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INTRODUCTION

Traffic congestion in urban areas is a situation unwanted by
everyons, Traffiec sipgnals are usad for the assignment of the right
of way at intersections, and thus help to alleviate the problem of
congastion, Frequent stops that occur along a signal system serve
only to place the driver "on edge," and should therefore be mini-
miged as much as possible,

Developing a traffic signal system which can move the greatest
rmber of vehieles in a given amount of time improves the efficiency
of the traffiec system., Such a method will maximize bandwidths of
traffie, which in turn decreases the total delay in the system, A
bandwidth is a platoon or wave of traffic which 1s able to progress
through the green phase of each signal in a system without stopping,
This is illustrated in Figure 1 on page 17.

Several ideas concerning signal progression have been developed
within the last ten years. Most have been designed for a single
strest system only, but within the past three years considerable work
has been done on developing a system that will apply for an entire
network, Although the network approach is not completely successful
in the fleld, is has great potential for improving traffic congestion
throughout entire networks in the large cities,

An attempt is made in this report to bring many of thess ideas
together, but these ideas will not be explained in great detail, For
complete explanation of each method, one will have to use the proper

refarence,




LITTLE'S METHOD

One of the sarlier attempts at synchronizing traffic signals for
maximal bandwidth was developed in 1964 at the Massachusetts Institute
of Technology through the combined afforts of John T, Morgan, J.D.C.
Little, and Brian V, Martin.? Their idea was to formilate a procedure
that would solve traffic signal problems to produce bandwidths of
squal width and as large as possible, and to resynchronize to favor ons
direction with as larpe a bandwidth as possible and then maximize the
bandwidth in the opposite direction,

Notation

Two-way streats will be considered having n traffic signals, with
n not to excesd 50 dus to computer storage restriction. Directions
are identified on the streets as outbound and inbound, with subscripts
increasing in the outbound direction for each direction used, The
signals ares denoted by 54 and the red time of each street is denoted
by ry. The initial red time in seconds is converted to a fraction of
a cycles length by dividing by the cycle length C, Bandwidth is de-
notsed by b in the outbound direction and by b in the inbound direction,

Travel time, t;; and £,

i3 is measured from one signal to another in

terms of cycls length., The offset, eij' is measured as the fraction
of the cycle length from the center of the red phase of one signal
to the center of the next red phase of the next signal,

It is usually easier to gather data for the distances betwesn
signals and to state the expscted speed for each section in the system,

than to measurs travel times, Travel tims bstween adjacent signals is




then computed in fraction of a eyele length by the equationt

ti,aa1 = (g = %) /w40 (1)
Travel times are not necessarily equal in the opposite direction. This
is bacause speeds could vary for the two directions, and the directional
distances could possibly be different dus to a large median,

Theory

In most traffic situations, it is desired to maximize equal band-
widths, This is stated as: maximize b subject to b = b, This partic-
ular synchronization does not necessarily maximize (b + b) however,
Therefore, two possible cases exist,

Little states that every green band has a limiting critical sipg-
nal, which he chooses to call 5.7 This critical signal can either
limit the front of the outbound bandwldth (Group 1) or the front of
the inbound bandwidth (Group 2},

Azain two cases can be investigated. The first case involves two
signals in the same group, while the signals are in opposite groups for
the second case, Littls proved that under the above conditions each
group of signals has half-integer synchronigzation, This means that
each sipgnal has the center of its red phase located at exactly 0 or
at 4 the cycle length, Little proved by construction that under any
half-integer synchronization that b = B, which allows the traffic
engineer to examine only one direction., A complete proof can be found
in pages 9-23 of the marmsl by Little, Martin, and Mbrgan.?

Input
The original program developed by Little, Martin, and Morgan was

given the name TS5 3, It is written in Load and Go Fortran to be run




on an IBM 1620 computer. The output from this program is used as in-
put for program TSS 4, which plots a time-space diagram on a Calcomp
Digital plotter, However, since this plotter was not available for
this project, no further discussion of it will be glven, The program
for a 1620 computer is given in Appendix A,

About a year after this program was developed, E. T. Miller
transferred the language to Fortran IV so that it could be run on
all IBM 360 computers. This program is called EMTSS 3, and the
program is given in Appendix B,

Four types of input cards are required for the TSS 3 program,
and are summarized in Table 1. Card 1 contains the number of signals,
the cycle length, the inbound and outbound volumes, and the vehicle
headway. This headway is used to convert hourly volumes into platoon
lengths, in vehicles, by the following equation:

Platoon length = (Hourly Volume x Vehicle Headway) / 3600 (2)
Card 2 contains the distance of each signal from the origin and the red
phase of that signal, Inereasing Xy mst be in the outbound direction,
Card 3 gives the inbound and outbound block speeds, Card 4 directs
the program to either continue or stop., If changes are to be made in
eycle length and/or speeds, set NSAVE equal to zero and CYCLE equal to
the value desired, Otherwise, set NSAVE equal to a positive inteper
and a new problem can be run,

The deck setup for the TSS 3 proegram requires thres cards to
precede the deck, They are the following:

MONTITOR COLD START

$$JOB
$$XEQ FORUN




Tablea 1,«=T33 3 Input Data

Entry Deseription of Data Ttem Variable | Units Form
" Name
Card type 1
1 Number of Signals NSIG Integer | Fixed
2 Cycle Length CYCLE Seconds | Floating
3 Inbound Volume VOLIN Veh/hyr | Floating
b Outbound Volume VOIOT Veh/hr | Floating
5 Vehicle Headway HEDWY Seconds | Floating
ONE CARD PER PROBLEM
Card type 2
1 Distance of Signal from (1) Feet Floating
origin
2 Red Phass of Signal RED(I) | Seconds | Floating
NUMBER OF CARDS = NSIG
CARDS IN ORDER OF INCREASING Y
Card type 3
1 Inbound block speed SPEDI(I)| mph Floating
2 Outbound block speed SPEDO (I )| mph Floating
NUMBER OF CARDS = N5IG = 1
CARDS IN ORDER OF INCREASING Y
Card type 4
i Constant NSAVE Integer | Fixed
2 Cyele lencth for next CYCLE Seconds | Floating

iteration




Five types of input cards are required to run EMTSS 3 on the IBM
360 computer, and they are summarized in Table 2, Card 1 is an extra
identification card not used in TS5 3, Card 2 is similar to Card 1 of
T55 3, except that three scale factors are added. SCD should be left
blank or set equal to 1000 ftfin, SCT should be left blank, and KEY
is either left blank or set equal to one., Card 3 is identical to
TS5 3 Card 2 except that the name of the cross street at the signal
is added for convenience. Card 4 includes the inbound and outbound
spesds between signals, Card 5 contains NSAVE and the cycle length,
The cycle length is omitted in all cases except when NSAVE is 2 or 4,
allowing the problem to be re-run using the same data, If NSAVE is
1 or 3 a completely new problem is read, and if NSAVE if 5 or € the
program will terminate execution,

The deck setup for the EMTSS 3 program requires a few more cards
than TS5 3. The setup should be made as follows:
/] JOB (FF18C4Q7,10,10), "NAME' ,MSGLEVEL=1
// EXEC FORTGCLG
//FORT.SYSIN DD =

[?rogram deck goes heré]

/760.3\:51:1\1 DD *
[bata goes heré]
[

The execution and program cost for an example problem are given
on page 52, The running time depends on the number of signals along
the street system under study. Special care should be taken to code

the proper value for NSAVE in Card 5 of the EMTSS 3 input,




Table 2,--EMTSS 3 Input Data

Columns Dascription of Data Ttem Symbol Units Form
Card type 1 |ONE CARD PER PROBLEM
172 Tdentification information AMypham,
Card type 2 | ONE CARD PER PROBLEM
1- 4 Number of Signals NSIG Integer | Fixed
H-1l Cycle Length CICLE Saconds | Floating
15-24 Inbound Volume VOLIN v/hrfin | Floating
2534 Outbound Volume VOILOT v/hr/ln | Floating
3 Bl Vehicle Headway HEDWY Seconds | Floating
W5agh Distance Scale Factor SCD ft/in Floating
5564 Time Scale Factor SCT secfin | Floating
65-68 Speed Card Indicator KEY Fixed
Card type 3 | NUMBER OF CARDS = NSIG
1-10 Distance of Signal from origin| X(I) Feet Floating
11-20 Red Phase of Signal RED(T) |Seconds | Floating
21-50 Name of Cross Street at Signal | NAMES(I,J) Mpham,
Card type 4 | NUMBER OF CARDS = NSIG - 1
1-10 Inbound Speed between Signals | SPEDI(I)| mph Floating
11-20 Outbound Speed between Signals | SPEDO(I)|{ mph Floating
Card type 5| ONE CARD PER PROBLEM
1- & Constant NSAVE Integer | Fixed
5-14 Cycle Length CYCLE Seconds | Floating




Cutput
Cutput from TSS 3 is in the form of punched cards, which then

yield the output shown on pages 41-43 when run through a printer,
Five types of cards are punched, Type 1 gives the number of signals,
the eyecle length, and the headway which were all read in as input.
Card type 2 gives the input values of inbound and outbound volumes,
followed by the inbound and outbound volumes possible through the
computed green bandwidths for the input vehicle headway. Card

type 3 gives the inbound and outbound bandwidths and the number

of the eritical signal.

Card type 4 contains as many cards as there are signals, It
gives the input values of distance and red split plus the output val-
ues of the right hand side of ths red band for each signal and the
offset of the signal with respect to the eritical signal., Card type 5
is primarily of use to program T3S 4, The first entry is the front
adge of the outbound band, and it is followed by the rear edge of
the inbound band. Both of these values are at the first signal,

The third and fourth entries are total system travel time, both in-
bound and outbound in terms of a fraction of the eycle length,

The notation given for inbound velume of 9,9000M02 is read as
990, This is found by moving the decimal point two places to the
right., Similarly the start of the cycle at the second interssction
is read as ,16075 of a cycle length,

Output from program EMTSS 3 is shown on page 51 for a sample
problen from Fort Worth, Texas, The first five values given are all

input data. They are followed vertically by the possible inbound and




outbound volumes, the inbound and outbound bandwidths, and the re-
stricting signal, Directly below this is a table of values for each
eross street, Given in the table are the distance from the oripgin, the
length of the red phase of the signal, the end of each red phase, the
offset from the restricting signal, and the directional progressive
speeds, Progressive speed is the speed of the bandwidth. Below this
table values are given for the front edge of the outbound band, the
rear edge of the inbound band, and the system travel time irnbound and
outbound, These last four are given in fraction form and in seconds,

Sample Problams

Three sample problems were run on the IBM 1620 computer and both
the data and the output are shown in Appendix A. The first two sets
of data were from two different streets in Wichita, Kansas, No dis-
cussion will be made on these results. The third set of data is for
Rosedale Avenue in Fort Worth, Texas. This set of data was taken
from an example problem in a handout, and was not obtained by the
author,

Only one sample problem was run on the 360 computer with program
EMTSS 3. Again the date used was from Rosedale Averme in Fort Worth,
Texas. The results of this run are shown on page 51. A comparison
of the ocutputs for Rosedale Avenue from the two computers shows
that the results are exactly the same, This is not surprising, be-
cause GMISS 3 is merely a changeover to Fortran IV from the original
program TSS 3. Therefore, Little's method will work on either the
360 or 1620 computer with equal accuracy., The 360 offers the speed

that engineers desire,




CHAMBERLATN 'S PROGRAM

The second progression program, developed by Robart Charberlain,

maximizes the green bandwidth and cbtains the offsets of the sequence

of traffic signals.j An initial band is drawn from the intersection

with the shortest green time, called the reference intersection,

10

This initial band has a width equal to the green time of the reference

intersection, Minimizing the interfersnces with this band at all
intersactions, the maximum through-band is obtained,

The program is based on the assumptions that (1) the cycle
length is the same for all sipgnals under consideration, and (2) the
traffic speed in both directions is constant throughout the section
under study.

Theory

Traffic spesd is the independent argument used to compute the
minimum interference, Spesd increments are specified by the input
argument % (Notation can be found on page 11), which should be kept
at a lower limit of .25 mph to keep computer running time short,
The cycle length used in the computations is CMIN, The speed range
is extended to an upper limit of VMAX x CMAX / CMIN to permit
generalization to other ceyele lengths,

The spesd yilelding the smallest minimum interference is called

the optimum speed. The optimum cycle length is determined by:

COPT = CMIN x VOPT / VMAX when VOPT > VMAX

COPT = CMIN when VOPT = VMAX

(3)
(%)
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Table 3,=-Chamberlain's Notation

Symbol Explanation of the Symbol

BW The sum of the inbound and outbound bandwidths in seconds

BWi The inbound bandwidth in seconds

BW, The outbound bandwidth in seconds

CMAX The maximum cycle length in seconds

CMIN The winimum cycle length in seconds

COPT The optimum cyels length in seconds

DIST(J) The distance to the jth intersection from the referance
intersection, in seconds

FI The imbound traffic flow in vehicles per hour

7O The cutbound traffiec flow in vehicles per hour

TI(J) The green time at the jth intersection, in seconds

T The gresn time at the reference intersection, in seconds

VMAX The maximum traffic speed in mph

VMIN The minimim traffic speed in mph

VOPT The optimum traffic speed in mph

XL T?e Tgmbsr of intersections minus one under consideration
T

Z The size of the spsed increment in mph
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When equation (3) is used, the optimum speed becomes VMAX.

It is used in conjunction with COPT. Various cycle lengths may be
used to obtain spesds lower than VMAX, while keeping the bandwidth
to cycle ratio constant, If a speed of V is desired such that
VMIN = V = VMAX, the corresponding cycle length, C, is given by:

C = COPT x VMAX / V (5)

This equation may be reversed if a cycle length, C, is glven
and the resulting speed, V, is to ba determined:

V= VMAX x COPT / C (6)

If both C and V are known initially, offsets may be determined
by setting CMIN equal to CMAX and also setting VMIN equal to VMAX,

The program initially computes offsets based on equal flow in
both directions and then apportions the available bandwidth to favor
the direction with the largest average traffic flow, The resulting
bandwidths are expressed as follows:

BW, = FO x BW / (FO + FI) when BW, < TO (7)

BW; = FI x BW / (FO + FI) when BW; < T0 (8)

The apportionment of bandwidth is accomplished by shifting the
individual offsets to reduce the interferences in the desired direc-
tion at the expense of the bandwidth in the opposing direction, If
the desired bandwidth in one direction exceeds the available green
time (TO), the program selects a bandwidth of TO for that direction,

Input

This program can accommodate up to 50 intersections, There is

no 1imit to the size of the cycle length and speed ranges or to the

number of speed increments, However, it is sugpested that CMIN
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have a lower limit of 40 seconds and that CMAX have an upper limit of
120 seconds. The speed incrament should have a lower limit of .25 mph
as mantioned above,

The object program for this method is shown in Appendix C, It
was written in Fortran originally for an 1130 computer. With the
control cards given below, this program will run on an IBM 360, The
input data are defined in floating point mode, with one number not
to exceed 6 columns including the decimal point. The first data card
mst eontain the following information in FA,1 format, and the numbers
below represent the first significant digit of each field:

1 7 i3 19 25 31 37 43 49
CMIN CMAX TO L VMIN VMAX 2 FO FI

The next group of cards is under the format 2F10.2, and the
number of cards should equal XL. Ths intersections should be ordered
acecording to increasing distance from the reference intersection with
the smallest distance first. The cards should contain the following
information with the mumber again representing the first digit:

i 11
DIST(J) TJ(J)

The cards should be placed in the following order with the

control cards as shown:

// JOB (FF18C4Q7,10,10), 'NAME* ,MSGLEVEL=1

/! EXEC FTGCLGKS

//FORT.SYSIN DD *

[ngram deck goes he‘r@]

E™
J/G0.SYSIN DD =
EDa‘ta 20865 hmreﬂ

/*




i4

Qutput
Output are printed as shown on pages 59-61 for the sample used

later in this section. The input data are printed first and are
followed by the individual minimim interferences. Only the first
two and the last iteration have been shown. Following the last
iteration the input data are agalin printed for convenience. The
optimum speed, the optimum eycle length, and the optimum bandwidth
follow the input data. |
Individual offsets are then given for sach intersection with
the reference intersection having an offset of zero, The offset
is the starting time of the green time of esach intersection relative
to the begimning of green of the reference intersection. For example
intersection 1 on page 60 has its green phase starting 8,8 seconds
after the green phase of the reference intersection, For unequal
flow, the apportioned offsets along with flows in hoth directions,
are also printed., Outbound and inbound flow are given on page 61.
The rurmming time to calculate the results for the sample problem
below is shown on page 62, The cost for this 5-intersection problem
was $3.30 for a range of 30 seconds in cycle length,

Sample Caleulation

The data used for this problem were obtained from Anderson Averue
in Manhattan, Kansas, betwsen Sunset Avenue and Fourteenth Strest,
From the output on page 60, the speed associated with the smallest
interference is 44 moh, or VOPT. Since VOPT is greater than VMAX,

a new cycle length must be caleulated from equation (3), Hence,

from equation (3):
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COPT = CMIN x VOPT [ VMAX

Subgtituting gives:

COPT = 50 x 44 [ 30 = 73.3 seconds
and VOPT becomes VMAL,

The bandwidth is given as follows:

Bw

it

((2 x T0) - XMIN) x S
whera

0

it

19 seconds (input)

AMIN = 8,465 seconds (output)

it

S = VOPT [/ VMAX for VOPT > VMAX

S=1 for VOPT < VMAX

Substituting yields:

BW = ({2 x 19) = 8,465) 44f30 = 29,535 x 1,467 = 43,32 seconds

If the resultant speed is too high, a longer cycle length can be
used provided BW/C remains constant, The values obtained above would
be substituted into equation (3) to determine a new C. The new
bandwidth BW' is found from:

BW*'/C' = BW/C
or

BW*' = BW x C*/C

Results

The results from this program are based upon the initial values
gilven as input, Since green time for each intersection is initially
fixed, it is essentigl that the minimum cyele length, CMIN, be selected

with some thought. As can be seen from the four equations and Table 4,

CMIN is the controlling factor in determining a reasonable bandwidth,




Table L,~=Sample Data for Anderson Avenue

CHIN CMAX VMAX VOPT XMIN COPT BW
4o 80 30 55 4.5 73.3 61.41
50 80 30 Wy 8,465 | 73.3 43.32
55 80 30 39 10,343 7.5 35.95

If it is desired to allow the cycle length to range from 40 to
80 seconds, the green time for each intersection should initially
be reduced so that reasonable results would be obtained from the
program for bandwidth, The efficiency of a signal system is the
percentage of the cycle length occupied by the bandwidth, TFor a
minimmn cycle of 40 seconds, a bandwidth of 61,41 seconds is given
in Table 4, This gives an efficiency of nearly 844, which is not
a very practical solution, This would allow for almost no green
time for the cross streets.

Similarly, with a minimum cyecle of 50 seconds a bandwidth of
43,32 seconds is obtained, This bandwidth produces a system
efficiency of about 59%, which again is higher than expected. The
reason for these high efficiencies is that the green times used for
the intersections are those that now oceur for the street as it op-
erates on a 60-second eycle length, Since CMIN is the limiting fac-
tor and the initial run used a CMIN of 40 seconds, a better solution

would have been to decrease the green times for each intersection by

a factor of 40/60, or two-thirds,

16
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Another traffic-sipgnal-system timing plan was developed by
R. L. Bleyl of the Yale University Bureau of Highway Traff'ic.1 His
approach converts all time and distance units to travel time units,

Approach

A conventional time-space diagram, as shown in Figure 1, plots
time along one axis and distance along the other, Speeds are repre-
sented by the slope of a line along the diagram, The modifled diapgram,
as shown in Figure 2, chanpges the vertical axis to average travel time,
To determine travel time, travel distances bstween stop lines muist be

known for each direction as well as the dasired progressive speed.

o r S————
ROGRESSIVE
Eg SPEED
- -
;; PROGRESSIVE
<
& WIDTH
- L
- |—’ 1 S|
L:PLIT-[
= _ BANDWIDTH
BEFFICIENCY = 100 x-—-E?EEE—-

TIME (SECONDS)

Figure 1, Conventional time-space diagram.i
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The time to travel between successive signals is found by
dividing the distance between intersections by the desired progressive
speed, This speed is multiplied by 1.47 to convert to feet per second,

Travel time = Distance (feat) / (Speed (mph) x 1.47) (9)
The average travel time is the average of the travel times for each
direction. The computer program SIGPROG has an option of using
either distance and speed as input or to simply use travel time,

Speed is indicated by the difference in slope of the progressive
band from a 45-degree angle in Figure 2, This differs from the slope
used in the conventional method. The per cent offset shift is the
difference between travel time in either direction and the average
for the section divided by the cycle length:

Offset (%) = (TTy -~ TT,) / C = (TT, = IT,) / C (10)

N

CYCLE——-——-—'

=
1

oy
I
|
|

BANDWIDTH

Ju
I

AVERAGE TRAVEL TIME (SECONDS)

=]
!
!

CYCLE TIME (SECONDS)

Figure 2, Modified time-space diagram.l
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The offset of all signals on one side of each section having dif-
ferent directional travel times must be shifted an amount equal to the
difference between the travel time for the section and the directional
average travel tims for the section. This shift is shoun in equation (9).

After the time-travel time diagram has been determined, the opti-
mum or satisfactory linear progressive bands for both directions can be
solved manually by the usual trial-and-error, graphicsl, or mathematical
techniques, or by a computer using the appropriate algorithms,

Input

The input for the computer program consists of an organization
identification card, 12 general control cards, and a ssries of signal
carda.z The program is written in Fortran IV, and is run on the
IBM 360 with a minimum of 64K storage capacity. The object deck and
sample input and output are listed in Appendix D.

The Organization Tdentification Card pgives the name of the
organization using the propram. Only one of these cards is used,
sven if multiple runs are specified., Up to 32 characters may be used
for each of two lines of identification, with the right-most position
of each line in columns 40 and 80 in the ID card.

The General Control Cards follow the ID ecard, with the first
nine preceding the signal cards and the last thres following the
sipgnal cards, Card 1 contains the name of the system and is used to
identify the ocutput and also the problem when saveral runs are besing
made at one time, Columms 41 and 42 must contain the number of sig-
nals in the system, while the system name begins in column 45 and

can contain up to 36 characters.
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Card 2 contains the subtitle of the run, which must begin in
column 41 and thus may contain up to 40 characters, It is used to
identify the time of day and other conditions of the run, and will
also be included in the output,

Card 3 identifies the mumber of signals in the system, with at
least two signals but no more than 99 may be ineluded, The units
pogition of the number of signals must be located in column 45,

Card 4 indicates the minimum and maximum cyele lengths to be
considered, with the units positions to be located in colums 45 and
55 respectively. If the cycle length is to be heid constant, it
should be coded as both the minimum and maximum,

Card 5 contains the suggested maximum speed tolerance from the
desired progressive speads specified on the signals cards, If coded
other than 0 the program will find the optimum cycle from all pos-
sible c¢ycles, within the limits specified. Neo tolerance will be
allowed if it is coded 0, and only cycle lengths which are multiples
of 5 seconds will be considered., For this case, the minimum and
maximm eycle lengths on eard 4 must also be multiples of 5 seconds.
The units position is in columm 45,

Card 6 is used to establish the proper offset relationship for
signals common to more than one system., It is coded 0 in initial
runs and coded with the desired offset transposition in subsequent
runs, when desired, The units position of the offset is in per cent,
and must be in column 45,

Card 7 contributes nothing to the program, but may not be

omitted, It ailds in reviewing a listing of the input cards,
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Card 8 identifies the two general directions in which the traffic
moves along the system, such as INBOUND, OUTBOUND, N-BOUND, or even
SE-BOUND, The directions must begin in columns 41 and 51, respec-
tively, and may use up to eight characters each,

Card 9 signifies the desired proportionment of the bandwidths
by a percentage (such as 60-40) or a ratio (such as 2-1), Directional
traffic volumes may also be used to specify the proportionment. In
favoring the bandwidth in one direction one of thres things will be
accomplished: (a) if the proportion is realistically attainable, it
will be cbtained; (b) if the bandwidth in the preferred direction
raaches its maximum possible width before the desired proportion is
reached, no further adjustment will be made and the maximim bandwidth
condition will be indicated by asterisks on the printout; and (e) if
the bandwidth in the unfavored direction becomes small enough to no
longer be meaningful (5 seconds or laess), the maximum attainable band-
width in the favored direction will be selected. The units positions
mist be in colums 45 and 55 for the two proportionments,

Card 10 contains the processing instruction RUN, to process the
full program using the cycle length found in the scanning process to
have the highest efficlency, or SCAN, to scan the eycle range in order
to find the peaks in ths afficiency curve only. The last letter of
the message must be placed in column 45,

Card 11 is used to produce an intermediate deck of output cards
containing the parameters of the optimum timing plan. This deck is
used by a TMSPAC routine to plot a time-space diapgram on a Cal-Comp

plotter., A YZ5 message produces the deck only if the RUN optilon was




used in card 10, The last letter either YHES or NO should bs in
column 45,

Card 12 contains a message to inform the computer whether or not
additional runs follow, A YES indicates another run follows, while
NO caunses the program to terminate after the current run., If a YES
was punched in card 11, a NO must be punched in card 12 dus to the
fact that only one run at a time can be input to create a plot deck,
The last letter of the message is punched in column 45,

The signal cards contain a series of either ABCD or ABE cards,
followed by another series of the same kind, The last series in the
set will eontain only AB., This set of cards is located between
control ecards 9 and 10 in the deck. Card E whiech contains the desired
dirsctional travel times is complementary to Cards C and D. The
reason for this is explained by equation (1) and its explanation.

Card A contains the name of the signal location, which may oceupy
up to 12 characters and must begin in column 61, and the percent phass
split to be devotsd to the system, whose units position is in column 77.

Card B contains the minimum green time requirements for the cross
street and the required clearance interval for the traffic in the sys-
tem, The units positions are located in columns 67 and 77, respectively,

Card C contains the distance in feet between two adjacent signals
for both directions, and is measured from the signal described on
Card A to the signal on the next Card A. The units positions are in
columns 45 and 55 and follow the directions on Card 8, If the distancs
in both directions is equal, the second field may be left blank and the

computer will make the other entry,
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Card D contains the desired directional progressive speeds in
mph from the signal on Card A to the signal on the naxt Card A, Ths
units positions must be in columns 45 and 55. If the spesd in both
dirsctions is identical, the second field may be left blank and the
computer will make the other entry.

Card E contains the desired directional travel times in seconds
from the signal on Card A to the signal on the next Card A, If
Card E is used, Card C and D must be omitted, The units positions
of the travel times mist be located in ecolumms 45 and 55, It the
directional travel times are identical, the second field may be left
blanlk and the computer will make the second sntry.

The cards should be placed in the following order with the

control cards as shown:

!/ JOB (FF18C4Q7,10,10), 'NAME' ,MSGLEVEL=1
/! EXEC FORTGLC

//FORT ,SYSIN DD =
[Program deck goas h&ré}

[
/]GO ,SYSIN DD =

Organization Identification Card goes here
Data goes here

/%
Qutput
The output is in the form of three printed tables, which are
shown in Appendix D, The first table is a list of the entire in-
put card deck, which rapidly reveals mispunched or miscoded infor-
mation., It serves primarily as reference convenience for the other

two tables,
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The second table contains the results of an incremental cycle
scan betwsen the minimm and maximum cycle lengths to find the maxi-
mum afficiency obtainable., The efficiency is defined by the program
as EFF = 100 x BANDWIDIH [/ CYCLE. A plot of the maximum effieciency
obtainable at each cycle length is included. The cycle having the
hichest afficiency is identified, and improvements in the efficiency
by an iterative process are included,

If RUN is contained on Card 10, the third table is printed using
the cycle having the highest efficiency. 4djacent to the name of
sach signal is its offset and green and amber intervals, The offset
is given to the beginning, mlddle, and end of the phasse, The cycle
length is given above for the optimum, best, next 5 second interval
below, and next 5 second interval above and is followed by bandwidths,
efficiencies, and progressive speeds for each of those four condi-
tions, 1f Card E is used in place of Card C and D, the values in the
signal spacing column are in terms of seconds instead of feet, and the
progressive speeds are in terms of seconds instead of mph, The
prograssive band offsets are given on the same line and to the left of
the progressive speseds, If the progressive band utilizes the full
green interval at any signal, an asterisk will precede the progressive
band offsets on this printout. The plan rumber is given at the upper
left. It is the same as the optimum ecycle with the requested band-
width proportions in parentheses.

If YE5 is punched in Card 11 and RUN was selected on Card 10, a

deck for the Time-Space Diagram Plot Program (TMSPAC) will be punched,
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This deck contains two identification cards and one additional card
for each signal, The first identification card contains the title
and subtitle as contained on Cards 1 and 2 of the input deck. The
second card contains the input of Card 8, the optimum cycle length,
the two directional bandwidths, and the two directional effieciencias,

Each remaining card contains the name of the signal location,
the offsets to the beginning, middle, and end of the gresn interval,
the phase split, the offsets to the beginning and ending edges of
the progressive band in direction 1, the average distance to the next
signal, the progressive spesd to the next sipgnal, the offsets to the
begiming and ending edpes of the progressive band in direction 2,
the progressive speed from the next signal, and the code 1 or 2 to
signify that distance and speed are in units of feet and mph or in
units of seconds and seconds, respectively, The last card is iden-
tified by zero distance and speeds.

Sample Problems

The program was first run for the sample data obtained from
Anderson Avenus and Poyntz Avenue in Manhattan, Kansas, The input
data for Anderson Avenue are listed in Table 5, and the input data
for Poyntz Avenue are listed in Table 6, Since this program converts
the distance and desired speed to travel times, it was dsecided to
vary the desired speed in several runs to observe the effects of
such a variation, Since the speed limit on Anderson Avenue is
30 mph, the speed was varied by 1 mph from 25 mph to 30 mph and also
ineluded a run with 20 mph, Cycle length varied from 35 to 65 sec~

onds, and the results are listed in Tabls 7.
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Table 5,--Anderson Avenue Data

Streat Dist to | Green| Ped, Clear

Name Next St | Phase| Xing [ Inter
Sunset ——— 56 15 3
Denison 953 56 15 3
Seventeenth 639 56 20 3
Crosswalk 1003 68 i5 3
Fourteenth 395 iy 15 3

These results show that the efficiency does vary for each
inecrease in 1 mph of the desired propressive speed. With the
excaeption of the 30 mph case, it can be seen that the proper
cycle length appears to be either 50 or 55 seconds, Although
there is quite a bit of variation between the efficiencies of the
two at each speed, it is also extremsly difficult to be able to
predict speeds within 1 mph., For this reason, a cycle length of

50 or 55 seconds should be selected,

Table 6,--Poyntz Avenue Data

Street Dist to | Green| Ped., | Clear

Name Next 5t | Phase| Xing | Inter
Seventeenth ——— 55 15 3
Fourteenth 1380 62 15 3
Eleventh 1420 62 15 3
Crosswalk 680 57 15 3
Juliette 1180 60 15 3
Fifth 940 62 15 3
Fourth L60 60 15 3
Third Lé0 55 15 3
Second L60 55 15 3




Table 7,-=Anderson Avenue Bfficiencies

Speed (in mph)
Cyela
20 25 26 2 28 29 30

35 | 21,026 | 13,273 | 12,405 | 13,501 | 17,457 | 18,534 | 17.649
4o | 12.085| 22,682 | 21,646 | 20,687 | 16,506 | 12,229 | 10,068
45 | 19,717 | 16,788 | 12,040 | 14,660 17,462 | 20,070 | 22,505
50 | 26,932 | 17.745 | 20,678 | 23.394 | 25,916 | 24,859 | 22,364
55 | 20,806 | 25.223 | 26,451 | 23,680 | 21,029 | 17,474 | 15,099
60 | 15,568 | 23,364 | 20,418 | 16,217 | 15,610 | 15,180 | 17,841
65 | 22,063 | 16,266 | 15,613 | 15,247 | 19,073 | 21,705 | 24,161
Opt | 27.151 | 27,374 | 27,161 | 26,190 | 26,738 | 26,526 | 26,423
Cyc | 49,481 | 56,629 | 54,451 | 53,002 | 50,562 | 48,818 | 66,99€

The results of the Poyntz Avenue problem indicate that the

best cycle length is probably 70 or 75 seconds.

greater than the 60 second cycle length currently in use,

Two

speeds are indicated in Table 8, because the speed limit is 20 mph

between Second Street and Juliette Averme and 30 mph from Juliette

Avenue through Seventeenth Street.

on each Card D in the input deck,

Table

This is substantially

This change in speed can be altered

8,«=~Poyntz Avenue Efficiencies

Cycle Speed (in mph)
15/25 | 16/26 | 4i7f27 | 18/28 | 19/29| 20/30
o | 17,727 | 22,823 | 18,032 | 16,315 | 12,661 | 14,130
Ls | 18,032 | 13,026 | 10,674 | 12,113 | 17,486 | 10,255
50 | 12,408 | 13,489 | 13,090 | 15,971 | 16,896 | 13,699
55 | 15,885 | 17,730 | 17.891 | 15,130 | 22,033 | 19,017
60 | 15.229 | 16,730 | 21,752 | 19,706 | 13,744 | 20,682
65 | 20,717 | 22,728 | 14,865 | 17,687 | 21,983 | 15,770
70 | 19,926 | 12,909 | 26,008 | 18,138 | 22,307 | 25,617
75 | 18.819 [ 24,911 | 17,6045 | 25,738 | 25,509 | 22,138
80 | 24,130 | 20,036 | 25,811 | 25,530 | 20,197 | 15,380
Opt | 26,947 | 26,907 | 26,986 | 26,608 | 26,002 | 25,900
Cyc | 78.253 | 73.881 | 79.283 | 75,486 | 73,002 | 68,923
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Table 9,~-~Topeks Averue Data

Street Dist to Prog Green Split | Prog | Green
Name Next St | Speed B M S | Speed | Split
Third e 25 b1 | 41 | 81 22 52
Fourth 555 25 59| 59 { 59 2z by
Fifth 555 25 51 | 51 | 51 22 60
Sixth kv 25 65 | 65 | 65 22 55
Eighth 1135 25 60 | 60 | 60 22 L5
Tenth 1135 25 65 | 65 | 65 22 58
Twelfth 1188 25 53 | 46 | 50 22 50

The program was again run with the data obtained from Topeka Ave-
mue in Topeka, Kansas, as shown in Table @, The distances are pgiven
in fest, the speeds in mph, and the green phase split in per cent of
cycle, The pedsstrian erosgsing is 15 seconds for all streets, and
the clearance interval is 3,25 seconds for all intersections., Splits
are given for four cases: (1) the normal balance peried, B; (2) the
morning rush period, M; (3) certain spot periods during the day, S
and (4) the evening rush period, The first three cases have a
desired progressive speed of 25 wph, while the evening rush has a
daesired speed of 22 mph,

The difficulty in this problem arises from single left turn
phases at the first three intersections. At Third Street on Topska
Avenue, southbound traffic has a single "left turn only" phase with no
other movements in any direction, HNorthbound Topeka Avenue traffic
has a "left turn only" phase at Fourth Strest, and southbound traffic
aggin has a "left turn only" phase at Fifth Street. These "left turn
only" phases were treated as all red phases, so that the green times

for Third, Fourth, and Fifth consider only the all green phases on
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Topeka Avenus, After the results ars obtained, the "left turn only"
phase should then be given its per cent of time from the red phase
for Topeka Avenue, The results for these data are given in Table 10,
It indicates that during the first three periods, that a ecycle length
of 68 seconds is optimum, and that during the evening rush period
that a cycle length of 75 seconds is optimum, Topeka is currently
using 65 and 70 seconds for the two, which is slightly under the

optimum values,

Table 10,-~Topeka Averme Efficlencies

Cycle Bal Moyn Spot Bven

50 | 14,391 | 10,891 | 12,891 | 10,339
55 21,570 | 20,079 | 21,570 9. 547
60 19,811 | 19,811 | 19,811 766l
65 21,713 | 21,713 | 21,713 | 19,962

70 21,980 | 21,980 | 21.980 | 19,285

75 17.776 | 15,848 | 16,276 | 21,100

80 14,858 | 14,085 | 14,858 | 19,938

85 16,626 | 13,559 | 15.559 | 10,230

90 18,207 | 18,207 | 18,207 9,480

95 17,5812 | 17.512 | 17.512 | 11,052
100 16,886 | 16,886 | 16,886 | 11.326
Optimmum | 22,479 | 22,479 | 22,479 | 21,154
Cyele | 68,002 | 68,002 | 68,002 | 74.784




SIGOP

An off-line computer program was developed in 1966 by Peat,
Marwick, Livingston Company under contract to the Bureau of Public
Roads which will solve traffic progression problems for an entire

6 The purpose of this program

network rather than a single street,
was to determine optimum cycle lengths, phase splits and offsets

for traffiec signals in a grid network of not more than 150 signal-
ized intersections,

The program begins by computing the phase split for each inter~
section for a specified cycle length, The length of each phase is
then set proportionsl to the total flow or critical flow for each
phase. The total flow is the sum of the observed traffic for all
lanes and all approaches during a given phase, while the critical
flow is the maximum observed per lane flow through an intersection
for a given phase.

Offsets are calculated to minimize a given linear combination of
vehicular delay and stops. It is also possible to minimize system
costs, Under the assumption that on the average the traffic flow
pattern repeats itself on successive cyeles, vehicular delay is cal-
culated for each approach, The sum of the delays for all vehicles in
the system is measured, and stops are caleculated as the total number
of stops over one cycle on a given approach,

SIGOP is capable of optimizing up to twelve time periods in one
computer run, Morning peak, evening peak, and off-peak periods are
most commonly used, This allows for separate traffie signal settings

for sach period,

30
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The SIGOP program consists of six program blocks written in
Fortran IV programming lanpuage.

The first block is the INPUTS block which reads and verifies
the basic data supplied by the user and checks the data for logic
and consistency. This is followed by the PHASES program which
computes and tabulates phase splits for each intersection for given
trial cycle lengths., The OFFSET program then computes and tabulates
the ideal difference in offsets for each network link. This program
also computes and tabulates link weilghts to be used in the optimi-
zation proceadure.

The OPTMIZ propram produces a set of signal offsets for the
network which most closely approach the ideal offsets computed for
each individual network link, The VALUAT program uses a simplifiaed
network traffic similation to caleulate the system propensity to
penerate delay, stops, and cost for a glven set of cycle lengths,
phase splits, and offsets, The OUTPUT program presents recommended
phase splits and offsets, and prints time~space charts,

The input data requirements have been devised to present traffio
engineers with a wide range of flexibility in making decisions, But
due to the complexity of the program, perhaps a more solid foundation
would be helpful, Intersection data such as number of phases, anber
times, and minimum green times are relatively easy to obtain, but
determining arrival and discharge headways is more difficult., Simi-
larly volumes, turning movements, spesds, and mode distributions can
be sasily determined, Howsver, there is a street weighting factor

which can cause a lot of trouble,
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This factor assigns a weight to certain important streets te
allow them to have precedence in the optimization, With no feeling
for this factor, the engineer can easily make mistakes.

STGOP has baeen used on a trial basis by six cities in this
country, Kansas City was the first to finish the trial period of the
six that were salected, The other five are Seattle, Washington;

San Antonio, Texas; Indianapolis, Indiana; Cincinnati, Ohio; and
Miami, Florida. Kansas City felt that the SIGOP program was a use=
ful tool to the traffic esngineer. Howsever, the engineers in that
clty selected 1link groups from only two-way strests, which proved
to be a poor declision. In the collection of the "after" data from
the CBD area of downtown Kansas City, Missouri, the results showed
that the new off'sets, phase splits, and cycle lengths did not im-
prove the system efficiency to any measurable degrea. This is
possibly due to (1) the limited space available in the CBD, and

(2) that the system was operating close to the optimum value due to
the many manual caleculations that had previcusly been made,

The SIGOP program does provide a method for developing network
timing patterns which 1s much more economical and faster than any
other that has been previously developed., This program allows for
improvement of capacity and a decrease in delay without any physical
changes in the system, such as street widening, The program is
quite lengthy in time due to the tremendous amount of data that must
be collected prior to a computer run, But there is no doubt that a
program which evaluates an entire network is a great improvement

over programs which solve only single street systems,




Four different approaches to signal progression problems hava
besen studied in this report, The first three treat only a single
arterial, while SIGOP studies an entire network, With the complex-
ity of the S5ICGOP program, a restriction on time, and since the pro-
gram is still in the dsvelopment stages, this program was only
explained but not actually run on a computer by this author.

The comparison of three methods for solving progression along

3%

an arterial shows advantapes for sach method, Those thres methods are

Little's method for either the 1620 (755 3) or the 360 (EMTSS 3), the

program developad by Chamberlain, and SIGPROG, A1l three approaches

use the mnmber of signals and distances between adjaeent intersections

as inputs, but variations such as NSIG-1 are used, Distance can be
treated as distance between each set of intersections or as the dis-
tance from the origin. Therefore, many variations of these programs
are possible. A comparison of the thres approaches is found in

Tablas 11 below,

Table 11,~=Comparison of Methods

b 2| 5 o 8l o
o 13lel (2|88 ]85 84
Aol 1| 8=|0i|g|m|E|2|Eg 5k
hﬂugmméagﬂggﬁmg
v AlAe|ld8|2| 224008
Little x| x x | x X x| x
Chamberlain x x| x x| x X
SIGPROG ® x| x| x X x | =




4 comparison of Little's method with Chamberlain's method seams
to reveal a slight advantage of Chamberiain's method, The main reason
for this is that in Little's method the cycle length and directional
speeds muist be held constant, while Chamberlain uses a range of values
for these two inputs from some minimum to a higher maximum, Little
uses the red phase for computing offsets while Chamberlain uses green
time, and thers seems to be little difference in the two., Little uses
a headway calculation, which neither Chamberlain or SIGPROG uaé.
Charberlain's method of output is much easier to read than Little's,
but takes longer to run on the computer,

SIGPROG uses a bandwidth proportion in its input which differs
somewhat from the volumes used in the other two methods, The other
two use volume data, whereas SIGPROG uses a ratio for the two dir-
sctions which may or may not be actual volume counts, Chamberlain's
method provides a 1ittle more versatility than SIGPROG in that it
uses VMIN and VMAX, while SIGPROG uses only a desired speed and not
an actual range, SIGPROG has a big advantape over the other two
methods with its output. This program prints out the original data,
plots the efficiency for each cycle tried, and gives much more in-
dividual information concerning the offsets and bandwidths at each
intersection,

Identical data were run for Little's program T35 3 (1620) and
also for EMTSS 3 (360) as reported earlier, Both results gave the
same answers, so thers seems to be no difference in the two computer
programs developed by Little. The data run on Chamberlain's method

wore from Anderson Avenus in Manhattan, Kansas, It showed that the
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best eycle was 70 seconds, Similayr runs on SIGPROG gave a best cycle
length of 65 seconds, However, the Chamberlain method requires some
volume inputs for each direction, and in the sample used here figures
of 400 vph were used, Thess figures were not obtained from any counts,
but were merely estimated by the author, Therefore the reliability

of the results are very questionable,

Many other concepts have been developed to use the signal pro-
gression idea. Some other methods include Webster's cycle and split
optimization method, the mixed-cycle method, the preferential strest
method, and Allsop's graph theory mﬁthmd.g A study done by Wagner,
Barnes, and Gerlough in California found that all methods investigated
can improve traffic operation. The results of their study showed that
it makes little difference which method should be used. The important
thing is to persuade all cities to use one method of their cholce, and
not merely let the problem lie untouched., Their results also showed
that the simple methods are nearly equal in operational improvements
to the complex methods, Therefore, a method should be selected which
the user can understand, for which he is able to collect data, and
for which he is able to use the results,

The author favors SIGPROG only for its completeness of results,
Chamberlain's method also presents acceptable results, but not as com-
plete as SIGPROG, Little’'s method is the easiest to use, Any of the
methods will give pood results and the one which can be obtained
sasiest should be used, Further developments need to be made in net-
work optimization done by SIGOP, It is still very costly, and the
data collection is very time consuming, However, it is the only

method presently developed for network analysis,
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APPENDIX A —- LITTLES MCTHCD CN 1620

PRCARAM T88 3 ARANPWINTH ANP CFFSET CCMPUTATICNS

NFW SYNCRCNIZATICN TECHNIQUF DFYELCPED BY JeDeCas LITTLF
RRIAN V MARTIN JANUARY 1964

GRFGCRY W, HARPIN RANSAS STATE SPRING SEMESTER 1971

FCRMAT (34H N CYCLF HEADWAY)

FCRMAT (313K (SFC) (SFCY)

FCRMAT (47H INBCUND CUTBCUND PCSSIBLE CSSIBLE)
FCRMAT (4 gH VCLUME vCLUME vCLUME IN vCLUME CuT)
FCRMAT(4GH (VPH) (VPH) (VPH) (VPH)Y )
FCRMAT(39H RANDWINTH RANPWINTH CRITICAL)

FCRMAT (22aH TNRTUND CUTRCUND SIGNAL)Y

FORMAT(21H (SFC) (SFCY)

FCRMAT(51H NTSTANCF Rem <PLIT RHS CF RFD START CF CYCLF)
FCRMAT (4oH (FFFT)Y (SFC) (SFC) (FRACTICNY)
FCRMAT(48H FRCNT FDGOF  RFAR FNGF TCTAL TIME TCTAL TIMF)
FCRMAT (& TH CUT BAND IN RAND INBCUND CUTBCIIND)
FORMAT (48H (FRACCsLe) (FRACCa.L4s) (FRACC.LaW) {FRACCaLa))
FCRMAT(1rH }

PIMEFNSICN X(5M) 4sRFN(EN) 4SPENT(E0) 9 SPENC(E0)sY(BO) 7 (E0) aW (D)
NIMENSICN PHASF (&R0}, TIMF(5N)

INPUIT RCUTINE

READWNSIG4CYCLE s WCLINSYCLS T yHEDWY

D 14 I=1,N2IG

READGY({T),R

PER{T)=R/CYCLF

PLATT=VZLINXHFENWY /234600,

PLATCS=VCLITH¥HFNWY /36NN,

NESAVF=NSTG=1

PC 18 1=1sNSAVF

RFAM LA 4R :

SPFENT(I)=,6818182/A

SPEDC(I1=4ARBR1B1A2 /P

CTART CCMPIITATICNS

Y{l)=N,

711)=",

TIME(1y=n,

RN 6/ryr|LE

AN 19 T=24NETG

M=T1-1

A=(X{I)=-X(M))*R

SAVF=A*(SPFNC (M) +SPENT (M)

TIME(TI)=TIME (M)+SAVF

YOI =Y (M) = % (RFDP(T)=RFN{M))+SAVF

ZU1Y=7 (MY 4+ A% (CPEDC(M)=cPFDT (M)

START CCMPUTATICN FCR EQUAL BANDWIUTH

RANND=M,

NC 21 T=14NSIG
\-'l‘rhi:‘!ﬂﬁﬁ.
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Ne 29 J=14MSIG
A=Y (J)=Y(I)
R=A=NgF
NSAVF=A
SAVFE=NSAVF
A=zA-cAVF
TF(A)Y 2N421,421
27 A=A+,
21 NeAVFE=R
SAVF=zN<AVYF
R:R”Qf\vr
IF(RY 272423,27
7?2 R=R+1,
2?2 IF(A-R) 24475475
LIGHTS IN PHASF FCR MAXIMUM RANDWIDTH
24 PHASF(J)=C, '
WlJY=1e—A
GC TZ 26
LIGHTS ZUT CF PHASE FCR MAXIMUM BANDWIDTH
o6 PHASF(J)=,.5”
WiJ)=1.—-R
26 R=Ww{J)Y-RFD(J)
15 CURRFNT RANPWINTH RFTTFR THAN PREVICUS RFST BANNWINTH
IF(R=RAND) 31427427
27 IF(WMIN=R) 20,729,728
28 WMIN=R
26 CCNTINUE
BAND=WMIN
LTBST=1
SAVE REST PHASFE(J) IN SPEDI(K) AND BEST wtJ) IN SPEDT(K)
DC 2n K=14,N<1G
SPELDI(K)Y=PHASE (K
20 SPEDO(K)=W(K)
21 CCNTINUE
rCMPUTF FI1NAL CFFSFTS FCR MAXIMUM FQUAL RANDWINDTH AND STCRF
TN PHASF (1)
R=Z({LTBST)
NPT 32 T=14NSIG
A=Z(1)Y=R+<PENT(T)
NSAVFE=A
SAVE=NSAVF
A=A-cAVE
TF(A) 27,23,23
19 A=pA41,
22 PHASF{T}1=A
FIND LTGHT WITH MINIMUIM GRFEN(T,F. FIND MAX RED)~CALL 71T
h!hﬁfM
WMTN=N,
MO 38 T=14N810
TFIRFDITI-WMIN) 25,438,724
24 WMIN=RED(T1)
NSAVF=]
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CCNTINUE

A=1e—-RED(NSAVE)

B=2a¥BAND

SAVF=PLATI+PLATC

ASSUME CUTRAND PLATZCCN 158 THF LARGEST

WMIN=PLATZ

WHICH PLATCCN LFNGTH 15 IN FACT THE LARGEST
IF(PLATI-PLATC) 23843A427

PLATCCN LFNGTHS ARFE EQUAL

BIN=RAND

BCUT=RAND

GC TC 54

CCRRECT WMIN sSINCE INBCUND PLATZCN LENGTH IS LARGEST
WMIN=PLATI ;

FIND RAND WHFRF RBCUT EQUALS BAND IN DIRECTICN CF LARGEST
PLATCCN

ROUT=R¥WMIN/CAYF

TF(ROU'T=-WMIN) 20,429,400

ROUT=WMIN

IFIBCUT—-A)Y 42441441

BCUT=A
BIN=R=BZUT
TFIBIN) 43,44 444
BIN=N,

WHICH PLATCCN LENGTH 1< THE LARGEST
TF{PLATI-PLATC) 4R 448 4,4F

SINCF TNRZUND PLATZCN 15 LARGFSTs SWITCH BCUT AND RIN
wM] N=rTN

BRIN=RDIT

BROUT=WMIN

DT 47 I=14NSIG
A=RIN+RED(T)=-5PEDRT(I)

TF(AY 46447447

A=(y

SPEDIC(TI)=A

32 TS 8’1

NC BN 1=74N&1G

A=RCUIT-RAND=1 4+SPENT (1)

TFLAY 4Q4RMgaN

A=,

SPFEPT(T)=A

COMPUTE FINAL CFFSFTS FCR UNFQUAL BANDWIDTHS
R=PHASF(LTRST)=SPFNI(LTRST)

NPT B3 I=14,NSIG
A=PHASE(T)-SPEDI(T11-R

NeAYF=A

CAYF=NcAVF

AzA=-cAVF

TF(A) ED4R2,F2

A=A+,

PHACE(T)=A




I YN

I YY YD

54

EE

RA
£

s
ol

A1
)

39

SUTPuT RCUTINF

PLATTI=RIN¥36004/HFNWY

PLATC=BCUT*3600, /HEDWY

BIN=RIN®¥CYCLE

RCUT=RICUTHCYCLE

PUNCH 1

PLINCH 2

PUNCH4NESTG 4 CYCLE $HFDWY

PIINCH 14

PUINCH 2

DUINCH 4

PUNCH & .

PUNCH VCLINGYIOLCT+PLATI PLATC

PUNCH Y4

PUINCH &

PUNCH 7

PUNCH B :

PIINCHsBIN,RBCUT 4L TBST

PUNCH 14

PUNCH 9

2INCH 1R

WMIN FQUALS THF TIMF FRCM THF CRIGIN TC THE RIGHT HAND <SIDF
OF RFD FCR EACH LIGHT. THF CRIGIM IS THE CENTFR CF RED FCR
THF RFFFRFNCF LIGHTsLTRST, ALL CTUTPUT IS5 IN SFCCNNS FXCEPT
FCR ¥{1)s WHICH T2 IN FFFT.

NT 57 I=14NSIG

SAVE=RED{ 1)

WMIN=(PHASF(T)+,E%SAVE)Y*¥CYCLF

TF{WMIN=CYCLF) 56456455

WMIN=WwMIN-CYCLF

SAVE=cAVE#CYCLF

PUNCHaX (1) s SAVF JWMINPHASE (T

PIHINCH T4

A=TTMF(LTRST)+7(LTRCT)

P=, ,E¥RFN({|LTRST)

ALHS=R—A

TFLALHS) 5Q,4M &N

ALHS=ALHS+] .

3o C 58

A=TIMFE(NSIG)=Z(NSIG)

SAVE=TIMF(LTRST)=Z(LTRST)

BRHe=cAYyFE =R

IF(RRHC—-A) AP46R4A7

RRHS=RRH+1,

DT AT

R=TIME(NQTCY 47 (NeTr)

ALHS TNRTAATFS PCEITICN CF FRCMT enGF COF CUTRCUND RAND AT
FIRST SIGNAL, IN TFRMS CF CYCLF LFENGTHS FRCM CRIGIN. RRHS
INDICATES PCSITICN SF RFAR FDGF COF INRBCUND BAND AT FIRET
SIGNALs IN TERMS CF CYCLF LFNGTHS FRCM CRIGIN, A AND B
INDICATE TOTAL SYSTEM TRAVEL TIMEs INBCUND AND CUTBCUND
RESPFCTIVELYs IN TERMS CF CYCLE LENGTHS




PLINCH 11

DLUNCH 1?2

PLINCH 112
PIUNCHsALHS ¢ BRHE 4R 4 A
PILINCH 14
REANGNSAVF YO LF
TFINSAVFY 174517415
FMD

4o




0.
380.
755,

1130.
3540
35.0
35.0

N

INBTZUND
VCLUME
(VPH)

9.9000E+02

BANDWIDTH
INBZUND
{SEC)

le4740

DISTANCE
(FEET)
0.0000
3.8000E+02
T.5500E+02
1.1300E+03

FRCNT EDGE
CUT BAND
(FRACC.La)
2.3000E~-01

7040
32.2
2445
2646
2445
3540
3540
35.0

l.

CYCLE
({SEC)
T+C0000E+01

CUTBCUND
VCLUME
(VPH)
1.0210E+03

BANDWIDTH
CUTBCUND
(SEC)
347800E+01

RED SPLIT
(SEC)
3.2200E+01
2.4500E+01
246600E+01
2«4500E+01

REAR EDGE
IN BAND
(FRACC L)
7.7000E-01

990, 1021. 2e
HEADWAY
(SEC)
20000
PCSSIBLE PCSSIBLE
VCLUME 1IN VCLUME CUT
(VPH) {VPH)
3¢7904E+01 9«7200E+02
CRITICAL
SIGNAL
1
RHS CF RED START CF CYCLE
{SEC) {FRACTICN)
l46100E+01 040000
2+3503E+01 1.6075E-01
.3.0808E+01 2.5011E-01
3¢0413E+01 25947E-01
TCTAL TIME TCTAL TIME
INBTCUND CUTBCUND
(FRACCelLe) (FRACCsLs)
321447E-01 341447E-01

b1




O.
1380.
2800,
3480,
4660,
5600
6060,
6520,
6980,

30.0
3040
3040
30.0
20,0
20.0
2040
2040

INBCUND
VCLUME
(VPH)

4,0000E+02

BANDWIDTH
INBZUND
ISEC)
1.5409E+01

DISTANCE
(FEET)

0,00C0

1.3800E+03
2.8000FE+013
3.4B00E+013
4.6600FE+03
5.6000E+03
6.0600E+03
6.5200FE+073
6+9800E+03

FRCNT EDGE
CUT BAND
(FRACCaL.)
4,3485E-01

60.0
270
2340
23.0
2640
2440
2340
2440
2740
270
30.0
3060
3040
30.0
20.0
2040
2040
20.0

l.

CYCLE
(SEC)
6.0000E+01

CUTBCUND
CLUME
(VPH)
4+0000E+02

BANDWIDTH
CUTBCUND
(SEC)
145409E+01

RED SPLIT
(SEC)
2.7000E+01
2+3000E+01
2+.3000E+01
2.6000E+07
2.4000E+01
2+3000E+01
2+4000E+01
2.7000E+01
2.7000E+01

REAR EDGE
IN BAND
(FRACCals)

345652

4004

HEADWAY
(SEC)
240000

PCSSIBLE
VCLUME IN
(VPH)
4.622TE+02

CRITI
SIGN

5

RHS CF RED
(SEC)
1+3500E+01
4e1500E+01
1.1500E+01
423000E+01
1.2000E+01
441500E+01
442000E+01
1.3500E+C1
1.3500E+01

TCTAL TIME
INBCUND
(FRACCaLe)

3.0833

400

PCSSIBLE
VCLUME CUuT
{VPH)
Lea6227E+02

CAL
AL

START CF CYCLE

(FRACTICN
0.,0000
50000E-01
0«0000
5 0000E=-01
0. 0000
5.0000E-01
5.0000E-01
0.C00N
00000

TCTAL TIME

CUTBCUND
(FRACCoLs)
3.0833

2e

)

ly2




0.
1600,
1865,
2675,
3750,
4285
4800
5520,
30.0
30.0
30.0
30.0
30.0
30.0
30.0

INBCUND
VCLUME
{VPH)

3,7000E+02

BANDWIDTH
INBCUND
(SEC)
2¢1069E+01

DISTANCE
(FEET)

D.,0000

1.6C000E+03
1.8650E+03
2.6750E+03
3.7500E+03
4,2850E+03
4,8000E+03
5.5200E+03

FRCNT EOGE
CUT BAND
(FRACCaLa)
3.0000E~-01

60.0
3640
18.0
18.0
18.0
21.0
18.0
9.0
2746
3040
30.0
3040
30.0
3040
30,0
30.0
1.

CYCLE
(SEC)
6.0000E+01

CUTBCZUND
VCLUME
(VPH)

3.5400E+02

BANDWIDTH
CUTBCUND
{SEC)
2.0158E4C1

RED SPLIT
(SEC)
3.6000E+01
1.8000E+01
1.8000E+C1
1.,8000E+01
241000E+01
1.8000E+01

9.0000
2.7600E+0C1

REAR EDGE
IN BAND
(FRACCel )

2.7000

370, 354 2e
HEADWAY
(SEC)
240000
PCSSIBLE PCSSIBLE
VCLUME 1IN VCLUME CUuT
(VPH) (VPH)
6e3208E+02 6+.0474E+02
CRITICAL
SIGNAL
1
RHS CF RED START CF CYCLE
(SEC) (FRACTIZN)
1.8000E+01 060GGC00
3.9000E+C1 540000E~-01
34B544E+4C]1 4.9241E-Q1
S.0000 0.C000
440500E+01 5.C00C0E-0Q1
3+9000E+01 5.0000E~01
445000 0.0C00
1.3800E+0Q1 00000
TCTAL TIME TCTAL TIME
INBCUND CUTBCUND
(FRACCaLs) {FRACCasLaW)
240909 240909

43
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APPENDIX B8 — LITTLFS “cTHCD CN 3260

JCRr (FFIBr4GT+1MelN)e—HARMIN=sMSHLFVFL=1
FXFC FCRTGCLG

JFFCRTLSYSIN DD %

r

™YY

PRCGRAM FMTSS2 BANDWIDTH AND CFFSET CCMPUTATICNS

SYNCHRCNTIZATICN TECHNIGWUE DEVELIPZL 8y JeDeCe LITTLE

TRANSFURMED TC FCRTRAN Iy By EDMUNL Te MILLER DECEMBER 1964
PRCGRAMMED FZCR AN IBM 7NnaG4

NIMENGICN PHASF(GC) 4 TIMFIGN) X (BN ) sY(EN) 47 (BN)4WIEN) s SPFDI(EN) 4RF
VTUEN) 4 CPFNCEN) JNAMF [ 18) 4,81 (6M) ,S015N) 4NAMFS (BN, R) 4GTIRN) 4GT(RN)
COMMCN PHASE s TIMFaXaY 32 4% 9 SPEDT s SPEDC GREDyNAME ST 48C,PLATS,PLATI,
1LHS 3O RHES g VCLIN oY CLO T o HENWY o r Y LF s LTRET 4NETR s As Ry P TN S RIT 4 NAMEE 4115,
2c

NATA KLANKS/4H /

10 FCRMAT(1RAL)

101 FCRMATI{T1446F 10,0014

12 FORMAT(2F 1008784502

1N3 FCRMAT(1H]118A4)

174 FORMAT(18H NUMPRFR CF STIGNALSB8XIH=I17/12H CYCLE LENGTHI3X1H=F8,2/16
1 VFHICLE HFADWAY10X1H=FB842/77H INSTUND VvOLUME (INPUT) =F842/27H
2CUTBCUND VYCLUME (INPUT) =FBep2/27h PCTSSIBLE INBCUKND VILUME =FRe?
227H PZss1RLE CUTRIIIND VOLUME =FRe2/18H TNBCUND BANDWIDTHERX1H=FR,?
419H ZSUTeCUNR ARANMWINTHT?IXIH=FB,2/25H RFSTRICTING SIaNAL TS NUMPERTY
£

175 FCRMAT{1IHNr2NXT4HSTGNAL  nIsTaNcF FRCM LFENRTH CF cNn CF 2FE
1F7T PRCERFSSTICN  SPEFPS/LNX1IIHSTREFT NAMFIAXZ21HNUMRER THF  OR71
21N 2(11H RERM PHASE) 4 19XSHIMPH )Y /43XE6H(FFFTIBXB1IHISFCLNNS) (SFCON
25) (CYCLFS)Y INRCUND CUTRCUND)

106 FORMAT(IXTAL 922 9T U a2XF1242¢1X2F1llacsFlQ,2)

107 FCRMAT(30HOFRINT FNGFE CF CUTRIUND BAND =FT7.2+8H CYCLES.FB8.24.8H SE
1CNPS /7 30H REAR EDGE CF INSTUND BAND =FT7s298H CYCLESSF8.248H SE
2CNDS / 30H SYSTEM TRAVEL TIMF [NRIUND =F7e7298H CYCLESsFBs248H SF
3CNPS 4 ANH SYSTEM TRAVEL TIMF CUTBIUND =FT742+48H CYCLFS4FRB.2,8H &F
HOMDEY)

1N FCRMAT(2F1Nn M)

1Na FCRMAT(RTOX2F12,2)

1 RFAN(RIDTY(NAME(T) s T=7478)
READ (591N T INSTGsCYLF oVCLINSYCLIT s HEDWY yHS s TS4KFEY
READ(S s 121 (XL T ) oREN (T o (NAMES (Tad)sd=140)41=1,MN5T1)
NC 2 I=14NSIG
? REDUTY=REM(T)/CYCLF
2 PLATT=VCLINYHEDWY /260N,
PLATCS=VCLOT*HEDWY /260N,
NeAYF=Na1G-1
TF(KFEYaGT ) GC TC 27
READ(E,17AY(SPFNT (1) 4SPFNC (1) 47=1 4 NSAVE)
4 N 5 T=1,NEAVF
AOITY=CSPENZ(T)
AT LTY=SPFNT (1)
SPFRT({1)=,68181R18/SPENT (1)




10
M

12

ST{IY=SPFDI(1)
SPENC({I)=a68171818/5PEDTI(T)
SCULIY=5PEDC(1)

Yl )="

20T yen

TfMFf1':ﬁ

R=N B rYCLF

NC A T=2,4NclC

M:I—j

A=(X(T)=X(M))3XR
SAVF=(SPENT(M)+SPFNT (M) ) ¥A
TIME(I)=TIME (M)+8AVF
YOI Y (M)~ B¥(RED(T)=RED (M) }+SAVE
Z(1) =2 (MY+A%(SPEDCI{M)=SPEDI (M))
BAaAND=O

DC 11 I=14NSIG
WMIN=2gnN,

NPT o J=1,4NclIG

A=Y (J)=¥Y(T)

Q-‘-A'—H-:
AzA-FLCAT(TIFIX({AN
TF{A LTSN A=AST,
R=R—FLCAT(IFTIX(R)}

TF (el TeMNa"R=R+]1,
IFIALGT«BIGS TC 7
PHASE(J)="

W) =14=24

G TO 8

PHASE(J) =45

WEd)=1.~-R
R=W(J)=RFD(J)
TF{RP,LT,PANDY 2 TC 11
TFI(WMINGGT R wMIN=R
CONTINNIE

RAND=WMIN

LTRST =]

DT 1n K=1,4NSIG
SPEDI(K)=PHAS[ (K)
SPEDC(IK)=%(K)

CONTINUE

R=7(LTR2T)

WRA T Al =

NC 12 T=1.,N8IG

A=7 (T)-24+SPENT (1)
AzA-FLCATITIFIX A
TFIALL TN a M) A=A+ .
PHASF(T)=A

TEF{RFM{I) JLE,WMIN) GT TZ
WMIN=RED (1)

NGAVF=1

CCNTINUE
A=1+a=REDINSAVFE)

ks




R=2#OAND
WMIN=PLATC
TE(PLATI-PLATCY 16872414
12 RTN=RAND
ROT=RAND
G2 TS 24
14 WMIN=PLATI
15 SCT=R*WMIN/(PLATI+PLATZ)
IF (RCTLGT.WMINY GZ TT 16
BOT=wMIN
IF(RCT«GF PGS TS 17
16 ITF(BCTSLTLAICS TC 18
17 BOT=A
19 RIN=R-B2T
T"(Q}’N.LT."‘.”)DTN:’\-
TF(PLATILLFLPLATCIGC TC 20
SAVE=RIN
BIN=RZT
BCT=cAVE
DT 19 I=1,NSIG
A=RIN+RFD{IV=8PENC( )
IF(ALLTsN ) A=,
19 SPEDI(I)=A
GN T 22
20 DT 21 1=1,N&1G
AzRCT=RAND=1 4+ SPFNC( 1) 1
'[F(f‘.LT.ﬁ."‘]A:F.
21 SPERI{(T})=A
272 R=PHAGF(LTRSTI~SPFNI(LTRET}
NTC 22 I=1,NS51G
A=PHAGF({T1}=-SPEDRT(I1)-B
A=A-FLCAT(IFIX(A))
TFiALT«N."Y A=A+,
272 PHASF(I)=A
24 PLATI=RIN#2610, JHFDWY
PLATZC=BCT*#246N0N, /HFENWY
RIN=RIN¥CYCLF
RET=0DT*CYCLF
WRTITE (AT 2) (NAMF({T) 4T=1418)
WRITF (A 1TUINSTCHCYCLE yHFNWY o VCLIN s VULTT 4PLATI 4PLATC,RINGRCT4LTRST
WRITF(As108)
NC 25 I=1,N<IG
WMIN=(PHASF [ T+ 5%¥RFD(TY)Y¥CYOLF
IF(WMINSGT e CYCLEIWMIN=WMIN=CYCLE
A=RFN(IV*CYCLF
WEly=A
WRITF{As1TA) INAMFS (T oK) oK=19R) sl 4¥ (1) 9gAaWMINJPHASF(T])
TFLT LToNCIGIWRITE(RS1NONGTIT) LGt 1)
298 COMTINIIE
ALHSz o R¥RENILTRETI =T IMF{LTRET)—Z{LTRST)
26 TE(ALHSY?7,4,20R,28
27 ALHS=ALHS+1.




28

29
an

21

22

272

L

ag

24
27

28

en
51

&2

b7

GC TC 76
A=TIMF(INSIG)=Z(NSIG)
BRHS=TIME(LTRST)=Z(LTBST )=« 5*RED(LTOST)
IF(BRHS=A)2N 427,43
RRHS=RRHE+1,

GO TD 20

R=TIMFE(NSTCY+7 (NSTO)
ASFC=A*CYCLF

RCEC=R*¥CY(CLF
FSFC=ALHS*CYCLF
RSFC=RRHS*CYCLF
WRITF(6s10T7)ALHS sFSECsRRHS s RSECsASASECsR9sRSFC
RFAD{Rs101YNSAVFC?

GC T (1534432932535 ,35) 4NSAVE
CONTINDE

CALL DRAW[MNSAVE)

Go T2 1

CONTINDF

CALL NRAW((NGSAVF)

CYCLF=C2

REAPDIE S IONY(NAMFE(T)aT=1418)
G2 TS 3

CONTINUE

CALL PRAW(NSAVF)

STCP

READ(B410RY S1452

DT 2R I=14NSAVE

SPEDI(I)=281

SPEDC(T1)=8?

G TG

FaD

SUBRCUTINE DRAW(NSAVE)

DIMENSICN PRC) qTIREN) WX (FN) oV IBN) 3 Z(5N) 4R(GN) 4SPI(BEN) 4RED(EN) 4SPC
16M) ¢NAME(12) 4ST(RN) 3 STIEN) 4T (00) 4CD(00) yNAMES(BEN,E) 4KCN( &)
CCMMCN PJT!X!YJZQR!CJPI QC\PC,RED§NA-‘AQQSI QSCQPCQPI gFCBgR[BgVINgVCT’H
1Y9(9LT9N5T1QTC!RINgRCTQNAMFCQHCgTQ

PATA JACK 4KLANKGE /D ,4H /

TEINSAVFEFQ 53 TF{JArK 154454453

TFIJACKSFQ.M) 6T TS &2

JACK =1

PLT=RIR*C

TFIRIR-T1-RIN/C})BE 455,86

CCNTINUFE

CAELL PLOTIMy e ws )

CALL PLCT(CeeNes3)




™M

55

54
56

56

57

58

59

60
61
62
63

CALL PLCT(Qs9-3, y—3)
CALL PLCT(Oesle09=3)

GZ TC 50

CCNTINUE

CALL PLCT(O0e90es99)
RETURN

RIB=RIB+1.

G2 T2 51
HCoLD=BCT+(FCB+TZ 1 *C
IF(PLT«LT«HCLD)YPLT=HCLD
SCT=(IFIX(PLT/S0e)+1)%*10
IF(TSeGTaSCTISCT=TS
SMIN=SCT/2.

S5CD=HS
IFISCDeEQe Do )SCD=1000,
DMIN=SCD/ 2.

DC 57 I=1sN

Pil)y=P(I)*C
MXD=XIN)/S5CD+1.

MXT=9

TMX=G.¥5(CT
DMX=FLCAT(MXD)*5CD
XAX1S=MXD
IFI(RIB+1)%#CeGTeTMX) GC TC 59
RIB=RIB+1.

GZ TC 58

CCNTINUE

CALL AXIS1(e590es15HDISTANCE (FEET)9—153XAXI5350e20,35CDs1060)
CALL AXIS1(Cese5s14HTIME (SECTNDS) 91449498599+ 0e35CT9104)
CALL LINEI(DMX s—DMINsTMXs~SMIN+SCD+SCT)
DC 71 J=1N

CT(l)=0
CT(2)1=P(J)=R(J)/2s
CH=CT(2)
IF(CT(2))62+60s60
TF(CTI2)+R(J)I-C)163+63461
CH=CH=C

CT(2)=0

CT(3)¥=CT(2)
CT(a)Y=CH+R(J)
CT(5)=CT(4)

CT(6)=CT(2)

CT(71=CT(2)

CT(8)=CH+C

CT(9)=CT(8)
CT(10)=CT(9}+4R(J)
CT(111=CT(10)}
CT112)=CT(9)
CT(13}=CT(9)

DC 64 I=14,95
CT(IN=CT{I-6)1+C
IF{CTH{I)=TMX)64 364965




64
65
66

67

68

69

70

71

72

73

T4

75

76

77

CCNTINUE
K=s(((1=-2)/6)%6)+2
IF(I=-K 166466467
CT(I)=TMX

K=1

GC TC 68
CT(I)=TMX

CT(I+11=TMX
CT(I+2)=CT(I=-1)
CT(I+3)=CT(I+2}
CT(I+4)=TMX

K=1+4

CD(t1l)=X(J)

CD(2)=CD(1)
DSHIFT=5CD*0405

DC 69 I=3,Ks6
CD(1)=CD(1)=-DSHIFT
CO(I+1)=CDI(I)
CD(I+2)=CD(1)+DSHIFT
CD(I+3)=CD(I+2)
CD(I+4)=CDI(1)
CO(I+5)=CD(1)
DIST=X(J)/S5CD+e42

D2 70 1=1.8
KCD(I)Y=NAMES(Js1)

CALL SYMBCL{DIST91e03031sKCDs90e0+30)
CONTINUE

CALL LINEZ2(CD»CTsKs0s0s1)
NP1=N+1

N2=N#*2

DC 72 I=14N

CD{IY=X(1)

DC 73 I=NP1lsN2

TI=N2-1+1

CD(IY=CDL(I1)

CT(1)=FCB*C

DT T4 1=24N
CTOI)=CT{I=1)14SCHI-1)%(X(I)=X(]I-1))
DC 7% I=NP1sN2

IN=N2=1+1

CT(IY=CTCIN)Y+B2T

CALL LINEZ2(CDsCToN2s0CsCsly
CT(1)y=RIB%C

DC 76 1=2+N
CTII)=CT(I=1)=SI(I=1)%(X{I)=X(I=1))
DC 77 I=NP1sN2

IN=N2=-1+1

CT(I)=CT(IMN)=-BIN

CALL [ INE2(CDs»CTaN2s09041)
SKIP=MXD+4
IF(SKIP-LT-BQS}SKIP=8|5
DC 78 I=1418

L9




J ¥

78
79

I1=13-1

IF{NAME(II)«NE«KLANKS) GC TC 79
I1=1[-1

KT=11%6

XAXIS=XAXI5+4.5
XAXIS=(XAXIS-FLCAT(KT)¥410714)¥%¥45
IF(XAXISeLTeO0e) XAXIS=0e

CALL SYMBCL(XAXIS»—e62591259NAME L sKT)
CALL PLIT(SKIPs0es—3)
IF{NSAVE«EQe6) CALL PLCT(DasCes99)
RETURN

END

//GCeSYSIN DD *

50




RCSEDALE AVENUE,
NUMRER FF S1GNALS
CYCLE LENGTH
VEHICLF HFLEWAY
TAPOLID VAOLLYE [INFLTY
FLTARUNE VOLUME ([APLT)
PCSSIBLE TAROLUME wCLLME
PUSSIBLF MUTBCUND WELLME
INBOLND BARDWIDTFH
CLTBONND 3ANDWI2TF
RESTRICTINC SIGHAL IS AU

FLRT wrPTH,

L T T R TR TR T |

STREET NANME
8TH
5TH
HENDERSC
CCLLESE
HEMPHIL
JENNINGS
ST.LDUIS
S0 FAIN
FRONT ECGE OF DULTACLAC RANT
REAR EDGE CF INBCLAL EANEC

SYSTEM TRAVEL TIME IRZCLAC
SYSTEM TRAVCL TIME CLTBCULAC

‘ER

TExAS-==CFF PFAK
f

EC. 0

N
ITNL.CN
3%4.0N
£37 .08
LAt ]
ZL.07
2018
4
STCNAL  DISTLALE FPNM | TNETH NF THND  NF
ryva LR The  ORIGIN RID PRfEE PAED PRALE
[FEET) [5:CL L 5) (SECONDS)
1 0.0 2t NC 1d+CO
2 16C0400 1de00 39.C0
3 17265,00 18,00 3954
& 2675.0C lg-0C F.CO
5 3750.00 Zle0r 4050
b 4z2E5.00 18.CC 39.00
g «&C0«0C G012 450
g 9520« 00 z7e5C 1380
= Cs 30 CYILES, l#.C0 SZCCALE
= Z+70 CYLLES, L162.CC ScfOnGe
= 2.09 CYCLZS, 125.4% SECCUV s
= 2.03 CTYCLES, 125«4% 55CCNLS

FFFSET

{CYCLES)

C«0

C.50

Cei

CaC

PROGAZSSIGMN  SPFENS
LERd 0 |
INBOUND JUTECUNT
30.40 zGeCC
3000 I0.00
30.00 1C.0C
30.CC zDaCC
30.C0 s0.0C
30.00 “G.CC
3C+C0 “0.CC

51




DATE

16 APR 71 AQuL68CZ2 FF18C4Q7T

TIME CN

TIME CFF

T
3

SYST
(R

READ
READ

45420

HASP-TI

JCR

JCB ACCNT
HARDIN
T87 TIME PRINTED 44,081
834 MINUTES EXECUTICN TIME «78
Er TIME « 013  COST tH*x%#*%2.60
ATE = 3200/HRa)
FERHEKF ]2
L RANAERFL28
TCTAL CCOST Dhx%x¥%23,(00
DOLLARS REMAINING CN ACCTUNT MNUMWER
STATISTICS —- 340 CARDS READ =-- 486 LINES PRINTED

U CARDS PUNCHED

e 2«85 MINUTES RESIDENT TIME




30

31

32

33

34

35

36

37
38

53

APPENDIX C - CHAMBERLAINS METHCD

THE SYSTEM CCNFIGURATICN FCR THIS CCMPUTER IS AN 1130 CCMPUTER
WITH 4096 CCRESs A 1442 CARD READ-PUNCH, AND AN 1132 PRINTER.
SMALLER CCNFIGURATICNS REQUIRE ICCSs WRITEs AND READ STMT. CHANGE
DIMENSICN DIST(50)s TJ(50) sALFT1(5192)sRT1(5192)sXN1(504+2)
DIMENSICN 1T3(50+2)sKTR2(2)sKTR3(2)+XMIN(2)>5UM(5042),CJ(50)
DIMENSICN IT2(5042)

KAW=1

READ(1s200)CMINSCMAX s TC o XL s VMINSVMAX 9 ZsFCoF1I

L=XL '

READ (15201) (DIST(II)s TJ(II)s II = 1slL)

MZZ=0

=0

ZZ = 0.0

TFiL=51) 31430430

WRITE(3+202)

GC TC 1

M = (((ICMAX/CMIN) ¥ VMAX) = VMIN) / Z) + 1.

VEL=VMIN '

K=0

NIX=0

CALCULATE INDIVIDUAL INTERFERENCES CN BCTH LEFT AND RIGHT

DC 66 KM=1sM

TF(KM=2)32532533

K=K+1
NIX=NIX+1
IDX1=0
10X2=0
KTR3(K)=0

VELI=VEL*1.,4666667

DZ 40 J=1,4L

TIME= 2.%DIST{J)/VELL

N1=ABS (TIME)/CMIN
XNI(JsK)=N1

TDIFR=TC=-TJ(J)
IF{DIST(J))34+35435
PART1=TIME+CMIN#*XN1(JsK)
ALFTI1(JsK)=ABS (PARTIL)+TDIFR
PART1=TIME+CMIN®¥{XN]1(JsK)+]1e¥*
RT1{JsK)=ABS (PART1)+TDIFR
G2 TC 36
PARTI=CMIN*¥(XN1(JsK)+14)=TIME
ALFT1(JsK)=ABS (PART1I)+TDIFR
PARTI=CMIN#®*XN]1{(JsK)~=TIME
RT1({JsK)}=ABS (PART1)+TDIFR
PRCD=ALFT1(JsKI¥RT1(JsK)

IF {PRCD) 38428437

IF (ALFT1(JsK)) 384+38+39
IDX2=1DX2+1

IT3(IDX2sK)=J




39

40

41

42
43

44
45

46

47

48
49

50
5]
52

53

54
55
56
10
11
12

KTR3(K)=IDX2

GC T 40

IDX1=1DX1+1

IT2(IDX1sK)=J

KTR2(K1=1IDX1

CCNTINUE

RTL{L+1+K)=VEL
IT2(IDX1+1sK)=L+1
ALFTI(L+1sK)=0s
KTR2(K)=1IDX1+1

VEL=VEL+2

SCRT LEFT INTERFERENCES IN DESCENDING ZRDER CF MAGNITUDE
MN=KTR2(K)=-2

N=MN

D2 45 I=1,MN

IDX1=0

DZ 43 J=s14+N

KI=IT2(JsK)

LI=IT2(J+15K)
IFCALFTIC(KI oK) ~ALFT1(LI oK) 4142942
IT2(JsK =11

ITZ2(J+1+K)=KI

G2 To 43

IDX1=1DX1+1

CONTINUE

IFULIDX1=N)44 46,546

N=N=-1

CCNTINUE

CCMPUTE MINIMUM INTERFERENCE
KTR1=KTR2{K)-1

i=1

INDX=IT2(1sK)
Al=ALFTI(INDXs»K)
Bl1=RT1(INDXsK)
INDX=IT2(1+414K)
SUMITsK)=ALFTI(INDX +K)+B1
IF(ALI-SUMI(IsK) 149449448
Al1=SUMI(],4K)

[=1+1
IF(RTI(INDXsK)=B1)51451450
Bl1=RTI1(INDXsK)
IF(I=-KTR1)47+524+52
SUM(TsK)=B1
IF(A1-B1153+53s54
XMIN(K)=A1l

GE T 55

XMIN(K)=B1

IF(MZZ)157456457

MCZ=1
WRITE(34203)(JsDIST(J)sTI(J)sJd=1sL)
WRITE(34204) CMINSCMAX»TCe XL sVMING VMAXS2Z
WRITE (3,2C5)




57
13

58
14
15
59
60
16

61
17
18
62
63
64

65
66

67
68

69
70
71

72

73

T4

75

76

CALL DATSW(3sKAW)
IF{Z22116513»16
WRITE(3s206) KMsXMINI(K)
GC TC (584+59)1KAW

DC 15 J=1sL
WRITE(3+207)XNT(Jek)
WRITF(3+2C8) ALFT1(JsK)sRT1(JeK)
22=27+1.0

GZ TC (66+63)sNIX
WRITE(39209) KMsXMIN(K)
CALL DATSWI(3sKAW)

GC TC (61462)9KAW

DC 18 J=1sL

WRITE (342071XN1(JsK)
WRITE (3+208) ALFT1(JsK)sRT1(JsK)
GC TC &0
FTFIXMINIL)=XMIN(2))64964465
K=2

G2 TC 66

K=1

CCNTINUE

IF(M~11704+70+67
[F(K-1168468,69

K=2

KI=1

GC T2 71

K=1

KI=2

VCPT=RT1(L+1,K)
WRITF(3,215)VCPT
IF(VOPT-VYMAX)T2+s72+73
CCPT=CMIN

S=z1.

GC TC 74

S=VIPT/VMAX

CCPT=S*CMIN

VCPT=VvMAX
BW=S#(2#TC=-XMINI(K))
KTR1=KTR2(K)~1
KTR4=KTRZ (K)

DT 75 1=1sKTR4
TF{XMIN(K)=SUM(IsK))75486+75
CCNTINUE

THE |LARGEST INTERFERENCE CN THE LEFT
INTERFERENCE
ALM=XMIN(K)*e5

DT 78 I=1sKTR1
IBC=1T2{1:K)
ALFT1(IBCsKI)=ALFTI(IBCsK)
RT1(IBCsKI)=0.
IF(DIST(IBS)IITEs 7777
XNJ=XN1(IBCsK)

IS THE MINIMUM

55




77
78
79
80

81
82
83

84
85

86

87

88

89
90

91

g2
93

94

GC TC 78
XNJ=XN1(IBZoK}+1s :
CJUIBZ)Y = ( o5 % (XNJ *¥ CMIN + TC - TJ(IBC))) * S
IF(KTR3(K))20+20480

KTR = KTR3(K)

DC 85 I = 1,KTR
IBC=IT3(IsK)
ALFTI{IBCsKI}=04
RTL(IBCsKI)?=0,
IF(ALFTI(IBCsK))81981582
IF(DIST(IBT))B44+83+83
TF(DIST(IBC) 183984984
XNJ=XNL1({IBCsK)+1e

GC T¢ 85

XNJ=XN1(IBCsK)

CJUIBC) = ( o5 % (XNJ * CMIN + TC - TJ(IBCZ))) #* S
GC TC 20

[=1+]

IBC=1T2(I+K)

IF(ALFT1I(IBCsKY)S4594,87

CCMPUTE CFFSETS BASED CN INTERFERENCE CN THE LEFT
ALM=ALFT1(IBCsK)*45

RTC=(XMIN(KI=ALFTI{(IBCsK} ) *e5

DC 90 J=1,KTR1

IBC=1T2(JsK)

ALFTI(IBZ 4KI)=ALFT1(IBCsK)

RTI(IBCsKI}I=0a

IF(DIST(IBC))88+89+89

XNJ=XN1{IBCsK)

GT TC 90

XNJ=XNI(IBCsK)+1la

CJCIBC) = ( o5 % (XNJ % CMIN + TC = TJ(IBC))) * 5

CCMPUTE CFFSETS BASED CN INTERFERENCE CN THE RIGHT
I=1-1

DT 93 J=1,I

IBC=1T2{JsK)

ALFTI(IBCsKI)=0,

RTICIBCSKII=RTI(IBC+K)

IF(DIST(IBI))191+924+92

XNJ=XNI1(IBCsK)+1,

GE T8 93

XNJ=XNI{IBCsK)

CJUIBC) = ( 45 % (XNJ * CMIN + TC = TJU(IBZ))) * S
GT TC 79 :

THE LARGEST INTERFERENCE CN THE RIGHT IS THE MINIMUM
INTERFERENCE

RTC=XMIN(K}*45

DC 98 I=1,KTR]

IBC=1T2(14+K)

ALFTI(IBCsKI)=0.

RTI(IBCsK1)=RT1(IBCsK)

IF(DIST(IBC) 195496496
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95 XNJ=XNI1(IBCsK)+1a
GC TS 97
96 XNJ=XNL(IBTsK)
97 T=TJ(IBC)
98 CJLIRC)=(45% (XNJ*¥CMIN+TC=T) ) *S
G6C TS 79
20 WRITF(35204)CMINsCMAXsTCsXL s VMINSVMAX 5Z
21 WRITF(35203) (JsDISTIJ)sTI(I)sJ=1sL)
VAL=CCOPT/240
DS 101 J=1sL

DUMB = 0O
99 JTF(ZJ(J)~VAL}101s1014+100
100 DUMB = CJ(J) - CCPT
CJiJy = DUMB
GC TC 99

101 CONTINUE

22 WRITE(33210)VCPTsCOPTsBWs(JsTJ(J) sJ=1,L)
DBWC=e5%BWX(FO=F1) /(FC4F1)
B1=+5%BW+ARS (DBWS)
T=TC#*S
IF(B1-T )102,102+25

102 IF(DBWC) 10352445104

103 DEWC=-DBWC .
KIP=1
69 T2 105

104 KIP=0 i

105 DA=S*ALM=-DBWC
IF(DA)10751065106

106 ALM=DA
MAP=1
G2 TC 108

107 ALM=0.
MAP=2

108 DC 112 I=1,L
AL1=45%ALFTL1(1 K1) %S
1F(ALM-AL1)109s1125112

109 DP=AL1-ALM
IF(KIP)110511Gs111

110 CJUI)=CJ(I)~-DP
G2 12 112

111 SJt1r=8011)+0P

112 CONTINUE
GT TC (23,113) sMAP

113 RTO=5%RTO+DA
DC 117 I=1,L
RT2=45%RT1(1,X1I)*%S
IFIRTC-RT2)1141175117

114 DP=RT2-RTC
IF(KIP)1165116115

115 CJCI)=CJ(1)1=DP
GO 12 117

116 SJ(11=CJ(1)+DP




117 CZNTINUE
23 WRITE(3+211)3(14ZJ(I)sl=14L)
24 WRITE{(32212)FCsF1
G2 TC 26
25 WRITE(3+213)
ALPHA=B1-T
IF{DBWC) 11842445119
118 DBWC=DBWZ+ALPHA
GZ TC 103
119 DBWC=DBWC-ALPHA
G2 T2 104
26 WRITE(3+214)
G2 TS 1

200 FZRMAT (12Fé6.1)

201 FCRMAT (2F10.2) :

202 FCRMAT (1H +5Xs54HERRCR*¥¥®¥NUMBER CF INTERSECTICNS EXCEEDS 50-JC2B D
1ELETED)

203 FZRMAT (1HC s 1HJ 45X s 11HDISTANCE TCs5Xs13HGREEN TIME AT/1H s4
1X914HINTERSECTICN Js3Xs 14HINTERSECTICN J///{1H 91246XsFBelsl10XsFb,
221))

204 FCRMAT (1H 93Xs18H#%*%¥ INPUT DATA #%%/7/1H 92X s 4HCMINS 10X s 4HCMAX 10
1Xs 2HTC o TX s 2HXL 9 BX s 4HVMIN 3O X s 4HVMAX s TX 9 1HZ// (1H sF6.138XsF6ea136XsF6
201 34X sF64s]l95XsFBals6XsF6els5XsFBe3) )

205 FCRMAT (1H //1H +2Xs21HMINIMUM INTERFERENCES//1H )

206 FCRMAT (1H s10H ITERATICNsSXs12HINTERFERENCE/1H s2Xs6HNUMBERs9Xs8H
1IN: SECSe//11H 24Xs13312XsF743))

207 FCRMAT(1HCs10XsF6e1)

208 FCRMAT(1HOs10Xs8HLEFT INTsF6e2910Xs9HRIGHT INTsF6e2)

209 FZRMAT (1H e4XsI3012XsF743)

210 FCRMAT {1HOs19HCPTIMUM VELZCITY ISsF6el132Xe3HMPH/ 1H s 23HCPTIMUM
1CYCLE LENGTH ISsF6sl1s2Xs4HSECS/ 1H +12ZHBANDWIDTH ISsF6e293%Xe4HSEC
2e //71H 910Xs6HIOFFSET/1H s10Xs THSECZNDS/ {(1lH s3Xs12sF11a1))

211 FCRMAT (1HUC,7Xs11HNEW CFFSETS///(2Xs12sF11e1))

212 FCRMAT (1H3s5Xs17HCUTBCUND FLCW IS sFHelsl13H VEHICLES/HRe///6Xs17H
1INBCUND FLZW IS sF541913H VEHICLES/HR.)

213 FCRMAT (1HCs3Xs60HNEW BW EXCFEDS To#%%%¥#% BW=TZ IN DIRECTICN OF H
1EAVIEST FLCW)

214 FORMAT (1H //7/71H s19H #%%¥ END COF JZB %#%¥3¥% /1H1)

215 FCRMAT (1HOs 7HVZPT ISsF 66291 X 93HMPH/)

END




J

£ W -

CMAX TC
80.0 19.0
MINIMUM INTERFERENCES
ITERATICN INTERFERENCE
IN SECS.
11.068
0.0
LEFT INT 11.07
l.0
LEFT INT -1e32
2.C
LEFT INT 5411
440
LEFT INT 40414
12.351
OaU
LEFT INT 12.35
1.0
LEFT INT 3.22
2.0
LEFT INT 11.73

DISTANCE TC
INTERSECTICN J

395.0
139840
203740
2990.0

GREEN TIME AT
INTERSECTICN J

rex INPUT DATA #

31.00
25400
25400
25,00

4eC

RIGHT

RIGHT

RIGHT

RIGHT

RIGHT

RIGHT

RIGHT

VMIN

2040

INT

INT

INT

INI

INT

INT

INT

14493

39.32

32.89

—2114

13,65

34.78

26427

VMAX

3040

59




28 10350

0.0

LEFT INT 26454
0e0

LEFT INT 3a44
1.0

LEFT INT 34.90

| le0

LEFT INT 7.25

VCPT IS 44,00 MPH

®xx INPUT DATA 3

CMIN CMAX TC
50.C 8040 19.0
J DISTANCE TC

RIGHT

RIGHT

RIGHT

RIGHT

XL

44C

GREEN TIME AT

INTERSECTICN J INTERSECTICN J

395.0
1398.0
2037.0
299040

£ WM

CPTIMUM VELCCITY IS 30.C

CPTIMUM CYCLE LENGTH IS 73.3

BANDWIDTH 1S 43432 SEC.

CFFSET

SECCNDS
~848
32.3
32.3
"'4.4

£ WM

31.00
25400
25,00
25400

MPH

SEC.

INT

INT

INT

INT

VMIN

2040

-0e54

34456

30675

VMAX

3060

60

l1.000




CUTBZUND FLCW 15

INBCUND FLCW IS

##x¥% END CF JCB %%

4000 VEHICLES/HR.

40040 VEHICLES/HR.

61




62

NATF Jor ACCNT

23 APR 71 ANCCS817 FF18r4Q7 HARDIN

TIME SN 21,790 TIME PRINTFD 21,548

TIME CFF 21,873 MINUTFS EXFCUTICN TIME 84
SYSTEM TIME eN14 (CCST $HX*H*XD .80

(RATF = 3200/HR.)

REAI’) ‘5******.]:'\
READ FHERER K g4

TCTAL CCST $%x¥#*k3,2n
2404 PDCLLARS REMAINING CN ACCTUNT NUMBER

HASP-I1 JCB STATISTICS —- 306 CARDs READ -- 733 LINEs PRINTED
0 CARDS PUNCHED -- 4«95 MINUTES RESIDENT TIME




63

APPENDIX D = SIGPRZG

INTEGER CPTICNs SCAN

DIMENSIZCN TT(2s99)s FEET(2+s99)s SPEED(2+99)s CFFSETI100) s
1 OCFF PB{2s10CG)s TITLE(ICYs SUB 111tlu)s CurFIti2sluls
2 VELCTY(Bs99)s NAME[341CC)s DIR 1(2)s DIR 212)s CrCLES(4)y BWi4)
DIMENSICN ID 1 (1C)s ID 2 (10)

DIMENSICN IFMT(14)s IX(1C1)

CCMMCN  STA(1CO)s SPLIT(100)s CUT R(10C0U)s CUI LI10OO)Ys SIAL
1 LeAVEs SLICE Rs SLICE Ls NC S51GSs CYCLEs BANDWs [BASES
2 SPLIT P{100)s YELLSW(100)s PED X(130)

DATA MARK Es NCs ASTKs BLANKs IvkE> s 1HEs 2HNCs 1H#¥s 1H s 3HYES>
DATA MESS As MESS Bs SCAN 7 3nMPH, 3HSEC,s 4RhoCAN &

DATA IFMT/ (1H o 2HEF s 2HF 3 1H=F s 7e3s 9s=1las o 2HAI s F54U
1l #1Xs s 2HSE s 2HCS s Xsel3 o ) 7

DATA IX/ 1 o 2 9 3 s 4 45 9 6 9 7 9 8 9 9 5 10 9 11 ¢ 12 » 13
1 14 s 15 4 16 9 17 s 18 s 19 s 20 s 21 o 22 s 23 9 24 s 25 ¢ 26
2 27 9 28 9 29 s 30 9 31 9 32 s 33 s 34 4 35 4 36 s 37 s 38 9 39 ,
340 9 41 9 42 9 43 43 44 9 45 9 46 9 4T 4 48 & 49 4 50 s 51 s 52
4 53 43 54 4 55 3 BE6 3 57 5 BB 9 BY 3 B0 3 61 9 62 s B3 « 64 9 bH
5 66 9 67 9 68 9 69 s 70 o 71 s 72 9 T3 s T4 o 75 9 76 ¢« 77 s 78 »
6 79 9 80 o 81 s 82 3 B3 43 B4 » B5 9 86 9 87 » 88 s B9 s 99U s 91
T 92 9 93 9 94 » 95 9 96 9 97 » 98B » 99 4 100 s 101 /

READ TITLE CF CUTFIT
READ(545) ((CUTFIT(IsJ)y J=1sl0)sl=152)
5 FCRMAT(20A4) d

READ IDENTIFICATICN CF NEXT PRCBLEM AND BASIC INFCRMAITICN
10 WRITE(6s11)
11 FCRMAT(1H1 / 1HOs 9Xs 32X, 17HINPUI INFZRMAITICN s 1x )

WRITE(6s6) ((CUTFITI(IsJ)ls J=1510)sl=1,2)
6 FCRMAT(1Xs20A4/)

READ(5415) ID 1s TITLEs ID 2s SUB TIT
15 FCRMAT(20A4 /7 20A4 )

WRITE(6s16) IDls TITLEs ID2s SUB TIT
16 FCRMAT(1UXs 2VA4 / 10Xe 20A4 )

READ(5,20) ID 1s NC SIGS
20 FCRMAT(10A4, I5 )

WRITE(6s21) ID1ls NC SIGS
21 FCRMAT(10Xs 10A4s 15 )

IFINC SIGS «LE. 100) GC TC 30

WRITE(6s25) TITLEs SUB TITs NC SIGS
25 FCRMAT(1H1, 10A4,s 2Xs 1CA4 s 2CHONUMBER CF SIGNALS =4 I5 ¢

1 44H MAXIMUM NUMBER ACCEPTABLE 1S PRCGRAM Is luu v

2 22HOPRCCESSING TERMINATED )

STCP
30 READ(5+35) ID 19 CYCLE Ay CYCLE Z
35 FCRMAT(10A4s F7e429 F1l0a2 )

WRITE(6s36) ID 1y CYCLE Ay, CYCLE 2
36 FCRMAT(10Xs 10A4s FT7e2s Fl0e2 )

READ(54,40) ID 1s SPD TCL




n N

40

41

43

44

45

46

50

51

55

56

57

58
60

65

66

FORMAT(10A4s FTe2 )

WRITE(6s41) ID 19 SPD TCL
FCRMAT(10Xs 10A4s FT7a2 )

READ(5+40) IDls BASE CF

WRITE(6s+41) ID1y BASE CF

READ{5+43) ID 1s ID 2

FCRMAT(20A4 )

WRITE(G6s44) ID 1+ ID 2

FCRMAT(10Xs 20A4 )

READ(5»45) ID 19 DIR 14 DIR 2
FCRMAT(10A4y 2A4s 2Xs 2A4 )
WRITE(6s46) ID 1s» DIR 1s DIR 2
FCRMAT{10Xs 10A4s 2A4s 2Xs 2A4 )
READ(5+50) ID 1s» BW PCT 1s BW PCT 2
FCRMAT(10A4s F7a42s Fl0De2 )
WRITE(6s51) ID 1s BW PCT 1s BW PCT 2
FCRMAT(10Xs 10A4s FT7a2s FlDe2 )

BW PCT 1 = BW PCT 1 / (Bw PCT 1 + bW PCT 2) * 100.
BW PCT 2 = 100, = BW PCT 1

I BW 1 = BW PCT 1 + 50001

I BW 2 = 100 - I Bw 1

INITIALIZE ACCUMULATCRS AND INDICATCRS

STA(1) = 10040

S5PD MAX = 040

LEAVE = O

READ SIGNAL SPLIT CCNTRCL INFCRMATICN

DC 90 I = 1sNC SIGS

READ(555) ID 1s (NAME(JsI)sJ=1s3)s SPLIT PI(I)
FCRMAT(10A4s 20Xs 3A4s FB843 )

WRITE(6s56) ID 1s (NAME(JsI)sJ=1,3),s SPLIT P(I])
FCRMAT(10Xs 1CA4s 20Xs 3A4s F8e2 )

READ(5557) ID 1s PED X(I)s YELLZCWI(I)
FCRMAT(10A4y 20Xs Fl2e5s FBa2 )

WRITE(6458) ID 1s PED X(I)s YELLCW(I)
FCRMAT(10Xs 1CA4s 20Xs F9a2s Fllae2 )

IF(I «EQs NC SIGS) GC TC 90

READ SIGNAL SPACING INFCRMATICN

READ(5s65) MARKs ID1ls (FEET(Jsl)sJd=1s2)

FCRMAT(Aly 9A4s A3y FT742s Fl0e2 )

IFIFEET(2+] )eEQe 0ao ) FEET(2s1) = FEET(1s1)

WRITE(G6+66) MARKs IDls (FEET(Jsl)yd=1,2)

FCRMAT(1CXs Als 9A4s A3y FTe2s Fl0a2 )

IFIMARK «NE« MARK E} GZ TC 70

HAVE JUST READ CPTICNAL TRAVEL TIME SPACING CARD INSTEAD
EXTRA=1.

TT(1s1) = FEET(1s1)
TTi(2s1) = FEET{(Z2s])
SPEED(1sI) = 0.

SPEED(Z2s1) O




65

SPD MAX = 50.0
GC TC 85
70 READ(54+75) ID 1s (SPEED(Jsl}sd=1s2 )
75 FORMATI(10A4s F7e2s F1l0a2 )
EXTRA=Ce
IFISPEED(2s1) «EQe Oas) SPEED(2s1) = SPEED(1,1)
WRITE(6s76) ID 1s (SPEED(JsI)sJd=192 )
76 FCRMAT(10Xs 10A4s F742s Fl0e2 )
TT(1s1) = FEET(1sl) / SPEEDI(1sl} * 60 / 88
TT(2s1) = FEET(2s1) / SPEED(2s!) * 60. / 88
FIND MAXIMUM PRCGRESSIVE SPEED DESIRED
DT 80 J=1s2
IF(SPEED(Js1) +LEe SPD MAX) GCT TC 80
SPD MAX = SPEED(Js 1)
80 CCNTINUE

CALCULATE TRAVEL TIME STATICN CF NEXT SIGNAL
85 STA(T+1) = STAULI) + {(TT(1lsl) + TT(2s1)) / 2
90 CCNTINUE
READ(5,92) ID 19 CPTICN
92 FCRMAT(10A4,s 1Xs A4 )
WRITE(6+93) ID 1+ CPTICN
93 FORMATI{10Xs 10A4s 1Xs A4 )
READ(54+94) IDlsIPCHsISIZE
94 FCRMAT(10A4 92X sA342Xs11)
WRITE(6+95) ID1.IPCHsISIZE
95 FCRMATI(10Xs10A4s2X sA392Xs11)
READ(5496) ID 1» ID 2(1}s IWCRD
9L FCRMAT(10A4,s A3s A2 )
WRITE(6+97) ID 1s ID 2(1)s IWCRD
97 FCRMAT(10Xs 10A4s A2, A2 }

SCAN BETWEEN CYCLE LIMITS FCR BEST INTEGER FIT.
WRITE(6s100) TITLEs SUB TIT
100 FCRMAT(1Hl1s 9Xs 23HCYCLE SCAN FCR BEST FIT 7/ 1HQs 9Xs 10A4 /7
1 10Xs 10A4 / 1X )
EFF MAX = 0,

LIM 1 = CYCLE A * (SPD MAX = SPD TCL) / SPD MAX + 99999
LIM 2 = CYCLE 2 % (SPD MAX + SPD TCL) 7/ SPD MAX
JUMP = 1

DC 110 I=LIM 1sLIM 2,4JUMP
CYCLE = 1
IFCCYCLE A +EQe CYCLE 2 +ANDe SPD TCL «EQe Os) CYCLE = CYCLE A
CALL CPTIM
EFFIC = BAND W / CYCLE * 100,
IF(EFFIC oLEs 0s) EFFIC = 0.,0001
ISUB = EFFIC + 145
IF(ISUB «GTe 0) GC TC 105
Isug = 1 '
105 INDEX = IsSuB - 1
ITFMT(12) = IX(ISUB)
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WRITE(H6sIFMT) EFFICs CYCLEs INDEX
IF(EFFIC «LEs. EFF MAX) GC TC 110
EFF MAX = EFFIC
CY TPT = CYCLE
110 CCNTINUE
WRITE(6s115) CY CPTs EFF MAX
115 FCRMAT(1HGs 9Xs 12HBEST FIND IS5 7/ 10Xs 11H CYCLE CFs F509 2Z2Xo
1 12HEFFICIENCY =4 FB843 )
IF(CPTICN +EQe SCAN) GC TC 325
IF(LIM 1 «GE. LIM 2) GC TC 145
WRITE(6+120)
120 FCORMATI( 1HOy 9Xs 22HITERATICN IMPRCVEMENTS )

ZERC IN CN BEST CYCLE BY SUCCESSIVE ITERATICNS
DT 135 J=1510

EXP = 2. %% (J-1)

A = 1. / EXP

LIM 1 = (CY CPT = Aj * EXP * 10« + 00000001
LIM 2 = {(CY CPT + A) % EXP * 10. + «000C0001
DC 125 I=LIM1,LIM2,5

CYCLE = 1

CYCLE = CYCLE s (EXP * 10.)

CALL CPTIM

EFFIC = BAND W s CYCLE * 100.
IF { EFFIC .LE. EFF MAX) GC TZ 125
EFF MAX = EFFIC
CY CPT = CYCLE
125 CCNTINUE
WRITEI65130) CY CPTs EFF MAX
130 FCRMAT(21Xs FBe3s 11Xs FB8e3 )
135 CCNTINUE
145 CCNTINUE

DETERMINE BASIC CFFSETS

CYCLF = CY CPT

CALL CPTIM

LEAVE = 1

CALL CPTIM

CFF I PB =(CYCLE ¥ SPLIT(IBASE) / 200s - SLICE R -~ BAND W / 2. )
1 % 100. / CYCLE + BASE CF

OC 150 I=1sNC SIGS

J = (STA(I)=-STAI) /7 CYCLE ¥ 2« + 00001
HALF CY = J
CFFSET(1) = * (HALF CY + 1l.) + BASE CF

CFF PRI(1s1) CFF I PB + (STA(I)-STAI) / CYCLE * 100,
CFF PB(2s1) -CFF PB(1s1) + 2. * BASE CF
150 CCNTINUE

50.
IF(SLICE R .GEe CUT RI(I)) CFFSET(I) = 504 * HALF CY + BASE CF

PREPARE CYCLE LENGTHS FCR PRINT-CUT
CYCLES(2) = FLCATUINT(CY CPT/54+.00001)) * 5,
CYCLESI1) = CYCLESI2) -~ 5
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CYCLES(3) = CYCLES(2) + 5.
CYCLES(4) = CYCLES(2) + 10.
ITEST = 3

TF{INT(CY CPT/54+«00001) «EQe INTCI(CY CPT+2e¢5)/5.+4.00001))ITEST=2
IF{ITEST «EQe 2) GZ TC 151
HZLD = CYCLES(2)

CYCLES(2) = CYCLES(3)
CYCLES(3) = HTLD

GC 10 152

CYCLES(4) = CYCLES(3)
CYCLES(3) = CYCLES(1)
CYCLES(1) = CY CPT

ADJUST BANDWIDTH TC FAVCR BY DIRECTICN AS REQUESTED
BW 1 = CYCLE * EFF MAX / 100.

BW 2 = BW 1

IF(SLICE L + SLICE R +EQe 0eC) GT T 499
DIR = 1.0

IF{BW PCT 1 «EQe 50.0) GC TCZ 499

IF(BW PCT 1 «LTe 50.0) DIR = =1.0

DECR = BW 1 * (BW PCT 1 - BW PCT 2) / 100. * DIR

IF(DECR «GFe SLICE R + SLICE L) GZ TC 420

REQUIRED CUT DECREASES ARE LESS THAN TCTAL CUTS

IF(DECR «GEe BW 2 - 5.1 GC TC 430

BW 1 = BW 1 + DECR * DIR

BW 2 = BW 2 - DECR * DIR s
SLICE M = SLICE (L

SLICE S SLICE R - DECR

IF(SLICE S «GEe 0.0) GC TC 450

SLICE M = SLICE | + SLICE &
SLICE S = 0.0
GT TC 450

SHIFT T2 MAXIMUM WIDTH IN FAVCRED DIRECTICN

Bw 1 = Bw 1 + (SLICE R + SLICE L) * DIR
BW 2 = BW 2 - (SLICE R + SLICE L) ¥ DIR
GC TC 440

BW 1 = BW 1 + SLICE R + SLICE L

BW 2 = 0.0

IF(DIR «GTa 040) GT TC 440

BW 1 = 0.0

Bw 2 = BW 2 + SLICE R + SLICE L

S5LICE § = 0,0

SLICE M = 0.0

ADJUST CFFSETS

DC 470 I=14NC SIGS

IF(SLICE R «GEe CUT R(I)) GT TCZ 460
[F(SLICE M «GEe CUT L(T})} GC TC 470

SHIFT = (CUT L(I) - SLICE M) / CYCLE * 100. * DIR
CFFSET(I) = CFFSET(I) = SHIFT
GZ TC 470

IFISLICE S «GEs CUT R(I)) GC TC 470
SHIFT = (CUT R(I) — SLICE S) / CYCLE % 100« * DIR
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CFFSET(I) = CFFSET(I) + SHIFT
470 CONTINUE
B RIGHT = (SLICE R - SLICE S) / CYCLE % 50. * DIR

B LEFT = (SLICE L - SLICE M) / CYCLE * 50« ¥ DIR
DC 480 I = 1sNC SIGS

CFF PBI(2s1) = CFF PB(2s1) + B RIGHT - B LEFT
CFF PB(1ls1) = CFF PBt1lsI) + B RIGHT = B LEFT
480 CCNTINUE
499 EFF 1 = BW 1 / CYCLE % 100,
EFF 2 = BW 2 / CYCLE * 10C.
ADJUST CFFSETS FCR DIRECTICNAL DIFFERENCES
SHIFT = 0.
DZ 155 1=14NC SIGS
J=1-1

IF(J «LEs. 0) GC TC 153

AVG = (TT(1lsJ) + TTU2sJ))Y / 2

SHIFT = SHIFT + (AVG - TT(2sJ)) * 100. / CYCLE
153 X = CFFSET(I) + SHIFT + 200,

CFFSET({I) = AMCDI(Xs100a)
X = CFF PB(1s1) + SHIFT + 200.
CFF PB(1s1) = AMCD(Xy100.)

X = CFF PB(2s1) + SHIFT + 100000
CFF PB(2s1) = AMID(X+100.)
155 CCNTINUE

CALCULATE PRCGRESSIVE SPEEDS ACHIEVED AT EACH CYCLE LENGTH
DC 165 JU=1s4

FACTCR = CY ZPT / CYCLES(J)

DT 160 I = 2sNC SIGS

VELCTY(JsI=-1) = SPEED(1sI-1) * FACTZR

VELCTY(J+491-1) = SPEED(2s1I-]1) * FACTCR
IFI(SPEED{1sI-1) oNEe Qs ) G2 TC 160
VELCTY{JsI-1) = TT(1sI-1) / FACTCR
VELCTY{J+4s1-1) = TT(2s1-1) / FACTCR

160 CCNTINUE
165 CCNTINUE

PRINT TABLE CF TIMING PLANS - HEADING
200 ITEMS = @8
IPAGE = 1
WRITE{6+205) TITLEs (CUTFIT(1sJ)sJ=3,10)s SUB TITs
1 (CUTFIT(2sJ)sJ=3410)

205 FCRMAT(1H1s 27Xy 34HTRAFFIC SIGNAL SYSTEM TIMING PLANS / 1HO»
1 8Xs 1CA4y BALs / 9Xs 10A4,s BAL )
IF(IPCHeEQaIYES) WRITE(7+204) ISIZESEXTRA
204 FCRMATI(I1,1XsF2.0)
IFUIPCH «EQse IYES) WRITE(7s206) TITLEs SUB TIT
206 FORMATI20A4)
WRITE(G,210) CY CPTs 1 BW 15 I BW 2y (CYCLESIJ) sJ]1s4)
210 FCRMATI(1HOs 8Xs 4HPLANs FbHels 2H (s I3y 1H=—s I39 1H) s 4Xo
1 22HCYCLE LENGTH (SECCNDS)s 2Xs 4F6.1 )
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WRITE(6+215) DIR 1
DC 220 [=1s+4
215 FCRMATI(1IHOs 12Xy 16H*kxxuxekx®uxide, 4X, 2A4y 10H DIRECTICN )

Bw(l) = EFF 1 * CYCLES(I) / 100.
220 CCNTINUE
BW1 = BwW(1)

WRITE(6,225) BW
225 FCRMAT(13Xs 1H¥, 14Xs 1H¥s 8Xs 20HBAND WIDTH (SECCNDS)s 4F6.1 )

WRITE(6+230) EFFls EFFls EFF1ls EFF1
230 FCRMATI(13Xs 16H¥* LISTING 1S #s 8Xs 21HEFFICIENCY (PER CENT)
1 F511! 3F601 )

WRITE(6s235) DIRls DIRZ
235 FCRMAT(13Xs 6H* IN s 2A4s 2H * / 13X, 16H* DIRECTICN *, 4X,

1 2A4, 10H DIRECTICN )
DT 240 [=144

BWII) = EFF2 * CYCLES(I) / 100
240 CONTINUE
BwW2 = BWt(1)

WRITE(6+245) BW
245 FCRMAT{13Xs 1H%,s 14X, 1H*, 8Xs 20HBAND WIDTH (SECCNDS)s 4F6e1 )

WRITE(&9+250) EFF2s EFF2s EFF2s EFF2
250 FCRMAT(13Xs 16H¥#¥kiExRxXxk#x*¥*,y gXy 21HEFFICIENCY (PER CENT) s
1 F5sls 3F6a1 )
IF(IPCH «EQe IYES) WRITE(T7+251) DIR 1s DIR 2y CY CPTs BW 1
1 Bw 24 EFF 14 EFF 2
251 FCRMAT(4A4s 5F6a.1)
255 WRITE(69260)
260 FCRMAT( 1HOs 8Xs T2HSIGNAL CFFSETS—-PER CENT INTERVAL S
1GNAL CTPTe BEST ~-=CTHERS-- )
MESS = MESS A
IFISPEED(1s]) «FQe 0.0) MESS

WRITE(H+27C) MESS
270 FCRMAT(9Xs 6SHLCCATICN " BEGe MIDse ENDs G=PCT.-Y SPCNG. P
1CCGRESSIVE SPEEDS—sA2 / GXoe T2HXEXXEXFEHIEE HAXREFRFHXFERHREL E¥¥

2EHRAE FEE R HR HHREEERAELEAEF R R ERXEX }

PRINT BTTTCM PART CF TABLE

ITEST = 1

IF(SPEED(1s]l) <EGe Q&) ITEST = 2

DC 320 I=1sNC SIGS

IFICFF BEG «LTe Os) CFF BEG = CFF BEG + 100,

i

MESS B

CFF RFG = CFFSET(I ) = SPLIT(I ) / 2.
OFF END = CFFSET(I ) + SPLIT(I ) 7 2. |
IFF(CFF END +GFe 100.) CFF END = CFF END - 100
CFF 1 = CFF BEG

CFF 3 = OFF END

AMBER = YELLCW(I) / CYCLES(1) * 100.

WRITE(6+300) (NAME(JsI)sJ=1s3)s CFF BEGs CFFSET(I)s OFF ENDs
1 SPLIT(I)s AMBER
300 FCRMAT(1HGs 8Xs 3A4s 3F6aly Fbels Fa4o.1 )

A = CFF BEG
B = CFFSETI(I)
C = CFF END
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SPLIT(I) + AMBER

CFF BEG = CFF PB(1sl) = EFF 1 / 2

IF(CFF BEG «LTe Os) CFF BEG = CFF BEG + 100,
CFF END = CFF PB(1sI) + EFF 1 / 2

IF{CFF END «GEes 1004} CFF END = CFF END = 100.
X MARK = BLANK

IFISPLIT(I) - «01 oLEs EFF 1) X MARK = ASTK
E = CFF BEG

F = CFF END

IF(I «EQes NT SIGS) GC TC 32C

G = (FEET({1ls1) + FEET(241)) / 2

H

VELCTY (1,1}

WRITE(6+305) X MARKs CFF BEG, CFF END, DIR 1s FEET(1s1)s

(VELCTY(JsI)ad=14s4)

305 FCRMAT(1HOs11XA192Xs6HP sBANDsFEel196XsF6els 2Xs 2A4s FBels 4F6a1 )
CFF BEG = CFF PB(2s]) = EFF 2 / 2.

IF(CFF BEG «LTe Ce) CFF BEG = CFF BEG + 100

CFF END = CFF PB(2s1) + EFF 2 /7 2.

IF(CFF END «GEe« 100«4) CFF END = CFF END = 100

X MARK = BLANK

i

IF(SPLIT(I) - .01 LE. EFF 2) X MARK = ASTK

¢ = OFF BEG

P = CFF END

@ = VELCTY(5s1)

WRITE(6+310) X MARK, CFF BEG, CFF END, DIR 2, FEET(251),

(VELCTY(Js1)sJ=548)

310 FCRMAT(12Xs Als 2Xs 6HPBANDsFAel s6XsFHely 2Xs 2A4y FBals 4FBel )
IF(IPCH «EQe IYES) WRITE(7311) (NAME(JsT)sJ=193)sAsBsCsDsEsF G
HeZoPeQsITEST

311 FZRMAT(3A4, 11F6els 12 )

ITEMS = ITEMS ~ 1

IF(ITEMS «GTe 0O) GZT TC 320

315

320

1

1

ITEMS = 10
IPAGE = IPAGE + 1
CFF REG = CFFSET(I+1) = SPLIT(I+1) / 2.

IF(ZFF BEG «LTe O«) CFF BEG = CFF BEG + 100,

CFF END = CFFSET(I+1) + SPLIT(I+1) / 2.

IF(CFF END «GEs 1004} CFF END = CFF END = 100

WRITE(69300) (NAME(JsI+1)sJ=1s3)s CFF BEGs CFFSET(I+1)s CFF END»
SPLIT(I+1)s AMBER

WRITE(6+315) TITLEs IPAGEs SUB TIT

FCRMAT(1H1s 8Xs 10A4s 25Xs 4HPAGEs 13 / 9Xs 10A4 )

WRITE(S5+260)

WRITE(69270) MESS

CCNTINUE

WRITE(6+305) X MARKs CFF BEGs CFF ENLC, DIR 1
I = NC SIGS

CFF REG = CFF PB(2s1) = EFF 2 / 2

IF(CFF REG LT« Oe) CFF BREG = CFF BEG + 100.
CFF END = CFF PB(2s1) + EFF 2 / 2
IFF(CFF END 4Gf4 100e) CFF FND = CFF END - 100.

X MARK = BLANK
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FISPLIT(I) - «01 eLEs EFF 2) X MARK = ASTK
Oe
CFF BEG
oFF END
= De
WRITE(6s31C) X MARKs CFF BEGs CFF ENDs DIR 2
IF({IPCH «EQse ITES) WRITE(74311) (NAME(JsI)sd=143)9AsBaCeDsEsF Gy
1 HeZlaPsQsITEST
325 IF{IWCRD «EQe NZ) GC TZ 330
G2 T2 18
330 WRITE(64+335)
335 FZRMAT(1H1s 1X )
CALL EXIT
STCP
END

nanu

I
G
H
p
Q
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NAME UF SYSTEM

SUB-TITLE

ANLMBER CF SIGNALS IN SYSTEM

MIN AND MAX CYCLES (SECS)
SUCCESTED MAX SPEEC TULa(¥PHR)
SYSTENM CFFSET TRANSPUSITICN (CCT)
CULUMN HEAUDINGS

NIRECTION ICENTIFICATIUN

BANC WIDTE PROPORT LONMENT

LOCATICN NAME + PHASE SPLIT (FCT)
PEC X-INC + CLEARENCE TIMeS (SECS)
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PRCGRESSIVE SPEEL CESIREL (MPH)
LOCATICN MAME + PHASE SPLIT (FCT)
PED X-ING ¢ CLEARENCE TIMES {SECS)
TRAVEL CISTANCE (FEET)

PROGRESSIVE SPEED DESIKED (NMPH)
LOCATICN NAME + PRASE SPLIT (FCT)
PED X-INC + CLEARENCE TIMES (SECS)
TRAVEL DISTANCE (FEET)
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* * BAND WILTH (SECCNCS) 17.7
* LISTINC IS % EFFICIENCY (PER CENT) Z26.4
* IN E=EBCUND *
# [DIRECTION ¥ w—BCUNC CIRECTICN
* * BAND WICTH (SECCNES) 17.7
Hea kb A e ELR EFFICIENCY (PER CENTY 2644
SIGNAL CFFSETS=PER CENT INTERVAL SIGNAL CPT.
LOCATION HEG. MIa END« G=PCTa—Y SPONG
AR A AR A AR AHRT IRk Ab A E AARdEEES FAkEER
SUNSET ~25.8 Ue0 25.8 51.% 4.5
P«BANC 4Y9l.9 1.3 E-BCUND 953,.0 30.C
P.BANC 8la7 B8el W=BCUND 953,C 30.0
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P.BAND 24.2 5CaT E-BCUND 639.0 30.0
P« BANC 49,3 197 W—BLOUND £39.0 320.0
SEVENTEENTF 26.2 H50.0 75.8 51l.%5 4.5
P.BAND 45,9 T2+3 E-BCUND 10C3.0 3C.0
PBANE 277 54,1 W-pBCUND 1C03.0 2040
CROSSWALK 68.2 100.C 31.B €3.5 4.5
P.BANLE 79.9 .4 E-BLUND 395.,0 3C.0
P.BANE 93,6 20.C W=BCUND 395.0 30
FCURTEENTH Bla2d 1C0.0 19.8 39.5 4.5
P.BAND 93,73 19.8 E-BCUNDG
P.BANC 80.2 H.6 k=BCUND

TRAFFIC SIGNAL SYSTEZM TIMING PLANS

4

KANSAS STATE UNIVERSITY

£5.0

BEST

60.0 70.0
15.9 1B.5
26.4 2644
15.9 18.5
2644 2644
—~OTHERS--

PRCGRESSIVE SPEENS~MPH
deod o e ok sk g ol b oo e e e e s ok ek

33.5 ZB.7
33.5 28.7
33.5 28.7
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33.5 28.7
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The purpose of this paper was to examine the development of
various ideas and methods used in traffic sipnal progression sys-
tems., This examination was limited to methods which could be
easily appllied by traffiec engineers,

A secondary purpose of this paper was to explain the cor-
responding computer propgrams so that they can easily be used by
traffic engineers,

Traffic progression problems are basically either single-street
systems or complex networks, Four programs were studied in the
roeport, with three of the four concerned with single streets only.

The first program studied was developed by J.D.C, Little.

He proved that each sipgnal system has half-integer synchronization,
i.,e, that offsets are either at zerv or half a cyele, This also
made the bandwidths in each direction equal, His process was
developed on both the 1620 and 360 computers, and an analysis
showed that the two computers gave the same degree of accuracy,

The next program studied was written by Robert Chamberlain,
This program looked for the optimum cyecle length by first solving
for the optirmum speed. This speed was the speed yielding the
smallest minimum interference, and was found by searching the
range of allowable cycle lengths,

The last single-street program studied was SICPROG, which con-
verted all time and distance units to travel time units., This
altered the conventional time-space diagram to a time-travel time
diagram, The maximum progressive bandwidths were then found by

using the appropriate alporithms on the computer,




The final program examined was S5IGOP, which was developed to
solve progression problems for an entire network of signals. This
program congists of six "blecks,"” and thus is very lengthy. The
program is currently being tried in six pilot citlies in the United
States and the results have not been completed.

Traffic data were gathered from four cities and used in the
report. A comparison of the three single-street programs was made
with the data obtained., This comparison indicated that there is
very little difference in the three methods, It was recommended
that a method be selected which will be the easiest to use for the
problem in question,

For the convenience of traffic engineers, the three single-

street computer programs are included,




