1�.�K�,� �T�I�M�E�.�K�,�4�5�)� 
�V�1�4�2�.�K�=�C�L�I�P�(�V�1�1�.�K�,�0�,� �T�I�M�E�.�K�,�6�0�)� 
�V�1�3�.�K�=�C�L�I�P�(�V�1�3�1�.�K�,�3�7�,�V�1�3�1�.�K�,�3�7�)� 
�V�1�3�1�.�K�=�V�1�3�1�.�J�-�(�D�T�)�*�A�1�2�.�J�K� 
�A�l�2�.�K�L�=�4� 
�V�1�3�1�=�9�5�.�3�5�5� 
�A�1�.�K�L�=�(�A�-�B�*�V�0�)�*�E�X�P�(�-�B�*�T�I�M�E�.�K�)� 
�A�=�4�.�0� 
�B�=�0�.�4�1�9�4�8�5� 
�V�O�o�=�0� 
�T�I�M�E�.�K�=�T�I�M�E�.�J� �+�D�T� 
�T�I�M�E�=�0� 
�V�F�=�8�0� 
�K�O�=�6�0� 
�D�C�F�=�5�2�8�0� 
�V�C�F�=� �1�.�4�6�7� 

�N�O�T�E� �V�C�F� �-� �V�E�L�O�C�I�T�Y� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�N�O�T�E� �D�C�F� �-� �D�I�S�T�A�N�C�E� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�N�O�T�E� �K�O� �-� �O�P�T�I�M�U�M� �D�E�N�S�I�T�Y� 
�N�O�T�E� �V�F� �-� �F�R�E�E�-�F�L�O�W� �S�P�E�E�D� 
�N�O�T�E� �V�1� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �1� 
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�P�C�1�.�K�L�=�V�1�.�K� 
�X�1�.�K�=�X�1�.�J�+�(�D�T�)�(�P�C�1�.�J�K�)� 
�X�1�=�0� 
�X�1� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �1� 
�P�C�1� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �1� 
�V�2�.�K�=�V�F�*�V�C�F�*�E�X�P�(�-�K�2�.�K�*�D�C�F�/�K�O�)� 
�H�2�.�K�=�X�1�.�K�-�X�2�.�K� 
�K�2�.�K�=�1�/�H�2�.�K� 
�X�2�.�K�=�X�2�.�J�]�+�(�D�T�)�*�P�C�2�.�J�K� 
�X�2�=�-�1�0�0� 
�P�C�2�.�K�L�=�V�2�.�K� 
�H�2� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�V�2� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�P�C�2� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �2� 
�X�2� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �2� 
�V�3�.�K�=�V�F�*�V�C�F�*�E�X�P�(�-�K�3�.�K�*�D�C�F�/�K�O�)� 
�H�3�.�K�=�X�2�.�K�-�X�3�.�K� 
�K�3�.�K�=�1�/�H�3�.�K� 
�X�3�.�K�=�X�3�.�J�+�(�D�T�)�*�P�C�3�.�J�K� 
�X�3�=�-�2�0�0� 
�P�C�3�.�K�L�=�V�3�.�K� 
�H�3� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�V�3� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�P�C�3� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �3� 
�X�3� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �3� 
�V�4�.�K�=�V�F�*�V�C�F�*�E�X�P�(�-�K�4�.�K�*�D�C�F�/�K�O�)� 
�H�4�.�K�=�X�3�.�K�-�X�4�.�K� 
�K�4�.�K�=�1�/�H�4�.�K� 
�X�4�.�K�=�X�4�.�J�+�(�D�T�)�*�P�C�4�.�J�K� 
�X�4�=�-�3�0�0� 
�P�C�4�.�K�L�=�V�4�.�K� 
�H�4� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�V�4� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�P�C�4� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �4� 
�X�4� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �4� 
�V�5�.�K�=�V�F�*�V�C�F�*�E�X�P�(�-�K�5�.�K�*�D�C�F�/�K�O�)� 
�H�5�.�K�=�X�4�.�K�-�X�5�.�K� 
�K�5�.�K�=�1�/�H�5�.�K� 
�X�5�.�K�=�X�5�.�J�+�(�D�T�)�*�P�C�5�.�J�K� 
�X�5�=�-�4�0�0� 
�P�C�S�5�.�K�L�=�V�S�5�.�K� 
�H�S� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �5� 
�V�5� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �5� 
�P�C�S�5� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �5� 
�X�5� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �5� 
�V�6�.�K�=�V�F�*�V�C�F�*�E�X�P�(�-�K�6�.�K�*�D�C�F�/�K�O�)� 
�H�6�.�K�=�X�5�.�K�-�X�6�.�K� 
�K�6�.�K�=�1�/�H�6�.�K� 
�X�6�.�K�=�X�6�.�J�+�(�D�T�)�*�P�C�6�.�J�K� 
�X�6�=�-�5�0�0� 
�P�C�6�.�K�L�=�V�6�.�K� 
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�N�O�T�E� �H�6� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�N�O�T�E� �V�6� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�N�O�T�E� �P�C�6� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �6� 
�N�O�T�E� �X�6� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �6� 
�A� �V�7�.�K�=�C�L�I�P�(�V�7�1�.�K�,�0�,�X�2�.�K�,�3�0�5�0�)� 
�A� �V�7�1�.�K�=�V�F�*�V�C�F�*�E�X�P�(�-�K�7�.�K�*�D�C�F�/�K�O�)� 
�A� �H�7�.�K�=�X�2�-�X�7�.�K� 
�A� �K�7�.�K�=�C�L�I�P�(�1�/�H�7�.�K�,�1�,�X�2�.�K�,�3�0�5�0�)� 
�L� �X�7�.�K�=�X�7�.�J�+�(�D�T�)�*�P�C�7�.�J�K� 
�N� �X�7�=�3�0�0�0� 
�R� �P�C�7�.�K�L�=�V�7�.�K� 
�N�O�T�E� �H�7� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�N�O�T�E� �V�7� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�N�O�T�E� �P�C�7� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �7� 
�N�O�T�E� �X�7� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �7� 
�A� �V�8�.�K�=�C�L�I�P�(�V�8�1�.�K�,�0�,�X�7�.�K�,�3�3�5�0�)� 
�A� �V�8�1�.�K�=�V�F�*�V�C�F�*�E�X�P�(�-�K�8�.�K�*�D�C�F�/�K�O�)� 
�A� �H�8�.�K�=�X�7�-�X�8�.�K� 
�A� �K�8�.�K�=�C�L�I�P�(�1�/�H�8�.�K�,�1�,�X�7�.�K�,�3�3�5�0�)� 
�L� �X�8�.�K�=�X�8�.�J�+�(�D�T�)�*�P�C�8�.�J�K� 
�N� �X�8�=�3�3�0�0� 
�R� �P�C�8�.�K�L�=�V�8�.�K� 
�N�O�T�E� �H�8� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �8� 
�N�O�T�E� �V�8� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �8� 
�N�O�T�E� �P�C�8� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �8� 
�N�O�T�E� �X�8� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �8� 
�A� �V�9�.�K�=�C�L�I�P�(�V�9�1�.�K�,�0�,�V�8�.�K�,�3�6�5�0�)� 
�A� �V�9�1�.�K�=�V�F�*�V�C�F�*�E�X�P�(�-�K�9�.�K�*�D�C�F�/�K�O�)� 
�A� �H�9�.�K�=�X�8�-�X�9�.�K� 
�A� �K�9�.�K�=�C�L�I�P�(�1�/�H�9�.�K�,�1�,�X�8�.�K�,�3�6�5�0�)� 
�L� �X�9�.�K�=�X�9�.�J�+�(�D�T�)�*�P�C�9�.�J�K� 
�N� �X�9� �=�3�6�0�0� 
�R� �P�C�9�.�K�L�=�V�9�.�K� 
�N�O�T�E� �H�9� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �9� 
�N�O�T�E� �V�9� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �9� 
�N�O�T�E� �P�C�9� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �9� 
�N�O�T�E� �X�9� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �9� 
�S�P�E�C� �D�T�=�0�.�1�/�L�E�N�G�T�H� �=� �1�5�0�/�P�L�T�P�E�R�=�1� 
�P�L�O�T� �V�1�=�1�,�V�2�=�2�,�V�3�=�3�,�V�4�=�4�,�V�5�=�5�,�V�6�=�6�,�V�7�=�7�,�V�8�=�8�,�V�9�=�9�(�*�,�*�)� 
�R�U�N� 
�Q�U�I�T� 
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�5�.�7� �N�o�r�t�h�w�e�s�t�e�r�n� �G�r�o�u�p� �M�o�d�e�l� 

�T�h�e� �a�n�a�l�y�s�i�s� �o�f� �f�l�o�w�-�s�p�e�e�d�-�d�e�n�s�i�t�y� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�a�s�e�d� �o�n� �f�i�e�l�d� �m�e�a�s�u�r�e�m�e�n�t�s� �i�s� 

�a� �v�e�r�y� �d�i�f�f�i�c�u�l�t� �t�a�s�k�.� �U�n�i�q�u�e� �d�e�m�a�n�d�-�c�a�p�a�c�i�t�y� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�v�e�r� �t�i�m�e� �o�f� �d�a�y� �a�n�d� �o�v�e�r� 

�l�e�n�g�t�h� �o�f� �r�o�a�d�w�a�y� �m�u�s�t� �b�e� �p�r�e�s�e�n�t�.� �E�v�e�n� �t�h�e�n� �t�h�e� �c�o�m�p�l�e�t�e� �r�a�n�g�e� �o�f� �f�l�o�w� �s�p�e�e�d� �a�n�d� 

�d�e�n�s�i�t�y� �v�a�l�u�e�s� �w�i�l�l� �p�r�o�b�a�b�l�y� �n�o�t� �b�e� �r�e�c�o�r�d�e�d�.� �P�a�r�a�m�e�t�e�r� �v�a�l�u�e�s� �o�f� �f�l�o�w�,� �s�p�e�e�d� �a�n�d� 

�d�e�n�s�i�t�y� �a�r�e� �o�f�t�e�n� �d�i�f�f�i�c�u�l�t� �t�o� �e�s�t�i�m�a�t�e� �a�n�d� �c�a�n� �g�r�e�a�t�l�y� �v�a�r�y� �b�e�t�w�e�e�n� �s�i�t�e�s�.� �M�a�n�y� �o�t�h�e�r� 

�f�a�c�t�o�r�s� �a�f�f�e�c�t� �f�l�o�w�-�s�p�e�e�d�-�d�e�n�s�i�t�y� �r�e�l�a�t�i�o�n�s�h�i�p�s�,� �s�u�c�h� �a�s� �d�e�s�i�g�n� �s�p�e�e�d�,� �a�c�c�e�s�s� �c�o�n�t�r�o�l�,� 

�p�r�e�s�e�n�c�e� �o�f� �t�r�u�c�k�s�,� �s�p�e�e�d� �l�i�m�i�t�s�,� �n�u�m�b�e�r� �o�f� �l�a�n�e�s� �a�n�d� �s�o� �o�n�.� �A� �g�r�o�u�p� �o�f� �r�e�s�e�a�r�c�h�e�r�s� �a�t� 

�N�o�r�t�h�w�e�s�t�e�r�n� �U�n�i�v�e�r�s�i�t�y� �o�b�s�e�r�v�e�d� �t�h�a�t� �m�o�s�t� �s�p�e�e�d�-�d�e�n�s�i�t�y� �c�u�r�v�e�s� �a�p�p�e�a�r� �a�s� �S�-�s�h�a�p�e�d� 

�c�u�r�v�e�s� �a�n�d� �p�r�o�p�o�s�e�d� �t�h�e� �N�o�r�t�h�w�e�s�t�e�r�n� �m�o�d�e�l� �w�h�i�c�h� �i�s� �a� �d�e�v�e�l�o�p�m�e�n�t� �o�v�e�r� �U�n�d�e�r�w�o�o�d� 

�m�o�d�e�l� �i�n� �t�h�e� �a�s�p�e�c�t� �o�f� �r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �s�p�e�e�d� �o�f� �v�e�h�i�c�l�e� �a�n�d� �d�e�n�s�i�t�y� �o�f� �t�r�a�f�f�i�c� �s�t�r�e�a�m�.� 

�T�h�i�s� �m�o�d�e�l� �a�l�s�o� �r�e�q�u�i�r�e�s� �t�h�e� �k�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d� �a�n�d� �o�p�t�i�m�u�m� �d�e�n�s�i�t�y�.� 

�T�h�e� �N�o�r�t�h�w�e�s�t�e�r�n� �m�o�d�e�l� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �a�s� �f�o�l�l�o�w�s�:� 

 ��3� 

�u�  ��U�f� �°� 

�W�h�e�r�e�,� �u� �=� �s�p�e�e�d� �o�f� �v�e�h�i�c�l�e� 

�k� �=� �d�e�n�s�i�t�y� 

�u�r� �=� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d� 

�k�,� �=� �o�p�t�i�m�u�m� �d�e�n�s�i�t�y� 
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�T�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �v�a�r�i�o�u�s� �v�e�h�i�c�l�e�s� �i�n� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �i�s� �o�b�t�a�i�n�e�d� �b�y� 

�r�e�l�a�t�i�n�g� �t�h�e� �v�e�h�i�c�l�e�s� �w�i�t�h� �t�h�e� �h�e�a�d�w�a�y� �b�e�t�w�e�e�n� �t�h�e�m�.� �A�s� �t�h�e� �N�o�r�t�h�w�e�s�t�e�r�n� �g�r�o�u�p� �m�o�d�e�l� 

�h�a�s� �t�h�e� �d�e�n�s�i�t�y� �p�a�r�a�m�e�t�e�r� �i�n� �i�t� �i�n� �t�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �v�e�l�o�c�i�t�y�,� �t�h�e� �f�l�o�w� �o�f� �t�r�a�f�f�i�c� �c�o�u�l�d� 

�b�e� �r�e�g�u�l�a�t�e�d� �b�y� �c�o�n�t�r�o�l�l�i�n�g� �t�h�e� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e�.� �T�h�e� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e� �i�s� �d�e�f�i�n�e�d� �b�y� �a� 

�c�o�m�p�l�i�c�a�t�e�d� �f�u�n�c�t�i�o�n� �w�h�i�c�h� �n�e�c�e�s�s�a�r�i�l�y� �t�a�k�e�s� �i�n�t�o� �a�c�c�o�u�n�t� �a�l�l� �t�h�e� �p�r�a�c�t�i�c�a�l� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� 

�t�h�a�t� �a�r�e� �f�a�c�e�d� �b�y� �a�n�y� �t�r�a�f�f�i�c� �s�t�r�e�a�m�.� �A�s� �a�l�l� �t�h�e� �v�e�h�i�c�l�e�s� �a�r�e� �i�n�t�e�r�r�e�l�a�t�e�d�,� �t�h�e� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e� �a�r�e� �p�r�o�p�a�g�a�t�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �w�i�t�h� 

�v�a�r�i�o�u�s� �d�e�g�r�e�e�s� �o�f� �s�e�n�s�i�t�i�v�i�t�y�.� �I�t� �c�a�n� �b�e� �o�b�s�e�r�v�e�d� �f�r�o�m� �t�h�e� �m�o�d�e�l�,� �w�h�i�c�h� �r�e�p�r�e�s�e�n�t�s� 

�s�p�e�e�d� �a�s� �a�n� �e�x�p�o�n�e�n�t�i�a�l� �f�u�n�c�t�i�o�n� �o�f� �d�e�n�s�i�t�y�,� �t�h�a�t� �a�s� �h�e�a�d�w�a�y� �i�n�c�r�e�a�s�e�s� �t�h�e� �s�p�e�e�d� �i�n�c�r�e�a�s�e�s� 

�d�u�e� �t�o� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �d�e�n�s�i�t�y�.� �T�h�e� �s�p�e�e�d� �v�a�r�i�e�s� �c�o�n�t�i�n�u�o�u�s�l�y� �a�s� �c�h�a�n�g�i�n�g� �s�p�e�e�d� �c�a�u�s�e�s� 

�c�h�a�n�g�e�s� �i�n� �h�e�a�d�w�a�y�s� �w�h�i�c�h� �i�n� �t�u�r�n� �a�f�f�e�c�t� �s�p�e�e�d�.� �T�h�i�s� �p�r�o�c�e�s�s� �c�o�n�t�i�n�u�e�s� �u�n�t�i�l� �s�t�a�b�i�l�i�t�y� 

�i�s� �a�c�h�i�e�v�e�d� �w�h�e�n� �t�h�e� �s�p�e�e�d� �o�f� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �i�s� �m�o�r�e� �o�r� �l�e�s�s� �u�n�i�f�o�r�m�.� 

�N�o�r�t�h�w�e�s�t�e�r�n� �m�o�d�e�l� �e�s�s�e�n�t�i�a�l�l�y� �r�e�t�a�i�n�s� �a�l�l� �t�h�e� �d�r�a�w�b�a�c�k�s� �o�f� �U�n�d�e�r�w�o�o�d� �m�o�d�e�l� 

�a�l�t�h�o�u�g�h� �i�t� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �s�p�e�e�d�-�d�e�n�s�i�t�y� �r�e�l�a�t�i�o�n�s�h�i�p� �i�n� �a� �m�o�r�e� �r�e�a�l�i�s�t�i�c� �w�a�y�.� �T�h�e� �m�a�i�n� 

�d�r�a�w�b�a�c�k� �o�f� �t�h�i�s� �m�o�d�e�l� �i�s� �t�h�a�t� �i�t� �c�a�n� �n�e�v�e�r� �a�l�l�o�w� �s�p�e�e�d� �t�o� �a�p�p�r�o�a�c�h� �z�e�r�o� �w�h�i�c�h� �i�s� 

�u�n�d�e�s�i�r�a�b�l�e�.� �A�s� �a� �r�e�s�u�l�t� �o�f� �t�h�i�s�,� �t�h�i�s� �m�o�d�e�l� �c�a�n�n�o�t� �b�e� �u�s�e�d� �t�o� �r�e�p�r�e�s�e�n�t� �t�h�e� �t�r�a�f�f�i�c� �f�l�o�w� 

�w�h�e�r�e� �t�h�e�r�e� �i�s� �a� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �t�h�e� �s�t�r�e�a�m� �v�e�h�i�c�l�e�s� �c�o�m�i�n�g� �t�o� �r�e�s�t� �d�u�e� �t�o� �i�n�t�e�r�r�u�p�t�i�o�n�s�.� 

�A�n�o�t�h�e�r� �m�a�j�o�r� �d�i�s�a�d�v�a�n�t�a�g�e� �o�f� �t�h�i�s� �m�o�d�e�l� �i�s� �t�h�a�t� �t�h�e� �j�a�m� �d�e�n�s�i�t�y� �i�s� �i�n�f�i�n�i�t�y� �w�h�i�c�h� �i�s� 

�i�m�p�o�s�s�i�b�l�e�.� �T�h�e� �a�c�c�u�r�a�t�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �j�a�m� �d�e�n�s�i�t�y� �i�s� �n�e�c�e�s�s�a�r�y� �i�n� �o�r�d�e�r� �t�o� �e�v�a�l�u�a�t�e� 

�t�h�e� �c�o�n�g�e�s�t�i�v�e� �o�r� �f�r�e�e�-�f�l�o�w� �c�o�n�d�i�t�i�o�n�s� �t�h�a�t� �a�r�e� �e�x�i�s�t�i�n�g� �i�n� �t�h�e� �f�i�e�l�d�.� 

�T�r�a�f�f�i�c� �S�t�r�e�a�m� �M�o�d�e�l�i�n�g� �8�3



�T�h�i�s� �m�o�d�e�l� �a�l�s�o� �i�s� �o�r�i�e�n�t�e�d� �t�o� �r�e�p�r�e�s�e�n�t� �f�r�e�e�-�f�l�o�w� �r�e�g�i�m�e� �o�n�l�y� �a�n�d� �h�e�n�c�e� �c�a�n�n�o�t� 

�b�e� �u�s�e�d� �a�s� �a�n� �i�n�d�i�v�i�d�u�a�l� �m�o�d�e�l� �i�n� �t�h�e� �s�t�u�d�i�e�s� �f�o�r� �c�o�n�g�e�s�t�i�o�n�.� �T�h�i�s� �m�o�d�e�l� �u�s�e�s� �o�p�t�i�m�u�m� 

�d�e�n�s�i�t�y� �i�n� �c�a�l�c�u�l�a�t�i�n�g� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �v�e�h�i�c�l�e�s� �w�h�i�c�h� �i�s� �v�e�r�y� �d�i�f�f�i�c�u�l�t� �t�o� �d�e�t�e�r�m�i�n�e� �a�n�d� 

�i�s� �o�f�t�e�n� �i�n�a�c�c�u�r�a�t�e�l�y� �c�a�l�c�u�l�a�t�e�d�.� �T�h�i�s� �l�e�a�d�s� �t�o� �i�n�a�c�c�u�r�a�t�e� �r�e�s�u�l�t�s�.� �I�t� �m�i�g�h�t� �a�l�s�o� �l�e�a�d� �t�o� 

�o�v�e�r� �e�s�t�i�m�a�t�e� �t�h�e� �s�p�e�e�d�s� �o�f� �v�e�h�i�c�l�e�s� �i�n� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m�.� 

�5�.�7�.�1� �D�Y�N�A�M�O� �P�r�o�g�r�a�m� �F�o�r� �N�o�r�t�h�w�e�s�t�e�r�n� �G�r�o�u�p� �M�o�d�e�l� 

�V�1�.�K�=�C�L�I�P�(�V�1�2�.�K�,�V�1�1�.�K�,�X�1�.�K�,� �1�5�0�0�)� 
�V�1�2�.�K�=�C�L�I�P�(�V�1�4�.�K�,�V�1�3�.�K�,�X�1�.�K�,� �1�7�5�0�)� 
�V�1�1�.�K�=�V�1�1�.�J�+�(�D�T�)�*�A�1�.�J�K� 
�V�1�1�=�0� 
�V�1�4�.�K�=�C�L�I�P�(�V�1�4�1�.�K�,�V�1�1�.�K�,�X�1�.�K�,�2�5�0�0�)� 
�V�1�4�1�.�K�=�C�L�I�P�(�V�1�4�2�.�K�,�V�1�1�.�K�,� �T�I�M�E�.�K�,�4�5�)� 
�V�1�4�2�.�K� �=�C�L�I�P�(�V�1�1�.�K�,�0�,�T�I�M�E�.�K�,�6�0�)� 
�V�1�3�.�K�=�C�L�I�P�(�V�1�3�1�.�K�,�3�7�,�V�1�3�1�.�K�,�3�7�)� 
�V�1�3�1�.�K�=�V�1�3�1�.�J�-�(�D�T�)�*�A�1�2�.�J�K� 
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�A�1�2�.�K�L�=�4� 
�V�1�3�1�=�9�5�.�3�5�5� 
�A�1�.�K�L�=�(�A�-�B�*�V�0�)�*�E�X�P�(�-�B�*�T�I�M�E�.�K�)� 
�A�=�4�.�0� 
�B�=�0�.�4�1�9�4�8�5� 
�V�O�=�0� 
�T�I�M�E�.�K�=�T�I�M�E�.�J�+�D�T� 
�T�I�M�E�=�0� 
�V�O�=�6�5� 
�K�J�=�1�2�0� 
�D�C�F�=�5�2�8�0� 
�V�C�F�=�1�.�4�6�7� 

�N�O�T�E� �V�C�F� �-� �V�E�L�O�C�I�T�Y� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�N�O�T�E� �D�C�F� �-� �D�I�S�T�A�N�C�E� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�N�O�T�E� �K�J� �-� �J�A�M� �D�E�N�S�I�T�Y� 
�N�O�T�E� �V�O� �-� �O�P�T�I�M�U�M� �S�P�E�E�D� 
�N�O�T�E� �V�1� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �1� 
�R� �P�C�1�.�K�L�=�V�1�.�K� 
�L� �X�1�.�K�=�X�1�.�J�+�(�D�T�)�\�(�P�C�1�.�J�K�)� 
�N� �X�1�=�0� 
�N�O�T�E� �X�1� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �1� 
�N�O�T�E� �P�C�1� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �1� 

�T�r�a�f�f�i�c� �S�t�r�e�a�m� �M�o�d�e�l�i�n�g� �8�4



�V�2�.�K�=�(�V�O�*�V�C�F�*�E�X�P�(�-�0�.�5�*�(�K�2�.�K�*�D�C�F�/�K�J�)�*�*�2�)� 
�H�2�.�K�=�X�1�.�K�-�X�2�.�K� 
�K�2�.�K�=�1�/�H�2�.�K� 
�X�2�.�K�=�X�2�.�J�+�(�D�T�)�*�P�C�2�.�J�K� 
�X�2�=�-�1�0�0� 
�P�C�2�.�K�L�=�V�2�.�K� 
�H�2� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�V�2� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�P�C�2� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �2� 
�X�2� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �2� 
�V�3�.�K�=�(�V�O�*�V�C�F�*�E�X�P�(�-�0�.�5�*�(�K�3�.�K�*�D�C�F�/�K�J�)�*�*�2�)� 
�H�3�.�K�=�X�2�.�K�-�X�3�.�K� 
�K�3�.�K�=�1�/�H�3�.�K� 
�X�3�.�K�=�X�3�.�J�+�(�D�T�)�*�P�C�3�.�J�K� 
�X�3�=�-�2�0�0� 
�P�C�3�.�K�L�=�V�3�.�K� 
�H�3� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�V�3� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�P�C�3� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �3� 
�X�3� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �3� 
�V�4�.�K�=�(�V�O�*�V�C�F�*�E�X�P�(�-�0�.�5�*�(�K�4�.�K�*�D�C�F�/�K�J�)�*�*�2�)� 
�H�4�.�K�=�X�3�.�K�-�X�4�.�K� 
�K�4�.�K�=�1�/�H�4�.�K� 
�X�4�.�K�=�X�4�.�J�+�(�D�T�)�*�P�C�4�.�J�K� 
�X�4�=�-�3�0�0� 
�P�C�4�.�K�L�=�V�4�.�K� 
�H�4� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�V�4� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�P�C�4� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �4� 
�X�4� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �4� 
�V�5�.�K�=�C�L�I�P�(�V�5�2�,�V�5�1�.�K�,�X�5�.�K�,�5�0�0�0�)� 
�V�5�2�=�0� 
�V�5�1�.�K�=�(�V�O�*�V�C�F�*�E�X�P�(�-�0�.�5�*�(�K�5�.�K�*�D�C�F�/�K�J�)�*�*�2�)� 
�H�5�.�K�=�X�4�.�K�-�X�5�.�K� 
�K�5�.�K�=�1�/�H�5�.�K� 
�X�5�.�K�=�X�5�.�J�+�(�D�T�)�*�P�C�5�.�J�K� 
�X�5�=�-�4�0�0� 
�P�C�5�.�K�L�=�V�5�.�K� 
�H�S� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �5� 
�V�5� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �5� 
�P�C�S� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �5� 
�X�5� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �5� 
�V�6�.�K�=�(�V�O�*�V�C�F�*�E�X�P�(�-�0�.�5�*�(�K�6�.�K�*�D�C�F�/�K�J�)�*�*�2�)� 
�H�6�.�K�=�X�5�.�K�-�X�6�.�K� 
�K�6�.�K�=�1�/�H�6�.�K� 
�X�6�.�K�=�X�6�.�J�+�(�D�T�)�*�P�C�6�.�J�K� 
�X�6�=�-�5�0�0� 
�P�C�6�.�K�L�=�V�6�.�K� 
�H�6� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�V�6� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�P�C�6� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �6� 
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�N�O�T�E� �X�6� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �6� 
�A� �V�7�.�K�=�C�L�I�P�(�V�7�1�.�K�,�0�,�X�2�.�K�,�3�0�5�0�)� 
�A� �V�7�1�.�K�=�(�V�O�*�V�C�F�*�E�X�P�(�-�0�.�5�(�K�7�.�K�*�D�C�F�/�K�J�)�*�*�2�)� 
�A� �H�7�.�K�=�X�2�-�X�7�.�K� 
�A� �K�7�.�K�=�C�L�I�P�(�1�/�H�7�.�K�,�1�,�X�2�.�K�,�3�0�5�0�)� 
�L� �X�7�.�K�=�X�7�.�J�+�(�D�T�)�*�P�C�7�.�J�K� 
�N� �X�7�=�3�0�0�0� 
�R� �P�C�7�.�K�L�=�V�7�.�K� 
�N�O�T�E� �H�7� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�N�O�T�E� �V�7� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�N�O�T�E� �P�C�7� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �7� 
�N�O�T�E� �X�7� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �7� 
�A� �V�8�.�K�=�C�L�I�P�(�V�8�1�.�K�,�0�,�X�7�.�K�,�3�3�5�0�)� 
�A� �V�8�1�.�K�=�(�V�O�*�V�C�F�*�E�X�P�(�-�0�.�5�*�(�K�8�.�K�*�D�C�F�/�K�J�)�*�*�2�)� 
�A� �H�8�.�K�=�X�7�-�X�8�.�K� 
�A� �K�8�.�K�=�C�L�I�P�(�1�/�H�8�.�K�,�1�,�X�7�.�K�,�3�3�5�0�)� 
�L� �X�8�.�K�=�X�8�.�J�+�(�D�T�)�*�P�C�8�.�J�K� 
�N� �X�8�=�3�3�0�0� 
�R� �P�C�8�.�K�L�=�V�8�.�K� 
�N�O�T�E� �H�8� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �8� 
�N�O�T�E� �V�8� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �8� 
�N�O�T�E� �P�C�8� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �8� 
�N�O�T�E� �X�8� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �8� 
�A� �V�9�.�K�=�C�L�I�P�(�V�9�1�.�K�,�0�,�V�8�.�K�,�3�6�5�0�)� 
�A� �V�9�1�.�K�=�(�V�O�*�V�C�F�*�E�X�P�(�-�0�.�5�*�(�K�9�.�K�*�D�C�F�/�K�J�)�*�*�2�)� 
�A� �H�9�.�K�=�X�8�-�X�9�.�K� 
�A� �K�9�.�K�=�C�L�I�P�(�1�/�H�9�.�K�,�1�,�X�8�.�K�,�3�6�5�0�)� 
�L� �X�9�.�K�=�X�9�.�J�+�(�D�T�)�*�P�C�9�.�J�K� 
�N� �X�9�=�3�6�0�0� 
�R� �P�C�9�.�K�L�=�V�9�.�K� 
�N�O�T�E� �H�9� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �9� 
�N�O�T�E� �V�9� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �9� 
�N�O�T�E� �P�C�9� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �9� 
�N�O�T�E� �X�9� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �9� 
�S�P�E�C� �D�T�=�0�.�1�/�L�E�N�G�T�H� �=� �1�5�0�/�P�L�T�P�E�R�=�1� 
�P�L�O�T� �V�1�=�1�,�V�2�=�2�,�V�3�=�3�,�V�4�=�4�,�V�5�=�5�,�V�6�=�6�,�V�7�=�7�,�V�8�=�8�,�V�9�=�9� �(�*�,�*�)� 
�R�U�N� 
�Q�U�I�T� 
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�5�.�8� �D�r�e�w ��s� �M�o�d�e�l� 

�A� �n�u�m�b�e�r� �o�f� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �m�o�d�e�l�s� �h�a�v�e� �b�e�e�n� �p�r�o�p�o�s�e�d� �o�v�e�r� �t�h�e� �y�e�a�r�s�.� �T�h�e� 

�e�a�r�l�i�e�r� �m�o�d�e�l�s� �a�s�s�u�m�e�d� �a� �s�i�n�g�l�e� �r�e�g�i�m�e� �p�h�e�n�o�m�e�n�o�n� �o�v�e�r� �t�h�e� �c�o�m�p�l�e�t�e� �r�a�n�g�e� �o�f� �f�l�o�w� 

�c�o�n�d�i�t�i�o�n�s� �i�n�c�l�u�d�i�n�g� �f�r�e�e�-�f�l�o�w� �a�n�d� �c�o�n�g�e�s�t�e�d� �f�l�o�w� �s�i�t�u�a�t�i�o�n�s�.� �L�a�t�e�r� �m�o�d�e�l�s� �a�t�t�e�m�p�t�e�d� �t�o� 

�i�m�p�r�o�v�e� �o�n� �t�h�e� �e�a�r�l�i�e�r� �m�o�d�e�l�s� �b�y� �c�o�n�s�i�d�e�r�i�n�g� �t�w�o� �s�e�p�a�r�a�t�e� �r�e�g�i�m�e�s� �a�n�d� �a�t�t�e�m�p�t�e�d� �t�o� 

�g�e�n�e�r�a�l�i�z�e� �b�y� �i�n�t�r�o�d�u�c�i�n�g� �a�d�d�i�t�i�o�n�a�l� �p�a�r�a�m�e�t�e�r�s� �t�h�a�t� �c�o�u�l�d� �b�e� �u�s�e�d� �t�o� �d�i�s�t�i�n�g�u�i�s�h� �b�e�t�w�e�e�n� 

�r�o�a�d�w�a�y� �e�n�v�i�r�o�n�m�e�n�t�s�.� �D�r�e�w ��s� �m�o�d�e�l� �i�s� �o�n�e� �s�u�c�h� �a� �m�o�d�e�l� �w�h�e�r�e� �i�n� �h�e� �p�r�o�p�o�s�e�d� �a� 

�f�o�r�m�u�l�a�t�i�o�n� �b�a�s�e�d� �o�n� �G�r�e�e�n�s�h�i�e�l�d�s� �m�o�d�e�l�,� �b�u�t� �w�i�t�h� �t�h�e� �i�n�t�r�o�d�u�c�t�i�o�n� �o�f� �a�n� �a�d�d�i�t�i�o�n�a�l� 

�p�a�r�a�m�e�t�e�r�  ��n �� �w�h�i�c�h� �c�a�n� �b�e� �r�e�p�r�e�s�e�n�t�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�n�+�1� 
�( �� 

�u�=�u�{�!� �©� �2�]� 

�W�h�e�r�e�,� �u� �=� �s�p�e�e�d� �o�f� �v�e�h�i�c�l�e� 

�k� �=� �d�e�n�s�i�t�y� 

�u�,� �=� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d� 

�k�;� �=� �j�a�m� �d�e�n�s�i�t�y� 

�A� �f�a�m�i�l�y� �o�f� �m�o�d�e�l�s� �c�a�n� �b�e� �d�e�v�e�l�o�p�e�d� �b�y� �v�a�r�y�i�n�g� �t�h�e� �p�a�r�a�m�e�t�e�r�  ��n ��.� �D�r�e�w� 

�s�u�g�g�e�s�t�e�d� �v�a�r�y�i�n�g�  ��n �� �f�r�o�m� �-�1� �t�o� �+�1� �a�n�d� �c�a�l�l�e�d� �t�h�e�s�e� �m�o�d�e�l�s� �a� �l�i�n�e�a�r� �m�o�d�e�l� �w�h�e�n� �n�=�1�,� 

�a� �p�a�r�a�b�o�l�i�c� �m�o�d�e�l� �f�o�r� �a�n�  ��n �� �v�a�l�u�e� �o�f� �z�e�r�o�,� �a�n�d� �a�n� �e�x�p�o�n�e�n�t�i�a�l� �m�o�d�e�l� �w�h�e�n� �n�=�-�1�.� 

�D�r�e�w ��s� �f�o�r�m�u�l�a�t�i�o�n� �c�o�n�v�e�r�t�s� �t�o� �G�r�e�e�n�s�h�i�e�l�d�s� �m�o�d�e�l� �w�h�e�n� �n�=�1�.� �B�y� �u�s�i�n�g� �a� �f�a�m�i�l�y� �o�f� 

�m�o�d�e�l�s�,� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �c�o�u�l�d� �b�e� �b�e�t�t�e�r� �r�e�p�r�e�s�e�n�t�e�d� �f�o�r� �d�i�f�f�e�r�e�n�t� �c�o�n�d�i�t�i�o�n�s�.� 
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�I�n� �t�h�i�s� �s�t�u�d�y� �a�l�l� �t�h�e� �t�h�r�e�e� �m�o�d�e�l�s� �t�h�a�t� �c�a�n� �b�e� �g�e�n�e�r�a�t�e�d� �f�o�r�  ��n �� �v�a�l�u�e�s� �o�f� �-�-�1�,� �0�,� 

�1� �a�r�e� �s�i�m�u�l�a�t�e�d� �u�s�i�n�g� �D�Y�N�A�M�O� �p�r�o�g�r�a�m�s�.� �T�h�i�s� �k�i�n�d� �o�f� �s�t�u�d�y� �s�h�o�w�s� �h�o�w� �w�e�l�l� �e�a�c�h� 

�m�o�d�e�l� �f�u�n�c�t�i�o�n�s� �u�n�d�e�r� �v�a�r�i�o�u�s� �t�r�a�f�f�i�c� �c�o�n�d�i�t�i�o�n�s�.� �_�D�r�e�w ��s� �m�o�d�e�l� �c�o�n�v�e�r�t�s� �t�o� 

�G�r�e�e�n�s�h�i�e�l�d�s �� �m�o�d�e�l� �w�h�e�n� �n�=�1�.� �H�e�n�c�e�,� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �f�o�r� �t�h�i�s� �m�o�d�e�l� �i�s� �e�s�s�e�n�t�i�a�l�l�y� 

�s�i�m�i�l�a�r� �t�o� �t�h�e� �o�n�e� �d�i�s�c�u�s�s�e�d� �f�o�r� �G�r�e�e�n�s�h�i�e�l�d�s �� �m�o�d�e�l�.� �T�h�e� �r�e�m�a�i�n�i�n�g� �t�w�o� �c�a�s�e�s� �w�h�e�n� 

�n�=�0� �a�n�d� �n�=�-�1� �a�r�e� �c�a�r�e�f�u�l�l�y� �s�t�u�d�i�e�d� �i�n� �o�r�d�e�r� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �t�h�i�s� �m�o�d�e�l�.� 

�T�h�e� �m�a�i�n� �p�a�r�a�m�e�t�e�r� �t�h�a�t� �a�f�f�e�c�t�s� �t�h�e� �f�l�o�w� �o�f� �t�r�a�f�f�i�c� �i�n� �t�h�i�s� �m�o�d�e�l� �i�s� �t�h�e� �d�e�n�s�i�t�y� �o�f� 

�t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m�.� �T�h�e� �v�e�h�i�c�l�e�s� �i�n� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �a�r�e� �i�n�t�e�r�r�e�l�a�t�e�d� �u�s�i�n�g� �t�h�i�s� �p�a�r�a�m�e�t�e�r� 

�w�h�i�c�h� �a�f�f�e�c�t�s� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �v�e�h�i�c�l�e�s�.� �I�t� �c�a�n� �b�e� �o�b�s�e�r�v�e�d� �f�r�o�m� �t�h�e� �e�q�u�a�t�i�o�n� 

�t�h�a�t� �t�h�e� �j�a�m� �d�e�n�s�i�t�y� �a�n�d� �f�r�e�e�-�f�l�o�w� �s�p�e�e�d� �a�r�e� �n�e�e�d�e�d� �t�o� �b�e� �c�a�l�c�u�l�a�t�e�d� �i�n� �o�r�d�e�r� �t�o� �u�s�e� �t�h�i�s� 

�m�o�d�e�l�.� �O�n�c�e� �t�h�e�s�e� �t�w�o� �p�a�r�a�m�e�t�e�r�s� �a�r�e� �f�i�x�e�d�,� �h�e�a�d�w�a�y� �b�e�t�w�e�e�n� �v�e�h�i�c�l�e�s� �i�s� �t�h�e� �o�n�l�y� 

�f�a�c�t�o�r� �a�f�f�e�c�t�i�n�g� �t�h�e� �f�l�o�w� �o�f� �t�r�a�f�f�i�c�.� 

�T�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �i�s� �s�i�m�u�l�a�t�e�d� �b�y� �f�i�r�s�t� �g�i�v�i�n�g� �a� �s�p�e�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �t�o� �t�h�e� �l�e�a�d�i�n�g� 

�v�e�h�i�c�l�e� �i�n� �s�u�c�h� �a� �w�a�y� �t�h�a�t� �i�t� �h�a�s� �t�o� �p�a�s�s� �t�h�r�o�u�g�h� �a� �l�o�w� �s�p�e�e�d� �l�i�m�i�t� �z�o�n�e�.� �T�h�e�n� �i�t� �i�s� 

�s�i�m�u�l�a�t�e�d� �t�o� �s�t�o�p� �a�t� �a� �s�i�g�n�a�l�i�z�e�d� �i�n�t�e�r�s�e�c�t�i�o�n�.� �T�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �p�r�o�g�r�e�s�s�e�s� �f�u�r�t�h�e�r� �w�h�e�r�e� 

�i�t� �m�e�e�t�s� �t�h�r�e�e� �m�e�r�g�i�n�g� �v�e�h�i�c�l�e�s� �a�t� �c�e�r�t�a�i�n� �g�a�p�s�.� �T�h�e� �m�o�d�e�l� �i�s� �a�l�s�o� �d�e�v�e�l�o�p�e�d� �t�o� �s�t�u�d�y� 

�t�h�e� �a�f�f�e�c�t�s� �o�f� �h�i�g�h� �d�e�n�s�i�t�i�e�s�,� �l�o�w� �s�p�e�e�d�s� �a�n�d� �b�l�o�c�k�a�g�e� �o�f� �r�o�a�d�.� 
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�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �s�i�m�u�l�a�t�i�o�n� �a�r�e� �o�b�t�a�i�n�e�d� �a�s� �p�l�o�t�s� �w�i�t�h� �t�i�m�e� �o�n� �o�n�e� �a�x�i�s� �a�n�d� �t�h�e� 

�v�a�r�i�o�u�s� �p�a�r�a�m�e�t�e�r�s� �l�i�k�e� �s�p�e�e�d�,� �d�e�n�s�i�t�y�,� �d�i�s�t�a�n�c�e� �o�n� �t�h�e� �o�t�h�e�r� �a�x�i�s�.� �F�r�o�m� �t�h�e� �r�e�s�u�l�t�s� �i�t� 

�i�s� �c�l�e�a�r�l�y� �e�v�i�d�e�n�t� �t�h�a�t� �t�h�e�s�e� �t�h�r�e�e� �m�o�d�e�l�s� �t�o�g�e�t�h�e�r� �r�e�p�r�e�s�e�n�t� �a� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �w�h�i�c�h� �i�s� 

�s�i�m�u�l�a�t�e�d� �f�o�r� �v�a�r�i�o�u�s� �t�r�a�f�f�i�c� �f�l�o�w� �c�o�n�d�i�t�i�o�n�s� �v�e�r�y� �w�e�l�l�.� �T�h�e� �n�o�n�-�l�i�n�e�a�r� �a�c�c�e�l�e�r�a�t�i�o�n� 

�p�a�t�t�e�r�n� �i�s� �w�e�l�l� �p�r�o�p�a�g�a�t�e�d� �t�h�r�o�u�g�h� �a�l�l� �t�h�e� �v�e�h�i�c�l�e�s� �i�n� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m�.� �T�h�e� �h�e�a�d�w�a�y� 

�a�n�d� �s�p�e�e�d� �a�r�e� �c�o�n�t�i�n�u�o�u�s�l�y� �a�d�j�u�s�t�e�d� �u�n�t�i�l� �s�t�a�b�i�l�i�t�y� �i�n� �t�r�a�f�f�i�c� �f�l�o�w� �i�s� �a�c�h�i�e�v�e�d�.� �T�h�i�s� �m�o�d�e�l� 

�a�l�s�o� �h�a�s� �t�h�e� �d�i�s�a�d�v�a�n�t�a�g�e� �o�f� �t�h�e� �d�i�f�f�i�c�u�l�t�y� �i�n� �t�h�e� �e�s�t�i�m�a�t�i�o�n� �o�f� �j�a�m� �d�e�n�s�i�t�y�.� �A�t� �d�e�n�s�i�t�i�e�s� 

�h�i�g�h�e�r� �t�h�a�n� �1�2�5� �v�e�h�i�c�l�e�s� �p�e�r� �l�a�n�e� �p�e�r� �m�i�l�e�,� �t�h�i�s� �m�o�d�e�l� �s�h�o�w�s� �t�h�e� �s�p�e�e�d� �a�p�p�r�o�a�c�h�i�n�g� �z�e�r�o� 

�w�h�i�c�h� �n�e�e�d� �n�o�t� �b�e� �t�h�e� �c�a�s�e�.� �T�h�i�s� �m�o�d�e�l� �c�a�n�n�o�t� �b�e� �i�n�d�i�v�i�d�u�a�l�l�y� �u�s�e�d� �i�n� �t�h�e� �c�o�n�g�e�s�t�i�o�n� 

�d�e�p�i�c�t�i�o�n� �m�o�d�e�l�s� �a�s� �i�t� �i�s� �n�o�t� �v�e�r�y� �e�f�f�i�c�i�e�n�t� �o�v�e�r� �t�h�e� �e�n�t�i�r�e� �r�a�n�g�e� �o�f� �d�e�n�s�i�t�i�e�s�.� 

�5�.�8�.�1� �D�Y�N�A�M�O� �P�r�o� �F�o�r� �D�r�e�w ��s� �M�o�d�e�l� 

�V�1�.�K�=�C�L�I�P�(�V�1�2�.�K�,�V�1�1�.�K�,�X�1�.�K�,� �1�5�0�0�)� 
�V�1�2�.�K�=�C�L�I�P�(�V�1�4�.�K�,� �V�1�3�.�K�,�X�1�.�K�,� �1�7�5�0�)� 
�V�1�1�.�K�=�V�1�1�.�J�+�(�D�T�)�*�A�1�.�J�K� 
�V�1�1�=�0� 
�V�1�4�.�K�=�C�L�I�P�(�V�1�4�1�.�K�,�V�1�1�.�K�,�X�1�.�K�,�2�5�0�0�)� 
�V�1�4�1�.�K�=�C�L�I�P�(�V�1�4�2�.�K�,�V�1�1�.�K�,� �T�I�M�E�.�K�,�4�5�)� 
�V�1�4�2�.�K�=�C�L�I�P�(�V�1�1�.�K�,�0�,� �T�I�M�E�.�K�,�6�0�)� 
�V�1�3�.�K�=�C�L�I�P�(�V�1�3�1�.�K�,�3�7�,�V�1�3�1�.�K�,�3�7�)� 
�V�1�3�1�.�K�=�V�1�3�1�.�J�-�(�D�T�)�*�A�1�2�.�J�K� 
�A�l�2�.�K�L�=�4� 
�V�1�3�1�=�9�5�.�3�5�5� 
�A�1�.�K�L�=�(�A�-�B�*�V�0�)�*�E�X�P�(�-�B�*�T�I�M�E�.�K�)� 
�A�=�4�.�0� 
�B�=�0�.�4�1�9�4�8�5� 
�v�o�=�0� 
�T�I�M�E�.�K�=�T�I�M�E�.�J� �+� �D�T� 
�T�I�M�E�=�0� 
�V�F�=�8�0� 
�K�J�=�1�2�0� �
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�D�C�F�=�5�2�8�0� 
�V�C�F�=�1�.�4�6�7� 
�V�C�F� �-� �V�E�L�O�C�I�T�Y� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�D�C�F� �-� �D�I�S�T�A�N�C�E� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�K�J� �-� �J�A�M� �D�E�N�S�I�T�Y� 
�V�1� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �1� 
�P�C�1�.�K�L�=�V�1�.�K� 
�X�1�.�K�=�X�1�.�J�+�(�D�T�)�(�P�C�1�.�J�K�)� 
�X�1�=�0� 
�X�1� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �1� 
�P�C�I� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �1� 
�V�2�.�K�=�V�F�*�V�C�F�*�(�1�-�(�K�2�.�K�*�D�C�F�/�K�]�)�*�*�(�0�.�5�)�)� 
�H�2�.�K�=�X�1�.�K�-�X�2�.�K� 
�K�2�.�K�=�1�/�H�2�.�K� 
�X�2�.�K�=�X�2�.�J�+�(�D�T�)�*�P�C�2�.�J�K� 

�=�-�1�0�0� 
�P�C�2�.�K�L�=�V�2�.�K� 
�H�2� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�V�2� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�P�C�2� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �2� 
�X�2� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �2� 
�V�3�.�K�=�V�F�*�V�C�F�*�(�1�-�(�K�3�.�K�*�D�C�F�/�K�J�)�*�*�(�0�.�5�)�)� 
�H�3�.�K�=�X�2�.�K�-�X�3�.�K� 
�K�3�.�K�=�1�/�H�3�.�K� 
�X�3�.�K�=�X�3�.�J�+�(�D�T�)�*�P�C�3�.�J�K� 
�X�3�=�-�2�0�0� 
�P�C�3�.�K�L�=�V�3�.�K� 
�H�3� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�V�3� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�P�C�3� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �3� 
�X�3� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �3� 
�V�4�.�K�=�V�F�*�V�C�F�*�(�1�-�(�K�4�.�K�*�D�C�F�/�K�J�)�*�*�(�0�.�5�)�)� 
�H�4�.�K�=�X�3�.�K�-�X�4�.�K� 
�K�4�.�K�=�1�/�H�4�.�K� 
�X�4�.�K�=�X�4�.�J�+�(�D�T�)�*�P�C�4�.�J�K� 
�X�4�=�-�3�0�0� 
�P�C�4�.�K�L�=�V�4�.�K� 
�H�4� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�V�4� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�P�C�4� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �4� 
�X�4� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �4� 
�V�5�.�K�=�C�L�I�P�(�V�5�2�,�V�5�1�.�K�,�X�5�.�K�,�5�0�0�0�)� 
�V�5�2�=�0� 
�V�5�1�.�K� �=� �V�F�#�V�C�F�*�(�1�-�(�K�5�.�K�*�D�C�F�/�K�J�)�*�*�(�0�.�5�)�)� 
�H�5�.�K�=�X�4�.�K�-�X�5�.�K� 
�K�5�.�K�=�1�/�H�5�.�K� 
�X�5�.�K�=�X�5�.�J�+�(�D�T�)�*�P�C�5�.�J�K� 
�X�5�=�-�4�0�0� 
�P�C�5�.�K�L�=�V�5�.�K� 
�H�S� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �5� 
�V�5� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �5� 
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�N�O�T�E� �P�C�S� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �5� 
�N�O�T�E� �X�5� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �5� 
�A� �V�6�.�K�=�V�F�*�V�C�F�*�(�1�-�(�K�6�.�K�*�D�C�F�/�K�J�)�*�*�(�0�.�5�)�)� 
�A� �H�6�.�K�=�X�5�.�K�-�X�6�.�K� 
�A� �K�6�.�K�=�1�/�H�6�.�K� 
�L� �X�6�.�K�=�X�6�.�J�+�(�D�T�)�*�P�C�6�.�J�K� 
�N� �X�6�=�-�5�0�0� 
�R� �P�C�6�.�K�L�=�V�6�.�K� 
�N�O�T�E� �H�6� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�N�O�T�E� �V�6� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�N�O�T�E� �P�C�6� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �6� 
�N�O�T�E� �X�6� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �6� 
�A� �V�7�.�K�=�C�L�I�P�(�V�7�1�.�K�,�0�,�X�2�.�K�,�3�0�5�0�)� 
�A� �V�7�1�.�K�=�V�F�*�V�C�F�*�(�1�-�(�K�7�.�K�*�D�C�F�/�K�J�)�*�*�(�0�.�5�)�)� 
�A� �H�7�.�K�=�X�2�-�X�7�.�K� 
�A� �K�7�.�K�=�C�L�I�P�(�1�/�H�7�.�K�,�1�,�X�2�.�K�,�3�0�5�0�)� 
�L� �X�7�.�K�=�X�7�.�]�+�(�D�T�)�*�P�C�7�.�J�K� 
�N� �X�7�=�3�0�0�0� 
�R� �P�C�7�.�K�L�=�V�7�.�K� 
�N�O�T�E� �H�7� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�N�O�T�E� �V�7� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�N�O�T�E� �P�C�7� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �7� 
�N�O�T�E� �X�7� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �7� 
�A� �V�8�.�K�=�C�L�I�P�(�V�8�1�.�K�,�0�,�X�7�.�K�,�3�3�5�0�)� 
�A� �V�8�1�.�K�=�V�F�*�V�C�F�*�(�1�-�(�K�8�.�K�*�D�C�F�/�K�J�)�*�*�(�0�.�5�)�)� 
�A� �H�8�.�K�=�X�7�-�X�8�.�K� 
�A� �K�8�.�K�=�C�L�I�P�(�1�/�H�8�.�K�,�1�,�X�7�.�K�,�3�3�5�0�)� 
�L� �X�8�.�K�=�X�8�.�J�+�(�D�T�)�*�P�C�8�.�J�K� 
�N� �X�8�=�3�3�0�0� 
�R� �P�C�8�.�K�L�=�V�8�.�K� 
�N�O�T�E� �H�8� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �8� 
�N�O�T�E� �V�8� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �8� 
�N�O�T�E� �P�C�8� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �8� 
�N�O�T�E� �X�8� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �8� 
�A� �V�9�.�K� �=�C�L�I�P�(�V�9�1�.�K�,�0�,�V�8�.�K�,�3�6�5�0�)� 
�A� �V�9�1�.�K�=�V�F�*�V�C�F�*�(�1�-�(�K�9�.�K�*�D�C�F�/�K�J�)�*�*�(�0�.�5�)�)� 
�A� �H�9�.�K�=�X�8�-�X�9�.�K� 
�A� �K�9�.�K�=�C�L�I�P�(�1�/�H�9�.�K�,� �1�,�X�8�.�K�,�3�6�5�0�)� 
�L� �X�9�.�K�=�X�9�.�J�+�(�D�T�)�*�P�C�9�.�J�K� 
�N� �X�9�=�3�6�0�0� 
�R� �P�C�9�.�K�L�=�V�9�.�K� 
�N�O�T�E� �H�9� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �9� 
�N�O�T�E� �V�9� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �9� 
�N�O�T�E� �P�C�9� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �9� 
�N�O�T�E� �X�9� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �9� 
�S�P�E�C� �D�T�=�0�.�1�/�L�E�N�G�T�H�=� �1�5�0�/�P�L�T�P�E�R�=�1� 
�P�L�O�T� �V�1�=�1�,�V�2�=�2�,�V�3�=�3�,�V�4�=�4�,�V�5�=�5�,�V�6�=�6�,�V�7�=�7�,�V�8�=�8�,� �V�9�=�9�(�*�,�*�)� 
�R�U�N� 
�Q�U�I�T� 
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�5�.�9� �E�d�i�e ��s� �M�o�d�e�l� 

�E�d�i�e� �w�a�s� �t�h�e� �f�i�r�s�t� �t�o� �p�o�i�n�t� �o�u�t� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �d�i�s�c�o�n�t�i�n�u�i�t�y� �i�n� �t�h�e� �f�l�o�w�-� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �c�u�r�v�e� �u�n�d�e�r� �m�a�x�i�m�u�m� �f�l�o�w� �c�o�n�d�i�t�i�o�n�s�.� �H�e� �p�r�o�p�o�s�e�d� �t�w�o� �s�e�p�a�r�a�t�e� �t�w�o�-� 

�r�e�g�i�m�e� �m�o�d�e�l�s� �b�e�c�a�u�s�e� �o�f� �r�e�s�e�r�v�a�t�i�o�n�s� �o�f� �u�s�i�n�g� �c�a�r� �f�o�l�l�o�w�i�n�g� �b�a�s�e�d� �m�o�d�e�l�s� �u�n�d�e�r� �f�r�e�e�-� 

�f�l�o�w� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e�s�e� �m�o�d�e�l�s�,� �w�h�i�c�h� �d�e�s�c�r�i�b�e� �m�a�c�r�o�s�c�o�p�i�c� �r�e�l�a�t�i�o�n�s�h�i�p�s�,� �a�r�e� �b�a�s�e�d� �o�n� 

�t�h�e� �c�o�n�v�e�r�t�i�b�i�l�i�t�y� �m�o�d�e�l�s� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �t�h�e� �m�i�c�r�o�s�c�o�p�i�c� �c�a�r�-�f�o�l�l�o�w�i�n�g� �m�o�d�e�l�.� �E�d�i�e� 

�p�r�o�p�o�s�e�d� �t�h�e� �u�s�e� �o�f� �U�n�d�e�r�w�o�o�d� �m�o�d�e�l� �f�o�r� �t�h�e� �f�r�e�e�-�f�l�o�w� �r�e�g�i�m�e� �a�n�d� �t�h�e� �G�r�e�e�n�b�e�r�g� �m�o�d�e�l� 

�f�o�r� �c�o�n�g�e�s�t�e�d� �f�l�o�w� �r�e�g�i�m�e�.� �E�d�i�e ��s� �m�o�d�e�l� �u�s�e�s� �d�e�n�s�i�t�y� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �b�r�e�a�k�p�o�i�n�t� �t�o� 

�d�i�f�f�e�r�e�n�t�i�a�t�e� �b�e�t�w�e�e�n� �r�e�g�i�m�e�s�.� �T�h�i�s� �m�o�d�e�l� �u�s�e�s� �a� �b�r�e�a�k�p�o�i�n�t� �o�f� �k�=�5�0�,� �s�u�c�h� �t�h�a�t� �i�f� �k� �i�s� 

�l�e�s�s� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �5�0� �t�h�e�n� �t�h�e� �t�r�a�f�f�i�c� �f�l�o�w� �i�s� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �i�n� �f�r�e�e�-�f�l�o�w� �r�e�g�i�m�e� �w�h�i�l�e� 

�k� �g�r�e�a�t�e�r� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �5�0� �i�n�d�i�c�a�t�e�s� �c�o�n�g�e�s�t�e�d� �f�l�o�w� �r�e�g�i�m�e�.� �T�h�e� �e�q�u�a�t�i�o�n�s� �f�o�r� �f�r�e�e�-� 

�f�l�o�w� �a�n�d� �c�o�n�g�e�s�t�e�d� �f�l�o�w� �r�e�g�i�m�e�s� �c�a�n� �b�e� �r�e�p�r�e�s�e�n�t�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�F�r�e�e�-�f�l�o�w� �r�e�g�i�m�e�:�-� 

�k� 

�u�=�5�4�.�9�e� �1�6�3�9� 

�i�f� �k�<�5�0� 
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�u�=�2�6�.�8�1�n�(� �1�6�2�-�5�)� 
�k� 

�i�f� �k�z�5�0� 

�W�h�e�r�e�,� �u� �=� �s�p�e�e�d� �o�f� �v�e�h�i�c�l�e� 

�k� �=� �d�e�n�s�i�t�y� 

�T�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �c�o�u�l�d� �b�e� �s�i�m�u�l�a�t�e�d� �u�s�i�n�g� �t�h�i�s� �m�o�d�e�l� �v�e�r�y� �e�f�f�i�c�i�e�n�t�l�y� �a�s� �t�h�i�s� 

�m�o�d�e�l� �i�s� �c�a�p�a�b�l�e� �o�f� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �f�l�o�w� �o�v�e�r� �a� �w�i�d�e�r� �r�a�n�g�e� �a�s� �c�o�m�p�a�r�e�d� �t�o� �o�t�h�e�r� �s�i�n�g�l�e� 

�r�e�g�i�m�e� �m�o�d�e�l�s�.� �E�v�e�n� �t�h�o�u�g�h� �t�h�i�s� �i�s� �a� �m�u�l�t�i�-�r�e�g�i�m�e� �m�o�d�e�l� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� 

�r�e�m�a�i�n� �t�h�e� �s�a�m�e�.� �T�h�e� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e� �i�n� �t�h�i�s� �c�a�s�e� �a�l�s�o� �p�l�a�y�s� �a� �m�a�j�o�r� �r�o�l�e�.� �T�h�e� �t�r�a�f�f�i�c� 

�s�t�r�e�a�m� �p�r�o�g�r�e�s�s� �i�s� �d�e�f�i�n�e�d� �b�y� �d�e�s�c�r�i�b�i�n�g� �t�h�e� �m�o�t�i�o�n� �o�f� �t�h�e� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e�.� �T�h�i�s� �c�o�u�l�d� 

�b�e� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �i�n�c�o�r�p�o�r�a�t�i�n�g� �a�l�l� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �l�i�k�e� �t�h�e� �l�o�w� �s�p�e�e�d� �r�e�g�i�o�n�s�,� 

�i�n�t�e�r�r�u�p�t�i�o�n�s�,� �h�i�g�h� �d�e�n�s�i�t�i�e�s� �a�n�d� �m�e�r�g�i�n�g� �r�e�g�i�o�n�s� �i�n�t�o� �t�h�e� �s�p�e�e�d� �m�o�d�e�l� �o�f� �t�h�e� �l�e�a�d�i�n�g� 

�v�e�h�i�c�l�e�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �v�e�h�i�c�l�e� �a�d�o�p�t�s� �t�h�e�s�e� �f�a�c�t�o�r�s� �w�i�t�h� �a� �c�e�r�t�a�i�n� �d�e�g�r�e�e� �o�f� �s�e�n�s�i�t�i�v�i�t�y� 

�w�h�i�c�h� �i�s� �d�i�c�t�a�t�e�d� �b�y� �t�h�e� �s�p�e�e�d� �m�o�d�e�l� �t�h�a�t� �i�s� �u�s�e�d�.� 

�I�n� �t�h�i�s� �m�o�d�e�l� �t�w�o� �f�o�r�m�u�l�a�t�i�o�n�s� �a�r�e� �u�s�e�d� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�v�e�h�i�c�l�e� �a�n�d� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �s�w�i�t�c�h�e�s� �o�n�e� �f�o�r�m�u�l�a� �f�o�r� �t�h�e� �o�t�h�e�r� �w�h�e�n�e�v�e�r� �t�h�e� 

�b�o�u�n�d�a�r�y� �c�o�n�d�i�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �r�e�g�i�m�e�s� �d�e�s�c�r�i�b�e�d� �b�y� �t�h�e�s�e� �t�w�o� �m�o�d�e�l�s� �a�r�e� �m�e�t�.� �I�n� 

�t�h�i�s� �m�o�d�e�l� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �d�e�p�e�n�d�s� �o�n� �t�h�e� �d�e�n�s�i�t�y� �o�n�l�y� �a�s� �i�t� �i�s� �t�h�e� �o�n�l�y� 

�v�a�r�i�a�b�l�e� �i�n� �t�h�i�s� �m�o�d�e�l�.� 
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�T�h�e� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �v�a�r�i�o�u�s� �p�a�r�a�m�e�t�e�r�s� �d�i�s�c�u�s�s�e�d� �c�o�u�l�d� �b�e� �c�a�r�r�i�e�d� �o�u�t� �v�e�r�y� 

�e�f�f�i�c�i�e�n�t�l�y� �b�y� �o�b�t�a�i�n�i�n�g� �t�h�e� �p�l�o�t�s� �o�f� �t�h�e� �v�a�r�i�o�u�s� �p�a�r�a�m�e�t�e�r�s� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �v�a�r�i�a�t�i�o�n�s� 

�c�a�u�s�e�d� �t�o� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �v�e�h�i�c�l�e�s� �l�i�k�e� �d�e�n�s�i�t�y�,� �h�e�a�d�w�a�y�,� �a�c�c�e�l�e�r�a�t�i�o�n� �a�n�d� �d�i�s�t�a�n�c�e�.� �I�t� 

�i�s� �o�b�s�e�r�v�e�d� �f�r�o�m� �t�h�i�s� �s�i�m�u�l�a�t�i�o�n� �t�h�a�t� �t�h�i�s� �m�o�d�e�l� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �q�u�i�t�e� 

�e�f�f�i�c�i�e�n�t�l�y� �f�o�r� �t�h�e� �g�i�v�e�n� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �s�p�e�e�d� �v�a�r�i�a�t�i�o�n�s� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� 

�a�r�e� �a�l�s�o� �u�n�i�f�o�r�m� �a�n�d� �a�l�l� �t�h�e� �v�e�h�i�c�l�e�s� �a�c�c�e�l�e�r�a�t�e� �s�t�e�a�d�i�l�y� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �v�a�r�i�o�u�s� �o�t�h�e�r� 

�s�e�n�s�i�t�i�v�i�t�y� �f�a�c�t�o�r�s� �t�h�a�t� �a�f�f�e�c�t� �t�h�e� �a�c�c�e�l�e�r�a�t�i�o�n� �p�r�o�c�e�s�s�.� �T�h�i�s� �m�o�d�e�l� �h�o�w�e�v�e�r� �h�a�s� �t�h�e� 

�d�i�f�f�i�c�u�l�t�y� �i�n� �i�n�t�e�r�p�r�e�t�i�n�g� �j�a�m� �d�e�n�s�i�t�y� �a�s� �i�t� �u�n�d�e�r�e�s�t�i�m�a�t�e�s� �t�h�i�s� �v�a�l�u�e� �a�n�d� �h�e�n�c�e� �d�e�p�i�c�t�s� 

�c�o�n�g�e�s�t�i�o�n� �a�t� �a� �s�t�a�g�e� �w�h�e�r�e�i�n� �t�h�e� �f�i�e�l�d� �c�o�n�g�e�s�t�i�o�n� �h�a�s� �n�o�t� �s�e�t� �i�n� �y�e�t�.� �H�e�n�c�e�,� �t�h�i�s� �m�o�d�e�l� 

�h�a�s� �t�o� �b�e� �c�a�l�i�b�r�a�t�e�d� �w�e�l�l� �i�n� �o�r�d�e�r� �t�o� �u�s�e� �i�t� �i�n� �t�h�e� �c�o�n�g�e�s�t�i�o�n� �d�e�p�i�c�t�i�o�n� �m�o�d�e�l�.� 

�5�.�9�.�1� �D�Y�N�A�M�O� �P�r�o�g�r�a�m� �F�o�r� �E�d�i�e ��s� �M�o�d�e�l� 

�V�1�.�K�=�C�L�I�P�(�V�1�2�.�K�,�V�1�1�.�K�,�X�1�.�K�,� �1�5�0�0�)� 
�V�1�2�.�K�=�C�L�I�P�(�V�1�4�.�K�,�V�1�3�.�K�,�X�1�.�K�,� �1�7�5�0�)� 
�V�1�1�.�K�=�V�1�1�.�J�+�(�D�T�)�*�A�1�.�J�K� 
�V�1�1�=�0� 
�V�1�4�.�K�=�C�L�I�P�(�V�1�4�1�.�K�,�V�1�1�.�K�,�X�1�.�K�,�2�5�0�0�)� 
�V�1�4�1�.�K�=�C�L�I�P�(�V�1�4�2�.�K�,�V�1�1�.�K�,�T�I�M�E�.�K�,�4�5�)� 
�V�1�4�2�.�K�=�C�L�I�P�(�V�1�1�.�K�,�0�,� �T�I�M�E�.� �K�,�6�0�)� 
�V�1�3�.�K�=�C�L�I�P�(�V�1�3�1�.�K�,�3�7�,�V�1�3�1�.�K�,�3�7�)� 
�V�1�3�1�.�K�=�V�1�3�1�.�J�-�(�D�T�)�*�A�1�2�.�J�K� 
�A�1�2�.�K�L�=�4� 
�V�1�3�1�=�9�5�.�3�5�5� 
�A�1�.�K�L�=�(�A�-�B�*�V�0�)�*�E�X�P�(�-�B�*�T�I�M�E�.�K�)� 
�A�=�4�.�0� 
�B�=�0�.�4�1�9�4�8�5� 
�V�O�=�0� 
�T�I�M�E�.�K�=�T�I�M�E�.�J�+�D�T� 
�T�I�M�E�=�0� 
�V�F�=�8�0� 
�D�C�F�=�5�2�8�0� 
�V�C�F�=�1�.�4�6�7� �
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�V�C�F� �-� �V�E�L�O�C�I�T�Y� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�D�C�F� �-� �D�I�S�T�A�N�C�E� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�V�1� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �1� 
�P�C�1�.�K�L�=�V�1�.�K� 
�X�1�.�K�=�X�1�.�J�+�(�T�)�P�C�1�.�J�K�)� 
�X�1�=�0� 
�X�1� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �1� 
�P�C�1� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �1� 
�V�2�.�K�=�C�L�I�P�(�V�2�2�,�V�2�1�.�K�,�V�2�1�.�K�,�7�5�)� 
�V�2�2�=�7�5� 
�V�2�1�.�K�=�C�L�I�P�(�V�2�C�.�K�,� �V�2�F�.�K�,�K�2�.�K�,�5�0�)� 
�V�2�C�.�K�=�2�6�.�8�*�L�O�G�N�(�1�6�2�.�5�/�K�2�.�K�)� 
�V�2�F�.�K�=�5�4�.�9�*�E�X�P�(�-�K�2�.�K�/�1�6�3�.�9�)� 
�V�2� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�K�2�.�K�=�D�C�F�/�H�2�.�K� 
�H�2�.�K�=�X�1�.�K�-�X�2�.�K� 
�X�2�.�K�=�X�2�.�J�+�(�D�T�)�*�P�C�2�.�J�K� 
�P�C�2�.�K�L�=�V�2�.�K� 
�X�2�=�-�1�0�0� 
�H�2� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�P�C�2� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �2� 
�X�2� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �2� 
�V�3�.�K�=�C�L�I�P�(�V�3�2�,�V�3�1�.�K�,�V�3�1�.�K�,�7�5�)� 
�V�3�2�=�7�5� 
�V�3�1�.�K�=�C�L�I�P�(�V�3�C�.�K�,� �V�3�F�.�K�,�K�3�.�K�,�5�0�)� 
�V�3�C�.�K�=�2�6�.�8�*�L�O�G�N�(�1�6�2�.�5�/�K�3�.�K�)� 
�V�3�F�.�K�=�5�4�.�9�*�E�X�P�(�-�K�3�.�K�/�1�6�3�.�9�)� 
�V�3� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�K�3�.�K�=�D�C�F�/�H�3�.�K� 
�H�3�.�K�=�X�2�.�K�-�X�3�.�K� 
�X�3�.�K�=�X�3�.�J�+�(�D�T�)�*�P�C�3�.�J�K� 
�P�C�3�.�K�L�=�V�3�.�K� 
�X�3�=�-�2�0�0� 
�H�3� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�P�C�3� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �3� 
�X�3� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �3� 
�V�4�.�K�=�C�L�I�P�(�V�4�2�,�V�4�1�.�K�,�V�4�1�.�K�,�7�5�)� 
�V�4�2�=�7�5� 
�V�4�1�.�K�=�C�L�I�P�(�V�4�C�.�K�,� �V�4�F�.�K�,�K�4�.�K�,�5�0�)� 
�V�4�C�.�K� �=�2�6�.�8�*�L�O�G�N�(�1�6�2�.�5�/�K�4�.�K�)� 
�V�4�F�.�K�=�5�4�.�9�*�E�X�P�(�-�K�4�.�K�/�1�6�3�.�9�)� 
�V�4� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�K�4�.�K�=�D�C�F�/�H�4�.�K� 
�H�4�.�K�=�X�3�.�K�-�X�4�.�K� 
�X�4�.�K�=�X�4�.�J�+�(�D�T�)�*�P�C�4�.�J�K� 
�P�C�4�.�K�L�=�V�4�.�K� 
�X�4�=�-�3�0�0� 
�H�4� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�P�C�4� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �4� 
�X�4� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �4� 
�V�5�.�K�=�C�L�I�P�(�V�5�2�,�V�5�1�.�K�,�V�5�1�.�K�,�7�5�)� 
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�V�5�2�=�7�5� 
�V�5�1�.�K�=�C�L�I�P�(�V�5�C�.�K�,� �V�5�F�.�K�,�K�5�.�K�,�5�0�)� 
�V�5�C�.�K�=�2�6�.�8�*�L�O�G�N�(�1�6�2�.�5�/�K�5�.�K�)� 
�V�S�5�F�.�K�=�5�4�.�9�*�E�X�P�(�-�K�5�.�K�/�1�6�3�.�9�)� 
�V�5� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �5� 
�K�5�.�K�=�D�C�F�/�H�S�5�.�K� 
�H�5�.�K�=�X�4�.�K�-�X�5�.�K� 
�X�5�.�K�=�X�5�.�J�+�(�D�T�)�*�P�C�5�S�.�J�K� 
�P�C�S�.�K�L�=�V�5�.�K� 
�X�5�=�-�4�0�0� 
�H�5� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �5� 
�P�C�S�5� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �5� 
�X�5� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �5� 
�V�6�.�K�=�C�L�I�P�(�V�6�2�,�V�6�1�.�K�,�V�6�1�.�K�,�7�5�)� 
�V�6�2�=�7�5� 
�V�6�1�.�K�=�C�L�I�P�(�V�6�C�.�K�,� �V�6�F�.�K�,�K�6�.�K�,�5�0�)� 
�V�6�C�.�K�=�2�6�.�8�*�L�O�G�N�(�1�6�2�.�5�/�K�6�.�K�)� 
�V�6�F�.�K�=�5�4�.�9�*�E�X�P�(�-�K�6�.�K�/�1�6�3�.�9�)� 
�V�6� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�K�6�.�K�=�D�C�F�/�H�6�.�K� 
�H�6�.�K�=�X�5�.�K�-�X�6�.�K� 
�X�6�.�K�=�X�6�.�J� �+� �(�D�T�)�*�P�C�6�.�J�K� 
�P�C�6�.�K�L�=�V�6�.�K� 
�X�6�=�-�5�0�0� 
�H�6� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�P�C�6� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �6� 
�X�6� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �6� 
�V�7�.�K�=�C�L�I�P�(�C�L�I�P�(�V�7�2�,�V�7�1�.�K�,�V�7�1�.�K�,�7�5�)�0�,�X�2�.�K�,�3�0�5�0�)� 
�V�7�2�=�7�5� 
�V�7�1�.�K�=�C�L�I�P�(�V�7�C�.�K�,� �V�7�F�.�K�,�K�7�.�K�,�5�0�)� 
�V�7�C�.�K�=�2�6�.�8�*�L�O�G�N�(�1�6�2�.�5�/�K�7�.�K�)� 
�V�7�F�.�K�=�5�4�.�9�*�E�X�P�(�-�K�7�.�K�/�1�6�3�.�9�)� 
�K�7�1�.�K�=�D�C�F�/�H�7�.�K� 
�K�7�.�K�=�M�A�X�(�1�,�K�7�1�.�K�)� 
�H�7�.�K�=�X�2�.�K�-�X�7�.�K� 
�X�7�.�K�=�X�7�.�J�+�(�D�T�)�*�P�C�7�.�J�K� 
�P�C�7�.�K�L�=�V�7�.�K� 
�X�7�=�3�0�0�0� 
�H�7� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�V�7� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�P�C�7� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �7� 
�X�7� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �7� 
�V�8�.�K�=�C�L�I�P�(�C�L�I�P�(�V�8�2�,� �V�8�1�.�K�,�V�8�1�.�K�,�7�5�)�0�,�X�7�.�K�,�3�3�5�0�)� 
�V�8�2�=�7�5� 
�V�8�1�.�K�=�C�L�I�P�(�V�8�C�.�K�,� �V�8�F�.�K�,�K�8�.�K�,�5�0�)� 
�V�8�C�.�K� �=�2�6�.�8�*�L�O�G�N�(�1�6�2�.�5�/�K�8�.�K�)� 
�V�8�F�.�K�=�5�4�.�9�*�E�X�P�(�-�K�8�.�K�/�1�6�3�.�9�)� 
�K�8�1�.�K�=�D�C�F�/�H�8�.�K� 
�K�8�.�K�=�M�A�X�(�1�,�K�8�1�.�K�)� 
�H�8�.�K�=�X�7�.�K�-�X�8�.�K� 
�X�8�.�K�=�X�8�.�J�+�(�D�T�)�*�P�C�8�.�J�K� 
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�R� �P�C�8�.�K�L�=�V�8�.�K� 
�N� �X�8�=�3�3�0�0� 
�N�O�T�E� �H�8� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �8� 
�N�O�T�E� �V�8� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �8� 
�N�O�T�E� �P�C�8� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �8� 
�N�O�T�E� �X�8� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �8� 
�A� �V�9�.�K�=�C�L�I�P�(�C�L�I�P�(�V�9�2�,� �V�9�1�.�K�,� �V�9�1�.�K�,�7�5�)�0�,�X�8�.�K�,�3�6�5�0�)� 
�C�c� �V�9�2�=�7�5� 
�A� �V�9�1�.�K�=�C�L�I�P�(�V�9�C�.�K�,� �V�9�F�.�K�,�K�9�.�K�,�5�0�)� 
�A� �V�9�C�.�K�=�2�6�.�8�*�L�O�G�N�(�1�6�2�.�5�/�K�9�.�K�)� 
�A� �V�9�O�F�.�K�=�5�4�.�9�*�E�X�P�(�-�K�9�.�K�/�1�6�3�.�9�)� 
�A� �K�9�1�.�K�=�D�C�F�/�H�9�.�K� 
�A� �K�9�.�K�=�M�A�X�(�1�,�K�9�1�.�K�)� 
�A� �H�9�.�K�=�X�8�.�K�-�X�9�.�K� 
�L� �X�9�.�K�=�X�9�.�J� �+�(�D�T�)�*�P�C�9�.�J�K� 
�R� �P�C�9�.�K�L�=�V�9�.�K� 
�N� �X�9�=�3�6�0�0� 
�N�O�T�E� �H�9� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �9� 
�N�O�T�E� �V�9� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �9� 
�N�O�T�E� �P�C�9� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �9� 
�N�O�T�E� �X�9� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �9� 
�S�P�E�C� �D�T�=�0�.�1�/�L�E�N�G�T�H�=� �1�5�0�/�P�L�T�P�E�R�=�1� 
�P�L�O�T� �V�1�=�1�,�V�2�=�2�,�V�3�=�3�,� �V�4�=�4�,� �V�5�=�5�,� �V�6�=�6�,�V�7�=�7�,�V�8�=�8�,� �V�9�=�9� �(�*�,�*�)� 
�R�U�N� 
�Q�U�I�T� 
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�5�.�1�0� �T�w�o�-�R�e�g�i�m�e� �L�i�n�e�a�r� �M�o�d�e�l� 

�T�w�o�-�r�e�g�i�m�e� �l�i�n�e�a�r� �m�o�d�e�l� �i�s� �d�e�v�e�l�o�p�e�d� �b�y� �u�s�i�n�g� �G�r�e�e�n�s�h�i�e�l�d�s�-�t�y�p�e� �m�o�d�e�l� �f�o�r� �t�h�e� 

�f�r�e�e�-�f�l�o�w� �r�e�g�i�m�e� �a�n�d� �t�h�e� �c�o�n�g�e�s�t�e�d� �f�l�o�w� �r�e�g�i�m�e� �s�e�p�a�r�a�t�e�l�y�.� �T�h�i�s� �m�o�d�e�l� �i�s� �d�e�v�e�l�o�p�e�d� �i�n� 

�o�r�d�e�r� �t�o� �c�o�u�n�t�e�r� �t�h�e� �d�e�f�i�c�i�e�n�c�i�e�s� �t�h�a�t� �G�r�e�e�n�s�h�i�e�l�d�s� �m�o�d�e�l� �h�a�s� �o�v�e�r� �s�o�m�e� �p�o�r�t�i�o�n� �o�f� �t�h�e� 

�d�e�n�s�i�t�y� �r�a�n�g�e�.� �T�h�e� �m�o�s�t� �d�i�s�c�o�n�c�e�r�t�i�n�g� �f�e�a�t�u�r�e� �o�f� �a�n�y� �s�i�n�g�l�e�-�r�e�g�i�m�e� �m�o�d�e�l� �i�s� �i�t�s� �i�n�a�b�i�l�i�t�y� 

�t�o� �t�r�a�c�k� �f�a�i�t�h�f�u�l�l�y� �t�h�e� �m�e�a�s�u�r�e�d� �f�i�e�l�d� �d�a�t�a� �n�e�a�r� �c�a�p�a�c�i�t�y� �c�o�n�d�i�t�i�o�n�s�.� �A� �d�i�s�c�o�n�t�i�n�u�i�t�y� �c�a�n� 

�b�e� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �f�l�o�w�-�s�p�e�e�d�-�d�e�n�s�i�t�y� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�s� �d�e�p�i�c�t�e�d� �b�y� �m�e�a�s�u�r�e�d� �f�i�e�l�d� �d�a�t�a� 

�i�n� �t�h�e� �v�i�c�i�n�i�t�y� �o�f� �c�a�p�a�c�i�t�y� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �T�w�o�-�R�e�g�i�m�e� �L�i�n�e�a�r� �m�o�d�e�l� �u�s�e�s� �a� �d�e�n�s�i�t�y� �o�f� 

�6�5� �v�e�h�i�c�l�e�s� �p�e�r� �l�a�n�e� �p�e�r� �m�i�l�e� �a�s� �t�h�e� �b�r�e�a�k�p�o�i�n�t� �t�o� �d�i�f�f�e�r�e�n�t�i�a�t�e� �b�e�t�w�e�e�n� �f�r�e�e�-�f�l�o�w� �a�n�d� 

�c�o�n�g�e�s�t�e�d� �f�l�o�w� �r�e�g�i�m�e�s�.� �T�h�i�s� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �i�s� �v�e�r�y� �e�s�s�e�n�t�i�a�l� �a�s� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� 

�G�r�e�e�n�s�h�i�e�l�d�s� �m�o�d�e�l�,� �w�h�i�c�h� �i�s� �a�d�a�p�t�e�d� �i�n� �t�h�i�s� �m�o�d�e�l�,� �h�a�s� �d�i�f�f�e�r�e�n�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �u�n�d�e�r� 

�t�h�e�s�e� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �t�w�o�-�r�e�g�i�m�e� �l�i�n�e�a�r� �m�o�d�e�l� �c�o�u�l�d� �b�e� �e�x�p�r�e�s�s�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�F�r�e�e�-�f�l�o�w�_�r�e�g�i�m�e�:�-� 

�u�=�6�0�.�9�-�0�.�5�1�5�k� 

�i�f� �k�<�6�5� 

�T�r�a�f�f�i�c� �S�t�r�e�a�m� �M�o�d�e�l�i�n�g� �1�0�1



�u�=�4�0�.�0�-�0�.�2�6�5�k� 

�i�f� �k�2�6�5� 

�W�h�e�r�e�,� �u� �=� �s�p�e�e�d� �o�f� �v�e�h�i�c�l�e� 

�k� �=� �d�e�n�s�i�t�y� 

�T�h�e� �d�i�f�f�e�r�e�n�t� �f�o�r�m�u�l�a�t�i�o�n�s� �t�h�a�t� �a�r�e� �u�s�e�d� �f�o�r� �t�h�e� �t�w�o� �r�e�g�i�m�e�s� �i�n� �t�h�e� �t�w�o�-�r�e�g�i�m�e� 

�l�i�n�e�a�r� �m�o�d�e�l� �a�r�e� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m� �b�y� �u�s�i�n�g� �a� �C�L�I�P� �f�u�n�c�t�i�o�n� 

�w�h�e�r�e�i�n�,� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �e�q�u�a�t�i�o�n� �i�s� �u�s�e�d� �w�h�e�n�e�v�e�r� �t�h�e� �b�o�u�n�d�a�r�y� �c�o�n�d�i�t�i�o�n� �i�s� �m�e�t�.� �T�h�e� 

�l�e�a�d�i�n�g� �c�a�r� �i�s� �u�s�e�d� �t�o� �r�e�p�r�e�s�e�n�t� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� �a�s� �a�l�l� �t�h�e� �f�a�c�t�o�r�s� �t�h�a�t� 

�a�f�f�e�c�t� �t�h�e� �t�r�a�f�f�i�c� �f�l�o�w� �a�r�e� �e�m�b�e�d�d�e�d� �i�n� �t�h�e� �v�e�l�o�c�i�t�y� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e�.� �A�l�l� 

�t�h�e� �o�t�h�e�r� �v�e�h�i�c�l�e�s� �i�n� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �w�o�u�l�d� �f�o�l�l�o�w� �t�h�e�i�r� �i�m�m�e�d�i�a�t�e�l�y� �p�r�e�c�e�d�i�n�g� �v�e�h�i�c�l�e�.� 

�T�h�e�r�e� �w�i�l�l� �b�e� �a� �c�e�r�t�a�i�n� �t�i�m�e� �l�a�g� �b�e�f�o�r�e� �a�l�l� �t�h�e� �v�e�h�i�c�l�e�s� �a�t�t�a�i�n� �t�h�e� �m�a�x�i�m�u�m� �s�p�e�e�d� �a�s� �t�h�e� 

�s�p�e�e�d� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �v�e�h�i�c�l�e�s� �i�s� �c�o�n�t�r�o�l�l�e�d� �b�y� �t�h�e� �t�w�o�-�r�e�g�i�m�e� �l�i�n�e�a�r� �m�o�d�e�l�.� �T�h�e� �o�n�l�y� 

�p�a�r�a�m�e�t�e�r� �i�n� �t�h�i�s� �m�o�d�e�l� �w�h�i�c�h� �a�f�f�e�c�t�s� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �v�e�h�i�c�l�e�s� �i�s� �t�h�e� �d�e�n�s�i�t�y� �o�f� �t�r�a�f�f�i�c� 

�s�t�r�e�a�m� �w�h�i�c�h� �i�n� �t�u�r�n� �d�e�p�e�n�d�s� �o�n� �t�h�e� �h�e�a�d�w�a�y�s� �o�f� �t�h�e� �v�a�r�i�o�u�s� �v�e�h�i�c�l�e�s� �i�n� �t�h�e� �s�t�r�e�a�m�.� �I�n� 

�t�h�i�s� �m�o�d�e�l� �t�h�r�e�e� �v�e�h�i�c�l�e�s� �a�r�e� �m�a�d�e� �t�o� �m�e�r�g�e� �i�n�t�o� �t�h�e� �m�a�i�n�s�t�r�e�a�m� �a�t� �c�e�r�t�a�i�n� �g�a�p�s� �i�n� �o�r�d�e�r� 

�t�o� �s�t�u�d�y� �t�h�e� �a�f�f�e�c�t�s� �o�f� �m�e�r�g�i�n�g� �v�e�h�i�c�l�e�s� �o�n� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �v�e�h�i�c�l�e�s� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�i�s� 

�m�o�d�e�l�.� 
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�T�h�e� �v�a�r�i�o�u�s� �t�r�a�f�f�i�c� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �t�h�a�t� �a�r�e� �i�n�t�r�o�d�u�c�e�d� �i�n�t�o� �t�h�e� �s�p�e�e�d� �f�u�n�c�t�i�o�n� �o�f� 

�t�h�e� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e� �a�r�e� �t�r�a�n�s�m�i�t�t�e�d� �t�o� �a�l�l� �t�h�e� �v�e�h�i�c�l�e�s� �i�n� �t�h�e� �s�t�r�e�a�m� �v�e�r�y� �e�f�f�e�c�t�i�v�e�l�y� �i�n� �t�h�i�s� 

�m�o�d�e�l�.� �T�h�i�s� �m�o�d�e�l� �u�n�d�e�r�e�s�t�i�m�a�t�e�s� �t�h�e� �r�a�t�e� �a�t� �w�h�i�c�h� �t�h�e� �s�p�e�e�d� �o�f� �a�l�l� �t�h�e� �v�e�h�i�c�l�e�s� �i�n� �t�h�e� 

�t�r�a�f�f�i�c� �s�t�r�e�a�m� �i�s� �i�n�c�r�e�a�s�e�d� �a�s� �i�t� �t�a�k�e�s� �a� �l�o�n�g�e�r� �t�i�m�e� �a�s� �p�e�r� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �r�e�s�u�l�t�s�,� �f�o�r� �e�a�c�h� 

�v�e�h�i�c�l�e� �t�o� �a�c�h�i�e�v�e� �m�a�x�i�m�u�m� �s�p�e�e�d�.� �T�h�i�s� �i�s� �p�r�o�b�a�b�l�y� �d�u�e� �t�o� �u�n�d�e�r�e�s�t�i�m�a�t�i�o�n� �o�f� �j�a�m� 

�d�e�n�s�i�t�y� �w�h�i�c�h� �i�s� �i�n�h�e�r�e�n�t� �i�n� �t�h�e� �m�o�d�e�l�.� �T�h�e� �d�e�n�s�i�t�y� �p�l�o�t� �o�b�t�a�i�n�e�d� �f�o�r� �t�h�i�s� �m�o�d�e�l� �i�s� �a� 

�v�e�r�y� �g�o�o�d� �t�o�o�l� �t�o� �s�h�o�w� �t�h�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �t�h�i�s� �m�o�d�e�l� �t�o� �r�e�p�r�e�s�e�n�t� �r�e�a�l�i�s�t�i�c� �t�r�a�f�f�i�c� �f�l�o�w� 

�c�o�n�d�i�t�i�o�n�s�.� �T�h�i�s� �m�o�d�e�l� �i�s� �v�e�r�y� �g�o�o�d� �i�n� �a�d�j�u�s�t�i�n�g� �t�h�e� �s�t�r�e�a�m� �a�f�t�e�r� �t�h�e� �m�e�r�g�i�n�g� �o�f� �v�e�h�i�c�l�e�s� 

�i�s� �a�c�c�o�m�p�l�i�s�h�e�d�.� �i�t� �c�a�n� �b�e� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�i�s� �m�o�d�e�l� �i�s� �m�u�c�h� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �t�h�a�n� �t�h�e� 

�s�i�n�g�l�e� �r�e�g�i�m�e� �m�o�d�e�l�s�.� 

�5�.�1�0�.�1� �D�Y�N�A�M�O� �P�r�o�g�r�a�m� �F�o�r� �T�w�o�-�R�e�g�i�m�e� �L�i�n�e�a�r� �M�o�d�e�l� 

�A� �V�1�.�K�=�C�L�I�P�(�V�1�2�.�K�,�V�1�1�.�K�,�X�1�.�K�,�1�5�0�0�)� 
�A� �V�1�2�.�K�=�C�L�I�P�(�V�1�4�.�K�,�V�1�3�.�K�,�X�1�.�K�,� �1�7�5�0�)� 
�L� �V�1�1�.�K�=�V�1�1�.�J�+�(�D�T�)�*�A�1�.�J�K� 
�N� �V�1�1�=�0� 
�A� �V�1�4�.�K�=�C�L�I�P�(�V�1�4�1�.�K�,�V�1�1�.�K�,�X�1�.�K�,�2�5�0�0�)� 
�A� �V�1�4�1�.�K�=�C�L�I�P�(�V�1�4�2�.�K�,�V�1�1�.�K�,�T�I�M�E�.�K�,�4�5�)� 
�A� �V�1�4�2�.�K�=�C�L�I�P�(�V�1�1�.�K�,�0�,� �T�I�M�E�.�K�,�6�0�)� 
�A� �V�1�3�.�K�=�C�L�I�P�(�V�1�3�1�.�K�,�3�7�,�V�1�3�1�.�K�,�3�7�)� 
�L� �V�1�3�1�.�K�=�V�1�3�1�.�J�-�D�T�)�*�A�1�2�.�J�K� 
�R� �A�1�2�.�K�L�=�4� 
�N� �V�1�3�1�=�9�5�.�3�5�5� 
�R� �A�1�.�K�L�=�(�A�-�B�*�V�0�)�*�E�X�P�(�-�B�*�T�I�M�E�.�K�)� 
�C�c� �A�=�4�.�0� 
�C�c� �B�=�0�.�4�1�9�4�8�5� 
�C�c� �V�O�=�0� 
�L� �T�I�M�E�.�K�=�T�I�M�E�.�J�+�D�T� 
�N� �T�I�M�E�=�0� 
�N� �V�F�=�8�0� 
�C�c� �D�C�F�=�5�2�8�0� 
�C�c� �V�C�F�=� �1�.�4�6�7� 
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�N�O�T�E� 
�N�O�T�E� 

�V�C�F� �-� �V�E�L�O�C�I�T�Y� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�D�C�F� �-� �D�I�S�T�A�N�C�E� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�V�1� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �1� 
�P�C�1�.�K�L�=�V�1�.�K� 
�X�1�.�K�=�X�1�.�J�+�(�T�)�C�1�.�J�K�)� 
�X�1�=�0� 
�X�1� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �1� 
�P�C�i� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �1� 
�V�2�.�K�=�C�L�I�P�(�V�2�C�.�K�,� �V�2�F�.�K�,�K�2�.�K�,�6�5�)� 
�V�2�C�.�K�=�4�0�-�0�.�2�6�5�*�K�2�.�K� 
�V�2�F�.�K�=�6�0�.�9�-�0�.�5�1�5�*�K�2�.�K� 
�K�2�.�K�=�D�C�F�/�H�2�.�K� 
�H�2�.�K�=�X�1�.�K�-�X�2�.�K� 
�V�2� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�H�2� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�X�2�.�K�=�X�2�.�J�+�(�D�T�)�*�P�C�2�.�J�K� 
�X�2�=�-�1�0�0� 
�P�C�2�.�K�L�=�V�2�.�K� 
�P�C�2� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �2� 
�X�2� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �2� 
�V�3�.�K�=�C�L�I�P�(�V�3�C�.�K�,� �V�3�F�.�K�,�K�3�.�K�,�6�5�)� 
�V�3�C�.�K� �=�4�0�-�0�.�2�6�5�*�K�3�.�K� 
�V�3�F�.�K�=�6�0�.�9�-�0�.�5�1�5�*�K�3�.�K� 
�K�3�.�K�=�D�C�F�/�H�3�.�K� 
�H�3�.�K�=�X�2�.�K�-�X�3�.�K� 
�V�3� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�H�3� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�X�3�.�K�=�X�3�.�J�+�(�D�T�)�*�P�C�3�.�J�K� 
�X�3�=�-�2�0�0� 
�P�C�3�.�K�L�=�V�3�.�K� 
�P�C�3� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �3� 
�X�3� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �3� 
�V�4�.�K�=�C�L�I�P�(�V�4�C�.�K�,�V�4�F�.�K�,�K�4�.�K�,�6�5�)� 
�V�4�C�.�K�=�4�0�-�0�.�2�6�5�*�K�4�.�K� 
�V�4�F�.�K�=�6�0�.�9�-�0�.�5�1�5�*�K�4�.�K� 
�K�4�.�K�=�D�C�F�/�H�4�.�K� 
�H�4�.�K�=�X�3�.�K�-�X�4�.�K� 
�V�4� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�H�4� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�X�4�.�K�=�X�4�.�J�+�(�D�T�)�*�P�C�4�.�J�K� 
�X�4�=�-�3�0�0� 
�P�C�4�.�K�L�=�V�4�.�K� 
�P�C�4� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �4� 
�X�4� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �4� 
�V�5�.�K�=�C�L�I�P�(�V�5�C�.�K�,� �V�5�F�.�K�,�K�5�.�K�,�6�5�)� 
�V�5�C�.�K�=�4�0�-�0�.�2�6�5�*�K�5�.�K� 
�V�5�F�.�K�=�6�0�.�9�-�0�.�5�1�5�*�K�5�.�K� 
�K�5�.�K�=�D�C�F�/�H�S�5�.�K� 
�H�5�.�K�=�X�4�.�K�-�X�5�.�K� 
�V�5� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �5� 
�H�S� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �5� 
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�X�5�.�K�=�X�5�.�J�+�(�D�T�)�*�P�C�5�.�J�K� 
�X�5�=�-�4�0�0� 
�P�C�S�.�K�L�=�V�5�.�K� 
�P�C�S� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �5� 
�X�5� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �5� 
�V�6�.�K�=�C�L�I�P�(�V�6�C�.�K�,� �V�6�F�.�K�,�K�6�.�K�,�6�5�)� 
�V�6�C�.�K�=�4�0�-�0�.�2�6�5�*�K�6�.�K� 
�V�6�F�.�K�=�6�0�.�9�-�0�.�5�1�5�*�K�6�.�K� 
�K�6�.�K�=�D�C�F�/�H�6�.�K� 
�H�6�.�K�=�X�5�.�K�-�X�6�.�K� 
�V�6� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�H�6� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�X�6�.�K�=�X�6�.�J�+�(�D�T�)�*�P�C�6�.�J�K� 
�X�6�=�-�5�0�0� 
�P�C�6�.�K�L�=�V�6�.�K� 
�P�C�6� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �6� 
�X�6� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �6� 
�V�7�.�K�=�C�L�I�P�(�V�7�1�.�K�,�0�,�X�2�.�K�,�3�0�5�0�)� 
�V�7�1�.�K�=�C�L�I�P�(�V�7�C�.�K�,� �V�7�F�.�K�,�K�7�.�K�,�6�5�)� 
�V�7�C�.�K� �=�4�0�-�0�.�2�6�5�*�K�7�.�K� 
�V�7�F�.�K�=�6�0�.�9�-�0�.�5�1�5�*�K�7�.�K� 
�K�7�.�K�=�D�C�F�/�H�7�.�K� 
�H�7�.�K�=�X�2�.�K�-�X�7�.�K� 
�V�7� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�H�7� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�X�7�.�K�=�X�7�.�J�+�(�D�T�)�*�P�C�7�.�J�K� 
�X�7�=�3�0�0�0� 
�P�C�T�.�K�L�=�V�7�.�K� 
�P�C�7� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �7� 
�X�7� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �7� 
�V�8�.�K�=�C�L�I�P�(�V�8�1�.�K�,�0�,�X�7�.�K�,�3�3�5�0�)� 
�V�8�1�.�K�=�C�L�I�P�(�V�8�C�.�K�,� �V�8�F�.�K�,�K�8�.�K�,�6�5�)� 
�V�8�C�.�K�=�4�0�-�0�.�2�6�5�*�K�8�.�K� 
�V�8�F�.�K�=�6�0�.�9�-�0�.�5�1�5�*�K�8�.�K� 
�K�8�.�K�=�D�C�F�/�H�8�.�K� 
�H�8�.�K�=�X�7�.�K�-�X�8�.�K� 
�V�8� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �8� 
�H�8� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �8� 
�X�8�.�K�=�X�8�.�J�+�(�D�T�)�*�P�C�8�.�J�K� 
�X�8�=�3�3�0�0� 
�P�C�8�.�K�L�=�V�8�.�K� 
�P�C�8� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �8� 
�X�8� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �8� 
�V�9�.�K�=�C�L�I�P�(�V�9�1�.�K�,�0�,�X�8�.�K�,�3�6�5�0�)� 
�V�9�1�.�K�=�C�L�I�P�(�V�9�C�.�K�,� �V�9�F�.�K�,�K�9�.�K�,�6�5�)� 
�V�9�C�.�K� �=�4�0�-�0�.�2�6�5�*�K�9�.�K� 
�V�9�F�.�K�=�6�0�.�9�-�0�.�5�1�5�*�K�9�.�K� 
�K�9�.�K�=�D�C�F�/�H�9�.�K� 
�H�9�.�K�=�X�8�.�K�-�X�9�.�K� 
�V�9� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �9� 
�H�9� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �9� 
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�5�.�1�1� �M�o�d�i�f�i�e�d� �G�r�e�e�n�b�e�r�g� �M�o�d�e�l� 

�T�h�e� �w�o�r�k� �o�n� �d�e�v�e�l�o�p�i�n�g� �a� �f�a�m�i�l�y� �o�f� �s�i�n�g�l�e�-�r�e�g�i�m�e� �m�o�d�e�l�s� �w�a�s� �e�x�t�e�n�d�e�d� �t�o� 

�d�e�v�e�l�o�p�i�n�g� �a� �f�a�m�i�l�y� �o�f� �t�w�o�-�r�e�g�i�m�e� �m�o�d�e�l�s�.� �A� �d�i�s�c�o�n�t�i�n�u�i�t�y� �i�n� �t�h�e� �f�l�o�w�-�s�p�e�e�d�-�d�e�n�s�i�t�y� 

�r�e�l�a�t�i�o�n�s�h�i�p�s� �a�s� �d�e�p�i�c�t�e�d� �b�y� �m�e�a�s�u�r�e�d� �f�i�e�l�d� �d�a�t�a� �i�n� �t�h�e� �v�i�c�i�n�i�t�y� �o�f� �c�a�p�a�c�i�t�y� �c�o�n�d�i�t�i�o�n�s� �i�s� 

�o�b�s�e�r�v�e�d�.� �E�v�e�n� �w�i�t�h� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �f�a�m�i�l�y� �o�f� �s�i�n�g�l�e�-�r�e�g�i�m�e� �m�o�d�e�l�s�,� �t�h�e� 

�p�r�e�d�i�c�t�i�o�n� �o�f� �f�l�o�w�s� �a�p�p�r�o�a�c�h�i�n�g� �c�a�p�a�c�i�t�y� �w�a�s� �n�o�t� �c�o�m�p�l�e�t�e�l�y� �s�a�t�i�s�f�i�e�d�.� �T�h�e� �m�o�d�i�f�i�e�d� 

�G�r�e�e�n�b�e�r�g� �m�o�d�e�l� �i�s� �d�e�v�e�l�o�p�e�d� �i�n� �o�r�d�e�r� �t�o� �o�v�e�r�c�o�m�e� �s�o�m�e� �o�f� �t�h�e� �d�e�f�i�c�i�e�n�c�i�e�s� �o�f� �t�h�e� 

�s�i�n�g�l�e�-�r�e�g�i�m�e� �G�r�e�e�n�b�e�r�g� �m�o�d�e�l�.� �G�r�e�e�n�b�e�r�g ��s� �m�o�d�e�l� �i�s� �e�s�s�e�n�t�i�a�l�l�y� �f�o�c�u�s�e�d� �o�n� 

�r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �c�o�n�g�e�s�t�e�d� �f�l�o�w� �r�e�g�i�m�e� �a�n�d� �t�h�e� �f�r�e�e�-�f�l�o�w� �r�e�g�i�m�e� �i�s� �n�e�g�l�e�c�t�e�d�.� �h�e�n�c�e�,� 

�i�n� �t�h�i�s� �m�o�d�e�l� �t�h�e� �f�r�e�e�-�f�l�o�w� �r�e�g�i�m�e� �s�p�e�e�d� �i�s� �c�o�n�s�t�a�n�t� �w�h�i�l�e� �G�r�e�e�n�b�e�r�g ��s� �m�o�d�e�l� �r�e�p�r�e�s�e�n�t�s� 

�t�h�e� �c�o�n�g�e�s�t�e�d� �f�l�o�w� �r�e�g�i�m�e�.� �T�h�e� �f�r�e�e�-�f�l�o�w� �a�n�d� �c�o�n�g�e�s�t�e�d� �r�e�g�i�m�e�s� �a�r�e� �d�e�m�a�r�k�e�d� �b�y� �u�s�i�n�g� 

�a� �b�r�e�a�k�p�o�i�n�t� �f�o�r� �d�e�n�s�i�t�y� �w�h�i�c�h� �i�s� �g�i�v�e�n� �b�y� �k�=�3�5�,� �s�u�c�h� �t�h�a�t� �i�f� �k� �i�s� �l�e�s�s� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� 

�3�5� �t�h�e�n� �t�h�e� �f�l�o�w� �i�s� �i�n� �f�r�e�e�-�f�l�o�w� �r�e�g�i�m�e�,� �o�t�h�e�r�w�i�s�e� �t�h�e� �f�l�o�w� �i�s� �i�n� �c�o�n�g�e�s�t�e�d� �f�l�o�w� �r�e�g�i�m�e�.� 

�T�h�e� �m�o�d�i�f�i�e�d� �G�r�e�e�n�b�e�r�g� �m�o�d�e�l� �c�a�n� �b�e� �r�e�p�r�e�s�e�n�t�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�F�r�e�e�-�f�l�o�w� �r�e�g�i�m�e�:�-� 

�T�r�a�f�f�i�c� �S�t�r�e�a�m� �M�o�d�e�l�i�n�g� �1�0�8



�1�4�5�.�5� �=�3�2�I�n�( � � � �� �u� �(� �i� �)� 

�i�f� �k�2�3�5� 

�W�h�e�r�e�,� �u� �=� �s�p�e�e�d� �o�f� �t�h�e� �v�e�h�i�c�l�e� 

�k� �=� �d�e�n�s�i�t�y� 

�T�h�e� �p�r�o�g�r�e�s�s� �o�f� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �u�n�d�e�r� �r�e�a�l�i�s�t�i�c� �c�o�n�d�i�t�i�o�n�s� �c�o�u�l�d� �b�e� �s�i�m�u�l�a�t�e�d� �b�y� 

�u�s�i�n�g� �t�h�i�s� �m�o�d�e�l� �w�h�e�r�e� �t�h�e� �e�n�t�i�r�e� �r�a�n�g�e� �o�f� �s�p�e�e�d�-�d�e�n�s�i�t�y� �r�e�l�a�t�i�o�n�s�h�i�p� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y� 

�t�h�e� �m�o�d�i�f�i�e�d� �G�r�e�e�n�b�e�r�g� �m�o�d�e�l�.� �T�h�i�s� �m�o�d�e�l� �i�s� �e�s�s�e�n�t�i�a�l�l�y� �s�i�m�u�l�a�t�e�d� �b�y� �d�e�f�i�n�i�n�g� �t�h�e� 

�h�e�a�d�w�a�y�s� �b�e�t�w�e�e�n� �v�a�r�i�o�u�s� �v�e�h�i�c�l�e�s� �i�n� �o�r�d�e�r� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �d�e�n�s�i�t�y� �o�f� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� 

�w�h�i�c�h� �i�s� �t�h�e� �o�n�l�y� �f�a�c�t�o�r� �a�f�f�e�c�t�i�n�g� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �v�e�h�i�c�l�e�s� �i�n� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m�.� 

�T�h�e� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e� �i�n� �t�h�e� �s�t�r�e�a�m� �i�s� �g�i�v�e�n� �a� �s�p�e�e�d� �f�u�n�c�t�i�o�n� �i�n�c�o�r�p�o�r�a�t�i�n�g� �a�l�l� �t�h�e� 

�r�e�a�l�i�s�t�i�c� �p�a�r�a�m�e�t�e�r�s� �l�i�k�e� �l�o�w� �s�p�e�e�d� �r�e�g�i�o�n�s� �a�n�d� �s�i�g�n�a�l�i�z�e�d� �i�n�t�e�r�s�e�c�t�i�o�n�s� �e�t�c�.� �T�h�e�s�e� �f�a�c�t�o�r�s� 

�a�r�e� �a�d�o�p�t�e�d� �b�y� �o�t�h�e�r� �v�e�h�i�c�l�e�s� �t�h�a�t� �f�o�l�l�o�w� �t�h�i�s� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e� �a�s� �i�t� �i�s� �o�b�v�i�o�u�s� �f�r�o�m� �t�h�e� 

�e�q�u�a�t�i�o�n� �t�h�a�t� �e�a�c�h� �v�e�h�i�c�l�e ��s� �s�p�e�e�d� �i�s� �r�e�s�t�r�i�c�t�e�d� �b�y� �i�t�s� �d�i�s�t�a�n�c�e� �f�r�o�m� �t�h�e� �p�r�e�c�e�d�i�n�g� �v�e�h�i�c�l�e�.� 

�T�h�i�s� �h�e�a�d�w�a�y� �i�s� �u�t�i�l�i�z�e�d� �i�n� �t�i�m�i�n�g� �t�h�e� �m�e�r�g�i�n�g� �o�f� �t�h�e� �v�e�h�i�c�l�e�s� �w�h�i�c�h� �j�o�i�n� �t�h�e� �m�a�i�n�s�t�r�e�a�m� 

�o�f� �t�h�e� �v�e�h�i�c�l�e�s� �a�t� �s�o�m�e� �d�i�s�t�a�n�c�e� �a�w�a�y� �f�r�o�m� �t�h�e� �p�o�i�n�t� �w�h�e�r�e� �t�h�e� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e� �s�t�a�r�t�s� �a�t� 

�t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n�.� 
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�T�h�e� �s�i�m�u�l�a�t�i�o�n� �i�s� �c�a�r�r�i�e�d� �o�u�t� �m�a�i�n�l�y� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �v�a�l�u�e�s� �o�f� �d�i�f�f�e�r�e�n�t� �t�r�a�f�f�i�c� 

�f�l�o�w� �p�a�r�a�m�e�t�e�r�s� �a�s� �t�h�e� �v�e�h�i�c�l�e�s� �s�t�a�r�t� �m�o�v�i�n�g�.� �T�h�i�s� �c�a�n� �b�e� �a�c�h�i�e�v�e�d� �b�y� �o�b�t�a�i�n�i�n�g� �p�l�o�t�s� 

�f�o�r� �v�a�r�i�o�u�s� �p�a�r�a�m�e�t�e�r�s� �t�h�a�t� �a�r�e� �t�o� �b�e� �a�n�a�l�y�z�e�d�.� �I�n� �t�h�i�s� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�,� �t�h�e� �p�l�o�t� 

�b�e�t�w�e�e�n� �d�i�s�t�a�n�c�e� �a�n�d� �t�i�m�e� �g�i�v�e�s� �a� �n�i�c�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �m�o�v�e�m�e�n�t� �o�f� �v�e�h�i�c�l�e�s� �o�n�c�e� 

�t�h�e�y� �s�t�a�r�t� �m�o�v�i�n�g�.� �T�h�i�s� �m�o�d�e�l� �a�s�s�u�m�e�s� �a� �c�o�n�s�t�a�n�t� �s�p�e�e�d� �i�n� �f�r�e�e�-�f�l�o�w� �r�e�g�i�m�e� �w�h�i�c�h� �a�t� 

�m�a�n�y� �t�i�m�e�s� �m�a�y� �n�o�t� �b�e� �v�e�r�y� �r�e�a�l�i�s�t�i�c� �a�s� �e�v�e�n� �u�n�d�e�r� �f�r�e�e�-�f�l�o�w� �c�o�n�d�i�t�i�o�n�s� �t�h�e�r�e� �w�i�l�l� �b�e� 

�v�a�r�i�a�t�i�o�n�s� �i�n� �t�h�e� �s�p�e�e�d�s� �o�f� �t�h�e� �v�e�h�i�c�l�e�.� �T�h�i�s� �m�o�d�e�l� �a�l�s�o� �i�n�c�o�r�p�o�r�a�t�e�s� �a�l�l� �t�h�e� �d�e�f�e�c�t�s� �o�f� 

�G�r�e�e�n�b�e�r�g ��s� �m�o�d�e�l�.� �T�h�e� �b�r�e�a�k�p�o�i�n�t� �f�o�r� �c�o�n�g�e�s�t�e�d� �r�e�g�i�m�e� �a�p�p�e�a�r�s� �t�o� �b�e� �t�o�o� �l�o�w� �a�s� �f�r�o�m� 

�t�h�i�s� �p�o�i�n�t� �o�n�w�a�r�d�s� �G�r�e�e�n�b�e�r�g ��s� �m�o�d�e�l� �i�s� �a�p�p�l�i�e�d� �w�h�i�c�h� �i�s� �n�o�t� �v�e�r�y� �g�o�o�d� �u�n�d�e�r� �f�r�e�e�-�f�l�o�w� 

�c�o�n�d�i�t�i�o�n�s�.� 

�5�.�1�1�.�1� �D�Y�N�A�M�O� �P�r�o�g�r�a�m� �F�o�r� �M�o�d�i�f�i�e�d� �G�r�e�e�n�b�e�r�g� �M�o�d�e�l� 

�A� �V�1�.�K�=�C�L�I�P�(�V�1�2�.�K�,�V�1�1�.�K�,�X�1�.�K�,� �1�5�0�0�)� 
�A� �V�1�2�.�K�=�C�L�I�P�(�V�1�4�.�K�,�V�1�3�.�K�,�X�1�.�K�,� �1�7�5�0�)� 
�L� �V�1�1�.�K�=�V�1�1�.�J�+�(�D�T�)�*�A�1�.�J�K� 
�N� �V�v�1�1�=�0� 
�A� �V�1�4�.�K�=�C�L�I�P�(�V�1�4�1�.�K�,�V�1�1�.�K�,�X�1�.�K�,�2�5�0�0�)� 
�A� �V�1�4�1�.�K�=�C�L�I�P�(�V�1�4�2�.�K�,�V�1�1�.�K�,� �T�I�M�E�.�K�,�4�5�)� 
�A� �V�1�4�2�.�K�=�C�L�I�P�(�V�1�1�.�K�,�0�,� �T�I�M�E�.�K�,�6�0�)� 
�A� �V�1�3�.�K�=�C�L�I�P�(�V�1�3�1�.�K�,�3�7�,�V�1�3�1�.�K�,�3�7�)� 
�L� �V�1�3�1�.�K�=�V�1�3�1�.�J�-�(�D�T�)�*�A�1�2�.�J�K� 
�R� �A�l�2�.�K�L�=�4� 
�N� �V�1�3�1�=�9�5�.�3�5�5� 
�R� �A�1�.�K�L�=�(�A�-�B�*�V�0�)�*�E�X�P�(�-�B�*�T�I�M�E�.�K�)� 
�C�c� �A�=�4�.�0� 
�C� �B�=�0�.�4�1�9�4�8�5� 
�C� �V�O�o�=�0� 
�L� �T�I�M�E�.�K�=�T�I�M�E�.�J�+� �D�T� 
�N� �T�I�M�E�=�0� 
�N� �V�F�=�8�0� 

�T�r�a�f�f�i�c� �S�t�r�e�a�m� �M�o�d�e�l�i�n�g� �1�1�0



�D�C�F�=�5�2�8�0� 
�V�C�F� �=� �1�.�4�6�7� 
�V�C�F� �-� �V�E�L�O�C�I�T�Y� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�D�C�F� �-� �D�I�S�T�A�N�C�E� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�V�1� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �1� 
�P�C�1�.�K�L�=�V�1�.�K� 
�X�1�.�K�=�X�1�.�J�+�(�D�T�)�\�P�C�1�.�J�K�)� 
�X�1�=�0� 
�X�1� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �1� 
�P�C�I� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �1� 
�V�2�.�K�=�C�L�I�P�(�V�2�C�.�K�,� �V�2�F�,�K�2�.�K�,�3�5�)� 
�V�2�C�.�K� �=�3�2�*�L�O�G�N�(�1�4�5�.�5�/�K�2�.�K�)� 
�V�2�F�=�4�8� 
�K�2�.�K�=�D�C�F�/�H�2�.�K� 
�H�2�.�K�=�X�1�.�K�-�X�2�.�K� 
�V�2� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�H�2� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�X�2�.�K�=�X�2�.�J�+�(�D�T�)�*�P�C�2�.�J�K� 
�P�C�2�.�K�L�=�V�2�.�K� 
�X�2�=�-�1�0�0� 
�P�C�2� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �2� 
�X�2� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �2� 
�V�3�.�K�=�C�L�I�P�(�V�3�C�.�K�,�V�3�F�,�K�3�.�K�,�3�5�)� 
�V�3�C�.�K�=�3�2�*�L�O�G�N�(�1�4�5�.�5�/�K�3�.�K�)� 
�V�3�F�=�4�8� 
�K�3�.�K�=�D�C�F�/�H�3�.�K� 
�H�3�.�K�=�X�2�.�K�-�X�3�.�K� 
�V�3� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�H�3� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�X�3�.�K�=�X�3�.�J�+�(�D�T�)�*�P�C�3�.�J�K� 
�P�C�3�.�K�L�=�V�3�.�K� 
�X�3�=�-�2�0�0� 
�P�C�3� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �3� 
�X�3� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �3� 
�V�4�.�K�=�C�L�I�P�(�V�4�C�.�K�,� �V�4�F�,�K�4�.�K�,�3�5�)� 
�V�4�C�.�K� �=�3�2�*�L�O�G�N�(�1�4�5�.�5�/�K�4�.�K�)� 
�V�4�F� �=�4�8� 
�K�4�.�K�=�D�C�F�/�H�4�.�K� 
�H�4�.�K�=�X�3�.�K�-�X�4�.�K� 
�V�4� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�H�4� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�X�4�.�K�=�X�4�.�J�+�(�D�T�)�*�P�C�4�.�J�K� 
�P�C�4�.�K�L�=�V�4�.�K� 
�X�4�=�-�3�0�0� 
�P�C�4� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �4� 
�X�4� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �4� 
�V�5�.�K�=�C�L�I�P�(�V�S�C�.�K�,� �V�5�F�,�K�5�.�K�,�3�5�)� 
�V�5�C�.�K�=�3�2�*�L�O�G�N�(�1�4�5�.�5�/�K�5�.�K�)� 
�V�5�F�=�4�8� 
�K�5�.�K�=�D�C�F�/�H�5�.�K� 
�H�5�.�K�=�X�4�.�K�-�X�5�.�K� 

�T�r�a�f�f�i�c� �S�t�r�e�a�m� �M�o�d�e�l�i�n�g� �1�1�1
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�V�5� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �5� 
�H�S� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �5� 
�X�5�.�K�=�X�5�.�J�+�(�D�T�)�*�P�C�5�.�1�K� 
�P�C�S�.�K�L�=�V�5�.�K� 
�X�5�=�-�4�0�0� 
�P�C�S� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �5� 
�X�5� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �5� 
�V�6�.�K�=�C�L�I�P�(�V�6�C�.�K�,� �V�6�F�,�K�6�.�K�,�3�5�)� 
�V�6�C�.�K� �=�3�2�*�L�O�G�N�(�1�4�5�.�5�/�K�6�.�K�)� 
�V�6�F�=�4�8� 
�K�6�.�K�=�D�C�F�/�H�6�.�K� 
�H�6�.�K�=�X�5�.�K�-�X�6�.�K� 
�V�6� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�H�6� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�X�6�.�K�=�X�6�.�J�+�(�D�T�)�*�P�C�6�.�J�K� 
�P�C�6�.�K�L�=�V�6�.�K� 
�X�6�=�-�5�0�0� 
�P�C�6� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �6� 
�X�6� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �6� 
�V�7�.�K�=�C�L�I�P�(�V�7�1�.�K�,�0�,�X�2�.�K�,�3�0�5�0�)� 
�V�7�1�.�K�=�C�L�I�P�(�V�7�C�.�K�,� �V�7�F�.�K�,�K�7�.�K�,�3�5�)� 
�K�7�.�K�=�M�A�X�(�1�,�K�7�1�.�K�)� 
�V�7�C�.�K� �=�3�2�*�L�O�G�N�(�1�4�5�.�5�/�K�7�.�K�)� 
�K�7�1�.�K�=�D�C�F�/�H�7�.�K� 
�H�7�.�K�=�X�2�.�K�-�X�7�.�K� 
�V�7�F�=�4�8� 
�V�7� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�H�7� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�X�7�.�K�=�X�7�.�J�+�(�D�T�)�*�P�C�7�.�J�K� 
�P�C�7�.�K�L�=�V�7�.�K� 
�X�7�=�3�0�0�0� 
�P�C�7� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �7� 
�X�7� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �7� 
�V�8�.�K�=�C�L�I�P�(�V�8�1�.�K�,�0�,�X�7�.�K�,�3�3�5�0�)� 
�V�8�1�.�K�=�C�L�I�P�(�V�8�C�.�K�,� �V�8�F�.�K�,�K�8�.�K�,�3�5�)� 
�K�8�.�K�=�M�A�X�(�1�,�K�8�1�.�K�)� 
�V�8�C�.�K� �=�3�2�*�L�O�G�N�(�1�4�5�.�5�/�K�8�.�K�)� 
�K�8�1�.�K�=�D�C�F�/�H�8�.�K� 
�H�8�.�K�=�X�7�.�K�-�X�8�.�K� 
�V�8�F�=�4�8� 
�V�8� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �8� 
�H�8� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �8� 
�X�8�.�K�=�X�8�.�J�+�(�D�T�)�*�P�C�8�.�J�K� 
�P�C�8�.�K�L�=�V�8�.�K� 
�X�8�=�3�3�0�0� 
�P�C�8� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �8� 
�X�8� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �8� 
�V�9�.�K�=�C�L�I�P�(�V�9�1�.�K�,�0�,�X�8�.�K�,�3�6�5�0�)� 
�V�9�1�.�K�=�C�L�I�P�(�V�9�C�.�K�,� �V�9�F�.�K�,�K�9�.�K�,�3�5�)� 
�K�9�.�K�=�M�A�X�(�1�,�K�9�1�.�K�)� 
�V�9�C�.�K� �=�3�2�*�L�O�G�N�(�1�4�5�.�5�/�K�9�.�K�)� 
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�A� �K�9�1�.�K�=�D�C�F�/�H�9�.�K� 
�A� �H�9�.�K�=�X�8�.�K�-�X�9�.�K� 
�C�c� �V�9�O�F�=�4�8� 
�N�O�T�E� �V�9� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �9� 
�N�O�T�E� �H�9� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �9� 
�L� �X�9�.�K�=�X�9�.�J� �+�(�D�T�)�*�P�C�9�.�J�K� 
�R� �P�C�9�.�K�L�=�V�9�.�K� 
�N� �X�9�=�3�6�0�0� 
�N�O�T�E� �P�C�9� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �9� 
�N�O�T�E� �X�9� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �9� 
�S�P�E�C� �D�T�=�0�.� �1�/�L�E�N�G�T�H�=� �1�5�0�/�P�L�T�P�E�R�=�1� 
�P�L�O�T� �V�1�=�1�,�V�2�=�2�,�V�3�=�3�,�V�4�=�4�,� �V�5�=�5�,�V�6�=�6�,� �V�7�=�7�,�V�8�=�8�,� �V�9�=�9� �(�*�,�*�)� 
�R�U�N� 
�Q�U�I�T� 
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�5�.�1�2� �T�h�r�e�e�-�R�e�g�i�m�e� �L�i�n�e�a�r� �M�o�d�e�l� 

�T�h�e� �t�h�r�e�e�-�r�e�g�i�m�e� �l�i�n�e�a�r� �m�o�d�e�l� �i�s� �t�h�e� �l�a�s�t� �o�f� �a�l�l� �t�h�e� �m�u�l�t�i�-�r�e�g�i�m�e� �m�o�d�e�l�s� �s�u�g�g�e�s�t�e�d� 

�b�y� �t�h�e� �N�o�r�t�h�w�e�s�t�e�r�n� �g�r�o�u�p� �t�o� �r�e�p�r�e�s�e�n�t� �t�r�a�f�f�i�c� �f�l�o�w�.� �T�h�i�s� �m�o�d�e�l� �h�a�s� �t�h�r�e�e� �r�e�g�i�m�e�s� 

�n�a�m�e�l�y�,� �f�r�e�e�-�f�l�o�w� �r�e�g�i�m�e�,� �t�r�a�n�s�i�t�i�o�n�a�l�-�f�l�o�w� �r�e�g�i�m�e� �a�n�d� �c�o�n�g�e�s�t�e�d� �f�l�o�w� �r�e�g�i�m�e� �e�a�c�h� �b�e�i�n�g� 

�r�e�p�r�e�s�e�n�t�e�d� �b�y� �t�h�e� �G�r�e�e�n�s�h�i�e�l�d�s� �f�o�r�m�u�l�a�t�i�o�n�.� �T�h�e� �f�i�r�s�t� �d�i�f�f�i�c�u�l�t�y� �i�n� �t�h�i�s� �m�o�d�e�l� �i�s� 

�d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �b�r�e�a�k�p�o�i�n�t� �b�e�t�w�e�e�n� �t�h�e� �r�e�g�i�m�e�s�.� �T�h�e� �N�o�r�t�h�w�e�s�t�e�r�n� �g�r�o�u�p� �a�p�p�l�i�e�d� �t�h�e� 

�w�o�r�k� �o�f� �Q�u�a�n�d�t� �o�n� �l�i�k�e�l�i�h�o�o�d� �f�u�n�c�t�i�o�n�s� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� �b�r�e�a�k�p�o�i�n�t�s� �b�e�t�w�e�e�n� �r�e�g�i�m�e�s� �u�s�i�n�g� 

�f�r�e�e�w�a�y� �d�a�t�a� �s�e�t�.� �T�h�e�n� �u�s�i�n�g� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s�,� �t�h�e� �b�e�s�t� �m�o�d�e�l� �w�a�s� �s�e�l�e�c�t�e�d� �f�o�r� �e�a�c�h� 

�r�e�g�i�m�e�.� �T�h�i�s� �m�o�d�e�l� �u�s�e�s� �a�  ��k �� �v�a�l�u�e� �o�f� �4�0� �t�o� �d�e�f�i�n�e� �t�h�e� �b�o�u�n�d�a�r�i�e�s� �o�f� �f�r�e�e�-�f�l�o�w� �a�n�d� 

�t�r�a�n�s�i�t�i�o�n�a�l� �f�l�o�w� �r�e�g�i�m�e� �i�n� �s�u�c�h� �a� �w�a�y� �t�h�a�t� �i�f�  ��k �� �i�s� �l�e�s�s� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �4�0� �t�h�e�n� �i�t� �i�s� 

�f�r�e�e�-�f�l�o�w� �o�t�h�e�r�w�i�s�e�,� �f�l�o�w� �i�s� �i�n� �t�r�a�n�s�i�t�i�o�n�a�l� �f�l�o�w� �r�e�g�i�m�e�.� �I�f�  ��k �� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �o�r� �e�q�u�a�l� 

�t�o� �6�5� �t�h�e�n� �t�h�e� �f�l�o�w� �i�s� �i�n� �c�o�n�g�e�s�t�e�d� �f�l�o�w� �r�e�g�i�m�e�.� �H�e�n�c�e�,� �t�h�i�s� �m�o�d�e�l� �u�s�e�s� �t�h�r�e�e� �e�q�u�a�t�i�o�n�s� 

�t�o� �r�e�p�r�e�s�e�n�t� �t�r�a�f�f�i�c� �f�l�o�w� �w�h�i�c�h� �c�a�n� �b�e� �r�e�p�r�e�s�e�n�t�e�d� �a�s� �:� 

�F�r�e�e�-�f�l�o�w�_� �r�e�g�i�m�e�:�-� 

�u� �=� �5�0�-�0�.�0�9�8�k� 

�i�f� �k�<�4�0� 

�T�r�a�n�s�i�t�i�o�n�a�l�-�f�l�o�w� �r�e�g�i�m�e�:�-� 

�u� �=� �8�1�.�4�-�0�.�9�1�3�k� 

�i�f� �4�0�<�k�<�6�5� 
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�C�o�n�g�e�s�t�e�d�-�f�l�o�w�_�r�e�g�i�m�e�:�-� 

�u� �=� �4�0�-�0�.�2�6�5�k� 

�i�f� �k�2�6�5� 

�W�h�e�r�e�,� �u� �=� �s�p�e�e�d� �o�f� �v�e�h�i�c�l�e� 

�k� �=� �d�e�n�s�i�t�y� 

�T�h�i�s� �m�o�d�e�l� �i�s� �s�i�m�u�l�a�t�e�d� �b�a�s�e�d� �o�n� �t�h�e� �a�s�s�u�m�p�t�i�o�n� �t�h�a�t� �a�l�l� �t�h�e� �v�e�h�i�c�l�e�s� �i�n� �t�h�e� �s�t�r�e�a�m� 

�S�t�a�r�t� �w�i�t�h� �a� �s�p�e�e�d� �o�f� �z�e�r�o� �a�t� �t�h�e� �t�i�m�e� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �b�e�g�i�n�s�.� �T�h�e� �l�e�a�d�i�n�g� �c�a�r� �i�s� �t�h�e�n� 

�g�i�v�e�n� �a� �n�o�n�-�l�i�n�e�a�r� �a�c�c�e�l�e�r�a�t�i�o�n� �a�n�d� �t�h�e� �o�t�h�e�r� �c�a�r�s� �f�o�l�l�o�w� �t�h�e� �l�e�a�d�i�n�g� �c�a�r� �a�c�c�o�r�d�i�n�g� �t�o� �o�n�e� 

�o�f� �t�h�e� �r�e�g�i�m�e�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�.� �T�h�e�s�e� �r�e�g�i�m�e�s� �c�o�u�l�d� �b�e� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n� �e�v�e�r�y� �v�e�h�i�c�l�e� 

�b�y� �p�r�o�v�i�d�i�n�g� �a� �C�L�I�P� �f�u�n�c�t�i�o�n� �f�o�r� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �v�e�h�i�c�l�e�s�.� 

�T�h�e� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e� �i�s� �g�i�v�e�n� �c�e�r�t�a�i�n� �r�e�a�l�i�s�t�i�c� �c�o�n�d�i�t�i�o�n�s� �l�i�k�e� �l�o�w� �s�p�e�e�d� �r�e�g�i�o�n�s� �l�i�k�e� 

�c�u�r�v�e�s�,� �b�r�i�d�g�e�s� �e�t�c�.�,� �i�n�t�e�r�r�u�p�t�i�o�n�s� �l�i�k�e� �s�i�g�n�a�l�i�z�e�d� �i�n�t�e�r�s�e�c�t�i�o�n�s� �e�t�c�.� �i�n� �d�e�f�i�n�i�n�g� �t�h�e� �s�p�e�e�d� 

�o�f� �t�h�e� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �v�e�h�i�c�l�e�s� �w�i�l�l� �h�a�v�e� �v�e�l�o�c�i�t�y� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �s�i�m�i�l�a�r� 

�t�o� �t�h�e� �l�e�a�d�i�n�g� �v�e�h�i�c�l�e�,� �a�s� �t�h�e�y� �a�r�e� �a�l�l� �t�i�e�d� �t�o�g�e�t�h�e�r� �b�y� �t�h�e� �d�e�n�s�i�t�y� �f�u�n�c�t�i�o�n�.� �D�u�e� �t�o� �t�h�i�s�,� 

�t�h�e� �m�e�r�g�i�n�g� �o�f� �v�e�h�i�c�l�e�s� �i�n�t�o� �m�a�i�n�s�t�r�e�a�m� �c�a�n� �a�l�s�o� �b�e� �a�c�h�i�e�v�e�d� �b�y� �c�o�n�t�r�o�l�l�i�n�g� �t�h�e�s�e� 

�p�a�r�a�m�e�t�e�r�s�.� �T�h�e� �m�o�d�e�l� �i�s� �s�i�m�u�l�a�t�e�d� �f�o�r� �a�l�l� �t�h�e� �p�o�s�s�i�b�l�e� �r�e�a�l�i�s�t�i�c� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �p�l�o�t�s� �a�r�e� 

�o�b�t�a�i�n�e�d� �f�o�r� �v�a�r�i�o�u�s� �t�r�a�f�f�i�c� �f�l�o�w� �p�a�r�a�m�e�t�e�r�s� �l�i�k�e� �d�e�n�s�i�t�y�,� �s�p�e�e�d�,� �d�i�s�t�a�n�c�e� �e�t�c�.� 
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�T�h�e� �p�l�o�t�s� �o�b�t�a�i�n�e�d� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �f�l�u�c�t�u�a�t�i�o�n�s� �i�n� �t�h�e� �d�e�n�s�i�t�i�e�s� �o�f� �t�h�e� �t�r�a�f�f�i�c� 

�s�t�r�e�a�m� �i�s� �v�e�r�y� �w�e�l�l� �r�e�f�l�e�c�t�e�d� �b�y� �c�o�r�r�e�s�p�o�n�d�i�n�g� �c�h�a�n�g�e�s� �i�n� �t�h�e� �s�p�e�e�d� �o�f� �v�e�h�i�c�l�e�s� �i�n� �t�h�i�s� 

�m�o�d�e�l�.� �I�t� �c�a�n� �a�l�s�o� �b�e� �o�b�s�e�r�v�e�d� �t�h�a�t� �t�h�e� �s�t�a�b�i�l�i�t�y� �o�f� �t�r�a�f�f�i�c� �f�l�o�w� �i�s� �a�t�t�a�i�n�e�d� �a�c�c�o�r�d�i�n�g� �t�o� 

�t�h�i�s� �m�o�d�e�l� �i�n� �a� �m�o�r�e� �r�e�a�l�i�s�t�i�c� �w�a�y� �a�s� �i�t� �h�a�s� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �r�e�g�i�m�e�s� �t�o� �d�e�f�i�n�e� �t�h�e� �t�r�a�f�f�i�c� 

�f�l�o�w� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �t�r�a�n�s�i�t�i�o�n�a�l�-�f�l�o�w� �r�e�g�i�m�e� �p�l�a�y�s� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� 

�s�p�e�e�d�-�d�e�n�s�i�t�y� �r�e�l�a�t�i�o�n�s�h�i�p�s�.� �U�n�l�i�k�e� �o�t�h�e�r� �m�o�d�e�l�s�,� �w�h�e�r�e� �o�n�l�y� �t�w�o� �r�e�g�i�m�e�s� �a�r�e� 

�c�o�n�s�i�d�e�r�e�d�,� �t�h�i�s� �m�o�d�e�l� �h�a�s� �m�o�r�e� �f�l�e�x�i�b�i�l�i�t�y� �a�s� �i�t� �e�f�f�e�c�t�i�v�e�l�y� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �v�a�r�i�o�u�s� 

�c�o�n�d�i�t�i�o�n�s� �d�u�r�i�n�g� �t�h�e� �p�r�o�g�r�e�s�s� �o�f� �a� �t�r�a�f�f�i�c� �s�t�r�e�a�m�.� �T�h�e� �t�r�a�n�s�i�t�i�o�n�a�l�-�f�l�o�w� �r�e�g�i�m�e� �t�a�k�e�s� 

�c�a�r�e� �o�f� �t�h�e� �u�n�s�t�a�b�l�e� �c�o�n�d�i�t�i�o�n�s� �t�h�a�t� �a�r�i�s�e� �b�e�f�o�r�e� �c�o�n�g�e�s�t�i�o�n� �s�e�t�s� �i�n�.� �I�f� �c�o�n�g�e�s�t�i�o�n� �i�s� 

�d�e�p�i�c�t�e�d� �a�t� �t�h�i�s� �s�t�a�g�e�,� �t�h�e�n� �p�r�e�c�a�u�t�i�o�n�a�r�y� �m�e�a�s�u�r�e�s� �c�o�u�l�d� �b�e� �t�a�k�e�n�.� �h�e�n�c�e�,� �t�h�i�s� �m�o�d�e�l� 

�m�a�y� �b�e� �u�s�e�d� �i�n� �t�h�e� �c�o�n�g�e�s�t�i�o�n� �d�e�p�i�c�t�i�o�n� �m�o�d�e�l�.� 

�5�.�1�2�.�1� �D�Y�N�A�M�O� �P�r�o�g�r�a�m� �F�o�r� �T�h�r�e�e�-�R�e�g�i�m�e� �L�i�n�e�a�r� �M�o�d�e�l� 

�V�1�.�K�=�C�L�I�P�(�V�1�2�.�K�,�V�1�1�.�K�,�X�1�.�K�,� �1�5�0�0�)� 
�V�1�2�.�K�=�C�L�I�P�(�V�1�4�.�K�,�V�1�3�.�K�,�X�1�.�K�,�1�7�5�0�)� 
�V�1�1�.�K�=�V�1�1�.�J�+�(�D�T�)�*�A�1�.�J�K� 
�V�1�1�=�0� 
�V�1�4�.�K�=�C�L�I�P�(�V�1�4�1�.�K�,�V�1�1�.�K�,�X�1�.�K�,�2�5�0�0�)� 
�V�1�4�1�.�K�=�C�L�I�P�(�V�1�4�2�.�K�,�V�1�1�.�K�,� �T�I�M�E�.�K�,�4�5�)� 
�V�1�4�2�.�K� �=�C�L�I�P�(�V�1�1�.�K�,�0�,� �T�I�M�E�.�K�,�6�0�)� 
�V�1�3�.�K�=�C�L�I�P�(�V�1�3�1�.�K�,�3�7�,�V�1�3�1�.�K�,�3�7�)� 
�V�1�3�1�.�K�=�V�1�3�1�.�J�-�(�D�T�)�*�A�1�2�.�J�K� 
�A�1�2�.�K�L�=�4� 
�V�1�3�1�=�9�5�.�3�5�5� 
�A�1�.�K�L�=�(�A�-�B�*�V�0�)�*�E�X�P�(�-�B�*�T�I�M�E�.�K�)� 
�A�=�4�.�0� 
�B�=�0�.�4�1�9�4�8�5� 
�V�o�=�0� 
�T�I�M�E�.�K�=�T�I�M�E�.�J�+�D�T� �
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�T�I�M�E�=�0� 
�V�F�=�8�0� 
�D�C�F�=�5�2�8�0� 
�V�C�F�=�1�.�4�6�7� 
�V�C�F� �-� �V�E�L�O�C�I�T�Y� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�D�C�F� �-� �D�I�S�T�A�N�C�E� �C�O�N�V�E�R�S�I�O�N� �F�A�C�T�O�R� 
�V�1� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �1� 
�P�C�1�.�K�L�=�V�1�.�K� 
�X�1�.�K�=�X�1�.�J�+�(�D�T�)�(�P�C�1�.�J�K�)� 
�X�1�=�0� 
�X�1� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �1� 
�P�C�1� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �1� 
�V�2�.�K�=�C�L�I�P�(�V�2�1�.�K�,�V�2�F�.�K�,�K�2�.�K�,�4�0�)� 
�V�2�F�.�K�=�5�0�-�0�.�0�9�8�"�K�2�.�K� 
�V�2�1�.�K�=�C�L�I�P�(�V�2�1�1�.�K�,�V�2�2�.�K�,�K�2�.�K�,�6�5�)� 
�V�2�1�1�.�K�=�4�0�-�0�.�2�6�5�*�K�2�.�K� 
�V�2�2�.�K�=�8�1�.�4�-�0�.�9�1�3�"�K�2�.�K� 
�K�2�.�K�=�D�C�F�/�H�2�.�K� 
�H�2�.�K�=�X�1�.�K�-�X�2�.�K� 
�X�2�.�K�=�X�2�.�J�+�(�D�T�)�*�P�C�2�.�J�K� 
�P�C�2�.�K�L�=�V�2�.�K� 
�X�2�=�-�1�0�0� 
�V�2� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�K�2� �-� �D�E�N�S�I�T�Y� 
�H�2� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �2� 
�X�2� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �2� 
�P�C�2� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �2� 
�V�3�.�K�=�C�L�I�P�(�V�3�1�.�K�,�V�3�F�.�K�,�K�3�.�K�,�4�0�)� 
�V�3�F�.�K�=�5�0�-�0�.�0�9�8�*�K�3�.�K� 
�V�3�1�.�K�=�C�L�I�P�(�V�3�1�1�.�K�,�V�3�2�.�K�,�K�3�.�K�,�6�5�)� 
�V�3�1�1�.�K�=�4�0�-�0�.�2�6�5�*�K�3�.�K� 
�V�3�2�.�K�=�8�1�.�4�-�0�.�9�1�3�*�K�3�.�K� 
�K�3�.�K�=�D�C�F�/�H�3�.�K� 
�H�3�.�K�=�X�2�.�K�-�X�3�.�K� 
�X�3�.�K�=�X�3�.�J�+�(�D�T�)�*�P�C�3�.�J�K� 
�P�C�3�.�K�L�=�V�3�.�K� 
�X�3�=�-�2�0�0� 
�V�3� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�K�3� �-� �D�E�N�S�I�T�Y� 
�H�3� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �3� 
�X�3� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �3� 
�P�C�3� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �3� 
�V�4�.�K�=�C�L�I�P�(�V�4�1�.�K�,� �V�4�F�.�K�,�K�4�.�K�,�4�0�)� 
�V�4�F�.�K�=�5�0�-�0�.�0�9�8�*�K�4�.�K� 
�V�4�1�.�K�=�C�L�I�P�(�V�4�1�1�.�K�,�V�4�2�.�K�,�K�4�.�K�,�6�5�)� 
�V�4�1�1�.�K�=�4�0�-�0�.�2�6�5�*�K�4�.�K� 
�V�4�2�.�K�=�8�1�.�4�-�0�.�9�1�3�*�K�4�.�K� 
�K�4�.�K�=�D�C�F�/�H�4�.�K� 
�H�4�.�K�=�X�3�.�K�-�X�4�.�K� 
�X�4�.�K�=�X�4�.�J�+�(�D�T�)�*�P�C�4�.�J�K� 
�P�C�4�.�K�L�=�V�4�.�K� 
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�X�4�=�-�3�0�0� 
�V�4� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�K�4� �-� �D�E�N�S�I�T�Y� 
�H�4� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �4� 
�X�4� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �4� 
�P�C�4� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �4� 
�V�5�.�K�=�C�L�I�P�(�V�5�1�.�K�,� �V�5�F�.�K�,�K�5�.�K�,�4�0�)� 
�V�5�F�.�K�=�5�0�-�0�.�0�9�8�*�K�5�.�K� 
�V�5�1�.�K�=�C�L�I�P�(�V�5�1�1�.�K�,� �V�5�2�.�K�,�K�5�.�K�,�6�5�)� 
�V�5�1�1�.�K�=�4�0�-�0�.�2�6�5�*�K�5�.�K� 
�V�5�2�.�K�=�8�1�.�4�-�0�.�9�1�3�*�K�5�.�K� 
�K�5�.�K�=�D�C�F�/�H�5�.�K� 
�H�5�.�K�=�X�4�.�K�-�X�5�.�K� 
�X�5�.�K�=�X�5�.�J�+�(�D�T�)�*�P�C�S�5�.�J�K� 
�P�C�5�.�K�L�=�V�5�.�K� 
�X�5�=�-�4�0�0� 
�V�5� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �5� 
�K�5� �-� �D�E�N�S�I�T�Y� 
�H�S� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �5� 
�X�5� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �5� 
�P�C�S�5� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �5� 
�V�6�.�K�=�C�L�I�P�(�V�6�1�.�K�,� �V�6�F�.�K�,�K�6�.�K�,�4�0�)� 
�V�6�F�.�K�=�5�0�-�0�.�0�9�8�*�K�6�.�K� 
�V�6�1�.�K�=�C�L�I�P�(�V�6�1�1�.�K�,�V�6�2�.�K�,�K�6�.�K�,�6�5�)� 
�V�6�1�1�.�K�=�4�0�-�0�.�2�6�5�*�K�6�.�K� 
�V�6�2�.�K�=�8�1�.�4�-�0�.�9�1�3�*�K�6�.�K� 
�K�6�.�K�=�D�C�F�/�H�6�.�K� 
�H�6�.�K�=�X�5�.�K�-�X�6�.�K� 
�X�6�.�K�=�X�6�.�]�+�(�D�T�)�*�P�C�6�.�J�K� 
�P�C�6�.�K�L�=�V�6�.�K� 
�X�6�=�-�5�0�0� 
�V�6� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�K�6� �-� �D�E�N�S�I�T�Y� 
�H�6� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �6� 
�X�6� �-� �P�O�S�I�T�I�O�N� �O�F� �V�E�H�I�C�L�E� �6� 
�P�C�6� �-� �P�O�S�I�T�I�O�N� �C�H�A�N�G�E� �O�F� �V�E�H�I�C�L�E� �6� 
�V�7�.�K�=�C�L�I�P�(�C�L�I�P�(�C�L�I�P�(�V�7�1�.�K�,� �V�7�F�.�K�,�K�7�.�K�,�4�0�)�,� 
�O�,�X�2�.�K�,�3�0�5�0�)�,�0�,�H�4�.�K�,�5�0�)� 
�V�7�F�.�K�=�5�0�-�0�.�0�9�8�*�K�7�.�K� 
�V�7�1�.�K�=�C�L�I�P�(�V�7�1�1�.�K�,�V�7�2�.�K�,�K�7�.�K�,�6�5�)� 
�V�7�1�1�.�K�=�4�0�-�0�.�2�6�5�*�K�7�.�K� 
�V�7�2�.�K�=�8�1�.�4�-�0�.�9�1�3�"�K�7�.�K� 
�K�7�.�K�=�D�C�F�/�H�7�.�K� 
�H�7�.�K�=�X�2�.�K�-�X�7�.�K� 
�X�7�.�K�=�X�7�.�]�+�(�D�T�)�*�P�C�7�.�J�K� 
�P�C�7�.�K�L�=�V�7�.�K� 
�X�7�=�3�0�0�0� 
�V�7� �-� �V�E�L�O�C�I�T�Y� �O�F� �V�E�H�I�C�L�E� �7� 
�K�7� �-� �D�E�N�S�I�T�Y� 
�H�7� �-� �H�E�A�D�W�A�Y� �O�F� �V�E�H�I�C�L�E� �7� 
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�6�.� �A� �M�O�D�E�L� �T�O� �P�R�E�D�I�C�T� �C�O�N�G�E�S�T�I�O�N� 

�C�o�n�g�e�s�t�i�o�n� �i�s� �s�a�i�d� �t�o� �e�x�i�s�t� �w�h�e�n� �s�p�e�e�d� �i�n�v�e�r�s�i�o�n� �o�c�c�u�r�s�.� �C�o�n�g�e�s�t�i�o�n� �m�a�y� �b�e� 

�c�o�n�s�i�d�e�r�e�d� �a�s� �t�h�e� �s�t�a�b�l�e� �c�o�n�d�i�t�i�o�n� �w�h�i�c�h� �e�x�i�s�t�s� �f�o�l�l�o�w�i�n�g� �a� �s�p�e�e�d� �r�e�d�u�c�t�i�o�n� �o�f� �t�h�e� �o�r�d�e�r� 

�o�f� �1�0� �m�p�h� �o�c�c�u�r�i�n�g� �a�t� �h�i�g�h� �v�o�l�u�m�e� �r�a�t�e�s�.� �C�o�n�g�e�s�t�i�o�n� �d�o�e�s�n ��t� �n�e�c�e�s�s�a�r�i�l�y� �r�e�d�u�c�e� �v�o�l�u�m�e�;� 

�i�t� �m�a�y� �r�e�s�u�l�t� �i�n� �h�i�g�h�e�r� �v�o�l�u�m�e�s�.� �C�o�n�g�e�s�t�i�o�n� �i�s� �u�s�u�a�l�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a� �h�i�g�h� �r�a�t�e� �o�f� 

�c�h�a�n�g�e� �i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�n�d� �a� �c�o�r�r�e�s�p�o�n�d�i�n�g�l�y� �s�m�a�l�l� �r�a�t�e� �o�f� �c�h�a�n�g�e� �i�n� �v�o�l�u�m�e�.� �A�s� 

�c�o�n�g�e�s�t�i�o�n� �d�e�v�e�l�o�p�s�,� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �r�e�s�u�l�t�s� �i�n� �a� �c�o�n�s�i�d�e�r�a�b�l�e� �i�n�c�r�e�a�s�e� �i�n� 

�t�r�a�v�e�l� �t�i�m�e� �t�o� �t�h�e� �m�o�t�o�r�i�s�t�,� �w�i�t�h� �l�i�t�t�l�e� �o�r� �n�o� �b�e�n�e�f�i�c�i�a�l� �e�f�f�e�c�t�s� �t�o� �t�h�e� �h�i�g�h�w�a�y� �s�y�s�t�e�m�.� �I�n� 

�o�r�d�e�r� �t�o� �a�v�o�i�d� �t�h�i�s� �t�h�e� �d�e�p�i�c�t�i�o�n� �o�f� �c�o�n�g�e�s�t�i�o�n� �a�t� �a�n� �e�a�r�l�y� �s�t�a�g�e� �p�l�a�y�s� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e�.� 

�C�o�n�g�e�s�t�i�o�n� �c�o�u�l�d� �b�e� �d�e�p�i�c�t�e�d� �b�y� �u�s�i�n�g� �t�h�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �t�o� �s�i�m�u�l�a�t�e� �t�h�e� �T�h�r�e�e�-� 

�r�e�g�i�m�e� �l�i�n�e�a�r� �m�o�d�e�l�.� �I�n� �t�h�i�s� �m�o�d�e�l� �a�l�l� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �t�h�a�t� �a�r�e� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �t�r�a�f�f�i�c� 

�f�l�o�w� �a�r�e� �c�o�n�s�i�d�e�r�e�d�.� �a� �g�e�n�e�r�a�l� �s�i�t�u�a�t�i�o�n� �w�h�e�r�e� �c�e�r�t�a�i�n� �i�n�t�e�r�r�u�p�t�i�o�n�s� �a�r�e� �p�o�s�s�i�b�l�e� �i�s� �a�l�s�o� 

�p�r�o�v�i�d�e�d�.� �T�h�i�s� �m�o�d�e�l� �c�o�u�l�d� �b�e� �e�a�s�i�l�y� �e�x�t�e�n�d�e�d� �t�o� �a�n�y� �p�a�r�t�i�c�u�l�a�r� �f�a�c�i�l�i�t�y�.� �T�h�e� �m�o�d�e�l� 

�m�a�y� �b�e� �u�s�e�d� �i�n� �c�a�l�c�u�l�a�t�i�n�g� �v�a�r�i�o�u�s� �m�e�a�s�u�r�e�s� �o�f� �c�o�n�g�e�s�t�i�o�n� �l�i�k�e� �d�e�n�s�i�t�y�,� �s�p�e�e�d�,� �f�l�o�w�,� 

�a�c�c�e�l�e�r�a�t�i�o�n� �e�t�c�.�,� �b�y� �m�e�a�s�u�r�i�n�g� �t�h�e� �t�i�m�e� �h�e�a�d�w�a�y� �b�e�t�w�e�e�n� �v�e�h�i�c�l�e�s� �p�a�s�s�i�n�g� �a� �p�r�e�s�e�n�c�e�-� 

�t�y�p�e� �d�e�t�e�c�t�o�r�.� �T�w�o� �p�r�e�s�e�n�c�e� �t�y�p�e� �d�e�t�e�c�t�o�r�s� �s�p�a�c�e�d� �a�t� �a� �d�i�s�t�a�n�c�e� �a�r�e� �r�e�q�u�i�r�e�d� �i�n� �o�r�d�e�r� �t�o� 

�c�a�l�c�u�l�a�t�e� �s�p�e�e�d� �o�f� �t�h�e� �v�e�h�i�c�l�e�,� �d�e�n�s�i�t�y� �a�n�d� �o�t�h�e�r� �s�u�c�h� �p�a�r�a�m�e�t�e�r�s� �a�s� �d�i�s�t�a�n�c�e� �a�n�d� �t�i�m�e� �a�r�e� 

�m�e�a�s�u�r�e�d�.� 

�A� �M�o�d�e�l� �T�o� �P�r�e�d�i�c�t� �C�o�n�g�e�s�t�i�o�n� �1�2�2



�T�h�e� �p�r�e�s�e�n�c�e�-�t�y�p�e� �d�e�t�e�c�t�o�r� �i�s� �u�s�e�d� �e�s�s�e�n�t�i�a�l�l�y� �t�o� �d�e�t�e�c�t� �t�h�e� �p�r�e�s�e�n�c�e� �a�n�d� �p�a�s�s�a�g�e� 

�o�f� �v�e�h�i�c�l�e�s� �o�v�e�r� �a� �s�h�o�r�t� �s�e�g�m�e�n�t� �o�f� �r�o�a�d�w�a�y�.� �W�h�e�n� �a� �v�e�h�i�c�l�e� �e�n�t�e�r�s� �t�h�e� �d�e�t�e�c�t�i�o�n� �z�o�n�e�,� 

�t�h�e� �s�e�n�s�o�r� �i�s� �a�c�t�i�v�a�t�e�d� �a�n�d� �r�e�m�a�i�n�s� �s�o� �u�n�t�i�l� �t�h�e� �v�e�h�i�c�l�e� �l�e�a�v�e�s� �t�h�e� �d�e�t�e�c�t�i�o�n� �z�o�n�e�.� �T�h�e� 

�"�o�n�"� �t�i�m�e� �r�e�f�e�r�r�e�d� �t�o� �a�s� �t�h�e� �v�e�h�i�c�l�e� �o�c�c�u�p�a�n�c�y� �t�i�m�e� �r�e�q�u�i�r�e�s� �t�h�e� �v�e�h�i�c�l�e� �t�o� �t�r�a�v�e�l� �a� 

�d�i�s�t�a�n�c�e� �e�q�u�i�v�a�l�e�n�t� �t�o� �i�t�s� �l�e�n�g�t�h� �p�l�u�s� �t�h�e� �l�e�n�g�t�h� �o�f� �t�h�e� �d�e�t�e�c�t�i�o�n� �z�o�n�e�.� �N�o�t�e� �t�h�a�t� �t�h�e� 

�l�e�n�g�t�h� �o�f� �t�h�e� �d�e�t�e�c�t�i�o�n� �z�o�n�e�,� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �t�h�e� �l�e�n�g�t�h� �o�f� �p�h�y�s�i�c�a�l� �d�e�t�e�c�t�o�r� �i�s� �u�s�e�d�.� �T�h�e� 

�v�e�h�i�c�l�e� �o�c�c�u�p�a�n�c�y� �t�i�m�e� �i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �v�e�h�i�c�l�e� �s�p�e�e�d�,� �v�e�h�i�c�l�e� �l�e�n�g�t�h� �a�n�d� �d�e�t�e�c�t�i�o�n� �z�o�n�e� 

�l�e�n�g�t�h�.� �B�o�t�h� �m�i�c�r�o�s�c�o�p�i�c� �a�n�d� �m�a�c�r�o�s�c�o�p�i�c� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�r�a�f�f�i�c� �f�l�o�w� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� 

�f�r�o�m� �p�r�e�s�e�n�c�e�-�t�y�p�e� �d�e�t�e�c�t�o�r�s�.� 

�T�h�e� �m�e�a�s�u�r�e�m�e�n�t�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e�s�e� �d�e�t�e�c�t�o�r�s� �c�o�u�l�d� �b�e� �f�e�d� �t�o� �t�h�e� �t�h�r�e�e�-�r�e�g�i�m�e� 

�l�i�n�e�a�r� �m�o�d�e�l� �a�d�a�p�t�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �m�e�a�s�u�r�e�s� �o�f� �c�o�n�g�e�s�t�i�o�n� �l�i�k�e� �d�e�n�s�i�t�y�.� �I�f� �t�h�e� �r�e�s�u�l�t�i�n�g� 

�v�a�l�u�e� �o�f� �d�e�n�s�i�t�y� �f�a�l�l�s� �i�n� �t�r�a�n�s�i�t�i�o�n� �z�o�n�e� �t�h�e�n� �i�t� �m�a�y� �b�e� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �c�o�n�g�e�s�t�i�o�n� �i�s� �a�b�o�u�t� 

�t�o� �s�e�t� �i�n�.� �T�h�e� �f�i�e�l�d� �d�a�t�a� �o�v�e�r� �a� �p�e�r�i�o�d� �o�f� �t�i�m�e� �c�a�n� �b�e� �c�a�l�i�b�r�a�t�e�d� �t�o� �g�i�v�e� �i�n�f�o�r�m�a�t�i�o�n� �a�s� 

�t�o� �w�h�e�n� �c�o�n�g�e�s�t�i�o�n� �e�x�a�c�t�l�y� �s�e�t�s� �i�n�.� �T�h�e�s�e� �d�e�t�e�c�t�o�r�s� �s�h�o�u�l�d� �b�e� �p�l�a�c�e�d� �a�t� �s�u�c�h� �l�o�c�a�t�i�o�n�s� 

�w�h�e�r�e� �t�h�e�r�e� �i�s� �a� �h�i�g�h� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �c�o�n�g�e�s�t�i�o�n� �s�e�t�t�i�n�g� �i�n� �l�i�k�e� �l�o�w� �s�p�e�e�d� �z�o�n�e�s�,� �s�h�a�r�p� 

�c�u�r�v�e�s�,� �i�n�t�e�r�s�e�c�t�i�o�n�s�,� �b�o�t�t�l�e�n�e�c�k�s� �e�t�c�.� �T�h�e� �r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e�s�e� �d�e�t�e�c�t�o�r�s� �m�a�y� �b�e� 

�u�s�e�d� �a�s� �t�h�e� �i�n�p�u�t� �t�o� �t�h�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �t�o� �d�e�p�i�c�t� �c�o�n�g�e�s�t�i�o�n�.� 
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�6�.�1� �D�E�S�C�R�I�P�T�I�O�N� �O�F� �T�H�E� �M�O�D�E�L� 

�C�o�n�g�e�s�t�i�o�n� �m�a�y� �b�e� �d�e�f�i�n�e�d� �b�y� �t�h�e� �m�i�c�r�o�s�c�o�p�i�c� �a�n�d� �m�a�c�r�o�s�c�o�p�i�c� �m�e�a�s�u�r�e�s� �o�f� 

�t�r�a�f�f�i�c� �p�e�r�f�o�r�m�a�n�c�e� �s�u�c�h� �a�s� �v�o�l�u�m�e�,� �s�p�e�e�d�,� �s�p�e�e�d� �d�i�f�f�e�r�e�n�c�e�s�,� �h�e�a�d�w�a�y�s�,� �d�e�n�s�i�t�y� �a�n�d� �t�h�e� 

�v�a�r�i�a�t�i�o�n�s� �o�f� �i�n�d�i�v�i�d�u�a�l� �s�p�e�e�d�s�,� �s�p�e�e�d� �d�i�f�f�e�r�e�n�c�e�s� �a�n�d� �h�e�a�d�w�a�y�s�.� �P�r�e�d�i�c�t�i�o�n� �o�f� 

�c�o�n�g�e�s�t�i�o�n� �b�e�c�o�m�e�s� �a� �c�r�i�t�i�c�a�l� �d�e�t�e�r�m�i�n�a�t�i�o�n� �f�o�r� �t�h�e� �o�p�e�r�a�t�i�o�n� �o�f� �a� �c�o�n�t�r�o�l� �s�y�s�t�e�m�.� 

�O�b�s�e�r�v�a�t�i�o�n�s� �o�f� �i�n�d�i�v�i�d�u�a�l� �m�e�a�s�u�r�e�m�e�n�t�s� �s�u�c�h� �a�s� �s�p�e�e�d�,� �v�o�l�u�m�e� �a�n�d� �o�c�c�u�p�a�n�c�y� �a�t� �t�i�m�e�s� 

�p�r�e�c�e�d�i�n�g� �b�r�e�a�k�d�o�w�n� �i�n� �f�l�o�w� �a�p�p�e�a�r� �t�o� �c�h�a�n�g�e� �f�r�o�m� �o�n�e� �s�t�a�t�e� �t�o� �a�n�o�t�h�e�r� �a�t� �r�a�p�i�d� �r�a�t�e�s�.� 

�S�u�c�h� �s�p�e�e�d�y� �c�h�a�n�g�e�s� �m�a�y� �o�c�c�u�r� �f�r�o�m� �v�a�r�y�i�n�g� �p�r�e�c�e�d�i�n�g� �l�e�v�e�l�s� �a�n�d� �a�c�h�i�e�v�e� �t�h�e� �c�h�a�n�g�e� 

�i�n� �s�t�a�t�e� �a�t� �v�a�r�y�i�n�g� �s�p�e�e�d�.� �T�h�e� �p�r�e�d�i�c�t�i�v�e� �n�a�t�u�r�e� �o�f� �t�h�e�s�e� �m�e�a�s�u�r�e�m�e�n�t�s� �a�p�p�e�a�r�s� �t�o� �b�e� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �p�r�o�b�a�b�i�l�i�t�i�e�s� �o�f� �f�a�i�l�u�r�e�.� �T�h�u�s�,� �f�o�r� �a� �g�i�v�e�n� �s�e�t� �o�f� �c�o�n�d�i�t�i�o�n�s� �t�h�e�r�e� �m�a�y� �b�e� 

�a�n� �a�s�s�o�c�i�a�t�e�d� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �f�a�i�l�u�r�e�.� �S�u�c�h� �a� �s�y�s�t�e�m� �m�a�y� �b�e� �s�e�t�u�p� �w�i�t�h� �c�e�r�t�a�i�n� �c�o�n�f�i�d�e�n�c�e� 

�l�i�m�i�t�s� �t�o� �p�r�e�d�i�c�t� �c�o�n�g�e�s�t�i�o�n�.� 

�I�n� �t�h�i�s� �m�o�d�e�l�,� �c�o�n�g�e�s�t�i�o�n� �i�s� �p�r�e�d�i�c�t�e�d� �b�y� �u�s�i�n�g� �t�h�e� �m�i�c�r�o�s�c�o�p�i�c� �m�e�a�s�u�r�e�m�e�n�t�s� �t�h�a�t� 

�a�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �a� �p�r�e�s�e�n�c�e�-�t�y�p�e� �d�e�t�e�c�t�o�r� �s�y�s�t�e�m�.� �U�s�i�n�g� �t�h�i�s� �t�y�p�e� �o�f� �d�e�t�e�c�t�o�r� �s�y�s�t�e�m� 

�t�h�e� �s�p�e�e�d�s� �o�f� �t�h�e� �v�e�h�i�c�l�e�s� �c�a�n� �b�e� �m�e�a�s�u�r�e�d� �w�h�i�c�h� �a�r�e� �u�s�e�d� �i�n� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �d�e�n�s�i�t�y� 

�o�f� �t�r�a�f�f�i�c� �s�t�r�e�a�m�.� �T�h�e� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �t�h�e� �t�r�a�f�f�i�c� �p�e�r�f�o�r�m�a�n�c�e� �l�i�k�e� �s�p�e�e�d� �c�a�n� �b�e� 

�o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�i�s� �t�y�p�e� �o�f� �d�e�t�e�c�t�o�r� �s�y�s�t�e�m� �l�o�c�a�t�e�d� �a�t� �v�a�r�i�o�u�s� �c�r�i�t�i�c�a�l� �l�o�c�a�t�i�o�n�s� �a�t� �d�i�f�f�e�r�e�n�t� 

�t�i�m�e�s� �o�f� �t�h�e� �d�a�y�.� �T�h�i�s� �s�p�e�e�d� �d�a�t�a� �c�o�u�l�d� �b�e� �i�n�p�u�t� �i�n�t�o� �a� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �i�n� �o�r�d�e�r� �t�o� 

�e�v�a�l�u�a�t�e� �t�h�e� �o�t�h�e�r� �m�e�a�s�u�r�e�s� �o�f� �e�f�f�e�c�t�i�v�e�n�e�s�s�.� 
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�T�h�e� �t�i�m�e� �o�f� �e�n�t�r�y� �a�n�d� �t�h�e� �t�i�m�e� �o�f� �e�x�i�t� �o�f� �t�h�e� �v�e�h�i�c�l�e�s� �i�n� �t�h�e� �t�e�s�t� �z�o�n�e� �a�r�e� �r�e�c�o�r�d�e�d� 

�a�u�t�o�m�a�t�i�c�a�l�l�y� �a�n�d� �t�h�i�s� �i�s� �u�s�e�d� �a�s� �t�h�e� �i�n�p�u�t� �f�o�r� �t�h�i�s� �m�o�d�e�l� �b�y� �u�s�i�n�g� �a�r�r�a�y�s�.� �T�h�e� �d�a�t�a� �i�s� 

�c�o�l�l�e�c�t�e�d� �f�o�r� �a� �f�i�x�e�d� �i�n�t�e�r�v�a�l� �o�f� �t�i�m�e� �a�n�d� �t�h�e� �p�r�e�d�i�c�t�i�o�n� �i�s� �d�o�n�e� �f�o�r� �n�e�a�r� �f�u�t�u�r�e� �w�h�o�s�e� 

�i�n�t�e�r�v�a�l� �m�a�y� �v�a�r�y� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �t�i�m�e� �o�f� �t�h�e� �d�a�y�.� �T�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �d�a�t�a� �p�o�i�n�t�s� �t�h�a�t� 

�a�r�e� �i�n�p�u�t� �i�n� �t�h�i�s� �m�o�d�e�l� �m�a�y� �v�a�r�y� �a�n�d� �t�h�e� �m�o�d�e�l� �h�a�s� �f�l�e�x�i�b�i�l�i�t�y� �t�o� �a�d�o�p�t� �t�h�e�s�e� �v�a�r�i�a�t�i�o�n�s�.� 

�T�h�e� �t�i�m�e� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �t�e�s�t� �s�e�c�t�i�o�n� �i�s� �t�a�k�e�n� �a�s� �t�h�e� �s�t�a�r�t�i�n�g� �t�i�m�e� �a�n�d� �t�h�e� �t�i�m�e� �a�t� 

�t�h�e� �e�n�d� �o�f� �t�h�e� �t�e�s�t� �z�o�n�e� �i�s� �t�a�k�e�n� �a�s� �t�h�e� �e�n�d�i�n�g� �t�i�m�e�.� �T�h�e� �d�i�s�t�a�n�c�e� �t�r�a�v�e�l�l�e�d� �b�y� �v�e�h�i�c�l�e�s� 

�i�n� �t�h�e� �t�e�s�t� �z�o�n�e� �i�s� �f�i�x�e�d� �a�n�d� �h�e�n�c�e� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �v�e�h�i�c�l�e�s� �c�a�n� �b�e� �c�a�l�c�u�l�a�t�e�d� �v�e�r�y� �e�a�s�i�l�y�.� 

�T�h�e� �s�p�e�e�d�s� �o�f� �t�h�e� �v�e�h�i�c�l�e�s� �a�r�e� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �d�a�t�a� �s�e�t� �a�n�d� �t�h�i�s� �s�p�e�e�d� �d�a�t�a� �i�s� 

�u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �d�e�n�s�i�t�y� �o�f� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m�.� �T�h�i�s� �m�o�d�e�l� �u�s�e�s� �t�h�e� �t�h�r�e�e�-�r�e�g�i�m�e� 

�l�i�n�e�a�r� �m�o�d�e�l� �t�o� �e�s�t�a�b�l�i�s�h� �a� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �v�e�h�i�c�l�e� �a�n�d� �t�h�e� �d�e�n�s�i�t�y� 

�o�f� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m�.� �T�h�e� �d�e�n�s�i�t�i�e�s� �a�r�e� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �t�h�e� �t�h�r�e�e� �f�o�r�m�u�l�a�t�i�o�n�s� �t�h�a�t� 

�d�e�s�c�r�i�b�e� �t�h�e� �f�r�e�e�-�f�l�o�w�,� �t�r�a�n�s�i�t�i�o�n�a�l� �f�l�o�w� �a�n�d� �c�o�n�g�e�s�t�e�d� �f�l�o�w�.� �T�h�e�s�e� �f�o�r�m�u�l�a�t�i�o�n�s� �c�a�n� �b�e� 

�i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �t�h�e� �m�o�d�e�l� �u�s�i�n�g� �a� �C�L�I�P� �f�u�n�c�t�i�o�n� �a�n�d� �t�h�e� �b�r�e�a�k�p�o�i�n�t�s� �f�o�r� �t�h�e�s�e� �t�h�r�e�e� 

�r�e�g�i�m�e�s� �a�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �v�e�h�i�c�l�e�.� �T�h�i�s� �c�o�n�d�i�t�i�o�n� �i�s� �a�c�t�u�a�l�l�y� �a� 

�d�e�d�u�c�t�i�o�n� �f�r�o�m� �t�h�e� �b�r�e�a�k�p�o�i�n�t�s� �t�h�a�t� �a�r�e� �u�s�e�d� �i�n� �t�h�e� �t�h�r�e�e�-�r�e�g�i�m�e� �l�i�n�e�a�r� �m�o�d�e�l�.� 

�T�h�e� �v�a�l�u�e�s� �o�f� �t�h�e� �d�e�n�s�i�t�i�e�s� �t�h�u�s� �o�b�t�a�i�n�e�d� �a�r�e� �a�v�e�r�a�g�e�d� �a�n�d� �t�h�e� �a�v�e�r�a�g�e� �d�e�n�s�i�t�y� �o�f� 

�t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �a�t� �a�n�y� �g�i�v�e�n� �t�i�m�e� �d�u�r�i�n�g� �t�h�e� �c�o�l�l�e�c�t�i�o�n� �p�e�r�i�o�d� �i�s� �d�e�t�e�r�m�i�n�e�d�.� �T�h�e� 

�d�e�n�s�i�t�y� �t�h�u�s� �o�b�t�a�i�n�e�d� �i�s� �a�g�a�i�n� �t�r�e�a�t�e�d� �w�i�t�h� �N�O�I�S�E� �f�u�n�c�t�i�o�n� �i�n� �o�r�d�e�r� �t�o� �g�e�t� �r�e�a�l�i�s�t�i�c� 

�v�a�l�u�e�s�.� �T�h�e� �N�O�I�S�E� �f�u�n�c�t�i�o�n� �i�s� �d�e�f�i�n�e�d� �i�n� �s�u�c�h� �a� �w�a�y� �t�h�a�t� �o�n�l�y� �p�o�s�i�t�i�v�e� �v�a�l�u�e�s� �a�r�e� �t�a�k�e�n� 
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�i�n� �o�b�t�a�i�n�i�n�g� �t�h�e� �d�e�n�s�i�t�y�.� �W�h�e�n� �t�h�e� �N�O�I�S�E� �f�u�n�c�t�i�o�n� �b�e�c�o�m�e�s� �z�e�r�o� �t�h�e�n� �a�l�s�o� �t�h�e� �m�o�d�e�l� 

�d�o�e�s� �n�o�t� �a�l�l�o�w� �t�h�e� �d�e�n�s�i�t�y� �t�o� �r�e�a�c�h� �z�e�r�o� �i�n� �o�r�d�e�r� �t�o� �a�c�h�i�e�v�e� �t�h�e� �r�e�a�l�i�s�t�i�c� �c�o�n�d�i�t�i�o�n�s�.� �T�h�u�s� 

�t�h�i�s� �m�o�d�e�l� �r�e�p�r�e�s�e�n�t�s� �b�o�t�h� �t�h�e� �s�t�o�c�h�a�s�t�i�c� �a�n�d� �d�e�t�e�r�m�i�n�i�s�t�i�c� �c�a�s�e�s� �q�u�i�t�e� �e�f�f�i�c�i�e�n�t�l�y�.� �T�h�e� 

�d�e�n�s�i�t�y� �t�h�u�s� �o�b�t�a�i�n�e�d� �i�s� �u�s�e�d� �i�n� �t�h�e� �p�r�e�d�i�c�t�i�o�n� �o�f� �t�h�e� �d�e�n�s�i�t�y�.� 

�T�h�e� �d�e�n�s�i�t�y� �f�o�r� �a�n� �e�q�u�a�l� �i�n�t�e�r�v�a�l� �o�f� �t�i�m�e� �p�e�r�i�o�d� �i�s� �o�b�t�a�i�n�e�d� �b�y� �u�s�i�n�g� �t�h�e� �d�e�n�s�i�t�y� 

�a�t� �t�h�e� �p�r�e�s�e�n�t� �t�i�m�e� �a�n�d� �a� �p�r�o�p�e�r� �i�n�c�r�e�m�e�n�t�a�l� �f�a�c�t�o�r� �w�h�i�c�h� �v�a�r�i�e�s� �f�r�o�m� �t�i�m�e� �t�o� �t�i�m�e�.� �A�s� 
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�6�.�3� �A�n�a�l�y�s�i�s� �O�f� �A� �F�r�e�e�w�a�y� �B�o�t�t�l�e�n�e�c�k� �:� �A�n� �A�p�p�l�i�c�a�t�i�o�n� �O�f� �T�h�e� 

�C�o�n�g�e�s�t�i�o�n� �P�r�e�d�i�c�t�i�o�n� �M�o�d�e�l� 

�T�h�e� �t�r�a�f�f�i�c� �f�l�o�w� �o�n� �a� �h�i�g�h� �v�o�l�u�m�e� �m�a�y� �b�e� �d�e�s�c�r�i�b�e�d� �b�y� �s�t�u�d�y�i�n�g� �t�h�e� �t�r�a�v�e�l� 

�p�a�t�t�e�r�n�s� �o�f� �t�h�e� �v�e�h�i�c�l�e�s� �i�n� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m�.� �T�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� 

�p�l�a�y� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� �t�h�e� �p�r�e�d�i�c�t�i�o�n� �o�f� �c�o�n�g�e�s�t�i�o�n� �a�t� �a� �b�o�t�t�l�e�n�e�c�k�.� �A� �b�o�t�t�l�e�n�e�c�k� �i�s� 

�n�e�c�e�s�s�a�r�i�l�y� �a� �r�o�a�d�w�a�y� �w�i�t�h� �a� �f�l�o�w� �c�a�p�a�c�i�t�y� �l�e�s�s� �t�h�a�n� �t�h�e� �r�o�a�d� �a�h�e�a�d� �a�n�d� �w�h�e�n� �t�h�e� �t�r�a�f�f�i�c� 

�v�o�l�u�m�e� �r�e�a�c�h�e�s� �t�h�e� �c�a�p�a�c�i�t�y� �o�n� �s�u�c�h� �a� �f�a�c�i�l�i�t�y�,� �t�h�e�n� �t�h�e� �v�e�l�o�c�i�t�y� �i�n� �t�h�i�s� �s�e�c�t�i�o�n� �i�s� �m�u�c�h� 

�l�e�s�s� �t�h�a�n� �t�h�a�t� �a�h�e�a�d� �o�f� �t�h�e� �b�o�t�t�l�e�n�e�c�k�.� �A� �f�u�r�t�h�e�r� �i�n�c�r�e�a�s�e� �i�n� �v�o�l�u�m�e� �a�c�c�u�m�u�l�a�t�e�s� �a�s� �a� 

�q�u�e�u�e� �i�n� �a�d�v�a�n�c�e� �o�f� �t�h�e� �b�o�t�t�l�e�n�e�c�k� �a�n�d� �t�h�e�r�e� �w�i�l�l� �b�e� �d�r�a�s�t�i�c� �c�h�a�n�g�e�s� �i�n� �t�h�e� �t�r�a�f�f�i�c� 

�c�o�n�d�i�t�i�o�n�s� �i�n� �t�h�i�s� �s�e�c�t�i�o�n� �o�f� �t�h�e� �h�i�g�h�w�a�y�.� �T�h�e� �d�e�m�a�n�d� �a�t� �a� �f�r�e�e�w�a�y� �b�o�t�t�l�e�n�e�c�k� �c�o�n�s�i�s�t�s� 

�o�f� �v�e�h�i�c�l�e�s� �w�h�i�c�h� �e�n�t�e�r�e�d� �a�t� �e�n�t�r�a�n�c�e� �r�a�m�p�s�.� �I�f� �t�h�e� �e�n�t�e�r�i�n�g� �v�o�l�u�m�e� �i�s� �k�n�o�w�n� �a�t� �e�a�c�h� 

�i�n�p�u�t� �u�p�s�t�r�e�a�m� �o�f� �t�h�e� �b�o�t�t�l�e�n�e�c�k� �a�n�d� �i�f� �f�o�r� �e�a�c�h� �i�n�p�u�t� �t�h�e� �p�e�r�c�e�n�t� �o�f� �v�e�h�i�c�l�e�s� �w�h�i�c�h� �p�a�s�s� 

�t�h�r�o�u�g�h� �t�h�e� �b�o�t�t�l�e�n�e�c�k� �i�s� �k�n�o�w�n�,� �t�h�e� �t�r�a�f�f�i�c� �f�l�o�w� �c�o�n�d�i�t�i�o�n�s� �c�o�u�l�d� �b�e� �v�e�r�y� �w�e�l�l� �d�e�p�i�c�t�e�d� 

�u�s�i�n�g� �t�h�e� �t�r�a�f�f�i�c� �c�o�n�g�e�s�t�i�o�n� �p�r�e�d�i�c�t�i�o�n� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d�.� 

�I�n� �t�h�i�s� �a�n�a�l�y�s�i�s�,� �a� �f�r�e�e�w�a�y� �s�e�c�t�i�o�n� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�4� �i�s� �c�o�n�s�i�d�e�r�e�d� �i�n� �w�h�i�c�h� 

�t�h�e� �f�r�e�e�w�a�y� �t�r�a�f�f�i�c� �f�l�o�w� �c�o�n�d�i�t�i�o�n�s� �a�r�e� �a�f�f�e�c�t�e�d� �b�y� �t�h�e� �t�r�a�f�f�i�c� �f�l�o�w� �o�n� �t�h�e� �e�n�t�r�a�n�c�e� �a�n�d� 

�e�x�i�t� �r�a�m�p�s�.� �I�n� �t�h�i�s� �s�t�u�d�y�,� �v�a�r�i�o�u�s� �s�c�e�n�a�r�i�o�s� �o�f� �t�h�i�s� �s�e�c�t�i�o�n� �o�f� �t�h�e� �f�r�e�e�w�a�y� �a�r�e� �c�o�n�s�i�d�e�r�e�d� 

�i�n� �o�r�d�e�r� �t�o� �s�t�u�d�y� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�s� �o�f� �t�h�e� �t�r�a�f�f�i�c� �c�o�n�g�e�s�t�i�o�n� �p�r�e�d�i�c�t�i�o�n� 

�a�p�p�r�o�a�c�h� �a�d�o�p�t�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h�.� �C�o�n�t�o�u�r� �m�a�p�s� �a�r�e� �d�e�v�e�l�o�p�e�d� �f�o�r� �e�a�c�h� �c�a�s�e� �i�n� �o�r�d�e�r� 

�t�o� �h�a�v�e� �a� �g�o�o�d� �i�l�l�u�s�t�r�a�t�i�o�n� �o�f� �t�h�e� �v�a�r�i�o�u�s� �t�r�a�f�f�i�c� �f�l�o�w� �c�o�n�d�i�t�i�o�n�s� �i�n� �t�h�i�s� �s�e�c�t�i�o�n� �o�f� �t�h�e� 

�A� �M�o�d�e�l� �T�o� �P�r�e�d�i�c�t� �C�o�n�g�e�s�t�i�o�n� �1�3�0
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�(�2�)� �E�x�i�t� �r�a�m�p� �1�2� 

�F�i�g�u�r�e� �1�4�.� �F�r�e�e�w�a�y� �B�o�t�t�l�e�n�e�c�k� 

�A� �M�o�d�e�l� �T�o� �P�r�e�d�i�c�t� �C�o�n�g�e�s�t�i�o�n



�f�r�e�e�w�a�y�.� �I�n� �t�h�i�s� �s�t�u�d�y� �t�h�e� �v�a�r�i�o�u�s� �t�u�r�n�i�n�g� �m�o�v�e�m�e�n�t�s� �t�h�a�t� �a�r�e� �g�e�n�e�r�a�t�e�d� �a�r�e� �a�l�s�o� 

�c�a�l�c�u�l�a�t�e�d�.� �T�h�i�s� �c�a�n� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�u�r�n�i�n�g� �v�e�h�i�c�l�e�s� 

�i�n� �t�h�e� �e�n�t�i�r�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �a�n�d� �t�h�e�n� �c�a�l�c�u�l�a�t�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� �t�u�r�n�i�n�g� �v�e�h�i�c�l�e�s� �b�a�s�e�d� �o�n� 

�t�h�i�s� �p�e�r�c�e�n�t�a�g�e�.� 

�6�.�3�.�1� �C�a�s�e� �(�a�)� �:�-� 

�T�h�e� �s�e�c�t�i�o�n� �o�f� �t�h�e� �f�r�e�e�w�a�y� �b�e�t�w�e�e�n� �t�h�e� �e�n�t�r�a�n�c�e� �r�a�m�p� �9� �a�n�d� �e�x�i�t� �r�a�m�p� �1�2� �i�s� 

�c�o�n�s�i�d�e�r�e�d� �a�s� �t�h�e� �f�r�e�e�w�a�y� �b�o�t�t�l�e�n�e�c�k� �i�n� �t�h�i�s� �s�c�e�n�a�r�i�o� �a�s� �t�h�i�s� �s�e�c�t�i�o�n� �o�f� �f�r�e�e�w�a�y� 

�e�x�p�e�r�i�e�n�c�e�s� �a� �h�i�g�h� �d�e�m�a�n�d� �d�u�e� �t�o� �v�e�h�i�c�l�e�s� �m�o�v�i�n�g� �o�n� �t�h�e� �f�r�e�e�w�a�y� �a�s� �w�e�l�l� �a�s� �f�r�o�m� �t�h�e� 

�v�e�h�i�c�l�e�s� �j�o�i�n�i�n�g� �t�h�e� �f�r�e�e�w�a�y� �f�r�o�m� �t�h�e� �e�n�t�r�a�n�c�e� �r�a�m�p� �9�.� �I�n� �t�h�i�s� �c�a�s�e�,� �t�h�e� �v�e�h�i�c�l�e�s� �t�h�a�t� 

�l�e�a�v�e� �t�h�e� �f�r�e�e�w�a�y� �t�a�k�e� �e�x�i�t� �1�2� �a�n�d� �a�s� �t�h�e�y� �a�r�e� �p�r�e�s�e�n�t� �i�n� �t�h�e� �t�r�a�f�f�i�c� �s�t�r�e�a�m� �a�l�l� �a�l�o�n�g� �t�h�e� 

�l�e�n�g�t�h� �o�f� �t�h�e� �b�o�t�t�l�e�n�e�c�k�,� �t�h�e�y� �a�l�s�o� �c�o�n�t�r�i�b�u�t�e� �t�o� �t�h�e� �h�i�g�h� �d�e�n�s�i�t�y� �c�o�n�d�i�t�i�o�n�s�.� �I�n� �t�h�i�s� 

�s�c�e�n�a�r�i�o� �i�t� �i�s� �a�s�s�u�m�e�d� �t�h�a�t� �t�h�e� �d�e�m�a�n�d� �i�s� �u�n�i�f�o�r�m� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �p�e�a�k� �p�e�r�i�o�d�.� �T�h�e� �d�a�t�a� 

�f�o�r� �t�h�i�s� �s�c�e�n�a�r�i�o� �i�s� �i�n�p�u�t� �i�n�t�o� �t�h�e� �m�o�d�e�l� �a�s� �t�r�a�f�f�i�c� �f�l�o�w� �p�a�r�a�m�e�t�e�r�s� �a�n�d� �t�h�e� �r�e�s�u�l�t�s� 

�o�b�t�a�i�n�e�d� �a�r�e� �p�l�o�t�t�e�d� �t�o� �d�e�v�e�l�o�p� �d�e�n�s�i�t�y�-�s�p�e�e�d� �r�a�t�i�o� �c�o�n�t�o�u�r� �m�a�p�s� �o�n� �a� �T�i�m�e�-�S�p�a�c�e� 

�d�i�a�g�r�a�m� �(�F�i�g�u�r�e� �1�5�)�.� �T�h�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �t�r�a�f�f�i�c� �c�o�n�g�e�s�t�i�o�n� �s�e�t�s� �i�n� �a�t� �a�b�o�u�t� �7�:�2�0� 

�a�.�m�.� �a�n�d� �l�a�s�t�s� �u�n�t�i�l� �8�:�1�0� �a�.�m�.� �a�s� �t�h�e� �t�r�a�f�f�i�c� �f�l�o�w� �d�u�r�i�n�g� �t�h�i�s� �p�e�r�i�o�d� �i�s� �s�e�v�e�r�e�l�y� �r�e�s�t�r�i�c�t�e�d� 

�d�u�e� �t�o� �h�i�g�h� �v�o�l�u�m�e�.� �T�h�e� �c�o�n�g�e�s�t�i�o�n� �i�s� �r�e�l�i�e�v�e�d� �s�l�o�w�l�y� �a�s� �t�h�e� �t�r�a�f�f�i�c� �d�e�m�a�n�d� �t�a�p�e�r�s� �d�o�w�n� 

�s�l�o�w�l�y� �t�o�w�a�r�d�s� �t�h�e� �e�n�d� �o�f� �t�h�e� �p�e�a�k� �p�e�r�i�o�d�.� �T�h�e� �r�a�m�p� �c�o�n�t�r�o�l� �s�t�r�a�t�e�g�i�e�s� �c�o�u�l�d� �b�e� �w�e�l�l� 

�d�e�v�i�s�e�d� �i�f� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �r�e�g�a�r�d�i�n�g� �t�r�a�f�f�i�c� �f�l�o�w� �p�a�t�t�e�r�n�s� �i�s� �w�e�l�l� �p�r�e�d�i�c�t�e�d�.� 

�A� �M�o�d�e�l� �T�o� �P�r�e�d�i�c�t� �C�o�n�g�e�s�t�i�o�n� �1�3�2
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�S�p�a�c�e� 

�K� �=� �D�e�n�s�i�t�y� 

�V� �=� �S�p�e�e�d� 

�F�i�g�u�r�e� �1�5�.� �C�a�s�e� �(�a�)� �:� �C�o�n�t�o�u�r� �m�a�p� �o�b�t�a�i�n�e�d� �w�h�e�n� �b�o�t�h� �e�n�t�r�a�n�c�e� �r�a�m�p� �9� �a�n�d� 
�e�x�i�t� �r�a�m�p� �1�2� �a�r�e� �o�p�e�n� 

�A� �M�o�d�e�l� �T�o� �P�r�e�d�i�c�t� �C�o�n�g�e�s�t�i�o�n� �1�3�3



� � �8�:�2�0� 

� � � � � � �7�:�0�0� � � � � 

�K� �=� �D�e�n�s�i�t�y� 

�V� �=� �S�p�e�e�d� 

�F�i�g�u�r�e� �1�6�.� �C�a�s�e� �(�b�)� �:� �C�o�n�t�o�u�r� �m�a�p� �o�b�t�a�i�n�e�d� �w�h�e�n� �e�n�t�r�a�n�c�e� �r�a�m�p� �9� �i�s� �c�l�o�s�e�d� �w�h�i�l�e� 
�e�x�i�t� �r�a�m�p� �1�2� �i�s� �o�p�e�n� 

�A� �M�o�d�e�l� �T�o� �P�r�e�d�i�c�t� �C�o�n�g�e�s�t�i�o�n� �1�3�4



�6�.�3�.�2� �C�a�s�e� �(�b�)� �:�-� 

�T�h�i�s� �s�c�e�n�a�r�i�o� �b�a�s�i�c�a�l�l�y� �c�o�n�s�i�d�e�r�s� �t�h�e� �a�f�f�e�c�t� �o�f� �c�l�o�s�u�r�e� �o�f� �t�h�e� �e�n�t�r�a�n�c�e� �r�a�m�p� �9� �a�n�d� 

�e�x�i�t� �r�a�m�p� �1�2� �a�s� �a� �m�e�t�h�o�d� �o�f� �a�l�l�e�v�i�a�t�i�n�g� �t�h�e� �s�e�v�e�r�e� �t�r�a�f�f�i�c� �f�l�o�w� �c�o�n�s�t�r�a�i�n�t�s� �i�n� �t�h�i�s� �s�e�c�t�i�o�n� 

�o�f� �t�h�e� �f�r�e�e�w�a�y�.� �I�n� �t�h�i�s� �c�a�s�e�,� �t�h�e� �f�r�e�e�w�a�y� �b�o�t�t�l�e�n�e�c�k� �i�s� �a�n�a�l�y�z�e�d� �f�o�r� �a� �s�c�e�n�a�r�i�o� �i�n� �w�h�i�c�h� 

�t�h�e� �e�n�t�r�a�n�c�e� �r�a�m�p� �9� �i�s� �c�l�o�s�e�d� �w�h�i�l�e� �t�h�e� �e�x�i�t� �r�a�m�p� �1�2� �i�s� �a�l�l�o�w�e�d� �t�o� �f�u�n�c�t�i�o�n� �n�o�r�m�a�l�l�y�.� 

�T�h�e� �c�o�n�t�o�u�r� �m�a�p�s� �(�F�i�g�u�r�e� �1�6�)� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�i�s� �s�c�e�n�a�r�i�o� �i�n�d�i�c�a�t�e� �t�h�a�t� �c�o�n�g�e�s�t�i�o�n� �s�e�t�s� 

�i�n� �a�t� �a�b�o�u�t� �7�:�3�0� �a�.�m�.� �a�n�d� �l�a�s�t�s� �u�n�t�i�l� �8�:�0�5� �a�.�m�.� �T�h�i�s� �t�y�p�e� �o�f� �t�r�a�f�f�i�c� �f�l�o�w� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�m�a�y� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �c�l�o�s�u�r�e� �o�f� �e�n�t�r�a�n�c�e� �r�a�m�p� �9�.� �I�n� �a�n�o�t�h�e�r� �c�a�s�e�,� �t�h�e� �e�x�i�t� �r�a�m�p� �1�2� 

�i�s� �c�l�o�s�e�d� �a�n�d� �i�t� �i�s� �o�b�s�e�r�v�e�d� �f�r�o�m� �t�h�e� �r�e�s�u�l�t�s� �(�F�i�g�u�r�e� �1�7�)� �t�h�a�t� �t�h�e� �c�o�n�g�e�s�t�i�o�n� �s�e�t�s� �i�n� �e�a�r�l�y� 

�a�s� �c�o�m�p�a�r�e�d� �t�o� �o�t�h�e�r� �c�a�s�e�s� �a�n�d� �a�l�s�o� �i�t� �t�a�k�e�s� �a� �l�o�n�g�e�r� �t�i�m�e� �f�o�r� �t�h�i�s� �c�o�n�g�e�s�t�i�o�n� �t�o� �r�e�l�i�e�v�e�.� 

�T�h�i�s� �m�i�g�h�t� �b�e� �c�o�n�s�i�d�e�r�e�d� �a�s� �t�h�e� �w�o�r�s�t� �c�a�s�e� �s�c�e�n�a�r�i�o�.� �I�n� �t�h�i�s� �s�t�u�d�y�,� �t�h�e� �e�n�t�r�a�n�c�e� �r�a�m�p� 

�9� �a�n�d� �e�x�i�t� �r�a�m�p� �1�2� �a�r�e� �c�l�o�s�e�d� �i�n� �o�r�d�e�r� �t�o� �s�t�u�d�y� �t�h�e� �f�r�e�e�w�a�y� �t�r�a�f�f�i�c� �f�l�o�w� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� 

�I�t� �i�s� �o�b�s�e�r�v�e�d� �f�r�o�m� �t�h�e� �r�e�s�u�l�t�s� �(�F�i�g�u�r�e� �1�8�)� �t�h�a�t� �i�n� �t�h�i�s� �c�a�s�e� �t�h�e� �c�o�n�g�e�s�t�i�o�n� �s�e�t�s� �i�n� �v�e�r�y� 

�l�a�t�e� �a�n�d� �l�a�s�t�s� �f�o�r� �a� �s�h�o�r�t� �t�i�m�e�.� �T�h�i�s� �i�s� �t�h�e� �b�e�s�t� �p�o�s�s�i�b�l�e� �a�l�t�e�r�n�a�t�i�v�e� �a�m�o�n�g� �t�h�e� �t�h�r�e�e� �c�a�s�e�s� 

�c�o�n�s�i�d�e�r�e�d�.� 

�6�.�3�.�3� �C�a�s�e� �(�c�)� �:�-� 
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�c�a�s�e� �i�n� �o�r�d�e�r� �t�o� �s�t�u�d�y� �t�h�e� �i�m�p�a�c�t� �o�f� �t�h�e� �t�r�a�f�f�i�c� �o�n� �t�h�e�s�e� �r�a�m�p�s� �o�v�e�r� �t�h�e� �f�r�e�e�w�a�y� �t�r�a�f�f�i�c� 
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�e�x�i�t� �r�a�m�p� �1�2� �a�r�e� �i�n�t�e�r�c�h�a�n�g�e�d� 

�A� �M�o�d�e�l� �T�o� �P�r�e�d�i�c�t� �C�o�n�g�e�s�t�i�o�n� �1�3�8



�i�n�t�e�r�p�r�e�t�e�d� �t�o� �d�e�v�e�l�o�p� �c�o�n�t�o�u�r� �m�a�p�s� �(�F�i�g�u�r�e� �1�9�)�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �i�n� �t�h�i�s� �c�a�s�e� 

�c�o�n�g�e�s�t�i�o�n� �s�e�t�s� �i�n� �a�t� �7�:�3�0� �a�.�m�.� �a�n�d� �l�a�s�t�s� �t�i�l�l� �8�:�1�0� �a�.�m�.� �a�s� �a� �r�e�s�u�l�t� �o�f� �h�i�g�h� �v�o�l�u�m�e� �d�u�r�i�n�g� 

�p�e�a�k� �p�e�r�i�o�d�.� �T�h�e� �c�o�n�g�e�s�t�i�o�n� �p�e�r�i�o�d� �i�s� �r�e�d�u�c�e�d� �i�n� �t�h�i�s� �c�a�s�e� �d�u�e� �t�o� �i�n�t�e�r�c�h�a�n�g�e� �o�f� �t�h�e�s�e� 

�r�a�m�p�s�.� 

�6�.�3�.�4� �C�a�s�e� �(�d�)� �:�-� 

�T�h�e� �f�r�e�e�w�a�y� �s�e�c�t�i�o�n� �c�o�n�s�i�d�e�r�e�d� �i�n� �C�a�s�e� �(�a�)� �i�s� �s�t�u�d�i�e�d� �i�n� �t�h�i�s� �c�a�s�e� �w�i�t�h� �a� �n�o�n�-� 

�u�n�i�f�o�r�m� �d�e�m�a�n�d� �d�u�r�i�n�g� �t�h�e� �p�e�a�k� �p�e�r�i�o�d�.� �T�h�e� �d�e�m�a�n�d� �p�a�t�t�e�r�n� �i�s� �s�h�o�w�n� �i�n� �f�i�g�u�r�e� �2�0�.� �I�n� 

�t�h�i�s� �c�a�s�e� �t�h�e� �e�n�t�r�a�n�c�e� �r�a�m�p� �i�s� �m�e�t�e�r�e�d� �a�n�d� �t�h�e� �d�a�t�a� �i�s� �i�n�p�u�t� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �d�e�m�a�n�d� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�s�s�u�m�e�d�,� �i�n�t�o� �t�h�e� �m�o�d�e�l�.� �T�h�e� �r�e�s�u�l�t�s� �(�f�i�g�u�r�e� �2�1�)� �o�f� �t�h�i�s� �s�c�e�n�a�r�i�o� �i�n�d�i�c�a�t�e� 

�t�h�a�t� �t�r�a�f�f�i�c� �c�o�n�g�e�s�t�i�o�n� �s�e�t�s� �i�n� �a�t� �7�:�2�5� �a�.�m�.� �a�n�d� �i�s� �r�e�l�i�e�v�e�d� �a�t� �8�:�0�0� �a�.�m�.� �T�h�e� �c�o�n�g�e�s�t�i�o�n� 

�r�e�s�u�l�t�i�n�g� �i�n� �t�h�i�s� �c�a�s�e� �i�s� �m�a�i�n�l�y� �d�u�e� �t�o� �t�h�e� �h�i�g�h� �d�e�m�a�n�d� �d�u�r�i�n�g� �t�h�e� �p�e�r�i�o�d� �7�:�2�0� �a�.�m�.� �t�o� 

�7�:�4�0� �a�.�m�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �s�t�u�d�y� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �a�p�p�r�o�a�c�h� �a�d�o�p�t�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� 

�t�o� �p�r�e�d�i�c�t� �c�o�n�g�e�s�t�i�o�n� �y�i�e�l�d�s� �d�e�s�i�r�e�d� �r�e�s�u�l�t�s�.� 

�T�h�e� �r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�i�s� �c�a�s�e� �s�t�u�d�y� �s�h�o�w� �t�h�a�t� �t�h�e� �c�a�s�e� �w�h�e�n� �t�h�e� �e�x�i�t� �r�a�m�p� 

�1�2� �i�s� �i�n�t�e�r�c�h�a�n�g�e�d� �w�i�t�h� �e�n�t�r�a�n�c�e� �r�a�m�p� �9� �i�s� �t�h�e� �m�o�s�t� �e�f�f�i�c�i�e�n�t� �s�y�s�t�e�m�.� �I�t� �c�a�n� �a�l�s�o� �b�e� 

�d�e�d�u�c�e�d� �f�r�o�m� �t�h�e� �r�e�s�u�l�t�s� �t�h�a�t� �w�h�e�n� �e�x�i�t� �r�a�m�p� �1�2� �i�s� �c�l�o�s�e�d� �t�h�e� �c�o�n�g�e�s�t�i�v�e� �c�o�n�d�i�t�i�o�n�s� �s�e�t� 

�i�n� �v�e�r�y� �e�a�r�l�y�.� �I�n� �c�a�s�e� �(�b�)� �w�h�e�n� �t�h�e� �e�n�t�r�a�n�c�e� �r�a�m�p� �9� �i�s� �c�l�o�s�e�d�,� �i�t� �w�a�s� �o�b�s�e�r�v�e�d� �t�h�a�t� �t�h�e� 

�c�o�n�g�e�s�t�i�v�e� �c�o�n�d�i�t�i�o�n�s� �p�r�e�v�a�i�l� �f�o�r� �a� �v�e�r�y� �s�h�o�r�t� �p�e�r�i�o�d� �o�f� �t�i�m�e�.� �T�h�e� �m�i�n�i�m�u�m� 

�A� �M�o�d�e�l� �T�o� �P�r�e�d�i�c�t� �C�o�n�g�e�s�t�i�o�n� �1�3�9


