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CHAPTER 1

INTRODUCT LON

1.1 GENERAL .

1.2

Transpertation planning is an integral part of urban or regicral planning.
Of all the transportation systems today, travelling by various kinds of
vehicles on highways or streets is by far the single most prevelent means

of moving people and goods from place to place. As a result, highway
planning has become ever more important not only in mecting the nceds of the
people, but also in shaping the future land use pattern and sccic-cconomic
developments.

"Obviously, in highway planning, whether it 1s to medify or augment an existing

system for a developed area or to design a totally new system for a new town,

a proposed suburb, etc., the plauner must before actual implementation evaluate
his solution to see whether it will meet the present or future needs. Most
likely, the goal is to evaluate many feasible sclutions and choose the one

that is most preferable from the point of view of efficiency as well as cost

and socio-economic impact. The question is: How can the evaluation be performed?

Two basic tasks are invelved: To forecast the future transportation needs and
to predict how the future needs will actually be accommodated by the various
sections of the proposed transportation system, In today's complex urban
situation, these tasks are nc longer amenable to experience or trial-and-ervor.
They require, first of all, a theoretical methodology to predict future conditions
based on the present knowledge of travel patterns, existing transportation
facilities, land use and socio-economic factors. Secondly, they require a means
for high speed data processing so that the results obtained will not become
obsolete before they are used. The only answer to such requirements that is
available today is the combination of computer technoclogy and various predictive
models developed in recent years,

In the following we shall give a general description of the over-all transportation
planning process (more accurately, transportation planning evaluation process)

and the Burroughs computer programs developed for that purpose, Although the
emphasis is on applications to highway planning, the basic ideas of the thecry

can be easily applied to the evaluation of other transportation moods such as
railroad, airlines, and shipping.

THE MODELS

An urban transportation system may be considered as a network consisting of a
set of nodes and interconnecting links, with nodes representing interscctions
and links the streets, Trips are assumed to be produced at and attracted to a
subset of the nodes called centroids, representing the different zones of the
study area., The toutes for the trips consist of one or several connecting
links., A single link generally is shared by several nodes, (Figure 1)




Future Traffic Forecasting

C) Zone Controids

o} Nodes

Links

Fig. 1 Network Analysis

V.. = Number of trips going

[a
(; 1 L}'!
EO 5
. T
SR
%, )43
Pi = Number of trips produced
at Zone i
Ai = Number of trips attracted
to Zone i

Fig., 2 Trip Generaticn

7

/

T
. ! -
ﬁ-’! 4 \ /"/
AN
AN

\

~—

\\
A
\\ [
o N —E
—— ot
- s

3 5 \‘\ 4
};zk::::::aﬁf _Hm;fb///

- T

Showing only the routing of

i :

J from Zone i to Zone j trips from Zone 3 to Zone 4 |

i

o L - '
Fig., 3 Trip Distribution Fig. 4 Trip Assignment




14 Various parameters are attached to the nodes and links. To each link mav be
: attached values indicating the length, speed, travel time, capacity, traffic
flow, etc. To each node may be attached turn penalties, and to each centroid
the zonal productions and attractions and terminal and intrazonal times,

The crux of the transportation planning process 1s a group of predictive

models. These models perform (1) the forecasting of future traffic load, i.e.,
the future trip production and attraction at each zone within the study area,

and (2) the prediction of the stress due to that lecad oo a proposced transportation
system, i.e., the traffic flow on each link in the system, The first is called
trip generation (Figure 2); the second is usually separated into two supposedly
independent procedures: Trip distribution and trip assignment. The former
distributes the predicted future production {or attractionm) at each zone to various
destinations (or origins) (Figure 3). The latter then allocates the future
interzonal trips to various links of the proposed system (Figure 4). We shall
describe each type of model briefly,

A Trip Generation

The model relates the trip production and attraction at each zone for a
given purpose (or vehicle type) to a variety of socic-economic and land use
parameters. It is usually a set of linear regression equations whose -
coefficients are determined by regression analysis.

B, Trip Distribution

.
The function of trip distribution is to determine, from the estimated number
of trips proeduced at .and attracted to each zone, the number of iaterzonal
and intrazonal trips. Two of the most commonly used models are:

1) The Gravity Model - This model has a form analogous to Newton's Law
of Gravitation. It assumes that the number of interzonal trips is
directly proportional to zonal productions and attractions and inversely
proportional to the travel impedence, measured in time, distance or cost,

2) The Fratar Model - This model is a growth factor methed which simply
assumés that the number of interzonal or intrazonal trips is proportional
to the zonal growth facters of preduction and attraction. Fratar method
is usually used for forecasting through trips, i.e., trips with both
origin and destination outside of the study area,.

C. Trip Assignment

The output of trip distributionm is the trip table or distribution matrix
giving the intrazonal and interzonmal trip numbers, This output, together

with the coded road network, forms the input to the trip assignment program
which allecates the trips te the most probable routes of the network and
accumulates the flows on each link, In addition to listing link flows, the
assignment may report the turning volumes at major intersections. The outputs
of assignment are used to determine whether the loaded network can coperate

at the design level of service,

HBuarreupghs Corporation

Jraoat L e Al




In trip assignment procedures, trips are assigned on the assumption that
each traveller chooses the cheapest route (in time, distance, or cost)

from his origin to his destination, Complicaticn arises from consideration
of traffic congestion. As link flow increases, alternative routes wmay be
cheaper than the one initially choosen. Two common assignment models are
the following:

1) All-or-Nothing - This model assumes that link cost is independent of
link flow. All the traffic is assigned to the cheapest route initially
choosen and none to the others.

2) Capacity Restraint - This model considers the effect of link flow on
link cost and is a refinement of the above model, It is an iterative
procedure, alternating All-or-Nothing assignments with re-calculation
of link costs from an assumed link cost-link flow relationship.

1.3 THE TRANSPORTATION PLANNING PROCESS

The models used for transportation plamning, uniike those in physical sciences,
are not universal models calibrated to hoid true for 2ll time and place. Their
inherent nature allows them to be calibrated to fit only the base year data
specific to a certain area, They are assumed to be reliable for a limited number
of years provided there are no drastic changes in envircenmental and socic-ecconomic
conditions, after which they must be re-calibrated to fit more current data.
Models calibrated for one area are generally not applicable to another.

The transportation planning process can, therefore, be divided into the following
phases: (See Transportation Planning Process Flow Chart,)

A. Base Year Inventory

The first phase consists of three inventory programs:

1} Inventory of Existing Tramsportation System

a) Map of study area divided into sectors, districts,
and zones.,

b) Map of city street, main road, and freeway networks.
c) Measurement of link length, speed, travel time, capacity,
traffic flow, turn penalty, terminal and intrazonal times.

2} Inventory of Travel Patterns

a) Data for determination of origin-destination travel patterns for the
study area,

b) Classification of interzonal and intrazonal trips by location
(internal, external, through) by time of day (AM, PM, off) purpose
(home based, non-home based) and vehicle types.
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3) Ipventory of Planning Factors

a}) Land use - housing, industry, business, school, recreation.
b) Socio-economic factors - population, employment, income, car
ownership, etc.

B, Inventory Analysis

: i The second phase is to obtain from base year inventory the information
1 that is needed for model calibraticn.

1) Network Analysis

Coding and building network description, cheapest routes, minimum travel
time tables from transportation system inventory.

2) Travel Survey Processing

-y Calculation of trip tables and zonal productions and attractions
y from travel pattern inventory.

C. Model Calibration

The third phase is to calibrate mathematical models for forecastihg
future traffic loads and link volumes,

1) Trip Generation Model

Regression analysis relating present zonal productions and attractions
to present planning factors,

2} Trip Distribution Model

Calibration of Gravity model by using present zonal productions
“and attractions and minimum travel times.

3) Trip Assignment Models

Assignment of present trip tables to present network using either
All-or-Nothing or Capacity Restraint method for testing hoth the
models and the accuracy of the network.

D. Future Traffic Forecasting

The fourth phase is to forecast future traffic demand and the resulting
link and turn volumes on the alternative future transportation systems by
using the calibrated and tested models:
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1} Future Network Analysis

Updating the old network and building cheapest routes and winimum
travel time tables for the new system,

2) Trip Generation

Inputting predicted future planning factors to regression equaticns
to obtain the future zonal productions and attractions,.

3) Trip Distribution

Using both the Gravity and the Fratar models to obtain the total
future origin-destination trip tables, The input to gravity
model is the future zonal productions and attractions and the
future minimum travel times., The input to Fratar model is the
present trip tables and the future zonal preductions and attrac-
tions.

4) Trip Assignment

Assignment of future trip tables to future network, using either
All-or-Nothing or Capacity Restraint method, to obtain future link
and turn volumes.,

For each alternative system, repeat steps (a), (c), (d) aboeve.

E. System Evaluation

The last phase is to evaluate the alternative future transportation
systems and to select the preferred one. For each system, the
following evaluations are performed:

1} Volume-capacity relation of each important limk in the system,
congestion peints, level of use, etc.

2) Cost
3) Socio-economic and land-use impact.

THE BURROUGHS TRANSPORTATION PLANNING SYSTEM

General Description

The Burroughs Transportation Planning System for B555300 computers was
developed Lo execute all the phases of the tramsportation planning process
described above. The whele system contains 32 programs, three of which are
written in Compatible ALGOL, the rest in FORTRAN IV. All programs are
stored on magnetic tape and are operationally independent. This library
concept enables the user to execute or modify any phase of the trans-
portation planning process by proper selection of the programs and/or
incorporating his own. Further flexibility is built inte the system
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by providing each individual program with a varictly of contrat: throush
Parameters, Opti-ns and Selecticons,

The Programs

The programs, according to their basic functions in the transportation
planning process, may be convenliently classified into the following
categories:

1) Network Analysis Programs - To build or update network and
compute cheapest routes, mininum travel-time tables, etc, from
coded network,

2) Travel Survey Processing Programs - To calculate trip tables, zonal
productions and attractions from travel survey data. Programs are
available to perform different kinds of operations oun trip tables,
e.g., compression, expansion, comparison, transposition, modifica-
tion, reporting, etc.

3) Trip Ceneration Program - To calculate zonal preoductions and attrac-
tions using linear regression equations as input.

4}y Trip Distribution Programs - To calibrate trip distribution model
and build trip tables. Options are Gravity and Fratar models.

53 Trip Assignment Programs - To assign trip tables to network. Options
are All-or Nothing and Capacity Restraint models., Progrars are
available to evaluate the loaded network, to calculate turn volumes,
and tc list all the trips by origin/destination using particular
links.,

6) Utilitv Prozrams - To tabulate, edit, summarize and merge data
files. These are general purpose utility programs,

Input/Qutput

The input to each program consists of magnetic tapes which furnish the
basic data, and System Control cards which furnish the following infor-
mation:

1) Name of the program to be executcd

2 T1/0 files

3) Program controls (Parameters, Options, Seclections)

4) Data cards (when necessary)

The output of each program consists of magnetic tapes and/or reports,
as well as error messages,
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D, Addilional Feature:s

. A few additional features cor points about Lhe progtams are:

1) The maximum sire of the network that can be accommodated by the
programs is ®1%1 nodes, of which 2500 may be centroids. Maxinum
number of links is 32000, Maximum number of outbound links per
node is 8.

2) Existing network can be updated by replacing some of the input
Link Cards with new ones, Thus, alternative zystems can be
analyzed by changing oanly the effected parts.

3) The input Link Cards for building or updating network can be in
either 1IBM 709C or B5500 format,

4) Any tree (i.e, shortest routes from one origin to all destinations)
or trees may be built separately.

5) Trip tables for various stratifications of trips can be built from
survey data according to user specification,

6) Besides the listing of trip volumes on links, the assignment program
also outputs a complete summary of vehicle-miles and vehicle-hours
by highway class and jurisdiction,

7} Selected links can be separately loaded and analyzed, usually foll-
owing assignment, to study special problems such as conjestion that
may exist on those links.
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CHAPTER 2

NETWORK ANALYSIS

2.1 GENERAL

The function of analyzing an existing transportation network is to obtain
the necessary information for calibrating the distribution and assignment
models. It includes the following: (Sce Network Analysis Flew Chart.)

o . 1. Coding and Building Network Description - To code the transportatien
system from survey data and store the coded representation on tapec,

2, Building Trees - Te find the minimum routes from any zone to all other
zones in the study area.

3. Building Skim Trees - To find the travel times for the minirmum routes.

Proposed future networks are analyzed similarly before forccasting future
traffic. Future network description can be obtained by updating the existing
network description, Trees and skim-trees are then rebuilt from the updated
network.

2.2 NETWORK DEFINITIONS

A transportation system may be considered as a network consisting of a

set of nodes and interconnecting links with nodes representing intersections
and links the streets, freeways, etc, A link may be directed or undirected
depending on whether it represents a one-way cor two-way street. Trips are
assumed to be produced at and attracted to a subset of the nodes called
centroids, representing the different zones of the study area.

A cordon line is the boundary of the study area., External stations are
centroids at the intersection between the cordon line and major arterial
or freeway links.

Various parameters may be associated with nodes and lLinks. To sach nude
is assigned its coordinates and turn penalties and prohibitions., To each
link is assigned direction, distance, travel time or speed, capacity,
traffic count, type and jurisdication, etc.

2,3 NETWORK CODING

Before an existing transportation network can be described to the computer,
it must be first coded from the Transportation System Survey data. The
coding involves the following steps:

ot
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A. Locating Centroids - Zoncs are vhoosen to {orm areas bounded by arterial
s strects. All trips to and from a zone are assumed te be converging at

I( i a single point, cailed ccntroid, located at the rone's center of activity,
|

|

For a residential zome, the center of activity would be the ccnter of
. the zone's population, For a mixed land use zone, the location of the
?ﬂj centroid is determined largely by judgement. Once the centers of activitic
: are determined, the zones are represented by Llheir respective centroids
marked as circles,

B. Selection of Network - The selection of a nelwork consisting of links
and nodes to approximate the actual street system depends on the level
of detail of the study. In general, all freceways and arterial streets,
but not local streets, should be included. One way links are marked with
arrows in the direction of travel. Nodes are represented by a small circle
or dot, differentiable from the centroids.

A node may have any number of inbound linrks, but may mot have more than
eight outbound links. To provide for intersections with more than eight
outbound links, fictitious nodes are introduced. The link between the
fictiticus node and the original node is given a zero distance,

C. Connecting the Centroids - The local streets within a zone are not
simulated. Instead they are represented by fictitious links drawn as
dashed lines connecting the centroid to the surrcunding arterial streets,
Their operating characteristics (distance, travel time, etc.) are assumed
to be the average operating characteristics of the local street svstem
for the zone. Centroids cannot be located directly on a link of the
system, If they should fall on a liok, they must be offset and connected
by a fictitious link of zerc travel time and distance.

It is recommended that a centroid be given as many connections as possible,
up to eight,to the arterial streets. This tends to smooth the traffic on
the adjacent links,

D. Numbering Nodes and Centroids - Centroids for zones and external stations
must be numbered consecutively starting from 1. The ifargest permissibie
centrold number is 2500,

Node numbers must be greater than any centroid number, but not greater
than 819%l. They need not be consecutive,

o E. Coding Link Parameters - Each link is defined by the two nodes it

i connects and the direction of travel, The parameters are distance,

- travel time or speed (AM, PM, or off), capacity, traffic count, link
type, and jurisdiction,

The maximum time and distance which can be cedéd are 326.67 minutes and
miles respectively. If a link has a distance or 'time exceeding this
maximum value, it must be broken up inte smaller links by inserting
fictitious nodes,
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F. Coding Turn Fenalties and Prohibition - Turn penaltics and prohibiti. os
at nodes are introduced to simulate driving conditions movre rtealistival'y
and to prevent sigrag routing., Only Lwo values can be used for tursn '
penalties threcugheut the system. A turn penalty or prohibition at any
node P is specified by:

A-node of entry link

P-node P.
B-node of exit link s .. B
Penalty Type A

l for type 1l penalty
2 for type 2 penalty
3 for prchibition

2.4 NETWORK DESCRIPTION

After the network is coded, the information is punched on the following
types of cards:

1. Label Card - giving network ID.

2. Network Coordinate Cards - giving

a. Node number
b. X-coordinate
c. Y-coordinate

3. Link Cards - giving

o

The two nodes defining the link - A to B

Distance cf link

Travel tice or speed (for AM, PM, or off peak)

Capacity of link

Traffic ccunt

Link type &nd jurisdiction

Capacity indicater

The tweo ncdes defining the link B te A and other similar data az abow

ol B T I = PR o T =

.
[l

4, Turn Penalty end Prohibition Cards - giving

a, The three nodes defining the turn,
b. Penalty type

To build a network description, the cards are input to the Network Build/
Update Program TPNET. The program reads and edits the cards and writes the
following data files on tapes for use by other programs:

. Netwcrk ID

. Network Coordinates

Link Description

. Turn Penalties/Prohibitions

Ea RO B S
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2.5

2.6

The Network Coordinmates File is usuaily used only as input to plotting
programs, The program also prints varicus reports and summaries,

Te update an existing network description, old network description files
are used together with whatever necessary new data cards as inputs to the
TENET program. The UPDATE feature enables the program te create updated
network description files without having to build the network from start.

MINIMUM ROUTES AND TREES

A route from an origin to a destination is composed of a set of connecting
links and can be defined by a sequence of intermediate nodes. The travel cost
of a route is the cost, measured in time, distance, or their weighted

average, for travelling that route, i.e. the sum of the travel costs of

the links plus the turn penalty costs of the nodes, The minimum route

from a zone i to a zone j is the route fromi toj with the minimum total
travel cost.

For trip distribution and assignment, minimum routes must be determined for

all the 0-D pairs in the netwoerk, A tree from a zone is the set of minimum
routes from that zone to all the other zones so that the set of trees from
all the zounes in a study area comprises the minimum routes for all the §-D
pairs.

Various mathematical algorithms are available te find the minimum route from
an origin to a destination. The one used in the Tree Builder Program TPTREE
is known as the Moore's Algorithm,

The program TPTREE reads the binary network description output by program
TPNET and builds trees from all or selected origin zones. OQutput is either’

a printed report or a binary tree table. The printed report includes the
total relative travel cost from the home node to all intermediate necdes.
Relative cost is computed as a linear combination of time and distance, whose
coefficients are user specified, The cost on each link may also be multiplied
according to link class by user specified weighting factors. Three turn
penalty costs may also be input.

SKIM TREES

The skim tree for a zone is the set of the travel costs of Lhe minimum routes
going from that zone to all the other zomes, The skim tree table for a
n-zoned study area is the set of the skim trees for all the n zones. Tt can
therefore be represented by a nxn matrix as follows:
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where Cij is the minimum travel cost from zone § te zone j.

The Skim Tree Program TPSKIM reads the nelwork déscription from TENET and
the trees output from TPTREE and cutputs up to three interronal matrices
which give the following values for each zone pairs

l. Zone to zone relative cost via minimum route,

2. Zone to zone distance via minimum route,

3. Zone to zone time via minimum route.

The above values can be calculated exclusively over links of user specified
class and/or jurisdictions.

The skim trees output from TPSKIM or other programs can be printed using
program TPPRIN (see Section 3.5).

TERMINAL AND INTRAZONAL TIMES

-Terminal times are introduced to account for times spent after departing

or arriving at the terminals of a trip, e.g. parking, walking to the parking
lot, or bu terminals, etc. The total travel time from zome i to zone j is
thus:

(55 torar = i3 F 5 T Y

where t,, is the total driving time (or link times plus turn penalties)

1 . B . . .
from zonie i to zone j, and ti and tj are the terminal times at zone i and
zone j.

The total inmtrazonal travel time for zonme i, i.e. travel time for trips
with both origin and destination at zone i, is:

Ctii) torar = i1 T 2%

where t.. is the intrazonal driving time for zone i, and ti the terminal
time at Zzome i,

Both terminal times and intrazonal driviang times must be e:ztimated, They

are then input to the program TPTERM to update the skim tree cutput from
TPSKIM. The Update Skim Tree Program TPTERM reads a file containing a single
or merged skim tree table and adds intrazonal driving times and terminal
times, It outputs a new single or merged skim tree table which may be
represented as follows:

l
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where ©,, {s the estimated intrazonal travel time for zone i and t..
B . . f s . * . N . 1
is the minimum interzenal travel time including terminal times fren.
zone 1 to zone j. ’

This updated skim tree table is used for calibrating the Gravity Model,
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CHAPTER 3 |

TRAVEL SURVEY PROCESSING

il 3.1 GENERAL

The functicn of Travel Survey Processing is to obtain from the Travel
Pattern Inventory, generally known as 0-D_Survey, the necessary information
for calibrating the models used in traansportaticon planning, T¢ consists

of the following: (See Travel Survey Processing Flow Chart.)

l. Checking and editing the 0-D Survey data,
2. Building present trip tables for:

a. JInternal trips for different trip purpcses.
b, External trips
c. Through trips

3. Compute present zonal productions and attractions for internal and
external trips from trip tables.

R 3.2 TREIP TABLES

A trip table for a n-zoned study area is a table of all the interzonal
and intrazonal trip numbers., It can be represented by a nxuo matrix:

Vl]_ V2 veeeennn vln
Va1 V22 ceraenas Von
| an Vao ereeaeen Vnn
(- —

where:

1. The non-diagenal elements V,,, i # j are the numbers of interzonal
trips from zone i tec zone j} and the diagonal clements Vii are the
numbers of intrazonal trips for zone i,

: . Ll . . . : . .
2. The sum of the i = row is the total number of trips originating in zone i
plus the intrazomal trips for zeme 1. Tf the table i: & P-A trip table
(See Section 3,4), the row sum is defined as the production, Pi, of zone i:

T
P, = j;]_t Vl_]

1
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(Trip End)i

T e YT, % Ay SR - a2

The sum cf the
plus the intrazenal
the column sum is dofined as

s

i
W
i

Producticn

Attraction

Total Trip

. th
1

P, + A,
i i

have:

It

End

trips

A.:

V12

Yoy

32

47

Row Sum

12

for zone

J

The sum of the production P, and the
the total trip end of zone

o
2.V

+ V

+ V

Column Sum

column is the total number of trips attracted to fone |
It the table is a P-A trip tahle,
Lhe attraction, A],

attraction Ai of zone 1 iz called

+

Given the following 4 x 4 trip table,

v

v

+ V

OUT + INTRA

4V

IN + INTRA

Production + Attraction

Row Sum + Column Sum

Rt L LR L R bR s

AR

OUT + IN + 2 (INTRA)
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3.3 CLASSIFICATION OF TRIPS

A, Classification by Purpose - Trips are generally c¢lassified by purpose
for which they are taken. The number of purpecses used for classification
depends on the scope and cbjective of the study. The primary
classification is home-based trips, i.e. trips with either origin zone
or destination zone being the residential area, and ncn-home-based trips,
i.e. trips with neither origin zone nor destination zomne being the
residential area. A possible classification of trips by purpose is
as followss:

. Home-based work

. Home-based shep

. Home~based social recreation

. Home-based miscellaneocus

1

2

3

4., Home-based school
5 .

6

. Non-home~based

In the above case, there are five home-based trip purposes and one :
G non-home~based trip purpose. : i

B, Intermal, External, and Through Trips - Trips are alsc classified
according te the locations of their origins and destinmations relative
to the cordon line defining the study area, as follows:

1. 1Internal trips = both origin and destination are within the
cordon line.

2, External trips - either origin or destination is within the
cordon line.

3. Through trips - neither origin nor destination is within
the cordon line,

Internal trips are generally classified by purpose into several groups.
A single purpose grouping for either external or through trips is often
adequate. Thus a typical classification will be:

. home-based-~work, shopping, recreation, etc.
Internal <" ’ PPLUIE, ’

g ‘non-home-based
-~

Trips {;\‘ External - general purpose

Through - general purpose

Example ' —_——

- .
Exterior Stations (L), (2) )Ej R
Zones C); QD, CD CD /

—
@
~

Cordon line '
LB @
~ A
S~ -
~— e = .
TR RISy v e L P - % 7 =




Trip Table: )

- ! -

! :
Y Vi Yis Ve s
i I
Y Va0 Yoz Yo Vas
__.Aﬂ.._,._ﬁ,__,,,.,{ﬁ,g, e L L et e e -
Vit Vi o Va3 Yy Vas
|
Var o Va2 ) Va3 Ve Vas
!
Vsi Vs, | Vsg o Vsy o Vss
Subtable at upper left -—— Through trips
Subtable at lower right --- Internal trips

Subtable at upper right _

;;> External trips
Subtable at lower left

3.4 0-D TRIP TARLES AND P-A TRIP TABLES

For home~based trips, the home zone is always considered to be the zone of
production, regardiess of whether it i1s the origin or destination of the
trip. Consider the following example. Every morning 50 trips leave home in
zone 1 to go to work in zone 2, and then return home directly in the evening.
Thus diagramatically we have:

<E> 50 trips —-» (2)

crigin destination
(home} {work)

ii) <— 50 trips {:}
destination origin
(home) {work)

The trips are directional and the corresponding trip table
(8] 501
50 OJ

is calied an 0-D trip table.
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Alternately, we way say that 100 trips are produced at zone 1 and ne trip
is produced at zone 2t
100 trips (?)
production attractions
(home ) {work)

The trips are non-directjonal and the corresponding trip table

fo 100
| 0 0

is called a P-A trip table,

Thus, trip tables may be built for either directional, i.e. O-D trips or
non-directional, i.e. P-A trips. ‘

‘For non-home-~-based trips, the zcne of production is at the origin and the

zone of attraction is at the destinmation. Thus, the P-A trip table is
same as the 0-D trip table.

TRIP PROGRAMS

A. Trip Table Builder TPTRIP - The trip informatioen obtained from 0-D
Survey is coded and punched on cards, called trip cards. The travel
data reported en these cards usually include the following:

. Zone of Residence
. Zone of Origin

. Zone of Destination

. Time of Day (AM, PM, off)
. Mode of Travel

1

2

3

4, Purpose of Trip
5

6

7. Land Use

TPTRIP reads a sorted BCL data set, and writes from one teo nine merzed
trip tables plus an optional table which is the sum of all other tables
written. The program will accomodate 2500 zones, Criteria for including
trips in each of the trip tables can be specified on user control cards,
e.g. value ranges for corigin zome, destination zone, etc., to filter

the input data to user specifications. The program has the ability to
build either origin-destination tables or production-attraction tables
for home-based purpose trips. P-A trip tables are built as complementary
pairs of partial trip tables and must be followed by TPMNIP to add the
two partial tables into a single trip table. The input file must bhe in
sort by corigin zone.
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Print Trip Tables/Skim Trees Program TPPRIN - TPPRIN read binary trip
table or skim tree tapes which may consist of up to 2500 zones and up

to 20 tables. The program either prints the eell by cell contents of
the input file or interchange values (i.e. trips or costs) from
selected zones to all zones. A summary of Interchange values over all
origins and selected origins is also produced. The program will produce
multiple reports in a single run if desired, and if the input tape
consists of more than one table.

Trip End Summary TPTESM - TPTESM reads binary trip tape, which may

contain up to 20 tables and produces a printed summary c¢f trip ends
showing the INS, OQUTS, INTRAS, PRODUCTIONS, ATTRACTIONS, TOTAL TRIP
ENDS, etc., from selected tables and zones. The program will punch
P/A deck for TPGM.

Other Trip Programs - Many other programs are available in the Burroughs

Transportation Planning System to perform cperations on trip tables,
e.g.t Compression, expansion, comparison, splitting, manipulating,
modifying, and formatting. They are used in various procedures in the
transportation planning process.
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CHAPTER 4

L; TRIP GENERATION AND DISTRTIBUTLON

4,1 GENERAL

The function of Trip Generation is to predict the future number of trips
for each trip purpose produced at or attracted to each zone in a study
area, Trip Distribution then distributes the trips produced (or attracted)
at each zeme to various destinations (or origins), The final ocutput is a
complete future origin-destination trip table, to be used for future trip
assignment.

The models discussed in the following sections for the two procedures are:

fos l. Regression equations for trip gemeration.

2. Gravity model for trip distribution.

3. Fratar model for trip distribution.

4,72 TRIP GENERATICN

The model generally used for trip generation is a set of linear regression
equations, each of the form:

X, +C, X, + evviveeo. £C X

v=C0,+ 0 X +Cy X, K Sk

which relates the independent variables X{s X2 ceaan Xlé representing

land use pattern and socio-economic factors such as population, employment,
income, car cownership, etc., to the independent variable Y, representing
the zonal producticn or attraction for a particular purpose., The basic
assumption is of course that the land use and socio-economic factors are
linearly related to zonal productions and attractions.

To catibrate the model, i,e. Lo determine the linear regression coefficients
Crsy €y eve.. Cy» multiple linear vegression technigue is used for the
following data:

1. Present zonal productions and attractions (Y)
~ from Travel Survey Processing

2. Present land use and socio-economic factors {(X's)
- from Planning Factors Survey

Multipie Linear Regression is not included in the Bufroughs Transportation
Planning System. It may be either supplied by the user or obtained from
Burroughs as an independent program,
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After the regression coefficients are determined, future zonal producticns
and attractions for different purposes may be obtained by using the
Production/Attraction Calculator Program TPCPA. The inputs to the program
are the regression coefficients and the predicted future land use and
socio-economic factors, The output is a set of punched P/A cards giving
the future productions and attractions of each zone for each purpose.

GRAVITY TRIP DISTRIBUTION MODEL

The most widely used technique for trip distirbution is the Gravity model.
The basic concept of this model is that in a n-zoned study area the number
of trips V,. from zone 1 tc zone j is directly proportional to P, or the

number of %%ips produced at zone i and A, or the number of tripslattracted
to zone j, and inversely proportional todthe travel impedence from zone 1

to zone j. Travel impedence was originally assumed to be travel time, t.,,
from zone I tc zone j raised to scme power b, Thus: i

ki P.oA,
_ I S B R A R R B I I N B N N
v,, = —2t—L (1)
ij ti'b
where J
ki = A A, (2)
<2 T
i=1 t,,
ij
so that
Tl
D 2 -2 S &)
j=1 o
Let 1
F(tij)= b F R R I R A R R N B A L N NS R ] (4)
[
i)
then
P. A, F (t,.)
V.. = —d L1 R 69
1_] ,\EL
J> A F (t.))
=T J ij

F(tij) is called travel time function or friction function. Equation (4)

shows it to be an exponential function of travel time. This, in actual
applications; is found to be inadequate. Consequently, it is necessary to
determine the function £(t,.) for each trip purpose by trial and error so

that the Gravity model will“fit a particular situation. The resulting

function for each trip purpose is a set of values called travel time factors,
or friction factors, for one minute incremeants of travel time. This determina-
tion is the basic part of the calibration process.
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i 4,4 CALIBRATING THE GRAVITY MODEL

The calibration of the Gravity model gencrally follows the folluwing step-
by-step process: (See Gravity Model Calibration Flow Chart.)

1. Balancing zonal trip attractions

2. Determining friction factors

3. Adjustment of socio-economic factors

4, Adjustment for topographical barriers

A, Balancing Zonal Attractions - Equation (2) of Section 4.2 shows that the
Gravity modeh always guarantees that for any zone, the calculated
preduction >~ Vij is equal to the given production Pi' However, it is

j=1

obvious that the calculated attraction <T1vij is in general not equal
i
‘ to the given attraction A,. The Gravity Model Preogram TPGM, therefore,
| programmatically balances the attractions, by adjusting the attractiocns
of each zone according to the amount of under-attraction or over-attraction

resulting from the previous estimate.

The input tc TPGM are P-A cards, skim tree tables, and F factors.

The program calculates for each purpose a trip table. It then compares
the calculated attractions with the given attractions, writes the
comparison of attractions and calculates a new trip table by adjusting
the attractions. After the process is iterated for a user-specified

|

number of times to force ' V,, to equal to A,, it will write the
LM l_] 1

i

following final output:

l.. Final attractions and comparison
2, Trip length distribution

3. Trip table

The trip table output is on tape and is optional.

B. Determining Friction Factors - The best set of friction factors associated
with each trip purpocse is determined by a process of trial and error by
comparing the trip length distribution from the Gravity model to that
from the survey data.
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N Far the first run of TPGM, F factors may be choosen t: be all I's or
BN the values previously determined for a similac studv azca, As described
‘ in the above section, TPGM wiil, aftcer balancing atlra:tions, cutput a
trip length distribution, This is compared with the t-ip length distribu-
tion from the 0-D Survey data, which can be obtained b+ inputting a skim
tree file and a P-A trip table from surveys to the Tri; Length Distrilution
Program TPTLD. The adjusted friction factors are then calculated as
po follows:

F .. = F x % of trips from 0-D Scrvey {6)
' % of estimated trips “rom GM

v This calculation results in an adjusted friction facter for each one
minute increment of travel time, The adjusted fricticn factors are used
as input in place of the previous ones and the program TPGM is rerun.

The process is repeated until the difference between the average trip
length for both sets of data (0-D and GM) are within szy + 5%. Generally
this trial and error procedure for determining fricticn factors should
take no more than three runs, assuming reasonable first approximation of
friction factors.,

C. Zone to Zone Adjustment Factors - Scmetimes it may be —ecessary to
introduce another set of facters into the Gravity medel te account for
special socio-eccnomic conditions. These factors are called adjustment
or K factors. The Gravity model of Eq. (5) becomes:

P, A, K, F (£..)

V. o= — L 2 I 2
; e AL KL F(e,L)
il

B The procedure used to develop K factors is te combine zones which are
large genrators of traffic and compare the trip interchanges obtained
from the GM and those from the 0-D Survey. The adjustment factor
required for any zomal movements are calculated as follcws:

-4 (%)
K., =R,, ——F— 5
i] i} luQiRij
where
Ki' = Adjustment factor te be applied to movements between zone i
J and zcne j.
Ri' = Ratic of 0-D Survey result to the GM result for the O-D trip
J frem zene 1 to zone 3.
Qi = Ratic of 0-D trips from zone i to zone j te total O-D trips

leaving zone i,
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4,5

For example, =uppose accourding te 0-D Survey, zone 100 poaduce-

5000 total work brips, of which 1000 goes to«UBD.  The Cravity moded,
hoewever, estimates that only 500 of these trips gocs Lo CBD.  Then
the adjustment factor to be applicd to correct tho Gravity mode!l
results for this condition will bet

. 1000 \}
K _ T 1ooo\ __ L5000 = 2.7
10G + CBD \ 500 } 1- /10000 Loon

{5000, 500

This factor would then be inserted into the Gravity mcdel formula
with other calculated adjustment factors and a revised trip distribution
pattern obtained.

The trip length frequency of this revised trip distritution pattern must
be checked against the 0-D Survey distribution te varify its correctness.

D, Topographical Barriers - Topographical barriers, such as wmountains,
rivers, etc.,, may cause some bias in the Gravity model trip interchange
estimates. This effect can be accounted for by inserting time penalties
ont pertions of the transportation network., The trip interchanges
developed from the Travel Pattern Survey are compared directly with those
of the final Gravity medel calibration, If corrections in travel time
are shown to be necessary, then the network descripticn must be updated
and trees must be rebuilt. The trip interchanges for cach purpose are
then rerun through the Trip Length Distribution Pregram TPTLD. The
revised TLD are then used as a basis against which any subsequent Gravity
model estimates are compared,

TESTING THE GRAVITY MODEL

Test is generally applied after the Gravity model is calibrated. The
procedure is to compare the final Gravity model trip interchanges with the
trip interchanges derived from the O-D Survey for each of the major trip
purposes catagory. The Trip Table Comparison Program TPCOMP may be used

to compare two trip tables on an [-J pair basis, a =zonal trip end basig,

and on a district trip end basis (both P and A). It also produces

statistical analysis on all three levels. There is a lini:t of ten comparisons
in a single run. The district trip end comparison Is an cptional cutput. A
set of Zone-District Equivalence Cards must be input te compress the zonal
trip ends to district trip ends.

Sometimes it may he desirable to compare trip tables on district level I-J
basis. 1In that case, before TPCOMP is used, both the GM trip tables and

the 0-D trip tables must first be compressed from zonal level to districl
level by using Zome to District Compression Program TPSQEZ, This program
reads a zone to zone trip table and a set of Zone-District Equivalence carnds
and outputs a district to district trip table, The program can compress up
to twelve trip -tables at one time,
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CONVERTING GRAVITY MODEL RESULTS TO DIRECTIONAL MOVEMENTS

The Gravity model yvields non-directional movements, i.ei production-
attracticn (P-A) trip tables., For future trip assignment, il is desirable
to convert these movements to directional movements, i.e, orvigin-destination
(0-D) trip tables., This applies only to home-based trips, since for non-
home-based trips the P-A trip tables arve same as the O-D trip tables {see
Section 3.4},

The conversion of P-A trip tables to O-D trip tables can be accemplished
by using the Trip Table Splitter Program TPFLOP. 1In current practices, &
50-50 split is usually assumed for all home-based trips, i.e., 30% of the
trips are with origin at home-zone and the other 50% are with destinaticn
at home-zone,

FRATAR TRIP DISTRIBUTION MODEL

The Fratar distribution model is an extrapolation technique which obtains
future 0-D movements by applying growth factors to the existing pattern,
It assumes that in a n-zoned study area, the future number of trips from
zone 1 to zone j is directly proportional toc the growth of preduction at
zone i1 and the growth of atiraction at zonc J.

Let Vij = present number of trips from zone i to zone j from survey,.
Tl
Pi = EI—Vij = present production at zone i,
J:

et

Ai = ‘Z Vij

= present attraction at zone J.

i=1
—}. = predicted future production at zone i.
Z} = predicted future attraction at zone j.
Fi
Fi =5 = growth factor cf productionm at zone 1.
i
A :
G. = - = growth factor cf attraction at zcne j.
] ﬁﬁ

Then the future number of trips from zome i to zcne j is: é

= k, V F. G AP €)'

ij i 1] i
where
n
0 v
P
— ik
kg o k=L e, (LO)
.
=G
=1 K ik

e T T ey g




so that
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P V., 5 B, fieteieairnaneneerasaverat (11D
i ij i

The obvicus advantage of the Fratar model is its simplicity of use.
e Unlike the Gravity mecdel, it does not require any calibration. The
| disadvantage is in its underlying assumption that trip interchanges
are independent of spacial separation, measured in travel time or
distance, i.e. travel impedance deoes not change over time, The model
therefore cannot respond to any unbalanced improvement of transportation
system.

4,8 THE GROWTH FACTOR TRIP DISTRIBUTION PROGRAM TFFRAT

The program TPFRAT reads a trip table and either production and attraction
trip ends or trip end growth factors and does an iterative trip distribution
by using the Fratar formula. It outputs a new trip table,

l. Initial steps:

a. BRead and write eilther
. future zonal productions and attractions, P's & A's, or

. zonal growth factors, F's and G's.
b. Read present trip table (Vij) from tape.
c. Compute present zonal productions and attractions, P's and A's,

d. 1If P's and A's are given, compute F's and G's,

If ''s and G's are given, compute'ﬁ's and A's.
e. Optlonally, either

. nermalize future production to future attraction, i.e.:

=
b

‘j all future attractions, A's,are unchanged, while all future

productions B's are replaced by P 's where ?; = _ﬁii. A/ Pi\
- L — G ]
L — e i i /
i so that - P, = .~ A,, or
b et Ui — i
i i

. normalize future attraction to future production, analogous to above,

2, Balancing Zonal Attractions - Equation (1l) of ‘Section 4.6 shows that
the Fratar model always guarantees that for any zone the calculated

production 1, v is equal to the given production ?i' However, il
P ij
i=1 n
“ is obvious that the calculated attraction ;2“3 ‘Vij is in general not
L i=1
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. equal to the given (i.e. desired) attraction A.. The pregram, therefore,
[ follows an {terative procedure to balance the, ttractions:

a. Calculate by the Fratar formula future trip table (ﬁij) based cn

. present trip table (Vij) and

. growth factors.Fi, Cj for preoductions and atiractions

o b. Compare calculated future attractions :54 Vij with given future

— J
attractions Aj and adjust - Vij

3

c. Recalculate future trip table (gij) based on

. previously calculated trip table and

. adjusted growth factors

The program will iterate for a user-specified number of times.

3. Output - The program outputs a comparison of attractions for each
iteration, and at the completicn of iterations, the following:

a, Future trip table {on tape) and

b, Final comparison of attractions. It shows

. Compariscn of present productions P's and future (or nermalized
future) productions P's.

. Comparison of present attractions, A's and future (or normalized
future) attractions, A's.

. Comparison of fimal computed future attractions _#? v, and

future (or normalized future) attractions,lﬁi.

4,9 FUTURE TRIP DISTRIBUTION

Both trip distribution models discussed in the preceding sections can he
used to forecast future travel patterns, Usually the Gravity wmodel is
applied cnly te urban, i.e. internal and external trips, while the Fratar
model iz applied only to through trips, The results are then combined to
ylield a total future 0~D trip table to be used as input te the trip
assignment procedure. (See Future Trip Distributien Flow Chart.)
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Suppose, as in Section 3.3, we classify interzonal trips as follows:

.—~home-based - work, shopping, recreation, etc.

? Internal
- S ™ non-home-hbased
Trips¢-~ External - general purpose
\‘Through - general purpose

For internal home-based trips and external trips, the future P-A trip
tables obtained from Gravity model must be converted to O-D trip tables
by program TPFLOP (see Section 4,6)., For through trips, the future
" trip table from Fratar model usually is an O-D trip table. Trip tables -
of various purpcses may be added by using the Trip Table/Skim Tree
Manipulator Program TPMNIP. Partial trip tables for internal, externat
and through trips are then combined to yield a total {future 0O-D trip table.
This trip table is the input for the assignment procedure.
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The assignment can be made to include only interzonal volumes between
selected origin and destipation zone ranges, or for trips within a certain
range of time cost or distance. The user may alse elect to print only a
part of the lcaded link report.

5.4 CAPACITY RESTRAINT ASSIGNMENT

As mentioned in Section 5.2, link cost is dependent on link flow. When
traffic flow increases, the route initially determined by TPTREE to be the
cheapest may be less cheap compared to some alternative routes. The
Capacity-Restraint assignment model is thus a refinement of the All-or-Nothing
'ﬁﬁ _ model described above. It considers the effgrt of link flow on link cost.

F; [t is an iterative procedure, alternating All-or-Nothing assignment with

R recalculation of link costs from an assumed link cost-link flow relationship.
The recalculation is performed by the Capacity Restraint Program TPCAPR
described in the next section. The iterative procedure is as follows:

1. Input network description, tree description and trip table to the
All-or-Nothing Assignment Program TPLOAD to obtain a loaded network,

2. Input the loaded network to Capacity Restraint Program TPCAPR to obtain
a new network description with link times (or speeds) adjusted according
to the assumed link cost-link flow relationships.

3. Input the new network description with adjusted link costs to TPTREE to
obtain a new tree description.

4. Input the new network description, new tree descripticn and the trip
table to TPLOAD to obtain a new loaded mnetwork.

5. Continue the process until the link times (or speeds) do not differ
appreciably for two successive iterations.

5.5 CAPACITY RESTRAINT PROGRAM TPCAPR

The Capacity Restraint Program TPCAPR reads a loaded network tape and adjusts
the time (or speed) required to travel a link, directionaily, from the
capacity restraint curve applicable to the link, using the loaded volume

and the capacity of the limk, Tt outputs an updated netwirk description

with adjusted link times {or speeds).

oy The capacity restraiant curves used in the program are as follows:

Let Vv = assigned traffic flow on the link Scf
C = practical capacity of the link S, —=
S, T restrained speed .Sy, . ;,\\>3b_~____ :
S e -+ R
v _ R R )
R, =% = link flow-link capacity ratio a b
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5.6

i = raximum speed of the link

a

R = The ratio Rc associated with maximum speed
Sy, = minimum speed of the link

Rb = The ratio RC associated with minimum speed

Then the restrained speed is:

c a if Rc < Ra
¢ T % if R, TR
(R_~R )+s (R - R )
s =5 -2 & b ¢ a if R < R - R
c a Ry - R, a C b

A maximum of 15 such curves may be accomodated by TPCAPR. A "Capacity
Indicator" (see Link Card format) is given for each link to associate the
applicable capacity restraint curve to each link.

PROGRAMS TPTURN, TPSELC AND TPEVAL

After trips are assigned to the network, it is often desirable to find the

turn volumes through certain selected nodes. The Turn Volume Accumuiation
Program TPTURN reads the loaded trees output by program TPLOAD. It
accumulates and reports the turn volumes through selected nodes. Additionally,
volumes on all links connected to the selected necdes are reported.

To study the traffic loading condition (i.e., the assigned traffic volume
versus the capacity) of certain important links, the Selected Link Program
TPSELC may be used. The program reads a trip file and a tree file and
produces a report listing all the trips by origin and destination using a
selected link, Alsoc from a given 0/D trip table, TPSELC will cenerate a new
0/D trip table which inciudes only those trips using any cne link from a
group of selected links, or using all the links of that selected group.

To compare assigned link volumes with link capacities (or counts), the
Network Evaluation Program TPEVAL mav be used. [t reads a binary network
file and produces:

l. Link summaries by type and jurisdiction and,

2. Link volume and link comparison report.

All links may bte included or selection may be made by varicus fields.
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