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INTRODUCTION
BACKGROUND

The need for efficient traffic flow in complex traffic networks, such
as downtown grid systems, is paramount. The economic vitality of a major
city depends on the smooth flow of persons and goods into and out of the
central core of the city. Traffic engineers have long recognized that the
traffic signals located within the downtown network should be coordinated
to provide orderly movement of vehicular traffic. The ultimate objective
of network signal timing is to keep the traffic moving in platoons
throughout the signal system by the timely display of green signals to the
platoons traveling down the streets,

Traffic engineers have resorted to a number of techniques for
developing effective network signal timing plans. Manually developed
trial-and~error systems were initially implemented, Thrée-dimensional,
stick-and-string, physical scale models have also been used to aid traffic
engineers in visualizing the complex problem of coordinating two-way
platoon flow on intersecting cross-streets., The progression bandwidths
could be visualized, but not quantified, by these methods. Progression of
the through bands, however, remained the principal control objective.

Network signal timing and progression-based optimization can now be
obtained using MAXBAND 86. The four basic pretimed signal control
variables of optimal cycle, green splits, progression offsets, and phase
sequence are determined by MAXBAND 86 which maximizes the bandwidth
progression within the network. A complete signal timing plan for each
intersection is an output feature of the program.

MAXBAND is a bandwidth optimization program, unlike TRANSYT=-TF
[Robertson, 1969] or SIGOP III [Leiberman, 1976] which optimize delay-
based disutility functions and from which green bands cannot be always
obtained, In addition, the TRANSYT and SIGOP programs have no capability
to perform a left turn phase sequence optimization. Studies on arterial
signal timing plans (Cohen 1983, Rogness 1981) have shown that left turn
phase sequence optimization can substantially improve performance of
signal timing plans, MAXBAND was originally developed to optimize
progression (maximize two-way bandwidths) along arterial streets and



triangular loops [Little and Kelson, 1980), MAXBAND uses a mixed-integer,
linear programming formulation of signal systems originally presented by
Little [1966] and later extended by Little [1977] for phase sequence
optimization of multiphase arterial signal systems.

MAXBAND 86

The evolution of MAXBAND to general network applications has been
attained within this research effort. The new program is called MAXBAND
86. Algorithms have been developed that convert network loop
characteristics into equivalent mixed-integer, linear programming
formulations. A global time reference system for signal offsets is
provided for convenient reference of all offsets within the network. An
improved green-split model also has been added.

The MAXBAND 86 computer code has been updated to FORTRAN 77 coding
standards. Mixed-integer, 1linear programming formulation of the
optimization of a network-wide, signal timing problem is performed. The
current program still uses Land and Powell's [1973] MPCODE branch and
bound algorithm for optimization. A single arterial street can be
analyzed as well as a downtown grid system.

The prior version of MAXBAND [Little and Kelson, 1980] provided the
optimal solution of arterial problems or a single triangular loop
consisting of three arterials, It permjitted a maximum of 20 intersections
on one arterial and a maximum of 16 intersections per arterial in a
triangular network. The extended MAXBAND program produced by this
research (MAXBAND 86) is capable of addressing up to 20 arterials, with a
maximum of 20 intersections on a single arterial and a total of 50
intersections in the network. Further, the level of user-friendliness of
the code has been increased such that no substantial burden is placed on
the user to code network problems, In particular, the extended program is
capable of identifying the intersections involved in loop constraints and
subsequently generating the loop equations without the user specifying the
loops or providing a substantial increase in input information.
Similarly, other input parameters (such as arterial priority weights) may
be generated by the program without substantially degrading progranm
flexibility.



The user may find that large and/or complex network problems may tax
the optimization technique beyond its current capability to produce
optimal solutions within reasonable computational time. The scope of this
research did not permit the research team to address this issue. Thus the
Land and Powell optimization scheme was retained. However, considerable
effort was expanded in developing an efficient input routine, generating
loop equations, transferring to and from the optimization procedure, and
producing user-friendly output. The resulting product of this research is
a MAXBAND code capable of generating formulations for general grid
networks., Whether an optimal solution can be obtained by the optimization
methodology for large and complex grid problems is open to question,
However, some reasonably sized examples have been solved within this
developmental work.

Design Assumptions
The research goal was to develop a program "to optimize general grid

networks of up to 50 intersections," The term general grid networks is
not well defined, and thus some additional specifications were added to
bound the scope of networks which may be analyzed by the program. The
following specifications identify cases considered outside the new program
scope of MAXBAND 86:

1. The network must be completely connected; that is, there can be no
disjoint arterials or subnetworks. (Note, these latter cases may
be treated by solving each of the independent subsystems and then
combining the results,)

2. No more than two arterials may compose an intersection; that is,
there are no five-way or six-way intersections. (The green-split
calculations do not currently permit this more complex analysis.)

3. Prior MAXBAND code allowed the user to input data which might not
be used for arterial calculations. This feature was retained for
arterials; however, the user can not input unused data for
networks., In the network case, all -intersections and links entered
must impact the solution,




Overview

Figure 1 provides an overview of the architecture of the revised
MAXBAND 86 program. The revisions did not change the prior architecture
to any significant extent., However, the MPCODE module is the only module
that was not substantially revised. Changes in each of the modules range
in degree and character, The next section deals with each of the four
modules which communicate with the main program (MAXBAND). The revisions
to the main program itself consisted of changes in dimensions of existing
variables, redefinition of some variables, and the addition of new
variables, Volumes II and III provide complete details,

Figure 2 is a block diagram of the revised input module. The input
cards were modified to accomodate the generalized network structure, The
prior format of input was retained insofar as practical. The major change
occurred in the input of network parameters and a variable number of
artery descriptions,

It is important to note that a compact means for input of the cross
artery bandwidth information was provided which enhances the user-
friendliness of the code, Details are provided later.

The major routines added or substantially modified in the INPUT module
were as follows:

1. The major addition was subroutine LGEN and its supporting routines.
This set of routines identifies the network loops and reduces them
to their simplest form. They also develop the array INTER which
identifies the entry and exit points of the arteries with respect
to the loops. This specifies the topology of the network and
provides the information required to write the loop equations.

2. Another addition was a set of subroutines controlled by CKDATA that
checks input data for errors, Data are examined to determine if
the total data needs of the intersection as a whole are satisfied
and if allowable ranges of parameters are not exceeded. While
checks are made for consistency of duplicate data entries,
flexibility of data entry is permitted.

3. A number of routines were substantially modified to read, convert
and calculate the objective function coefficients and the cross
artery bandwidth ratios.
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8, A number of routines were modified to account for the fact that the
number of arteries in a network is a variable. Similarly,
expansion of the code to encompass a variable number of loops was
also required.

Figure 3 is a block diagram of the revised MATGEN module, Significant
changes to this module were in the MATGNN submodule (formerly called
MATGNL). Revisions to this submodule may be classified into two
categories:

1. Changes due to considerable increase in size (number of arteries
and intersections) and the more general nature of the problem,

2. Changes due to the increased and variable number of loops in the
network problem, '

The first set of revisions required increasing array dimensions, inserting
"DO LOOPS" to replace simple statements, and generalizing portions of
calculations for the multi-artery case, The second set of revisions
required considerable more creativity. The crucial issue was to take the
loops identified in the prior module along with indicator variables which
describe the network topology and generate the left-hand side of the
multiple loop constraints for the mixed-integer linear program. This was
accomplished by using an array INTRA which relates the arteries to the
loops. Details are provided later,

Changes in MPCODE were minor. These module changes consisted of
expanding the dimensions of variables and inclusion of statements to print
a performance plot of the optimization process, The required expansion of
dimensions are fully explained in Chapter 7 of "Fortran Codes for
Mathematical Programming", by A. Land and S. Powell., Details will follow.

The OUTPUT Module was substantially revised in order to encompass the
expanded requirements of a network and to embrace the NEMA convention, A
design objective of the OUTPUT Module was to provide compatibility with
TRANSYT/TF to the extent possible; however, the nature of the optimization
in MAXBAND differs such that the output is not a duplicate. The revised
output of MAXBAND includes three major additions:
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1. A new network signal timing summary;
2. A new intersection phase movement reference table; and
3. An enhanced intersection controller setting table.

An example of the revised output features of MAXBAND is presented in
Appendix A, This revision was accomplished by adding a new subroutine
NETOUT and extensively expanding subroutines PHSFRC and PHSSEC.,

RESEARCH

The research performed under this contract did not involve a
significant expansion of the prior optimization model from a theoretical
standpoint., Little's formulation suggested the expansion to generalized
networks which is presented in the methodology section to follow., The
prior version of MAXBAND implemented this optimization approach for the
single artery and the three-artery, single loop cases.,

The crux of this new research effort was to extend the previous
implementation to a general grid network containing many loops. Further,
this extended version had to retain the same user-friendly decision
support environment as before, These requirements posed a significant
research challenge since the variety of possible network topology, as
compared to fixed topology in the prior arterial and triangular loop
version, dictated a more complex program code. In order to accomplish
this expanded implementation, the following tasks had to be executed:

1. Develop a procedure for locating the set of loops in the network
which will be used to develop the loop equations;

2. Develop a method for defining the topology of the network in terms
of the loops and their composition (arteries, signals, etc.);

3. Develop a means for translating user input into appropriate
bandwidth weights (objective function coefficients) and
relationships among bandwidths (target bandwidth ratios); and

4, Provide generalization of prior code elements to deal with
increased size and/or generality.

Each of these methodology questions will be addressed in the following
sections along with the expanded formulation.



METHODOLOGY

OPTIMIZATION

The optimization forﬁulation draws on Little (1966,1977). The
basic geometry is shown in figure 4.

Let
b(b) = outbound (inbound) bandwidth (cycles).
si = jth signal, {1 =1]1,...,n.
ti(;i) = outbound (inbound) red time at Si (cycles).
vi(;i) = time from right (left) side of red at Si to

left (right) edge of outbound (inbound) green
band (cycles).

t(h,1)[t(h,1)] = travel time from Si to Sh outbound [sh to Si
inbound] (cycles).

¢(h,1)[¢(h,i)] = time from center of an outbound [inbound] red

at Sh to the center of a particular outbound
{inbound] red at Si. The two reds are chosen
s0 that each is immediately to the left [right]
of the same outbound [inbound] green band.
¢(h,1)[¢(h,1)] 1is positive if si's center of

red lies to the right [left] of Shfs (cycles).

) = time from center of ;i to nearest center of T,.
Positive if center of r, is to right of center
of ;1 (cycles).

11(;1) = queue clearance time, an advance of the outbound
(inbound) bandwidth upon leaving S1 (cycles).

The fundamental equation for formulating the arterial problem
arises from a physical constraint. We derive it with the help of
fig. 4 by expressing the difference in time from (A) to (B) in two

- 10 -
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different ways:
Using outbound-defined quantities,

time (A) to (B) = Ah + integer no. of cycles + ¢(h,1).

Using inbound-defined quantities,
time (A) to (B) = integer no. of cycles - ¢(h,1)
+ another integer no. of cycles + Ai'
Setting these times equal, rearranging and coalescing the integers
into a single variable, m(h,1i):
¢(h,1) + ¢(h,1) + a8 = &, = m(h,1). (1)

We call m(h,i) the loop integer in recognition of the more general
case of networks. The terminology applies in the present case because

the links Sh to S:l and $1 to Sh form a loop and ( 1 ) states that the

sun of times around the loop is an integer number of cycles.
From figure 4 we also read from (C) to (D).

o(h,1) + (U2r  +w + 1, = (/) + v, + t(h,1), (2a)

and from (C) to (5)
¢h,1) + (1/2)?i + ;1 - (1/2)17h + ;h - ‘{h + t(h,i). (2v)
Substituting ( 2 ) into ( 1 ) to eliminate ¢ and ¢ gives:
t(h,1) + t(h,1) + (1/2)(:'h + rh) + (wh + vh)
- (1/2)(:1 + ri) - <"1 + Vi) - ('r1 + Th) + Ah - A1
= w(h,1). (3)

So far we have required that S1 follow Sh in the outbound direc-

tion but this restriction is not necessary. For physical reasons we

wish t(.) to satisfy
t(h,3) = t(h,1) + t(1,3);

vhence, setting h = j, we shall require

-12 -



t(i,h) = -t(h,1)

and by a similar argument t(i,h) = -t(h,1). With these relations ( 2 )
and ( 3 ) hold for arbitrary sh and s1 and

é(h,3) = ¢(h,4) + ¢(4,3) , ¢(h,1) = -¢(4,h)
"(hoj) = a(h,i) + .(103) . .(h’i) « -m(i,h)

along with corresponding expressions for ¢.

Notation becomes simpler 41f the signals are numbered sequential-
ly from 1 to n in the outbound direction. Then define

x, = x(1,141) for x = t,z.u.¢,3.

Now ( 3 ) gives

ettt (v tw) - (g, te ) ve -8

i i
- -(1/2)(r1 + ri) + (1/2)(ri+1 + r1+1) + ('r1 + Ti+1) + LA
(4)
From fig. 4 we also see that
vy +b<1- r, . ( 5a )
ytbs1-7, . ( 5b)

1f for the moment we also require b = b, we can collect ( 4 ) on ( 5 )
into a basic mixed integer linear program for setting arterial

signals.

LP1: Find b, b, w,, '61. =, to

max b

Subject to b=b

i = 1.‘.-.!'!

-13 -



(wi-!-wi) - (wj+1+w1+]) + (tj + tj) + Aj - Ai*]

=-Q/D(rg + 1)+ /2D (r, 4T )

+ (Ti+11+1) +hi » i = 1,..‘.11‘1
ni = integer
b’g'“i.;i l o L 1 = 1..-..!7

LPl1 has 3n constraints, 2n + 2 continuous variables and n - 1 unre-

stricted integer variables.

We next turn our attention to a generalization that permits the
optimization program to pick when the left turn phase (if one is
present) will occur with respect to the through green at any signal.
The left turn green can be picked to lead or lag, whichever gives the
most total bandwidth. At the same time, however, it is necessary to
give the traffic engineer the ability to specify which combination of

leads or lags in each direction will be permitted.
Figure 5 shows the four possible patterns of left turn green
phases. Let

outbound (inbound) green time for through traffic

g; ()
at Si (cycles).

2,(2.) = time allocated for outbound (inbound) left turn green

at Si (cycles).

R = common red time in both directions to provide for

cross street movements (cvcles) .

Since time allocated to outbound left turn green is inbound red time

we have (see Figure 7):

r,. +g. =1
and i i

Moreover we can express Ai' the time from the center of ;i to the next

- 14 -
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center of r,, in terms of £, and L. for each case as follows:

i
Pattern A1
1 -(1/2)(11 + 21)
2 (1/2)(21 + li)
3 -(1/2)(11 - 21)
4 @/2)@, - 1)

All of these can be expressed in the form:
&, = (1/2)[(251 - 1)11 - (26i - 1)21] (6)

where 6i and 31 are 0-1 variables and the previous cases are now

picked out by

Pattern fi Eg
1 0 1
2 1 0
3 0 0
4 1 1

Therefore we can use the mixed integer program to select the pattern
that will maximize bandwidth. If only certain patterns are to be
permitted, restrictions can be placed on the &, and 31 to enforce the
requirements. For example, if only patterns 1 and 2 are permitted

the constraint 61 + 31 = 1 is added.

Notice that under some circumstances, for instance, vehicle
sctivated left turn arrows, the time allocated to left turn green
may not all be used. That is all right; the program makes no require-
ment that the green arrow be on. The essential point that affects
bandwidth is that the through traffic faces a red light.

We often wish to let the user favor one direction, say, by

- 16 -



manipulating the ratio of inbhound to outhound bandwidth. For example,
this ratio might be set to that of the two flows. Such a requirement
is easily built into the LP as a constraint. Howcver, in making one
green band larger than the other, we can never make it larger than the
smallest green in that direction. Once this is achieved, it is
foolish to restrict the opposite direction further just to satisfy the

ratio. Thereforc we speak of a target ratio. Let

k = target ratio of inbound to outbound bandwidth .

For the case of k < 1 (outbound favored) we can set up the objective

function and ratio constraint as
max b + kb
subject to
b > kb .
The k > 1 case is also accommodated if we change the formulation to
max b + kb
(1 - k)b > (1 - k)kb . (7)
For k = 1, the inequalities ( 7 ) must be replaced by h = b.

A further set of generalizations is possible. One of the most
important is to let signal period (cvcle length) and speed be vari-
ables. Each will be constrained by upper and lower limits. 1In

addition, changes in speed from one street segment to the next can be

limited.
Let
T = cycle length (signal period) (seconds).
z = 1/T = gignal frequency (cycles/second).

IJ’TZ = lower and upper limits on cycle length, i.e.

T,=TxT, (seconds) .

d(h,1) [d(h,1)]= distance between S, and S, outbound (inmbound)

(meters).

-317 -



4, = d(1,141), 31 = d(4, i+1)

f (e ) = lower and upper limits on outbound (inbound)

NOmHA
speed (meters/second).

llhi.llgi(llii.llii) = Jower and upper limits on change in outbound
(inbound) reciprocal speed, i.e.,

-1

Uhy < /vy ))=Q1/v)) < 1/g, (meters/sec) ~.

We are constraining change in speed by putting upper and lower limits
on change in reciprocal speed. Although the two are not quite the
same, either serves to prevent large abrupt speed changes. Reciprocal

speed is used because it enters linearly in the constraints and can

be transformed into t,. Thus

= (4 /vi)z and t, - (di/vi)z . (8)
In the expanded formulation, te» ;1’ and z are decision variables
which, once known, determine progression speeds.

We add to LP1 all these generalizations to yield a more versatile

nixed-integer linear program:

1P2. Find b, b, 2, 51. t, Ei. 8» 31, ,

subject to to max b + kb
(1 -k > (- Kkkb (9)
T, <z < 1T (10)
v, +b<l-1 (11a )
_1 - _1 } i{i=1,...,n
wtbsl-r1 (11 )

(wi + vi) - (wi+1 + "i+1) + (t1 + :1) + 61’1 - 6121

-8 .2, . +8

g+1t01 ¥ Sty - @

i

= r, ~ Tt Gt ). 1=l (12)
(d,/f)z < t, < (4,/e)z } . (132)
- - - = .o'o’n‘l
@) <t < @, /e)2 ( 13b )
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) 14
(4,/b )z < (@74, 0t -ty < (d,/8)2 {= 1,....n-2( *)

@A)z < @ /3,0, - T < @/3)e ( 14b )
b, b, 2z, Vs \.-71. ty, ?i >0

-1 integer

61.; i0.1

vhere 1f k = 1 (9) 1s replaced by b = b.

LP2 involves (11n-10) constraints and (4n + 1) continuous variables, up
to 2n 0-1 variables and n-1 unrestricted integer variables, not counting
slack variables, 1In addition, if the user decides to require or prohibit
certain left turn patterns, constraints on 8§ and 31 are added up to a
maximum of 2n,

LP2 describes how the arterial case is solved., The mathematical
program for a network consists of (1) an objective function which is a
weighted conbination of the objective functions of individual LP2's (the
weights being set by the user to express the relative importance of
bandwidth on the arteries in a network), (2) cross artery bandwidth
constraints, (3) all the constraints of individual LP2's, and (4) a loop
constraint for each independent loop in the network.

The cross artery bandwidth constraints are added in a network problem
formulation in order to let the user favor one artery over another, The
logic in deriving these constraints is the same as that for the within
srtery bandwidth constraint (equation 9) of LP2,

In general, the loop constraint is given by

2 wij = n]_
(i,j)el

where ¥ 4 {1s the offset for link (i,§) in loop L and ny is the loop
integer, The derivation of the loop constraints will be explained using

an example loop given in figure 6. The loop constraint will be developed
assuming that the loop is traversed 1in the clockwise direction., It is
further assumed for convenience that the outbound directions of all
arteries match with the clockwise orientation,
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artery 4

artery 1

artery 3

Figure 6: Example loop formed by 4 arteries.
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Let

83,5 = time between reds at an intersection for arteries i and j; and

¢ 4,5 = time from the center of an outbound red at sj to the center of
a particular outbound red at 84,1 for artery J.

Then, the equation for the example loop is given by:

91,1 + 92,1 + 93,1 + ¢4,q9 + 842
+ 91,2+ 82,2 +82,3
+ 61,3 + 83,4
* o184 +b2,4 +84,1 (15)
z np

For ith the signal of artery art, ¢j art 4s given by:

$1,art = (ri,art)/2 = (rie1,are)/2 + Wi, art = Wisl,art
* ti-ﬂft -Ti+1,art (16)

Substituting equation 16 into equation 15 and simplifying yields:

[(f1.1)/2 - (r5,1)/2 + Wy 1 = W5 q + tq 1+ t2 1+ t3 1+ ty,1

- T2,1- 13,1~ T,1- T5,1]

+ [(r1'2)/2 - (r3'2)/2 + H1.2 - W32+ t1.2 +t22 - 12,2 - 13'2]

+ [(r1,3)/2 = (r2,3)/2 + W{,3 = W2,3 + tq,3 - 723]

* [(r1,u)/2 - (r3,4)/2 « Wy 4 = W3 4« ty .4+ t2, 4~ T2 4~ T34l

« [ 84,2 «42,3+483,4+ Au.1]

= ' a7

Consider the intersection where an artery is exited and another artery is
entered while traversing a loop. In the example given in figure 6, there
are four such intersections. Figure 7 illustrates the four possible left
turn patterns where:

€1 = green split in outbound direction on artery 1;
%4 = left split in inbound direction on artery 1;
€> = green split in outbound direction on artery 2;
iz = left split in inbound direction on artery 2;



Case 1:

Case 2:

Case 3:

Case §:

Figure T:

The four left-turn phase patterns for a loop

artery 1

artery 2

artery 1

artery 2

artery 1

artery 2

artery 1

artery 2

corner.



a = portion of all-red time allocated to the end of the phase
on artery 1; and
A = portion of all-red time allocated to the end of the phase

on artery 2.

Note that there may or may not be any all-red time at an intersection,
Then we have, for the intersection of arteries 1 and 2:

Case 1: 4, 5= (R5,9 - £4,2)/2 « (1-A42)/2
Case 2: 41,2 = (35.1 + 11'2)/2 + (1=-A+a)/2
Case 3: 44 5=- (05,14 £19,2)/2 + (1-A+2)/2
Case 4: 41,2 = = (5,1 - 29,2)/2 + (1=A+2)/2

This can be written in a comprehensive form as:
8,2 = -[(2031'2-1)- 11,2 - (21,35.1 - 25’1]/2 + (1=-A+a)/2

Similarly, we can get 453, A3y and 49 which are given below.

A3,y = =[(2% 31’:;-1)'-21,“ - (2% § 3 - 1)* 72,3172 + (1-A+a)/2
and
by,1 = =[(2% §1,1-1)% % q,4 - (2% T3 4 - 1)* T3 41/2 + (1-A+a)/2
Define
inter(i,art) = intersection where artery art is entered while
traversing on the loop; and
inter(2,art) = intersection where artery art is exited while
traversing on the loop.
then

81,2 +82,3 + 83,4 + 8y,1 can be rewritten by combining all the terms
for artery art together as
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y

81,2 + 82,3 +83.4 +8yq = p '[(Z'Emterh,art) - 1)'I:‘mt:erﬁ,ar-t:)
art=1

= (Z.Ginter(z,art) - 1)'iinter(z,art)]/z
y
+ T (1=-8+3)/2 (18)

art=1

Now using the variable inter defined above, simplifying and substituting
equation (18) into (17) yields:

ny

repeat for = Winter(1,art) + Winter(2,art)

art = 1, ..., U

re

tinter(1,art) = « « « = tinter(2,art) - 1

(rinter(1,art))/2 + (rinter(2,art))/2
Tinter(1,art)+1 = « « « = Tinter(2,art)

peat for

art = 1, <., 4 - finter(1,art)’fﬁnter(1,art) + (finter(1.art))/2

+

6inter(z,art)"’inter(z.art) - (2inter(2,art))/2
(1=-A+a)/2 (19)

+

let

AR all-red time

all-red time allocation variable defined on the interval [0,1]

2
"

where

If

B

a+A = 1-31-i1 -g2 -12

(1=-v)®AR, then A = Y#(AR)

also

Fu

el
"

r-R

rther simplifying (19) using the above defined quantities gives the

final loop equation for our example.
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repeat for
art = 1. scey ]

repeat for
intersection

L d 1g ecey 8

repeat for
art = 1. eeey 4

nL

Winter(1,art) + Winter(2,art)
tinter(1,art) = ¢« « « = tinter(2,art) = 1
3inter(1,art)'Iinter(hlrt)
8inter(?.art)'iinter(z,art)

Yintersection®(AR {ntersection’)

Tinter(1,art) = £ inter(2,art)

Tinter(1,art) « 1 = « « « = Tinter(2,art) (20)

The initial assumption that the outbound direction on each artery
belonging to the loop is the same as the direction of traversal around the
loop can now be relaxed and a more general loop equation derived:

repeat for

art = 1. XXX 4

repeat for
intersection

3 1. YXX} 'l

+

n
winter(l,lrt) + Winter(2,art)

tinter(1,art) = ¢ ¢ o = tinter(2,art) - 1
if inter(1,art) < inter(2,art)

tinter(1,art) ¢+ « « « + tinter(2,art) = 1
if inter(1,art) > inter(2,art)

8inter(l.art)'linter(l.art)
Sinter(2,art)* Unter(2,art)

Y tntersection® (AR{ntersection)



repeat for
art = 1‘ es ey q

\

+

Tinter(1,art) = inter(2,art)
Tinter(l,art) + 1 =« ¢ ¢« = inter(2,art)
if inter(1,art) < inter(2,art)

Tinter(l,art) + 1 *+ ¢« « <« +  inter(2,art)
if inter(1,art) > inter(2,art) (21)

The incorporation of all-red time variable (¥), in the loop constraint
derived above, implicitly assumes that the labels "first" and "second"

assigned to arterials at an intersection, match with the orientation of

the loop. In a general network with multiple loops, however, it may not
be possible to define labels that match with the orientation of all loops
having that intersection as a common corner point. This problem can be
resolved by arbitrairily assigning the labels "first" and "second™ to the
arterials on an intersection and modifying the loop equation as follows:

repeat for

art H] I' esey “

report for
intersection

= 1’ sesvy u

repeat for
ﬂrt = 1. sv ey u

Revised, Jan. 1987

ngp

w1nter(1.art) + winter(z.art)

tinter(1,art) A tinter(z,art) -1
if inter(1,art) £ inter(2,art)

tinter(1,art) *+ « ¢« « + tinter(2,art) -1
if inter(1,art) > inter(2,art)
5inter(1,art)' inter(1,art)

‘inter(Z,art)' inter(2,art)

Yintersection"(ARintersection’
if definition of arterials at an intersection

matches with loop orientation

{"7)intersection'(ARintersection)
otherwise

Finter(1,art) = inter(2,art)

Tinter(l,art) + 1 = ¢ ¢ « = _ inter(2,art)
if inter(1,art) £ inter(2,art)

Tinter(l,art) + 1 * * ¢ * * inter(2,art)
if inter(1,art) > inter(2,art) (22)



The loop equation derived above strictly applies only for the case when
a network consists of 4§ arteries and all of them are part of the loop. If
there is more than one loop in the network, each loop will be formed by a
different set of arteries whose numbers may not be in an ordered sequence.
Also, the number of arteries in a loop may vary from 3 to a maximum
allowable 6. To be able to describe any loop, the variable tinter!
defined and used previously must be expanded and two more variables
defined. These actions are explained in detail below.

inter(i, art, iloop) describes loop geometry.
subscript 1: Signal numbers at entering (1) and leaving (2)
points in artery 'art' of loop iloop.
subscript 2: Artery number in the range 1 to 6.
subscript 3: Loop number in the range 1 to 36.
intra(7, iloop) contains the number of arteries in loop iloop.
intra(art, iloop) contains actual artery number.
subscript 1: Actual artery number corresponding to artery art of
loop iloop. Range of subscript is 1 to
intra(7,iloop). '
subscript 2: Loop number.
intgam(7, iloop) contains the number of all-red time variables in loop
iloop.
intgam(intersection, iloop) contains pointers to indices of the actual
gamma variables in loop iloop. iloop is in the range of 1 to
intgam(7, iloop). If intgam(intersection,iloop) has a positive
value, the term (Y)intersection®(ARintersection’ iS used in loop
equation. A negative value implies that the term to be used in

loop equation is (1-Y) jyptersection®(ARintersection’

Thus all variables in the loop except the all-red time variables are
described using subscripts, namely inter and intra, and the all-red time
variable is described using one subscript, namely intgam. For further
explanation of the use of these variables and the description of the loop
equation using them, refer to chapter 2 and appendix A of volume 3.
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MAXBAND'S LOOP GENERATION ALGORITHM -

MAXBAND usés a modified version of Paton's algorithm [1969]. The
differences between the original and modified algorithm are described
below.

(1) As opposed to Paton's original algorithm, the modified algorithm
uses the node with most links incident to it as the root of the
spanning tree. Such a node is called the highest degree node. This
results in a simpler loop set for traffic networks in most cases.

(ii) The construction of the tree and cotree is completed before tracing
of loops is begun.
(iiii The links in the cotree are examined and, if possible, the loops are
further reduced to simpler ones.
The reason for placing more emphasis on finding simpler loops is that
their coefficients in the technological coefficient matrix (A matrix) will
occupy less space.

The Algorithm
Let

set of links of the network;
set of nodes of the network;

set of nodes already in the spanning tree;

K 3 = o
"

s set of nodes not yet examined; and
r = root of tree.
Initially T = ¢ (null set) and X = N
Steps:
1« Llet r = node having the maximum number of links incident to it;
break ties by selecting the node having bigger node number.
2. Let T = (r};
3. Find TN X;
§, IF TNX = then go to step 7;
5. Llet n = first element in T N X; break ties by selecting smallest
node number;
6. Consider each link (n,w) in L and act as follows:
(1) If W € T add 1ink (n,w) to the cotree, if it is not already in the
tree or cotree.
(11) If u¢ T add link (n,w) to tree and W to set T.
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When all links (n,w) have been considered, remove current n from X
and go to step 3 above.

7. For each link in the cotree, trace a fundamental loop; and

8. For each link in the cotree starting from the second, attempt to
reduce the fundamental loop to a smaller fundamental loop.

Note that in step 8 above, no attempt is made to reduce the first loop
since it is always the simplest developed. For further descriptions,
refer to appendix B.

Obtaining Loop Information In Terms Of Variables Used In Matrix Generator
(MATGEN) Module
The loop identified using the steps of the algorithm given in previous

sections is stored in terms of node identification numbers. For example,
the loop for the network drawn in figure 7 will be A=BaC-DE-FG-H-I-A.
The loop stored in this manner cannot be used to write the problem
formulation. This information must be stored in variables used by the
matrix generator (MATGEN) module.

The loop is reduced to only corner pbints Sefore attempting to store
data in appropriate variables. The reduced loop for our example will be
A-E-G-H-A. The information can now be stored in the variables inter and
intra described previously. These variables will have the following
values:

intra(7,1) 4, i.e., loop 1 is composed of 4 arteries.

inter(1,1,1) = intra(1,1) = 1
inter(2,1,1) = 5
inter(1,2,1) = 1 intra(2,1) = 2
inter(2,2,1) = 3
inter(1,3,1) = 1 intra(3,1) = 3
inter(2,3,1) = 2
inter(1,4,1) = 1 intra(l,1) = 4
inter(2,4,1) = 2

For further description, refer to chapter 2 of volume 3.



CALCULATION OF OBJECTIVE FUNCTION WEIGHTS AND BANDWIDTH RATIOS
The objective function weights and inter- and intra-artery bandwidth

ratios are related to each other in a special way. For the problem
formulation to be correct, this relationship must hold. MAXBAND 86
relieves the user of this responsibility. The program has three user
controlled quantities (arterial weights) that can be used to control the
emphasis placed on each of the two bandwidths of an artery., The program
uses these quantities to calculate the objective function coefficients and
bandwidth ratios while retaining the proper relationships among them.
Detailed description is provided in chapter 3 of volume 2,

DETERMINING GREEN SPLITS

One option in MAXBAND is for the user to supply the green splits,
Alternatively, the user can provide traffic volume and capacity
information from which the program will calculate the green splits. This
is done essentially by using the theory of Webster (1958). Webster has
shown that under certain circumstances, total delay at an intersection is
minimized by dividing the available cycle time among competing streams of
traffic proportional to their volumes divided by their saturation
capacities,

In MAXBAND, the user who wishes to use this option provides volume and
capacity information for the traffic, classified into 4 through movements
and 4 left turn movements of each intersection., Let

TRAT(i) = through-traffic ratio of volume to saturation capacity
in direction §;
LRAT(i) = left turn traffic ratio of volume to saturation capacity
in direction {; and
i = OUT, IN, OUTC, INC = outbound main, inbound main, outbound
cross street, inbound cross street,
The procedure calculates
MAIN = max{TRAT(OUT) « LRAT(IN), TRAT(IN) + LRAT(OUT)}
= the larger of through volume/capacity plus opposite
left turn volume/capacity for the two directions on
the main street.
CROSS = max{TRAT(OUTC) + LRAT(OUTC), TRAT(INC) + LRAT(OUTC)} =
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the same quantity for the cross street.
The basic split between main street and cross street is

MM = MAIN = total time allocated to main street
MAIN + CROSS
(fraction of cycle)
CC = CROSS =z total time allocated to cross street
MAIN + CROSS
(fraction of cycle)
Let

L(ouT) [L(IN)]
G(ouT) [G(IN)]

outbound [inbound] left split; and
outbound [inbound] through split.

Then
L(OUT) = LRAT(OUT) x MM
TRAT(OUT) + LRAT(IN)
L(IN) = LRAT(IN) x MM
TRAT(OUT) + LRAT(IN)
G(OUT) = MM = L(IN)
G(IN) = MM - L(OUT)

If necessary, these splits are then modified slightly to meet minimum
green requirements provided by the user or as a default by MAXBAND.
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COMPUTER PROGRAM

The computer program consists of (1) a control section, (2) an input
section to accept basic traffic data from the user, (3) a matrix generator
that transforms the input into a form usable by the mixed integer linear
program, (4) a mathematical programming package, and (5) an output routine
that interprets the mathematical programming results and prints them out
in a form usable by a traffic engineer,

The program contains 16,200 lines of FORTRAN 77 code, broken out as
follows:

Control program (MAXBAND) 100
Input program (INPUT) 6,050
Matrix generator (MATGEN) 3,375
Optimization code (MPCODE) 2,675
Output program (OUTPUT) 4,000

‘ 16,200

CONTROL PROGRAM
The control program (MAXBAND) manages the overall computation, calling

each of the other programs as needed.

INPUT
Input to the program is on IBM cards or card images on a CRT unit. The

basic inputs are:

1. Overall problem information. This includes a name for the run, an
indicator for whether it is a network problem or an artery problem, an
indicator for whether metric or English units are used, the acceptable

range of cycle lengths, and the three weights for each artery, unless
these are to be computed from volumes, Usually default values are used in
the mathematical programming package for certain parameters, such as the
maximum number of iterations and reinversions, but, if the user wishes,
these can be supplied as part of the overall problem information,

2. Network geometry. The order and unique identification number of the
signals on each artery is given, along with the distances between thenm
(which may be different in each direction), and the names of their
intersections.
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3. Green splits or traffic flow and capacities. The user may specify
the green splits at each signal as a fraction of the overall cycle time,
Alternatively, traffic flows and capacities can be given on each link,

including cross streets and turning movements, and the progranm will
calculate green splits using Webster's formula.
4, Left turning patterns, Left turn phases can occur at the beginning

or end of green in either direction along the artery, creating four
possible patterns for the through direction at each intersection. The
user can specify which of the patterns are acceptable and the program will
choose among them to maximize bandwidth,

5. Queue clearance time, Queues may build up during red time as a

result of turning movements onto the artery at previous intersections.
Such queues may impede the flow of vehicles in the through band, The user
may, therefore, specify at any intersection in either direction a queue
clearance time as a fraction of the cycle length. The program will adjust
the through band to arrive at the intersection after the queue has cleared
and leave the intersection with the queue included as part of the band,
In effect, this puts a jog into the through band, advancing it upon
leaving the intersection by an amount equal to the queue clearance time,
6. Range of speed. For each link, or if preferred to the artery as a

whole, the user specifies a design mean value and a tolerance for speed,
The program then chooses speeds for each link from this range so as to
maximize bandwidth. 1In addition, the user can constrain the change in
speed from one link to the next, If the user does not set limits on
speeds and speed changes, default values are used,

Further, more detailed specification of inputs are found in the volume

2 - User's Manual,

MATRIX GENERATOR
The mathematical program solves the general mixed integer, linear

programming problem:

max: ©x
subject to: Ax § b
x20

*J integer; j e J
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where x is an n-vector of variables whose values are sought. ¢ is an n-
vector of objective function coefficients, A is an m x n matrix of
coefficients, b is an n-vector of right-hand side constants and J is a set
of subscripts identifying the variables required to be integer,

The traffic problem described earlier as LP2 requires specific values
for A, b, ¢, and J. These will change as the traffic problem changes. It
is necessary to have & generalized program, called the matrix generator,
which will take the traffic input data and convert it into the appropriate
vectors and matrices for input to the mathematical programming package.

MATHEMATICAL PROGRAMMING PACKAGE
A key part of the computer program is the routine for solving the mixed

integer linear program. For the most part, mixed integer problems are
solved by branch and bound methods., The basic idea is to break up the set
of all solutions into smaller and smaller subsets and to calculate for
each an upper bound on the value of the best solution therein. The bounds
guide the partitioning of the subsets and eventually identify the maximal
solution - when a subset is found whose maximal solution is greater than
or equal to the upper bounds for all the other subsets, that solution is
optimal, The subsets of solutions are conveniently represented as the
nodes of a tree and the process of partitioning as the branching of the
tree. Hence, the name 'branch and bound',

In mixed integer problems, the upper bound is usually set by solving a
continuous LP ignoring the integer constraints., This is an upper bound on
the true prodblem since further constraining the integer variables to
integer values can only worsen the objective function. Partitioning is
done by identifying integer variables that do not take on integer values
in the continuous solution. Suppose, for example, that in the continuous
solution x5 = 3.7 but x5 18 really supposed to be an integer variable, We
can partition the set of all solutions to the true mixed integer problem
into those for which x5 < 3 and those for which x5 2 4 These two subsets
form two nodes branching from the previous node. Each can be given an
upper bound by solving a continuous LP with the new constraint added. The
new constraint is likely to produce an answer which sets X5 = 3 (or 4 as
the case may be), Proceeding onward we eventually get a solution with all
the required varisbles integer. The objective function can be compared
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with the bounds on the other subsets to determine whether we can declare
the solution to be optimal., With enough searching we will always find an
optimal solution but sometimes the searching can be very extensive,
Usually computation time rises exponentially with the number of integer
variables,

The writing of a mixed integer code is a specialized job beyond the
scope of this project., Therefore, MPCODE (which was previously being
used) has been retained,

QUTPUT

MAXBAND produces up to six (6) major output sections for signal
timing optimization for both signalized artery and network problems. The
functional output structure of MAXBAND is illustrated in figure 8 and
described as follows, and discussed in detail in "Volume II: MAXBAND
User's Manual®™. The six major output sections are:

1.  MAXBAND INPUT CARDS;

2.  MAXBAND INPUT DATA SUMMARY;

3. MPCODE PERFORMANCE PLOT AND MPCODE STATISTICS;
4, MAXBAND SOLUTION REPORT;

5. REITERATION OF SETTINGS AT ARTERY MEETINGS; and
6. SUMMARY OF MAXBAND BEST SIGNAL TIMING SOLUTION.

The first MAXBAND INPUT CARDS section provide the echo printouts of the
input cards. The second, MAXBAND INPUT DATA SUMMARY séction. indicates
how the input data has been interpreted and what problem values are being
passed to the branch and bound routine (MPCODE). These two sections are
produced by the INPUT module of MAXBAND.

The third section consists of the MPCODE PERFORMANCE PLOT and MPCODE
STATISTICS portions of the output, The first of these gives statistics on
the performance of the maximization routine; the second prints the signal
setting solution which yields the most optimal bandwidths found so far.
This section is produced by the output module of MAXBAND.
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MAXBAND-=MAXIMAL BANDWIDTH TRAFFIC SIGNAL TIMING OPTIMIZATION PROGRAM

I, [MAXBAND INPUT CARDS)

II. [MAXBAND INPUT DATA SUMMARY]
MPCODE VALUES .
[NETWORK WIDE VALUES]

Repeat for each entry--Artery 1 through Artery N
ARTERY WIDE VALUES
Cycle Length Allowable Range
Artery Directional Weights
Design Speed
INTERSECTION VALUES
Arterial Direction Green Split
Phase Patterns
Minimum Green Time
LINK VALUES
Speed, Volume, Capacity

I1I11. [MPCODE PERFORMANCE PLOT] and MPCODE STATISTICS
IV, MAXBAND SOLUTION REPORT

[Repeat for each artery--Artery 1 through Artery N}*
ARTERY WIDE INFORMATION

Cycle Length, Bandwidth, Efficiency and Attainability
INTERSECTION VALUES

LEFT TURN PATTERN SELECTED

PHASE SETTINGS (FRACTIONS OF CYCLE)

PHASE SETTINGS (SECONDS)

PROGRESSION TIMES AND SPEEDS
MAXBAND TIME-SPACE DIAGRAM

V. REITERATION OF SETTINGS AT ARTERY MEETINGS *

Repeat for each node =« Node 1 though Node N
PHASE SETTINGS (FRACTIONS OF CYCLE) and (SECONDS)

VI. SUMMARY OF MAXBAND BEST SIGNAL TIMING SOLUTION
Master intersection, background cycle length

Repeat for each signalized intersection--Intersection 1
PHASE INTERVAL, NEMA MOVEMENTS, PHASE LENGTH, PIN SETTINGS

MAXBAND BEST SOLUTION . . Unique for NETWORK
NEMA movement numbers problems, which
includes triangle
MAXBAND END and grid-type

signal networks.

[ ] Means optional
outputs.

Figure 8. Functional structure of the MAXBAND output.



The fourth section, MAXBAND SOLUTION REPORT, gives the optimal MAXBAND
signal timing solution reports for both the artery-wide information and
intersection specific settings as selected by the MAXBAND optimization
process, The artery-wide summary reports include the optimum cycle
length, progression bandwidths, progression efficiency, and attainability.
The intersection specific information included are the optimal left turn
phase sequence selected, phase settings (expressed both in seconds and
fractions of a cycle), progression speeds and travel time between
signalized intersections,

The fifth section, the REITERATION OF SETTINGS AT ARTERY MEETINGS, is
the representation of signal phase settings at intersections where
arteries meet (or the "corner" intersections) in the signalized network.
In this way, the progression bands on both the main and cross arteries
could be referenced at the the same time,

The sixth section of MAXBAND output, the SUMMARY OF MAXBAND BEST SIGNAL
TIMING SOLUTION, represents the detailed signal controller pin-settings
for every intersection in the study network. The revised NEMA numbers,
similar to that used in the Traffic Control Systems Handbook are used to
identify the MAXBAND best signal timing solutions for each signalized
intersection in the network., A detailed NEMA movement number diagram, as
used to produce the MAXBAND controller pin setting report, is also
provided graphically for easy reference of the traffic movements used in
this MAXBAND summary report., The "MAXBAND END" statement at the end of
the output indicates the termination of successful execution of the
MAXBAND optimization run,
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MAXBAND TEST NETWORKS

A variety of real-world arteries and networks have been collected and
used to test the MAXBAND 86 program as it has evolved, A representative
set of four test networks is described below. The numerical data of the
fourth example is presented in "appendix: Test Network Data and Run" of
this volume, The arterisl street examples 1 and 2, and the signalized
network examples 3 and 4 are further described in detail in volume 2,
The example problems'are illustrated in "chapter 4: MAXBAND Examples" of
volume 2, The outputs produced by these input data decks are shown in both
sections in "chapter 5: MAXBAND Output" and "appendix E: Sample Outputs"
of "Volume 2: MAXBAND User's Manual",

These four examples are described as follows:

1. Arterial street - Broadway, Cambridge, Massachusetts =
The first example is a five~intersection artery from Broadway
Boulevard, Cambridge, Massachusetts which uses only the basic MAXBAND
features, This basic arterial street layout is shown in figure O,

2. Arterial street - Main Street, Waltham, Massachusetts -

The second example is an eleven-intersection artery from Main Street
Waltham, Massachusetts, This example contains left turns, and
illustrates the computation of splits, objective function weights and
target bandwidth ratio. A schematic layout of this test arterial
appears in figure 10,

3. Triangle network - Attleboro, Massachusetts -

The third example is a three-artery triangle network from Attleboro,
Massachusetts., This example uses only the most basic features of
MAXBAND for solving the special case of triangle network in the
signalized network. This triangle network used to be referred as the
*"loop problem" in the previous MAXBAND documentations. Figure 11 shows
the triangle signalized network.



4, Grid Network - Hawthorne Boulevard, Los Angeles, California =

The fourth example is a grid signal network from Los Angeles,
California. It uses the major features of MAXBAND for optimizing left
turn sequence in a typical signalized arterial network. The Hawthorne
mini-grid network is illustrated in figure 12 for the acceptance test
of the MAXBAND 86 by the Contract Officer's Technical Representative
(COTR) of the Federal Highway Administration (FHWA), U. S. Department
of Transportation (U.S. DOT).

Test runs were then made to evaluate the optimization performance of
the MAXBAND 86 program with several test example problems, The computer
used was the Texas A&M Univgrsity's Amdahl 470 V6 and V8 mainframe
computer system., Four test runs were made from the four signal problems
presented earlier. The test results are also documented in details in
"Volume II: MAXBAND's User's Manual.,"

The results of these four tests are summarized in Table 1. As
indicated, the number of signals, the size of the matrix used in the
linear porgramming optimization, and the number of integer variables are
provided along with the run time statisties for the four test networks.
As 1llustrated, the computer run time statistics usiﬁg MAXBAND are closely
related to the total number of iterations actually performed in the linear
programming optimization. Since there are many random components which may
influence how a particular test problem could be formulated for the mixed
integer optimization, the run time efficiency for solving a particular
problem may also be different on various computer systems., The different
ways of problem formulation in MAXBAND 86 may significantly affect the
branching operation and efficiency of the MPCODE process during traffic
signal timing optimization. The runs shown were summarized from from the
test network runs made on the Texas A&M University's Amdahl computer
system, It is intended to show that problems can be solved on a typical
computer system, However, it should be noted that the run time statistics
of the MAXBAND optimization runs may be different depending on the speed
of the particular types of computer systems, their operating systems, and
the local system load conditions during actual program execution.
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Table 1. Comparison of mixed integer optimization runs.

Run Time Statistics

Number Size Number Number Branch Optimal
of Rows x Integer of and Itera-
Problem Signals Columns Variables Solutions Bound tions CPU Sec.*®

1 5 45 x 25 L 1 36 36 2.73

2 1 111 x 60 15 5 3796 2819 184.81

3 4 44 x 37 5 4 386 215 T.24

y 11 110 x 94 28 6 2306 1921 122,75
& Note =~

Calculated CPU time is the normal IBM OS/MVS batch processing charges
calculated by the Amdahl computer system at Texas A&M University. The
total CPU charge includes the CPU time charged for actual program
execution and the peripheral service charges required, This charge
comprises the total amount of computer time needed to load the executable
load module, internal reading, disk mounting, and the time required by the
operating system in allocating memory for program execution. This
measurement may vary depending on the total computer system 1loading

econditions,
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APPENDIX A
TEST NETWORK DATA AND RUN

1. Hawthorne Mini-Grid Test Network.

This is a typical grid signal network from the Hawthorne Boulevard
in Los Angeles, California, It was used by FHWA COTR to evaluate all
the major optimization features of MAXBAND 86 for optimizing left turn
phase sequence in a signalized arterial network for acceptance test.
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HAWTHORNE BLVD MINI-NETWORK, Lo ANGELES, CA.
o

100000 100 200 100
9 9

1

HANTHORNE MINY

08000000000000000000000 MHAWTHORNE BL 90000400000 00000000000000000000000

S 3 150
o ) 1 as 3 3
e 1
292 0 166 0 1400
1200 0 1000 0 6000
.23 o .29 0o .25
1050
1 1 1 1
7 2

284 38 472 120 1622
3000 1300 3000 1500 6000
.2% .10 .2% .10 .30

t120
1 ) 1 1
s 3
J0 0 194 0 1064
3000 0 3000 0 6000
.29 o .23 0 .25
830
1 1 t '
1 d 4
16 0 o 0 2032
3000 o 0 0 6000
.23 (] o o .23
560
10 S
348 104 €622 200 1936
3000 1500 3000 1500 6000
.23 o .25 o .2%
840
1 1 ]
eeeecscceccecsccsncess TORRENCE
3 3 150
o 1 L L) 3 3
26 L

426 93 T12 128 1524
4300 1500 3000 1500 3000
. .30 .10 .30 .10 .30

2600
1 ] ] 1
t0o 2

348 104 622 200 1936
3000 1500 J000 1500 6000
.28 o .25 0o .25
2700 2600
] 1 ] 1
PYZRE
402 44 168 24 93
2000 1500 3000 1500 3000

43
1232

2400
.10

4
.10

2400
.10

[-N-X-]

120
2400
.10

BLVD

[-X-4-]

120
2400
.10

] HAWTHORNE 6L
3 3
CENTER WAY
786 154
6000 1500
.25 .10
1120
CARSON
836 112
6000 2400
.30 .10
780
DEL AMO CIRCLE
808 90
6000 2400
.2% .10
860
FASHION WAY
890 (o)
6000 o
.29 o
840
TORRENCE
892 132
6000 2400
.2% .10
1370
0000000000000000000000000000000000
N TORRENCE
3 3
ANZA
668 o
3000 o
.30 o
HAWTHORNE BL
892 132
6000 2400
.2% .10
MADRONA ST
356 o
3000 (o)



-90’-

MINGREEN
LENGTH
LEFTPAT
comm
SETUP
ART2

map
LENGTH
voLumE
CAPACITY
MINGREEN
AP
LENGTH
VOLUME
CAPACITY
MINGREEN
LEFTPAT
MAP
LENGTH
YOLUME
CAPACITY
MINGREEN
comm
SETUP
ART2

map
LENGTH
VOLUME
CAPACITY
MINGREEN
AP
LENGTH
vOoLUmE
CAPACITY
MINGREEN
comm
SETUP
ART2

AP
LENGTH
VOLUME
CAPACITY
MINGREEN
AP
LENGTH
voLUNeE
CAPACITY
MINGREEN
END

.30 .%0 .30 .10 .30 0o .30
2700
1 1 ] 1

o

0000000000000 0000092¢ CARSON BLVD 0000000000 00040004800000000000000004

3 3 150
0 1 T 33 3 3 3
24
2700
242 0 274 0 1304 0 322
4000 0 3000 0 3000 0 3000
.30 o .3 0o .30 0 .30
7 2
2400 2700

284 38 472 120 1822 J4 836

3000 1300 3000 1500 6000 1300 6000 2400

.2% .10 .23 .10 .30 .10 .30

1 1 )
23 3
2400
32¢ 0O 608 0o 912 o 312
3000 O 4500 0 3000 0 3000
o .30 0o .30 o .30

000000000008000000000¢ MADRONA BLVD ©0000000006000000000000000000s00000

2 3 150
(] 1 1. 35 k) 3 B 3
23 1
2230
32¢ 0 608 0 912 0o 312
3000 O 43500 0 3000 0 3000
.30 o .30 0o .2 o .30
27 2
2230
402 44 88 24 936

30 .10 .30 .0 .30 .

0000000000004 2006004008 ANTA BLVD 000000020000 00000000002000000000000000

2 3 150
[ 1 1 33 3 3 3 3
24 |}
2230
242 o 274 0 1304 0 322
4000 O 3000 0 3000 0 3000
.30 o .3 o .3 0o .3
28 2
2230
426 93 712 128 1524 0 668
4300 1300 3000 1500 3000 0 3000
.30 .t0 .30 .10 .30 0o .30

N CARSON
3
) ANZA BLVD
o
o
[}
HAWTHORNE B8LVD
112
. 10
MADRONA BLVD
o
o
o
] MADRONA
3
CARSON
o
0
[}
TORRENCE
(]
(]
L] ANZA BLVD
3
CARSON
o
0
o
TORRENCE
o
[}
o

sece WARNING **** THE TOTAL OF SPLITS GIVEN FOR THE MEETING OF ARTERIES ¢t AND 2

esee WARNING *¢ee

seee WARNING ¢eee

(INTERSECTION 2 IN ARTERY
1S LESS THAN ONE CYCLE

1 AND INTERSECTION 2 IN ARTERY 3)

(THERE 1S ALL RED TIME OF 0.0000 CYCLES).

(INTERSECTION S IN ARTERY
1S LESS THAN ONE CYCLE

THE TOYAL OF SPLITS GIVEN FOR THE MEETING OF ARTERIES 1 AND 2
1 AND INTERSECTION 2 IN ARTERY 2)

(THERE 1S ALL RED TIME OF 0.0000 CYCLES).

THE TOTAL OF SPLITS GIVEN FOR THE MEETING OF ARTERIES 2 AND S
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(INTERSECTION 1 IN ARTERY 2 AND INTERSECTION 2 IN ARTERY
IS LESS THAN ONE CYCLE
(THERE 1S ALL RED TIME OF 0.0000 CYCLES).

eeo WARNING *¢¢¢ THE TOTAL OF SPLITS GIVEN FOR THE MEETING OF ARTERIES 2 AND
(INTERSECTION 3 IN ARTERY 2 AND INTERSECTION 2 IN ARTERY
1S LESS THAN ONE CYCLE
(THERE IS ALL RED TIME OF 0.0000 CYCLES).

s0es WARNING **%¢ THE TOTAL OF SPLITS GIVEN FOR THE MEETING OF ARTERIES 3 AND
(INTERSECTION 1 IN ARTERY 3 AND INTERSECTION 1 IN ARTERY
IS LESS THAN ONE CYCLE
(THERE 1S ALL RED TIME OF 0.0000 CYCLES).

s)
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seee MAXBAND INPUT DATA SUMMARY ¢¢se

s MPCODE VALUES **°

MAXTIMUM SRANCH AND BOUND ITERATIONS (MAXRBS ) : 100000
MAXTMUM BRANCH AND BOUND REINVERSIONS (MAXIBB): 100
MAXIMUM LINEAR PROGRAM ITERATIONS (MAXTITR): 200
MAXIMUM LINEAR PROGRAM REINVERSIONS (MAXINV): 100

RESTART: O
SWITCH

IMBEDDED VALUES OF TOLERANCES ARE:

TOL
ToL
TOoL
TOL
TOoL
TOL
ToL

NO TOLRN CARD.

THIS IS A NETWORK PROBLEM.

NOADWUN -

(0 -~ JOB IS NOT A RESTART:

1 -~ JOB IS A RESTART)

1 (O -~ DO NOT PRINT PERFORMANCE PLOT; 1 -- PRINT PERFORMANCE PLOT)

0. 100€-08
0. 100E-04
0.300€-0%
0.300€-04
0.100£-04
0. 100E -04
0. 100E-04

IMBEDDED VALUES OF TOLERANCES WILL BE USED.
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NAME OF NETWORK: HAWTHORNE MINt

WEIGHT OF ARTERIES:

ARTERY
ARTERY
ARTERY
ARTERY
ARTERY

¢ (O -- GIVEN;

4
L]

se se se se oo

.0 (NOT USED)
.0 (NOT USED)
.0 (NDOT USED)
.0 (NOT USED)
.0 (NOT USED)

et NETWORK WIDE VALUES ¢*°

NUMBER OF INTERSECTIONS
NUMBER OF LINKS
LOWER CYCLE LIMIT (SECS,

SOURCE ¢

(-X-R-F-X-

§ -- COMPUTED FROM VOLUME INFORMATION)

LOOP(S) IN THE NETWORK

(SYNTHETIC LOOP(S) CONSIDERED IN THE LOOP-CLOSURE CONSTRAINTY
AS EXPRESSED IN SERIES OF NODE NUMBERS)

FOR THE
Loor ¢
LooP 2

SIGNAL NETWORK,

.

8 7 24
8 7 23

26 10 9 8
27 10 9 8

.

]
10
90.00

NUMBER OF ARTERIES
NUMBER OF LOOPS
UPPER CYCLE LIMIT (SEcs)

8“!‘
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*se ARTERY § **¢

¢** ARTERY WIDE VALUES ¢*¢

NAME OF ARTERY: HAWTHORNE BL NUMBER OF INTERSECTIONS: S
LOWER CYCLE LIMIT: 90.00 SECS UPPER CYCLE LIMIT: 90.00 SECS
ARTERY IS ENTERED FROM: WEST UNITS: ENGLISH

SOURCE *
WEIGHT OF EASTBOUND DIRECTION OF ARTERY (W(1)): 1.0000 o
WEIGHT OF WESTBOUND DIRECTION OF ARTERY (W(2)): .0000 o

* (O -- GIVEN; 1 -- COMPUTED FROM VOLUME INFORMATION)

NOTE : REGARDLESS OF THEIR SOURCES, THESE WEIGHTS WERE SCALED USING THE WITHIN ARTERY WEIGHTS FOR SINGLE ARTERY PROBLEM.
THESE WEIGHTS WERE SCALED USING BOTH WITHIN AND CROSS ARTERY WEIGHTS FOR NETWORK PROBLEM.

EASTBOUND WESTBOUND
DESIGN SPEED (MILES/HOUR) : 45.00 45 .00
TOLERANCES (MILES/HOUR) : 3.00 3.00
CHANGES BETWEEN LINKS (MILES/HOUR): 3.00 3.00

eee INTERSECTION VALUES **¢

EASTBOUND WESTBOUND
LEFT SPLITS - - - - SPLITS - - - ~ QUEUE - - - - SPLITS ~ - - - QUEUE
SIGNAL NODE SEQ. CHOICES CROSS STREET  SOURCE GREEN LEFT RED CLEARANCE GREEN LEFY RED CLEARANCE

NO. NO. NO. 1234 » NAME . - - - ( FRACTIONS OF CYCLE ) - - - = - = ( FRACTIONS OF CYCLE ) - - -
1 [ ] 1 1191 CENTER WAY 1 0.4028 0.1713 0.%972 0.0000 0.4085 0.1772 0.5918 0.0000

2 7 2 19 CARSON 1 0.4974 0.1000 0.3026 0.0000 0.4974 0.1000 0.%5026 0.0000

3 8 3 1"M4 DEL AMD CIRCLE 1 0.6300 0.1000 0.3%00 0.0000 0.6%00 ©0.1000 0.3%00 0.0000

4 ] 4 0000 FASHION wAY 1 0.7500 0.0000 0.25%00 0.0000 0.7500 ©0.0000 ©0.25%00 0.0000

L) 1o S 14¢ TORRENCE 1 0.44%7 0.1313 0.5543 0.0000 0.4144 0.1000 0.3856 0.0000

* (O -~ SPLITS GIVEN; 1 -- SPLITS COMPUTED FROM VOLUME AND CAPACITY INFORMATION)
NOTE: THE ABOVE SPLITS, REGARDLESS OF THEIR SOURCE, HAVE BEEN MODIFIED ACCORDING TO ANY MINIMUM GREEN TIMES GIVEN.
47(0 -~ PATTERN NOT ALLOWED; 1 -- PATTERN ALLOWED)

PATTERN 1 -- EASTBOUND LEFT LEADS GREEN; WESTBOUND LEFT LAGS GREFN
PATTERN 2 -- EASTBOUND LEFT LAGS GRFFN; WESTBOUND 1FFT LEADS GRFEN
PATTERN 3 -- EASIROUND LEFT LEADS GREFN: WESTROUND LEFT LFADS GRIFN

PATTERN 4 -~ EASTBOUND LEFT LAGS GREFN; WESTBOUND LEFT LAGS GRIFN
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StaNat
NO.

a b O N

SIGNAL
NO.

@ > @ N

SI10MAL
NO.

d A W N e

MINIMUM GREEN TIMES FOR APPROACHES --

NORTHBOUND

0.2%00
0.2%00
0.2%00
0.2%00
0.2%00

EL T
——-—- -
ccananw~

-

LEFT
0.0000
0. 1000
0.0000
©0.0000
0.0000

LENGTH
(FEET)
1120.00
830.00
$60.00
840.00

NOR THEOUND

THROUGH
292.00
204 .00

30.00
18.00
348 .00

LEFT
0.00
38.00
0.00
0.00
104 .00

SOUTHBOUND
THROUGH LEFTY
0.2%00 0.0000
0.2%00 0. 1000
0.2%00 0.0000
0.0000 0.0000
0.2%00 0.0000

EASTBOUND
SPEED

(MILES/HOUR)  (MILES/HOUR)

4%.00
4%.00
4%.00
4%.00

VOLUMES ON APPROACHES -- VEHICLES PER HOUR

see LINK VALUES oo¢

TOLERANCE

3.00
3.00
3.00
3.00

SOUTHBOUND
THROUGH LEFT
166.00 0.00
472.00 120.00
194 .00 0.00
0.00 0.00
622.00 200.00

FRACTIONS OF CYCLE

EASTBOUND WESTBOUND
THIOUGH LEFT THROUGH LEFT
0.2%00  0.1000 0.2%00  0.1000
0.3000  ©.1000 0.3000  ©.1000
0.2%0  0.1000 0.2%00  0.1000
0.2%00  ©0.0000 0.2%00  0.0000
0.2%00  0.1000 0.2%00  0.1000
VESTEOUND
LENGTH SPEED TOLERANCE
(FEET) (MILES/HOUR)  (MILES/HOUR)
1120.00 4% .00 3.00
780.00 43.00 3.00
%60.00 4%.00 3.00
840.00 4%.00 3.00
EASTBOUND VESTBOUND
THROUGH LEFY THROUGH LEFT
1400.00 132.00 786.00 1%4.00
1622.00 34.00 836.00 112.00
1864.00 0.00 808.00  90.00
2032.00 0.00 898.00 0.00
1936.00 120.00 892.00 132.00
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NANE OF ARTERY: TORRENCE
LOWER CYCLE LIMIT: 90.00 SECS

ARTERY 1S ENTERED FROM: NORTM

WEIGHT OF SOUTHBOUND DIRECTION OF ARTERY (w(1)):
WEIGHT OF NORTHBOUND DIRECTION OF ARTERY (W(2)):

¢ (0 -- GIVEN;

00 ARTERY 2 ¢ee

UNITS: ENGLISH

1.0000
1.0000

¢ee¢ ARTERY WIDE VALUES *°**

NUMBER OF INTERSECTIONS: 3
UPPER CYCLE LIMIT:

90.00 SECS

SOURCE ¢

o
o

1 -~ COMPUTED FROWM VOLUME INFORMATION)

NOTE : REGARDLESS OF THEIR SOURCES, THESE WEIGHTS WERE SCALED USING THE WITHIN ARTERY WEIGHTS FOR SINGLE ARTERY PROBLEM.
THESE WEIGHTS WERE SCALED USING BOTH WITHIN AND CROSS ARTERY WEIGHTS FOR NETWORK PROBLEM.

DESION SPEED
TOLERANCES

(NILES/HOUR) :
(WMILES/HOUR) :

CHANGES BETWEEN LINKS (MILES/HOUR):

LEFT SPLITS
SIGNAL NODE SEQ. CHOICES CROSS STREET
NO. NO. NO. 1234 » NAME
1 28 ] 1" ANZA
2 10 2 119 HAVTHORNE 8L
3 27 3 1" MADRONA ST

* (0 -- SPLITS GIVEN:

SOURCE
.

|}
1
1

GREEN

0.3%28
0.3%86
0.3000

SOUTHBOUND NOR THBOUND
3% .00 3%.00
3.00 3.00
3.00 3.00
¢o¢ INTERSECTION VALUES ¢
SOUTHBOUND NOR THBOUND
- - - - SPLITS - - - - QUELE -« - -~ SPLITS - ~ - - QUEUE
LEFY RED CLEARANCE GREEN LEFY RED CLEARANCE
- = = ( FRACTIONS OF CYCLE ) - - - - = - ( FRACTIONS OF CYCLE ) - - -
0.1328 0.6472 0.0000 0.3000 ©0.1000 ©.7000 0.0000
0.2043 0.6414 0.0000 0.2%00 ©0.09%8 0.7%500 0.0000
0.1000 ©.7000 0.0000 0.3000 0.1000 O.7000 0.0000

t -~ SPLITS COMPUTED FROM VOLUME AND CAPACITY INFORMATION)

NOTE: THE ABOVE SPLITS, REGARDLESS OF THEIR SOURCE, HAVE BEEN MODIFIED ACCORDING TO ANY MINTMUM GREEN TIMES GIVEN.

4 (O -~ PATTERN NOT ALLOWED:

1 -~ PATTERN ALLOWED)

PATTERN 1 -- SOUTHBOUND LEFT LEADS GREEN: NORTHBOUND LEFT LAGS GREEN

PATTERN 2 -- SOUTHBOUND LEFT LAGS GREEN:
PATTERN 3 -- SOUTHBOUND LEFT LEADS GREEN;
LAGS GREEN;

PATTERN 4 -- SOUTHROUND LEFT

NORTHBOUND LEFT LEADS GREEN
NORTHROUND LEFT LEADS GREFN
NORTHROUND LEFT LAGS GREEN
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MINIMUM GREEN TIMES FOR APPROACHES -- FRACTIONS OF CYCLE

SIGNAL NORTHBOUND SOUTHBOUND EASTBOUND WESTBOUND
NO . THROUGH LEFT THROUGH LEFT THROUGH LEFT THROUGH LEFTY
1 0.3000 0. 1000 0. 3000 0. 1000 0.3000 0.0000 0.3000 0.0000
0.23%00 0.0000 0.2500 ©0.0000 0.2%00 0. 1000 0.2500 0. 1000
3 0.3000 0. 1000 0.3000 0. 1000 0.3000 0.0000 0.3000 0.0000

ses LINK VALUES *oe

SOUTHBOUND NOR THBOUND
SIGNAL LENGTH SPEED TOLERANCE LENGTH SPEED TOLERANCE
NO. (FEEJ) (MILES/HOUR)} (MILES/HOUR) (FEET) (MILES/HOUR) (MILES/HOUR)
1
smeme——= 2600.00 3%.00 3.00 2600.00 3%.00 3.00
2 ,eeeem-— 2700.00 3%.00 3.00 2700.00 35.00 3.00
‘ 3
VOLUMES ON APPROACHES -- VEHICLES PER HOUR
SIGNAL NORTHBOUND SOUTHBOUND EASTBOUND WESTBOUND
NO . THROUGH LEFT THROUGH LEFT THROUGH LEFT THROUGH LEFT
1 426.00 93.00 712.00 128.00 1524.00 0.00 668 .00 0.00
348.00 104.00 622.00 200.00 1936 .00 120.00 892.00 132.00
3 402.00 44 .00 168.00 24 .00 936.00 0.00 3%6 .00 0.00
CAPACITIES ON APPROACHES -~ \!EHICLES PER HOUR
SIGNAL NORTHBOUND SOUTHBOUND EASTBOUND WES TBOUND
NO . THROUGH LEFT THROUGH LEFT THROUGH LEFT THROUGH LEFT
L 4%00.00 1%00.00 3000.00 1%00.00 3000.00 0.00 3000.00 0.00
2 . 3000.00 1500.00 3000.00 1800.00 6000.00 2400.00 6000.00 2400.00

3 3000.00 1500.00 3000.00 1500.00 3000.00 0.00 3000.00 0.00
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NAME OF ARTERY: CARSON
LOWER CYCLE LIMIT: 90.00 SECS

ARTERY 1S ENTERED FROM: NORTH

WEIGHT OF SOUTHBOUND DIRECTION OF ARTERY (W(1)):
WEIGHT OF NORTHBOUND DIRECTION OF ARTERY (W(2)):

NOTE : REGARDLESS OF THEIR SOURCES.

eee ARTERY 3 oo

¢eo ARTERY WIDE VALUES *¢¢

NUMBER OF INTERSECTIONS: 23

UPPER CYCLE LIMIT: 90.00 SECS
UNITS: ENGLISH
SOURCE *
t.0000 o
1.0000 o

¢ (0 ~- GIVEN: { -- COWPUTED FROM VOLUME INFORMATION)

THESE WEIGHTS WERE SCALED USING THE WITHIN ARTERY WEIGHTS FOR SINGLE ARTERY PROBLEW.
THESE WEIGHTS WERE SCALED USING BOTH WITHIN AND CROSS ARTERY WEIGHTS FOR NETWORK PROBLEM.

SOUTHBOUND NORTHBOUND

DESION SPEED (MILES/HOUR) : 3%.00 3%.00

TOLERANCES (MILES/HOUR) : 3.00 3.00

CHANGES BETWEEN LINKS (MILES/HOUR): 3.00 3.00

¢ INTERSECTION VALUES *°*
SOUTHBOUND NOR THBOUND
LEFY SPLITS - = = - SPLITS -~ - - - QUEUE - - - - SPLITS - - - - QUEUE
SIGNAL NODE SEQ. CHOICES CROSS STREET  SOURCE GREEN LEFT RED CLEARANCE GREEN LEFT RED CLEARANCE

NO. NO. NO. 1234 NANE . - = = { FRACTIONS OF CYCLE ) - - - = = - ( FRACTIONS OF CYCLE ) - - -
1 24 1 0000 ANZA 8LVD 1 0.3000 0.0000 0.7000 0.0000 0.3000 0©0.0000 ©.7000 0.0000
2 7 2 ot HAWTHORNE 8LVD 1 0.30286 0.1%28 0.6974 0.0000 0.2%0 ©0.1000 0.73%00 ©0.0000
3 23 0000 MADRONA 8LVOD 1 0.3077 0.0000 0.892) 0.0000 0.3077 0.0000 ©0.6923 0.0000

* (0 -- SPLITS GIVEN:

t -~ SPLITS COMPUTED FROM VOLUME AND CAPACITY INFORMATION)

NOTE: THE ABOVE SPLITS., REGARDLESS OF THEIR SOURCE, HAVE BEEN MODIFIED ACCORDING TO ANY MINIMUM GREEN TIMES GIVEN.

PATTERN {1 -~ SOUTHBOUND LEFT LEADS GREEN:
PATTERN 2 -- SOUTHBOUND LEFT LAGS GREEN:
PATTERN 3 -~ SOUTHROUND LEFT LEADS GREEN;
PATTERN 4 -- SOUTHBOUND LEFT LAGS GREEN;

4 (O ~- PATTERN NOT ALLOWED: { -- PATTERN ALLOWED)

NORTHBOUND LEFT LAGS GREEN
NORTHROUND LEFT LFADS GREEN
NORTHROUND LEFT LEADS GREEN
NORTHROUND LEFT (LAGS GREEN
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SIGNAL
NO

@ N e

SIGNAL
NO

STGNAL

MINIMUM GREEN TIMES FOR APPROACHES -- FRACTIONS OF CYCLE

NORTHBOUND
THROUGH LEFTY

0.3000 0.0000
0.2%00 0. 1000
0. 3000 0.0000

LENGTH
(FEET)
-==a===  2700.00
ee=-====  2400.00

NORTHBOUND
THROUGH LEFT
242.00 0.00
284.00 J38.00
3268 .00 0.00

NORTHBOUND
THROUGH LEFT

4000.00 ©0.00
3000.00 1300.00
3000.00 0.00

SOUTHBOUND EASTBOUND WESTBOUND
THROUGH LEFT THROUGH LEFT THROUGH LEFT
0.3000 0.0000 0.3000 0. 0000 0.3000 0.0000
0.2500 0. 1000 0.3000 0. 1000 0.3000 0. 1000
0. 3000 0.0000 0.3000 . 0.0000 0.3000 0.0000

ess LINK VALUES oe¢

SOUTHBOUND NORTHBOUND
SPEED TOLERANCE LENGTH SPEED TOLERANCE
(MILES/HOUR) (MILES/HOUR) (FEET) (MILES/HOUR)  (MILES/HOUR)
33.00 3.00 2700.00 3%.00 3.00
3%.00 3.00 2400.00 3%5.00 3.00

VOLUMES ON APPROACHES -- VEHICLES PER HOUR

SOUTHBOUND EASTBOUND WESTBOUND
THROUGH LEFTY THROUGH LEFTY THROUGH LEFT
274.00 0.00 1304.00 0.00 322.00 0.00
472.00 120.00 1622.00 34.00 836.00 112.00
608 .00 0.00 912.00 0.00 312.00 0.00

CAPACITIES ON APPROACHES -- VEHICLES PER HOUR

SOUTHBOUND EASTBOUND WESTBOUND

THROUGH LEFT THROUGH LEFT THROUGH LEFT
3000.00 0.00 3000.00 0.00 3000.00 0.00
3000.00 1%00.00 6000.00 1500.00 6000.00 2400.00

4500.00 0.00 3000.00 0.00 3000 .00 0.00
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*ee ARTERY 4 ooe

*ee ARTERY WIDE VALUES *°**

NAME OF ARTERY: MADRONA NUMBER OF INTERSECTIONS: 2
LOWER CYCLE LIMIT: 90.00 SECS UPPER CYCLE LIMIT: 90.00 SECS
ARTERY 1S ENTERED FROM: WEST UNITS: ENGLISM

SOURCE ¢
WELIGHT OF EASTBOUND DIRECTION OF ARTERY (W(1)): 1.0000 o
WEIGHT OF WESTBOUND DIRECTION OF ARTERY (W(2)): 1.0000 o

¢ (O -- GIVEN: { -- COMPUTED FROM VOLUME INFORMATION)

NOTE : REGARDLESS OF THEIR SOURCES, THESE WEIGMTS WERE SCALED USING THE WITHIN ARTERY WEIGHTS FOR SINGLE ARTERY PROBLEM.
THESE WEIGHTS WERE SCALED USING BOTH WITHIN AND CROSS ARTERY WEIGHTS FOR NETWORK PROBLEM.

EASTBOUND WESTBOUND
DESION SPEED (MILES/HOUR) : 33.00 3%.00
TOLERANCES (MILES/HOUR) : 3.00 3.00
CHANGES BETWEEN LINKS (MILES/HOUR): 3.00 3.00

¢e¢ INTERSECTION VALUES ¢¢* '

EASTBOUND WESTBOUND
LEFT sPLiTS -~ - - = SPLITS - - -~ - QUEVE - - - =« SPLITS - - - - QUEUE
SIGNAL NODE SEQ. CHOICES CROSS STREET  SOURCE GREEN LEFY RED CLEARANCE GREEN LEFT RED CLEARANCE
No. NO. NO. 1234 ¢ NAME . - - - ( FRACTIONS OF CYCLE ) - - - = - - ( FRACTIONS OF CYCLE ) - - -
] 23 |} 0000 CARSON 1 0.€6923 0.0000 ©0.3077 0.0000 0.6923 0.0000 ©0.3077 0.0000
2 27 2 0000 TORRENCE 1 -0.6000 0.0000 ©.4000 0.0000 0.6000 0.0000 ©.4000 0.0000

¢ (0 -~ SPLITS GIVEN: 1 -- SPLITS COMPUTED FROM VOLUME AND CAPACITY INFORMATION)
NOTE: THE ABOVE SPLITS, REGARDLESS OF THELR SOURCE, HAVE BEEN MODIFIED ACCURDING TO ANY MINIMUM GREEN TIMES GIVEN.
4 (0 -- PATTERN NOT ALLOWED: f -- PATTERN ALLOVWED)

PATTERN { -- EASTBOUND LEFT LEADS GREEN: WESTBOUND LEFT LAGS GREEN
PATTERN 2 -~ EASTBOUND LEFT LAGS GREEN; WESTBOUND LEFT LEADS GREEN
PATTERN 3 -~ EASTBOUND LEFT LEADS GREEN: WESTBOUND LEFT LEADS GREEN
PATTERN 4 ~- EASTBOUND LEFT LAGS GREEN; WESTBOUND LEFT LAGS GREEN
MINIMUM GREEN TIMES FOR APPRUACHES -- FRACTIONS OF CYCLE
STGNAL NORTHBOUND SOUTHBOUND EASTBOUND WESTROUND
NO. THROUGH LEFT THROUGH LEFT THROUGH LEFT THROUGH LEFT
1 0.3000 0.0000 0. 3000 0.0000 0.3000 0.0000 0. 3000 0.0000

2 0. 3000 0. 1000 0.3000 0. 1000 0.3000 0.0000 0.3000 0.0000
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SIOGNAL LENGTH
NO. (FEET)

wmmemm-s  2230.00

2
SIGNAL NORTHBOUND
NO. THROUGH LEFT
1 326.00 0.00
2 402.00 44.00
SIGNAL NORTHBOUND
NO. THROUGH LEFT
1 3000.00 0.00
2 3000.00 1%00.00

se¢ LINK VALUES *¢*

EASTBOUND WESTBOUND
SPEED TOLERANCE LENGTH SPEED TOLERANCE
(MILES/HOUR)  (MILES/HOUR) (FEET) (MILES/HOUR) (MILES/HOUR)
3%.00 3.00 2230.00 3%.00 3.00
VOLUMES ON APPROACHES -- VEWICLES PER HOUR
SOUTHBOUND EASTBOUND WESTBOUND
THROUGH LEFT THROUGH LEFT THROUGH LEFT
608.00 0.00 912.00 0.00 312.00 0.00
168.00 24.00 936.00 0.00 3%6.00 0.00
CAPACITIES ON APPROACHES -- VEMICLES PER HOUR
SOUTHBOUND EASTBOUND WESTBOUND
THROUGH LEFT THROUGH LEFT THROUGH LEFT
4%00.00 0.00 3000.00 0.00 3000.00 0.00
3000.00 1500.00 3000.00 0.00 3000.00 0.00
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NAME OF ARTERY:
LOWER CYCLE LIMIT:

VEIOGMT OF

400 ARTERY § ooo

e** ARTERY WIDE VALUES ¢e¢

NUMBER OF INTERSECTIONS: 2

ANZA BLVD
90.00 SECS UPPER CYCLE LIMIT: 90.00 SECS
ARTERY 1S ENTERED FROM: VWEST UNITS: ENGLISH
SOURCE ¢
EASTBOUND DIRECTION OF ARTERY (w(1)): 1.0000 o
WEIGHT OF WESTBOUND DIRECTION OF ARTERY (W(2)): 1.0000 o

* (0 -- GIVEN:

1 -~ COMPUTED FROM VOLUME INFORMATION)

NOTE : REGARDLESS OF THEIR SOURCES, THESE WEIGHTS WERE SCALED USING THE WITHIN ARTERY WEIGHTS FOR SINGLE ARTERY PROBLEM.
THESE WEIGHTS WERE SCALED USING BOTH WITHIN AND CROSS ARTERY WEIGHTS FOR NETWORK PROBLEM.

SIGNAL NODE
NO. NO.
L} 24
2 28
NOTE:
SIGNAL
NO .

OESION SPEED
TOLERANCES
CHANGES BETWEEN LINKS (MILES/HOUR):

LEFY

SEQ. CHOICES

NO. 1234 +

CROSS STREET

NAME

1 0000 CARSON
2 0000 TORRENCE
* (O -- SPLITS GIVEN: 1 -- SPLITS COMPUTED FROM VOLUME AND CAPACITY INFORMATION)

EASTBOUND WESTBOUND
(MILES/HOUR) : 3%.00 3%.00
(MILES/HOUR) : 3.00 3.00
3.00 3.00
¢o¢ INTERSECTION VALUES e¢e*
EASTBOUND WESTBOUND
SPLITS - = = - SPLITS -~ - ~ - QUEVE - - - - SPLITS - - - - QUEUE
SOURCE GREEN LEFT RED CLEARANCE GREEN LEFTY RED CLEARANCE
. - = = { FRACTIONS OF CYCLE ) - - - - - - ( FRACTIONS OF CYCLE ) - - -
1 0.7000 0.0000 O0.3000 0.0000 0.7000 0.0000 0.3000 0.0000
1 0.%472 0.0000 O0.4%28 0.0000 0.3472 ©0.0000 O.4%28 0.0000

THE ABOVE SPLITS, REGARDLESS OF THEIR SOURCE, MAVE BEEN MODIFIED ACCORDING TO ANY MINIMUM GREEN TIMES GIVEN.

4 (O -~ PATTERN NOT ALLOWED: ¢ --

PATTERN 1
PATTERN 2
PATTERN 3
PATTERN 4

EASTBOUND LEFT LEADS GREEN:
EASTBOUND LEFT LAGS GREEN;
EASTBOUND LEFT LEADS GREEN;
EASTBOUND LEFY LAGS GREEN:

MINIMUM GREFN TIMES FOR APPRUOACHES --

NORTHBOUND
THROUGH LEFT
0.3000 0.0000
0.3000 0. 1000

PATTERN ALLOWED)

WESTBOUND LEFT
WESTBOUND LEFT
WESTBOUND LEFT
WESTBOUND LEFT

LAGS GREEN
LEADS GREEN
LEADS GREEN

LAGS GREEN

FRACTIONS OF CYCLE

SOUTHBOUND EASTBOUND
THROUGH LEFT THROUGH LEFT
0.3000 0.0000 0. 3000 0.0000
0.3000 0. 1000 0.3000 0.0000

WESTROUND
THROUGH LEFT
0.3000 0.0000
0.3000 0.0000
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LENGTH
(FEET)

-emee=-a  2230.00

NORTHBOUND
THROUGH LEFTY

242.00 0.00
426.00 93.00

NOR THBOUND
THROUGH LEFT

4000.00 0.00
4%00.00 1300.00

¢es LINK VALUES °*°**

EASTBOUND

SPEED TOLERANCE
(MILES/HOUR) (MILES/HOUR)

3%.00

3.00

WESTBOUND

LENGTH SPEED TOLERANCE
(FEET) (MILES/HOUR)  (MILES/HOUR)

2230.00 35.00 3.00

VOLUMES ON APPROACHES -- VEHICLES PER HOUR

SOUTHBOUND
THROUGH LEFT

274.00 0.00
712.00 128.00

CAPACITIES ON APPROACHES -- VEHICLES PER HOUR

SOUTHBOUND
THROUGH LEFT

3000.00 0.00
3000.00 1%00.00

EASTBOUND WESTBOUND
THROUGH LEFT THROUGH LEFT
1504 .00 0.00 322.00 0.00
1524 .00 0.00 668.00 0.00

EASTBOUND WES TBOUND
THROUGH LEFT THROUGH LEFT
3000.00 0.00 3000.00 0.00
3000.00 0.00 3000.00 0.00
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¢ecs MPCODE PERFORMANCE PLOT ¢¢*e

BEST OBJECTIVE FUNCTION VALUE » 3.2205%3 NUMBER OF BRANCH AND BOUND ITERATIONS = 214
BEST OBJECTIVE FUNCTION VALUE - 3.370391¢ uuué:n OF BRANCH AND BOUND ITERATIONS « 519
BEST OBJECTIVE FUNCTION VALUE » J3.4203%4 NUMBER OF BRANCH AND BOUND ITERATIONS = 3084
BEST OBJECTIVE FUNCTION VALUE = 3.932083 .NUMBER OF BRANCH AND BOUND ITERATIONS = 832
BEST OBJECTIVE FUNCTION VALUE = 3.932088 NUMBER OF BRANCH AND BOUND ITERATIONS = 936
BEST OBJECTIVE FUNCTION VALUE = 3.995796 NUMBER OF BRANCH AND BOUND ITERATIONS = 1921
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MPCODE MHAS BEEN SUCCESSFULLY COMPLETED.
A REPORT BASED ON THE OPTIMAL SOLUTION WILL BE WRITTEN.

eee MPCODE STATISTICS e¢e*e

NUMBER OF BRANCH AND BOUND ITERATIONS PERFORMED:

2306

NUMBER OF BRANCH AND BOUND REINVERSIONS PERFORMED:

MAXIMUM NUMBER OF ITERATIONS PERFORMED BY A LINEAR PROGRAM: 91
MAXIMUM NUMBER OF REINVERSIONS PERFORMED BY A LINEAR PROGRAM: [

NUMBER OF SOLUTIONS FOUND: ] VALUE OF OBJECTIVE FUNCTION AT LAST SOLUTION: 3.99%796

o
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THIS 1S A NETWORK PROBLEN.

NAME OF NETWORK: HAWTHORNE MINI
INTERSECTION NUMBERS AT ARTERY MEETINGS:

ARTERY
ARTERY
ARTERY
ARTERY
ARTERY
ARTERY

1 AND ARTERY
1 AND ARTERY
2 AND ARTERY
2 AND ARTERY
3 AND ARTERY
3 AND ARTERY

NETWORK WIDE CYCLE TIME:

J meey
2 MEET
3 MEET
4 WMEET
S MEETY
4 MEET

90.00

BANDWIOTHS ( FRACTIONS OF CYCLE

OBJECTIVE FUNCTION:

3.99379¢

AT
AT
AT
AT
AT
AT

®ees MAXBAND SOLUTION REPORT #eee

NUMBER OF INTERSECTIONS: 2

INTERSECTION
INTERSECTION
INTERSECTION
INTERSECTION
INTERSECTION
INTERSECTION

SECS

ARTERY ¢:

ARTERY 4:
ARTERY S:

Wb aN

IN ARTERY
IN ARTERY
IN ARTERY
IN ARTERY
IN ARTERY
IN ARTERY

EASTBOUND :
ARTERY 2: SOUTHBOUND:
ARTERY 3: SOUTHEBOUND:
EASTBOUND :
EASTBOUND :

AND
AND
ANO
AND
AND

WEANN a-

AT
At
AT
[ 34
AT
AT

0.3%07
0.2500
0.2500
0.6000
0.5472

INTERSECTION
INTERSECTION
INTERSECTION
INTERSECTION
INTERSECTION
INTERSECTION

¢ees BEST NETWORK SOLUTION ¢eee

WESTBOUND :
NORTHBOUND :
NORTHBOUND :

WESTBOUND :

WESTBOUND :

IN ARTERY
IN ARTERY
IN ARTERY
IN ARTERY
IN ARTERY
IN ARTERY

-—aeNNNN

0.3%07
0.2500
0.2500
0.6000
0.5472

ARaAaANG
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*ee ARTERY | *oe

NAME OF ARTERY: HAVTHORNE BL NUMBER OF INTERSECTIONS: S
ARTERY IS ENTERED FROM: WEST UNITS: ENGLISH

®e¢ ARTERY WIDE INFORMATION ¢¢°¢

CYCLE TIME: 90.00 SECS EASTBOUND BANDWIDTH (B(1)): 0.3%07 WESTBOUND BANDWIDTH (B(2)): 0.3%07
( FRACTION DF CYCLE ) ( FRACTION OF CYCLE )
EFFICIENCY(R): 3%.07 ATTAINABILITY(X): 86.47

(EFFICIENCY - AVERAGE FRACTION OF CYCLE LENGTH FOR PROGRESSION)
(ATTAINABILITY - AVERAGE FRACTION OF ARTERIAL MINIMUM THROUGH GREENS FOR PROGRESSION)

ALL PHASE STARTING TIMES ARE RELATIVE TO THE START OF GREEN IN THE EASTBOUND DIRECTION AT SIGNAL 1 IN ARTERY 1.
\

¢es INTERSECTION INFORMATION ¢*¢

STONAL NODE  SEQUENCE CROSS STREET LEFT TURN PATTERN  SIGNA
NO . NO. NAME

NO. SELECTED NO.
1 [ ] 1 CENTER WAY 1 1
2 ? 2 CARSON 2 2
3 8 3 DEL AMD CIRCLE 2 3
4 9 4 FASHION WAY
L] 10 S TORRENCE 4 S
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SIGNAL
NO.

DIRECTION

EASTBOUND
WESTBOUND

EASTBOUND
WESTBOUND

EASTBOUND
WESTBOUND

EASTBOUND
WESTBOUND

EASTBOUND
WESTBOUND

- - - -

BEGIN

ATS

.0183
.9183

.4180
.4180

.6340

GREEN -~ - - -~

END DURATION

.4028
. 5800

.3881
.488 ¢

. 1680
. 1680

.9483
.0483

0.4028
0.408%

0.4974
0.4974

0.6500
0.6300

0.73%00
0.7300

0.44%7
0.4144

.

** PHASE SETTINGS -~ FRACTIONS OF CYCLE *¢

- - - - LEFT - - - = e s e RED -~ -~ = = om e - BAND - - - - ~ - -
ADVANCED BY
QUEUE CLEAR
BEGIN  END DURATION BEGIN  END DURATION BEGIN  END DURATION 11ME
L0000 .171S  0.1713 .4028 .0000 ©.3972 .0000 .3%07 0.3%07  0.0000
.4028 .5800 O0.1772 .5800 .1715 O0.5915 .2292 .5800 0.3%07  0.0000
.4881 .S5881 ©.1000 .S881 .0908 0©.%5026 .1774 .5281 0.3507  ©.0000
.8908 .0908 ©.1000 .4881 .9908 O©.5026 .0308 .401S ©0.3507  0.0000
.%683 .6683 ©.1000 .6683 .0183 0.3500 .3176 .6683 0.3%07  0.0000
.9183 .0183 0.1000 .5683 .9183 0.3500 .9183 .2690 0.3%07  0.0000
0.0000 .1680 .4180 0.2%00 .4180 .7688 0.3507  0.0000
0.0000 .1680 .4180 0.2%00 .8173 .1680 0.3%07  ©.0000
.8027 .6340 0.1313 .9483 .5027 0.5%43 5658 .9165 0.3507  ©.0000
.9483 .Q483 0.1000 .0483 .6340 O.5856 .6658 .0165 0.3507  0.0000
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SIGNAL
NO. OIRECTION

1 EASTBOUND
WESTBOUND

2 EASTBOUND
WESTBOUND

3 EASTBOUND
WESTBOUND

4 EASTBOUND
WESTBOUND

L] EASTBOUND
WESTBOUND

STOGNA
NO.

* & @ N

ENTIRE ARTERY

- - - - GREEN - - - -

BEGIN END DURATION
0.0 36.2 36.2
15.4 82.2 36.8
8.2 $2.9 44.8
a9.2 43.9 44.8

1.¢ 60. ¢ 38.93
82.¢ 8.1 30.9

37.¢

J37.8 15.1 67.3

45.2 83.4 40.1

S7.¢

15.1¢ 87.3

4.3 37.3

¢ PHASE SETTINGS -- SECONDS ¢

- = = = LEFT
BEGIN

0.0 13.4
36.2 $2.2
43.9 32.9
89.2 8.2

S1.¢ 60.1

82.6 1.6
4.2 87. 4
8s.4 4.3

- - - -

END DURATION

15.4
135.9

° ®
Qo @

1.8

9.0

- - - -

BEGIN

36.2
92.2

52.9
43.9

60.1

9.1

15.¢
151

8% .4
4.3

RED

END DURATION

0.0
13.4

89.2

82.6

37.6
37.6

43 .2

$7.¢

** PROGRESSION TIMES AND SPEEDS °°¢

. - EASTBOUND - -~

PROGRESSION PROGRESSION
LENGTH TRAVERSAL TIME SPEED

(FEET) (SECS) (MILES/HOUR)
1120.00 15.96 47.83
----- 830.00 12.62 44 .85
----- $60.00 9.04 42.22
----- 840.00 13.30 43.07
3350.00 50.92 44 .86

LENGTH
(FEET)
1120.00
780.00
$60.00

840.00

3300.00

$3.

33.

43,
as.

3.

3.

22.

- . e -

8
2

22.%

49

$2.

- e e e e e BAND - - - - - - -
ADVANCED 8Y
QUEUE CLEAR
BEGIN END DURATION TIME
0.0 31.8 31.6
20.6 $2.2 31.8
16.0 47.3 3.6
4.6 36.1 31.6
28.6 60. 1 31.6
82.6 24.2 3.6
37.6 69.2 31.8 0.0
73.6 151 31.6 0.0
50.9 82.5% 3t.6
89.9 1.3 3t.6 0.0
- WESTBOUND - - -
PROGRESS 10N PROGRESSTON
TRAVERSAL TIME SPEED
(SECS) (MILES/HOUR)
16.06 47.%%
11.92 44 .60
9.09 42 .00
13.64 42 .00
0. 71 44 .37
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to

NAME OF ARTERY: HAWTHORNE BL

CYCLE LENGTH :

L} 2 3 4 L] 8
1234367890 1234387890 1234367890 1234367890 12345678901234%567890 12345678

90.00 SECONDS

TIME SCALE =
DIST. SCALE =

ee0e MAXBAND TIME-SPACE DIAGRAM ¢¢s*

3 SEC/CHAR
130 FT/LINE

1"

o
901234567890 123456789012345678901234%67890 ODISTANCE

fg[;g .m-cnunu-lsn---itgtﬁ' w:--ln--nt-n-h[EEEE WWWWW=srazexssunxsEECEE WHWWW = O FT
m' 'EEE-“"-""--M ‘ EEEsznensaravs=WWW EEEssansancnex-WiW EEE== 1120 FT
v E;E"-'-"-m EEE=manonasyWy EEE=nsumcveWiW EEE 19%0 FT

-0----;7 ) .' ” anmzaans aamasxen messuzen 2510 €T
vu-n---------a;tée:' - 'M-;------------estt WWWesnzessuasnsensEEEE WWWesseesassssnesfEEE 3380 FT

12345678901234567890 123456 7890 1234567890 1234567890 1234567890123456 7830123456 7890 1234567890 123456 78901234567890 DISTANCE

NODE ¢ ---> NODE 10: EASTBOUND DIRECTION (DOWN)
NODE 10 ---> NODE 6: WESTBOUND DIRECTION (uUp )
EASTBOUND BAND = 31.8 SECONDS AT 44.9 MILES/HOUR
WESTBOUND BAND = 31.6 SECONDS AT 44.4 MILES/HOUR

EEE EASTBOUND GREEN (DOWN)

WWW WESTBOUND GREEN (UP )
GREEN IN BOTH DIRECTIONS

==e  RED IN BOTH DIRECTIONS
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NANE OF ARTERY:

TORRENCE

ARTERY 1S ENTERED FROM: NORTH

CYCLE TIME:

EFFICIENCY(X):
(EFFICIENCY

$0.00 SECS

2%.00

¢4 ARTERY 2 *°¢

NUMBER OF INTERSECTIONS: 3
UNITS: ENGLISH

ee¢ ARTERY WIDE INFORMATION ¢¢¢

SOUTHBOUND BANDWIDTH (8(1)): 0.2%00

ATTAINABILITY(X):

( FRACTION OF CYCLE )

90.91

NORTHBOUND BANDWIDTH (8(2)): 0.2300

- AVERAGE FRACTION OF CYCLE LENGTH FOR PROGRESSION)
(ATTAINABILITY - AVERAGE FRACTION OF ARTERIAL MINIMUM THROUGH GREENS FOR PROGRESSION)

( FRACTION OF CYCLE )

ALL PHASE STARTING TIMES ARE RELATIVE TO THE START OF GREEN IN THE EASTBOUND DIRECTION AT SIGNAL 1 IN ARTERY 4.

SIGNAL

NO.

DIRECTION

SOUTHBOUND
NORTHBOUND

SOUTHBOUND
NORTHBOUND

SOUTHBOUND
NOR THBOUND

SIGNAL
NO.

- - - - OREEN - - - -

BEGIN

. 9990
. 1820

.%222
.6307

. 1307

.0307

END DURATION

.3%28
.4%528

.8807
.8807

.4307
.3307

0.3528
0.3000

0.3586
0.2500

0.3000
0. 3000

26
10
27

BEGIN

.9990
.3528

.4264

.4264

.3307

.0307

¢¢e INTERSECTION INFORMATION ee¢¢

SEQUENC
NO.

1
2
3

-~ LEFT

CROSS STREEY
NAME

ANZA

HAWTHORNE BL

MADRONA ST

END DURATION

. 1528
.4528

.6307
.5222

. 4307

. 1307

0. 1520
0. 1000

0.2043
0.0958

0. 1000

0. 1000

- - o =

BEGIN

.3%28
.4528

.8807
.8807

. 4307

.3307

LEFT TURN PATTERN

SELECTED

¢® PHASE SETTINGS ~- FRACTIONS OF CYCLE ¢¢

RED

1
3
2

END DURATION

.9990
- 1528

.8222

.6307

. 1307

.0307

0.6472
0.7000

0.6414

0. 7500

0.7000

0.7000

SIGNA
NO.

1
2
3

BEGIN

. 1028
. 1328

.6307

.6307

. 1690

.0424

END DURATION

.3528
.4028

. 8807

.8807

. 4190

.2924

0.2%00
- 0.2%00

0.2%00

0.2500

0.2500

0.2500

ADVANCED 8Y
QUEUE CLEAR
TIME
0.0000

0.0000

0.0000

0.0000

0. 0000

0 0000
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STGNAL

¢ PHASE SETTINGS -- SECONDS **

o« - ~OREEN + = = = =« + = LEFT = « = = o = =« RED = ~ =+ =« o = v o+ o BAND = = = = = = =
ADVANCED BY
. QUEUE CLEAR
NO. DIRECTION BEGIN END DURATION BEGIN  END DURATION BEGIN  END DURATION BEGIN  END DURATION TIME
1 SOUTHBOUND s9.9 318 3.8 89.9 138 138 31.8 899 %8.2 9.9 318 22.% 0.0
NORTHBOUND 19.8 40.8 270 1.8 40.8 9.0 4.8 13.8 630 3.8 36.3 22.% 0.0
2 SOUTHBOUND 4.0 179.3 32.3 B4 %68 8.4 719.9 41.0 51.7 s6.8 79.3 22.% 0.0
NORTHBOUND se.8 79.3 22.% 38.4 47.0 6.6 79.3 %6.8 67.% s6.8 19.9 22.% 0.0
3 SOUTHBOUND t1.8 388 270 29.8 38.8 9.0 3.8 11.8 63.0 1.2 2317 22.% 0.0
NORTHBOUND 2.8 298 27.0 2.8  11.8 9.0 29.8 63.0 3.8  26.3 22.% 0.0
*¢ PROGRESSION TIMES AND SPEEDS ¢
- - - SOUTHBOUND - - - - - « NORTHBOUND - - -
PROGRESS 10N PROGRESS1ON PROGRESS 10N PROGRE SS 10N
SIGNAL LENGTH TRAVERSAL TIME SPEED LENGTH TRAVERSAL TIME SPEED
NO. (FEET) (SECS) (MILES/HOUR) (FEET) (SECS) (MILES/HOUR)
1
“eme---e  2600.00 ar.54 7. N 2600.00 46.99 37.73
am======  2700.00 48.4% 38.00 2700.00 52 9% 34.77
3
ENTIRE ARTERY $300.00 9% .96 37.66 $300.00 99.94 36.16
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NODE
26

10

27
NODE

etee MAXBAND TIME-SPACE DIAGRAM oee¢

NANE OF ARTERY: TORRENCE TIME SCALE = 3 SEC/CHAR
CYCLE LENGTH : 90.00 SECONDS DIST. SCALE = 150 FT/LINE

2 4 L] 8 7 8 9 10 1"
1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234967890 1234867890 1234367890 DISTANCE

$55SS NNNerensrssanswsee=§$555S

. . . .

NNNzsssrexsrarrre2e5555G NNN-zxsszzraczr2r=2§558G NNNzezz2w OF?T

snsssnsnssnnnnenfCy sssesssessassnsanses§SS eszesnsesasssesnanen§SS

szzxssnenssesesnnswn§SS 2600 FT

wNNN §SSevnensernensnnneseNNN SSSrrunsasenanvenane=NNN GSSensevesnsrensnrxeNNN

§SSseenese 5300 FT

'23‘3618901234561090'23;567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1334567890 DISTANCE

NODE 26 ---> NODE 27: SOUTHROUND DIRECTION (DOWN)
NODE 27 ~-~> NODE 26: NORTHBOUND DIRECTYION (UP ) NNN NORTIROUND GREEN (UP )

SOUTHBOUND BAND = 22.% SECONDS AT 37.7 MILES/HOUR GREEN IN BOTH DIRECTIONS
NORTHBOUND BAND = 22.5 SECONDS AT 36.2 MILES/HOUR =zr  RFD IN ROTH DIRFCTIONS

SSS SOUTHROUND GREEN (DOWN)
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ses ARTERY 3 ooe

NAME OF ARTERY: CARSON NUMBER OF INTERSECTIONS: 23
ARTERY 1S ENTERED FROM: NORTH UNITS: ENGLISH '

se* ARTERY WIDE INFORMATION *¢¢

CYCLE TIME: 90.00 SECS SOUTHBOUND BANDWIDTH (B(1)): 0.2%00 NORTHBOUND BANDWIDTH (8(2)): ©.2%00
({ FRACTION OF CYCLE ) ( FRACTION OF CYCLE )
EFFICIENCY(X): 25.00 ATTAINABILITY(%): 90.99

(EFFICIENCY ~ AVERAGE FRACTION OF CVCLE LENGTH FOR PROGRESSION)
(ATTAINABILITY - AVERAGE FRACTION OF ARTERIAL MINIMUM THROUGH GREENS FOR PROGRESSION)

ALL PHASE STARTING TIMES ARE RELATIVE TO THE START OF GREEN IN THE EASTBOUND DIRECTION AT SIGNAL § IN ARTERY ¢,

*+s INTERSECTION INFORMATION ¢e¢°

SIGNA NOOE SEQUENC CROSS STREET LEFT TURN PATTERN  SIGNAL
NO. NO. NO. NAME SELECTED NO .
1 24 1 ANZA BLVD
2 7 2 HAWTHORNE BLVD 2 2
3 23 3 MADRONA BLVD

** PHASE SETTINGS -- FRACTIONS OF CYCLE °**

- =« « -~ GREEN - - - - - = = - LEFT =~ = - = - ==~ RED - - - - “ = e = - =+ BAND - - = = = - =

. ADVANCED BY

SIONAL ’ QUEUE CLEAR
NO. DIRECTION BEGIN END DURATION BEGIN END OURATION BEGIN END ODURATION  BEGIN END DURATION TIME
SOUTHBOUND .8868  ,2868  0.3000 0.0000 .2868 .9868 0.7000 .0000 .2%00 0.2%00 0.0000
NORTHBOUND .8868 .2868  0O.3000 0.0000 .2868 .9868 0.7000 .023% .273% 0.2%00 0.0000

2 SOUTHBOUND .8383 .8409 0.3026 .6883 .8409 0.1526 . 8409 .8383 0.6974 .5382 .7883 0.2500 0.0000

NOR THBOUND .4383 . 6882 0.25%00 .4383 .5383 0. 1000 .6883 .4383 0.7%00 .4383 .6883 0.2500 0.0000

3 SOUTHBOUND .9591 .2667 0.3077 0.0000 . 2667 .9591 0.6923 .0t67 .2667 0.2500 0.0000

NORTHBOUND . 9591 . 2667 0.3077 0.0000 . 2667 .9591¢ 0.6923 . 9591 . 2091 0.2500 0.0000



¢* PHASE SETTINGS ~-- SECONDS ¢

e e 2 -OGREEN - = -~ = = = = « LEFT = = =+ - o 2o RED - - - = = - c o BAND - - = - - - =

ADVANCED BY

| STaMAL QUEUE CLEAR
‘ NO. DIRECTION BEGIN END DURATION BEGIN  END DURATION BEGIN  END DURATION BEGIN  END DURATION TiME
1 SOUTHBOUND s8.s 138 270 0.0 25.8 ®8.8 63.0 00 22.% 22.% 0.0
NOR THBOUND s8.8 238 27.0 0.0 2.8 888 63.0 2.1 246 228 0.0
2 SOUTHBOUND 8.4 187 272 61.9 1857 137 1.7 a8.4 €2.8 4.4 1.9 22.8 0.0
NORTHBOUND 34 819 223 9.4 484 9.0 61.9 39.4 @7.8 9.4 619 22.% 0.0
' 3 SOUTHEOUND 86.3 240 27.7 0.0 240 863 62.3 1.8 240 22.9 0.0
o NORTHEOUND 86.3 240 27.7 0.0 24.0 86.3 62.3 86.2 8.8 22.% 0.0

1

¢ PROGRESSION TIMES AND SPEEDS ¢¢

- - - SOUTHBOUND - - - - - - NORTHBOUND - - -
PROGRESS1ON PROGRESSTON PROGRE SSTON PROGRESS TON
SIONA LENGTH TRAVERSAL TIME SPEED LENGTH TRAVERSAL TIME SPEED
~O. (FEET) (SECS) (MILES/HOUR) (FEET) (SECS) (MILES/HOUR)
'
eme-ceem  2700.00 a8 43 38.00 2700.00 82.67 34.9%
cmm———— 2400.00 43.08 38.00 2400.00 43.13 37.04

3
ENTIRE ARTERY $100.00 91.91¢ 38.00 $100.00 9% .80 36.30
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1 2 3 4 L [} 7
NODE 1234367890 1234367890 1234367890 1234567890 1234567890 1234367890 1234%6789012343678

24

NAME OF ARTERY:
CYCLE LENGTH

*0ss MAXBAND TIME-SPACE DIAGRAM ¢*+»

CARSON
90.00 SECONDS

TIME SCALE =

DIST. SCALE = 150 FT/LINE

3 SEC/CHAR

10 1"

.

séss-'h-nn-u.----nnc-;m

.o

NODE - 24 ~~-> NODE
NODE 28 ~-~--> NODE
SOUTHBOUND
NORTHBOUND

BAND =
BAND =

.

'ssss-n----nnu-.-.--n--w‘

§5SSrsnnennnnnassannnsNNN

25: SOUTHBOUND DIRECTION (DOWN)
24: NORTHBOUND DIRECTION (up )

22.8 SECONDS AT 38.0 MILES/HOUR
22.5 SECONDS AT 36.3 MILES/HOUR

SSS SOUTHBOUND GREEN (DOWN)
NNN NORTHBOUND GREEN (UuP )
GREFN IN BOTH DIRECTIONS

e=s RED

IN ROTH DIRECTIONS

901234567890 1234567890 1234567890 DISTANCE

O FVY

2700 FY

3100 FY

1234567890 1234567890 123456 7890 1234567890 1234567890 1234567890 12345678901234567890 1234567890 1234567890 1234567890 DISTANCE
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*e% ARTERY 4 o+

NAME OF ARTERY: MADRONA NUMBER OF INTERSECTIONS: 2
ARTERY 1S ENTERED FROM: WEST UNITS: ENGLISH

4o ARTERY WIDE INFORMATION ¢e¢

CYCLE TIME: 90.00 SECS EASTBOUND BANDWIDTH (B(1)): 0.6000 WESTBOUND BANDWIDTH (B(2)): 0.6000
( FRACTION OF CYCLE ) ( FRACTION OF CYCLE )
EFFICIENCY(X): 60.00 ATTAINABILEITY(%): 100.00

(EFFICIENCY - AVERAGE FRACTION OF CYCLE LENGTH FOR PROGRESSION)
(ATTAINABILITY - AVERAGE FRACTION OF ARTERIAL MINIMUM THROUGH GREENS FOR PROGRESSION)

ALL PHASE STARTING TIMES ARE RELATIVE TO THE START OF GREEN IN THE EASTBOUND DIRECTION AT SIGNAL 1 IN ARTERY ¢.

®o¢ INTERSECTION INFORMATION ¢

SIGNAL NODE  SEQUENCE CROSS STREET  LEFT TURN PATTERN  SIGNAL
NO.

NO. NO . NAME SELECTED NO.
1 23 1 CARSON
2 27 2 TORRENCE

*¢ PHASE SETTINGS -- FRACTIONS OF CYCLE *°

-~ - -GREEN - - = = -~ - - - LEFT - - == -~ =~ - RED = = = - = = = === BAND - - - - - - -
ADVANCED BY
SIGNA QUEUE CLEAR
NO. DIRECTION BEGIN END DURATION BEGIN  END DURATION BEGIN  END DURATION BEGIN  END ODURATION TIME
1 EASTBOUND  .8348 .%469 0.6922 0.0000 .8463 .8%46 0.3077 .914% .S14%  0.6000  ©.0000
WESTBOUND  .8348 .%469 0.6923 0.0000 .8463 .8546 ©.3077 .8870 .4870 0.6000  ©.0000
2 EASTBOUND  .4424 0424 0.6000 0.0000 .0424 .4424 0.4000 .4424 .0424 0.6000  0.0000

WESTBOUND L4424 .0424 0.6000 0.0000 .0424 .4424  0.4000 .4424 .0424 0.6000 0.0000
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SIGNAL
NO. DIRECTION

] EASTBOUND
WESTBOUND

2 EASTBOUND
WESTBOUND

ENTIRE ARTERY

** PHASE SETTINGS -- SECONDS ¢

- - - - GREEN -~ - - -~ . .- - LEFT - - - - - .- - RED - - - - e e e e e - - BAND - - = = e - -
ADVANCED BY
) QUEUE CLEAR
BEGIN END DURATION BEGIN  END DURATION BEGIN  END DURATION BEGIN  END ODURATION TIME
76.9 49.2 62.3 0.0 49 .2 76.9 21.7 82.3 46.3 %4.0 0.0
76.9 49.2 €2.3 0.0 49.2 76.9  21.7 79.8 s %4.0 0.0
39.8 3.8 %40 0.0 s 39.8 36.0 39.8 3.8 %40 0.0
39.8 N ] 54.0 0.0 3.8 3.8 36.0 39.8 3.8 %4.0 0.0
++ PROGRESSION TIMES AND SPEEDS **
- ~ ~ EASTHBOUND - - - - - - WESTBOUND - - -
PROGRESSION PROGRESSTON PROGRESS 1ON PROGRESS 10N
LENGTH TRAVERSAL TIME SPEED LENGTH TRAVERSAL TIME SPEED
(FEET) (SECS) (MILES/HOUR) (FEET) (SECS) (MILES/HOUR)
----- 2230.00 47.%1 32.00 2230.00 40.01 38.00
2230.00 47.%1 32.00 2230.00 40.04 a8.00
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s0s¢ MAXBAND TIME-SPACE DIAGRAM seee

NAME OF ARTERY: MADRONA TIME SCALE - 3 SEC/CHAR
CYCLE LENGTH : 90.00 SECONDS D1ST. SCALE = 150 FT/LINE
] 2 3 4 L] 6 7 ] 9 10 1"
NODE 12343687890 1234367890 1234387890 12345967890 1234367890 1234%678901234567890 1234567890 1234567890 1234567890 1234367890 DISTANCE
2% PPTTPTTITT) P rrTTT PP Tvas O FT
27 | cnnvssnesans’ ewsmemnancan " ewsessssazaa wssensessnss 2230 £t

NODE 1234367890 1234567890 12343678901234567890 1234567890 123456789012345678901234567890123456789012345678901234567890 DISTANCE

NODE 23 ---> NODE 27: EASTBOUND DIRECTION (DOWN) EEE  EASTBOUND GREEN (DOWN)
NODE 27 ---> NODE 23: WESTBOUND DIRECTION (UP ) WWW  WESTBOUND GREEN (UP )
EASTEOUND BAND = S4.0 SECONDS AT 32.0 MILES/HOUR GREEN IN BOTH DIRECTIONS

WESTBOUND BAND = 54.0 SECONDS AT 38.0 MILES/HOUR === RED IN BOTH DIRECTIONS
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*% ARTERY § #se

NAME OF ARTERY: ANZA BLVD NUMBER OF INTERSECTIONS: 2
ARTERY IS ENTERED FROWM: WEST UNITS: ENGLISH

4** ARTERY WIDE INFORMATION ¢¢¢

CYCLE TIME: 90.00 SECS EASTBOUND BANDWIDTH (B(1)): 0.%472 WESTBOUND BANDWIDTH (8(2)): 0.8472
( FRACTION OF CYCLE ) ( FRACTION OF CYCLE )
EFFICIENCY(X): S4.72 ATTAINABILITY(X): 100.00

(EFFICIENCY ~ AVERAGE FRACTION OF CYCLE LENGTH FOR PROGRESSION)
(ATTAINABILITY - AVERAGE FRACTION OF ARTERIAL MINIMUM THROUGH GREENS FOR PROGRESSION)

ALL PHASE STARTING TIMES ARE RELATIVE TO THE START OF GREEN IN THE EASTBOUND DIRECTION AT SIGNAL 1 IN ARTERY 1.

¢s¢ INTERSECTION INFORMATION ¢ee

SIGNA NODE SEQUENCE CROSS STREETY LEFT TURN PATTERN  SIGNAL
NO. NO. NO. NAME SELECTED NO.
1 24 1 CARSON
2 26 2 TORRENCE

¢* PHASE SETTINGS ~- FRACTIONS OF CYCLE °*°

~ <~ ~-GREEN - - = ~ = -~ = « LEFT =~ = = = =« =« RED = = = = ==« === = BAND - - - - - - -
ADVANCED BY
STONAL QUEUE CLEAR
NO. DIRECTION  BEGIN  END DURATION BEGIN  END DURATION BEGIN  END DURATION BEGIN  END DURATION TIME
EASTBOUND  .3210 .0210 0.7000 0.0000 .0210 .3210 0.3000 .4528 .0000 O0.3472  ©.0000
WESTBOUND  .3210 .0210 0.7000 0.0000 .0210 .3290 0.3000 .3420 .8892 0.%472  0.0000
2 EASTBOUND  .8974  .4446 0.5472 0.0000 ° .4446 .8974 0.4528 .8974 .4446 0.3472  0.0000

VESTBOUND .8974 .4446 0.5472 0.0000 .A446 .8974 0.4528 .8974 .4446 0.%472 0.0000
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STIGNAL
NO. DIRECTION BEGIN
1 EASTBOUND 28.9
WESTBOUND 28.9
2 EASTBOUND 80.8
WESTBOUND 80.8
SIGNAL
NO.
]
2

ENTIRE ARTERY

END ODURATION BEGIN

1.9
1.9

40.0
40.0

LENGTH
(FEET)

2230.00

2230.00

** PHASE SETTINGS -- SECONDS **
.. - - LEFT - - - -

END DURATION BEGIN

63.0 0.0 1.9 28.9
€3.0 0.0 1.9 28.9
49.2 0.0 40.0 80.8
49.2 0.0 40.0 80.8

¢* PROGRESSION TIMES AND SPEEDS *°
- = - EASTBOUND - - -

PROGRESSION PROGRESSTON
TRAVERSAL TIME SPEED
(SECS) (MILES/HOUR)
40.0¢ 38.00
40.01 38.00

- - - - neED

LENGTH
(FEET)

2230.00

2230.00

ADVANCED BY
QUEUE CLEAR
END DURATION BEGIN END ODURATION TIME
27.0 40.8 0.0 49 .2 0.0
27.0 30.8 80.0 49.2 0.0
40.8 80.8 40.0 49.2 0.0
40.8 80.8 40.0 49.2 0.0
- - - WESTBOUND - - -
PROGRESSION PROGRESSTON
TRAVERSAL TIME SPEED
(SECS) (MILES/HOUR)
40.01¢ 38.00

40.0¢ 38.00
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1 2 3
NODE  12343678901234%67890123436789012345678

24

26
NODE

¢s0% MAXBAND TIME-SPACE DIAGRAM ¢¢ee

NAME OF ARTERY: ANZA BLVD
CYCLE LENGTH : 90.00 SECONDS

4

TIME SCALE =
DIST. SCALE =~
7 8

3 SEC/CHAR
150 FT/LINE
10 "

5 6 9
901234567890 1234567890 1234567890 1234567890 123456789012345678901234367890 DISTANCE

sRETERSRS O FT

sswsnse 2230 FT

12343678901234567890 1234567890 1234567890 1234567830 1234567890 1234567890 1234567890 123456 789012345678901234567890 DISTANCE

NODE 24 ---> NOOE 26:
NODE 26 ---> NODE 24:

EASTBOUND BAND =
WESTBOUND BAND =

49.2 SECONDS AT 38.0 MILES/HOUR
49.2 SECONDS AT 38.0 MILES/HOUR

EASTBOUND DIRECTION (DOWN)
WESTBOUND DIRECTION (uP

EEE
www

EASTBOUND GREEN (DOWN)
WESTBOUND GREEN (uPr )
GREEN IN BOTH DIRECTIONS
RED IN BOTH DIRECTIONS
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NODE # ?

DIRECTION
SIGNAL 2 IN
ARTERY 1:
EASTBOUND
WESTBOUND
SIGNAL 2 IN
SOUTHBOUND

NORTHBOUND

ALL RED TIMES

DIRECTION
SIGNAL 2 IN
ARTERY 1:
EASTBOUND
WESTBOUND

SIGNAL 2 IN
ARTERY 3:

SOUTHBOUND
NORTHBOUND

ALL RED TIMES

ARTERY ¥ AND ARTERY 3 MEET AT INTERSECTION 2 IN ARTERY 1 AND AT INTERSECTION 2 IN ARTERY 3.

- =~ - GREEN - - - -

BEGIN

. 0908

. 9908
ARTERY 3:

. 5383

. 4382

END OURATION
.5881 0.4974
.4881 0.4974

.8409 0.3026
.6883 0.2%00

BEFORE ARTERY 3 PHASE:

- - = - GREEN - - - -

48.4
39.4

END DURATION
$2.9 44.9
43.9 44.0

8.7 27.2
81.9 22.%

BEFORE ARTERY 3 PHASE:

- - - - LEFT

BEGIN
.4881
.99%08

.688)

.4383

.9838

- - e -

END DURATION

.5881¢

.0908

.8409

-

.5383

. 4383

0. 1000

0. 1000

0. 1526
0. 1000

0.8343

BEGIN END
.5881 .09%08
.4881¢ . 9908

.8409 .5383

.6883 .4383

AFTER ARTERY

¢¢ PHASE SETTINGS -- SECONDS **

- -~ = - LEFT

BEGIN
43.9

89.2

61.9

39.4

$2.5%

END DURATION

52.9

8.2

79.7

48 .4

J39.4

9.0
8.0

13.7

9.0

76.9

- - - - Rep

BEGIN END
52.9 8.2

43.9 89.2

75.7 48 .4

61.9 39.4

®* PHASE SETTINGS -- FRACTIONS OF CYCLE *°

DURATION
0.5026
0.5026

0.6974

0.7500

3 PHASE:

DURATION
4% .2

45.2

62.8

67.95

AFTER ARTERY 3 PHASE:

.- - w wow e -

BEGIN
1774

.0%08

.5383

.4383

.8409

BEGIN
16.0

4.6

40 .4

39.4

75.7

END

.5281

. 4018

. 7883
.6883

. 9863

END
471.%
3.1

70.9

61.9

BAND - - - - - - -
ADVANCED BY
QUEUE CLEAR
DURATION TIME
0.3%7  0.0000
0.3507  0.0000
0.2500  0.0000
0.2500  0.0000
0.1456
BAND - - - - - - -
ADVANCED 8Y
QUEUE CLEAR
DURATION TIME
31.6 0.0
3.6 0.0
22.5 0.0
22.9 0.0
13.19




NODE # 10

OIRECTION
SIONAL 3 IN
ARTERY ¢:
EASTBOUND
WESTBOUND
SIGNAL 2 IN
SOUTHBOUND

NORTHBOUND

ALL RED TIMES --

- DINECTION
SIGNAL S IN
ARTERY §:

EASTBOUND

WESTBOUND

SIGNAL 2 IN
ARTERY 2:

SOUTHBOUND
NORTHBOUND

ALL RED TINES --

ARTERY 9 AND ARTERY 2 MEET AT INTERSECTION S IN ARTERY § AND AT INTERSECTION 2 IN ARTERY 2.

- = =~ ~ QREEN - - - -
BEGIN END ODURATION
.%027 9483 0.44%7
.8340 L0483 0.4144
ARTERY 2:
.8222 .8807 0.3%86
.8307 .8807 0.2%00

BEFORE ARTERY 2 PHASE:

- - - GREEN - - - -

BEGIN END DURATION
43.2 83.4 40.1
S7.1 4.3 37.9
471.0 79.3 32.3
56.8 79.3 22.8

BEFORE ARTERY 2 PHASE:

¢* PHASE SETTINGS ~~ FRACTIONS OF CYCLE ¢

- - . -

END OURATION

- - - - LEFT
BEGIN

.%027  .6340
.9483 .0483
.4284 .6307
.4284 .%222
.016% 4264

0.1313
0. 1000

0.2043
0.093%8

0.4099

BEGIN
.948)
.0483

.8807
.8807

END DURATION

.3027

.6340

.9222
.6307

0.9%43
0.3836

0.6414
0.7%00

AFTER ARTERY 2 PHASE:

¢ PHASE SETTINGS -- SECONDS *°

- - - - LEFT

BEGIN
43.2
as.4

38.4

38.4

1.5

END DURATION

87.1
4.3

%6.8
47.0

38.4

11.8
9.0

19.4
8.6

BEGIN
8s.4
4.3

79.3
79.3

RED

END DURATION

43.2
87.¢

47.0
56.8

49.9
$2.7

87.7
67.38

AFTER ARTERY 2 PHASE:

L L

BEGIN
. 5658
.6658

.6307
.8307

.8807

BEGIN
$0.9
$9.9

56.8

56.8

79.3

BAND

END DURATION

.916%

.0163

.8807
.8807

. 4709

0.3%07
0.3%07

0.2%00
0.23%00

0.%90¢

END DURATION

82.%
1.9

79.3

79.3

42 .4

31.6
31.6

22.3
22.%

53.1¢

- - . e e - o-

ADVANCED BY
QUEUE CLEAR
TIME
0.0000

0.0000

0.0000
0.0000

ADVANCED BY

QUEUE CLEAR
TIME
0.0

0.0

0.0
0.0
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NODE # 26

DIRECTION
SIGNAL 1 IN
ARTERY 2:
SOUTHBOUND
NORTHBOUND
SIGNAL 2 IN
EASTBOUND

WESTBOUND

ALL RED TIMES -~

DIRECTION
SIGNAL 1 IN
ARTERY 2:
SOUTHBOUND
NORTHBOUND

SIGNAL 2 IN
ARTERY &:

EASTBOUND
WESTBOUND

ALL RED TIMES -

ARTERY 2 AND ARTERY 5 MEET AT INTERSECTION

- - - - GREEN - ~ - -

BEGIN END DURATION

.9990 .3%28 0.3%28

. 1528 .4528  0.3000
ARTERY S:

.8974 .44468 0.5472

.8974 .44468 0.%5472

SEFORE ARTERY 5 PHASE:

80.8
80.8

END DURATION

31.8 3.8
40.8 27.0
40.0 49.2
40.0 49.2

BEFORE ARTERY 3 PHASE:

- - - - LEFT

BEGIN
.9990

.3328

.4528

- . - -

END DURATION

.1528  0.1%528
.4%28 0.1000
0.0000
©0.0000
.8974 0.4446

- e -

BEGIN
.3528
.4%520

.4446

.44486

*¢ PHASE SETTINGS -~ FRACTIONS OF CYCLE *°*

RED - - - -

END DURATION

,9990 0.6472
.1528 0.7000
.8974 0.4%28
.8974 0.4528

AFTER ARTERY S PHASE:

** PHASE SETTINGS -- SECONDS ** -

- « - - LEFVY

BEGIN
89.9

40.8

END DURATION

13.0 13.8
40.8 9.0
0.0
0.0
80.8 40.0

BEGIN
3.8

40.8

40.0

40.0

RED - - - -

END DURATION

89.9 58.2
13.8 63.0
80.8 40.8
80.8 40.8

AFTER ARTERY S PHASE:

BEGIN
. 1028
. 1528

.8974

.8974

.4446

BEGIN
9.3
13.8

80.8
80.9

40.0

1 IN ARTERY 2 AND AT lmiRSECYIUN 2 IN ARTERY S,

BAND -

END DURATION

.35280 0.2%00
.4028  0.2%00
.4446 0.3472
.4446 0.3472
.0000 ©0.5554
- - - BAND -

END DURATION

Jt.8 22.3
36.3 22.8
40.0 49.2
40.0 49 .2
0.0 %0.0

- - . - - -

ADVANCED 8Y
QUEUE CLEAR
TIME
0.0000

0.0000

0.0000
0.0000

ADVANCED BY
QUEUE CLEAR
TIME
0.0

0.0

0.0
0.0



NODE #» 27 ARTERY 2 AND ARTERY 4 MEET AT INTERSECTION 3 IN ARTERY 2 AND AT INTERSECTION 2 IN ARTERY 4.

** PHASE SETTINGS -- FRACTIONS OF CYCLE °**

- = = - GREEN -~ - - - - o = = LEFT - - - - - ==« RED - - - - - e e e v~ BAND - - - = - - -
OIRECTION ADVANCED B8Y
SIGNAL 3 IN QUEVUE CLEAR
ARTERY 2: BEGIN END OURATION BEGIN END DURATION BEGIN END DURATION BEGIN END OURATION TIME
SOUTHBOUND . 1307 .4307 0.3000 . 3307 . 4307 0. 1000 ' . 4307 . 1307 0.7000 . 1690 .4190 0.2%00 0.0000
NORTHBOUND .0307 .3307 O0.3000 .0307 L1307 0.1000 .3307 .0307 O0.7000 .0424 .2924 0.2%00 ©0.0000
SIGNAL 2 IN ARTERY 4:
EASTBOUND L4424 .0424  0.6000 0.0000 .0424 L4424 0.4000 .4424 .0424 0.6000 0.0000
WESTBOUND 4424 .0424 0.6000 0.0000 .0424 .4424 0.4000 .4424 .0424 0.6000 0.0000
! ALL RED TIMES -- BEFORE ARTERY 4 PHASE: L4424 .4424  0.0000 AFTER ARTERY 4 PHASE: .0424 .0424 0.0000
oo
w
' ¢¢ PHASE SETTINGS ~-- SECONDS *°*
- = = - GREEN - - - - - - - - LEFT - - - - - - - RED - - -~ - .= BAND - - - - - - -
DIRECTION : ADVANCED BY
SIGNAL 3 IN : QUEUE CLEAR
ARTERY 2: BEGIN END DURATION BEGIN END DURATION BEGIN END ODURATION BEGIN END ODURATION TIME
SOUTHBOUND 1.8 3.0 27.0 29.8 30.8 9.0 38.8 1.0 63.0 15.2 3r.? 22.% 0.0
NORTHBOUND 2.8 29.8 27.0 2.8 1.8 9.0 29.8 2.8 63.0 3.8 26.3 22.% 0.0
SIONAL 2 1IN
ARTERY 4.
EASTBOUND 39.0 3.8 %4.0 0.0 3.8 39.8 3.0 39.8 3.8 %4.0 0.0
WESTBOUND 39.8 3.0 %4.0 0.0 3.8 39.8 36.0 39.8 3.0 %4.0 0.0

ALL RED TIMES -~ SEFORE ARTERY 4 PHASE: 39.0 39.8 0.0 AFTER ARTERY 4 PHASE: 3.8 3.8 0.0
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NODE » 24

DIRECTION
SIGNAL 1 IN
ARTERY 3:
SOUTHBOUND
NOR THBOUND
SIGNAL 1t IN
EASTBOUND

WESTBOUND

ALL RED TIMES -~-

DIRECTION
SIGNAL 1 IN
ARTERY 3:
SOUTHBOUND
NOR THBOUND

SIGNAL 1 IN
ARTERY 3

EASTBOUND
WESTBOUND

ALL RED TIMES -~

ARTERY 3 AND ARTERY S MEET AT INTERSECTION

- o v - GREEN = =~ =~ =

B8EGIN

. 9868

. 9868
ARTERY §:

.3210

.3210

END DURATION

.0210
.0210

0.3000
0.3000

0. 71000

0.7000

BEFORE ARTERY 3 PHASE:

BEGIN
88 .8
es.8

END DURATION

1.9

27.0

27.0

€3.0

63.0

BEFORE ARTERY S PHASE:

** PHASE SETTINGS -~ FRACTIONS OF CYCLE *¢

o v w - LEFT = = = - - ...

BEGIN END DURATION BEGIN
0.0000 .2868
0.0000 .2068
0.0000 .0210
0.0000 .0210

. 3000 . 3000 0.0000

END

.3210

.3210

AFTER ARTERY

¢ PHASE SETTINGS -- SECONDS ¢*

- e - - LEFT - = = = - - - -
BEGIN  END DURATION BEGIN
0.0 25.8
0.0 25.8
0.0 1.9
0.0 1.9
27.0 27.0 0.0

RED

END
88.8

26.9

DURATION
0.7000
0.7000

0.3000

0.3000

S PHASE:

DURATION
63.0
6€3.0

27.0

27.0

AFTER ARTERY S PHASE:

1 IN ARTERY 3 AND AT INTERSECTION

- - -

BEGIN

.0238

.4528

.3420

BEGIN
0.0
2.1

40.8
30.8

1 IN ARTERY S,

- - - .-

BAND -~

END DURATION

. 2%00
.273%

. 8892

END
22.%
24.8

0.0

80.0

0.2%00
0.2%00

0.95472
0.5472

DURATION

22.9

22.9%

49 .2

49.2

ADVANCED BY
QUEUE CLEAR
TIME
©0.0000

0.0000

0.0000
0.0000

ADVANCED 8Y
QUEUE CLEAR
TIME
0.0

0.0

0.0
0.0
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DIRECTION
SIGNAL 3 IN
ARTERY 3:
SOUTHBOUND
NOR THBOUND
SIONAL ¢ IN
EASTBOUND

WESTHOUND

DIRECTION
SIGNAL 3 IN
ARTERY 3:
SOUTHBOUND
NORTHBOUND

SIGNAL ¢ 1IN
ARTERY 4:

EASTBOUND
WESTBOUND

ARTERY 3 AND ARTERY 4 MEET AT INTERSECTION 3 IN ARTERY 3 AND AT INTERSECTION

BEGIN
.9%91¢
9891

ARTERY 4:
.@%48
.e%48°

78.9
786.9

GREEN - - - -

END OURATION

.2667 0.3077
.2687 0.3077
.5469 0.8923
.8469 0.692)
OREEN - - - -
END OURATION
24.0 27.7
24.0 27.7
49.2 2.3
49.2 62.3

*¢ PHASE SETTINGS -- FRACTIONS OF CYCLE °*°*

- - - - LEFT

BEGIN

END ODURATION
0.0000
0.0000

0.0000
0.0000

BEGIN
.2667

. 2667

.3469
.85469

RED

END ODURATION

.9%89  0.6923
.9591  0.6923
.8%46  0.3077
.8546 0.3077

®¢ PHASE SETTINGS -- SECONDS ¢

- - - - LEFT

BEGIN

END DURATION
0.0

0.0

0.0

0.0

BEGIN
24.0
24.0

49.2
49.2

RED

END DURATION

88.3 62.3
86.9 62.3
76.9 27.7
76.9 27.7

- - -

BEGIN
.0167

.9591

.9148

.8870

BEGIN
1.5

86.3

82.3
79.8

1 IN ARTERY 4.

- - - - BAND -
END DURATION
.2667  0.2%00
.2091  0.2%00
.514%  0.6000
.4870  0.6000

- - - - BAND -
END DURATION
240 22.%
1m.s  22.%
6.3 %4.0
3.8 S4.0

ADVANCED BY
QUEUE CLEAR
TIME
0.0000

0.0000

0.0000
0.0000

ADVANCED BY

QUEUE CLEAR

TIME
0.0

0.0

0.0

0.0



sese SUMMARY OF MAXBAND BEST SIGNAL TIMING SOLUTION *°*°*°
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¢-[MASTER INTERSECTION] = INTERSECTION NO. [ CYCLE LENGTH = 90.00 SEC
INTERSECTION NO. ]

CENTER WAY AT HAWTHORNE BL

{N-S) (W-E)

- MAIN STREET - - CROSS STREETY - ~- BAND COURDINATES -- -~ QUEUE CLEARANCE --

PHASE NUMBER 1 2 3 4 OUTBOUND INBOUND OUTBOUND  INBOUND
NEMA MOVEMENTS 243 248 146 - - 448 BEGIN END BEGIN END
PHASE (SEC) 15.4 208 13.9 - - 371.8 0.0 31.6 206 %2.2 0.0 0.0
PHASE (%) 17.1 23.1 7.7 - - 42.0 0.0 3%5.t 22.9 S8.0 0.0 0.0
PIN SET (%) 100 / 0.0 17.1 40.3 - - %8.0 0.0 3%.9 22.9 S8.0
OFFSET POINT = 0.0 SEC { 0.0%). REFERENCED TO START OF PHASE NUMBER 1.
INTERSECTION NO. 7

CARSON AT HAWTHORNE BL

(N-S) (w-E)

- MAIN STREET -

PHASE NUMBER ] 2 3 ] s [ OUTBOUND INBOUND OUTBOUND  INBOUND
NEMA MOVEMENTS 146  24@ 248 447 48 38 BEGIN END BEGIN END
PHASE (SEC) 9.0 358 9.0 9.0 3.3 3.7 16.0 47.% 4.6 36.1 0.0 0.0
PHASE  (X) 10.0 39.7 10.0 10.0 1S.0 1%.3 7.7 %2.8 $.t 40.2 0.0 0.0
PIN SET (X) 100/ 0.0 10.0 49.7 %9.7 69.7 84.7 7.7 52.8 3.1 40.2
OFFSET POINT = 8.2 SEC ( 9.1%X). REFERENCED TO START OF PHASE NUMBER 1.
INTERSECTION NO. 8

DEL AMO CIRCLE AT HAWTHORNE BL

(N-S) (W-E)

~ MAIN STREET -

PHASE NUMBER . 1 2 3 4 OUTBOUND INBOUND OUTROUND  INBOUND
NEMA MOVEMENTS 146 246 2+3 - - 4+0 BEGIN END BEGIN END

PHASE (SEC) 9.0 49.5 9.0 - -~ 22,5 28.6 60.1 82.6 24.2 00 0.0
PHASE (%) 0.0 S$5.0 10.0 - - 2.0 3J31.8 66.8 91.8 26.9 0.0 0.0
PIN SET (%) 1000/ 0.0 10.0 65.0 - - 7.0 31.8 66.8 918 26.9

OFFSET POINT = 1.6 SEC ( 1.8%).

-~ CROSS STREET - ~- BAND COORDINATES --

~ CROSS STREET - <=~ BAND COORDINATES --

REFERENCED TO START OF PHASE NUMBER 1.

~- QUEUE CLEARANCE --

== QUEUE CLEARANCE --
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B L L L L L L T T

INTERSECTION NO. [ ]

FASHION WAY

(N-S)

-~ MAIN STREET -

PHASE NUMBER (]
NEMA MOVEMENTS - 2+8 -
PHASE (SEC) - e1.% -
PHASE (%) 7%.0 -

o0/ 0.0 0.0
37.8 SEC ( 41.8%).

PIN SET (%)
OFFSET POINT o

INTERSECTION NO. 10

TORRENCE

(N-S)

- MAIN STREET -

PHASE NUMBER ] 2 3
NEMA MOVEMENTS 248 16 1s¢
PHASE (SEC) 1.8 28.3 9.0
PHASE (%) 3.9 31.4 10.0
PIN SET (X) 100/ 0.0 3.1 44.8

OFFSET POINT = 45.2 SEC ( 9%0.3%).

D L L L T T T T N

INTERSECTION NO. 26

~ MAIN STREET -

PHASE NUMBER 1 2 3
NEMA MOVEMENTS . 248 248 138
PHASE (SEC) 3.8 8.0 9.0
PHASE  (X) 1%.3 20.0 10.0
PIN SET (%) 100/ 0.0 15.39 35.3

OFFSET POINT » 89.9 SEC ( 99.9%).

®ese SUMMARY OF MAXBAND BEST SIGNAL TIMING SOLUTION (CONTINUED) ¢eee

AT  HAWTHORNE BL
(w-€)

- CROSS STREET - ~= BAND COORDINATES --

2 OUTBOUND INBOUND
4+8 BEGIN END BEGIN END
22.3 237.¢ 69.2 73.6 15.1
2%5.0 41,8 76.9 81.7 16.8
735.0 41.8 76.9 8%1.7 16.8

REFERENCED TO START OF PHASE NUMBER 1.

AT  HAWTHORNE BL
(w-€)

-~ CROSS STREET -
4 L] L

~= BAND COORDINATES --
OUTBOUND INBOUND
347 348 448 BEGIN END BEGIN END
8.6 9.8 22.% S0.9 62.3% 59.9 1.5
9.6 10.9 25.0 56.6 91.7 66.6 1.7
84.6 64.1 79.0 56.6 91.7 66.6 1.7

REFERENCED TO START OF PHASE NUMBER ¢,

AT  TORRENCE

(N-S)
- CRUSS STREET - -~ BAND COORDINATES --
4 OUTBOUND 1NBOUND
448 BEGIN END BEGIN END

49.2 9.3 31.8 13.8 36.3
S4.7 10.3 35.3 15.3 40.3
45.3 10.3 35.3 15.9 40.3

LI I
LI R A ]

REFERENCED TO START OF PHASE NUMBER 1.

~= QUEUE CLEARANCE --
OUTBOUND INBOUND

0.0 0.0
0.0 0.0

-- QUEUE CLEARANCE --
OUTBOUND INBOUND

0.0 0.0
0.0 0.0

-~ QUEUE CLEARANCE --
OUTBOUND  INBOUND

0.0 0.0
0.0 0.0
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- -~ -

INTERSECTION NO. 27

MADRONA ST
(w-E)

- MAIN STREET -

PHASE NUMRER 1 2 3

NEMA MOVEMENTS 146 2:6 248
PHASE (SEC) 9.0 8.0 9.0
PHASE (%) 10.0 20.0 10.0
PIN SET (%) 100/ 0.0 10.0 30.0

OFFSET POINY = 9.8 SEC ( 13.1%).

INTERSECTION NO. 24
ANZA 8LVD
(¥-E)
‘ - MAIN STREET -~
PHASE NUMBER 1
NEMA MOVEMENTS - 248 -
PHASE (SEC) - 27.0 -
PHASE (%) - 30.0 -
PIN SETY (%) 100/ 0.0 0.0 -

OFFSET POINT » 88.8 SEC ( 98.7%).

T T Y

INTERSECTION NO. 23

e el L LT TR Y

MADRONA BLVD
(¥-€)

~ MAIN STREETY

PHASE NUMBER [}

NEMA MOVEMENTS - 2+8 -
PHASE (S€EC) - 27.7 -
PHASE (%) - 30.8 -
PIN SET (%) t00/ 0.0 0.0 -

OFFSEY POINT = 86.3 SEC ( 95.9%).

esee SUMMARY DF MAXBAND BEST SIGNAL TIMING SOLUTION (CONTINUED) **°¢

AT TORRENCE
(N-S)

- CROSS STREET - ~- BAND COORDINATES --

4 OUTBOUND INBOUND
438 BEGIN END BEGIN END
54.0 15.2 7.7 3.8 26.3
60.0 16.9 419 4.2 29.2
40.0 16.9 41.9 4.2 29.2

1t ¢ 3

REFERENCED TO START OF PHASE NUMBER 1.

AT CARSON
(N-S)
- CROSS STREET - «~=~ BAND COORDINATES --
2 OUTBOUND INBOUND
448 BEGIN END BEGIN END

63.0 0.0 22.3 2.1 24.6
70.0 0.0 25.0 2.4 27.4
30.0 0.0 2%.0 2.4 27.4

REFERENCED TO START OF PHASE NUMBER 1.

AT  CARSON
(N-S)

-~ CROSS STREET - ~~ BAND COORDINATES --

2 OUTBOUND INBOUND
- 4+8 BEGIN
- 62.2 1.9 24 .0 86.2 18.0
- 69.2 1.7 26.7 95.9 20.9
- 30.8 t.7 26.7 95.9 20.9

END BEGIN END

LN I ]

REFERENCED TO STARY OF PHASE NUMBER .

-~ QUEUE CLEARANCE --

OUTBUUND

0.0
0.0

INBOUND

0.0
0.0

~= QUEUE CLEARANCE --

OUTBOUND

0.0
0.0

INBOUNO

0.0
0.0

~= QUEUE CLEARANCE -~

OUTBOUND

0.0
0.0

INBOUND

0.0
0.0
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Appendix B

MAXBAND'S LOOP GENERATION ALGORITHM AND THE LOOP GENERATION PROCESS.

This appendix presents the details of MAXBAND'S loop generation
algorithm. Section 2.2.1.4 of MAXBAND Program Manual describes how this
information is stored in variables used in the formulation.

E.1 MAXBAND'S LOOP GENERATION ALGORITHM.

MAXBAND uses a modified version of PATON'S algorithm [1969]. The
differences between the original and modified algorithm are described
below.

(i) As opposed to Paton's original algorithm, the modified algorithm uses
the node with most links incident to it as the root of the spanning tree.
Such a node is called the highest degree node. This results in simpler
loop set in most cases.

(ii) The construction of the tree and cotree is completed before tracing
of loops is begun.

(iii) The links in the cotree are examined and if possible the loops are
further reduced to simpler ones.

The reason for placing more emphasis on finding simpler loops is that
their coefficients in formulation matrix will occupy less space.

E.1.1 The Algorithm.

Let
L = set of links of the network

N = set of nodes of the network

-3
L]

set of nodes already in the spanning tree

X = set of nodes not yet examined

r = root of tree
Initially T=¢and X = N
Steps:

1. let r = node having the maximum number of links incident to it;
break ties by selecting the node having bigger node number.

2. let T = {r}
3. Find TNX
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5,

5.

IFTNX = ¢ then go to step 7

let n = highest degree node in T N X; break ties by selecting
smallest node number

6. Consider each link (n,w) in L and act as follows:

(i) If W€ Tadd 1ink (n,w) to the cotree, if it is not already in the

tree or cotree.

(11) If W ¢ T add link (n,w) to tree and W to set T.

7.
8.

When all links (n,w) have been considered, remove current n from X
and go to step 3 above.

For euch link in the cotree, trace a fundamental loop.

For each link in the cotree starting from the second, attempt to
reduce the fundamental loop to smzller fundamental loop.

Note that in step 8 above, no attempt is made to reduce the first loop
since it is always the simplest.

E.2 How MAXBAND Finds Fundamental Set of Loops.

Consider the following network and its adjacency matrix.

1 1 1
2 1 1 1
3 1 1
4 1 1 1
= 5 1 1 1 1
6 1 1 1
7 1 1
8 1 1 1
9 1 1
- -l
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Note: orientation of arteries has no affect on the adjacency matrix.

E.2.1 Creating the spanning tree and cotree. (steps 1-6)

{¢]
{1' 2. 3’ u' 5’ 6’ 7’ 81 9}

-3
n "

The highest degree node is 5 which has 4 links incident to it, therefore,
let node 5 be the root of the tree.

{5}
{1' 2' 3' u’ 50 6l 7' 8’ 9}

"
"o

Stage 1:
ITNX=95 -—> ns=s>»5%

After considering links (5,2), (5,4), (5,6) and (5,8), the status of the
tree, cotree, T set and X set is as follows:

tree links in tree links in cotree
(2) 5-2 none
54
(W)—0E—©) 5-6
5-8
(®)

T = {2, u' 5’ 6l 8}
X=1{1, 2, 3, &, 69 T 80 9}
Stage 2:

TﬂX:{Z.u.ﬁ.s} ‘ n=2

After considering links (2,1), (2,3) and (2,5), the status of the tree,
cotree, T set and X set is as follows:

links in tree links in cotree

(3) 52 none
5t
(6) 56
5-8
2-1
2=3

)
(3)

OO [

T - {1' 2' 3' u’ 5| 6' 8}
X={1, 3 4 6, 7, & 9}

Stage 3:

ITNxX=1{1, 5 4 6, 8} wsi> n =4
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After considering links (4,1), (4,5), and (4,7) the status of the tree,
cotree, T set and X set is as follows:

tree links in tree links in cotree
(O——3) 5-2 4-1
5-4
(W—(E)—©) g—g
® @ 2-1
. 2=3
4.7
T= {’v 20 30 u’ 50 6v 7o 8}
X s {1' 3' 6. 7’ 8. 9}
Stage 4:

Tnx={1|3’6.7.8} @ 036

After considering links (6,3), (6,5), and (6,9), the status of the tree, cotree, T
set and X set is as follows:

tree links in tree links in cotree
5=2 4.1
o e 9 S5-4 . B 6-3
(WD)—0G)—©) g-g
O ©® © 2-1
2=-3
4.7
6-9
T H {1, 21 3, u, 59 60 70 8! 9]’
X = {19 39 T 8t 9}

Stage 5:
TNX=1{1,3 176 8 = n=38

After considering links (8,5), (8,7) and (8,9), the status of the tree,
cotree, T set and X set is as follows:

tree links in tree links in cotree

5«2 41

ggg o s
56 8=-7
5-8 8-9

D ©® ¢ 2-1
2«3
4.7
6-9
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T
X

{1’ 2' 3’ u' 5’ 6. 7’ 8’ 9}
{1, 3, 7, 9}

Stage 6:
TNX = {1, 3, 7, 9} => n=1

After considering links (1,2) and (1,4), the status of the tree, cotree, T
set and X set is as follows:

tree links in tree links in cotree
5=2 41
g g g 32 o
5=6 8=7
5-8 8-9
0 ©®© @ 2-1
2~3
4.7
6-9
T = {11 29 3v uo 50 6' 79 8' 9}
X= {3 7, 9}
- Stage 7:

TNX=1{3 7.9} = n=3

After considering links (7,4) and (7,8), the status of the tree, cotree, T
set and X set is as follows.

tree links in tree links in cotree
5=2 41
(O)——0) -2 e
(4) (5 )—(6) 5-6 8-7
5-8 8-9
H © O 2-1
2=3
47
6-9
T = {1' 20 3 uv 5 6! T 8, 9}
X = {70 9}
Stage 8:

TAX={7,9) == nz7

After considering 1links (7,4) and (7,8), the status of the tree, cotree, T
set and X set is as follows:



tree links in tree ' links in cotree

O—@ 5-2 4
& S
(D)—()—&) 5-6 8-7
5-8 8-9
O ® ¢ 2-1
2-3
47
6-9
T: {1’ 2’ 3. u, 50 61 7’ 8' 9}
X = {9}
Stage 9:

TNX=1{9) = n=9

After considering links (9,6) and (9-8), the status of the tree, cotree, T
set and X set is as follows: .

tree links in tree links in-cotree
(1) (2)—(3) 52 41
54 6-3
(4) (5)—(6) 5-6 . 8-7
5-8 . . 8-9
O © O 2-1
2-3
4.7
6-9
T= {1, 2, 3, 4 5, 6, 7, 8, 9}
X={¢}
Stage 10:
TNX=1{¢}

Since the x set is now null, the process of constructing the tree and
cotree is complete.

E.2.2 Tracing the fundamental set of loops. (Step 8)

Loop 1:

Loop 1 is generated by the first link (i.e., 4=1) in the cotree. The
process consists of appending links from the tree to the loop generating
link 4=1 until the loop is complete. If a loop is not found in one pass,
the outmost links are deleted and the tracing procedure is repeated.
Since the tree is destroyed in this process, the process uses a dummy tree
identical to the tree.
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Pass 1: Start from loop generating link 1-4
loop dummy tree

Step 1: 4-1 5-2
5-4
5=6
5-8
2-1
2=3
47
6-9

Step 2: T7-4=1 5=2
54
5=6
5-8
2-1 &
2-3
6-9

Step 3: 7T-b-1-2 5-2
5-4
56
5-8
2-3
© 6=9

Step: T7-4-1-2-3 5=2
5-4
5=6
5=-8
6-9

At this step, a loop is not formed and no more links can be added.
Pass 2: [Delete links (2,3) and (7-4) and repeat procedure.
loop dummy tree

Step 1: 4=1.2 5=2
Sl ®
56
5-8
6-9

Step 2: Seli=1=2 5«2
5-6
5-8 ¢#
6-9

Step 3: 8-5=l~1-2 5-2 #

5-6
6-9
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Step U4: B8-5-U4-1-2-5 : 5=6
6-9

Since 5 appears twice above, a loop is found and is obtained by deleting
1 ink 5-8‘ ’

Hence:
Loop 1 = S5<4-1-2-5
All other loops are traced in a similar fashion and are given below.
loop 2 generated by link 6-3 is 5-6-3-2-5
loop 3 generated by link 87 is 5=8=7=8-5
Loop 4 generated by link 8-9 is 6-5-8-9-6

Note that all the loops found are the simplest ones and, therefore, step 8
of algorithm will give the same set of loops.

E.2.3 Reducing the loops to 2 smaller size. (Step 8)

The loops obtained in previous sections for the example network were
the simplest. This may not be the case in general and the loops may be
reduced by the procedure given. This section illustrates two points. One
is mentioned above, namely the reduction of loops and the other is the
importance of selecting the lightest degree node as the root of the
spanning tree. ’

Consider the same example as given in section E.2. Let node 1 be the
root of the spanning tree instead of node 5. It can be verified by the
application of the algorithm illustrated in sections E. 2.1 and E.2.2 that
the tree, cotree and fundamental loops obtained are as follows:

tree links in tree links in cotree
(D)—(C)r—3) 1=2 4-5
1=4 5-6
» e © 2-3 7-8
2-5 8-9
O & @ 3-6
4-7
5-8
6-9
Loop generated by link 45 is 2-1=4-5=2
loop generated by link 5«6 is 5=2-5-6-3
Loop generated by link 7-8 i8 2~1=4=T=B=5=2
Loop generated by link 8-9 is 2-5-8-9-6=3-2

Note that loops generated by links (7-8) and (8-9), respectively, are not
the simplest. Now an attempt will be made to reduce their size.

First consider the loop generated by link (7=-8). It is 2=1=4=7=85-2.
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Consider all links in the cotree stored before link (7-8), starting from
the second. '

Step 1:

Consider the second link in the cotree i.e., 5-6 and check whether nodes §
and 6 are both in the loop being considered. Since they are both not in
the loop, go to step 2.

Step 2:

Consider the first link in cotree, i.e., 4~5. Since both nodes 4 and 5
are in the loop being considered, 1link 4-5 can reduce the 1loop.
Therefore, delete all nodes on the left of node 4 and all nodes on the
right of node 5 and copy node 4 as the last node to get the following
reduced loop U-7-8-5-4.

Now consider the loop generated by link (8=9). It is 2=5-8-9-6=3-=2.

Consider all links before (8-9). It is 2-5=8=9-6=3=2, Consider all 1links
before (8-9), starting from third.

Step 1:

Consider the third link in the cotree, i.e., 7-8. Since both nodes 7 and
8 are not in the loop being considered, go to step 2.

Step e:
Consider the second link in the cotree, i.e., 5-6. Since both nodes 5 and

6 are in the loop, the loop can be further reduced. The reduced loop will
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