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Appendix A
A USER MANUAL FOR THE COMPUTER PROGRAMS
DEVELOPED FOR THE NETWORK OPTIMIZATION SYSTEM

INTRODUCTION

The network optimization system (NOS) is designed to assist the
ADOT formulate the most cost—~effective pavement rehabilitation policies.
The methodology for the NOS is described in detail in the main body of
the report. Details of the set of computer programs that were developed
to implement the optimization model for the NOS are provided in this
appendix which is organized in the following sections:

e mathematical formulation of the model

e an overview of the process of generation and solution of

the model
e input=output characteristics of various programs
e an illustrative example.
MATHEMATICAL FORMULATION OF THE MODEL

Let wt  denote the proportion of roads of a given road category
*

which are in condition state 1 at the beginning of 2tR time period and

K th

to which rehabilitation action is applied. The long-term proportion

kth

of roads in state i and for which action is taken is denoted by Wige
b4
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By Markovian properties of the process, it can be shown that such a
limiting proportion exists. The objective of the model is to determine
Vik and Wg,k for all i, k, and 2 to minimize the long-term expected
average cost of rehabilitation, subject to certain short—term require-
ments. A major requirement of the model is that it should reach "steady
state” within a specified time period. Steady state means that the ex—
pected proportion of roads in each condition state should remain constant

over time.

The problem of determining the optimum Wiy can be formulated as a
linear program (LP). The LP problem is solved in two stages. In the
first stage, the optimum steady state solution is obtained. In the sec~
ond stage, the system is required to reach the steady state solution
starting from its current condition within a specified time period, T

(e.g., T = 5 years).
The steady state problem is structured as follows:

Minimize Z vy pe(i,k) D
i,k

subject to

2

i,k T 42
;wj,k - § ¥i,kP13(ag) | (4-3)
§ Wik S ¥, for 1 €1, ] €5, - (A=4)
§ Y3k 284, for i €7, j € 35(1) (&=3)

A=2
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in which e(i,k) =

pij(ak) =

Yi =
I =
Ei ‘ =
J =

unit average cost of applying kth rehabilitation

action to pavements in ith condition state
probability that a unit of road (lane-mile) in condi~
tion state i moves to condition state j in one period

if kP rehabilitation state is applied

maximum proportion of roads allowed to be in the set

of undesirable states denoted by j; (1)
number of specifications of undesirable states

minimum proportion of roads required to be in the set

of desirable states denoted by jy(i)

number of specifications of desirable states.

Let the optimum solution of the steady state problem be denoted by

w;k and let c* be the average cost of this solution. The objective of

the second stage is to take the system in its current condition and make

it reach the optimum steady state solution within T time perlods at a

minimum cost. This solution should also satisfy certain performance

standards. This problem is formulated as follows.

T=-1
Minimize EE: :E: w% kdg c(i,k) (A-6)
=1 1,k '
Z"’Jl. k = 94
k 7 (a-7)
2wt -1
W = ;
" Jyk ;?; wl,k pij<ak)’ for 1< £<T (4~8)
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K
T * .
ng < py(2)Y;, for 1 €I,.5 €3, (4
X Jok = ¥l i’ > -3 €3;(1), (A-11)
14
2<8<T
~ Wik 2 Pp(fley, for i €17, j € 35(1), (A-12)
b4
2< 44T
ZWT c(i,k) < (1+B)ec* ,
& Vi, ehR) < (14B)e (4-13)
?
w;‘/k > 0, for all j, k, and 12 ¢ T (A=14)
s

in which g = ,o,th time period

Q3
a, B

P1(2>

present worth of one dollar spent during .?.th time period

th

current proportion of roads in i condition state

small proportions {(e.g., 0.01)

a multiplier > 1 to permit a higher than Y; proportion

gth

of roads in undesirable states at the time period

a multiplier {1 to permit a lower than €y proportion

zth

of roads in desirable states at the time period.

Constraints A=9% and A-10 require the system to achieve steady state pro-

babilities (under the optimum policy) within certain tolerance limits.

A-4
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Constraint A-13 requires that the cost at the Tt time period should be
within a small percentage of the cost of the optimum steady state

solution.

The second stage of the problem, thus, provides values of w&k, for
1 g £T=1 that minimize the total expected discounted costs during the
first (T=1) time periods and which also satisfy the specified limiting
proportions of roads in desirable and undesirable states. The values of
Qg,k are as close to wi,k as is practically possible and the cost at the
the TED time period is within a small percentage of the cost of the opti-

mum steady state solution.
AN OVERVIEW OF MODEL GENERATION AND MODEL SOLUTION

Figure A-l is a schematic representation of the process of generat-
ing the optimization model and solving it. The process consists of the

following steps:

e creating the file TRMX that conteins the transition proba-
bilities

e creating the file COSTF that contains cost data

e creating the file CURNT that contains the date on current

condition of the network
e creating the file SXSIN that contains control input data

e creating an LP matrix sultable for an MPSX program using the
matrix generation program developed for this study (the matrix
generator program requires the files TRMX, COSTF, CURNT, and
SXSIN)
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USER OR USER OR USER OR
PL/I PROGRAM PL/1 PROGRAM USER PL/I PROGRAM

TRMX COSTF SYXSIN CURNT
Transition Costs Control Current
Probabilities (Program COST) Input Condition
(Program TPROB) (Program CCTRANS)

MATRIX GENERATOR 1
PL/I (Program ADOT)

MATRIX

LP
Matrix USER

N
LP SOLVER

(MPSX or MPSIII

N

// SOLUTION //

A4

INTERPRETATION
OF THE SOLUTION

Figure A-l., AN OVERVIEW OF THE OPTIMIZATION MODEL
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e accessing the MPSYX program with appropriate control data and

the LP matrix created in the previous step
e obtaining and interpreting an optimum solution from MPSX.
A brief description of each step follows.

Creating the File TRMX
The file TRMX containing the transition probabilities pij(ak) for

all i, j, and k has been created using the regression equations of pave=-
ment performance. The procedure to calculate the transition progabili-
ties from regression equations is explained in Appendix B. The user will
normally create this file by running Program TPROB for the 120-state
problem or Program TPROBSP for the 24-state problem. The user can op~
tionally create this file directly. The requirements of Program ADOT
with respect to file TRMX are described in a following section.

Creating the File COSTF

The f£ile COSTF has been created using the information on routine
maintenance and construction costs of various actions for pavements in
different condition states. The file contains ¢(i,k)=—annual unit cost
(in dollar/square yard) of pavements in 1th condition state to which KEh
rehabilitation action is applied. The data used to calculate c(i,k) is
described in the section on Program COST. The user can optionally create
f£file COSTF directly using the information in the section on Program ADOT.

Creating the File CURNT

The f£ile CURNT has been created using the current condition data
provided by the Arizona Department of Transportation. The file contains
q;~—the proportion of roads of a given category (i.e., a given combina-
tion of traffic and regional factor)=—in 1th condition state at the be-

ginning of the analysis (i.e., at present time). The total number of
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square yards of roads in each condition state at present time is also
included in this file. The user can create file CURNT directly by re-
ferring to the section on Program ADOT.

Creating the File SXSIN

This file should be created by the user prior to using the matrix
generator program. The input data required on this file is described in

the section on Program ADOT.

Creating the LP Matrix

A matrix generator program was developed for this study to generate
a LP matrix suitable for the MPSX program to be used in solving the LP
problem. This program, called ADOT, uses the files TRMX, COSTF, CODRNT,
and SXSIN.

Accessing the MPSY Program

The LP matrix generated in the previous step is input into the MPSX
program along with certain control data. The control data specifies
various options that can be used by the MPSZ routines to solve the LP

problem. The necessary control data is described in the next section.

Obtaining and Interpreting an Optimum Solution from MPSX

When feasible, the MPSX program produces an optimal solution to the
LP pfoblem in either the first or second stage. Interpretation of the
typical output of the MPSX program is discussed in a subsequent section.
INPUT-OUTPUT CHARACTERISTICS OF VARIOUS PROGRAMS

The following computer programs are included in the NOS,

¢ Program COST -~ generates cost input data

e Program CCTRANS - generates current condition data
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e Program TPROB = generates transition probabilities

e Program TPROBSP - generates transition probabilities for a

special case

e Program ADOT - generates the matrix required for the LP
package

e Program MPSX - solves the LP problem.

The following sections describe the requirements of input data and organ-

ization of program output for each program.
PROGRAM COST

Program COST reads in routine maintenance costs and rehabilitation
costs.and produces the file COSTF which contains the cost associlated with
every element of a 120-state by l7-action array. The input data is
printed along with the array on the standard system file SYSPRINT. The
output file COSTF may then become the input file COSTF to Program ADOT,
the matrix generator. It can be used in either the 120-state or 24-state
configuration. A user specified identification key is incorporated in
£1le COSTF.

Description of Input File COSTIN
All input data required by Program COST is read from the file COSTIN.

The first eight columns constitute an identification key. The next 72
columns are read as heading information. The keyword CNAME in Program
ADOT must be set equal to this identification key to permit the use of
file COSTF by Program ADOT.
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The remainder of the input data must begin on the next record and
is read free-format. Therefore, only the sequence is relevant. Permis-
sible values for cost range from 0 to 999.999. Cutput costs are rounded

to the nearest thousandth.

The routine maintenance costs are read in first and are subdivided
into three sections. The nine values that correspond to Action 1 are

indexed by roughness and cracking levels and are read in the following
order.

SEQ # Roughness Crackin
Roughness ~  Lracking

o 00 ~N oy i W
W W W NN e
W N = W NN W

A convenient way to specify these values is by placing them in a 3%3

matrix with rows indexed by roughness and columns indexed by cracking.

The three values corresponding to Action 2 are indexed by rough-

ness level and are read in the following order.

SEQ # Roughness
10 1

11

12 3

A-10
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The single value that corresponds to Actions 3 through 17 is read in

next.

SEQ # Cost
13 value

The rehabilitation costs are the last values required by program
costs. One value for each of the 17 actions is read in the following

order.

SEQ # Action
14 1
15 2
16 3
17 4
18 5
19 6
20 7
21 8
22 9
23 10
24 11
25 12
26 13
27 14
28 15
29 16
30 17
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Two important notes should be kept in mind by the user.

1. The user must ensure that the sum of any routine maintenance

cost and rehabilitation cost does not exceed 999.999.

2. An identification key of eight blanks should not be used. A

meaningful name is helpful in later identification of the file.

Description of Output File SYSPRINT

' The output file SYSPRINT must have a logical record length of 133.
It is logically divided into two sections: the first section displays
the input data, and the second section displays the computed 120-state by

17=action array.

The first page of output contains all the input data with appropri-
ate headings. The 80-column key and heading information is the first
line printed. The routine maintenance costs are displayed next followed
by the rehabilitation costs. The word "LOW" is printed on the right hand
side of any negative cost. The detection of a negative cost causes the

program to print an error message and terminate executiom.
The second part begins on Page 2 and is titled "Cost Matrix.” The
matrix is printed with the columns indexed by action and the rows indexed

by state.

The user should check that the input data displayed on Page 1 is in

the intended sequence.

Description of Output File COSTF

The output file COSTF must have a logical record length of 80. The
first record contains the identification key and heading. The remaining

240 records are desiged so that the 120 pairs of records correspond to

A-12
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the 120 states. The first record of the pair contains the costs for
Actions 1 to 9 beginning in Column l. The second record of the pair com
tains the costs for Actions 10 to 17 beginning in Column 9. Each field

is eight columns wide. This structure permits the 24state configuration
of Program ADOT to use this file.

PROGRAM CCTRANS

Program CCTRANS prepares current condition files in a form suitable
for the matrix generator, Program ADOT, from the current condition file.
Users can specify the levels of traffic and region for which a file is to
be prepared. A single user specified identification key is incorporated
into all the requested files. All requested files along with any error
diagnostics are displayed on the print file SYSPRINT. The requested
files and identification key are specified through the input file CTRL.

The current condition file is read in through the £ile CCIN.

Description of the Input File CTRL

The first eight columns constitute an identification key. The next
72 columns are read as heading information. The keyword CURNAME in Pro-
gram ADOT must be set equal to this identification key (traffic and
region levels must match) in order to permit the use of one of the gen-

erated current condition files by Program ADOT.

The two values, NUMIN and NUMOUT, are read in from the next record.
Permissible values for both are either 24 or 120 with the requirement
that NUMIN > NUMOUT. NUMIN indicates whether the input file CCIK is in
24-state or 120-state format. NUMOUT indicates whether the output files
are to be in 24-state or 120-state format. When NUMIN = 120 and
NUMOUT = 24, the output files represent the proportions across all five

design lives. NUMOUT must not occupy the last column of the record.

A-13
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The road categories with which current condition files are prepared
are specified in a 3x3 matrix. The rows are indexed by traffic and the
Eolumns are indexed by region: Columns 1 to 4 are for Region 1, Columns
6 to 9 are for Region 2, and Columns 11 to 14 are for Region 3. A nomn~
blank entry in these column ranges indicates that a file should be pre-
pared for that region. The row in which the non-blank entry appears
indicates the traffic level. 1In the following illustration, CC23 indi-
cates Traffic Level 2 and Region Level 3.

Column

1 "6 11
cell ccl2 cci3
cc2l cec22 cc23
cc3l cec3z2 I ook k]

It is important to re—emphasize that the program only notes whether all

four columns in a field are blank.

Description of File CCIN

File CCIN contains the current road conditions in absolute form.
There should be 9x27xNUMIN/24 records im CCIN, Setting NUMIN = 120,
there are 135 records for each of the nine road categories for a total
of 1215 records. The nine categories must be in the following sequence:
(traffic, region) = (0,0), (0,1), (0,2), (1,0), (1,1), (1,2), (2,0),
(2,1), and (2,2). Therefore, the 135 records that belong to the first
category (0,0) are followed by the 135 records that belong to the second
category (0,1) and on down ending with the 135 records of the last cate-

gory (2,2). The 135 records within each category can be in any order.

The contents of each individual record contain the following

information.

A-l4
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Column(s) Description Range
1 -5 Ignored -
6 . Traffic Level 0,1, 2
7 Region Level 0, 1, 2
8 Design Life Level 0, 1, 2, 3, 4%
° Roughness Level 0, 1, 2
10 Cracking Level 0,1, 2
11 CP Level 0,1, 2
12 = 21 Shoulders >0
22 = 31 Traveled Way 20

*design life must be set to O if NUMIN = 24

Program CCTRANS checks to see that these ranges are not violated.

Description of Output File SYSPRINT

The first printed line contains the program heading "Current Condi-
tions are Translated from Absolute Form to Proportional Form.” The next
printed line contains the identification key and run heading. The input
and output file formats are displayed next. These should be either 120-
state or 24-state. If the output file is 120-state then the input file
must also be 120-state. A single error message is printed if the file
formats are mis—-specified. The sequence for checking errors is:

(1) NUMOUT < NUMIN?, (2) is NUMOUT either 24 or 1207, and (3) is NUMIN
either 24 or 1207 If the first error exists, the second and third errors
are not checked., If the first error is not present but the second one
is, then the third error is not checked. If an error is found, the pro=

gram stops after printing the error message.

The traffic-region output directives are printed next. Output

files are generated for non~blank entries in the table. Columns are

A-15
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indexed by region and rows are indexed by traffic. At this point, the
program processes each output file request. The printed information for
each one begins on a new page. The traffic and region levels are printed
first. If no out-of-range values were found and the total is non-zero,
then the total is printed. Otherwise, an error message is printed indi-
cating that out—of-range values were found (thus invalidating the total)
or the total is zero. The input from file CCIN is printed along with the
state identification number and the calculated proportion is truncated to
four digits. If they are all error—~free, then only non-zero entries are
printed. Otherwise they are all printed with the proportion column sup-
pressed because the total is invalid. The erroneous entries are flagged
by a "??7" on their right hand side. "DUP" indicates that this road state

was previously specified.

The program now proceeds to the next requested output file even if
previous errors were found. After they are all processed, an error mes—
sage is printed if any of them had invalid entries. Finally, the program

prints the message "END OF PROGRAM" and terminates execution.

Description of Output Files CCll, cCl2, ..., CC33
These output files should have a logical record length of 80. The

identification key is contained in the first eight columns of the first
record. The next 72 columns are used for heading information. The next
record contains the traffic level in Column 10 and the region level in
Column 20. The next record begins with the words "CURRENT CONDITION" and
has the number of current condition specifications in Columms 25 to 27
followed by "TOTAL =f, the total for this road category. A semicolon is
the last entry on this record. The remainder of the records each contain
one road state identification number and proportion of roads in that

state.

A~-16
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PROGRAM TPROB

Program TPROB generates transition probability files for use by
Program ADOT. These files are in the 120-state format. Users can spe-
cify the road categories with which output files are generated. A single
user specified identification key is incorporated into all the requested
files. Only the information required to generate a file for the speci-
fied road categories need be provided when running Program TPROB. If
input errors or absence of data prevent the generation of one file, the
program will attempt to generate the next requested file. The identifi-
cation key, heading, input file directives, output file directives, and,
optionally, the design file specifications are read from file TPROBIN.
The design life specifications can optiomnally be read from file LIFE.
The input cracking and roughness level transition probabilities are read
from the files REGl, REG2, and REG3. All input information and the
unique portions of the output files are displayed on the file SYSPRINT.

Description of Input File TPROBIN

The first eight columns constitute an identification key. The next
72 columns are read as heading information. The keyword TNAME in Program
ADOT must be set equal to this identification key and the traffic and
region levels must match in order to permit the use of ome of the gener-
ated transition probability files by Program ADOT. Program TPROE notes
whether the first four columns of the next record are blank. If blank
then the design life data is read at the end of file TPROBIN. Otherwise
the design life data is read from the file LIFE.

The next record contains three fields of four columns each which
correspond to the three region levels. They begin in Column 1 and are
separated by a single blank. If there is a non—blank character in the
1th field ({1 =1, 2, 3), then Program TPROB will read cracking and rough-

ness level transition probabilities from file REGI. f a user wants to

A-17
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generate a transition probability file for any traffic level in Region i,

then a non—~blank character must be present in Field i.

The road categories with which transition probability files are pre-
pared are specified using nine fields in a 3x3 matrix. Each row of the
matrix 1s represented as three fields of four columns each, beginning in
Columm 1 and separated by a single blank. The rows of the matrix are

indexed by region and the qolumns are indexed by traffic volume.

The following illustration indicates that (1) the design life in-
formation is to be read from file LIFE, (2) data is to be read in for
Regioms 1 and 3, and (3) transition probability files are to be gener-

ated for two road categories: (traffic, region) = (1,1) and (3,3).

Column

1 6 11
LIFE

REGI REG 3
TR11

TR33

It is important to remember that Program TPROB only notes whether the

four columns in & field are blank.

1f the user indicated that the design life information is to be read
from file TPROBIN, then it is placed here, beginning with a new record.
Its specification here is identical to that in file LIFE. (Refer to the
description of file LIFE for details.)
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Description of Input File LIFE
This file is required 1f the user indicated in file TPROBIN that the

design life information is to be read from file LIFE. Each road category
must begin on a new record. Each specification consists of two parts:
(1) road category identification, and (2) design life information. The
road category is identified by traffic and region level using the key~
words TRF and REG. Permissible values for TRF and REG are the integers
1, 2, and 3. A semicolon must follow the identification. Afterwards,
there must be 16 integer constants ranging from 1 to 5. These values
represent the design life level of a road in this category after under-
going Actions 2 to 17, respectively. The 16ED value, which corresponds
to Action 17, must not occupy the last column of a record. If the traf-
fic or region level is identical to that of the previous specification,
then it may be omitted. The specifications can be in any order. Only
the road categories for which a transition probabiity file is desired

need be specified.

In the following illustration, only four road categories are

specified.

TRF = 1 REG = 1; 22 433534544545

REG = 23 22 4334344440544
TRF = 2 2232243343444 0%
TRF = 3REG = 3; 2 2322333333334

wn

S~ o u;m
wn o n

»e

Although not required, it is convenient to place the entire specifica-

tion on a single record.

Description of Input Files REGl, REG2, REG3
Files REGl, REGZ, and REG3 contain the cracking and roughness level

transition probabilities for region levels 1, 2, and 3, respectively.

A-19
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All three files have precisely the same structure so that references to

region level are not necessary.

Eighty-eight specifications exist in the file. Each .specification
consists of an identification area followed by a semicolon and three num

bers between zero and one inclusive.

Identification is indexed by action, design life level, cracking or
roughness level, and CP level. These factors are denoted by the key
words ACTN, LIFE, CRK or RUF, and CP, respectively. Action 1 has 43 spe-
cifications among five design life levels. Each level of design life has
three levels of cracking to which it corresponds. Cracking Levels 2 and
3 have three levels of CP each, while Cracking Level 1 has two levels of
CP. In addition, Design Life Level 1 has three more specifications éhat

correspond to the three levels of roughness.

There cannot be specifications for Action 2 because Action 2 speci-

{cations would be a subset of Action 1l specifications.

Actions 3 to 17 require three specifications each which correspond

to the three levels of roughness.

Program TPROB considers a specification indexed by roughness rather
than cracking when the keyword CP is set to zero. Presence of the key~
words CRK and RUF in a specification is mot a determinant. The keyword

LIFE must be set to zero or one in a roughness specification.

An index whose value is the same as that of the previous specifica~
tion may be omitted from the current specification. For example, if the
43 specifications for Action 1 are placed comnsecutively, then the keyword
ACTN need only be set to one on the first specification and can be omitted

on the following 42 specifications.

A=20
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The three numbers which follow the semicolon in each cracking spe-
cification represent the probability of being in Levels 1, 2, and 3 of
cracking after undergoing Action ! for a road with the current design
life, cracking, and CP leQels. For roughness specifications they repre-
sent the probability of being in Levels 1, 2, and 3 of roughness after
undergoing the specified action for a road with the current level of
rougimess. These probabilities must sum to one. To allow for single
precision error, a tolerance of 2.5x10"8 is allowed for the sum. The in-
dividual probability must range from zero to one. The third probability

must not occupy the last column of a record.

The table below gives the ranges for the keywords when giving crack-

ing and roughmness specifications.

Keyword Cracking 1 Cracking 2 and 3  Roughness

ACTN 1 1 ' 1, 3, 4, 5, «os, 17
LIFE 1, 2, 3, 4, 5 1, 2, 3, 4, 5 0, 1

CRK 1, 2, 3 1, 2, 3 -

RUF - — 1, 2, 3

CP 1, 2 1,2, 3 0

The 88 specifications can be in any order and the keywords can be

in any order within a specification.

Description of Output File SYSPRINT

The identification key and heading are printed as a heading on the
first page. The data input directives are printed next. A blank field
for design life means that design life information is to be read from
file TPROBIN. Otherwise it is read from file LIFE. A blank field fof a

region means that no data is read for that region.
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The output directives are printed next. Given proper input, Program
TPROB will generate a transition probability file for each non-blank en-
try. The road categories are row-indexed by traffic and column—indexed

by region.

A table displaying the design life information is printed next.

The first two columns contain the traffic and region levels. These two
indices identify the road category. The remaining 16 columns correspond
to Actioms 2 to 17 for this road category. Any out—of-range values are
flagged by "LOW" and "HIGH" on their right hand side. Output files can~
not be generated for these road categories. Refer to the section that
describes the file LIFE for help in giving valid specification. Should
there be multiple specifications for a road category, then the first is
retained and the rest are marked "DUP” and ignored. If no design life
information was provided by the user, then only the column headings are

printed and no output files are generated.

Program TPROB skips to the mext page at this time to check whether
the user indicated that cracking and roughness level transition proba-
bilities were to be read for Region l. If so, they are printed here.
Any out of range values are noted by "LOW"” and "EIGH" and "?7?". It is
important to recall that if CP = 0, then it is a roughness specification.
Otherwise, it is a cracking specification. This determines whether the
currently active value of CRK or RUF is used in the “"CRK/ RUF" column.
All the indices are initialized to —-99 before the data is read. Dupli-
cate specifications are noted by "DUP." An out—of-range sum for the
three probabilities is noted by "LOW"™ or "HIGH" six columns to the right
of the third probability. Any error invalidates the input and prevents
output files from being generated for the three road categories in this

region. The program now skips to the next page.
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If the user requested transition probability files for any level of
traffic of Region 1, the message "ACTION MATRICES FOR REGION LEVEL 1" is
printed. If an input error in file REGl was found, or no data was pro-
vided for this region, an error message is printed to inform the user
that no output files can be generated for this region. Otherwise, the
program checks if the user provided design life information for the indi-
cated traffic levels. If any are in error or missing, the user is in-
formed that an output file cannot be generated for that traffic level in
this region. If the design life information was correctly specified for
any user requested'output file in this region, the program proceeds to

print the action matrices.

The action matrices are the unique portions of the tramsition proba-
bility matrix for each action. They are indexed by region level, actionm,
and design life level. All five levels of design life are printed for
Action 1. The action matrix for Design Life Level 1 represents the pro—
bability of going from state i to state j for 1 = 1 to 24 and j = 1 to 24.
The other four action matrices that correspond to Design Life Levels 2 to
5 represent the transition probability of going from one state in that
design life to another state in that design life. For convenience, they
are printed ranging from 1 to 24 but actually range from 25 to 48, 49 to
72, 73 to 96, and 97 to 120 for Design Lives 2 to 5, respectively.

For Actions 2 to 17, only the first design life action matrix need
be illustrated since it is repeated for Design Life Levels 2 to 5, form
ing a2 "vertical column” one design life (24 states) wide by five design
lives (120 states) high. This vertical column can be in one of five
positions in the transition probability matrix which correspond to the
five design life levels. The position is determined by the design life
level for this action and road category (see file LIFE). Therefore, add
(1ife = 1) % 24 to the column index to determine to whichistates they

correspond.
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The program repeats the steps described for Region 1, and for
Regions 2 and 3. Finally, the "END OF PROGRAM" message is printed and

execution is terminated.

Deseription of Output Files TRil, TR12, ..., TR33
The first 80 columns of these output files contain the eight column

identification key plus a 72 column heading. The next record has the

traffic and region levels in Columns 10 and 20, respectively.

Each remaining record has three indices followed by a floating point
value in E-format. The first index identifies the action. The second
identifies the row or state a road is presently in. The third identifies
the column or state the road moves to in one year. The value is the
probability of going from state i to state j for this action. Therefore,
this is the element in the ith row and jth column of the transition prob-
ability matrix pertaining to this action. Only the non—zero elements of
each matrix are placed in the file. All 17 transition probability ma-
trices (per;aining to the 17 actions) are in the file with Action 1
first, followed by Action 2 and so on until Action 17. Within an actiom,
the non—zero elements of the first row are followed by the non—zero ele-
ments of the second row and so forth up to the non=zero elements of the
120t row., The non-zero elements of a row are placed in the £file so that
the column index is increasing. There can be anywhere from ! to 120 nomn-

zero elements in a row.
The last record in the file has an action index of -1, row and col-
umn indices of 0, and a value of zero. Program ADOT recognizes this as

an end of information mark.

This file must have a logical record length of no less than 28.
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PROGRAM TPROBSP

Program TPROBSP generates transition probability files for use by
Program ADOT. The files are in the 24~state format. The user is re~
ferred to the description of Program TPROB because the two programs are
very similar in their operation. What follows is a file-by-file descrip-

tion of the differences between the two programs.

Input File TPROBIN

There are no differences. The user is urged to use a different

identification key when running TPROBSP.

Input File LIFE

No differences.

Input Files REGl, REG2, REG3
All 32 specifications pertaining to Design Life Levels 2 to 3 are

removed, leaving 56 specifications. References to design life should be
removed from the remaining records. There are now ll specificatiomns for

Action l. CP must still be set to 0 for roughness specifications.

Output File SYSPRINT

The action matrix is now the entire transition probability matrix
for that particular action. The action matrices are indexed by action
number, region level, and traffic level. These are all printed because
they are all different, with the exception of Action l. Only one traffic
level is printed for Action 1 because it is duplicated for the other two
traffic levels. Of course, only the requested road categories are com

puted and printed.

Qutput Files TR1l, TR12,..., TR33

. These are identical except that each transition probability matrix

has 24 rows and 24 columns.
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PROGRAM ADOT

Program ADOT is the matrix generator for the NOS. The user has the
flexibility to define the problem in terms of number of states, number of
actions, length of horizon, infeasible actions‘for particular states, and
quality standards. These are specified in the control file SXSIN. The
transition probabilities are read from the file TRMX. The current condi~
tions are read from file CURNT. And, finally, the cost matrix is speci-
fied in the file COSTF. To help the user avoid the inadvertent use of
the wrong version of TRMX, CURNT, or COSTF, an identification key must be
given for each of these files in file SXSIN. This key is compared to the
key in the file and if any of the three keys do not match, an error mes=

"sage is printed and the rum is terminated. A further check involves the
comparison of the road category specification in the files SXSIN, TRMX,
and CURNT. If either TRMX or CURNT do not match SXSIN in this respect,
then an error message is printed and the run is terminated. Certain
properties of these files, such as whether certain values sum to 1.0, are
not checked by the program and therefore are the user's responsibility.

These are mentioned in the descriptions of the files themselves.

The generated matrix is written to the file MATRIX. This matrix is
in a2 form suitable for solving by the IBM product, MPSX.

Information pertinent to run specifications and status messages are
printed in the file SYSPRINT. Any error messages are also printed in
this file.

Input File SXSIN
SXSIN is the primary input file for Program ADOT in which the prob-

lem characteristics are defined. Nine sections of information exist,

each of which is preceded by a2 header.
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Column
1
Section 1 TITLE
[any 80 characters]
Section 2 ROAD INFORMATION
TRAFFIC = [1, 2, or 3] REGION = [1, 2, or 3];
Section 3 CONTROL INFORMATION
PNAME = '< up to 8 charcter problem name >'
CNAME = '< 8 character identification key on file COSTF >'
TNAME = '< 8 character identification key on file TRMX >'
CURNAME '¢ 8 character identification key on file CURNT >'
HORIZON = [integer: length of planning period]

STORAGE = [integer: number of elements of transition
probability matrix given in file TRMX (default
of 6000)]
OBJECTIVE = 1 for steady state run, i.e., HORIZON = 1
3 for multi-period run, i.e., HORIZON > 1
NUSTAT = [number of states)
NUACT = [number of actions]
OBJVAL = [value of objective from steady state runm]
PROPT = O: no carriage control (default)
1: with carriage control in Column 1 (for output
to line printer)
DISCOUNT = [effective discount rate (default = 0.0)];
(mandatory semicolon ends the specification)
Section 4 INFEASIBLE ACTIONS [pumber of specificaitons - Column 25
or later]
[number of states] [list of states] [mumber of actions]

[1ist of actions]
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Section 5

Section 6

Section 7

Section 8

DESIRABLE STATES [number of specifications = Column 25 or
later]
[number of states summed over] [list of states] [levell
UNDESIRABLE STATES [number of specificatiomns = Colummn 25 or
later]
[number of states summed over] [list of states] [levell
STEADY STATES [number of specifications =~ Column 25 or
later]

[number of state-value pairs] [state] [value]

[state] [value]

°

[state] [value] [interval size]
[number of state—value pairs] [state] [value]

[state] [value] [interval size)

PERCENTAGES [number of specifications = Column 25 or later]
[period] [multiplier for desirable specs] [multiplier for

undesirable specs]
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Section 9 ENDATA

Notes on Input

1,

S

Only the first four characters of each header are required.
Therefore, "DESI" and "DESIRABLE STATES" are equivalent.

Headers must begin in Column 1.

Headers for Sections 4 through 8 must be 19 characters or less
in length. The number of specifications parameter must not pre-=
cede Column 25 of this record and it must not occupy the last

column of a record.

Each specification in every section must begin on a new record

and must not occupy the last column of 2 record.

A specification may occupy as many records as suits the user.
The headers for Sections 1, 2, and 3 are excepted along with the

title specification for Section l.

The sequence of the keywords in the ROAD INFORMATION and CONTROL
INFORMATION sections is at the user's discration. Right hand
gide blanks within the PNAME, CNAME, TNAME, and CURNAME data
items may be omitted but the quotes are required. If a default

is not mentioned, none is assumed.
When HORIZON is set to 1, OBJECTIVE must also be set to l. If

HORIZON > 1, then OBJECTIVE must be set to 3 and OBJVAL must be

set to a value slightly greater than the steady state solution.
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10.

11.

12.

13,

Up to 24 desirable and undesirable state constraints can be

specified. Level must be between zero and one, inclusive.

The maximum number of states per specification in the INFEASIBLE
ACTIONS, DESIRABLE STATES, and UNDESIRABLE STATES section 1is 75.
Up to 75 actions can be specified per specification for INFEASI-
BLE ACTIONS. Every action is infeasible for each state.

STEADY STATES specifications are only required for multiperiod
runs. The numbers of STEADY STATE specifications should be set
to zero for a steady state run. Also note that the minimum and
maximum values of the proportion of roads in each steady state
are printed as a part of the program output, but are not required

as inputs.

The maximum number of state—value pairs per specification in the
STEADY STATES section is the number of states in the problem,
NUSTAT. The steady state values are obtained from the steady
state solution by summing the proportions assigned to each state
for various actions. The absolute value of the interval size
must be one or less. If it is positive then the interval for
that state is a proportion of the given value for that state.

If it is negative then the interval for that state is the abso~
lute value of that interval size. If the interval size is zero'
then there is an equality constraint for that state. A specifi~
cation is defined as the number of statevalue pairs, the pairs

themselves, and the interval size.

The period identifier in each specification in the PERCENTAGES
section must be in the range of 2 to HORIZON-l, up to a maximum
of 20. There must be zero number of specifications when HORI-
ZO0N = 1.

The user is urged to check the information in this file very

carefully because only minimal error checking is done by the
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program. The only possible negative entry is for interval size
in STEADY STATES. The program only checks errors pertaining to
notes 1, 2, and 11, The program will indicate the successful

generation of the matrix even in the presence of serious errors

in this file.

14, Examine the output file, SZSOUT, to see that everything is cor-
rectly specified.

Input File COSTF

The first eight columns in this file must match the left-justified
CNAME keyword in file SXSIN. Otherwise an error message is printed and

execution is terminated.

The cost matrix read from the file COSTF is NUSTAT by NUACT in size.
Beginning on the second record of the file, the NUACT costs for state l ’
are read free format. These must be in order from 1 to NUACT and the
last entry must not occupy the last column of a record. The NUACT costs
for each remaining state from 2 to NUSTAT are read beginning on a new

record for each state.

It ig the user's responsibility to ensure that NUACT costs are pro-
vided for each of the NUSTAT states. The user must also ensure that they

are in the required form and are all non-negative;

Input File CURNT

The current condition of the roads in the given road category are
defined in this file. The first eight columns in this file must match
the left—justified CURNAME keyword in file SXSIN. Otherwise, an error
message is printed and execution is terminated. The road category
identification is read beginning on the next record. The first number

is the traffic level and the next number is the region level which must
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not occupy the last column of a record. If these do not match the traf-
fic and region levels given in the file SXSIN, then an error message is

printed and execution is terminated.

The first four columns of the next record must contain the four
letters "CURR". A maximum of 19 characters is allowed for this header.
The number of current condition specifications must be given in Column
25 or later. 1If this number is the last entry of a record then it must

not occupy the last column of that record.

Each specification consists of a state identification number fol-

lowed by its proportion of the road category. Each specification must

begin on a new record and the proportion must not occupy the last column

of a record.

It is the user's responsibility to ensure that each proportion is in

the range of zero to one and that the sum of all the given proportions is
exactly one. The program will indicate a successful generation of the

matrix even if these conditions are violated.

Input File TRMX

The transition probability matrix for each action Is specified in

file TRMX. The row index in a transition probability matrix represents
the state you are in and the entries in that row are probabilities you
will be in one of the NUSTAT states after undergoing the actiom. The sum
of every row in each transition probability matrix must be one. There-
fore, a minimum of one entry 1s required for each row. Program ADOT
checks to see that there is at least ome entry for every row but it is

the user's responsibility to ensure that the sum of the entries is one.

The first eight columns of file TRMX must match the left—justified

TNAME keyword in file SXSIN. Otherwise, an error message is printed and
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execution is terminated. The next 72 columns are skipped because they

are heading information.

The road category identification is read beginning with the next
record. The first number is the traffic level and the next number is the
region level which must not occupy the last column of a record. These
must match the traffic and region levels given in file SXSIN. If they do

not, an error message is' printed and execution is terminated.

The transition probability matrices must be entered in sequence be-
ginning with Action 1 and ending with the last action, number NUACT.
Each transition probability matrix is entered with each element beginning
on a new record. FEach non~zero element of the first row is entered, fol-
lowed by each non-zero element of the second row and so on until the last

row, number NUSTAT, is entered.

Each specification consists of three indices followed by a value in
the range of zero to one. The first index is the action number. The

second is the row number and the third is the column number.,

After the last row of the last action has been entered, the follow—
ing specification must have the three indices -1, 0, and 0 and a value of

0.0. Program ADOT recognizes this as an end of informatiom mark for this
file.

Output File SXSOUT

The information read from the files SXSIN and CURNT is displayed

here.

1. Title == heading used to denote a class of problems.

2. Road Information —— the indices of traffic level and traffic

and regional factor identifying the road category.
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3'

Control Information.
PROBLEM NAME == name identifying this run.
CURRENT COND. NAME = ID key for file CURNT,
TRANSITION PROB. NAME == ID key for file TRMX.
COST NAME == ID key for file COSTF.
PLANNING PERIOD == length of planning horizon.

ESTIMATED STORAGE == total number of transition probability

matrix elements in file TRMX.
OBJECTIVE == must be 1 if planning horizon = 1 and 3

otherwise.

PRINI OPTION -- if 0, then generated matrix will not have

carriage control in Column 1l which is

default. If 1, then Column ! will have

carriage control making it unsuitable for

use with MPSX. )
NUMBER OF STATES =- must be positive integer.
NUMBER OF ACTIONS —- must be positive integer.

DISCOUNT FACTOR =—— effective discount rate. Default = 0.0.

SS CONSTRAINT =- cost from steady state run. Ldentified

as OBJVAL on file SXSIN. Only used if
planning period > l.

INFEASIBLE ACTIONS == the rehabilitation actions which are in-

feasible for certain condition states are identified here.,

Each

specification is separated by a blank line. Every action within

a specification is infeasible for each condition state in that

specification.

CURRENT CONDITION =- the current proportion of roads in this

road category among the various condition states are printed.

The user should check to see that their sum is one.
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10.

DESIRABLE STATES =- the minimum proportion of roads required to
be in different sets of desirable states arTe printed. The pro-
portion for a particular set is printed on the last line of that

set.

UNDESIRABLE STATES == the maximum proportion of roads required
to be in different sets of undesirable states are printed. The

proportion for a particular set is printed on the last line of
that set.

STEADY STATES —- the states which must be within thelr specified
limits are printed here. The proportion column represents the
middle of the acceptable range or interval for the states. The
sum of this column should not exceed one. The values in the in-
terval size column represent the width of the interval expressed
as a percentage of the proportion for that state or as an abso~
lute amount. The lower and upper bounds of the interval, ad-
justed to be within the zero to one range if necessary, are
printed under the minimum and maximum headings. The proportion
of roads in these states must satisfy these constraints in the

final time period.

PERCENTAGES == the multipliers for the proportiomn specified in
+he DESIRABLE and UNDESIRABLE STATES specifications are printed
here.

STATUS MESSAGES.
DATA SUCCESSFULLY READ IN —- indicates that the files SXSIN
and CURNT have been successfully read im.
COSTS SUCCESSFULLY READ IN == indicates that the file COSTF

has been successfully read in.
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TRANSITION PROBABILITIES READ IN == indicates file TRMX has
been successfully read in and therefore completes the
input requirements of Program ADOT.

ROWS SECTION SUCCESSFULLY GENERATED —- indicates that the
rows section of the matrix has been generated.

COLUMNS SECTION SUCCESSFULLY GENERATED —- indicates that the
columns section of the matrix has been generated.

RHS GENERATION COMPLETE =— indicates that the RHS section of
the matrix has been generated and thereby completes gen~

eration of the matrix.

11. ERROR MESSAGES == the user should refer to the appropriate file

description for the explanation to an error message.

Output File MATRIX

The first record of the generated matrix has the problem name. The
remainder of the file is divided into three major sectiomns: ROWS, COLUMNS,
and RHS. The last record has the word ENDATA.

The rows of the matrix are named in the ROWS section. The row is
jdentified as being a "less than” (L), "greater than” (G), equality (E),
or unconstrained (N) constraint. The current conditions are specified
with the name TOTAL followed by a three digit code identifying the state.
These are equalities. The balance rows for period one come next and they
are also equalities. Their name is BAL followed by a two digit period
number and a three digit state number. For a single period run, the ROWS
section is completed with the desirable (DS) and undesirable (US) state
specifications and the cost specification. All DS and US specifications
are followed by a two digit period number and a two digit sequence number. '
The DS are a "greater than” constraint and the US are & "less than" con=

straint. The cost is unconstrained.
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Otherwise, if this is a multi-period rum, the balance, desirable,
and undesirable rows are given for each period except the last. They are
named with the same numbering scheme as those for period onme. The last
period does not have balance rows but does have desirable, undesirable
and steady state minimum and maximum rows. The desirable and undesirable
are specified as before. The steady state minimum rows are identified by
SSMIN followed by a three digit code identifying the state. They are
"greater than” constraints. The steady state maximum are identified by
SSMAX followed byAé three digit code identifying the state. They are
"Jess than" comstraints. The steady state cost row is named SSCOST and
{s a "less than” constraint. Finally, the cost for all the periods ex~

cept the last is named TRCOST and is unconstrained.

The column section comes next. Every non-zero element of the LP
matrix is here along with some zero elements. Each element i1s specified
by a column name, row name, and value. The column name consists of the
letter W followed by a two digit period number, a two digit action num
ber, and a three digit state mumber. The row names were discribed ear-
lier. The entries are ordered first by period, then by action, and
finally by state.

The right hand side (RHS) section comes next. Each record in this
section has the name RHS followed by a row name and a value. This value
represents an upper or lower bound or an equality constraint depending
on how the row was defined in the ROWS section. A row which is not spe-
cified in the RHS section has the default RHS value of zero. The "TOTAL"
row for each state has its RHS specified first. The user will recognize
these values as the current condition values from the file CURNT if this
is a multi-period run. The next group of rows is the desirable/undesir~
able rows. The RHS's for these rows are the values provided by the user
in the DESIRABLE/UNDESIRABLE sections multiplied by the multipliers in
the PERCENTAGES section for that period as specified in file SXSIN.
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The SSMIN and SSMAX rows are assigned their RHS's next. These values
match the minimum and maximum columns in the STEADY STATES section of the
file SXSOUT.

1f this is a multi~-period run, the SSCOST row 1s now assigned its
RHES. This value matches OBJVAL in file SXSIN and S8 CONSTRAINT in the
file SXSOUT.

The user may create a new version of this file via the editor rather
than rerunning Program ADOT. The only section which can be edited 1s the
RHS section. Therefore, the structure of the problem will remain un-
changed with respect to number of states, number of actions, length of
planning period, objective, costs, transition probabilities and infeasi-~
ble actions. The upper and lower bounds which apply to the "DS", "US”,
"SSMIN", and "SSMAX" rows can be altered. For multi=-period rums, the
current conditions may be altered by editing the "TOTAL"™ rows and the
steady state cost may be altered by editing the "8SCOST" row. The user
is cautioned to check the editing very carefully before submiting matrix
to MPSX.

USING MPSX

The Mathematical Programming System Extended (MPSX) software package

solves the linear program (LP) matrix generated by Program ADOT.

MPSX has a control language that allows the user to set up the prob~-
lem, establish acceptable tolerances, determine feasibility, find optimal
solution, and print the solution. These statements must be specified
within Columns 10 to 71 of the record. Figure A-2 shows a typicel run~
stream for solving a steady state LP., The MPSX control language state~

ments are located in lines 130 to 250.
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00010 //RUQS? JOE (1000,0584,3%,1) 'DFS000001 133A NOS’»NOTIFY=RUOS7»
00011 // MSGCLASS=Q

00012 /%AFTER RUOS7A

00030 //JOBLIE D DSN=GFS51.MFS.SYSTH360DISF=5HR

00040 //MFSCOMF EXEC FPGM=IJLCOMFREGION=BéK

00050 //SCRATCH1 DIl UNIT=3330,SFACE=(TRK,»(2,2))

00060 //SCRATCH2 DIl UNIT=3350sSFACE=(TRKs(2+2))

00070 //SCRATCHZ LD UNIT=3350ySFPACE=(TRKs(2:2))

00080 //SCRATCH4 DI UNIT=3350,SFACE=(TRKs (2:2))

00090 //SYSMLCF Il UNIT=3350,SFACE=(TRKs(2,2))DISF=(NEW,FASS)
00100 //SYSFRINT DI SYSOUT=Q

00110 //SYSAREND DIl DIUMMY

00120 //8YSIN J U G 4

00130 FROGRAM(/FM‘)

00140 INITIALZ

00150 MOVE (XTIATAY ‘REAL )

00160 MOVE ( XFENAME s "FRFILE)
00170 MOVE (XORJy ‘COST ")

00180 MOVE (XRHS “RHS ")

00190 CONVERT { - SUMMARY )

00200 SETUF

00201 TITLE(/STEADY STATE RUN “)
00210 XTOLV= 0.000001

00220 XTOLLJ=0,00001

00225 WRITEC/XTOLV=/,XTOLV: ‘XTOLIJ="yXTOLDJs *STEADY STATE RUN")
00230 OFTIMIZE

DCG240 SOLUTION(’EASIS )

00245 EXIT

00250 FEND

00260 /X

00270 //MPBSEXEC EXEC FGM=DJLEXEC» CONDI= {0 s NE y MFSCOMF ) s FARM=TASK» REGION=86K
00280 //SCRATCH1 Il UNIT=3350,SFACE=(CYLs(4)ssCONTIG)

00290 //SCRATCH2 DI UNIT=3350,SFACE=(CYLy(4)rsCONTIOG)

00300 //FROBFILE DI UNIT=3350,SFACE=(CYLy(4),sCONTIEG)

00310 //MATRIX1 DI UNIT=3350,SFACE=(CYLy(4),sCONTIG)

00320 //ETAL ID UNIT=3350,SFACE=(CYLys (4)ssCONTIB)

00330 //SYSMLCF DI DSNAME=%.MFSCOMF.SYSMLCF,DISF=(0LDsDELETE)
00340 //SYSFRINT LI IISN=RUCS7.823.DATArUNIT=3350,V0L=8SER=00TA432y
00341 // ICE=(RECFM=FEAyLRECL=133yBLKSIZE=3591)
00342 // . SFACE=(TRKy (50,25) yRLSE) I ISF=(NEWsCATLG)
00350 //SYSAREND Il DIUMMY

003460 //SYSFUNCH Il SYSOUT=EK

00370 //8YSIN ID DSN=RUOS7 .MATRIX.DATA(S23)yIISF=8HR

00380 /%

Figure A-2, TYPICAL MPSX INPUT FOR STEADY STATE RUN
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Experience has shown that this runstream usually finds an optimal
solution. The user need be concerned with only a few statements from one
run to another. Line 150 must have the same problem name as was given to
the keyword PNAME in file SXSIN of Program ADOT, This is also present on
the first record in file MATRIX of Program ADOT. Line 170 must be the
name COST for a steady ;tate run and the name TRCOST for a multi-period
run. The user may wish to change the title given in line 201s The
quotes are mandatory on these lines. Any errors found by MPSX are di-
rected by line 100.

The MPSX control language statements send their output to the file
SYSPRINT whose disposition is specified on lines 340 to 342, The optimal
solution is located towards the end of the file. The LP matrix is read
from file SYSIN as specified on line 370. This is a file generated by
Program ADOT.

Figure A-3 shows 2 typical rumstream for a multi-period run.

Tolerances

The tolerances given on lines 210 and 220 for XTOLV and XTOLDJ, re-
spectively, are the MPSX defaults. They should accommodate practically

all of the multi-period rums and most of the steady state rums.
MPSX will occasionally run into computational difficulties and fail
to find an optimal solution. There are two error messages which indicate

computational difficulty:

1. BTRAN/FTRAN DJ CHECK FAILS
2. NON=-ZERO BASIS DJ AFTER PRICE.

A different set of tolerances will clear up the problem. Some alterna=-

tive tolerance settings are:
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00010 //RUOE7 JOE (1000:0584,599,1), /DIFS00000I 133A NOS’»NOTIFY=RUOTY .
00011 // MSGCLASS=R

00012 /XAFTER RUOS7A

00030 //JORLIE LDl DSN=BFS551.MFS.8YSTM360IISF=8HR

00040 //MPSCOMF EXEC FGM=DJLCOMFyREGION=8B6K

00050 //SCRATCH1 Il UNIT=3350s8FACE=(TRKy (2s2))

00040 //SCRATCH2 DI UNIT=3350,SFACE=(TRKs(2+2))

00070 //SCRATCHI I UNIT=3350sSFACE=(TRK, (252))

00080 //SCRATCH4 D' UNIT=3350,SFACE=(TRKs (2s2))

00090 //SYSMLCF DL UNIT=3350,SFACE=(TRKy (2+2)),DISF=(NEW-FAES)
00100 //SYSFRINT L' SYSODUT=Q )

00110 //SYSABEND DI DUMMY

00120 //SYSBIN oo X

00130 FROGRAM('FM’)

00140 INITIALZ

00150 MOVE (XLiATAs 'REAL )
00160 MOVE (XFENAME» "FRFILE)
00170 MOVE (XORJy "TRCOST ")

00180 MOVE (XRHS: “RHS )

00190 CONVERT (' BUMMARY ’)

00200 SETUF A
00201 TITLEC( MULTI-FERIOD RUN')
00210 XTOLV= 0.000001

00220 XT0LDI=0.00001

00228 WRITE( XTOLV='sXTOLV:/XTOLLDJ=" s XTOLIJy "MULTI=-FERIOL RUN‘J
00230 OFTIMIZE

002490 SOLUTION(’RASIS ")

00245 EXIT

00250 FEND

00260 /%

00270 //MFSEXEC EXEC FGM=DJLEXEC,COND=(0ryNEyMFSCOMF) sFARM=TASKsREGION=84K
00280 //SCRATCH1 DD UNIT=3350,SFACE=(CYLs (4),yCONTIG)

00290 //SCRATCH2 DD UNIT=3350ySFACE=(CYLs (4)sCONTIG)

00300 //FROBFILE DD UNIT=3350,SFACE=(CYLs(4)ysCONTIG)

00310 //MATRIX1 DI UNIT=3350,SFACE=(CYLs(4),:CONTIG)

00320 //ETAL DIl UNIT=3350:SFACE=(CYLy (4)y»CONTIG)

00330 //SYSMLCF Il DSNAME=X.MFSCOMF.SYSMLCF,DISF=(OLL,»DELETE)
00340 //SYSFRINT DI DSN=RUOS57.H31A01.DATAsUNIT=3350,V0OL=SER=DN0TA32,
00341 // ICR=(RECFM=FRALRECL=133,BLKSIZE=33571) >

00342 // SFACE=(TRKy (50,25) yRLSE) s IISF=(NEW,CATLG?

00350 //SYSAREND DDi  DIUMMY

00360 //SYSFUNCH Il SYSOUT=ER

00370 //8YSIN DIt DISN=RUOS7.X31A1.DIATAsDISF=8HR

00380 /%

Figure A~3. TYPICAL MPSX INPUT FOR MULTI-PERIOD RUN
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XTOLV. XTOLDJ
1E=6 1E-5
ClE-5 1E~4
1E~7 1E-6
1E~6 1E-4
1E=7 1E~5
1E~7 1E-4
1E~4 1E-3

Infeasible Solution
If the LP is infeasible, MPSX prints the message "INFEASIBLE SOLU-

TION" and prints the status of the problem. MPSX sometimes runs into
computational difficulty when in actuality the problem is infeasible.
This generally happens when the tolerances are too large. Try reducing
the tolerances to 107/ for XTOLV and 1078 £or xTOLDJ.

When an infeasible solution is indicated by MPSX, the user should
check the user input to Program ADOT. Are there any contradictory re~
quirements given for any state in the desirable, undesirable, and steady
state sections? Was the right objective chosen? Are the infeasible
actions correctly specified? Are the multipliers in the percentages sec~
tion reasonable? Specifying no multipliers means that the desirable and
undesirable constraints have to be met from the second period on. Are
the HORIZON and OBJVAL reasonable? Altering one or more of these problem

specifications should produce an optimal solutiom.

Output of the MPSX Program

A typical MPSX output is shown in Figure A-4, The parts of the out-
put which are useful in determining the optimum rehabilitation policies

are discussed below.
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XTOLV= 9999994306 XTOLDJ= LPIPPIPF7E~OS MULTI=-PERIDD RUN

SOLUTION (OPTIMALD
TIHE = 5,36 MINS, ITERATION NUMBER = 3090

BASIS
cosNAME, o0 se s ACTIVITY o0 DEFINED AS
FUNCTIODNAL 1.00387 TRCOST
RESTRAINTS RHS
JHPSX=PTF18, FIVE PERIOD RUNM PAGE 7?7

SECTION i1 = ROWS
NUMBER ++.ROMoo AT .o ACTIVITY,.. SLACK ACTIVITY ..LDWER LIMIT. ..UPPER LIMIT. .DUAL ACTIVITY

341 DSO201 BS + 59343 29343~ « 30000 NOME .
342 US0201 BS 00313 19687 HONE + 20000 .
484 USO0301 BS 200150 » 135850 NONE «156000 .
405 DS0401 BS 281220 21220~ +60000 NONE .
606 USO401 BS . «13000 NONE 213000 .
408 US0S01 BS . . 210000 NONE »10000 .
410 SSMAX02S BS + 74625 200730 NONE 75375 .
412 SSHAXCIE BS 07306 +00073 NONE 07380 .
613 SSMINO3IZ BS «15892 «00156~ «1855346 NONE .
614 SSMAX036 BS . 02033 00020 NONE «0Q2053 .
617 SSCOST BS 204467 +040%4 NONE 24561 .
618 TRCOST BS 1,00387 1.00387- NONE NONE 1.,00000
JHPSX=-FTF 18, FIVE PERIDD RUN PAGE 78

SECTION 2 —- CDLUMNS
NUMRER +COLUMN. AT o «ACTIVITY..o .« INPUT COST.s +.LOWER LIMIT. ..UPPER LIMIT. .REDUCED COST.

419 HO01010Q01 BS 92451 «06600 s HONE .

627 W0101009 BS 03968 : » 08700 B NOKE .

437 W0101019 BS 03582 19300 . NONE .
2479 W0201001 BS «59343 « 056600 . NONE .
2482 WO201004 BS 12988 + 15800 . HORE .
2487 W0201009 BS . 18927 .08700 o NONE .
249% WO201017 BS +CO0E3S 2310200 . HONE .
2562 WO201093 BS «00150 +19300 ° NONE .
2498 W0203012 BS «QA142 «784600 . NONE .
270% WO02030i9 BS 03269 « 78600 . NONE .
3706 WC203Q020 BS + 00183 « 78600 . NONE .
2709 WO203023 BS 00142 + 78600 . NONE .
2819  WO204023 BS - «00150 2.08600 . NONE .
4339 W0301001 BS 10283 «06600 . NONE .
4347 0301009 BS 201465 08700 . NOKE .
4353 W030101§ BS 201270 33200 . NONRE .
4340 W0301025 BS 04908 + 064600 . NONE .
4444 WO302001 BS 27809 +58600 v MONE .
4446 UWO3Q2003 BS S-1-3-144 «5B600 . NONE .
4447 40302004 BS 08337 «58600 . NONE .
4450 WO302007 BS 04545 +58600 . NONE .
4555 W030300% BS + 20672 « 78400 . NONE .
45%7 W0303011 BS +01557 «78600 . HONE .
4558 WO303012 BS + 04845 « 78600 . NONE .
45462 WO303014 BS +01370 «78600 . NORE .
4%43 W0303017 BS +04471 + 78600 . NONE .
4564 HOJ03018 BS 00072 78600 . NONE .
4566 W0303020 BS 01172 78600 o NORE .
4577 0303033 B8S 00707 78600 . HNONE .
4585 W0303041 BS 00142 78600 . NONE .
44231 0303071 BS . +00000 78600 . NONE .
4745 K0304095 BS 00150 2.08400 . NONE .
4199 WO401001 ES .005B4 « 06600 ° RONE .
4220 W0401025 BS 174617 + 06600 . NONE .
£229 W0401034 BS 00001 08700 . HONE .
6304 W0402001 BS +06016 + 58500 . MOMNE .
4410 40403004 BS 01445 + 768600 . NONE .
641% WOA03009 BS 02729 + 78600 . MONE .
6418 HW0403012 BS 00597 78600 . NONE .
6423 HW0403017 BS . 00304 . 78600 B HONE .
6432 W0403028 BS 00674 +7B600 . NONE .
6437 wW0403033 BS 112603 . 78600 . NONE .
6440 W0403034 BS .00188 +78600 . HONE .
6445 40403041 BS 00237 78600 . NONE .
6468 HW04030446 BS 00272 * 78600 . HONE .
BO5Y WO%Q1001 BS 00375 . . NONE .
8062 WOS01004 BS «00082 . . HOME .
8047 HW0501009 BS 00104 . . NONE .
8080 H0501025 BS 74629 . . NONE .
BOB3 WOLO1028 BS 07306 . o NONE .
8088 HOS01033 BS 15692 . . NONE .
B0%6 WOS01043 BS .00032 . . NOME .
9818 0517012 BS 00023 . . HONE .
95840 WOZ1703é BS +02033 . . NONE .

Figure A-4. TYPICAL MPSX OUTPUT FOR 5~PERIOD RUN
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Functional Value == the value of the objective function for the

optimum solution is printed. For the steady state solution
({.e., for T = 1), this is the minimum unit cost of of steady
state rehabilitation policy. For the multi-period runs (T > 1),
the functional value is the minimum sum of the discounted unit

costs during the first (T - 1) time periods.

Section l=-Rows == the values of the variables for which con~

straints were placed are printed. Also, the lower and upper

limits specified for these variables are printed.

Section 2=-Columns = the values of optimum ng and the minimum

costs c(i,k) are printed for different i, Kk, and %£. The nota~
tion used for w%k is as follows. The first two digits after W
indicate the time period (2), the next two digits indicate the
rehabilitation action (k), and the last three digits indicate _
the condition state (i). For programming convenience, the order
of 1 and k was switched, Thus, for example, "Ww0205007" indi-
cates the proportion of roads in the 7th condition state for
which the sth .ohabilitation action is applied at the beginning
of the 2™ time period.

AN ILLUSTRATIVE EXAMPLE

The various steps to be followed in using the computer programs are

4llustrated in this section for ome problem.

Problem Statement

Let us assume that we want to find the optimum rehabilitation policy
for roads with Traffic Index 3 (i.e., ADT 2 10,000) and Region Index 3

(i.e., Regional factor of 3.2 (#0.5). We want to consider the full size

of condition states (i.e., number of states = 120).,
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For roads with low roughness (120+45) and low percent of cracking
(5+5), we do not want the program to select any rehabilitation actions
other than routine maintenance and seal coat., On the other hand, for
roads with high roughness (300+45) and high percent of cracking (43+13),
we do not want the program to select either routine maintenance or seal

coate.

The following performance standards should be satisfied by the opti-
imum rehabilitation policy at steady state.

Pavement Condition » Required Proportion

Roughness = 120+45 and cracking = 545 percent

> 0.75
> 0.

Roughness = 300+45 and cracking = 43+l5 percent 10
We would like the system to reach steady state at the beginning of
the 5th year. For the first 4 years, we are willing to accept relaxed

performance standards as indicated by the multipliers py(2) and pp ()

below.
Multiplier py(%) Multiplier p; (%)
for Proportions for Proportions
Time Period in Desirable States in Undesirable States
1 Accept current condition Accept current condition
2 0.4 2.0
3 0.6 1.6
4 0.8 1.3

Considering the net effect of interest rate and inflation, we plan

to use an effective interest rate of zero.
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Running Programs COST, CCTRANS, and TPROB

The user must first run Programs COST, CCTRANS and TPROB in order to

generate three of the four input files required by the matrix generator.

Figure A-5 shows the JCL, input file COSTIN, output file SYSPRINT,
and the output file COSTF. COSTF is the input file, COSTF, for the

matrix generator. The cost matrix is now ready.

Figure A-6 shows the JCL, input files CTRL and CCIN, and the output
£f{les SYSPRINT and CC33 for Program CCTRANS. File CC33 contains the cur~
rent conditions in proportional form for Traffic Level 3 and Region Fac-
tor 3. It becomes input file CURNT to Program ADOT.

Figure A~7 shows the JCL, input files TPROBIN, LIFE, and REG3, and
the output files SYSPRINT and TR33 for Program TPROB. The input file
TPROBIN actually requests output for three road categories. Only the
output pertinent to Traffic Level 3 and Region Factor 3 is shown. For
informational proposes only, the same information for doing a similar
run with Program TPROBSP (24-state) is shown in Figure A-8, File TR33

becomes input file TRMX to the matrix generator, Program ADOT.

All three input files have been given the identification key,
"1 20STATE". The matrix generator can only access these files if the
keywords TNAME, CURNAME, and CNAME are set equal to "120STATE" im the
file SXSIN. |

Problem Scolution

The problem solution is completed in two stages. In the first
stage, the steady state solution is obtained. In the second stage, the
system is required to reach the steady state solution at the beginning

of the sth yvear using minimum cost policies for the first 4 years.
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00010
00020
00030
00040
00050
00060
00070
00080
00090
00100
00110
00120
00130

//RU
Y4
//CG
/7
/7Pl
++UWR
/X
/7760
/7

7/

//G0
7/

057 JOE (1000,0384,1051)/DFS00 I 133A NOS’/sNOTIFY=RUOS7»
MSGCLASS=Q
EXEC PLIXCLGyLIE=0ASORSsFPRG=COSTsAR=Qy
PARM.PLI=’NAGrH(S)7NXrSMSGrNDFrGNrNC(E)yNONEST’
I.SYSIN DD X

ITE WORKsCOST

«SYSFRINT DI DSN=RU057.CDST120¢BATAyUNIT=3350rVDL=SER=DOT432y
DCB=(LRECL=133;BLKSIZE=3591yRECFM=FBé)y
SPACE=(TRN9(5;3)yRLSE)’DISP=(NEUrCATLG)

//G0,COSTIN LIt DSN=RU057.TEHPDATA.DATQ(CDSTIN)yDISP=SHR

+COSTF I DSN=RU057.TEMPDATAeDATQ(CDSTFiQO):DISP=SHR

(a)

1208TATE COST INFUT DATA FOR COST MATRIX GENERATOR

0.0656
0.087
0.102
0.036
0.036
0
0.33
0.75
2.05
1.75
1.3575
2.87%
2.875
24625
3.925
3.629
3,675
4,973
4,675
4,725
5.775

630

0.158 0.310
0.179 0,332
0.193 0.346
0.037 0,071
Figure A-5.

(b)

PROGRAM COST--(a) JCL; (b) INPUT FILE COSTIN
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1208TATE COST INFUT DATA FOR COST MATRIX BENERATOR

ROUTINE MAINTENANCE COST INPUT
ACTION 1
. !
CRACKING
ROUGHNESS 1 2 3
b 0.066 0.158 0.310
2 0.087 0.179 0,332
3 0,102 0.193 0.346
ACTION 2
ROUGHNESS cosT
1 0.038
2 0,057
3 0.071

ACTIONS 3 THROUGH 17

REHARILITATION COST INFUT

ACTION CosT
1 0.000
2 0,550
3 ¢.750
4 2,050
] 1.750
é 1.579
7 2.875%
8 2.575
@ 2.625
10 2.925
11 3.623
i2 3.4675
13 4.97S
14 4,675
15 4,725
16 3.775
17 £.300

Figure A=-5(c).

PROGRAM COST OUTPUT FILE, SYSPRINT.
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Part

PROGRAM COST OUTPUT FILE, SYSPRINT.
A=49

Figure A=5(d).



.208TATE COST INFUT DATA FOR COST MATRIX GENERATOR

0.066 0.986 0.786 2.086 1.786 1.611 2,911 2.611 2.661
3.961 3.661 3.711 5.011 4,711 4,761 . 3.811 6.336

0.066 0.586 0.786 2,086 1.786 1.611 2,911 2,611 2.661
3.961 3,661 3.711 5.011 4.711 4.761 S5.811 6.336

0.158 0.3586 0.786 2,086 1.786 1.611 2.911 2.611 24661
3.961 3,661 3.711 S.011 4.711 4.761 5.811 64336

0.158 0.5B6 0,786 2,086 1.786 1.611 2.911 2611 2,661
3.961 3.661 3,711 S.011 4,711 4,761 5.811 64336

0.158 0.586 0.786 2,086 1.786 1,615 2,911 2.611 2.661
3.961 3661 3,711 5.011 4,712 4,761 5.811 6,336

- 0.310 0.386 0.786 2.086 1.786 1.611 2.911 2+611 2+.661
3.961 3.661 3.711 9.011 4,711 4,761 S5.811 6.336

0.310 0.586 0.786 2.086 1.786 1,611 2.911 2.611 2.661
3,961 3,661 3.711 5.011 4,711 4,781 9.811 6,336

0,310 0.586 0.,78é 2.08B6 1.784 1.611 2.911 24611 24661
3.961 3.661 3.711 3,011 4,711 4.761 S9.811 65.336

0.087 0,607 0.786 2.086 1.786 1.611 2,911 2.611 2.661
3.961 3.661 34711 S.011 4,711 4,761 5.811 6.336

0.087 0.607 0.786 2.086 1.786 1.611% 2.9211 2.611 2,661
34961 3.661 3.711 S.011 4.711 4,761 5.811 6,336

0.332 0.607 0.78B6 2.08% 1.786 1,611 2.911 24611 24661
3.961 3,661 3.711 J.011 4,711 4.761 U.811 64336
0.332 0.607 0.786 2.086 1.786 14611 2.911 2.611 2.661
3,961 3.661 3.711 5.011 4,711 4.761 S.811 6.336
0.102 0.621 0.786 2,086 1.786 1,611 2,911 2.611 2.661
3.961 3.661 3,711 5.011 4,711 4.761 5.811 6.336
0.102 0.621 0.786 2.0868 1,786 1.611 2.911 2.611 2,661
3.961 3.661 3.711 S5.011 4,711 4.761 S.811 6.336
0.193 0.4621 0.786 2,086 1.786 1.611 2911 2.611 2.661
3.961 3,661 3.711 5.011 4,711 4,761 S5.811 6336
0.193 0.621 0.786 2.086 1.786 1.611 2.911 2,611 24661
3.961 3.661 3.711 5.011 4.711 4,761 S.811 6336
0.193 0.621 0.786 2.086 1.786 1.611 2.911 2.611 2.661
3.961 3.661 3.711 S.011 4,711 4,761 S.811 6.336
0.346 0.4621 0.7Bs 2.086 1.786 1.611 2,911 2611 2.661
3.961 3.661 3.711 S5.011 4,711 4,761 S.811 6.336
0.346 0.621 0.786 2,086 1,786 - 1,611 2.911 2.611 2.661
3.961 3,661 3.711 5.011 4,711 4.761 S5.811 6336
0.346 0.621 0.786 2,086 1.786 1.611 2,911 2.611 2.661
3.961 3.661 3,711 S5.011% 4,711 4,761 5.811 6,336

Figure A-5(e). PROGRAM COST OUTPUT FILE, COSTF
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00010
00020
00030
000490
00050
00060
00070
00080
000%0
00100
001190
00120
00130
00140

//RUQS7 JOE (1000505845102 'IFS00000I 133A NOS 7 e NOTIVY=RUOnT
/7 MSGCLASS=Q

//7CL EXEC FLIXCLGrLIE=0ASORS:FRG=CCTRANSAQ=Q;

Ve FARM.FLI=’NAGrA(S) yNXySMEGyNOF s GNyNC(E} » MONEET’

//FLILSYSIN LI X
++WRITE WORKyCCTRANS

/X

//7GD.SYSFRINT I ISN=RUOS7 .CCOUT . DATAYUNIT=3250y VOL=BER=D0T4ZL
’r LCR=(RECFM=FEAs LRECL=133sBLKSIZE=35%1) >

/7 SEACE=(TRKy (5:3)sRLSE) sIISF=(NEWsCATLG)

//7G0.CTRL DD DISF=SHR ) ISN=RUOS7. TEMFIATA.DATA(CTRL?
//G0.CCIN DD DISP=SHR:DSN=EU209.F.FMSCARDE
//G0.CC33 OI DSN=RUOS7.TEMFDATA.DATA(CCI3) » DISF=8HR
4

(a)

120STATE CURRENT CONDITIONS FOR 120 STATE IN FROFORTIONAL FORNM

12

o 120

CC33

(v)

Figure A-6. PROGRAM CCTRANS-~(a) JCL; (b) INPUT FILE CTRL
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PROGRAM COST-=-(c) INPUT FILE CCIN

Figure A—6.

A-52



.-.n-—_—_—__——.—.—.———.-_—.__—u...-—-—....—.—_.—_-...—_.__——————-—-—.——-.—————-—-—.————_——_——..—.—._—_—

1208TATE CURRENT CONDITIONS FOR 120 STATE IN FROFORTIONAL FORM

FILE FORMATS

INFUT = 120 STATE
QUTFUT - 120 STATE

TRAFFIC~-REGION OUTFUT DIRECTIVES

e o s i e S AR G oW Cmfe I CRD SReh G I Wite MAGN EME G @I Gk CH SIS SN G RED WD EUP €25 GRy SO 1)

REGION
TRAFFIC 1 2 3
1
2
3 CC33
TRAFFIC = 3 REGION = 3
TOTAL = B315°9
STATE TRF REG LIFE RUF CRK CF SHOULDERS TRAV. WAY
1 3 3 1 1 1 1 23959 54771
? 3 3 1 2 1 1 B4 2534
19 3 3 1 3 2 1 1220 1830
E N D o F F R O 6 R A M

1203TATE CURRENT CONDITIONS FOR 120 STATE IN FROFORTIONAL FORM
3 3
CURKENT CONDITION 3 TOTAL = 85159
1 0.5245059242E+00
© D.3947871863E-01
19 0,35815357146E-01 (e)

Figure A-6. PROGRAM CCTRANS—--(d) OUTPUT FILE SYSPRINT; (e) OUTPUT FILE CC33
A-53

FRO

Q04
T

L1
.03%
«035



00010 //RUQS7 JOER (1000,0584,179,12)y DFS00000I 1334 NOS’»NOTIFY=RUOS?»
00020 // MSGCLASSE=Q

00030 //CL EXEC FLIXCLGsLIB=0ASORSFRG=TFROEsAQ=QR"
00040 // FARM . FLI="NAGsA(S) s NX»SHSGyNOFyGNsNC(E) s NONEST 7 »
00050 7/ REGION.BO=312K

00060 //FLILSYSIN LD X

00070 ++INSERT WORK

00080 % FROCESS

00090 ++WRITE WORK:TFROE

00100 ++INSERT WORK

00110 * FROCESS#

00120 ++WRITE WORKsFRINT

00130 ++INSERT WORK

00140 % FROCESSS

00150 ++WRITE WORKsMATRIX

00160 ++INSERT WORK

00170 * FROCESSS

00180 ++WRITE WORKyINFROE

00190 /X%

00200 //GO.SYSFRINT DI SYSOUT=AsLCE=(RECFM=FEBAsLRECL=133,BLKSIZE=35?1)
00210 //GO.TPROEIN LD DISF=SHRsyISN=RUOS7.TEMFLATA.DATA(TFROBIN)

00220 //60.LIFE LD DISF=SHRyISN=RUOS7.TEMFDATA.DATA(LIFE)

00230 //G0.REG1 I DISP=SHRsISN=RUOS7 . TEMFLIATA.DATAIREGLX)

00240 //G0.REG2 I LISF=SHR»DSN=RUOS7.TEMFIATA.DATA{REGZX)

00250 //BO.REG3 DIl DISF=8SHR:ISN=RUOS7.TEMFDATA.DATA(REG3X)

00260 //G0.TR11 DD DSN=RUOS7.TR11.0ATAsUNIT=3350yV0L=SER=D0T432>
00270 // ICE=(RECFM=FE,LRECL=30sRLKSIZE=3600)»

00280 // SFACE=(TRKy (030s25) yRLSE) yIISF=(NEWCATLE)

00290 //G0.TR22 DD OSN=RUO0S7.TR22.DATAsUNIT=3350sV0OL=SER=00T432;,
00300 // LCE=(RECFM=FEs LRECL=30sBLKSIZE=3600)

00310 // SFACE=(TRK?y (030y25) yRLSE) s IISF=(NEWsCATLG)

00320 //GO.TR33 DD DSN=RUOS7.TR3I3.DATAsUNIT=3350,V0L=SER=TI0T432;
00330 // HCE=(RECFM=FEsLRECL=30yRLKSIZE=34600)»

00340 // SFACE=(TRKy (030s25) yRLSE) »DISF=(NEWsCATLE)

00350 //

Figure A-7. PROGRAM TPROB--(a) JCL
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120STATE TRANSITION FROBAEBILITIES FOR MATRIX GENERATOR
LIFE
REGL1 REG2 REGS3
TR11
TR22

(b)
24STATE  TRANSITION FROBABILITIES FOR MATRIX GENERATOR

LIFE
REG1 REG2 REG3

TRil
TR22
TR33
(e)
TRF=1 REG=1 $ 2 2 4 3 3 53 45 445354551
REG=2 § 2 2 43 3 43 444454455
REG=3 $ 2 2 4 3 2 43 3 44444445
TRF=2 REG=1 } 2 2 4 3 3 4 3 44 4444455
REG=2 $ 2 2 3 22 42 32 43 4444475
REG=3Z $ 2 2 3 2 2 423 433 4444F©5
TRF=3 REG=1 $ 2 2 4 3 2 43 3 43354445
REGB=2 $ 2 2 3 22433 43 44444F5
REG=3 $ 2 2 3 2 233 3 333 43 44¢%F

(d)

Figure A-7. PROGRAM TPROB--(b) INPUT FILE TPROBIN

(c¢) INPUT FILE TPROBIN=-24 state version
(d) INPUT FILE LIFE
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ACTN=1 LIFE=1 CRK=

ACTN;B
ACTHN=4
ACTN=D
ACTN=¢
ACTN=7
ACTN=E
ACTN=D
ACTN=10
ACTN=11

ACTN=12

Figure A~7. PROGRAM TPROB=—-(e) INPUT FILE

LIFE=2"

LIFE=3
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LIFE=1
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A-=56

LB2043395
05748095
. 00400000
00000000
00000038
« 00000000
00000000
» 00000000
.7823738C
«Q00061ET
+ 00000000
87484988
01029937
+ 00000000
« 00000000
» 00000005
00000000
«00000000
+ 00000000
«88BF2342
01180314
«00000000
« 00000000
«00000006
«00000000
. 00000000
«00000000
91606124
. 01568885
+ 00000000
« 00000000
. 00000006
« 00000000
«00000000
00000000
94750436
«02444354
«00000007
00000000
00000008
00000000
+00000000
+ 00000000
L9998V
<PFBPOL7?
76637331
1.00000000
<9PPPPPEI
W$3121408
. PPFORFTT7
LPPPPP771
«P1176742
. POPPPALE
LPPPPERET
«BELBY263
1.00000000
1.,00000000
JOBBERTL2
1.000060000
1.00000000C
«P6981703
JFPPPBB12
. PPOP983E
+$3356261
1.00000000
31.00000000
LPPPP0T74
1.00000000
1.00000000
«PR72BITI
. PPPPTLSE
JPRPFPPET
FE777792
1.00000000
1.00000000
1.00000000
1,00000000
1.,00000000
JFPPPFTRE
LFFPB2503
LPPPPPTPS
«F7414526
+9PEIS490
LPOPPPPP3
+PE2BH0ED
LFPBBO271
. P9PPPFTE
. PBALE3ED

< 17956604
LPAZ01904
LFIZ70579
55074810
- DOBAZ2AS
00000000
00000000
. 00000008
$21782615
«74TI7657
. 00000714
212515012
«FBP70062
. PB227534
«S2700585
00180735
«00000014
00000000
«00000003
«11107458
JPBB196BT
«FB567107
LS3637260
00187541
«00000022
« 00000000
«00000003
»OB3IF3B7S
198431113
«P90646982
554740350
00202144
« 00000164
+ 00000000
00000003
«QE249543
LFP0D0646
«PR470717
L SB8057824
«00224E79
«00002274
« 00000000
+ 00000004
00001248
00109422
«1P444754
« 00000000
+ 00000017
063372467
+ 00000003
+00000230
07799660
00000532
00003737
«0F7443071
« 00000000
+00000000
01137253
« 00000000
» 00000000
02998783
«0000118E7
+ 00000162
.059812B4
. 00000000
00000000
«0000%226
00000000
« 00000000
«00271645
. 00004431
00000013
204074289
- 00000000
« 00000000
« 00000000
. 00000000
00000000
00000403
00017492
+ 00000003
02546414
«00064424
00000006
01688172
«0011%3%6
» 00000022
01504567

00000000
200000000
JOET2E4I1
SSAFTIBA
CPFIDETIN
1.00000000
1.00000000
LPPPOOFP2
. 00000000
25664188
Al dded-T
00000000
«00006000
«01772464
A7299414
LFPBIT2D9
LPPPPEPBRA
1.,00000000
P PPOTFPE7
00000000
+ 00000000
01432892
46362739
998124352
LFIPPPPEE
1.00000000
LPPPPP997
00000000
00000000
00933017
+44525950
797829
. PPPPPEIS
1.00000000
Nadadidd
. 00000000
«00000000
00529275
«A1P4AR176
JFE7TILLE
LPPPRT7T72D
1.00000000
LPPOOPPTS
« 00000000
«00000000
203717915
+ 00000000
00000000
200541125
« 00000000
« 00000000
01023598
« 00000000
« 00000000
01967665
00000000
+ 00000000
00000235
« 00000000
+ 00000000
«00019515
«00000000
+ 00000000
«00662435
00000000
+00000000
« 00000000
00000000
« 00000000
200000001
+ 00000000
+ 00000000
.00147718
200000000
00000000
+ 00000000
+ 00000000
00000000
+ 00000000
00000004
00000000
«00039060
. 00000086
+ 00000000
00025767
«000003I2
+ 00000000
00030048

REG3
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PROGRAM TPROB--(£f) OUTPUT FILE SYSPRINT, Part l.
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Figure A-7.
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Steadv State Solution. The JCL, control input file SXSIN, and output
£{les SXSOUT and MATRIX for Program ADOT are shown in Figure A-9. Care-

ful examination of output file SXSOUT indicates the problem is stated
correctly and therefore are ready to run MPSX. TFigure A=10 shows the JCL
and control language statements for MPSX and the output file SYSPRINT.
SYSPRINT has been edited to display the important parts of the solution.

5-Period Solution. The JCL, control input file SXSIN, and output files
SXSOUT and MATRIX for Program ADOT are shown in Figure A-ll. The "STEADY
 STATES" and "SS CONSTRAINT" come from the steady state solution. As can

be seen in Figure A-10(b), states 24, 23, and 36 each have one action in
the steady state solution. For these states the proportion (activity)
from the solution is entered into the STEADY STATES section of file
SXSIN. For state 28, two actions are found in the steady state solution.
The sum of corresponding proportions is entered as a single steady state
value for state 28. An interval size of one percent was considered reaz-

sonable for this rumn.
Figure A-12 shows the JCL and control language statements for MPSX

and the output file SYSPRINT. SYSPRINT has been edited to display the
important parts of the solution.
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00010 //RUQE7 JOE (1000505845179512) ¢ "IFS00000I 133A NOS‘ s NOTIFY=RUOL7

00020 7/ MSGCLABS=Q

00030 //CL EXEC PLIXCLGsLIE=0ASORS:FRG=TFROE,;AQ=Q)

00040 7/ FARM.FLI="NAG+A(S) yNXsSMSG s NOF s GNs NC(EX s NONEST * »
00050 // REGION.GO=312K

00060 //FLI.SYSIN LD X

00070 ++INSERT WORK

00080 % FROCESSSH

00090 ++WRITE WORK»TFROHSF

00100 ++INSERT WORK

00110 % FROCESS}#

00120 ++WRITE WORK,FRINTSF

00130 ++INSERT WORK

00140 % FROCESS#

00150 ++WRITE WORK,;MATRXSF

00160 ++INSERT WORK

00170 % FROCESS?

00180 ++WRITE WORK,;INFRESF

00190 /%

00200 //GO.SYSFRINT Dt SYSOUT=A ICE=(RECFM=FRA,LRECL=133»BLKSIZE=35%1)
00210 //GD.TFROEIN LD DISF=SHR,ISN=RUO0S7.TEMFLATA.DATA(TFREINSF?

00220 //GO0.LIFE LD DISF=SHRyISN=RUOS7.TEMFLATA.DATA(LIFE)
00230 //GO.REGL Il DISF=SHRISN=RUOS7.TEMFLATA.DATA(REGLISFX)
00240 //GO.REG2 ID DNISP=SHRUSN=RUOS7.TEMFPLATA.IATA(REGISFX)
00250 //G0O.REB3 Ith DISF=SHR ISN=RUOS7 . TEMFLATA.DATA(REG3SFX)
00260 //G0.TR11 T DSN=RU057.TR11SP.DATArUNIT=33SOrUDL=SER=DOT432y
00270 7/ [ICE=(RECFM=FEyLRECL=30BLKSIZE=34600)
00280 // SFACE=(TRKs (005s02) sRLSE) y DISF=(NEW,CATLE)
00290 //G0.TR22 on BSN=RU057.TRZESP.DATArUNIT=3350rUOL=SER=DDT432y
00300 // IICE=(RECFM=FEsLRECL=30rBLKSIZE=3600) ¢ .
00310 // SPACE=(TRN;(005:02)7RLSE)yDISP=(NEwrCATLG)
00320 //G60.TR33 oo DSN=RU057.TR33SP.DATArUNIT=33509UOL=SER=DOT4329
00330 // [CHE=(RECFM=FE: LRECL=30 s RLKSIZE=3600)
00340 // SEACE=(TRK» (005,02) +RLSE} »IISF=(NEWsCATLE)
00350 // .
()

Figure A-8., PROGRAM TPROBSP--(a) JCL
(b) see Figure A-7(c)
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ACTN=1

ACTN=3
ACTN=4
ACTN=$
ACTN=6
ACTN=7
ACTN=8

ACTN=9

ACTN=10

ACTN=11

ACTN=12

ACTN=13

ACTN=14

ACTN=15

ACTN=16

ACTN=17

CRK= 1

CRK=

8]

CRK=

RUF=
RUF=
RUF=
RUF=
RUF=
RUF=
RUF=
RUF=
RUF=
RUF=
RUF=
RUF=
RUF=
RUF=
RUF=
RUF =
RUF=
RUF=
RUF=
RUF=
RUF=
RUF=
RUF=
RUF=
RUF=1
RUF=2
RUF=3
RUF=1
RUF=2
RUF=3
RUF=1
RUF=2
RUF=3
RUF=1
RUF=2
RUF=3
RUF=1
RUF=2
RUF=3
RUF=1
RUF=2
RUF=3
RUF=1
RUF=2
RUF=3
RUF=1
RUF=2
RUF=3

IR - GIF 2 OIFI - GIRI = OIS = GIFI = GI R = OIS =

ol

cF
CF
Cr
CF
CF
Cr

CF
CF

Wow i unuuuu

Figure A-8,

ORI R = R

D WP NP ED WP WS S0 SED W» AGS AP SIE GG WD AES D NIA B NEP MID AP IP WS @R e AP AR T 9D > B WP W @ NWF WP NP ER wE NP MR WP P W G MR OB R AR R SR ab Nae 9 e e

+B2043395
05748095
+ 00000000

+ 00000000 .

00000036
. 00000000
«000C00000
+ Q0000000
+ 78237385
+ 00006155
+ 00000000
+ 9998751
«PPBP0T79
s 76637331

1.00000000

fFPFP9783
«F3121608
fFPFRORP7
+PP999771
221176742
« 999994468
+ 99996263
+B85892463

1.00000000
1.00000000

+ 98862512

1.00000000
1.00000000

+96981703
+?99298812

72999838
173356261

1.00000000
1.00000000

+9929%0774

1.00000000
1.00000000

«PP728353
FFPP5548
. PP299987
«RT7T77792

1.00000000
1.00000000
1.00000000
1.00000000
1.00000000

«FPPPP596
29982503
' PPP99996
«97414526
LPPP354%0
+PP999993
28286042
29880271
JFPPPRP78
. ?846538O

+17954604
94251704
+P1270579
» 35074813
00843243
. 00000000
00000000
+ 00000008
e 21762613
+7432786T7
+0000071 4
200001248
+00109422
« 19444754
+ 00000000
+00000017
06337267
+ 00000003
00000230
07799660
000003532
+ Q00032737
. 09443071
+ 00000000
+ 00000000
+01137253
« 00000000
+ 00000000
02998783
«00001187
00000162
«05781284
. 00000000
00000000
«00009226
+ Q0000000
+ 00000000
00271643
. 00004431
+ 00000013
. 04074289
« Q0000000
+ 00000000
. 00000000
+ 00000000
+ 00000000
00000403
+000174%2
+00000003
02546414
+ 00064424
+ 00000006
+01468E8171
+0011%3%96
00000022
01504567

« 00000000
+ 00000000
08729421
+ 44925184
fPPL56721

1.00000000
1.00000000

129999992
. 00000000
256646188
77999284
+ 00000000
+ 00000000
+03%17915
+ 00000000
« 00000000
200541125
«00000000
.00000000
«010233598
+ 00000000
00000000
«01967665
+ 00000000
+ 00000000
+ 00000233
+ 00000000
+ 00000000

00019515

+ 00000000
00000000
00662455
+ 00000000
+ 00000000
+ 00000000
200000000
+ 00000000
+ 00000001
00000000
+ 00000000
00147918
+ 00000000
+ 00000000
+ 00000000
« 00000000
00000000
+ 00000000
00000004
«00000000
«0003%2060
+ 00000086
+ 00000000
00025767
.00000332
« 00000000
.00030048

PROGRAM TPROBSP—-(c) INPUT FILE REG3
A=-65



Z4STATE TRANSITICN PRCSABILITIES FOR MATRIX GENERATCR

DATA 1S READ FOR NONBLANK ENTRIES

DESIGN LIFE = LIFE
REGION ) - REGL
REGION 2 « REGZ2
AEGIONR 3 = REGI

REGION
TRAFFIC 1 H 3
. TR11 TR12 IR13
2 TR21 ma2 TR23
3 TR21 TR32 TR33

DESIGN LIVES FDR ACTICNS 2 THROUGH 17

TRAFFIC REGION

-mwnowe -

LT NTRT AL ST NN ! ~
FRT VI TRVRT VIS TV A
PR YWORE o F R R g

LHab NN NS P
WU LIRS

Figure 4-8.

IS LIRINILI S UL § WY

ACTIGNS

6 7 ] s 10 11 12 13 14 15
2 H 3 & H 4 4 5 L3 H
3 4 3 & L) 4 & s 4 b
2 & 3 3 & & & 4 L3 4
3 & E] 4 & 4 4 6 L3 4
2 & 3 3 & 3 4 ) & &
2 4 2 3 & 3 H 4 & &
2 & 3 3 4 3 2 5 L) &
2 4 3 3 4 3 & 4 4 &
2 3 3 3 3 3 3 & 3 o

PROGRAM TPROBSP--(d) OUTPUT FILE SYSPRINT, Part 1.

4~66

™
o

F ¥ R AT Yo

17

I

AR U



REGRESSION PROBABILITIES FOR REGION LEVEL 3

] OOl/ﬁlcczoebOCSCnvsc080C:)nvOSCOSOOSCOO.UOlOCBOCOCCOru..UOA:U-{ZO
[] 002820090BSOCIGnuZCOnVAJC:DnuOBAvaLO.LSCOhyOOOOClCCﬁJAuOCOA‘vAuSO.baD
] 00417ﬂuﬁugo1233903130.3306\0023050544ﬁ.U.UO.J.\uJO\.JQ:J.\v.JJO.JDDDJ\U_I..JD
] 00956009369037031003037000339337.009003.007.U0333030903530
] 002250090bgoalOQQOOZJﬂ\.bJOODQID.U»OD.\UQOOJ.U.J/»..UOOQ-OODOBD«JZ.JO
] 097910090bﬁvooQOOSOOOOOQOO.UOGCPU.U,OOQUOGAUOD\L\LOOOOOGOCOOODOO
{ 0086.9009059003000001091000000000DQOOOOODO.UD\UOOOODOJDOJO
] ooolu.9009029.000.000000000300033300\.U.anOOOODOODOOFUﬁyOmUAV\.uDOG
[ ? 6 & 0 6 6 5 0 8 @5 60 5 58 0608 ¢ e e ee 6o 0C 6O P00 BE 0L L0 OH0 s eSO 000
i 0000011000OOOOOOOCOOOOOHVOOSOOAU~UQOOOOOWuOOOOOODOOOOOOOOOO

] 44953008574821&.077330271&003003724 QOUDONANTOSOOOOMNNY T O0~0nN
] 007140031514250169363370050383,DBO-U203431800030090120792
§ 695820.U05672&.70029265703020071120»UZ.UO,¢L.OZ.\UOOOC4406./4.0\..30
[ 610/».3000270194007009033007008101009001&:040000007064089O
§ 557.7.4ﬂ.unbofozoco4oﬁu1~0090OQOoaﬂuaugooanuﬁuoaanlOD?OCCCOO‘.OL‘ DM~y
i 92208000730014003007004001009009O..UooOZOOODOOCOGO«USDOAUIG
[] 7..lﬁ150CC01:ﬂacogoaéoﬂuw(OOGOOlﬂvOZOOSOGOOOOOO400\.»00000200100
] 19gsooccz-l.cnuclccocq.bﬂuoG0C00~baUCﬂanuCaivcocﬁyccchuﬂuocCOanuon.vOnuoo
] o-.otuoooawao-o-ooooocc..ooucco-ovo-..-ocao-o-oooco.o
¥ DOODOOOOOOOCOO.UOOOOOAVFVOCCqUﬁuOGOOODOC.U.UOOQOC«U_UOAbOOCOALOOOO

§ Sso.u,bh-03550191038712333nvaUﬁ4003281.U04nU\UBB—[ZOOO\UO636,D.UBZ.I.GU
-4 99003003BSOS??..OBCC,?4.66600130»«.lB.DOO-[CDS.OR\.Q:UQCJOQIDQ,ZQ,9677

i 30000000310753096977lﬂZZAUNUSO\J?s82c070035;700000559549-UZG,
wi 38000000760807091996969002hv016»36ODOC..UR,SQ—/CO.U-UOQ.Z?QSQ,,COQ.
[} /ﬂ:“.OOOCOHUBCOQ.Q,BGQ.ZCJQ;?Q.Q8.006.,?.1«8.«1950.U9002997.U0000959139389
< § 07000600200?3609199199SOOBO_MQ.Q.G3009ﬂb.U7Q:97»&0 200700 TRONM
= § NNV VVLUOUUUEMUOCMOU 00OV RBOLVO TP IS TS T YT NI ATATS IS IS TS Lo TV TNT Al g Al Pade s Lot ol
[ %22} 800000007009970999999980090099990090.09999000.U0999999999
[] oano;o-ooooo-ooaooooucuoeooo-ocnnooc.-o.ooooooo‘ouooo;
] 00OCG0000000OOlcooooooollO\sloooo110110ooallllloooooaoco

“ Ll Lo DV I Lo I Ty

ce

ot o ONTO O\ OV 00 0md O 00 8 80 08 ol 135 1 0N 1) ot O £ -8 O\ 0 =t 1N (Y 4 NSO} et NP s NI O 80N [ IaV I T AV D Pt e T Tea TN T T )

CRK/RUF

PP PR R T P P P BT M T B S g TaYTa N Tat¥e R B Tod podg MO T TIDO At t NN TINNN D O O
el ol el o g g v gt 0o0d gl ol 7l ol 900 8 ol g ol ol 8 ) ol e

ACTION

1234567890123456789312345678901234567890123456789012345
11111111112222222222333333333344644444@4555555

-CARD

C.015C4567 0.00030048

C.98465385

17

56

PROGRAM TPROBSP--(e) OUTPUT FILE SYSPRINT, Part 2.

Figure A-8.
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PROGRAM TPROBSP—-(f) OUTPUT FILE SYSPRINT, Part 3 (2 pages)

Figure A-8.
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(L

3
0.6418860681E+00
0.1404877740E+00
0.1785478819E+00
0.3907826596E-01
0.4497159215E~01
0.7374022500E4+00
0,12509357B5E-01
0.20511467F00E4+00
0.,7140771428E+00
0.68294670716E-01
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+
4
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0.3004800000E-03
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0.3004800000E-03
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0.3004800000E-03
0.98446538500E+00
0.1504567000E~01
0.3004800000E-03
0.9846538T00E+00
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+00000000E+00

Figure A-8.

TRANSITION PRORARILI

PROGRAM TPROBSP--(g) OUTPUT FILE TR33



00010 //RUOS7 JOE (1000,0584579s1) s ‘IIFS00000T 1334 NOS’yNOTIFY=RUOS7»
00020 // MSGCLASS=QR

00030 //CL EXEC FGM=ADOTDsREGION=012K

00040 //STEFLIE DIt ISN=EU209.F.LOADLIEsDISF=SHR

00050 //SXSIN LI DISF=SHR» ISN=RU0S7 . ALOTIN.DIATA(E33)

00040 //COSTF LI LISF=SHR,ISN=RUOS7,TEMFIATA.DATA(COSTF120)

00070 //TRMX DI DISF=SHRyISN=RUOS7+TR.DATA(TRI3)

00080 //CURNT Il LISF=SHR»ISN=RUOS7.TEMFIATA.DATACCC33)

00050 //MATRIX DI ISN=RUOS7.X33.DATAsUNIT=3350,V0L=SER=D0T432,

00100 // [ICR=(RECFM=FRs LRECL=40BLKSIZE=3600)
00110 7/ SFACE=(TRKs (9:9) yRLSE) s IISF=(NEWsCATLE)
00120 //78XS0UT 1D DSN=RU0570A33.HQTA:UNIT=33509UOL=SER=DOT432!
00130 // ICE=(RECFM=FRA LRECL=133RLKSIZE=35%91)
00140 // SFACE=(TRKs (S5y3)sRLSE)Y s IISF=(NEW,CATLG)
00150 //

' (a)
TITLE

REAL LIFE PRORLEM
ROALl INFORMATION
TRAFFIC=3 REGION=3j
CONTROL IHFORMATION
FNAME=’REAL‘ HORIZON=1 STORAGE=6000 OBJECTIVE=1 NUSTAT=120 CURNAME=’1208STATE’
CNAME=‘120STATE’ TNAME=/120STATE’ DISCOUNT=0.0 NUACT=17 #
INFEASIRLE ACTIONS 2 .
10 1 2 25 26 49 S0 73 74 97 98 19 345 67 89 10 11 12 13 14 135 16 17
1S 22 23 24 44 47 48 70 71 72 94 95 96 118 119 120 2 12
DESIRABLE STATES 1

10 1 2
25 26
49 50
73 74 :
97 98 0.79
UNDESIRARLE STATES 1
19 22 23 24
46 47 48
70 71 72
94 95 96
118 119 120 0.1
STEADY STATES 0
FERCENTAGES 0
ENDATA

(b)

Figure A-9. PROGRAM ADOT-=-(a) JCL; (b) INPUT FILE SXSIN

A=71



1, TITLE
REAL LIFE FROBLEM
2, ROAD INFORMATION

TRAFFIC 3 REGION 3
3., CONTROL INFORMATION
FROBLEM NAME . REAL
CURRENT CONI's NAME 1208TATE
TRANSITION FROE. NAME 1208TATE
COST NAME 1208TATE
FLANNING FERIOL 1
ESTIMATED STORAGE 6000
ORJECTIVE 1
FRINT OFTION o
NUMBER OF STATES 120
NUMBER OF ACTIONS i7
LISCOUNT FACTOR 0.00
4, INFEASIELE ACTIONS 2
STATES ACTIONS
1 2 25 26 49 50 3 4 5] b 7
73 74 97 2?8 9 10 11 12 13
is 16 17
22 23 24 46 47 48 1 2

70 71 72 P4 P9 ?é
118 119 120

5., CURRENT CONDITION 3
STATE FROFORTION
1 0.72450592
? 0.03967872
19 0.03381536
: 6. DESIRARLE STATES 1
STATES FROFORTION
1 2 23 26 49 50 73 74 97 78 0.7500
7. UNDESIRAERLE STATES 1
STATES FROFORTION
22 23 24 46 47 48 70 71 72 94
?9 96 118 119 120 0.1000
8. STEALY STATES 0
9. FERCENTAGES ¢

STATUS MESSAGES
DATA SUCCESSFULLY READ IN
COSTS SUCCESSFULLY READ IN
TRANSITION FROBARILITIES SUCCESSFULLY READ IN
ROWS SECTION SUCCESSFULLY GENERATEL
COLUMNS SECTION SUCCESSFULLY GENERATELD
RHS GENERATION COMFLETE

Figure A-9. PROGRAM ADOT--(c) OUTPUT FILE SXSOUT

A=72
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NAME REAL
ROWS
E TOTALL
HALO1001
EALO1002
RALOL1003

momme

.
°

.

RALO1120
80101
uso10il
COsT

LUMNS
W0101001 TOTALL 1,0000000
W0101001 EALO1001 ~-.358113931¢
W0101001 EALO1004 0.1404877740
W0101001 EALO1009 0.178547881°9
WO101001 RALO1012 0,0390782660

QzZ oM

c

W0101001 [S0101 1.0000000
Wwe101001  COST 0.0660000
Wwo101002 TOTALL 1.0000000
Wo101117 TOTALL 1.0000000

WO101117 ERALO1105 0,0000000000
W0101117 HALO1107 0.0000000162
WO101117 BALO1111 0.0000071238
W0101117 RALO1113  0.0000000800
W0101117 EALO1115 0.0022487738
WO101117 BALO1119 0.9977240062
W0101117 BALOL117 =1,0000000

Wwolo01117 COST 0.1930000
Wo102001 TOTALL 1.0000000
W0114120 TOTALL 1,0000000

W0116120 FEALO1073 0.9B82B4606200
W0116120 EALO10B1T 0.0168817100
W01146120 KEALO10BY 0.0002574700

W0114120 FRALO1120 ~-1.0000000
WO116120 US0Q101 1.0000000
W0116120 COST 5.8110000
W0117003 TOTALL 1,0000000

Wo117003 ERALO1097 0.9988027100
WO11700Z EBALO1105 0.0011939600
WO117002 EALO1113  0.0000033200

W0117003 EALO1003 =-1.,0000000
W0117003 COST 6.3360000
WO117004 TOTALL 1.0000000
W0117120 TOTALL 1.0000000

WO117120 HEALO1097 0.9846538500
WO117120 EALO1105 0.0150456700
Wo117120 BALO1113  0.0003004800

WO117120 BALO1120 =1.0000000

Wo117120 USO101 1.,0000000

Wo117120 COST 643360000
FHS

RHS TOTALL 1.0000000

RHS nso101 0.7300000

RHS usoi01 0.1000000
ENDATA

Figure A-9, PROGRAM ADOT=--(d) OUTPUT FILE MATRIX
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O0010 //RUOTT JOE (100070584,39,1),'DIFS00000I 1334 NOS‘ yNOTIFY=RUOS7
o001l 4/ MSGCLASS=QR )

00012 /¥AFTER RUOI7A

00030 //JOBLIR I DSN=GFS51.MFS.SYSTM360, IISF=5HR

00040 //MFSCOMF EXEC FGM=DJLCOMF,REGION=86K

60050 //SCRATCH1 DD UNIT=3350sSFACE=(TRKy(2:2))

00060 //SCRATCH2 Il UNIT=3350»SFACE=(TRKy(2+2))

00070 //SCRATCHZ Il UNIT=3350ySFACE=(TRK,(252))

00080 //SCRATCH4 DI UNIT=3350s SFACE=(TRKy (2+2))

00090 //SYSMLCF I UNIT=3350sSFACE=(TRKy (2+2)) yDISF=(NEW,FASS)
00100 //SYSFRINT Il SYSOUT=QR

00110 //SYSAREND DI DIUMMY

0012¢ //SYEIN oD X

00130 FROGRAM( /FM %)

00140 INITIALZ

0015¢ MOVE (XDIATA Y ‘REAL )

00160 MOVE { XFENAME » FRFILE’)
00170 MOVE (XOEJy COST )

00180 MOVE (XRHS s * KHS /)

00190 CONVERT ( / SUMMARY /)

00200 SETUF

00201 TITLE(‘STEADIY STATE RUN )
00210 XTOLU= 0,000001

00220 XTOLIIJ=0, 00001

00225 WRITE ( *XTOLV="sXTOLV» ‘XTOLIIJ=/ s XTOLDJ» *STEADY STATE RUN’)
00230 OFTIMIZE :

00240 SOLUTION(’EASIS‘)

00245 EXIT

00250 FENI

00260 /X

00270 //7MFSEXEC EXEC FGM=DJLEXEC COND={ 0 s NE y MFSCOMF) s FARM=TASKyREGION=84K
00280 //SCRATCHLI DI UNIT=3350,SFACE=(CYLy(4)ssCONTIG)

00290 //SCRATCHZ LD UNIT=3350sSFACE=(CYLys (4)ssCONTIB)

00300 //FROBRFILE DI UNIT=3350sSFACE=(CYLs (4>, sCONTIG)

00310 A/MATRIXDI I UNIT=3350sSFACE=(CYLs(4)»sCONTIG)

00320 //ETAL U0 UNIT=3350r8FACE=(CYLs(4):,CONTIG)

00330 //8YSHMLCF I IISNAME=% . MFSCOMF . SYSHLCFy NISF=(0LL, DELETE)
00340 //SYSFRINT DD IISN=RU0S7.S23.DATAUNIT=3350,V0L=SER=00T432~
00341 // [ICE= (RECFM=FRAyLRECL=133yBLKSIZE=3591)
00342 // SPACE=(TRK» (50y25) yRLSE) s NISF=(NEWsCATLE)
00350 //SYSAREND Il DIUMMY

00360 //SYSFUNCH LD SYSOUT=E

00370 //8YSIN I LSN=RUOS7 MATRIX.DATA(S23)rLISF=5HR

00380 /%

Figure A-10. MPSX=-(a) JCL AND CONTROL LANGUAGE
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XTOLVe= JPPPPPPLEE~07 XTOLLJ= « PPPPPOIP7E-0S

SOLUTION (OPTIMAL)

TIME = 0.54 MINS. ITERATION NUMBER = 1347

KASIS
oo oNAME. o o
FUNCTIONAL
RESTRAINTS
+MFEX-FTF18. STEADY
SECTION 1 ~ ROWS
NUMEER .., .ROW.. AT
39 BALO10O38 &S
123 USsoi01 BS
124 COST RS
+MFPSX~FTFiB, STEADY
SECTION 2 - COLUMNS
NUMEER  LCOLUMRN., AT

146 W03101025 BS
254 W0102028 BS
358 W0103028 kS
343 W0103033 &S
346 W0103036 BS

EXIT = TIME = 0.35

STEADY STATE RUN

.

NONE
NONE

oo tACTIVITY. DEFINED AS
. 23391 casT -
RHS
STATE RUN
e o +ACTIVITY. . SLACK ACTIVITY ,.LOWER LIMIT.
. . +10000
£233%1 123391~

STATE RUN

oo +sACTIVITY oo« INPUT COST.. .. LOWER LIMIT.

75000 . 06600
«046043 58600
+ Q1300 «78400
l +15414 « 784600
02043 «78600

.
D
.
°
.

s UPPER LIMIT.

10000
NONE

o« JUPPER LIMIT.

NONE
NONE
NONE
NONE
NONE

PAGE

+DUAL ACTIVITY

1.00000

+REDUCED

o v v e .

Figure A=-10. MPSX~—(b) OUTPUT FILE SXSPRINT

PAGE
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o0010 //RUOSY JOB (1000s0584,79y1), 'IFG00000I 133A NOS’ ¢ NOTIFY=RUQD7 s
00020 S/ MSGCLASSE=Q

00230 //CL EXEC FGM=ALOTDsREGION=5S12K

00040 //STEFLIE DD ISN=EU209.F.LOADLIE,DISF=5HR

00050 //SXSIN LI DISF=SHR,ISN=RUOS7.ADNOTIN.DATA(HI3AL)

00060 //COSTF DD DISF=SHR»ISN=RUOS7 . TEMFDATA.DATA(COSTF120)

00070 //TRMX DI DISF=SHRsDSN=RUO0S7.TR.DATA(TR33)

00080 //CURNT DI DISF=SHR,ISN=RUOS7.TEMFIATA.DATA(CCI3)

00090 //MATRIX DD ISN=RUOS7.X33A1.IATAsUNIT=3350,V0OL=SER=DI0T 432"

00100 // [CE=(RECFM=FE s LRECL=40syBLKSIZE=3600) s
00110 // SPACE=(TRK7(999)7RLSE);DISP=(NEN1CATLG)
00120 //SX80OUT LD DSN=RUOS7.A33A1.DATAvUNIT=3350yUOL=SER=DDT432r
00130 // [CR=(RECFM=FEBAsLRECL=133sBLKSIZE=3591)»
o140 // SFACE=(TRK7(5;3)!RLSE):DISP=(NENrCﬁTLG)
00150 //
(a)
TITLE

REAL LIFE FRORLEM
ROALl INFORMATION
TRAFFIC=3 REGION=3j
CONTROL IHFORMATION
FNAME='REAL’ HORIZON=3 STORAGE=6000 OBJECTIVE=3 NUSTAT=120 CURNAME='120STATE’
CNAME=’1208TATE’ TNAME=‘120STATE’ DISCOUNT=0.0 NUACT=17 OBJVAL=0.24561%
INFEASIRLE ACTIONS 2

10 1 2 25 26 49 50 73 74 97 ©8 1% T 45 67 8% 10 11 12 13 14 15 16 17

19 29 D3 24 46 47 48 70 71 72 94 95 96 118 119 120 2 12
DESIRARLE STATES i

10 1 2
25 26
49 S0
73 74
?7 98 0.7%
UNDESIRARLE STATES 1
15 22 23 24
46 47 4B
70 71 72
%4 95 96
118 119 120 S 0.1
STEADY STATES 1
4 29 79
) 28 07343
33 «15614
36 « 02043 .01
FERCENTAGES 3
pe) 0.4 2.0
3 0.6 1.6
4 0.8 1.3
ENDIATA

. (B
Figure A-11, PROGRAM ADOT--(a) JCL; (b) INPUT FILE SXSIN
A~T76



i. TITLE
REAL LIFE FRORLEM
2. ROAD INFORMATION

TRAFFIC 3 REGION 3
3., CONTROL INFORMATION
FROELEM NAME REAL
CURRENT COND. NAME 120STATE
TRANSITION FROE. NAME 1208TATE
COST NAME 1208TATE
FLANNING FERIOD S
ESTIMATED STORAGE 6000
OEJECTIVE 3
FRINT OFTION 0
NUMEER OF BTATES 120
NUMBER OF ACTIONS 17
LISCOUNT FACTOR 0.00
85 CONSTRAINT 0.24561
4, INFEASIEBLE ACTIONG 2
STATES ACTIONS
1 2 25 26 49 350 3 4
73 74 F7 78 9 10
19 16
22 23 24 46 47 48 1 2
70 71 72 94 2% 96
118 119 120
S. CURRENT CONLDITION 3
STATE FROFORTION ’
1 0.92450592
e 0.03967872
19 0.03581536
é. DESIRARLE STATES ’ 1
STATES
1 2 25 26 49 S0 73 74 97 28
7. UNDESIRABLE STATES i

STATES
22 23 24 46 47. 48 70 71 72 24
25 ¢4 118 119 120

8. STEALY STATES 1
STATE FROFORTION INTERVAL SIZ MINIMUM
29 0.750000 1.000000 % 0.746250
28 . 0.073430 1.000000 % 0.,073063
33 0.156140 1.000000 % 0.135359
36 0.020430 1.000000 %« 0.020328
?. FERCENTAGES 3
FERIOD LESIRAELE UNDESIRABLE
2 0.4000 2.0000
3 0.6000 1.6000
4 0.8000 1.3000

STATUS MESSAGES
LATA SUCCESSFULLY READN IN
COSTS SUCCESSFULLY READ IN
TRANSITION FROBARILITIES SUCCESSFULLY READ IN
ROWS SECTION SUCCESSFULLY GENERATED
COLUMNS SECTION SUCCESSFULLY GENERATED
RHS GENERATION COMFLETE

Figure A-1l. PROGRAM ADOT=--(c) OUTPUT FILE SKSOUT
A=77

11 2 i3
17

FROFORTION
0.7500

FROFORTION
00,1000
MAX IMUM
0.753730
0.073797

0.156921
0.020532



NAME REAL
ROWS

£ TOTALOOL
TOTALOO2
TOTALOO3
TOTALQO4

.

mepme

.

.

TOTALL20
BALO1001
BALO1002
EAL 01003

mmmm

3

EALO1120
RALO2001
BAL02002
BALO2003

.

mermm

°

RALO2120
0s0201
us0201
BALO3001
BAL 03002

mmr eom

.

3

£ BRALOA4120

& 1180401

L US0401

6 D050l

L US0S01

G SSMINOIS

L S8MAX025

& ESMINOZS8

S5MAX028

S3HINO33

SEMAX0Z3

SSMINGCI4

SEMAXC36

88COST

TRCOST

COLUMNS
Wo101001 TOTALOO1 1,.0000000
W0101001 FHALC1001 0.5418860681
W0101001 HALO1004 0.1404877740
W0101001 ERALO10O%? 0.17854788B1°9
W0101001 FRALO1012 0.0370782660

L
G
L
G
L
L
N
0

W0101001 TRCOST 0.0660000
W0101002 TOTALOC2 1.,0000000
K0117120 TOTALLIZO 1.0000000

W0117120 ERALO10%7 0.9B463538B500
W0117120 ERALO1105 0.0150456700
WO117120 HALO1113 0.0003004800
W0117120 TRCOST 4.3360000
WC201001 BALO1001 =1.0000000
W0201001 BALO2001 0.46418860681
WO201001  HALOZ004 0,1404877740
WG201001 EALO200%? 0.17B5478B81°
WO2010031 EALO2012 0.03907B82660

Wo201001 D50201 1.0000000
Wo201001 TRCOST 0.0660000
WO201002 RALOL1OC2 -1.0000000

WI201002 BALC20QLI 0.044F715921
Wo201002  RALOZI004  0.7374022300

Figure A-14. PROGRAM ADOT--(d) OUTPUT FILE MATRIX (2 pages)
. A=78



W0417120 KRALO3120 -1.0000000
WO417120 BALO40F7 0.9Ba453BI00
WO417120 BALO410S 0.0150456700
W0417120 HALO4113 0.0003004800

Wo417120 US0401 1.0000000 _
W0417120 TRCOST 6.3350000
Wo501001 BALO40OOL -1.0000000
WwoS501001 DRSOS01 1.0000000
Wo501001  8SCOST 0.06460000
WO501002 HALO4A002 -1.0000000
W0501002 DSO501 1.,0000000
W0S01002 SSCOST 0.06460000
W0501003 BALO4003 =1.0000000
WO0S501003 SSCOST 0.1580000
Wo501021 EALO4021 -1.0000000
wo501021  SSCOST ©.1930000
Wos01025 RALO402T -1.0000000
W0501025 DS0501 1.0000000
WOS501025 SSMINO2T 1.,0000000
WOS01025 SSHAX023 1.0000000
W0501025 S8COST 0.0660000
W0501026 BALDO4026 =1.0000000
W0501026 180301 1.0000000

WoS01026 8SCOST 0.0660000

e
’

WoS17120 RALO4120 =1.0000000

WO517120 US0S01 1.0000000
Wo517120 SSCOST 6.3360000
RHS
RHS TOTALOOL 0.9245059242
RHS TOTALOO2 ©.0000000000
RHES TOTALOO3 ©0.0000000000
RHS TOTALOO4 0,0000000000
RHS TOTALOOS 0.0000000000
RHS TOTALOOS ©0.0000000000
RHS TOTALOO? 0.0000000000
RHS TOTALOO8 0.0000000000
RHS TOTALOO® 0.0396787186
RHE TOTALO1O 0.0000000000
RHS TOTALO11  0.0000000000
RHS TOTALOL2  0.0000000000
RHS TOTALO13 0.0000000000
RHS TOTALQ14  0.0000000000
RHE TOTALOLS  ©0.0000000000
RHS TOTALD1& 0.0000000000
RHS TOTALOL7 0.0000000000
RHS TOTALO18 0.0000000000
RHS TOTAL1Z0 0.0000000000
RHS nso201 0.3000000
RHS usdz01 0.2000000
RHS [g0301 0.4500000
RHS uso301 0.1600000
RHS 150401 0.6000000
RHS Uso401 0.1300000
RHS ns0501 0.7500000
RHS Us0301 0.1000000
RHS SSHINOD2S 0.7462500000
RHS SSHAX02S  0.7337500000
RHS SSMINC28 0.0730628300
RHS SSMAX028 0,0737971500
RHS SSHINO3I3Z 0.1833%93000
RHS SSMAXO33  0.1567207000
RHS S8MINO36 0.0202278300
RHS E8MAX036 0.020532213500
RHS 8SCOST 0.2456100
ENDATA

Figure A-11. PROGRAM ADOT-—(d) OUTPUT FILE MATRIX (Concluded)
A-79



00010
00011
00012
00030
00040
0003590
00040
00070
00080
00020
00100
00110
00120
00130

00140,

00150
00160
00170
00180
00190
00200
00201
00210
00220
002235
00230
00240
00245
00250
00260
00270
00280
00290
00300
00310
003290
00330
00340
00341
00342
00350
00360
00370
00380

//RUOS7  JOE (1000s05845599y1),/DFS00000I 1334 NOS’sNOTIFY=RUOS?
2% MSGCLASS=Q
/XAFTER  RUOS7A
//JOBLIE DI DSN=GFS51,MFS.SYSTM360, DISF=SHR
//MFSCOMF EXEC FGM=IIJLCOMF»REGIDN=86K
//SCRATCHL DD UNIT=3350,SFACE=(TRKy(2,2))
//SCRATCH2 DD UNIT=3350,5FACE=(TRKy(2,2))
//SCRATCH3 DIl UNIT=3350,SFACE=(TRKr(252))
//SCRATCH4 DD UNIT=3350,SFACE=(TRK,(2,2))
//SYSMLCF DI UNIT=3350+SFACE=(TRKr(2,2)),IISF=(NEW:FASS)
//SYSFRINT DIl SYSOUT=Q
//SYSAREND DD DIUMMY
//SYSIN DD %
FROGRAM(“FM*)
INITIALZ
MOVE (XDIATA» “REAL )
MOVE (XFENAME» *FEFILE’)
MOVE (XOEJs * TRCOST /)
MOVE ( XRHS» *RHS 7 )
CONVERT ( / SUMMARY )
SETUF
TITLE(MULTI-PERIOD RUN’)
XTOLV= 0.000001
XTOLIJ=0, 00001
WRITE(‘XTOLV=;XTOLVy ‘XTOLIM=" s XTOLIJs *MULTI-FERIOD RUN‘)
OFTIMIZE
SOLUTION(’BASIS’)
EXIT
FEND
/% -
//MFSEXEC EXEC FGM=DJLEXEC,COND=(0sNEsMFSCOMF) » FARM=TASK s REGION=86
//SCRATCH1 DIl UNIT=3350,SFACE=(CYLy(4),sCONTIG)
//SCRATCH2 DN UNIT=3350,SFACE=(CYLy(4)ssCONTIG)
//PROBFILE DD UNIT=3350,SFACE=(CYL,(4)s;CONTIG)
//MATRIX1 DD UNIT=3350,SFACE=(CYLy(4)sCONTIG)
//7ETAL II UNIT=3350,SFACE=(CYLs(4) s CONTIG)
//SYSHLCF DD DISNAME=%.MPSCOMF .SYSMLCF » IIISF=(OLL, DELETE)
//SYSFRINT DIl DSN=RUOS7.H31A01.DATA,UNIT=3350,V0L=SER=D0T432

s ICE=(RECFM=FRA» LRECL=133yKLKSIZE=35%1),
/7 SFACE=(TRK»y (530,25)»RLSE) s IISF=(NEW,»CATLG
//7SYSAEEND LDl DIUMMY

//SYSFUNCH I'li  SYS0UT=E

//8YSIN It DSN=RU0S7.X31A1.DATArIISF=5SHR
/%

Figure A-12, MPSX-—(a) JCL AND CONTROL LANGUAGE STATEMENTS
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XTOLV= s PPPPPOLIE-04 XTOLDJ= «PPPPPPFT7E~0S HULTI=-PERIOD RUN

SOLUTION (OPTIMAL)
TIME = 5.36 MINS., ITERATION NUMBER = 3090

BaS1S
ees NAME .4 s e dACTIVITY, W DEFINED AS
FUNCTIONAL 1,00387 TRCOST
RESTRAINTS RHS
+MPEX=-PTF 18, FIVE PERIOD RUN Pal
SECTION 1 -~ ROWS

HUMBER s+ oROBos AT 40 sACTIVITY... SLASK ACTIVITY . LOWER LIMIT. ..UPPER LIMIT. oDUAL ACTIVITY

361 DSO201 BS 59343 «29343- » 30000 HONE .
342 uso201 BS 00313 + 19687 NONE ’ « 20000 .
484 US50301 BS + 00130 «15850 NONE +16000 °
605 DS0401 BS «81220 21220~ + 60000 NONE .
606  US0401 BS . «13000 HNONE +13000 .
608 US0S01 BS . . «10000 NONE 210000 .
610 SSMAX02S BS 274623 + 00750 NONE « 75375 .
612 ESEBHMAX02B &S 207306 + 00073 NONE »07380 .
613 SSMINO3I3 BS 15692 000156 15534 ’ NONE .
416 ES5MAX03é4 RS . «02033 «00020 HONE 02053 .
617 SSCOST RS « 20467 04074 NONE «24561 .
618 TRCOST BS 1,00387 - 1.00387~ NONE NONE 1.00000
«MPSX=PTF18, FIVE PERIOD RUN Pal

SECTION & - COLUNNS
NUMRER  +COLUMN. AT ., ACTIVITY... «.INPUT COST.» +.LOWER LIMIT. ..UPPER LIMIT. +REDUCED COST.

619 WO101001 BS «F2454 04600 . HONE .

427 H0101009 BS « 03968 «0B700 . HONE .

637 HW010101% 8BS - 03582 19300 . NONE .
2479 H0201001 BS 59343 « 064600 . NONE .
2482 WO201004 BS +12988 +15800 a NONE .
2487 W020100% BS 18927 «08700 . NONE .
2493 W0201017 BS « 00838 +10200 . NONE .
2542 HO201093 ES «001350 19300 B NONE T
2698  WO203012 BS 2 QA142 78600 . NONE .
2705 40203019 BS « 03269 78400 . NONE .
2706 HO203020 BS +00183 78600 . NONE .
2709 W02030223 BS «00162 «78600 . NONE .
2819 H0204023 BS «00150 2.08500 . NONE .
4339 HO0301001 BS +10283 + 064600 . NONE B
4347 WO301009 8BS «01446% +068700 ° NONE .
4353 HO301015 BS «01270 + 33200 o NONE .
4360 HO301025 BS +0&%908 + 06600 . NONE .
4444 WO302001 BS «27809 + 58600 B NONE .
4444 WO3O2003 BS X114 + 58600 . HONE .
4447 HWO302004 RS 08337 «5B400 . NONE .
4450 WO302007 BS «04565 +58600 . NONE .
4555 W0303009 BS 220472 «78600 . NONE .
4357 HWO303011 BS «01557 78400 . NONE .
43558 WO303012 BS 2104845 «7B400 . NONE .
4542 WO303014 ES «01270 78600 v NONKE .
4563 WO3I03017 BS + 04671 +78600 . NONE .
4564 WO303018 BS + 00072 +» 78600 . . NONRE .
4564 WO303020 BS 201172 « 78600 . NONE .
4577 WO303033 BS 200707 + 784600 B NONE .
45BS  WO303041 BS +00142 « 784600 . NONE .
4631 WO303091 BS «00000 + 78600 ° NONE .
4745 WO304095 BS «00150 2+08600 . NORE .
6199 W04031001 BS «00584 + 06600 .. HONE .
6220 W0401025 BS 74619 + 06600 . NONE .
6229 HW0A01034 BS «00001 +0B700 B NONE .
6304 W0402001 BS 06014 + 58600 . NONE .
6410 HO403004 BS «01445 + 78600 . NONE .
6415 UW0403009 RS 02729 +78400 . HONE .
6418 H0403012 BS «00597 « 78400 . NONE .
6423 W0403017 BS « 00304 +78600 . NONE .
6432 H0403028 BS 00476 « 784600 . HONE .
6437 W0403033 BS «12603 + 78600 . NONE .
€440 W0403034 BS «00188 78600 . NONE .
6445 H0403041 BS « 00237 78600 . HONE .
6468 HWOA03046 BS 00272 © +78400 o HONE .
8059 H0S501001 BS 00378 . . NONE o
8062 0501004 BS -+ 00082 . . HONE .
8067 WO0501009 BS 200104 . . HONE .
8080 HWOS501025 BS 74625 . . HONE .
8083 WO501028 BS «07306 . . NONE .
B80BB W0S01033 BS +15692 . . NONE .
BO%é6 WOS01041 BS «00032 . . HONE .
9818 W0I17012 BS + 00023 . . NONE .
7840 WQOZ170346 BS 102033 . . NONE .

Figure A-12. MPSX~—(b) OUTPUT FILE SXSPRINT
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Appendix B
DEVELOPMENT OF TRANSITION PROBABILITIES

A major input to the network optimization system (ROS) is the set
of transition probabilities, pij(ak)' The probability, pik(ak) can be
interpreted as the proportion of roads in state i that move to state J
in one year if the kED rehabilitation action is applied. A complete set
of transition probabilities is generated for each combination of traffic

and regional Zfactors.

If available, transition probabilities are usually calculated di-
rectly from data about pavement performance. For this study, such data
was not available. Consequently, a sample of pavement performance data
was collected, regression eguations based on the analysis of sample
data were developed, and tramsition probabilities were then calculated
£rom the regression equations. These three steps are discussed in this

appendix.

Collection of Sample Data of Pavement Performance

Roughness and cracking are the two performance variables that were
included in the NOS. Thus, the data required for performance models was
+he behavior of these two variables over time for pavements in different
conditions and under different rehabilitation actions. Im order that
representative sample data was collected, a fractional factorial designm,
shown in Figure B-l, was used. The varisbles used for this design were
conventional engineering variables (deflection, traffic, age, etc.). The
objective was to select one OT two projects from each "cell” (i.e., each

combination of given variables). It was recognized, however, that it

B-1
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might be difficult to find roads in the uncommon combinations of varia-
bles. Therefore, the experimental design was used primarily as a guide=
1ine for the selection of projects rather than a strict requirement for

data collection.

Previous experience has shown that it is useful to develop two
sets of performance models——one for roads on which only routine mainte
nance is performed and one for roads on which an overlay is applied.
Tor this reason, separate sample data that corresponded to the two sets

of roads were collected.

Detalls of data collection and compilation are described in a re-

search report prepared by the ADOQT.

Development of Regression Egquations

Two sets of regression equatlons were developed=—one for newly
constructed roads on which only routine maintenance is performed and one
for roads on which an overlay was applied. Each set contained two equa~
tions——one for predicting the annual change in roughness and one for pre-
dicting the annual change in cracking. Thus, four regression equations

were developed.

To keep the size of the NOS within manageable limits, it was neces<
sary to restrict the total number of independent variables in all regres-
sion equatioms to no more than four. The initial efforts in developing
the necessary regression equations attempted to correlate the dependent
‘variables (change in roughlmess oT cracking) with conventional engineering
variables including traffic, regional factors, deflection, age, and AC
thickness., However, very low correlation coefficients were obtained for

the corresponding regression equations.
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Therefore, an alternmative approach was used. In this approach, it
was argued that the influence of a number of engineering and regional
factors was manifested in pavement performance. Hence, present values of
performance variables and the rate of change in these variables should
show a strong correlation with future pavement performance. This ap~
proach was consistent with the NOS because the primary requirement of the
NOS was to predict what happened to pavements (i.e., how pavements per~
formed) rather than why it happened (i.e., causes of specific pavement
perfo:mance). 1t should also be recognized that although engineering
causes of pavement distress may nét be considered in the planning and
management aspects, such causes would be included in the preparation of

site-specific overlay designs based on detailed field investigations.

With the alternative approach in mind, the independent variables
considered were present pavement condition (roughness or cracking), and
change in pavement condition during the previous year. The engineering
variables used previously were also included to see if any of them became

significant with the inclusion of the pavement condition varisbles.

The Cp—search technique described in Daniel and Wood (1971)* was
used to select the best set of independent variables. Regression equa~
tions for all possible combinations of independent variables are devel-
oped in this procedure. These equations are ranked in the increasing
order of the estimate of total squared erroT, Cp. Equations with smaller
Cp values are better from the viewpoint of estimating values of the de~
pendent variable. The Cp—search technique is considered more useful than
the conventiomal stepwise multiple regression analysis. The Cp-search
generally provides several alternative equations that have about the same

o value. Other factors ( judgmental) can then be used to select one of

P e ]

*Daniel C. and F.S. Wood. 1971. Fitting Equations to Data, Wiley~-

Interscience.
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these equations. Such factors may {neclude number of independent varia=

bles in an equation and signs of regression coefficlents.

The details of the four regression equations selected for this

study are shown below.

1. Change in rougilmess under routine maintenance:

2 . -
Ry = -0,125 + 0.138R, + 2.65Rg 0.046Ra3R (8-1)
in which:
‘Ry ™ change in roughmess in ]l year
Ro = present roughness
Rg = regional factor.

Summary Statistics

R% = 0.5
Standard Error = 10.4
F-Value = 38,

2. Change in amount of eracking of newly constructed roads under

routine maintenance!

- 2 2
Gy = 0.198 + 0.56C, + 0.05C, + 0.009RG

- 03502 -
+ 0.049RgxC = 0.0035Cy (B~2)
in which:

Cy = change in percent cracking in next year

Cp = change in percent cracking in previous year.
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Summary Statistics

2 = 0.70

Standard Error = 0.64
F=Value = 84.
3. Change in roughness following an overlay:
Ry = Cp(R,~Ry) (3=3)

in which:

R! = roughness at the end of 1 year following an

overlay

g = correction factor for special treatment (such as

heater scarifier or asphalt rubber)
R. = roughness just prior to the overlay
Ry = difference between R, and Ry for an overlay with=
out special treatment, predicted from an equation
shown below.
Table B-l shows values of Cp for various rehabilication
actions. In this table, Cp = 1 implies on overlay without
any special treatment. The variable Ry is predicted from

2
Ry = 0.44 + 9.3ty + 1.04R, = 1.77cy

- 2 -
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Table B-l. CORRECTION FACTORS FOR REHABILITATION ACTIONS

Action Index Action Description Correction Factor CF
1 Routine Maintenance 1.0
2 Seal Coat 1.0
3 ACFC : 1.0
A 4 ACFC + (AR) 0.75
5 ACFC -+ (HS) 0.80
6 1.5 inches AC 1.0
7 1.5 inches AC + AR 0.6
8 1.5 inches AC <+ HS 0.7
9 2.5 inches AC 1.0
10 2.5 inches AC + AR 0.5
11 2.5 inches AC <+ HS 0.6
12 3.5 inches AC 1.0
13 3.5 inches AC + AR 0.4
14 3.5 inches AC <+ HS 0.5 T
15 4,5 inches AC » 1.0
16 5.5 inches AC 1.0
17 Recycling 1.0

B-7
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in which:
13 overlay thickness.

Summary Statistics

RZ = 0.71
Standard Error = 23.8
F=Value = 5l.

Once the roughness at the end of the first year following an
overlay is determined, the subsequent roughness of a road with
routine maintenance is predicted from Equation B-l. Thus, the
overlay roughness equation provides a "starting” value which,
in turn, is uvsed with Equation B~l to estimate the succeeding

roughness values.
Change in amount of cracking following an overlay:
Cy = 0.507 + 0.0687C, + 0.52C; - 0.003412
- 0.003c% + 0.0681C% (3-5)
in which£

IC = {index to first crack (expressed in number of years

to the first crack following an overlay).

The variable Ic {s a function of traffic volume, regional

factor, and type of rehabilitation action.

If I, of 2 rehabilitation action is greater than 16, Equations

B-2 and B-5 predict similar changes in cracking. This means
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that such a rehabilitatiom action is equivalent to new con~

struction with regard to cracking.

Summary Statistics

RZ = 0.68

Standard Error = 0.71
F~VYalue = 77,

Calculation of Transition Probabilities

The calculation of tramsition probabilities for a given conbination
of traffic volume and region factor was based on the regression equations
described above. The zalculation was completed in the following three

steps.

(1) The probability of going from the roughness value of one state
(say 1) to the roughness value of another state (say Jj) was

calculated for each i, j, and every rehabilitation action.

(2) The probability of going from the cracking value of state 1 to
the cracking value of state J was calculated for each i, j, and

every rehabilitation action.

(3) The above probabilities were multiplied to obtain the transi-

tion probability of going from state i to state j under 2 given

rehabilitation action.

These three steps are repeated for each combination of traffic volume
and regional factor to obtain the transition probabilities for that combina~

tion. The calculations involved in each step are discussed below.
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Calculation of probabilities of going from one range of roughness value

to another. Let Rj denote the present roughness of a road in a category
with a regional factor Rg. The expected change in roughness, Ry of this
road in the following year, after routine maintenance, is given by Equa~-
tion B=l. The variance of Ry, can be calculated from the variance~
covariance matrix of the regression coefficients and the standard error
term. Assuming a normal distribution for Ry, the probability that Ry
will be in a given range can be caleculated from the expected value and

variance of RN.'

For a discrete-state model assumed for this study, each state was
defined by a range of values for each variable included in the analysis.
The ranges of roughness values were: £ 165, 165.1 to 255, and > 255.

In order to improve the accuracy of calculating probabilities of going
from one range of roughness to another, each range was further divided
into finer subranges and each subrange was represented by a single value

as shown below.

_——

Representative Value

Range of Roughness Subranges of Roughness for the Subrange

< 165 0~ 40 20
40,1 - 80 60
80.1 - 120 100

120.1 = 165 142.5

165.1 = 255 165.1 = 190 177.5
190.1 = 210 200

210.1 - 235 ’ 222.5
235,1 = 255 245

> 255 255.1 = 300 277.5
300.1 = 350 325
350.1 = 400 375
400,1 - 500 450

B=-10
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Next, the probability of going from one range of roughness to each
of the three roughnéss ranges in 1 year is calculated. To do this, the
representative value of each subrange for the given range of roughness is
considered and the probability of going from this representative value to
each of the ranges is calculated. Then, each probability is weighed by
the proportion of all roads in the range that belongs to the given sub-
range, and the weighted probabilities are summed. Mathematically, this

can be expressed as follows.

i, =1,2,3 )
P,. =) Pls O ? (B-6)
137 Py O e 12,3,
in which Pij = probability of going from 1ith range of roughness to jth

range of roughness

Péj = probability of going from the representative value of kth
subrange of ith range to 3E0 range

and @4y = proportion of all roads of given category in ith range
that belong to ktB subrange.

J—————

The proportions, ©43 were estimated for each regiomal factor from the
1979 pavement condition survey. The probabilities Pij can be calcu=
lated from the distribuiton of Ry for the given regional factor and the
representative value of kth subrange. For example, consider the first
subrange of the first rangg_for which the representative value is 20.

The probabilities Pij for this case are given by:

B-11
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?

Py, = Prob. (going from a roughness of 20 to a roughness of no
more than 165)

= Prob. (Ry £ 143). (8=7)
The probability on the right hand side of Equation B~7 can be calculated
from the expected value and varilance of Ry and assuming normal distribu-

tion for RN’

Similarly,

g
e
')

Prob. (going from a :Oughness of 20 to a roughness in the
range of 165.1 to 225)

and P4 = Prob. (going from a roughness of 20 to a roughness of
greater than 255)

Prob. (Ry > 235). (B=9)

Equation B-l gives the probabilities of going from one range of
roughness to another for an existing road under the policy of routine
maintenance. 1f an overlay is applied to a pavement, the same procedure
is used except that the equations predicting the roughness following an

overlay are now used (Equations B-3 and B=4).

To {llustrate this procedure, consider the representative roughness
value of 325 just before a 2.5~inch overlay. .The probabilities of going
to each of the three ranges of roughness in 1 year following the overlay
(i.e., probabilities Pjj, P3,, and PJ4) should be calculated. First,

from Equation B~4, the expected value and variance of Ry, E[Ry] and VIiRyl,

B-12
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respectively are calculated. In this equation, we set R, = 325 and
ty, = 2.5, Next, the expected value and variance of Ré can be calculated
from Equation B-3 as follows:
1 = - o
E(Ro) CF(Ro E[RN]) (3-10)

and V(R!) = C%V(RN). (B-11)

~Now, the required probabillities are given by:

Pél = Prob.(Réus 165) (3=12)
Péz = Prob. (165 < Ré(ﬁ 255) (B~13)
and Pé3 = Prob.(Rg > 255),. (B=14)

These probabilities are used in Equation B=6 to obtain the desired proba-
bilities Pij.

Calculation of probabilities of going from one range of cracking to

another. Two factors related to cracking are important to the definition
of condition state—~present amount of cracking, C,, and change in crack-
ing in previous'year, Cp. Each factor is represented by three levels re-
sulting in a total of nine combinations of the two factors. However, the
combination of low C, (<10 percent) and high Cp (>15 percent) is not
possible. Hence, only eight combinations of C, and Cp have to be con~
sidered. The probability, Qij’ of going from 1th combination of Co and
Cp to jth combination of C, and Cp in 1 year (for all i and j) should be
calculated. The calculations of Qij following routine maintenance and

following a rehabilitation action are described below.

Calculation of Qi‘ following routine maintenance. It is reasonable to
o

assume that, following routine maintenance, 2 significant reduction in

B=-13
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the amount of cracking is not possible. Thus, the amount of cracking
would either remain at its present level or increase. In additiom, Cj
and Cp are closely tied in the sense that the prediction of C, at next
year implies what Cp would be mext year. For example, if the present
amount of cracking is low (5+5) and the amount of cracking next year is
predicted to be high (45+15), then this implies the change in cracking in
1 year (Cp next year) will be high (20+5). Table B=2 shows the present
present cracking, cracking at pext vear, and change in cracking at the

beginning of next year.
The calculation of Qij’ therefore, invol?es calculating the proba=
bility of going from a combination of Cj and Cp to a specified C  next

year, and the implied Cp next year,

An equation similar to Equation B-b was used to calculate the

probability Qij’ of going from ith combination of C, and Cp to jth com~
bination of C, and Cp in 1 year. Thus?
Q4 = ) Qpy By (B-15)
k
kth

in which Qij = probability of going from the representative value of

subrange of ith range of cracking to jth range of cracking

and B4y = proportion of all roads of given catregory in ith range

that belong to kEh subrange.
Equation B-15 is applicable for a given value of Cp’ index to first crack,

and regional factor. The subranges of cracking for each range of cracking

and the representative value of each subrange are shown in Table B-3.

B=-14
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Table B-2. INTERRELATIONSHIP BETWEN C, AT PRESENT TIME, AND C, AND Co
. AT NEXT YEAR :

Co at Present Time ’Co at Next Year Cp at Next Year
5 (_-tS) 5 (_tS) 2.5 (_-_f-2.5)
20 (_-i_~10) 10 (_-__!-5)
45 (_‘__HS) 20 (_-g_-S)
20 (-_i-lO) 20 (_-_%-10) 2.5 (iZ.S)
45 (ilS) 10 (j:S)
45 (ilO) 45 (:_f-lS) 2.5 (_-_!-2.5)

B-15
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Table B-3. REPRESENTATIVE VALUES FOR DIFFERENT SUBRANGES OF CRACKING

Representative Value

Range of Cracking Subranges of Cracking of the Subrange

¢ =10 0 - 2 1

201 - 5 2-5

5.1 = 10 7.5
10.0 - 30 10.1 - 14 12
14,1 - 20 17

2001 o= 25 22.5
25.1 = 30 27

30.1 - 60 30.1 = 35 32.5
- 35,1 - 40 37

40.1 = 45 42.5

45.1 = 50 47.5
50.1 = 60 55

B=16
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The p:oportions, By » Were estimated for each region from the 1979
pavement condition survey. The Qik can be calculated from the distribu~
tion of cracking at next-year, Cé, given the cracking at present time,

C,e The variable C} is related to C, as follows:
cl=C, *+ Cy . (B-16)

in which ¢y, the change in cracking in next year, is obtained from
Equation B-3.

To illustrate the calculation of Qéj, consider the first subrange
of the first range of cracking for which the representative cracking
value is 1 percent. Let the value of Cp be 2.5 (+2.5) and the value of
ipdex to first crack be 2(+ 2).

Then,

Q;l = Prob. (going from a cracking of 1 percent to a cracking of

no more than 10 percent)
= Prob. (Cy < 9. ' (B=17)

The probability on the right hand side of Equation B~17 can be calcu~
lated from the expected value and variance of Cy using Equation B~> and
assuming normal distribution for CN' In using Equaﬁion B=5, a represen~
tative value of Cp, Cor and 1, are assumed. For the example, these

values are 2.5, 5, and 2, respectively.

1f the index to the first crack of the last rehabilitation actiomn
is greater than 16 vears, Equation B-2 is used to obtain the distribu-
tion of Cy. If the index to the first crack of the last rehabilitation
action is less than 16 years, Equation B~5 is used to obtain the distri-

bution of CN'

B=17
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Similarly,
Qiz = Prob. (9 < Gy < 29) (B~18)
and Q3 = Prob.(Cy > 29). | (8-19)

Thus, for this example, Q;; represents the probability of going from
Co = 5 (+5) and Cp = 2.5 (¥2.5) to C, = 5 (+5) and Cp = 2,5 (#2.5) in 1

vear, following routine maintenance.

Calculation of Qi‘ following a rehabilitation actiom. Following rehabil~-
o

itation action, the amount of cracking in 1 year will be very small.
Hence, C, = 5 (+5) and Cp = 2,5 (+2.5) will be the condition of a pave-
ment at the end of 1 year, following any rehabilitation action. The sub-
sequent prediction of cracking is made from Equation B-5., Note that the
index to first crack of the most recent rehabilitation action is an im
portant factor in Equation B-S. TFor example, if the last actlon was a
seal coat, the pavement is likely to show cracking sooner than if the

last action was, say, a 2.5 inch overlay. -

Calculation of transition probabilities from Pi‘ and Qij' It'was reason=—
-

able to assume that the probabilities of changes in roughness were inde~
pendent of the probabilities of changes in amount of cracking. Hence,
the transition probabilities, pij(ak) of going from 1th state to jth
state in 1 year following the ktP rehabilitation action can be obtained
by multiplying the corresponding probabilities Pij and Qij' Thus,

pij(ak) = (Pij for ak) x (Qij for ak). (B=20)
In the following paragraphs, the general structure of the matrix transi-
tion probabilities is described first and then the specific structure of

the matrix of transition probabilities under various rehabilitation

actions.

B-18
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General structure of the matrix transition probabilties. A state

is defined as a specific combination of four factors: index to first
crack (I.), present roughness (Ro), present amount of cracking (Co), and
change in amount of cracking in last year (Cp). Each factor can assume
one of several discrete levels. The various levels of R , C., and Cp
produce a total 27 combinations; however, since the combination of low
Co and high Cp is not possible, a total of 24 combinations need to be
considered. These combinations are shown in Table B=4. The variable I
has five levels and hence a total of (24 x 5) = 120 combinations (states)
are defined on the basis of all possible combinations of the four fac-
tors considered in the study. The 24 combinations of R, Cy» and Cp are

repeated for each level of I.. The states are numbered as shown below.

Level of I, State Numbers
18 (+2) 1 - 24
2 (£2) 25 = 48
6 (£2) 49 - 72
10 (+2) 73 - 96
14 (+2) 97 - 120

Note that Ic of a rehabilitation action is estimated as a function of
traffic and regional factor.

Structure of the matrix of rransition probabilities for routine

maintenance. Routine maintenance is only a temporary measure and is mnot
expected to improve the pavement condition significantly. Hence, the
index to first crack of the most recent rehabilitation action remains
unchanged under routine maintenance. Only the diagonal boxes in the
matrix of transition probabilities are, therefore, potentially filled

under routine maintenance. This structure 15 shown in Figure B-2.

B-19
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State §  1-24 25-48 49-72 73-96 97-120

State i

1-24

25-48

49-72 ::;Efi;;;;::

. //
4

97-120 ///////

Figure B-2., STRUCTURE OF TRANSITION PROBABILITIES FOR ROUTINE MAINTENANCE

B=20
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Table B-4. POSSIBLE COMBINATIONS OF R, Cor AND Cp

State Index Level of Ro Level of C0 Level of Cp
1 1 1 1
2 1 1 2
3 1 2 1
4 1 2 2
5 1 2 3
6 1 3 1
7 1 3 2
8 1 3 3
9 2 1 1

10 2 1 2
11 2 2 1
12 2 2 2
13 2 2 3
14 2 "3 1
15 2 3 2
16 2 3 3
17 3 1 1
18 3 2 1
19 3 2 1
20 3 2 2
21 3 2 3
22 3 3 1
23 3 3 2
24 3 3 3
T

B=-21
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Only the probabilities related to change in cracking are dependent on
the index to first crack of the most recent rehabilitation action. The
probabilities related to change in rToughness are independent of the in-
dex to first crack. Consequently, Qij are different for the different

boxes in Figure B-2, while Pij are the same for all boxes.

Let us now examine the organization of transition probabilities
within each box in Figure B=2. Because of the interrelationship between
C, at present time, and C, and Cp at next yea? shown in Table B=2, a
pavement from any given state { can only go to some of all the possible
states j. Consider, for example, transition from state 1 in box A. Com~
sidering the only possible combinations of Co and Cp next year shown in
Table B-2, the pavement in state 1 can only go states 1, 4, 8, 9, 12, 16,
17, 20, and 24. Of course, the probabilities of going to some of these
states may be zero. Similar determinations can be made about the possi-

ble transition states, j from each given state, i for all boxes in

Figure B-2. N

The probabilities Qij for box A are obtained from Equation B-2,
while probabilities Pij for box A are obtained from Equation B-l1. For
any other box, Qij are obtained from Equation B=5, while Pij are the

same as those for box A.

As an illustration of the above procedure, let us congider the cal~
culation of pl,g(l), i.e., the probability of going from state 1 to state
9. Let the probability of going from roughness level 1 to roughness
level 2 in 1 year under routine maintenance be 0.5, and the probability
of going from cracking jevel 1 to cracking level 1 in 1 year under TouU~

tine maintenance may be 0.3. Then:

pl’g(l) = 0-5 X 0.3 = 0015.

B=-22
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Structure of the matrix of transition probabilities for seal coat.

A seal coat corrects pavement cracking but has no significant ef-
fect on pavement roughness. In the first year following a seal coat, the
cracking would be 0 to 5 percent, while the change in roughness would be
equal to the change under routine maintenance. The index to first crack
following a seal coat is estimated to be 1 to & years for any combinatiom

of traffic and regional factor.

Since the éracking in the first year following a seal coat would be
0 to 5 percent, the only possible states to which a pavement In any state
{ could make a transition are 25, 33, and 4l. Since the probabilities of
changes in cracking depend only on the most recent action, Ic of the re-
habilitation action prior to the seal coat has no effect on the transi-
tion probabilities. The structure of the transition probabilities,
therefore, would be as shown in Figure B-3, Note in this figure that the

same transition probabilities are repeated for all levels of I..

Structure of the matrix of transition probabilities under any

rehabilitation action other than routine maintenance and seal coat.

Any rehabilitation action other than routine maintenance and seal
coat corrects both cracking and roughness problems. Cracking in 1 year
would be O to 5 percent and roughness in 1 year would be as estimated
from Equation B-3. The only possible states that a pavement in state i
can make a transition-to are 24(n-1) + 1, 24(n=1) + 9, 24(n=1) + 17, where
n is the level of I, for the rehabilitation action under consideratiom.

The structure of the matrix of transition probabilities for this

case is similar to that shown in Figure B~3. As an example, letl us
consider the rehabilitation action of "ACFC plus Asphalt Rubber (AR)"
applied to a road with ADT less than or equal to 2000 and regional factor
of 1.2. For this ﬁategcry of traffic and region, the level of index to

first crack for (ACFC + AR) was estimated to be 3 (this corresponds to

B=23
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State 1
1 - 24
25 = 48
49 - 72
73 - 96
7 - 120
Figure B-3.

State j
1 = 24 25 - 48 49-72 73-96

97 = 120

STRUCTURE OF TRANSITION PROBABILITIES FOR SEAL COAT

B~24




6+2 years to first crack). A road in any state prior to the rehabili-
tation action can only go to states 49, 57, and 65. The probabilities
of going to these states are calculated from Equations B-3, B-4, and
B-6, using thevprocedure described before. Note that the transition
probabilities for the first level of I, are repeated for all other

levels of I;.

B=25






