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ABSTRACT

One of the main problems facing transportation
planners in large urban centres today is that of coping
with the existing road systems. Very few are the
instances when a city can afford to destroy the old road
system and its immediate environment to clear a path for
a new transportation belt in a congested or semi-congested
area of the city.

Planners must instead find the optimal manner of
using the present road system and, if necessary, expand-
ing the road in a manner involving the least cost for the
maximum benefits. Due to the financial constraints
imposed on city budgets, the planners must only implement
changes which have a guaranteed beneficial effect.

A simulation model can aid in the planning of these
changes by implementing the changes in a computer run and
studying the resulting congestion. Whether the changes be
ones of varying the existing signal lengths or adding a
lane to the road, the model is a more economical manner of
studying the effects of change rather than by real life

implementation.
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Development of a Micro Scale Simulation
Model of Traffic Flow on a Selected Section of
Pembina Highway in The City of Winnipeg

Introduction:

This thesis is composed of two main parts each of
which deals with the development of a simulation model of
traffic flow on a selected section of Pembina Highway. The
first section deals with a computer based model which is
written in the General Purpose Simulation System, GPSS,
subroutine package on The University of Manitoba IBM
360/60 computer installation. The purpose of this computer
based simulation model is to demonstrate the utility of
such a model in planning changes in an existing road system
such as the selected section of Pembina Highway. Changes
in the lengths of traffic signals or in the configuration
of the road can be tested by means of modification to the
computer model as will be described later in the thesis.
Traffic planners can then run the model with the changes
introduced in orxrder to study their effects without going
to great expense or possible inconvenience to the users of
the road. Despite the shortcomings of the model as it is
presented in this paper in terms of practical use, it does
point out the manner in which such a model may satisfy the
needs of traffic planners to have a tool to experiment with
possible changes at a particular intersection or series of

intersections on an existing road system. In the first part



of the thesis a number of changes in signal times, as well
as in the size of the road, are tested by means of the
computer simulation model and their effects in terms of
gueue lengths and waiting times are analysed. The computer
based model of the thesis is referred to as a micro scale
model. This term is used to describe the general orienta-
tion of the model as not being one of a large grid city-
wide transportation networks, which is the normal situation
modelled, but instead a localized series of city blocks
being analysed. The model is concerned with the traffic
at one intersection and how it affects the congestion at
the next intersection, rather than with the more classical
problems of origin-destination studies.

Whereas the first section of the thesis deals with
the computer based simulation model which is constrained
by the fact that it is computer based, the second section
deals with the potential refinement of the simulation model
through the use of mathematical sub-models which would
alleviate the constraints. These models could be used in
the main simulation model to increase its flexibility and
make it more representative of the actual traffic flow on
the selected section of Pembina Highway. This flexibility
would be in terms of introducing hourly, daily and seasonal
variations in traffic levels. The expanded simulation model

would also be more representative of the actual traffic flow



since it would be able to account for non-signalized as
well as signalized intersections, car following theory

and other factors not included in the presented simulation
model.

Through the use of the simulation model potential
changes in the road system can be evaluated in terms of
shorter waiting times or decreased gueue lengths. The
improvements then must be considered in relation to the
relative cost of each potential change and other socio-
economic factors. However, it is not the purpose of this
thesis to propose an optimal strategy to follow in the
planning of future expansion and/or modification to the
selected section of Pembina Highway. The purpose of this
thesis is to present two models of the traffic flow on
the selected section of Pembina Highway which could be

used, with proper refinement, in the making of such a plan.



Description of the Model Zone:

Pembina Highway is a major artery in the road system
of the southern portion of The City of Winnipeg. It serves
as virtually the only link between the City's centre core
and the outlying communities of Fort Garry, Fort Richmond,
Parc La Salle, Saint Norbert and The University of Manitoba
Campus.

Due to the presence of the University and also large
scale hbusing developments nearby, Pembina Highway has the
unique feature of a bi-directional rush hour occurring twice
a day. That is, the morning and afternoon rush hour traffic
is not primarily travelling northwards and southwards res-
pectively but has a high volume in both directions during
both rush hours. This bi-directional rush hour imposes
constraints on the adoption of several common combatants to
the rush hour problem, such as, synchronized light changes
or variable numbers of lanes of traffic.

The selected portion of Pembina Highway in its present
form is found mapped out in Appendix A, while the same por-
tion with a proposed lane addition is found in Appendix B.
There is a centre island or median upon the entire length
of the model zone as is the case for most of Pembina Highway.
There are at present three southbound lanes of traffic, one
of which is used as a parking lane during non-rush hours

south of Windemere. There are also three northbound lanes



up to Jubilee, of which one is used as a parking lane
during non-rush hours south of Merriham. There are two
northbound lanes from the Jubilee exit to éouth of Harrow
where the road is divided into five lanes, two of which
are for traffic turning left.

The southernmost intersection in the model zone is
that of Pembina-MacGillivray-Oakenwald. At this inter-
section Pembina has one green light for northbound and
southbound traffic to proceed through, there are no turn-
ing restrictions; northbound Pembina has a left turn stor-
age lane and southbound Pembina has a right turn yield.
Oakenwald has no turning restrictions and its own green
light; similarly, MacGillivray has no turning restrictions
and its own green light. There are five minor intersec-
tions before the next major crossing at Pembina-Point Road-
Windemere. There is a no left turn restriction on north-
bound Pembina and although both northbound and southbound
Pembina use the same green light, southbound Pembina has
a left turn storage lane and flashing green light. Point
Road has a right turn yield and uses the same green light
as Windemere, neither street has any turning restrictions.
There are three minor intersections before the Jubilee inter-
change, route 125 on the map. Northbound Pembina has a
traffic signal at the Jubilee entrance, while the remain-

ing interfaces between Pembina and Jubilee are standard



exits and merges. The Pembina and Jubilee traffic is
restricted in its ability to make turns by the semi-
cloverleaf configuration of the intersection of the two
streets. The next intersection is Pembina-Harrow where
the northbound Pembina traffic cannot turn right at
anytime and cannot turn left from 7:00 a.m. to 9:00 a.m.
and 4:00 p.m. to 6:00 p.m. Pembina southbound traffic
cannot turn left and Harrow traffic must turn right and
also stop first. The next and most northerly intersec-
tion is Pembina-Stafford where the northbound Pembina
traffic is broken down into five lanes, three straight
and two turning left. Southbound Pembina cannot turn
left and Stafford traffic must turn right. The Pembina
northbound left turning lane shares a green light with
the Stafford traffic, while the Pembina southbound and
remaining northbound traffic have their own green lights.
As earlier mentioned the traffic at rush hours on
Pembina Highway is heavy in both northerly and southerly
directions. Therefore, the signal times at Pembina-
Stafford change to the same sequence for morning or after-—
noon rush hours. At Pembina-Point Road-Windemere and
Pembina-MacGillivray-Oakenwald the times are constant
throughout the day, while at Pembina-Jubilee there are
three signal times, one for morning rush hour, non-rush

hour and afternoon rush hour.



Snow clearance along the selected section of Pembina
Highway is excellent and thus all lanes are functional
throughout the year. Within the model zone there is no
housing immediately along Pembina Highway and thus traffic
is generated from sattelite population densities. Due to
the road structure in the area the traffic from these
locations is handled mainly by the feeder routes, which
are a part of the major intersections, and not by the minor

roads along the selected section of Pembina Highway.
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Description of the Computer Based Simulation Model:

The computer based simulation model consists of a
General Purpose Simulation System GPSS programme which is
written for the IBM 360/g5 installation at The University
of Manitoba. Rather than dealing with a detailed descrip-
tion of the programme, this section of the thesis will
concentrate on the more general features of the programme
and refer the reader to Appendix C for a detailed listing
of one variation of the programme and Appendix D for the
corresponding flowchart.

Since the simulation programme was written in GPSS
it would perhaps be beneficial to give a brief summary of
the various transactions available in GPSS and used in the
programme. Please refer to the first page of Appendix D
for a listing of the transactions and their corresponding
block symbols used in the flowchart found in the same
Appendix.

The ADVANCE block is used to delay the progress of
a transaction through the system. Within this simulation
programme the ADVANCE block is used for two main purposes,
to delay the change in a signal light, that is, to simulate
the length of a red or green signal light at a particular
intersection and to delay the advancement of an automobile
through the road system, that is, to simulate the time taken

for an automobile to depart from an intersection or the



travel time between intersections. The length of the delay
is specified in one of two ways, either as a constant value
which does not change from transaction to transaction, or
as a value which does vary to a certain extent from trans-
action to transaction. The former type of ADVANCE block
has only one value specified, while the latter has two
values, a mean and a modifier.

The DEPART block serves to remove a transaction from
the queue specified in the block itself. In this simula-
tion programme the DEPART block is used to simulate an auto-
mobile leaving a lineup at an intersection and proceeding
into the traffic flow.

A GATE block serves as its name implies, to restrict
the movement of a transaction through a system. A GATE
block can be one of two types, GATE LR and GATE LS, depend-
ing upon whether the gate is considered to be initially in
a reset or set state. This state, when coupled with the
corresponding LOGIC block, will determine whether a trans-
action may pass through the gate, be sent on some specified
alternate path or placed in a pushdown delay chain until
the state of the GATE is changed by a corresponding LOGIC
block. In this simulation GATE blocks are used in two
areas which are closely related. In the signal control sub-
routines GATE blocks are used to determine the path of a

transaction to be one of entering an ADVANCE block for the
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length of a red or green traffic light. Within the traffic
simulation portion of the programme GATE blocks, correspon-
ding to LOGIC blocks found in the signal control subroutines,
are used to simulate the delay in an automobile caused by a
red light and the possibility of an automobile to proceed
through a green light.

The GENERATE block is the most fundamental block of
any GPSS programme. This block is used to create transac-
tions at specified intervals. Just as in the ADVANCE block
these intervals may be of some constant value or may vary
somewhat from transaction to transaction. In the former
case one number is specified as the standard interarrival
time or time between transactions, while the latter both
a mean and a modifier is specified. In addion to these
attributes a specification can be given in the GENERATE
block as to the number of transactions to be created with-
in one run of the GPSS programme. This last feature is
used in the signal control subroutines where only one trans-
action is used to perform the switching function for one set
of signals. The GENERATE block is also used throughout the
programme to simulate the introduction of automobiles at
varying time intervals into the road system from the side
roads and at the southern and northern extremities of the

selected section of Pembina Highway.
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The LOGIC block operates as a switch in a GPSS
programme. Whenever a transaction passes through a LOGIC
block depending upon its nature, the switch is placed in
a set state, a reset state or is inverted into the state
opposite from which it was in, that is, set to reset or
vice versa. These three types of LOGIC blocks are indi-
cated as LOGIC S, LOGIC R and LOGIC I respectively. As
mentioned earlier the LOGIC blocks in this simulation
programme correspond to GATE blocks found both in the
signal control subroutines and in the main traffic simula-
tion area. A LOGIC block which is in a reset state will
result in a corresponding GATE LR to be in an open state
and a GATE LS to be in a closed state.

As indicated by the simulation programme found in
Appendix C, the QUEUE block is the principal block used
to gather information in this simulation. A QUEUE block
gathers information about a transaction or a number of
transactions while they are being held in the block.
Unlike most blocks in GPSS a transaction does not leave
a QUEUE block automatically but must be removed by means
of a DEPART block. In this simulation QUEUE block serves
two principal functions; they simulate the lineup of auto-
mobiles in various lanes of an intersection and they
simulate an automobile crossing an intersection. The

second function of the QUEUE block is present in this
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programme for mainly internal purposes in that an automo-
bile wishing to enter a traffic flow from a yield, or by

a right turn on a red light, can check to see if the inter-
section is free before entering the traffic flow. The
first function of the QUEUE block is to accumulate statis-
tics which are used in the analysis of the computer simula-
tion and in the building of the mathematical model.

The RESET block in a GPSS programme sets the relative
clock to zero, the maximum contents of the QUEUE blocks to
the current contents and the total entry count of the QUEUE
blocks to the current contents. The purpose of the RESET
block is to be able to commence the tabulation of statistics
in a system from some point in time when the system is fully
active and closer to representing reality than its initial
state. 1In this simulation programme the RESET block is
encountered after the system has been operative for 1800
seconds or one-half hour. This figure was reached by con-
sidering the maximum travel time of one automobile through
the system to be in the region of five to ten minutes so
that the initial automobile generated at one extremity
would be through the entire system as would many of those
following. That is, all QUEUE blocks would be in 'normal'
use. The RESET block prevents the accumulation of statis-
tics or QUEUE blocks which are only accepting arrivals from
side road inputs into the main traffic flow and not from

continuing traffic along the main route.
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The START block determines the length of the simula-
tion run by indicating the number of termination counts
which are to be encountered before ending the run. Every
termination count reduces the value specified in the START
block by one. Once the value is depleted the run is
terminated and either a RESET block or END block is en-
countered. The function of the RESET block has been
mentioned earlier and that of the END block is to exit from
the GPSS system. In this simulation programme there are
two START blocks, START 18 and START 72. The first run,
as earlier mentioned, is to initialize the entire system
before collecting statistics, while the second run is the
simulation of a period of 7200 seconds or two hours during
which statistics are collected.

A TERMINATE block is used to remove a transaction
from the system. If a TERMINATE block has a value speci-
fied in it this value will be entered into the termination
count whenever a transaction enters that TERMINATE block.
In this simulation the TERMINATE block is used in two ways,
first as a part of the simulation timer where a value of
one is specified and also throughout the model where no
value is specified. The later use of the TERMINATE block
is meant to represent automobiles turning off Pembina
Highway or leaving the selected section of Pembina Highway

at either extremity.
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The TEST block is used to determine the path of a
transaction through the system by means of comparing the
relationship between the values of the contents of two
other blocks or one block and some specified wvalue. The
comparison can consist of less than, L, less than or equal,
LE, egual, E, not equal, NE, greater than, G, or greater
than or equal, GE. The TEST block can allow a transaction
through if the condition of the block is satisfied, if not,
send the transaction along on an alternate path if one is
specified or place it in a pushdown delay chain. In this
simulation the TEST block is used to determine if there is
room in a storage lane, is an intersection empty and is
there room on the other side of an intersection for an
automobile to proceed.

The TRANSFER block is also used to change the path
of a transaction in the system. The TRANSFER block can be
of an unconditional mode in that all transactions follow
one specified path, that is, proceed to a certain speci-
fied block, or a fractional selection mode in that a pro-
portion of transactions go to one specified block while
the remainder go to another. In this simulation the
fractional mode is used to simulate the proportion of
automobiles turning off Pembina Highway or onto Pembina
Highway from a side road. The unconditional mode is used

to have transactions leaving an intersection all enter the
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traffic flow to the next intersection.

However brief this summary of the principal blocks
used in the GPSS programme has been, it is hoped that it
will be of some use in understanding the following des-
cription of an individual intersection and then of the
linking of a series of intersections.

The intersection which will now be described in
detail is that of Pembina Highway and Stafford Street.

The intersection is depicted in two parts of the computer
listing found in Appendix C. The first portion of the
listing which concerns this intersection is that of the
signal control subroutine called STAFFORD SIGNALS and
which consists of blocks thirty through thirty-nine. The
GENERATE block creates one transaction and only one. This
transaction passes through a LOGIC I block, which in the
case of the first pass and all odd numbered passes, places
the ILOGIC switch labelled STA in a set position. The
transaction proceeds to the GATE LS block which in the case
of this pass is open due to the LOGIC labelled STA being in
a set position and thus the transaction enters the ADVANCE
16 block where it is held for sixteen seconds. While the
transaction is being held in this ADVANCE block it is
simulating the length of the Pembina Highway northbound
traffic's red light. Next, the transaction passes through

the LOGIC S block which sets the LOGIC switch labelled STB.
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Following this it enters an ADVANCE block where it is held
for twenty-eight seconds, this is to simulate the occurr-
ence of a straight through green arrow from Pembina Highway
northbound traffic. Once the twenty-eight seconds have
elapsed the transaction enters the TRANSFER block where it
is directed back to the LOGIC I block which it proceeds
through. In the case of the second pass and all even
numbered passes the LOGIC switch labelled STA is placed in
a reset condition. Next the transaction approaches the
GATE LS block but since the corresponding LOGIC switch
labelled STA is in a reset position the transaction takes
the alternate route where it enters an ADVANCE block and
is held for a variable length of time in a region specified
by a means of fifty-three and a modifier of two seconds.
This represents the length of a green light for Stafford
traffic and Pembina Highway northbound traffic turning
onto Stafford. The two ADVANCE blocks earlier mentioned
combine to simulate the length of the green light for
Pembina Highway southbound. Next the transaction passes
through a LOGIC R block which resets the LOGIC switch
labelled STB. The main purpose of this signal control
subroutine and of the other three signal control sub-
routines is to co-ordinate the changes in the states of
the various LOGIC switches which correspond to the various

GATE blocks found in the main traffic simulation model.



The second portion of the computer listing which
applies to the Pembina Highway and Stafford intersection
consists of blocks 304 through 374. This area of the
computer programme is simulating the traffic flow at the
intersection. All transactions referred to are repre-
senting automocbiles in the road system which have either
been created at earlier intersections or are created at
the intersection being studied. The first block which is
encountered by a northbound transaction is a TRANSFER
block using a fractional selection mode. The block dir-
ects fifty-six percent of the time to remain on Pembina
Highway and forty-four percent of the time to turn onto
Stafford. The figures used in this fractional mode
TRANSFER block, as is the case with all such blocks in
the programme, were found through analysis of historical
traffic counts for the intersections being simulated. Next
the traffic turning onto Stafford is considered, the trans-
actions enter a TEST block which serves to decide which
lane the transaction will enter. The decision is based
solely on which lineup or QUEUE length is shorter. As a
result of the TEST block the traffic enters either QUEUE
12 or QUEUE 26, both of which represent a left turn lane
from Pembina Highway onto Stafford. While statistics are
being collected on a transaction in the QUEUE, the trans-

action is attempting to pass through a GATE LR block which
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corresponds to the LOGIC switch STA once the switch is in
a reset state as determined in the signal control sub-
routine, the transaction may proceed through the GATE and
enter an ADVANCE block for one second to represent depart-
ure time in terms of a driver's and an automobile's
reaction time. Statistics are then no longer kept about
that transaction in the QUEUE block since a DEPART block
is encountered. The transaction then enters a QUEUE block
from which it is immediately removed by a DEPART block.
This is to simulate traffic in the actual intersection and
would be checked to be equal to zero before an automobile
could make a right turn on a red light from Pembina south-
bound onto Stafford if such a turn were permitted. Finally,
the transaction enters a TERMINATE block and is removed
from the system since it has left the selected section of
Pembina Highway.

The traffic remaining on Pembina is simulated by
blocks 321 through 335. A transaction arrives at the first
block from the fractional selection mode TRANSFER B block
earlier mentioned. This transaction enters a TEST block
to determine the shortest QUEUE length, next it enters
that QUEUE and awaits the GATE LS block to be opened by
the LOGIC switch labelled STB to be in a set condition.
Next the transaction enters a one second ADVANCE block

after which it is removed from the QUEUE and passes through



- 24 _

the Pembina Highway northbound intersection before being
removed from the system.

The simulation of southbound traffic, both on Pembina
Highway and from Stafford, is somewhat different from the
northbound cases. One of the main differences is that
the transactions are being created just before the inter-
section. 1In the case of rush hour conditions the Pembina
Highway southbound traffic has a transaction created by a
GENERATE block every four seconds with a one second modi-
fier, that is, every four plus or minus one second. Next
the transactions enter a transfer block where ten percent
of the time they take the outer lane. The remaining trans-
actions enter a battery of TEST blocks in order to deter-
mine which of the three available traffic lanes have the
shortest QUEUE length. The transactions then enter the
preferred QUEUE and attempt to proceed through the GATE LS
which is open when the LOGIC switch labelled STA is in a
set condition. Once the transaction passes the GATE it
enters a TEST block to determine if the corresponding
QUEUE at the next intersection is backed up all the way
to the present intersection. Due to the manner in which
transactions select the shortest QUEUE length this condi-
tion of congestion implies that all lanes are equally or
very nearly equally backed up. Next the transaction enters

the one second ADVANCE block after which it is removed
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from the QUEUE and passes through the intersection. The
curb lane has a percentage of its transactions terminate
thus simulating automobiles turning off Pembina Highway.
The remaining transactions in the curb lane and all trans-
actions in the other two lanes are transferred to an
ADVANCE block which simulates the travel time to the next
intersection.

The Stafford traffic, like the Pembina Highway south-
bound traffic and also like all side roads in the simula-
tion, creates transactions just before the intersection.
Also like all side roads in the simulation, except those
with right turn lanes or yields, the traffic on Stafford
is considered to be in one QUEUE. The GENERATE block
creates transactions which enter a QUEUE block, they then
attempt to pass the GATE LR block which is open when the
LOGIC switch labelled STA is in a reset condition. Next
a check is made if there is room to turn onto Pembina
Highway, that is, if the QUEUES at the next intersection
do not stretch all the way back to Pembina Highway and
Stafford. A one second ADVANCE block is encountered
afterwhich statistics are no longer collected for the
transaction at that QUEUE. The transaction then passes
through the intersection and enters the southbound traffic
flow by means of an ADVANCE block to simulate the travel

time.
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Although as can be seen from the maps in Appendices
A and B, the computer listing in Appendix C and the GPSS
flowchart in Appendix D, each intersection has unique
characteristics in terms of the number of side roads, the
signal control systems and the possibility of land expan-
sion. However, despite these differences there are a
number of general characteristics shared by all the inter-
sections. The previous description of one intersection
points out these characteristics, the manner in which a
transaction takes the lane with the shortest QUEUE length,
the way the GATE blocks in conjunction with the signal
control subroutines simulate the traffic signals, the
manner in which a departure time in terms of driver's
and automobile's reaction time is included, the way in
which traffic turning off or onto Pembina Highway is
accounted for and, also, the way congestion at the next
intersection is considered.

As previously stated, a description of a series of
intersections will now be given. This description will
be much more general than the previous one for an indi-
vidual intersection. The major logic flow will be des-
cribed rather than the path of an individual transaction.
This policy has been adopted to avoid any further repeti-

tion to what has already been stated. This description
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will follow the pattern of the simulation programme it-
self in that it will first consider the northbound
Pembina Highway from the southern extremity to the north-
ern extremity of the selected section of Pembina Highway
and then the southbound traffic on Pembina Highway passing
through the model zone.

Pembina Highway traffic is generated just south of
the Pembina Highway-MacGillivray-Oakenwald intersection.
The traffic then enters a left turn storage lane, the
curb lane, or one of the two straight through lanes
depending upon the number of automobiles in the left turn
storage lane. When the traffic signal is green, that is,
the GATE 1is open, traffic will proceed northbound on
Pembina Highway, then turn right onto Oakenwald and
TERMINATE from the system or wait for the western half
of the intersection to be clear and turn left onto

MacGillivray and TERMINATE from the system.

Oakenwald traffic is broken down into a right turn-
ing lane and a straight through lane which also accounts
for left turning traffic. The right turn lane will turn
when the light is green or when the intersection is clear
on a red light. This is determined by a TEST block which

checks if QUEUE 2 which represents the intersection is
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clear. The traffic in the other lane awaits the Oakenwald
green light and then terminates after leaving the QUEUE.

The MacGillivray traffic is considered to enter one
QUEUE after being created. Once the GATE is open the
MacGillivray traffic, like that of Pembina Highway and
Oakenwald, checks to see that there is room to enter the
traffic flow leading to the intersection.

All traffic entering this northbound traffic flow
enters a fifty-nine second ADVANCE block to simulate travel
time between intersections. These travel times were
arrived at by empirical observations at different times
during the day.

Following this ADVANCE block traffic is once again
broken down into various lanes depending upon the per-
centage of traffic turning right and on the QUEUE lengths
for the northbound traffic. When the GATE is open for
Pembina Highway northbound traffic the transactions leave
the QUEUES after a one second delay one after another
until the GATE closes once again.

Point Road traffic has a right turn yield which in-
volves a TEST block used to determine if the intersection
is free before a transaction proceeds into the northbound

traffic flow. Southbound and straight through traffic
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must check by means of a TEST block that one is not in
another's way after passing through the GATE block.
Furthermore, southbound traffic must check that it may
turn without colliding with any Windemere traffic.
Similarly, Windemere traffic encounters several TEST
blocks of the same nature. Before testing for a right
turn on red light, a transaction must have no transac-
tions in the QUEUE before it, also before making a left
turn onto Pembina Highway northbound, a TEST block is
encountered to assume that there are no straight through
Point Road automobiles in the intersection. Traffic
which is proceeding onto Point Road from Windemere must
check to see that no automobiles waiting to make a left
turn onto Pembina Highway northbound are blocking its
path.

The northbound transactions generated by Pembina
Highway northbound traffic, Point Road right turning
traffic and Windemere left turning traffic enter a
forty-one second ADVANCE block to represent travel time
up to the Jubilee exit where 20.6 percent of the traffic
turns off onto Jubilee and leaves the system. The
remaining transactions enter a ten second advance before
checking for the shortest QUEUE lengths and once in the
QUEUES wait for the GATE to open, thus simulating a green

signal light. The Jubilee traffic also await the opening
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of its GATE and then enters the same northbound traffic
flow as the Pembina Highway northbound traffic. The
transactions in this flow enter a twenty-six second
ADVANCE block before reaching the Harrow intersection.

In non-rush hours nine percent of the transactions enter
a QUEUE to turn left onto Harrow. The transactions in
this QUEUE check to see if the western side of the
Pembina Highway-Harrow intersection is open; if so, after
a one second departure they proceed across the intersec-
tion and out of the system.

The transactions which remained on Pembina Highway
entered a seven second ADVANCE before being separated by
a TRANSFER block into traffic turning onto Stafford and
traffic remaining on Pembina. The transactions in each
case TEST for the shortest QUEUE lengths and then attempt
to pass through their respective GATE, afterwhich they
enter a one second ADVANCE block before leaving the QUEUE
block, passing through the intersection and terminating.

The southbound Pembina Highway and Stafford south-
bound traffic have already been described in terms of
their activities at the actual intersection. Following
the intersection the transactions enter an eight second
ADVANCE block. Following this 1.1 percent of the trans-
actions terminate and the remainder proceed into the

southbound traffic flow.
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Southbound traffic is also generated from Harrow
Street where it enters a QUEUE, then by means of a TEST
block checks to see that the intersection is open and,
if so, after a one second ADVANCE block leaves the QUEUE
and enters the southbound traffic flow already mentioned.
The transactions in this flow enter a twenty-seven second
ADVANCE block to simulate the travel time before the
Jubilee exit where 23.7 percent of the transactions
TERMINATE. The remaining transactions enter a ten second
ADVANCE block after which they are joined by transactions
created by the Jubilee southbound traffic. Then the
transactions enter a thirty-three second ADVANCE block
followed by a series of TRANSFER and TEST blocks which
place 2.6 percent of the traffic in the curb lane, 2 per-
cent in a left turn storage lane and the remainder in the
lane with the shortest QUEUE length.

Next the standard procedure for straight through
traffic of waiting for the GATE to open, checking for
future congestion, allowing for traffic to turn off and
the use of one second ADVANCE blocks representing depart-
ure time is followed. The left turning traffic checks to
see that the GATE is open and if there is no oncoming
traffic before crossing the intersection and terminating
oncoming traffic is delayed after the opening of the

GATE by means of a flashing green light for the southbound



traffic. The remaining transactions as well as other
southbound transactions generated from Point Road and
Windemere enter a sixty-one second ADVANCE block to
represent the travel time.

The transactions are then assigned to various
QUEUES by means of a series of TRANSFER and TEST blocks.
The transactions turning right do not reach the signals
since they TERMINATE from the system by means of a right
turn yield. The left turning traffic blocks the centre
lane due to the lack of a left turn storage lane. How-
ever, this has little effect on that lane's QUEUE length
due to the manner in which transactions are placed in
the shortest QUEUE. Once the transactions are in their
respective QUEUES they wait for the GATE to be opened
representing a green signal light. In the case of left
turning traffic they TEST for the eastern side of the
intersection to be clear before terminating. The centre
lane traffic checks that no left turning traffic is block-
ing its way and, if not, proceeds in the standard fashion
before terminating just beyond the intersection.

Throughout the foregoing description of the computer
based simulation model a number of assumptions used in the
formation of the model were referred to directly or in-
directly. These assumptions were made in order to make

the programme more manageable or were imposed as a result
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of the constraints placed on the programmer using GPSS.

A brief listing of the key assumptions used in the pro-
gramme will now be given. As earlier mentioned the
geographic layout in the area bordering on the selected
section of Pembina Highway is of such a nature that a
high dependence is placed on feeder routes connecting
Pembina Highway and the population pockets rather than

a series of small side roads leading from a population
area onto Pembina Highway. It is due to this higher use
of feeder routes that the role of side roads has been de-
emphasized. Therefore, in the simulation model, due to
size constraints imposed by GPSS, it was assumed that the
effects of such non-signalized side roads to be negligi-
ble and thus were not accounted for in the programme. A
simulation of the effect on that traffic flow of Pembina
Highway of automobiles entering from such side roads would
have required a large expansion of the simulation pro-
gramme which was already at its limit in terms of core
usage. A second assumption which was made in the pro-
~gramme was that an automobile approaching an intersection
would choose the rightmost lane if it were to turn right,
the leftmost lane if it were to turn left and the lane
with the shortest queue length if it were to proceed on
the same road after the intersection. This decision pro-

cess was adopted for the sake of simplicity in developing
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the programme. As a result of this method of having
automobiles choose their lane of travel it was possible
to study the waiting times at a representative gqueue
for each direction of travel at an intersection, rather
than attempting to collect data for all queues which
would not be permissible in GPSS due to the number of
queues. A third key assumption is that the start up or
reaction time before departure for an automobile leaving
a queue is a constant value of one second. This assump-
tion was made in light of the fact that in a real life
situation the first car has a much greater delay time
than the final cars in the queue and that each car in
the queue has a proportionately lesser delay time. It
was also taken into account that the expected queue
lengths based on preliminary runs were always found to
have a value of less than ten automobiles. These two
facts, decreasing leaving time and short queue lengths,
indicated that an assumption of a constant departure
time would give a close enough approximation of reality
in the computer simulation. An expansion of the delay
time to being dependent on an automobile's position in
the queue would have necessitated a reduction in other
areas of the programme. The fourth fundamental assump-
tion made in the computer simulation model is that of

all cases having a standard travel time between
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intersections. This assumption was used for the sake of
simplicity in developing the programme. Without the
addition of a linear car following delay subprogramme
within the model a randomly distributed series of travel
times could result in automobiles "passing" one another
in the same lane or two automobiles arriving in a queue
at the same instant. Therefore, in order to avoid these
problems without developing a simulation subprogramme
for linear car following delays, which would be of the
magnitude of another thesis, a constant travel time was
introduced.

In addition to these key assumptions a number of minor
ones were also made. These consisted of assuming an auto-
mobile to make a right turn on a red light where permissi-
ble, if it were the first automobile in the queue and the
intersection were empty. A similar assumption in terms of
the intersection being empty and the automobile being first
in the gueue was made for automobiles entering from a
yield lane or a side road with a stop sign.

Throughout the description of the computer simulation
I have been rather vague about the numerical inputs used
in the simulation programme. This was done in order to
keep the description as general as possible. A complete
listing of the numerical values for the various simulation

runs representing different times of day and varying
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conditions can be found in tables A, B, C.1l, C.2, C.3

and D which follow this section of the thesis.



TABLE A
TRAVEL TIME BETWEEN

INTERSECTIONS *

IN SECONDS

NORTHBOUND
MacGillivray-Oakenwald & Point Road-Windemere 59
Point Road-Windemere & Jubilee Exit 41
Jubilee Exit & Jubilee Entrance 10
Jubilee Entrance & Harrow 26
Harrow & Stafford 7

SOUTHBOUND
Stafford & Harrow 8
Harrow & Jubilee Exit 27
Jubilee Exit & Jubilee Entrance 10
Jubilee Entrance & Point Road-Windemere 33
Point Road-Windemere & MacGillivray-Oakenwald 61

* Based upon empirical observations taken at three differ-
ent times in one week. Road conditions varying from wet

to dry. Total number of observations for each travel time
was 9.
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TABLE B
PERCENTAGE TRAFFIC TURNING

AT EACH INTERSECTION *

Pembina-MacGillivray-Oakenwald

Pembina Southbound
Pembina Northbound
MacGillivray Eastbound
Oakenwald Westbound

Pembina-Point Road-Windemere

Pembina Southbound
Pembina Northbound
Point Road Westbound

Windemere Eastbound
Pembina-Jubilee

Pembina Northbound

Pembina Southbound
Pembina-Harrow

Pembina Northbound
Pembina Southbound

Pembina~Stafford

Pembina Northbound
Pembina Southbound

Left

1.0
9.4
60.1
44.7

7.2

N/A
12.5
80.2

N/A
23.7

9.0
N/A

44.0
N/A

Right

19.9

1.7
30.8
27.7

20.6
N/A

N/A
1.0

N/A
1.0

* Based upon historical traffic counts over the past five
yvears supplied by The City of Winnipeg Transportation
Planning Department. Total number of traffic counts for

each intersection was 12.



TABLE C.1
SIGNAL TIMES AT EACH INTERSECTION
IN SECONDS

PRESENT CONDITIONS *

Morning Mid-Day Afternoon
Pembina Green at
MacGillivray-0Oakenwald 63 63 63
Oakenwald Green 13 13 13
MacGillivray Green 18 18 18
Pembina Green at
Point Road-Windemere 56 56 56
Pembina Southbound
Flashing Green at
Point Road-Windemere 12 12 12
Point Road & Windemere
Green 27 27 27
Pembina Northbound Green
at Jubilee 57 37 73
Jubilee Green 22 23 27
Pembina Northbound Red
at Stafford © 16 19 16
Pembina Northbound No
Turning Green at Stafford 28 15 28
Pembina Northbound and
Stafford Green 53 28 53

* Based upon empirical observations over the course of one
week. Observations at 8:30 A.M., 12:30 P.M. and 5:30 P.M.

Total number of observations for each time of day at each
intersection was 30.
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TABLE C.2
SIGNAL TIMES AT EACH INTERSECTION
IN SECONDS

SHORTENED CYCLE *

Morning Mid-Day Afternoon

Penbina Green at

MacGillivray-Oakenwald 32 32 32
Oakenwald Green 7 7 7
MacGillivray Green 9 9 9

Pembina Green at
Point Road-Windemere 28 28 28

Pembina Southbound
Flashing Green at

Point Road-Windemere 6 6 6
Point Road-Windemere Green 14 14 14
Pembina Northbound Green

at Jubilee 29 19 37
Jubilee Green 11 12 14

Pembina Northbound Red
at Stafford 8 10 8

Pembina Noxrthbound No
Turning Green at Stafford 14 8 14

Pembina Northbound and
Stafford Green 27 14 27

* Found by taking one half of Table C.1 Values
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TABLE C.3
SIGNAL TIMES AT EACH INTERSECTION
IN SECONDS

LENGTHENED CYCLE *

Morning Mid-Day Afternoon

Pembina Green at
" MacGillivray-Oakenwald 95 95 95
Oakenwald Green 20 20 20
MacGillivray Green 27 27 27
Pembina Green at

Point Road-Windemere 84 84 84
Pembina Southbound

Flashing Green at

Point Road-Windemere 18 18 18
Point Road-Windemere

Green 41 41 41
Pembina Northbound

Green at Jubilee 86 56 110
Jubilee Green 33 35 41
Pembina Northbound

Red at Stafford 24 29 24
Pembina Northbound

No Turning Green at

Stafford 42 23 42
Pembina Northbound

and Stafford Green 80 42 80

* Found by Taking one and one half of Table C.1 Values



TABLE D
INTERARRIVAL TIMES OF AUTOMOBILES
IN SECONDS
FOR EACH TRAFFIC GENERATION POINT

PRESENT POPULATION */EXPANDED POPULATION **

Morning Mid-Day Afternoon
Pembina Northbound
at MacGillivray-
Oakenwald 4,2/3,2 4,1/3,1 3,1/2,1
Oakenwald 33,12/25,9 43,9/32,7 35,12/26,8
MacGillivray 19,12/14,9 12,1/9,1 7,2/5,2
Point Road 22,20/17,15 40,5/30,4 27,3/20,2
Windemere 30,13/23,10 98,5/74,4 38,26/29,20
Jubilee Northbound 7,2/5,2 l6,2/12,2 11,2/8,2
Pembina Southbound
at Stafford 4,1/3,1 5,0/4,0 4,1/3,1
Stafford 8,1/6,1 13,2/10,2 4,1/3,1
Harrow 17,9/13,7 16,3/12,2 9,1/7,1
Jubilee Soutbound 9,4/7,3 20,2/15,2 14,8/11,6

* Based upon historical traffic counts obtained from The
City of Winnipeg Transportation Planning Department.
Total number of traffic counts for each intersection was
12.

** Based upon reducing the interarrivals by taking three-
quarters of their former value.
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Variations of the Computer Based Simulation Model:

In order to simulate the traffic flow on the selected
section of Pembina Highway at different times of day and
under varying conditions, a number of modifications to the
programme had to be implemented. These modifications were
of many different forms ranging from the mere changing of
the mean and modifier values of certain GENERATE or ADVANCE
blocks to the rewriting of entire sections of the programme.

This section of the thesis will deal with the general
nature of the variations and give some idea of the type of
modifications used to simulate the road system at differ-
ent times of day and under varying conditions of popula-
tion, signal lengths and road size.

The primary programme simulated the selected section
of Pembina Highway in the mid-day time period, that is,
without the no stopping 7:00 a.m. to 9:00 a.m. and 4:00 p.m.
to 6:00 p.m. being in effect and under present conditions,
that is, with the historically based values for the
GENERATE statements as found in Table D and similarly for
the ADVANCE statements used in the signal subroutines as
found in Table C.l. Next a series of runs to simulate
varying signal light lengths along the road system.
Throughout all these runs the GENERATE values were those

based on the historical data. These runs made use of the
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values found in Tables C.2 and C.3 for the ADVANCE blocks
in the signal control subroutines in the following manner.
The Pembina Highway times were lengthened, that is, the
first, fourth, fifth, seventh, tenth and eleventh values

of the middle column of Table C.3 were used in the appro-
priate ADVANCE blocks. The next run consisted of using

the Pembina Highway times for Table C.2 with all other
times being those of Table C.l. This simulated the short-
ening of the length of the signals on Pembina Highway.

Then the effect of lengthening of the side road signal
times was simulated by using the second, third, sixth,
eight and ninth values of the middle column of Table C.3,
while using the Table C.1 values for the remaining ADVANCE
blocks. Next the side road times were shortened by using
the Table C.2 values. Following this a run was made with
Pembina Highway times lengthened, Table C.3, and side road
times shortened, Table C.2. Then both sets of signal times
were shortened and finally both lengthened using all Tables
C.2 and C.3 values respectively.

Following this series of runs the signal times were
returned to their original values of Table C.1l. The next
situation which was simulated was that of an expanded road
system under mid-day conditions. A number of individual
QUEUES had to be added to the programme at the Pembina-

MacGillivray-Oakenwald intersection for both Pembina
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northbound and southbound traffic; similarly at the
Pembina-Point Road-Windemere intersection and for north-
bound traffic only at the Pembina-Jubilee intersection.
The programme was then run with the present population
levels for the GENERATE blocks and the present signal
times for the ADVANCE blocks of the signal control sub-
routines. After this run the GENERATE statement values
were changed to those of a higher population as found in
Table D.

Next the programme was modified to represent rush
hour conditions with the removal of one QUEUE for north-
bound Pembina Highway traffic at the Pembina-Jubilee
intersection and southbound traffic at the Pembina-Point
Road-Windemere intersection. These lane changes, just as
in the modifications for mid-day expansion, involved the
changing of values in certain TEST blocks or rewriting
certain decision systems in the programme. With this re-
structured programme the morning and afternoon rush hours
were simulated under present conditions of traffic levels
and signal lengths, under the conditions of varying signal
lengths in the same pattern as outlined for the mid-day
and in the case of the morning rush hour with the present
signal lengths and the GENERATE block values for higher

traffic levels as found in Table D.



- 51_

Once again the programme had to be restructured in
order to simulate the rush hour conditions on an expanded
road system. This was accomplished by adding a QUEUE
for northbound and southbound traffic at the Pembina-
MacGillivray-Oakenwald and Pembina-Point Road-Windemere
intersections and also for northbound traffic only at the
Pembina-Jubilee intersection. Then by the use of the
appropriate values from Table C.l and Table D. both morn-
ing and afternoon rush hours were simulated with the
present traffic levels and traffic signal lengths.

These were the final runs made with the simulation
model and a copy of the programme in this state is pre-
sented in Appendix C. The rush hours could not be simu-
lated with the increased traffic levels or the expanded
road system since the computer core allocated to GPSS
would have been exceeded. The same problem prevented
any simulation of the afternoon rush hour with the higher
traffic levels.

An analysis of the results of these various computer

runs follows.



Analysis of Results of the Computer Simulation Runs:

The complete set of results for the computer simula-
tion runs can be found in Appendix E to this thesis. One
copy of this appendix is available upon request. Due to
the size of this appendix, well over seven hundred and
fifty pages, this section will present a summary of the
main effects on traffic flow, in terms of expected waiting
times brought about by varying the conditions on the
selected section of Pembina Highway.

The previous section of the thesis outlined the vari-
ous simulation runs which were made to represent varying
conditions along the selected section of Pembina Highway.
Among those variations were ones concerned with changing
the lengths of traffic signals on either Pembina Highway
or the side roads. It is the results of these runs which
will now be discussed.

The relationship which will be mentioned is that con-
cerned with the percentage of a traffic light cycle, red
plus green, which is green. This percentage can be looked

upon as PGC 100 where G and R represent the length of

=_(_3_X
R+ G
a green and red light respectively. It was found through
trial runs that in order to gain the full effect of changes
in PGC and cycle length on the delay at an intersection the
two factors should be changed in conjunction with one

another. Two major trends were investigated, that of
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decreasing the PGC while increasing the cycle length and
decreasing the PGC while decreasing the cycle length. The
resulting effects of these changes on traffic flow in
terms of expected waiting time, E[W], were studied for
each intersection at various levels of input, see Tables
E.1, E.2 and E.3. The results of these various runs were
found to be consistent for all intersections and at all
levels of input used. What is meant by the results being
consistent is not that the E[W] were all found to have the
same values but, instead, that the trends in E[W] versus
PGC relationships with shortening the light cycle and
increasing PGC and with lengthening the light cycle and
increasing PGC were found to be consistent for all inter-
sections and at all input levels. An example of these
trends is given on Graph 1 found at the end of this section.

Although the results of the computer simulation runs
are limited to three points for each curve and thus cannot
be used for the formulation of strict quantitative results,
the trends exhibited in the results are consistent with the
traffic flow characteristics at an intersection.

A general formulation of the type of relationships
exhibited by the curves is that of a modified negative
exponential function such as,

E[W] = e ~E(PGC,C)

where PGC is the percentage of cycle green,



C is the cycle length,

£ (PGC,C) is a function of both the PGC and the cycle
length. As mentioned the results do not permit the formu-
lation of strict quantitative results in terms of further
defining the function £ (PGC,C) which is an integral part
of the main function in that it reveals the manner in which
PGC and C determine E(W) through their own interrelation-
ships.

The results do indicate that the policy which would
lead to minimizing the delay or E(W) at an intersection
when only one direction of travel is considered would be
one of increasing PGC while shortening the traffic signal
cycle length. It must be noted that this policy is re-
lated to only one direction of traffic being considered.
However, the purpose of any intersection is to provide a
means of controlling traffic flows which cross one another
at some point. Therefore, in addition to considering the
effects of any policy regarding signal cycle lengths on
traffic travelling in one direction, the effects on side
road traffic must also be studies. An increasing PGC on
one direction will result in decreasing the PGC for the
cross road direction. Since the better method of increas-
ing PGC for the main road, in terms of lowering E(W),
would be to do so while shortening the cycle length, the
side road would be found to have a decreasing PGC with the

cycle length being shortened. This factor will lead to



increasing the E[W] on the side road, while decreasing the
main road E[W]. Graph 1 represents the E[W] versus PGC
for southbound Pembina traffic at Point Road, while Graph
2 represents the E[W] versus PGC for Point Road traffic at
Pembina. It can be seen from these two graphs that by
increasing the PGC for Pembina Southbound from the present
value of 72 to 83 the E[W] drops from 6 to 3, or by fifty
percent and the Point Road E[W] increased from 26 to 32,
or by twenty three percent, since the PGC decreases from
26 to 17 because PGC on Pembina southbound plus PGC for
Point Road equals one hundred. The purpose of this analy-
sis, just as that of the thesis, is not to point out the
ideal signal times to be implemented. There are a number
of policy questions, such as should the road serving the
immediate community or the main artery serving travellers
through the community receive priority in terms of shortest
delay, which must be answered when a decision is being made
to set the time lengths. This analysis was given in order
to point out the usefulness of a computer simulation model
to analyse the effect of various signal lengths or the
delay of automobiles at an intersection. Several factors,
as well as the percentage change in delay, must be taken
into account before a decision would be made regarding the
length of the signal cycles or PGC values at an intersec-
tion. The E[W] value which is increasing must not become

so large a value that drivers will discbey the signal



lights from sheer frustration of waiting so long. The
effect of changes at one intersection upon the traffic
behaviour at the next intersection must also be con-
sidered. There would be little use in minimizing E [W]

at one intersection if in so doing the E[W] at a follow-
ing intersection was increasing at a rapid rate. There

are also questions regarding load factor of an intersec-
tion and the theoretical versus practical usage rate of

an intersection which would have to be answered. A

number of these factors will be considered in more detail
later in the thesis. The object of this thesis is not

to consider these various factors and thus not to find an
optimal signal cycle or PGC for the intersections on the
selected section of Pembina Highway. However, the com-
puter simulation model does point out how such a simula-
tion programme can determine the effect of decisions made
in light of factors such as those just mentioned on the
actual traffic flow, whether it be in terms of the average
queue length at an intersection or the average delay at an
intersection as was the case in this model. The benefit of
this result can be best appreciated if one considers the
high cost of obtaining data on the delay at an actual inter-
section and the tremendous value that such data would have
in making a decision concerning the signal cycle of a parti-

cular intersection.



Aside from the usefulness of a computer simulation
model for evaluating the effect of changes in signal
cycles in terms of queue lengths, delay times and other
measures of performance for an intersectionfs behaviour,
the model has also brought out two results regarding the
capacity of the selected section of Pembina Highway. The
first result is in regard to the present road experienc-
ing a higher level of traffic than that which it is now
serving. It was found that the degree of congestion at
the signalized intersection in terms of E[W] did not
increase proportionately when the interarrival times of
automobiles being generated into the system were taken as
3/4 of the historically based levels. It can be stated
that the E[W] values were at almost the same levels with
either traffic levels. The most plausible explanation for
this phenonemon is that the present light cycles are longer
than the traffic levels require. Although the computer
model does not explictly indicate that traffic flows through
the system in groups or platoons of automobiles, the manner
in which the bulk of traffic arriving at an intersection is
made up of automobiles travelling along the main road which
could only depart from the previous intersection during
certain specific periods coupled with the constant travel
time between intersections has resulted in the traffic flow-
ing in groups through the system. Increasing the traffic

volume could have resulted in one of two events, either



the groups or platoons would be larger in size and, there-
fore, take longer to flow through the intersection, or
else the entire platoon would not have been able to pass
through the intersection causing a build-up in congestion
with the arrival of each new platoon. This aspect of
platoons will be explored in some detail in the mathema-
tical model to follow. It is only presented here as a
quantitative argument to point out how the present light
cycles are longer than the present traffic volumes need
and, in fact, long enough to handle the increased traffic
levels. The result of the simulation model with higher
traffic levels indicate that traffic signal capacities
are considerably longer than the demands the present
traffic level places upon them where the signal capacity
is the number of automobiles, or size of platoon, which
may proceed through the intersection during one green
light.

The second computer simulation result regarding
capacity is concerned with the aspect of increasing the
size of the main road. It was found that in terms of
E[W] there was no noticeable change in overall traffic
congestion when the simulation model was expanded to
represent the selected section of Pembina Highway with
a one lane expansion along all of its route, except when

passing under the two overhead crossings immediately north



of Jubilee. At some intersections at certain times of the
day the E[W] values were lower with the expanded road,
however, at other intersections and/or different times the
values were the same or even somewhat greater with the
expanded road. However, there were only six out of forty-
two observations where the change in E[W] was greater than
ten percent and of these six most values were very small

so that a change of 1 in E[W] resulted in a twenty-five

or thirty-three percent change from the initial value.

This result demonstrates first of all how a computer
simulation model is able to evaluate a decision such as
road expansion in terms of its effect on traffic flow in
the same manner as the PGC and cycle length decisions could
be evaluated. This result also shows how road expansion on
its own is not a guaranteed solution to reducing the delay
of automobiles at an intersection. Road expansion decisions
must be made in light of numerous other factors including
the signal light decisions, intersection capacities, how
frequently is the road congested and so on. It must be
noted that a simulation model, such as the one developed in
this thesis, cannot be considered to be an all inclusive
method of making decisions in the area of traffic engineer-
ing but rather can be used as a tool to aid the engineer
in reaching a decision. This simulation model has demon-

strated the manner in which a model can aid in evaluating



potential choices of PGC and cycle length, decisions on
road expansion or evaluating the effect on the present
road system of greater traffic volumes.

A computer simulation model which could actually
be used in making decisions regarding changes in a road
system would have to be much more refined in terms of
traffic engineering concepts than the model presented
here. However, the purpose of this thesis is to point
out how a simulation model could be used in traffic
planning decisions and not to build a model which could
be used in its present state to make such decisions.

In both this section of the thesis and the one
describing the computer simulation model, reference was
made to a number of assumptions used in the formulation
of the programme and some of the programme's shortcom-
ings in terms of representing the actual traffic flow.
The last section of the thesis will attempt to take some
of these factors into account by outlining how a series
of mathematical models could be used to refine the

simulation model.
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13
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EXPECTED WAITING TIMES

12

34

46

13

42

41

36
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TABLE E.1
E[W]
3 4
14 21
11 22
16 32
10 16
11 22
10 25
6 7
10 19
10 15
3 4
12 25
9 14
8 13
8 13
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25

32

32

29

25

10

25

41
47
10
44

47

39

13

38

11

13

17

13

13

12

19
32
47
19
37

37

33

18

38
16
11

12

12

23

33

12

24

27

23

11

26

11

10

13
23
31
12
33

27

22

13

25

11
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RUN NO.

11

22

33

27

33

13

10

10

11

EXPECTED WAITING TIMES

42

48

32

44

21

13

17

12

TABLE E.2
E[W]
13 14
7 8
11 23
17 33
8 13
9 23
10 21
8 11
6 10
11 14
6 5
3 10
10 13
9 13
7 10
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15

28

32

32

31

14

16

43

47

62

44

24

10

18

17

15

16

10

11

18

34

48

47

40

19

18

17
16
10

11

19

13
22
33
11
23

27

13

10

10

11

20

13

23

32

15

29

29

13

12

13

11



TABLE E.3
EXPECTED WAITING TIMES
E[W]
RUN NO. 21 22 23 24 25
QUEUE

A 13 12 14 21 6
B 22 35 12 21 23
C 32 48 18 32 32
D 14 14 11 27 7
E 29 33 10 19 27
F 26 44 11 21 29
G 4 3 7 8 2
H 28 46 12 24 32
I 15 15 10 19 10
J 3 2 3 4 1
K 25 38 12 25 25
L 11 13 9 14 8
M 8 6 9 12 3
N 7 6 8 13 3

26

40

48

55

43

50

14

38

11

27

11

17

14

12

15

28

21
35
48
13
36

36

41

16

38
16
10

10

29

14

24

33

12

27

25

27

12

24

11
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INDEX FOR

TABLES E.1, E.2, E.3

QUEUE A Pembina northbound traffic at MacGillvray -
Oakenwald

B Oakenwald traffic
C MacGillivray traffic

D Pembina northbound traffic at Point Road -
Windemere

E Point Road traffic

F Windemere traffic

G Pembina northbound traffic at Jubilee
H Jubilee traffic

I Pembina northbound traffic turning onto
Stafford

J Pembina northbound traffic

K Pembina southbound traffic to Stafford
L Stafford traffic

M Pembina southbound traffic to Point Road -
Windemere

N Pembina southbound traffic at MacGillivray -
Oakenwald
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MORNING RUSH HOURS

Present Traffic Levels:

Run No. 1 Present signal lengths
2 Pembina green signal lengths increased
3 Pembina green signal lengths decreased
4 Side road green signal lengths increased

5 Side road green signal lengths decreased

6 Pembina green signal lengths increased
and side road green signal lengths
decreased

7 Pembina and side road green signal lengths
decreased

8 Pembina and side road green signal lengths
increased
Increased Traffic Levels:
9 Present signal lengths
Present Traffic Levels:

10 Road expanded by one lane, present signal
lengths
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MID-DAY

Present Traffic Levels:

Run No. 11
12
13
14
15

16

17

18

19

Present signal lengths

Pembina green signal lengths increased
Pembina green signal lengths decreased
Side road green signal lengths increased
Side road green signal lengths decreased

Pembina green signal lengths increased
and side road green signal lengths decreased

Pembina and side road green signal lengths
decreased

Pembina and side road green signal lengths
increased

Present signal lengths on expanded road

Higher Traffic Levels:

20

Present signal lengths on expanded road
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AFTERNOON RUSH HOUR

Present Traffic Levels:

Run No.

21
22
23
24
25

26

27

28

29

Present signal lengths

Pembina green signal lengths increased
Pembina green signal lengths decreased
Side road green signal lengths increased
Side road green signal lengths decreased

Pembina green signal lengths increased and
side road green lengths decreased

Pembina and side road green signal lengths
decreased

Pembina and side road green signal lengths
increased

Present signal lengths on expanded road
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Verification of Results:

The results that were obtained through the various
simulation runs were verified in two different ways. First
the results of any typical run were investigated in terms
of what confidence intervals could be associated with the
resulting expected waiting times of automobiles at the
various intersections which were simulated. Next the
qualitative nature of the results were looked over by
members of The City of Winnipeg Engineering Department to
see if they portrayed the actual situation which would
occur in the event of the changes being made.

The representative queues of automobiles on Pembina
Highway will now be listed, along with their estimated Uy g
that is, their standard deviation of E(W) for every 2nd
interval of a series of 24 five minute intervals, divided
by the square root of 12.

G% (estimated)

Northbound at MacGillivray .50 seconds
Southbound at MacGillivray .66
Northbound at Point Road .85
Southbound at Point Road .52
Northbound at Jubilee .78
Northbound onto Stafford .74
Southbound at Stafford .59

Northbound at Stafford .28



If we wish the results to be reliable within two seconds,

that is, the E(W) to be within two seconds at a 98%

confidence level than 2.33 T3 = 2 or Oy = 2/2.33 = .86
seconds. Since the estimates of Jy¥ are all less than

.86 seconds it can be said that the results are within 2
seconds at a 98% confidence level. The Ux values were
not presented for the side road queues because the number
of transactions recorded differ from the number of auto-
mobiles simulated per lane on the side roads due to the
combination of several lanes into one, the presence of
yields and right turns on red lights. The Pembina Highway
queues which were used represent a lane in the centre of
the traffic flow which is not affected by these factors.
The second step in the verification of results
involved going down to the City Engineers and speaking
with them about the results which were obtained regarding
the effect of expected waiting times or changing the
traffic signals, the traffic volume and road capacity. The
Engineers who were interviewed expressed confidence in
the results in that the trends exhibited in the graphs
regarding signal light changes were what should be expected,

as were the tabular results regarding changing traffic
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volumes or road capacities. Since the road had been set
up in terms of capacity and signal systems for a higher
volume of traffic, double that which was experienced on
the road at the time of the change, the results of signals
being of over capacity and so on were what the engineers
would expect. The length of the expected waiting time at
intersections in terms of number of traffic signal cycles
at rush hours as compared to at non-rush hours were con=-
sidered to be in line with what presently occurs at the
intersections under the present conditions along this
section of Pembina Highway.

Having heard about the capacity of the road by being
much larger than present traffic volume a selected inter-
section of the model zone was isolated from the remainder
of the programme and given higher traffic levels than were
possible with the complete programme. The intersection
chosen was that of Pembina-MacGillivray-Oakenwald. Six
different traffic volumes were simulated for the intersec-
tion for morning rush hour conditions, that is, the no
stopping zones are in effect.

The runs and the resulting expected waiting times

were as follows,
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Traffic E (W)

Volume

as a % of Pembina Pembina MacGillivray Oakenwald
Present North- South- Eastbound Westbound
Volume bound bound

100% 12 6 32 21
125% ‘ 13 7 33 24
150% 15 8 35 26
200% 18 10 37 28
250% 32 25 46 35
400% 95 45 248 150

It can be seen from these results that the capacity
of the road does accommodate traffic up to a certain level,
in this instance, approximately 200% of the present traffic
volumes. Above this level the expected waiting times at
the various intersections increase at an exorbitant rate so
that the E(W) fall in the range of eight times the pre-
sently experienced ones.

These results tend to verify the qualitative state-
ments regarding the capacity of the road system made by the

engineers interviewed.



Potential Refinement of the Simulation Model Through
Mathematical Sub-Models:

The purpose of this section of the thesis is to study
possible refinements of the computer based simulation model
in order to make it more flexible in terms of applicability
and more realistic in terms of simulating the traffic flow
on the selected section of Pembina Highway.

There are four main factors which will be considered
in this section of the thesis, forecasting of traffic
levels, non-signalized side road effects, car following
theory and synchronization of signal lights at the various
intersections. Rather than developing mathematical formu-
lations for each of these factors, use will be made of
existing theories on the subjects in order to describe them.
Once each has been described a general statement as to where
in the simulation model the actual sub-model or theory could
be used and also to what extent it would improve the model
will be given. This approach has been taken since the
focus of this thesis has been on the development of the
simulation model earlier presented and this section is in-
cluded to indicate the areas in which the computer simula-
tion model can be refined to better represent the actual
traffic flow.

The first factor which will be discussed is concerned

with the forecasting of traffic levels at input points,



feeder routes and the extremities of the main road in the
road system. The presented simulation model makes use of
traffic levels, in terms of interarrival times, which are
based on rather sparse data. It is due to this lack of data
that the model was run to simulate three parts of the day,
morning rush hour, mid-day and afternoon rush hour, with the
traffic levels remaining constant during a particular simu-
lation run. If a good deal more data than was available
could be obtained it would be possible to simulate the
traffic flow for a great many more times of the day, some

of which would lead to peak traffic volumes. This expanded
data base which would be in the form of hourly figures of
interarrival times of automobiles or in some form which could
be converted to interarrival times with observations for each
weekday and season, would be used in the following manner.
Assume that there are n hourly observations h in a day, j
daily observations d in a week, k weekly observations w in

a season and 1 season observations s in a year, then by means
of a moving-average methodl the variations in traffic levels

caused by the time of day could be calculated. First n hour

lW.A. Spur and C.P. Bonini, Statistical Analysis for Business

Decisions, Richard D. Irwin, Homewood, Illinois, 1967
pp. 502-532.
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moving averages would be calculated and then compared to the
observed value of the (n/2) - 1 hour from the first hour in-

cluded in the moving average.

That is, h1 + h2 + ... + hn would be compared to
n
hl +n-1 and h2 + ... + hn + hn + 1 would be compared to
2 n
h2 + n - 1 observations, etc.
2

Note: A.n/2 must be an integer and thus fractional values

must be rounded off.

B.n + 1 is the first hour's ocbservation for the second

day.
Next the h observation is divided into the corresponding
moving average, thus giving a percentage value. Through the
computation of moving averages over several days a number of
percentage values for each hour of the day are computed. The
modified mean of each of these series of percentages for a
particular hour are found by averaging all values in the
series except the highest and lowest in order to minimize the
effect of irregular factors. Finally, each modified mean is
multiplied by 100 n/(sum of the modified means) .

The resulting percentages are the modifying means for
each hour of the day which are used to transform a standard
interarrival time to one representing a particular hour of

the day. The same procedure is followed +o obtain modifiers



for the day of the week and seasonal variations or inter-
arrival times. Although the method of determining the time
of day, day of week or seasonal variations on the traffic
levels is quite straightforward as presented here, it is
also a very expensive process. The expense is in terms of
obtaining and tabulating the data necessary to calculate
the modifiers.

The main purpose of a forecasting model, such as the
one outlined above, or more sophisticated ones, namely Census
Method II or Exponential Smoothing is greater flexibility.,
This flexibility is in terms of being able to simulate the
traffic flow, not only for the three discrete time points
in a day, but to be able to simulate for each hour in a day.
In addition to this hour of day flexibility, the forecast-
ing model would also enable simulation of the traffic flow
to take into account variations for the day of the week and
season. Through the use of such a forecasting model the
simulation model would become more realistic in that it
would be simulating the traffic flow without assuming the
morning rush hour traffic levels do not vary from one hour
to another and that all traffic levels are the same from
day to day or season to season for any particular rush hour.

The next area of improvement which will be discussed

is that of a traffic flow or car following sub-model. As
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earlier mentioned the computer based simulation chose to
adopt a constant travel time for all automobiles travell—
ing between the same two intersections. This procedure

was followed for the sake of ease in building the model and
also due the size constraint imposed upon the computer
simulation model by the GPSS language.

A review of the theories advance in regard to traffic
flow, or more specifically car following, indicates that
their application would be very limited in regard to the
present simulation model which is mainly concerned with
traffic congestion or potentiai congestion. The theory
advanced by Chandler, Herman and Montr0112 as well as that
advanced by Herman, Montroll, Potts and Rotherty3 are
chiefly concerned with stability in the traffic flow on
lengthy uninterrupted sections of a road. This stability
is in reference to an even or uniform flow of automobiles
with respect to speed, spacing, acceleration and decelera-
tion. When instability arises in the traffic flow it can

be of two forms as pointed out by Lee4, local or asymptotic

2R.E. Chandler, R. Herman and E.W. Montroll, Traffic Dynamics:

Studies in Car Following:, "Operations Research", Vol.6,1958

3R. Herman, E.W. Montroll, R.B. Potts and R.W. Rotherty,
Traffic Dynamics: Analysis of Stability in Car Following,
"Operations Research", Vol. 7,1950.

4G. Lee, A Generalization of Linear Car Following Theory,
"Operations Research", Vol. 14,1966




Local instability refers to the lack of response of a foll-
owing car to the movements of the leader and thus resulting
in a collision, while asymptotic instability is a chain re-
action of a lead car action with increasing amplitude until
a collision occurs somewhere down the line. ILee's paper is
chiefly concerned with the development of equations which
upon solution express a following vehicle's speed as a func-
tion of the lead vehicle's time history of relative speed.
This aspect of vehicular speed is a very important point of
traffic studies on major road systems with reference to
analyzing causes of accidents. However, the inclusion of
such theory in the model formulation of the selected section
of Pembina Highway would not be worthwhile when comparing
the slight changes in arrival rates at an intersection with
the cost of accumulating statistics on driving behaviours
that would be required and the large expansion in the simu-
lation model in terms of building new subroutines which would
be compatible with the main programme's language and which
could perform integration and differentiation.

Although the aforementioned theory tends to constrain
the presented simulation model, the theories presented by
Chandlexr, Herman and Montroll and by Herman, Montroll, Potts
and Rotherty have some features which would be of use in
the refining of the simulation model. The features which

are being referred to are those concerned with the spacing of
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automobiles in the traffic flow. The spaces between the
automobiles which could be referred to as intergaps are

of great value when considering traffic delayed at non-
signalized crossings of the main road. Chandler, Herman
and Montroll present a method5 of calculating these inter-
~gaps by actually calculating the position of the n'th
automobile relative to a moving scale on which the lead
and/or following automobile's position is also calculated.
The rule given is as follows:-

X =X + b+ TV 4+ 71
n T n

n -1 1 (1)

where Xi is the position of the i'th vehicle. The distance
between X and X, - 7 Vehicles is then

X - X =Db+ TV + L
n n

n -1 n 1 (2)

where b is the distance between vehicles at rest.
V_ is the velocity of the n'th vehicle

T 1is the time constant relating to the areas
driving habits in terms of distance allowed
for a given number of miles per hour -
e.g., 10 feet for each 10 miles per hour.
T=10 ft/(14 ft/sec) =« 2/3 of a second.

L_is the length of the vehicle n.

In terms of the selected section of Pembina Highway a formula

such as the one presented above could be used to calculate the

5R.E. Chandler, R. Herman and E.W. Montroll,op.cit.
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expected intertraffic gaps in heavy traffic. The informa-
tion which would be needed is a distribution of the speed
of automobiles in heavy traffic, the distance between
automobiles at rest and the length of vehicles. All three
items could be easily obtained through studies of traffic
flows, overhead photos of a grid intersection and survey of
automobile specifications. One additional piece of informa-
tion which would be needed and which would be the most
difficult to obtain is that of the distance versus speed
factor that drivers follow. This information would be
needed to obtain a value for T.

Therefore, even though the aspect of a linear car
following model is not highly suited to the simulation model,
a small portion of the theory behind the model can be used
to determine the size of gaps between automobiles. These
~gaps will be now shown to be an important factor in the
expansion of the simulation model to one including non-
signalized as well as signalized side roads.

The purpose of the simulation model is to represent
the delays or congestion on the selected section of Pembina
Highway. In order to fully represent these delays the
simulation model must take into account the non-signalized

as well as signalized intersections. A number of theories

or models have been developed for the situation of a
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non-signalized intersection on a main road. In most cases
these models have been developed for the situation of a
single lane main highway with a continuous traffic flow,
whereas the selected section of Pembina Highway is a multi-
lane road with non-continuous traffic flow due to the pre-
sence of signal control systems at numerous locations along
its path. The traffic flow is non-continuous in the sense
that the automobiles travel in groups or platoons due to
the characteristics of a signal control system and due to
the rather short distances between the signalized intersec-
tions. The former factor causes the traffic on the main
road, which is the main component of the traffic flow, to
only pass through the intersection during specified periods
and the latter prevents the cars from being able to spread
out into a continuous flow before grouping together at the
next intersection.

Despite the fact that the traffic flow is not the same
as that accounted for in the papers by Haight6, Oliver and

Brisbee7, Weiss8 and Weiss and Maradudin9, they do point out

6R.A. Haight, Mathematical Theories of Traffic Flow, Academic

Press, New York, 1963.

7R.M. Oliver and E.G. Brisbee, Queueing for Gaps in High Flow

Traffic Streams, "Operations Research" Vol. 10,1962
8G.H. Weiss, The Intersection Delay Problem with Correlated
Gap Traffic Streams, "Operations Research", Vol. 10, 1962.

9G.H. Weiss and A.A. Maradudin, Some Problems in Traffic

Delay "Operations Research", Vol. 10, 1962.
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the theory involved in formulating a model for side road
traffic delay at non-signalized intersections based on the
theory of gap acceptance. In the paper by Weiss two
equations are presented which could be used to determine
the mean delay time incurred upon an automobile which
arrives on a side road at a non-signalized intersection at

time t = (0. They are

f{—[uo(t) + ‘l' - 5_9 a(%)j A‘(‘a«;—éo (3)

co—

f‘-’“ Jere p @) vamg ypwradt @
where:
© Ao (“?)~ Po (£) b((‘ﬁ (t)f)?(*t)
(5)
alt)= @ (€] (£)plt) m(¢)
o0 (6)
X = )’ St (%) P (~) dx (7)
‘azo - jﬂci(rx)(;ﬂ(,x) Jlx (8)
qﬂff)—d:nsity fnc.that gap is of length t.
P (€] =(~L)§(Jc) (9)
M = 5'7 ?0(1)517 mean headway (10)

E = j’cp(r;r)cjy probability gap is t or greater (11)

probability of leaving intersection with
<X(f) a gap of length t present

(t) probability of looking for a second gap
P when first was of length t

n(t) = fq@(ﬂ g (€, x) o (12)

probablllty that an acceptable gap is
followed by an even more acceptable one.



E?(f)n() probability that gap x in length is
more desirable than gap t in length

YelE)= @ [~ wt(t)] (13)
and Y (¢) = PLi '-b('(-t)_]@ (14)
It can be seen from these equations that in order to calcu-
late the delay at a non-signalized intersection a good deal
of data would be needed in terms of the probability of
specific gap sizes occuring, the probability of drivers
entering the traffic flow given specific gap sizes and so
forth. Some of this data could be found by means of the
studies earlier mentioned in relation to equations 1 and
2, while other probability densities, such as the probabil-
ity densities of turning down a gap of length t or the
probability densities of entering the traffic flow upon the
occurrence of a gap of length x, would have to be calcu-
lated from information gained through studies in driver
behaviour.

It should also be noted that the above calculations
are designed to find out the mean delay time of an auto-
mobile arriving at an intersection at time equal to zero
with a continuous flow. Modifications would have to be
made to the equations to find results in terms of a non-
continuous flow of traffic which is the situation in the
model zone. The necessary changes would involve a com-
plete reworking of certain equations so as to introduce

the possibility of no traffic on the main road, that is,



between platoons or groups of automobiles, or for the gap
sizes within the platoons at different times of the day
such as rush hours or non-rush hours.

Despite the increased complexity involved in intro-
ducing the delays at non-signalized intersections in the
simulation model the benefit of having a complete simula-
tion of the selected section of a specific road sector
would make the expansion worthwhile. However, due to the
size of the task in introducing these side road delays in
terms of collecting data to derive the necessary probabil-
ity densities and the amount of work involved in formula-
ting the basic simulation model this aspect of the model
will be given as a direction in which the model must be
expanded to become more realistic.

Another factor which could be considered in the simu-
lation model is that of synchronization of traffic signals
along the road system. This synchronization could result
in entire platoons of automobiles being able to travel
through the selected section of Pembina Highway without
having to stop for a red light at a signalized intersec-
tion. It has been previously mentioned that an inhibiting
factor in the synchronization of the signal lights along
the selected section of Pembina Highway was the
bi-directional nature of the rush hour traffic. One
manner of studying the idea of traffic signal synchroniza-

tion is by graphical analysis whereby the road system is
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presented in a space-time diagram. This method is em—

ployed in a paper by Littlelo.

Through such a diagram
it is possible to determine the maximum bandwidth, a
factor related to the size of a platoon, able to pass
uninterrupted by red lights along the road system. Two
examples of such time space diagrams follow this section
of the thesis, figures 1 and 2. Since the rush hour
traffic on the selected section of Pembina Highway is bi-
directional it would be ideal to be able to have a large
bandwidth, that is, greater than one-half of the green
light at each intersection, to be able to move through
the system in both directions. The two space time
diagrams given are representative of the presently used
signal system on Pembina Highway in terms of signal
lengths during morning rush hours. The space time dia-
~grams propose a sequencing of signals at each intersec-
tion on the selected section of Pembina Highway. The
sequencing proposed consists of setting the signal con-
trols at each intersection so that at some time = 0 the
Pembina signals at MacGillivray turn red, those at Point
Road turn green for southbound by beginning to flash,
those at Jubilee turn red and the Pembina northbound

straight through green arrow just turns green. After

time = 0 the signal controls at each intersection would

10J.D.C. Little, The Synchronization of Traffic Signals,
"Operations Research", Vol. 14, 1966
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operate with their standard cycle lengths. It was assumed
that the traffic in a platoon would travel at a constant
speed between two signalized intersections and that this
speed would be lower in areas of reducing number of lanes
from Point Road to Jubilee and Jubilee to Stafford for
northbound traffic. It was further assumed that the speeds
of traffic in the less congested and more congested sectors
of the roéd in terms of number of lanes would be taken as
27 and 24 miles per hour respectively. With the use of
these assumptions, the distances between the intersections
and the signal times at each intersection, figures 1 and
2 were drawn. An attempt was made at using two values of
bandwidths b and b' which were 40 and 30 seconds respect-
ively. It goes without question that the higher the value
of the bandwidth the better the situation in that larger
platoons in terms of more automobiles will be able to flow
through the system. It was found that a bandwidth of b
was too large to be handled at Jubilee for northbound
traffic and at MacGillivray for southbound traffic. The
b' bandwidth was found to be able to flow through all
intersections smoothly without encountering any red lights.
This study into the synchronization of signal lights
appears to suggest that a policy of synchronizing the
signal lights on the selected section of Pembina Highway

would help to alleviate congestion at the intersections.
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However, it must be remembered that the proposed syn-
chronization was based on the assumption of constant
speed, below the speed limit, no hesitation in a platoon
when approaching a signalized intersection which will only
be turning green upon the platoon's arrival, the presence
of empty queues at an intersection where the platoon
arrives and that a platoon is of such a size that it only
takes 30 seconds to cross an intersection.

Further inspection points out a number of problems
which would tend to interfere with the ideal operation of
the synchronization of the signal system. First is that
traffic does not travel at a constant rate in rush hour
conditions; it travels as quickly as it safely can and
thus shows a good deal of fluctuation, second is that a
platoon will show some hesitation on the part of a certain
number of its members when approaching an intersection
where the light has not yet turned green and, third, the
most important problem that is encountered is that queues
willnot always be empty at a signalized intersection when
a platoon comes upon it. This third factor arises from
various causes, side road inputs into the traffic system
between platoons, oversized platoons arriving at a critical
intersection, one which can only handle the 30 second

platoon and platoons arriving too early at an intersection.



the first cause of inputs from side roads into the traffic
system between platoons will have an effect on platoons
which arrive at the start of a green light such as north-
bound ones at Jubilee, or southbound ones at Stafford or
Point Road. The extent to which these inputs effect the
traffic flow is dependent upon the size of the inputs. At
the Jubilee intersection it can be expected to be quite
severe since one of the inputs is very high, Point Road,
and there are only two queues at Jubilee. There is also
the possibility of the side road traffic following the
platoon through a green light and thus not causing a

queue to block the next platoon. This possibility exists
as a result of the signal cycles along the selected sec-
tion of Pembina Highway not being used to their capacity
as pointed out in the section of the thesis analyzing the
results of the computer runs. However, there will still
be a certain number of automobiles arriving from side

road inputs on a red light and queuing up in the path of
the next platoon. When the platoon arrives it will be
delayed by the start up time of the queued automobiles

and of its own automobiles which were slowed down. This
will take up a certain part of the green light and quite
possibly result in an inability to have the entire platoon

clear the interesection. This will leave a gueue at the



intersection which supplemented by side road inputs will
impede the way of the next platoon. In the event of an
oversized platoon arriving at a critical intersection
with an empty queue, such as southbound at MacGillivray,
a certain portion of the platoon will be unable to clear
the intersection. This will result in a gueue forming up
for the next green light. This factor would not have a
severe effect on the next platoon provided the built up
queue could be cleared in the portion of the green light
preceding the arrival of the platoon. However, it would
result in a larger queue awaiting the platoon at an inter-
section along the route designed to have a platoon arrive
at the beginning of a red signal. The third factor of
platoons arriving too early at an intersection would re-
sult in a delay time for the platoon in excess of that
incurred by the awaiting queue. This situation could
develop at Jubilee if a northbound platoon arrived 10
seconds early which is possible as can be seen from
figure 1 where the b width bandwidth's left hand solid
line arrives for the last 10 seconds of the red signal.
It should be noted that the first and third factors have
a high likelihood of occurring at Jubilee which would
result in heavy queue build ups at the intersection.

The idea of a signal synchronization model could be

introduced into the computer simulation model by means



of co-ordinating the phase in which the signal control sub-
routines commence operation. However, due to the fact that
the two main factors leading to problems in the synchroniza-
tion have been overlooked in many respects during the pro-
gramme, uneven traffic speed and inputs from all side roads,
a simulation model presenting a synchronized light system
would perhaps be closer to representing the ideal traffic
flow than the real life one.

In addition to the forecasting model, traffic flow
model, non-signalized side road delay model and traffic
signal synchronization model, the computer simulation model
could have been expanded to also include other factors, such
as, varying traffic speeds, load factor, theoretical capaci-
ties of intersections and other factors related to traffic
engineering. This section of the thesis has bresented a
series of models which could be added to the computer simu-
lation model so as to refine its ability to simulate the
real life situation on the selected section of Pembina
Highway. Diagram 4 at the end of this section of the thesis
is a flowchart of the expanded simulation model showing the
manner in which the various sub-models would be related to
one another. The numbers listed with the various sub-models
are the pages of the thesis where the sub-models can be found

in their expanded form. A flowchart of the necessary data



formation and maintenance system required to operate the
expanded simulation model is given in Diagram 5 at the
end of this section. This data base is the same one that
was outlined earlier when the forecasting, car following

and non-signalized side road delay models were discussed.
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Conclusion:

This thesis has presented a study on the development
of a micro-scale simulation model for a selected section
of Pembina Highway. This study was conducted in two ways.
First a computer based simulation model written in GPSS
was developed and used to simulate the traffic flow on
Pembina Highway under varying conditions of signal lengths,
traffic volumes and road structure. Through these simu-
lation runs it was found that the capacity of the signal
systems in the model zone were above the traffic volumes
and that by increasing the percentage green per cycle,
while decreasing the cycle length the expected delay of
automobiles at signalized intersections would be reduced.
It was also concluded that the present road was not being
used to capacity in terms of the simulated traffic volumes
and thus an expansion of the road system in terms of a lane
expansion would not be a sure method of reducing the con-
gestion at the signalized intersections of the road system.
The second part of the study was devoted to four models,
forecasting, traffic flow, non-signalized intersection
traffic delays and signal synchronization, which could be
added to the main simulation model. The merit of each
model in terms of added complexity versus cost versus bene-
fit was looked into. The purpose of this section of the

thesis was to propose paths which could be followed in the



- 103 -

refinement of the simulation model. It was found that the
forecasting model would be a great asset despite the high
cost of data collection, the traffic flow model would be of
use in part, the side road delay model would definitely
refine the simulation model despite the increased complex-—
ity involved and the signal synchronization model would be
of gquestionable merit due to some of the assumptions made
in the main computer simulation model.

Perhaps the most important conclusion of the thesis
is that it serves to point out the great number of problems
and side issues involved in the simulation of a complex
situation such as a traffic engineering problem concerning

the traffic flow on a major artery.



- 104 -

BIBLIOGRAPHY

Chandler, R.E., Herman, R., and Montroll, E.W., "Traffic
Dynamics: Studies in Car Following",
Research, Vol. 6, 1958.

Operations

Chaudry, M.L., "Some Queueing Problems with Phase Type
Servers", Operations Research, May-June
1966

Darrock, J.N., Newell, G.F., Morris, R.W.J., "Queues for
a Vehicle Actuated Traffic Light",
Operations Research, Vol. 12, 1964.

Dick, R.S., "Some Theorems on a Single Server with
Balking", Operations Research, Nov.-Dec.
1970.

Ehrenfeld, S., Ben-Tuvia, S., "The Efficiency of
Statistical Simulation Procedures",
Technometrics, Vol. 4, 1962.

Emshoff-Sisson,"Design and Use of Computer Simulation",
MacMillan, 1970.

Greenberg, H., "An Analysis of Traffic Flow", Operations
Research, Vol. 7, 1959.

Haight, F.A., "Mathematical Theories of Traffic Flow",
Academic Press, New York, 1963.

Herman, R., Montroll, E.W., Potts, R.B. and Roherty, R.W.,
"Traffic Dynamics: Analysis of Stability
in Car Following", Operations Research,
Vol. 7, 1959.

Johnson, M.B., "Some Theory of Urban Transportation",
North~-West, 1963.

Lee, A.M., "Applied Queueing Theory", St. Martins
Press, 1966.

Lee, G. "A Generalization of Linear Car Following",
Operations Research, Vol. 14, 1966.

Little, J.D.C.,"The Synchronization of Traffic Signals",
Operations Research, Vol. 14, 1966.




- 105 -

Mohanty, S.G., Jain, J.L., "On Two Types of Queueing
Processes Involving Batches", Canadian
Operational Research Society Journal,
1970.

Oliver, R.M., and Brisbee, E.F., "Queueing for Gaps in
High Flow Traffic Streams", Operations
Research, Vol. 10, 1962.

Parzen, E., "Stochastic Processes", Holden-Day, 1962.

Prigogine, I., and Herman, R., "Kinetic Theory of
Vehicular Traffic", American Elsevier,
New York, 1971.

Sagi, G., "Theoretical Traffic Volume and Timing
Studies", Traffic Engineering, 1960.

Sagi, G.S., and Campbell, L.R., "Vehicle Delay at
Signalized Intersections", Traffic
Engineering, 1969.

Sanders, L.R., "Probability Functions for Waiting Time in
Single Channel Queues with Emphasis on
Simple Approximations", Operations Research,
Vol. 9, 1961.

Soaty, T., "Elements of Queueing Theory", McGraw-Hill,
1961.

Spur, W.A., and Bonini, C.P., "Statistical Analysis for
Business Decisions", Richard D. Irwin,
Homewood, Illinois, 1967.

Stidhan, S., Jr., "On the Optimality of Single Server
Queueing Systems", Operations Research,
June-July, 1970.

Sykes, J.S., "Simplified Analysis of an Alternating
Priority Queueing Model with Setup Times",
Operations Research, Nov.-Dec. 1970.

Tackas, L., "Introduction to the Theory of Queues",
Oxford University Press, 1962.

Tackés, L., "Two Queues Attended by Single Server",
Operations Research, Vol. 16, 1968.




Wagner, H.M.,

Weiss, G.H.,

- 106 -
"Principles of Management Science",
Prentice-Hall, 1970.

"The Intersection Delay Problem with
Correlated Gap Acceptance", Operations

Research, Vol. 14, 1966.

Weiss,G.H. and Maradudin, A.A., "Some Problems in

Young, J.P.,

Traffic Delay", Operations Research,
Vol. 10, 1962.

"Control of Multiple Channel Queueing
Systems with Parallel Input Systems",
Operations Research, Vol. 14, 1966.




= 107 -

APPENDIX A

MAP OF THE
SELECTED PORTION OF PEMBINA HIGHWAY

IN ITS PRESENT FORM
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APPENDIX B

MAP OF THE
SELECTED PORTION OF PEMBINA HIGHWAY

WITH PROPOSED LANE EXPANSION
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APPENDIX C

GPSS SIMULATION PROGRAM FOR
MORNING RUSH HOUR CONDITIONS ON
SELECTED PORTION OF PEMBINA HIGHWAY

WITH PROPOSED LANE EXPANSION
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o 244 ADVENCE ! 269
245 DEPART 37 270

246 QUEUE 61 271

@ 247 DEPART 61 272
248 TRANSFER SNBC 273
TR PEMBINA mLB. TRAFFIC AVPRCACHING JUBILEE EXIT o S ‘ T T 274

® 249 NHC  ApvancE 41 275
250 TEANSEER  LT794,TET,NBE 276

251 TE1 TERMINATE 277

D # PEMBINA M., TRARFIC APPRCACHING JUSTLEE EMTRANCE 278
252 NOE ABVANCE 10 279

2537 0 T T TEST T T T 00,024,115 ) o o ’ 280

S 254 TEST L 043,09,TTTe 281
e 255 TYIT9  QUEUE 43 262
! 256 GATE LS JUB ) 283

D

® & © ©
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©

8

e

E

257
253
259
260
261
262
263
264
265
2606

257

268

269
270
271
2712
273
274
275
276
277
218
273
2890
281
232
233
234
265
286
287
2E8

289
290
291
292
293
294
295
296

2571

298
299
300
301

302

303
304

305

306
307
308
309

ALK

1178

T175

17176

GEN

TEST
TEST L
TEST L
TRANSFER
TEST L
TEST L
ADVANCE
DEPART
Qo
DEPART
TRANGFER
TEST L
TRANSFER
QUEUE
GATE LS
1EST L
TEST L
ADVANLE
QEPART
QUEYE
DEPART
TRANSFER
QUENE
GATE LS
TEST L
TEST L
TEST L
ADVANCE
DEPART
QUEUE
DEPART
TRANSFER

* JURILEF N.RJ

L2721

XYz~

NEF

* PEMBINA N.P,

GEMEATE
AWEUE
GATE LR
TEST L
TEST G
TEST GE
TEST GE
TEST L
ADYVACE
DEPART
QUZUE
DEPART
TRANSFER

ADVANCE

# PEMBINA N.BR,

NEG

* PEMBINA NJB, TRAFFIL TURMING ONTO STARFORD VeBo

NEH

ADVANCE
TRANSFER

TEST L
TEST &
NUEYL

GATE LR
ADVANCE

V27442, TTT7
1124K53
326,K53
,TTTS
123,K53

014 ,K53

1

43

10

10

P MBF
V244943,TTTa
¢ OFN

G

Jun

123,K53
V14,453

P NRF

TRAFFIC GENFRATION
142
11
Jus
JZTKA2,7221
FL2.K53,XY72
1254,X53,Xy22
D23,K53,%XYZ2
T14,853
1

11

10

10

s NBF
TRAFFIC APPECACHING HARRAW

16 g R
TRECFIC DIRECTIONAL 3REAKDNWN

7

e SHCYNRH, KRR

M2,320 60N
T)274KD 406N
12

STA

L

28B4
285
286
287
288
289
290
291
292
293
294
295
296
297
2q8
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313

315
316
317
318
319
320
321
322
323
324
325
226
327
328
329
330
331
332
333
334
335
336
337
33a
339
340

® 9 © © © 5 9 © © © © ® © ©
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2
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i ® 310 IEPART L2 341 s
5 311 Tt 13 342
) 312 NEDART 13 343

1 & 313 TERM [NATE 344 @
314 SEN  CUEUE 26 345
’ 315 GATE LR STA 346

18 316 ADVANCE 1 347 &
; 317 DEPART 26 348
318 QUEUE 13 349

e 319 { 13 350 53
320 o TERHAIMATE o 351
* PEMBINA W.R. TRAFFIC REMAINING ON PENSINA 352

- D 321 MBI TEST LE 0144023, 004 353 oD
322 QUELE 14 354
323 GATE LS 578 355

@D 324 ADVANCE 1 356 1)
325 DEPART 14 357
326 QUEUE 15 358

@ 327 DEPART 15 359 (553
323 TURNINATE 360
329 CHN  CQuUFUL 28 361

330 GATE LS STY 362
; 33) ABVANCE 1 3163
332 DEPART 7 21 364

@ 333 QUEUE 15 365 &)
g 334 DEPART 15 366
4 335 TERMINATE 367

] * PEMBINA S.B. TRAFFIC GENEPATINN 368 D
336 GLMERATE 4,0 369
337 TR AN SCl0,TESA,0AS 370

333 TES4 TEST L 164225, TESS 371 f5¢)
339 TEST L 1164030,085 372
3490 QAS  QUEUC 16 373

. D 341 GATE LS STA 374 @
. 342 TEST L 219,K136 375
343 ADVAMCE [ 376

O 344 DEPART 16 377 o
345 QUEUE 13 378
346 DE2ACT 13 379

347 TOANSFER «210,538,TAB 330 @
348 TA8 TERMINATE 381
349 TESS  TEST L 125,030,088 382

) 359 QUEUT 29 383 )
351 GATE LS STA 384

: 352 TEST L 231.,K136 385 .

[ ) 353 ADVANCE 1 386 @
: 354 DESART 29 387
; 355 QUEUE 13 388

i 356 DEPART 12 389 D
i 357 TRANSFER , SRA 390
358 0BS  QUEUE 30 391

et} 359 GATE LS STA 392 ['s)
360 TEST L 155,K136 393
361 L2227 ADVANCE 1 ) 394

S 362 DEPART 30 395 ©
363 QUEUE 13 396
364 DEPART 13 397

@
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366
367
368
369
370
371
372

373

374

375
376
377

378
379
382
331
3382
383
384
385

386
387
338

289
390
391
392

293
394
395
396
337
398
399
400
401
402
403
404
405
406
40

403
409
410
411
412
413
414
415

TEST L
YZXL ADVANCE
NEPART

ADVANCE
TRANSIER
TAC TERMINAT
* FARROW S.83, T
GENFRATE
SUELT
TEST E
TEST L
ADVANC
DEPanT
548 QUL
o DEPARTY

FOPEMBINA S.8. TRAFFIC APPRCACHING JUBILEE EXIT

AOVANCE
TRALSFER
TAY TE [HAT
* JUBTLEE S.82,
SHX ARVANCE
TRANSFE®
GFHNERATE
SBC ADVANCE
F PEMBINA S.8.

TRANSFER

TESE
nos

ADVANGE
NEPART
CTERMINAT
TEST TEST t

TEST

TEST L

TEST L
TRANSFER

TTRT2 TEST L

TEST L
TRANSFER

TRT3  TEST L
TRANSFER

TBT1 QUEUE
. T UGATE LS

TEST L
ADVANCE
NEPART

IC GENFRATION

18,K116,Y2X1
93 1,K116

TRATFIC APORCACHING HARENW
a
S0L1,588,7TAC
€
RAFFIC GENERATICH
17,5
40
025,K0
13,4105

40
25
25

27
« 237, 53X, TAD
E
TRACFIC GENERATION
1a
+ 530
[T
33

TRACFIC APPRCACHING PCINT ROAD-WINDEMERE

«0264TES6,0CS
085, 7857,0n8

£

059 ,K60,TRT2
V59,231, TRT2
259,718, TRT3
157,755,088
,T8TY

C221,218,TRT3
N214755,4%5
1 OFS
N184055,6%8
y QLS
59
23S0}

QED,KTI
1

59

430
431
432
433
434
435
438
437
438
439
440
441
442
443
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416
417
418
419
420

421

422
423
424
425
426
427
428
429
430
431
432

434
435
4306
437
433
439
440
441
442

443
G4
445
446
447
4438
449
450
451
452
453
454

Le€2
463
464
465
460
457
463
469
47

471

Q¥s

QES

TRANSFER
QUEUE
GATE LS
TEST L
ADVANCE
DEPART
TRAMSFER
UG
GATE LS
TEST L
TEST L
ADVANCE
AEPART
OUEUE
DEDPART
TRANSFEPR
IMIINVES

T GATE LS

NEX8

TAF
Seg

* PENMBIT

T TESB
TES9

TCT3

TCT1

TEST L
ADVANCE
DEPART
TRANSFER
QUEE
DEPART
TRANGFER
TERYINATE
ADVAN

NA S.8. TRAFFIC APPRCACHING 4ACCILLIVARY-OAKENWALD
«01C,TFS8,26GS
252, TES9,0HS

TRANSFER

"TRAMSFER

TEST L
TEST L
TEST L
TRAMSFER
TEST L
TEST L
TRANSFER
TEST L
TRANSFER
QuEyL
GATE LS

TANVANRCE

5553

DEPLAT
QueLE
NEPART
TERMINATE
cueyl

TGATE LS

s
QIS

ADVANCE
DEPART
QUEUE
DEPART
TEEM [MATE
TEANSFER
QUEUL
GATE LS
ADVANCE

]

SOF
55
PEA
FV44,K70
L

55

» SBE

21

02A
N33,K70
032,K7
1

31

51

&1

» SBE

18

PRA

319,K70
1

13

<S4R, TAF,NEXS

61

oy

»S3E

a1

V63.033,TCT2
169,0179,TCTY3
60,040,588 3
S TCTL

VA2, L%,TCT3
333,064,585
1 Q6GS
716,044,585 3
1 QIS

50

MAA

L

50

21

21

224

S
1

44

21

21

504,015, TAI
19

MAA

1

455

456

457

458

459
460
461
462
463
464
465
466
467
468
469
470
471

472
473
474
475
476
477
478
479
480
481
482
483
484
4385
486
487
488
489
490
491
492
493
494
495
496
497
%98
49¢
500
501
502
503
504
505
506
507
508
509
510
511
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i
@ 472
473
474
& 475 TAL  TERMINATE
476 6S QUEUE
477 GATE LS
474 TRANSFER
479 QJs DEPART
450 QuELT
431 TEST £
“82 ADYATICE
483
484
485 0KS
480
457 DEPART
488 LUEHE
4n3 ) DEpARTY
499 TERMINATE

® © © o

a2 9 ©

L]

START
RESET
START
8D

e

-
]

MAAT
«020,0KS,QJS
33

34

A24+KD

1

34

134,K0
1

33

21

L8

72

512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
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SLOCK NUYRBER

432

355
161
423
279

314

329
469
4673
479
485

375
334

w16

4177

SYM30L

NE X5
NEYL
NEY 2
NEY3
NEY 4
BEYS
NEYO

TNEYT

MEYR
NEYQ
Qan
CAS
QRN
Q2853
o
oCs
Con
005
OEN
GES
OFN
[N s

hGs

0OHN
QRS
QIS
CJ5
0KS

aMS

ROM
SBA
SBR

REFERENCES BY CARD NUMBER

32

45
22
27
£
78
172
276
264

334
334

G2
115

33¢
403
353
HG4
463
518
51e
443

21
330
411

382
65

449

156

337
491

95
195

104
206

329

132
216

149
273

®
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®

268
261

2¢3

255

o7

123
371
295
361

SAC
S3F
83X
SSS1

S553

ST6
TAY
TAC
TAD
TAF
TAL
TAT?
TAT3
TAT4

TATS
TATS
TATL
THTZ
Y73
TCTL
TCT2
¢T3
TEA
TER
TEC
TEE

TESL
TES2
TES3
TESA
TESS
TESs
TES7
TESA
TES9
TET2
TET3
TET4
TT72
TTT4
11715
TT7¢6
TTY7
TTTS
179

Xvza"

XYZ73
YZxl
2771
2172

[ae]
-

L]
S

P
W
&

177
4990

67
69

323
143

455

461

470

479

D

@

D

151

£

@

@

i
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LOGIC SWITCH SY#BULS AND CORPESPONDING NUMBERS

Jun
MA

MAB
PRA
PR

N W N g

& © 9 ©

2 & © o ©

e B
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®OPEMAINA N, TRAFFIC GENERATION APPROAGHING MACGTLL IVARY=0AKFMNUALD

1 QTARLE 1 1
2 QTABLE 3 1
3 OTAELE 4 1
4 OTABLE 5 1
5 OTABLE 7 1
6 QTABLE 8 1
7 NTARLE 9 1
8 CTAFLE 11 1
9 NTAELE 12 1
10 QTAELE 14 i
1L QTAPLE 16 1
12 oTaRLE 17 T
13 OTARLE 13 1
14 CTAPLE 19 1
1 GENERATE 13
2 TERMIrATE 1
® MACGILLIVARY SIGHALS
3 GENERATE 1 o
4 LAGICT 1
5 GATE LS 1 9
6 ADYANCE 63 2
7 TRANSFED 4
8 ACVANCE 13 2
9 LDGICS 2
10 ADVANCE 13 2
11 LOGIGR 2
12 TRANSFER 4
% POINT RUIAC SIGNALS
13 GFNERATE 1 0
14 0G1IC] 3 )
15 GATE LS 3 21
16 LDYANCE 12
17 Lncics 4
13 ACYANCE 54 2
19 LoG ey 4
29 TRANSFER 14
21 ADVANCE 27 2
22 TRANSIER 14
2 JUBTLFE SIGMALS
23 GENERATE 1 J
24 LNGIGT S
25 GATE LS 5 23
2¢ ADVANCE 57 2
27 TiANSFER 24
28 ARVENCE 22 2
29 TRANSFER 24
® STAFFORD SISGNALS
20 GENERATE 1 o
31 LOGICT 6
32 GATE LS 6 37
33 ADVANCE 16
34 LesiIcS 7
35 ACYANCE 23
36 TRANSFER . )
37 ACVANGE 53 2
33 LGGICR 7
39 TEANSFER 31
45 GENERATE ¢ ?
41 THANSEER JOLT a2
“2 TRARSFER L3594 N3
43 TEST L 01 029
44 TEST © U4l 01
45 TEST ¢t G570

57
35
4T
50
A1

oo

® e © © o

D
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& ©

&

e @

& © o o
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119

7 TIST ¢ o ) i
S 43 TEST L 257 220 76 @
49 T2ANSEER 51
50 TEST ¢ 257 241 50
8 51 QUELE 57 @
52 GATE LS 1
53 TEST ¢ A58 K7
(i} 54 LDV ANCE 1 @
55 DLPLRT 57
56 QUELE 2
& 57 DEPART 2 @
58 TRANSFER 129
59 CLEUE A o
@ 60 GaTE LS 1 D
61 TEST L 242 KT
€2 ADVANCE 1
@ 63 DELART 41 &
b4 GUFLE 2
; 65 CEPART 2
i O 66 TRANSFER 127
: 67 QUEUE 1
; 68 GATE LS 1
[ ) 69 TEST L 25 K79 s
70 ALVANCE 1
: 71 DLPAR 17
@ 72 TRANSFER  .034 73 92 @
3 73 CUELE 2
3 T4 CEPART 2
i@ 75 TRANSHER 129 D
; 76 GUELE s
: 77 GATE LS 1
1D 74 TEST L N23 K79 o
79 TEST L P K7
3 a0 ADVANCE 1
i@ 31 PEPART 20
- 82 NUELE 2
83 DEPART 2
@ 84 TRANSEER 127 i)
25 QUEUE 72
26 GATE LS i
(] 37 TEST ¢ 021 K0 &
813 APV ANG 1
39 nEpaR g 22
] 90 QUEUE 21 @
91 CEPART 21
92 TERMINATE
@ * DAKENWALC Y.B8. TRAFFIC GENFRATIAN ®
93 GENERATE 23 12
94 TRANSFER $277 95 195
@ 95 nueer 3 &
56 GATE LR 1
® a7 CATE LR 2
98 ALVANCE 1
99 DEPART 3 @
100 " QuUELE’ T2 o )
@ 101 REPART 2 o
162 QUELE 21
103 preart 21
@ 104 TURMIMATE )
105  nuree 35
L06  TEST 05 K73
® 167 TRANSFER  ROTH 103 112 @
108 CATE LR 1
103 GATE LR 2
D ARYANTE 1 "

T T T e oy
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112

TRANSFE

Q

123

CENERATION

113 TCST F 02 Ka
114  TRANSISR 119
MACSILLUIVARY E.8, TRAFREIC

115 GONERATE 19 12

116  QUELE 4 i i
117  GATE LR 1

118 GATE LS 2

119 TEST 6% 05 K7D 123
120 TEST G& 022 K7D 123
121 TEST GE 042 K72 123
122 TEST L 058 K72

123 ACVANCE 1 )
124  DEPART 4
125  GQUELE 21
126 DEPART 21
127  TRANSFER L5601 123 129
123 TIRNMINATE

PEMBING MNPy TRAFFIC AFPROACHING
129 ADvar 59

13) TRANSFER LC1D 0 121 161
131 TEST L 05 323 135
132 TFST 6 %942 0% 133
133 TEST L w58 Qs 161
134 TRANSFER 129
135 TEST L 023 042 133
1346 TEST L 058 Q23 173
137 TRANSFER 1272

133 TEST L 053 042 159
139  QueLt 5%

149 CATE LS 3
141 GATE LS 4

142 TEST GE 0y Ke4 145
143 TEST GE 024 KEe4 145
144 TEST L 243 Ken
145  ALVANCE 1

146 DOPAR 53

147 QUFLE 6

148  DLOART 5
149 TRANSFER 249

150 QuFLE 42
151 CATE LS 3
152 GATE LS Ty i )
153 TEST GE Q9 Ken 156
15 TEST G& 024 KEy 154
156 TEST L 043 K53
155 ALV ARCE 1

157  DEPART 42

153 QUEUE 6
159  LCEPART 6

16) TRANSFER 249

161 QUELE 5

162 GATFE LS 3

163 CATE LS 4
164 TEST GE 09 T KB4 16577
165 TEST GE 024 K3 167
166  TEST G 043 K4
167  ADVANCE 1

163  DEPART 5

169 TRARSFER W550 92 170
173 cuELET T 6 T
171 DLBART 6
172 TRANSFER 249

173 aneer 23

174 CLTE 1 ¢ R

POINT

POAD~-WINDUMELRE

& ® © © © ©

e o

@

e ® 9 B @

@

8 85 © B 9




176 TEsT o RIS X G Nan
@ 177 TosT ac on “Sh 179 @
173 TEST L 243 Kea
; 179 apvancs 1
& 180 gfoerT 23 @
131 GueLg I3
182 DLPART [3}
| @ 183 TRAASEER 249 )
134  TERKINATE
= PCINT ROAD WoB. TRAFEIC GENERATIAN
;@ 135  GFNERATE 22 20 o
136  TPANSEER  ,768 1¢3  1g7
137 oQueLe 33
P 138 T0ST L 09 KR4 i)
189 TEST ¢ 05 «
; 192 ALvancs 1
[ 191 DEPART 33 @
192 TRANSFER 247
193 TRANSFER ~ ,620 194 203
& 194 GUELE 29 o
195  T0ST t 023 K79
166  GATE LR 3
@ 157 TEsT E 61 KD 46}
188 anvancs 1
199 DEPART 5
] 200 CUELE 61 o
201 DEPART 61
292 TRANSEER H 42
D 233 GUEUE 7 @
204 GATE L® 3
205 TLST € 239 Ko
& 236 APVANCE 1 L5
237 pruaey 7 e
208 QUELE 6
Q 239 DEPaRT 6 )
. 210 OUFRUE 61
211 NEPART T el
212 TERNIMATE o
] * WINUEMORE E,d, TRAFFIC GONFRATION
; 213 GEMERATE  3p 13
) 214 TRANSFZR (267 215 227 ©
213 TRANSFER  ,%02 240 216
216 QUELE 8
@ 217 GaTe Le 3 @
218 TEST E Q36 ko
219 TEST £ 037 Ko
D 222 ACVANCE 1 1)
i 221 DEPART a
: 222 QUELE 61
D 223 DCPART 51 @
224 QUFLE 6
225  DEPART 6
5] 226  TERFMINATE ©
227 fUELE 35
223 CTEST LT 019 KTy T
D 223 TRANSFER  ROTH 232 234 o
230 TEST ¢ 261 KO
231 AUV ANCE 1
D 232 DEPpRT 36 o
233 TRANSFER 442
234 GATE LR 3
D 235  aCvancE 1
TR b e 11 ”
I GHELE 61
@ 233 gEnset . -
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QUELE

240
241 GATE LR
242 TEST L
243 TCST €
244 ABVANCE
245 SFPanT
245 QUELE
247 DEPART
243 TRAANSFER
* PEMRINA N.D.,
249  ACVANCE
250 THANSFER
251 TEEMINAT
= OPEMLINA N,
252 ATVANCE
253 TEST L
254 TEST L
255  QUELC
256  GATE LS
257 TEST L
258 TEST L
239 TEST ¢
260 TRANSFER
261 TEST L
262 TEST L
263 ADYANCE
264 DEPART
265  NUELE
265  CEPART
267 TRANSFER
268 TEST L
269 TRANSFER
270 quELt
271 GATE LS
272 TEST L
2173 TEST L
274 ALVANCE
275  DEPART
276 QueLL
277 DEP AT
273 TRANSEER
273 ouiLs
2490 GATE LS
231 TEST L
282 TEST L
233 TEST L
284  ADVANCE
285  DEPART
236 QuELE
287 DEPART
283 TRANSEER
* JUBTLEE Rot.
289 GEMERATE
290 QUELE
291 GATE LR
292 TEST L
293 TEST 68
294  TEST GF
295 TEST GE
256 TEST L
297 AUVANCE
294 DEPART
299 QuFLP
300 DEPART
im TEANSIEC

[N

-~J

C T WD DL

—

TRAFFIC
41
. 794
£
TRAFFIC
10
23
CH3
43
5
Q027
012
Q26

Qzea

D e D R 0
[N
i)

Qo

)
~

5

027
Qiz
Q26
1
24
13
10

K4
KO

247

APPRICACHING

2¢1

APPROACHING

24
na

K42
K&3
KE3
263
K53
X832

302

42
K53
K53

302

262

raNa

X
7

o]

251

TEAFFIC GEMNERATIDN

7
11
5
027
Q12
Q26
AN
Ola
1
11
19
10

300

295
297
297

267

JURTLFE

JURTLEE

EXIT

SENTRANCE

©
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2 6 @

3

2 &

&




e

3.2 AUV ANG T ot

Pos ]
(5] FOPEMIINA AR TRAEFIC DIRECTIINAL FREAKDAWN
303 ACVANCE 7
304% TRANSFER .560 305 321
& *OPEMBINA DLB. TRAFFIC TURNING ONTC STAFFIRD .3,
h 305 TEST L 12 225 314
3056 08T € 027 K0 3114
@ 307 QUELE 12
3C3  GATE LR 6
309 ADVANGF 1
D 310 OEPLRT 12
311 GUELE 13
312 nEeaAnrT 13 o
D 313 TCRMINATE
314  QUELE 26
315 GATE LR 6
&2 316 ABVARNCE 1
317 DEPART 24
318 GUEUE 13
D 319 CEPART 13
320 TERVMINATE
FOPEMBINA Nob. TRAFFIC REMAINING CN DEMBINA
G 321 TEST LE Q14 023 329
322 QuELE 14
323 GATE LS 7
@ 324 DVANCE 1
325 DEpART 14
326 GUFUE 15
@ 327  DEPART 15
328  TERMIDATE
329 CURLE T 23
) 330 GATE LS 7
331 ABVANCE 1
332 pEeaaT 23,
333 QUFLE 15
334 pgeaar 15
335 TURMINATE
@ * PEMBINA S.R. TRAFFIC GENERATION
335 GENERATE 4 1
337 TRANSFER L0100 333 340
] 333 TEST L D16 029 349
339 TEST L 216 03) 353
340 QUEUC 16 ’
2] 341 CATE (S 6
342 TEST L QLS K136
343 ADVANCE 1
[} 344 DLPART 16
345  QUFLE 12
346 DIPART 12
D 347  TRARSFER L0L0 375 343
343 TERMINATE
346G TEST L 629 Q29 358
350  qutue 29
351  GATE LS 6
352 TEST L 021 TK13e
S 353 ACVANCE 1
354 DEPART 29
355 GQUELE 13
@ 356 DEPART 12
357  TUANSFER 375
353 CUELE 30 )
D 359 GATE LS 6
360 TEST L 055  Kl3e
361 ADVANCE 1
5] NCPART 39

362
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3¢&4 neeanTt
365 TRAMSEER
% STAFFORD S.3.
366 GENERATE
367 QUELE
368 GATE L2
369 TEST GE
370 TEST L
371 ALY AN
372 DEDART
373 QUELE
374 NEPART

13

* PEMBINA S.B. TRAFFIC APPRCACHING FARRNOY

375 ADVANCE
3756 TRANSFE®R

377 TERMINATE

# ORAFRIW S.B. TRAFFIC CENERATINN

373 GECHMNERATE
379 QELE
383 TEST &
381 TEST L
382 ACVANCE
383 BEPART
384 CueLe
325 DEPART

* PEYBINA S.P, TRAFFIC

306 ADVANCE
337 TRANSFER
338 TERNMINATE

* JUBILEE S.8. TRAFFIC

389 ADVANCE
399 TRANSFER
391 GEMNERATE
392 AbveN(E
* PEURINA S.
3973 TRANS 4
394 TRANSFER
395 QUELE
396  GATE LS
3$7  TEST £
333 ADVaNCE
399 DEPART
400 TERMINATE
401 TEST L
402 TEST L
403 TEST L
434 TEST L
405 TRANSFER
406 TEST ¢ 7
437 TEST L
458 TRANSFER
409 TEST L
419 TP ANSFER
411 QUELE
412 GATE LS
413 TEST L
414  ACVANCE
415  DEPART
416 TRANSFER
417  QUEUE
413 GATE LS
419 TEST L
422 ACVARCE
421 DEPART

422 Transeze

« TRA

10

TTw WD

.
[AEEROT N & I N €%Y

e D W W e
o

375

THAFFIC GEUERATION

8 1

17

6

[SRE) KIle 371

021 Kilé

1

17

13

13

8

«311 3e4 377

17 Q

43

025 KC

e %] K135

1

40

25

25

AP PROACH ING
27
«237 3289 3388

GENERATION

392
4

AP PROACHING

264 432
401 3qe6
KO

406
406
409
417

T 409
417

417

442

K72

447

JUBILEE &XIT

PAINT ROAD~KINDEMERE
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)

424
425
425
427
423
423
439
431

433
434
435
436
437
433
439
449
441
442

3+

443
444

443

4352
453

455
456
457
4583
459
460

462

466
467
468
4569
41

472

479
489
481
482

" 483

4834
485
435

L7

PEMRIT

Ls

GATE K
TEST ¢ 033
TEST L 0N32

ADVANCE 1
cEozar 31
QUFLE 61
DEPART 61
TRANSFER
QUFLE 18
GATE LS 3
TEST L ni9
ATV ANCE 1
DEPERT 13
T anSFeER + 548
QUEUF 61
fBEPART 61
TRANSHER
TCRIINATE
ACVANCE T el
NA S.t. TRAFFIC
TRANSFER . 210
TRANSFER .28
TEST L 160
TEST L 0560
TEST L Ceo
TRANSFE
TEST L 503
TLST L 033
RANSFER
TEST L QLo
TRANSFER
UEUE 60
GATE LS 1
ADVANCE 1
DEPART 50
QUELE 21
DFPLERT 21
TCRFMINATE
[NV Nle 44
CaTE LS 1
ADVANCE 1
DEPART 44
QUELE 21
NEearT 21
TERMIRATE
TRANGFER 504
CuELE 19
GATE LS 1
ALVANCE 1
DEPART 19
QUEUE 21
DCPART 21
TCRMIMATE
cueee 313
GATE LS 1
TRANSFER .20
NEpPLRT 27
QUFLE 34
TEST & 02
ADYANCE 1
DLPART T34
TERMINATE
TEST F N34
ABVANCE 1
NP AT el

K72

K7

442

K7)

L4 ]

442

APPRANACHTING MACGILLIVARY-QOAK ENWALD

Lah
(%1
023
AN )
044
45%
219
A4 4
475
044
467

463

476
458
449
452
461

452
461

461

475
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DE2ART

489
499

@ 6 & e e e

a9
L5

TERNMIMATE
START
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RELATIVE CLnLK

HLACK
BLAOCK

DO XLV DWW

e

BLOCZK
51
52
53
54
55
56

-
L™

BLOCK
151
152
153
154
153
156
157
154

159 °

16¢

BLOCK
231
222

1203
204
235
2Ch
2C7
2358
209
210

BLICK

ETERt

courTs
CURFENT TOTAL
18
18
1
3a
38
19
19
19

sSleNrNeNoNoRe]

OO

18

)
<
3
-
I
—

TATAL
29
27
29
29
29
29
29
29

316
315

[eRadeReRe e NaNolsNold

CURKENT TOTAL
42

42

OCOoOQCOOOLCOOoC
=
—

CURRE

o

T ToTAL
224
224
224

0

2]
224
224

224

COCOoODOLODO O

224

CURRFENT TATAL
7
7

16
16
16
15
14
16
16

COCOCCOODOOQ

CURRENT TOTAL

~ 10

18

5o

l()‘

1800 ABSCLUTE CLACK

BLOCK
11

12

12
14

5

e
O W NG

BLICK
51
&2
63
b4
55
66
57
65
59
79

ALODCK
111
112

114
115
116
117
113
119
129

BLOC K
161
162

T}
154
158
164
167
168

13

T1e9

CUPRENT TOTAL
18
18

1
38
38
1o
19
19
13
19

OOoOCoOCoOCOC

CURPRENT TOTAL
315
215
215
215
215
315
42

ODTCODLOOQODO

CuURPRENT TOTAL
T11
11

5
5
92
92
2z
33
31

Q

DoCodrocooooc

CUPRENT TOTAL
73

76
76
76
75

CooCcCoOOoOOON
<

CURRENT TOTAL
16
L6

OO0 OCHC
w
(-]

CUPFENT TOTAL

1800

BLOCK CURRENT
21 1
22 0
23 0
24 0
25 0
26 0
2 a
23 1
29 0
30 0

AL0CK CURRENT
71 0
72 0
73 0
T4 0
75 0
76 0
77 0
78 ]
79 0
80 0

ALOCK CURRENT

121
122
123
124
125
126
127
128
129 1
130

(o]

OO0 OO0

BLOCK CURRENT

171 0
172 0
173
174
175
176
177
178
179
180

COVWODDTCN

BLOCK CURREMT

221 0
222
223
224
225
226
227
228
29

230

[« ReNoNeoNeNoNoNole)

BLOCK CURREN

e N

TaT AL

TOT AL
42
42
40

TOT AL
0

0
88
88
88
8¢
38
39

482

464

TOTAL
75
75
92
30
G0
0

0
0
Q0
Q0

TOTAL
38
38
38
38
33
38

PaliE S S

TATAL

BLOCK CURRENT

31
32
33
34
35
36
37
38
39
40

BLOCK
81
82

BLOCK
131
132
133
134
135
136
137
1328
139
140

BLOCK
181
182
183
184
185
186
187
188
189
190

BLOCK
231
232
233
234
235
236
237
238
239
240

BLOCK CURRENT

OO O0O0O0OOO0O

CURRENT

COOOCODOOCO0O

CURRENT

0

ONOCCOOOD

CURRENT

o]

[ejoRoReNoNoNeRoNe)

CURRENT

0

[=NeNeNeNoRoNeNoNe)

TOTAL
38
38
19
19
19

TOTAL

TOTAL
460
75
74
0
385
92
0
294
68
66

TOTAL

TOTAL

4
4
4
0
¢}
0
0
0
0
7

1

TOTAL

BLOCK CUPRENT

41
42
43
44
45
46
47
48
49
50

BLOCK
a1
92
93
a4
95
26

BLOCK
141
142
143
144
145
146
147
148
149
150

BLOCK
191
192
193
194
195
196
197
198
199
230

BLOCK
241
242
243
244
245
246
247
748
249
250

BLOCK CURRENT

0

CODTDDODODDOO0

CUPRENT

20

[>ReNoReloNoNoNol

CURRENT

¢]

NODDODODODOOD

CUPPENT

DOODOODDOOQO

CURRENT

j=)

OHNOOODO0O0O0O D

TAOTAL

455
445
415
32
32
0
283
38
0
345

TOTAL
30
33
53
53
42
42
42
42
42
42

T3TAL
66
66

0

0
66
66
66
66
66
226

TOTAL
54
54
23

N

TOTAL
17
17
17
17
17
17
17
17

526
523

TOTAL
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233
254
255
256
257
2538
259
260

BLICK
301
332
393
304
325
306
3307
328
329
310

BLAOCK
351
3£2
353
3154
L5
350
357
353
359
360

BLNCK
401
492
493
434%
405
405
437
403
4¢9
4190

BLCCK
451
452
453
454
455
456
457
493
459
460

CURRENT

i
1

COODOOOTNNC

CURRENT

[¢]

(al
Loy
=)
X3

T
=

OCCODCOOC DO

CURREMT

olel N NoNeNoNo e Cocooco~-c o

COQCODOoO~C QD

417

a3
224
223
223
223
223
223

TOTAL
253
e300
€55
643
284
112
112
112
112

112

TAaTaL
35

35

35

85

85

15

a3
235

2847

284

TOTAL
683
[

83

253
264
255
254
267
263
259
270

BLOCK

— s
s N

—— e
(ST

S~ O

LWl W W W e W

PG e re g

LNk

WL W
o O
—

o O

~ O

=

~ >
Cw X 3w

LNV T N I U IO RN
>

BLA

BLOTK
451
462
463
464
455
46 6
457
468
459
470

[ReRoRoRaNeNoNe]

CHERENT

CTCOOOOO0OoOOOO

cur2enY

COOCoo0oCOoCO

CUFRENT
2

IS

(o]

QO DODWODODOO

CURRENT

WO cCcoocooonNn

223
223
223
223
223
234
110

9

TOTAL
112
112
112
172
172
172
172
172
172
172

THTAL
234
234
274
29%4
214
223
223
223
223
0

TNTAL

79
360
357
357
357

ToTAL
216
214
214
214
214
214
214
174
175
172

273
274
275
276
217
278
279
280

BLOCK
321
322
323
324
325
326
227
328
29
330

LOCK
arl
372
373
374
375
376
377
378
379
380

BLOCK
421
422
423
424
425
426
427
428
4?29
430

RLOCK
471
472
473
474
475
476
417
478
479
480

[oRoNoNoNoNoRal e

CURRENT
0

[eNeRolsNoloNoN ol

CURKE

NT
0
0
0
o
7
o]
0
0
0
¢]

CURRENT

COOO0OCoOOWOO

CURRENT

COOONDOOD O

110
110

TNT AL
359
231
231
231
231
231
231
231
128
128

TNT AL
223
223
223
223
672
666

7
106
106
106

TOTAL
357
357

7
4
Qs
94
94
94
94
94

TOTAL
172
172
172
172
2062
114
112
112

2
2

290

BLOCK
331
332
333
334
335
336
337
238
339
340

BLOCK
381
382
383
384
385
386
387
388
369
390

BLOCK
431
432
433
434
435
436
437
438
439
440

BLOCK
481
482
483
484
485
486
487
488
489
490

DOOCOOOLOO

CURRENT

0

[eReReoNeNsNeNoNoNe)

CURRENT

ONOO~NODOOOO

CURRENT

eReReloBoRoNoNe NIt o]

CURRENT

[}

[oRejoNoReNoNoNoNol

110

110
110
110
110
110
253
253

TOTAL
128
128
128
128
128
453
453
449
78

q2

TOTAL
106
106
106
765
765
765
758
156
602
600

TOTAL
94
171
168
168
168
168
168
162
162
162

TOTAL

293
294
295
296
297
298
299
300

OO0 DD

BLOCK CURRENT
341
342
343
344
345
346
347
348
349
350

o

iadieNeoNwRoRa Nole o)

BLOCK CURRENT
391 0
392
393
394
395
396
397
298
399
4090

N
nNe

CCODUDDO

BLOCK CURRENT
441 0
442 14
4473
44 4
445
446
447
448
449
45¢

[&]

QOO DOOCL

BLOCK CURRENT

TOTAL
32

32

az

82

82

82

32

1

371

411

150

TOT AL
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LAGIC SWITCH — SET {(0N) STATUS
SWITCH NE NR R NR
ST8

L3

NP

S

R

NR

NR

NR

NR

NR

NR

NR

NR
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) QUEVE HAXTMUM AVERAGE TOTAL ZFRn PERCENT AVERAGE $AVERAGF TABLE CURRENT
CANTENTS CANTEYTS FNTPIES ENTRIES ZEROS TIME/TRANS TIME/TRANS MUMBER CONTENTS
1 3 .233 42 .0 12.390 12.380 1
@ 2 1 L0230 464 4604 190.0 000 .000
3 3 . .586 42 .0 25.142 254142 2
4 5 1.494 92 .0 29.239 29.239 3 4
2 5 4 $ 659 78 .0 15.012 15.012 4 2
6 1 .009 539 509 190.0 L000 . 000
7 2 $218 16 .0 264.562 24.562 5
) a 2 $571 38 .0 27.078 27.078 6
9 5 W27 a3z . 4.722 44722 7
3 10 1 L2030 €59 669 130.0 2000 .000
E ] 11 9 3,196 252 .0 22.74% 22.743 8
; 12 B 612 112 .0 10.803 10.803 9
13 o 1 2000 958 953 1J0.0 .000 .000
i ® 14 6 292 731 .0 2.324 2.324 10
. 15 1 L00D 359 359 130.0 .000 .00
16 T 1.091 32 W0 23.951 23.951 11
17 6 1.389 023 .0 11.215 11.215% 12
; 13 5 L4655 171 .0 4,297 4,807 13 3
; 19 4 L 509 175 .0 6.274 6,274 14 3
4@ 20 3 .353 38 .0 16.736 16.736
21 1 000 749 749 100.0 L0000 . 000
: S22 3 122 30 .0 7.366 7.366
3 B 23 5 L7326 22 .0 14.413 14,413 2
5 24 5 263 110 .0 4,390 4.390
) 25 . 1 19 7465 765 100.9 .090 .000
D 26 8 £190 172 o< 9.319 9.319
. 23 5 175 128 .0 2.476 2.476
29 5 1.265 86 ) 26,484 26.488 1
i 9 30 5 1.564 215 o0 9.38 9.880 1
e 31 5 . 344 97 .0 64391 6,391 3
i 32 4 . 169 56 .0 4.621 4,621 1
it} 2 4 L6412 114 2 1.7 6.517 6.633 2
. 34 1 .00 ? .0 1.290 1.000
35 1 .013 1t .0 2,181 2.181
i B 3¢ 1 .02 4 .0 1.000 1.000
; 37 2 J1n 17 .0 18.941 18.941
-: 38 1 L0029 54 .0 1.000 1.000
a4 D 39 1 034 7 .0 2L.714 21.714
7 40 1 LT 106 .0 1.000 1.000
E 41 h 37 $502 316 ) 3.436 3.436 1
L) 42 5 .14 226 .0 7.283 7.283 2
i 43 6 <416 224 .Q 3.343 3.343 1
44 5 612 216 .0 5.1006 5.106 2
D < 5 14 360 .0 3.G74 3.074 3
57 2 .207 29 .0 12.862 12.862
58 4 L5695 68 .0 15.0R8 15.088 2
& 59 4 .255 21 .0 5,679 5.679 2
60 ) 4 347 a4 .0 6.659 6.659 1
61 1 2000 334 334 17040 .000 . 000
® SAVERAGE TIME/TRANS = AVERAGE TIMF/TRANS EXCLUNING ZERN ENTAIES
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L) TASLE A
ENTRI

ES IN TABLE MEAN ARGUMENT STANDARD DEVIATION SUM OF ARGUMENTS

A

@ 42 12.340 16.355 520.000 NON-WEIGHTEN
it JPPER . NBESERVED PER CENT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION
LIvMIT FREQUENCY OF TOTAL PFRCENTAGE REMAINDER OF MEAN FROM MEAN
1 9 21.42 21.4 78.5 .080 -1.099
11 12 28.57 49,9 50.0 . 888 -.133
21 19 23.80 73.8 26.1 1.696 <832
31 12 23.30 97.64 2.3 2.503 1.797
41 1 2.38 100.0 .0 3.311 2.756H3

REMAINING

@

3

FEEQUENCTES A%E

ALL ZERD
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TARLE P
ENTRIES IN TABLE CMEAN ARGUMENT
42 25.142
porag (R STeVEN pER
Lr4IT FEIEQICNCY (1
1 5
11 6
21 15
21 3
41 8
51 ) 2
61 6
71 1

REMAINING FRSOUENCIES ARF ALL ZERn

CeENT
TATAL
14,28
14.28
23.30
714
19.974
Gal6
14.28
2.38

STANDARD DEVIATINN

CUMBLATIVE
PERCENTAGE
L4.2

283.5

52.3

59,5

78.5

83.3

GT.6

100.0

19. 625

CUMULATIVE
REMAINDER
5.7

71 .4

47,6

40 .4

21 .4

16.6

2.3

+0

SUM QOF "ARGUMENTS
1056.000

MULTIPLE
OF MEAN
. 039
437

« 835
1.232
1.630
2.028
2.426
2.823

NON-WEIGHTED

DEVIATION
FROM MEAN
-1.230
—.720
~e211
298

.808
1.317
1.827
2.336
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TA3LE
ENTRIES [N

c

TaaLE
38

UpoeER

LIMIT

1
11
21

81

MEAN

NBSERVED

FREQUENCY
2%
3

X G

H

11

o
Ll N R RO

ARGUMENT
28,534

PER CENT
F 70T AL
27.27
9.29
9.39
12.50
6491
11.3¢
13.22
9.99
4454

REMAINING FREQUENCIES ARF ALL ZERD

STANDARD DEVIATION

CUMULATIVE
PERCENTAGE
27.2

36,3

45.4

57.9

6407

76.1

86.3

95,4

100.0

24,687

CUMULATI VE
REMAINDER
T2.7

63.6

54,5

4240

35.2

23.8

13.6

4.5

.0

SUM OF ARGUMENTS
2511. 000

MULTIPLE
QOF HMEAN
.035
385
735
1.086
1.436
1.787
2.137
2.488
2.838

NON-WEIGHTED

DEVIATION
FROM MEAN
~1.115
=710
~¢305
.039

«504

«910
1.315
1.720
2.125

5 © © o

®

2 9 e o

ég




)

® )

]

2 e

®© & 8 © 9 ® © © 8 © © © © e

]

TAALE 0
ENTRIES IN TASLE
76

UPDER
LIMIT

AN

QB SZRVED
FREQUENCY
25

1l

17

22

a

ARCUMENT
15.223

PER
0OF

REMAINING FREQUENCIES ARE ALL LERN

CPNT
TOTAL
32.8¢
1407
13.15
270.54

13.52

STANDARD NDEVIATINN

12.878
CUMULATIVE CUMULATIVE
PERCENTAGFE REMAINDER
32.8 67.1
4743 S52.6
60.5 39,4
89.4 10.9
1¢0.0 .0

SUM OF ARGUMENTS
1157.000

MULTIPLE
OF MEAN
<065
722
1.379
2.036
2.693

NON-WEIGHTED

DEVIATION
FROM MEAN
~1.104
-a327
<448
1.224
2.001
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TA3LS F

ENTRIES IN TASLE MEAN ARGUMENT
16 24.562

UPPER NBSERVED PE CENT

LIMIT 7 FrEQUENCY 7 OF TOTAL

1 3 15.75

11 3 18.75

21 1 6425

31 2 12.50

41~ 4 25.90

51 Ty 5.25

61 2 12.50

REMAINING FRZOQUENCIES ARE ALL ZERN

STANDARD DFEVIATION

CUMULATIVE
PERCENTAGE
18.7

37.5

4347

56.2

e1.2

8745

1C0.0

20.312

CUMULATI VE
REMAINDER
81.2

52.5

56 .2

43.7

18.7

12.5

.0

SUM 0OF ARGUMENTS
393.000

MULTIPLE
OF MEAN
<040

« 447
854
1.262
1.669
2.076
2.483

NON=WFTIGHTED

DEVIATION
FROM MEAN
~1.159
—.667
~.175
«316

«809
L.301
1.793
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TA3LE F

ENTRIES [N TASLF
38

UPPER
LIA4IT
13

11

21

31

41

51

61

71

MEAN

OB SEPVED
FREQUENCY
]
4

[ BN

W e w

ARGUMENT
27.073

PER CENT
OF T0TAL
21.35
10.52
19.52
13.15
21.735
7.9
7.89
7.39

REMAINING FFEQUENCIES ARE ALL ZERO

STANDARD DEVIATION

CUMULATIVE
PERCEMNTAGE
21.0

31.5

4241

55,2

76.3

84.2

Q2.1

100.0

21.312

CUMULAT] VE
REMAINDER
78.9

68 L4

57.8

44 .7

23.6

15.7

7.8

.0

SUM CF ARGUMENTS
1029.000

MULTIPLE
OF MEAN
«036
<406

- 775
1.144
1.514
1.883
2.252
2.621

NON~WEIGHTED

DEVIATINN
FROM MEAN
-1.223
~«754
~e285
+183

<653
l.a122
1.591
2.060
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TA3LE G

ENT21ES IN TASLE UEAN ARGUMENT
33 4,722

UpPPaRr PER CENT

LT4rT NF TIOTAL

1 63.95

11 19.27

21 11 13.25

31 3 3.61

REMAINING FREDUENCIES ARE ALL ZERN

STANDARD DEVIATION
6.515

CUAULATIVE
PERCENTAGF
63.8

83.1

96.3

100.0

CUMULATI VE HMULTIPLE
REMAIMDER OF MEAN
3641 «211

16.8 24329

3.6 44446

.0 6.563

SUM OF ARGUMENTS
392.000

NON-WEIGHTED

DEVIATION
FROM MEAN
~«571
«963
2.498
4,032

2 &8 58 © © © © 9 ©
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TA3LE H

ENTRIES IN TA4LE
283

UpPDPER
LIMIT
1

11

21

3]

41

51

61

REMAINING FPEQUENCIES ARE ALL ZERQ

MEA)

OB SERVEN
FREQUENCY
67
28
36
32
33
31
25

ARGUYMENT
22.743

PFR CENT
OF TOTAL
26.48
11.2¢6
14.22
13,04
13.74
12.25
F.88

STANDARD DFVIATION

CUMULATIVFE
PERCENTAGF
26t

37.5

51.7

54,8

17.8

90.1

10C.0

19.187

CUMULATIVE
REMAINDER
T3.5
62 .4
48 .2
35.1
22.
9.8
.0

SUM OF ARGUMENTS
5754, 000

MULTIPLE
OF MEAN
+ 043

- 483
.923
1.363
l1.802
24242
2.682

NON-WEIGHTED

DFEVIATION
FROM MEAN
~-1.133
~.612
-.090
<430

£951
l.472
1.993
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Ta3LE 1

ENTRIES IN TadLe MEAIL ARAUMENT
112 1C.803

UPAER DRSERYVED PER CENT

LIMIT FREQUENCY OF TOTAL

1 62 55.35

11 13 11.60

21 9 8,13

31 Q 3.3

41 14 12.50

S . 5 YA

REMAINING FREQUENCIES APE ALL-ZEPQ

STANDARD OEVIATION

CUMULATIVF
PERCENTAGE
55.3

66.9

T4.9

93.0

95.5

100.0

14,257

CUMULATIVE
REMAINDER
44 46

33.0

25.0

16.9

4.4

.0

SUM OF ARGUMENTS
1210.000

MULTIPLE
OF MFAN
<092
1.018
1.943
2.869
3.795
4.720

NON-WETGHTED

DEVIATION
FROM MFAN
-.687
.013

+715
l.416
2.117
2.819
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TA3LE J

ENTRIES IN TAJLE VEAN ARGUM
231 24

UPPER OB CERVEN

LIVMIT FREQUENCY

1 250

L1 12

21 18

REMAINING FREQUENCIES ARF ALL ZERO

EMT

124
PER CENT
OF TOTAL
R6.58
5.562
7.79

STANDARD DEVIATION

CUMULATIVE
PERCENTAGE
8645

92.2

100.0

2.769

CUMULATIVF
REMATNDER
13.4

7.7

.0

MUL
OF

SUM OF ARGUMENTS
537.000

TIPLE
MEAN
«430

4,731

9.033

NON-WEIGHTED

DEVIATION
FROM MEAN
—.351
2.301
4.954
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& TA3BLE K
ENTRIES IN TAALE MEAN ARGUUENT STANDARD DEVIATION SUM OF ARGUMENTS
® 82 23.95]) 15.175 1964.000 NON-WFIGHTFN
)
4 uppza NBSIRVED PER CENT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION
a L1417 SREN Ne TATAL PERCENTAGE REMAINDER OF MEAN FROM MEAN
@ 1 3.53 8.5 91 .4 .041 -1.512
11 21.95 30.4 69.5 <459 -.853
21 17.97 47.5 52.4 .876 -.194
@ 21 12,19 59.7 40.2 1.294 $464
41 29.73 RO .4 19.5 1.711 1.123
5177 19.51 100.¢ .0 2.129 1.782
> REAAINING FREQUENCIES ARE ALL 78RD
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3

TABLE L
ENTRIES IN TABLE HMEAN ARGUMENT
223 11.215

UPPER AR SERVED PER CRENT

LIMIT FREQJEHCY ae TATAL

1 19 53.36

11 25 11.21

21 23 10.31

31 26 11.65

41 24 10,76

51 ' 6 2.59

REMAINING FREQUFNCIES ARE ALL ZERQ

a

STANDARD DEVIATINN

12.9R0

CUMULATIVE CUMULATIVE
PERCEMTAGE REMATNDER
53.3 4640

64,5 35 .4

74.8 25.1

86.5 13.4

97.3 26

100,0 .0

SUM OF ARGUMENTS
2501.000

MULTIPLE
OF MEAN
. 089
.9820
1.872
2.764
3.655
4.547

NON-WETIGHTEN

DEVIATINN
FROM MEAN
~-.730
—-.015
«699
l.415
2.130
2+845
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TASLE o
ENTRIES IN TASLE
168

yesgr

LIMIY
1

11

21

31

KA AN

OB SERVEN
FREQIENCY
121
21
14
12

ARGUMENT

4.535

PER CENT
NF TOTAL
72.02
12.50
Re33

7.14

REMAINING FFEOUENCIES ARF ALL ZERT

STANDARD DEVIATION

6,984
CUMULATLIVE CUMULATIVE
PERCENTAGE REMATNDER
72.0 27.9
84,5 15.4
92.8 7.1
10G.0 .0

SUM 0OF ARGUMENTS
762. 000

MULTIPLE
0OF MEAN
«220
2.425
4.629
6.834

NON-WEIGHTED

DEVIATION
FROM MEAN
~.506
«925
2.357
3.789
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1 @ RELATIVE £LonK 7200 ABSBLUTE CLNCK 9000
! BLOCK CCLMTS
! - BLACK CHSRERT TATAL BLOTK CuraeyT TOTAL BLOCK CUPRENT TNT AL BLOCK CURRENT TOTAL
0 1 0 72 11 o 77 21 1 76 31 0 149
: 2 0 72 12 o 77 22 0 76 32 0 148
3 n 13 b b) 23 0 0 33 0 T4
) 4 9 153 )4 9 152 24 0 183 34 0 74
5 0 152 13 0 152 25 0 183 35 0 74
6 i 77 16 0 76 26 1 92 36 0 74
& 7 0 76 17 0 76 27 0 9t EX 1 74
B C 75 13 0 76 22 0 91 38 0 74
H 9 ¢ 77 19 0 76 29 0 92 39 2 74
D i0 0 77 20 o 76 30 o} 0 40 0 1805
ALICK CURRENT TOTAL RUDCH CUPRERT IOTAL BLOCK CyarenT TATAL BLOCK CURRENT TOTAL
] 51 0 12 61 3 1195 71 0 161 81 0 149
1 c o 112 52 0 1195 72 0 161 82 o) 149
53 0 12 563 0 1195 73 0 154 83 0 149
54 0 112 64 0 1195 74 0 154 84 0 149
z 55 0 112 65 0 1195 75 0 154 €5 0 139
56 0 112 6% 0 1195 76 0 149 86 0 - -:189
) 57 0 112 67 0 151 77 0 149 e7 0 189
53 0 112 42 0 151 73 o 149 a8 0 139
59 o 1196 65 0 161 79 0 149 8G Q 189
o 60 0 1195 70 0 141 30 0 149 90 0 189
BLANK CURRENT T0TAL BLOCK CURPENT TOTAL 3LOCK CUPRENT TNT AL BLOCK CURRENT TOTAL
S 191 ¢ 164 111 0 55 121 0 0 131 0 1877
1J2 0 164 112 ] 55 122 0 0 132 0 2q2
193 0 T 164 113 0 44 123 0 383 133 0 291
D 194 0 In% Itg 0 4 h 124 0 383 134 0 0
135 0 55 113 0 297 125 0 383 135 0 15235
196 55 115 1 350 126 0 383 136 0 330
B 107 0 55 117 0 379 127 0 343 137 0 0
198 0 1t 113 0 393 128 o 154 133 0 1206
/ 139 o 11 1 o 3383 129 17 1894 139 0 248
D 119 0 55 129 C 2 130 0 1895 140 0 250
BLOOK CURRELT TATAL BLOIK QUPRENT TATAL BLOCK CURRENT TATAL HLNCK CURRENT TATAL
o) 151 o Qfn 16l e 309 171 o] 309 181 e 382
147 0 163 162 0 211 172 0 300 182 0 332
152 0 SE) 162 0 311 173 0 38D 183 0 382
) 154 0 0 154 0 311 174 o 382 184 0 0
155 B 0 165 0 0 175 0 382 185 0 308
; 156 2 360 166 o 176 0 382 1Rs 0 308
) 157 0 S6n 167 0 a1l 177 0 o 187 0 250
: 158 o 960 163 c 311 178 0 o 188 o 250
: 159 0 260 169 0 211 179 0 3182 189 0 250
L ® 1560 ¢ 960 172 0 200 180 o 3982 150 0 250
i
: BLCCK CURBENT TATAL BLOLK CURYEMT TOTAL ALOCK CURRENT TAT 4L BLOCK CURRENT TOTAL
291 0 27 211 0 31 221 0 168 231 0 23
: 202 0 27 212 ] 31 222 0 168 232 0 23
; 203 ot T 31T 213 0 235 223 0 168 233 0 23
18 204 o 31 214 0 235 224 0 168 234 0 0
: 205 0 31 215 o 212 225 0 163 235 0 0
2C6 0 31 215 fa 159 226 0 168 236 0 0
© 207 0 31 i 0 143 227 o 23 237 0 2
254 0 31 213 9 1573 228 o 23 238 0 0
2¢9 0 ED S 0 169 229 0 23 239 0 0
@ 210 o 31 229 0 164 230 0 23 240 0 44
b BLICK CURREH TOTAL PLOCK CUPPENT TOTAL BLOCK CURRENT TNT AL RLOCK CURRENT TOTAL
& 26 0 NN ey 3 '| Y " EE S - .

BLOCK CURRENT

41
42
43
44
45
44
47
48
49
50

BLOCK
91
Q2

BLOCK
141
142
143
la4
145
146
147
148
149
15¢

BLOLK
191
o2
193
194
195
196
197
198
199

200

BLNCK
241
242
2473
244
245
244
247
248
249
250

BLNCK CURRENT

CURRENT

CUPRENT

CURRENT

CURRENT

—
oON O D

o]

[oReRwloNo NS No o Ko

DD ODOCDOTHO

0

[eReBoNeNoNeNa¥o)

20 0000

TOTAL
1805
1772
1533

128
128
o]
1455
149
0
1306

TAT AL
139
158
219
219
164
164
1564
164
164
164

T0T AL
250
250

0

0
250
250
250
250
2590
958

TATAL
252
250

58

TOT AL
54
44
44
44
44
44
s
G4

2195
2186

TOT AL
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9

8L

C
5
=

fal
b
T

&

p—
OO D

<

R Nole]

[selne

CURRELT

0
Q
0

ol

CuaR

O C OO

DS oD

CURPENT

0

<

cCCcoOonooo

™~
-1

1715
243
3073
G)7
a9
9079

SN

509

TOTAL
1024
2740
2737
2749
1221
72
49;
an
Lx e

4n 2

TOTAL
348
248
248

340

240

240
2

NN L A
[¥al vl

&

1
11
11

W

-
i

TOTAL
H14
L24
376
2,0
3270

o N

%

SRR
= o
PN

PN rO T Py
~ o R
a3

Ll

'z

-
)

N e e e e i e Sl L (Y

(SRS L I TUR SR SUN W I eh)

8Loc
361
362
363
264
365
3065
367
2638
369
379

PLACK

412
AR
414
415
L14
517
413
419
429

BLND A
451
452
45
40 4
465
465
L6 7
463
452
472

D~y

DD N D U D W N e "

CUFRREN
0

CCooLOoOoOoTC

O
<
o

o

DO OCDOIOO

CURREN

OO~ OODHLDC

o
»
©
]

o

DCOOCDOO 0

[eReNoNoNe I We T

T TOTAL
522
A32
452
739
739
739
739
739
7
739

=

TaTAaL
1129
1129
1129
1129
1129

876
ISR RS
825
£E96

0

T TOTAL
240
348
R
348
343
348
1450
1452
1452

1452

=

TOTAL
1046
1043
1648
1040
1044
1048
1048

&n3
727
739

273

274
275
276
277
278
279
280

8LOCK
321
322
323
324
325
2246
327
328
329
330

BLOCK
371
372
373
374
375
376
377
378
379
380

BLOCCK
421
422
422
424
425
426
427
428
429
430

BLOCK
471
472
4713
474
475
4706
477
478
479
480

COODODO OF

CUFRENT

DO OLCO~OOO

CURRENT
0

DODOO~ODO

CURRENT

QOO0 VLOOCO

CURRENT
0

CCOODOO0OOOCQ

343
343
343
343
343
3432
Lb6h
b

TOT AL
1524
DCh
G4
264
Qa3
992
Q93
993
534

534

TOTAL
896
89&
an6
B36

2690
2600
27
425
425
425

TOTAL
1452
1442

490
4033
403
403
403
403
403
403

TOT 4l
730
710
730
730

106¢
445
447
447
5

5

283
284
285
286
28ar
288
289
290

BLOCK
331
322
333
334
335
335
337
338
339
3490

BLOCK
381
382
383
384
385
3856
387
388
3r9
390

BRLOCK
431
432
433
434
435
430
437
433
439
4440

BLOCK
401
482
483
Lpn
485
486
487
488
48¢
490

CURREN

[aleRoNeNoRoNoNeRNeNe)

CURRFN

—
OCPrPODOOODOCOO

CURRE?

=

OO0 COOr O

CURREN

[cRoReNolsNoNoNeNoNo]l

~oo0o00 ok

“th
464
H64
464
464
464
1025
1025

T TOTAL
524
534
534
534
534

1801
1801
1785
306
322

T TOTAL
425
425
425
3094

]
~
=]
]
I»

672
672
672

T TOTAL

293
294
295
296
2917
298
299
300

COO0IDO OO

SLOCK CURPENT
341 0
342
343
344
345
346
347
348
349
250

NDDDODOoD oD

BLOCK CURRENT
391
392
393
394
3a5
386
397
398
396
400

N
[=Rel

DOODODDOO

BLOCK CUPRENT
441
442 1
463
Gh 4
445
446
447
44 8
445
450

SO0 OVOOD D

BLOCK CUPRINT

1024
o)

0
0
1024
1024
1324
1024

TOTAL
321
321
321
321
321
321
321

4
1479

349

TOTAL
803
3140
3142
20563
245
240
245
246
246
246

TOTAL
31
2325
2922
2871
2208
387
372
369
182

5&3

TOTAL
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R
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R
1
|
§

@

© ®

S

© © ©

&

@

QucuE MAXTHU
CCMTENTS

1 3
2 1
3 3
4 4
5 5
& 1
7 2
e} 4
Ea [4)
10 ) 1
11 11
12 <
13 i
14 &
15 1
16 5
L7 7
13 [
19 Q
20 3
21 1
22 %4
23 5
24 &
25 1
20 9
22 5
29 5
10 6
31 5
2 3
23 3
14 !
35 1
36 1
37 2
38 1
39 ?
40 1
41 3
42 5
43 7
44 a
55 5
57 2
58 75
59 s
50 7
61 1

SAVERAGE TIME/TR

>

Ve
e
2
4
S

3
4
2
t
5
o
3
5
z
7
8
4

[}

1
-0
el

—

S
-

D N

-
.
DD e =

SN D
FaE

P PG
O R N
DO G 2

.

BUT D e D

J
v
A
3
7
2
.
L

203

KVERAGE

THTAL
FNTRIE
161
1774
154
334
311
213¢
31
169
243
2740
1023
492
2915
a9
1527
22
896
T4
730
149
3226
139
282
b4
3094
739
534
350
1131
40
246
S4T

5

S%
23
44
250
27
425
11450
ani
GO
1045
1453
112
250
348
370

1345

v

TIME/TRANS

FAREN
ENTRICS

1774

1345

EXCLUDING ZERQ

PERCENT

ZEXOS
0
120.0
R¢]
.0
.0
100.0
-0
7}
.0
132.0
<0
.0
102.0
.0
130.0
<3
.0
.0
0
.0
190.0
.0
.0
-0
100.0
-0
.0
.0
]
.0
.0
)
.0
-0
o0
.0
.0
.0
0
0
.0
)

.0

EMTRIES

AVERAGE

TIME/TREANS

12.%52
000
23.2 74
30.502
12.125
$ 200
32,5450
26.728
4.976
<U00
21.599
12,074
<0920
2.135
L000
25,042
11.112
64105
T.323
17.806
-2300
6.9864
1.836
4,922
<100
10.759
2.455
264637
10,1481
8.265
5.081
g.907a
1.930
le?‘)()
1.000
29.0068
1.200
29.925
l.oon
3.5466

)
~N

-
[ R )

090

SAVERAGE

TIME/TRANS

12.552
+000
23.274
30.502
12.125
. 000
32.500
26.708
4.974
« 000
21.5%9
13.074
. 000
2.135
.C00
25,043
11,113
6.105
74323
17.006
.000
6,934
11.884
4.922
«000
10.759
2.455
26,637
10.181
8,265
5.081
S.040
1.000
2.490
1.000
29.068
1.000
29.925
1.0800
3.566
6.112
2.605
5.154
3.735
12.276
12.351
84241
9.429
. 000

TABLE
NUMBER
1

2
3

CURRENT
CONTENTS

N o

® @ ©

® ® 6 o © © 9 9

2 2 © @& 9 9

D

2 © @9
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D TABLE A
ENTRIES N TaMLE MEAN ARGUMENT STAMOARD DFVIATION SUM OF ARGUMENTS
) 161 12.552 §.3156 2021.000 NON~WEIGHTEN
)
” ueoge R SERVED PER CEYT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION
LIMET FRECIENCY OF TOTAL PERCEMTAGE RENMAINDER 0OF MEAN FROM MEAN
e 1 31 19,25 19.2 0.7 .079 -1.240
11 43 29,91 49,0 50,9 876 -.166
21 46 2%.57 7.6 22.3 1.672 <906
B 2} 35 21.73 99.3 .6 2.469 1.980
; 41 1 .62 100.0 .0 3.266 3.053
: REMIIMING FYEQUENCIES ARE ALL ZERD
4
|
&
i B
1
D
e
L ©
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TASLE

ENTRIES

e
IN TASLE

164

UPSER
Li+ir

1
il
21
21

MEAMN ARGUVEMT
22,274

Y

N P e e Ry L L
WO s s Oy

S

LLL ZERD

PER CENT
OF TOTAL
21.34
20.12
15.13%
8.53
R.53
G.l4
14.72

2442

STANDARD DEVIATION

CUHALULATIVE
PERCENTAGE
21.3
4. b
57.3
65.8
74,3
83.5
97.5
10C.C

21.187

CUMULATI VE
REMAINDER
2.6

55.5

42 .6

34 .1

25.6

16,4

2ab

-0

SUM OF ARGUMENTS
3817.Ch0

MULTIPLE
CF MEAM
042
472
.002
1.331
1.761
2.191
2.620
3.050

NON=-WETGHTED

DEVIATION
FROM MEAN
-1.051
-.579
~+107
364

«836
L.308
1.780
2.252
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L
A4 Ta3LE g
1 ENTRIES In TaaLs AR GUENT STANOARD NEVIATION SUM OF ARGUNENTS
133 11,031 25.187 11985. 000 NOM=WETGHTED
! uPoER PER CENT CUMULATIVE CUMULATI vF MULTIPLE DEVIATION
1 LIMrT 0F TOTAL PFRCENTAGE REMATNDER OF MEAN FROM MEAN
1o 1 21.4¢C 21.4 78.5 .032 -1.192
g H 10.44 31.8 68,1 <354 -.795
: 21 11.22 42.0 56.9 .676 -.398
¢ D 3 11l.48 54,5 4544 . 998 -.001
] 9.37 53,4 36.5 1.321 .395
i 51 ’ E .66 73.1 26.8 1.6643° £792
LI <4 61 43 11.22 84,2 15.6 1.965 1.189
71 35 9.132 93.4 6.5 2.268 1.586
§ 81 25 6452 10C.0 .0 2.610 1.983
B REMAINING FREDUENCIES ARE ALL Zoen
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IN TAa3Ls MEAN ARGIMENT STANDARD DBEVIATION SUM DF ARGUMENTS

; 311 12173 1z.792 3785.000 NON~WEIGHTEN
ures R SERYIN PED CENT CUAULATIVE CUMYLATIVE MULTIPLE DEVIATIDN
i LIHIT FREQUENCY 0DF TATAL PERCENTAGE REMAINDER OF MEAN FROM MEAN
3 1 145 45,62 46.6 53.3 .082 ~.873
11 27 3.59 55.3 44 .6 .903 —-.091
21 40 15.75 71.0 26.9 1.725 .690
P8 21 54 20497 91.6 8.3 2.547 1.471
al 26 8. 36 100.0 .0 3.368 2.253
REMAINING FPEQUENCTIES ARE ALL ZERN
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ey

51
61
71
REMAINING FREVENCIES ARFE

Mo oan
AR

0B sEavED
FREQJENCY

N =3 RS U

4

PER CENT
OF TOTAL
16.12
G557
5445
16.12
GenT
22.52
6445
12.30

ALL ZERN

STANDARD DEVIATION

CUMULATIVE
PERCENTAGE
16.1

25.8

32.2

4803

5¢.0

80.6

87.0

100.0

22.875

CUMULATIVE
REMATNDER
R3.¢

Tada1

57.7

51.6

41,9

1¢.3

12.9

.0

SUM OF A

MUL
OF

RGUMENTS
1010.000

TIPLE
MEAN
<030
«337
«644
951

1.258

1.565

1.872

2.179

NON-WEIGHTED

DEVIATION
FROM MEAN
-1.380
~a943
—.506

-. 069
368

« 805
1.242
1l.679
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3
i @ TA3LE e
) ENTRIES IN TAALE MEAN ARGUMENT STANDARD DEVIATION SUM OF ARGUMENTS
© 1568 : 26.708 23.500 4487.000 NON-WEIGHTED
s
ue2ge - apsERvED PER CENT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION
LIMIT UENCY UF ToTaL PERCENTAGE REMAINDER CF MEAN FROM HMEAN
@ 1 43 23.57 28,5 1.4 .037 -1.093
it 17 10.11 38,6 61.3 411 - 668
21 14 9.33 47.0 52 .9 .786 —.242
D 21 21 12.50 59,5 40,4 . 1.160 .182
3 41 14 .23 67.8 32.1 1.535 608
; 51 17 10411 77.¢ 22.0 1.909 1.033
D 61 19 11.30 69,2 10.7 2.283 1.459
i 71 12 10.71 100.0 .0 2.658 1.884

REMAINING FREQUENCTES ARE ALL Z8RD
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21.616

PER CENT
aF TOTAL
2R.561
12.50
12.4%
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STANDARD DEVIATION

18,937
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66.6 33.3

7¢.3 20.6

.6 8.3

130.0 .0

SUM OF ARGUMENTS
22138.000

MULTIPLE
OF MEAN
« 046
.508
£971
1.433
1.896
2.359
2.821

NON=-WEIGHTED

DEVIATION
FROM ME AN
-1.088
~«560
—=.032
+495
1.023
1.551
2,073

® @ © % 9 ©» 9 9 9

2 & O

® 2 5 9 2 © @9

&




) TARLE 1
ENTRIES IN TARLE MEAN ARGUMENT STANDARD DEVIATION SUM OF ARGUMENTS
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1 = UepPER RS PVED PEY CENT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION
g LT Fa 0OF TATAL PERCEMTAGE REMAT NP ER OF HEAN FROM MEAN
] 1 40,47 40.8 59.1 .076 -.875
11 15.76 56,0 43.3 .841 -.1590
21 15.76 72.4 27.5 1.606 .574
D 21 12.24 84.6 15.3 2.370 1.300
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ENTRIES IA TASLE MIAN ARGUMENT STANDARD DEVIATION SUM OF ARGUMENTS
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APPENDIX D

FLOWCHART OF GPSS PROGRAM FOR
MORNING RUSH HOUR CONDITIONS
ON SELECTED PORTION OF PEMBINA HIGHWAY

WITH PROPOSED LANE EXPANSION
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APPENDEX E

CONTENTS

Qtable Index

Queue Index

Found in Volume IT

Morning Rush Hour Simulation Runs

Mid-day Simulation Runs

Afternoon Rush Hour Simulation Runs



QTABLE

A

=

A

QUEUE

1

11
12
14
16
17

18

19

OTABLE INDEX

QUEUE REPRESENTS TRAFFIC IN ONE OF LANES

Northbound on Pemblna at MacGillivray-
Oakenwald

Oakenwald Westbound Traffic
MacGillivray Eastbound Traffic

Northbound on Pembina at Point Road-
Windemere

Point Road Westbound

Windemere Eastbound

Northbound on Pembina at Jubilee

Jubilee Northbound

Northbound Pembina Turning Onto Stafford
Northbound Pembina Remaining on Pembina
Southbound on Pembina at Stafford
Stafford Southbound

Southbound on Pembina at Point Road-
Windemere

Southbound on Pembina at MacGillivray-
Oakenwald



QUEUE

10
11
12
13
14
15
16
17
18
19
20
21
22
23

24

QUEUE INDEX

REPRESENTS

N.B. Pembina at MacGillivray-Oakenwald
East Intersection Pembina-Oakenwald
Oakenwald Westbound Traffic
MacGillivray Eastbound Traffic

N.B. Pembina at Point Road-Windemere
East Intersection Pembina-Point Road
Point Road Westbound Traffic

Windemere Eastbound Traffic

N.B. at Jubilee

Intersection Pembina-Jubilee

Jubilee Northbound Traffic

N.B. Pembina Turning Onto Stafford
West Intersection Pembina-Stafford
N.B. Pembina Passing Stafford

East Intersection Pembina Stafford
S.B. Pembina at Stafford

Stafford Southbound Traffic

S.B. Pembina at Point Road-Windemere
S.B. Pembina at MacGillivray-Oakenwald
N.B. Pembina at MacGillivray-Oakenwald
West Intersection Pembina-MacGillivray
Left Turn Storage Lane PEMbina at MacGillivray
N.B. Pembina at Point Road Windemere

N.B. Pembina at Jubilee



25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
55
57
58
59
60

61

West Intersection Pembina-Harrow

N.B. Pembina Turning Onto Stafford

N.B. Pembina
N.B. Pembina
S.B. Pembina
S.B. Pembina

S5.B. Pembina

Left Turn Storage Lane Pembina S.B.

Turning Onto Stafford

Passing Stafford

at

at

at

Stafford
Stafford

Point Road-Windemere

S.B. Pembina at MacGillivray-Oakenwald

Left Turning S.B. Pembina at MacGillivray

Oakenwald Right Turn Lane at Pembina

Windemere Traffic Turning Right

Windemere Traffic Turning Right

Right Turn Yield Point Road at Pembina

Point Road Left Turning Traffic

Harrow Southbound Traffic

N.B. Pembina
N.B. Pembina
N.B. Pembina
S.B. Pembina
S.B. Pembina
N.B. Pembina
N.B. Pembina
S.B. Pembina

S.B. Pembina

at

at

at

at

at

at

at

at

at

MacGillivray-Oakenwald
Point Road-Windemere
Jubilee
MacGillivray-0Oakenwald
Point Road-Windemere
MacGillivray-Oakenwald
Point Road-Windemere
Point Road-Windemere

MacGillivray-Oakenwald

West Intersection Pembina-Windemere

at Windemere



