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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 
or 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. Three-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 si1nal 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. 1 complete signal timing plan for each 

intersection is an output feature of the program. 

MAXBAND is a bandwidth optimization program, unlike TRANSYT-7F 

[Robertson, 19691 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 aequence optimization. Studies on arterial 

signal timin1 plans (Cohen 1983, Rogness 1981) have shown that left turn 
phase sequence optimization can substantially improve performance of 

signal timing plans. MAXBAND was ori1inally developed to optimize 
progression (maximize two-way bandwidths) along arterial streets and 
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triangular loops [Little and Kelson, 1980). HAXBAND uses a mixed-integer, 
linear programming formulation of signal systems originally presented by 
Little [19661 and later extended by Little [1977) for phase sequence 
optimization of multiphase arterial signal systems. 

HAXBAND 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 

characteristic,11 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, linear programming formulation of the 
optimization of a network-wide, signal timing problem is performed. The 

current program still uses Land and Powell's [19731 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 MAXBANO [Little and Kelson, 1980) provided the 
optimal solution of arterial problems or a single triangular loop 

consisting of three arterials. It permitted a maximum of 20 intersections 

on one arterial and a maximum or 16 intersections per arterial in a 

triangular network. The extended MAXBANO 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 program 

flexibility. 
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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 or 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 1eneral 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 oases may 

be treated by solving each or the independent subsystems and then 
combining the results.) 

2. lo ■ore 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 ■ore complex analysis.) 

3. Prior MADAND 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 HPCODE 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 (HAXBAND). 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. 1 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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,. A number or routines were modified to account for the fact that the 
number of arteries in a network is a variable. Similarly, 
expansion or the code to encompass a variable number or loops was 
also required. 

Figure 3 is a block diagram or 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 or 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 aet 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 ands. Powell. Details will follow. 

The OUTPUT Module was substantially revised in order to encompass the 

expanded requirements of a network and to embrace t.he IEMA convention. A 

design objective or the OUTPUT Module vas to provide compatibility with 

TRANSYTnF 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 

II. Provide generalization of prior code elements to deal with 

increased size and/or 1enerality. 

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

OPTIMIZATION 

The optimization formulation dravs on Little (1966.1977). The 

buic geometry 1• ahown 1n figure 4. 

Let 

b(b) 

s1 

r1<i1> 

•1<v1> 

• outbound (inbound) bandwidth (cycles). 

• 1th signal, i • l, ... ,n. 

• outbound (inbound) red time at s1 (cycles). 

• tiJDe from right (left) side of red at Si to 

left (right) edge of outbound (inbound) green 

band (cycles). 

t(h,i)[t(h,i)] • travel time from Si to Sh outbound [Sh to s1 
inbound] (cycles). 

♦ (h,1)[♦ (h,i)) • tiJDe 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 

ao that each is immediately to the left [right] 

of the aame outbound (inbound] green band. 

♦ (h,i)[♦ (h,i)) is positive if s1•• center of 

red lies to the right (left) of Sh~• (cycles). 

• tiae from center of ii to nearest center of r1 . 

Poait1ve if center of r1 is to right of center 

of ii (cycles). 

• queue clearance time, an advance of the outbound 

(inbound) bandwidth upon leaving Si (cycles). 

1'be fundamental equation for fOTmUlating the arterial problem 

ariaea from a physical conatraint. We derive it.with the help of 

fig. 4 by expressing the difference in time from (A) to (I) in two 
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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. 

tiae (A) to (B) • integer no. of cycles - ♦ (h,i) 

+ another integer no. of cycles+ Ai. 

Setting these tiaea equal. rearranging and coalescing the integers 

into a single variable, a(h,i): 

( l ) 

We call a(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 s1 and s1 to Sh form a loop and ( 1) states that the 

sum of times around the loop is an integer number of cycles. 

From figure 4 ve also read from (C) to (D). 

♦ (h,1) + (1/2)ri + w1 +ti• (l/2?rh + vh + t(h,i), 

and from (C) to (D) 

♦ (h,i) + (l/2)r1 + ;1 • (l/2)rh + ;h - Th+ t(h,i). 

Substituting ( 2) into ( l) to eliminate ♦ and i gives: 

t(h,i) + t(h,i) + (1/2)(rh + rh) + (wh + wh) 

- (l/2)(ri + ri) - (vi+ wi) - (ti+ Th)+ Ah - Ai 

• a(h,i). 

( 2a) 

( 2b) 

( 3 ) 

So far ve have required that s1 follow Sh in the outbound direc­

tion but this restriction 1• not necessary. For physical reasons we 

wish t(.) to satisfy 

t(h,j) • t(h,i) + t(i,j); 

whence, setting b • j, we ■hall require 
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t(i,h) • -t(h,1) 

and by a •1milar argument t(i,h) • -t(h,i). With these relations ( 2) 

and ( 3) hold for arbitrary Sh and s1 and 

♦ (h,1) • -•(i,h) 

■(h,j) • ■(h,i) + ■(i,j) , ■(h,1) • -s(1,h) 

along with corre•ponding exprea1ion■ for i. 
Rotation becomes simpler if the aignals are numbered aequential­

ly from 1 ton in the outbound.direction. Then define 

x1 • x(i,i+l) for x • t,t,■, ♦ ,i. 

Row ( 3 ) gives 

ti+ ti+ (wi + vi) - (wi+l + wi+l) + 61 - 61+1 

• -(1/2)(ri +ii)+ (1/2)(ri+l + ii+l> +(Ti+ Ti+l> + •1 • 

From fig. 4 we also aee that 

vi+ b ,! 1 - r1 

; + b < 1 - i . 
i - 1 

( 4 ) 

(Sa) 

(Sb) 

If for the ■oment we alao require b • b, ve can collect ( 4 ") on ( S) 

into a basic llixed inteaer linear program for aettina arterial 

signals. 

Jl!: Find b, b, w1 , v1 , ■1 to 

aax b 

Subject to 

- 13 -
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(wi + w1) - (wJ+l + wi+l) + (tj +ti)+ hj - Ai+l 

• -(l/2)(r1 + ri) + (l/2)(ri+l + ri+l) 

+(ti+ Ti+l) + mi , 1 • l, ••• ,n-1 

m1 • integer 

i • l, ... ,n 

LPl has 3n constraints, 2n + 2 continuous variables and n - 1 unr~­

stricted integer variables. 

We next turn our attention to a generalization that permits tla· 

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 necessarv to 
I • 

&ive the traffic engineer the ability to specify which combination of 

leads or lags in each direction will be pennitted. 

Figure 5 shows the four possible patterns of left turn green 

phases. Let 

gi(gi) • outbound (inbound) green time for through traffic 

at s1 (cycles). 

t 1(i1) • time allocated for outbound (inbound) left turn ~reen 

at S. (cycles). 
l 

R • common red time in both directions to provide for 

cross street movements (cycles) . 

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

we have (see Figure 7): 

and 

Moreover we can express ~1, the time from the center of r1 to the next 
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center of r 1 • in terms of t 1 and i 1 for each case as follows: 

Pattern ~ 
1 -(1/2) (11 + ii} 

2 (1/2) (ti + ii) 

3 -(1/2)(11 - ii) 

4 (1/2)(11 - ii} 

All of these can be expressed 1n the form: 

61 • (1/2)((261 - 1)11 - (261 - l)i1J 

where 61 and 61 are 0-1 variables and the previous cases are now 

picked out by 

Pattern ~ 61 

l 0 l 

2 l 0 

3 0 0 

4 l 1 

( 6 ) 

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 61 and 61 to enforce the 

requirements. For example, if only patterns 1 and 2 are permitted 

the constraint 61 + 11 • 1 is added. 

Notice that under some circumstances, for instance, vehicle 

activated left tum arrows, the time allocated to left tum green 

aay not all be used. That is all right; the program makes no require­

aent that the green arro,,,,. 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 
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11anipulating tlw Tat:fo of fnhound to outhound handwidth. For example, 

this Tatio m:fght fw i:wt to th~t of tJw two flows. Such a requ:frement 

is easily built into tll<' LP as a con~tTaint. How<:Vt•r, in 111ak:fng Onl' 

green band laTgl'r than the.• otht•r, we can nc>vc-r make> it larger than the 

smallest green in that direction. Once thi,; :fs achieved, it is 

foolish to restrict the opposite direction further just to satisfy the 

ratio. Therefore we speak of a target ratio. Let 

k • targc-t ratio of inbound to outbound bandwidth. 

For the case of k' l (outbound favored) we can set up the objective 

function and ratio constraint as 

max b + kb 

subject to 

b ~kb. 

The k > l case is also accommodated if we change the formulation to 

max b + kb 

(l - k)h ~ (1 - k)kb. ( 7 ) 

Fork• 1, the inequalities ( 7) must be replaced b; h • b. 

A further set of ~eneralizations is possible. One of the most 

important is to lP.t siznal period (cycle length) and speed be vari­

ables. Each ~ill be constrained by upper and lower limits~ In 

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

limited. 

Let 

T • cycle length (signal period)(seconds). 

z • 1/T • signal frequency (cycles/second). 

T1,T2 • lower and upper limits on cycle length, i.e. 

T1 .!. T .!, T2 (seconds). 

d(h,i) [d(h,i)]• distance between Sh and Si outbound (inbound) 

(meters). 
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di• d(1,1+1), di • d(i, 1+1) 

e1,f1(e1,i1) • lower and upper limits on outbound (inbound) 

■peed (aetera/aecond). 

l/h1 ,l/g1 (1/h1 ,l/g1) • lower and upper liaita on change in outbound 

(inbound) reciprocal ■peed, i.e., 
-1 

1/hi !. (1/vi+l)-(1/vi) !. 1/gi (meters/sec) • 

Ve are constraining change in ■peed by putting upper and iower limits 

on change in reciprocal apeed. Altho"'h the tvo 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 ti. Thus 

( 8 ) 

In the expanded formulation, t 1 , t1 , and z are decision variables 

which, once known, determine progression speeds. 

We add to LPl all these generalizations to yield a ■ore versatile 

mixed-integer linear program: 

LP2. Find b; b, z, w1, t 1 , t1 , 61 , i 1 , • 1 

subject to to ■ax b + kb 

(1 - k)b !, (1 - k)kb 

l/T2 !. z .!. l/T1 

v_i + _b !. 1 - _ri } 

w1 + b !. 1 - r1 

1 • 1, ... ,n 

(wi + vi) - (wi+l + vi+l) + (ti + ti) + 6111 - 6111 

- 61+111+1 + ii+lii+l - •1 

• (ri+l -.r1) + (T1 + Ti+l> , 1 • l, ••• ,n-1 

(d1/f1)z ~ t 1 ~ (d1/ei)z} 

(cli/fi)z ~ii~ (cii/ei)z 
1 • 1, ... ,n-1 
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(~/~i)z !. (di/di+l)~i+l - ~i !. (di/~i)z} 

(di/hi)z !. (di/di+l)ti+l - ti!. (di/gi)z 

•• £. z. •1• ;1, t1• ~1.?. o 
■1 :nteger 

•1•610.1 

where if k • 1 (9) 1• replaced by b • b. 

( 14a) 
i• 1, ... ,n-2 

( 14b) 

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. In addition, it the user decides to require or prohibit 

certain left turn patterns, constraints on 8 i and i 1 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 tor 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 tor the within 
artery bandwidth constraint (equation 9) of LP2. 

In 1eneral9 the loop constraint is &iven by 

where 'iJ is the oftaet tor link (i,j) in loop Land nL is the loop 
integer. The derivation of the loop constraints will be explained using 

an example loop &iven in figure 6. The loop constraint will be developed 
assumin1 that the loop is traversed in 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 l 

1 

artery 3 

artery 2 

Figure 6: Example loop formed by 4 arteries. 
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Let 

A i,j = time between reds at an intersection for arteries i and j; and 
, i,j = time from the center of an outbound red at Si to the center of 

a particular outbound red at si+1 for artery j. 

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

♦ 1,1 + '2,1 + '3,1 + 94,1 + A1,2 
+ ♦ 1,2 + 92,2 + A2,3 

+ 91,3 + A3,4 
+ 91,4 + 92,4 +A4,1 

= DL 

For 1th the signal of artery art, th,art is given by: 

t1,art = Cr1,art>l2 - Cr1+1,art>l2 + W1,art - W1+1,art 
+ ti ,art - 'f 1+1 ,art 

Substituting equation 16 into equation 15 and simplifying yields: 

[Cr1,1)/2 - (r5,1)/2 + W1,1 - W5,1 + t1,1 + t2,1 + t3,1 + t4,1 

- T2,1 - T3,1 - T4,1 - T5,1l 
+ [Cr1,2)/2 - Cr3,2>12 + w,,2 - W3,2 + t1,2 + t2,2 - T2,2 - T3,2l 

+ [Cr1,3)/2 - Cr2,3)/2 + W1,3 - W2,3 + t1,3 - T23l 
+ [Cr1,4)/2 - Cr3,4)/2 + W1,4 - W3,4 + t1,4 + t2,4 - T2,4 - T3,4] 

+ [ A1,2 + A2,3 + A3,4 + A4,1l 
= nL 

(15) 

(16) 

C 17) 

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 tour such intersections. Figure 7 illustrates the four possible left 

turn patterns where: 

11 = green split in outbound direction on artery 1; 
11 = left split in inbound direction on artery 1; 

12 = green split in outbound direction on artery 2; 
12 = left split in inbound direction on artery 2; 
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a 12 A 

Case 1: artery 1 

artery 2 

11 a 82 A 

Case 2: artery 1 

artery 2 

11 11 a 12 A 

Case 3: artery 1 

artery 2 

11 a 12 .A 

Case 4: artery 1 

artery 2 

Figure 7: The tour left-turn phase patterns for a loop corner. 
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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: A 1,2 = (15, 1 - i 1 ,2)/2 + (1-A+a)/2 

case 2: A 1,2 = Ci 5, 1 + i 1,2)/2 + (1-A+a)/2 

Case 3: A 1 ,2 = - cI5, 1 + 1,,2>12 + (1-A+a)/2 

Case 4: A 1,2 = - <Is, 1 - 1,,2>12 + ( 1-A+a) /2 

This can be written in a comprehensive form as: 

Similarly, we can get!:. 23, A 34 and!:. 41 which are given below. 

A2,3 = -[(2• &1,3-1>•i 1,3 - (2• i3,2 - 1)•1 3,2]/2 + (1-A+a)/2 

A3,4 = -[(2• 11,4-1)•11,4 - (2• 62,3 - 1)•i2,3]/2 + (1-A+a)/2 

and 

Define 

then 

inter(1,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. 

A 1,2 + A2,3 + A3,11 + A4,1 can be rewritten by combining all the terms 
for artery art together as 

- 23 -



4 

% -cc2•"81nter(1,art) - 1)•i1nter(1,art) 
art=1 

- <2*61nterc2,art> 
4 

+ % ( 1-A+a)/2 

art=1 

1>•11nter(2,art)]/2 

(18) 

Now using the variable inter defined above, simplifying and substituting 

equation (18) into (17) yields: 

repeat for 

art = 1, .•• , 4 

repeat for 
art= 1, ... , 4 

let 

nL 

[ 
- W1nter(1,art) + W1nter(2,art) 

- tinter(1,art) - • • • - t1nter(2,art) - 1 

= 

(rinter(1,art))/2 + Cr1nter(2,art))/2 

- Tinter(1,art)+1 - • • • - Tinter(2,art) 

~inter(1,art)*1inter(1,art) + c11nter(1,art))/2 

• + 6 interC2,art)•11nter(2,art) - ciinter(2,art)>12 
+ (1-A+a)/2 (19) 

AR= all-red time 

~=all-red time allocation variable defined on the interval (0,1] 

where 
AR: a+A: 1-g1_11 -g2 _12 

If 

a = (1-Y)*AR, then A = Y*(AR) 

also 

I= r-R 

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

final loop equation for our example. 
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repeat tor 
art= 1, ••• , 'I 

repeat tor 
intersection . , ..... . 

repeat tor 
art= 1, ••. , !I 

nL 

- Vinter(1,art) + V1nter(2,art) 

- tinter(1,art) - • • • - t1nter(2,art) - 1 
+ l1nter(1,art)•\nter(1,art) 
- I 1nter(2,art)• Rinter(2,art) 

[ + Yinteraeotion•IAR intersection> 

= 

"1nter(1,art) - I inter(2,art) 

- T1nter(1,art) + 1 - • • • - T1nter(2,art) (20) 

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

repeat tor 

art= 1, •••• II 

repeat tor 
lnt.eraection 

• 1, •••• " 

nL 

- Vinter(1,art) + Winter(2,art) 

- t1nter(1,art) - • • • - t1nt.er(2,art) - 1 
it inter(1,art) < tnt.er(2,art) -

+ t1nter(1,art) + • • • + t1nter(2,art) - 1 
tr 1nter(1,art) > tnt.er(2,art) 

+ I 1nter( 1 ,art)• itnter( 1,art) 
- l1nt.er(2,art.)•ftnter(2,art) 

[ + Y lnteraeot1on•<&1interhotionl 

• 
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repeat for 

art= 1, ••. , 4 

rinter(1,art) - inter(2,art) 

- rinter(1,art) + 1 - • • • - inter(2,art) 
if inter(1,art) i inter(2,art) 

+ r1nter(1,art) + 1 + • • • + inter(2,art) 
if inter(1,art) > inter(2,art) (21) 

?be incorporation of all-red time variable ( "Y), in the loop constraint 

deriYed above, impl ici tl y assumes that the 1 abel s "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= 1, ..• , 4 

report for 

intersection 

= 1, ••• , " 

repeat for 

art = 1, ••• , 4 

Revised, Jan. 1987 

nL 

Winter(1,art) + Winter(2,art) 

- t1nter(1,art) - • • • - tinter(2,art) - 1 
if inter(1,art) i inter(2,art) 

+ tinter(1,art) + • • • + tinter(2,art) - 1 
if inter(1,art) > inter(2,art) 

+ linter(1,art)• inter(l,art) 

- l1nter(2,art)• inter(2,art) 

+ "Yintersection•CARintersection> 
if definition of arterials at an intersection 

matches with loop orientation 

+ (t-"Y)intersection•CAR1ntersection> 
otherwise 

= 

r1nter(l,art) - 1nter(2,art) 

- r1nter(l,art) + 1 - • • • - • 1nter(2,art) 
if inter(l,art) i inter(2,art) 

+ r1nter(1,art) + 1 + • • • + 1nter(2,art) 
if inter(l,art) > 1nter(2,art) 
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1be 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 'inter' 

defined and used previously must be expanded and two more variables 

defined. 1bese 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 s.ubscript is 1 to 

intra(7, 11 oo p). 

subscript 2: Loop number. 

intgam(7, iloop) contains the number of al 1-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•CARintersection> is used in loop 
equation. A negative value implies that the term to be used in 

loop equation is (1-'Y) intersection'CAR1ntersection>• 

1bus all variables in the loop except the all-red time variables are 

described using subscripts, namely inter and intra, and the all-red time 

v aria bl e 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 amd appendix A of volume 3. 
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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. 

(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. SJch 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. 

(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 the technological coefficient matrix (A matrix) will 

occupy less space. 

The Algorithm 

Let 

L = set of links of the network; 

H = set of nodes of the network; 

T = set of nodes already in the spanning tree; 

X = set of nodes not yet examined; and 

r = root of tree. 

Initially T =; (null set) 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 T n X; 

4. IF T n X = then go to step 7; 

5. Let n = first element in T n X; break ties by selecting small est 

node number; 

6. ronsider each link (n,w) in Land act as follows: 

(1) If WC Tadd link Cn,w) to the cotree, if it is not already in the 

tree or cotree. 

(11) If W f Tadd link (n,w) to tree and W to set T. 
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Yhen 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 

a. 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 .Q! Variables Used In Matrix Generator 

(MATGEN) Module 

The loop identified using the steps or the algorithm given in previous 

sections is stored in terms or node identification numbers. For example, 

the loop for the network drawn in figure 7 wil 1 be A-B-C-D-E-F-G-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 points before attempting to store 

data in appropriate variables. The reduced loop for our example will be 
-

A-E-G-H-A. 1he information can now be stored in the variables inter and 

intra described previously. These variables will have the fol lowing 

values: 

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

inter(l,1,1) = 1 intrc1(1,1) = 1 

inter(2,1,1) = 5 

inter( 1, 2, 1) = 1 intra(2, 1) = 2 

inter(2, 2, 1) = 3 
inter C 1, 3, 1 ) = 1 intra(3,1) = 3 
inter(2,3, 1) = 2 

inter ( 1, 4, 1) = 1 intra(4,1) = 4 

inter(2,4,1) = 2 

For further description, refer to chapter 2 or volume 3. 
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CALCULATION QE OBJECTIVE FUNCTION WEIGHTS~ 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 or 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 1; 

LRAT(i) • left turn traffic ratio of volume to saturation capacity 
in direction 1; and 

i • OUT, IN, OUTC, INC• outbound main, inbound main, outbound 
cross street, inbound cross street. 

The procedure calculates 
MAIN• ux(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= ■ax(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 
-----------
MA IN+ CROSS 

(fraction of cycle) 

cc= ____ c .... R __ os __ s ___ = total time allocated to cross street 

MAIN+ CROSS 

(fraction or cycle) 

Let 

Then 

L(OUT) [L(IN)] = outbound [inbound] left split; and 
G(OUT) [G(IN)] = outbound [inbound] through split. 

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 or (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 

Control program (MAXBAND) 
Input program (INPUT) 
Matrix generator (MATGEN) 

Optimization code (MPCODE) 

Output program (OUTPUT) 

100 
6,050 

3,375 
2,675 

4,ooo 
16,200 

The control program (HAXBAND) 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 len&ths, 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, auch 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 them 
(which may be different in each direction), and the names of their 

intersections. 
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3. Green splits .2!: traffic flow.!!!!! 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 program will 

calculate green splits using Webster's formula. 

q_ !:!fl 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 vi th 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~ 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. In 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: 
subject to: 
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where xis an n-vector of variables whose values are sought. c is an n­
Yector of objective function coefficients, A is an m x n matrix or 

coefficients, b ts 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, c, and J. These will change as the traffic problem changes. It 
is necessary to have a generalized program, called the matrix generator, 

which will take the traffic input data and convert it into the appropriate 

Yectors 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 round 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 problem 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 

aolution xs s 3.7 but xs is really supposed to be an integer variable. We 
can partition the set of all solutions to the true mixed integer problem 

into those tor which x5 ,S 3 and those tor which x5 ~ 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 aets x5 a 3 (or 4 as 
the case may be). Proceeding onward we eventually get a solution with all 
tbe required variables integer. The objective function can be compared 



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 1s a specialized job beyond the 
scope of this project. Therefore, MPCODE (which was previously being 
used) has been retained. 

OUTPUT 

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 ftVolume II: MAXBAND 
User's Hanualft. 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 section, 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 

III. [MPCODE PERFORMANCE PLOT] and MPCODE STATISTICS 

IV. MAXBAND SOLUTION REPORT 

[Repeat for each artery-Artery 1 through Artery NJ• 
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 
NEMA ■ovement numbers 

MAXBAND END 

• Unique tor NETWORK 
problems, which 
includes triangle 
and 1rid-type 
signal networks. 

C l Means optional 
outputs. 

Figure 8. Functional structure or the MAXBAND output. 
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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 HAXBANO 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 

tractions 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 HAXBANO BEST SIGNAL 

TIMING SOLUTION, represents the detailed signal controller pin-settings 

for every intersection in the study network. The revised NEHA numbers, 
similar to that used in the Traffic Control Systems Handbook are used to 

identify the MAXBAND best signal timing solutions tor each signalized 

intersection in the network. A detailed HEMA 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 Il§! 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 Ne~work Data and Run" of 

this Yolume. The arterial street examples 1 and 2, and the signalized 
network examples 3 and q are further described in detail in volume 2. 

The example problems are illustrated in •chapter q: 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 9. 

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 ■oat basic features of 

MIXBAND for solving tbe apecial o■se of triangle network in the 

signalized network. Thia triangle network used to be referred as the 

•1oop problem• in the previous MAXBAND documentations. Fi1ur~ 11 shows 
tbe triangle signalized network. 
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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 HAXBAND 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 HAXBAND 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 HAXBAND 86 program with several test example problems. The computer 

used was the Texas A&H University's Amdahl 470 V6 and VB 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 statistics for the four test networks. 

As illustrated, the computer run time statistics using 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. 

- 38 -



-.o 
c..> 

t 
North 

L, 

.g 
Ill 
C: -:a 

Figure 9: Broadway, Cambridge, Massachusetts. 
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Figure 11: The Attleboro triangle network. 
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Table 1. Comparison or mixed integer optimization runs. 

Number Size Number 
or Rows x Integer 

Number 
or 

Run Time Statistics 

Branch Optimal 

and Itera-
Problem Signals Columns Variables Solutions Bound tions CPU Sec.• 

1 

2 

3 
4 

• Note -

5 

11 
4 

11 

45 X 25 

111 X 60 

44 X 37 
110 X 94 

4 

15 

5 

28 

1 

5 

4 

6 

36 

3796 
386 

2306 

36 

2819 
215 

1921 

2.73 
184.81 

7.24 

122.75 

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 tor 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 tor program execution. This 

■easurement may vary depending on the total computer system loading 

conditions. 

- 113 -



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. 



••••• MAXBAND -- MAXIMAL BANDWIDTH TRA,,1c SIGNAL TIMING OPTIMIZATION PROGRAM ••••• 

•••• MAXBAND INPUT CARDS•••• 

ctNt HAWnaNE ■I.VD MINl·NITWOIIIC, LO! ANGELES, CA. 
START 0 
NPCOOE tOOOOO too 200 100 
SUUPN 9 9 HAWTHORNE MINI 
NETWIIIC 90 90 
ctNt •••••••••••••••••••••• HAWTHORNE BL••••••••••••••••••••••••••••••••••• 
SETUP !I 3 150 w HAWTHORNE BL 
ART2 0 t t 4!1 3 3 49 3 3 
MAP • ' CENTER WAY 
vou• 292 0 , .. 0 1400 132 ,ae 154 
CAPACITY '200 o tooo 0 6000 2400 6000 1500 
MINGREEN .29 0 .25 0 .25 . 10 .25 . 10 
LENGTH t050 1120 
LEFTPAT t t ' ' •P ., 2 CARSON 

.e- VOllaE 214 31 472 t20 t922 34 831 112 
CAPACITY 3000 t!IOO 3000 t!IOO 6000 1!500 6000 2400 

"' MINGttHN .2!1 . 10 .25 .10 .30 .10 .30 .,o 
I LENGTH 1120 180 

LEFTPAT t t t t 
•P I 3 DEL AND CIRCLE 
VOlUME 30 0 t94 0 1894 0 808 90 
CAPACITY 3000 0 3000 0 6000 2400 6000 2400 
NINGREEN .29 0 ,25 0 .25 . 10 .25 .10 
LENGTH 830 560 
LEFTPAT t t t ' NAP • • FASHION WAY 
VOLlaE ,. 0 0 0 2032 0 198 0 
CAPACITY 3000 0 0 0 6000 0 6000 0 
NINGRHN .2!1 0 0 0 .25 0 .25 0 
LENGTH 560 840 
NAP to !I TORRENCE 
VOLUME 348 104 122 200 1938 120 192 132 
CAPACITY 3000 t!IOO 3000 1!500 6000 2400 8000 2400 
NINGRHN .2!1 0 . 25 0 .25 . to .25 .10 
LENGTH 1140 1370 
LEFTPAT t t t ' C1lla •••••••••••••••••••••• TORRENCE BLVD•••••••••••••••••••••••••••••••••• 
SETUP 3 3 150 N TORRENCE 
ART2 0 t t 3!1 3 3 35 3 3 
NAP 28 ' ANZA 
VOLlaE 428 13 Tt2 1211 1!124 0 861 0 
CAPACITY 4900 t!IOO 3000 1500 3000 0 3000 0 
NINOREEN .30 . to .30 .,o .30 0 .30 0 
LENGTH 2800 
UFTPAT ' t ' t 
NAP 10 2 HAWTHORNE BL 
VOLUME 348 to• 822 200 1936 1,0 192 '32 
CAPACITY 3000 1500 3000 1500 6000 2400 6000 2400 
NINGIIEEN . 2!1 0 .25 0 .25 . 10 .25 .10 
LENGTH 2700 2600 
lEFTPAT t I ' I 
NAP 21 3 MAORONA ST 
VOLUME 402 •• 1611 24 936 0 356 0 
CAPACITY 'ltlnn •"'lO 3000 1~00 3000 0 3000 0 



~ 
Q\ 

I 

........ 
UNGfH 
UHPAf 
coaa 
SltlllP 
A•T2 
••P 
UNQTH 
VOlUMf 
ClPlClfY 
MINORHN .. ., 
lU«aTH 
VOLUME 
CAPACITY 
MINGRtEN 
LIFTPAf .... 
UNGTH 
VOl.lME 
CAPACITY 
MINORHN 
coa 
Sf:TUP 
AIIT2 
MAP 
UNGTH 
Wt.UM£ 
CAPACITY 
MINOIIHN .... 
UNGTH 
vut. .. 
CAPACITY 
MINGRHN 
c­
SETUP 
ART2 .... 
UNGfH 
VOLUME 
ClPlCITY 
MINORHN 
••P 
UNQTH 
VOLUME 
CAPlClfY 
NINORHN 
END 

.30 . t0 .,o . to .30 
2100 

t t ' t 

0 .30 0 

•••••••••••••••••••••• c••sON BlW •••••••••••••••••••••••••••••••••••• 

0 
3 3 t!IO N ClllSON 
t t3!1 3 339 3 3 .. ' 

1100 
242 0 ,.,. 

•ooo o 3000 
.30 0 .30 

., 2 
1•00 2700 

21• a •n 
3000 1900 3000 

.25 . ,o .2!1 

' ' t 29 3 ... 
3000 

.30 

2400 
0 608 
0 4!100 
0 .30 

0 l!ICM 
0 3000 
0 .30 

0 322 
0 3000 
0 .30 

0 
0 
0 

120 1822 ,. 838 t ti 
t900 6000 t900 6000 2400 

. to . 30 . to . 30 . to 

0 911 
0 3000 
0 .30 

0 312 
0 3000 
0 .30 

0 
0 
0 

ANZA BLVD 

HAlffHOtlNt BLVO 

MADRONA BLVD 

•••••••••••••••••••••• MADRONA llW ••••••••••••••••••••••••••••••••••• 
2 3 ISO If .. DRONA 

0 I t39 3 339 3 3 
29 t ClRSON 

IH 
3000 

·'° 21 

0 -o •!loo 
0 .30 
2 

0 912 
0 3000 
0 .30 

2230 
~ •• , .... 938 

3000 t!IOO 3000 1900 3000 
.30 .to .30 .to .30 

•••••••••••••••••••••• lNZA BLVO 
2 3 t!IO 

0 I t 39 3 3 .. ' .. , 
•ooo 

.30 
H 

0 • .,. 
0 3000 
0 .30 
2 

0 ,.,. 
0 3000 
0 .30 

1230 
•a •:t 111 ,n 1924 

•900 t!IOO 3000 1900 3000 
. 30 . 10 . 30 . to . 30 

2230 
0 3t2 
0 3000 
0 .30 

0 
0 
0 

0 3H 0 
0 3000 0 
0 .30 0 

tOIHtENCE 

•••••••••••••••••••••••••••••••••••••• 
39 3 

2230 
0 322 
0 3000 
0 .30 

0 ... 
0 3000 
0 .30 

If 
3 

0 
0 
0 

0 
0 
0 

lNZA BLVD 

ClRSON 

fotlMNCE 

•••• VARNINQ •••• THI fOTll o, SPLITS GIVEN ,oR THt MtETING o, lRTERIES t lND 3 
(INTERSECTION 2 IN lllTERY t ANO INTERSECTION 2 IN lllT£RY 3) 
IS LESS TMAN ONE CYCLE 
(THEIi£ IS All REO TIME o, 0.0000 CYCLES). 

•••• lflRNING •••• THI: TOTAL Of' SPLITS GIVEN tOR THI: MEETING o, ARTERIES t lNO 2 
(INTERSECTION 9 IN ARTERY t AND INT(IIS[CTION 2 IN ARTERY 2) 
IS LESS THAN ONt CYCLE 
(THEIi£ IS All 11£D TIME o, 0.0000 CYCLES). 

••••WARNING•••• THI: fOfAl Of: SPLITS GIVEN ,OR THI: MEETING OF ARTERIES 2 ANO 9 



~ 
-.J 

(INTERStCTION I IN ARTERY 2 ANO INTERSECTION 2 IN ARTERY 9) 
IS LtSS THAN ONt CYCLE 
(THERE IS ALL RED TIME OF 0.0000 CYCLES). 

•••• WAIINING •••• T..: TOTAL OF SPLITS GIVEN FOR THE MEETING OF ARTERIES 2 AND 4 
(INTERSECTION 3 IN ARTERY 2 AND INTERSECTION 2 IN ARTERY 4) 
IS LESS THAN ONE CYCLE 
(THERE IS ALL REO TIME OF 0.0000 CYCLES). 

••••WARNING•••• THE TOTAL OF SPLITS GIVEN FOR THE MEETING OF ARTtRIES 3 AND 9 
(INTERSECTION 1 IN ARTERY 3 ANO INTERSECTION t IN ARTERY 5) 
IS LESS THAN ONE CYCLE 
(THERE IS All RED TIME OF 0.0000 CYCLES). 
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•••• MAXBAND IM'UT DATA SUMIIIIARY •••• 

NAXI- •ANCH AND BOUND ITERATIQNS (MAXRBB) 
•AXI- BRANCH ANO BOUND REINVERSIIJNS (MAXIBB) 
•••- LINEAR PROGRAM ITERATIONS (MAXITR) 
UXI- LINEAR PROGRAM REINVERSIONS (MAXINV) 

HSTART: 0 
SWITCH : t 

(0 -- JOB IS NOT A RESTART: 
(0 •• 00 NOT PRINT PERFORMANCE PLOT; 

l•EDMD VALUH DF TOLERANCES ARE : 

TOI. t • 0. tOOE-09 
TOL I • 0. tOOE-04 
TOL 3 • 0.300£-0S 
TOL • • 0.300£-04 
TOL 9 • 0. tOOE •04 
TOL 8 • 0. tOOE •04 
TOL 1 • O. tOOE-04 

••• IIPCOOE VALUES••• 

100000 
too 
200 
too 

JOB IS A RESTART) 
•• PRINT PERFORMANCE PLOT) 

MJ TOLRN CARD. l•tOOED VALUES OF TOLERANCES Will BE USED. 

THIS IS A NETiallC PROBLEM. 



"' 0 

I 

••• N!TWORK WIDE VALUES••• 

,_. OF NHIIOllll: HAW1'HOIINE MINI 

wrcatT o, an1•11s: 

AfllltY ' I 
•• , ... I I 

A•THY I 
.. THY • 
.. THY I 

.O (NOT USED) 

.O CNDT USED) 

.O CNDT USf:D) 

.O (NOT USf:D) 

.O (NOT USED) 

NUIIIIIIER OF INTERSECTIONS 
NUMBER OF llNl<S 
LOVER CYCLE LIMIT (SECS) 

SOURCE• 

0 
0 
0 
0 
0 

• (0 •• GlvtN: t •• COMPUTED FROM VOLUME INFO .. ATION) 

LOUP(SJ IN Tftl NITIIUtltl 
(SYNTHETIC LOOPCS) CONSIOIRIO IN THI LOOP-CLOSURE CONSTRAINT 

• to 
90.'00 

Fu■ THI SIGNAL N!TWORIC. as EXPRESSED IN SERIES OF NOOE NUMBERS) 

LOUP t 

LOUP I 

I 

I 

, u 21 to 

, 21 21 to 
• 
9 

• 
I 

NUMBER OF ARTERIES 
NI.JM8£R OF LOOPS : 
UPPER CYCLE LIMIT (SECS): 

9 
2 
90.00 



l/1 .... 
I 

••• ARTERY t ••• 

••• ARTERY WIDE VALUES••• 

NAM£ OF ARTERY: HAWTHffllNE Bl NUMBER OF INTERSECTIONS: 5 
LOWER CYCLE LIMIT: 90,00 SECS UPPER CYCLE LIMIT: 90.00 SECS 

ARTERY IS ENTERED FROM: WEST UNITS : fNOll SH 
SOURCI: • 

Wl:IQHT OF EASTBOUND DIIKCTION OF ARTERY (W(I)): '.0000 
'.0000 

0 
0 WflOHT OF WESTBOUND DIRECTION OF ARTl:RY (W(2)): 

• (0 •- GIVEN; t -- CONPUTl:D FRON VOLUME INFORMATION) 

NOTI: REUIIDl.ESS a, THl:IR SOURCES, THESE WEIGHTS WEAi: SCALED USING THI: WITHIN ARTERY WEIGHTS FOR SINGLE ARTl:RY PROBLEM. 

SIGNAL 
NO. 

t 

2 

3 

41 

9 

NODE SEO. 
NO. NO. 

• t 

., I 

I , 
• 41 

10 I 

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

DESIGN SPl:ED (MILES/HOUR): 
TOLERANCES (Mlll:S/HOUR): 
CHANGES BETWEEN LINICS (MILES/HOUR): 

USTBOUNO 

•s.oo 
3.00 
3.00 

••• INTl:RStCTION VALUES••• 

EASTBOUND 

LEFT SPLITS - - - - SPLITS•• - • 
CHOICl:S CROSS STRHT SOURCE GREEN LEFT RfD 

QUEUE 
CLEARANCE 

12341 • NANI: • • • • ( FRACTIONS OF CYCLE ) - - -

"" CENTl:R WAY ' o.•0211 o.nus 0.!1912 0.0000 

"" CARSON t o.•su o. tooo O.!I026 0.0000 

tttt Dtl AIIID CIICU I 0.6500 o. 1000 0.3900 0.0000 

0000 FASHION WAY t 0.7500 0.0000 0.2500 0.0000 

tttt TORRENCE t 0.41.!11 o. 1313 0.95413 0.0000 

WESTBOUNO 

•s.oo 
3.00 
3.00 

WESTBOUND 

····SPLITS··· • 
GREEN LEFT RED 

QUEUI: 
CLEARANCE 

• • • ( FRACTIONS OF CYCLE ) • • • 

o.•oH o. ,112 0.591!1 0.0000 

0.419U 0.1000 0.!1026 0.0000 

0.6900 O. tOOO 0.3900 0.0000 

o. 7500 0.0000 0.2500 0.0000 

0.41tU O. tOOO 0.5158 0.0000 

• (0 •• SPLITS GIVEN: t ·• sPLITS C~ED FROM VOLtaf AND CAPACITY INFORMATION) 

NOTE: THE A110VE SPLITS, REGARDLESS OF THEIR SOURCE, HAVE BEEN IIIOOIFIED ACCORDING lO ANY MINIMUM OAEEN TIMES GIVEN. 

♦ 0 (0 •• PATTERN NOT ALLOWED; t •• PATTERN ALLOWED) 

PATTERN t 
PATTERN 2 
PITHAN 3 
PATTERN 4 

EASTBOUND LEFT LEADS GREEN 
£A5TROllNO lfFT LAGS GRFFN 
(ASIROUNO lfFT LEAOS GAfFN 
EASTBOUND LEFT LAGS GAEFN 

wrsTBOUNO I HT UGS GRrFN 
WF S HIOUNI) I HT l£ All5 GAFf N 
W[SIROIINO LHT LFAOS GArFN 
WESlROUNI> Llff LAGS GRUN 



MINIIIUN GREEN TIMES FOR APPROACHES -- FRICTIONS OF CYCLE 

SI-I. NIIIITHBOUND SOUTHBOUND EASTBOUND WESTBOUND 
NO. THROUGH LEFT THROUGH U:FT THROUGH LEFT THROUGH LEFT 

t 0.2900 0.0000 0.2900 0.0000 0.2900 0. tOOO 0.2900 o. tooo 

I 0.2900 o. tooo 0.2900 o. tooo 0.3000 o. tooo 0.3000 o. tooo 

t 0.2900 0.0000 0.2900 0.0000 0.2900 o. tooo 0.2!100 o. tOOO 

• 0.2900 0.0000 0.0000 0.0000 0.2!100 0.0000 0.2900 0.0000 

9 0.2900 0.0000 0.2900 0.0000 0.2!100 o. tooo 0.2!100 o. tooo 

••• LINIC VALUES••• 

EIST80UND WEST8CJIN> 

"' SI-I. UNOTH SPEED TOURINCt UNOTH SPEED TOLERANCE N ..,_ (FEET) (MILES/HOUR) (MIU:S/HOUR) (FEET) (MIU:S/HOUR) (MILES/HOUR) 
I 

t -------- ,,20.00 .,.oo 3.00 tt20.00 .,.oo 3.00 
I -------- 130.00 .,.oo 3.00 110.00 '9.00 3.00 
I -------- H0.00 .,.oo 3.00 980.00 .,.oo 3.00 • -------- 1•0.00 .,.oo 3.00 1•0.00 .,.oo 3.00 
9 

WI.UMES ON APPROACHES -- VEHICLES PER HOUR 

SI-I. NaltTHBOUND SOUTHBOIN> EASTBOUND W!ST80UND 
ND. THROUGH uFT THROUGH LEFT THROUGH LEFT THROUGH un 

t 212.00 0.00 t81.00 0.00 ••oo.oo t32.00 1116.00 11•.oo 
I 21•.oo 31.00 ..,2.00 t20.00 t622.00 , •. 00 138.00 tt2 .00 

I 30.00 0.00 19•.oo o.oo tl!l8 •. 00 0.00 8011.00 90.00 

• tl.00 0.00 0.00 0.00 2032.00 0.00 11911.00 0.00 

9 3411.00 to•.oo 822.00 200.00 t936.00 '20.00 1192.00 t32 .00 
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••• ARTERY 2 ••• 

••• ARTERY WIDE VALUES••• 

NA9'E Of' ARft•Y: fOltlttNCt NUMBER OF INTERSECTIONS: 3 
LOWE. CYCLE llMlf: 90.00 SECS UPPER CYCLE LIMIT: 90.00 SECS 

ARTE•Y IS tNtERtD FIIOM: NORTH UNITS: ENGLISH 
SOURCE • 

wt IGHt 0, SGUfl4IOUNI) Dr•rcflON o, IRftH (W( t H: t .0000 
t.0000 

0 
0 WEIGHT o, NORTHBOUND DIRECTION OF ARTERY (W(2)): 

• (0 -- GIVEN: 1 -- COIIIPUftD FROM YOLUIIIE INFORMATION) 

NDft REGARDLESS o, THEIR SOURCES. THESE WEIGHTS WERE SCALED USING THE WITHIN ARTERY WEIGHTS FOR SINGLE IRTERY PROBLEM. 
THESE WEIGHTS WERE SCALED USING 80TH WITHIN IND CROSS IRTERY WEIGHTS FOR NETWORK PROBLEM. 

DESIGN sPEtD (MIUS/HOURJ: 
TOLERANCES OIILES/HOUR): 
CHANGES 8EfWEEN LINKS (MILES/HOUR): 

SOUTHBOUND 

3!1.00 
3.00 
3.00 

••• INTERSECTION VALUES••• 

SOUTHIIOUNO 

LEFT SPLITS - - - - SPLITS - - - - OUEUE 

NORTHBOUND 

3!1.00 
3.00 
3.00 

NORfHIIOUND 

- - - - SPLITS - - - - OUEUE 
SIGNAL NODE !Ito. CHOICH CRD!l!I !lfREtf SOURCE GRUN LEFT RED CLURINCE GRUN LEFT RED CLURINCE 

NO. 

2 

3 

NO. ND. 1234 ♦ NAME • - - - ( ,RICTIONS o, CYCLE ) - - - - - - ( ,RACTIONS OF CYCLE , - • -

29 t tttt ANZI I 0.3!128 o. 1!128 o.e<112 0.0000 0.3000 0.1000 0.1000 0.0000 

10 2 fltt HlWfHOIINE 8L I 0.3!188 0.2043 0.841" 0.0000 0.2900 0.09!18 0.1500 0.0000 

21 3 "" NIDRDNI Sf • t 0.3000 0.1000 0.1000 0.0000 0.3000 0.1000 0.1000 0.0000 

• (0 -- SPLITS GIVEN: t -- SPLITS C..UTED ,ROM VOLUME IND CAPACITY INFORMATION) 

NOTE: fHt IIIOYE SPLITS. REGARDLESS OF THEI• SOUltCE. HIVE BEEN MODIFIED ICCOROING TO ANY MINIMUM GREEN TIMES GIVEN. 

♦ (0 •• PATTERN NOT ALLOWED: I -- PATTERN ALLOWED) 

,anERN I 
PUTERN 2 
PUtERN 3 
PATTERN 4 

SOUTHIIOUND lt,t LEADS GREEN NDRTHIIOUNIJ LEFT LAOS GREEN 
SOUTH80IJNO LEFT LAGS GREEN NIJRTH80UNIJ LEFT LEAOS GREEN 
SOUTH80UNIJ LHT LUIJS GRHN NIJRTHROIINIJ lftT lfllOS GRHN 
SOUTHROlJNIJ LEFT LAGS GRHN NOIHHflOUNO UFT LAGS GRHN 



I 

VI 
VI 

SIGNAL 
NO, 

2 

3 

SIGNAL 
ND. 

' 
2 

3 

SICIML 
ND. 

' 
2 

3 

SIGNAL 
NO. 

2 

3 

MINI- GREEN TIMES FOR APPROACHES•• FRACTIONS OF CYCLE 

NORTHBOUND SOUTHBOUNO USTBOUNO WESTBOUND 
THIIOUOH LEFT THROUGH LEFT THROUGH LEFT THROUGH LEFT 

0.3000 o. 1000 0.3000 o. 1000 0.3000 0.0000 0.3000 0.0000 

0.2900 0.0000 0.2!500 0.0000 0.2900 o. 1000 0.2500 o. 1000 

0.3000 o. 1000 0.3000 0. 1000 0.3000 0.0000 0.3000 0.0000 

••• LINK VALUES••• 

SOUTHBOUND NORTHBOUND 

LENGTH SPEEO TOLERANCE LENGTH SPEEO TOLERANCE 
(FEET) (MILES/HOUR) (MILES/HOUR) (FEET) ( Ml LES/HOUR) (MILES/HOUR) 

-------- 2600.00 :J!l.00 3.00 2600.00 3!1.00 3.00 

-------- 2700.00 35.00 3.00 2700.00 3!1.00 3.00 

VOl.lJIIIIES ON APPROACHES·· VEHICLES PH HOUII 

NORTHBOUND SOUTHBOUND USTBOUNO WESTBOUNO 
TtaouGH LEFT THROUGH LEFT THROUGH LHT THROUGH LEFT 

428.00 93.00 712.00 1211.00 1524.00 0.00 668.00 0.00 

348.00 104.00 622.00 200.00 1936.00 120.00 1192.00 132.00 

402.00 44.00 Hi8.00 24.00 9311.00 0.00 356.00 0.00 

CAPACITIES ON APPROACHES-• VEHICLES PER HOUR 

NIJIITfllOIN) SOUTHBOUND EASTBOUND WESTBOUND 
THROUGH LEFf THIIOUGH LEFT THROUGH LEFT THROUGH LEFT 

4900.00 1900.00 3000.00 1500.00 3000.00 0.00 3000.00 0.00 

3000.00 1900.00 3000.00 1!500.00 6000.00 :uoo.oo 6000.00 2•00.00 

3000.00 1500.00 3000.00 1500.00 3000.00 0.00 3000.00 0.00 
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••• ARTERY 3 ••• 

••• ARTERY WIDE VALUES••• 

NANr OF ARTERY: CARSON NUMBER OF 1NfERS£CTIONS: 3 
LOWER CYCLE LIMIT: 90.00 SECS UPPER CYCLE LIMIT: 90.00 SECS 

ARTERY IS £Nf£R£0 FROM: NORTH UNITS: £NOllSH 

WIGHT o, SOUTHIOUNIJ DlltfCTlllN OF ARTERY (W( I U: 
WEIGHT OF NORTHBOUND DIRECTION OF ARTERY (W(2)J: 

'.0000 
' • 0000 

SOURCE• 

0 
0 

• (0 -- GIVEN: I -- COMPUTED FROM VOLUME INFORMATION) 

NOTE R£QAROl.£SS OF THEIR SOURCES, THESE WEIGHTS VER£ SCALED USING TH£ WITHIN ARTERY WEIGHTS FOR SINGLE ARTERY PROBLEM. 
THESE WEIGHTS WERE SCALED USING 80TH WITHIN AND CROSS ARTERY WEIGHTS FOR NETWORK PROBLEM. 

DESIGN SP££0 (MILtS/HOUtt): 
TOLERANCES (MILES/HOUR): 
CHANGES BETWEEN LINICS (MILES/HOUR): 

SOUTHBOUND 

35.00 
3.00 
3.00 

••• INTERSECTION VALUES••• 

SOUTHBOUND 

un SPLITS - - - - SPLITS - - - - QUEUE 

NORTHBOUND 

35.00 
3.00 
3.00 

NORTHBOUND 

- - - - SPLITS - - - - QUEUE 
SIGNAL NODE 5£0. CHOICES CROSS STREET SOURCE QRHN LEFT RED CLEARANCE GREEN LEFT RED CLEARANCE 

NO. 

2 

3 

NO. NO. 1234 • NAME . - - - ( FRACTIONS OF CYCLE ) - - - - - - I FRACTIONS OF CYCLE ) - - -

2• ' 0000 ANZA BLVD ' 0.3000 0.0000 0.1000 0.0000 0.3000 0.0000 0.1000 0.0000 

1 2 0111 HAWTHUIIN£ BLVD f 0.3028 0.1528 0.8914 0.0000 0.2500 0.1000 0.1!KIO 0.0000 

'9 3 0000 MADIIONA BLVD ' 0.3011 0.0000 0.8923 0.0000 0.3011 0.0000 0.6923 0.0000 

• (0 -• SPLITS GIVEN: I·- SPLITS COMPUTED FROM VOLUME ANO CAPACITY INFomlATION) 

NOTE: THE Aeovt SPLITS. REGARDLESS OF THEIR SOURCE. HAVE BEEN MODIFIED ACCORDING TD ANY MINIMUM GREEN TIMES GIVEN. 

• (0 -- PATTERN NOT ALLOWED; t -- PATTERN ALLOWED) 

PATTERN t 
PatttRN 2 
PATTERN 3 
PlttERN • 

SOUTHBOUND UFT LEADS GREEN: NORTHBOUND lEf.'t LAGS GREFN 
SOOTH80UNO LEFT LAGS GREEN: NORTHROOND LEFT LFAOS GREEN 
SOUTHROIJND LEFT L£AOS GREEN; NORTHnOUNO LfFT lflOS GRFF.N 
SOUTll80UNO LHT LAGS GRHN: NORTHROIJNO urr lAG<; GRHN 



"' ...., 

SI-I. 
NO. 

t 

2 

3 

SI-I. 
NO. 

t 

2 

3 

s, ..... 
NO. 

t 

2 

3 

SI-I. 
NO. 

t. 

2 

3 

MINIMUM GREEN TIMES FOR APPROACHES•• FRACTIONS OF CYCLE 

NORT .. OUND souT .. OUND UST80UNO WESTBOUND 
TMROUOH LEFT THROUGH LEFT THROUGH L£FT THROUGH LEFT 

0.3000 0.0000 0.3000 0.0000 0.3000 0.0000 0.3000 0.0000 

0.2900 o. 1000 0.2500 o. 1000 0.3000 o. 1000 0.3000 o. 1000 

0.3000 0.0000 0.3000 0.0000 0.3000 0.0000 0.3000 0.0000 

••• LINIC VALUES••• 

souT .. OUND NORT .. OUND 

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

-------- 2100.00 35.00 3.00 2700.00 35.00 3.00 

-------- 2•00.00 35.00 3.00 2•00.00 35.00 3.00 

VOLUMES ON APPROACHES•• VEHICLES PER HOUR 

NORTH80INt souT .. OUND UST80UND WtST80UND 
TMROUOH LEFT THROUGH LEFT THROUGH LEFT 'fHROUGH L£FT 

242.00 o.oo 2U.OO o.oo 150•.oo o.oo 322.00 0.00 

214.00 31.00 412.00 120.00 1622.00 3•.oo 836.00 112.00 

329.00 o.oo 801.00 o.oo 912.00 o.oo 312.00 o.oo 

CAPACITIES ON APPROACHES•· VEHICLES PER HOUR 

MIRTH80UND SOUT .. OUNO UST80UND WESTBOUND 
ffllCIUGH LEFT THROUGH LEFT THROUGH LEFT THROUGH LEFT 

.eooo.oo o.oo 3000.00 o.oo 3000.00 0.00 3000.00 0.00 

3000.00 1900.00 3000.00 1500.00 6000.00 1500.00 6000.00 2•00.00 

3000.00 0.00 4500.00 0.00 3000.00 0.00 3000.00 0.00 
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••• ARTtRY • ••• 

••• ARTERY WIOt VALUES ••• 

NAME OF ARTH'f: • .,..,... NllllllltR OF INTERStCTIONS: 2 
LOWtR CYCLt LIMIT: 90.00 StCS UPPER CYCLE LIMIT: 90.00 SECS 

ARTtR'f IS tNTfRED FROM: WtST UNITS : ENOLI SH 
SOURCE• 

WIGHT OF fASTIIOUNO DIRtCTION 0, AITtRY (W(t)): t.0000 
' • 0000 

0 
0 WEIGHT OF WtSTBOUNO OIRtCTION OF ARTERY (W(2)): 

• (O -- OIVtN: t -- COMPUTED FROM VOLUNt INFORMATION) 

NOTE RfOAROLfSS OF THtll SOURCES, THtSt WIGHTS wtRE SCALtO USING TH£ WITHIN ARTtRY WtlGHTS FOR SINOLt AITtlY PROBLEM. 
THESt WEIGHTS WERt SCALED USING BOTH WITHIN ANO CROSS ARTERY WEIGHTS FOR NETWORK PROBLEM. 

DHIGN Slll>HD (NIUS/HIIUI): 
TOlEIANCtS (MILES/HOUR): 
CHANGES BETWtN LINkS (MILES/HOUR): 

EASTBOUND 

3!1.00 
3.00 
3.00 

••• INTtRSECTION VALUtS ••• 

EASTBOUND 

un SPLITS - - - - SPLITS - - - - OUtuE 

WESTBOUND 

3!J.OO 
3.00 
3.00 

wtSTBOUNO 

- - - - SPLITS - - - - OUtUE 
SIGNAL NOOE sro. CHIJICts CROSS STREU SOURCE OREtN LtFt RED CLEARANCE GREEN LEFT REO CLUHNCt 

z,o. 
t 

2 

NO. NO. t234 ♦ NAME • - - - ( FRACTIONS or CYCLt ) - - - - - - ( FRACTIONS or CYCLt ) - - -

2!1 t 0000 CARSON t 0.8923 0.0000 0.3011 0.0000 0.8923 0.0000 0.3011 0.0000 ,., 2 0000 TORRtNCf ' 0.6000 0.0000 0.4000 0.0000 0.6000 0.0000 0.4000 0.0000 

• (0 -- SPLITS OIVtN: t -- SPLITS C(NIUT£0 FROM VOLUNt ANO CAPACITY INFORMATION) 

NOTf: TM! AIIOVf SPLITS, IEQAROLtSS OF THttl SOURCt, HAVf: BEEN IIIIOOIFIEO ACCORDING TO ANY MINIMUM OIEEN TINtS GIVEN. 

♦ (0 -- PATTERN NOT ALLOWED: t -- PATTERtf ALLOWED) 

SIGNAL 
NO. 

2 

PATTfRN t 
PATftlN 2 
PATfEIN 3 
PATTERN 4 

EASTBOUND LtFT LEADS OltEN: 
EASTBOUND LEFT LAGS GRFEN: 
EASTBOUND LEFT LtAOS GREEN: 
EASTROtJNIJ LEFT LAGS GREEN: 

WESTBOUND LEFT LAGS GREEN 
WESf80UNO LEFT LEADS GREEN 
WESTBOtJNO LEFT LFADS GRF.fN 
WESTBOUND LEFT LAGS GREFN 

MINIMUM GREEN TIMES FOR APPROACHES -- FRACTIONS OF CYCLE 

NORTHBOUND 
THMIUGft UFt 

0.3000 

0.3000 

0.0000 

0.1000 

SOUTHBOUND 
THROUGH LEFT 

0.3000 

0.3000 

0.0000 

0.1000 

UST80UNO 
THIJOUGH LEFT 

0.3000 

0.3000 

0.0000 

0.0000 

VF ST Rm INO 
THROUr.11 lF.tT 

0.3000 

0.3000 

0.0000 

0.0000 



••• LIN< VALUES••• 

EASTBOUND WESf80UMJ 

SIGNAL UNGTH SPEED TOLERANCE UNGTH SPEED TOLERANCE 
NO, (FEET) 1•1us/HOUR) (MILES/HOUR) (FEET) C•tLES/HOUR) (MILES/HOUR) 

' -------· 2230.00 n.oo 3.00 2230.00 3!1.00 3.00 
2 

VDLUM£S ON APPROACHES -- VEHICLES PER HOUR 

SIGNAL NORTHBOUND SOUTHBOUND USTBOUNO WESTBOUND 
ND. THROUGH Uff THROUGH LEFT THROUGH LEFT THROUGH LEFT 

328.00 0.00 6011.D0 0.00 912.DO 0.00 312.00 0.00 

2 402.00 44.00 1611.00 24.00 938.00 0.00 396.00 0.00 
VI 
\0 

CAPACITIES ON APPROACHES -- VEHICLES PER HOUR 

SIGNAL -TNIOIN) SOUTHBOUND USTIIOlN> WESTBOUND 
ND. THROUGH UFT THROUGH LEFT TtaOUGH LEFT TtaOUGH LEFT 

' 3000.00 o.oo 4500.00 0.00 3000.00 0.00 3000.00 0.00 

2 3000.00 1500.00 3000.00 1500.00 3000.00 0.00 3000.00 0.00 
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••• ARTERY !!I••• 
••• ARTERY WIDE VAlUES ••• 

NAN£ 0, AltffltY: ANZA BLVD MJIIIBER or INTERSECTIONS: 2 
lOWER CYClt llMIT: 90.00 SECS UPP£R CYClE ltMIT: 90.00 SECS 

ARTERY IS tNTtREO F"°": flST UNITS: ENOltSH 
SOURCE• 

Wl:latf 0, !ASTIIOUNI> DllttCTION or ARTERY (W(t)): t.0000 
t.0000 

0 
0 WEIGHT or WESTBOUND OIRECTION or ARTERY CWC2)): 

• (0 -- GIVEN: t -- COMPUT£0 FROM VDlUMt INFOIINATION) 

NOT£ lt£0ARDl!SS 0, TH!tlt SDURC£S, THESE wtlGHTS WERE SCAl£0 USING TH£ WITHIN ARTERY WEIGHTS FOR SINGlE ARTERY PR08lEM. 
THESE WEIGHTS WERE SCAlEO USING 80TH WITHIN ANO CROSS ARTERY WEIGHTS FOR NETWORk PR08l£M. 

O!SIGN SPtro (NllES/HDUII): 
TOl£RANCES (MllES/HOUR): 
CHANGES 8ETvttN llNICS (MllES/HOUR): 

UST80UND 

3!!1.00 
3.00 
3.00 

••• INTERSECTION YAlUES ••• 

EASTBOUND 

un SPUTS - - - - SPltTS - - - - ouEuE 

WESTBOUND 

3!!1.00 
3.00 
3.00 

V£ST8DUND 

- - - - SPLITS - - - - OUEUE 
SIONAl NDDt sro. CHOICES CROSS STRUT SOURCE GREEN l£FT RrD ClURANCE GRHN LHT RED ClURANCE 

NO. 

2 

NO. NO. 1234 ♦ NAME • - - - ( FRACTIONS or CYClE ) - - - - - - ( FRACTIONS OF CYClE ) - - -

24 t 0000 CAISON t 0.1000 0.0000 0.3000 0.0000 0.1000 0.0000 0.3000 0.0000 

28 2 0000 TORRENCE t 0.!!1412 0.0000 0.4!!128 0.0000 0.!!1412 0.0000 0.4!!128 0.0000 

• (0 -- SPllTS Gt'VEN; t -- SPUTS COMPUTED FRON VOlUMt ANO CAPACITY INFORMATfON) 

NOTE: fHt A80Yt SPLITS, REOAROlESS OF THEIR SOURCE, HAYE BEEN IIIOOIFIEO ACCORDING TO ANY NINIMUIIII GREEN TIMES GIVEN. 

• (0 -- PATTERN NOT ALlowtO; t -- PATTERN ALlOWED) 

SIGNAL 
NO. 

2 

PATTERN t 
PATTERN 2 
PATTERN 3 
PATTERN 4 

EASTBOUND LEFT LEADS GREEN 
EAST80UND lEFT lAGS GREEN 
EASTBOUND LEFT LEAOS GR££N 
EASTBOUND LEFT lAGS GREEN 

WESTBOUND LEFT LAGS Gll'EEN 
WESTBOUND LEFT LEADS GREEN 
WESTBOUND lEFT l£AOS GR££N 
VF.STBOUNO lEFT LAGS GREEN 

MINIMUIIII GREEN TIMES FOR APPROACHES -- FRACTIONS or CYCLE 

NORTHBOUND 
THROUGH LEFT 

0.3000 

0.3000 

0.0000 

o. tooo 

SOUTHBOUND 
THROUGH LEFT 

0.3000 

0.3000 

0.0000 

0.1000 

EASTBOUND 
THROUGH LEFT 

0.3000 

0.3000 

0.0000 

0.0000 

WESTROUNI> 
THROUGH lEFT 

0.3000 

0.3000 

0.0000 

0.0000 
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SI ... L 
NO. 

t 

2 

SI ... L 
NO. 

t 

2 

SI ... L 
NO. 

t 

2 

LENGTH 
(FEET) 

2230.00 

NORTHBOUND 
TtaOUGH LEFT 

242.00 o.oo 

•21.00 93.00 

NORTHBOUND 
THIOUGH LEFT 

4000.00 o.oo 

4!100.00 f!I00.00 

••• LINC VALUES••• 

EASTBOUND WESTBOUND 

SPEED TOLERANCE SPEED TOLERANCE 
(NILES/HOUR) (NILES/HOUR) 

LENGTH 
CFEET) (NILES/HOUR) (NILES/HOUR) 

39.00 3.00 2230.00 39.00 3.00 

VOLUMES ON APPROACHES·• VEHICLES PER HOUR 

SOUTHBOUND USTBOUNO WESTBOUND 
THROUGH LEFT THROUGH LEFT THROUGH LEFT 

21•.oo 0.00 1!10• .00 0.00 322.00 0.00 

112.00 121.00 192• .00 0.00 661.00 0.00 

CAPACITIES ON APPROACHES·• VEHICLES PER HOUR 

SOUTHBOUND USTBOUNO WESTBOUND 
THROUGH LEFT THROUGH LEFT THROUGH LEFT 

3000.00 o.oo 3000.00 0.00 3000.00 0.00 

3000.00 1900.00 3000.00 0.00 3000.00 0.00 
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•st aa.11:CTlvt FUNCTION VALUE• 

IEST 08.JECTlvt FUNCTION YALU!• 

l!Sf 08.JECTlvt FUNCTION YALU!• 

11ST 08\IECTlff fUNCTION YALU!• 

BESf CIBJECTlvt FUNCTION YALU!• 

l!Sf aa.11:CTIVE FUNCTION YALU!• 

•••• MPCOOE P!RFORNANCE PLOT•••• 

3.228'5!13 

3.37039t 

:,.•2ess• 

3.932085 

3.93208!1 

3.995796 

NUlll!IER OF 8RANCH ANO BOUND ITERATIONS• 

MJIIIB!R OF BRANCH ANO IIOUND ITERATIONS• 

MJIIIBER OF BRANCH ANO IOUND ITERATIONS• 

.... ,. OF BRANCH ANO IIOUND ITERATIONS• 

NUlll!l!R OF BRANCH ANO 80UNIJ ITERATIONS• 

NUIIIIER OF BRANCH ANO BOUND ITERATIONS• 

2" 

9t9 

"' 
832 

938 

t92t 
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9CODE tMS IE!N SUCCESSFULLY C.,_,LETED. 

A REPORT USED ON THE OPTIMAL SOLUTION Will BE WRITTEN. 

•••• NPCODE STATISTICS•••• 

.._EA OF IRANCH AND IOIN) ITERATIONS PERFIJRNED: 2306 ,._EA OF BRANCH AND BOUND REINVERSIONS PERFORMED: 0 

MAXI- NUlaER OF ITERATIONS PERFOIIIIED IY A LINl:AA PROGRAM: 9t 
MAXIMUN NlaER OF AEINVEASIDNS PEAFORlllf.D 8Y a LINEAR PltOGRAN: 0 

NlNIEA OF SOLUTIONS FOINJ: 8 ¥ALU£ OF D8Jl:CTIVE FUNCTION AT UST .SOLUTION: 3.99!1196 



Q\ 
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•••• MAXB•ND SOLUTION RIPORT •••• 

nns ts a NrfWDIIIC "91NU•. 

fMNr a, NrT-: •""4DIINl •INI NUMBER OF INTIRSICTIONS: 2 

INTIRSICTION NUNBERS •T UTIRY NrETINOS: 

UTIIIY t - AWTr•Y :I IIIHf H INflRSICTION 
ARTERY t •ND ARTERY 2 Nl:IT AT INtERSECTION 
ARTIRY 2 •ND ARTERY 9 111:(f •T INT(RSECflON 
•Rt(RY 2 AND ARTERY• M(ET AT INtfRS(CTIUN 
ARTERY 3 AND ARTERY S ME(T At INTERSECTION 
ARflRY 3 •ND ART(RY • MEEf At INTERSECTION 

NrTlfOIIIC WIDI CYCU flllll: 90.00 SECS 

BANDWIDTHS ( ,RACTIDNS a, CYCLE J: 

OBJECTIVE ,UNCTION: :1.999198 

ARTERY t 
IRfl:RY 2 
ARTERY 3 
ARTFRY f 
ARTERY '5 

2 IN ••tERY I •ND Af INfERSICflON 2 IN ARTERY 3. 
9 IN IRtERY I IND If INT(RSECTION 2 IN IRT(RY 2. 
I IN •Rt(RY 2 •ND IT INtERS(CTION 2 IN IRtf:RY 9, 
3 IN ARt(RY 2 ANO AT INT(RSECflUN 2 IN IRfERY 4, 
t IN ARtERY 3 ANO AT INTERSECTION t IN ARTERY 9. 
3 IN ARtERY 3 ANO AT INTERSECTION t IN ARTERY 4. 

•••• BEST N(TWORIC SOLUTION•••• 

EASTIIOINI 0.3'507 
SDUTHOOUNO 0.2500 
SOUTHOOUNO 0.2500 

(AStOOUNO 0.6000 
E•stoOUNO o.5412 

V£STBCIUND 0. 3'501 
NORTHOOUNO 0.2500 
NORTHOOUNO 0.2500 

WESTBOUND 0.6000 
WESTOOUNO 0.5412 



I 
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NANI a, HTH'I: HAlffHUIINr BL 
••rtRY IS tNftR!D rllOM: VtSf 

••• •RTtR'I I••• 
NUIIIStR 0, INTtRStCTIONS: 9 
UNITS: tNGllSH 

••• ••rtRY WIDt INF'OIINAflON ••• 

CYCU TIM: 90.00 stcs t•STIIOUND BANDWIDTH (B(t)): 0.3907 WtSTBOIH> BANDWIDTH (8(2)): 0.3907 
( FR•CflON OF CYClt ) ( FRICTION OF CYClt ) 

tFFICltNCY(I): 39.01 ATTAINABILIT'l(I): N.•7 

UFrlCltNC'I - AvtlA• ,1acT10N OF CYCU ltr«lTH FOR PRIJatsSIOfO 
(ATTAINABILITY - AVtRA0t FRACTION OF ARftRIAL MINIMUM THROUGH GRttNS FOR PROORtSSION) 

All PNASt STARTING TIMS ARI RtlATlvt TO THt START OF ORttN IN THt tASTIIOUND OIRtCTION AT SIGNAL t IN •RTtR'I t. 

••• INTtRStCTION INFORMATION••• 

Sl-l NDOf StCIUtNCt CROSS STRttT ltFT TUIIN PATTtRN SIGNAL 
NO. NO. NO. NINE StlECTE0 NO . 

• ' CtNTtR WAY 

2 7 2 CARSON 2 2 

3 • 3 Dtl AIIIID CIRClt 2 3 

• 9 • USHION WAY 

!I to 9 TORRtNCt t 9 



•• PHASE SETTINGS·• FRACTIONS OF CYCLE•• 

- •••GREEN•• - - • • • • LEFT ---- --- - REO - - - - ------- BAND -------
ADVANCED BY 

SIGNAL QUEUE CLEAR 
NO. DIRICTlmt BEGIN END DURATION BEGIN END DURATION BEGIN END DURATION BEGIN END DURATION tlME 

' HSTIIIIUND .0000 .•021 o.•021 .0000 . t715 o. t7t5 .•021 .0000 0.!1912 .0000 .3501 0.3501 0.0000 

WSTIIGINt .t7tl .9100 o.•oas .4021 .5100 o. t712 .5100 . t7t!I 0.5915 .2292 .!1100 0.3501 0.0000 

2 IASTIIIIUND .0808 ,9111 o.•9u ,4111 t .911111 0. tOOO .!11111 .0901 0.!1026 .nu .!1211 0.3!101 0.0000 

WSTIIIIUND .9901 .•111 o.•9u .9901 .0901 o. 1000 .•Ht .9901 0.!1026 .0!101 .•0111 0.3501 0.0000 

3 IASTIICIUND .Otl:I .1613 0.6900 .5613 .6613 o. 1000 .6613 .0113 0.3900 .3116 .1613 0.3!101 0.0000 

0\ WSTIIIIUND .. ,., .!1 .. 3 0.6!100 .91113 .01113 0. 1000 . !16113 .91113 0.3900 .91113 .2690 0.3!101 0.0000 0\ 

I 

• ra,TIIOIN> .•tao .t680 0.1900 0.0000 . 1680 .41110 0.2900 .'1110 .16111 o. 3501 0.0000 

WSTIIIIUND ·••ao . 1610 0.1900 0.0000 . 16110 .•1110 0.2900 .11113 . 1610 0.3501 0.0000 

!I IASTIIOINt .!1021 .9•13 o.••!11 .5021 .8340 o. 1313 .9'83 .!1021 0.!1!1O .5658 . 916!1 0.3!101 0.0000 

WSTIIOUND .83'0 .0413 o ..... .9413 .0483 o. 1000 .0483 .6340 0.!1856 .66!18 .0165 0.3501 0.0000 



•• PHASE SETTINGS -- SECONDS•• 

- GREEN - - - - - - - - LEFT - - - - - - - - RED - - - - ------- 8ANO -------
ADVANCED 8Y 

SIGNAL OU£UE CLEAR 
NO. OlltECTION BEGIN END IJUltATION 8EQ1N ENO IJUltATION 8EGIN ENO DURATION 8EGIN END IJUltATION flME 

EASTl!IOUNO 0.0 38.2 38.2 o.o t!I .• t!I .• 36.2 0.0 !13. II 0.0 3t .• 3t.6 0.0 

WESTIIOUND ts.• 92.2 36.8 36.2 !12.2 t!l.9 !12.2 t!I .• !13.2 20.6 !12.2 3t.6 0.0 

2 USTIIOlNJ 1.2 92.9 ••. 11 0.9 !12.9 9.0 !12.9 8.2 .!1.2 t6.0 O.!I 3t .• 0.0 

WEST80UND 19.2 •3.9 ••. 11 119.2 8.2 9.0 •3.9 119.2 4!1. 2 4.6 36. t 31 .6 o.o 

3 USTIIOlNJ t .• tlO. t 98.9 9 t. t 60. t 9.0 60. t t.6 3t. !I 28.6 80. t 3t.6 0.0 

°' WESTBOUND 12.1 St. t 98.9 82.6 t .6 9.0 !It. t 82.6 3 t. !I 112.6 2•.2 31 .6 0.0 ....., 

' • EAST80UND 31.8 t!l.' 81.9 0.0 19. t 37.6 22.9 37.6 69.2 3t.6 o.o 

lltSTIIOUND 31.8 t!l. t 87.9 0.0 t!l. t 37.6 22.9 73.6 t!l. t 31 .6 0.0 

9 EASTBOUND •s.2 19.• •o. t •s.2 !IT. t ".8 IJ!l.4 4!1.2 49.9 !I0.9 82.!I 31.6 0.0 

WESTIIOlNJ 91. t •. 3 37.3 8!1 .• 4.3 9.0 •. 3 97. t !12.7 !19.9 t. !I 3t.6 0.0 

•• PROGRESSION Tllll£S ANO SPEEDS•• 

USTIIOUNO - • • - - - WEST80UNO -

PIIOGRUSION PROGRESSION PROGRESSION PR0GRUSION 
SIGNAL lENOfH TRAV£RS•L TIME SPEED LENGTH tRAVFRSat TIME SPHD 

NO. (HEH (SECS) (MILES/HOUR) (tHt) I SECS) (MILES/HOUR) 

t 
-------- tt20.00 t!I. 96 47.113 1'20.00 16.06 0.99 

2 .,. _______ 
IJ30.00 12.62 U.85 7110.00 I I. 92 4 •. 60 

3 -------- !160.00 9.04 42.22 560.00 9.0<t 42.00 
4 -------- 1140 00 13.30 43.07 1140.00 13. f;4 47.00 
!I 

ENTIRE ARTERY 3350.00 50.92 44.116 3300.00 !;0, 71 4 •. 37 



(J\ 
00 

I 

•••• MAXBAND TIME-SPACE DIAGRAM•••• 

NAME OF ARTERY: HAWTH011111£ Bl TIME SCALE • 3 SEC/CHAR 

CYCLE LENGTH 90.00 SECONDS DIST. SCALE• t90 FT/LINE 

t I 3 4 9 9 1 9 9 to tt 
HOOi t234H1B90t2341991190t23~981190t234'5611901234961890123498189012345611901234!1618901234!1618901234961890t234H1890 DISTANCE 

I IHEEE ~•-•••••-•••••••ffilE WWWWW•••••••••••••EEEEE WWIN•••••••••••••EEEEE WWII••• 0 FT 

1 IWW £££••••••••••••WW 
I 

£££••••••••••••WW tEt••••••••••••WW EEE- ■ tt20 FT 

I • w EIEl••••••••WWW EEt••••••••lflflf EfE••••••••WW HE 1990 FT 

I I I 
I •••••••• . ...... . 2St0 FT 

I I 
to l•••••••••·•••••EEEE WW••••••••••••••EEtE WW••••••••••••••Ettt WW••••••••••••••EtEE 3390 FT 

HOOi t23498719012345678901234S678901234567890t2345618901234S67890t234561890t234567890t23456789012345618901234567890 DISTANCE 

HOOi 8 •••> HOOi 10: EASTBOUND DIRECTION (OOVN) 
NOOE tO ---> NOOE 6: WESTBOUM> DIRECTION (UP ) 

EASTBOUND BAND• 31.I SECONDS At 44.9 MILES/HOUR 
WESTBOUND BAND• 31.1 SECONDS AT 44.4 MILES/HOUR 

IEEE EASTBOUND GREEN (DOWN) 
WWW WESTBOUND GREEN (UP ) 

GREEN IN 80TH DIRECTIONS 
••• RED IN 80TH DIRECTIONS 



I 

°' '° 

NANI 0, ARTtRY: TDIIRtNCt 
.. TtRY IS ENTERtD , ... : NORTH 

••• ARTERY 2 ••• 

-.tR OF INT!RStCTIONS: 3 
UNITS: ENGLISH 

••• ARTtRY WIDt INt'OltNATION ••• 

CYCU Tlllt: I0.00 stcs SUUTMHJIN) IIANDWIDTN (ll(tU: O.t!IOO NDltTHBDUND IIANDWIDTN (8(2)): 0.2900 
( FRACTION OF CYCLt ) f FRACTION OF CYCLE 

tFFICltNCY(~): 19.00 ATTAINABILITY(~): I0.9f 

(t,,ICltNCY • Avt■Ht FRACTION OF CYCU lrtlCITN FOR P■OcatSSION) 
(ATTAINABILITY• AVtRAOt FRACTION OF ARTERIAL MINIMUM THROUGH GREENS FOR PROOlltSSION) 

All PNASt STARflNQ TINIS Altt RttATIVt TO fHt START OF ORttN IN TMt tASTIIOUND DIRECTION AT SIGNAL I IN ARTERY t. 

••• INTtRSECTION INFORMATION••• 

Sl_,.l NIIDt StOUtNCt CROSS STREIT LEFT TUIIN PATTERN SIGNAL 
ND. NO. NO. NAME StltCfEO NO. 

I 18 t ANZA f 

2 to 2 HAWTHORNE Ill 3 2 

3 27 3 MAORONA ST 2 3 

•• PNASt SETTINGS•• FRACTIONS DF CYCLE•• 

----GRttN---- - - - - un - --- - - -- RED -- - - ------- IIAND -------
AOVANCtO IIY 

Sl_,.L QUtUt CtUR 
NO. Dl■rCfHlt ltOIN END DURATION lltolN tND DURATION IIEGIN END DURATION BEGIN END DURATION TIME 

SUUTMIOUND .9990 .3921 0.3921 .9990 .1521 0.1921 .3921 .9990 o.s•T2 . 1021 .3921 0.2900 0.0000 

NDIITMIOUND .1921 .• 921 0.3000 .3521 .1521 o. tooo .1921!1 . f92ll 0.1000 .f52ll .1021 • 0.2900 0.0000 

2 SOUTHBOUND .9222 .ltl01 0.39N .• , .. .6301 0.2043 . 8807 .9222 0.6 ... .6307 .1801 0.2900 0.0000 

NORTHBDUND .6307 .1801 0.2900 ..... .9222 0.0951 .1807 .6307 0.1500 .6307 .1110? 0.2500 0.0000 

3 SOUTHBDUND . t30? .4307 0.3000 .330? .• 30., o. 1000 .4307 . f307 0.7000 . tfi90 .4t90 o.,soo 0.0000 

NORTHBOUND .0301 .3307 0.3000 .030? . 1307 o. 1000 .3307 .0301 0.1000 .04'4 .2924 0.1500 0 0000 



.. 

•• PHASE SETTINGS·• SECONDS•• 

GREEN•••• • • • • LEFT .. - - - - - - - RED . - - - --·---- BANO . .. - - - - -
ADVANCED BY 

Sl_,.L 
BEGIN 

QUEUE CLUR 
NO. DIRECTION IIHIN ENO DURATION ENO DURATION BEGIN ENO DURATION BEGIN END DURATION TIME 

t SIIUTMIIOIN) .... :tt .• :tt .• 19.9 t:t.l t3.I 31 .• 19.9 !11.2 9.3 31.1 22 .!I o.o 
NIIIITHIIOUND t3.I •0.1 27.0 31.1 •0.1 9.0 •0.1 13.1 63.0 13.1 36.3 22.!I o.o 

2 SGUT ..... 41.0 19.3 32.3 31 .• !16.I .. .• 79.3 .,.o !11.1 96.1 19.3 22.9 o.o 
NDIITHIIOUND H.I 19. :t 22.9 31 .• 47.0 I.I 79.:t !II.I 61.9 56.I 79.3 22.9 0.0 

:t SGUT....., tt.l 31.1 27.0 29.1 31.1 9.0 31.1 tt.l 63.0 1!1. 2 31.1 22.9 o.o 

" NIIIITHIIOUND 2.1 29.I 27.0 2.1 tt .• 9.0 29.1 2.1 63.0 3.1 26.3 22.!I o.o 
0 

I 

•• PROGRESSION TIMES ANO SPEEDS•• 

SOUTHBOUND • • • • • • NORTHBOUND • 

PROGRESSION PROGRESSION PROGRESSION PROGRESSION 
S1-L LENGTH TRAVERSAL TIMI SPEED LENGTH TRAVERSAL TINE SPEED 

NO. (FEET) ISECS) (NILES/HOUR) (FtET) (SECS) (NI US/HOUR) 

t 
-------- 2100.00 "'1.91 37. :tt 2600.00 .6.99 37.13 

2 
-------- 2700.00 •1.•!I 31.00 2700.00 !12.9!1 ,._.,., 

3 

ENTIRE ARTERY !1300.00 99.96 37.66 9300.00 99.9• 36. 16 



" .... 
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•••• MAXBANO TtMt-SPACt OIAOIIAM •••• 

NAIi£ OF ARTHV: TORlltNCt TIM£ scau • 3 StC/CHAII 

CVCU UNGTH 90. 00 SECONDS 01ST. SCALt • t!I() FT/LIN£ 

t 2 3 • 9 8 1 I 9 tO tt 
NOOt t23•H7190t2t4917890f23•987190t23•987190f23•S87190f23•567190t23•587890t234967190t234967890t23•967190t23•!Ml7190 DISTANCE 

2e •sssss ................... 55555 NNN••••••••e••••••~sssss NNN=•t••z•~•e•e~~=~SSSSS tlNff•ttttt• 0 FT 

I 
tO •••••••••••••••••SSS ••~;••••••••••••••••SSS ••e•••••••••••••••••S5S ••••••••••••••••••••SSS 2600 Ff 

27 ...... SIS••••••••••••••••••-- SSS••••••••••••••••••NNN SSS••••••••••••••••••NNN SSS••••••• 5300 FT 

NOD£ t23.967190t23•567190t234567190f23•567890t23•567890t23•567890123456719012345678901234567890t234567890123•567190 DISTANCE 

NOOt 28 ••-> NOOt 
NOOE 27 ••-> NOOE 
SOUTHROUNO BAND• 22.9 
NOATlfflOUNO 8ANO • 22. 5 

21: SOUTHRotN> DtlltCTION (DOWN) 
26: NORTHROUNIJ DIRECTION (llP ) 
SECONDS AT 37.7 MILES/HOUR 
SECONOS AT 36.:7 MILES/HOUR 

SSS SOUTMnOUND GlfHN (OOlffl) 
NNN NOATIIOOUNO GAHN (UI' ) 

GAHN IN ROHi (11AfCTIONS 
••• AFO IN ROTH DIAFCTION~ 



I 
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... IIF UTERY: CARSON 
ARTERY IS ENTERED FRON: NORTH 

••• ARTERY 3 ••• 

NUIIIBER OF INTERSECTIONS: 3 
UNITS: ENGLISH 

••• ARTERY WIDE INFORMATION••• 

CYCLE Tl•E: 90.00 SECS StJUTMIOUND BANDWIDTH (B( OJ: 0.'900 NORTH80UND BANDWIDTH (BUH: 0.2500 
( FRACTION OF CYCLE) ( FRACTION or CYCLE J 

EFFICIENCYUO: 29.00 ATTAINA81LITY(~J: 90.91 

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

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

••• INTERSECTION INFORMATION ••• 

SIGNAL NOOE SEQUENCE CIIOSS STRUT LEFT TURN PATTERN SIGNAL 
NO. NO. NO. NAME SELECTED NO. 

t 24 t ANZA BLVD 

2 1 2 HAWTHORN£ IILVO 2 2 

3 25 3 ••DRONA BLVD 

•• PHASE SETTINGS-• FRACTIONS OF CYCLE•• 

GREEN-··• - •••LEFT - - - - - - - - RED - - - - ------- BAND • - - - - - -
ADVANCED BY 

51 ... L QUEUE CLEAR 
NO. DIRECTION BEGIN END -ATION BEGIN ENO OURATION BEGIN END bURATIDN BEGIN END DURATION Tl•E 

souT .. DUND .... 1 ,2NI 0.3000 0.0000 .2181 .9868 0.1000 .0000 .2500 0.2500 0.0000 

NDRTteDUND .9NI .2181 0.3000 0.0000 .2161 ..... 0.1000 .0235 .2739 ·o.2soo 0.0000 

2 SOUTHBOUND .!1313 .1409 0.3026 . 68113 .11•01 o. 1526 .11•01 .53113 0.6974 .53113 .78113 0.2500 0.0000 

NORTMICIUND ... 383 .88113 0.2500 ... 3113 .!13113 0.1000 .68113 .'3113 0.1500 ... 3113 .61183 0.2500 0.0000 

3 SOUT .. OUND .9!19t .2667 0.3077 0.0000 .2667 .9591 0.6923 .0167 .2667 0.2500 0.0000 

NORTHBOUND .959t .2667 0.3077 0.0000 .2667 .9591 0.6923 .9591 .2091 0.2500 0.0000 



•• PHASE SETTINGS·• SECm!DS •• 

• • • • laf!N • • • • ••••LEFT - - - - - _, - - R(O - - - - ------- BAND -------
AOVANCEO ltY 

SIGNAL QUEUE CLEAR 
NO. DIR!CTION B!OIN END DURATION 1£GtN tND DUltatlON ltEGIN END DURATION BEGIN END DURATION UM£ 

SGUTHIGUte 88.8 29.8 21.0 0.0 29.8 •••• 13.0 0.0 22.!I 22.!I 0.0 

~ .... 2!1.1 21.0 0.0 2!1.1 II.I 63.0 2.' 24.6 22.!I o.o 

2 SGUTMIUINt •8 .• 19.1 21.2 6t.9 79.7 '3.1 1!1.1 "'·" 82.1 41 .• 70.9 22.!I o.o 
-THIOIN) 39.4 •t.9 22.!I 39.4 41.4 9.0 ., .9 39.4 87.!I 39.4 6t.9 22.!I o.o 

3 SGUTMIUINt H.3 2•.o 21.1 o.o 2•.o 85.3 62.3 t. !I 2•.o 22.!I o.o .... 
NOtlTHltOUND H.3 2•.o 27.7 o.o w 2•.o 15.3 62.3 N.3 ti.I 22.!I o.o 

I 

•• NOCaHSION tlllH A.., SPUDS•• 

SOUTHIOUNO • • • • • - NDRTHIIOUND -

"IIOGRES SI ON PROGRESSION PROGRESSION PROGRESSION 
SI-L UNQTH TRAV£RSIL Tlllt SPUD LENGTH TRAVtRSAl Tlllt SPU:0 

ND. (f'ttT) (SECS) (111 LES/HOUR) (FEET) (SECS) (NIUS/tlOUR) 

' ------·- 2100.00 •1.•s 31.00 2700.00 !12 .67 , •. 99 
2 -------- 2•00.00 43.08 38.00 2•00.00 •3. t3 31.9. 
3 

!NtlR! IRTHY !lt00.00 ., . !It 31.00 !lt00.00 99.80 36.30 



.... 
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•••• MAXBAND TIME-SPACE DIAGRAM•••• 

NAMt: OF ARTERY: CARSON TIME SCALE • 3 SEC/CHAR 

CYCLE LENGTH 90.00 SECONDS DIST. SCALE• t!O FT/LINE 

t 2 , • s • 1 • • to t t 
NOOE t23 .. !J87190123•H7190123•H719C>l23•H7190123•H7890123 .. H7890123•!167190t23•H7890123•9&7890123•H7890123•!J67890 DISTANCE 

2• ..................... . ................... . . ................... . 0 FT 

1 I•••••••••••••-- SSSS••••••••••••••••••NNN SSSS••••••••••••••••••NNN SSSS••••••••••••••••••NNN 2700 FT 

H ••••••••••••••••••••• . ................... . . ................... . •••••••••••• StOO FT 

NOOE ·1n•H7890t23•967890t23•5678901234567890t234!J67890f2345678901234567890f234567890f2345678901234!J67890t234'!1417890 DISTANCE 

NDDI . 24 ••• ,. NOOE 29: SOUTHBOUND DIRrCTION (DOWN) 
NOOE 29 •-•> NOOE 24: NORTHBOUND DIRECTION (UP ) 
SOUTMIOIN) ■ANO• 22.9 SECONDS AT 38.0 MILES/HOUR 
NORTHBOUND BAND• 22.9 SECONDS AT 36.3 MILES/HOUR 

SSS SOUTHBOUND GREEN (DOWN, 
NHN NORTHROUNO GRHN CUP I 

GRFFN IN ROTH OIRECTIONS 
••• RCD IN ROTH OIR(CTIONS 



..., 
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NANf OF AltTtff: MIDIIONA 

••• ARTERY • ••• 

NUlll8ER DF INTERSECTIONS: 2 
UNlfS: (NOLISH ARTERY IS ENTE•n , .. : WEST 

••• ARTERY WIDE INf'DRMITION ••• 

CYCU TIMI: 10.00 stcs tASTIIOUND IIANOWIOTH (II( t)): 0. &000 WEST80UND 8ANOWIOTH (11(2)): 0. 6000 
( FRACTION OF CYClt ) ( FRICTION OF CYClt ) 

EFFICIENCY(1l): ,o.oo ATTAJNAlllllTY(~): t00.00 

(IFFICIINCY - AVIRAGI r•acTION OF CYCLE ltNOTH FOlt PtlOGlttSSION) 
(ATTAINABILITY - AVERAGE FRACTION OF ARTERIAL MINIIIIUM THROUGH GREENS FOR PROGRESSION) 

All PHASt STARTING TIMES ARI RELITIYI TO THl START OF GREEN IN THE EASTBOUND DIRECTION IT SIGNAL t IN ARTERY t. 

Sl_,.L 
NO. 

t 

2 

••• INTERSECTION INFORMATION••• 

NOot SEautNCt 
NO. NO. 

2'5 

27 2 

CROSS STRttT LtFT TURN PATTERN SIGNAL 
NIIIE SEU:CTtO NO. 

CARSON 

TORRENCt 

•• PH~St SETTINOS -- FRICTIONS OF CYCLE•• 

GRUN • • - • - - - - LEFT - - - - - - - - RED - - - - ----·--- l!IIND -------
IOYINCEO 8Y 

SIONll OUEU£ CUAR 
NO. DIRECTION IIHIN tND DURATION IIEOIN END DURATION IIEQIN ENO OURATION lltolN ENO DURATION TIME 

tASTIICIINt .. .,.. .9••· 0.1923 0.0000 .'5.69 .• ., .. 0.3017 .• , . ., .9U9 0.8000 0.0000 

WHTIOUNIJ .. .,.. .s•n 0.1923 0.0000 .9469 .es•• 0.3017 .811'10 .4170 0.6000 0.0000 

2 IASTIIUUND ... ,. .042• 0.6000 0.0000 .0•2• .• ..,. o.•ooo .U:14 .oo• 0.6000 0.0000 

WESTIIOUND ... 2. . 0424 0.6000 0.0000 .0424 .U:14 o.•ooo ... , . .0424 0.6000 0.0000 



..., 
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SIGNAL 
NO. DIRECTION BEGIN 

1 EASTBOUND 18.9 

WHT80INt ..... 

2 EASTBOUND 39.8 

wtSTIOUND 39.1 

SIGNAL 
NO. 

t 
--------

2 

ENT IIIE AIITEIIY 

•• PHASE SETTINGS•· SECONDS•• 

QIIHN • - • • • • - • LEFT - - - - - - - - IIED - - .. - - - - - - - - BAND -------
ADVANCED IY 
QUEUE CLEAR 

END DURATION BEGIN END DURATION BEGIN END IJURATION BEGIN END DURATION TIME 

49.2 82.3 0.0 49.2 78.9 21.1 12.3 48.3 54.0 o.o 
49.2 12.3 o.o 49.2 76.9 21.1 19.1 43.8 54.0 o.o 

3.1 94.0 o.o 3.8 39.8 36.0 39.1 3.1 54 .o o.o 
3.1 94.0 o.o 3.1 39.I 36.0 39.1 3.1 !14.0 o.o 

•• PROGRESSION TIIIES AND SPUDS•• 

EASTBOUND - - - - - - wtSTBOUND • 

PIIOGRESSION PIIOQIIESSIDN PIIOGIIESSION PIIOGRESSIDN 
LENGTH TIIAVEIISAl TIIIE SPEED LENGTH TRAVERSAL t IIIE SPHD 
(FEET) (SECS) OUUS/HDURJ (FEET) (SECSJ (MILES/HOURJ 

2230.00 41.St 32.00 2230.00 40.0t 311.00 

2230.00 47.!Jt 32.00 2230.00 40.0t 39.00 



..... ..... 

•••• MAXBAND TIM!•SPACE DIAGRAM•••• 

NAM! OF ARTERY : MAOIIONA TIM! SCALE • 3 SEC/CHAlt 

CYCU UNGTH 90. 00 SECONDS DIST. SCALE• ISO FT/LINE 

t 2 3 • s • 1 • g to ,, 
NODE t23•H1190t23•H1190t23•H?l90t23•H1190t23•H1190t234981890t234961890t234981890t234961890t234961190f2341561190 OISTANCE 

29 .......... . ........ . ••••s••=-=e: 0 " 

21 •••••••••••• . .......... . . .......... . . .......... . 2230 FT 

NOOE t234981890t234981890t234981190t2349818!10t234561890t234561890t2345678901234567890f234567890t2345678901234567890 DISTANCE 

NODI II ···> NODE 11: HSTIIOUND Dllt!CTION (DOWN) 
NODE 21 •·•> NOD! 29: IIESTBOUND DIRECTION (UP ) 

!ASTaauND BAND• 94.0 SECONDS AT 32.0 MILES/HOUR 
WESTIIOUNIJ BAND• 54.0 SECONDS AT 38.0 MILES/HOUR 

!EE EASTBOUND CJRE!N (OOIIN) 
WW WESTROUND GREEN (UP ) 

GREEN IN 80TH DIRECTIONS 
••• RED IN 80TH OIRECTJONS 
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NAIii: 0, ARTHY: ANZA IILVO 
ARTERY IS ENTERED FROIII: WEST 

••• ARTERY I••• 
NUM8ER OF INTERSECTIONS: 2 
UNITS: ENGLISH 

••• ARTERY WIDE INFORMATION••• 

CYCLE TIME: 90.00 SECS EASTIIOUND IIANOlflDTH {8(1)1: 0.1.72 WESTBOUND BANDWIDTH (8(211: O.M72 
( FRACTION OF CYCLE ( FRACTION OF CYCLE ) 

EFFICIENCY(10: 1•.12 ATTAINABILITY{~): 100.00 

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

All PHASE STARTIMI TIMES ARE RELATIVE TO THE START OF GREEN IN THE EASTBOUND OIRECTION AT SIGNAL t IN ARTERY t. 

••• INTERSECTION INFORMATION••• 

SIGNAL NOOE SEQUENCE CflDSS STREET LEFT TURN PATTERN SIGNAL 
NO. NO. NO. NAIi£ SELECTED NO. 

1 2• I CARSON 

2 26 2 TORRENCE 

•• PHASE SETTINGS•- FRACTIONS OF CYCLE•• 

OREIEN - - - • • - • - LEFT - - - - - - - - RED .. - - - ------- BAND 
______ ... 

ADVANCED BY 
SIGNAL QUEUE CLEAR 

NO. DIRECTION BEGIN END DURATION BEGIN END DURATION BEGIN END DURATION BHIN END DURATION TINE 

EASTIGUND .3210 .0210 0.7000 0.0000 .0210 .3210 0.3000 .•128 .0000 o.1n2 0.0000 

WESTBOUND .3210 .0210 0.7000 0.0000 .0210 .3210 0.3000 .300 .1892 0.5U2 0.0000 

2 EASTIGUND ... ,. 
• •••• 0. !1•12 0.0000 .... , .1197• o.•s2a .89U .... , 0.!1..,.2 0.0000 

WESTIIOINJ ,19U ..... 0.,..,.2 0.0000 ..... , .1191• 0.4528 .89U ..... , O.!ln2 0.0000 



•• PMAS[ S[TTINOS -- S[CONOS •• 

- - • - GRf!N - - - - - - - - lUT - - - - - - - - RED - - - - - - - - - - - BAND -------
ADVANCED BY 

SIGNAL OU£U£ CLUR 
NO. Dt•rcflaN IHIN rND DWAtlllN IHIN £ND DUIIATIIIN IHIN £NO DUIIAtlllN IHIN DD DURAttON TIM£ 

f USTIOINJ 21.9 , .• '3.0 o.o '.9 28.9 27.0 •0.1 o.o •9.2 o.o 

flSTIOINJ 21.9 ' .• 13.0 0.0 t.9 211.9 27.0 30.1 10.0 •9.2 0.0 

2 USTIIGINJ IO.I •0.0 ••. 2 0.0 •0.0 110.8 •0.1 10.1 •0.0 .9.2 0.0 

W:STIIIOUlllt IO.I •o.o ••. 2 0.0 •0.0 110.8 •0.1 10.1 •0.0 .9.2 o.o 

.... •• PIIOGR[SSIIIN TIMES ANO SP££DS •• 

'° USTIIOUND - - - - - - wtSTIOUND -

PIIOGRHSION PIIDGIIISSION PIIOGRHSION PIIOGR£SSION 
SIGNAL UNlmf TRAVHSAl TIME SPHD UNGTH TRAVERSAL TIME SPHD 

NO. (FUt) (SECS) OUUS/HOUR) (FHT) (SECS) (MILES/HOUR) 

' -------- 2230.00 •o.0t 31.00 2:130.00 •o.ot 38.00 
2 

rNtr•r ARTtltY 2230.00 •o.0t 31.00 :1230.00 •o.0t 311.00 



00 
0 

I 

•••• MAXBAND TIME-SPACE DIAGRAM•••• 

NAME OF ARTERY: ANlA BLVD TIME SCALE• 3 SEC/CHAR 

CYCLE LENGTH 90.00 SECONDS DIST, SCALE• 150 FT/LINE 

t 2 3 4 !I • ., • 9 to t t 
NOOE f234!167890t234!167890t234987890t234!167890t23A!l67890123A567890t234!1678901234567890t234567890t23A!l678901234!167890 OISTANC£ 

24 

28 

NOOE 

......... . ....... . 0 FT 

.............. •••••,• 2230 FT 

f234H7ll90t234!1678901234H7890t234567890t23A567890l23A!l67890t234567i90t234567890t23A567890f234567890123A567890 DISTANCE 

NOOE 24 ---> NOOE 
NOOE 26 ---> NOOE 

EASTINIUND BAND• 49.2 
WESTBOUND BAND• 49.2 

28: EASTBOUND DIRECTION (IJOWN) 
24: WESTBOINJ DIRECTION (UP J 
SECONDS AT 38.0 MILES/HOUR 
SECONDS AT 38.0 MILES/HOUR 

HE 
WW 

... 

UST80UND GREEN (DOWN) 
WESTBOUND GIIEEN (UP t 
GREEN IN BOTH OIRECTIONS 
RED IN BOTH DIRECTIONS 
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NOOE• 1 ARTERY t AND ARTERY 3 MEET AT INTERSECTION 2 IN ARTERY t AND AT INTERSECTION 2 IN ARTfRY 3. 

•• PHASE SETTINGS•• FRACTIONS OF CYCLE•• 

•GAU:N·•·- - - - - LEFT ... - - - - - - - RED - ...... - - ... - ... - - BAND --------
DIRECTION ADVANCED BY 

SIGNIL 2 IN QUEUE CUAR 
ART£RY t: BEGIN END DURATION BEGIN END DURATION BEGIN END DURATION BEGIN END DURATION TIME 

EASTBOUND ,0908 .Hit 0.4974 . 41111 t . !1118t o. tooo . !1118 t .0908 0.!1026 .t774 .!128t 0.3!107 0.0000 

Wt:STBOUND .99011 .4118t 0.4974 .99011 .0909 o. tooo ,488t .9908 0.!1026 .0509 .40t!I o.3507 0.0000 

SIGNAL 2 IN ARTERY 3: 

SOUT .. OUND ,!1383 .1409 0.3026 . 611113 .1409 0. t!l26 .8409 .!1313 0.6974 .!13113 .7113 0.2!100 0.0000 , 

NORTHBOUND .4313 .6113 0.2!100 .4383 .5383 O. tOOO .6883 .4383 0. 7500 .4383 .6883 0.2!100 0.0000 

All RED TllllfS -- BEFORE ARTERY 3 PHASE: . !1838 .4313 0.8!14!1 AFTER ARTERY 3 PHASE: .8409 . 986!1 0.'456 
a, 
N· 

•• PHASE SETTINGS -- SECONDS•• 

• • - - GREEN - - - - • - - - U:FT - - - - - - - - RED - - - - ------- BAND -------
DIRECTION ADVANCED BY 

SIGNAL 2 IN QUEUE CLEAR 
ARTERY t: BEGIN ENO DURATION BEGIN END DURATION BEGIN END DURATION BEGIN ENO DURATION TIME 

EASTBOUND 1.2 !12.9 U.I 43.9 !12.9 9.0 !12.9 8.2 4!1.2 t6.0 47 .!I 3t.6 0.0 

WESTBOUND 19.2 43.9 44. II 119.2 11.2 9.0 43.9 89.2 45.2 4.6 36. I 3t.6 0.0 

SIGNAL 2 IN 
ARTERY 3: 

SOUT .. OUND 41.4 19. 1 27.2 6t.9 7!1. 7 t3.7 7!1.7 48.4 62.11 48.4 70.9 22.!I 0.0 

NORTHBOUND 39.4 8t.9 22.!5 39.4 48.4 9.0 6t.9 39.4 67.5 39.4 6t .9 22. !I o.o 

All REO TllllfS -- BEFORE ARTERY 3 PHASE: !12. !I 39.4 76.9 AFTER ARTERY 3 PHASE: 75.7 118.8 t3. t 



MOO£ ,, to a•tt•Y t AND ARTERY 2 MEET AT INTERSECTION 9 IN ARTERY t AND AT INTERSECTION 2 IN ARTERY 2. 

•• PHASE SETTINGS -- FRACTIONS OF CYCLE•• 

- GRUN - - - - - - - - LEFT - - - - - - - - RED - - ... - ---·--- IIAND -------
Dl•tcTION AOVANCEO IIY ,,_ .. !JIN QUEUE CLUII 

ARTERY t: IIHIN END OUttATION BtOIN END DURATION BEGIN END OURATION BtOIN END OUttATtON TIME 

tASTI.IOUNO .9021 ... ., 0 .•• 91 .9021 .n•o 0. t313 .9.13 .9027 0.!1!1O .9691 .9169 0.3901 0.0000 

wtST80UND .•:1•0 .~83 o.•••• .9.83 .0413 o. 1000 .~83 .63•o 0. 9896 .6691 .0169 0.3901 0.0000 

SIONAl 2 IN A•tt•• 2: 

SOUna«JUND .9222 .1801 0.3988 .06• .6301 0.200 .1801 .9222 0.6414 .6301 .1101 0.2900 0.0000 

NDRTHl!IOUND .6301 .1101 0.2900 .4264 .9222 0.0991 .1101 .6301 o.1!500 .6301 .1801 0.2900 0.0000 

All RED TINES -- BtFOltt A•TtRY 2 PHASt: .016!1 .06• 0 .• 099 AFTER ARTERY 2 PHASt: .8101 .009 o. !190t 
00 
w 

•• PHASt SETTINGS -- SECONDS•• 

GltUN---- - - - - LEFT - - - - - - - - RED - - - - ------- BAND -------
• DlttCTION ADVANCED IIY 

SIONAl 9 IN QUEUE CLUR 
AATtRY t: BtGIN tND DURATION BEGIN END DURATION BEGIN tND DURATION BEGIN END DURATION TIME 

UST80UND •9.2 89 .• •o. 1 .9.2 !17. 1 tt.8 89 .• .9.2 •9.9 !I0.9 12.!I 31.6 0.0 

wtSTI.IOUNO 91. t •. , 37.3 89 .• .., 9.0 •. 3 91. t 92.1 !19.9 1 .!I 31.6 0.0 

SIGNAL 2 IN 
AIITtRY 2: 

SOUTHIIOUND •1.0 11.3 32,3 31.• 96.8 18. • 19.3 o.o !11.1 !16.8 19.3 22. 9 0.0 

NOIITHIIOUND 98.1 19.3 22.9 38 .• o.o 8 .9 79.3 !16.1 61.9 56.8 19.3 22. 9 o.o 

ALL RtD tlNH -- ltFORt ARTERY 2 PHASE: t.9 38 .• 36.9 AFTER ARTERY 2 PHASE: 79.3 •2.4 93. t 



NDDl • 21 ARTERY 2 AN> ARTERY 5 MEET AT INTERSECTION t IN ARTERY 2 AN> AT INTERSECTION 2 IN ARTERY 5. 
• 

•• PHASE SETTINGS•• FRACTIONS OF CYCLE•• 

- GREEN•••• - • • • LEFT - - - - - - - - RED .. - - - - - - .... - ... BAN> -------
DIRECTION ADVANCED 8Y 

SIGNAL t IN QUEUE CLUR 
ARTEIIY 2: llfOIN EMJ DURATION llEOIN EN> DURATION BEGIN END IJURATJON llEOIN EMJ DURATION TIME 

SIIUT .. OUND .9990 .3928 0.3528 .9990 .1528 o. t928 .3528 .9990 0.6412 .t021 .3528 0.2500 0.0000 

NORT .. OUND .t528 .•928 0.3000 .3528 ... 528 O. tOOO ... 528 .t528 0.7000 .t521 ... 028 0.2!100 0.0000 

SIGNAL 2 IN ARTERY 9: 

HSTIIIJUIID .8914 .4441 0.5412 0.0000 ,44•6 .11914 0.45211 .11914 .4"46 0.5412 0.0000 

IIESTllOUND .8974 .44"1 0.5412 0.0000 .44"6 .8914 0.4521 ,197" .•4•6 0.5412 0.0000 

All RED TIMES -· llEFORE ARTERY I PHASE: .4521 .1914 0.4"46 AFTER ARTERY 5 PHASE: .44•6 .0000 0.5554 

01) 
~ •• PHASE SETTINGS·· SECONDS••· 
I 

• • - - GREEN - - -,- RED llAND - • - - LEFT - - - - - - - - - - - - ------- -------
DIRECTION ADVANCED BY 

SIGNAL t IN QUEUE CLEAR 
ARTEIIY 2: llECIIN END DURATHl'f BEGIN END DURATION llEGIN END DURATION BEGIN EN> DURATION TIME 

SIIUTfllUINJ .... 31.1 31.1 19.9 13.I 13.1 31.I 119.9 58.2 9.3 31.11 22.5 o.o 
NDRTf90UND t:t.8 40.I 27.0 31.1 40.1 9.0 40.I 13.1 63.0 13.1 36.3 22.5 o.o 

SI-L 2 IN 
ARTERY 9: 

HSTIIGUND 80.8 -».o .. 9.2 o.o 40.0 BO.I 40.8 10.8 •o.o •9.2 o.o 

WESTBOUND 80.8 •o.o 4'9.2 o.o •o.o 10.1 40.1 80.8 40.0 •9.2 o.o 

ALL RED TIMES -- BEFORE ARTERY 9 PHASE: 40.1 10.8 40.0 AFTER ARTERY 5 PHASE: •o.o o.o 90.0 



NDDE • 21 ARTERY 2 ANO ARTERY• MEET AT INTERSECTION 3 IN ARttRY 2 ANO At INttRSECttON 2 IN ARTERY •. 

•• PHASE SETTINGS -- FRACTIONS or CYCLE •• 

• ottHN - • • - • • • • LHt - - - - - - - - RED - - .. - ------- l'IANb -------
DllltCTICIN ADVANCED BY 

SIGNAL 3 IN QUEUE CLUR 
ARtfRY 2: BEGIN END OUIIATION BEGIN ENO OUIIAtlON BEGIN ENO DURATION BEGIN ENO OURAtlON TIME 

SOUfHIOUND . t30T .4307 0.3000 .3307 .4307 0.1000 .4307 . 1307 0. 7000 .1690 .4190 0.2900 0.0000 

NORT..auNIJ .0301 .3307 0.3000 .0307 . 1307 o. ,ooo . 3307 .0307 0.1000 .042 • .292• 0.2900 0.0000 

SIGNAl 2 IN ARffltY •: 

USTIIOUND .u2• .0424 0.6000 0.0000 .042• .4424 0.4000 .4424 .oo• 0.6000 0.0000 

WESTIIOUNO .4.24 .0424 0.6000 0.0000 .0424 .u2• o.•ooo ·••2• .0•2• 0.6000 0.0000 

All RED TINES -- BEFORE ARTERY• PHASE: ·••2• .u2• 0.0000 AFTER ARTERY• PHASE: .042. .oo• 0.0000 
01) 
VI 

•• PHASE SttTINOS -- SECONDS•• 

- OttUN - - - - • • • • UFT - - - - - - - - RED - - - - ------- BAND -------
DllltCTION ADVANCED BY 

SIGNAl 3 IN OU[U[ CLUR 
ARtfRY 2: BEGIN ENO DURATION BEGIN ENO DURATION BEGIN ENO DURATION BEGIN ENO OURAttON TIME 

SOUTHBOUND tt.l 31.1 21.0 29.I 39.1 9.0 39.9 ".9 63.0 t9. 2 31.1 22.9 0.0 

NOltTHIIOUNO 2.8 29.1 21.0 2.9 tt.9 9.0 29.8 2.8 63.0 3.8 26.3 22.9 0.0 

SIGNAL 2 IN 
ARtfRY •: 

UST80UND 39.1 3.1 s•.o 0.0 3.1 39.8 36.0 39.I 3.9 9•.o 0.0 

wtSTBOUNO 39.8 3.8 94.0 o.o 3.8 39.8 36.0 39.8 3.8 94.0 0.0 

All RED TIMES -- 1t,ORE ARtERY 4 PHASE: 39.8 39.1 o.o AFtER ARtERY 4 PHASE: 3.8 3.8 0.0 



NODE II •• ARTERY 3 ANO ARTERY !I MEET AT INTERSECTION 1 IN ARTERY 3 ANO AT INTERSECTION I IN ARTERY 5. 

•• PHASE SETTINGS -- FRACTIONS OF CYCLE•• 

- GAHN • • - - - - • - LHT - - - - - - - - REO - ... - - ... - ...... - - - BAND -------
DIRECTION ADVANCED BY 

SIGNAL 1 IN OUEUE CLEAR 
ARTERY 3: BEGIN END DURATION BEGIN END DURATION BEGIN ENO DURATION BEGIN ENO DURATION TIME 

SOUTHBOUND .9161 .2161 0.3000 0.0000 .2161 .9868 0.1000 .0000 .2!!00 0.2!100 0.0000 

NORTHBOUND .91Hl8 .2868 0.3000 0.0000 .21!168 .91161 0.1000 .023!1 .273!1 0.2500 0.0000 

SIGNAL t IN ARTERY 5: 

EAST80UNO .3210 .0210 0.1000 0.0000 .0210 .3210 0.3000 .4!121 .0000 0.5472 0.0000 

WESfBOUND .3210 .0210 0.1000 0.0000 .0210 .3210 0.3000 .3420 .1892 0.!1472 0.0000 

All RED TIMES -- BEFORE ARTERY 5 PHASE: .3000 .3000 0.0000 AFTER ARTERY !I PHASE: .0000 .0000 0.0000 
00 
(J\ 

•• PHASE SETTINGS -- SECONDS•• 

GRUN - - - - - - - - LEFT - - - - - - - - RED - - - - ------- BAND -------
DIRECTlll't ADVANCED BY 

SIGNAL 1 IN OUEUE CLEAR 
ARTERY 3: BEGIN END DURATION BEGIN ENO DURATION BEGIN ENO DURATION BEGIN ENO DURATION TIME 

SOUTHBOUND .... 25.1 27.0 o.o 2!1.1 18.8 63.0 0.0 22.!I 22. !I 0.0 

NORTHBOUND Ill.I 2!1.1 27.0 0.0 2!1.1 111!1. II 63.0 2. 1 24.6 22.5 0.0 

SIGNAL t IN 
ARTERY !I: 

USTBOUND 21.9 t.9 63.0 o.o t.9 28.9 27.0 40.11 o.o 49.2 0.0 

WESTBOUND 28.9 t.9 63.0 o.o 1 .9 28.9 27.0 30.I 80.0 49.2 0.0 

All R!D flNH -- BEFORE ARTERY 5 PHASE: 27.0 27.0 o.o AFTER ARTERY 5 PHASE: 0.0 o.o 0.0 



NOD! II 29 lRt!•Y 3 IND IRt!RY 4 MEEt at INT!RS!CtlON 3 IN IRtERY 3 IND It INTERSECTION t IN ARTERY 4. 

•• PHIS! SETTINGS·· FRICTIONS OF CYCl! •• 

• • • • Gtt!!N • - • • - - - - lEFT ... - - - - - - - RED - - ... - - - - ....... - BIND -------
01•rcnON IOVINCED 8Y 

SIONAl 3 IN OUEUE CU:IR 
IRtr•• 3: BIOIN !ND DURATION BEGIN !NO bURltlON BHIN END bURITION BEGIN £ND DURITION TIM£ 

SIIIJtMIGUND .fl9t .28411 0.3011 0.0000 .2661 .9991 0.6923 .0161 .7661 0.2500 0.0000 

NDRtHBOUND .fltt .2891 0.3011 0.0000 .2667 .9591 0.6923 .9991 .2091 0.2500 0.0000 

StONAl t IN ••tr•• •: 
USTBOUND .as•• .5499 0.9923 0.0000 .5469 .1546 0.3011 .9149 .9149 0.6000 0.0000 

wtSTBOUND .1!548° .5469 0.69:13 0.0000 .5469 .1546 0.3011 .111170 .41170 0.6000 0.0000 

•• PHIS£ SETTINGS -- SECONDS•• 
OD 

• • • • GR!!N • • • • • - - - LEFT RED BIND ...., - - - - - - - - - - - - ------- -------
DIR!CttON IOVINC£D 8Y 

SICJNal 3 IN OUFUE CLUR 
ART!RY 3: 8!GIN !ND DURATION BEGIN £NO DURATION B!GIN £NO DURATION BEGIN ENO DURATION TIME 

SOUtMNJUND 18.3 24.0 :11.1 0.0 24.0 18.3 62.3 t. !J 24.0 72. !J 0.0 

NDRtHIOIJND ••. 3 24.0 21.1 0.0 24.0 18.3 67.3 116.3 tit. I 22.5 0.0 

StONll t IN 
IRtE•Y 4: 

USfllUIN) 19.9 49.2 12.3 0.0 49.2 76.9 21.1 12.3 46.3 54.0 0.0 

WEStl!IOIJND 18.t 49.2 62.3 0.0 49.2 16.9 :11.1 79.1 43.I 54.0 o.o 



00 
00 

•••• SUMARV OF MA~BANO BEST SIGNAL TIMING SOLUTION•••• 

•-r•sTE• INTE"ECTIONJ. INTERSECTION NO. 6 CYCLE LENGTH• 90.00 SEC 

INTE•SECTION ND. 9 

CENTER WAY 
(N-S) 

- •IN SHEET -

PHASE ,._H 

NtM IIUVE•NTS 
PHASE (SEC) 
PHASE un 
PIN SET no too / 

2 

2•!1 2•• 
15.4 20.I 
17. 1 23. I 
o.o 11. t 

3 ... 
1!1. 9 
t1 .1 
40.3 

AT HAWTHORNE Bl 
(W-t) 

- CROSS STREET -

4 

-- BANI> COOROINATES --

4 ♦8 

31.8 
•2.0 
58.0 

OUTBOlNJ INBOUND 

BEGIN 
0.0 
0.0 
o.o 

ENO BEGIN 
31.6 20.6 
35. 1 22.9 
35. I 22 .9 

ENO 
52.2 
58.0 
58.0 

OFFSET POINT • 0.0 SEC O.'OU. REFERENCEO TO START OF PHASE NUIIIRER 1. 

INTERSECTION ND. 1 

PHASE ,._ER 

NE• -,VEMENTS 
PHASE (SECJ 
PHASE on 
PIN SET un 
OFFSET POINT• 

too/ 

CARSON 
(N-S) 

- •1N STREET -

2 3 ... 2•9 2•!1 
9.0 35.1 9.0 

to.o 39.1 10.0 
o.o to.o 49.1 

a.2 Ste C •. 110, 

INTERSECTION ND. I 

PHASE ..,_H 

Nr• -,VIMENTS 
PHASE (SEC) 
PHASE (X) 
PIN SET (X) 

DEL•• CIRCLE 
(N-S) 

• •atN SHEET -

2 :I 

... 2•1 2•!1 
9.0 49.!I 9.0 

10.0 55.0 10.0 
100 / o.o 10.0 65.0 

AT HAWTHORNE Bl 
(If-() 

• CROSS STREET - -- BAND COORDINATES --

• !I • OUTBOUND INBOUND 

••1 ••• 3•8 BEGIN ENO BEGIN 
9.0 13.5 13.7 16.0 41.5 ••• to.o 15.0 15.3 11.1 52.8 !5. 1 

99.1 69.1 14.7 t1 .1 92.1 9. 1 

REFERENCEO TO START OF PHASE NUIIIIER 1. 

AT HAWTHORNE Bl 
(If-£) 

ENO 
36. 1 
40.2 
40.2 

- CROSS STREET• 

4 

•- BANO COORDINATES --

OUTBOUND INBOUND 

4 ♦1 BEGIN 
22.5 28.6 
25.0 31.I 
75.0 31 .8 

ENO BEGIN 
60. 1 82.6 
66.8 91.8 
66.8 91.8 

ENO 
24 2 
26.9 
26.9 

OFFSET POINT • 1.6 SEC ( t.8X). REFERENCED TO START OF PHASE NUIIIIER 1. 

-- QUEUE CLEARANCE 

OUTBOUND INBOIN) 

o.o 
o.o 

o.o 
0.0 

-- QUEUE CLEARANCE 

OUTBOUND INBOUNO 

o.o 0.0 
o.o 0.0 

•- QUEUE CLEARANCE 

OUTBOUND INBOUNO 

0.0 
0.0 

0.0 
0.0 



OD 
\0 

I I 

•••• s.-ARY o, MAXIAND BEST SIGNAL TIMING SOLUTION (CONTINUtD) •••• 

INtHSICTIIIN MJ, 9 

IIMIISI NUIIIIII• 

NlU mvtN!NtS 
.... SI (Ste) 
.... Sl CS) 

FASHION WAY 
(N-S) 

• MIN SHHT -

' 
PIN SIT IS) too/ 0.0 

, .. 
e-r.s 
-rs.o 
o.o 

AT HlWTHDRNt IL 
(W-E) 

• CROSS STREET -

2 

•• BAND COOROINATIS --

••• 22.5 
25.0 
75.0 

OUTBOUND INBOUND 

IHIN 
37.e 
"t.11 
"t.11 

IMJ IIHIN 
89.2 13.8 
76.9 11, .1 
76.9 lit.-, 

IND 
ts., 
t6. II 
f6. II 

o,,sn POINt • :r, .• SIC C ., .n,. •1n1ttNCED TO START o, PHASE NINIER '. 

INTHSICTIIIN MJ. tO 

TOUINCI 
(N-S) 

- •rN SHHT • 

PHISI ,._ •• 

_.. IIDWlMlNfS 
"""51 (SlC) 
PHASE no 
PIN SIT (10 

.. , 
ft. ■ 
t:t. t 

too, o.o 

2 ... 
28.3 
31 .• 
13.t 

:, 

, .. 
9.0 

to.o 
•••• 

AT HlWTHDIINE IL 
(W-E) 

• CROSS STREET - •- IAND COOROINATES --

• 9 • OUTIIOUND IMIOUND 

, . ., 3•1 .. .. IEOIN END IHIN END 
1.9 9.1 22.5 90.9 12.5 59.9 t. 5 

••• to., 29.0 96.5 . .. ., 66.6 1.1 , ... ••. t 79.0 SS.6 9t. 7 66.6 t . ., 

MFSET POINt • •1.2 SIC ( 90.31). REFERENCED TO START o, PHASI NUMIIER t, 

INTERSECTION MJ. H 

.... sr -• • 
NfMl lllJVl!N!NTS 
PHASE (SEC) 
PHASE ('It) 
PIN SET (SJ tOO / 

ANH 
cw-U 

• •tN SHIH• 

' t 3 

t•S t•e t•e 
t3.8 tll.O 9.0 
tS.3 20.0 to.o 
0.0 tS.3 35.3 

AT TONINCI 
(N-S) 

• CIIOSS ST•EET - •• IAtlJ CDORDINATH •-

" OUTBOUND INBOUND 

••• IE9tN 
.,.2 9.3 
5• . ., to.3 
•s.3 to.3 

END IHIN 
31.8 13.11 
35.3 t5.3 
35.3 f5.3 

END 
36.3 
<10.3 
<10.3 

o,,sn POINT • H.9 SEC ( 99.9"). REFERENCED TO START o, PHASE NUMBER t.' 

•- QUEUE CLEARANCE 

OUTBOUND INBOUND 

0.0 
0.0 

0.0 
0.0 

-- QUEUE CLEARANCE 

OUTBOUND INBOUND 

0.0 
0.0 

0.0 
0.0 

-- CIUtUE CLIARANCI 

OUTBOUND INBOUND 

0.0 
0.0 

0.0 
o.o 



'° 0 

I 

•••• ~ARY OF MAXBANO BEST SIGNAL TIMING SOLUTION (CONTINUEDJ •••• 

INfERSECTION ND. 21 

UOflONA ST 
{W-U 

• MAIN STREET• 

PHASE NIJIIIIIIH 

NEMA NOVEMENTS 
PHASE (SEC) 
PHASE C,0 
PIN SET (S) tao/ 

t•• 
8.0 

to.o 
o.o 

2 

2•• 
te.o 
20.0 
to.o 

3 

2♦1 
8.0 

to.o 
30.0 

AT TORRENC£ 
(N-S) 

• CROSS STREET• 

4 

-- BAND COORDINATES --

OUTBOINJ INBOUND 

4+8 IIHIN 
'!!14.0 t!l.2 
60.0 16.9 
.eo.o 16.9 

END BEGIN 
31.1 3.8 
41.9 ... 2 
4t.9 4.2 

END 
26.3 
29.2 
29.2 

OFFSET POINf • tt.8 SEC ( t3.tS). REFERENCED TO START OF PHASE NUNBER t. 

INTERSECTION ND. 24 

PHUE ,._H 

•• NOVEIIIENTS 
PHASE (SEC) 
PHASE (S) 

ANZA IILVD 
{W-U 

• NUN STREET • 

t 

PIN SET (S) tao/ 0.0 

2•• 
27.0 
30.0 
o.o 

AT CARSON 
(N-S) 

• CROSS STREET -

2 

4♦8 

63.0 
10.0 
30.0 

•• BAND COORDINATES --

OUTBOUND INBOIN) 

BEGIN 
0.0 
0.0 
0.0 

ENO BEGIN 
22. '!I 2. t 
2'!!1.0 2.4 
2'!!1.0 2 ... 

END 
2.e.6 
27.4 
27 ... 

OFFSET POINT• Bl.I SEC ( 98.1S). REFERENCED TO START OF PHASE NUNBER t. 

INfHSECTION NO. 2!I 

PHASE,._._ 

Nrtu •vEMENTI 
PHASE (SEC) 
PHASE (S) 

1U0110NA IILVD 
(W-U 

• MAIN STREU• 

t 

2♦1 
21.1 
30.8 

PIN SET (S) 100 / 0.0 o.o 

AT CARSON 
(N-S) 

• CROSS STREET• 

2 

08 
62.3 
69.2 
30.8 

•• BAND COORDINATES•• 

OUTBOUND INBOUND 

8H1N 
I. '!I 
t.1 
1.1 

l!NO 81!GtN 
2.e.o 86.3 
26.7 95.9 
26.1 95.9 

ENO 
18. 8 
20.9 
20.9 

OFFSET POINT• 88.3 SEC 9'!!1.9"). REFERENCED TO START OF PHASE NUMBER t. 

-- QUEUE CLEARANCE 

OUTBOUND INBOUNO 

o.o 
o.o 

0.0 
o.o 

-- QUEUE CLEARANCE 

OUTBOUND lteOUND 

0.0 
o.o 

0.0 
o.o 

•• QUEUE CLEARANCE 

OUTBOUND INBOUND 

0.0 
0.0 

0.0 
0.0 
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Appendix B 

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

lbis appendix presents the details of MAXBAND'S loop generation 
algorithm. Section 2.2. 1.4 of HAXBAND Program Manual describes how this 
information is stored in variables used in the formulation. 

£.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. 

(1) As opposed to Paton's original algorithm, the modified algorithm uses 
the node with most 1 inks incident to it as the root of the spanning tree. 
Slch a node is called the highest degree node. 'lhis results in a 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 1 oops is that 
their coefficients in formulation mijtrix will occupy less space. 

£.1.1 The Algorithm. 

Let 

L = set of links of the network 

N = set of nodes of the network 

T = set of nodes already in the spanning tree 

X = set of nodes not yet examined 

r = root of tree 

Initially T = f 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 T n X 
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II. IF T n X = ♦ then go to step 7 

s. 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: 

(1) If WE Tadd link (n,w) to the cotree, if it is not already in the 
tree or cotree. 

(11) If W j Tadd link (n,w) to tree and W to set T. 

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. 

8. For each link in the cotree starting from the second, attempt to 
reduce the fundamental loop to smaller 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 HAXBAND Finds Fundamental Set of Loops. 

Consider the following network and its adjacency matrix. 

1 2 3 4 5 6 7 8 9 

1 1 1 
2 1 1 1 
3 1 1 
4 1 1 1 

A = 5 1 1 1 1 
6 1 1 1 
7 1 1 
8 1 1 1 
9 1 1 
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tbte: orientation of arteries has no affect on the adjacency matrix. 

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

T = {' } 
X = { 1, 2, 3, 4, 5, 6, 7, 8, 9} 

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

T: {5} 
X : { 1 , 2, 3, 4, 5, 6, 7, 8, 9} 

Stage 1: 

n = 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 

T : {2, 4, 5, 6, 8} 

links in tree 

5-2 
5-4 
5-6 
5-8 

X = { 1, 2, 3, 4, 6, 7, 8, 9} 

Stage 2: 

T n X : {2, 4, 6, 8} ---c> n = 2 

links in cotree 

none 

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

tree links in tree links in cotree 

5-2 none 
5-4 
5-6 
5-8 
2-1 
2-3 

T = { 1, 2, 3, 4, 5, 6, 8} 
X = {1, 3, 4, 6, 7, 8, 9} 

Stage 3: 

T n X = {,, ~. 4, 6, 8} --C> 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 

5-2 
5-4 
5-6 
5-8 
2-1 
2-3 
4-7 

T • {1, 2, 3, 4, 5, 6, 7, 8} 
X = (1, 3, 6, 7, 8, 9} 

Stage 4: 

T n X = { 1 , 3, 6, 7, 8} ==t> n = 6 

links in cotree 

4-1 

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 
5-4 6-3 
5-6 
5-8 
2-1 
2-3 
4-7 
6-9 

T = { 1, 2, 3, 4, 5, 6, 7, 8, 9} 
X: {1, 3, 7, 8, 9} 

Stage 5: 

T n X = {1, 3, 7, 6, 8} ==I> n = 8 

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 

Revised , Jan . 1987 

links in tree 

5-2 
5-4 
5-6 
5-8 
2-1 
2-3 
4-7 
6-9 
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links in cotree 

4-1 
6-3 
8-7 
8-9 



T = {1, 2, 3, 4, 5, 6, 7, 8, 9} 
X = { 1 • 3, 7, 9} 

Stage 6: 

T n X = {1, 3, 7, 9} ==C> n = 1 

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

tree links in tree 

5-2 
5-4 
5-6 
5-8 
2-1 
2-3 
4-7 
6-9 

T : { 1, 2, 3, 4, 5, 6, 7, 8, 9} 
X = {3, 7, 9} 

Stage 7: 

T n X = {3, 7, 9} ==l> n:3 

links in cotree 

4-1 
6-3 
8-7 
8-9 

After considering links (7,!l) and (7,8), the status of the tree, cotree, T 
set and X set is as fol lows. 

tree links in tree 

5-2 
5-4 
5-6 
5-8 
2-1 
2-3 
4-7 
6-9 

T: {1, 2, 3, 4, 5, 6, 7, 8, 9} 
X = {7, 9} 

Stage 8: 

T n X = {7, 9} ===C> n:7 

links in cotree 

4-1 
6-3 
8-7 
8-9 

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

5-2 
5-4 
5-6 
5-8 
2-1 
2-3 
4-7 
6-9 

T = (1, 2, 3, 4, 5, 6, 7, 8, 91 
l = (9} 

Stage 9: 

T n X = {9} ===C> n = 9 

links in cotree 

4-1 
6-3 
8-7 
8-9 

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 

5-2 
5-4 
5-6 
5-8 
2-1 
2-3 
4-7 
6-9 

T = {1, 2, 3, 4, 5, 6, 7, 8, 9} 
I = { ♦ } 
Stage 10: 

T n X = { ♦ } 

4-1 
6-3 
8-7 
8-9 

Since the x set is now nul 1, the process of constructing the tree anci 
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 

Step 1: 4-1 

Step 2: 7-4-1 

Step 3: 7-4-1-2 

Step: 7-4-1-2-3 

dummy tree 

5-2 
5-4 
5-6 
5-8 
2-1 
2-3 
4-7 • 
6-9 

5-2 
5-4 
5-6 
5-8 
2-1 • 
2-3 
6-9 

5-2 
5-4 
5-6 
5-8 
2-3 • 

• 6-9 

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 

Step 1: 4-1-2 

dummy tree 

5-2 
5-4 • 
5-6 
5-8 
6-9 

Step 2: 5-4-1-2 5-2 
S-6 
5-8 • 
6-9 

Step 3: 8-5-4-1-2 5-2 • 
5-6 
6-9 
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Step 4: 8-5-4-1-2-5 5~ 
6-9 

Since 5 appears twice above, a loop is found and is obtained by deleting 
link 5-8. 

Hence: 

Loop 1 = 5-4-1-2-5 

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·8-7 is 5-8-7-4-5 
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. 

£.2.3 Reducing the loops to a 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. TI1is section illustrates two points. Q-ie 
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 £.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 

1-2 
1-4 
2-3 
2-5 
3-6 
4-7 
5:.5 
6-9 

Loop generated by link 4-5 
Loop generated by link 5-6 
Loop generated by link 7-8 
Loop generated by link 8-9 

tree links in cotree 

4-5 
5-6 
7-8 
8-9 

is 2-1-11-5-2 
is 3-2-5-6-3 
is 2-1-4-7-8-5-2 
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 2-1-4-7-8-5-2. 
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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 5 
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., !1-5. Since both nodes 4 and 5 
are in the loop being considered, link 4-5 can reduce the loop. 
Therefore, delete all nodes on the left of node !I and al 1 nodes on the 
right of node 5 and copy node 4 as the last node to get the following 
reduced loop 4-7-8-5-4. 
lbw 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 links 
before (8-9), starting from third. 

Step 1: 

Consider the third link in the cotree, 1.e ., 7-8. Since both nodes 7 and 
8 are not in the loop being considered, go to step 2. 

Step 2: 

Consider the second link in the cotree, i.e., 5-6. 
6 are in the loop, the loop can be further reduced. 
be: 5-8-9-6-5. 
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