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PREFACE

This report, "A Study of Mandatory Engine Maintenance for Reducing
Vehicle Exhaust Emissions," consists of eight volumes. The following are
the subtitles given for each volume:

Executive Summary, Volume I
Mandatory Inspection/Maintenance Systems Study, Volume II

A Documentation Handbook for the Economic Effectiveness
Model, Volume III

Experimental Characterization of Vehicle Emissions and
Maintenance States, Volume IV

Experimental Characterization of Service Organization
Maintenance Performance, Volume V

A Comparison of Oxides of Nitrogen Measurements Made With
Chemiluminescent and Non-Dispersive Radiation Analyzers,
Volume VI

A User's Manual and Guide to the Economic Effectiveness
Computer Program, Volume VII

Experimental Characterization of Vehicle Emission
Deterioration, Volume VIII
The first volume summarizes the general objectives, approach and

results of the study. The second volume presents the results of the
mandatory inspection/maintenance system study conducted with a computer-
ized system model which is described in Volume III. The experimental
programs conducted to develop input data for the model are described in
Volume IV (Interim Report of 1971-72 Test Effort) and V. Volume VI pre-
sents comparative measurements of NO and NOx using chemiluminescence and
NDIR/NDUV instruments and differences in these measurements are examined.
A detailed description of the Economic Effectiveness Computer Program
along with a user's guide is presented in Volume VII. Volume VIII
contains a characterization of vehicle emission and engine parameter
deterioration rates.

The work presented herein is the product of a joint effort by TRW
Transportation and Environmental Operations and jts subcontractor, Scott
Research Laboratories. TRW, as the prime contractor, was responsible for
overall program management, experimental design, data management and
analysis, and the economic effectiveness study. Scott acquired and tested
all of the study vehicles. Scott also provided technical assistance in
selecting emission test procedures and in evaluating the test results.
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1.0 INTRODUCTION

The General Economic Effectiveness Program (GEEP) is a computer
model which simulates the dynamic behavior of alternative vehicle
inspection/maintenance systems. It is completely general in design
and can be used to assess a wide range of inspection/maintenance
strategies. GEEP has been coded in Fortran IV and is presently
operating on a CDC 6500 System.

The greatest potential uses of GEEP are: 1) Assessing the overall
feasibility of vehicle inspection/maintenance, 2) measuring the impact
of regional effects on program performance, 3) designing the optimal
system configuration, and 4) contrasting the cost-effectiveness of a
mandatory program with other control concepts.

GEEP was developed primarily for assessing the feasibility, both
performance wise and economically, of a mandatory program of vehicle
inspection/maintenance. Since its inception (circa 1969) it has been
expanded to include other basic strategies; e.g. mandatory maintenance,
voluntary maintenance, and to account for the influx of new vehicles with
differing emission levels. These added features have greatly enhanced
the program in terms of its effectiveness as a research tool.

The program has been constructed on a hierarchal input-output
concept. Simplicity and flexibility are the salient characteristics of
the input language. As such, the input system greatly reduces the time
required to set up and execute a computer run. The program also
provides several levels of output depending on user needs. For standard
cases, it outputs computer generated plots of emission time histories,
program figures of merit, estimated emission reductions and numerous cost
accounting data. For more detailed information, a debug option is
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available which prints the basic calculations from each of the major
subroutines.

This manual describes for the programmer/user the operating
instructions and input formats for the program. It is composed of
five sections and two appendices. The present section summarizes
the purpose and general uses of the program. Section 2.0 presents a
brief discussion on the mathematical framework used in developing
the basic model and provides a concise overview of the program's
structure. Section 3.0 outlines the input requirements and formats
for undertaking a computer simulation run. Included are tables of
the available input and output options. Detailed information on the
deck setup, computer resource requirements and program debugging
options are given in Section 4.0. Finally, in Section 5.0 a
complete set of flow schematics and listings is presented for each of

the 55 subroutines contained in GEEP.
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2.0 MATHEMATICAL MODEL FRAMEWORK AND PROGRAM OVERVIEW

2.1 MODEL FRAMEWORK

The primary purpose of the Economic Effectiveness Model is to serve
as a research and design tool for assessing the various implications of
a mandatory program of vehicle inspection/maintenance. As such, it has
been constructed with the capability of investigating a wide range of
possible procedure and design alternatives. The model has been constructed
to analyze the regional feasibility of vehicle inspection/maintenance as
well as specify an optimal system design. Input data for several regional
areas have been incorporated directly into the model.

The model by its design is procedure oriented. That is, it is best
used for evaluating the attractiveness of alternative procedures. e.g.,
engine inspection or emission inspection, which govern and control the
operation of an inspection/maintenance system. Actually, there exists
a hierarchy of decision variables within the structure of the model.
The model analyzes these decision variables by simulating the behavior
of the inspection/maintenance process over time. Here, the economic-
effectiveness of various strategies can be measured in terms of emission
reductions and program costs. A statistical analysis of these forecasted
emission reductions is performed to determine their actual significance.
This analysis includes an estimate of the overall variance for each
emission species (i.e., HC, CO, NOX).

In addition to these functions, the model can also be used to
analyze the sensitivity of system performance to various assumptions
and basic data inputs. Used in this way the model provides a mechanism

for identifying areas requiring further analytical and empirical
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definition. Finally, the model generates a description of the designed
system including: total number of inspection lanes required, equipment
specification and facilities configuration.

The methodological approach adopted for constructing the Economic
Effectiveness Model involved a biending of theoretical and empirical
relationships. The theory provided the conceptual framework for des-
cribing the inspection/maintenance process whereas the experimental data
yielded the specific transformations needed to define and interconnect
the various model elements.

The development of the model required a detailed specification of
the various relationships characterizing the Inspection/Maintenance
Process. Three main components -- engineering design, economic analysis
and regional characterization -- form the core or nucleus of the model.
Each of these components describes or delineates one fundamental aspect
of the total process. How these interact must be clearly understood so
that system design factors are selected in combinations to yield optimal
cost and performance.

Attempting to describe a physical process with an abstract mathematical
model raises a number of technical problems. One important issue involves
the level of aggregation used in the model to characterize the actual
process. Use of a simulation model yields an effective vehicle for
coping with many of these questions. Here, basic study grounds and
model assumptions, e.g., level of aggregation, can be isolated and
examined in detail. As such, a simulation model strikes a good balance
between a strictly theoretical model and an empirical model. The simu-

lation model used in describing the inspection/maintenance process
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provides a powerful tool not only for assessing the feasibility of this
control approach but also in developing an optimal system design specifi-
cation. One phase of such a feasibility assessment involves the evaluatior,
of potential procedure strategies, e.g. engine inspection. Within this
context, the simulation model can be used to measure the performance of
these strategies over time and under varying system constraints. The
resultant model design provides a great deal of flexibility yet contains
sufficient depth to describe the process in intimate detail.

A detailed description of the basic model structure and flow processes
is contained in Volume 3 of this series entitled, A Documentation Handbook for
the Economic Effectiveness Model. Descriptions contained in this volume
are designed for use by the user and/or the computer programmer engaged
in exercising the GEEP computer program.

2.2 PROGRAM OVERVIEW

The General Economic Effectiveness Program embodies a set of mathe-
matical algorithms and techniques which have been developed to simulate
a mandatory program of vehicle inspection and maintenance (I/M). The
program contains the necessary data and logic to evaluate a variety of
inspection/maintenance alternatives. Figure 2-1 presents a schematic
overview of the program's structure.

The program is nominally under the control of an executive system (GX)
which checks for input errors and controls output. GX also initiates
the computational process by calling subroutines INITIAL and REGION.
INITIAL moves starting valves into each storage array. expands, normalizes
and determines mean valves and variances for all engine parameters and

mode emission distributions. Subroutine REGION calls one of five existing
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regional sets which contain pass/fail criteria, regional emission
weighting factors, initial emission levels, and vehicle population data
(e.g., engine parameter distributions). Next, GX calls subroutine
ATTRITION which estimates the change in the vehicle population due to
the introduction of new cars on the attrition of older ones. This data
is inputted directly into both MICRO and BLINE.

Subroutine MICRO embodies the actual Inspection/Maintenance Model.
Here, the effects of deterioration, testing and maintenance are
measured based on the specific procedure under investigation. Simulta-
neously, the same effects based on a voluntary program are computed in
subroutine BLINE. The estimated emission reduced potential from the
mandatory program is then contrasted with the results developed
vis-a-vis the figure of merit.

Subroutine COSTS determines the costs of the mandatory program
and develops the appropriate figures of merit. Cost of equipment,
facilities and training are alsp estimated. Finally, subroutine OUT
produces a concise summary of the calculated results.

Table 2-1 presents an overview of the subroutine hierarchy
within GEEP. As can be seen, there exists six functional levels. The
discussion thus far, has only covered the first two levels. A complete
description of the remaining subroutines are found in Section 5.0.

The circled letters (A-G) shown in Figure 2-1 refer. to access
points associated with the second level hierarchy. A more detailed
flow schematic for these subroutines is presented in Figures 2-2 through

2.8, respectively.
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3.0 BASIC INPUT REQUIREMENTS AND CALCULATED OUTPUT

3.1 INPUT OPTIONS

Presented herein is a description of the salient input/output features
of the program. The program's input/output system has been designed to
accommodate a wide range of inspection/maintenance options. Basically,
the input options can be separated as follows -- inspection procedure,
maintenance treatment and regional area.

The inspection procedure refers to the type of diagnostic evaluation
used in identifying engine maladjustments and malfunctions. There are
two basic types of inspection strategies:

(1) Engine Parameter Inspection

(2) Exhaust Emission Inspection
Within each of these two approaches lies a number of different alternatives
(e.g., idle). Based on a specific inspection strategy, the model determines
the optimum pass/fail criteria for the various engine parameters and/or
exhaust mode emissions.

The model partitions the engine block into three major subsystems --
idle, ignition and induction -- each of which can be maintained either
singularly or in combination. The three maintenance treatments currently
available are:

(1) Idle Adjustment

(2) 1dle Adjustment with an Ignition Tuneup (Extensive A)

(3) Idle Adjustment with an Ignition and Induction Tuneup
(Extensive B)

Thus the model is capable of examining a total of six different and unique

inspection/maintenance alternatives. Furthermore, the user can elect to
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examine the impact of maintenance only strategies by merely rejecting
the total vehicle population.

In addition to the various procedural options, the model requires
descriptive information on the demographic and air quality characteristics
of the candidate regional area. The essential regional data includes:

(1) vehicle population distributions, (2) vehicle emission levels and
engine state, and (3) a quantitative estimate of existing air quality.

The last item is used in formulating an emission species weighting function.
This function integrates the three exhaust emissions (HC, CO and NOX)

into a composite figure which can be used directly in contrasting various
alternatives. To date, vehicular demographic and emissions data has been
collected for the following regions:

o Los Angeles Basin

o Detroit Metropolitan Area

e Denver Metropolitan Area

e New York/New Jersey Metropolitan Area

e District of Columbia Metropolitan Area
Selection of one of these regions for analysis is made by merely
specifying its key word name in the input file.

3.1.1 Keyword Data Input

The Keyword input consists of a series of input cards each containing
a "keyword" from the 1ist of valid entries (The PPTS array). Each key-
word activates an appropriate portion of GEEP code. Table 3-1 presents
a list of all valid keywords with a description of the variables affected.
For a detailed description of the consequences of a particular input,

consult the flowcharts and 1isting in Section 5.1 (Main program).
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Table 3-1  AVAILABLE KEYWORD INPUT

KEYWORD
PARAMETER

SIGNATURE

UNCONTROL

CONTROL

POST 70

IDLE

IGNITION

INDUCTION

LOADED

HYBRID

CODE
NUMBER

10

25

27

DESCRIPTION

Parameter inspection in franchised garages

(unloaded)

Mode emission signature inspection in
state facilities (unloaded)

Include uncontrolled vehicles (pre 1968)
in fleet being modeled. (K=1)

Include controlled vehicles (1968 - 1970)

in fleet being modeled. (K=2)

Include post 70 vehicles (post 1970) 1in
fleet being modeled. (K=3)

Include Idle parameters in those being
tested.
Include Ignition parameters in those

being tested.

Include Induction parameters in those
being tested

Flag indicating test run in loaded con-
dition.

Flag indicating hybrid test. Part run
loaded, part unloaded.

VARIABLES AFFECTED

RTYPE = PM@DEL, LIDLE=1, SLANE="GARAGE"

RTYPE = SM@DEL, LIDLE=1, SLANE="STATE"

KSTART=1, KST@P=at least 1. Model
uses control types KSTART through
KST@P

KSTART=at most 2, KST@P=at least 2

KSTART=at most 3, KST@P=3

MSTART=1, MST@P=at least 3. Model
uses parameters MSTART through MST@P.
(See Table 4.1.1.2)

MSTART=at most 4, MST@PP=at least 5
OPTI=at least 2

MSTART=at most 6, MST@P=10
OPTI=at least 3

LIDLE=2

LIDLE=3
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Table 3-1  AVAILABLE KEYWORD INPUT (con't.)

CODE
KEYWORD NUMBER
DEBUG 1
BLINE 1
MICRO 12
TEST 13
COSTS 14
AREA 15
CUTPTS 16
PDECAY 17
DATA 18
MDECAY 19
STATS 20
STOP 4

DESCRIPTION

OLD debug flag
BLINE debug flag.
MICRO debug flag.
TEST debug flag.
COSTS debug flag.
AREA debug flag.

CUTPTS debug flag.
PDECAY debug flag.

DATA debug flag.

MDECAY debug flag.

STATS debug flag.

Indicates last case in a job.

None
Turns
Turns
Turns
Turns
Turns
Turns
Turns
Turns
Turns

Turns

RST@P

VARIABLES AFFECTED

on Bline debug output.BDEBUG=YES
on MICRO debug output.MDEBUG=YES
on TEST debug output. TDEBUG=YES
on COSTS debug output.CDEBUG=YES
on AREA debug output. ADEBUG=YES
on CUTPTS debug output. LDEBUG=YES
on PDECAY debug output.PDEBUG=YES
on DATA debug output. DDEBUG=YES
on MDECAY debug output. QDEBUG=YES
on STATS debug output.SDEBUG=YES

= YES
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Table 3-1

AVAILABLE KEYWORD INPUT (con't )

CODE

KEYWORD NUMBER
LA 21
NY 22
WASH 23
DENVER 24
DETROIT 35
IHC 31
1cg 30
IN 36
HC45 32
Cp45 33
N@45 37

DESCRIPTION
Los Angeles regional data flag.
New York regional data flag.

Washington, D.C. regional data
flag.

Denver regional data flag.
Detroit regional data flag.

Include IHC in mode emissions
being tested.

Include IC@P in mode emissions
being tested.

Include IN@ in mode emissions
being tested.

Include HC 45 in mode emissions
being tested.

Include CP 45 in mode emissions
being tested.

Include N@ 45 in mode emissions
being tested.

VARIABLES AFFECTED

RNAME=1
RNAME=2
RNAME=3

RNAME=4
RNAME=5

LSTART=at most 1, LST@P=at
least 1. Model uses mode
emission LSTART through LST@P
See Table 4.1.1.3.

LSTART=at mast 2, LST@P=at
least 2.

LSTART=at most 3, LST@P=at
least 3.

LSTART=at most 4, LST@P=at
least 4.

LSTART=at most 5, LST@PP=at
least 5.

LSTART=at most 6, LSTPP=at
least 6.




Table 3-1

AVAILABLE KEYWORD INPUT (con't.)

KEYWORD

STATE

GARAGE

MISFIRE

CODE
NUMBER
28
29

34

DESCRIPTION

Flag indicating maintenance in
State owned facilities.

Flag indicating franchised garage
maintenance.

Use misfire in simulation. (Mis-
fire is normally not used.)

T
VARIABLES AFFECTED

SLANE="STATE"

SLANE="GARAGE"

MISFIRE=YES




Figure 3-1 shows the sequential order for the Keyword card setup.

3.1.2 Namelist Data Input

Many inputs to the General Economic Effectiveness Program have
numeric values and therefore do not lend themselves to a simple keyword
input scheme. These parameters are specified in a namelist input data
section. Table 3-2 contains a complete list of all valid namelist
variables along with a description of their role in the Inspection/Main-
tenance model. Figure 3-2 illustrates the card order setup for the
Namelist input. Section 3.2 describes the exact card formats and deck
setup required for a namelist input record.

The bulk of the input data is normally invariant (e.g., influence
coefficients) and accordingly resides within the program. This approach
greatly simplifies the task of executing multiple computer runs and
minimizes potential sources of error. A complete listing of all initial
data js available through the use of the DATA option. Tables 3-3 and 3-4
-have been prepared to assist the user in relating code internal numbers
with input descriptions for engine parameters and mode emissions, respect-
ively. These tables should be of specific value when attempting to
introduce additional parameters and/or mode emissions.

3.2 INPUT FORMAT

Input to the General Economic Effectiveness Program is given by case.
Each case, consisting of two sections, constitutes a complete inspection/
maintenance program description. Keyword data input, the first section
of each case, defines the inspection procedures, the inspection parameters
or mode emissions, the region to be modeled and the debug options (See

Table 3-1 for a complete list of keyword options). Namelist input data,
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/ KEYWORD 3
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Figure 3-1 Keyword Card Order
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/A $END

(A VARN = VALUE N

/A VAR2 = VALUE 2
( A VAR 1= VALUE

P$NAM1

Figure 3-2 Namelist Input Card Order



Table 3-2  VALID GEEP NAMELIST VARIABLES

VARIABLE DIMENSION DESCRIPTION

COEFBP 10 x 15 Parameter decay rates. May be altered
for sensitivity analysis.

EFF 10 Parameter maintenance efficiency for
AE calculation.

EMW 3 Emission weighting function. Expresses
relative importance of emission re-
ductions by species.

FPERC 10 x 3 Voluntary maintenance by parameter and
control type. May be altered for sen-
sitivity analysis.

HORZN scalar Time horizon of I/M program in months.

LPICK 10 Array of time periods for linear pro-
gramming cutpoint optimization

NPICK 10 Array of time periods for statistical
analysis of results of the current
time interval.

PARM 3 x3 Emission decay rate not attributable
to parameter deterioration.

PCONF scalar Confidence level for statistical
analysis.

Pl 15 x 10 Successful inspection percentage for
each parameter and control-power train
type.

PPICK 10 Array of time periods for plot
generation under various debug options.

PSTAR scalar Constant rejection rate.

SCALEBM 3 Miscellaneous fudge factor input.
Currently does nothing.

START 15 x 3 Initial emission rates for each species,

control type and power train type.
Initialized in REGION.




Table 3-2  VALID GEEP NAMELIST VARIABLES (Con't ) \\\\\

VARIABLE

STAT
SXCUT
TDIST

TINT

XCUT
XLANE

12
9
Z16

DIMENSION

scalar
6 x 3
10 x 3

scalar

10 x 3

scalar

scalar
scalar

scalar

DESCRIPTION

Number of inspection stations.
Mode emission cutpoints.
Parameter usage vector. Used for
deleting certain parameters from
consideration.

Time interval for mandatory in-
spection.

Parameter cutpoints.

Number of inspection lanes per
station.

Mechanics hourly rate.
User inconvenience rate.

Attendant hourly rate.




Table 3-3.

ENGINE PARAMETER CODE NUMBERS

Parameter Number

1

10

Subsystem
Idle

Idle

Idle
Ignition
Ignition
Induction
Induction
Induction
Induction

Induction

Parameter
Idle CP
RPM
Timing
Misfire
wa Control
Air Pump
PCV
Air Cleaner
Vacuum Choke Kick

Choke Heat Riser

Table 3-4

MODE EMISSION CODE NUMBERS

MODE EMISSION
NUMBER

MODE EMISSION

IHC

ICo

IN@

HC 45

Cp 45

N@ 45

DESCRIPTION
Idle HC

Idle C@

Idle NOX
Cruise 45 HC
Cruise 45 C@

Cruise 45 NQX




the second section of each case, includes specification of all numeric
data for a GEEP simulation. These data include the inspection time inter-
val, emission weighting factors, cutpoints for parameter and mode emission

inspections, and miscellaneous cost data.

Keyword data is specified by 1isting one keyword per card starting
in card column 1. Only the first ten characters of the data card are
read, and therefore columns 11 through 80 are available for comments or
case descriptions. The order of the keyword cards is insignificant as
the model treats each entry separately, setting the appropriate para-
meters depending on the keyword. An invalid entry, that is, one which
does not apppear in the OPTS array, is flagged and printed out along with
a non-fatal error message. At the end of each case the keyword "THAT'S
ALL" signals an end of section one data for the case being processed.

A "STOP" keyword input, anywhere in a case, signals that the case being
processed is the last one in the data deck.

Namelist input data, Section 2, is more strictly formatted than the
keyword input, The card following the "THAT'S ALL" end of keyword data
flag, must be a P$NAM1 card starting in column 1. Following this card
are the actual input data starting in card column 2. Possible variable
input formats are described in Table 3-5. Each variable name must be
a valid namelist NAM1 variable and must not start in column 1. The end
of all namelist parameters is indicated by a $END card in card column 2.
Following the $END card would be the first keyword input of the next

7 .
case or a (e) EOR (END OF RECORD) card if this was the Tast case.
9

3-13



Table 3-5.  POSSIBLE NAMELIST VARIABLE FORMATS

e SCALAR INPUT

g

VARNAME = value

c
(E) = card column 2
2

e ARRAY INPUT - SINGLE CELL

¢

VARNAME (index) = value

e ARRAY INPUT - MULTICELL STARTING AT BEGINNING OF ARRAY

VARNAME = value, value, value, value, ..., value

e ARRAY INPUT - MULTICELL STARTING AT ARBITRARY CELL

VARNAME (index) = value, value, value, value, ..., value

NOTE
Matrix input is by columns.

Example:

If A is dimensioned 3 x 2, then the order of input should be

A=A A A A A A

11> 7212 7317 7122 "22° 732
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Appendix B contains. several complete sample cases, including listings
of the input setup as well as produced output. Section 4.0 describes
the operating procedures for running GEEP including all control cards
required in the control card deck.

3.3 OUTPUT SPECIFICATIONS AND OPTIONS

GEEP has been designed to provide a wealth of information on the
calculated emission reductions and associated costs of each inspection/
maintenance program. Table 3-6 summarizes the basic output options.

The program also generates the following ancillary information:

1) Mass emission time histories.

e Aggregated

e Control type

® Power train
2) Vehicle population distributions and attrition rates over time.
3) Summary of input data.

4) Engine parameter and mode emission distribution plots and
statistics.

5) Pass/fail criteria and vehicle rejection probabilities by year.

6) Engine parameter rejection rates and average parameter adjust-
ments.

7) Summary of regional and operational design results.

8) Statistical confidence limits on predicted emission reductions.

A debug option has been incorporated into each major system routine
to assist in interpreting program output and in checking out new policy
alternatives. This option yields a complete diagnostic analysis on all
fundamental calculations within the model.

Printed and plotted output from GEEP are designed to display to the
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user a maximum amount of information. OQutput from the program consists
of three types: standard output, debug output and plots. The standard
output includes emission rates, reduction percentages, figures of merit,
and cost data. The debug printout is generally in the form of tables
presenting the values of intermediate variables in the model's calcu-
lations. Plotted output consists of parameter frequency plots and
emission time history plots.

Table 3-7 exhibits a printout summary of typical results. This
printout features estimates for several figures of merit, computed
emission reductions, and a variety of accounting costs. Additional

examples of GEEP output are found in Appendix B.
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Table 3-6 SUMMARY OUTPUT OPTIONS

OPTION

e BASIC

e PPICK
e DEBUG

INPUTS

None

PPICK

BLINE
MICRO
TEST
COSTS
AREA
CUTPTS
PDECAY
DATA
STATS

® ® ¢ 6 o o o o >

RESULTING OUTPUT

Summary Results

Emission Time History Plots

Vehicle Population Characteristics

Regional Data Summary
STATS Results (if executed)

CUTPOINT Data
Emission Rate and

Failure Rate Tables

Engine Parameter- Distribution Plots

Debug information
Debug information
Debug information
Debug information
Debug information
Debug information
Debug information
Debug information
Debug information

for Subroutine BLINE
for Subroutine MICRO
for Subroutine TEST
for Subroutine COSTS
for Function AREA
for Subroutine CUTPTS
for Subroutine PDECAY
for DATA BLOCK

for Subroutine STATS
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Table 3-7  SUMMARY OUTPUT RESULTS

B ko e ok X o %k ook o ke ok ok o kok ek ok

* TRW INSPECTION/MAINTENANCE =*
* SYSTEM MODEL *

AAEREEKE KRR RS XK XS EFE K EET X REhARX %K

SUMMARY INFORMATION

ENGINE PARAMETER STRATEGY  EXTENSIVE B
INSPECTION PERIOD IS 12.0 MONTHS

PAYOFF FUNCTION UNADJUSTED (DOLLARS/WEIGHTED EMISSION). 5736.21
PAYOFF FUNCTION STATISTICALLY ADJUSTED (DOLLARS/WEIGHTED EMISSION) 4412.06
PAYOFF FUNCTION AT END OF LAST YEAR (DOLLARS/WEIGHTED EMISSIGN) 2736.02
HC EMISSION REODUCT ION (PERCENT) 4o73
CO EMISSION REDUCTION (PERCENT) 4.08
NO EMISSION REDUCTION (PERCENT) 1.50
HC AVERAGE EMISSIONS (TONS/DAY) 1052.04
CO AVERAGE EMISSIONS (TONS/DAY) 13126.92
NO AVERAGE EMISSIONS (TONS/DAY) 128.26
TOTAL COSTYS FOR MANDATORY PROGRAM (DOLLARS/YEAR} 18796117C1.45
TOTAL COSTS FOR VOLUNTARY PROGRAM (DOLLARS/YEAR) 237764666.67
RATIO OF MANDATORY TO VOLUNTARY COSTS (PERCENT) 79.05
INSPECTION CAPITAL COSTS (DOLLARS/STATION) o " 0.00
AVERAGE INSPECTION OPFRATING COSTS (DOLLARS/YEAR) 76700284 .45
MAINTENANCE CAPITAL COSTS (DOLLARS) 0.00
AVFRAGE MAINTENANCE OPERATING COSTS (DOLLARS/YEAR) 111261417.00
USER COSTS (DOLLARS/CAR) 1.93
COST PER INSPECTION 21.46
COST PER VEHICLE MAINTAINED 34.25
AVERAGE NUMBER OF CARS INSPECTED/YEAR 5974450.0C
AVERAGE NUMRER OF CARS REJECTED/YEAR 5196615.51
AVERAGE NUMBRER OF CARS MAINTAINED/YEAR 5196€15.51
AVERAGE FATLURE PERCENTAGE 87

TOTAL PROGRAM DURATION (YEARS)

5.00



4.0 OPERATING PROCEDURES

4.1 THE PROGRAMMING SYSTEM

The General Economic Effectiveness Program is a Fortran IV program
operational on the Control Data (CDC) 6000 series computers. The CDC
machines are third generation multiprogrammable computers capable of
processing approximately 1,000,000 instructions per second with up to
19 different jobs concurrently running in central memory. The TRW Time
Sharing System (TRW/TSS) uses a CDC 6400-6500 combination with intercom-
munication between user disk files and the three CPU's with Batch and
Remote Batch capabilities. The combined storage space on the two machines
is in excess of 660,0008 words (60 bit) central memory and 800 million
words on disk.

The GEEP source and object decks reside on the permanent file
storage disk of the TRW/TSS. As a file on this disk they are accessible
in either Remote or Remote Batch mode. Since the control cards and deck
setup are essentially identical, a Remote mode submittion will be
assumed in the following discussions.

4.2 CONTROL CARD SPECIFICATION

The TRW/TSS CDC machines run under the KRONOS operating
system, the control cards of which are simple and self explanatory.
Table 4-1 details the job control cards and contains a short explanation
of each card. This control card setup assumes an object deck run.

4.3 DECK SETUP
The input deck setup required for the execution of the program

consists of the job control cards (JCC), the program deck and the data
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Table 4-1 REQUIRED JOB CONTROL CARDS

CARD
$ SEQUENCE, E284.

$ ACCOUNT, RB56415, ROBE564.

$ NAME, 142001, 56415, BADDORF, R.

$ PROBLEM, 289010.
$ PRIORITY, N.

$ FLENGTH, 150000,
$ MAXTIM, 300.
GET, GEEP.

GEEP (TAPE 5=INPUT)

7\E@R
g
9

DESCRIPTION

Operator supplied sequence card
Program account and password
User Name card

Charge number

Nominal Priority

1508K Field length request

5 minute max/time request
Retrieve object deck

Execute Program (Data Follows)

End of Record card.
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cards set. Figure 4-1 illustrates the deck setup for a standard run.
This example demonstrates the card setup for executing several cases
during the same run.

4.4 DIAGNOSTIC AND TROUBLESHOOTING PROCEDURES

Basically, three types of errors can occur during a GEEP run:
program detected errors, system detected error, and the elusive computer
error. The last is a very rare, non-recoverable problem which can be
solved by resubmitting either the entire run or just those cases not
yet executed. Program detected errors are those inconsistancies which
trigger an error branch in the GEEP code. These include input errors
detected by the check routine in the main program. The diagnostics are
self explanatory, and the problems are generally not fatal to the
execution of a case. The Tlinear programming package for cutpoint
optimization is the second routine containing program data error flags.
The diagnostic messages possible are listed in Table 4-2 with a des-
cription of the problem and the solution.

The other common diagnostic message results from a system detected
error. These errors include dividing by zero, square roots of negative
numbers, and raising negative numbers to non-integer powers. These
occur most often in the routines which interpolate or manipulate dis-
tributions and are usually the result of bad input. A description of
the various possible diagnostic messages can be found in Appendix K of
the CDC Fortran Manual. The load map can be used with the help of a
GEEP 1isting to pinpoint the location and exact nature of the data

discrepancy. But probably the most likely system detected error

will be associated with the NAMELIST input data.
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CONTROL CARDS =
ACCOUNT, RB56415, ROBE 564

END OF IMFORMATION

0 O~ O

CASE DATA

= NAMELIST DATA
KEY WORD DATA

CASE 11 INPUT

NAMELIST DATA
KEYWORD DATA

CASE | INPUT

7
8 EOR
9

$

/

$ SEQUENCE, E284

Figure 4-1 Example Card Configuration for Object Deck Run
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Table 4-2 DIAGNOSTIC MESSAGES

DIAGNOSTIC MESSAGE

A MATCH WAS NOT FOUND FOR XXXXXXX

TOO MANY ITERATIONS IN LINPRO

NO FEASIBLE SOLUTION LOWERING CONSTRAINTS

SOLUTION UNBOUNDED - RUN TERMINATED

TOO MANY ITERATIONS - RUN TERMINATED

PROBLEM INFEASIBLE - RUN TERMINATED

INSUFFICIENT DIMENSTION IN XPT CALLED
STATS

INSUFFICIENT DIMENSTION SIZE IN RESIZE
CALLED FROM CONVOL

MEANING AND SOLUTION

The key word input XXXXXXX is either mis-
spelled or not a valid GEEP option. The
program ignores that card.

The iteration loop to match cutpoints with
rejected fractions is not converging. Change
the emission reduction constraints a few
percent tomove the problem away from the
unstable point. Fatal error.

The linear program has no feasible solution
The constraints are being lowered automati-
cally by 10%. Program will continue until
the constraints have been reduced by 70% at
which point the case aborts.

LPRO error message. Treated as no feasible
solution.

LPRO error message. Treated as no feasible
solution.

LPRO error message. Treated as no feasible
solution.

More than 50 points required to characterize
a distribution. Contact programmer. Fatal

error.

More than 50 points required fo characterize
a distribution. Contact programmer. Fatal
error.




In attempting to understand any problem with the processor, the
debug flags for the affected routines should be activated (See Table 3-1).
4.5 LIBRARY ROUTINES REQUIRED

The GEEP computer program uses several standard Fortran functions
from the CDC system library. These routines, with a brief description
of each are tabulated in Table 4-3. If an error should occur within one of
the library programs the system back-track printout will locate the
calling subroutine for debugging purposes.

4.6 GENERAL COMPUTER REQUIREMENTS

Although GEEP was designed for the use on the CDC 6500 system it
can be made to operate on other computing systems. Listed below are
minimum requirements, both Hardware and Software, for possible conversion
to an alternative system.

o Software support of Fortran IV (Fortran G).

o Computing Hardware equivalent to a CDC 6400 with at
least 200,000 words of core storage (2 million bytes).

e A full operating system capable of supporting the above
hardware system.

o A card reader/punch and high-speed line printer.
4.7 EXECUTION/PRINT ESTIMATES

The execution time, required field length, and number of pages
printed by GEEP depend entirely on the number of cases and debug options
chosen. Estimates for these figures appear in Table 4-4. It should be
noted that, for a standard run, no compilation time or print-out is
necessary. These values are.all estimates and vary according to desired

option.



Table 4-3 SYSTEM LIBRARY FUNCTIONS CALLED BY GEEP

FUNCTION DESCRIPTION
SQRT (X) Square root of X
MINO (I,J) Minimum of I and J
MAXO (I,J) Maximum of I and J
EXP (X) e
ALDG (X) Tnx
AMINT (X,Y) Minimum of X and Y
AMAXT (X,Y) Maximum of X and Y
ABS (X) Absolute value of X
IABS (I) Absolute value of I
INT (X) Largest integer less

than X

4-7



Table 4-4 EXECUTION/PRINT ESTIMATES

Compilation of GEEP processor:

One Case - No debug output:

One Case - PDECAY debug:

One Case - Full debug:

200 seconds CPU time
1100008 Words Storage
250 Pages (10000 lines) output

30 seconds CPU time
]7]0008 Words Storage

20 Pages (600 lines) output

30 seconds CPU time
17]0008 Words Storage

150 Pages (5000 lines) output

35 seconds CPU time
|7]0008 Words Storage

250 Pages (10000 Tines) output




4.8 PROGRAM LIMITATIONS

The program is basically limited in terms of the programmed in-
spection/maintenance alternatives. The most important of these is the
input inspection type and control fleet specification limitation. The
GEEP computer program expects as input a series of inspection specifi-
cations such as idle, ignition and induction which are consecutive in
the parameters affected. For instance, acceptable inspection type
specifications include IDLE~IGNITION, IGNITION-INDUCTION, IDLE,
IDLE-IGNITION-INDUCTION. The only non-permissible combination is
IDLE-INDUCTION which would involve the inspection of parameters one
through three and six through ten, a non-connected set. The same
principle applies to the control subfleet specification Timitation
which states that any combination of control fleets except the UNCON-
TROLED-POST 70 combination is acceptable.

The only other program limitations on the program are obvious con-
straints on the input data such as 0<P*<1. There are no limits on
the number of cases. The amount of printed output is currently limited

to 200,000 1ines.

4-9



5.0  DETAILED FLOW SCHEMATICS

Presented in the following sections are descriptions, detailed flow-
charts and computer listings of each of the fifty-five subroutines in
GEEP. Each contains a description of the input variables and output
results. Also included are brief summaries of the main equations and
techniques for the routine.

This section has been prepared primarily for use by FORTRAN program-
mers in adopting or modifying the program's structure. Therefore, heavy
emphasis is placed on the flowcharts and listings with only cursory des-
criptions of analytical techniques or data values, details of which are
available in Volume III. The user is refered to Table 5.0 which provides
a descriptive overview of the program's subroutines.

5.1 MAIN PROGRAM

The main routine of the General Economic Effectiveness Program con-
tains the overall logic for evaluating a mandatory vehicle inspection/
maintenance program. The basic input is read and decoded in the main
routine, which then intiates the flow through the major routines of GEEP.
The following sections contain complete descriptions of each GEEP routine
which explain both the input and output as well as the execution flow
paths.

Table 5-1 contains a 1isting of the main routine and Figure 5-1 a

flowchart.
5.2 SUBROUTINE INITIAL

Subroutine INITIAL of the General Economic Effectiveness Program

initializes various parameters and averages several large input matrices
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Name

GEEP

Subroutine
Name

REGION

INITIAL

BLINE

MICRO

COSTS

ouT

Table 5-0 SUMMARY LEVEL SUBROUTINE DESCRIPTIONS

LEVEL 1

Description

The executive program; provides main linkage for
major component subroutines.

LEVEL 2
Nescription

Supplies region data (location, size, population,
emission levels, etc.) for a specific demographic
region.

Initializes program variables. Certain variables
change throughout the proaram execution but must be
re-initialized at the start of each run. Also
pertinent arrays are filled or "zeroed out."

The emission study for the baseline fleet is performed
at this time. Strictly voluntary maintenance.

“ne emission study for the test fleet is controlled
here. Mandatory insoections and maintenances.

The program costs are calculated for parts, labor,
land, “etc.

The output of the entire nrogram summaries (emission
histories, rejection -histories,,percentage emission
reductions, etc.).
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Table 5-0 SUMMARY LEVEL SUBROUTINE DESCRIPTIONS (cont.)

Subroutine
Name

PRINT 1

PRINT 2

PRINT 3

PRINT 4

PRINT 5

FIT

FUN 1

PDECAY

MDECAY

EDECAY

TEST

MAINT

STATS

LEVEL 3

Description

Output of the argument variable with the dimension
size of (10, 15, 3).

Output of the argument variable with the dimension
size of (15, 3).

Output of the argument variable with the dimension
size of (10, 15).

Output of the argument variable with the dimension
size of (10, 15, 4).

Output of the argument variable with the dimension
size of (4, 15).

Each emission history must be represented in terms
of a polynomial for integration purposes. This
subroutine is a 2nd order curve fit.

A single table linear interpolation, with extra-
polation beyond end points.

Particular parameter distributions must undergo specific
decay processes between inspection periods.

Similar to PDECAY, particular mode distributions
undergo decay.

Similar to PDECAY, emission levels are decayed.

This subroutine controls the estimations of that

portion of a specific parameter or mode distribution
that is rejected; i.e., that portion of the distribution
which exceeds the allowable emission standards.

Emission levels must be corrected for maintenance due
to both the baseline and the test programs.

At the conclusion of any test interval, a statistical
analysis may be performed on the baseline vs test program
reductions.
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Subroutine
Name

PLOT

QUEUE

Name

STD 2

AREA

UNION

TABLE

CONVOL

Table 5-0 SUMMARY LEVEL SUBROUTINE DESCRIPTIONS (cont.)

(XoPT

(XOPT

Description
Provides a graphical plot of the emission histories.

Provides a queue model for user inconvenience

estimations.

LEVEL 4

Description
Using a frequency distribution, calculates the
corresponding mean and sigma.

Estimates the normalized area of a parameter dis-
tribution, nominally from the end point to the cutpoint.

Returns the expected value of the rejected portion
of the distribution.

./;f(x)dx = expected value
Provides the union of n number of probabilities;
namely, the rejection fractions.

Generates a frequency distribution (table) from a
representative mean and sigma. Generates:

(1) Normal
(2) Lognormal
(3) Hyperbolic

Generates the convolution of two distributions:

C = ff(t) g (x-t) dt

e.g., for two standard normal -distributions;

u.~|=p-2=0. U-l=0'2=]. M =U-]+Ll2

C
_‘{ 2 2
7. "V 9
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Subroutine
Name

DISTPR

NORM

XPT

PLOTXY

IFACT

Name

SWITCH

RESIZE

Table 5-0 SUMMARY LEVEL SUBROUTINE DESCRIPTIONS (cont.)

Description

Used in conjunction with CONVOL. Outputs the two
input distributions along with the resultant dis-
tribution with their respective means and sigmas.

Normalizes a distribution so that

U/}Wx) dx =1

Given a distribution and an area, integrates until
the input area is achieved and outputs the respective
X-axis coordinate.

Supports subroutine plot by outputting the actual
grid pattern.

Calculates N factorial for integer N.

LEVEL 5

Description

For most purposes, a representative distribution's
X-axis must be monotonically increasing, If not,
the order of the X-axis values along with their
respective Y values are .reordered.

Given a distribution and a cell width, AX, a new
array, is generated to represent the input distri-
bution as a function of the new AX.
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MAIN PROGRAM

< START >

SAVE OLD STAT VALUE

/PRINT MAIN HEADING/
® -

INCREMENT RUN NUMBER
PRINT RUN HEADING

100

READ INPUT OPTIONS
INTO IN ARRAY.
NINS = NUMBER OF
OPTIONS INPUT,

250

o @

WAS THERE
ANY INPUT?2

MATCH UP INPUT OPTIONS
WITH VALID OPTION CODES.

STORE OPTION NUMBERS IN
MATCH,

EDIT DATA FOR INVALID
OPTIONS,

350

Figure 5-1 Main Program Flowchart
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Z

INITIALIZE OPTION

PARAMETERS
MSTART
MSTOP
LSTART
LSTOP
OPTI
MISFIRE

1

OONO—

[ V) B T A

z
O

FOR EACH OPTION
INPUT CARD
BRANCH TO D.
WHERE D, IS :

THE OPTION NUMBER

01) (p2) eee (03) (03

DEBUG OPTION (DOES NOTHING)

SET

RUN TYPE TO PARAMETER
(NOMINALLY UNLOADED)
FLAG FOR GARAGE INSPECTION

SET
SET

RUN TYPE TO SIGNATURE
(NOMINALLY UNLOADED)
FLAG FOR STATE LANE INSPECTION

SET

STOP FLAG TO INDICATE LAST CASE

IR

SET

K LIMITS TO INCLUDE UNCONTROLLED
VEHICLES (K =1)

566 O

Figure 5-1 Main Program Flowchart (cont.)
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PARAMETER OPTION

SIGNATURE OPTION

STOP OPTION

UNCONTROLLED OPTION



099699

D12

PPPPPP

SET K LIMITS TO INCLUDE CONTROLLED
SEHICLES (@ = 2) r—>® CONTROLLED OPTION
SET K LIMITS TO INCLUDE POST 1970 - : TION
VEHICLES (K =3) @ POST '70 OFTIO
SET M LIMITS TO INCLUDE IDLE
PARAMETERS (1-3) —>® IDLE OPTION
SET OPTION FLAG (OPTI) TO 1
SET M LIMITS TO INCLUDE IGNITION
PARAMETERS (4-5) —.® IGNITION OPTION
SET OPTION FLAG (OPTI) TO 2 R
SET M LIMITS TO INCLUDE INDUCTION
PARAMETERS (5-10) ——® INDUCTION OPTION
SET OPTION FLAG (OPTI) TO 3
TURN ON BLINE DEBUG —-—@ BLINE OPTION
TURN ON MICRO DEBUG ——@ MICRO OPTION
TURN ON TEST DEBUG —»@ TEST OPTION
TURN ON COSTS DEBUG ———@ COSTS OPTION
TURN ON AREA DEBUG ——@ ARE/. OPTION
TURN ON CUTPTS DEBUG ——@ CUTPTS OPTION
TURN ON PDECAY DEBUG _.G PDECAY OPTION
TURN ON DATA DEBUG ——@ DATA OPTION
TURN ON MDECAY DEBUG _>® MDECAY OPTION
Figure 5-1 Main Program Flowchart (cont.)
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TURN ON STATS DEBUG

SET

REGION FLAG FOR LA

SET

REGION FLAG FOR NY

SET

REGION FLAG FOR WASHINGTON

SET

REGION FLAG FOR DENVER

SET

LOADED FLAG TO ON

SET

LOADED FLAG TO OFF

SET

FLAG FOR HYBRID INSPECTION

SET

FLAG FOR STATE LANE INSPECTION

SET

FLAG FOR GARAGE INSPECTION

SET

L LIMITS TO INCLUDE ICO
(L =1) INSPECTION

SET

L LIMITS TO INCLUDE IHC
(L =2) INSPECTION

SET

L LIMITS TO INCLUDE HC45
(L = 3) INSPECTION

SET

L LIMITS TO INCLUDE CO45
(L = 4) INSPECTION

TURN ON MISFIRE FLAG

SET

REGION FLAG FOR DETROIT

SET

L LIMITS TO INCLUDE INO
(L = 5) INSPECTION

SET

2999999 990PPPPPOPS

L LIMITS TO INCLUDE NO45
(L =6) INSPECTION

b5bdbbbb8bbb68

Figure 5-1
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STATS OPTION

LA OPTION

NY OPTION

WASH OPTION

DENVER OPTION

LOADED OPTION

UNLOADED OPTION

HYBRID OPTION

STATE OPTION

GARAGE OPTION

ICO OPTION

IHC OPTION

HC45 OPTION

CO45 OPTION

MISFIRE OPTION

DETROIT OPTION

INO OPTION

NO45 OPTION

Main Program Flowchart (cont.)



LAST INPUT
CARD
?

IS THIS A
PARAMETER RUN
WITH IDLE INSPECTION
ONLY AND THE
MISFIRE FLAG
ON

CHANGE THE UPPER M LIMIT
TO INCLUDE MISFIRE (M = 4)

SET  LPSPP =1 FOR MISFIRE

150 .

PRINT OUT SUMMARY
OF INPUT OPTIONS

- 6000

CALL REGION TO GET
REGIONAL DATA

REPLACE OLD VALUE OF
STAT IN STAT

READ NAMELIST
INPUT DATA

{
©

Figure 5-1 Main Program Flowchart (cont.)
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P

STORE NEW STAT
VALUE AND SCALE
FORTINT 12 MONTHS

CALL INITIAL

|

CALL BLINE

SET KILL=0

CALL MICRO

CASE
GOOD

CALL PRINTé
(ATTRITION MODEL PRINTOUT)

CALL COSTS

]

CALL OUT
(OUTPUT ROUTINE)

7000
RO
YES

Figure 5-1 Main Program Flowchart (cont.)
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Table 5-1 MAIN PROGRAM LISTING .

e ey - g
kS ¢ ﬁ e
- -

00100 PROGRAM GX(INPUT.OUTPUTyTAPES.TAPEé=OUTPUT)

ZL-s

00110 c ECONUMIC/EFFECTIVENESS PROCESSOR
00120 DIMENSION IN(50),MATCH(59)

[ 00130 COMMON /COMOL/ AMB(3),ALAB, AVV, BINT,

00140 + BAREA(3), BLD1, BLD2, 3SIG(3), BXTRA, BSIZE,

[ oo0150 ¢ BHIST(3,16), BMMIL10,15,3),

00160 + ATABLEX(9,1043),ATABLEY(9,10,3),ASTABLX(9,6+3)y ASTABLY(9+6,+3)
00170 COMMON /COMO2/ CARA, CARIY, CARMY , CARPOP(16),
00180 + CARSY, CBSUM, CCOEF(10),CCOSTI,  CCOSTM,  CGTT,

00190 + C INCON, cPCeB, cPI, CPVPY, CSUM, CARAY,

00200 + CN(15,3,16), COEFB{15,3), COEFBP(10,15),

00210 + CPART(10,15)

00220 CC ADD2

00230 COMMON /COMO3/ DELPCV,  DP(10,15),DELEM(3,16),DELI(3),
00240 + EMW(3), EP(10,15),EFF(10), DELIT(3), —
00250 + FREQA, FREQB, FPERC(10s3),

00260 + HORZN, HORZNY,

00270 + HPC(15,16), HPCS(15,16), HPP(10,15,16),

00280 + HPS(6,15,16), HPT(5,16), HPTOT (16),

00290 + HPTOTS(16)

00300 CC _ADD3

| 00310 COMMON /COMO4/ ITE, ITL, I7p, ITIME(16),

i 00320 + KSTART,  KSTOP, LOPT, LPICK{(10),LLPICK,

L 00330 + LIDLE, LINT(16), LPSPP(10),LSTART, LSTOP,

00340 + MBASE, MPH, MSPEC(10) +MSTART,  MSTQP,
00350 + MU(10+3),  MMS(10,15), MVPR(10,15)
00360 CC ADD4

! 00370 COMMON /COMO5/ NAME(50), NCNTR, NEMIS, NEMP,

' 00380 + NINTR, NINTRB,  NMODE, NU» NOPTS, NPAR, 2
00350 + NPTRN, NPTS, NSTEPS,  NTR, NTIRB, NPICK (X&ks .
00400 + OCIY, OC MY, UPTI, OPTM,0PTS{50) ,OVCHI(3),0VCHM(3)
00410 CC ADD5
00420 COMMON /COMO06/ PARM(3,3) JPART, PAYNEW, _ PAYUFF(3),
00430 + PC(15),»  PCS(15), PHI(14), PLO(14), PLTMAX(3),PMODEL,
00440 + PP(10,15},PS(6,15)s PT(5), PTOT, PTS(5), PAYADJ,
00450 + PAR(10+15+3), PAR1{10,3,3), PLUS(10,15),

00460 + PM(10415), PPICK(10),PPPICK,PSTAR,PI(15,10),
00470 + PSA(15), PTA(5),  PCONF, PARINT(10,10,9)

00480 + JPAYFIN

00490 COMMON /COMO7/ REINSP,  RNAME, RSTZE, RSTGP,

00500 + RTYPE,
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Table 5-1 MAIN PROGRAM LISTING (cont.)

e aE Am e tavgn W
M + . SALE, SALL, SALP, SITET, SITEM, SLANE,
+ SMODEL, START(15,3), STAT, STIME(3), SuMBM(3),
+ SCALEBM(3), SM(6,15), SPAR(104+415,+6),
+ SXCUT(643), SIG(10,3), SIGCE{(3),
+ SIGME(101}, SIGMNE{10), SIGP(10,15), =%
+ SIGRATE, SIST, SIGSI6,151, SIGSDE(3),
+ STABLEX{33+6,15), STABLEY(33,6,15)

COMMON /COM10/ TAREA(3), TOIST(10,3) TIDLE,TIMEI(3,161,
+ TINT, TObE(3)s TONX, TOTE(3), TPDB(3), TPDT{(3),
+ TXTRA, TS1Z2E, TSIG(3), TPER(16,15), TMIL{16415),
+ THIST(54+3,16), THISTY(3,16), TIMEC(10,15],
* TIMEM(10,15), TABLEX{33,10,15}, TABLEY (33, 10,15)
CC ADDI1O
COMMON /COM11/ WwF{10),
+ X18P{(3,3,6), XINT, XINTB, XLANE, XSUM, XCUT{10+3),
+ XTM(16), XBASE(9,3)},YBASE(9,3)
CC ADDI11l
COMMON /C0M12/ Y1BP{3,3,101}, Y2BP{3,3,10),
o + YESy YSUMy YTM{16), Y1DBP{4,4,10)+sY2D8P{%4,4,10}),
: + 1, 224 13, ' 24, 15, 26,
-~ + L7, 18, L9, 210, 211, 112,
+ 113, Ll4, 215, 116, 217,
+ LCARY, IC ARM, Z1C, ZSUM,
¥ 21Z1343)
CC ADDl2 T ]
COMMON /DEBUG/ ADEBUG, BDEBUG, CDEBUG, DDEBUG,
+ t DEBUG, MUOEBUG, PDEBUG, QDEBUG, SDEBUG, TDEBUG
CC ADDD
REAL ITE, ITL, 1TP, ITIME,
+ MMS, MPH, MSPEC, MU, MVPR,
+ NAME, ND, LDEBUG, MDEBUG,
+ IN, MISFIRE
INTEGER RNAME, SITEI, SITEM, STAT,
+ T1DIST, XLANE, oprT1, PPICK, PPPICK

+ PARML,TDIST

NAMELIST /NAML/ XCUT,COEFBP,EMa+TINT,BMML START 4HORIZN,
+ SCALEBMyMMS,SXCUT+22+29,216sSTAT+XLANE,NPICK,PCONF,EFF,FPERC,
s LPICK,PPICK,?],PSTAR

DATA KSTART,KSTOP/4,0/
STATSV=STAT
NRUN=0

CALL GEEPER
10000 CONTINUE
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Table 5-1 MAIN PROGRAM LISTING (cont.)

00932 _ __ ___ . _ .. __ . NRUN=NRUN+1 L B o — - -
00549 ARITE (64,130) NkJUN
00950 190 FORMAT(1HL,5(/) 425X, %GENFRALIZED ECUNIMIC EFFECTIVENESS*,
_. 00960 _ e + % PRUGRAM%,//// o o L . —_
00970 1 40X.%P U & N O .%[2/)
00389 ce INPUT OF PROGRAM OPTIONS
009°0 o NINS=1 e i
21000 100 READ (5,200) IN(NINS)
01010 200 FORMAT(A1l0)
©1020 o IFUIN(NINS) .EQ.1O0HTHAT S ALL) GO TO 250
01030 NINS=NINS+1}
01040 GO0 TO 100
01050 . _ . 250 CONTINUE o ~ o
01069 NINS=NINS-1
01070 IF{NINS.FWU.0) GO TO 6000
o8O DV 350 I=1,NINS _ e
01099 MATCH(I)=1
01100 DO 300 J=1,NOPTS
om0 IFUINC(I).NEL.OPTS(J)) GO TQO 300 L
01120 MATCH{I)=J
01130 GO Tu 350
01140 300 CONTINUE e
01150 IF(I.EQ.NINS) wU TO 350
01160 WRITE (6,310) IN(])
01170 310 FORMAT{5X¢S({1H*®),* A MATCH WAS NOT FUUND FOR¥*, o
01180 + % THE INPUT %,A103/)
01190 350 CONTINUE
01200 UMSTART=11 o
012190 MSTOP=0
01229 LSTART=7
01230 o LSTOP=0 o ) o B L
01240 OPTI=0
01250 MISFIRE=NO
_o1260 _CC  ODATA INITIALIZATION FOR PRUGRAM QOPTIUNS o
“01270 DO 400 I=1,NINS
01230 IGU=MATCHI(T)
01295 _ GO T0 (400+293+415+6+7+¢8+9510,11+512913414415,516417418,19,
21300 ¥ 2040210229239 249250264927928929y304931932¢339341535936437),160
01310 2 RTYPE=PMODEL
01320 _ _ _ _ LIbLE=1 i o o
01330 SUANE=10HGARAGE
01340 GU TU 400



G1-§

Table 5-1 MAIN PROGRAM LISTING (cont.)

01350 3 RIYPE=SMODEL
01360 LIULE=1
01370 SLANE=10HSTATE

) 01380 GO TO 400
Q01390 4 RSTOP=YES
01400 GO TG 400

01410 5 KSTART=1 L o
01420 KSTOP=MAXO(KSTOP,1)
01439 GO TO 400
01440 6 KSTART=MINO(KSTART,2)
01450 KSTOP=MAXO(KSTOP,2)
01460 GO TO 400
01470 7 KSTART=MINO(KSTART,3)
01480 KSTOP=3
01490 GO TG 400
01500 8 MSTART=1 )
01510 MSTGP=MAXO(MSTOP,3)

; 01520 OPTI=MAXO(1,0PT1)

o 01530 GO TO 400
01540 9 MSTART=MINO [MSTART s4)
01559 MSTOP=MAXO{MSTOP,5)
01560 __OPTI=MAXO(2,0PTI)

| 01570 GO TG 400

: 01580 10 MSTART=MINO (MSTART,6)
01590 MSTOP=10
01600 GPTI=MAX0(3,0PTI1)
01610 GO TO 400
01620 11 sDEBUG=YES
01630 G 10 400
01640 12 MDEBUG=YES

, 01650 _ 6O TO 400

B 01660 13 TDEBUG=YES
01670 GO TO 400

B 01680 14 CDEBUG=YES B
01690 GO TG 400
01700 15 ADEBUG=YES
01710 60 TG 400 -
01720 16 LDEBUG=YES
01730 GO TO 400
01740 17 PDEBUG=YES o
01750 GO TO 400
01760 18 DDEBUG=YES



Table 5-1 MAIN PROGRAM LISTING (cont.)
01770 GO TO_ 400 . ____
01780 19 QDEBUG=YES
01790 GO TU 400
01800 27 SDEBUG=YES _—
! 01810 GU TO 400
01820 21 RNAME=1
01830 o GO_T0 400 S
01840 22 'NAME=2
01850 GO TO 409
01869 22 PNAME=3 L
T 01870 G0 TO 400
01880 24 RNAME=4
....01890 60 7O 400  __ ____ .
01900 25 LIDLE=2
01910 GO TQ 400
01920 26 LIDLE=1 o
1 01930 GO TO 400
01940 27 LIOLC=3
01950 ____6D_TO 400 .
o 01969 23  SLANE=10HSTATE
] 01970 GU TO 400
> 01880 29 SLANE=1JHGARAGE
01990 GO T0 400
02000 30 LSTART=1
02010 i LSTGP=MAXO(1,LSTOP) B
02020 GO TC 8
020390 31 LSTART=MINO(2,LSTART)
02040 o LSTOP=MAXO(2,LSTOP)
02050 GO T4 8
02060 32 LSTART=MIND{3,LSTART)
; 02079 _ LSTOP=MAX0(3,LSTOP)
02080 GO TU 9
02090 33 LSTART=MINO{(LSTART ,4)
02100 LSTOP=MAXO(LSTOP,4)
E 02110 GO 70 10
02120 34 MISFIRE=YES
02130 — _GO 7O 400 ._
02140 35 RNAME=S5
02150 GO TO 400
02160 36  LSTART=MINO(LSTART,5)
02170 LSTOP=MAXO(LSTOP+5)

GJT0 400



| - \Table 5-1 MAIN.PROGRAM LISTING (cont.)
02190 37 LSTART=MINO{LSTART ,6)

LL-§

02200 LSTOP=6
02210 GOTO 400
02220 400 CUONTINUE
02230 IF{(RTYPE.EQ.PMODEL) GO TO 450
02240 IF(MSTOP.NEL3) GO TO 450
02250 IF(MISFIRELEQNG) GO TOQ 450 _ o
02260 MSTOP=4
02270 LPSPP{4)=1
02280 450 CONTINUE
02290 CWRITE (6,500) (IN(I),I=1,NINS)
92300 500 FORMAT(5(/)+20Xs*INPUTS ARE:*//30(21X,A10/))
02310 o NN=2%RNAME-1 o
02320 WRITE (64,1000) RTYPE,ZNAME{NN+20),NAME(NN+21),
02330 + (NAME{K+3) ,K=KSTART,,KSTUP)
02340 1000 FORMATI(1HL,//+s5Xs*RUN TYPE == *,T503,A10,*% MODEL*,/
02350 + 5X,*AREA CONSIDERED -- *,750,2A10/
02360 + 5Xy*xCAR POPULATION TYPE -- *,3({T492,A8/1}))
02370 WRITE (5,1100) (M, NAME{M#+20) ,M=MSTART,MSTDP}
02380 110C FORMAT(/5X,*PARAMETERS CONSIDERED =-- *,10(T49,12,5X,A10/1)}
02390 IF{RTYPELEQ.SMODEL) WRITE (0+1150) {(Ly,NAME(L+40)},L=
02400 + LSTART,LSTUP)
02410 1150 FORMATI{/+5X»*SIGNATURE MODES COUONSIDERED -—- %,
02430 IF{MISFIRELEQ.YES)
02440 +WRITE (6,1200) OPTS{LIDLE+24),SLANE
02450 1200 FORMAT(/20X s+ xMISFIRE UNDER *A1Q,% CONDITIONS*/
02460 + 20X,A104* INSPECTION STATIONS*/)
02470 "WRITE (6,1300) BDEBUG+MDEBUG,TDEBUG,CDEBUGADEBUG,
02480 + LDEBUG+PDEBUG,DDBEBUG,SDEBUG
02490 13100 FORMATU//,20X+*DEBUG OPTIONS FQR THE FULLOWING*,
02500 + % SUBROUTINES:*//
02510 + 10X, %*BLINE*,T50,A10/10X,*MICRO*,T504A10/
02520 + 10X *TEST*,750,A10/10X,%COSTS*,T50,A10/
02530 + 10X, %AREA* ,T50,A10/ 10X, %LINPRO*,T50,A10/
02540 + 10X, *PDECAY*,T50,A10/10X*DATA%*,T5C0,A10/,
+

02550 _ + 10X, %*STATS*,T50,A10/)
02569 6000 CONTINUE
02570 CALL REGION{RNAME)
02580  STAT=STATSV

p2%9n READ (5,NAM1)

02600 STATSV=STAT
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Table 5-1

MAIN PROGRAM LISTING (cont.)

Q2619 STAT=STAT*12./TINT
02620 CALL INITIAL
02630 CALL BLINE
. 02649 KILL=0
02650 CALL MICRO(KILL)
02660 IF(KILL.EQ.1) GOTO 7000
__ __026170 CALL PRINT6(CNyTPER,TMIL,NTR,CARPOP)
02680 CALL COSTS
02690 CALL 0UT
02700 7000 IF(RSTUP.EQ.YES) STQOP
[ 02710 60 TO 10000
02720 999 FORMAT{1H1)
L____02730 END )




for later use in the model. INITIAL computes the inspection time
intervals for the test and base (mandatory and voluntary) cases and
estimates the vehicle population size over the time horizon using an
input linear regression. The Vehicle Population Model is called from
INITIAL to evaluate the dynamic character of the age percentage and
vehicle miles travelled distributions for the various subpopulations
being modeled. Average partial derivatives and deterioration coefficients
are computed along with certain average cost information. The parameter
and mode emission distributions are expanded and their means and standard
deviations computed. These means and sigmas are averaged and stored for
later printout. Figure 5-2 contains a flowchart of INITIAL and Table 5-2
a computer listing
5.3 SUBROUTINE REGION - DEMOGRAPHIC DATA

Subroutine REGION contains the control logic for the regional data
initialization routines. It shifts control to one of the regional

data routines based on the value of RNAME.

RNAME SUBROUTINE CALLED REGION
1 REGION1 Los Angeles
2 REGION2 New York City
3 REGION3 Washington, D. C.
4 REGION4 Denver
5 REGIONS Detroit

Input to REGION consists solely of RNAME, the region flag. The
output from REGION travels through the common blocks found in the REGION
subroutines and the MAIN program from which REGION is called. Figure 5-3

presents a flowchart for subroutine REGION while Table 5-3 Tists the code.

5-19



(SUBROUTINE INITIAL)

SET BASELINE SIMULATION INTERVAL
= TEST INSPECTION INTERVAL

CONVERT TIME HORIZON TO YEARS

COMPUTE NUMBER OF INSPECTION
INTERVALS IN THE TIME HORIZON

COMPUTE FRACTION OF A TEST
INTERVAL LEFT OVER

INITIALIZE TIMEI (3, NTR) TO 0

COMPUTE CAR POPULATION
OVER THE TIME HORIZON

CARPOP = KO + K] X TIME

900

CALL PERMIL
(ATTRIT ION ROUTINE)

FILL PART ARRAY BY
COMPUTING AVERAGE
OF PAR WEIGHTED BY
VEHICLE DISTRIBUTION
IN YEAR 1

1500

Figure 5-2 Subroutine INITIAL Flowchart
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1500

FILL COEFB AND COEFS ARRAYS
BY TRANSFORMING SPAR AND
PAR RESPECTIVELY USING THE
COEFBP MATRIX, (EMISSION
DECAY RATES)

1700

COMPUTE TIME] MATRIX = THE
AVERAGE OF THE SUMS OF
PARAMETER INSPECTION TIMES
WEIGHTED BY CAR DISTRIBUTION.,

EXPAND ATABLE ARRAYS FROM 9
TO 33 POINTS., STORE IN TABLE
ARRAYS AND COMPUTE MEANS
AND SIGMAS. (PARAMETER
DISTRIBUT IONS)

EXPAND ASTABL ARRAYS FROM 9
TO 33 POINTS. STORE IN STABLE
ARRAYS AND COMPUTE MEANS
AND SIGMAS, (MODE EMISSION
DISTRIBUTIONS)

2000

AVERAGE MEANS AND SIGMAS FOR
PARAMETER DISTRIBUT IONS OVER
POWER TRAIN TYPE, STORE IN MU
AND SIG (M, K) ARRAYS,

3000

AVERAGE MEANS AND SIGMAS FOR
MODE EMISSION DISTRIBUTION OVER
POWER TRAIN TYPE, STORE IN SMS
AND SSIG (L, K) ARRAYS,

4000

Figure 5-2 Subroutine INITIAL Flowchart (cont.)
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INITIAL
DEBUG FLAG
ON?

RETURN

PRINT OUT MEANS,
STANDARD DEVIATIONS,
AND CUTPOINTS
FOR PARAMETERS

NO

SIGNAT URE
RUN

PRINT OUT MEANS,
STANDARD DEVIATIONS,
AND CUTPOINTS FOR
MODE EMISSIONS

2100 .

PRINT OUT PARTIALS,
DETERIORATION RATES,
MANUFACTURER'S SPECS,
MODE EMISSION CO-
EFFICIENTS, MEANS AND
SIGMAS

< RETURN >

Figure 5-2 Subroutine INITIAL Flowchart (cont.)
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_Table 5-2 SUBROUTINE INITIAL LISTING

07770

SUBROUTINE INITIAL
07780 DIMENSICN SMS(6,3)+SSIG(643)
07790 DIMENSION XBP(9),YBP{9)
07800 DIMENSICN DUMX{33),DUMY{33)
, 07810 COMMON /COMOY1/ AMB(3),ALAB, AVV, BINT,
| 07820 + BAREA(3), BLD1, BLD2y BSIG(3), BXTRA, BSIZE,
07830 + BHIST(3,16), BMMI(10,1543),
07840 + ATABLEX(9,10,3),ATABLEY(9,10,3) ,ASTABLX(946+3),ASTABLY(9,6,3)
: 07850 COMMON /COMO2/ CARAy . CARIY, CARMY, CARPOP(16),
{ 07860 + CARSY, CBSUM, CCOEF(10),CCOST1, CCOSTH, CGTTy
i 07870 + C INCON, ¢PCB, CPI, CPVPY, CSuUM, CARAY,
| 07880 + CN(1543,16), COEFBI15,3), COEFBP( 10,15},
07890 + CPART(10,15)
07900 CC ADD2
07910 COMMON /C0OMO3/ DELPLV, DP(10,15) ,DELEM{3,16) ,DELI{3),
} 07920 + EMW(3), EP(10,15),EFF(10), OELIT(3),
! 07930 + FREQA, FREQB, FPERC(10+3),
| 07940 + HORZN, HORZNY ,
07950 + HPC(15,16), HPCS(154+16), HPP(10, 15,16},
07960 + HPS{6+15+16), HPT(5,16), HPTOTI(16),
07970 + HPTOTSI(16)
i 07980 CC ADD3 ’
! 07990 COMMON /C0OMO4/ ITE, ITL, iTe, ITIME(16),
{ 08000 + KSTART, KSTOP, LOPT, LPICK(10),LLPICK,
08010 ¥ LIDLE, LINT(16), LPSPP(10)LSTART, LSToOP,
08020 + MBASE, MPH, MSPEC(10) +MSTART, MSTOP,
08030 + MU{104+3), MMS(10,415), MVPR{10,15)
! 08040 CC ADD4
' 08050 COMMON /COMOS5/ NAME{50), NCNTR, NEMIS, NEMP,
| 08060 + NINTR, NINTRB, NMODE , NO, NOPTS NPAR,
08070 + NPTRN, NPTS, NSTEPS, NTR, NTRBy NPICK(16),
08080 + 0ClLY, oC MY, GPTI, OPTM,OPTS (50) ,0VCHI(3),0VCHM(3)
08090 CC ADD5
08100 COMMON /COMO6/PARM{3,3), PART, PAYNEW, PAYOFF(2),
08110 + PC(15), PCS(15), PHIt14), PLO(14), PLTMAX{3),PMODEL,
08120 + PP{10,15),PS{6,15), PT(5), PTOT, PTS(5), PAYADJ,
08130 + PAR(104+15+43), PAR1(10+3,3), PLUS{10,15),
08140 + PM{10,15), PPICK{L10)PPPICK,PSTAR,PI(15,10),
08150 + PSA(15), PTA(5), PCONF, PARINT(10,10,9)
i 08160 + JPAYFIN
i 08170 REINSP, RNAME, RSIZE, RSTOP,
4

COMMON /7COMOT/
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Table 5-2 SUBROUTINE INITIAL LISTING (cont.)

08180 + RTYPF,
08190 + SALE, SALL, SALP, SITEIL, SITEM, SLANE,
08200 + SMODEL START(15,3), STAT, STIME(3), SUMBbMI(3),
08219 + SCALEEM(13), SM(6415), SPAR(10,1546), —
08220 + SXCUT(6,3), © T S1G(1043) SIGCE(3),
08230 + SIGME(10), SIGMNE(10), SIGP(10415),
08240 + SIGRATE, SIST, SIGS(6415) SIGSDE(3),
08250 + STABLEX(33,6,15), STABLEY(354,6415)
08260 COMMON /CUM10/ TAREA(3), TOIST(10U,3),TIDLE,TIMEI(3,16),
_ 08279 + TINT, TOBF(3), TONX, TOTE(3), TPUB(3), TPDT(3),
08280 ¥ TXTRA, TSIZE, TSIG(3), TPER(16,15), TMIL(16415),
08290 + THIST(5,3,25), THISTT(3,16), TIMEC(10,15),
08300 + TIMEM(10.15)y  TABLEX(33,10,15), _TABLEY(33,10,15)
08310 CC ADD1O N
08320 COMMON /COMI11/ WF(12),
08330 + X18P(3,3y0)s XINT,  XINTH,  XLANE, XSUM, XCUT(10,3),
‘ 08340 + XT4(16)y, XBASE(G,3),YBASE(9,3)
1 08350 CC ADDI11
. 08360 CUMMON /CCM12/ Y13P(343,10), Y25P( 3939100,
08370 + YES, YSUM, YTM(15), Y1DBPl4y4,10),Y2DBP(4y4,10),
08380 + ll, L2, L3, L4y 25, 16,
08390 + 27, 28,y 719, 210, 11, 212,
i 08400 + 713, 214, 115, 716, I17 .,
08410 + ZCARI, IC ARM, Z1C, ZSUM,
08420 + 27(3,3)
08430 CC ADDI2
08440 COMMON /DEBUG/ ADEBUGy . BDEBUG, CDEBUG, DDEBUG,
08450 _ + LUEBUG, MDEBUG, PDEBUG, QDEBUGy  SDEBUG, TDEBUG
08460 "°CC ADDD -
08470 REAL ITE, ITL, I1TP, ITIME,
. 08490V . MMS, R MPH, MSPEC, MU'1~_’ o MVPR, o
08490 + NAME , NU LDEBUG, MDEBUG
08500 + INy MISFIRE
08512 INTEGER RNAME, SITEIL, SITEM, STAT,
08520 + TDIST, XLANE, UPTI, PPICK, PPPICK
08530 cC
08540 CC_ ANY DATA APPEARING IN THIS SUBROUTINE IS FOR i
08550 ccC RE—INTIALIZATION PURPGSES FGR MULTIPLE RUNS
08560 BINT=TINT
28570 HORZNY=HUORZN/12 _
! 08580 XINT=HORZIN/TINT+1.E-10

INT=XINT
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~;Iable 5-2 SUBROUTINE INITIAL LISTING (cont.)

e .
U NINTR=XINT+.99

08610 NTR=NINTR+1

08620 MID=NTR

08630 TXTRA=XINT=-INT

08640 XINTB=HORZIN/BINT+1.E~10

08650 INTB=XINTB

08660 NINTRB=XINTB+.99

08670 NTRB=NINTRB+1

08680 BXTRA=XINTB-INTB

08690 SIGRATE=1.

08700 CARAV=CARPOP (1) *

08710 TIMEI(1,1}=TIMEI(2,1)=TIMEI(3,1)=0.

08720 00 900 N=2,NTR

08730 TIMEI{1N)=TIMETI(2,N)=TIMEI{(3,N)=0.

08740 N1=N-1

08750 CARPCP{N)=CARPOP{N1)*{1.,00+0.03*TINT/12.)
08760 300 CARAV=CARAV+CARPOP(N)

08770 CARPOP(16)=CARAV/NTR

08780 CALL PERMILI(TPERTMIL,TINT,KSTART KSTOPsNPTRN)
08790 SUMBM(1)=SUMBM(2)=SUMBM(3)=0.

08800 DO 1500 M=1,NPAR

08810 DO 1500 K=1,NCNTR

08820 WW1=PAR1(M,K,1})=PAR1{MsKy2)=PAR1IMyK,3)=0.
08830 MUIMK)=SIG{M,K)=0.

08840 DO 1400 JJ=1,NPTRN

08850 J=JJ+5%(K-1)

08860 PLUSIM,JI)=0.

08870 WW1=WW1+TPER{1,J)

08880 DO 1400 I=1,NEMIS

08890 PARI{M,KeI)=PARLIM, Ky [)+PAR(M,J,1)*TPER(1,J]}
08900 1400 CONTINUE

08910 DO 1500 I=1,NEMIS

08920 IF(WHleGTalaE~10)PARLIIMWKI)=PARL(M,Ky 1)/ WiWl
08930 IF(Wwl.1lT.1.E-10) PAR1{M,K,I)=0.

08940 1500 CONTINUE

08950 DO 1700 I=1,NEMIS

083960 DO 1700 JJ=1,+NPTRN

08970 DO 1700 K=1,NCNTR

08980 J=JJ+5%(K-1)

08990 DO 1650 L=1,.NMODE

09000 SUM=0

09010

DO 1600 M=1,NPAR
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Table 5-2 SUBROUTINE INITIAL LISTING (cont.)

09020 1600 _SUM=SUM+PAR (M, J, 1) *COEF3P(M,J) .. —-
79C30 COEFB(J,1)=SUM+PARM(K, 1)
09040 1650 CONTINUE
09050 1700 CONTINUE o _
05069 0C 2000 JJ=1,NPTRN
09079 D0 2000 K=KSTART ,KSTQOP
09080 J=JJ+ 5% (K-1) o -
09090 DO 1900 M=MSTART ,MSTQOP
N9100 DO 1750 N=1,15
09110 1750 TIMEI(CPTILN)=TIMEI(CPTI N)4TIMEC(M,J)*TDIST(MyKIXTPER(N,J)
i 09120 IF(MaEJa5.0R.M.EQ.6) G TGO 1902
09130 IF{M.EQ.4.0R.M.EQ.10) GG TO 1900
09140 o _____ DO 1850 L=14NPTS o o
09150 XBP(L)=ATABLEX(L,M,K)
09160 YBP{L)=ATAbLEY (L ".K)
09170 1850 CONTINUE o - —
09180 NN=NSTEPS+1
09190 DELX=(XBP{NPTS)-XBP(1))/NSTEPS
09200 DO 1875 L=1,NN
09210 DUMX{L)=XBP(1)+(L-1)%DELX
09220 DUMY (L) =FUN1( DUMX{L) +XBP,YBP,NPTS)
09230 1275 CONTINYE L
; 092490 CALL PACKD{DUMX,DUMY,NN)
09250 CALL STO2(DUMXsDUMY 4NNy PM(MyaJ) 4 STIGP(M,y4))
__09260 DO 1880 L=1,NN
09270 TASLEX{L M, J)=DUMX(L)
09280 TABLEY (LM, J)=DUMY (L)
_ 09290 1830 CONTINUE .
09300 1500 CONTINUE
09210 DO 1975 LL=1,NMODE
) 09320 DO 1925 L=1,NPTS _
09330 XBP(L)=ASTABLX{LLL,K)
09340 YBP(L)=ASTASLY{(L,LL,K)
09350 1925 CANTINUE
09360 DELX=(XBP{NPTS)~-XBP{1)) /NSTEPS
09370 DO 1950 L=1,KNN
09380 DUMX(L)=XBP(1i+(L-1)*DELX )
09390 DUMY(L)=FUNL1( DUMX (L), XBP,YBP,NPTS) T
09400 1950 CONTINUE
09410 CALL PACKD{DUMX,DUMY sNN)
09420 CALL STD2(DUMX,DUMY, NN, SMILL,J).SIGSILL,J)) o

DD 1960 L=1.,NN



A

09440

e,

TabIe 5-2 SUBROUTINE INITIAL LISTING (cont. )

STABLEX(L LLsJ)=DUMXiL) _ _
09450 STABLEY(LsLL,yJ)=DUMY(L)
09460 1962 CUNTINUE
09470 o L=LL o _ L
05480 71975 CONTINUE
09490 2000 CONTINUE
09500 o DD _300C M=MSTART,MSTOP

09510 DG 3000 K=KSTART,KSTOP
09520 TT=0.

09530 _ DOG_2500 JJ=1,NPTRN
09540 J=JJ+#5%(K-1)
09550 MUIM,K)=MUIMK)+PMIMy, J)XTPER(N,J)

09560  SIG(MWKI=SIG(MyK)+SIGP (M, J)XTPER(N,J)
09570 TT=TT+TPER{(NsJ)
09580 2500 CUNTINUE
09590 o IF(TT.LTL.1.E-10) 60 TQ 30D «
09600 MU(MK)=NU(M,K)/TT
096190 SIGIMyK)I=SIGIM,KI/TT
09620 3000 CONTINUE o
09630 DU 4000 L=LSTART,LSTQP
09640 DO 4000 K=KSTART,KSTGP

_ .. 09650 T7=0. I e
09650 DO 3500 JJ=1,NPTRN
09679 J=JJ+5%(K-1)

05680 - SMS{L 4 KI=SMSUILyKI#SMIL»JIXTPER (Nyd)
09690 SSIG(L+KI=SSIG(L,K)+SIGS{L,JIXTPERI{N, J)
097900 TT=TT+TPER{N,J)
09710 3500 CONTINUE e
09720 ) ' IF(TT LT.1.E-10) GG TO 4000
09730 MS(L,K)=SMS(L,K)/TT
09740 ~ L SSIG(L'RJ—SSIG(L KI/TT
09750 4000 CONTINUF
09760 IF(DDEBUG.EQ.NO) RETURN
09770 DO 2100 K=KSTART,KSTGP L o o
D5780 WKITE (642005) KyNAME{K+3)
09790 2005 FORMAT(1H1,//4+30X,%DISCRIPTIVE DATA FOR £/F STUDIESx
298090 . + % —-— CONTROL TYPE *,13,% -- *,A8//) =
" 709810 T T T ARITE (6,2010)

19820 2019 FORMAT( 70X, *WEIGHTED PART IALS*/ ,% PARAMETEK*, 5X,*TYPEX,
09830 + 4X g EXCUTH, 6Xy¥MUR, 8Xy*STG* ,BXy 5X s OX 0¥ HCH, _
06840 T T T Y I IX e HC 0% LOX NGRS /) T -

D0 2025 M=ASTART,MSTOP
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Table 5-2 SUBROUTINE INITIAL LISTING (cont.)

_Csm6O _WFITE (642020) NAME(M+3D), XCUT(MpK) yMU(M,K)STGIMKI,
09370 + (PARY(M,K,I),1=1,NEMIS)
798890 2020 FURMAT(1X,A10,3Xs3Xy2Xy3c10.2, 15Xs3E13.4/)
_ 0790 o _____ 2025 CONTINUF B L i
09900 IF(RTYPELEQ.PMODEL) GO TO 2109
09910 ARITt (6,2030)
09620 2030 FORMAT(4(/),%* MODE %*//) i e
9930 J=145% (K-1) T T T )
09940 DU 2050 L=LSTART,LSTOP
09950 LL=t+19 o o . — ——
09960 WRITE (6,2040) NAME(L+40) s SXCUT (L 9K )9 SMS{ LK) $SSIG(L+K)
09970 2040 FORMAT{1X,A10,3Xs3X92Xs3E10.2/)
09980 2350 CONTINUE L L
9999 2100 CONTINUE
10000 WRITE (6,999)
_ 10010 L CALL PRINTIC o .
10020 + PAR,50HPAR - PARTIALS - JZ/DP
10030 +yPAR,SOHPAR - PARKTIALS - ODE/DP
10040 o+ ) o e
100590 IF(RTYPE.LQ.SMODEL) wRITE (6,999)
10060 IF (FTYPELEQ.SMODEL) CALL PRINT4(
_.looto . . +_SPAR,50HSPAR - SIGNATURT PA<TIALS S
10080 + +» SPAR,50H
10090 + )
_ o100 . _»RITE (&.999) _ S o
10110 CALL PRINT2{
1012) + COEFB,50HEMISSICON OFTERIURATIUN RATES
10130+ 4CCEFR,50H e
101490 + ,COEFB,50H
10150 + )
10160 CALL PRINT3C .
10170 + COEFAP,50HCOEFBP -- PARAMETSK DECAY COEFFICIENTS
101890 + JMMS,50HMMS - MANUFACTURER SPECIFICATIOUNS
10190 . .+ o S _
10200 IF (FTYPE.EQ.SMODEL) CALL PRINTS(
10210 + SMy50HSM -- INITIAL SIGNATURE MEAN VALUES
10222 4+ 4 SIGS,50HSIGS -- INITIAL SIGNATURE SIGMAS =
10230 + )
10240 369  FORMAT(1H1)
10250 e RETURN U
10209 END
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CSUBROUTINE REGIOI\D

BRANCH TO THE
APPROPRIATE
REGION ROUTINE

¥

CALL REGION 1
(LOS ANGELES)

CALL REGION 2
(NEW YORK)

CALL REGION 3
(WASHINGTON D.C.)

CALL REGIO
(DENVER)

il | B

LL REGION 5
(DETROIT)

|

RETURN

Figure 5-3 Subroutine REGION Flowchart
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Table 5-3 SUBROUTINE REGION LISTING

10270 SUBRGUTINE REGION(KNAME )
10280 INTeCER RNAME
| 10290 GOT0 (10,20,30,40,50), RNAME
| 10300 100 CALL REGION1
10310 RETURN
10320 20 CALL REGION2 :
10330 RETURN
10340 30 CALL REGION3
10350 . RETWRN
{ 10360 40 CALL REGIONG
10370 RETURN
10380 50 CALL REGIONS I
10390 RETURN
10400 END




5.3.1 Subroutine REGIONI

Subroutine REGIONT contains the data for the Los Angeles Basin.
The data is stored in internal arrays and matrices and is moved into the
main storage during the initialization phase.

There is no input to REGIONT. It is called from REGION only when the
LA data card has been included in the keyword input. Figure 5-4 shows the
flowchart for this subroutine and Table 5-4 a listing. The data require-

ments for the other modeled regions is similar to that of REGIONI.

5.3.2 Subroutine REGION2

(See 5.3.1)
5.3.3 Subroutine REGION3

(See 5.3.1)
5.3.4 Subroutine REGION4

(See 5.3.1)
5.3.5 Subroutine REGIONS

(See 5.3.1)
5.4 SUBROUTINE BLINE

Subroutine BLINE contains the algorithms for simulating the impact
of a voluntary maintenance program. The emission deterioration data,
voluntary maintenance data and starting emission levels are all identical
to those used in the mandatory model, and enter BLINE through the common
blocks. Other than the common blocks there is no input to BLINE. Out-

put consists of the baseline emission time history stored in BHIST and
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(SUBROUTINE REGIOI\D

MOVE THE FOLLOWING REGIONAL

DATA INTO THE APPROPRIATE ARRAYS:
PARAMETER CUTPOINTS
PARAMETER USAGE FLAGS
PARAMETER DISTRIBUTIONS
MODE EMISSION CUTPOINTS
MODE EMISSION DISTRIBUTIONS
ANNUAL VMT
VEHICLE AGE DISTRIBUTION

10

INITIALIZE THE FOLLOWING REGIONAL
PARAMETERS (AND SMALL ARRAYS)
REGION SIZE
CAR POPULATION
AVERAGE SPEED
SITEM
EMISSION WEIGHTING FACTORS
MINIMUM REDUCTION

< RETURN ’

Figure 5-4 Subroutine REGIONT Flowchart
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Table 5-4 SUBROUTINE REGION] LISTING

10410 SUBR('UTINE REGION1
10420 DIMENSION XCUTI{10+3),SXCUTI(5,43),ATABX{9,1243),ATABY(9,10,53)
10430 DIMENSTION ASTABX(G+6,3)sASTABY(9,6,43)
10440 DIMENSICN TDST(10+3)
10450 INTEGER TDST
10460 cC DISTRIBUTION CUTPOINTS _ __
10470 DATA XCUTI/1a09= 50er 243001069049~ 1.0930.3-0.05904
10480 + 1e09=5¢9410030e10¢10e9=16012541=0.054904y
10490 + 1.04-500.. 2-;0.00.,0-1‘1 Osl’J.'-O 0540,/
10500 DATA SXCUTI/200049649400049450.1922574000.9250+24.055000442504+91.5,
10510 + 5000.92000e+3e0+4000.1+230491.0+4000./
10520 DATA (ATABX (I),I=1,180)/ .
10530 + =7 a9 =3.759=2¢2597122590.4259¢1025492e42515e23984
10540 + —2004+-90. 9704 1=304910.970.9110.,+130.,380.94
10550 + —10e9=34759=2e7510425+2625146251642597425+104,
10560 + 27%0,,
10570 + =4, 09=24759=1e251=0e¢75+042590¢75+1:2592e25+64
10580 + = 70097550 37254 954125425041 7545120.,180., )
105380 + —0.,22+=0¢19=03.03y-0.0Ls0+01+0.0342e07+90.12,0.26,
10640 + 9*0.,
10610 + ‘8.1"‘*.750‘3.25,"1-251n25v.7512.2ﬁ5__14-75,8.y
10620 + -250.;-190.1-130.'-50‘.10.'30. 950001100734005
10630 + =100 9=Ta754=4e75¢=340971.7530e2592¢25+%4e25+10.,
10640 e 21En,, R
106590 4+ = 2.754-1.75,-1.25,~0. 759 0e25+0.75, L 254242534409
106690 + = 70e91-5509=25+152925.1950.,51154,135.,170.,
10670 4 =0.14,-0.11,-0407,-0.95,-0.01,0.01,0.03,9.05,0.21,
10680 + 9*x0./
10690 DATA [ATABX (1),I=181,270)/
‘_LQ_7_QQ I »__“7__+_:§.~9"4 .)1-_2._.-!:’1 259‘0259‘75 1 75 S 25 7 5' e e e o
10710 + °550o,‘19301'140.7-7001 )0-7300070071500!["4().)
10720 + =1001=5.751=14a751042512e251%¢2555.25+184259104,
107390 4 27%0., e o
10740 + -2.?5,—2,25,-—1.25.-0.75;’3-25’0.7511-2593-;3.59
10750 + =3009=1029549202935.945.9105.+130.+170.,
10760 % =0.214-0414-04074=0.03,-0.01,0.01,0.03,0.140.28, e
10770 + 9x0,/
10780 DATA (ATA3Y (I1),1=1,180)/
10790 _ + .0203,.0405,.05414.0743,.0873,0,0743,.0405,.0270,.00067, o
10800 + O 006+ 0a026+040490e0640.141,0.107,0.081,40.045,0.007,
10810 + 0.02+0.034,0.00+0.,228,0.087,0.08,02.02+0.013,0.007,




Tab1e 5 4 SUBROUTINE REGION] LISTING (cont.)

- 10320 _ 27X, I
1CAR3D + 0.C0079,0.0314,0. 1J2.0 1540, 291 0.133, 0. J7l 'O . 010.0 008,
10840 + .0075v.0149..0299..¢foj..0896..0597'.3373'.0299y-0075v
10850 B o+ 0.0175,04035+2.C8840.2924G.175,0,1059y0.07,04018¢9.6G175, ___ _
10860 + 9%D.,
10470 + .0067,.0133,.0267,.0733,.0923,.1200,.0667,.0332,.3067,
10830 e + 0.0133,0.0267+0.066,0.133,2.126,0.093,0.086+0404+0.007,_ _ .
10899 + 0.,013,0.027+0.036,0.047+40.053,0.247+0.26,2.046,+0.207
10990 + 27*%0.,
10910+ 0.01440.043,0.065,04159,,3450y +137,40.036,0.021,0.007, -
109292 6 -OO?L}'o0148'-3290;-.‘)630v-09630.05707.0222v.01481-00747
10930 + 0.008,0.02540.05,2.108,0.358+¢0.192,0.375,0.033,40.017,
10940 ___ . _F 9=0./ I . e e
10950 DATA (ATABY (1),1=181,270)/
10960 + .0067,.0134,.0336,.1007,.1409,.1208,.0872,.0268,.00067,
. ..109790 . 4+ 0.00740.02+0.044+0.€93,0.153,0.12,0.00740.033+40.900+ _
10980 + 0.0135,0.027+9.108,0.378,0.101,0.067,0.02,0.0135,0.013,
10990 + 27%04,
_ 11000 + 0.015,06022+0.044+0.125y0.529,0.096,0.044,0.00890.007,
11010 + .0155,.02334.5659,.0698,.0465,.0310,4.2155,.0078,.0077,
11020 + 0.008,0.016y0.032,0.142+0.44+,0.220,0.047,0.008,0.007,
11030 + 9%0./ e _ . I
11040 DATA (ASTABX (I),1=1,162)/
11350 *50..150..550.,450.,550..750..950..1650.'L800.y
- _I_LQ_Q_O_Q e __*__l_.».Z 25!¢-75'3 75 Se _2_)_7@ _7)17 7516 25, 0425, .
11079 %10e 970¢9904 +110.9130.5170.5193.,2704 14004,
11080 %50.91250417543225.4275.4325¢437544875.,1000.,
_ 11090 ¥ 059075¢1625491475+2.7513075¢4425+48.25799.25, o
11190 *#90.4700.91100.+1500.+1900.,42100.:2300.,2800.,3000.,
11110 *¥500 079035125011 75e927501332520937541675497754,
11120 % 0501425924259 2e7593e259%4a7595.75074254104, ~
11139 100930695009 70¢99069110¢91304+150.,+290.,
11149 ¥10e 97501125611 7521225e127521325.9425497754,
11150 ¥ 4540759142591 75+24255342593e7554%402596.175, e
11160 % 40Cev7004+1500692100492500+92720492900493500.+40004.,
i 11170 %100 1506190¢+s1100+4130.4173.,+2104+320.1+390.,
11180 * 2455165935+ 5e5+6¢598.57945410.54512., o
11190 1064500970 190¢+150691900+210¢52904 43904
11200 *10.+304+506470.+90.,110¢51304+190.,300.,
11210 % ,14020340e51071099103+261+2.3+3.0,
11220 % 60Cev1300e91700e+2100.+9270Ce92900.+3100.93300.+3600.7

DATA ASTAQY /
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Tab]e 5 4 'SUBROUTINE REGIONT LISTING (cont )

11240 * .0140..02P0..1189..Laqu.1119, 07595 ,0490, 0280, .0810,
11250 % 02089002473 e04869.05584.06259.0833,.0625, 0486, 0347,
11260 % ,00699020334.29864415979.00259.0436,.0347,.0139,.0409,
11270 X ,00004y40417+40903,.18064.2082,.1736,.1042,.0132G, .34, }
11280 ¥ ,0273+e07044.0833,.1319,.11114.0903,.0486,.0108,.0469,
11290 2 0417 90002590764y e118)ly 0972, .07649.06254.0486,.0100,
11300 % 400000 402709.0946941959,.1622,.0946,.0608,.0275,.1009, o
11310 X ,03369e06719e08059.1275y 060k 0470y.0403,.0268,.0200,
11320 % L0000 00067+.09409 015444 .1G409.167844.1409y.3805,.0400,
11329 ¥ .0000500473,.22974143524, 42365,.3743,.0135,.0068,.0167,
11340 ¥ .355731 418799418005 417459.04705.0268,.02674.0070,.0160,
11350 ¥ 01349402685 e05379+0738,.08054.1341941275,.0604,.1203,
11260 ¥ ,00004e014%9.028892064751079+161151,40719,.050%,.1088,
11370 % ,23000023709212209205503 4058010025049 40080,4.0075,.007D,
11280 #0000 1e014%4900935401799, 4151134071 3940432,.0216,.0272,
B 11390 % ,00009.00724.03609e11519.1511y.1655941223,.0791,.0144%, .
11400 % .1799442158,41439,.107910863340300,.02169014%4,.0302,
11410 X L02169.04329.05759.0863,.10695,41379,.0863, 0504, .0360/
11420 DATA TOST/19151,5140909191y3919139191 51909191 9lslslsls0slolelsOyly
11430 + 141,0/ ,
11440 COMM”N /BADDOR/ X(15),ANNUAL(LS)
11450 o ) OIMENSICN X1(15),ANNUAL(15),START1(15,43)
11460 DATA X17/1048310:5910229194B81943150898019722962295e1s
11479 + 40113009260+ 0.94440/
11480 GATA ANNUAL/15000e9130004+11000.+960044+8400.+7000.95300.,
11490 + 5000, +4400¢ 942000 14000+ 38004+2790493552493000./
115090 UATA STARTL/5%11.9445%7.2645%%.43,5%129.8,5%806.06,5%63.4,
11510 _ _ ¥ 5%3.97,5%6.3445%6.0/
11520 T T TCIMMON 7C0OMOL/ AMB3(3),ALAB, AVV,s BINT, ) T e
11530 + BAREA{3Y, BLDL, 3LD2, 351G(3), BXTRA, BSIZE,
11540 o +  BHIST(3,16), _ BMMI{10415,3),
11550 + ATAGLEX{9+10+3) sATABLEY(9,10,3) yASTABLX(9,6,3), ASTAGBLY(9,643)
11560 COMMDON /COM02/ CARA, CARIY, CARMY, CARPGP (167 ,
11570 '+ CARSY, _ CbSuM,  CCOEF(10),CCOSTI,  CCUSTM, CGTT, o
11580 + C INCON, crPC3, CPI, CPVPY, CSUM, CARAY, o
11590 + CN{15,34101}, CUEFB{15,3}, COEFBP(10,15),
11600 + CPART{10,15) o L
tie1o 7 Tcc apoz T T T T T T e i
11620 COMMON /COMD3/ DELPCV DP{10y15)UELEM(3,16),DELI{3),
11632) + CawW(3), EPL10,15),EFF{13)s DELIT(3),
B 11040~~~ T T+ 77 FREga. T FREOSB, FPERC(104+2), ToTTr o T o T
11650 + HORZN, HORZNY,
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Ll6ed — e % HPCU(15,16),  HPCS(19416)y HPPL10s15,16)}, .
11679 + HPS(5415,16), HPT(5,16), HPTOT(lo),

11689 + HPTOTS({16)

11690 ¢c_avop3z L
11700 CUMMON /COMO4/ ITE, ITL, ITP, ITIME(16),
11710 + KSTART, KSTCP, LJPT, LPICK(10)sLLPICK,

11720 _ ¥  LIDLE, CLINT(16)y LPSPP(10),L3TART,  LSTCP, . e e
11730 + MBASE, MPH, MSPEC(10),4START, MSTOP,

11740 + FUL1043), MMS(10415), MVPR{1)y15)

11757 L ADos e S
11769 COMMUN /CGMO05/ 4AME(>O), NCNTR, NEMIS, NEMP,

11770 + N[NTR, NINTRBv !‘/lL)OLv \lu' NbPTSv NPAR'

11783 e *  NPTYRNy NPTS, gSI£P§J ONTRy 0 O NTRB, NPICK (16},

11790 + uClyY, UC MY, IPTI, JPTM4OPTS (50) »OVCHI(3) yOVCHM(3)

11800 CL AUDS

11310 _ o __ CUMMON /C3AJ6/PA<M(3,3), PAT, PAYNEA, _ PAYOFF(J), e

11820 + PCL5), PCS(1b5), PHI(L4), PLUCL4), PLTMAX{3),PMODEL,

11830 + PP(L134y15)3PS(u415), PT(5), PTQT, PTS(5)y PAYADJ,

11840 L+ PAR(1041543)y  PARL(10,3,3), PLUS(10,15) 4 e
11850 + PM(10,15), PPICK(LO)+PPPICK,PSTAR,PI(15,10),

11860 + PSA(15), PTA(5), PCQONF, PARINT{12,10,9)

11870 4 GPAYFIN e )
11880 COMMCN /COMO7/ REINSP, RNAME , RSIZE, RSTUP

11892 + RTYPE,

11900 .. *  SALE, _ SALL, ___SALP, _  SITEIL, __ SITEM, __ SLANE, ——
11910 + SMUDEL s START(1543), STAT, STIME(3), SUMGM(3),

11920 + SCALEBMI(3), SM{&4+15), SPAR(10,415,6),
11930+ SXCUT(o¢3)s 516413430y _SIGCE(3),
11949 + SIGME(1D), SIGMNE(10), ~ STIGP(13,15),

11952 + SIGRATE, SIST, SIGS(6,15), SIGSDE(3),

11960 4+ STABLEX(3346415)y _ STABLEY(33,6415) ~
11570 CUMMON /CuM10/ TAREA(3), TDIST(10,5),TIDLE,TIMELI(3,16),
11989 + TINT, TIBE(3)y TUNX, TOTE(3), TPDB(3), TPDT(3),
11992 _+ _ TXxTRA,  TSI1ZE,  TSIG{3)y TPER(16415)s TMIL(16415),

12000 + THIST(543,16), THISTT(3,18), TIMEC(10+15),

12010 + TIMEM(10,15), TABLEX{33,10415), TABLEY (33, 10,15)

12020 __CC avvlc L o - L B
12030 COMMUN /CUM1L/ WFL1D), B

12040 + X1BP(3,3,6), XINT, XINTB, XLANE, XSUM, XCUT(10,3),
12050 ¥ ATMU16) . XBASE(9s3),YSASE(9,3) _

12060 CC AvDL11 o ST T

Table 5-4 SUBROUTINE REGION1 LISTING (cont.)
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Table 5-4 SUBROUTINE REGIONT LISTING (cont.)

12070 CUMMON_ /COMYZ/ _ _ __ _ Y1BP(3,2,10), ___ Y2BP(3,3,1C), o
12089 + YES, YSUM, YTM(Lo), YIDBP(4,4,10), Y2DEP(4,4,10),
12090 + Z1l, 72, 73, Z4y 15, L6,

12100 + 17, 28, 19, 110, Z11, 212, _ R
12110 + 713, 114, 715, 716, I17,

12120 + ZCART, ZCARM, Z1C, ZSUM,

12130 L + 12¢3,3)

12140 CC ADD12

121590 COMMON /DFRBUG/ ADEBUG,  $DERUG,  CDEBUG,  DUDERUG,

12160 + LDLBUG,  MDEBUG,  POEBUG,  JUERUG,  SDEBUG,  TDEBUG

12170 CC ADUD

121890 REAL ITE, 1TL, 1TP, ITIME,

12190 + MMS MPHy _ MSPEC, MU,  MVPR,
12290 + NAME , NO LDEBUG,  MDEBUG,

12210 + IN, MISFIRE

12220 o INTEGER RNAME 5 SITEL, SITEM,  STAT, e
12230 + TDIST, XLANE , UPTI, PPICK, PPPICK

12240 cc DATA INITIALIZATION FOR LOS ANGELES

12250 DN 1 K=1,3 o o _ o
12260 DO 1 M=1,10

12270 XCUT(MyK)=XCUTI(M,K)

12280 TOIST(M,K)=TOST{M,K) o o
12290 DO 1 L=1,9

12300 ATABLEX{L M, K)=ATABX{L,MyK)

12310 1 ATABLEY{L,™.K)=ATABY (L 4 My K) o e
12320 DO 2 M=1,0

12330 DG 2 K=1,3

12340  SXCUTIMsK)=SXCUTI{M,K) e .
12350 DO 2 L=1,9

12360 ASTABLX{L MyKI=ASTABX{L,MsK)

12270 - 2 ASTABLYUL,M,K)=ASTABY(LyMyK) S -
12280 DC 3 I=1,15

12390 X{1)=X1(1)

12400 ANNUAL (I1)=ANNUAL(I) —
12410 DO 3 J=1,3

12420 START{1,J)=START1(1,J)

12430 3 CONTINUE e

12440 £c L. A. BASIN

12450 RSIZE=1250.

12460 MPH=20. ) S o L
12470 CARPCP(1)=4.E6

12480 “SITEM=1000




Table 5-4 SUBROUTINE REGION1 LISTING (cont.)
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e BN Twer s o '
12490 P ™ EMA(L) =6
12500 EMW(2)=.1
12510 EMW(3)=.3
12520 AMB(1)=0.01
12530@% AMB(2)=3.4 :,
12540 * AMB(3)=0.4
12550 RETURN
12560 END



the total integrated yearly emission located in BAREA and TOBE .

A11 emission rates are stored in A, B and C matrices as differences
from the starting values, START. Therefore, the A matrix is initialized
to zero, representing the emission delta at the start of the first
simulation time period. Emission rates are weighted by the vehicle
population percentages generated in the attrition routines to obtain the
total emission rates by species.

The major equations of BLINE are:

(1) B=A+ %%-x g%-x At M is mileage, t is time.

Where: Emission rate at the end of the simulation period (B) equals

that at the beginning (A) plus the deterioration rates times At.

(2) C=B - APBX-g—%XAt

Where: The post maintenance emission rate (C) equals B minus the
effects of voluntary maintenance AE. AE is computed by summarizing the
change in the parameter setting (APB) due to voluntary maintenance times
the appropriate influence coefficient. Figure 5-5 presents the flowchart
for subroutine BLINE and Table 5-5 the 1listing.

5.5 SUBROUTINE MICRO

Subroutine MICRO contains the logic for the inspection/maintenance
model. MICRO contains the calling sequence to the supporting subroutines
and generates a set of time histories and integrated averages for each
emission species. MICRO sets up in the CN array the starting emission
values and initializes the THIST and the THISTT arrays in which the

emission time histories are eventually stored. The A matrix is initialized
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( SUBROUTINE BLINE )

INITIALIZE A ARRAY TO ZERO
MOVE START INTO BHIST (I, 1)
AVERAGED BY TPER

5
BDEBUG NO
ON
?
YES
/ PRINTOUT HEADER /
pg)——
SET UP TIME
LOOP (N =2)

-0

SET UP EMISSION
LOOP (I=1)

—0

SET UP POWER
TRAIN (J = 1)

AND CONTROL
TYPE (K = 1) LOOPS

Figure 5-5 Subroutine BLINE Flowchart
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DECAY EMISSION
RATES

B =A + COEFB*TMIL*BINT

COMPUTE VOLUNTARY
MAINTENANCE DIFFERENCE

pELs = ) FRERCXCPAR X BINT

SUBTRACT VOLUNTARY MAINTENANCE
C =B-DELB

COMPUTE AVERAGE EMISSION RATES
WEIGHTED BY VEHICLE DISTRIBUTION

LAST POWER
TRAIN-CONTROL
TYPE
?

20
30

NO _@

MOVE AVERAGE EMISSION
RATE INTO BHIST

LAST EMISSION
TYPE
?

40

NO

Figure 5-5 Subroutine BLINE Flowchart (cont.)
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BDEBUG ON NO
?
YES
PRINT OUT EMISSION RATES
A, B, AND C
43 [-—

MOVE ENDING EMISSION
RATES FOR THIS PERIOD
INTO STARTING RATES FOR
NEXT PERIOD (C —A)

LAST TIME
POINT
?

CALL FIT TO CURVE
FIT EMISSION RATES

INTEGRATE THE RESULTING
POLYNOMIAL TO GET TOTAL
EMISSIONS IN GRAMS PER
VEHICLE AND TONS PER YEAR

( RETURN )

Figure 5-5 Subroutine BLINE Flowchart (cont.)
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Table 5-5 SUBROUTINE BLINE LISTING

17C8C

SLERCUTINE BLINE
17€SC CINENSICN A(15,3),8(15,3),C(15,3)
171¢C CCMMCN /CCMCLl/ ANMB(3),ALRB, BINT,

% 17110 + EAREA(3), BLD1y  BLD2, ~  'BSIG(3), BXTRA, =~ "BSIZE,

! 1712¢C + BHIST{3,16),

17130 +  ATABLEX(G,1043)4ATABLEY(9,10+3)ASTABLXIS+643)4ASTABLY(S4643)
17140 T TCCMNMCN /CCMCZ/s " CARaA, CARIY, CARNMY, CARPCP(16),
17150 + CARSY, CBSUN, CCCSTI, CCCSTN, CGTT,

1716¢C 4 CINCCN, CPCE, CPI, CPVPY, CSLNV, CARAY,

! 17170 + CN({15+3,16)y 7 CCEFBU15,3), ~ = CCEFBFPIl1U,15), T

l 17180 + CPART(10,15)

b 171S¢ CC ACC2
172¢C0 CGNNUN 7CCMC37 7 77 CELPCVY, CP(10,16) ,CELEVM{3,16),CELT{3Y,
17210 + EMW(3), EP({10,15),EFF(1C)y DELIT(3),
1722¢C + FREGA, FREGE, FFERC(1043),

] 17230 + FCRZN, "HCRZNY, - T S T

: 17240 + FPC(15,16€), FPCS(15,16), HPP{1Cy15+1€),

i 1725¢C + HPS(E415,1€), FPT(5,16), CHPTCT(16),

17260 +  FFTCTS(1€) T D R
1727¢C CC ACC3 '
17280 CCMMON /COMQ4/ I1E, ITL, ITP, ITIME(16),

l 172G + KSTART, KSTCE, ~ LCLPT, LPICK{10)},LLFICK, —~ B
17300 + LICLE, LINT(16), LPSPP(10),LSTART, LSTCP,

{ 17310 + MEASE, MPH., MSTART, MSTGP,
1732¢C + MU(1C,3)y FFS, FVPR({10,15) o - R
1733¢C CC ACC4
17340 CCNMNCN /CCNOS/ NANE(S50), NCNTR, NEMIS, NEMP,

’ 17350 + NINTR, NINTRE, KFCLCE, ~ NGy ~~ ~NCPTSy ~NPAR,  —
17360 + NETRN, NPTS, NSTEPS, NTR, NTRB, NPICK(10Q},

i 1737¢C + CClY, _GCMY, CPYI, CPTMyCPTS(50) 4CVCHI(3),CVCHM(3)
17380 CC ACCHS TrTYYITTI T e i
17390 CCMMCN /CONOG/PARM(3,3), PART, PAYNE®, PAYCGFF(2),

17400 + PC{15), PCS(15)s PHI(l4), PLC(14), PLTMAX(3),PNCCEL,

[ 17410 + PP(10,15),P5(6,15), F1{5), ~PTCT, ~ PTS(5), PAYADJ,

17420 + PAR(1041543), FARL(1043,3) PLUS{10,415),

17430 + PM{10,15), PPICK(10),PPPICK/PSTAR,PI(15,10),

1744C - 3 PSE(LIS), PTAIS5YT,  FCONF,  PARINT{IG,10,9) ~~ — -~~~
17450 + JPAYFIN

174¢€C CCMFCN /CCNOT/ REINSP, RNANE, RS11E, RSTGP,

l 17410 + RTYFE, T I T T T

| 1748C + SALE, SALL, SALP, SITEI, SITEM, SLANE,
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Table 5-5 SUBROUTINE BLINE LISTING (cont.)

1745C 4+ SMCCEL, START(15,2), STAT, STINME(3),
175CC + SCALEEM(3), SM(6415), SPAR(10+15+6)
1751C + SXCLT(€E43), SIG(10+3), SIGCE{(3),
~11%c¢ + SIGME(10), SICMNE(1C), SIGP(1C+15),
17530 T T4 T SIGRATE, SIST, "SIGSE6415) SIGSCE(3),
17540 + STABLEX(33,6,15), STABLEY(33,6,15)
1155¢ ) COMMCN /CCM10/ TAREA(3)y TCIST{1043)TIDLE,TINMEI(3,16),
17560 + TTINY,  TCBE(3), TUNX, TOTE(3), TPCB(3)e TPLCT(3),
17570 + TXTRA, TSI2E, 1S1G(3), TPER(16,15), TMIL(16,415),
) 17580 + THIST(593,416), TFISTT(3,416), TIMEC(10,15),
1759C T + TIMEN{10,15), TABLEX(33,10,15), TABLEY(33,10,15)
1760C CC ADC10
! _11e1¢c_ CCNMCN /CCM1L/ WF(10),
1762C 4+ X1IBPU2,3,€), XINT, XINTR, XLANE o XSUM, XCLT(10,3),
1763¢C + XTM(1€)y XBASE(S943),YEASE(F,+3)
17e4C ___CC Accl
17650 T TTTTT CCMMEN /CCML2Y YiBP(3,3,101), YZ2BP(3,3,10),
17660 + YES, YSULN, YIN(16), Y10BP(4,4,1C) ¢y Y20BP(444,10),
___11e671C - + 1, 22, 3, L4, 25, 2&,
1768(;&7;__‘ - + 11, 7 N Z8' A 210, 211, 212,
176SC + 213, 114, 15, 116, 217,
177CC + 2CARI, ZCARM, 2IC, ISuVv,
R W &2 Y- Y ¥ 4 & P
1772C CC ACC12
17173C CCMMCN /CEBLG/ ACERUC, BCEBUG, CCEBUG, CLCEBLCG,
Ny774C 77 777« T LCEBUG, ~ MCEBUG, PCEBRUG, QCERUG, SCEBUG, TOEBUG
1775¢C CC ACCLC
17176C REAL I1TE, ITL, ITP, ITINE,
1773¢ 7 T T 4 T TMMSy T VPF MU FVPR,
1778¢C + NAME, NC LLCERUCG, MCEBLC,
__1171s¢ + IN, MISFIRE
176CC T T T 77 INTEGER T RNAME, SITEIL, SITENM, STAT,
1781¢C + TCIST, XLANE , CFTI1, PPICK, PPPICK
~_11782C cc 2% EASELINE EMISSICNS
1783¢ @ cC EMISSICN SPECIE ——=- FCysCCH NG ~—— NEMISLI)
1784C CC S I=1,NENMIS
_ 1785C BRIST(Is1)=0
1866 T T T o LG 4 JJ=1,NPTIRN
17€17C CC 4 k=1,ACNTR
1788C J=JJ+E2(K-1)
T y¥esc T T T T 2{J,1)=0. ;

179C0 RHIST(Lo1)=BHIST(I,1)+STAKT(J,I)*TPER(L,J)

L - e m—— s
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¥ 1751¢C

.Table 5-5 SUBROUTINE BLINE LISTING (cont.)

4  CCNTIMLE
17920 5 CCNTINUE
1763¢C IF(BLEBUC.EG.YES) WRITE (€,5C0)
17940 500 FORMAT(1H11C(/)235Xs5C(LE*)/ /445X,
17950 ¥ *START CF TrHE BASELINEX/SCX,%FLEET "TANALYSIS*//
1766C + 35X,5C(1hH%))
17170 CC 5C N=2,NTR8
17s8C : T
17990 2 ACJUST EMISSICN MEANS FCR INCCMING NEW CARS.
18CCC : 10.8 FERCENT CF THE FLEET IS NEW EACH YEAR.
1801C C: T Tmormr e ’ -
18C2¢C IF(NJEGC.2) GCTO 24
, 18C3¢C LC 23 uJ=1,APTRA
18040 J=JJ+10 7 ) ST T
1805¢C LC 23 [=1,3
18060 IF(TPER{NyJ) «LTLC.1C8/5.) GCTC 23
1 1607¢C TTIF(A(Jy 1) .LELCL) GOTC 273 T
i 1808¢C C:z
L 18C90 C: THE A ARRAY IS A CELTA E ARRAY. THERFCRE, THE
1810C C: STARTING VALUE 1S ZERGC. ' ST T T
18110 C:
18120 PUJ s I)=RALJ s I)*(TFERIN-14J)—0108/5.)/TPER(N-1,J)
3 1813¢C 23 TCCOATINUE T T o T o
; 18140 24 CCNTINLE
t 1815¢C CC 40 I=1,NEMIS
1816C SC¥J=C. ~—~— oo T e T
18170 CO 3C 4J=1,NPIRN
1818¢C LC 20 K=KSTART,KSTQP
18150 TUTIEJJRsA (k=) T T T
18200 E(ds1)=A{JyT1)+CCEFE(J I )*TMILIN, JI*BINT
L 18210 L CELR=C.
1822¢C CCIC M=1,NPAR )
18230 CELB=CELP+FPERC(N K)#PAR(M,J,I)*BINT/12.
18240 10 CCNTINGE
1825¢C C{Jdsy1)=E(J, I)-CELE
1826¢C SUMJ=SUMIHIBIY, I)4C (I 1) +2#START{J,1))}/2.3TPER(N,J)
L 1827¢C 20 CCNTINUE
T 1828C L CONTINGE
182s¢C BHIST(I,N)=SULMJ
163CC 40 CCATIMLE
18310 T O TIF(ECEBLCLECSNC) GC TC 423
18320 WRITE (€6442) N
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Table 5-5 SUBROUTINE BLINE LISTING (cont.)

g a3 T

| TYETELS
18330 e ” FORMATI(1IH1 y4C X, ¥TIME HISTCRY PCINT *,[3¢% ——= %, o
18340 + 2Xy*BASELINE®*,/)
183540 CALL PRINT2{A,
18360 + SCHEMISSICN DELTA BEFORE LCECAY
18370 + oB,S5CHEMISSICN CELTA AFTER LECAY
18380 + oCySCHEMISSICN DELTA AFTER MAINTENANCE
18390 + )
184GC 43 CC 45 I=1,NEVIS
18410 CO 45 JJ=1yNPTRN
18420 CC 45 K=1,ACANTR
18430 J=JJ+E¥{K-1)
18440 45 Ald211=Cld»1)
18450 S0 CCNTIAUE
18460 CC 10C I=1,NEMIS
18470 CALL FIT(BHIST4yNTREAALl,202,AA3,])
18480 EAREA(I)-(AAI*XIATB+AA2*XINTB**2/2.+AA3*XINTB**3/3 )*
18490 + MEASE*BINT
18500 TCBE(I)=BAREA(I)#*CARFCP{1€)/CGTT
18510 100 CGNTINUE
18520 RETLRN
18530 ENC




to zero then represents the starting emission values (emission values

in the A, B and C arrays are stored as differences from the starting
value). Next, MICRO initializes the N Toop, from 2 to NTR, where NTR is
the number of inspection intervals. If the LPICK flag A is "turned on",
MICRO calls OPTMUM to compute the optimal parameter cutpoints for an
inspection/maintenance program. MICRO then adjusts the average emission
rates to reflect new cars entering the population and starts the actual
inspection/maintenance simulation.

Simulation of the inspection/maintenance process begins with the
parameter deterioration routine which adjusts the engine parameters
distributions based on parameter deterioration over time. MICRO then
calls EDECAY to similarly deteriorate the vehicle emission levels.
Subroutine TEST, which simulates the actual inspection process, is
called next. TEST computes rejection rates and mean value of rejected
parameters for each subfleet in the population. Subroutine TEST also
calls the PMAINT routine which adjusts parameter distributions to
account for mandatory maintenance. MICRO next calls MAINT which computes
the actual emission reduction achieved due to the maintenance treatment.

MICRO then outputs these calculations, based on appropriate flags
and updates the emission arrays. This is done by moving the BM array
which represents the post maintenance emission rates back into the A
array. The time value is incremented and, if the NPICT flag is set, the
statistical routines are executed and MICRO proceeds to the next
inspection interval.

After simulating the inspection/maintenance process over its entire

time horizon, MICRO calls FIT to curve fit the emission time histories
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using a second degree polynomial. This polynomial is integrated to obtain
total yearly emissions for the program. The mandatory and voluntary
emission time histories are plotted by calling subroutine PLOT. Figure 5-6

contains a flowchart of MICRO and Table 5-6 a listing.

5.6 SUBROUTINE TEST

Subroutine TEST contains the logic and algorithms for performing a
mandatory inspection on a vehicle population. Input to TEST are indicies
JJ and N, where JJ is the parameter power train type and N is the in-
spection interval number. TEST initializes the appropriate variables
to zero and branches on inspection type. For a parameter inspection,

TEST computes the expected value of rejected parameters by calling AREA

with the first argument equal to one and the expected rejection rates by
calling AREA with the first argument equal to zero. TEST also calls
PMAINT which updates the parameter distributions. For an Emission
Inspection, TEST computes the rejection rate based on the mode emission
distributions and specified cutpoints. These values are then used to
adjust the parameter distributions. Subroutine TEST then computes, for
both parameter and emission cases ,the total overall rejection rate for the
vehicle population (i.e., number of cars that failed). Subroutine TEST
also computes various cost information and prints out all computations
when the TDEBUG flag is set to YES. TEST returns control to subroutine
MICRO.

Output from subroutine TEST consists of the average rejection rates,
mean value of the reje~ted parameters, and new post maintenance parameter
distributions for each of the six distributed parameters. Figure 5-7

contains a flowchart of TEST and Table 5-7 a Listing.

5-48



(susrouTInE M|c@

MOVE START INTO CN(1)

AVERAGE START BY TPER AND
STORE IN THIST

AVERAGE ALL STARTS INTO
THIST

ZERO OUT THE A ARRAY

20

MDEBUG ON
?

/;|NT HEADER ;

INITIALIZE L1, LLPIC,
PPPIC TO ONE

INIALIZE TIME
COUNTER (N =2).
LOOP UNTIL N = NTR

®

Figure 5-6 Subroutine MICRO Flowchart
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INITIALIZE ARRAYS
TO ZERO

HAS CUTPOINT
OPTIMIZATION BEEN
REQUESTED FOR
THIS TIME

COST =1

—

“CALL OPTMUM

YES  I-k+1 K >3

CONST = CONST X .9
PRINTOUT MESSAGE
"R LOWERING CONSTRAINTS"

CONST>.3

YES

?

* THIS IS AN ERROR RETURN (KILL = 1) WHICH SIGNIFIES

RETURF * NO FEASIBLE SOLUTION IN THE LINEAR PROGRAM

Figure 5-6 Subroutine MICRO Flowchart (cont.)
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22

CHECK PPICK INPUT
TO MAKE SURE PPICK (1)#1

YES o

NO

LOOP ON POWER
TRAIN TYPE AND
EMISSION TYPE

Figure 5-6

YES

STARTING
EMISSION RATES FOR
THIS TIME PERIOD <0 ?
(IE: LESS THAN
NEW CAR

ADJUST CONTROLLED VEHICLE
EMISSION RATES TO REFLECT

NEW CARS ENTERING POPULATION
AT AN INCREMENTAL EMISSION RATE

LAST
NO POWER TRAIN
AND EMISSION

T%fE

YES

D

Subroutine MICRO Flowchart (cont.)
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4

START THE MAIN
POWER TRAIN LOOP

COMPUTE PART = FRACTION
OF CARS TREATED SO FAR
(USED FOR SPREADING /M
OVER TINT)

COMPUTE TIME

MDEBUG ON
?

PRINT HEADER

” CALL PDECAY
CALL EDECAY ||

CALL TEST "

MDEBUG ON
?

/PRINTOUT DEBUG DATA ;
CALL PRINTS ||

POWER TRAIN
LOOP FINISHED

Figure 5-6 Subroutine MICRO Flowchart (cont.)
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50

MOVE BM — A
(FOR NEXT PERIOD)

55

COMPUTE TIME AT
END OF PERIOD

MDEBUG ON NO
2

YES

CALL PRINT 3

STATS REQUESTED
FORTHIS TIME
PERIOD

CALL STATS

INCREMENT LI

END OF
TIME HORIZON
?

Figure 5-6 Subroutine MICRO Flowchart (cont.)
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START EMISSIONS LOOP

CALL FIT
TO CURVE FIT
EMISSION HISTORY

INTEGRATE EMISSION HISTORY

CALL FIT

TO INTEGRATE EMISSION RATE
DIFFERENCES BETWEEN BASE
AND TEST RUNS

INTEGRATE DIFFERENCE CURVE
TO GET TOTAL DIFFERENCE IN
EMISSIONS BETWEEN TEST AND
BASELINE PROGRAM

NO

NPICK (1) = NTR
?

COMPUTE INTEGRATED DIFFERENCE
BASED ON LAST TIME PERIOD ONLY

CONVERT DELTA TO TONS/YEAR

CALL PLOT
TO PLOT EMISSION HISTORIES

=D

Figure 5-6 Subroutine MICRO Flowchart (cont.)
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Table 5-6 SUBROUTINE MICRO LISTING

18420 SUBFOUTINE MICRO (KILL)
18430 DIMENSION A{15,3)48(15,3),2(15,3)
18449 . CCMMON /COMO1/ CAMBU{3),ALAS, AVV, DBINT,
18450 + BAREA(3), B3LDI1, 8LDZ, 3SIG(3), BXTRA, BSIZE,
18460 + BHIST(3,16), BMMI(10,15,3),

18470 L + ATABLEX(9,10,2),ATABLEY(9,10,3) ,ASTABLX(S,1643)4 ASTABLY(9,6,3)
18480 COMMON /CUMD2/ CARA, CARIY, CAE MY, CARPOP(L6),
18490 + LARSY, C3SUM, CCOEF(10),CCUSTI, CCOSTM, CGTT,

18500 + C INCON, cecB, CPI, CPVPY, CSUM, CARAY,
18510 + CN(15,3,161, COEFB{1553)y COEFBP({10,15),
18520 + CPART(10,15)
18530 . CC ADD2 e , B
18540 COMMCN /COMO3/ DELPCV, OP(10,15) ,DELEM(3,16),DELI(3),
18550 + EMW(2), EP(10,15),EFF(1J), DELIT{(3),
18560 i + FREQA, FREQB, FPERC(10+3),
g 18570 + HORZN, HORZINY,
18580 + HPC{15,16), HPCS(15416), HPP(104+15,16),
18590 . + HPS(6415,16),  HPT(5,16),  HPTOT(16), N o
18600 + BPTCTS(16)
18610 CC ADD
18620 COMMON /COMO4/ ITE, ITL,  17p, CITIME(16),
' 18630 + KSTART, KSTOP, LOPT, LPICK{10),LLPICK,
18640 + LIDLE, LINT{16), LPSPP(10}4LSTART, LSTOP,
18650 ) - + MBASE,  MPH, MSPEC{10)+MSTART,  MSTOP, L
18660 ¥ MU(10,3), MMS{10,15), MVPR(1D,15)
18670 CC ADD4
18680 COMMCN /COMO5/ NAME(50), NCNTR, NEMIS, NEMP,
, 18690 ¥ NINTR, NINTRB, NMOUE, NO,  NOPTS,  NPAR,
; 18700 + NP TRN, NPTS, NSTEPS, NTR, NTRB, NPICK(16),
_...18710 + 0C1Y, QCMyY, OPTI, OPTM,OPT5> (50} yOVCHI(3},0VCHM{3)
18720 CC ADD5
18730 COMMON /C2MO6/PARM{3,3), PART, PAYNEW, PAYOFF(3),
B 18740 4+ PC15), _ PCS(1S5), PHI(14), PLO(14), PLTMAX{2),PMUDEL,
18750 + PP{13+15),PS(6,15), PT(5), PTUT, PTS{5)y PAYADJ s o
18760 + PAR(10515+3)» PAR1I{10+3,3), PLUS(12,15),
18770 + PM{10,15)y PPICK{10)+PPPICK, PSTAR,PI(15,10),
18780 + PSA{15), PTal(5), P CONF , PARINT(10,10,9) T
18790 + SPAYFIN
18800 COMMCN /COMOT/ REINSP, RNAME, RSIZE, RSTCP,
; 18810 + RTYPE, _ T
18820 + SALE, SALL, SALP, SITEL, SITEM, SLANE »
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Table 5-6  SUBROUTINE MICRO LISTING (cont.)

18830 _ e+ _SMODEL. _ START(15,3), STAT, ___  STIME(3), SUMRA(3), _ _

13h40 + SCALEBA(3), S (54150 SPAR(1)415,6)

17850 + SXCUT(643) SIG(12,3}, SI1GL (2),

1PR60 o +  SIGME(1O0)s SIGMNE(10),  SIGP(LOe15) e

18870 + SIGRATE, SIST, SIGS(5415), SIGSDE(3),

18880 + STABLEX(33,6,15), STABLEY(33,6,15)

18890 o __COMMDON /COM1C/ TAREA(3), TOIST(10,3) TIDLE»TIMEI(3416),

18900 + TINT, TOBF(3), TIONK, TOTE(3), TPULUB(3), TPDT(3),

18910 + TXTRA, TSIZE, TSIG(3)y, TPER(L16415), TMIL(16415),

18920 + THIST(5+3416), THISTT(2,10), TIMEC(10,415)y,

18930 + TIMEM(10,15),  TASLEX(33,10,13), TABLEY(33,10,15)

18940 CC ADD19O

18950  COMNUON /COMYY/ 4RI L

18962 + X1IBP(3,+3,6), XINT, X1TB, X LANE » XSUM, XoUT(10,3),

18970 + XTM(16), XUASE(9y3),YBASE(9,3)

18989 _ ¢c App1m: e o
f’ 18990 COMMUN /COM1Z/ Y1IBP(3,3410), Y26P(3,3,10),

19000 + YES, YSUM, YTM(1lo), Y1DBP (444, 10)+Y2DBP(494,10),
19010 +  Il, ) 12y 13, Lay 15, 26y

19020 + 17, 18, 79, 710, Z11, 112,

19030 + 713, 14, 115, 116, 217,

o 1e040 +  ICARL,  ZCARM,  Z1IC, _ ZSUM, o _

13050 + 72(3,3)
19060 CC ADD12
19070 L _ _COMMON /DEBUG/ ___ADEBUG, BDEBUG, CDEBUGy,  DDEBUG,
"19080 + LDEBUG, MDEBUG, PDEBUSG, JDEBUG, SDE BUG, TDEBIG
19090 CC ADND
19100 REAL ITE, ITL, 1TPy  ITIME,
15110 i + MMS , MPH, ASPEC, MU, MVPR,
19120 + NAME, NQ , LDEBUG, MDEBUG,

18139 ~ + INy MISFIRE ) o
19140 INTEGER RNAME, SITEI, SITEM, STAT, i
19152 + TDIST, XLANE, IPTI, PPICK, PPPICK

15160 ) THISTT(ls1)=THISTT(2,1)=THISTT(3,1)=0. L ]
19170 DO 20 I=1,NEMIS
19182 DU 20 JJ=1,NPTRN
19190 TH=0 B
19200 T=2
19210 D0 10 K=1,NCNTR
19220 J=JJ+5%(K=1)
19230 CN(J.1,1)=START(J,I)

TH=TH+START(J, I ) *TPER(1,J)
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Table 5-6 SUBROUTINE MICRO LISTING (cont.)
T=T+TPER{1,4)

19250 10 CONTINUE
19270 THIST{JJy1,1)=TH/T

19280 e THISTT(IL1)=THISTT(I,1)+THIST(JJI 1, 1)*(TPER(1, JJ) i
162380 + +TPER(143JJ+5)+TPEK(1,JJ+10)} .
192300 DO 20 K=1,NCNTR
19310 J=JJ+5%(K-1) B .
15320 A{J,1)=0.
19330 20 CONTINUE

19340 TF{MDEBUG.FU.YES) WRITE {6,505)
19350 505 FORMAT{1H1,10(/)435X,50{1H%)//,45Xs*START OF THE%,
19360 + % TESTING CYCLES*,/45X,%#DECAY - TEST =~ MAINT*//

19370 + 35X,50(1H%))
19380 =1 ‘
19390 LLPICK=1

19400 _ . PPPICK=Y . e o —
19410 DO 100 N=2,NTR
19429 XTMIN)=YTM{N)=PART=THISTT{1,N)=THISTT{2,N}=THISTT(3,h}=0.
19430 L HPTOT(N)=HPTOTS(N)=0.,
19440
19450 C: CUTPCINT OPTIMIZATION WITH LINPRG.

19460 o C: ot e — e

19470 IFIN.NELLPICK(LLPICK)) GOTO 22
16480 LLPICK=LLPICK+1 '

19490 D0 21 k=1,3 = B S — e
19500 CONST=1.0
19511 15 CALL OUPTMUM (K,y<ILLsN,CUNST])
19520 _ IF(KILL.NE. LiﬁGUTD 21 i
19530 CONST=CCNST*0. T T
19540 WRITE(6,59%)

19550 998 FORMATU(/* NQ FEASISLE SCL. LUWERING CUNSTRAINTS.%x/) o

195560 TF({CONST.LGELD.3) GUTC 15 ' T
19570 RETURN

19530 21 CONTINUE
19590 22 CONTINUE
19600 IF(N.GT.PPICK(PPPICK)) PPPICK=PPPICK+1]

19610 c: . L o .
19620 C: ADJUST EMISSICN MEANS FOR INCOMING NEw CARS.
19630 C: 10.8 PERCENT OF THE FLEET 1S Newd EACH YEAR.
15640 ; C: S o . L o
19650 IF(N.EQ.2) GOTO 24

19660

DO 23 JJ=1yNPTRN
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— 15670

19630
19690
15700
19710
19720
19730
19740
19750
19760
19770
19789
19790
19800
15810

19820

19830
19840
19850
19860
168703

16880

19830
16900
19910
19920
19930
19940
16350
19960

19679

N SO IV L5 N O e e -

20030

199830
19990

20010
20020

20040
20050
200060
23070
200890

_ 29030

2% CUNTINUE

e ~ START THE POWER TRAIN LOUP.

Table 5-6 SUBROUTINE MICRO LISTING (cont.)

DO 23 I=1,3
[FLTPERINGJ)LT.0.106/54) GOTU 23
IF(A(JyI)aLELO.) GOTO 23

STARTING VALUE 1S ZERQ.

C:
C: THE A ARRAY IS A DELTA E ARRAY. THERFORE, THE
C
C

AJsT)=A(Is 1 )E(TPER(N-1,J)-.108/5)/TPERIN-1,J)

24 CONTINUF
DO 50 JJ=1,NPTRN

CPART=PART+TPER(1,JJ)+TPER(IL,JJ+5)+TPER{L,JJ+10)

TIME TINTX(N~2+PART)

IF{MDEBUC.EQJ.YES) WRITE (06,25} TIiME
__CALL PDECAY(JJ,N)

CALL EDECAY(AyBesJJaN)

CALL TEST(JJIWN)

CALL MAINT(B,sBM, JJsN)

+ F5.1% MCONTHS%)
_ IF(HMDEBUG.EQ.NU) GO TO 50

WRITE (5+20) NAME(JJ+10)
3) FORMAT(1HLl+40X,A3//,

25 FORMAT (1H1.40X,%CEBUG ~- MICRO*//38X,*TIME DURATION 15

4/ 435X,%A -= EMISSION DELTA REFUKE DECAY%/
+ 35X, %B <~ EMISSION DELT4 AFTER DECAY#/,35x,
+ ®C -- EMISSION DELTA AFTER DECAY AND MAINTENANCE¥/ )

D0 40 T=1,NEMIS

WRITE (0733) NAMF(I)’NAME(4)94&Mt(5).NAME(O)'
+ ALJJ e 1) oACJI+S5, 1) AGJI+10, 1093 (JJds 1) B8(JJ+5,11),
# BJI+10,1) +BM{Jy 1), BA(II+5914,84(JJ+10,1)

35 FORMAT(/,40X,A2+% EMISSION DELTA%*,/,
+ /226Xy ABs 12Xy AB 12X A8/ /18Xy %A % ,3{5XyE15.4),
+ /18X ¥b *,3(0X,E15.4) /9 18Xe¥C #,3(5X,EL15.4)/)

T 4) 'LJNT[NUE
IF (RTYPELEQ.SMODEL) CALL PRINTS(
+ SM,50H4EAN VALUE OF THE MODE EMISSIONS

+ ,SIGS,50HSIGMA VALUES OF THE MODE EMISSIONS
+ )
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Table 5-6  SUBROUTINE MICRO LISTING (cont.)

20090 50 CONTINUE R

20100 NN=3%xNPTRN

20110 DO 55 J=1,\N

20120 DO 55 I=1,NEMIS L

20130 55  A(J,1)=BM{J.1)

20140 TIME=TINT*(N-1)

20150 N1=N-1 o ~

20160 1F(MDEBUG.EQ.YES) CALL PRINT3(

20170 + PM,50HPM - PARAMTER MEAN VALUES AFTER PDECAY

20180 + JPLUS,S0HPLUS ~- PARAMETER CHANGE —=- DECAY AND MAINT i
20190 ¥ )

20200 IF(NJ.NEL.NPICK(LL)) GO TO 100

20210 L1=L1+] i o
20220 CALL STATS(N,1)

20230 100 CONTINUE

20240 DU 150 1=1,NEMIS B
20250 CALL FIT(THISTT,NTR,CC1,CC24CC3,1)

20260 TAREA (I )={CClL=XINT+CC2%XINT*%2/ 2, +CC3*XINT#%3/3,) %

20270 *TINTHMBASE

20280 CALL FIT(DELEMsNTR,DD1,DD2,003,1)

20290 DELI(I)={DD1*XINT+DD2*X INT*%2/2 .+

20300 + DD3*XINT*%3/3,) *TINT*MBAST#*CARPOP(16)

20310 IFINPICK(1).EQ.NTR) DELI{I)=DELEMI(I NTR)*MBASE®TINT*CARPOP{NTR)
20320 DELIT(I)=DELI(I)/CGTT

203390 CALL PLOT(THISTT BHIST,NTRyTXTRA, 7,0y TINT 404, PLTMAX(1),1)

20340 150 CONTINUE

20350 999 FORMAT(1H1)

20360 RETURN

20370 END
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Figure 5-7 Subroutine TEST Flowchart (cont.)
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Figure 5-7 Subroutine TEST Flowchart (cont.)
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Figure 5-7 Subroutine TEST Flowchart (cont.)
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Figure 5-7 Subroutine TEST Flowchart (cont.)
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Figure 5-7 Subroutine TEST Flowchart (cont.)
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Figure 5-7 Subroutine TEST Flowchart (cont.)
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M LOOP
FINISHED

?

K LOOP
FINISHED
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COMPUTE UNION OF PS'S OVER L
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PTOTS = PTOTS + PTS x TTTTT
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Figure 5-7 Subroutine TEST Flowchart (cont.)
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( ReTURN )

Figure 5-7 Subroutine TEST Flowchart (cont.)
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Table 5-7  SUBROUTINE TEST LISTING

LL-§

20280 SUBRCUTINE TEST(JJWN)
20390 DIMENSION DUMI(10),DUMZ{3)4DUM3(3)
20400 : o DIMENSICN XDUM{3),Y1DUM(3),Y2)JMI3),Y1DUUM(3,3),Y200U"{3,3)
20410 COMMAON /CLMO1/ AMB (3 ) 4 ALAG, AVV, BINT,
20420 + BAREA(3), BLDL, BLDZ, BSIG(3), BATRA, BSIZE,
20430 % CBHIST(3,16), C BMMI(1D,15,3),
20440 + CATABLEX(G9,1043) s ATABLEY(9,10,3) yASTABLX(S+093)s ASTABLY( 9,043
20450 COMMON /C0OMD2/ CARA, CARIY, CAKMY, CARPOP(16),
204560 4+ CARsY, CBSUM,  CCOEF{10),CCOSTI,  CCOSTM,  LGTT,
20479 + CINCON, cpPCB, CPI, LPVPY, CSUM, CARAY,
20480 + CN{1543415) COEFB{1543), CUEFAP(10,15),
20490 4+ CPARTI(19,15) e
20500 CC ARDZ
20510 COMMON /CDOM03/ DELPCV, OP{10,15) yDELFM(3410) yDELIL3),
20520 + EMW(3)y  EP{1D,15)45FF(12), DELIT(3)y
20530 + FREGA, FREQB, FPERC(L10O431,
20540 + HOR7ZN, HORZNY ,
20550 4+ HPC{15,16)s HPCS(15,16),  HPP(10y15,16),
20560 + l‘iPS(Uql)vlb)O l‘lPT(C’vxo), HPTOT(Lé)
20570 + HPTOTS(16)
20589 _ CC _ADD3 e o o 3
20590 COMMON /COMO4/ 1T€, ITL, ITP, ITIME(16),
20609 + KSTART, KSTUP, LAPT, LPICK(10O),LLPICK,
20610 o+ LIDLE,  LINT(16), LPS?P{10), g§IARTJMWMLSTOEt_mwmm_m_‘w_“,_“ﬁw
20620 + MBASE, MPHy MSPEC{1D), 4START, MSTOP,
20630 + MU(10+3), MMS{10+15), MYPR(10,15)
20640 _CC _ALDDA o . .

20650 T T TCOMMON /CDMQB/ NAME{50), NCNTR, NEMIS, NEMP, -
20660 + NINTR, NINTRB, NMODE NO, NOPTS NPAR,

20670 I NP[%EL_“MHNPTSv ___ NSTEPS, NTR, NTKBy,  WPICK(16),
20689 + CClY, OC MY, JPTI, OPTM,OPTS (50) ,OVCHI(3),0VCHM(3)
20690 CC ADDS
20700 o COMMUN_ /COMO6/PARM(3,3), PART, PAYNEW,  PAYJFF(3),

20710 + PC{15), PCS({15)y PHI(14), PLU(14)s PLTMAX(3),PHMODEL,

20720 + PP(10+15),PS{6415), PT(5), PTOT, PTS{5)s PAYADJ,

20730 - + PAR(10+s1542)y ~ PAR1I(1D043,3), PLUS(12,15) N

20740 + PMI10,15), PPICK{10)+?PPICK,PSTAR, PI(lSle)T— o
20750 + PSA(15), PTA(5), PCONF, PARINT{10,10,9)

20760 o _ 4+ 4 PAYFIN o . . o e

20770 COMMON /COMOT/ REINSP, RNAME y RSIZ%, KSTOP , o
20780 + RTYPE,
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Table 5-7 SUBROUTINE TEST LISTING (cont.)
20790 + SALE, _ SAlLs _ SALP, __ SITEIL,. SITEM, _ SLANE,
20800 + SMOUEL, START(15,3), STaT, STIME(3), SUMZM(3),
20810 + SCALEBMI(3), SM(6415), SPAR(L2415y6),
20820 .+ SXCUT(6+3)s  SIG(1043), . ____ SIGCE(3), .
20830 + SIGME(10), SIGMNE(10), SIGP( 10,15}
20840 + SIGRATE, SIST, SIGSI6,15), SIGSDE(3),
20850 _ % STASLEX(33,64,15), _  STABLEY(33,6,15) o -
20860 COMMON /CGM10/ T TAREA(3), TDIST(10+3)+TIOLE,TIMEI(3,16),
20870 + TINT, TOB:(3), TONX, TOTE(3), TPDB(3), TPDT(3),
20880 o+ TXTRA,  TSIZE, __ TSIG(3), TPER(16,15), TMIL(16415), L
20890 + THIST(5,3,16), THISTT(3,106), TIMEC{10,15),
20900 + TIMEM(10,15), TAbLEX(33,10,15), TABLEY(33,10,15)
20910 __ _ ... €C abD1D e i
20929 COMMUN /CGM11/ WF(10),
20930 + X1BP(3,3,0)s XINT, XINTE, XLANE , XSUMy XCUT(10,3),
.. 20940 - Fo  ¥YTML106)y  XDASE(?y3)eYSASCUSYw2) ——
20950 CC ADD11
20560 COMMON /C0OM12/ Y1BP({3,3,10), Y2BP{3,3,10),
20970 4 YES, YSUM,  YTM(15),  Y10BP{4+4910)yY2DBP(494,10),
20980 + 21l 12, L3, L4, 15, L6,
20990 + 7, 28, L9, 210, Z11, 112,
21000 T S 2 - T S T _Zlby 1164 217, L
21010 + ICARI, ZCARM Z1C, ZSUM,
21020 + ZZ2(3,3)
21030 __CC AabD12 . .
21040 COMMDN /DEBUG/ ADE 3UG, SDEBUG, CDEBUG, DDEBUG s
21050 + LDERUG MDSBUG, POEBUG, QDEBUG SDEBUG, TOEBUG
21060 _.. CC aDpOD I o e
21070 REAL ITE, 1TL, 17P, ITIME,
210890 + MMS , MPH), MSPEC, MUy MVPR,
21090 %+ IiAME, NO, _ LDEBUG, _ MDEBUG, -
21100 + IN, M1SFIRE
2111) INTEGER RNAME, SITEI, SITEM, STAT,
21120 % IDIST, XLANE, "OPTI, PPICK, PPPICK . izl
21130 C PARAMETER MODEL
21140 90 5 I=1,NEMIS
__21150 DD 5 K=1sNCNTR L ) L
21160 puvm2z2iK)= DUM:(K)—O.
21170 J=JJ+5%(K=-1)
21180 i NG 5 F=1,NPAR _ e
= 71190 T LVUMI(M)=0. T T

DP(M,4)=0.
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Table 5-7  SUBROUTINE TEST LISTING (cont.)
21210 EP(MyJ)=0. I -
21220 PP{M,J)=0.
21230 PC(J)=0.
21240 L _MVPR(MyJ)=0. L
21250 D3 5 L=1,N¥0DE
21260 PS{LyJ)=0.
21270 ~ 5 CONTINUE L N - L .
21280 PT{JJ)=C.
21290 IF(JJ.EQ.1) PTOT=PTOTS=PTOTA=D.
21300 IF{RTYPE.EQ.SMODFL) GO TQ 300 L
213210 cC ENGINE PARAMETERS
21320 cC M=1 DELTA CO
~ 21330 cC M=2 DELTA RPM
21340 cC M=3 DELTA TIMING
21350 cC M=4 MISFIRE
. ...21360 _ __CC M=5 NOX CUNTROL e I e
21370 cC M=6 AIRPUMP
21380 cC M=7 PCV
21390 cC M=8 AIR CLEANER ~
21400 cC M=9 VACCUUM CHOKE KICK
21410 cC M=10 CHCKE BLADE SETTING
21420 _ CC L =1 HC - IDLE B
21430 cc L =2 €0 - IDLE
21443 cC L =3 NUO - IDLE
21450 e L = 4 HC CRUISE (45)
21460 cC L =5 CO CRUISEZ {45)
214790 cC L = 6 NO CRUISE (45)
21480 CC_ GPTI - 1 == INSPECT PARAMETERS 1 2 3
21490 cC —2 —= INSPECT PARAMETERS 1 ¢ 3 4 5 -
21500 cC - 3 —-— INSPECT PARAMETERS 1 2 34 5 6 7 8 9 10
) 21510 DO 220 K=KSTART,kSTOQP
21520 J=JJ+5% (K-1)
21530 DO 100 M=MSTART,MSTOP
21540 o IF(TDIST(MyK).NEL1) GOTO 100 3 .
21550 EP(MyJI=AREA(I ¢y Med o KyNIXP T {JyM)
21560 PPIM,J)=AREA{O+MyJ s KyNIXPT(JsM)
21570 CALL PMAINT{OyMyJdyKoN) L
721580 PP{MyJ)=AMINL(PP{MyJ),1.0) T
21590 PP{MyJ)=AMAXL(PP(MsJd)s3.2)
21600 N IF (PP My J) e NELOL) MVPRIMy JI=EP(MyJ) /PP My J) B
21610 100 CONTINUE T

220

CONTINUE
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Table 5-7 SUBROUTINE TEST LISTING (cont.)

DO 107 M=1l, NPAR

21630 GU TG 259 e _ I
21640 300 CONTINUE
21650 DC 400 K=KSTART,KSTGP
21662 o J=JJ+5% (K=-1) e -
21670 DO 350 L=LSTART,LSTOP
21680 LL=L+10
_.21690 _ PS({LsJ)=AREA(Q,LL,JsK.N) L e e
217900 PS(LsJ)=AMAXY(PS(LyJ)s0.)
21710 PS{LyJ)=AMINLI(PS{LsJ)y1la)
21720 353  CONTINUE _
21730 DO 375 M=MSTART,MSTOP
21740 IF(TDIST(M,K)NE.Ll) GOTU 375
___21750_ I L=LPSPP (M) e ——
21760 IF(L.EY.2) GO TC 375
217790 D0 300 I1=1,3
21780 XDUMCI1)=X1BP(I1,K,L) L
21790 YIDUM( IL)=YLIBP(I1,KsM)
21800 Y2DUM(T1)=Y2BP(I11,KeM)
21810 360 CONTINUE - ) .
21820 PPIMyJI=FUNL(PS(LsJ) 9y XIJUM,Y1IUUY,y3)
21830 PP(MyJ)=AMINL(PP(M,J)}4PS(LyJ))
21840 IF(PP{MyJ).LT.0.) PP(M,yJi=D,
21850 MVPRIM, JI=FUNLIPS(LyJ) s XDUM,Y2DUM, 3)
21860 IF(M.EQel) EPIMyJI=AREA(L yMydsK yNIEPI(JyM)
21870 IF(MeEQa1l) PP(MyJ)=PS(2,J)=AREA(OyL 4 JsKyNI*¥PT(J,M)
21880 TE(MoEQeLeANDPP(MyJ)oGTalab-5) MVPR(MyJI=EP(M,J) /PP (M, J)
21890 IF(MeEQe4) EP(MyJ)=AREA(L 4MyJ Ky NIXPT(J,M)
_ 21900 IF{M.EQ.4) PP{M,J)=AREA(O, ﬂ,J.« NI*PI{JyM)
21910 TF(M.EQCe4eAND.PP(MyJ)eGT1.E-5) MVPR{M,J)=EP{M,J)/PP(M, J)
21920 EP(MyJ)=PP(M,yJ)xMVPR(M,J)
21930 ) DP( My JI=PS{L,J)=PP(M,J) L
21940 CALL PMAINT(OyMyJsK,yN)
21950 375 CONTINUE
21960 400 CONTINUE .
21970 250 CONTINUE
21980 C PP - PROBABILITIES PER PARAMETER
21990 o PC - PROBABILITIES PER CONTROL CRITERIA L
22000 c PT - PROBABILITIES PER POWERTRAINS
22010 c PTAOT - TOTAL PROBABILITY
22020 DO 107 K=1,NCNTR L
T T 22030 DUM2(K)=0.
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Table 5-7 SUBROUTINE TEST LISTING (cont.)

- 220350 DUMI(M)=0. n I . —
22060 107 CONTINUE
22070 DC 120 K=KSTART,KSTOP
22080 L J=JJ#5%(K-1)
22090 DO 110 M=1,NPAR
22100 HPP (Mg JoaNI=PP (M, J)
22110 110 _DUMMM)=PP(M,J) L _
22120 PC(J)=UNTION{DUML ,NPAR, 1)
22130 HPC (JyN)=PC(J)
22140 120 DUM2(K)=PC(J)
22150 HPT{JJ s N)=PCIJJ)*TPER(N,JJ) +PC(JJ+5 ) T PERIN, JJ+5) +PC(JJ+10) *TPER(N
22160 *,JJ+10)
22170 TITTT=TPER(N yJJ)+TPER(N,JJ+5)+TPERIN,JJ+10) )
22180 TF(TTTTT.GT410.5-10) HPT(JJ,N)=HPTIJJ, NI /TTTTT
22190 PTOT=PTCT4HHPT(JJ NI *TTTTT
22200 HPTOT (N)=PTOT .
! 22210 DO 55 K=KSTART,KSTQP
22220 J=JJ+5%{K~1)
22230 DO 55 M=MSTART,MSTOP L L
22240 TF(RTYPE.FQ.SMODEL)
22250 + XTMIN)=XTHM(N)+TIMEM(M, J) %PP(M, J)*TPER (N, J) +
22260 + TIMEC(M,J)*(PP{MyJ)+DP (i1, J))*TPER(N,J) o
22275 TF{RTYPE.NE,SMODEL)
22280 + XTMIN)I=XTMINI+TIMEM(M, J)%PP (M, J)XTPER(N,J)
. 22290  YTMUN)=YTMIN)I+CPART (MyJ)¥PP (M, J)*¥TPERIN,J) o
22300 55 CONTINUE
22310 DO 475 K=KSTART,KSTOP
22320 J=JJ+5%(K-1)
22330 DO 450 L=1,NMODE
22340 450  HPS(L yd ¢NI=PS{L+J)
) 22350 DD 115 L=1,NMODE
223560 115 DUMI(L)=PS(L,J)
22370 PSA(J)=UNION(DUML,NMODE,2)
22380 IF(PSA(J).LT.0.) PSA(J)=0. _
22390 475 HPCS{J,NI=PSA(J)
22400 PTS(JJI)=PSA(JII*TPERIN, JJ ) +PSA(JJ+5)XTPER(N»JJ+5) +P SA(JJI+10) *TPER
22410 + (N, JJ+10)
22420 IF(TTTTT.6T-1.E~10) PTS(JJI=PTSLIJV/TTITT
22430 PTOTS=PTOTS+PTS(JJI*TTTTT
22440  HPTOTS(N)=PTOTS
72450 500 1F( TOEBUG.EQ.NO) RETURN

WRITE (6,999)
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AN AV

22430
22440
22500

22510

22523

22539

22540
22550
22560

22570

22580

22590

226230
226190
22620
22630
22640
22652
226060
22670

22690
22700
22710

22720

22730
221747

22680

Table 5-7 SUBROUTINE TEST LISTING (cont.)

_oowRITe {£,510) S OO
510 FORAT (43X ,*DEBUG -= TEST %)
WRITE (&,520)
_ 520 FURMATI(// 40X, *VARIACLE = A - P: *SAulCITY *
+ *PEK PLRAYETER =-=- PP%/4) X'*VARIABLC - g - EXPECTEL *
+ »®*VALUE PER PAKAMETER -- P*/QOX:’VARAIDLF - - %
|+ G EMEAN VALUE OF THE RCJECTED PARAMETER —- MVPR¥,/
+ 40K, %VARTAZLE - O - PS = 2P (SIGNATURE ONLY)*)
ARTTE {64+4530) JJWNAME(JJ+10),(J,J=1,10])
S35 FUPMATL/ 43X #PIRCRTAALNE 13,6 == #,A10//
+ % PAQAMETEP* 10(34s12y50))
DU 50 K=KSTART,.KSTOP
,45¢q+5*(5-1x e
WRITE (6,540 AVL(K+3).(PP(4 J)pM l IJ)v
+ (EP("’oJ),fIS:lvlJ)v(MVPK(1'J)v"\ 1l lJ)y(bP(I“‘yJ)'M=lle)
543 FORMAT (/4 83,% A%,10E1).2/8X % 3%,10E10.2/8X % C*,10E10.2
+ /3X,%* U%,10c10.2/)
550 CONTINUE
TF(JJeE0a5) WKITE (5,573) (FC(d)yd=1415)0(PT(J0)ydd=1,0),PTOT
£ UXTHIND S YTH (N, PTOTS ,
D70 FORMAT /% PC = %/]10X,5E1Z.5/10Xy5E12.5/10X,5E12.5//
4 % PT = #/10K.5E12.5/% PTLT = %F12.5/,% XTM = %,
+ E15.5450,%YTM = %¥E15.5/,% PTITS = %E15.5)
wWRITF(6,580) TLIST
S&D  FORMAT(//,30X,%TDIST*,/5(5X,1315/)4//)
935 FORMAT{1HL)
RETUKRN

CEND




5.7 MAINTENANCE ROUTINES

The maintenance routines estimate the effects of a specific main-
tenance treatment on the emission and parameter distributions. Estimates
of the emission reduction achieved from maintenance are based on the
influence coefficients and garage efficiency factors. Subroutine MAINT
computes the adjustment in average emission rates based on maintenance,
while subroutine PMAINT updates the parameter distributions.

5.7.1 Subroutine MAINT

Subroutine MAINT computes the reduction in the average vehicle
emission rate based on the maintenance of parameters which were rejected
by inspection. MAINT computes, for each control type, DELB, the effect
of voluntary maintenance on emission rates and DELT the effect of
mandatory maintenance. DDI, developed in Function EINT computes the
impact of engine parameter on emission rates. MAINT subtracts DELB,
DELT and DDI from the average emission rate A to compute AM, the post
maintenance emission rate. MAINT then averages and summarizes the
emission rates in the CN array for later use in MICRO. The THIST and
THISTT matrices are updated and averaged for printout, curve fitting
and plotting in MICRO.

Table 5-8 contains a complete 1isting of subroutine MAINT while

Figure 5-8 documents its techniques and variables in an extensive flow-

chart.

5.7.2 Subroutine PMAINT

Subroutine PMAINT updates the parameter distributions based on
maintenance treatment. Input to subroutine PMAINT are XOPT, M, the

parameter number, J the control-power train type, K the control type
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GUBROUTINE MAI@

INITIATE 1 DO LOOP
FROM ONE TO THE
NUMBER OF EMISSION
SPECIE

SUMI =0

INITIATE K DO LOOP
FROM KSTART TO FSTOP

J=J)+5x (K-1)
DELT = DELB =0

INITIATE M LOOP
FROM 1 TO NPAR

DELB = DELB + TINT X PAR X FPERC X (1-PP)/12

VOLUTARY MAINTENANCE CONTRIBUTION TO
EMISSION REDUCTION. FPERC x TINT/12 IS

THE AMOUNT OF VOLUNTARY MAINTENANCE
NORMALLY TO PARAMETER M IN THE TIME PERIOD

BDEL (M) = DELB FOR PRINTOUT

DELT = DELT + PAR X MVPR X EFF X PP

MANDATORY MAINTENANCE CONTRIBUTION
TO EMMISSION REDUCTION

TDEL (M) = DELT FOR PRINTOUT

END NO

OF PARAMETER
LOOP (M)
?

Figure 5-8 Subroutine MAINT Flowchart
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DDDI=0

LOPT =2 NO

YES
DDDI = EINT (1)

SECOND ORDER PARTIAL

CONTRIBUTION TO EMISSION
REDUCTION

e

AM = A - DELB - DELT - DDDI

POST MAINTENANCE EMISSION LEVEL
(AM)( EQUALS PRE-MAINTENANCE LEVEL (A)
MINUS THE EFFECTS OF MAINTENANCE

AVERAGE AM AND A AND DECAY

THE RESULT TO THE END OF THE

TIME PERIOD USING THE APPROPRIATE
DECAY RATE (COEFB (J, 1) ).STORE IN'S

AVERAGE S OVER CONTROL AND
POWER TRAIN TYPE. SUM IN SUMI

STORE ACTUAL EMISSION LEVEL AT
END OF PERIOD (S + START) IN CN

MDEBUG ON NO @
?

Figure 5-8 Subroutine MAINT Flowchart (cont.)
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PRINTOUT MAINTENANCE
FACTORS FOR EMISSION
SPECIES |

FILL PERMENANT EMISSION
PROFILE ARRAYS BY NORMALIZING
SUMI AND STORING IN THIST (JJ, I, N)

THISTT = THISTT + SUMI
FOR OVERALL EMISSION RATES

LAST
TIME PERIOD

AND LAST POWER NO

TRAIN AND

INTERPOLATE BETWEEN LAST TWO

THISTT POINTS TO GET CORRECT EMISSION
LEVEL AT THE END OF THE TIME HORIZON

IN CASE THE SIMULATION DOES NOT END AT
THE END OF AN INSPECTION INTERVAL

| .

END

OF | LOOP

(EMISSION

TYPE)
?

NO
-®

RETURN

Figure 5-8 Subroutine MAINT Flowchart (cont.)
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Table 5-8  SUBROUTINE MAINT LISTING

22750 SUBKLUTINE WAINT (A, AM, JJ, )
22760 DIMENSICN A(15+3)4AM(15,3)BDEL(10),TDEL(LD)

22710 . _COMMON /COMOYL/ AMBI(3),ALAS,  AVV, BINT, o
22780 + LAREA(3), RLDL, BLU2, BSIG(3), bLXTRA, BSIZE,

22790 + BHIST{3,16), SMMI(10,15,3),

22800 +  ATABLEX(9,1043),ATABLEY(9,10,3) yASTABLX(996+3), ASTABLY(94+6,3)
22810 COMMIN /CUMO2/ CARA, CAKIY, CARMY, CARPGP(16),
22820 + CARSY, CBSUM, CCUEF(10),CCOSTI, CCOSTM,y CoTT,

...22830 _ \«i“-w,Euﬂgwﬂm“MQEEQX.HQEIL_ﬁmeﬁPVPY'"mwﬁéymv,w__CARAY'

22840 + CN{15,3,16), COEFB(15,43), COEFBP(10,15),
22359 + CPART{10,15)
22800 _ . CC ADD2. e R
22870 COMMON /COM03/ DELPCV, UP(10,15) yDELEM(3,16),DELI(3),
22880 + EMW(3), EP{1Q,15)yEFF(10), DELIT(3),

22890 . _+ __ FREQA,  FREQB,  FPERCI{13,3), e . .
22990 + HORZN, HORZNY
229190 + HPC(15:16), HPCS(15,16) HPP(10y15410),

22920 4 HPS{6415516)y  HPT(5,16), HPTOT{16), L

229390 ¥ HPTOTS(16)
22940 CC ADD3
22950 __COMMUN /CUMO4/ ITE, 1TL,  _ITP, ITIME(16),
22960 + KSTART, KSTQP, LOPT, LPICK(12),LLPICK,
22570 + LIDLE, LINT(16),y LPSPP(10),LSTAKT, LSTOP,
... 2280 .. ¥  MBASE,  MPH,  MSPEC(10)MSTART,  MSTGP, e
22999 + MU{10,3), MMS{10,15), MVPR(10,15)
23000 CC ADD4
23010 COMMON /CUM05/ NAME(53)s NCNTR, NEMIS, NEMP,

T 23020 T T T TTTNINTR, T NINTRSy NMODE, . NDs T T NOPTS, NPAR, T
23030 + WPTRNY NPTS, NSTEPS, NTR, NTR B, NPICK{16),
23040 o o+ Gely, ocmy,  CPTI, JPTM,0PTS(50) ,0VCHI(3),0VCHMI3)

23050 CC ADDS

23060 COMMON /CDMO6/PARNMNIZ,3), PAKT, PAYNEW, PAYOFF{3),
23070 4 PC(15),  PCS{15), PHI{l#%), PLO(14), PLTMAX(3),PMODEL,

23080 ¥ PP(10+15)+4PS(6415), PT(5), PTUT, PTS(5), PAYADJ,

230992 + PAR(10415,3), PARI(1D+343 ) PLUS(10,15),

23100 + PM(10,15),  PPICK{10),PPPICKs;PSTAR,PI(15,10),
23110 - +  PSA(15), PTA(S), PCGONF, PARINT(10,10,9) ~

22120 + JPAYFIN

23130 _ COMMGN /CuMOT/ __REINSP, RNAME, RSIZE, RSTIP 4

23140 ¥ T TETYPE,
231590 + SALE, SALL, SALP, 51TEI, SITEM, SLANE s




et e A . ————————— - —

Table 5-8 SUBROUTINE MAINT LISTING (cont.)

28-S

23163 - - + SMODEL, START(1543), STAT,  STIME{(3), SUMBM(3),
231790 + SCALEBA(3), SM(b6ei5), SPAR{ LS +1500)
23180 + SXCUT(64+3), SIG(1D,3), SIGCE(3),
23199 . + SIGMF(10) . SIGMNE(1D), SIGPUID,LSY, L
23200 + SIGRATE, SIST, SIGS{0415) , SIGSDE(2),
23210 + STARLEX(33,6,15), STABLEY( 33464 15)
23220 COMMON /COMI2/ _ TAREA(3)s TOIST(10,3),TIDLE,TIMEI(3426)y .
232390 + TINT, TOBE(3), TINX, TOTE(3), TPDB(3), TPUT{(3),
23240 + TXTRA, TSiz€E, TSIG(3)y TPEUL6,15)y TMIL(16915)
23250 + THIST(5,3,15), THISTT(3,15), TIMEC({10,15),
23260 + TIMEM(10,15), TABLEX(33,10415), TARLEY(33,10,15)
23270 CC ADD1O
23280 L COMMON /COML1/ _WF(10), , o

23290 + X1BP(343,6)s XINT, XINTB, XLANE, XSUM,y XCUT(10,2),
23300 + XTM{16), XBASE(9,3),YBASS(9,3)
23310 CC ADDI1 _ —
23320 COMMON /C0OM12/ Y13P(3,34,101), Y2BP(3,2,10),
23330 + YES, YSUM, YTM(16), Y10BP(444,10),Y20BP(4,4,10),
23340 + 21, 12, 13, L4, 15, 16y o
23350 + 17, 23, 19, 210, 211, 112,
23360 + 713, Zl4, 15, 216, 717,
23370 + ICARI, ZCARM, Zic, ZSUM, o
23380 + 72(3,2)
23390 CC ADD12
23400 " _COMMON /DEBUG/ ADEBUG, B8DEBUG, CDEBUG, DDEBUG,
23410 + LDERUG, MDEBUG, PDEBUG, QDEBUG, SDEBUG, TDEBUG
23420 CC ANDD
23430 REAL iTE, ITL, 17P, ITIME,

o 23440 + MMS , MPH, MSPEC, MU, MVPR,
23450 + NAME, NO, LDEBUG, MDEBUG,
23460 _* INy MISFIRE
23470 INTEGER RNAME, SITET, SITEM, STAT,
23480 + TDIST, XLANE, oPTI, PPICK, PPPICK
23490 DO 5C I=1,NEMIS
23500 SUMI=0.,
23510 DO 4C K=KSTART,KSTOP

23520 B _d=JdJ+5%(K-1) _ L
23530 DELT=DELB=0. T
23540 20 30 M=1,NPAR
23550 UELB=DELB+TINT/12.%PAR(M, J, I)*FPERC{MyK)*(1le=PP(Myd))

o 23560 BDEL(M)=DELB - -

23570 DELT=DELT+PARIM, J, I)*MVPR(M,J)*EFF(M)%PP(M,J)
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Table 5-8 SUBROUTINE MAINT LISTING (cont.)

23580 TDELIM) =DELT e .
23590 30 CONTINUE
23600 DLDI=0.
23610 IF(LOPT.EQ.2) DDUI=EINT(I,K ,J) o
23620 AM{J, I1)=A(J, I)-DELB-DELT-DODI
23630 91  FCORMAT{1X,F1C.6)
23640 S=(AM(JyT)#ANJ, 1)) /2. +COEFB(I, IIRTUIL (N, JI*TINT*(1.—PART)
23650 SUMI=SUMI+({S+START(J 1) )*TPER(N,J)
23660 CN(Je Iy N)=S+START(J,1)
23670 IF(MDEBUG.EQ.NU) GO TQ 40 .
23680 WRITE(6+1234) ODDI
23690 1234 FORMAT(1X,E20.10)
23700 WRITE (6,59) e R e
23712 90 FORMAT(/,50X,*DEBUG - MAINT EFFECTS SUMMED¥)
23720 WRITE(6,100) NAME(I),NAME (K+3), (RDEL(M),M=1,NPAR),
23739 o + (TDEL(M) 4 M=1,NPAR) o o
‘ 23740 100 FORMAT(2X,A2,2XyABy% BASE*, 10EG.2/+ 14X % TEST*,10E9.2)
23750 40  CONTINUE
23760 C: - S
23770 C: FILL PERMENANT EMISSION PROFILE ARRAYS.
23780 C: (INSIDE I LOCP)
23790 : . . ‘
23800 THIST(JJ oI, N)=SUMI/ (TPERIN,JJ)+TPER (N, JJ+5) +TPER(N, JJ+10))
23810 THISTT(I,N)=THISTT(I,N)+SUMI
23820 IF (NaEQNTR o AND e TXTRALGT ¢ e 052 AND o Jo EQe NPTRN ) 3 .
23830 + THISTT(I,N)=THISTT(I,NJ)-
23840 + (Lo=TXTRAVX(THISTT(I,N)=THISTT{I,N=1))
23850 50 CONTINUE o )
23860 RETURN
23870 END




and N the inspection interval. Also input to PMAINT (via the common
block) are the parameter or mode emission distributions stored in
TABLEX, TABLEY, or STABLEX or STABLEY, respectively. Output from PMAINT
is returned through the TABLEX, TABLEY and STABLEX, STABLEY matrices.
Subroutine PMAINT first branches on parmeter or emission inspection
type. For parameter inspection the limits of the rejected population
are computed by reference to the LINT array which specifies upper and or
lower end rejection. The TABLEX and TABLEY arrays are moved into the
XBP and YBP working storage. For the emission case, since, for mode
emissions, the upper end is always rejected, the rejection limits are
set at the cutpoint and highest value in the STABLEX array, and the
STABLEX and the STABLEY data is moved into XBP and YBP.

For both the emission and the parameter case subroutine PMAINT
normalizes the parameter or mode emission distribution and calls AREA
to compute the rejected fraction. The portion of the distribution which
was rejected is then reduced by a factor of PI, the inspection efficiency
parameter. The vehicles that were rejected and, therefore, maintained
are then added back into the population at the manufacturer's specifi-
cation point. The distribution is then packed to discard long tail
ends and moved back into STABLEX or STABLEY or TABLEX, TABLEY.

Subroutine PMAINT provides debug output when the ADEBUG flag is

turned on.

Table 5-9 contains a complete listing of subroutine PMAINT while
Figure 5-9 displays graphically the PMAINT coding technique in a des-
criptive flowchart.

5.8 DETERIORATION SUBROUTINES

The Decay subroutines model the deterioration of emission rates,
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( sUBROUTINE PMAINT )

NN = NSTEPS + 1

BRANCH TO A BLOCK OF CODE
DEPENDING ON PARAMETER NUMBER.

MODE EMISSIONS USE A PARAMETER
NUMBER EQUAL TO THE MODE EMISSION
NUMBER PLUS TEN

RETURN

A o0d

3
S
Z
\_/

RETURN

RETURN

|

1 IDLE CO

2 RPM

3 | TIMING

4 | MISFIRE

5 NOX CONTROL

6 | AIRPUMP

7|1 pcv

8 | AIR CLEANER

9 | VACUUM KICK

10 | HEAT RISER

11 | HC-IDLE (MODE EMISSION NO. 1)
12 | CO-IDLE (MODE EMISSION NO.2)
13 | NO-IDLE (MODE EMISSION NO. 3)
14 | HC-45 (MODE EMISSION NO. 4)
15| CO-45 (MODE EMISSION NO. 5)
16 NO-45 (MODE EMISSION NO. 6)

666&1&&%

Figure 5-9

Subroutine PMAINT Flowchart
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LOWER UPPER
10| PART 50| PART
FAILED FAILED
XLOR = TABLEX (1) XLOR = XCUT
XHIR = XCUT XHIR = TABLEX (NN)

REJECTED INTERGRATION LIMITS
XLOA = XCUT

XHIA = TABLEX (NN)

ACCEPTED INTEGRATION LIMITS

REJECTED INTEGRATION LIMITS
XLOA = TABLEX (1)

XHIA = XCUT

ACCEPTED INTEGRATION LIMITS

100

MOVE TABLE ARRAYS
INTO BX,BY AND XBP, YBP

150

o SIGNATURE

160

MODEL

LL=M-10

XLOA = STABLEX (1)
XHIA = SXCUT
ACCEPTED INTEGRATION LIMITS
XLOR = SXCUT
XHIR = STABLES (NN)
REJECTED INTEGRATION LIMITS

MOVE STABLE ARRAYS
INTO BX, BY AND XBP, YBP

170

Figure 5-9 Subroutine PMAINT Flowchart (cont.)

5-86




SIGNATURE AND
190 PARAMETER MODELS

CALL NORM
. TO NORMALIZE THE DISTRIBUTION

CALL INTEG
TO COMPUTE THE REJECTION PERCENTAGE

XHI = XHIA
XLO = XLOA
DELXH = (XHI - XLO)/NSTEPS

FIND LOCATION OF MANUFACTURES
SPECIFICATION (ZERO) IN DISTRIBUTION

STORE THE INDEX IN MID. MOVE XBP AND YBP INTO X AND
Y WITH AX = DELXH.

AFFIRM Y 20 FOR EACH POINT

400

NO

ADEBUG ON
?

/PRINTOUT ACCEPTED POPULATION /

450

—(
YES

Figure 5-9 Subroutine PMAINT Flowchart (cont.)
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NO MAINTAINED
VEHICLES ADDED

MOVE X AND Y BACK
INTO THE APPROPRIATE
ARRAYS (TABLE OR STABLE)

2000

( RETURN ’

3000

COMPUTE HEIGHT OF MAINTAINED
VEHICLE SPIKE AT MANUFACTURERS
SPEC TO BE THE PERCENTAGE
REJECTED DIVIDED BY A X.

IF MID IS AN END POINT THE SPIKE
MUST BE TWICE AS HIGH TO HAVE
THE SAME AREA (A).

ADD ON THE SPIKE AT MID,

CALLSTD2
TO NORMALIZE AND COMPUTE
POST MAINTENANCE MEAN (PM)

Figure 5-9 Subroutine PMAINT Flowchart (cont.)
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PRINTOUT POST MAINTENANCE
DISTRIBUTION
® 490

MOVE X AND Y BACK
INTO TABLEX AND TABLEY
AND INTO AX AND AY

500

‘ RETURN ’

Figure 5-9 Subroutine PMAINT Flowchart (cont.)
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06-9

Tab'le 5 9 SUBROUTINE PMAINT LISTING

16050 SUGRUUTINE PrAINTIX3PT My Jysy y)
36070 OIMERSILN X(35),Y(35),X3(35),Y8P(35)
36050 . _COMMCIN /CUMDY/  AM3(5)eiLAoy__ AVV, BINT, L
36090 + BAREA(2), BLDL, 3LDZ, 5SIG(3), BXTRA, BSIZE,
36102 + BHIST(3,16), BAYMI(LDy1543),
RIS o + ATABLFEX(941043)sATABLEY(S,10+3),ASTABLX(9s043)y ASTABLY(G,0,3)
36124 TCOMMAN /COM027 Ch=A, CARLY, CAR MY, CAPPIP(lo),
30130 + CAXSY, CBSU, CLUEF{10),CCOSTI, CLUSTH, CGTT,
36142 4+ CINCChs  CPCB, CPI, __ CPVPY,  CSuMy, _ CARAY,
26150 + CN{15y54510), CLEFB(15+3), CUEFBP(10,151),
Julod + CPART(10,15)
16170 ~UC ADD2 N L . o
50180 CIMMON /CUMD3/ DELPCV,  OP(10,15) yDELEM(5 104 4DELT(3]),
36190 + EA4AW(3), EP(LOy15)4ErF (101, JELITIL3),
36200 i i + FKREQA,  FREQRB, FPIRCULO93) y o
36210 + HOR Z HORZNY,
36220 + HPC{15,169, HPCS(15,16), HPP {10y 154160,
. 25230 ) .+ HPS(6,15,16),  nPTios1l6), . _ ___ HPIOT(1&)» . = _ __
3624) + HPTQTS(16)
36250 CC ADD3
316269 CUMMUN /L0 4047 1T,  ITL, _  1TPy ITIMF(16),
3627) + KSTART, KSTGP, LUPT, LPICK(1O),LLPICK,
36240 + LIDLE, LINT(16),y LPSPP(10) LSTART, LSTOP,
36290 4+ MdASE, MPH, ~SPEC(10U) yMSTART,  MSTUP, .
36300 + WU(10,3) MMS{1D,15), MVPR{10,15)
261219 CC ADD4
30320 ~ _CCMMON /CuMO5/ CNAME(SU). NCNTR,  NEMIS,  NEMP,
36330 T+ NINTR, NINTRB, NMUUE, 50y NOPTS, NPAR,y
36340 + NPTREN, NPTS, NSTEPS, NTR, NTkBy NPICK(16),
36350+ uCly, _ _oOcCwmY, OPTI,  SPTM,IUPTS(50),OVCHI(3),0VCHM(3)
36360 CC A0S
356370 COMMON /CTIMIG/PARM(3,3), PART, PAYNEW, PAYOFF(3),
36380 . +  PCA15),  PCS(15), PHI(Ll%)y PLCU14)y PLTMAX(3),PULVEL, .
36299 + PPL1D,15)+PS(6415), PT(5), PTCT, PTS{5)y, PAYADJ,
36400 + PAR(10,1543), PARL(13+343), PLUS({10,15),
36410 + PMI1D,15), ) PPICK(L10) PPPICKsPSTAR,PI(15,1C),
36420 T + "PSA(1I5), PTA(S), PCOF,y PARINTL1Y,10,5) T
36437 + JPAYFIN
3eand COmMCN /CCM2T7/ __REINS?,  RNAME, RSIZE, _ HSTOP,
16450 + “TYPE, T T

30460 + SALE, SALL, SaLv, 51TEL, SITEM, SLANE o
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36470

~ 'Table 5-9 SUBROUTINE PMAINT LISTING (cont.) :

SMUDEL, ~ START{15,3), STAT,

N + STIME(3), SUMBM(3),
36480 + SCALERM(3), SMI6,15), SPAR(10,15,6),
364990 + SXCUT(643), SIG(1D43), SIGCE(2),

36500 e + SIGME(1Q), SIGMNEL10), SIGPL10415),

365190 + SIGRATE, SIST, SIGS{6415), SIGSDE (3),

36520 + STABLEX(32,6,15), STABLEY(33,6,15)

36530 ~ __COMMON /COM10/ - TAREA(3), TDIST(10,3),TIDLE,TIMEI(3,16),
36540 + TINT, TOBE(3)y TUNX, TOTE(3), TPDB{3), TPODT(3),
36550 + TXTRA, TSIZE, TSIG(3), TPER(16415), TMIL(16,15),
36560 + THIST(5,3,106), THISTT(3,16), TIMEC(LO,15),

36570 + TIMEMI10415), TABLEX(33420,15) ¢ TABLEY(23,10,15)
36580 CC ADD1O

36590 L COMMCN /COM11/  AF(101, L

36600 + X13P(3,3,5), XINT, XINTB, X LANE, XSUMy, XCUT(1042),
36610 + XTM{10)y XBASE(G,3),Y3ASE(9,3)

_..36629 ... CC AaoDll . o
36630 CUMMON /COM12/ Y13P{593+10), Y2BP(3,3,10),
36640 + YES, YSUM, YTM{16]), YI10BP(4y4+100sY2D0P(444,1C),
36650 + Z1, L2, I3 L4, Z5, £64
36660 + 77, 18, 79, 210, Z11, 712,
36670 + Z13, Zla, 715, 116, 717,

36680 L +  JCARI,  ICARM,  Z1C, ZSUM, e
36690 + 72(3,3)

36700 CC ALD12

35710 COMMON /DEBUG/ __ ADEBuus 8 DEBUG, CDEBU G, DDEBRUG
36720 ¥ LDEBUG, MDEBUG 4 PUEBUG s JDEBUG, SDE BUGY TDEBUG
36730 CC ADDC

216740 A REAL CITE. 0 ITL, ITP, ITIME,

T 36750 o T MMS T MAPHe  MSPEC, | MU, MVyPR, T
36760 * NAME, N » LDOFRBUG, MDEBUG,

_...36770 o+ INs _MISFIRE L

- 36780 ' INTEGEK RNAME, SITET, SITEM,  STAT,

36790 + TDIST, XLANE UPT 1, PPICK, PPPICK
36800 o IWNTEGER XPT
T 35810 cc LINT = LIMITS OF INTEGERATION CRITERIA (REJECTED)
36820 ce - 1 == XLO TO XLJT
36830 cc .. -2 =-_  XCUY I8 XWI .
36840 NN=NSTEPS+1 o
36850 GO TO (1919192924294 101 414290309100 4160,1502,1604160) oM
36860 2 RETURN e L
36870 1 IGO=LINT{M)
3568380 GO TG (10,5G).160




26-G

[l

36890 10

_~_~Tab1e 5-9 SUBROUTINE PMAINT LISTING (cont.)

CONTINUF - o B o o ~
36900 cC CUT LOWER PQORTIUN OF DISTRIQUTICN
36910 XLOR=TABLEX(1,M,J)
’ 36920 XHIR=XCUT(M,K) o . _
, 36930 XLOA=XCUT(M,K)
! 36940 XHTA=TABLEX{NNyM,J)
: 36950 GU TU 100 e o
36960 59 CONTINUE
36970 cc CUT UPPER PCRTION OF DISTRIRUTIUN
16980 XLOR=XCUT{M,K)
' 36990 XHIR=TABLEX{NNyM,J)
37000 XLOA=TABLEX(1,M,J)
. 37010 XHIA=XCUT(M,K) L o )
37020 100 CONTINUE
37030 DO 150 L=1,NN
37040 XBPIL)=TAGLEX{L MyJ)
! 37050 YBPIL)=TABLEY{L MyJ)
37060 150 CONTINUE
: 37070 GO TO 190 o L L
37080 cC SIGNATURE MODEL
37090 160 CONTINUE
37100 LL=M-10
37110 XLOA=STABLEX(1,LL,J)
37120 XHIA=SXCUT{LL,K)
__ 37130 XLOR=SXCUT(LL,K) B L
27140 XHIR=STABLEX(NN,LL, J)
37150 DO 170 L=1,NN
37160 XBP(L)=STABLEX(LsLLydJ) .
T 37170 YBP({L)=STASLEY{L,LL,yJ)
f 37180 170 CONTINUE
L 37190 190 CALL NORM{(XBP,YBP,NN)
37200 ccC REJECTED PORTIOCN
37210 CALL INTEG(XOPT ¢ XHIRXLOK ¢ XBP,YBP NSTEPS,A)
37220 cC ACCEPT PORTION
f 37230 cc SHRINK REJECTED PQORTION
37240 XLO=XBP (1)
37250 XHI=XBP {NN)
37260 DELXH=(XHI-XLO)/NSTEPS
37270 cc LOACATION OF MANUFACTURERS SPEC. IN DIST#N
37280 MID=2
- 37290 DO 400 I=1,NN

- -

37300

XCI)=XLD+(I-1)*DELXH
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Tab]e 5-9 SUBROUTINE PMAINT LISTING (cont.)

37310 Y_L_U FUNL(X{T)Y s XDPWYRPyNN) _—
37320 TF(ABS(X(T)=MMS(MyJ) ol Ee Dt LXH/2.) MID=I
37330 IF(Y(I).LT.0.) Y(I)=C.
37340 cc_ MAINTENANCE REMOVAL OF BAD CARS

C 37150 TFIX{T) eGE.XLOR «ANDAX(I)aLELXHIR) Y(I)=Y(I)*(1.=PILJsM)
37360 400 CONTINUE
37370 IF(AUFEBUGLEQ.NO) GO TO 450
37380 WRITE (64410) (1, X(Ii,Y(I).I—l NN)
37390 410 FJRMAT(//.sx. POPULATID CFORE a4DDING MAINTENANCE*
37400 + // 233X XN, 8X s kX%, 154X, 4Y*,5X)// o i
37410 + 1314426154, 14,2C16.4,T4y2615.47))
37420 450 CONTINUE
37430 IF(XOPTLNEL2) GG TO 2000
37449 cC STORAGE GF ACCEPTED PURTIDN
37450 CALL PACKDI(X,Y 4 NN)
37460 DU 2000 L=1,NN L - o
37470 IF{M=-10) 1400,1600, 1600
37482 1400 CONTINUE
37499 cC PARAMTER MODEL o ~ -
37500 TASLEX(LsM,J)=X(L)
37510 TABLEY(LsMsJd)=Y(L)
37520 GN _TO 20090 o L
37530 1600 CANTINUF
37540 cc SIGNATURE MODEL

371550 L STABLEX{L,LL,J)=X(L) e i o
37560 STABLEY(L,LLydd=Y (L)
37570 2000 CUNTINUE

B 37580 RETURN . ) _

) 37590 3)00 CONTINUE
37600 BUP=A/DELXHXPI{J M)
37610 _Y{MID)=Y(MID)+BUP L e
37620 IF(MID.EQ.1 .OR.MIDLEQ.NN) Y{(MIDI=YIMID)+BUP
37630 CALL PACKD(X,sYysNN)
37640 CALL STD2{XsYsNN,PM(Myd)ySD) B

i 37650 IF(ADERUG.EQ.NO) GO TO 490

| 37660 WRITE (649465) (I,X{I),Y{(1),I1=1,NN)

{ 37670 465 FORMAT(/ 10Xy*NEW PTS AFTER MAINTENANCE*// -
37680 F 33X, % N%E,y BX s %X% 15K %Y %y 5X ) 9/ /
37690 4+ 13(14,2015.4+1442E15.4+14,2E15.4/))
37700 490 DO 500 L=1,NN

f 37710 TABLEX{LsM,yJ)=%X{L)

| 37720 TABLEY (LyM,J)=Y (L)




Table 5-9 SUBROUTINE PMAINT LISTING (cont.)

f i)}f;g % J ‘\""" . -',1) © ‘
566 CONTINUE
37740 999 FORMAT (1H1)
37750 RETURN
37760 END

¥

¥ VR
o
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mode emissions, and parameters over time. The deterioration rates for
each of these three dimensions of the vehicle have been developed
empirically and are used to update emission levels between maintenance

treatments. The three decay routines are called EDECAY, MDECAY and
PDECAY.

5.8.1 Subroutine EDECAY

Subroutine EDECAY computes the deterioration in average vehicle
emission rates over the inspection interval TINT. Input to EDECAY are
A, the pre-decay emission rates, JJ the power train type and N the
inspection interval number. Output from EDECAY consists of the array
B representing the average emission rates of the vehicle population
after deterioration. The emission rate of decay, COEFB, which was
computed in subroutine INITIAL, is multiplied by the appropriate time
interval and added to the emission level for determining the post

deterioration value.

Figure 5-10 presents a flow chart and Table 5-10 contains a listing of
subroutine EDECAY.
5.8.2 Subroutine MDECAY

Subroutine MDECAY deteriorates the mode emission levels based on
estimated changes in the engine parameters. HDECAY uses a technique
similar to that used in PDECAY in adjusting the mode emission distributions.

Table 5-11 contains a listing of MDECAY and Figure 5-11 a flow chart.
5.8.3 Subroutine PDECAY

Subroutine PDECAY is used to estimate the rate of parameter deterio-

ration between inspection intervals. Figure 5-12 contains a complete
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GUBROUTINE EDECAY)

INITIATE | LOOP
FROM 1 TO NEMIS

INITIATE K LOOP
FROM KSTART TO
KSTOP

J=JJ+5%(K-1)

YES ADD = COEFB+ TMIL
TINT*PART

ADD = COEFB*T INT*
» (TMI LxPART +
TMIL -1+ (I-PART)

B=A+ ADD

< RETURN >

Figure 5-10 Subroutine EDECAY Flowchart
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Table 5-10 SUBROUTINE EDECAY LISTING

SUBRUUTINE EDECAY{A+BydJsN)

23880
23890 DIMENSICN A(15+43),8(15,3)
23900 CIOMMON /CUMOY/ AMB(3),ALAS,  AVV, BINT,
23910 + BAREA{(3), BLD1, BLUZ, 8SIGI3)y BXTRA, BSIZE,
23920 + RHIST(3,16}), BMMI(LO,1543),
23930 + ATABLEX(9,10+3) +ATABLEY(9,10+3) sASTABLX{946+3)s ASTABLY{(946,43)
23940 COMMON /7COMO2/ CARA, CARIY, CAR MY, CARPOP(16) ,
23950 + CARSY, CBSUM, CCOEF(10),2C0STI, CCUSTM, CGTT,
23960 + CINCON, cPCH,y CPI, CPVPY, CSuUM, CARAY,
23970 + CN(1543,106), COEFB{(154+3)» COEFBP( 10,15},
23980 + CPART(10,+15)
23999 CC ADD2 L ) o
24000 COMMCN /C0OM03/ OELPCV, DP{104+15)yDELEM{34,16),0ELTI(3),
24310 + EMW(3), EP(10,15)4EFFLLO), ODELIT{(3),
24020 + FREQA, FREJBY FPERC{1043),
24030 + "HORZIN, HORZNY,
24040 + HPC{(15,16) ., HPCS{154,16) HPP(10, 15,16),
24050 + HPS{6+15,161), HPT(5,16), HPTGT{16),
24060 + HPTOTS(16)
24070 CC ADD3
240830 COMMCN /COMO4/ ITE, ITL, I1TP, ITIME(16),
24090 + KSTART, KSTOP, LOPT, LPICKI(1O),LLPICKY,
24100 + LIDLE, LINT{16)y LPSPP(10)+LSTART, LSTOP,
241190 + MBASE, MPH, MSPEC(10)4MSTART, MSTOP,
24120 + MU(L104,3), MMS(10415), MVPR{10,15)
24130 CC ADD4
B 24140 ) COMMGON /CuMO5/ NAME(LD)s NCNTR, NEMIS, NEMP,
24150 + NINTR, NINTR3, NMODE, NOy NOPTS, NPAK,
24160 + NP TRN, NPTS, NSTEPS, NTRy NTRB, NPICK({16).,
24170 .2 ucly, JC MY, aPT1I, OPTM,OPTS(5C) s0OVCHI(3),0VCHM(3)
24180 CC ADDS5
24190 COMMON /COMOG6/PARMI(343), PART , PAYNEW , PAYCFF{3),
24200 o+ PC(15), PCS{15), PHI(1l4), PLO(14), PLTMAX{3),PMODEL,
24210 + PP(10+15),+PS{6415), PT(5}), PT0T, PTS(5), PAYADJ »
24220 + PAR{10+1543), PARI(103+3,3), PLUS(10,15),
24230 + PM{104+15), ~ PPICK{(10),PPPICK,PSTAR,PI (15,10},
24240 + PSA(15), PTA(5), PCIONF, PAKINT{10410C,9)
24250 + SPAYFIN
24260 COoMON /LOMOT7/ REINSP, RNAME, _RSIZE, RSTuUP
24270 + RTYPE,
24280 + SALE, SALL, SALP, SITEI, SITEM, SLANE



86-9

Table 5-10 SUBROUTINE EDECAY LISTING (cont.)

_..2423Q . ___ % SMUDEL, __ START(15,3), STAT, STIME{3), SUMIM(3)}, . . _
24300 + SCALER~(3), SM(6,15), SPAR(1), 15406},
24310 + SXCUT(643), SIG(17,s3), SIGCe (31},
24320 .+ SIGME(10)s _ SIGMNE(12), _ SIGP(1D,15),y .
24130 + SIGRATZ, SIST, SILS(us15), SIGSDE(3),
24340 + STABLEX(33,64,15), STABLEY(33,0,15)
241350 o ____COMMUN /COM10/ CTAREA(3), TDIST(10,3),TIDLE,TIMEI(3,16)y
24300 + TINT, TOBE(3), TONX, TOTE(3), TPDB(3), TPDT(3),
24370 + TXTRA, Tsize, TSI1G(3), TPER(16,15}), TMIL{los15),
243890 +  THIST(5,2,16), CTHISTT(3,10), CTIMECQ10,150, .
24390 ¥ TIMEM(10,15), TABLEX(33+10415), TABLEY(33410,15)
24400 CC AuLL1O
246410 o ___COMMON /COMIY/  WF(10), a o o
24420 + X15P(3,3,6), XINT, XINTE, X LANC » XSUM, XCUT(10,3),
24430 + XTM(16) s, XBASE{G,3),YSASE(9,3)
] 24440 CCADDXY . L .
24450 CGMMON /7C0OM12/ Y1BP(3,3,10), Y2BP(3,3,10),
24460 + YES, YSUM, YTiM(1lo), Y1DBP(494510)y Y2UBP(4,4410),
24470 4 11, 12, 73, 14, 75, 16,
24480 + 7, 8, .9, 110, 11, 212,
24490 + 113, Z14, Z15, 116, 17,
24500 % ICARI,  ICARM, LI1C, _ ISUM, o
24510 + 22(3,3)
24520 CC ADD12
24530 o COMMON /DEBUG/ __ ADEBUG, 5DEBUG, CDEBUG, DDEBUG,
24540 + LDEBUG, MDEBUG y PDEBUG, JDEBUG, SDEBUG, TDEBUG
24550 CC ADOD
. 24500 - REAL ITE, ITL, ITP, I TIME, B
24570 + MMS, MPH, MSPEC, MU, MVPR,
24580 + NAME , NO LDEBUG, MDEBUG,
. 24590 o + IN, MISFIRE s
24600 INTEGER RNAME, SITEI, SITEM, STAT,
24610 + TODIST, XLANE, JIPT1, PPICK, PPPICK
24620 DO _5C I=1,NEMIS B
24630 DO 40 K=KSTART,KSTOP
24640 J=JJ+5%(K=-1)
24650 ADD=COEFB(J, I)*TINT*(TMIL (N,J)*PART+TMIL{N-1,J)*(1.-PART))
24660 IFIN.EQ.2) ADD=COEFBI(JsI)*XTMIL(N,J) *TINT*PART
24679 bl{Js1)=A(J, 1)+ADD
24680 4> CCNTINUE L
TT24690 53 CONTYINUE
24700 RETURN

~2«710 END




( SUBROUTINE MDECAY ’

SumM=0

INITIATE L LOOP
FROM 1 TO NMODE

O———-

SUMI =0

INITIATE K LOOP
FROM KSTART TO KSTOP

J=JJ1+5x (K-1)

SUMP =0

INITIATE M LOOP
FROM 1 TO NPAR

O———

ADD = COEFBP X TMIL X TINT X SCALEBM
COMPUTE PARAMETER DECAY

=)

YES

ADD = ADD X (PART-TPER)
SCALE ADD FOR INCOMPLETE INTERVAL

Figure 5-11 Subroutine MDECAY Flowchart



SUMI = FPERC X TINT/12 X (1-PP)
COMPUTE VOLUNTARY MAINTENANCE

NO

QDEBUG ON
?

PRINTOUT BHIST, M,
ADD, SUM, SUM

SUMP = SUMP + SPAR X (ADD-SUMI)
COMPUTING ).

FINISHED
?

NN = NSTEPS + 1

Fi :re 5-11 Subroutine MDECAY Flowchart (cont.)
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QDEBUG ON NO

?

YES

/PRINTOUT SUMP, XBP, Yﬂ’/

MOVE STABLES INTO
BX AND BY, AND
XBP AND YBP

IS L BETWEEN
LSTART AND LSTOP

AFFIRM SUMP > 0

YBP (NN +2) = YBP (NN) + YRATE

XBP (NN +2) = XBP (NN) + SUMP X XRATE
ADD TAIL TO DISTRIBUTION

YBP (NN + 1) = (YBP (NN) +2 X YBP (NN +2)/3
XBP (NN + 1) = (XBP (NN) + XBP (NN +2)/2
ADD A POINT HALF WAY TO NN +2 WITH
THE Y VALUE 2/3 THE WAY DOWN.

THIS GIVES THE DISTRIBUTION A NORMAL
LOOKING TAIL

Figure 5-11 Subroutine MDECAY Flowchart (cont.)
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ADDI = DELXD X (LL-1)
ADDI RUNS FROM O TO 2

ADDI = (6APP! _1y/e2 x sump
DECAY ALGORITHM

STABLEX = X + ADDI

LL LOOP
FINISHED?
DECAYED.DISTRIBUTION
CONSTRUCTED
?

MOVE STABLE'S INTO
AX, AY, XBP, AND YBP

450

CALL STD2

TO NORMALYZE THE DISTRIBUTION
AND COMPUTE MEAN AND
VARIANCE

QDEBUG ON

Figure 5-11 Subroutine MDECAY Flowchart (cont.)
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NO

XBP (NN + 1) = XBP (NN)X 1.01
YBP (NN +2) = XBP (NN) X 1.02

DO ESSENTIALLY NOTHING TO
THE SHAPE OF A NON-TESTED
MODE EMISSION DISTRIBUTION

350

-

DELX = (XBP (NN +2) - XBP(1)/NSTEPS
DELXD = 2/NSTEPS

DELX IS THE X INCREMENT REQUIRED TO
FIT THE DISTRIBUTION INTO THE
STANDARD 33 POINTS, DELXD IS A
DUMMY VARIABLE USED FOR DECAY

INITIATE LL LOOP
FROM 1 TO NN (33) _
(DISTRIBUTION POINT NUMBER)

G”'

X = XBP (1) + DELX (LL-1)
COMPUTE CORRECTED X VALUE

STABLEY = FUNI (X, XBP, YBP)
LOOK UP Y VALUE AT THAT X

Figure 5-11 Subroutine MDECAY Flowchart (cont.)
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N = PPICK

AND JJ =1
?

NO

CALL EPLOT
TO PLOT BEFORE AND AFTER
DECAY DISTRIBUTIONS

N

K LOOP
FINISHED
?

L LOOP
FINISHED
?

YES

C RETURN )

Figure 5-11 Subroutine MDECAY Flowchart (cont.)
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Table 5-11 SUBROUTINE MDECAY LISTING

NN

Cwe

24720 SUBROUTINE MDECAY(JJWN)
24730 DIMENSICN YRATE(6)
24740 DIMENSICON XRATE(6)

i 24150 DIMENSICN XBP(35),YBP(35)

24760 COMMON /COMOL/ AMB (3) 4 ALAB, AVV, BINT,

& 24770 + BAREA(3), BLDl, BLDZy BSIG(3)s BXTRA, BSIZE,
24780 + BHIST(3,16), BMMI(10,15,3.,

24790 + ATABLEX(95,1043) ,ATABLEY(9,10,3) 4ASTABLX(946,3), ASTABLY(9,6,3)
24800 COMMON /CDM02/ CARA, CARIY, CARMY, CARPOP(16),

M 24810 * CARSY, CBSUM, CCOEF(10),CCOSTI, CCOSTM,  CGTT,

; 24820 + CINCON,  CPCB, CPI, CPVPY, CSUM, CARAY,

| 24830 + CN(15¢3,16), COEFB{15,3), CUEFBPI{10415),
24840 + CPART(10,15)

24850 CC ADD2
24860 COMMON /COMO3/ DELPCV,  DP(10,15),DELEM(3,16),DELE(3),

i 24870 + EMW(3), EP(10,15),EFF{10), DELIT(3),

; 24880 + FREGA, FREQB, FPERC(10,3),

L 24890 + HORZN, HORZNY,

24900 + HPCI15,16), HPCS(15,15), HPP (10, 15,16),
24910 + HPS16515,16), HPT(5,16), HPTOT(16),
24920 + HPTOTS(16)

3 24930 CC ADD3

i 24940 COMMON /COMO4/ ITE, ITL, 1ITP, ITIME(16),

; 24950 + KSTART,  KSTOP, LOPT, LPICK{10),LLPICK,

24960 + CIDLE, LINT(Io), LPSPP{I0),LSTART, LSTQP,

24970 + MBASC, MPH, WSPEC(10) ,MSTART, MSTOP,

24980 + MU(10,3),  MMS(10,15), MVPR(10,415)

24930 CC ADD4

25000 COMMGN /COMOS5/ NAME(50), NCNTR, NEMIS, NEMP,

. 25010 + NINTR, NINTRB,  NMODE, NO, NOP TS, NPAR,

- 25020 ¥ NPTRN, NPTS, NSTEPS,  NTR, NTRB, NPICKI{16),
25030 + 0CIY, OCMY, OPTL, JPTMyOPTS(50) yOVCHI(3) ,0VCHMI3)
25040 CC ADDS
25050 COMMCN /COMOG/PARM(3,3), PART, PAYNEW,  PAYOFF(3),

25060 + PC(15)y  PCS(15), PHI(14), PLO(14)y, PLTMAX(3),PMODEL,
25070 + PP(10,15)+PSi6,15), PT(5), PTOT, PTS(5), PAYADJ,
25080 + PAR(10,15,3), PARI(10,2,3), PLUSTI0,15),
25090 + PM{10,15), PPICK(10) 4PPPICK,PSTAR,PI{15,10),
25100 + PSA(15), PTA(5), PCONF, PARINT(10,10,9)

1 25110 + +PAYFIN
25120 COMMON /COMOT/ REINSP,  RNAME, RSIZE, RSTOP,
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Table 5-11 SUBROUTINE MDECAY LISTING (cont.)

. 75130 + RTYPE,
25140 + SALE, SALL, SALP, SITETL, SITEM, SLANE ,
7?5150 + SMCDEL, START(15,3), STAT, STIME(3), SUMBM(3),
25160 + SCALEBM(3), SM(6,15), SPAR(10415,6),
25170 + SXCUT(6,3), SIG(12.3), SIGCE(3),
25180 + SIGME(10), SIGMNE(10), SIGP(10,15),
_..25190 + SIGRATE, SIST, SIGS(6415), __SIGSLE(3),
25200 + STABLEX(33,6,15}, STABLEY(33,6,15)
25210 COMMON /COM10/ TAREA(3), TDIST(10+3),TIDLE,TIMEI{(3,16),
25220 + TINT, TOBE(3)y TONX, TOTE(3), TPUBI(3), TPDT(3),
25230 + TXTRA, YSIZE, TSIG(3), TPER(16,15), TMIL{16,15),
25240 + THIST(5,3,16), THISTT(3,16), TIMEC(10,15),
25250 + TIMEM(10,15), TABLEX(33,10,15), TABLEY(33,10,15)
25260 CC ADD1D
25270 COMMGN /COM11/ AF(10),
i 25280 + XIBP(31306’1‘XINT9 XINTB, XLANE, _X_S_UMv XCUT(10,43),
25290 + XTM(16)y XBASE(9,3),YBASE(9,3)
3 25300 CC ADDI11
' 25310 COMMGN /COM12/ yisr(3,3,10), Y28P(3,3,10),
25320 + YES, YSUM, YTM(16), YIDBP(4,4,10),Y2DBPl4,4510),
25330 + 1, 12, 13, L4, 15, 16,
25340 + 17, 8, 19, 210, 11, 712,
i 25350 + 713, 214, 115, 216, 217,
' 25360 + ZCARI, ZCARM, Z1C, 2SUM,
_ 25370 + 272(3,3)
25380 CC ADD12
25390 COMMON /DEBUG/ ADEBUG, 3DEBUG, CDEBUG, DDEBUG,
25400 + LUEBUG, MDEBUG, P DEBUG, QADEBUG, SDEBUG, TDEBUG
25410 CC ADDD
25420 REAL ITE, ITL, 7P, ITIME,
25430 + MMS , MPH, MSPEC, MU, MVPR,
25440 + NAME, NO, LDEBUG, MDEBUG,
25450 + IN, MISFIRE
25460 INTEGER RNAME, SITEI, SITEM, STAT,
25470 + TDIST, XLANE, oPTI, PPICK, PPPICK
25480 DATA XRATE/3e33e13¢13¢18e93e/
25490 DATA YRATE/6%¥0.15/ .
25500 SUM=0.
25510 DO 1000 L=1,NMODE
25520 SUM1=0.
i 25530 DO 500 K=KSTART,KSTOP

25540

J=JJ+5%(K-1)
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"~ Table 5-11 SUBROUTINE MDECAY LISTING (cont.)

.. 25550 SUMP=0, R ) e
25560 DO 200 M=1,NPAR
25570 ADD=COEFBP (M, J ) TINT*(PARTHTMIL(NyJ )+ ( 1a=PARTI®*TMILIN-1,J))

25580 . o IF(N.EQ.2) ADD=CCEFBP(MyJ )XTINTHTMIL{N,J)*PART o
25590 SUML=FPERC (MeK)*TINT/12.%(1.-PP(MyJ))
25600 IFIN.EQ.2) SUML=SUMI1%PART
25610 oo 200  CONTINUE _ o _ . _
25620 IF(QDEBUG.EQ.YES) WRITE (64205) (BHIST(IyN-1),1=1,NEMIS)
25630 205 FORMAT(* BHIST = *,£15.5)
25640 TF(QUERUG.EQ.YES) WRITE (6,250) M.ADDySUM,SUMl
25655 250 FORMAT(X M = #12,5X,%ADD = *E15.5+5Xy% SUM *E15.5
25660 + SX%SUM1 = %E15.5)

_ 25670 SUMP=SUMP+SPARI{MyJyL)¥{ADD_ _—-SUM]) . _ _

25680 300 CONTINUE
25690 NN=NSTEPS+1

25700 o IF(QDEBUG.EQ.YES) WRITE (5,305) SUMP,XBP(NN),YSP(NN) o
25710 305 FORMAT(* SUMP = *E15.495X %X = ¥E15,445X%Y = %*E15.4/)
25720 DO 325 LL=1,NN
25730 XBEP(LL)=STABLEX{LL,L,d) L o
25740 YBP(LL)=STABLEY{(LLyL,J)
25750 325 CONTINUE
25760 IF(L.LTJLLSTARTLUR.LLGT.LSTAP) Gu TO 530 o
25770 TIF{SUMP.LT.0.) SUMP=0.01
257890 YBP INN+2)=YBP(NN)XYRATE (L)

25790  XBP{NN+2)=XBP{NN)+SUMPXXRATE(L) o

25800 XEP(MN+1)=(XBPINN)I+XBPINN+2))/2.,
25810 YRPINN+L)=(YBPINNI+2%YBP(NN+2)) /3
25820  IF(N.NE.2) GU TO 350 o L
25830 ' 330 XRPINN+#1)=XBP(NNI*L.01
25840 XBP (NN+2)=XBPI{NN)*1.,02

) 25850 350  CONTINUE -
25860 UELX (X3P{NN+2)-X8P (1)) /NSTEPS
25870 DELXGC=2./NSTEPS
2588¢c . __ D0 400 Li=l,NN _ - o
25890 X=XEP{1)+DELX*(LL-1)
25900 STABLEY{LLyL,J)=FUNL(Xy X3P,YB3P,NN+2)
25910 _ _ADD1=DELXD*(LL-1)
25920 o T T ACOI=(FXPIADDL)-1L.)/EXP(2.) %5 0%P )
25930 STAGLEX(LL,yLsJ)=X+ADDL
25940 400 CONTINUEZ L A
25950 N0 450 LL=1.NN T
25960 XBP (LL)=STABLEX{(LLyLyJd)
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Table 5-11 SUBROUTINE MDECAY LISTING (cont.)
25970 _ YoP(LL)=STABLEY(LLyL,d)
25980 450 CONTINUE
25990 CALL STD2(X5P,YBP,NN,SA(LyJ)sSIGS(L 1))
76000 CHF AT F(QUEBUS.EQoYES . ANDN.EQ.PPICR(PPPICK) JAND . JJ.EGLL)
26010 Crwsxk CALL EPLOT(BXoBYyAXsAY 4NNy LINT (M))
26020 5C0 CONTINUE
26030 1000 CUNTINUF
26040 RE TUF N
26059 END




flowchart of PDECAY which documents the programming techniques used.
Table 5-12 gives the program listings.
5.9 SUBROUTINE COSTS

The General Economic Effectiveness Program contains data and
algorithms for estimating the economic impact of a mandatory vehicle
inspection and maintenance program. Subroutine COSTS contains the
equations for estimating user inconvenience costs, inspection station
land, building, and management costs and labor training costs. COSTS
also computes the various figures-of-merit and average emission re-
ductions. The 1listing and flowcharts contained in Table 5-13 and
Figure 5-13 respectively describe in detail the techniques and data
assumptions used.
5.10 SUBROUTINE STATS

Subroutine STATS contains the algorithms for conducting a statis-
tical analysis of the predicted emission reduction results. The model
makes two basic assumptions: 1) all distribution functions can be
adequately described by tables regardless of their shape, and 2) these
distribution functions are independent of each other.

The model begins with a set of engine parameter distributions that

characterize the state of vehicles as they now exist.in the population.

These distributions are modified to reflect the maintenance treatment

and various system errors. There are basically three classes of errors --
inspection, maintenance, and model generated. The resulting distribution
yields an estimate of the emission variance for a fleet of vehicles that

has passed through the inspection/maintenance process. The final distribution
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GUBROUTINE PDECAY)

SUMI =0

INITIATE K LOOP
FROM KSTART TO KSTOP

J=JJ+5x (K-1)

NO

PPICK = N NO

YES

ZPRINTOUT HEADINGS/

INITIATE M LOOP
FRM MSTART TO MSTOP

PARAMETER
M DISTRIBUTED ?
(+4,5,6,10)

Figure 5-12 Subroutine PDECAY Flowchart
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THIS PARAMETER
USED.TDIST =1
?

ADD = COEFBP x TMIL x TINT x SCALEBM
AMOUNT OF DETERIATION

PLUS = ADD x PRATE-FPERC x TINT/12 x (1-PP)

COMPUTE DETERIORAT ION MINUS VOLUNTARY
MAINTENANCE

N=27?

FIRST TIME NO

PERIOD
?

RECOMPUTE DECAY BASED ON LESS THAN
COMPLETE TIME PERIOD . AND NO TESTING

PLUS = ADD x PRATE-FPERC x TINT/12 x PART

-

SUM=0

NN = NSTEPS + 1

LPLUS =0

Figure 5-12  Subroutine PDECAY Flowchart (cont.)
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NO

YES
LPLUS =2

MOVE TABLE ARRAYS
INTO BX, BY AND XBP, YBP
SHIFT ARRAYS BY LPLUS IN XBP, YBP

=

AFFIRM PLUS < 0 LOWER END REJECTED

200

REJECT
UPPER END
?

250

XBP (1) = XBP (3) + PLUS

XBP (1) = YBP (3) x QRATE

XBP (2) = (XBP(1)+ 3 x XBP(3) )/4
YBP(2) = (3 x YBP(1) + YBP(1) )/4

FILL IN POINTS TO PUT A TRAIL
ON THE DISTRIBUTION

Figure 5-12 Subroutine PDECAY Flowchart (cont.)
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LINT =17 NO

HIGH END
REJECTED

ADD = (2 -1)/eZ x PLUS-ADD
RECOMPUTE ADD TO BE:
ADD = (¢ -ePELXD x (L-1)) /.2 oy s

pl)——

XDUM(L) = X + ADD

CALL STD2
TO COMPUTE SIGMA AND MEANS
AND NORMALIZE DISTRIBUTIONS

MOVE XDUM AND YDUM INTO
AX,AY AND TABLEX, TABLEY

/ PRINT PLOT HEADINGS /

CALL EPLOT TO
PLOT PARAMETER DISTRIBUTIONS

Figure 5-12 Subroutine PDECAY Flowchart (cont.)
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UPPER END REJECTION
300

AFFIRM PLUS =2 O

XBP(NN +2) = XBP(NN) + PLUS

YBP(NN +2) = YBP(NN) x QRATE

XBP(NN + 1) = (3 x XBP(NN) XBP(NN +2) )/4
YBP(NN + 1) = YBP(NN) + 3 x YBP(NN +2) )/4
FILL IN POINTS TO PUT A TAIL

ON THE DISTRIBUTION

C 330 UPPER OR LOWER

END REJECTION

DELX = (XBP(NN +2) + XBP(1)/NSTEPS
DELXD =2/NSTEPS

INITIATE L LOOP FROM
ONE TO NN (33)

(O—

X = XBP(1) + DELX x (L~1)

YDUM (L) = FUNI(X, XBP, YBP)

LOOK UP YDUM (L) IN XBP-YBP
TABLE AS A FUNCTION OF X

ADD = DELXD x (L-1)
ADD RUNS FROM 0 TO 2

ADD = PP _1)/e? x pLUS

Figure 5-12  Subroutine PDECAY Flowchart (cont.)
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M LOOP
FINISHED
?

QDEBUG
ON
?

/PRINTOUT DECAY DATA /

K LOOP
FINISHED

?

( retRn )

Figure 5-12 Subroutine PDECAY Flowchart (cont.)
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Table 5-12

SUBROUTINE PDECAY LISTING

26460

26060 SURRCUTINE PDECAY(JJoN)

26070 DIMAENSICH  X5P(52),YBP(5))

260897 o UIMENSICN ). ATE(10,3),PRATCS(LDN3) -
26090 CIMENSICiv BX{35),R8Y(35),AX(35),AY(35)

26120 CUMMCN /COMOL/ AM3I(3),ALAB, AVV, BINT,

26112 & __ BARFA(3), BLDl, _ _ 8LN2, 3SI1G(3), BXTRA, BSIZF,
26120 + BHIST(2,16), 3UMIL13,15,3),

26130 + ATABLEX(S+10+3) sATABLEY(3,1053) yASTABLX (G40 e3 )y ASTABLY(9,647)

.. . 26140 . COMMON _/COM02/ . CARA, _ CARIY,  CARMY, __ CARPUP(10),
261590 + CARSY, CBSUM, CLNEF(10),CCOSTI,  CCUSTM, CGTT,

26160 + C INCGN, CPCB,y CPI, CPVPY, CSUM, CARAY,

. 26170 L 4+ (CN(15,3,16), __CUZFB(15,3), _ ____ COCFBP{10,15),
26180 + LPART(10,15)

26190 CC ADD2

—— 26200 Y m____ CUMMON /CQOMO3/ _DELPCV,_ __DP(10+15)yDELEM(3,y10),DELT(3),
26210 + EMW(3), EP(17,15),£EFF(1G), DELIT(2),

26220 + FRECA, FREQB, FPFRC(10,3),

_ 26230 e ¥ HORZIN,  HURINY, — _— ! S
26249 + HPC(15,16), HPCS(15410), HPP (10, 15,16),

26250 + HPS (64154161, HPT(5,16), HPTNT(16),

26263 ___ _ _+_ __HPTOTS(lE) )

26270 T CC ADD3
26280 COMMON /COM04/ ITE, ITL, [Te, ITIME(16),
126290 _ _  ______*  KSTART, _ KSTuP, _LUPT, LPICK{1Q),LLPICKy
26300 + LIDLF, LINT(16), LPSPP(10),LSTART, LSTOP,
26310 + MBASE, MPH, ASPEC(10) ,MSTART,  MSTOP,

26320 4+ MU(10,31), MMS(10,415), MVPR(10,15) _
26330 " CC ADD4
26340 COMMON /CUMOS/ NAME{50), NCNTR, NEMIS, NEMP,

. __263%0_ - + NINTR, NINTRB,  NMODE,  NUy___ NUPTS, NPAR, o
26360 + NPTRN, NPTS, NSTEPS,  NTR, NTFB, NPICK(16),
26370 + CClY, QC MY, OPTI, OPTM,OPTS (50),0VCHI(3),0VCHM(3)

—206280 CC ADDS )

26390 COMMON /COMO6/PARM(3,3), PART, PAYNEW, PAYOFF(3),

26400 + PCL15), PCS(15), PHI(14), PLO(14), PLTMAX(3),PMODEL,
_ 26410 + PP(10,15)4+PS(6,415)y PT(5), PICT,  PTS(5), PAYADJ,

26420 + PAR(10,1543), PARL(1D434310, PLUS(10,15),

26430 + PM(10,15), PPICK(L1C)+PPPICK,PSTAR,PI(15,10),

26440 + PSA(15)s PTA(5),  PCUJiF, PARINT(10,10,9)

26450 + JPAYFIN

COMMON /CUMO7/ REINSP,  KNAME, RSIZE, RSTOP,




Table 5-12 SUBROUTINE PDECAY LISTING (cont.)

26470

LLL-§

+ RTYPE,
26480 + SALE, SALL, SALP, SITEI, SITEM, SLANE,
26490 + SMODEL, START(15,3}), STAT, STIME(3), SUMBM(3),
26500 + SCALEBM(3), SM{6,15), SPAR(10415,61),
26510 + SXCUT(64+3), SIG(10,+3), SIGCE(3},
26520 + SIGME(10), SIGMNE(10), SIGP(10,415),
26530 + SIGRATE, SIST, SIGS{6415) SIGSDEL3),
26540 + STABLEX(3346,15), STABLEY(33,6,415])
26550 COMMON /COM10/ TAREA(3), TDIST(104+3)+TIDLE,TIMEI(3,16),
26560 + TINT, TOBE{(3), TONX, TCTE(3), TPDB(3), TPDT(3),
26570 + TXTRA, TS1ZE, TS1GI3)y TPER{16,15),y TMIL116,15),
26580 + THIST(5,3,16), THISTT(3416) TIMEC{104+15),
26590 +  TIMEM(10,15), TABLEX(33,10,15), TABLEY (33,10,15)
26600 CC ADDI1O
26610 COMMON /COM11/ WF{10),
26620 + X1B8P(3,346)y XINT, XINTBy XLANE, XSUM, XCUT(10,3),
26630 + XTM{1l6), XBASE(9,3),YBASE(3,3)
26640 CC ADD11}
26650 COMMUON /C0OM12/ Y1i8P(3,3,19), Y2BP({3,3,1C),
26660 + YES, YSUM, YTM{16) Y1DBP{4,4,10),Y2D83P{4,4,10),
265670 + LY, L2, L3, 14, L5, L6y
26680 + L7, 18, 19, Z10, Z1l1l, 112,
26690 + 713, 214, 215, 116, 217,
26700 + ZCARI, ZCARM, 210, LSUM,
26710 + 77(3,3)
26720 CC ADD12
26730 COMMON /DEBUG/ ADEBUG, BDEBUG, CDEBUG, DDEBUG,
26740 + LDEBUG, MDEBUG, PDEBUG, JDEBUG, SDEBUG, TDEBUG
26750 cC ADDD
26760 REAL 1TE, ITL, I1TP, ITIME,
26770 _ + MMS, MPH, MSPEL, MU, .MVPR,
26780 + NAME, NU, LDEBUG, MDEBUG,
26790 + IN, MISFIRE
26800 INTEGER RNAME, SITEI, SITEM, STAT,
26810 + TDIST, XLANE, OPTI, PPICK, PPPICK
26820 DATA QRATE/ e33,9%, 164943349 %415649.33,9%,16/
26830 NATA pRATE{Z-’l-'Q-,O.VO.'O"lo'201l-'O-lZQ’lo'lZ-’O.yOgyOc'l‘y
26840 + 22091le10012¢31e19e10210e90e1lesZ2erlesDar
26850 SUM1=0,
26860 DO 20 K=KSTART,KSTOP
26870 J=JJ+5%{K~1)

26880 IF(PDEBUG.EQ.NO) GO 70O 5
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Table 5-12 SUBROUTINE PDECAY LISTING (cont.)

27300 cC

DECAY JF ENTIRE DISTRIBUTIUN

L. 26890 IR JIJaNELL) GOTU S -
26900 IF{PPICK(PPPICK) NE.N) GOTO 5
26910 WRITE (6430)
920 o __wRITE (6,55) WAME{JJ+10) NAME(K+3),(L,t=1,100, .
6930 + (PM (MyJ) yM=1,10),(SIGP (4,4}, M=1,NPAR)
26940 5 DO 10 M=MSTART,MSTQP
26950 e CIFA{MLEQ.5.0RM.EQL6) Gu TO L L i - o
26960 IF(MeFEUe4eJ.MEQLD) GO T3 1D
26970 [F(TDIST(MyK)einELL) GUTO 10
26620 _ADO=CUEFGP( My J)*TINT#(PARTHTMIL(N,J)+(1a=PARTI*¥TNMIL (N=1,J))
2€990 IF(N.EQ.2) ADD=COEFBP( Ay )*¥TINT*TMIL(N,J)
27000 PLUS( My J)=ADD*PRATE(M,K) —FPERC(4yK)XTINT/12.%(1a~PP(MyJ))
27010 .. IFIN.EQ.2)PLUS(M,J)=(AUD*PRATE(M,K)=FPERC(M,K)*TINT/12. }¥PART
27020 SUM=Q.
27030 NN=NSTEPS+1
21c40 LPLUS=0 L
27050 IF(LINT(M).EQ.1) LPLUS=2
27060 DO 2C0 L=1,NN
__ 27070 BX(L)=XBP(L+LPLUS)=TABLEX (LM, J) B o
27080 BY(LI=YLP(L+LPLUS)=TABLEY (Lst,J)
27090 200 CONTINUE
27100 [1GO=LINT(M) o S ) L
27110 GU TO (250,30C), 160
27120 250 CONTINUE
27130  _ccC REJECT LUWFR POKTIULN o
27140 IF(PLUS(M,J).GT.0.) PLUS(MyJd)==0.01
27150 X8P(1)=XBP(3)+ PLUS(M,J)
27169 o YBP(1)=Y3P(3)*QRATE(M,K) o . —
27170 I X3P {21=(XBP(1)+3.%XBP(3))/%. ’
27180 YBP(2)={Y8P({5)+3. *YBP(1)) /4.
27190 L GU 10 350 L
27200 300 CJNTINUE
27210 IF(PLUS{M,J).LTe0e) PLUS(M,4d)=0.01
21225 . €CC _ REJECT UPPER POURTION _
27230 XBP(NN+2)=X3P(NN)+ PLUS(4,J)
27240 YBP (NN+2)=YBP (NN) *QRATE(M,K)
27250 _ XBPUINN+1)=(3.&XBP(NN)+X3P(NN+2))/4s o
27260 YBP(NN+1)=({YBP(NN)+3.*YBP (NN+2) ) /4.
27210 50 CUNTINUE
272190 _ DELX={XBP(NN+2)=-X3P (1)) /NSTEPS e
27290 T DELXD=2./NSTEPS -
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77310

~ Table 5-12 SUBROUTINE PDECAY LISTING (cont.)

DO 400 L=1.NN

27320 X=XBP(1)#DELX*(L~1)
27330 AY{L)=FUNL{X,XBP,YBP,NN+2)
21340 o ADD=UELXD*{(tL-1)
27350 ADD={EXP(ADD)=1.)/EXP(2.)%PLUS( My d) ’
27360 IF(LINT{M).EQ.l) ADD=(EXP{2+)-1.)/EXP(Z4)%*PLUS{MsJd) -ADD
~ 27370 AX{L) = X+ADD
27380 400 CONTINUE
27390 CALL PACKD(AXyAY yRNN)
27400 CALL STD2(AX,AY NNy PM(MsJ)ySIGP(MyJ))
27410 DO 500 L=1,NN
27420 TABLEX (L My Jd)=AX(L)
27430 TABLEY (LM, JI=AY (L) i
27440 500 CONTINUE
27450 11 FORMAT(IHL +/40X3A10,/)
27460 IF(PDEBUG.NF.YES) GUTO 10 o
z 27470 IF(JJ.NE.1} GUTO 10
27480 IF{PPICKI(PPPICK) LNELN) GOTO 10
K 27490 MM=30+M L
27500 WRITE(6411) NAME (MM)
275190 CALL EPLOT(BX,BY, AXsAY 3NN, LINT (M)
27520 10 _CONTINUE L o
27530 1F (ODEBUG.NE.YES) GOTO 20
27540 39 FORMAT(1H1,25X,*PARAMETER SETTINGS BEFURE DECAY AND MAINT*}
L 27550 WRITE (6,40) L
27550 40 FORMAT(/+25X,%PARAMETER SETTINGS AFTER DECAY AND MA INT*)
27570 WRITE (6455) NAME({JJ+1J) yNAMEIK+3) (L sL=1,10),(PM (MyJ),
27580 ) _+ M=1410)4(SIGP(MsJ) yM=1,NPAR) ~
T 27590 T TS5 T FORMAT(// 425X AB ¥ ~= *,A8/7,% PARAMETER ¥,
27600 + 10(3X,12, 5X).//.3X,*PM*.SX,IDEIO.Z/ZX'*SIGP*y4X,1OE10.2)
27610 20 CONTINUE L - o N B .
27620 RETURN
27630 END




@JBROUTINE COSTS)

i

MM =2
NTR =NIR +1
NTRB = NTRB + 1
XX =1

l

ZERO OUT XSUM,

ZSUM, 1COST(1), CARI(1),
YSUM, CSUM, CBSUM,
CARB, CARC, CARD, CARA

!

COMPUTE DISCOUNTING
FACTORS TO BRING

FACILITIES (XKZP), EQUIPMENT
XKZE) AND LAND XKZL

COSTS BACK TO PRESENT VALUE

INITIALIZE N LOOP
FROM 2 TO NTR

ITIME (N) = 0O
CAPEL (N) =O

COMPUTE NUMBER OF CARS
INSPECTED,

HPTOT x REINSP IS THE
PERCENTAGE FAILED TIMES
THE PERCENTAGE REINSPECTED

@ YES

NO

XX = TXTRA

Figure 5-13  Subroutine COSTS Flowchart
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SUM CARI IN CARA

!

MAXIMIZE CARI INTO
CMAXI

CARM = NUMBER OF
CARS MAINTAINED.

!

CARS = NUMBER OF CARS
REJECTED BY THE SIGNATURE
INSPECTION

!

SUM CARM IN CARB
SUM CARS IN CARC

!

COMPUTE TOTAL MAINTENANCEF
TIME REQUIRED

Figure 5-13 Subroutine COSTS Flowchart (cont.)
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COMPUTE AVERAGE

NUMBER OF CARS PER

YEAR INSPECTED,

REJECTED AND MAINTAINED.

l

VERIFY CARMY < CARSY

STATE LANE YES .@
RUN

?
INITIALIZE N FRANCHISED GARAGE
LOOP FROM 2 TO NTR INSPECTIONS

O —

COMPUTE TIME REQUIRED
FOR INSPECTION

IX =22 +Z14 IX =122

Figure 5-13 Subroutine COSTS Flowchart (cont.)
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COMPUTE TOTAL INSPECTION
COST (OPERATING)

l

COMPUTE TOTAL MAINTENANCE
COST (OPERATING)

l

TOTAL OPERATING COST = SUM OF
INSPECTION AND MAINTENANCE
OPERATING COSTS

'

COMPUTE INCONVENIENCE COST
FOR THOSE CARS WHICH FAILED

THE SIGNATURE INSPECTION BUT
PASSED THE PARAMETER INSPECTION
(ERRORS OF COMMISSION)

!

COMPUTE PER CAR INSPECTION
COST TO USER

COMPUTE TOTAL OPERATING
COST FOR INSPECTION AND
MAINTENANCE AND USER
TIME AND INCONVENIENCE
x DISCOUNTED TO PRESENT
VALUE

G
YES

Figure 5-13 Subroutine COSTS Flowchart (cont.)
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222

SUM  OCOSTI IN XSUM
OCOSTM IN ZSUM
COST IN CSUM
OCOST IN YSUM

SUM WITH SCALING BY TXTRA
OCOSTI IN XSUM
OCOSTM IN ZSUM
COST IN CSUM
OCOST IN YSUM

L 223
[ —— - "

COMPUTE COST PER
VEHICLE PER YEAR

COMPUTE COST PER
INSPECTION

!

COMPUTE YEARLY OPERATING
COSTS

INSPECTION AND MAINTENANCE

!

SET SITEI=0O
CCOSTI=0
CCOSTM=0

Figure 5-13 Subroutine COSTS Flowchart (cont.)
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STATELANE INSPECTION
FACILITIES

INITIATE N LOOP
FROM 2 TO NTR

|

COMPUTE NUMBER OF
INSPECTION SITES

!

COMPUTE ARRIVAL
RATE A

J

COMPUTE RATIO OF
ARRIVAL RATE TO
DEPARTURE RATE

|

CALL QUEUEING MODEL
TO GET WAITING TIME
AND LENGTH OF QUEUE

COMPUTE USER INCONVENIENCE
TIME = INSPECTION TIME + AVERAGE
DISTANCE TO INSPECTION FACILITY
DIVIDED BY AVERAGE SPEED +
WAITING TIME IN THE QUEUE

COMPUTE USER INCONVENIENCE
COST FOR THOSE CARS WHICH FAIL
THE SIGNATURE INSPECTION BUT
PASS THE PARAMETER INSPECTION
(IE. ARE NOT MAINTAINED)

Figure

5-13 Subroutine COSTS Flowchart (cont.)
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COMPUTE OPERATING
INSPECTION COST =

TOTAL INSPECTION TIME x
THE NUMBER OF EMPLOYEES
(PLUS MANAGERS) PER LANE
+ AMATORIZED CAPITAL COSTS
+ DATA PROCESSING COST

%

COosT

TOTAL OPERATING COST =
INSPECTION COST + MAINTENANCE

|

COST(N) = TOTAL COST DISCOUNTED
TO PRESENT WORTH

YES

!

N>NTR
N

SUM WITH SCALING BY TXTRA
OCOSTI INTO XSUM
OCOSTM INTO ZSUM
COST INTO CSUM
OCOST INTO YSUM

& 333

SUM  OCOSTI INTO XSUM

OCOSTM INTO ZSUM
COST INTO CSUM
OCOST INTO YSUM

300

i

COMPUTE COST PER CAR
PER YEAR

COMPUTE COST PER INSPECTION

Figure 5-13

Subroutine COSTS Flowchart (cont.)
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COMPUTE AVERACE YEARLY
INSPECTION AND MAINTENANCE
COSTS

CCOSTM =0

20

|
G GARAGE AND STATE

LANE INSPECTION

COMPUTE TOTAL VOLUNTARY
MAINTENANCE COST (BASELINE)

TONX =0
TONY =0
TONZ =0

RESET NTR = NTR-1
NTRB = NTRB-1

INITIALIZE | LOOP
FROM 1 TO NEMIS (3)

®

TOTE = TAREA x CARPOP CONVERTED
TO TONS

TONYX = EMW x (TOBE-TOTE)
TOTAL EMISSIONS DELTA

Figure 5-13 Subroutine COSTS Flowchart (cont.)
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TONY = ZEMW x DELIT
INTEGRAL OF DELTA

TONZ = ZEMW x (BHIST(NTR)-THISTT(NTR) ) x
THE APPROPRIATE CONVERSIONS

IMPLEMENTED DELTA (LAST PERIOD)

TOBE-TOTE
TOBE

PERCENTAGE REDUCTION DUE TO
I/M PROGRAM

PAYOFF = x 100

PAYNEW = XSUM/TONX
PAYADJ = COST(NTR) x 12/(TONY x TINT)
PAYFIN = COST(NTR)/ x 12/(TONZ x TINT)

NO
PAYADJ =0O

YES

N = NINTR

Figure 5-13 Subroutine COSTS Flowchart (cont.)
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COMPUTE TON PER
DAY EMISSION RATES FOR
BASE AND TEST PROGRAMS

CDEBUG ON
?

, RETURN

PRINTOUT ALL COST
ASSOCIATED DATA
o)

Figure 5-13 Subroutine COSTS Flowchart (cont.)
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COMPUTE TOTAL
USER TIME COST

|

LOOKUP COST OF EQUIPMENT
COMPUTE FACILITIES COST
COMPUTE LAND COST

'

ESTIMATE SIZE OF
STATION IN SQUARE FEET

'

COMPUTE TRAINING COSTS

!

COMPUTE TOTAL INSPECTION
OPERATING COST

DISCOUNT CAPITAL REQUIREMENTS
TO PRESENT VALUE

!

COMPUTE TOTAL YEARLY INSPECTION
HOURS REQUIRED

l

COMPUTE OPERATING MAINTENANCE
COSTS = MAINTENANCE TIME COST +
COST OF PARTS + OVERCHARGE

Figure 5-13 Subroutine COSTS Flowchart (cont.)
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Table 5-13 SUBROUTINE COSTS LISTING

27640 SUBRUUTINE COQOSTS
27650 DIMENSION CARI(16),CARM(16),TL:A(16) ,TEIMEM(16]),
27660 + TCP(16),TT1(16),0C0OST(16),CUST(16), o

r 27670 2 ICOST(16) CAPELI16),ACAPC(16),L0STB(L6),TTM(Lb),

: 27680 + OCOSTI(16),0COSTM{16),WTIME(10)

L 27690 L __ _ DIMENSICN CARS(16),CARSA(16)

27709 COMMON /COMOL/ AMB (3 ), ALAY, AVV, BINT,

27710 + BAREA(3), BLD1, BLD2, BSIG(3), BXTRA, BSIZE,

27720 + BHIST(3,16), BMMI(1041543),

27730 + ATABLEX(9410,3) ,ATABLEY(9,10,3) 4ASTABLX(9,6+3), ASTABLY{(9,6,3)
27740 COMMON /COMO2/ CARA, CARIY, CARMY, CARPOP{16),
27750 B + CARSY, CBSUM, CCGEF(10),CCOSTI, CCOSTM, CGTT,

27760 + CINCON, CPCB, CPI, CPVPY, CSUM, CARAY,

27770 + CN(15+3416), COEFB(15,3), COEFBP(10,415),

27780 + CPART{10,15) .

; 27790 CC ADD
27800 CUMMON /COMD3/ DELPCV, DP(10,415) yDELEM{3,16) ,DELI(3),

; 27810 + EMW(3), EP(10,15) 4EFF(10), DELITI(3), o .
27820 + FREGA, FREQB, FPERC{10,3),

27830 + HORZN, HORZNY,

27840 + HPC(15,16), HPCS{2154156), HPP(10,15,16), .
27850 + HPS(6,15,16), HPT(5,16), HETOT(16),

27860 + HPTOTSI16)

; 27870 ___CC ADD3 B N L o
27880 COMMON /COMD4/ ITE, TTL, 1TP, ITIME(1B),
27890 + KSTART, KSTOP, LOPT, LPICK(10),LLPICK,

27900 + LIDLE, LINT(16), LPSPP(L10),LSTART, LSTOP,

o 27910 + MBASE, MPH, MSPEC(10) ,ASTART, MSYOP, T
27920 + MUC10+3), MMS{10,15), MVPR{10,15)

_ 27930 CC ADD B
27940 COMMGN /COMO5/ NAME(50), NCNTR, NEMIS , NEMP,

27950 + NINTR, NINTRB, NMODE NO» NOPTS, NPAR,
27960 + NPTRN,  NPTS, NSTEPS, NTRy NTRB, NPICK{16),
27970 + 0C1Y, oCMY, oPT1, OPTM,0PTS(50) »OVCHI{3),0VCHMI3)
27980 CC ADDS
27990 COMMON /CUMO6/PARM(3,3), PART, PAYNEW, PAYOFF{3),

© 7728000 + PC(15), PCS(15)y, PHI(14), PLO(14), PLTMAX(3),PMODEL, o
28010 + PP{10,15)sPS(6,15), PT(5), PTOT, PTS(5), PAYADJ,
28020 + PAR(10,15+3), PARL(1243,3), PLUS(10,15),
28030 + PM{10,15), PPICK({LO) PPPICK,PSTAR,PI(15,10),
28040 + PSA({15), PTA(5), PCONF, PARINT{10,10,9)
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. ...28050 +

Table 5-13 SUBROUTINE COSTS LISTING (cont.)

2 PAYF IN

NTRB=NTCB+1

28060 CavMgN /CM07/ REINSP, RNAME, RSIZE, PSTUP
29070 + RTYPE,
__.780897 + SALE, SALL, _SALP.  5TTET,  SITEM,  SLANE.
2402992 + SMNDELs  START(15,3), STAT, STIME(3), SUMBM(3),
2R 1170 + SCALEBM(3), SM{64,15), SPAR(10,15,61,
28110 4+ SXCUTIb6.3), SIGAIde3de o _SIGCEA3),
2e12¢c + SIGME(10), STGANE(10), SIGP(10,15)
28130 + SIGRATE, SIST, SIGS(5>415), SIGSDE(3),
__231ac - + STABLEX(33,6,15), STABLEY(33,6,15)
28150 COMMON /CJ™M10/ TAREA(Z), TOIST{10s2)yTIDLEZTIMEI(Z2,161),
28160 + TINT, TOREL3), TONX, TOTE{3), TPDB(3), TPOT(3),
28170 4+ TXTHA,  TSIZE, _ T51G(3), TPER(16415)y  TMIL(16,15), .
28180 : THISTIE,2,i58), THISTT(2,15), TIMEC(10,15),
281990 + TIMEM(12,15), TABLEX(32,10,15), TABLEY (33,10,15)
28200 _ __CC_ALDLI1D , _ _ i
2R210 COMMON /COM11/ WF({10),
28220 + X10P(3,3,6)4y XINT, XINT B, XLANE, XSUM, XCUT(10,3),
28230 B 4+ XTM(16)y XBASE(9,3),YBAS=(9,3) o
28240 CC ADD11
2R259 COMMDN /CDM12/ Y1BP(3,3,10), Y2EP(343,10),
. 2825) . + YES, YSUM, YTM(16), Y10BP(4,4,10),YZUBP(4,4,10),
‘ 28270 + 71, 12, L3, L4, 15, 16,
28280 + 27, IR, 19, 110, Z11, 112,
28290 ~ + 213,  Il4, 115, 216, 117, B
28300 + ZCARI, ICARM, Z1C, 2SUM,
28310 + 27(3,3)
28320 - CC ADD12 )
28330 COMMON /DSBUG/ ADEBUG, 8DEBUG, CDEBUG, DDEBUG,
28340 + LDEBUG, MDEBUG, PLCEBUG, QDEBUG, SDEBUGs TDEBUG
28350 CC _ADDD . o o o
281360 REAL ITE, ITL, 17TP, ITIME,
28370 + MMS , MPH, MSPEC, MU MVPP,
28380 + NAME, NO LDEBUG, MDEBUG,
28390 + IN, MISFIRE
28400 INTEGER RNAME, SITEI, SITEM, STAT,
X 2841 + TDIST, XLANE, oPTI, PPICK, PPPICK
28420 REAL I1COST,LO
28430 cc *%% COST MOUDEL
. 28440 — MM=2 ——
28450 NTR=ATP+1
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. 28470

Table 5-13  SUBROUTINE COSTS LISTING (cont.)

28870
28880

TIF(N.GE.NTR) GOTO 222
XSUM=XSUM+OCOSTI{N)

e XSUME SN0 I
28480 1COST(1)=0.
28490 CARI(1)=0.
e 28580 R LYSUM=LSUM=CBSUM=0. e e
28510 XX=1.
28520 CARB=CAR(C=0.
28530 CARA=D. o
28540 XKZP=(1a=SALP)Y*ZTCH (1ovZIC)I*#ITP/({ 1a+ZIC)**[TP~1.)+ZI1C*SALP
28550 XKZF=(1.,-SALE)*ZIC*{1.+ZIC)%**ITE/({Ll.+ZIC)**ITE-1.)+ZIC*SALE
28560 o XKZL=(1,=SALL)*ZIC* (1a+ZIC)**ITL/((1a+ZICI*%ITL-1,)+ZIC*SALL o
28570 DO 100 N=2,NTR
28580 ITIAE{N}=CAPEL(N)=0.
28590 CARI(N)I=CARPIPIN}*(1.+HPTOT(N)*REINSP) i .
28600 IF(N.GE.NTR) XX=TXTRA
2861 CAFA=CARA+CART (N} *XX
28620  CMaXI=AMAXL{CARI(N=1),CARIC:)) L . )
28630 CAKMIN)=HPTOTI{N)*CARI(N)/(1.+APTOT(N)*REINSP}
28640 CARS(IN)=HPTOTSIN)®CARI{iN) /(1. +HPTOTS{NI*REINSP)
28650 CARB=CARB+CARM(N) *XX . .
23840 CARC=CAPC+CARS{N)*XX
28670 TTM(N)=XTM(N)*CAKT (N)
28630  TCPIN)=YTM(NI*GARTI(N) L o B
28690 100 CONTINUE
28700 CARIY=CARA/HORINY
___.._28710 _u_w_m,___,,.MM_NEABEXM&AiélﬁQRZN . . .
23720 CARSY=CARC/HIRINY
23720 CARSY=CARMY
28740 ._A___"}t_x__SL’\Nt FQ. ‘I’NHSTAT{-._”__V_’)‘ (,p IO 1)
T 28750 T DO 230 N=2.NTR. -
28760 cC FRANCHISED GARAGE INSPECTION/MAINTENANCE
28770 L NO FACILITIES SIZING o ~ ~
23780 TYTIINI=CART(NYXTIMEI(OPT I, N)
28790 IX=12
28800 o LF(LIDLELGT 1) ZX=L2+7114%
28810 COSTIANI=ZXFTTIAN)+Z15%CARI(N)+UVCHI (OPTI)*CARI(N)
28820 OCOSTMIN)=ZX¥TTMIN)+TCP(N) +0OVCHM(OPTI JXCARM{ N}
28820 OCUST{N)I=OCOSTI(N) +0COSTHMIN)
28840 o “1cn<T(u)-29*(TIw:I(UPTI)+Z7)*(CAR1(N)—CAKM(V))
28850 CINCGN=Z9%(TIMEL(OPTI)I+2T7)
28860 COST(N)—(ICJST(N)+UCJST(N))*((LL L4)/ LLa+25) )XxYR
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' —_ —— -
[ Table 5-13 SUBROUTINE COSTS LISTING (cont.)

28890 — ZSUM=ZSUM+QOCOSTMIN)
28400 CSUM=CSU4+COST(N)
28910 YSuUM=YSUM+GCOST (N)
_.23892> . _6JOT0 223 , I
2£93) 222 CGONT INUE
28940 XSUM=XSUM+OCOSTIIN)*TXTRA
2R950 . _IlSUM=7SUM4+0OCOSTM(N)*TXTRA o
28960 CSUM=CSUM+COSTIN) *TXTRA
28970 YSUA=YSUM+OCLSTIN) *TXTkA
_2tann 225 CONT INUF_ o
2183990 200 CONTINUF
29C00 IF{CARB.GT.1.E-2C) .
299010 . % CPVPY=ZSUM/CARB+XSUM/CARA _ -
29029 CPI=YSUM/CARA
29030 OCIY=XSUr/HORZNY
L._290%0 . __ UCMY=Z2SUM/HIORINY — e
29050 CCNSTM=0C.
29000 SITEI=C
29070 o CCOSTI=0. _
29080 GO TN 29
25050 CC STATELANE INSPECTION
29130 CC _ FACILITIES SIZING USING INCONVIENCE COSTS
29110 10 DU 300 N=2,NTR
29120 SITEI=STAT/XLANE+.SS
29130 o XLAM=CMAXI/(STAT*250.*%8.*%60.%TINT/12.)
29140 T RHC=XLAMXST IME(OPTI) /XL ANE
29150 CALL QUEUE(RHUOWLO+WTIAE(N) XLANE)
290 ITIME(N)=STIME(OPTI)+2.%SORT ({ALA3/SITEI)/3.1415})%2,/
29170 + AVVX60.+aTIME(N)
29180 ICOSTIN)=Z9*ITIMEIN)/60.%«(CART (N}-CARM(N))
229190 CINCON=Z9*ITIME(N)/60. i
29203 ccC COSTS CF FACILITIES, EQUIPMENT,LAND
2920 CAE=ZZ(XLANE,LIDLE)
2922 CAP=Z10%(BLOD1+BLD2*XLANE) e
29230 CAL=Z13%{{BLD1+BLD2)*10.+BLD2*XLANE*{1.+4LQ))
29240 SIST=CAL/Z213
29250 - CAT=Z6%{NEMP+Z1)*STAT
729260 CCOSTI=CAE+CAL+CAP+CAT
29270 CAPEL{N)=(XKZP*CAP+XKLE*CAE+XKZL*CAL+XKZE*CAT)*SITEI]
29280 - o TTIIN)=CARI(NI*STIMF(GPTI)/63. e
S Y-P T-Y, N T UCCSTMIN)I=Z2%TTM(N)+TCP(N)+0OVCHA(JPT I 1*CARM(N) T

29309 DCOSTTI(N)=(ZL+NEMP)*Z16%TTI(N)+



Table 5-13  SUBROUTINE COSTS LISTING (cont.) o

SEL-S

29310 + CAPEL (N)+Z15%CARI(N) _ i I
29320 OCOST(N)=0COSTI (N)+0COSTM(N)
29330 COSTIN)={OCOSTUN)+ICOSTIN) I*((L1a4Z4)/(1.415))%%YR
29340 IF(N.GE.NTR) GUTO 333 o
29350 XSUM=XSUM+0COSTI(N)
29360 ZSUM=ZSUM+DCOSTM(N)
29370 o CSUM=CSuM+COST(NY - e
29380 YSUM=YSUM+0CUST (N)
29390 GUTO 300
29400 322 CONT INUE
29410 XSUM=XSUM+0COSTI{N)*TXTRA
29420 7SUM=ZSUM+OCOSTM(N) *TXTRA
_.._29430 CSUM=C SUM+COSTUN) _*TXTRA__ e
29440 YSUM=YSUM+OCOST(N) *TXTRA
29450 300 CONTINUE
29460 IF(CARB.GT.1.E~20) _ S
29470 *CPVPY=ZSUM/CARB+XSUM/CARA
294890 CPI=YSUM/CARA
29490 OCMY=ZSUM/HORZNY _
29500 OCIY=XSUM/HORZNY
29510 CCOSTM=0.
29520 20  CBSUM=(NTRB=2+BXTRA)*CPCB*CARPOP(15) L
29530 TONX=TONY=0.
29540 TONZ=0.
29550 ~_ NTR=NTR-1 . o e
29560 NTRB=NTRB-1
29570 DO 33 I=1,NEMIS
295890 TOTE(I)=TAREA(I)*CARPOP(16)/CGTT
29590 TONX=TONX+EMW(T ) *(TOBE{T)=TOTE{ 1))
29600 TONY=TONY+EMN(T)*DELITLT)
29610  TONZ=TCNZ+EMW(I )% (BHIST(I,NTR) =THISTT(I,NTR) }*CARPOP{NTR)/COCTT% _
29620 + MBASE*TINT
29630 PAYGFF(I)=(TOBE(I)=-TOTE(I))/TOBE(I)*100.
29640 23 CONTINUE
29650 PAYNEW=CSUM/ TUNX
29660 PAYADJ=COSTANTR)I*12./TINT
29670 PAYADJ=PAYADJ/TONY o
29680 PAYFIN=COST (NTR} /TGNZ*12./TINT
29690 IF(TONY.LT..001) PAYADJ=0.
29790 N=NINTK
29710 DO 66 I=1,NEMIS

29720 TPDT(1)=TOTE(I)/(HORINY*365.)
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~ Table 5-13 SUBROUTINE COSTS LISTING (cont.)

29739 TPDBLIN=TORE(I)/{HORZNY*365,) e — —
29749 66 CONTINUE
297o¢C IF(CDEBUG.SQ.NJ) RETURN
29760 WRITE (6,504) . —
20770 504 FORMAT(1HL,* FROM SUBRIUTINE COST®//3X, *CARI*,6X,*L ARMX,
29780 L TX%kTTME,OX, %TCP%, 6X, *TT 1 *,5X%0COST*, 5X*COST* 44X, ¥ITIME* ¢ 4 X,
29790 - 2 *CAPEL*,4X,*0COSTI*,3X,*0COSTY*, 3X, *CUSTBA/) -
73800 PO 505 N=1,NINTR
29810 WRITE (6,502) CARI(N),CARA(N) 4 TTMIN),y TCPIN),TTI(N) ,OCOST(N),
B 29820 1 COST(N),ITIME(N),CAPEL(N),NC5TI(N),0COSTMIN), COSTBIN)
29810 502 FORMAT{2X,12E9.2)
29840 535 CONTINUE
29850 WRITE(6,501) CARIY,CARMY ,XSUM,YSUMsZSUM,CARA,CCOSTI,CPVPY,
29860 1 CPI,5TAT,SITE]
29870 501 FORMAT (/% CARIY = %E12.5,10X,*CARMY = %E12.5,
_ 29880 1 /% XSUM= *F12.5,123Xy*YSUM= #%£12,5,13X,*ZSUM= *E12.5,/
‘ 29890 2 % CARA = *¥E12.5/% CCOSTI = ®£12.5/% CPVPY = %E12.5/#% CPl = *
29900 3 E12.5/% STAT = %15/% SITEL = %14/}
. ._29910 00 530 I=1,NEMIS
29920 WRITE (6+510) NAME(I)sTUNX,PAYNEW,PAYOFF(I1},TOTE(I),
29930 + TAREA(I),TPDT{I),TPOB(I)
29940 510  FORMAT(//+30X,A2,% EMISSION DELTA%X//,5Xe% TON = #FE15.5,5X, .
' 29950 + % PAYNEW = *E15.5,5X,% PAYDFF = %£E15.5//5X 4% TOTE = *
29960 + E15.5,5Xs* TAREA = *E15.5//45Xe* TPDT = #F15.5,5X,
29970 + % TPDB = %£15.5/) .
29980 530 CONTINUE
29990 RETURN
30000 END




is compared with the distribution from a base fleet that has not
been subjected to a mandatory maintenance program. This comparison
determines if the program has produced a statistically significant
reduction in emissions for the species of interest.

The primary unit function of the statistical model is the inte-
gration of two distributions. This is accomplished mathematically by
convoluting two distributions. The convolution procedure combines two
independent distributions of a given population into a third distribution
that represents the sum of the first two. Convolution is linear in the
sense that the mean and variance of the new distribution are, respectively,
the sums of the means and variances of the two input distributions.
Similarly. the number of degrees of freedom of the output distribution
is the sum of the degrees of freedom of the two input distributions i.e.,
(n1 -1) + (n2 -1) = N3. Mathematically, the degrees of freedom repre-
sent the number of independent observations. If two independent distri-
butions are added together, the number of independent variables would
also be added to give the number of independent variables in the output
distribution. If many distributions are added via convolution, the
degrees of freedom of the resulting distribution would be expected to be
large.

Also built into the convolution procedure is a test that determines
whether or not a change in any one parameter distribution will have any
significant effect on the total distribution. If one of the input
ranges is sufficiently smaller than the other, then the smaller input
will be ignored, and the convolution step will be by-passed. This check

was built into the model to reduce the number of calculations during the
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convolution process. While the error introduced by ingoring distribution
with relatively small standard deviations is at most 2.5%, the accumu-
lative effect of this could bias the final distribution.

Those cars that fail the inspection test undergo a maintenance
treatment. This treatment modifies the initial distribution according
to the extent of maintenance and rejection rates. Next these engine
component distributions are converted, using the influence coefficients
to vehicle emission distributions. Lastly, the model errors (deterio-
ration, influence coefficient) are convoluted to give a final distribution.

This last step yields a distribution which corresponds to the mean

emission levels forecasted with the E/E model.

Finally, the adjusted emission distribution (without model errors)
is compared with the emission distribution of a base fleet. To do this,
convolution is used to subtract the former distribution from the latter.
This gives a distribution that represents the reduction in emission that
is obtained from the specific program. By numerical integration,

i.e. approximating the area under the "left hand side" of the distribution
curve, the 10% level of this distribution is calculated, and this is used
to test the statistical-significance of the emission reduction and deter-
mine confidence Timits for emission reduction. This is the only valid
method to obtain the confidence limits from this distribution. 1In
particular, the standard normal test, also known as the z-score test,
cannot be used since it assumes a normal distribution with mean equal

to zero. However, the model contains an alternative test which compares
the test fleet and base fleet distributions without first combining them

into a single distribution.
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An alternate method of testing the significance of the emission
reduction is to compare the mean of the test fleet distribution and the
mean of the base fleet distribution by using a t-test. First, the model
uses an F-test to insure that the standard deviations are nearly equal.
This test gives confidence limits similar to the ones found by using
the numerical method. The t-test compares the two means with each other,
and the model test works with the difference of the two means. The com-
bination of the F-test followed by the t-test eliminates one convolution
and the numerical integration approximation and is thus, computationally
more efficient. However, these tests assume normal distributions, and

if the emission rate distributions are skewed, they may yield misleading

results.

Figure 5-14 presents a detailed flowchart for subroutine STATS. A
computer Tisting of STATS is given in Table 5-14.
5.11 UTILITY ROUTINES

GEEP employs several functions and subroutines which perform such
standard mathematical operations as computing means and standard deviations,
curve fitting, linear interpo]atjon and integration. These routines are
further described in detail, with flowcharts and listings, in the following
sections.

5.11.1 Subroutine CONVOL

Subroutine CONVOL is a generalized routine which convolutes two
input distributions to generate a third. The input distributions are
stored in P1 and Y1, P2 and Y2, with output in P3 and Y3. The sizes of
the two input distributions are L1 and L2, while that of the output
distributions is N3. A1l input to CONVOL comes through an argument list.

Subroutine CONVOL first checks if either distribution is an approximate
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C SUBROUTINE STATS >
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Figure 5-14 Subroutine STATS Flowchart
5-140



30

AVERAGE PAR OVER
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PARTIALS IN PAR2

50
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u NORMALIZE X1, Y1

GENERATE MEASUREMENT
ERROR DISTRIBUTION AND
CONVOLUTE WITH X1, YI.
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300

END OF PARAMETER
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Figure 5-14 Subroutine STATS Flowchart (cont.)
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Figure 5-14 Subroutine STATS Flowchart (cont.)
5-142




GET MEAN AND
SIGMA FOR BASE
CASE

COMPUTE MEAN AND
STANDARD DEVIATION
FOR TEST DISTRIBUTION

!

RESET TMU TO
MODEL RESULT

!

COMPUTE T*

%

COMPUTE T
VALUE

T > TSTAR YES
? 1180

NO
DELEM = BMU-TMU-TSTAR x SIGDIFF

[PRINTOUT DATA/

DELEM =0

/PRINTOUT DATA/

Figure 5-14 Subroutine STATS Flowchart (cont.)
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Figure 5-14 Subroutine STATS Flowchart (cont.)
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Figure 5-14 Subroutine STATS Flowchart (cont.)
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Table 5-14 ' SUBROUTINE STATS LISTING

» -

RUN2,3L  03/21/73. 17.56.03.
SUBROUTINE STATS(N,IOPT)
000005 DIMENSION DEX(33,3),0EY(32,3),X1(33),X2{33),X30(323),Y1(33),
* Y2(33),Y3(33),PCXBP(5),PCYBP{5),PAR2(3)
000005 COMMON /7CCMO1/ AMB(3),ALAB, BINT,
+ BAREA(3), BLD1l, BLDZ BSIG(3), BXTRA, BSIZk,
+ BHIST(3,16), :
+ ATABLEX(9910,3)ATABLEY(9:10:3)sASTABLX(996+3),ASTABLY(9,46,3)
000005 COMMON /COMO2/ CARA, CARIY, CAR MY, CARPOP (161},
+ CARSY, CBSUM, CcCcosTlI, CCOSTM, CGTT,
+ CINCON, cePCBy, CPI, cPVPY, C SUM, CARAY,
+ CN(15,3,16), COEFB(15,3), COEFBPI10,15),
+ CPART(10,15)
D2
000005 COMMON /C0OM03/ DELPCV, pPU10,15),DELENT3,16),DELTI(3),
| + EMW(3), EP(10,15),EFF(10), CELIT(3),
s + FREQA, FREQB, FPERC(10,+3),
+ HORZIN, HORZNY,
+ HPC(15,16), HPCS(15,16), HPP (10,415,16),
+ HPS(6,15,16), HPT(5,16), HPTOT(16)
[ + HPTOTS(16) ’ E
i D3 !
{ 000005 COMMON /7 COMO4/ ITE, ITL, 1TP, ITIME(16),
+ KSTART, KSTOP, LOPT, LPICK{10),LLPICK,
+ LIDLE, LINT(1l6), LPSPP(10)},LSTART, LSTOP,
+ MBASE, MPH, MSTART, M»STOP,
+ Mutlo0.3), MMS, MVPRT1I0,15)
D4
000005 COMMON /COMOS5/ NAME(50) s NCNTR, NEM IS, NEMP,
+ NINTR, NINTRB’ NMODE, NGy NOPTS' NPAR1
+ NPTRN, NPTS, NSTEPS, NTR NTRB, NPICK(1Q),
+ 0Cly, QCMY, OPTI, CPTM,0PTS(50) 4O0VCHI(3),0VCHM(3)
DS
000005 COMMON /CCMO6/PARM{3,3), PART, PAYNEW, PAYQOFF(3),
+ PC(15), PCS(15), PHIl(14), PLO(14), PLTMAX(3),PMODEL,
* PP(10,15),PS(6,15), PT(5), FTOT, PTS(5), PAYADJ,
* PAR(10,15,3), PAR1(10,3,3), PLUS(10+15),
-+ PQLIO.IS). PPICKI{10),PPPICK PSTAR,PLi(15+,10),




Table 5 14 SUBROUTINE STATS LISTING (cont ) |

LyL-§

6 - B A
: §1‘/§f ﬁ?%ﬁgoa. STATS
+ PSA(15), PTA(S), PCONF, PARINT(10,10,6)
+ 4 PAYFIN
000005 COMMON sCCMOT7/ REINSPy RNAME, RSIZE, RSTOP,
' + RTYPE )
+ SALE, SALL SALP, SITEI, SITEM, SLANE,
+ SMODEL, START(15,43), STAT, STIME(3),
+ SCALEBM(3), SM(6,15), SPAR(10,415,6),
+ SXCUT(643), SI1G(10,3), SIGCE(3),
+ SIGHE{10), SIGMREt10Q), SIGP{10s151,
+ SIGRATE, SIST, S1IGS(6415), SIGSDE(3},
+ STABLEX{33,6,15), STABLEY(33,6,15]) :
000005 COMMON /COMlOQ/ TAREA(3), TDIST(10,3)TIOLE,TIMEI(3,16),
+ TINT, TOBE(3), TONX, TOTE(3)y TPDB(3), TPDT(3),
+ TXTRA, TSIZE, TSIG(3)y, TPER(16415), TMIL(16,15),
+ THISTIS5,3,16}, THISTT(3 418}, TIMEC({10,15),
+ TIMEM{10,15), TABLEX{33,10+15), TABLEY(33,10,15)
CC ADDYD
000005 COMMON /CCOM11/ WF(10),
+ X1BP{3,3,6), XINT, XINTB, XLANE, XSUM, XCUT(10,2),
+ XTM(16), XBASE(9,3),YBASE(9,3)
CC ADD11 L :
000005 COMMON /CCM12/ Y18P{3,3,10), Y2BP(343,10),
+ YES, YTM(16), Y10BP({434+10),Y2D8BP{4+4,10),
+ 71, 13, 4, 15, L6,y
+ 127 19, 210, 11, 12,
+ 213, 114, 715, 116, 17,
+ ZCARIL ZC AR, LIC, ISUM,
+ Z2{343) .
CC ADD12
000005 COMMON /DEBUG/ ADEBUG, BDEBUG, CDEBUG, DDEBUG
) + LDEBUG, MDEBUG, PDEBUG, QDEBUG, SDE BUG, TDEBUG
CC ADDD .
000005 REAL I1TE, 1TL, TP, ITINME,
' + MMSy . MPHy MU, MVPR,
+ NAME, NOy LDEBUGY MDEBUG
+ INy MISF IRE
00000°% INTEGER RNAME, SITEI, SITEM, STAT,
+ TDIST, XLANE, oPTI, PPICK, PPPICK
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Table 5-14 SUBROUTINE STATS LISTING (cont.) ~

RUN2.31  02/21/773., 17.56.03. STATS ——
000005 DATA PCXBP/804¢990e195.995.+99.9/
000005 DATA PCYBP/o8%4,1.28,1.645,2.33,3.08/
F cc IOPT = 1 -- FGR GIVEN MEANS AND SIGMAS FROM GEEP
cC IGPT = 2 -- FOR STATS GENERATION OF MEANS AND S IGMAS
000005 ~ NN=NSTEPS+1} I
000007 IF(IOPT.EQ.1) GO TO 2050
000011 1 DO 10 I=1,NEMIS
000013 DO 10 L=1,NN o
| 000014 DEX(L,I)=DEY(L,I)=0.
000022 10 CONT INUE
' 000026 N1=N2=N3=NN B
000032 DO 1000 M=1,10
000033 IF(MeEQe4eCReM.EQe5.0ReM.EQ.4.0R.M.EQ.10) GO TU 1000
000053 [F(SDEBUG.EQ.2HNO) GO TO 30
[ 000055 WRITE (6420) M
' 000063 20 FORMAT(1H1,/5X,*PARAMETER NO. *,12/)
000063 30 CONTINUE -
000063 PAR2(1)=PAR2(2)=PAR2(3)=0.
000067 DO 100 JJ=1,NPTRN
000072 DO 100 K=1,NCNTR B
ioooo73 J = JJe5%{K-1)
' 000077 DO 50 I=1,NEMIS
. 000100 50 PAR2(1I) = PAR2(I) + PAR(M,J,I)*TPER(N,J)
000117 100 CONTINUE
000124 DO 101 L=1,NN
000126 X1{L)=TABLEX(L yM,J)
000135 YI(LU)=TABLEY(L sM,J)
1000143 101 CONTINUE
_010145 CALL NORM(X1,Y1,NN)
cc MEASUREMENT ERROR DIST.
cc
000150 CALL TABLE (My)ySIGME(M) ,0.09X2,Y2,N2)
[000160 CALL CONVOL (X1,Y1,X2,Y2,X3,Y3,NI,N2,N3)
(000171 CALL DISTPRIX1,Yl,X2,Y2,X3,Y3,N1,N2,N3,
; + SOHENG. PARAMETER OIST. + MEASUREMENT ERRORS )
000203 CALL NORM(X3,Y32,N3)
000206 00 300 I=1,NEMIS

000211

IF(SDEBUG. EQ.AHYES) WRITE (6,190) 1
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Tab]e 5-14
o RN

17 546403,

'SUBROUTINE STATS LISTING (cont )

T T e e ey o e e

STATS

000222 190 FORMAT(1HY ,/5X,*EMISSION NO. *,12/)
000222 DO 200 L=1,NN
000224 X3(L)=PAR2(1)%X3(L)
000230 X1(L)=DEX{(L, 1)
| 060235 200 Y1(L)=DEY(L,1I)
000244 CALL NORM(X1,Y1,N1)
000246 CALL CONVOLIXY Y1y X3,Y3,X2,Y2yN1yN3,N2)
000257 CALL DISTPRIXY, Y14X3,Y3,X2,Y2,N1yN3,N2,
+ SOHCONVOL OF EMISSION DIST FOR PARAME TERS )
000271 D3 210 L=1,NN
000274 DEX(L,I)=X2(L)
000301 210 DEY(L,I)=Y2(L)
000310 300 CONTINUE
1000212 1000 CONTINUE
‘ [
o DEX,DEY ARE THE TEST FLEET EMISSION SPECIE DECREMENT
C ERROR DIST.
C
000314 DO 1500 I = 1,NEMIS
000316 1F (SDEBUG. EQ.3HYES) WRITE (6,190) 1
000327 DO 1100 L=1,NN ,
000331 X3 (L)=DEX{L,I)
000336 1100 Y3(L)=DEY(L,I)
0003245 CALL TABLE(M,1, SIGCE(I),O.,XJ'Ylel)
000355 CALL CONVOL(X3,Y3sX1yY1l,X2,Y2,N3,N1,N2)
000366 CALL DISTPRIX3,Y3,X1lyY1,X2,¥Y2,N3,N1,N2,
+ S50HSPECIE DIST + RESPONSE SURFACE ERRORS )
000400 CALL TABLE(M4y1,SIGSDE(I)s0esX1,Y1sN1)
000410 CALL DISTPR(X2:Y2, X1, Y1y X1,¥Y1,N2yNNsN1)
000421 CALL DISTPRIX2,Y2,X1,Yl,X1,Y1,N2,N1yN1,
+ S50HEMIS. AND RESP. DIST. + EMISSICN DECAY ERROR
000433 DO 1170 L=1,NPTS
000436 X2(L)=XBASE(L,1)
(600443 Y2(L)=YBASE{Ly1)
| 000447 1170 CONTINUE
000452 CALL STD2{X1,Y1,N1,TMU,TSD)
000455 IF (SDEBUG EQ.YES) WRITE(6,606) NAME(I ) THISTT(I N),TSD
606 FORMAT(%* EMISSION - %,A2,% MEAN AND SD (COSMETICIZED) =,

IOOOSOI
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Table 5-14 SUBROUTINE STATS LISTING (cont'), T

3;§1/{g}417 56 03, STATS —
+ 2E15.8)
000501 IF(NTEST.GT.1) GOTO 1185 o
000505 BMU=BHIST(I,N)
000510 8SD=BSIG(I)
000513 CALL STD2(X3,Y3,N3,TMU,TSD) .
000516 TMU=THISTT (I 4,N)
000523 TSTAR=FUN1 (PCONF,PCXBP,PCYBP,5)
000527 SIGDIFF=SQRT(TSD*TSD/TSIZE+BS0*BSD/BS IZE)
000536 T={BMU~-TMU)/SIGDIFF
000541 IF{1.EQel) WRITE (6,505) N
000554 505 FORMAT(1H]1 ,20X,*STATISICAL ANALYSIS OF EMISSION REDUCT IONS*,
+ /730X, *YEAR *,12//)
000554 WRITE (6,1190) NAME(I)
000563 IF(T.GT.TSTAR) GO TO 1180
000570 WRITE (6+600) PCONF,T,TSTAR, TMU,BMU
000605 600 FORMAT(/,5X,*ACCEPT THE NULL HYPOTHESISe%*/ '
+ SX,*THERE IS NOT A SIGNIFICANT DIFFERENCE IN THE MEANS*,/
+ 5X,*AT A CONFIDENCE LEVEL OF *,F10.2/
+ 5Xo% T = *¥F15.4,5X,%TSTAR = *E15.4/
+ SXo*TEST MU = *E15.4¢5X,%BASE MU = ¥E15.4//)
000605 DELEM(T,N)=0. ) , =
000612 GOTO 1500
000612 1180 CONTINUE
000612 A=BMU-TMU-TSTAR*SIGDIFF
000616 DELEM{I,N)=A
000622 WRITE (6,700) PCONF,A,T,TSTAR,TMU,BMU
00641 GOTO 1500
000643 700 FORMAT(/,5X,*REJECT NULL HYPOTHESIS.%,/
+ SXo*THERE IS A SIGNIFICANT DIFFERENCE IN THE MEANS*,/
+ 5Xs%AT A CONFIDENCE LEVEL OF *,F1C.27
+ 5X*THE LOWER CONFIDENCE LIMIT IS *,E15.4/
+ SXo*T = $E15.4,5X,*TSTAR = *E15.4/
+ SX,*TEST MU = ¥EL5.4+5X,*%BASE MU = *E15.4/7)
000643 1185 CONTINUE
000643 CALL STD2(X2,Y2,NPTS,BMU,BSD)
000647 CALL STD2(X3,Y3,N3,TMU,TSD)
000653 DO 1187 L=1,NPTS

000656

1187

X2(L)I=X2(L)+BHIST(INJ)-BMU
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Table 5-14 SUBROUTINE STATS LISTING (cont.)

N ST A TN
& D \\\\ \\\

1/ i'?- .0 STATS

000670 DO 1186 L=1,NN

000671 1186 X3(L)==X3(L)-THISTT(I,N)+TMU

000703 CALL CONVOL{X3,Y3,X2,Y24X1,Y1,N3,NPTS,N1)

000713 1190 FORMAT(// 5XA2,% EMISSION*)

000713 I=XPT(X1,Y1,N1,PCONF)

000717 IF(2.LT.0) Z=0

000723 DELEM(I,N)=Z

000727 WRITE(6,1400) PCONF,2Z

000736 1400 FORMAT(//S5X,*THERE EXISTS Ax,
+ F6.0,% PERCENT CONFICENCE LEVEL THAT EMISSIGNS*o
+ * ARE REDUCED BY*,E14.3//)

000736 CALL DISTPR(UX3,Y3yX2yY29X1yY14N3,NPTS,N1,
+ 50H -TEST DIST + BASE DIST = CONVOL B-T

000750 1500 CONTINUE

000754 RETURN

000755 2050 CONTINUE

000755 DO 2500 1=14NEMIS

000757 TMU=THISTT (I N)

000763 BMU=BHIST(I,N)

000766 TSD=TSIG(I)

000771 TSTAR=FUNY (PCONF,PLXBP,PCYBP,5)

000775 SIGDIFF=SQRT(TSO*TSD/TSIZE+B8SO*BSO/BSIZE)

001004 T=(BMU-TMU)}/SIGDIFF

001007 IF(1.EQe1) WRITE (6,505) N

001022 WRITE (651190) NAME(I)

001031 IF(T.GT.TSTAR) GO TO 2100

001036 WRITE (6+4600) PCONF,T,TSTAR,TMU,B8MU

001052 DELEM(I4N)=0.

0010690 GO Y0 2500

001060 2100 CONTINUE

001060 A=BMU-TMU-TSTAR*SIGDIFF

001064 DELEM(I,N)=A

001070 WRITE (6,700) PCONF,A,T»TSTAR,TMU,BMU

001107 2500 CONTINUE

001113 RETURN

001114 END



jdentity with respect to the other. In this case, a convolution is not
performed, but the mean of the non-identity distribution is shifted by
the mean of the approximate identity and the new distribution is output
in P3 and Y3.

If neither distribution is an approximate identity with respect to
the other, CONVOL performs a standard numeric convolution of the two
distributions. A flowchart of CONVOL is found is Figure 5-15 and a
1isting in Table 5-15.

5.11.2 Function AREA

The AREA routine integrates a parameter or mode emission distribution
based on cutpoints stored in XCUT or SXCUT. The limits of the rejected
portion of the distribution are determined by the LINT array and the
upper and lower values stored in the distribution. If LINT for a para-
meter is one, indicating the lower portion of the distribution is
rejected, the 1imits are set at the first entry and the cutpoint respec-
tively. If LINT is two for a parameter, indicating the upper portion of
the distribution is rejected, the limits are set at the cutpoint and the
upper value of the distribution respectively. A1l mode emission distri-
butions are rejected at the upper end, and therefore have no associated
LINT value. After establishing the rejected fraction integration limits
the AREA routine calls subroutine INTEG which performs a standard
numerical (trapezoidal) integration of the distribution between the
limits specified. The area under the rejected portion of the distribution

is returned in AREA.

For non-distributive parameters such as NOx control, air pump,

choke blade, and misfire, algorithms have been incorporated into the
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‘ SUBROUTINE CON VOL)

NPTS = L1

N1 =L

N2=12

MOVING INPUT VALUES INTO
INTERNAL VARIABLES

CALL SWITCH

WITH BOTH DISTRIBUTIONS TO
INSURE THEY HAVE INCREASING
X VALUES

COMPUTE MEDIANS FOR BOTH
DISTRIBUTIONS

MOVE P1 AND Y1 INTO P AND
Y RESPECTIVELY

2

MOVE P2 AND Y2 INTO PP AND
YY RESPECTIVELY

4

IMAX = 50

ZERO OUT D ARRAY

COMPUTE RANGE OF EACH
DISTRIBUTION

Figure 5-15 Subroutine CONVOL Flowchart
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THE RANGES
DIFFER BY MORE
THAN A FACTOR

OF FIVE
?

SMALL A MIN 1 (RANGE 1, RANGE 2)

CELLWTH = SMALL/(NPTS-1)
FOR NEW CONVOLUTION DISTRIBUTION

CALL RESIZE
WITH BOTH DISTRIBUTIONS TO CHANGE
AX TO CELLWTH . (SMALLER OF THE TWO)

SUM=0

VRANGEI? + RANGE2? )

ot (
NGES = INT CELLWTH

NO N3 =RANGE3 +2

YES
N3 = RANGE3 + 3

150 ==

N4 = (N3 - N1)/2
N5 = (NQ - N2)/2

©

Figure 5-15 Subroutine CONVOL Flowchart (cont.)
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Naco DYES

?
NO

SHIFT P AND Y DISTRIBUTIONS
TO CENTER OF P AND Y ARRAYS.
ZERO OUT OLD DATA AT BOTH ENDS

180  fem
¢ 50\ YES

NO

SHIFT PP AND YY DISTRIBUTIONS
TO CENTER OF P AND Y ARRAYS.
ZERO OUT OLD DATA AT BOTH ENDS

205 fw-

MEAN = (N3 +1)/2

INITIATE | AND J LOOPS
FROM1 TO N3

n=t+J
12=1-J
13 = MEAN +J
14 = MEAN - J

©

Figure 5-15 Subroutine CONVOL Flowchart (cont.)
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YES
11 = IMAX
NO
YES
| 12 = IMAX
NO
YES
I3 = IMAX
NO
YES
14<1+ N5 14 = IMAX
?

D(1) =D(1) + Y(14) + Y(12) x YY (13)

220
END OF J
LOOP

?
YES
D{)=D()+Y(l) x YY (MEAN)

l

SUM =SUM +D(1)

230

END OF |
LOOP
?

()

Figure 5-15 Subroutine CONVOL Flowchart (cont.)
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7

NORMALIZE D ARRAY
BY DIVIDING BY SUM X CELLWTH
STORE IN DD (FREQUENCY)

240 |
MED3 = MED1 + MED2
1

D (MEAN) = MED3

SET UP X VALUES IN
D ARRAY BY MOVING INTEGRAL MULTIPLES OF
CELLWTH TO EITHER SIDE OF MED3

RANGE1/RANGE2 = .2
?

MOVE Y1—-1Y3

MOVE P1—P3 OFFSETTING
BY MED2

N3=L1

SECOND DISTRIBUTION
CONSIDERED AN
APPROXIMATE IDENTITY
AT MED2

Figure 5-15 Subroutine CONVOL Flowchart (cont.)
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320 |

MOVE Y2 — Y3
MOVE P2 — P3 OFFSETTING
BY MEDI

N3 =12
‘ RETURN }

o P

RANGE3 = D(N3) - D(1)
CELLWTH = RANGE3/(NPTS-1)

CALL RESIZE
TO CHANGE AXTO
CELLWTH

MOVE D INTO P3
AND DD INTO Y3
450

< RETURN ’

FIRST DISTRIBUTION
CONSIDERED AN
APPROXIMATE
IDENTITY AT

MED1

Figure 5-15 Subroutine CONVOL Flowchart (cont.)
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Table 5-15 SUBROUTINE CONVOL LISTING

. / "
SUBROUTINE CUNVOL(Plel9P2|Y2!P31Y3'L1'LZVN3)
DIMENSION P(50),Y(50),PP(50),YY(50),D(50),0D(50}),

+ P1(1),Y1(1),P2(1),Y2(1),P3(1),Y3(1)
REAL MED1,MED2,MED3

NPTS=L1

Nl = L1

N2 = L2

CALL SWITCH{P1,Y1,N1)
CALL SWITCH(P2,Y2,N2)
MED1=P1{(N1+1)/2}
MED2=P2{{(N2+1}/2)
DO .21 = 1,N1
P{I) = P1(I)
2 Y{I) = YI(1)
DO 4 I= 1,N2
_ PP{I) = P2{1)
4 YY(I) Y2(1}
: IMAX = 50
DO 10 I =1 ,IMAX
0 D{1) = 0.0

uonH

CALC. RANGE1l AND RANGE2

e Nellal s

Jt .

RANGE1 ABS{PIN1)-P{1} }

RANGE?2 ABS(PPIN2)-PP(1) )
IF(RANGEL1.EQ.O0.) GO TO 320
IF(RANGE2.EQ.0.) GO TO 305

CHECK FOR 571 RANGE RATIO

OO0

IF{RANGEL/RANGEZ +GE. 5.0 +0OR. RANGE1/RANGEZ2
+ «LE. 0.20) GO TO 300

SMALL = AMINI(RANGE1l,RANGE2)

CELLWTH = SMALL/(NPTS-1)

CALL RESIZE(CELLWTHyRANGEL+PyYyN1)

CALL RESIZE{CELLWTH,RANGEZ2,PP+YY,N2}

SUM = 0.0

CALC. RANGE3 (00D NUMBER)

ffScsn




Table 5- 15 SUBROUTINE CONVOL LISTING (cont.)

091L-S

33€30 RANG:3=INT(SQRT(RANG:I*RANbEl+RANG:Z*RANGEZ)/CELLWTH)
33€40 KTEST = RANGE3/2.0
33650 IF(RTEST-INT(RTEST) .LE. J.2) GU TU 140
3366) N3 = RANGE3 + 2

33670 GO TO 150

33680 140 N3 = RANGE3 + 3

33690 150 N4 = (N3-N1)/2

33700 N5 = (N3-N2)/2

33710 C

33720 C SHIFT BCTH PRIMARY AND SECCNUARY TU FIT RESULTANT
33730 c

33740 IF(N4 .LE. 0) GU TO 180
33750 DO 160 I = 1,N1,1 _
33760 11 = N1+Na-1+1

33770 IJ = N1-1+1

33780 PIII) = P(IJ)

33790 160 Y(II) = Y(1J)

33800 DO 170 1 = 1,N4,1

33810 P(I) =0.0

33820 170 Y(I) = C.0

33830 I1 = N3-N4 +1

33840 VO 175 1 = I11,N3

33850 P(I) = 0.0 '
33860 175  Y{(I) = 0.0 .
33870 180 IF(N5 .LE. 0) GO TO 210
33880 DO 190 T = 1,N2,1

33890 I1 = N2+N5-1+1

33900 IJ = N2-1+1

33910 PP(TI) = PP(1J)

33920 —190  YY(II) = YY(IJ)

33930 DO 200 I = 1.,N5,1 ~
33940 _ PP(I) = 0.0

33950 200 YY(I) = 00

33960 II = N3-N5 +1

33970 DO 205 I = I1,N3

33980 PPLI) = 0.0

33990 205 YY(1) = 0.0

34000 210  MEAN = (N3+1)/2

34010 C

34020 o CONVOLUTIGN

34030 C

34040 DO 230 1 = 1,N3,1
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34059

Table 5-15 SUBROUTINE CONVOL LISTING (cont.)

i

~

DO 220 J = 1,N3,1
34060 I1 = I+J
34070 12 = 1-4
34080 I3 = MEAN + J
§ 34090 14 = MEAN -J
~ 34100 IF{I1 .GT. N1+N4) I1 = IMAX
! 34110 IF(I2 JLT. 1 +N4) 12 = IMAX
34120 IF(I3 .GT. N2+NS) I3 = IMAX
24130 IF(I4 «LT. 1 +N5) I4 = IMAX
34140 220 D(I) = D(I) + Y(IL)®YY(I4) + Y(I2)*YY(I3)
| 34150 D{I) = D(I) + Y(I}XYY{MEAN)
: 34160 230 SUM = SUM + DI(I)
| 34170 DO 240 I = 1,N3,1
34180 240 DO(I) = D(I)/(SUMXCELLWTH)
34190 MED3=MEDLI+MED2
34200 D(MEAN) =MED3 B
i 34210 DO 250 i=2,MEAN
| 34220 I1 = MEAN-I+1
i 34230 250 D(II) = D(II+1) = CELLwWTH
34240 JJ = MEAN + 1
34250 DO 260 I = JJ,N3
342560 260 D(I) = D(I-1) + CELLWTH
34270 GO TO 400
34280 C
. 34290 C CHECK IF RANGE2 GREATER THAN RANGEL
34300 C
34310 300 IF{RANGE1/RANGE2 JLE. 0.20) GJ TU 320
34320 C B
34330 C RANGELl GREATER THAN RANGEZ2
34340 C
A 34350 305 DO 310 I = 1,L1
34360 Y3(I) = Y1(I)
34370 310 P3{I)= P1l{I) + MED2
34380 N3 = L1 .
34390 RETURN
. 34400 C
( 34410 c RANGE2 GREATER THAN RANGE1 L
34420 C
34430 320 DO 330 I = 1,12
34440 Y30y = Y2(1)
o 34450 330 P3(I)= P2(I) + MED]

34460

N3 = L2
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Table 5-15  SUBROUTINE CONVOL LISTING (cont.)

RETURN

34470 ™~

34480 C

34490 C RESIZE THE RESULTANT
34500 C

34510 400 RANGE3=D(N3)-D(1)

34520 CELLWTH = RANGE3/(NPTS-1)
34530 CALL RESIZE(CELLWTH,RANGE3,0,DD,N3)
34540 DO 450 I = 1,N3

34550 P3(I) = D(I)

34560 450 CONTINUE

34570 RETURN

34580 END




AREA function for estimating rejection rates. These algorithms utilize
a rejected mean value of one (i.e., failed mode).
Figure 5-16 contains a detailed flowchart of the AREA function.

Table 5-16 lists the corresponding computer code.

5.11.3 Subroutine INTEG

Subroutine INTEG integrates an unspecified function over some given
bounds using a trapezoidal technique. The data is manipulated in tabular
form as a set of x's and corresponding y's at N points. The trapezoidal
technique utilizes the following equation:

N-1
area= x> {120, 4+ V;) 8K
i=1

Subroutine INTEG is listed in Table 5-17 and flowcharted in
Figure 5-17.

5.11.4 Function FUNI

Many mathematical functions in GEEP are represented in tabular form.
Function FUN1 returns an interpolated value for y givei an arbitrary x and
a table of values for x and y.

Function FUN1 is flowcharted and listed in Figure 5—18‘and Table 5-18
respectively.

5.11.5 Function FUN2

Function FUN2 contains a double table Took-up with linear inter-
polation routine. Input to FUN2 is a matrix containing values of the
dependent variable and two coordinate vectors. FUN2 is called with

X and Y values which are referenced against the coordinate vectors to
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C FUNCT ION AREA )

NN = NSTEPS +1
AREA =0

BRANCH TO APPROPRIATE
AREA DEPENDING ON
PARAMETER NUMBER

L0484 bdodboodbe

f’ |

1 IDLE CO

2 RPM

3 TIMING

4 MISFIRE

5 NOy

é AIR PUMP

7 PCV

8 | AIR CLEANER

9 VACUUM CHOKE KICK

10 HEAT RISER

11 HC - IDLE (MODE EMISSION 1)
12- | CO - IDLE (MODE EMISSION 2)
13 | NO - IDLE  (MODE EMISSION 3)
14 | HC - 45 MPH (MODE EMISSION 4)
15 | CO - 45 MPH (MODE EMISSION 5)
16 | NO - 45 MPH (MODE EMISSION 6)

Figure 5-16 Function AREA Flowchart
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DISTRIBUTED PARAMETERS

CUT LOWER PART
OF DISTRIBUTION

XLOR =TABLE X (1) XLOR = XCUT

XHIR = XCUT XHIR = TABLE X (NN)

REJECTED PORTION INTEGRATION LIMITS REJECTED PORTION INTEGRATION
50 100

MOVE TABLE ARRAYS
e — INTO -——

BX, 8Y AND XBP, YBP

150

Figure 5-16 Function AREA Flowchart (cont.)
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160 @

LL=M-10

XLOR = SXCUT
XHIR = STABLE X (NN)
REJECTED PORTION INTEGRATION LIMITS

MOVE STABLE ARRAYS INTO
BX, BY, AND XBP, YBP

DISTRIBUTED PARAMETERS
@ h 190 AND MODE EMISSION
MODEL
CALL NORM

TO NORMALIZE THE
XBP, YBP DISTRIBUTION

CALL INTEG

TO INTEGRATE DISTRIBUTION
FOR REJECTED PERCENTAGE

AREA = A

ADEBUG ON RETIRN )

Figure 5-16 Function AREA Flowchart (cont.)
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/ PRINTOUT AREA DATA /

( rerenN )

2

AREA =0

MISFIRE

NO

C RETURN )

YES

COMPUTE AREA USING
COEFBP COEFFICIENT

( rerwrN )

NOX CONTROL

COMPUTE AREA USING
COEFBP COEFFICIENT

( rerwrn )

Figure 5-16 Function AREA Flowchart (cont.)
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4 AIR PUMP

COMPUTE AREA USING
COEFBP COEFFICIENT

C RETURN )

£ CHOKE BLADE SETTING

COMPUTE AREA USING
COEFBP COEFFICIENT

( reTRN )

Figure 5-16 Function AREA Flowchart (cont.)
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Table 5-16 FUNCTION AREA LISTING
34590 FUNCTICN AREA(XGPTyMydeKyN)
34600 DIMENSIUN XBP(35),YBP(35)
) 34610 ~_COMMON /CaMOl/ AMB (2) ) ALAB,  AVV, 2 IJ}: ‘ o
34620 + BAREA{3), 8LDI, 3LD2, BSIG(3)y BXTRA, BSIZE,
34630 + BHIST(2,16), BMMI(10,1543),

34640 4+  ATABLEX(9410+,3),ATABLEY(951093) sASTABLX(99693),y ASTABLY(996,3)
34650 COMMON /COMO2/ CuRA, CARIY, CAK MY, CAKPOP(16),
34660 + CARSY, CBSUM, CCOEF(10),CCCSTI, CCOSTM, CGTT,

34670 L + CINCON,  CPCB, CPI, _ CPVPY, CSUM, CARAY, o
34680 + CN{15,3,16), COEFB(15,3), COEFBP(10,15),
34690 + CPART(10,15) ’
34700 cc_App2 o o - o
34719 COMMCN /COMO3/ DELPLV, DP(10y15) yDELEM(3,16) 4DELI(3),
34720 + EMw(3), EP(10,15)EFF(10)y DELIT(3),
347130 % _ FREDA,  FREQB, = FPERC(10,3), . e
34740 + HORZIN, HORZNY,
24750 + HPC(15,15), HPCS{15415), HPP(10,15,16),
34760 4+ HPS(6,15,16), HPT{5,16) 4 _ HPTOT{(16), B }
34770 ¥ THPTOTS(16)
214780 CC ADD3
... 34730 . COMMON /COMO4s  ITE, T, o 1TP, ITIME(16),
34809 Y KSTART, KSTGPs "LOPT, LPICK(1D),LLPICK,
34810 + LIDLE, LINT(16), LPSPP{10),LSTART, LsioP,
34820 L VMBAS&lm_“_ﬂPH, MSPEC(10) sMSTART,  MSTOP,
34830 . ¥ MU{10,3), MMSL10415), MVPR(10,15) T T
34840 CC ADD4
34859 CUMMCN /COMOS/, NAME(50), NCNTR, NEMIS, NENP,

T 34860 =TT YT O TTRINTR, NINTRB,  NMGDE,  NO,  ~ NOPTS,  'NPAR, T
34870 + NP TRN, NPTS, NSTEPS, NTR, NTRB, NPICK{16),

34880 .+ 0OClY, CLMY,  CPTI, OPTM,OPTS(50) +GVCHI{3),0VCHML3)

24890 CC ADDS -

34500 CUMMON /COMOG6/PARM(343), PART, PAYNEW, PAYOFF{3),

34910 o+ PC(15), PCS(15)y PHI(l4)y PLO(14), PLTMAX{3),PMODEL,

34990 + PP{I0+15)+PS(64+15), PTI5), PTOT, PTS(5), PAYADJ,

34930 + PAR(1D+1543), PARL(1D53+3), PLUS{10,15),

24940 + PM(104+15), _PPICK(10)+sPPPICK,PSTAR,PI(15,10),

34950 - TR T TPSA(LISY,  PTALS), PCUNF y CPARINT(I0,10,9) —

34960 + JPAYFIN

34979 COMMGN /CUMOT/ REINSP,  RNAME,  KSIZE, RSTOP,
B VA Y. ¥ R T Y T TRTYPE, Commmm e oy "

34990 + SALE, SALL , SALP, SITEI, SITEM, SLANE ,
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Table 5-16 FUNCTION AREA LISTING (cont.)

__..35000 ~ + SMUCEL, START(15,3), STAT, STIME(3)y SUMBMI3),
35010 + SCALEBM(3), SM{6,15), SPAR(10,15,6),
35020 + SXCUT(6,43), SIG(10+3), SIGCE(3),
_.3%935 o+ sIsMEC1OD, SIGMNE(10), SIGP({10,415) -
35040 + SIGRATE, SIST, SIGS(6,15), SIGSDE(3),
35050 + STABLEX(33,6,415), STABLEY(33,6,15)
_ 35060  _ _ _COMMOUN /COM10/ TAREA(3)y TDIST(10,3),TIDLETIMEI(3s10), _
15070 + TINT, TO3E(3)y TONX, TOTE(3), TPDB(3), TPDT(3),
35080 + TXTRA, TSIZE, TSIG(3), TPER(16,15)y TMIL(16,151),
35090 U+ THIST(5,3416)y THISTT(3,16), TIMEC(10,15),
35100 + TIMEM(10,15), TABLEX(33,10,15), TABLEY(33,10,15)
35110 CC ADD1O
35120 o CUMMON /COM11/  wF{10), . o
35139 + X1B8P(3,3,6), XINT, XINTB, XLANE, XSUM, XCUT(10,3),
35140 + XTM(16), XBASE(9,3),YBASE(9,3)
15150 cCoAvorl o o
35160 COMMON /CQ412/ Y1I6P(3,3,10), Y2BP(3,3,10),
35170 + YES, YSUM, YTM(16), Y1UBP(4¢4910)sY2D3P{4914420),
25180 . 21, 22, 13, Z4, 5, 16,
35190 + 17, 78, 19, 210, 211, 712,
35200 + 713, 214, 215, 716, 117,
35210 +  ICARI, ICARM,  71C, ZSUM, _ o )
35220 + 72(3,3)
35230 CC ADVL12
35240 _COMMON_/DEBUG/ AVEBUG, 30EBUG, CDEBUG, DDEBUG 4 L
35250 + LDE3UG, MDEBUG, PDEBUG, QADE3UG, SDE BUG, TOEBUG
3526C CC ADRDD
35270 _REAL _ ITE, 1T, iTP,  ITIME,
25280 T + MMS, MPH, MSPEC, 1U, MVPR, T
35290 + NAME , NJ, LDEBUG, MDEBUG,
_.3%3%0_ . . .+ _IN, = MISFIRE , I -
35310 INTEGER RNAME , SITEI, SITEM, STAT,
35320 + TDIST, XLANE, UPTI, PPICK, PPPICK
35339 ' INTEGER XOPT N
35340 cC XOPT - FUNCTION OPTIUN
35350 cc 0 - F(X) == FUNCTIGN
353690 cc 1 - X%F(X) —-- EXPECTICON VALUE
T 35371) - T CC T T T2 = F(X) -- ONLY (ND MAINTENANCE) T T
353380 C: 3 - F(X) —-=- AREA UOnNLY (NG MAINTAINANCE AT ALL)
35390 L 4 = F(X)®=X -=- EXPECTED VALUE (NO MAINT.)
38400 - Ccc LINT = LIMITS OF INTEGERATION CRITERIA T T -
35410 cC - 1 - XLD TO XCuT
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Table 5-16 FUNCTION AREA LISTING (cont.)

35420 cc. = 2 == XcurTOXHLr

35430 NN=NSTEPS+1

35440 AREA=0.

35450 GO TC (141+142+3+4519141+5,160,160,160+160,160,1601) 44 o
35460 1 IGO=LINT(M)

35470 GO0 10 (10,50),16GC

35480 1D CONTINUE ~ L o L
35490 cc CUT LOWER PORTION OF DISTRIBUTION

35500 XLOR=TABLEX{14M,J)

35510 XHIR=XCUT{(M,K) L
35520 GO TO0 100

35530 59 CONTINUE

35540 cC CUT UPPER PORTIUN OF DISTRIBUTION o o B
35559 XLDR=XCUT{M,K)

35560 XHIR=TARLEX {NNyMyJ)

35570 L 100 CONTINUE B - o
325580 DG 150 L=1,NN

35590 XBPIL)=TABLEX(L yMyJ)

35600 YBP{L)}=TABLEY(L ,M,J) o
35610 15C CONTINUE

35620 GO TO 190

35630 cC SIGNATURE MODEL o
35640 160 CONTINUE

35650 LL=M=-10

35660 L XLOR=SXCUT(LL,K) L L L

35670 XHIR=STABLEX(NN,LL,J)

35680 DO 170 L=1,NN

35690 XBP(L)}=STABLEX(LyLLyd)

35700 YBP{L)=STABLEY{L,LL,J)

35710 170 CONTINUE

35720 190 CALL NORM(XBP,YBP,NN)

35730 cC REJECTED PORTION

35740 CALL INTEGUXOPTXHIR,XLOR yXBP,YBPNSTEPS,A)

357590 ARE A=A

35760 IF(ADEBUG.EQ.NO) RETURN

35770 WRITE (64225) MyJeKyXOPTyAREA,DELXL 9 XLORyXHIR

35780 225 FORMAT(1HL,5X,*PARAMETER NO. %¢12,5X*PONERTRAIN NO.*,

35790 ¥ 125X *CONTROL TYPE *,12//5X,%X0PT = %,12, —
35800 + SX¥AREA = %E15.4,5X,%DELX = *E15.4/

35310 + S5Xe*¥XLC REJ = %E15.4,5Xs%¥XHI REJ = *E15.4/)

35820 RETURN

35830 2 CONTINUE
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Table 5-16 FUNCTION AREA LISTING (cont.)

35849 C MISFIRE DISTRIBUTICN o R
215850 cC REJECTED PERCENTAGE
35860 AREA=Q.,
35870 IF(LIDLE.EQ..) AREA=CGEFUP (4, J)*¥TMIL (N, J)*TINT B
: 35880 + =SCALERM(1)
35890 RETURN
_ 35900 2 CONTINUE e B L o
35910 c NUX DISTRIBUTION
35920 AREA=COEFBP (5, J)RTMIL(uyd ) *TINT
) 35930 + XSCALESM(]) o
35940 RETURN
35950 4 CONTINUE
35960 c AIR PUMP DISTRIBUTION - -
35970 AREA=CCEFBP (O JIRTMILINZJ)I*TINT
3159890 + *SCALEBMI(1)
35990 RETURN o _ B e
: 36000 5 CONTINUE
36010 o CHOKE BLADE SETTING
36020 AREA=COEFBP (10, J)*TMIL{N, J)®TINT o
36030 + %SCALEBM(1)
360490 RETUCN
36050 END L i -




‘ SUBROUTINE INTEG ,

NN = NSTEPS +1
A=0
DELXL = (XH] ~ XLO)/NSTEPS

INITIATE | LOOP FROM
1 TO THE NUMBER OF POINTS

X =XLO + ([ -1) x DELXL

Y = FUNI (X)
LOOK UP Y VALUE AT X

AFFIRM Y =0

10PT =1 YES Y =Yx X
?
NO

A=A+Y

I=10OR YES b Ao
1=N A=A-Y/2
?

NO

A = A x DELXL

‘ RETURN ’

Figure 5-17 Subroutine INTEG Flowchart
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Table 5-17 SUBROUTINE INTEG LISTING

SUBROUT INE INTEGUIOPTyXHI y XLUyXBP,YBP4sNSTEPS,A)

37770
37780 DIMENSION XBP(1),YBP(1)
37790 NN=NSTEPS+1
! 37800 A=0.
37810 DELXL={XHI-XLO)/NSTEPS
| 37820 DO 200 I=1,NN
37830 X=XLu+(I-1) *DELXL
37840 Y=FUN1(X,XBP,YBP,NN)
37850 IF(Y.LT.0.) Y=0.
‘ 37860 IF(IOPT.EQ.1) Y=Y*X
l 37870 A=A+Y
37880 IF(1.EQ.1) A=A-Y/2.
27890 IF(I.EQ.NN) A=A-Y/2.
37900 200 CONTINUE
37910 A=A*DELXL
37920 RETURN
37930 END

—- —

-




‘ FUNCTION FUNI ’

INITIATE 11 LOOP
FROM 2 TO THE NUMBER OF
POINTS N XBP AND YBP

END OF I1
LOOP

XBP (I - 1) = XBP (l)
?

FUNI = YBP ()

RETURN

U

DX=(X-XBP (I 1) /(XBP (1)~ XBP (I~1) )
FUNI=YBP (I - 1) + DX x (YBP (I) - YBP (I 1))

RET URN

Figure 5-18 Function FUNT Flowchart
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Table 5-18 FUNCTION FUNT LISTING

A
JRRY

37940 FUNCTION FUNL(X¢XBP,YBP,N}

37950 cc

37960 cc LINEAR INTERPOLATION

37970 cc

37980 DIMENSICN XBP(N),YBP(N)

37990 DO 1 11=2,N

38000 I = 11

38010 1 IF(X .LT. XBP(I)) GO TU 10

38020 10 IF(XBP(I-1) .NE.XBP(I)) GUTO 20
38030 FUN1=YBP(I)

38040 RE TURN

38050 20 DX={X=XBP(I-1))/(XBP(I)-XBP(I-1))
38560 FUNL1 = YBP(I-1)4DX*(YBP(1)-YBP(I-1))
34 0 RETURN

38,50 END




get the appropriate entries in the storage matrix. A linear interpolation
is performed (in two dimensions) to obtain the required value.

Figure 5-19 presents a flowchart and Table 5-19 contains a listing of
FUN2.
5.11.6 Subroutine FIT

Subroutine FIT performs a least square binomial curve fit using
orthonormal polynomials and inner products. The Chebyshev technique is
used to generate an approximation from tabular data.

Figure 5-20 exhibits a flowchart and Table 5-20 provides a listing
of subroutine FIT.

5.11.7 Function UNION

The function UNION computes the total rejection rate for N individual
rejection fractions. Input to UNION are the individual probabilities,
the number of values and a flag indicating whether these are parameter
or mode emission rejection rates. For parameter rejection rates, function
UNION simply computes the set theoretical union of probabilities and
returns that value in functional variable UNION. For mode emission re-
jection rates the function computes the set theoretical union corrected
for non-independence. This correction is necessary because of the statisti-
cally significant dependence observed between several of the mode emissions.
Output from function UNION is the function itself. A flowchart of UNION

is given in Figure 5-21 while Table 5-21presents a computer listing.

5.11.8 Subroutine QUEUE

Subroutine QUEUE contains a standard queuing model for a multiple
server Poission input queuing problem. Input to QUEUE is RHO, the ratio

of arrival time to serving time and J, the number of lanes in the
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FUNCTION FUN2

DETERMINE LOCATION OF
ARG 2 IN THE ARG28P VECTOR

LINEARLY INTERPOLATE
BETWEEN TABLE POINTS TO COMPUTE
CORRECT VALUE

RETURN

Figure 5-19 Function FUN2 Flowchart
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Table 5-19 FUNCTION FUN2 LISTING

62790

FUNCTICN FUN2(ARG1+ARG1BP,ARG2yARG2BPy FUN2BP,11+12)
62800 DIMENSION ARG1BP(Il),ARG2BP(I2),FUN2BP(I1,12)
62810 DO 10 JJl=2,11
62820 Jl=Jdd1
62830 10 TF(ARGl.LE.ARGLIBP(J1)) GO TO 20
62840 20 DO 30 JJ2=2,12
62850 J2=JJd2
62860 30 IF(ARG2.LE.ARG28P(J2)) GO TO 40
62870 40 ARG=ARG1BP(J1-1)
62880 FUN=FUN2B8P{ J1-1yJ2-1)
62890 DX={ARG1-ARG}/{ARG1BP{J1}~ARG)
{ 62900 DY=(ARG2-ARG2BP(J2-1) )/ (ARG2BP{J2 )~ ARG2BP(J2~-1})
62910 FUNX=FUN+DX*(FUN28P (JlyJ2-1)-FUN)
62920 FUNY=FUN2BP (J1-1,J2)+DX*( FUN2BP(J1,J2)-FUN2BP(J1-1,J2))
62930 FUN2=FUNX+DY*(FUNY-FUNX)
62940 RETURN
62950 END




<SUBROUTINE Fli’

INITIATE | LOOP
FROM1 TO 3

INITIATE J LOOP
FROM 1 TO N

COMPUTE VALUE OF CHEBYSHEV
POLYNOMIAL NUMBER J

END OF J
LOOP
?

A () =8/C

NO

M=N-1

Al= A (D

A2 =-2 x A (2)/M - 6 x A (3)/M x (M-1)
A3 =6 x A(3)/(M x (M -1)

‘ RETURN ’

Figure 5-20 Subroutine FIT Flowchart
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Table 5-20 SUBROUTINE FIT LISTING

38090 SUBROUTINE FIT(Y,NsAL,A2,A3,11)

38100 DIMENSION A(3),D(3,2)

38110 DIMENSICN Y(3,156)

38120 COMMON /COM99/ OPTI.OPTM,XLANE,SLANE,RTYPE,YES,NO,RSTOP,
38130 + SMODELPMODEL . NAME{50),0PTS(50)4NOIPTS,HSITET.SITEMs RNAME,LIDLE
38140 COMMDON /DEBRUG/ BDEBUG,MDEBUG,TDEBUG,CDEBUG, ADEBUG,L DEBUG,PUEBUG,
38150 + DDEBUG,QDEBUG,SDEBUG

38160 DATA D/0+v2442%0.42%0./

38170 b0 30 I=1,3

38180 B=C=0.

38190 DO 20 J=1,N

38200 F=1e=D(T1,1)0%(J=-1)/(N=-1)+"{T,23%{J—-1)%(J=2)/{{N-2)*%(N=-1)}])
38210 B=B+Y(II,J)%F

38220 20 C=C+f*F

38230 3C Alli=B/C

38240 M=N-1

38250 Al=A{11+A{2)+A(3)

38260 A2=-A{21%2. /M—A(3)*6./M-5.%A(3}/{M*(M~1)})

38270 A3=A(3)*6./ {M*(M~-11})

332890 40 FORMAT (¥ Al = *,E12.545Xy%A2 = *,£12.5,5X,%A3 = *,E12.5/)
38290 RETURN

38300

END



GUNCT ION UNIOI\D

NO

PT=P(1)

N<2N\, _YES

NO

INITIATE | LOOP
FROM 2 TO N

PT=PT+P(l1)-PT xP(l)

END

NO OF

| LOOP
?

YES 10

UNION = PT

‘ RETURN }

Figure 5-21 Function UNION Flowchart
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10
NO
P(1)+P (2)-CON1xP(1)x P(2)

0

NO

PP (2) =P (4) +P (5) - CON2 x P (4) x P (5)

PP (1)
PP (2)

- 8

PT = PP (1) + PP (2) - PP (1) x PP (2)

- 7

UNION = PT

‘ RETURN >

Figure 5-21 Function UNION Flowchart (cont.)
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Table 5-21 FUNCTION UNION LISTING

b ABE L v »
38310 FUNCTION UNION(P,N,K)
38320 DIMENSION P(N)

383390 DIMENSICN PP(4)

383490 DATA CON1,CON2/1.241.05/
38350 IF(K.GT.1l) GOTO 10

38360 PT= P(1)

38370 IF(N.LT.2) GO TO 5

383890 DO 1 I=24N

38390 1 PT=PT+P(I)-PT%*P (1)

38400 5 UNION=PT

38410 RETURN

38420 10 PT=P(1)

38430 IF(N.LT.2) GOTO 7

38440 PP{1)=P(L)+P(2)-CON1*P(1l)*P(2)
38450 PP(2)=0.

38460 IF(P{4).LE.O.) GOTO 8
38470 PP(2)=P{4)+P(5)-CON2*P(4) %P (5)
38480 8 CONTINUE

38490 PT=PP(1)+PP(2)-PP(1)*PP(2)
38500 7 UNTON=PT

385190 RETURN

38520 END




inspection station. Output from QUEUE are ZQUEI, the expected size of
the queue and WTQI the expected waiting time in the queue. The equations
for ZQUEI and WTQI are fully documented in Volume III. Figure 5-22 gives
a flowchart for subroutine QUEUE. A detailed listing of QUEUE is present
in Table 5-22.

5.11.9 Function IFACT

Function IFACT is a GEEP utility routine which computes the factorial
of an input J. Output from IFACT is simply J factorial stored in the

functional variable IFACT.

J
IFACT(d) = J! = 3 1
I=1

A flowchart of IFACT is given in Figure 5-23. Table 5-23 presents the
actual computer code.

5.11.10 Subroutine STD

Subroutine STD, a GEEP utility routine, computes the mean and
standard deviation of an input vector of N real numbers, X. The com-

putations in STD are simply:

AVE = 5 9 X

SD =\ (X-AVE) 2
N-1
These are simply the standard equations for average and standard deviation.

STD outputs AVE and STD. Figure 5-24 contains a flowchart and Table 5-24
a listing of STD.
5.11.11 Subroutine STD2

GEEP subroutine STD2 computes the mean and standard deviation of an
input distribution. The input distribution is specified by two vectors,

X and Y, and N the length of each vector. Output from STD2 is
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‘ SUBROUTINE QUEUE )

INFTIATE N LOOP
FROM 1 TO J

NN=N-1

NF = NN

DPO =DPO + (C x RHO) (N-1)/NF

CF = ICF

DPO = DPO + (C x RHO)C /(CF x (I - RHO) )

PO = 1/DPO

ZQUEI =RHO x (C x RHO)® x PO/(CF x (1 - RHO)?Z )
WTQI = ZQUE/RHO

‘ RETURN ’

Figure 5-22 Subroutine QUEUE Flowchart
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Table 5-22 SUBROUTINE QUEUE LISTING

38530 SUBRUUTINE QUEUE(RHOsZQUEIsWTQI+J)
38540 INTEGER C
38550 c=J
38560 DPD=0
; 38570 DO 10 N=1l,d
L 318580 NN=N-1
38590 NF=TFACT (NN)
38600 IF(N.EQ.1l) GO TO 10
38610 DPO=DPO+{C¥RHO) **(N=1) /NF
3 38620 10 CONTINUE
‘ 38630 ICF=TIFACT(J)
l 38640 CF=ICF
38650 DPO=DPO+{C*RHO)**C/ (CF* (1 .-RH]) )
38650 PO=1/DPC
38670 ZQUEI=RHO*{ CXRHO )**C*PO/ (CF* (1. -RHO ) %%2)
| 38680 WTQI=ZQUEI/RHO
i 38690 RETURN
L 38700 END




FUNCTION IFACT

IFACT =1

YES RETURN )

NO

INITIATE K COOP
FROM2TO J

IFACT = IFACT x K

NO

‘ RETURN )

Figure 5-23 Function IFACT Flowchart
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Table 5-23 FUNCTION IFACT LISTING

38710 FUNCTICN IFACT(J)
38720 IFACT=1
38730 IF(J.LT.2) RETUPN
; 38740 DO 10 K=2,J
‘ 38750 10 IFACT=IFACT*K
: 38760 RETURN
38770 END




‘ SUBROUTINE STD )

SUM=0

SUM =Z X(1)

10

AVE = SUM/N

SUM =0

SUM = Z(X(I) - AVE)?

( RETURN >

Figure 5-24 Subroutine STD Flowchart
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Table 5-24 SUBROUTINE STD LISTING

[ s Yo T WEE T -
38780 SUBROUTINE STD(X,N,AVE,SD)
38790 DIMENSICN X(N)

38800 C UNIFORM DISTRIBUTION

' 38810 S SUM = 0.0 .

| 38820 - DO 10 I=1,N :

| . 38830 SUM®= SUM+X(1)

38840 AVE = SUM/N
28850 SUM = 0.0
38860 DO 20 I=1,N

! 38870 20 SUM=SUM+(X{T)-AVE) %x*2

!~ 38880 . SD=SORT{SUM/IN-1))

L 38890 RETURN © .

38900 END



AVE the mean and SD the standard deviation. AVE and SD are computed

from standard moment equations using an arbitrary distribution.

The equations in STDZ2 are:

V) = XiYiAX (first moment about orgin)
Vo =Z X1.2 Y. X (second moment about orgin)
AVE = v, (Mean)

SD = 4 Vo- Vi (Square root of variance)

Figure 5-25 gives a flowchart for STD2 and Table 5-25 presents a listing
of the code.

5.11.12 Subrcutine NORM

Subroutine NORM normalizes an input distribution X, Y of size N.
NORM simply integrates the entire X, Y distribution and divides each Y
value by that integral. The integral of the resultant distribution is
unity, i.e. normalized.

This technique can be specified mathematically as:

C=f ¥ dx
Yy = ¥y fori=1toN
c

A flowchart of this routine is given in Figure 5-26. Table 5-26

presents a computer listing of subroutine NORM.
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‘ SUBROUTINE STD2 )

DELX =X (2) - X (1)|

CALL NORM (X, Y, N)

AVE =0
SUM=0

AVE=ZX ) x Y()x | X (1+1D) =X (-1 | /2
SUM=ZX() x XM x Y x | XA+ =X (1-1)] /2
APPROPRIATELY ADJUSTED AT END POINTS

SD= Y SUM - AVE2

10710 < AvE s 10710

AVE=0

(e )

Figure 5-25 Subroutine STD2 Flowchart

5-193




v6L-9

Table 5-25 SUBROUTINE STD2 L1STING

&

SUBROUTINE STD2(X,Y,N,AVE,SD)

38910

38920 c PROBABILITY ODISTRIBUTION (NORMAL,LETC)
38930 DIMENSION X(1),Y(1)

38940 C

38950 C NORMALIZE INPUT

38960 C

38970 DELX = ABS(X(2)-X{1))

38980 CALL NORM(X,Y,N)

38990 AVE = SUM = 0.0

39000 00 10 I = 1,N

39010 IF{T1.GT<eleAND.I.LT.N) DELX=ABS((X(I+1)~X(I~-1))/2.)
39020 IF{I.EQ.N) DELX=ABS(X{N)-X(N-1))
39030 AVE = AVE+X(T)*Y(I)*DELX

39040 10 SUM = SUM#X(1)*X{1)*Y{(I)*DELX

39050 SD = SOQRT(SUM-AVE*AVE)

39060 IF(ABS(AVE) LT. 1.E-10) AVE = 0.0
39070 RETURN

39080 END




< SUBROUTINE NORM )

DELX = | X 2) - X (1)}

SUM=0

SUM= Z (I) x &X
APPROPRIATELY ADJUSTED FOR ENDPOINTS

10

ES
Y RETURN )

NO

DIVIDE EACH Y ENTRY BY
SUM

20

(o )

Figure 5-26 Subroutine NORM Flowchart
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Table 5-26 SUBROUTINE NORM LISTING

L cw o o ba wert & Lo, .
39090 SUBROUT INE NORM(X,Y s N)
39100 DIMENSICN X{1),Y(1)
39110 cC NORMALIZE INPUT

! 39120 SUM=0.

| 39130 DO 10 I1=1,N

D 39140 DELX=ABS(X(I+1)-X{I))
39150 IF(1.EQ.1) DELX=DELX/2.
39160 IF(I.EQaN) DELX=ABS(X{N)=X(N-1))/2.
39170 10  SUM=SUM+Y (I )*DELX

! 39180 IF(SUM.LE.O.) RETURN
39190 00 20 I=1,N

: 39200 YUI)=Y(I)/SUM
39210 20  CONTINUE
39220 RETURN
39230 END




5.11.13 Subroutine RESIZE

Subroutine RESIZE resizes an arbitrary distribution based on an
input range and cell width. Input to RESIZE consists of the old dis-
tribution X,Y with N1 equalling the number of points and the required
width and range for the new distribution: WIDTH and R1. The distribution
is resized to have range R1 with cell width WIDTH. The variable N1 is
reset to the number of points in the new distribution.

The fundamental equations for RESIZE are:

N2 = R1/(WIDTH x 2) rounded up to an integer
N2 = N2} x 2 + 1 total number of points in new
distribution

After resizing the resultant distribution is normalized and returned in
X and Y. Figure 5-27 presents a flowchart of RESIZE while Table 5-27
gives a listing of the code.

5.11.14 Function XPT

The function XPT computes the cutpoint required to yield a given
rejection- fraction. Input to XPT are the distribution X, Y and the
number of points N, and the required rejection rate, A. Output is the
computed cutpoint in the functional value XPT. Function XPT integrates
the input distribution until the accepted area exceeds 1 minus the input
rejection fraction. At that point a linear interpolation is performed
between the boundary points on the distribution to estimate the exact
cutpoint at which the input rejection fraction would be realized.

Figure 5-28 contains a detailed flowchart for XPT while Table 5-28 pre-

sents a computer listing.
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GUBROUTINE RES l@

N2 = R1/(WIDTH x 2) + .99
N2=N2x2+1

COMPUTE NUMBER OF POINTS
REQUIRED

DX = (N2 - 1) x WIDTH - Rl
XLO = (1) - DX/2

GOm0

NO

INITIATE | LOOP
FROM 1 TO N2

1

XX (1) = XLO + WIDTH x (1 - 1)

YY (1) = FUNI (XX (1), X, Y)

NO

YY ()< O
?

YES
YY (=0

NO Aoop

FINISHED

Figure 5-27 Subroutine RESIZE Flowchart
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CALL NORM
TO NORMALIZE RESULTING
DISTRIBUTION

{ RETURN >

/PRINTOUT ERROR MESSAGE )

STOP

Figure 5-27 Subroutine RESIZE Flowchart (cont.)
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Table 5-27 SUBROUTINE RESIZE LISTING

AERF 4 o
G o
39240 SUBROUTINE RESIZE(WIDTHsR1sA,Y,N1)
39250 DIMENSICN X(1)sY(1)4XX(50)+YY{50)
39260 N2 = R1/(WIDTH*2.0) + .99
| 39270 C
! 39280 c GET AVE FRUM STD2
i 39290 c
39300 N2=N2#%2+1
39310 DX=(N2-1)*WIDTH-R1
39320 XLO=X(1)-DX/2.
[ 39330 IF(N2.GT.50) GO TO 40
; 39340 DO 10 I = 1,N2
1 39350 XX{I) = XLO + WIDTH*(I-1)
39360 YY(I) = FUNL(XX{I)sXysYyN1)
39370 10 IF(YY({I) «LT. 0.) YY(I) = 0.0
39380 DO 20 I = 1,N2
[ 39390 X(I) = XX{I)
J 39400 20 Y(I) = YY(I)
g 39410 Nl = N2
39420 C :
39430 c RE~NORMALIZE THE RE-SIZED CURVE
39440 c
| 39450 CALL NORM{X,Y,N1)
! 39460 RETURN ‘
| 39470 40 WRITE (6,50) N2
39480 50  FORMAT(//,% INSUFFICIENT ODIMENSION SIZE IN RESIZE --*%
39490 + ®*CALLED FROM CONVOL == %,15//)
39500 sTop
39510 END




@NCHON @

AR=1 - A/100
XPT = X(1)
NI=3x N

YES
NI>110 ,: / PRINT OUT ERROR
> 1 MESSAGE

-
NO C RETURNj

RANGE = X(N) - X(1)
DX = RANGE/(NI-1)

INTERPOLATE X, Y DISTRIBUTION
OUT TO 3 x N POINTS IN XX, YY

10

SUM =0

INTEGRATE OUT UNTIL
AREA (SUM)> AR

DID THIS HAPPEN
ON THE FIRST

POINT
?

XPT = XX(I1) + (AR-Al)/(SUM-AI) x DX

C RETURN )

Figure 5-28 Function XPT Flowchart
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Table 5-28 FUNCTION XPT LISTING

39790 FUNCTICN XPT(X,Y,iNyA)
39800 cC THIS SUBROUTINE SUPPORTS STATS BY INTEGRATING THE INPUT
39810 cC CURVE UNTIL AN AREA IS ACHEIVE) AND RETURNING THE B
" 39820 cC X-AXIS VALUE
| 39830 DIMENSICN X{1),Y(1),XX(110),YY(110)
39840 AREA=1.-A/100. e
39850 XPT=X1(1)
30860 N1=3%N
39870 IF(N1.GT.110) GO T0O 40
~ 39880 RANGE=ABS(X(N)=X(1))
39890 DX=RANGE/(N1-1)
26900 DO 10 I=1,N1 , o o
39910 XX(I)=X(1)+DX*(I-1)
39920 10 YY(I)=FUNLIXX{I)sXsY,N)
39930 CALL NORM(XXsYY,NL1) )
39940 SUM=0.,
39950 DO 20 I=1,N1
39960 11=1-1
30970 12=1
39980 Al=SUM
39990 SUM=SUM+YY{ 1)%*DX
: 40000 IF{SUM.GT.AREA) GO TG 30
; 40010 20 CONTINUE
_____40020 30 IF{11.EG.D0) RETURN
40030 XPT=XX(11)+ (AREA-A1)/(SUM=A1)*0X
40040 RETURN
40050 40 WRITE (6,50) N1
40060 50 FORMAT{(//+% INSUFFICIENT DIMENSION IN XPT CALLED FROM *
40070 + o XSTATS -- *,15/)
L 40080 STOP

40090

END




5.11.15 Subroutine SWITCH

Subroutine SWITCH reorders a distribution for increasing values on
the X axis. Input to subroutine SWITCH is a distribution X, Y and its
size N. SWITCH assumes an odd number of points in the distribution and
transposes the distribution around jts central point - if and only if
the distribution has decreasing X's - and therefore outputs a distribution
identical to the input but reordered such that the last X value exceeds
the first one. Figure 5-29 contains a detailed flowchart for subroutine

SWITCH and Table 5-29 a 1isting of the code.

5.11.16 Subroutine ADD.

Subroutine ADD mathematically adds two distributions X1, Y1 and X2,
Y2, with sizes N1 and N2 respectively. Output consists of the sum
distribution X3, Y3 with size N3. Subroutine ADD, expecting each vector
to have nine points, checks to see if either distribution is empty and,
if so, moves the non-empty distribution into the resultant and returns.
If neither distribution is empty ADD creates a new distribution with
domain equal to the union of the domains of the input vectors. Figure 5-30
contains a detailed flowchart of subroutine ADD and Table 5-30 a listing
of the code.
5.11.17 Function EINT

Function EINT contains the algorithms for assessing the second
order parameter interactions. While MICRO assumes a linear relationship
between parameter adjustments and emission reductions, function EINT
assesses the nonlinear second order parameter interactions which con-

tribute to emission reductions. EINT outputs a value, DELI, for each
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YES

NN = (N-1)/2

INITIATE | LOOP
FROM | TO NN

.1

SWAP  X(Dwa-X(N-1 + 1)
Y(1)~aeY(N-1 + 1)

Figure 5-29 Subroutine SWITCH Flowchart
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Table 5-29 SUBROUTINE SWITCH LISTING

40100 SUBRGUTINE SWITCH{X,YsN)

40110 DIMENSICN X(1).Y(1)

40120 cc REORDER DIST FOR DDD NO OF PTS
40130 TF{X{1Y.LT.X{N)) RETURN

40140 NN=(N=11/2

40150 DO 10 I=1,NN -
40160 DUM=X(1)

40170 X({T)=X{N=T+1)

40180 X(N=I+1)=DUM

40190 DUM=Y (1)

40200 Y{I)=Y(N-141)

40210 Y{N=I+1)=DUM - _
40220 19 CONTINUE

40239 RETURN

40240 END




CSUBROUTINE ADD)

MOVE

XI DISTRIBUTION Y2 —> Y3

VERY SMALL X2 —» X3
?

MOVE
X2 DISTRIBUTION Y1 — Y3
VERYOSMALL X] = X3

XMIN = min (XI{(1) )
XMAX = max (X2(9), 42(%9))

DX = (XMAX-XMIN)/8

COMPUTE NINE X3 POINTS
BETWEEN XMIN AND XMAX.

LOOK UP Y1 AND Y2 VALUES
AT THESE X3'S

STORE Y1 +Y2 > Y3

CALL NORM
TO NORMALIZE X3, Y3

C RETURN j

Figure 5-30 Subroutine ADD Flowchart
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Table 5-30 SUBROUTINE ADD LISTING

L02-S

40250 CSUBKOUTINE ADD(X1,Y14X2,Y24X3,Y3,NL,N2,N3)
43250 DIMENSICN X1(9),Y1(9),4X2(9),Y2(9),X3(9),Y3(9)
40270 U IF(ABSUXILLI)I=X1(9))4LT..01) 6IT0 20
40280 IF S{X2(1)-X2(9)).LT..01) GOTO 32)
40290 S AAINLTIXL(1)5X201))
40300 L LIAX=AMAXLI(X1(9),X2(S))
40310 OA= (XMAX=XMIN)/8
40320 bu 10 I=1,9
40330 C X3(1)=XMIN+DX*{I-1) o
403240 CAL=FUNL(X3(T1),X1,Y1,N1)
40350 IF(Al.LT.0.) A1=0.
40360  A2=FUNL(X3{I)+X2,Y24N2) -
40370 IF{A2.LT.0.) A2=0.
40380 Y3(1)=A1+A2
40330 1) CONTINUE )
40409 CALL NORM{X3,Y34N3)
40410 RETURN
40420 22 npg 25 I1=1,9 ~
40430 X3(1)=X2(1)
40440 25 Y3(Iy=Y2(1)
40450 O N3=Ne . . o S
40460 RETURN
40470 30 DO 35 1=1,9
.. 4%480 o Xx3tl=xit)y .
40490 35  y3(I)=Y1(I)
40500 N3=N1

40512  _RETURN




emission species which is used in computing the total emission reduction
achieved from the maintenance treatment. Figure 5-31 presents a flow-
chart of EINT and Table 5-31 gives a computer listing.

5.11.18 Subroutine PACKD

Subroutine PACKD eliminates the tail ends of parameter and mode
emission distributions. It computes the 1 and 99 percent points of the
distribution and resizes it to these endpoints. Input to PACKD is the
distribution X, Y with size N. The packed and resized distribution is
returned to the same vectors, X and Y. Figure 5-32 presents a flowchart

of PACKD and Table 5-32 a Tisting.

5.12 VEHICLE POPULATION MODEL

The Vehicle Population Model (VPM) is a general methodology for
projecting future distributions of vehicle population versus vintage year.
Used in conjunction with GEEP, VPM can provide estimates of the vehicle
population makeup for the period 1970 — 1980 under a variety of growth/
attrition rate combinations.

The basic model methodology involves analytically describing the
"birth and death" process taking place within the vehicle population
itself. Older vehicles are continually aging, with the oldest leaving
the population entirely after many years of service. Simultaneously,
new vehicles are being added to the population at some forecasted rate.
Because of this process, the relative weights of various vehicle age
groups in determining the net emissions change with time. Any accurate
emissions projection must account for this phenomenon.

VPl computes the vehicle age distribution over time, adjusting for
both new cars and vehicle attrition. This distribution provides a set
of weighting factors for each age class and for each year analyzed.
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(FUNCTION EINT)

SUM =0
L=(l-)x3 +K
COMPUTE: fr
MST fi-1 , .
SUM = :op S— PARINT MVPR(I1) x MV PR(mm) 5 m(n)ﬁ

i1 = MSTART mm =MSTART

x PP{mm)

|

Figure 5-31 Function EINT Flowchart
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e —

-

52380

923990
52400
52410
52420
52430
52440
©2450
_ 524060

T 52470
52480
52490
52500
52519

52520 .

52530
52540

52550 _

52563
5?2570

52580

52590
52600

_ 52610

52620
52630
52640
52650
52660

52670 _

52030
52690

52700

52719
52720
52730
52740
52759

52700

52770
52780

Table 5-31

S FUNCTION EINT(Lsn ,J)

FUNCTION EINT LISTING

COMMCn /CUMOY/ AMB(3),ALA s,

PAREA(3),

BHIST‘Jle)v

BLDI 3 b_l._})HZJ .

AVV, BINT,

8SIG(3)y BXTRA,  bSILF.

BMMI{i2¢1543),

ATABLEX(9,10,3),ATADLEY(9,10,3),ASTABLX(9+,6+3),sASTABLY(G+64+3)

o _ COMMON /COMO2/ CARA, _CARIY,  CARMY,  CARPOP(16),
+ CARSY. CRSUM, CCOEF(10),.COSTI, CCUSTM, CGTT,
+ 1CON, cPCB, CPl, CPVPY, CSUM, CARAY,
+ “quu(15.qlig).  CUEFB{1543), CCEFRP(10,15), .
+ CPART(10,15)
CC ADD?2
. COMMUN /LUMI3/ OELPCV,  DP(10,15) yUELEM(3,16) yDELTI(3)y  __
+ EMW(3), EP(10,15),LFF(L1D), DELIT(3),
+ FREQA, FREQB, FPEPLI1D,2),
% HORZIN. . HORZNY. - .
+ HPC(15,16), HPCS(15+16) ¢ HPP (104155161,
+ HPS(06,15¢16), HPT (54160, HPTOT (16,
ot HPYOTS(IE) e
CC ADD3
COMMON /COMO4/ ITE, ITL, 1TP, ITIME(L6),
R KSTAKT,  KSTGP, _ LGPT, LPICK(10J),LLPICK, -
+ LIDLE, LINT(16), LP5PP(10),LSTAKRT, LsTop,
+ MEBASE, MPH, MSPEC{1J0) ¢MSTART, MSTOP,
+ __MUL1G,3),  MMS(10,15), _ ___MVPR{10,15) ) e
CC ADD4
COMMON /CDMO5/ NAME(52), NCNTR, NEMIS, NEMP ,
%+ NINTR, _ NINTRB,  NMCDE, NGO, _ _ NOPTS, __ NPAR,
+ NP TRN, NPTS, NSTEPS, NTR, NTKB, NPICK(16)y
+ UCIY, OC MY 4 OPTI, OPTM,0PTS(50) yOVCHI(3),0VCHM(3)
CC ALLS e L
CUMMCN /COMDG/PARM(3,3), PAKT, PAYNEW, PAYOFF(3),
+ PC(15), PCS{15), PHI(14), PLO(14)s PLTMAX(3),PMODEL,
+ _ PP(10,15)4PS(6,15), PT(5), _ PTOT, _ PTS(5), PAYADJ, }
+ PAR(10,15,3), PARLI(10,3,3), PLUS(10,415),
+ PM(10415), PPICK(10)+PPPICK,PSTAR,PI(154101),
* PSA(15), PTA(5), PCONF,  PARINT(10,10,9) S
+ JPAYFIN
COMMON /COMDT/ REINSP, RNAME, RSIZE, KSTOP,
+ RTYPE' o L e . 7
T T & TeALs, T SALL, SALP, SITET, SITEM, SLANE,
+ SMODEL » START(1543), STAT, STIME(3), SUM3M(3),



Lte-9

52790 -

Table 5-31

FUNCTION EINT LISTING (cont.)

+ SCALEBM(3), __ SM(6415), SPAR{10,15,6}),
52800 * SXCUT(643) SIG(10,43), SIGCE(3),
52810 + SIGME(10), SIGMNE(10), SIGP(10,15),
52820 _ 4+ SIGRATE, SIST, ___ SIGS(o415), SIGSDE(3),
52830 3y STABLEX(33,6,15), STABLEY(334,6,15) 2
52840 COMMON /COM10/ TAREA{3), TDIST{10,3),TIDLE +yTIMEI(34+16),
52850 o + TINT,  TOBE(3), TONX, TOTE(3), TPDB{(3), TPDT(3),
52860 + TXTRA, TSIZE, TSIG(3), TPER(l6415)sy TMIL(16,15),
52870 + THIST(54+3,16), THISTT(3,16), TIMEC(104915),
52880 + TIMEM(10,15), TABLEX{33,10,15), TABLEY (33, 10,15)
52890 CC ADDIO
52900 COMMON /COML1/ WF(10),
52910 ) 4+ X1BP(343,6), XINT, __ XINTB, X LANE y XSUM, XCUT{1043)y
52620 + XTM(16)s XBASE{9+3)4+YBASE{9,3)
52930 CC ADD11
_ 52940 N __COMMON /COM12/ Y1BP(3,3,10), _ _ Y2BP(3,3,10), .
x 52950 + YES, TYSUM, YTMI16), Y1DBP(4+4+10),Y208P(4,4,10),
52660 + 71, 12, 13, L4, 15, L5,
52970 o+ 17, 18, 19, 710, Z1l, 712, o
5298\) + 213, Ll4, 115, 116, 217
52990 + 2CARI, ZCARM, 21C, ZSUM,
_ . 53000 L 1Z4343) R o e
53010 CC ADD12
53020 COMMON /DEBUG/ ADEBUG, S DEBUG, CDEBUG, DDEBUG,
53030+ LDEBUG, MDEBUG, PDE BUG , QUEBUG, SDEBUG, TDEBUG 3
53040 CC ADDD
53050 REAL ITE, ITL, 17P, ITIME,
53060 ) + MMS,  HPH, MSPEC, MUy MVPR, -
T Ts3070 + NAME N3,y LDEBUG, MDEBUG,
53089 + INs MISFIRE
53090 B INTEGER RNAME. SITET, SITEMy STAT,
52100 + TDIST, XLANE OPTI, PPICK, PPPICK
53110 SUM=0.
53120 o o L=(I-1aE34K ~
T 531390 DO 100 II=MSTART,MSTCP
53140 0J 100 MM=MSTART,II
53150 IF(MM.GELII) GO TO 100 o o o
TB3160 SUM=SUM + PARINT(II MM,L )%
53170 + AVPRIITJ)SMVPRIMMyJIRPP {TI4J)* PP MMy J)XEFF (LI )*EFF (MM)
53180 100 CONTINUE e .
783199 EINT=SUM -
53200 RETURN

END _



GUBROUTINE PACKDJ

R2 =1% POINT OF DISTRIBUTION
R1 =99% POINT OF DISTRIBUTION

RANGE = Rl - R2
WIDTH = RANGE/(N-2)

CALL RESIZE

TO ELIMINATE LONG TAILS ON
EITHER END OF DISTRIBUTION

NO

/PRINT ERROR MESSAGE ;

STOP

Figure 5-32 Subroutine PACKD Flowchart
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Table 5-32 SUBROUTINE PACKD LISTING

SUBRGUTINE PACKDI(X,Y,NJ

CALL RESTZE(WIDTH,RANGE $+X Y sNL1)

NUMBER GF ENTRIES PROBLEM IN PACKD *,/7//7)

54330
64340 DIMENSICN X(1),Y{1)
64350 o R2=XPT(X,Y,Nel.0)
64360 R1=APT(X,Y,N+99.0}
64370 RANGE=ABS(R1-R2)
... 64380 o WIDTH=RANGE/(N=2)
64390 N1=N
64490
64410 IF(NL.EG.N) RETURN
64420 WRITE(64100)
64430 107  FORMAT(//%
64440 i _ ST0P
64450 END




Combined with independently estimated vehicle emission rates, this dis-
tribution data can lead to emission projections weighted for changes in
vehicle population characteristics.

This weighting process is crucial in making accurate projections.
Under the current vehicle breakdown, three separate classes of light
duty vehicles are considered: uncontrolled (pre-1968), controlled
(1968 - 1970) and post 1970. Emission levels of the first two groups rise
substantially over time due to vehicle deterioration. Yet, due to natural

attrition processes, their numbers decline. The net contribution of these
groups depends upon the interaction of both vehicle attrition and deterio-
ration. Similarly, post-1970 vehicles have substantially reduced emission
Tevels. (The emission levels for new cars are assumed to be in compliance
with promulgated standards). As they enter the population and represent
an increasingly large fraction, the aggregate emissions characteristics of
the population will approach those of the post-1970 cars. It is this
complex interaction between vehicle attrition, entrance of new cars and
resultant population emission levels which is described quantitatively by

VPM and which can provide a straightforward mechanism for projecting

emission levels over future periods.
The following sections present detailed descriptions of the sub-
routines comprising VPM.

5.12.1 Subroutine PERMIL

Subroutine PERMIL is the attrition routine for VPM. PERMIL accepts
as input TINT, the inspection interval, KSTART and KSTOP, the control
type limits for the simulation, and NPTRN the number of power train

types.
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PERMIL calls the PERCNT and MILAGE subroutines which fill the PPER
and PMILES arrays with the percentages and annual vehicle miles travelled
of each control and power train type. PERMIL then interpolates these
data to the TINT inspection interval and returns the percentage distri-
bution of power trains and control type in TPER and annual vehicle miles
travelled in TMIL. Both TPER and TMIL are referenced by inspection
interval number, N. Present in Figure 5-33 is a flowchart for subroutine

PERMIL. A listing of PERMIL is given in Table 5-33,

5.12.2 Subroutine PERCNT

Subroutine PERCNT simulates the vehicle age distribution over time
to account for vehicle attrition and population growth. Input to PERCNT
is N, the number of years since the start of the simulation. OQutput is
PPER the vehicle age distribution by control and power train type, the

J index. The main equation of PERCNT is:

i DIFF(L
Xpaq (L) = X (L-1) x DIFF{I%TT

where the DIFF vector represents vehicle attrition rates and X is the
vehicle age vector. For each year, PERCNT sums the appropriate entries
in the X array to fill the PPER array with the percentages for uncon-
trolled, controlled and POST 70 vehicles.

Figure 5-34 is a complete flowchart of the PERCNT routine which
pictorially describes the techniques used. Table 5-34 contains a

listing.
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GUBROUTINE PERMD

CALL PERCNT (N)
CALL MILAGE (N)
FORN=1TO 15

10

INITIATE N LOOP
FROM1TO 15

Band

T =TINT x (N-1)/12
T=T+1

N1 =T +0,0001

N2 = NI +1

FOR EACH POWER TRAIN
FOR EACH CONTROL TYPE
J=JJ+5x%x (K-1)

INTERPOLATE PERCENTAGE DISTRIBUTIONS
AND AVERAGE ANNUAL MILEAGE BETWEEN
YEARS N1 AND N2 TO T,

STORE IN TPER AND TMIL RESPECTIVELY
THROW OUT CONTROL TYPES NOT BEING MODELED

20
NORMALIZE TPER BY DIVIDING
15
BY 2_  TPER(N,J)
J=1

NO

(RN )

Figure 5-33 Subroutine PERMIL Flowchart

5-216



L12-§

Table 5-33 SUBROUTINE PERMIL LISTING

50440 SUBROUTINE PERMIL(TPER,TMIL ,TINT,KSTART,KSTOP4NPTRN])
50450 DIMENSICN TPER{16,15),TMIL(16,15)

50460 COMMON /SAVE/ PPER(16415),PMILES(16,15)

50470 DO 10 N=1,15

50480 CALL PERCNT(N)

50490 10 CALL MILAGE(N)

50500 DO 40 N=1,15

50510 T=TINT*(N-1)/12.

50520 T=T+1l.

50530 N1=T+0.0001

50540 N2=N1+1

50550 D0 20 JJ=1, NPTRN —
50560 DO 20 K=1,3

50570 J=JJ+5%(K=~1)

50580 P=PPER{N1,J)+(PPER(N2,J)-PPER(N1,J))%*(T-N1) _
50590 TPER{N,J)=P

50600 IF{K.LTJKSTARTLOR.K.GT.KSTOP) TPERIN,J)=0.

50610 XM=PMILES{NL,J)+{PMILES{N2,J)-PMILESINL,J})*{T~N1}
50620 TMIL{NyJ)=XM

50630 20  CONTINUE

50640 TT=0

50650 DO 30 K=KSTART,KSTOP

50660 DO 30 JJ=1,NPTRN

50670 J=J 5% (K1)

50680 30 TT=TT+TPER({N,J)

50690 IF{TT.LT.0.0000001) TT=10.E30

50700 DO 40 J=1,15

50710 TPERIN,J)=TPER(N,J)/TT

50720 40  CONTINUE

50730 RETURN B
50740 END



@akourwf PERC@

X(15) = X(15) x DIFF(16) DIFF(15)
(15) = X(19) x BIFES) + <(14) X BIFF(4)

COMPUTE NEW PERCENTAGE OF 15 YEARS AND OLDER

NEW X(L) = OLD X(L-1) x —{EEtELs

FOR ALL CARS 2 TO 14 YEARS OLD

10

X1)=0

CALL NOMAD
TO NORMALIZE X

X(1) = GROWTH

CALL NOMAD
TO RENORMALIZE X

N2 = N+ 7 | YEARS (AGES)
N3=N+6 } CONTROLLED

N1 =15 } UNCONTROLLED

YEARS (AGES)

N4 =N+2
N5=N+1 ) pOST '70
N6 = 1 YEARS(AGES)

AFFIRM N3 <15
AFFIRM N5¢< 15

Figure 5-34 Subroutine PERCNT Flowchart
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NO
N1
A= X
NZ
0 |o
N3 > N4 YES
?
N3
B= 2 X
N4
60 P g—
N5
C= :E X
N6

PPER(N, 1-5) = A/5

PPER(N, 6-10) =B/5

90

PPER(N, 11-15) = C/5

100

< RETURN >

Figure 5-34 Subroutine PERCNT Flowchart (cont.)
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Table 5-34 SUBROUTINE PERCNT LISTING

50750 SUBROUTINE PERCNTI(N)
50769 CIOMMON /BADDOR/ X{15),ANNUAL(1>)
50772 B CIMMON /SAVE/ PPER(10y15),PMILES(16,15) .
50780 DIMENSICN DIFF(16)
' 50790 DATA X/10e8+10e¢5410¢219¢699¢3:8.898.117:.210e2+5.1,
50800 B * 40193.0+2.040.944.0/ . _
50810 DATA DIFF/leyleslese983e261.939.86ye754e6L1e4T9e34,
50820 X .2544194413,.11,.08/
50830 __DATA GROWTH/.121/
F 50840 IF(N.EQ.1) GOTO 15
: 50850 X(15)=X{15)*DIFF(L6)/DIFF(15)+X(14)*DIFF(15)/DIFF(L4)
—_...50860_ DO 10 J=2,14
50870 L=16-J
50880 M=L-1
50890 10 X(L)=X(M)Y*(DIFF(L)/DIFF(M))
50900 X(1)=0
50910 CALL NOMAD(X)
50920  X{1)=GROWTH B
50930 15 CONTINUE
50940 CALL NOMADIUX)
50950 ' Nl=l5%
50960 N2=N+7
50970 N3=N+6
50580 N4 =N+2
50990 NS=N+1
51000 IF{N3.GT.15) N3=15
51010 IF(N5.GT.15) N5=15
51020 N6=1
51030 A=0
A 51040 B=0
51050 C=0
51060 IF(N1.LT.N2) GOTO 40
51070 ) DO 30 J=N2,N1 L
: 51080 30 A=A+X( J)
' 51090 40 IFI{N3.LT.N4) GOTO 60
. 51100 _ DO 50 J=N4,N3
51110 50 B=B+X(J)
“1120 60 DO 70 J=No,N5
51130 B 70 C=C+X{J) e _
51140 DO 80 J=1,5
51150 80 PPER(N,J)=A/S5.
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Table 5-34 SUBROUTINE PERCNT LISTING (cont.)

51160 DO 90 J=6,10
51170 90 PPER(N,J)=B/5.
51180 DO 100 J=11,15
51190 100 PPERIN,JI=C/5.
51200 RETURN

51210 END




5.12.3 Subroutine NOMAD

Subroutine NOMAD is a GEEP utility routine which normalizes a popu-

lation age distribution X. The fundamental equation for NOMAD is:

X1 — Xi for each i

> X
which simply sums the X vector and divides each component by that sum.

Figure 5-35 contains a flowchart of NOMAD. Table 5-35 presents a computer

listing.
5.12.4 Subroutine MILAGE

Subroutine MILAGE computes the vehicle miles travelled distribution
for a population at each time point in the simulation. MILAGE sums the
annual vehicle miles travelled for each control and power train type
(the J index) and stores the average mileage for each subfleet in the
PMILES array. Input to subroutine MILAGE is the time period N. Output
is the PMILES matrix which is returned through common block SAVE.

Figure 5-36 contains a complete flowchart of the MILAGE routine and
Table 5-36 a listing.
5.13 LINEAR PROGRAMMING MODEL

The Linear Programming Model is used for optmiizing the parameter

cutpoints based on input influence coefficients and cost constraints.

The model is contained in a series of four routines which solve for a

set of optimal cutpoints. Basically, the process starts with a set of
cutpoints and uses them to estimate the corresponding rejection fractions.

The final results of the analysis are a set of "optimal" cutpoints
for the distributed parameters along with that combination of non-distributed
parameters which yields the largest weighted emission reduction within

the given cost constraints.
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CSUBROUT INE NOMAD

il
O

XX

10

NORMALIZE X ARRAY
BY DIVIDING BY XX

20

C RETURN ‘)

Figure 5-35 Subroutine NOMAD Flowchart
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Table 5-35 SUBROUTINE NOMAD LISTING

| U

51220
51230
51240
51250
51260
51270

51280
51290
— 21300

20

CX(I)ISX(IN /XX

SULRCUTINE NGMAD(X)
DIMENSION X (1)
XX=0

DO 10 J=1,15
XX=XX+X(J)
DO 20 _J=1,15 .

RETURN
END




@BROUHNE MILAGD

N1 =15 } UNCOMTROLLED
N2=N+7 YEARS
N3=N+6 } CONTROLLED
N4 =N+2 YEARS
N5=N+1 } POST '70
N6 =1 YEARS

AFFIRM N3 £15

AFFIRM N5 <15

MOVE O -»~-PMILES

10

NT < N2 YES
?

NO

A=3x
SA = DA x ANNUAL

AAA = AA/A

B=2X
BB = 2 X x ANNUAL

BBB - BB B

Figure 5-36 Subroutine MILAGE Flowchart
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C=:X
CC =X x ANNUAL

60

CCC =CC/C

PMILES(N, 1-5) = AAA/12

70

PMILES(N, 6-10) = BBB/12

88

e ——— e e i a— ot

( PMILES(N, 11-15) = CLC/12

- ana

90

C RETURN D

UNCONTROLLED

CONTROLLED

POST '70

Figure 5-36 - Subroutine MILAGE Flowchart (cont.)
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Table 5-36 SUBROUTINE MILAGE LISTING

51310 SUBROUTINE MILAGE(N)
51320 COMMON /BADDOR/ X{15)+ANNUAL(15)
51330 COMMUN /SAVE/ PPER(16,15) 4PMILES(16,15)
| 51340 N1=15
j 51350 N2=N+7
2 51360 N3=N+6
51370 N&=N+2
51380 N5=N+1
51390 N6=1
r 51400 IFI{N3.GT.15) N3=15
51410 IF(N5.G6T.15) N5=15
51420 A=0
51430 B=0
51440 c=0
51450 AA=0Q
51460 BB=0
51470 cC=0
51480 AAA=0
51490 BBB=0
51500 CCC=0
51510 DO 10 J=1,15
51520 10  PMILES(N,J)=0
51530 IF(Nl1.LT.N2) GOTO 30
51540 DO 20 J=N2,N1
51550 A=A+X(J)
51560 20 AA=AA+X(J)IXANNUALL J)
51570 AAA=AA/A
[ 51580 30 IFIN3.LT.N4) GOTO 50
| 51590 DO 40 J=N4,N3
L 51600 B=B+X{J)
51610 40 BB=BB+X(J)XANNUAL(J)
51620 BEBB=BB/B
51630 50 DO 60 J=N6,N5
! 51640 C=C+X(J)
! 51650 60  CC=CC+X{J)*ANNUAL(J)
2 51660 _ £CC=CC/C
51670 DO 70 J=1.5
51680 70 PMILES(N.J)=AAA/12.
51690 DO 80 J=6,10
! 51700 80  PMILES(N,J)=BBB/12.
{ 51710 DO 90 J=11,15



82¢-9

. 51720

Table 5-36 SUBROUTINE MILAGE LISTING (cont.)

517390
51740

9y PMILESIN, )=ccc7ia.

RETURN
END




This iterative scheme then computes for the rejected vehicle popu-
lation a set of mean value engine parameter settings. Using the basic
engine parameter distributions, a systematic search is made to find the
pass/fail criteria which will yield the optimal rejection fraction. In
this manner, then, a linear programming algorithm can provide an
approximate mechanism for determining pass/fail criteria for multi-parameter
inspections.

5.13.1 Subroutine QOPTMUM

Subroutine OPTMUM contains the Tlogic for computing the optimal cut-
points for a set of engine parameters. OPTMUM sets up and solves the
following linear program:

Maximize: cixi

where Xi are the distributed parameter rejection rates.

ok .
and C are ZEMWJ. x 755
aP.
i
Subject to:
X1.ZO fori=11%to6
X.<b. fori=1*t06 where b. is the rejection fraction
! ! based od a minimum deviation cutpoint.
2{:A7.X._S COST where A,. is the cost of parameter
T maintengﬁce and COST is the input
cost constraint (adjusted for
non-distributed parameter cost).
ZAj1.Xi > GOALS (j) for j=1 to 3 (emission species)

GOALS are the minimum percentage
reductions and A.. are 9E. in
percent. J 551
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IZ:PS.X. <1.05 x P* where P* is the input constant re-
v jection rate and PS are the "union
of Xi“ coefficients from subroutine
DPSi¥; 2 0.95 < P PXCOEF.

The linear program is solved sixteen times, once for each possible
combination of non-distributed parameters. An array of possible
combinations of the four non-distributed parameters is stored in the
vector ITRYS and for each of the sixteen entries the linear programming
Toop is executed. OPTMUM then finds that combination of non-distributed
parameters which yields the maximum emission reduction within the given
cost constraints. That optimal solution along with the resulting cut-
points is returned in the TDIST and XCUT arrays, both of which are con-
tained in the common blocks. OPTMUM outputs miscellaneous debugging
information when the LDEBUG flag is set to YES. Figure 5-37 contains a
flowchart of OPTMUM and Table 5-37 a listing.

5.13.2 Subroutine CUTPNT

Subroutine CUTPNT performs the final setup operations prior to
optimizing the parameter cutpoints. Subroutine CUTPNT, which is called

from OPTMUM, initializes the various arrays containing constraints
coefficients, constraints and utility functions for use by LPAX, the

linear programming algorithm. CUTPNT determines an optimal set of
cutpoints by iterating on the rejection fractions for each parameter.
Final output from CUTPNT consists of the converged cutpoints in the
XCUT matrix and the optimal value of the corresponding utility function.
Figure 5-38 details exactly the techniques and algorithms used for
setting up the linear optimization program. Table 5-38 contains a

complete listing.
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‘ SUBROUTINE OPTMUM )

J=5x (K1) + |

LDEBUG ON
AND
FIRST TIME INTO
ROUTINE

YES

PRINT OUT DEBUG
HEADER

/

COMPUTE COST OF INSPECTION AND
MAINTENANCE FOR EACH NON-
DISTRIBUTED PARAMETER

COST = INSPECTION COST + REJECTION
FRACTION X MAINTENANCE COST

MOVE PAR — P

INITIATE {ITRY LOOP
FROM 1 TO 16

IS THIS A CASE
WHICH NEVER
OCCURS
?

MOVE ITRYS (ITRY) - TEMP

10

]
COMPUTE COST = Z COST(L) x TEMP(L)
=1

20

Figure 5-37 Subroutine OPTMUM Flowchart
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COMPUTE EXPECTED PERCENTAGE EMISSION
REDUCTION FOR EACH EMISSION FROM THE
NON-DISTRIBUTED PARAMETER MAINTENANCE

4
z g—% x TEMP x EFF x REJECTED FRACTION
I=1

START

AE =

30

SUBTRACT NON-DISTRIBUTED
PARAMETER COST FROM COST CONSTRAINT

AFFIRMB1 (1)2 O

SUBTRACT NON-DISTRIBUTED EMISSION
DROPS FROM MINIMUM IMPROVEMENT
CONSTRAINTS TIMES CONST

40

B1(4) = -1

CALL CUTPNT
TO DETERMINE OPTIMAL CUTPOINTS

L.P. CONVERGE
?

Figure 5-37 Subroutine OPTMUM Flowchart (cont.)
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COMPUTE UTILITY FUNCTION
OR EMISSION DROP DUE TO
DISTRIBUTED PARAMETERS

50

ADD CONTRIBUTION OF
NON DISTRIBUTED PARAMETERS
TO UTILTY FUNCTION

NO

LDEBUG ON
?

COMPUTE TOTAL COST FOR THE I/M
PROGRAM, (ADD DISTRIBUTED PARAMETER
CONTRIBUTION)

ADD DISTRIBUTED PARAMETER CONTRIBUTION
TO EMISSION DROP

) .

PRINTOUT INTERMEDIATE LINEAR
PROGRAMMING RESULTS

65

63

YES o
NO

Figure 5-37 Subroutine OPTMUM Flowchart (cont.)
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YES
O

NO

IMAXU = ITRY

utiL=uU

MOVE XCUT—>XCUTM
XN —>XNM

HAVE WE TRIED
ALL COMBINATIONS
OF NON-DISTRIBUTED
PARAMETERS

—®

KILL=0

YES

UTIL <O
?

o ( RETURN )

MOVE XCUTM — XCUT

110

Figure 5-37 Subroutine OPTMUM Flowchart (cont.)
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MOVE ITRYS (IMAXU)

120

SET TDIST FOR DISTRIBUTED
PARAMETERS BASED ON
XNM> O

130

( reTeN )

Figure 5-37 Subroutine OPTMUM Flowchart (cont.)
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Table 5-37 SUBROUTINE OPTMUM LISTING

62360 SUBRUUTINE GPTMUM(K,KILLyN,CONST)
62370 DIMENSICN BSAVE(4,3).81(4),C0OS5T(4),LCOCE(4),ITRYS(16,4)
_ 62380 DIMENSICN DROP(3)+P(443),TEMP(4) —_—
62390 DIMENSICN XCUTM(10) +XNM(10)
62400 NIMENSION XN(6),C(6),NCODEL6),AL15,15)
62410 CUMMON /CUMOL1/ AHMB(3),ALAS, AVV, BINT,
62420 + RAREA(3), BLD1, BLD2, BSIG(3), BXTRA, BSIZE s
62430 + BHIST(3,16), SMMI(10+15,43),
62440 + ATABLEX(9+1043),ATABLEY(9410,3) 4ASTABLX(9+6+3)4 ASTABLY(9,46,3)
62450 COMMON /COMO2/ CARA, CARILY, CAR MY, CARPOP(16),
62460 + CAKSY, CBSUM, CCOEF({102,CCQSTI, CCOSTM, CGTT,
L2470 + C INCON, cpPCB, CPI,  CPvPY, CSUM, CARAY,
62480 + CN(15,3,16), CUCF3(.543), COEFBP(L10415),
62490 + CPART(10,15)
62500 CC ADD2 - o i
62510 COMMON /COMO3/ DELPCV, DP(10+s15) yDELEM(3,16),DELI(3),
62520 + EMW(3), EP(10+15),EFF{10)¢ DELIT(3),
62530 + FREQA, FREQB, FPERC(10+3),
62540 + HURZN HORINY »
62550 + HPC(15,16), HPCS({15+16), HPP(10,154,16),
62560 + HPS(6,+,15,5161), HPT(5,16), HPTOT(16}), _
62570 + HPTOTS(16)
62580 CC ADD3
62590 COMMON /COMQD4&/ ITE, ITL, 1TP, ITIME(16)y
62600 + KSTART, KSTOP, LOPTy LPICK{10),LLPICK,
62610 + LIULE, LINT(Ll6)s LPSPP{10)+LSTART, LSTOP,
62620 + MBASE, MPH, MSPEC(10),MSTART, MSTOP,
62630 + MUL10+93) MMS(104+15), MVPR(1G,15)
62640 CC ADD4 -
_ 62650 COMMON /COMDS/ NAME(50) sy NCNTR, NEMIS, NEMP,
62660 + NINTR, NINTRB, NMUUE NO, NOPTS, NPAR,
62670 + NP TRN, NPTS, NSTEPS, NTR, NTKB, NPICKL16),
62680 + OCIY, JcMmyY, OPT1, JPTM,0OPTS(50) ,OVCHI(3),JVCHM(3)
62690 CC ADDS
62700 COMMON /COMO6/PARM(3,3), PAKT, PAYNEW, PAYOFF(3),
62710 + PCL15), PCS(15)y PHI(14)s, PLO(14), PLTMAX(3),PMODEL,
627120 + PP(10,15).PS{%5,15)y PT(5), PTQOT, PTS(5)s PAYADJ,
62730 + PAR(10,15,3), PARL{124+3+3), PLUS(10,15),
62740 + PM(10s15), PPICK(10)sPPPICK,PSTAR,PI(15,10),
62750 + PSALL5), PTA(5). PCONF, PARINT(10,10,9) T
62760 + +PAYFIN
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Table 5-37 SUBROUTINE OPTMUM LISTING (cont.)

6277H COMMCN _/COMOT/_ REINSP, RNAME,  _RSIZE, RSTOP,
62780 + RTYPE,
62790 + SALE, SALL, SALP, SITEI, SITEM, SLANE ,
62800 + SMODEL, START(15,3), STAT, STIME(3), SUMBM(3),
I 52810 + SCALEBM{3), SM{6415) SPAR(10,415,6)
62820 + SXCUT(6,3), SIGI10,3), SIGCE(3),
62830 .+ SIGME(10), SIGMNE(10)s SIGP(10,15), L
62840 + SIGRATE, SIST, SIGS(6415), SIGSDE (3),
62850 + STABLEX (33,6415}, STABLEY(33,6,15)
62860 COMMON /C0OM10/ TAREA(3), TDIST{10y3),TIDLE,TIMEI(3,16),
M 62870 + TINT, TOBE(3), TUNX, TOTE(3), TPLUB(3), TPDT{(3),
; 62880 + TXTRA, TS1Z€, TSIG(3)y TPER(16,15), TMIL(164+15),
\ 62890 + THIST(543416), THISTT(3,16), TIMEC{104151),
62900 + TIMEM(10,15), TABLEX(32,10,15), TABLEY (33,10,15)
62910 CC ADDI1D
62920 COMMON /COM11/ WF{10),
3 62930 + X18P{3,3,6), XINT, XINTB, XLANE, XSUM, XCUT{10,3}),
; 62940 + XTM{16), XBASE{(9,3),YBASE(9,3)
? 62950 CC ADD11 _
62960 COMMON /COM12/ Y1BP{3,3,10), Y2BP(3,3,10),
62970 + YES YSUM, YTM(1l0), Y1DBP(4+4,10)9Y2DBP(4+4,10),
62980 + Z1, 22, 13, L4, 15, 76,
62990 + 27, 78, 19, 710, 711, 212,
63000 + 213, Z1l%, 215, L16, 217,
63010 + ZCARI, ZCARM, ZIC, ISUM, B
63020 + 72(3,3)
63030 CC ADD12
63040 COMMON /DEBUG/ ADEBUG, BDEBUG, CDEBUG, DDEBUG,
63050 i LDEBUG, MDEBUG, PDEBUG, QDEBUG, SDEBUG, TOEBUG
63060 CC ADDD
63070 REAL ITE, ITL, 17P, ITIME,
) 63080 + MMS , MPH, MSPEC, MU, MVPR,y
63090 + NAME, NO, LDEBUG, MDEBUG,
63100 + IN, MISFIRE
653110 INTEGER RNAME, SITEI, SITEM, STAT,
53120 + TDIST, XLANE, OPTI, PPICK, PPPICK
63130 DATA ITRYS/B*0,8%1,4%0 4% 1, 4% ,4%1,2%042%1,2%0,2%1,
63140 + Z*Ovz*lvz*OyZ*l’O,lva1'07}.'0'lvOclyOvlvalyOvl/
63150 DATA LCODE/4+5,64510/
63160 DATA BSAVE/IO.'-OB,.OB!O.'].S-!.10"03'0-'20”.101.0510.,
P 63170 DATA NCODE/1,243+748,9/

63180

J=5*{K-1)+1
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Table 5-37 SUBROUTINE OPTMUM LISTING (cont.)

[F{LOERUYG.EQ.YES sAND.CONST.G6T.J).993) WRITE(6,1000) K

63200 DO 5 L=1,4
63210 LL=LCODE(L)
63220 COSTULI=Z2*TIMEC(LL ) J)+AREA(QO.LL yJsKyNI*(Z2*TIMEM(LL,J)+
653230 * CPART(LL))
63240 DO 5 I=1,3
63250 5 PILsI)=PAR(LL,J, 1)
€¢3260 UTIL=-100.
63270 IMAXU=0
63280 D0 100 ITRY=1,16
63290 C:
63300 C: SET UP FOR THIS TRY AT AN UPTIMUM PARAMETERS 4,5,6
683310 C3_ AND 10 COMBINATION. B
63320 IF(K.EQelANDLITRYS(ITRY, 2)+ITRYS(ITRY,3).GE.1)GO TO 100
63330 IF(KeEQa? cAND.ITRYS(ITRY,2).EQ.1) GU TC 100
63340 IF(KeEQ.3.ANDLITRYS{ITKY,3).EQ.1) GO TO 100
63350 DO 10 L=1l.4
63360 10 TEMP(L)=ITRYS(ITRY, L)
63370 :
63380 : COMPUTE COSTS
63390 C:
63400 CC=0. i L
62410 DO 20 L=1,4
63420 20 CC=CC+COST(L)I%XTEMP(L)
, 63430 C:
62440 C: COMPUTE EMISSION REDUCTION PERCENTAGES.
63450 C:
63460 B DO 30 I=1,3
63470 DROP(1)=0.
63480 DO 30 L=1,4
63490 o __LL=LCODE(L) .
63500 30 DROP(I)=DROP(I)+P(L, [)*TEMP(L)XEFF(LL)/START(J,1)
63510 + ¥AREA(OsLLyJrKeN)
63520 C:
63530 C: SUBTRACT C FRCM COST CONSTRAINT.
63540 C:
63550 L B1(1)=BSAVE{1,0PTI)-CC
63560 IF(B1(1).LT.0.) B1(1)=0.
63570 C:
63580 C: SUBTRACT DELTA EMISSIONS FRUM CUNSTRAINT
63590 C:

62600

DO 40 I1=1.3



‘Table 5-37 SUBROUTINE OPTMUM LISTING (cont.)

63610 i M=1+1

63620 R1(M)=BSAVE(M,OPTI )*CONST-DROP (1)
63630 40 CONTINUE

63640 o Bl(4)=-.1 o
63650 C:

©3660 : CALL LINPRO

63670 s - L
63680 CALL CUTPNT(KsKILLs3LsCoXNyNCUOE, Ny A)
63690 C:

63700 C: COMPUTE UTILITY FUNCTION

63710 o

63720 U=0.

63730

IF(KILL.EG.1) GOTO 63

6€2-S

63740 DO 50 M=1,6

63750 50 UsU=XN{M)%C (M)

63760 o DO 60 I=1,5>

63770 60 U=U+EMW(I)*DROP(IV*START(J, 1)
63780 :

53790 C: MAXIMIZE THE UTILITY FUNCTION
63800 C:

63810 IF{LDEBUG.NE.YES) GOTO 65

63820 DO 62 M=1,6

© 63830 CC=CC+ALT,M)%XN(M)
63840 DO 62 1=1,3
63850 - I1=1+7 - B
63860 52 DROP(II=DROP(IY=A(II4M)%XXN(M)
63870 63 WRITE(6,1010) (ITRYSCITRY L) +L=144),
63280 + XN,CC, o
62860 T + (DROP(1),1=1,3),4
63990 £5 IF(KILL.EQ.1) GOTU 100
63910 IF(U.LE.UTIL) GOTO 100
63620 IMAXU=ITRY
63530 UTIL=U
63940 C: o N
T 63950 C: SAVE CUTPUINTS
63960 :
63970 DC 70 M=1,10 L o
6398y T ACUTMIM)I=XCUT(M,K)
63990 7C XM M) =XN(#4)
64000 C:

64010 C: SET UP UPTIMAL CASE AND RETURN.
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Table 5-37 SUBROUTINE OPTMUM LISTING (cont)

64320

END

64020 C: SET KILL=1 IF NO CASES WCORKES o
04030 C:
64040 100 CJIONTINUE
64050 KILL=0 B
64060 IF(UTIL.LTe=5.) KILL=1
64070 [F(UTIL.LT<~5.) RETURN
64080 C: L
64090 C: MOVE BACK OPTIMAL CUTPOINTS
64100 C:
64110 D0 110 M=1,19 N
64120 110 XCUT(M,K)=XCUTM(M)
64130 :
64140 C: FILL TDIST ARRAY
64150 C:
64160 DO 120 L=1.,4
64170 ] LL=LCODE(LY . B o 3
) 64180 120 TDIST(LL.K)=ITRYS(IMAXU,L)
‘ 64190 DO 130 M=1,6
L 64200 L MM=NCODE (M)
64210 TDIST (MM,K) =0
64220 IF(XINM{M) o GTeleE=5) TOIST(MM,K)=1
64230 130 CONTINUE
\ 64240 RETURN
’ 64250 1000 FORMAT(L1HL+/40Xs*CUTPOINT ANALYSIS (K=%,12,%)%,//,
(o 64260 + 62X+ *DISCRETE PARAMETER%®,/,
64270 + 20X+ *PARAMETER REJECTIIN RATES®,13X,%xI1/M EMISSIUN DEL TA%,
64280 + X WEIGHTED®,/+% 4 5 6 1D 1% TX9%k2% y TXy %¥3%, TX,
64290 L + KTH,TX%8%,TXy*9 CUSTS PERCENT EMI SSTIUN%
64300 +y /469X ,%HC co NU DROPX//)
64310 1010 FORMAT(1X41246FRe24F6.231Xs3FTe4sFTely/)




GUBROUTINE CUTPND

J=1+(K-1) x5
JCNT =0
KiLL=0
FIXCOST=0O

INITIATE M LOOP
FROM1TO 6

-~y

MM = NCODE(M)
B(M) = 0,0001

M BETWEEN NO

MSTART AND
MSTOP
?

YES

XCUT = XCUTLO

SUM THE FIXED COST CONTRIBUTIONS
OF THE DISTRIBUTED PARAMETERS

COMPUTE VARIABLE COST FOR THIS
PARAMETER

B = AREA(O) x PI

ASSOCIATED WITH MINIMUM PARAMETER
SETTING (XCUTLO) CUTPOINT

Figure 5-38 Subroutine CUTPNT Flowchart
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10

MOVE -B1(M-6) — B(M)NJ
FOR THE THREE EMISSIO
SPECIES

15
B(7) = -B1(1) ~FIXCOST

B(11) =1.05 x PSTAR

B(12) = 0.95 x PSTAR
FOF PSTAR >0

B(11)=2

B(12) = 2
FOR PSTAR=0

FOR EACH EMISSION TYPE
FOR EACH DISTRIBUTED PARAMETER

COMPUTE THE COEFFICIENT WHICH,
WHEN MULTIPLIED BY THE REJECTED
PERCENTAGE AND MVPR YIELDS THE
APPROPRIATE At

20

COMPUTE COEFFICIENTS FOR UTILITY
FUNCTION. SAME AS CONSTRAINT
COEFFICIENTS EXCEPT NOT PERCENTAGE
BUT ACTUAL REDUCTION

40
MOVE CUTIN - CuUT

50

Figure 5-38 Subroutine CUTPNT Flowchart (cont.)
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MOVE A1 -» A

51

CALL PXCOEF
TO GET PSTAR COEFFICIENTS

COMPUTE DELTA FOR EACH
DISTRIBUTED PARAMETER.,

AP= %”—R- BASED ON CUT CUTPOINTS
IF PP = O USE APPROPRIATE ENDPOINTS

55

FOR EACH DISTRIBUTED PARAMETER
Cl1 x DELTA - C
IFC<OSETB=0

THIS THROWS OUT PARAMETERS
WHICH INCREASE POLLUTION

C=-CSINCETHIS IS A
MAXIMIZATION RUN
COST - A(7)

PSTARC — A(11)

-PSTARC - A(12)

FOR EACH EMISSION CONSTRAINT
-Al x DELTA = A

60

NO e

PRINT OUT COMPLETE
LINEAR PROGRAM INPUT

Figure 5-38 Subroutine CUTPNT Flowchart (cont.)
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CALL LPAX
TO SOLVE LINEAR PROGRAM

L.P. RESULTS
GOOD

IPRNT ON O

?

PRINT OUT LINEAR
PROGRAM RESULTS

INITIATE M LOOP
FROM 1 TO 6

©

MM = NCODE(M)

CUTN (M) =0

M BETWEEN
MSTART AND MSTOP
?

Figure 5-38 Subroutine CUTPNT Flowchart (cont.)
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FACTOR =FACTO

ITERAT =0

IPRINT =0

MAXIT =190
(W)
O

XX1 = CUT(M)

XCUT (M) = XX1

XX2 = XXT x 1.1

AA1 = AREA(O) x PI
REJECTED FRACTION AT XCUT = XX1

© y

XCUT = XX2

AA2 = AREA(O) x PI
REJECTED FRACTION AT XCUT = XX2

IS AA2 WITHIN
1 PERCENT OF XN
?

Figure 5-38 Subroutine CUTPNT Flowchart (cont.)
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RESET AA2 10% AWAY
FROM AA1 IF AA1 AND
AA2 BOTH EQUAL EITHER
0 ORI

XN cLOSER
XX2 -XX1) .
XX] - XX2) = XX1+ (XN -AAT) X2 =XXD) cpcror
XX3 = XX2 + (XN ~AKR) (oo FACTOR XX2 = XX1+ ( ) ThAz AATy ¥
XX1 = XX2
XX2 = XX3
AAl = AA2

PRINT OQUT
ITERATION DATA

ITERAT = [TERAT +|

CHECK FOR NON-CONVERGENCE
PROBLEMS AND ATTEMPT TO REMIDY
BY ADJUSTING FACTOR AND/OR XX2

Figure 5-38 Subroutine CUTPNT Flowchart (cont.)

5-246




KILL =1

RETURN

© (1

CUTN = XCUT

105

BB = AREA(1)

XRN = BB/AA2

Figure 5-38 Subroutine CUTPNT Flowchart (cont.)
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102
\

CUTN = CUTMIN
XRN = CUTMIN

!

CUTN = CUTMAX
XRN = CUTMAX

AA2 =1.0
CUTN = CUTMIN
XCUT =CUTN

110

DELTAN = XRN

‘104

CUTN = CUTMAX
AA2 =1.0
XCUT =CUTN

COMPUTE NEXT GUESS AT CUTPOINTS
DUT = CA x CUT + CB x CUTN

JNCT = JCNT +1

Figure 5-38 Subroutine CUTPNT Flowchart (cont.)
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IS
JCNT<10
?

NO

MOVE CUTN —-XCUT

( reTurN )

Figure 5-38 Subroutine CUTPNT Flowchart (cont.)
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Tab]e 5-38 SUBROUTINE CUTPNT LISTING

53220 SUBRCUTINE CUTPNT(K,KTULy»BLyCoXhoNCODE 4Ny A)

53239 C:

53240 __Cc: THIS RUUTINE USES A LINSAR PRUGRAMMING PAUKAGE _ ) e
53250 : {LINPRQ) TO PROOUCE THE CPTI*AL PARAMFTCR

53260 : CUTPCINTS.

532790 o Cc: e L
527280 COMMON /CUMO1/ AMB(2),ALAB, AVV, BINT,

53290 + BAREA(3), BLDL, ALD2, BSIG(3), BXTRA, LSIZE,

i 53300 i +  BHIST(3,16), BMMI(10,1543),
£3310 + ATARLEX(9,10+3) sATABLEY(9,10y3) yASTABLX( 996430, ASTABLY(G,46,3)
53320 COMMON /CNMO2/ CARA, CARILY, CARMY, CARPOP(16),
53339 &  CARSY, _ CBSUM,  CCOEF(10),CCOSTI, _ CCOSTM, _ CGTT,

53340 + C INCON, CPCiy LPI, cPVPY, CSUM, CARAY,
5335) + CN(1543,16), COEEB(15,3), COEFBP(10,15),

53360 L4 CPART(IO.5) ~ o
53370 CC ADDZ2
53380 COMMON /COMO3/ DELPLCV, DP(10,15) yDELEM(3,16),DELI(3),

52190 L + EMW(3),  EP(10, 151>psfiiﬁi, DELIT(3), L o
53400 + FREGA, FREQB, EQC(xO'B)'

53410 + HORZN, HURZNY ,

53420 N __ + _ _HPCI(15416), HPCSI15416), HPP(10,15,16), L
53430 + HPS(0+15+16) HOT(5,16], HPTOT(10),

53440 + HPTOTS(16)

- 53450 CC ADD3 ) L B o
53460 COMMCN /COMO04/ 1ITE, ITL, 11e, ITIME(16),
53470 + KSTART, KSTOP, LOPT, LPICK(10),LLPICK,

53480 + LIDLE,  LINT(16), LPSPP(10),LSTART, LSTQP,
53490 ¥ MBASE, MPH, MSPEC(10) +MSTART, MSTOP, o
53500 + MU(10,3), MMS(10+151), MVPR(10,15)
53510 _ CC_ADD4 _ , ) )
53520 COMMON /COMO5/ NAME(57), NCNTR, NEMIS, NEMP, o
53530 + NINTR, NINTRB, NMUDE, NO, NOPTS, NPAR,

) 53540 + NPTRN, NPTS, NSTEPS, NTR, NTRB, NPICK(16), _
53550 + ocIY, ocMY, JPT1, QPTM,UPTS(50) yOVCHI(3) ,OVCHM(3)
53560 CC ADDS
53570 COMMGN /COMO6/PARM{3,3), PART, PAYNEW, PAYOFFI(2),

53580 + PC(15), PCS(15), PHI(14), PLG(14), PLTMAX(3),PMODEL,

53590 + PPU10,15)+PS(6,15), PT(5), PTOT, PTS(S)y, PAYADJ,

53600 _ + PAR(10,15,2), PAR1(10,243), PLUS(10,15),

53610 + PM(10,15), PPICK(10) PPPICK,PSTAR,PI(15,10), -
+ PSA(1S) ., PTA(S ), PCONF PARINT(10,10,9)

53620
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~_Table 5-38 SUBROUTINE CUTPNT LISTING (cont.)

526SC 4+ JPAYFIN
527CC CCMMCN /CGNCT/ REINSP, RNAME, RSIZE, RSTOP ,
5271C + RTYPE,
€£2172C + SALE, SALL, SALP, SITEI, SITEM, SLANE
g €273C + SMCODEL START(15,3), STAT, STIME(3),
, 5274C + SCALEBN(3), SM(&915), SPAR{10,15,6}),
; £2156 + SXCLT(€,3), SIG(1043), SIGCE(3),
5276C + SIGNE(1D), SIGMNE(1C), SIGP(10+15),
$277¢C + SIGRATE, SIST, SIGS(6415), SIGSCE(3),
52780 + STABLEX{23,€,15), STABLEY(33,6,15)
! £279¢ CCFMMCN /CCM107 TAREA(3)y TDIST(10+3),TIDLE,TIMEIL3,16),
! 5280C + TINT, TGBE(3), TCNXy TCTE(3), TPDE(3), TPDT(3},
i 5281¢€ + TXTRA, TSIZE, TSIGI3)y TPER(16415), TMIL(16,15),
£282C + THIST(5,3,16), THISTT (341610, TIMEC(10,15),
5283C + TIMEM{10415), TABLEX(33,10,415), TABLEY(33,10,15)
£€284C CC ACCl10
f 5285C CCMNCN /CGMIL/ wF({107,
! 5286¢C + X1BP(2,3,€), XINT, XINTB, XLANE, XSUM, XCUT{(10,3),
L 5287C + XTM{16), XBASE{943),YEASE(S,+3)
£288C CC ALCL11.
5289C CCMMCN /CCML2/ Y1BP(3,3,10), Y2BP(3,32,10C),
$29GCC + YES, YSL¥M, YTIN(16), Y1DBP(44%4491C) 4 Y2CBP(4,4,10),
{ 5261C + i1, 12, 12, 14, " Z51 ¢, :
! £262¢ + I, 8, 25, 210, 111, 712,
* £293(C + 713, Zl4s 15, 116, 17,
€264¢C + ICARI, ZCARN, Z1C, ZSUM,
£265¢C + 22(34,3)
€2G€C CC ACC12
f 52570 CCMMCN /CEBLG/ ATEBUG, BLEBUG, CCEBUG, CCEBUGy
£268C + LLEBUG, MCEBUG, PLEBUG, QCEBUGy ~ SDEBUG, TCEBUG
, £265(C CC ALCC
- £3CCC REAL ITE, ITL, ITP, ITINE,
5301C + MNS, MPH, MU, NVPR,
£302¢C + NAME, N, LCEBUG, MCEBLC,
‘ 5303¢C + in, MISFIRE
£304C INTECER RNANE, SITEI, SITEM, STAT,
a 5305¢C + TCIST, XLANE, CPTI, PPICK, PPPICK
53060 CIVERSICN CLTU6) +X(€)4XRUE)yA(15,15),XRN{6),E(127,C(87,
5307C % CL{E)921(1C,6)yDELTA(GE) CLTN{6) ,DELTANCE) +XN(6),
5308C % CUM(EO),NCCLE(6)+EL(4) o XCLTLC(6) PSTARC(E)
530SC CIMENSIGCN CUTIAX(E) 4CUTMIN(G)

5310C

CIMENSICN CUTIN(L1C),COST{E)
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" Table 5-38 SUBROUTINE CUTPNT LISTING (cont.)

. 5311¢ CATA CULTIMIN/—£03=555e9—1Cey=10e9—10e9=1a/ B o
t312¢C CATA CUTNMAX/IC02095552910e9Ses180esle”/
£3]14C CATA CALCB/.14.3/
___5314¢C o LATA A1/1290a9Ca9Cay0apCayCapCayCerCuy o
5315( ‘ 00’10 10.,(..10.,0.'0.'0.,(:.,_07_._._—- o B o T
5316C X COOC0'10’0010.1C01CO1001601001
531‘7‘: R » QOfCO1C-110iooﬂv_o.o'C.jo:J‘c‘ozp_-Jm_ . i I
£318C # Ue9Cae9pCe9CorleyCesCasGosCarOay
€419¢C % CapCopCepUesCueypleyCuasCoylayCa/
£320C CATA CLVIN/1e9-1CCe92ay-1e410C0y~0l/
| €321C CATA IPRNT/1/ ‘ i
: £322¢C CATA XCUTLC/ley=1Ceyleys—ealyplOa9—eC5/
_ £323¢_ €= e L o
€324C : SET LP CCNSTKRAINT ANC LTILITY FLANCTICN MATRICE
£22¢ :
£€326C o AN=NSTEFS+1 L
€327 Tod=l+(k=1)25 0 T T T T T
£326C JCANT=C
_ £€326( . KILL=C .
$330C FIXCCST=C. B
£331¢C CU 10 M=1,¢
. €3232C MM=NCCCE(M)
£333( E(M)=C.CCCl1 T
$334¢( IFIPN LT MSTARTLCR.MML.GTLMSTGP) GCTC 10
_ €335C XCUT(MVM, K)=XCLTLC(N)
E33¢6C :
5337C C: CCMFLTE CCST FCR ThE CISTRIBLTEC PARAMETERS
_ £338C C: L ~
£336(C FIXCCST=FIXCCST+Z2*TINMEC(MNM,J)
£340¢C COST(NM)=Z2*TIMEN (MM J)+CP2ART (MM)
. £341C 10 E(N)I=AREA(C,¥MMyJyKyN) -
£3420 C:
£343C : MUVE THE ENMISSICN CELTZ ANC CCST CCASTRAINTS INTC
___£344C : _THE E ARRAY. E(M) L _
€345¢(C :
€34¢C LC 15 NM=E,1C
£3417C 15 E(M)=—RL1(M-¢)
““““ £346C E(TI=EL(1)Y-FIXxCCsSY 7 -
£346¢C E(11)=1.05%pPSTAR
€£359C __ Ellz)=C. SS*PSTAR L e
CTTessye” T T ) 1F (FSTARJLTL1.E=5) E(11)=20. T ' -
1 IFI{PSTAR.LT.1.E~5) E(lec)=—20.
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_ Table 5-33 SUBROUTINE CUTPNT LISTING (cont.)

£353¢C C: - _
£354C Cs CCMFUTE ENMISSICN CCNSTFAINT CCEF.
E355( C:
£356(C CC 2C I=1,3 B
5357C 11=1+1
£E358( CC 20 M=1,¢
£359( MM=NCCLDE(N) _ i L
536CC 20 PIUT Ty M)=EFF(FMIRFARIMMN 39 1)/ START(J41)
5361¢( C:
£362C C: MOVE TEMPCRARY CCEFFICIENTS INTC THE A ARRAY =-A{10,6)- B
i €363(C C:
| €364C CC 4C M=1,¢
i £365( Cl(M)=0C. -
- £3€&C MN=NCCLCE (M)
£367C CC 4C I=1,3
£368C 40 CL(M)=CLIM)+ENMWIT)I®PAR (MM yJy IVHEEFF(MM) -
5366C LC 5C I=146
, £37CC 5C CLY(I)=CUTINLI)
L 8371¢C S4 LG 51 I1=1,10 . B .
5372C CC 51 M=1,6
€373¢C 51 Z{14M)=21(1,V)
£374C C: e
£375C C: CCNEUTE EXFECTED EMISSTON CRCP (CELTA)
£376C C:
- £377C CC 55 M=1,6 -
£378¢C MF=NCCLE(M)
£379¢C XCUT (MM K)=CLT(N)
5§38CC PA=AREL{O4MN4JsKyN)
5381C EE=AREA(L MF I K4 N)
£382C IF(LIMT(MM)ZECal) XRIM)=CLTNMININM)
53830 TE(LIAT{MM)LEC.2) XRIMI=CLTNMAXIN)
£384C IF(AA.GT.C.CCCCYl) XR{MI=EE/RA
£385(C X{M)=AA
€3E6C CELTA{NM)=XR(N)
5381C 55 CCNTINUE
5388C CALL FXCCEF(X4PSTARC)
£389C LC &C F=1,¢6 o
B 5350C C(N)=CL(N)RCELTA (M)
§3G1C C#%%%% [F(C(M)oLToCu) WRITE(L,56) ¥
53G2C 5¢ FCRMAT(/L1F SETTING B ,12410h) TG ZERC /7)
| < | :
§§32§ g: THRCW CUT NCN FCSITIVE CUNTRIBUTING ODISTRIBUTIVE PARAMETERS
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‘Table 5-38 SUBROUTINE CUTPNT LISTING (cont.)

L £3G8( C: L L _
£3G96C IF(C(M)LT.0.) B{MI=C.CCC1
€367( CM)==C (M)
536€C B (T4M)=CCST{M) B
£369( Z(11+M)=PSTARCIN)
£40CC A(124M)=—FSTARC(M)
©401C LG 6C L=6,10 N L o
£402C €0 F(LsM)==F1(LeNMIRCELTZ(M)
€403C IF(IFRNT.EC.C) GCIC 7C
£404C IF(JCMNT oNE<OANC.JCAToNESS JANC.JCAT.NEL1C) GL TO 7G o
£405C WRITE(E,1C1C) C
€406C CC €5 L=1y12
_ s401C €5  WRITE(6,1C2C) (A(L,NM),M=1,6),E(L) _
4080 1010 FCRMAT(/6F1C.4/)
£4C9( 1C20 FCRMAT(TF1C.4)
541CC :
B €411C : CALL LINEAR PRCGRAMMINC RGUTINE.
£412C :
’ $413C 70 CALL LPAX{A3BeCyXNyCULNM,15¢12,€41ERRyCy20) -
S414C s
£415C : CCMPLTE CPTIMAL CLTFCINTS BASEC CN THE CPTIMAL
5416C : REJECTICN FRACTICN FRCH LINPRC.
[ 5417C :
‘ 5418C IF(IERRNELC) GCTC S5
' €419C 1F(IPRATLEC.1) WRITE(6,15C) XA L
542GC CO 11C P=1,¢€
£421C ¥M=NCCCE (M)
£422C CLTIN(M)=C.
{ €423C TF(MMJLT.VSTART.CR.MM.GT.FSTUP) CCTG 110
! £€4240 IF(XN{M).LT.0.C01) GCTO 1C1
£425(C IF(XMN{M).GT.C.55S) GCIO 1(3
€426C XCUT(MVN yK)=XFT(TAELEX(LoMNoJ),TABLEY(1 oMM, JI NN, XNIMI)
£427C AA2=AREA(C .MMy JeK¢N)
£428C :
r €426C : CCVPULTE REJECTEC PCPULATICM PEAN.
! £43CC C:
£431C CLTIN(M)I=XCUT (MM ,K)
€432C 105 EE=AREA(L+PVN,dyK.N)
5433C XRN(M)=BB/AA2
£434C CGIC 11C
£435C 101 IF(LINT(MR).ECL.1) GECTC 1Cz2 o
£436C Cs
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‘Table 5-38 SUBROUTINE CUTPNT LISTING (cont.)

£431¢ C: REJECT THE HIGH END. REJECT FRACTICN=C.
4380 C:
543GC CLTN(NM)=CLTINMAX(M)
£44CC XRN(M)=CUTNMAX(N)
| £441¢C GCTC 11¢C
; S442C. C:
z £443(C 2 REJECT THE LCWER END. REJECT FRACTICN=0.
£444( C:
£445C 102 CLTMNIM)I=CUTNIMNM)
£446C XRN (M)=CUTMIN(N)
S$447¢C GGYC 11¢C
5448C 1¢3 IF{LINT(NMM)LEC.L) GCTC 104
€440 C:
545CC z REJECT TFE FIGH END. REJECT FRACTICN = 1. T
5451¢C :
£452C AA2=1.C
€4530 CUTN(¥M)=CLTNMIN(¥) T
£4540 XCUT(MM,K)=CLTN(M)
5455¢ ¢CTC 1cE
€456C :
5457C : REJECT THE LCWER ENC. REJECT FRACTICN = 1.
E45€C H
{ £459( 104 CUTN(FI=CUTNMAX(NM) T
| 546G C AAZ=1.C
C 5461C XCUT(MM,,K)=CLIN(N)
£462( CCTC 1C5
£463C 110 CELTANCMI=XRAN(M)
5464C CO 13C M=1,6
f £4€5C :
£466C 3 CUMPUTE NEXT CULTFOINT GUESSES ANC GC TG
£4617C C: ThE TCF CF THE LCOP.
5468C :
5465 C 130 CUT(M)=CAXCLT(MI+CERCLTN(N)
5470C 15C FCRMAT(* X*,F8.4,5F1C.4)
' €471¢C JCNT=JCNT+1
£472¢C IF{JCAT.LELLGC) GCTC 54
I £473C o
5474 C : NCVE GFTIVAL CUTFCINTS INTC XCUT
£475¢C C:
£476C CC 1€C M=1,6
£477C MM=NCCDE (V)
5478C 16C XCLT{MM4KI=CLINIM)
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Table 5-38

SUBROUTINE CUTPNT LISTING (cont.)

5475C RETLRN
€480C G§ KILL=1
€481C KETULRA
€482C ENC




5.13.3 Subroutine LPAX

Subroutine LPAX is the actual linear programming algorithm used
in the model. LPAX is a TRW proprietary programming package and con-
sequently has not been included in this writeup.

5.13.4 Subroutine PXCOEF

Subroutine PXCOEF computes the coefficients necessary for estimating
the union of a set of parameter rejection rates. The coefficients are
used in the linear programming model for the P* option in which a con-
stant rejection rate is required. The fundamental equation of PXCOEF
computes the union of probabilities for independent occurrences. The
coefficients are computed for each of the distributed parameters and
multiplied by the rejection rate X in the OPTMUM optimization loop.

Figure 5-39 contains a complete flowchart of the subroutine while
Table 5-39 includes a listing.
5.14 OUTPUT ROUTINES

Since GEEP is a user oriented program, an effort has been made to
make the output as clear and self-explanatory as possible. This require-
ment has, of course, lead to a large number of specialized output routines
with a variety of output options including plots, tables, debug information,
and summary level results. The following routine descriptions provide an
overview of the various output options. The reader is referred to
Section 3.0 for more details on program output.

5.14.1 Subroutine DISTPR

Subroutine DISTPR is an output subroutine used in the convolution
routine of GEEP. DISTPR prints out three distributions along with their

respective means and standard deviations. Usually these distributions
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G UBROUTINE -PXCOED

MOVE 1.0 INTO C(1)-C(6)

110
FORI=1TO 5 )
LETC()=C(l) - 2_ X}
i =1+
220
FORI=1TO 4
LET C(1) = C(I) + Z Z X(j) x X(k)
=l+1 k=] +1
320
FORI=1TO3
4 5 I3
LET C(I) = C(I) - Z_ Y S X(j) x X(k) x X(I)
=1 k=i+1 I'=k+1
420
FORI=1TO2
3 4 5 3
LET C()=C() + = 3 2 2 X(j) x X(k)x X(1) x X(m)
i=1 k=j+1 I=k+1 m=|+]
520

C(1) = C(1) - X(2) x X(3) x X{4) x X(5) x X(6)

Q RETURN )

Figure 5-39 Subroutine PXCOEF Flowchart
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“Tab?e 5-39 SUBROUTINE PXCOEF LISTING

64460 SUBRUOUTINE PXCOEF(X,C)
64470 DIMENSICN X{(1),C(1)

i 54480 DO 110 1=1,6

; 64490 110 €(I)=1.0

z 64500 DO 220 1=1,5

: 64510 J1=1+1
64520 A=0
64530 DO 210 J=J1,6
64540 210  A=A+X(J)
64550 220 ClI)=C{(I)-A
64560 DO 320 I=1,4

B 64570 Jl=1+1
64580 A=0
64590 DO 310 J=J1,5

- 64600 Kl=J+1

‘ 64610 DO 310 K=K1l,6
64620 310 A=A+X{JI%EX{K)

_ 64630 320 CHI)=C(I)+A
64640 DO 420 1=1,3
64650 J1=1+1
64660 A=0.
64670 DO 410 J=J1.4
64680 Kl=J+1
64690 DO 410 K=K1,5
64700 L1=K+1
64710 DO 410 L=L1l,6
64720 410 A=A+X{J)EX(K)*XX(L)
64730 420 ClIV=C{I)-A
64740 DO 520 I=1,2
64750 Ji1=1+1
64760 A=0
64770 DO 510 J=J41,3
64780 Kl=J+1

{ 64790 DO 510 K=Kl.4

i 64800 Ll=K+1

: 64810 DO 510 L=L1+5
64820 M1=L+1
64830 DO 510 M=M1,6

B 64840 510 A=A#X{JIERX(K)EX{L) %X (M)
64850 520 Cl{I)=C{I)+A
654860 CLLI=CLI=X{2) %X (3 =X{4)*=X{5)%X(6)

64870 T "RETURN o

64880 END



will be two arbitrary distributions and their convolution. A flowchart

of DISTPR is found in Figure 5-40. Table 5-40 presents a listing of the

code.

5.14.2 Subroutine OUT

Subroutine OUT is the main output routine for the General Economic
Effectiveness Program. All computed cost values, payoff functions,

Inspection/Maintenance descriptors, and emission time histories are

printed by subroutine OUT. Several unit conversion and index calculations
appear for referencing name arrays and outputting data in meaningful units.
Figure 5-41 contains a summary level flowchart for subroutine OUT.

Table 5-41 provides a complete listing of output variables and formats.

5.14.3 Subroutine GEEPER

Subroutine GEEPER is a header routine which prints a GEEP/CRC Logo
on the first page of each run. GEEPER is called only once for each run.
Figure 5-42 contains a flowchart for GEEPER while Table 5-42 contains a
listing.

5.14.4 Plot Routines

Qutput from GEEP is provided in easy-to-read tables and plots. The
following plot routines perform specialized functions involved in generating
the summary and debug plotted output for a GEEP execution. The basic
plot routine, PLOTJK, is a well known standard output routine for dis-
playing data on a digital line printer. It works with an alphanumeric
array initialized blank and fills it with characters for the functions
being plotted. There is theoretically no 1imit to the number of functions
which can be plotted on one graph, but for GEEP, in the interest of
clarity, that number has been limited to two. Off-scale flags at both
ends of the plot indicate out-of-bounds data, but since GEEP automatically

adjusts the scales to the data, this data range error should never occur.
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< SUBROUTINE DISTPR ’

SDEBUG ON
?

RETURN ’

PRINTOUT NAME CF DISTRIBUTIONS
AND DISTRIBUTIONS

CALL STD2
WITH EACH DISTRIBUTION TO
GET MEAN AND SIGMAS

PRINTOUT MEANS AND
SIGMAS
< RETURN >

Figure 5-40 Subroutine DISTPR Flowchart
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Table 5-40 SUBROUTINE DISTPR LISTING

— - — A
!
39520 SUBRUUTINE DISTPRIP,YsPP,YY 0,00, NLyN2ZyN3yNAME)
39530 DIMENSICN P(1),Y(L),PP(1),YY(L),U(1),DD(1)
39540 REAL MU1,MU2,MU3,NAME(5)
39550 COMMON /DEBUG/ ADEBUGs,  RDEBUG, CDERUG, DNEBUG,
‘ 39560 +  LDEBUG, MDEBUG, PDE3UG, OQDEBUG, SDEBUG,  TUEBUG
| 39570 REAL LDEBUG,MDEBUG
30530 cC
39599 cc CONVOLUTION DISTRILUTION PRINT
39600 cC
| 39610 IF (SDEBUG.FQ.2HNO) RETURN
19620 WRITE (6,800) NAME
39630 _ _ROOD FORMAT{(/,20X,5A10/)
30640 WRITE (6.900)
39650 WRITE (649100 (L4P(I)oY(I)yPP{I),YY(I),D(I1),DD(1),I=1,N3)
36660 - CALL STC2(P,Y,N1,MU1,S01)
39670 CALL STD2(PP,YY,N2,MUZ,5D2)
‘ 39680 CALL STD2(D+DDyN3,MU3,503)
; 39690 WRITE (6,520)
329700 WRITE (6,920) MU1,SD1,MU2,SD2,4U3,5SD3
39710 903  FGRMAT (/,11Xy1HI,5Xs2HAX ySXy2HAY 49X, 2HBX 19X, 2HBY,
39720 + 9X s 2ZHCX s 9X s 2HCY 4/ )
39730 G172  FORMAT (10X,12,6E11.3)
39740 520  FGRMAT {/,17Xs3HMUL,8Xs3HSD1,8X+3HMU2,8X,3HSD2,
39750 + 8Xy 3HMU3 48X, 3HSD3,/) o
29760 930  FORMAT (13X,6F11.3)
39779 RETURN
39787 END




CSUBROUTINE ouT )
PRINT OUT MAIN
GEEP OUTPUT VARIABLES
PRINT OUT TIME HISTORY
REJECTION RATES

C RETURN D

Figure 5-41 Subroutine OUT Flowchart
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Table 5-41 SUBROUTINE OUT LISTING

4353) SUBFOUTINE UUT
v 540 COMMOW /COMOL/ AM3(3) ,ALAS, AvV, BINT,
40522 R BAXEA(3), BLDl, 3L02,  3S16(3)s _ bXTKA, BSIZE,
43560 + BHIST(3,106), AT (L1O41543),
40570 + ATABLEX{9910,3),ATASLEY(9,10+3) yASTABLX(9,y6+3)y ASTABLY(940,3)
_.40%80 COMMUN /CUuMa2/ L ARA, CARIY, CAKMY, CARPOP(16),
4059 + CAKSY, CBSUM, CCUEF{10),CCUSTI, CCaST M, CGTT,
40600 + CINCCN, cPCB, (PI, CPVPY, CSUM, CARAY,
40619 + CN(1543,16). CUEFs(15,3), COEFBP(10,15),
40629 + CPART(10,15)
40630 CC ADD?
40640 COMMCN /COMO3/ DELPCV, OP(10,15)y0ELEM(3,16),DELI(3),
40650 + EMW(3), EP(1D,15),6FF(13), wELIT(3),
47500 + FKEGA, FREWY, FPERC(1J43),
40670 + HOR7N, HORZNY , L o
40680 + HPC(15,16), HPCS({15,161), HPP(10y15416),
40690 + HPS(6415,16), HPT(5,16), HPTOT(16),
40700 + HPTCTS(15)
40710 CC ADD3
43720 COMMON /COMY4/ ITc, ITL, 172, ITIMELYG),
40730 o + KSTART,  KSTGP?,  LOPT, LPICKI(1D),LLPICK, L
40740 + LIDLE, LINT{(16), LPSPP{10),LSTART, LsSTOoP,
4N750 + MRASE, MPH, MSPEC(10) +MSTART, MSTOP,
40760 + MUCLOs31), MMS(1D,15) MVPR(10,15) .
43770 CC AOD4
40780 COGMMON /COMO5/ NAMEL50)s NCNTR, NEMIS, NEMP,
40790 + NINTR NINTRS, NMIJDE, NO, NOPTS, I'NPAR'
40800 + NPTRN, NPTS, NSTEPS, NTR, NTRB, NPICK(16),
40810 + GClY, JC MY, OoPTI., OPTM,0PTS(50) +0OVCHI(3),0VCHM(3)
__ 40820 CC_ADDS
40830 COMMON /COMO6/PARM(3,3), PART, PAYNE W, PAYOFF(3),
40840 + PCLL5), PCS(151), PHI{l4), PLC(14), PLTMAX{3),PMUDEL,
_ 40850 + PP(1G+15)4PS(6415)y PT(5), PTQT, PTS{5)s PAYADJ,
490860 + PAR(10,154+3), PARL{LD¢3431), PLUS(10415),
40870 + PM({10.15), PPICK(L10) PPPICKsPSTAR,ZPI(15410),
40830 + PSA(15), PTA(5), PCONF, PARINT(124+10,9)
T 40890 + JPAYFIN
40990 COMMCN /COM0T/ R EINSP, RNAME, RSIZE, KRSTUP ,
4J910 L + RTYPE ., R
40920 + SALE, SALL, SALP, SITEIL, SITEM: SLANE » e
42930 + SMODEL START(15,3), STAT, STIME(3), SUMBM(3),
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Table 5-41 SUBROUTINE OUT LISTING (cont.)

+ SCALEBM{3), SM(6415), SPAR{10,15+61),
+ SXCUT(643), SIG(1d+3), SIGCE(3),
+ SIGME(10), SIGMNE(10), SIGP(10415),
~ + SIGRATE, SIST,  SIGS(6415)y SIGSDE (3) B
+ STABLEX(33,6415), STABLEY(33,6,15)
COMMON /CUM13/ TAREA(3)y TDIST(10,3),TIDLE ,TIMEI(3,10),
~ +  TINT, TOBE(3), TONX, TOTE(3), TPDB(3), TPLT(3),
+ TXTRA, TSIZE, TSIG(2), TPER(16415), TMIL(16,15),
+ THIST(5,3,16), THISTT(3,16), TIMEC(10,15),
+ TIMEM(10,15),  TABLEX(32,10,15), TABLEY (33, 10,15)
CC ADD1O
COMMON /COM11/ AFL10),
% X1BP(3,3,6)y XINT, XINTB,  XLANE, _ XSUM, XCUT(10.3), B
+ XTM{16), XBASE(Gy3),YBASZ(9,3)
CC ADD11
COMMAN /CuML2/ _ YLIBP(3+3+10),y _ YeBP(3,3,100),- .
+ YES, YSU, YT4(io), YIDBP(4+4910)s YZOBPl4y4410),
+ Z1, 2, 13, 74, 75, 256,
+ 17, 18, 73, 110, 711, 212, B
+ 213, 14, .15, L16, 717,
+ LCARI, ZCAR A,y 21C, ZSUM,
4 77(3,2 o L e o
CC ADDLZ2
COMMON /DEBUG/ ADEBUG, BOEBUG, C DE BU Gy DDEBUG,
~ + LDEBUG, MDEBUG, _ PODLRUG, QDEBUG, SDEBUG, TDEBRUG
CC ADDD
REAL ITE, ITL, ITP, ITIME,
+  MMS,  MPH,  MSPEC, MUs MVPR, .
+  NAME, NG, LOEBUG, MDEBUG, ' S
+ IN, MISFIRE
~_INTEGER. RNAME,  SITEI, SITE M, STAT,
¥ TDIST, XLANE » 0°T1, PPICK, PPPICK, XNAME(6)
DATA XNAME/4HIDLE,1H »1J0AEXTENSIVE 5 1HAyLOHEXTENSIVE ,
i +1HB/ _ .
1=0PT1

VEHPLP=CARPOP(1)/1.Eb

NN=2%RNAME-1

1

2

O WRITE (6,1)

FIRMAT(1HL/
ARITE (642)

EORMAT(//20X,*EMISSICN SURVECILLANCE DATA SUUKCEX*,T73,

+ *TRw/ARBX%)

30X, 2A10,% KREGIGNAL UA

NAME (20+AN) s NAME (2D+NN+1)

TAx)
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V‘M7T§p1e 5-41 SUBROUTINE OUT LISTING (cont.)

LN

WRITE (€,3) (AMB(LI),I=1,NEMIS)

‘ 41369 e
41370 3 FORMAT (/20X ,%FEDERAL 1975 MUT )P VOHICLE STANDARDS s/
41380 + AKX EHCE , TTL,F6.2,% G/MI%X/4DX,%2C0% TT14F6.2,% G/MI*,/
41390 + 40X ENO%,TT71,F6.2,% G/ M%)
[ 41400 WRITE (694) (EMW(I)4I=1NEMIS)
41410 4 FORMAT (/420X ,*EMISSICN SPECIE JEIGHTING FUNCTIUN®,/
41420 + /240X ¥HCE 4 TT1,F0.2,/40X %¥CO%, TTL1F6.24/
41430 + 40X % NU%,T71,F6.2)
41440 Cx*xX%WRITE (6+5) (GOALS(I),1=1,NEMIS)
41450 5 EORMAT (/420X *MINIMUM EMISSINN REDJUCTICN GOALS*// o
‘ 41460 + GOX ¥HC%2,TT71,F6.2% PERCENT®/40X,*CO%,TTL F6.2¢+% PERCENT*/
41470 + 40Xy ®NC*,T71,F6.2,% PERCENTX)
C 41480 WRITE {(6,6) RSIZE e
41490 6 FORMAT (/420X %REGIINAL AREAX,T69,F8.24% SQ M%)
41500 WRITE (6,7) MPH
41510 7 FORMAT(/+20X +*AVERAGE VEHICLE SPEED®*,T71,F6.2,% MPH¥) -
: 41520 WRITE (6,8) VEHPGP
| 41530 8 FORMATU(/,20X,*VEHICLE POPULATINN*,TT72,F5.24% MILLION*,/)
* 41540 WRITE (6,9) SITEM
41550 9  FORMAT (20X, *NUMBER OF CLASS #A# FRANCHISED GARAGES*,
41560 + T71.14)
41570 WRITE(6,10)
41580 10 FORMAT(1Hl,/,36Xe34{1H%)/ 36X, LH*,4X,
41590 + ®TRW INSPECTION/MAINTENANCE®,2Xys1H%,/ 36X, 1H%,10X,
L 41600 + XSYSTEM MODEL*,10X ¢ 1H%,/36Xy34(1H%),/)
41610 WRITE(6,425)
41620 25 FORMAT (43X, %SUMMARY INFORMATION*,/)
41630 WRITE (G+50) RTYPE,XNAME(2%I-1) ,XNAME(2%])
I 41640 50 FORMAT(3TX,*ENGINE *,A9,* STRATEGY *,A10,A1)
[ 41650 WRITE (6,20) TINT
? 41660 20 FORMAT(38Xs*INSPECTICN PERIQOD IS*,F5.1,% MONTHS¥*)
41670 WRITE (6,60) PAYNEW
41680 60 FORMAT{(//,T20,%PAYOFF FUNCTICY UNADJUSTED (DOLLARS/ *,
41690 + %4EIGHTED EMISSION) %,T90,F15.2)
| 41700 WRITE{6,65) PAYADJ
' 41710 6> FORMAT(T20,*PAYOFF FUNCTION STATISTICALLY ADJUSTED*,
41720 +%* (DOLLARS/WEIGHTED EMISSION) *,T90,F15.2)
41730 WRITE (6.66) PAYFIN
41749 66 FORMAT(T20,*PAYOFF FUNCTION AT END OF LAST YEARX,
41750 + * (DOLLARS/WEIGHTED EMISSION)*,T9),F15,2)
411760 WRITE (6,70) (NAME(I),PAYOFF(IL),1=1,NEMIS) -
41770 70 FORMAT(T20,A3,*EMISSION REDUCTION (PERCENT)*,T90,F15.2)
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Table 5-41 SUBROUTINE OUT LISTING (cont.)

WRITE (6,80) (NAME(I),TPDT(I)si=1,NEMIS)

82 FORMAT(T20,A2,% AVERAGE EMISSIUNS (TONS/DAY)*,T790,F15.2)
YSUM=YSUM/HORZNY
WRITE {5,90) YSUM
| 90 FORMAT(TZ0,%TOTAL COSTS FOR MANDATORY PROGRAM*%,

+%* (DOLLARS/YEAR)*,T90,F15.2)
CBSUM=CBSUM/XINTB

109

WRITE (6,100) CBSUM
FORMAT(T20,%*TOTAL CUSTS FOR VOLUNTARY PROGRAM (DOLLARS/*,
+*YEAR)*,T90,F15.2)

RCS={YSUM/CBSUM}*100.
WRITE (6,215) RCS
WRITE (6,110) CCOSTI

110

FORMAT{TZOy*INSPECTION CAPITAL COSTS (DOLLARS/STATION)*
+ 3T90,F15.2)
WRITE (€,120) 0OCIlY

120

FORMAT{T20,*AVERAGE INSPECTIUN U' -RATING COSTS {(DOLLARS*,
+*¥/YEAR)I*,T90,F15.2)
WRITE (6,130) CCOSTM

129

FORMAT(T20,*MAINTENANCE CAPITAL COSTS (DOLLARS}*,790,
+ F15.,2)
WRITE (6£,140) OCMY

FORMAT {(T20,*AVERAGE MAINTENANCE UPERATING COSTS (DOLLARSX,

+*¥/YEAR) *,
+ T90+F15.2])

WRITE {&,150) CINCON
FORMAT (T20,*USER COSTS (DOLLARS/CAR) *,T90,F15.2)
WRITE (€,1060) CPI

FORMAT{T20,%C0OST PER INSPECTION*,T90,F15.2)
WRITE (6,170) CPVPY
FORMAT (T20,%COST PER VEHICLE MAINTAINED%,

+ T90,F15.2)
WRITE (6,120) CARIY
FORMAT (T20,*AVERAGE NUMBER OF CARS INSPECTED/YEARX,

+ 790,F15.2)
WRITE (6,185) CARSY
FORMAT{TZ0,*AVERAGE NUMBER 0OF CARS REJECTED/YEAR%,

+ T90,F15.2)
WRITE (6,130) CARMY
FORMAT (T20,*AVERAGE NUMBER OF CARS MAINTAINED/YEAR™,

+ T90,F15.2)
AVEFAIL=CARMY/CARIY
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Table 5-4) SUBROUTINE OUT LISTING (cont.)

42610

650 FORMAT (/20X +*EQUIPMENT REQUIREMENTS AND COSTS%/

L 422090 AP ITE (6,210) AVEFAIL _ L
42219 210 FORMAT(T20,%aVERAGE FATLURE PFRCENTAGE%,T90,F15.2)
42220 215 FORMAT(T20,%FATIO OF MANDATORY TuU VOLUNTARY COSTS (PERCENT)*®
42230 +,T790,F15.2)
42240 WRITE (6,220) HORZNY
42259 220 FORMATI(T20,*TOTAL PROGRAY DURATIUN (YEARS)%*,T90,Ff15.2)
42260 WRITE(64230) (I,1=1,10)
42210 2320 FORMAT (1H1,/ ,40X %PASS/FAIL INSPUCTION CRITERIA®,////»
42280 % 12X %P ARAMETER %, 3Xe101%,/)
42290 WRITE (64240) (NANME(K+3) 3 (XCUT(4,K)yM=1,3),(TDIST(M,K),M= o
( 42300 + 4,6) Y (XCUTIM,K) »4=7,9) y TDIST(10,K),K=1,3)
42310 240 FORMATI17XsAl04FB.2,FR.OyFB8.2,3(1092X) +1FBetyFBa2,FB8a4,16)
. 42320 _ WRITE(6,250) (I,1=1,6) o
42330 250 FORMAT(///+12X,%MUDE EMMISICNS *,10,518,/)
42340 WRITE(64+260) (NAME(K+3),(SXLUTIMyK) yM=1,6)4K=1,3)
42350 260 FORMAT(17Xs A1), FBa04FB8.2,F8.0+FB.0,FB8.2,F5.0) o
| 42360 WRITE (6,420) (NAME(I),I=1,NEMIS)(TPDB(I),I=1,NEMIS),
: 42370 + (TPDT(I1)e1=1,NEMIS)
42380 420  FORMAT(///////+35%X,% TOTAL EMISSION LEVELS (TONS/DAY)*, o
42390 + /2 T304A2,T50,A2,T70,A2/20X,%3ASE*,
42400 + T254F10e2sT45,F10.2+T65,F1Ca2/ 20X ¢*TEST,
42410 + T25,F1Ce2yT45,F10.2,T65,F10.2/) o
! 42420 310 FORMAT(//+20Xs5(1H%*),A4,*LEVEL -- END OF #,
' 42430 + *INSPECTIUN INTERVAL (GR/VEHICLE-MILE) *,5(1H%)/)
N 42440 __33)  CONTINUE
42450 IF(RTYPE.EQ.PMODEL) GO TO 335
42460 WRITE (6+,600)
42470 00 FORMAT(1H1,//,40X,*STATELANE INSPECTIGN COUNFIGURATION*)
y 42480 WRITE (64:610) STAT
42490 610 FORMAT(///+20Xs%TOTAL NUMBER UF STATE UPERATED INSPECTION*
_ 42500 + % LANES*,784,13)
42510 WRITE (6+620) XLANE
42520 620 FORMAT(/+20Xs%NUMBER OF LANES PER SITE*,T86,11)
42530 NS=STAT/XLANE+.5
42540 WRITE (6,630) NS
42550 630 FORMAT(/,20X,*TOTAL NUMBER OF SITES*,T85,13)
_ 42560 WRITE (6,640) STIME
42570 640 FORMAT(/+20Xs*VEHICLE INSPECTION TIMES%/
42580 + 25X X IDLE*,TT5,F15e2y% MINY/25X %L OADED® 4 TT5,F15.2 4% MIN*
42590 + /25X *HYBRID*,T75,F15.2,% MIN¥)
42600 WRITE (6+650)
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8 " Table 5-41 SUBROUTINE OUT LISTING (cont.) |

s 42620 + 25X *NDIR*,783,%2000 DOLLARS/LANE*/
42630 + 25X, %COMPUTER%*,T82,%15000 DOLLARS/LANE*/
42640 + 25X, *MISC.*,T83,%3000 DOLLARS/LANEX*/
42650 + 25X, *DYNU*,T83,*7000 DOLLARS/LANE*)
; 42660 WRITE (6,660) 215
; 42670 660 FORMAT(/,20Xs*INFURMATION PROCESSING CUSTS*,T75,F15.2
42680 + % DULLARS/CARX%)
42690 WRITE (6,670) 19
42700 670 FURMAT(/+20X,*USER TIME COSTS*,T75,F15.2,% DULLARS/HR.%)
42710 WRITE (6,680) ITIME(2)
r 42720 580 FORMAT(/,20X,*TOTAL USER TIME PER PERSON%,T75,F15.2 4% MINX)
j 42730 WRITE (64630) NEMP
j 42740 630  FORMAT(/,20X *NUMBER OF STATE EMPLOYEES PER LANE*,
42750 + T84,13)
42760 SSIZE=BLD1+BLD2%XLANE
42770 WRITE (64700) SSIZE L
42780 WRITE (6&,707) SIST
; 42790 790 FORMAT(/,20X,*STATION SIZE (FACILITIES ONLY)*
1 42800 +3T75,F15429% 50. FT.%)
42810 707 FORMAT(/,20X,#STATION LAND SIZE*,T75,F15.2,% SQa FT.%)
42820 335 ARITE (6,340)
42830 349 FORMAT(1H1,/,30X,%TEST CASE EMISSIUN HISTORIES*) )
; 42840 DO 380 I=1,NEMIS
! 42850 IF(1.EQ.3) WRITE (6+999)
: 42860 WRITE (64310) NAME(I) o
42870 WRITE (64350) (WNAMECII),II=11,15)
42880 350 FORMAT(//+T40,%PONERTRAIN TYPEX//,5X s *TEST NG %,
42890 + 4X,5(5X,A101/) L
42900 DO 370 N=1,NTR
42910 WRITE (64360} Ny{THIST{JJs1,N)sJJd=1,NPTRN)
) 42920 360 FORMATI{8X,12,5Xs5F15.4)
' 42930 370 CONTINUE
42940 380 CONTINUE
42950 WRITE (04390) (NAME(I) I=1,NEMIS)
42960 330 FORMAT(1HO,51/),40X,*SUMMARY EMISSICN HISTORIES*
42970 + [/ 93X X TESTH*,3X, *TIME*,T32,A2,T55,A2,780,A2,/
42980 + 46X g ENO¥, 5K ¥MO% 4 T26,3(¥BASE*,BX ¥TEST*,8X) /)
42990 DO 410 N=1,NTR
43000 TIME=TINT*{N-1)
43010 IF(N.EGC.NTR) TIME=HORZIN
43020 WRITE {6+400) N, TIMEL{BHIST(I,N),THISTT{I N),I=1,NEMIS)
43030 400 FORMAT(4X,1243XsF4.195X46F12.3)
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“Table 5-41 SUBROUTINE OUT LISTING (cont.)

‘ ?"‘E A

- 53040 ¥ % ~CONTINUE
43050 D0 560 N=2¢NTR
43060 TIME=(N=-1)%TINT
43070 WRITE (6,500)
43080 500 FORMAT({1H1,45X,*FAILURE PROBABILITIES*)
43090 WRITE (6,510) NleME,HPTOT(N)\
43100 510 FORMAT(/ 28BX+%TIME HISTORY POINT%,I3,F6.14% MONTHS®,5X,
43110 + *TOTAL FAILURE IS *,F9,3,%<%,/)
43120 DO 550 JJ=1+NPTRN
43130 WRITE (6,520) JJoNAME(JJ+10) HPT(JJ o N) (11, 11=1,10)
%3140 520 FORMAT(7+35X,*POWERTRAIN TYPERs I4,% —— ®AB,F0.3,#5*,
43150 % 774% PARAMETER® 15X, 12,9(TXs12) »4Xs *UNTONX)
43160 DO 540 K=KSTART,KSTOP
43170 J=JJ+5%(K-1)
43180 WRITE (6+4530) NAME(K4+3) 4 (HPP(MyJyN) ¢M=1,NPAR) sHPC(JsN)
43190 WRITE (6+4535) (HPS{LyJyN) L=1,NMUDE ) 4HPCS(J,N)
43200 530 FORMAT{2X,AB8,11F9.3)
43210 535 FORMAT (4X,*MODE®,2X,6F93 ,36XsF9.3)
43220 540 CONTINUE
43230 550 CONTINUE
43240 560 CONTINUE
43250 WRITE (6+999)
43260 999 FORMAT (1H1)
43270 RETURN

. 43280 END




CSUBROUTINE GEEPE@

PRINT OUT LOGO
GEEP

C RETURN )

Figure 5-42 Subroutine GEEPER Flowchart

5-271



2Le-§

Table 5-42 SUBROUTINE SEEPER LISTING B

»

43290 SURBROUT INE GEEPER
43300 DO 2 [111=1,1
43310 WRITE (6,999) o L
M %3320 WRITE(6,50)
43330 WRITE(6,51)
] 43340 WR1TE(6,52) o o o o
43350 WRITE(6,51)
43360 WRITE(6,50)
43370 WRITE(6,53) o
[ 43380 WRITE(6+54)
43390 WRITE (6,455)
1 43400 WRITE(6,56) o o L L
43410 WRITE(6,57)
43420 WRITE(6,50)
43430 WRITE(6,51) L B L S
! 43440 ARITE(6+52)
| 43450 WRITE(6451)
| 43460 WRITE (6,50) o - -
43470 WRITE(6,49)
43480 WRITE(6,58)
43490 WRITE(6,59) - ) L
| 43500 WRITE(6,60)
? 43510 WRITE(6,60)
L 43520 WRITE(6461) B
43530 WRITE(6,62)
43540 WRITE(6,63)
43550 WRITE (6,64)
' 43560 WRITE(b+64)
43570 WRITE(6+65)
i 43580 WRITE(6,66)
43590 WRITE(6467)
43600 CONTINUE
43610 49 FORMAT(/////)
! 43620 50 FORMAT{19X,9(1HC))
! 43630 51 FORMAT(18X,11(1HC))
43640 52 FORMAT(18X,3(1HC))
43650 53 FORMAT(/3X,12(1HT)3X,1001HR) ,4Xs 20 1HW) 49Xy 2{1HW))
+3660 S4 FORMAT(3Xs12(1HT)y3Xs2(1HR) 37X 20 1HR) 34X 2C LHW) y3Xy 1HW» 3Xy2 ( 1HW) )
43670 55 FORMAT(8X,2(1HT) +8X,10(1HR) +6Xs2( 1HW) s 1Xy3(1HW) y1Xy 2{ LHW))
: 43680 56 FORMAT(BX+2(1HT)+8X,s2(1HR) ,4X,2(1HR)+9X,3(1HW) 3 1X+3 (1HW))
i £3690 57 FORMAT(SX'Z(IHT,OBXIZ(].HR)'5X'2(1HR),9X'1H“’3X'1H“ /) e
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Table 5-42 SUBROUTINE GEEPER LISTING (cont.)

. i 43700 “

58 FORMAT (27X, 641HG)»7Xs10(1HE), 5%, 10( LHE) 45X, 9 1HP) )
43710 59 FORMAT (26X B(1HG )y 6XsLO(LHE) 35X, 10( LHE),5X, LO{1HP))
43720 50 FORMAT(25X»2(1HG),6X,201HG) 15X, 201HE )y 13X 2(LHE )3 13 X3 2( LHP 1 46Xy
43730  X2(1HP)) o e
! 43740 ol FORMAT(25X,2{1HG)s13X+s2(LHE) +13Xs2( 1HE) 13X, 2(1HP}; 6Xs2 (1HP )}
! 43750 62 FORMAT{25X,2(1HG),13X,5(1HE),10X,5( LHE),10X,10( LHP) )
; 43760 62 FORMATU(25X, 2({1HG)+13X+s5(1HE) +10Xe5( LHE) 410X, 9(1HP))
43770 64 FORMAT (25X, 2(1HG),4X 4l 1HG) 15Ky 2(LHE) ¢+ 13X, 2(1HE) 13X, 2( LHP) )
43780 65 FORMAT (25X, 2(1HG ), 6X+2(1HG) 25Xy 20 LHE )y 13X 2L 1HE )5 13X, 2( LHP) )
43790 66 FORMAT (26X, 8(1HG ), 6Xs10(1HE) +54, 10( 1HE ) 45X, 20 1HP) ) -
5 43800 67 FORMAT{27X,6{1HG), TXs10(LHE),5XsL0( LHE),15X, 20 1HP))
{ 43810 S99 FURMAT(1H1)
i 43820 RETURN o
43830
43840 END




5.14.5 Subroutine EPLOT

Subroutine EPLOT graphically displays two parameter distributions -
usually before and after maintenance. EPLOT accepts as input the two
distributions stored in AX, AY and BX, BY respectively and N, containing
the number of points in the two distributions. Computations include Y
axis values for labeling and individual Y values to be plotted. Sub-
routine EPLOT calls the GEEP utility program PLOT JK to output each plot
line. Figure 5-43 contains a flowchart for subroutine EPLOT. Table 5-43
contains a detailed 1isting of subroutine EPLOT which describes the
techniques involved.

5.14.6 Subroutine PLOTJK

Subroutine PLOTJK is a standard utility plot program for displaying
continuous information on a digital output device. Subroutine PLOTJK
accepts as input three functions, their minimum and maximum values and
an independent variable value to be printed. PLOTJK computes the
appropriate column in which a character is to be plotted for each of
the three functions and fills an output array (initialized blank) with
the respective output characters. Figure 5-44 presents a flowchart of
subroutine PLOTJK while Table 5-44 contains a computer listing.

5.14.7 Subroutine PLOT

Subroutine PLOT is the GEEP output routine which displays the emission
rate time histories in graphical form. PLOT calls PLOTJK to print each
individual line of output.

Figure 5-45 contains a flowchart of PLOT. The listing in Table 5-45

explains the looping required to set up the output plot.
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SUBROUTINE EPLOT

XLO = MIN ( AX(1), BX(1) )

XHI = MAX ( AX(NN), BX(NN) )
DX = (XHI-XLO)/(NN-1)

YLO =0

YHI =0

COMPUTE MAXIMUM Y VALUE

COMPUTE GRID COORDINATE
VALUES

PRINT GRID VALUES

FOR EACH OF THE NN POINTS
CALL PLOTJK TO PRINT THE
EMISSION HISTORIES

RETURN

Figure 5-43 Subroutine EPLOT Flowchart
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Table 5-43 SUBROUTINE EPLOT LISTING

43850 SUBROUTINE EPLUT(BX4PY,AX gAY NN, LINT)
43860 DIMENSICN BX{NN) »3Y (NN} sAX{INND) 4y AY {NN)
____ 43870 XLO=AMINLI3X(1).AX(l)) e
43880 XHI=AMAXL(BX(NN) yAX(NN))
43899 DX=(XHI=XLO)/(NN-1)
43907 YLO=0. L _ e
43910 YHI=0.
43920 DO 10 I=1,NN
43930 o YHI=AMAX1(BY(1),YHl) e
432940 10 CONTINUE
43950 YZ=YH1/6.
43960 _ o NRE=YHI/2. N e
43979 Y4=YHL1/2.
43980 Y5=YHI%,66666666
43990 . _X6=YHI*S5./6. o
44000 WRITE(O,105)YLO,Y2¢Y3,Y49Y5,Y6,YHI
44010 105 FORMATU(6XF8.2,6(7X,F8.21)1}
44020 DU 100 I=1,NN
44030 A=XLO+DX*(1-1)
44040 Y1=FUNL(XsBX,BYsNN)
44050  Y2=FUNL(X AXsAYyN§) B
44050 [F{LINT.EQel cANDXoLT<BX(1)) Y1=0. -
44070 IF(LINT.EQ.2.ANDeXoeGT.BX(AN)) Y1=0.
44080 CALL PLCTUK{2¢XsYLlyYHI, 0esY24,YHI 300 40e40440.)
44090 100 CUNTINUE
44100 FETURN
44110 END ) .



1 SUBROUTINE PLOT JK )

MO =0
V(1) =Vi
V@) =V2
NK = "T", ngn
NPL = gn
NBL =1 n
NO ="
NU = nyn
NX = nyn
KL = n "
KH =" n

BLANK OUT KP

80

PUT GRID ON KP

82

FOR EACH FUNCTION TO BE PLOTTED
COMPUTE COLUMN FOR CHARACTER.

CHECK LIMITS AND SET OUT OF BOUND
FLAGS IF APPROPRIATE

MOVE NK(J) INTO THE CALCULATED
COLUMN

86

PRINT PLOT LINE

‘ RETURN )

Figure 5-44 Subroutine PLOTJK Flowchart
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‘Table 5-#44 SUBROUTINE PLOTJK LISTING

A e 3P e atey

46120 SUBROUTINE PLOTJK(NC,ToyVL ¢ VMXLl,VMNL,V2,VMX2,VMN2,V3,VMX3,VMN3)
44170 DIMENSICIN V(3),VMX{3),VUNI3),CHI(3) ,NK(3),KPl 91),11(3)
) 44140 REAL NKsNPL yNBLyNOyNUyNX
44150 REAL KL ,KP,KH
44150 MO=0
. 44170 MU=0 N
44180 vil)=vl
44190 V(2)=v2
44200 V(3)=v3
, 44210 VMX (1) =VMX1
44220 VMX{2)=VMX2
_ 44230 VMX(3)=VMX3
44240 VMN (1) =VMN?
44250 VMN (2 ) =VMN2
44260 VMN{3) =VMN3 L -
i 44270 NK{1)=1Ho
; 44280 NK(2)=1HA
§ 44290 NK(3)=1H=
44300 NPL=1H+
44310 NBL=1H
44220 NJ=1HO o
‘ 44330 NU=1HU
3 44340 NX=1HX
. 44250 DO 80 I=1,91
44360 KP(1)=NBL
44370 80 CONTINUE
44380 DO 82 I=1,91,15
; 44390 KP(I)=NPL
r 44400 82 CONTINUE
! 44410 DO 85 J=1,NC
44420 CHI(J)=(VMX(J)-VMN(J)})/90.
44430 II(J)=(VIJ)-VMN(J))/CHI(J)*1.5
44440 IF(II(J)) 83,83,84
, 44450 83 My=Mu-1
' 44460 Gu TO 86
L 44470 84 IF{ 92-11(J)) 85,485,101
44480 85 MO=MO+1
44490 GO TO 86
44500 191 Kk=11(J)
i‘ 44510 KP{KK)=NK(J)
I 44520 86 CONTINUE
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Table 544

SUBROUTINE PLOTJK LISTING (cont.)

“IF(NC.EQ.1) GG TO 111

NC1=NC-1
DO 303 I=1,NC1
IP1=1+1

DO 303 J=1P1,NC’
IF(ITC(I)-1T(J)) 303,301,303

201 IF(II(I)*{ 92-1I(I1})) 303,303,302
302 KK=II{(I)
KP{ KK ) =NX
303 CONTINUE B
111 IF{MU) 201,202,202
201 KL=NU
GO0 TG 203
202 KL=NBL
203" IF(MO) 204,204,205
204 KH=NBL L
GO TO 206
205 KH=NO
206 WRITE(64150) ToKLKPoKH
RETURN
150 FORMAT(1X,1€9.2,103A1)

END




(" sUBROUTINE PLOT D)

COMPUTE Y-AXIS
GRID VALUES

PRINT EMISSION
TYPE AND Y-AXIS
GRID VALUES

COMPUTE NUMBER OF
LINES PER DATA PLOT
LINE

INITIATE | LOOP
FROM 1 TON

ILNS = ILNS x FLAST

PLOT ILNS-1 BLANK
LINES (EXCEPT FOR
THE FIRST YEAR)

COMPUTE T _
FOR DATA PLOT LINE

CALL PLOTXY
TO PLOT DATA POINTS

NO

RETURN

Figure 5-45 Subroutine PLOT Flowchart
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Table 5-45 SUBROUTINE PLOT LISTING

44750 SUBROUTINE PLOT(A+ByN,FLASTyLENGTHy XO9 DX9 YMN,YM X,y I1)
44760 NIMENSICON A{3,16),B8{(3,16)
44770 DIMENSICN NAME(3)
r 44780 REAL NAME
; 44790 DATA NAME/2HHC s 2HCO, 2HNU/
L 44800 Y2=(5.*YMN+YMX) /6.
44810 Y2=(4.kYMN+2 ., XYMX) /6.
44820 Y4={3 ,XYMN+3 . %YMX) /6.
44830 Y5={2.%xYMN+4 . 2XYMX) /6.
44840 Yo=(YMN+5,%YMX) /6,
44850 WRITE (6,10) NAME(IT)
44860 10  FORMAT(1H1,30XsA2,
44370 + % DATA HISTQRY =-- FEMISSICN(GPM) VS. TIME(MQ, )*,
448030 + % 3 = BASE T = TEST*//)
44890 WRITE(6,105) YMN,Y2,¥Y3,Y4,Y5,Y6,YMX
44900 105 FORMAT(6XsFB8.2y6(T7XyF842))
44910 ILNS=LENGTH*6/N
44920 DO 100 I=1.N
44330 IF (1 .EQeNoANDFLAST.GT..05) ILNS=ILNS*FLAST
44940 KK=ILNS-1
44950 IF(I.FQ.1) GO TQ 95
i 44960 IF(KK.LE.O) GO TO 95
» 44970 DO 90 J=1.KK
: 44980 T=X0+(I1-2)*DX+J*DX/ILNS
44990 [F{I<EQeNeANDFLASTeGT..05) T=XD+({I=-2)*DX+J*DX/ILNS*FLAST
45000 90 CALL PLOTXY (Q¢T+04904+0.,50.)
450190 95 CONTINUE
[ 45020 T=X0+(1-1)%0X
E 45030 IF (1eEQuNeANDLFLAST 6T .e05) T=T-DX+DXXFLAST
? 45040 CALL PLOTXY(2+TH,A{T1,T)sBLII+I),YMX,YMN)
45050 100 CUNTINUE
45069 RETURN
45079 END




5.14.8 Subroutine PLOTXY

Subroutine PLOTXY is a modified version of the utility routine PLOTJK
which outputs one line of plotted data. PLOTXY uses a slightly different

format than PLOTJK for grid spacing and independent variable display.

Figure 5-46 contains a flowchart and Table 5-46 a listing.

5.14.9 Array Output Routines

The array output routines were designed to provide the user with a
maximum amount of debugging information in a compact tabular format. Each
of the five subroutines outputs the values of a matrix of fixed dimensions
along with its identifier name. Various other information labeling the
dimensions of the matrix is also displayed.

5.14.10 Subroutine PRINTI

Subroutine PRINT1 displays two variables, each dimensioned 10x5x3,
Inputs to PRINT1 are the variable names for the two matrices and their
respective values. Figure 5-47 presents a flowchart of subroutine PRINTI
and Table 5-47 a listing.

5.14.11 Subroutine PRINT2

Displays output similar to PRINT1 (10x3 matrix). See 5.14.10 for
flowchart and listing format.

5.14.12 Subroutine PRINT3

Displays output similar to PRINT1 (10x15 matrix). See 5.14.10 for
flowchart and listing format.

5.14.13 Subroutine PRINT4

Displays output similar to PRINT1 (10x15x4 matrix). See 5.14.10 for

flowchart and listing format.
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‘ SUBROUTINE PLOTXY )

r MO =0
v(1) =Vi
V@) =V2
NK =N ul ugn
NPL = hqn
NBL =" u
NO = Q"
NU = nyn
NX = nyn
KL =W u
KH =u n

=

BLANK OUT KP

80

PUT GRID ON KP

82

FOR EACH FUNCTION TO BE PLOTTED
COMPUTE COLUMN FOR CHARACTER.

CHECK LIMITS AND SET OUT OF BOUND
FLAGS IF APPROPRIATE

MOVE NK(J) INTO THE CALCULATED
COLUMN

86

PRINT PLOT LINE

< RETURN ,

Fiqure 5-46 Subroutine PLOTXY Flowchart
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Table 5-46 SUBROUTINE PLOTXY LISTING _

45030 SUBRGUTINE PLUTXY{NCsT,V14V2,V4XeVMiN)
45090 DIMENSICN KP(91),V(2) 4NK(2)
45100 ) MO=0

45110 C B

45120 C DEFINE SYMBOLS

45130 C

45140 v(i1l)=V1

45150 V(2)=v2

45160 NK(1)=1HT - ~
45170 NK(2)=1HB

45180 NPL=1H+

45190 NRL=1H o
45200 N= 1RO

45210 NU=1HU

45220  NX=HX_ L
45230 KL=NBL

45240 KH=N3L

45250 C

45260 C FILL IN BLANK FIELD

45270 o

45280 Do 60 I1=1,91 L

45290 80 KP(I)=NBL

45300 C

45310 C SET UP GRID

45329 C

45330 DO 82 1=1,91,15

45340 82 KP(1)=NPL

45350 DO 86 J=1,NC

45350 IF (NC.EQ.D) GOTQO 206
45370 C

45389 C COMPUTE COLUMN NUMBER FOR EACH POINT
45390 o

45400 CHI={VMX-VMN}/90

45410 II={(V(J)=-VMN])/CHI+1.5
45420 IF {(I1) 83,83,84

45430 83 MU=MU~1

45440 GU 10 8¢

454590 84 IF (92-11) 85,85,101

45460 85 MO=MU+1

45470 GO TO 86

45480 101 M=11
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‘Table 5-46

SUBROUTINE PLOTXY LISTING (cont.)

s 45490 KP (M) =NK(J)
45500 86 CONTINUE
45510 C
45520 C CHECK FOR POINTS THAT ARE CUT 3F BOUNDS
b 45530 C
| 45540 111 IF(MU) 201,202,202
‘ 45550 201 KL=NU :
45560 G0 TO 203
45570 202 KL=NBL
45580 203 IF(MC) 204,204,205 L
45590 204 KH=NBL
45600 GO TO 206
45610 205 KH=NO ) )
45620 C
45630 c PRINT LINE
B 45640 e L
45650 206 17=T
45660 WRITE (6+150) IT,KLsKP,KH
456790 150 FORMAT(5X,13,2X,93A1)
45680 RETUKN
45690 END



C SUBROUTINE PRINT 1 )
PRINT HEADER WITH
VARIABLE NAMES

FOR EACH EMISSION SPECIES
PRINT OUT A PAGE CONTAINING
VARIABLE VALUES BY POWER TRAIN
AND CONTROL TYPE

C RETURN )

Figure 5-47 Subroutine PRINT1 Flowchart
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Table 5-47 SUBROUTINE PRINT1 LISTING

45700 SUBRUUTINE PRINTLI(VARLl,VNAMELl,VAR2, VNAME2)
45710 DIMENSION VAR1{10,15,3),VNAMEL(5)
45720 DIMENSICN VAR2{10,15,3) ,VNAME2(5)
i 45730 COMMON /COMO1/ AMB(3),ALAB, AVV, BINT,
45740 + BAREA(3), BLD1, BLD2, BSIG(3), BXTRA, BSIZE,
45750 + BHIST(3,16), BMMI({1041543),
45760 + ATABLEX(9+1043) yATABLEY(9,10,3) yASTABLX(9,6+3)y ASTABLY(9,0,3)
45770 COMMON /COMQ2/ CARA, CARIY, CAR MY, CARPOP(16),
45780 + CARSY, CBSUM, CCOEF(10),CCOSTI, cCcosTM, CGTT,
f 45790 + CINCON, cecs, CPI, cpvey, CSuUM, CARAY,
1 45800 + CN(15,3,16), COEFB(15,3), COEFBP{10,15),
| 45810 + CPART{10,15)
45820 CC ADD2
45830 COMMON /COMO3/ DELPCV, DP(1Cs15) yDELEM{3,16),DELI(3),
45840 + EMW(3), EP(10,15),EFF(10), DELIT(3), o
l 45850 + FREQA, FREQB, FPERC{10,3),
; 45860 + HORZN, HORZNY,
| 45870 + HPC(15416), HPCS{15,16), HPP{10,15,16), o
45880 + HPS{6,15416), HPT(5,16), HPTOT(16),
45890 + HPTCTS(16)
45900 CC ADD? o )
45910 COMMON /COMO04/ ITE, ITL, 17P, ITIME(16),
45920 + KSTART, KSTOP, LOPT, LPICK{10)4LLPICK,
‘ 45930 + LIDLE, LINT{16), LPSPP(10),LSTART, LSTOP, ) s
45940 + MBASE, MPH, MSPEC(10) yMSTART, MSTCP,
45950 + MU(1043), MMS(10,15), MVPR(10,15)
45960 CC ADD4
. 45970 COMMON /COMO5/ NAME(50), NCNTR, NEMIS, NEMP,
45980 + NINTR, NINTRB, NMODE, NO, NOPTS, NPAR,
45990 + NPTRN, NPTS, NSTEPS, NTR, NTRB, NPICK(16),
46000 + cC1Y, GC MY, 0OPTI, OPTM,0OPTSI{50) ,0VCHI(2),OVCHM(3)
46010 CC ADDS
46020 COMMGN /COMO6/PARM(3,3), PART, PAYNEW, PAYOFF(3),
46030 + PC(15), PCS(15), PHI(14), PLD{14), PLIMAX{3),PMGDEL,
46040 + PPLL10,15),PS{64,15), PT(5), PTOT, PTS{5)s PAYADJ,
, 46050 + PAR{10,15,3), PAR1(10+3,3), PLUS(10,15)
46060 + PM{10+15), PPICK{10),PPPICK,PSTAR,PI(15,10),
46070 + PSA{15), PTA{5), PCONF, PARINT(10,10,9)
46080 + JPAYFIN
i 46090 COMMON /COMO7/ REINSP, RNAME, RSIZE, RSTGP -

46100 + RTYPE,

o e e . —— e e ¢ emmmm e G em e —ETuira fa eI o B —— e e
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Table 5-47 SUBROUTINE PRINTI LISTING (cont.)

46119 + SALE, SALL, SALP, SITEI, SITEM, SLANE,
46120 + SMUDEL, START({15,3), STAT, STIME(3), SUM3M(3),
46130 + SCALEBM(3), SM(6415), SPAR(10+15906)
45140 + SXCUT(6493) SIG(10,3), SIGCE(3),
461590 + SIGME(10), SIGMNE( 10}, SIGP(10415),
46160 + SIGRATE, SIST, SIGS(o415), S1IGSDE(3),
46170 + STABLEX{3346415), STABLEY(33464151
46180 COMMON /CUML10/ TAREA{3)y TDIST(104+3)TIDLE,TIMEILI(3,16),
46190 + TINT, TOBE(3), TONX, TOTE(3), TPDBR(3), TPDT(3),
46200 + TXTRA, TSIZE, TSIG(3), TPER(16,15)s TMIL(16,+15),
46210 + THIST(5,3,18), THISTT(3,15), TIMEC(10,15),
46220 + TIMEM(10,15), TABLEX(%3,10,15), TABLEY(33,10,15)
46230 CC ADD1O o L
462490 CCMMON /COM1Y/ “F(101),
46250 + X1iBP(3,3,6), XINT, XINTB, XLANE, XSUM, XCUT(10,3),
46260 + XTM(16), XBASE(9.3),YBASE(S,3) e
46270 CC ADD1}
46280 COMMON /C0OM12/ Y18pP{(3,3,10}), Y2BP{3,3,10),
46290 + YES, YSUM, YTMUL16), Y1DBP({4+4,10),Y208BP(4,y4,10),
46300 + 1, 12, L3, l4, 5, 16,
46310 + 27, 18, 19, 210, Z1l. 212,
46320 + 213, 114, 115, L16, 117,
46330 + LCARIT, ICARM, 721C, ZSUM,
46340 + 22{3,3)
46350 CC ADD12
46360 COMMON /DEBUG/ ADEBUG, BDEBUG, CDEBUG, DDEBUG
46370 + LDEBUG, MDEBUG, PDEBUG, QOEBUG, SDE BUGy TDEBUG
46330 CC ADDD
46390 REAL ITE, TTL, 1TP, ITIME,
46400 + MMS MPH, MSPEC, MU MVPR,
46410 o + NAME, NG, LDERUG, MDEBUG,
46420 + IN, MISFIRE
46430 INTEGER RNAME, SITEIL, SITEM, STAT,
46440 + TDIST, XLANE, OPTI, PPICK, PPPICK
46450 WRITE {6+10) VNAMELl,VNAME?Z
46460 10 FORMAT(35X.*VARTABLE - A - *5A10/
46470 + 35X, kVARIABLE - 8 - *5A10) !
46480 DO 100 I=1,NEMIS
46490 IF(I.GT.1) WRITE (6,999)
46500 WRITE (6+200) NAME(I)
46510 200 FORMAT(/,43X,A2,% EMISSION DELTA%)

46520

DO 50 JJ=1.,NPTRN
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Table 5-47 SUBROUTINE PRINT1 LISTING (cont.)

WRITE 16420) JJsNAMELJJ+10) 4 {MeM=1,NPAR])

20 FORMAT (/440X y*POWERTRAIN®,I3,% —— *,A10//
+ % PARAMETER*,10{3X,12+5X))

WRITE {6,40) NAME(K+3),(VARL1{M,Jds1I),M=1,NPAR),

40 FORMAT (/4 ABy% A%,10E10.2/8Xs% 3%,10E10.2)

46530

46540

46550

46560 o D3_9C K=KSTART,KSTGP
46570 J=JJ+5%(K=1)

46580

45590 L + (VAR2(MyJ,1)4M=1,NPAR)
46600

46610 90 CONTINUE

46629 ) 53 CONTINUE

46630 160 CONTINUE

46640 359  FORMAT(1H1)

46650 o _RETURN —
46660 END




5.14.14 Subroutine PRINTS

Displays output similar to PRINT1 (6x15 matrix). See 5.14.10 for
flowchart and 1isting format.

5.14.15 Subroutine PRINT6

Subroutine PRINT6 is the main output routine for the attrition model.

PRINT6 displays a summary of the vehicle population and annual miles

travelled distributions along with a summary level emission rate report
by control type. Figure 5-48 contains a flowchart of PRINT6 and Table 5-48
a listing.
5.15 BLOCK DATA ROUTINE

The majority of the data in GEEP is normally invariant under the
various inspection/maintenance alternatives. Consequently, nominal
values for all data sets are permanently stored in the BLOCK DATA
routine. BLOCK DATA is a non-executable function, but provides a con-
venient method of grouping the data.

The 1listing in Table 5-49 contains detailed information concerning

the values of the various data sets.
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CSUBROUTINE PRINT(D

N = NYEARS
J=0

®

/PRINT OUT PAGE HEADER/

NN = LINES PER PAGE
OR N IF N< NPERPG + 1

INITIATE | LOOP
FROM 1 TO NN

MIM=TEI=TE2=TE3=0O

TM=0
TP =100

INITIATE K LOOP
FROM1T0O 3

©

P=El1=E2=E3=0
Ki=(K-1)x5+1
K2=K1 +4

SUM WEIGHTED EMISSION LEVELS
INEY, E2, E3, AND TE), TE2, TE3,

SUM PERCENTAGE TIMES 100 IN P
SUM WEIGHTED MILEAGE IN TM
FORL=K1TO K2

Figure 5-48 Subroutine PRINT6 Flowchart
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MM =TMIL x 12+ 0.5

NORMALIZE E1, E2, E3

PRINT OUT CONTROL TYPE,
PERCENTAGE AND EMISSION RATES

K LOOP

FINISHED
?

YES

MIM=TM x 12

PRINT OUT SUMMARY
EMISSION LEVELS

| LOOP
FINISHED
?

YES

N = N -NPERPG

RETURN

Figure 5.48 Subroutine PRINT6 Flowchart (cont.)
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rIable'5-48 SUBROUTINE PRINT6 LISTING

52150

51750 SUBROUTINE PRINTG(EMIS,TPER,TMIL+NYEARS,CARPUP)
51760 DIMENSICN CARPOP(16)
51770 DIMENSICN EMIS(1543416) 4TPER(16415),TMIL(16,415)
% 51780 DIMENSICN HEAD(4,4)
| 51790 DATA HEAD/
g 51800 * 6HPRECCN,6HTROLLE 4 6HD 16
51810 %y 6HCONTROy6HLLED {,6H1966-1,6H370)
51820 %, 6HPOST 1,6H9T0 v 6H »6H
51830 * 4 6H +6HTOTALS y6H 16H
51840 *
51850 DATA NPERPG/6/
51860 N=NYEARS
51870 J=0
51880 10 WRITE{6,100)
51890 NN=NPERPG
51900 IFI{N.LE.NPERPG+1) NN=N
51910 D0 20 I=1,NN
51820 J=J+1
51930 WRITE(6,110)
51940 MTM=TE1=TE2=TE3=0
51950 TM=0 -
51860 TP=100.
51970 DO 30 K=1,3
_ 51980 P=0
- 51990 E1=0
52000 E2=0
) 52010 £3=0 -
. 52020 K1=(K-1)*5+1
! 52030 K2=K1+4
. 52040 DO 40 L=K1l,K2 . L
52050 P=P+TPER(J,L)*100 ‘*
52060 E1=EL+EMIS(Ls1,J)*TPER(J, L)
52070 E2=F2+EMIS{L,+2,J)¥TPER(J,L)
; 52080 E3=E3+EMIS{L 43, J)*TPER{J,L)
» 52090 TEI=TELI+EMIS(L,1,J)*TPERIJHL)
' 52100 TE2=TE2+EMIS{L,2,J)*TPER(J,L)
52110 TE3=TE34EMIS{L, 3,J)XTPER( J,L)
52120 TM=TM+#TMIL{JoL)*TPER(J, L)
52130 40  CONVINUE )
! 52140 MMM=TMIL(J,K1}*12.%+0.5

IF(P.GT.0.0001) E3=E3%]100./P
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Table 5-48 SUBROUTINE PRINT6 LISTING (cont.)

52160 _ IF(P.GT.0.,0001) E2=E2%100./P _ - _
52179 IF(P.GT.N.0001) E1=E1%¥100./P

52180 WRITE(6,120) (HEAD(M,K) ,M=1,64) 4P, MMM, E1,E2,E3

52190 30 CONTINUE ] , o
52200 MTM=TM*12.

52210 WRITE(6,140) Jo (HEADIM,4) 4M=1,4),TP ,MTM,TEL,TE2,TE3,CARPOP(J)
52220 20 _CONTINUE o o . .
52230 N=N-NPERPG

52240 IFIN.GE.2) GOTO 10

52250 RE TURN L
52260 100 FORMAT(L1H1,/,44X,*VEHICLE POUPULATION CHARACTERISTICS*,

52270 % [/, 1XeXYEAR%®,24X,

52280 L x *VEHICLE DISTRIBUTION _INCREMENTAL ODOMETER#%,

52290 * #  VEHICLE EMMISSION LEVELS VEHICLE®,

52300 * /36X, ¥PERCENT %, 17X,

52310 * ¥READING® 49X o ¥HC¥ o TX o ¥CO%,6X,*NO___ POPULATION%,/, L
52320 * 61X, *MIUES*,15X,*GRAMS /MILE*)

52330 110  FORMAT(1H )

52340 120 FORMAT(T7X14A6+3XsF841117X11644XsF1042,F942,F8.2)

52350 140 FORMAT(2X,12,3X+14A613X,FBu1,17Xy1644X,F10.2¢F9.24F83.2,F12.0)
52360 130 FORMAT(1H1])

52370

END




Table 5-49 BLOCK DATA ROUTINE LISTING

962-5

02740 RLUCK DAlA

02750 COMMON /COMOl/ AMB(3),ALAB, AVV, BINT,

02760 + BAREA(3), BLDl, BLDZ2, 3S1G(3), BXTRA, BSIZE ,
02770 + BHIST{3,16), BMMI(10,1543), -
02780 + ATABLEX(9,10,43), ATABLEY(9.10.3:.AsrAathq,s.a).AsrAaLv(q.a,a)
02790 COMMON /CUM02/ CARA, CARILY, CARMY, CARPOP(16) y
02800 + CARSY, CBSUM, ° CCOEF{(10),CCOSTI, CCOSTM, CGTT,
02810 + C INCON, cecB, CPI, crPvPY, CSUM, CARAY,

02820 + CN(15+3,16), COEFB(15,3), COEFBP(10,15),

02830 + CPART(10,15) . ‘ -

02840 CC ADD2

028590

02860 CCMMON /COMO3/ DELPCV, DP(10415)4DELEM(3,16),DELI(3),
02870 + EMW(3), EP{10,15),EFF(10), DELIT(3),

02880 + FREQA, FREQB, FPERC(10,3),

02890 + HORZN, HORZNY,

02900 + HPC(15,16), HPCS(15,16), HPP(10,15,16),

02910 + HPS(6+15+16), HPT{5,16), HPTOT(16),

02920 + HPTOTS(16) '

02930 CC ADD3

02940 COMMON /COMO4/ ITE, ITL, 11P, ITIME(16),
02950 + KSTART, KSTOP, LOPT, LPICK{10),LLPICK,

02960 + LIDLE, LINT{16)y LPSPP(10)+LSTART, LSToOP,

02970 + MBASE,  MPH, MSPEC{10) yMSTART, MSTOP,

02980 + MU(104+3), MMS({10,151), MVPR(10,15)

02990 CC ADD4

03000 COMMON /CO3MQ5/ NAME(50) s NCNTR, NEMIS, NEMP,
03010 + NINTR, NINTRB, NMODE 4 NU, NOPTS» "NPAR,
03020 + NP TRN, NPTS, NSTEPS, NTR, NTRB, NPICK{161},
03030 + 0C1Y, acMY, opPTl, OPTM,OPTS{50) yOVCHI(3),0VCHM{3)
03040 CC ADDS

03050 COMMGN /COMO6/PARM(3,3), PART, PAYNEW 4 PAYOFF(2),

030690 + PCL15), PCS(15), PHI(14), PLO(14), PLTMAX(3),PMCDEL,
03070 + PP{10,15}+PS{6415), PTL(5), PTOT, PTS(5), PAYADJ,
03080 + PAR(10,15,3), PARL(10+343), PLUS(10,15},

03090 + PM(10,15), PPICK(10)+sPPPICK,PSTAR,PI({15,10),

03100 + PSA(15), PTA(5), PCONF, PARINT(10,10,9)

03110 + SPAYFIN

03120 COMMON /COMO7/ REINSP, RNAME, RSIZE, RSTOP,
03130 + RTYPE,

03140 + SALE, SALL, SALP, SITEI, SITEM, SLANE,
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Table 5-49 BLOCK DATA ROUTINE LISTING (cont.)

05150 4+ __ SYODFL,  STAPT(i5,3), STAT, STIME(2)y SUMBNM(3),
13160 + SCALEB4(3), S4{6,15), SPak(10915,06),
03170 + SXCUT(643), SIG(1D,2), SIGCE (3,
83182 ] 4+ SIGME(ID), _ SIGMNE(10), _ _ SIGP(13,15),
0319u + SIGRATE, SIST, SIGS{64,15), SIGSDE(3),
03200 + STABLEX (334641510, STABLEY(33,6,15)
321D _ COMMON /COM10/ _ TAR:EA(3), TOISTI10,3),TIDLcyTIMELI(3416),
03220 + TInT, TOKE(3)y  TONK TOTE(3), TPLB(3)y TPUT(3),
03230 + TXTRA, TSIZE, TSI1G(3), TPER(L6,15), T4IL(16415),
03240 . .,‘t.. X THIST( 793 16), THIDTT(».)_!»_»_\))! _____I_I__f‘_lig(_.]‘.’o lS)v .
03250 + TIMEM(L1O 9150 TAGLEX(33,109150) TABLEY(33,10,15)
03260 CC ADD1O
03270 o comMuN /COMLIL, wWFWULSY, R
03280 + X1BP(3,3,6), XINT, XINTR, X LANE, XSUM, XCUT(10,3),
03290 + XT4(lo) sy XBASE(9,3),YBASE(9,3)
03300_ . CC AapbDLL o . - e e —_—
03310 COMMUN /CUM12/ Y1IBP{3,3413), Y2uP{3,3,10),
03320 + YES, YSUM, YT4(1lo), YIDBP(4,4,10),Y20BP(444,10),
03330 I Z1l, 124 13, 14, 15, 16, B
03340 + 17, 78, 13, 710, 11, I12,
03350 + 113, L14, 715, 116, 217,
... 03360 _ e +_2CARI,  ZCARM, LGy o ISUM, S
03370 + 72(2,3)
03380 CC AuD12
0313580 ___ LGMMDN JDEBUG/ . ADEBUGy  B3DEZRUG,  CDEBUGy,  DDEBRUG,
2439 + LDEOUG, MDERUG,  POIEBUG, <OEGUG, SOEBUG, TDEBUG T
03410 CC ADUD
03420 U REAL ITE, ITL,  _ITP, I T1ME,
T 03430 T 4 MMS , MPH 4SPEC, MU, MVPR,
03440 + NAME , NO, LIOEBUG, MDEBUG,
03450 o _ + __«I_a\.l __ __MISFIRE L L
034560 NTEGLER RNAME , SITEL, SITEM, STAT, o o
J3470 + TDIST, XLANE, IPTI, PPICK, PPPICK
03485 COATA PI1/150%] L L
03450 DAT A NAMf/ZHHL zwco 2HN» 3H UNCONTH » 8H CUWTR  48H POST 70, T
03500 ¢ 10H TIOLE +10H IGNITION ,10H ITWUUCTION ,
03510 + 1H ,8H  GM 4,91 FORS  ,8H CHRY
03520 T T T Y TsH AMC W8H O IMPORTS L5%1H , T =
13530 + 10H LOS ANGyLOHELES BASIN,1JH NEA YU<K/,
03540 + LJHNEW JERSEY, 1O0H AASHINS 1IHGTUN Do Cay
03550 - + 10H 77T L10H DENVERGLOHGETROIT L 1n - T
03560 + 10k IOLE CO  +10H KP4 104 TIMING '
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Table 5-49 BLOCK DATA ROUTINE LISTING (cont.)

03980 % 1001354312 09006901904+0+13404,0.,0./

03570 + 10H MISFIRE 4 10H NO X v10H AIR PUMP ,
03580 + 10H PCV s 1OHAIR CLEAN ,10HVAC KICK
03590 + 1OHHEAT RISER,
03600 + 10H HC - IDLE,1OH CO - IDLE,10H NO - IDLE y
03610 + 10H HC - 45 L10H CO - 45 L10H NO - 45 /
03620 cC DATA FOR SUBROUTINE COST
03630 DATA REINSP ¢ XLANE,TIDLE/Oeslyl./
03640 DATA BLD1,BLD2,ALABsAVV/600.,000.91250.430./
03650 DATA SALE, SALLySALP,ZICyITE,ITLyITP/0eslevOese0794¢930e9304/
03660 DATA NEMP/2/ ~ |
03670 DATA CPCB/40./
03680 DATA Z1422,23924525/.33310441044.07/
03690 DATA 76427,28+299210/500+4259043249104/
03700 " DATA 2114212421342 144215/16000495020e92e15914/
03710 DATA Z164217/3.5,7000./
02720 ] DATA 77/20000492332004,450004932000.240004,576000., L
03730 + 35000.+60000.,85200./
03740 DATA STAT/80/
03750 ] NDATA LIDLE/1/ L
03750 UATA YES,NU/3HYES, 2HNO/
03770 DATA RSTOP,RTYPE/2HNO,9HP ARAMET ER/
03780 B DATA PMGGEL 4 SMODEL/9HPARAMETER, 9HSI GNATUKE/ L
037390 DATA BDEBUGyMDEBUG, TDEBUG ,CDEBUGy ADEBUGyLDEBUG, PDCBUG,
03800 + DDEBUG,QDEBUG,SDEBUG/10%*2HND/
03810 __ DATA PLTMAX/104,150.419./ B
03820 DATA OPTS/10HDEBUG s LOHPARAMETER  10HSIGNATURE
03830 + 10HSTOP ¢ 1DHUNCONTROL 4 10HCUNTROL y
03849 + 10HPOST 70 »10HIDLE s LOHIGNITIUN 4 1OHINDUCTION , )
03850 + 10HBLINE » LOHMICRO W 1OHTEST ’ i
03860 + 10HCQOSTS y 1OHAREA y IOHCUTPTS » 1OHPDECAY ,
03870 + 10HDATA = _ »1OHMDECAY s 1OHSTATS ’ — _
03880 B + 1JHLA y LOHNY y LI HNASH ,
03890 + 10HDENVER + LOHLOADED y LOHUNLOADED 4 LOHHYBRID y
33900 ___+ 10HSTATE s LOHGARAGE _a — e
53910 o + 10HICO » 1OHIHC 2 1DHHC 45 y LOHC 045 '
03920 + 10HMISFIRE v IOHDETROIT » LOHIND » LOHNO45 /
03930 DATA NPICK/16%0/
032940 o DATA NOPTS/37/
03950 DATA DELPCV/5./
03960 UATA FPERC/48792547100520055009009001423490450.5 L B
33970 ¥ 29920291209000590270e90¢1930030090a2 -
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Table 5-49 BLOCK DATA ROUTINE LISTING (cont.)

139990 L o DATA LPSPP/2+141+4+4045454520,0/ ; B o
04000 DATA LINT /2’1'210 Oy C 1, Zv 1100(_92 OVA_DL_'O/
04017 DATA PLO/e0190e10e9DevQeyDas— «49De90s9Qera*, al/
__.._24020 DATA PHI/8e+0090e954009020le691800300+00980+700.,
04C30 + 500.+64/
04040 DATA SCALEBM/3%1./
04050 B  DATA HORZN__W_E_SAS[: TINT/00es 685 412./ -
04069 " DATA NENMIS, NPTRN,NCNTP . NPAR,NSTEPSyNPTS/ 3,543, y10,32,9/
04070 DATA NMODE/6/
04080 DATA MMS/150%C./ _ -
04090 DATA FREQAFREQB/.4,4.6/
04100 DATA CGTT/9.08ES/
24110 __DATA BINT/12./
04120 DATA UVCHI/1.5+5.0+5.0/
041390 DATA OVCHM/0D.,12.415./
04140 _CC____TIME EUEMENTS USED IN CALCJLATION OF COSTS
04150 DATA TIMEM/
04160 + 0e1+50.1+0¢1¢1¢0+0490e+041+0.05+40.25,+0.25,
04170 4 04140214001912090090040¢150405+0425,0425, _
04180 + 04140614001 410e090e90es0.140. JD.O 251 «25,
04190 + 061¢0415041+1e090e+0.+0.1,0.3540.2540.25,
04200 4 0e110414021512040490.504150.9540.2540.259
04210 + 0¢1900150.1+120+0¢+0.740.140.25,0.25,0.25,
04220 + 0019041900191 60902a90.7401+9042590425,50.25,
04230 4 04110.1¢0424140+0440e7404150405+0425,0e25, _ L
04240 + 001900190191 eD¢0e90e7v0e140.0540.2540425
04250 + 061100190alele0900sCe792ele0e05+042540425,
04260 4+ 04140014021410090.75404+0.1,0.05,0.25,0.25,
04270 + 061+04190¢19140+04759069001¢2.0550.25,0.25,
04280 + 0190019021410+ 007540e+0¢190.0590.2540.25,
04290 B  * 0e1+0.1+06141204047590¢+0e1+43405+704254+0.25,
04300 + 0.1¢0.140:.171e030675940106192.0590425,0.25/
04310 DATA STIME/1.5+2e%4+2.4/
04320 DATA TIMEC/
! 04330 + 0.05+0405+0405+04155044044+0.1,0.05,0.1,0.05,
i 04340 + 0.05010¢0500240590415404710¢+0e150.05¢0.1+0.05,
: 04350 + 0e05490405+0.0590615+C2902+001+0405,0.1¢0.05,
04360 ¥ 0.059020550005902a159009C020219000590.1,0405
04370 + 0.05+0.05+10.0550e15906+0:1001+0.05,0.190.05,
04380 + 0405+0.05+040590615400+0425+40.1+0.0550.1,3.05,
l 04390 + 0405902054005+ 0e1540610¢25906190.054061+0.05,
04 40D + 0.0570.05+0.0550415+0.50425/0.15,0.05,0.1+0.05,
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Table 5-49 BLOCK DATA ROUTINE LISTING (cont.)

04829

+

3.76E-5,

+ 0.0540205+0005+001550e90425404140.05,00140.05,
04420 + Ja054040590e0590e1530690e25404190.05401,0.05,
04430 + 0.051v0e0540405940¢1594010:+004061y0.0540.1,+0.05,
04440 + 0e0540.05906054041540410+0+0.1,+0.05,40.1,0,05,
34450 + 0.0540.0590.0590415+0.1090440.19D0059061+,0.05,
04460 + 0.05¢0.05+040590.1540.10404¢0.1+0.05+0.1,0.05,
04470 + 0605+0.05+0e0590.15+40410906+9+41+0.0590e140.05/ )
04480 OATA CPART/
044990 + 00100 10etl1T7e90e90012e095.0100+040
04500 + 0090090091701 0e90e92e63+5a0+0e504a
04510 + G-!0000.0170900’00'200'5-870010t9
04529 + Oo'0010-vl7-v0.!0-92-0’5.0,0.’00'
04530 + 0090010091 70006106922095.090e4Cu e o
04540 + 0010090091761 001472a12:01540104904
04550 + 0et0090erl7e+0014T2092e015a0900v04ay
04560 + Qe 1001009170100 1470920603509 0090ay
04570 + Det0e 90011 Te10es4Te32¢0345a003090a
04580 + 0e90¢1 001170900 147 e32¢015a000.90.
04590 + 0010091 0e9lTe12009Da32:095e0100400
04600 + Oc'0.’0.’17-'20070.'20075-0’0.)O.y
046190 + 009009009170 242061 009240050104+ 0.7
04620 + 0210010011701 2009046+4240+¢5090+1+0.,
046390 4+ 001009009170 9206200¢2:035a0904504/
04640 DATA EFF/.60|.85,-70'-851-20’-201-80'-75)'20’.40/
04650 DATA wF/10!2¢12-'7*10/
04660 DATA QPTI,0PTM/1,1/
04670 DATA (COEFBP(1),1I=1,50)
04680 4 2.50FE=49=120F~3,8.00E=55.2E=67,049003=5.00E=5y6e86E=3,=2.4E=6,
04690 + 5.,99E~5,
04700 + 2.50b~44=140E=3,38.00E=5¢5e2E-610e1001=5.00E-546.86E~3,-2.4E-6,
04710 + 5,.,99E-5,
T pa720 4+ 2.50FE~44-31e0E-348.00E~5+5e2F~6502s0ey~5.00E-5y6.86E~3,-2.4E~64
04730 + 5,99E-5,
04740 + 2e50F-449=]1 e 0FE=3+18400E-595e2FE-040e10e9=5.00E-5,6.86E-3y=2.4F-6,
04750 + 5,99E-5, :
04760 + 2.50E=4,~120E=3,8,00E~555.2E=5300y00r=500E=5,60B86E=3,-2.4E~06,
04770 + 5.99E-5/
04780 DATA (COEFSP(1),1=51,100} -
04790 41 aSE=4 4~ T e5E-4460.TE=533.E-690e18415E-6+4~3.25E-545.0E-3,-2.3E-6,
04800 + 3.76E-5,
04810 +Io 55‘4."7.5E_4p6-7E“’513.E"690.98- 15E“61"3-25E‘515o05-31‘:.-3E‘f>v
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Table 5-49 BLOCK DATA ROUTINE LISTING (cont.)

.._.—._Q"'J‘Z'O R [ .,-+_]_-_£_5,_E_-(’f_)__:7_05§:4'9_07&"51» "‘Oox.ovq lDC (O3 I i;ng—DOS.DE—JO—:’:'_3F-6'_
04,(21,(/ + 3.7OE°Sv
04850 +1.50-4,=Te56=4+60TE=5,3.E=5,00s 3.15E=6,~2.25E-5,5.0E~2, =L.>F -0,
04865 ¥ 3.T0E-5, B ~ S o
04872 *1 SE ‘tv‘? 5F- va 7"-5 }oC‘U,O.!LolL)E"(Jv"3 ZbE 5 5S.0E-3 2e3E-60
04R40 + 3,76E-5/

04890 o _ DATA (CCEFB8P(I1),1=101,150) / i
04900 + 1.0E-44~4.0E~4+4.E~ 5,1.50E~ 6,3 Qze- byO.y- .OOE-S,b.Ot-Jv
N4910 + =1 u5E=- 61 e ?

JQQ?’\ _,__j.,, 1-OE"‘?"QJ'QE-"Q_‘O‘gE_A‘_5y>]_._-_5_t-_:‘6'b- 7.‘55‘0'\).' OE _3___E 13 o
")4930 + ~1.8E~6+04,
04940 + 1 OE G49—4, OE‘%74.E-51l-SE‘615.935'@'0-!‘2.00&“5,3.0F—B'!

04950 4 ~1.EE=06+04 _ - L

NGG5HD + 1.0E~- 4.—4 ot~ 4'4 E- 3,;.55 6y5 .qsf—é.o.. h.OOt S 3 OL 3,
0497 + —1.CF=6sDu

_04980 % 1.0f-4,-4,0i=%44.i=511.0c-C15.92E-610.4-2.00E-5,3.06=3,
04990 + ~]1.%E-6,0./
05000C CATA PARM/3.5-5,9.0E-6+45.2E-0y2etl~44y1.26-4,9.6F~5,

777057071_0_‘7_ I -8 dc éo."_(‘:__é__c _70"5 9" 6/ . o . _
J5020 CC PARTIALS -~ DELTA 'WISS[JN/D:LTA PARA1tTER
05030 DATA (PAR(I ) +I=1,4,15C)/

05040 + 0.37564-3.73E-3,,08683427.23,0.+0.+0.06192,7.48E-3,~-1.3726-2,0.,
05050C + 0.37564~3.73E~ 3,.08683,27. 23404904190.06192,7.486-34-1. 372E-340.
05060 + 0.3750+-3.73E~ 3..08683 274234049 2.90.06192,7.48E~ J, 14a372E-34304
05070 % 0.37564-3,73E-3,.08683,27.23,24+0.90.06192,7.486-3,-1.372F-3,0.,
05080 + 0.3750+-3.72E-3,.08633,27.23,)¢104+0.06192,7.48F- 3.-1 372t - J,u.;‘
05090 + Da02859=5.5E~24040498122.71¢0e90e6029=04080119e1E=443D044Cey

05100 L + 0.02869=5.56-3,0.0498,22.71+0.43.602y-0.0801,9.1E-4y004+0.,

05110 o + J.023069=5¢5E-340e0498,22¢71104+0+456C02,-04030199e1E=440¢,40ay
¢5120 + 0o025864=5.5E-3+40.2498+22.714310.602,-0.0801+95941E-4504450.,

05130 L 4 0.0280s=945E-340.0498,22.7143.30.502,-0.0801,9.1E~4404 100y
05140 + 0.09795,3.43E-4,0.11234,18. 9,0, 631 NDesy—-0. l?bd 1.31E- 39406100y,
0515¢C + 0609735813443 E-44041.224,18.89435e67190e9=061758531621E~3404904y

35160 4 0.097598415.43F=4490.112945 14529 0.6015Ce9=04175841.31E-3,40.4Cay_ _
¢5170 + 040CT73893.43E-4,0011294910e83+040019009-0.175391.31E-3, Ce1Tey
05180 + Q0.09732,3,43F~4,0.11294418.899y0e0019)ay=CelT589ie31E-3490.40.7
35190 o DATA (PARII),I=151,3001/ ) _

05230 5. 501490004369 ~100669209000Jer1~CeT29,0a1472y=00041,00y T
062190 + 0602144 0.0434,~1. Jbu.D.yO. 90.'*& 729 Je 14721-\4 O‘tlyO;t
05220 + 6.0L14'u-0434v‘1 uoby Q-) 3.0J.' ,_.72§ J3e14724y=0404140.
05230 T T T T 4 5.67 1440434349 ~1406640e9 01009 =24726,0.1472,-0.041,0., T T
05240 + 6.621490.04549-1.06690010.9061~24729,C.14724,-0.0414+0.,
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~Table 5-49 BLOCK DATA ROUTINE LISTING (cont.)

L 05250 + 75178,0002124,-00242,02900972514-1291240,07643-0.2978,2,999,
05260 ¥ 7.17840.02124,-003429009000725i1=1.912+0.07645-0.2976,2.999,
05270 + T7e178,0.02124+-0034290090097.519=1.912,0.0T045-0.2G57642.999,

) 05280 4 7.178,0402124,-04342,J090297251y=1.912,0.0764,-0.2978,2.999,
05290 + 7.178,0.02124y-0434240010017e5011=14912¢0.0764,-0.2978,2.999,
05300 # 11.433,0.24845,=1.34T7,0.,-T23024049~9.75190.1142,-0.2978,2.999,

05310 o + 11.433,0.048450=12347710es=70302,40¢3~-5475140.1142,-0.2978,2.999,
05320 ¥ 11.433,0.047459=1434774009-703024024-9e751901142,-0.2978,2.999,
05330 4 11.433,0004845,=123477900y=703024049-9.751,0.1142,-0.2978,2.999,
05340 + 11.433,0.048454-143477400+=7.502,044-9.751,0.1142,-0.2978,2.993/

05350 DATA {(PAR{I),1=301,450)/

05360 + =01 71491e056-3,001724+0210090493.0374-4.2E~3,0.171C,-0.439,

05370 N + —0.1714,1.056-3400172450450092090,037,-%4.26~3,0.1730,-0.439, .

05380 + —0.171441.05F=3,0.172410490e+0490.037,-4,2E-3,0.1710,-0.439,

05390 + =0.171491e05E=3430017244J¢+Ca90410.037,-4.26-3,0.171C,-0.439,

05400 — ¥ mUe171441.05E-350.172490090090020.0379-442E~-3,001710,-0.439,

05410 + 0.0 12e5E=43 00095900 30010090e08319=2e1E=330e300es

05420 + 0.0 12e5E=430e¢095104 1009009008019 =2e1E=3,40.+04y

05430 + 0.0 1245644000955 00102070090208019=241E~3,0430a, _

05440 + 0.0 22e5FE~4404a0954Ce1JerUerGa0801l94=2e1E=3404¢0er

05450 + an 12.5E-4’0o09590. .O.,O- ,0.0SOl,-Z.lE—B,O. ;O-,

05460 i ¥ =0.0271¢4434F~%403¢15581090471610e9C01329-2.62E-3¢0C0904s

05470 + ~0e027)194e34F~440.155890e10e71690090e1329=2.6¢E=3300904y

05480 4 ~0e0271l9%e34F~4304155890e 900716900 1001329=2462E~3, 0u0y3Day

05490 + ~0.0271+%034E-4404155340.70.71640¢4041325-2.62E-3,0.404,

05500 ¥ 00271140 34E-4904155840. 900716100 9001329-2e62E~350C02+047/

05510 DATA CCUEF/ ¢16549 0066890009 e210e30292e31lese2920a/

05520  DATA (SPARI(I),1=1,152)/ _ o ~

05530 T ¥ 36.162+-106559172B819137e5740a1Cer0a2000467499D0 9044

0554D + 364162 4=1e9595 3 1 TeR10137e5T1C a1 0010090047493 04640 49

05550 4 36,1624=1.655317.81315725733.40093410.04749y00900s_ L
T 05560 + 36.162+-126555170814137.5790e10017020+24749,00 904

D5570 + 3601629=12655,1748113137e57102930100903404749904100s

05580 o o _H_{B 270640 549 7 Q’ J. 7-37 Oo 150 83 O,,Q 17551U.10. e 9 e

T o0s590 ’ + 8.27065=0.549,7.97, 157 5793215648536 0 3017559005 0ny

05600 4 8427061045459 7e979137e5740015628530410e17559C09000

05610 + Ba27069=0.549,7e979157.57,04456.8540.40.1755,04,0.,

95620 T T T Y B 27059045467 7e879 137057 40235608520e20e175590e1000

05630 + 123.53,-0.3424,110259127e57¢1C5e870¢1=2e9681=0¢094187%% 404,

05640 + 13453,-0.34245114554157457,10545,00+-24563,=0.0941840.,0.,

05650 - T O T13.53,-0.3424111.5511374577105.8+044-24 968.-0 09418704304, o

05660 4 13.53,-0.3424,1105541370571105e684009=2e968,=0,00418,040 204,
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Table 5-49 BLOCK DATA ROUTINE LISTING (cont.)

05679 . _ o+ 13.534-0e3424511.554137a57410548934972.960634-0.0941F3.,C. /

05680 DATA (SPAR{I),1I=151,23202)/
05690 + 0.95140043.207F=3404900906+=3401353,0esUs+04

o 0570_0________ e * D 951 no_v:‘ﬁv ZO7L 3 D.yJ.,J,v 4.\/1]5‘% Oovoo'O-l _ L
05710 + 0. 951 Oev 3. ZO7E 3 3..0.'0..-—0 013758y0e¢0.+04
05720 + 0.95140e03.207E-3, O.oD.qO-o'J 01358404904+ 04
05730 4+ 0495140443.207E=3,00,0000e¢=3201358404900s0ey
0574C T+ 0.8712+3.4k-441. 10t—J.J.,0..J 9795 40¢1148E=-4+04¢1 04
05750 + 06871213464 -441.19E~340040+90¢97909DeyleBL-41+0.+04,
05760 _ 4 o B7121344E=4%y1.19E-2,0,,0440.5796,0441.8E-4,C.90.,

] 05770 + 0.8712+3.4E-431.13E-3,00+0.70.2790404¢1.8E=440440.,
05780 + J 8712 3e4E-441.1F-3,0.90¢904979540e91e8E-%4+04¢0.

05790 4 1aD2T5=%u219E=4,3.08E=44 )0 0.025344047-043125,7.9%2E~5,00000y _
05300 + 1402744421954 ,3.0BE=440.+0.0253%4+049-0.0125y7.942E~59049 04,
05810 + 1.027+=4¢219E-4,3,08E-%4+0.+0.025%2440.9-0.012547.942F~5,0e904,

058204 1.027+-4+219t=4,3.083E440.40.3253% 404 3=0.012557.9%2E~50ey Gun_
05830 + 1e0274-44219E-4,3.03F-440.40.0253440.+-2.0125,7.942E-54Ce 0./
05840 DATA (SPAR{1),1=301,450)/

05850 L + ~9.84540.058040.7348,00 400000 1=1.043,=7.923E=3404+04,

05860 ¥ —9.14540.0580490473484)e+10090e1-1a0434-7.923F~ 39060104
NS8TC + —9.,845,0.05804,0.7348,0e 90e+0. v‘1-3431‘70923E-3100 90.'
05890 . + 2954540205804+ 0.7348, 0 0s0es=1.043,-7,923E-3,0.,0.,
05890 + -9.845,0.0580440.7248,0¢4009¢0e9=14¢043,-7.923E-3,0.,+0.,
05900 + —2.752+0¢11534-0.23040490.1-2.8438+-2.548,0.015090490.,
05910 % =2.7524041153,-04230,049049-2.848,-2.548,040150,04 404,
059290 ¥ —2.752+0411529=Ce230+0+1009-2.8489-2.548,0. 0150, 04904y
05930 + —2.75290.1153¢-04230504350e1-2.843,-2.548,0.015020.+0.4,
05940 4 =2.752,0013539=0023017410492.848+-245484020150, 04 +04y
05950 + —38.3540.3857,04428590.+4Ce090e1-3+941,-0.04358,0.+0.,
05960 + =38.3540¢3857+y0e4285+04940.40+0¢1=34941+=0.0435840¢ 104,

05970 4 =38.25,0,385740.4285,0.94220+0¢1-3.941,-0.04358,0.,0.,

05980 + —38.3540.3857+0.4285+0,+40390.1-3.941,4-0, 04358'0.9L-v
05999 + -38.35,0.385740.4285+404140e09432¢-3.941+y~0.04358,0.4+0./
06000 o } DATA (SPAR(I),I=451,602)/

06010 + 1.959,-0,02213+4.201+128¢010¢30e+~5.916+0.08041,044+0.,
06020 + 1.959,-0.02213+,4.2019128:e0+100+0¢9~5916503.0804190e+0.,

06020 % 1.9594-0.02213+44201,12840504+044-5.916,0.08041,0.40C.,
06040 + 1.959,-0.02213,4.2015128.0+04+0.+-5.91650.03041,04+0.,
06050 + 1.959,-0.0221394.2011128eC40e¢10e+~5.91640.08041,0.+0.,
06060 + J-969t'0.%51'3o2567128.010.'-18-4579"0-5419"0.074410- 90-1
0_6070 - T - ¥+ 0.969.—0.0451,3.256'128.0y0.'-18.457'~0.541,—0.0744.0. 90ey

+

06080

0.969.-0.0451-3.256o12 B.Ov 0. v°18-457,"’00 541'-0.07"4'0. '0.'
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Table 5-49 BLOCK DATA ROUTINE LISTING (cont.)

; R

02969, =0,04511302569128¢05002=1524579~0054L12-0207%4%200 100,

i +
06100 + 06969+ =0.045192.2564+128.0410.9=18.457T9y=-0.5414-0.,0744,0.4+0.9
06110 + 0.6020+-0.0228544.049,128.0+11.2+0+2-6.854,0.0860740.,0¢,
06120 # 0.06026,-0002285,4.049,128.09112240.009=628545,0208607504 300
! 06130 + 0.6026,~0.,02285+4+0499128¢0011.290e9~=6e854,0.08607,0.+0a.y
06140 + 0.60269-0.02285,4.04899128.0911.23049~6854,0.0860740.40.9
06150 + 0.60265=04022853420495128.0y11:29007,-5285450e08607 40440,/
06160 DATA {(SPAR{1),1=601,750)/
06170 + 0.0160714.529E~-5+48.585E-34049049049=-0.05327y1.619E-3304.,0.9
06180 + Ge01607+4452G9E~5+8.585E-24C0 10635300 9-0,05327,1.619E-3404+040
06190 + 0.,0160714e¢529E~5+8.585E-390490¢3029=040532791.619E~340e10.
06200 + 0.01607¢4.529E~548.585E-330.30.9029=0.05327+1.6195-2,04404
06210 ) ¢ 0.01607042529E=5,345855=310s100003-0405327s 1061963500300y ______
062290 + 0.01736+00¢=2.96E-340e90490.05154y~3.42E-312+479E=3904350.»
06230 + 0001736900 31~22e96F=340e10e90e08154-3.42E-3,2.79E-340++C 0>
06240 + 00017369006 9=2e96FE=33049049060815+-3242E-372.79E~-3,0.+90.,
f 06250 + 0001?36'0. 1-2096E~3VO. 700’000815"'3.42E-372.79E"310c,Ol’
- 06260 + 0.0173640e1=2e90E=340.+0490.7815+-3.42E-342.79E~3504+C0y
N 06270 + ~0e010890e694=0.01158400+-0401%4644069-0.1%2442.93E-340440e2 Y
06220 + 040108904+ -0.0115840.1-0.01404+049-0.142442.93E-340490.
06230 + -0,0108,40.+9-0.0115840.+-0.01464+0.9-0.142442.93E-340290ay
06300 + ~0e01084069-0e0115840e9-0e01464904+—04142492.93E-3,0490., o
06310 + ~0.,010840e9-0e0115840e1-0:4014064900+y~0e142442.93E-3,404+40.7/
06320 DATA (SPAR{I)}s1I=751,900)/
06330 4+ 0.90s2014973e28900300490. ’-72'29'—3'924.9..L,Ov',!0" _
06340 + Oe 10-2014v73.28100 70-10- 1’72.29)‘0.924990.10-9
06350 + 041042014, 7322840090010 3-72.299-0,924940,490.4
06360 + 0020.2014973.2890e9Ce30e9=72e299-0469249904404
06370 + 049042014, 732281029009 0e¢=726299=0¢9249404+04
06380 + 0,90.0886+55e599029049799e4%413.42990.55351 049049
, 06390 4 0090208867955259 300 9001-990%%s32429 4045536 Oes0s o
06400 ¥ 0.+0.0886+55.599049001-9924499.429,04553640e1049
06410 + D0e10e0PB0155e5510e90e1-9%044154299065536906+0.,
06420 + 00 9Ce08869550599069009=9904413.429406553630+3047
06430 + ~1e773+=0004294491.621049313.6+06953,.789~0.6949404,0.y
06440 + ~1.773,-0.04294¢91.6210+3313:6904953.789~0e694930.,0.,
06450 4 =1.773,00%429%991a62500 5313264049530 785-0.6949,0u 40., .
06460 ¥ T1.7739-00 04294391 062y00 131301001530 78+-0069%9y 0uy ey “'
06470 + =14773,-0.04294+,91062+00 9313064007532 789046549, 00,04/
06480 DATA X1BP/o%55228y 0085036026902 %%y03lye26s24kly.28,.18,
; 06490 + .41‘-37-19vo43v.3v021'9*0099*10’-L?Ifl.z{f'o].volfy.z}., -
H 06500 + 00513321017100519*00/




$C<-§

C6510
QuH2y
N65")
JOO%
A65H"N
IGS LD
0670y
06599
06510
06699
26610
366210
V6639
Jb6Ha)
a6 GH 1Y)
N666D
V6670
6684
06640
Q6700
0ATLD
00729
06730
0uL740
J6T5)
DOTHY
261770
Q6789
0679N
06800
Qo810
06821
Q6R3Y
06840
06850
6860
06870
06330
26890
06900
06910
06920

CC

Table 5-49 BLOCK DATA ROUTINE LISTING (cont.)

+ + + 4+ o+

+ 5t + 3+

+
+

+
+

# 045 36 % 4 46 3 3 3 4 3t

DATA Y13P/.34,4.28,.184.304.309.19435,.3,4.2,
e dN 1y 02Ty 3130l el e )T valinalde 3,

e el l el 13, 10,0080 lE0a0 79007,

e 2000200021002+ e0210021.02100294320

9% 0.y
3%0a 9401y 21s.01,3%C,,
oi.)/!7v.0/+7v -O?‘fv.OZ?v")z?v-\’)l/*'.OODv-)Q‘}vo')Zqﬁ
07200424300l a9a 043303224927 40310940239.008,

13%04/
DATA Y23P/ 50303 e 1463030193041 %ed0 e 93621549,

=1 e =) 2 4 =15e =150 r—153., 1554410249153, -154.,
3adrBe090e1Oe31 el Ve 3rrelrtealytaiy
A% ]2, 3 93%0e93%0.43%1.0,3%0.

Lot~ er=t 1=y ler=ler=etbr=ebr—-a0y
136001920 vl+3erlederl+30,310000]l 37913791500y ®der9%)a/

DATA FJR SURAGUT INE STATS

DATA SIGSDE/ 154103434/

DATA STCMNE/10=0,./

DATA STUME/ «D43,9%0./

DATA STGCE/ b1 aBya0/

DATA XUASE/1les3er4e1De90er3erllarloesyZ20er
1003094049506 9634910323¢9130.9160.,200,,
levZ2ev3avterTesIerllesylleylS./

DATA YPEASE/ 4021441064011 3,.10744375,.0714.035,.C18,.008%,
00 +2a2035943293,.0091+.0084,.2U564.0038,.0026,.0013,
eU3rel31elT4alD8ye075y.0449432.24.011,44.205/

NATA TSIZESBSIZE/2%150./

DATA PCuNH/S0./

DATA TSIGeBSIU/ 6259370120016 93700241/

DATA (PARIMTLI) »I=1,100)/

L)-|‘o00U3°,-00l25400-y0- 'Onv‘.}.]).*”"lf 1‘1.56E'b!0-!0-0
O.QO-'“.OJOO3051\)-’O¢70- vO-y).qO-y’).’
'.).'O.'O.’Oop‘O-'O-yla23&“5v‘).ll£'7 '0.10-1
10%0.0,
10%0.,
10*0.,,
10%30.,
1A%D L,
10%C .,
10%0.
/
DATA (PARINTI(I),1=101,200)/
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Table 5-49 BLOCK DATA ROUTINE LISTING (cont.)

06930 ¥ 069600016900 90090e+=0072650210000469009044

06940 e DOOOO"-OOOOS(),O-vO-'O-vU- iO-'Oo OO-V

06950 #* 0090090901009 e00239744.00009590e9 e

069560 % J4e90090e90avyb6%0.0y -
06970 * 10%0. s

06980 * 10%0a4

06990 L * 10%04, L o L

07000 x 10%D .,

070190 x 20%0,/

07020 DATA {PARINT(1),1=201,30))/

) 07030 X Ne290005321-e0121190e9=2037940e9=04117y4.54E~5,0450., T
07049 % 0e9009=e00008234009~0002162340e+6e17E-5 300902y 0ay
370590 e ~w_93_s(_3»-_v/_0__-_0_0_- ve 0974} 10,- 9_Qv"_' :2_- 13_E_:7_9__0~o_9_93_9___

) 07000—— ¥ Oe9De )00’001()*0.7 o
07070 ® O-vOovO.vO.vO.vO-'0-1‘7.7ZE“OvO-vO.1
Q07080 * Das0oes0e 9O_-_yp-_v_Q-_o_Q‘-_LQ_-J_Q- 10ey _ B

T 07090 * T%0.3~5405E=7 40a9Das
071092 * 8% 90e9De
07110 L * 20%0,/ .

07120 DATA (PARINT(1),1=2301,400)/

07130 > Q.'.QOZ\)BQ' .10159 :)-vO.,O-vD. '-bo43E-4vOoy3-9

07140 B ¥ Oe+Je98%0ay

07150 % 3%00300900a10esle7lE=348.98E=740.10.,

07160 * 4%0.,6%04y

27170 e 5%04 5%y . e
07180 * 6%Je 9 4%Day T
07190 * 7*0001 105'610. VDOV

07209 B x 19%0, 3 L

07210 % 20%0. / T
07220 DATA (PARINTI(I),1=491,5901)/

e _0,7290 . ___,_‘.,#‘.O'_L‘.O.DIBS’ -104000’000 -7736' :)o' .3015 O.':).y e
07242 % 0e90er3%04, -
07250 * 3“'0- 90.90- o-.OlOZ.-.OOBB.—.00017,0.,0..

07260 % 4%0496%0., B o _
07270 % 5%0, 45%0.,
07280 * 6%00910e9=000434009D0r
07230 % 7%0.,-.00031,0.,0.,
073090 ¥ 10%0a S
27310 ® 20%C ./
073290 i} __DATA {PARINTI1),1=501,000C)/
07330 * 044400802, 40110500 941342, 001-08%71e58E~4,0090
07249 ¥ 2%0,,-,001986,0.,-.00708y04+~8.95F~ 3.0..0.,0..
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Table 5-49 BLOCK DATA ROUTINE LISTING (cont.)

7350 . _ . ¥ AED L 3 (903024900906l 043 1-Te2E=533e¢20as... _ . e
27360 FOoAED, L 6%, ,
271379 * 5% 0,4J)e910280 1-4.0E~4,404106

97380~ ¥ 6*%D0.44%0e e e,
07390 % T%#Jav~4.562E-4, jcvgov
D7400 * B¥0490evDe
07410 X 9%0, e eD116T7.10%0./ U -
274290 DATA (pQRINT(I)u[ 601 733)/
07430 ¥ 00900002719 =207998,0010¢10.+.01354-4.9E-390e104»

_91/0(00 e * _7iov-'3*‘\.z-vi R e e e
3T450 * 3*Cov0.'0ov0-o .032151 12625€6=-540.+0.,
0746) ¥ 4%0,4,6%0.,
07473 % 5%0.,5%)., S ) -
07480 * 10%0. .,
07499 ¥ 10%0.,

27800 £ 10%0., L _
07512 * 20%0./
07520 DATA (PARINTI(I),I=701,300)/
07530 * O.VU-,.001489Q:LgLvC-1oOOQv.OOOZé 0+10ey o .
07540 % 0020092000003 790090¢30e20e90e10e904y
07552 ¥ 2%0,90090090e100889.000028904+04r

_ _Olééo _ o * 4%0.006*%0. B _

07570 * 10%0.

07589 * 10%0.

07590 _ % 10%0a. o L
37602 S 1“*0-v
07610 * 20%Q./
07620 DATA (PARINT(I),I= 801,000)/

"07630 * 0090000348+ =.014260¢009-e04487+0e18479E-3,-3,14F-5,0.9 0.,

07640 % 2%049~e000014+0e9-.003231904+45.58E-541.06E-T40.90a14

07650 % 3%0. 30090024874 005-0001938,~1.45E=6904,0.,

07660 % 4%, 46%0.,
076790 ¥ 5%0e 90017 eT3E-4,-3.4E-54041D4

07680 ¥ 6%0e 14%*0ey

07690 * 10%Da4

07700 ¥ 10%0.,

Q7710 * 20*0./

07720 DATA Y1DBP,Y208P/160%0.,160%0./ T
27730 DATA LOPT/2/

07740 DATA PPICK/2,9%0/

07750 RETURN

07760 END
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APPENDIX A
PROGRAM NOMENCLATURE

Table A-1 contains a complete nomenclature list for the General
Economic Effectiveness Program. Variable names for all subroutines
are included in alphabetical order. For those identifiers with more
than one SIGNIFICANT meaning, several entries in the nomenclature 1list
have been made. This list was designed for use by a FORTRAN IV programmer

in conjunction with the flowcharts and listings in Section 5.

A-1



Table A-1  PROGRAM_NOMENCLATURE

* % % CRC ECONNMIC EFFFCTIVENESS ~PROGRAM ~NOMENCLATURE % * *
INSPECTION TYPE
1DLF IDLE
U EXTENSTVE A - - IGNTTION
FXTENSIVE R INDUCTION
INSPECTION FACILITIES
T STATF LANE - T T USTATE T
FRANCHTSFD GARAGF GARAGE
REGION
7 LOS ANGELES A
NEW YORK NY
WASHTNGTON WA SH
DENVER R o ‘ NEN
DETROTT DFT
* % ENGINF PARAMFTFRS * %
IoLF co T T - o ST T
DFLTA RPM
DFLTA TIMING
MISFIRF
NOX CONTROL
ATR PUMP
PCV T T T o o T
ATR CLEANER
BLADE SETTING (VACUUM KICK)
0 HEAT RISER — ~ —~ ~—° ~ 7 —— = = T T T T T
E EMISSIONS * *
1con

|

T2

|

[o ARG I S BV LN B

o g

|
|
|

THC

IND

CCO (45)
CHC (45)
CNO (45)
NAME DESCRIPTION RANGE UNTITS

#*
¥*
T TIR

PIURPWN~ D~ oDy

—

A MEAN EMISSION LEVELS BEFORE DETERIORATION GR/MI
A PECENTAGE SUMMATION VARIABLE - UNCONTROLLED

T AA SUMMING VARTARIE IN MILEAGE CAILCULATION ~ MTLES/YEAR
AAA AVFRAGF ANNUAL MILEAGE - UNCONTROLLED MILES/YEAR
AAl COFFFTICIENT FOR POLYNOMIAL CURVE-FIT

" AA2 COFFFICTENT FOR POLYNOMTAL CURVE-FIT
AA3 COEFFICIENT FOR POLYNOMIAL CURVE-FIT




;Table A-1  PROGRAM NOMENCLATURE (cont.)

RDEL

EMISSION RATE IMPROVEMENT

ADD RATE OF EMISSION DETERTORATION X MILAGE ACCUMULATION G/M
ADD RATE OF MODE DETERIORATION X MILAGE ACCUMULATION
- HC PPM/MILE
= €D PPM/MILE
- NO . PPM/MILE
ADD THE CHANGE IN PARAMETER SETTING DUE TO DECAY
ADD1 MODE EMISSION DETERIORATION G/MIL/MIL
ADEBUG  AREA DEBUG FLAG 2HNO
ALAB AREA REGIONAL BASIN 1250(LA) SO.MI.
~AM EMISSION AFTER MAINTENANCE |
AMB- FEDERAL 1976 AIR QUALITY CRITERIA HC,NOX- UG/M3, CO- MG/M3
ANAME
ANNUAL  ANNUAL MILEAGE AS A FUNCTION OF AGE.
ANNUA1  ANNUAL MILEAGE DISTRIBUTION FOR LOS ANGELES FLEET
ANNUA2  ANNUAL MILEAGE DISTRIBUTION FOR NEW YORK FLEET
ANNUA3  ANNUAL MILEAGE DISTRIBUTION FOR WASHINGTON FLEET
ANNUAG  ANNUAL MILEAGE DISTRIBUTION FOR DENVER FLEET
ANNUAS5  ANNUAL MILEAGE DISTRIBUTION FOR-‘DETROIT FLEET
AR 1— TARGET AREA IN XPT 0.-1.
ASTABLX MODE EMISSION INPUT DISTRIBUTION.X VALUES. 9 POINT
ASTABLY MODE EMISSION INPUT DISTRIBUTION.Y VALUES. 9 POINT
ASTABX  INPUT MODE EMISSION DISTRIBUTION BY REGION —X
ASTABY  INPUT MODE EMISSION DISTRIBUTION BY REGION -Y
ATABLEX PARAMETER INPUT DISTRIBUTION. X VALUES. 9 POINTS.
ATABLEY PARAMETER INPUT DISTRIBUTION. Y VALUES. 9 POINTS.
ATABX INPUT PARAMETER DISTRIBUTION BY REGION -X
AT ABY INPUT PARAMETER DISTRIBUTION BY REGION -Y
AVE AVERAGE PARAMETER VALUE IN STATS
AVEFAIL AVERAGE FRACTION OF CARS FAILED FOR DUTPUT Oe-1l.
AX TEMPORARY STORAGE FOR DISTRIBUTIONS TO BE PLOTTED
AY TEMPORARY STORAGE FOR DISTRIBUTIONS TO BE PLOTTED
Al TEMPORARY INTEGRAL (AT LAST POINT) IN XPT 0.-1.
Al X1-Y1 DISTRIBUTION POINT AT X3 IN ADD
A2 X2-Y2 DISTRIBUTION POINT AT X3 IN ADD
8 MEAN EMISSION LEVELS AFTER DETERIORATION G/M
B PECENTAGE SUMMATION VARIABLE -  CONTROLLED
BAREA INTEGRATED EMISSION LEVEL GRAMS
BB SUMMING VARIABLE IN MILEAGE CALCULATION MILES/YEAR
BBB AVERAGE ANNUAL MILEAGE - CONTROLLED MILES/YEAR
EDERUG  BASEL INE DEBUG FLAG ‘ » ~ 2HND ,



Table A-1  PROGRAM NOMENCLATURE (cont.)

TRHTST BASELINF EMISSION HISTORY T G/M
RHIST FMISSION LEVEL AT TIME N FOR BASELINE GR/M]
RINT RASELINE TNSPECTION TIME INTERVAL MONTHS
RLD1 - SURFACF AREA INSPECTINN SHED S 300 SOLFT.
BLD? SUURFACF AREA INSPFCTINN { ANF 300 SO.FT.
RM  POST MAINTENANCF EMISSION RATES G/MILE
ML 'MFAN EMISSION RATE FOR BASE CASE T
RSAVF STNORED CONSTRAINT VALUES BY OPTI IN NPTMUM
RSO FMISSTON RATE STANDARD NEVIATINN FOR BASF CASE S
RSTG T RASELINE FMISSTON DISTRIRUTION ERROR ) o B
RSI7ZF SAMPLE SIZE FOR THE BRASELINF FLEET CARS
RIIP  ADNPITION AT MANUFACTURERS SPEC FOR MAINTENANCE
R X TEMPORARY STORAGE FOR DISTRIBUTIONS TO RF PLOTTED .
RXTRA THAT PORTION OF THE FINAL TFST INTERVAL THAT WOULD
FXTEND PAST THE TONTAL TFEST DURATION MONTHS
RY TEMPORARY STORAGE FOR DISTRIBUTIONS TO BF PLOTTED 77—~ 77
B1 CONSTRAINT ARRAY FOR INPUT TO CUTPNT FROM OPTMUM
o EMISSION DELTA AFTER NDECAY AND MAINTENANCE GR/MI
t T UPECENTAGF SUMMATTION VARTARLE ~ -~ POST 1970 ° —T T o
CA COFFFICIFENT FOR NEW CUTPOINT GUFSS IN CUTPNT 0e-1.,
CAF CAPITAL FQUIPMENT COSTS% $
“CAL ~  CAPITAU LAND CDSTS 3 T
CAP CAPITAL FACILITIFS COST $
CAPFL CAPITAL COST FOR INSPECTION STATION(DISCOUNTED)
CARA “SUM OF CARS INSPFCTED OVFR HORIZON —— T T/ T/t TTCTARS T
CARAV AVFRAGF NUMBER OF CARS IN POPULATION CARS
CARB SUM OF CARS MAINTAINED OVER HORIZON CARS
CARC TOTAL CARS FATLUING STGNATURE INSPECTION OVER TTIWME CARS
CARI1 NO. OF CARS UNDERGOING INSPECTION CARS
CARIY AVFRAGE NO. OF CARS INSPECTED PER YEAR CAR/YEAR
CARM NO. OF CARS MAINTAINED CARS
CARMY AVERAGF NO. OF CARS MAINTAINED PER YEAR CAR/YEAR
CARPQOP REGIONAL CAR POPULATION 4M(1LA) CARS
CARPOP VEHICLF POPULATICN CARS
CARS TOTAL CARS FAILING SIGNATURE INSPECTION CARS/YEAR
CARSY AVERAGE NUMRER OF MODE REJECTED CARS CARS/YEAR
TAT TRAINTNG COST — — 7 T T DOLLARS —
CR COEFFTICIENT FOR NEW CUTPOINT GUESS IN CUTPNT 0.-1.
CBSUIM VOLUNTARY I/M COST DOLLARS
TC SOMMING VARTABLE IN MILEAGE CALCUCATION MITES7/YEAR
AVERAGE ANNUAL MILEAGE - POST 70 MILES/YEAR

ccc
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Tab'le A-'I PROGRAM NOMENCLATURE (cont.)

INSPECTION CAPITAL COSTS

CCOSTI $
CCOSTM MAINTENANCE CAPITAL COSTS $

Ccc1 COEFFICIENT FOR POLYNOMIAL CURVE-FIT

ccz2 COEFFICIENT FOR POLYNOMIAL CURVE-FIT

cc3 COEFFICIENT FOR POLYNOMIAL CURVE-FIT

CDERUG COST DEBUG FLAG , 2HNO

CELLWTH DELTA ON X-AXIS OF A DISTRIBUTION

CF J FACTORTIAL IN OQUEUE

CGTT CONVERT GRAMS TO TONS 9.08M G/ TONS
CHI CHANGE IN Y PER COLLUMN ,

CINCON USER INCONVENIENCE COST DOLLARS
CMAXI MAXIMUM NO. OF CARS INSPECTED IN ANY ONE YEAR CARS

CN POST MAINTENANCE EMISSION RATES GRAMS/MILE
COEFB EMISSION DECAY RATES G/MIL/MIL
COEFBP PARAMETER DECAY RATE

CONST CUTPOINT OPTIMIZATION CONSTRAINT FACTOR 0.-1.

CON1 CONSTANT REFLECTING MODE EMISSION NON-INDEPENDANCE

CON?2 CONSTANT REFLECTING MODE EMISSION NON-INDEPENDANCE

COST DISCOUNTED OCOST $/YEAR
COSTB BASELINE VOLUNTARY MAINTENANCE COST DOLLARS
CPART COST OF PARTS FOR MAINTENANCE

CPCB COST OF BASE MAINTENANCE TUNEUP 35-85 DOLLARS
CPI COST PER INSPECTION $/INSPECTION
CPVPY COST PER VEHICLE PER YEAR $/CAR/YEAR
CSUM TOTAL COST FOR TEST PROGRAM [3 o
cuT CURRENT CUTPOINT GUESS IN CUTPNT

CUTIN STARTING CUTPOINT GUESSES IN CUTPNT

CUTMAX UPPER LIMIT OF DISTRIBUTED PARAMETERS IN CUTPNT

CUTMIN LOWER LIMIT OF DISTRIBUTED PARAMETERS IN CUTPNT

CUTN NEW CUTPOINTS FROM L.P. MODEL IN CUTPNT

c1 UTTLITY FUNCTION COEFFICIENTS IN CUTPNT

D TEMPORARY DISTRIRBUTION STORAGE IN CONVOL

DD TEMPORARY DISTRIBUTION STORAGE IN CONVOL AND DISTPR

DDD1 SECOND PARTIAL CONTRIBUTION TO EMISSION DELTA

DDEBUG DATA DEBUG FLAG 2HND

ND1 COEFFICIENT FOR POLYNOMIAL CURVE-FIT

DD?2 COFFFICIENT FOR POLYNOMIAL CURVE-FIT

nDD3 COEFFICIENT FOR POLYNOMIAL CURVE-FIT

DELB EMISSION REDUCTION BASE MAINTENANCE G/M
DELEM DIFFERENCE BETWEEN TEST AND BASE EMISSION RATES T GRAMS/MILE
DELI INTEGRAL OF BASE-TEST EMISSION RATES GRAMS ‘
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HPT

_Table A-] __PROGRAM NOMENCLATURE (cont )
DELTT INTEGRAL NF RASE—TEST FMISSINN RATES T TONS
DFILT FMISSION RENDICTION TEST MAINTENANCE G/M
DELTA PARAMETFR SETTING CHANGE DUE TN MAINTENANCE-CUTPNT o
"DF_TAN ~ NFW PARAMETER DFLTA IN CUTPNT - T TmEm e T
DELX DELTA DN X~AXIS OF A DISTRIBUTION
NDEL XD DUMMY X VALUE FOR DFTERIORATION. RANGES O TO 2
NDELXH  DELTA X TN MAINTAINED DISTRIBUTION ~—
NE X TEST FLFFT EFMISSION SPFCIE DECRFMENT ERROR NDIST.-X
NFY TEST FLEET EMISSION SPECIE DECREMENT FRROR DIST.-Y
DYFF 7 7 TATTRITION RATES. DIFFINY=PERCENTAGE OF N YEAR OUD CARS STILL INTUSE
ne THF CHANGE IN PARAMETER MEANS FOR MAINTENANCE (SIG. ONLY)
nPN SUMMATION VARTABLF IN QUEUE FOR PO CALCULATION 1/PROBAB.
NROP FMTSSION RENDUCTTON FROM I/M OF NON-DISTRIBUTED P S I
NUM TFMPORARY STORAGF IN SWITCH
DUMX TEMPORARY DISTRIRUTION STDRAGE
TDUMY  TEMPORARY DISTRIBUTION STORAGE — ~~ 7 7 =~~~ 77— 7777~ - T
DUM1 TEMPORARY RFJECTION RATE STORAGF FOR UNION
NX DELTA X IN A DISTRIBUTION
FFF MAINTENANCE EFFFCTIVENESS FACTOR 100
FMIS EMISSION RATES FOR ATTRITION MODEL OUTPUT
FMW EMTSSION WEIGHTING FACTORS
“Fp EXPECTED VALUE OF REJECTED PARAMETER o - T T
F1 EMTSSION SUMMING VARIABLE IN PRINT6 - HC UG/M3
F2 EMISSION SUMMING VARIARLE IN PRINT6 - CO MG/M3
F3 EMYSSION SUMMING VARIABLE IN PRINT6 - NOX UG/ M3
F VALUE OF CHEBYSHEV DRTHGONAL POLYNOMIAL
FACTO INTTIAL FACTOR FOR ITFRATION .IN CUTPNT
TFACTOR —~ CONVERGENCE FACTORTIN CUTPNT - — — — 77— 7777 ' T
FIXCOST FIXED COST FOR 1/M OF DISTRIBUTED PARAMETERS DOLLARS
FLAST FRACTION OF INSPFCTION INTERVAL AT END
FPERC THAT PORTION OF THE BASELINE MAINTENANCE THAT AFFECTS ”
THE PARAMETER DFCAY RATES
GROWTH POPULATION GROWTH FACTOR
THEAD HEADTYNG ARRAY CONTAING CONTROL TYPE NAMES ‘— T R
HORZN PROGRAM HORIZON 60 MONTHS
HORZNY PROGRAM HORIZON YEARS
HPL "7 T HISTORY QOF PC TTTT T T e e e
HPCS UNION DF SIGNATURE INSPECTION REJECTION RATES 0.-1.
HPP HISTORY OF PP 0.-1.
THPS - T STORED SIGNATURE INSPECTION REJECTION RATES ~—— ~ —O0.=I7 —~ -

HISTORY OF PT



Table A-T. PROGRAM NOMENCLATURE (cont.)

HPTOT HISTORY OF PTOT - T
HPTOTS TOTAL UNION OF SIGNATURE REJECTION RATES Oc—1.

I : EMISSION LOOP INDEX. 1=HC,2=C0,3=NOX 1-3

ICOST - INCONVENIENCE COSTS o $
IERR °° ERROR FLAG QUTPUT FROM LPAX IN CUTPNT 0

16O COMPUTED GOTO INDEX.USED FOR ALL COMPUTED BRANCHES

I1 MISCELLANEQOUS INDEX

1J INDEX IN CONVOL

ILNS NUMBER OF LINES PER PAGE REQUESTED IN PLOT LINES
TMAX CONSTANT IN CONVOL 50 T
IMAXU ITRY AT MAXIMUM UTILITY FUNCTION IN OPTMUM

IN INPUT KEYWORD VFCTOR.

INT NUMBER OF INSPECTION INTERVALS = TEST CASE

INTB NUMBER OF INSPECTION INTERVALS — BASE CASE

I0PT INTEGRATE F({X) OR X*F(X) FLAG

10PT EMPIRICAL OR THEORETICAL STATISTICAL ANALYSIS FLAG

1PLUS "TEMPORARY INDEX INCREASE IN PRINT2

IPRINT PRINT FLAG IN CUTPNT L _ 0

IPRNT PRTINT FLAG IN CUTPNT 0

IP1 I PLUS 1 IN PLOTJK

1T INTEGRAL VALUE OF INDEPENDENT VARIABLE IN PLOTXY

ITE EQUIPMENT AMMORIZATION 4 ~ YEARS
ITERAT NUMBER OF ITERATIONS IN CUTPNT

ITIME INCONVENTENCE TIME L MIN
ITL ILAND AMMORIZATION 30 YEARS
TP FACILITY AMMORIZATION 30 YEARS
ITRY COUNTER FOR ITRYS - COMB. OF NON-DISTR. PARAMETERS

ITRYS ARRAY OF POSSIBILITIES FOR NON-DISTR. PARAMETERS.

11 DO LOOP INDEX

Il INDEX FOR CONVOLUTION FUNCTION

12 INDEX FOR CONVOLUTION FUNCTION

13 INDEX FOR CONVOLUTION FUNCTION

14 INDEX FOR CONVOLUTION FUNCTION

J CONTROL TYPE-POWERTRAIN COUNTER=JJ+3%(K-1) . 1-15 T
JENT CUTPNT COUNTER FOR CUT POINT OPTIMIZATION 1-10

JJ POWER TRAIN TYPE INDEX

K CONTROL TYPE INDEX.I1=GM,2=FORD+3=CHRY+4=AMC.5=1MPORTS

KH OUT OF BOUND-HIGH PLOT FLAG 1H OR 1HO

KI USES K=2 FOR K=3 CASE FOR DETROIT - NO CONTROLLED

KTLL FATAL ERROR FLAG. IF KIUL=1 THEN A SUBCASE ABORTS T
KK TEMPORARY STORAGF OF COLUMN TO RE PLOTTED
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Table A-7  PROGRAM NOMENCLATURE (cont.)

NUT OF RODUNDS~LNW PLOT FLAG

KP PLOTTING WOPK ARFA

KSTART LOWER RQOUND FOR CONTROL TYPE, (K) 1
KSTOP —  UPPFR RMOUND FDR CONTROL TYPE. (KY ~~ ~~~—— —~ —~ 7 —— oo
K1 DO LOOP INDFX IN PXCNEF
K1 STARTING J VALUF FOR CONTROL TYPE K leb6o11
K2 FNDING J VALUF"FOR CONTROL TYPE K 5.10.15
L MODE FMISSION INDEX AND DISTRIRUTION MOVING DO-LODOP-INDFX
LCNDF ARRAY DFSIGNATING THE FOUR NON-DISTR. PARAMETERS.

TDFRUG L INFAR PROGRAM TEBUG FUAG ~—~—~ —~— =~/ ~ “JHNODC T T
LENGTH LENGTH DOF PLOT INCHES
LIDLF LOADED TINSPECTION FLAG.1=UNLOADFD,2=LOADFD+3=HYBRID
LINT LIMITS OF INTEGRATION B - Tt T o 48 MONTHS
LL MISCELLANFEOUS DO LOOP INDEX
LLPICK COUNTER FNOR LPICK
LPICK CUTPOINT OPTIMIZATION TIME PERIOD VECTOR - T rmm T
LPLUS TEMPORARY INDEX FOR HIGH DR LOW DECAY 0 AR 2
LPSPP A CORRFILATION RETWEEN THE FQOUR FMISSINN MOPFS AND

S THE TEN 'PARAMFTER i - T T ) N
LPSPP MODE FMISSION TO PARAMETER RELATION

LQ LENGTH OF THE INSPECTION NQUFUE CARS
LSTART LOWER LIMIT FOR MODE EMISSION INDEX. (L) i-6 ) T
LSTOP UPPER LLIMIT FOR MONDE EMISSINN INDEX. (L) 1-6
Ll COUNTER FOR NPICK - STATS PICK VECTOR 1-NTR
L1 TSIZE OF INPUT CONVOLUTION DISTRIBUTION 1 33 NOMINALLY
L2 SIZE OF INPUT CONVOLUTION DISTRIBUTION 2 33 NOMINALLY
M PARAMFTER INDEX. RANGE IS MSTART TO MSTOP

MATCH VECTOR USED TO STORFE "TNPUT KEYWORD CODE NOUMBERS

MAXIT MAXIMUM TTERATIONS BEFORE DEBUG PRINT IN CUTPNT

MBASF BASE FLEET INSPECTION INTERVAL 12000 MTLES
MDEBUG ~~ MATNTENANCE DEBRUG FLAG o 2HND o T T
MEAN MIDPOINT OF DISTRIRUTION IN CONVOL

MFD1 MEDIAN OF INPUT CONVOLUTION DISTRIBUTION 1

MED?2 MEDIAN OF INPUT CONVOLUTION DISTRIBUTION 2 T S T
MED3 MEDIAN OF OUTPUT CONVOLUTION DISTRIBUTION

MID LOCATION OF MANUFACTURERS SPEC IN DISTRIBUTION

"MISFIRE ~ MISFIRF FLAG. =3HYES FOR MISFIRE INSPECTION “2HNO T T T T

MM NAME VECTOR POINTER

MMM YEARLY MILEAGE, ROUNDED OFF (BY CONTROL TYPFE) MIL_ES/YEAR
MMS MANUFACTURERS RECOMMENDED PARAMETER SPECIFICATIONS © T

MO

FLAG INDICATING OUT OF BOUNDS HIGH POINTS
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Table A-1  PROGRAM NOMENCLATURE (cont.)

MPH AVERAGE TRIP SPEED - MPH )
MSTART LOWER LIMIT FOR PARAMETER INDEX (M)

MSTOP UPPER LIMIT FDR PARAMETER INDEX (M)

MTM AVERAGE YEARLY MILEAGE T T T TMTLES/YEAR
MU FLAG INDICATING OUT OF BOUNDS LOW POINTS -PLOTJK

MU MEAN VALUE FOR A DISTRIBUTION

MU1 MEAN OF PRINTOUT DISTRIBUTION IN DISTPR . o

MU2 MEAN OF PRINTOUT DISTRIRUTION IN DISTPR

MU3 MEAN OF PRINTOUT DISTRIBUTION IN DISTPR

MVPR MEAN VALUE OF THF REJECTED PARAMETER Tt T T
M1 DO LOOP INDEX IN PXCOEF

N TIME INTERVAL COUNTER - o

NAME MISCELLLANEOUS NAME ARRAY T -
NBI CONSTANT 1H

NC NUMBER QOF VARIABRLES TO BF PLOTTED IN PILOTJK

NCNTR NO. OF POLLUTION CONTROL TYPES 3

NCODE ARRAY DESIGNATING THF SIX DISTRIRUTED PARAMETERS.

NC 1 NC-1 IN PLOTJK.NC=NUMBER OF VARIABLES FOR PLOTTING

NEMIS NO. OF EMISSION TYPES 3 -
NEMP NUMBER OF EMPLOYEES AT INSPECTION STATION

NF N FACTORTIAL IN QUEUE o ]

NINS NUMBER OF KFYWORDS INPUT -
NINTR INTEGERIZED XINT MONTHS
NINTRB INTEGERIZED XINTB MONTHS
TNK T 7 CONSTANT IN PLOTJK (PLDOT CHARACTFERS) 7 "1HALBLC "7 T T
NMOD E NO. OF THE EMISSION MNDES FOUR

NIN GENERALLY NUMRER OF POINTS IN A DISTRIBUTION

NO CONSTANT - o 2HNO T
NOPTS NUMBER OF KEYWORD OPTIONS AVAILABLE 37

NPAR NO. OF ENGINE PARAMFTERS CONSIDERED 10

NPERPG NUMBER OF YEARS PER PAGE TO RE DISPLAYED ) YEARS
NPICK TIME PFRIOD FOR PAYOFF DELTA CALCULATIONS

NPL CONSTANT IN PLOTJK 1 H+

NPTRN NO. OF POWER TRAIN TYPES 5 ) o
NPTS NUMBER OF POINTS IN A DISTRIBUTION

NRUN RUN NUMBER B
NS INDEX FOR RFGION NAME OUTPUT S T
NSTEPS NO. OF STEPS TAKEN FOR SIMPSON INTEGR. SCHEME

NTR NINTR+1=TIMF HORIZON FOR TEST CASE MONTHS
NTRB NINTRB+1=TIME HNRIZON FOR BASE CASE MONTHS

Nt CONSTANT IN PLOTJK 1HU
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Table A-1  PROGRAM NOMENCLATURE (cont.)

Y~ CONSTANT TN PLOTJK T THY o
MYFARS NIIMBER OF YEARS TO BE PRINTED YEARS
N1 ENDING YEAR OF UNCONTROLLED AGE GROUP
ND STARTING YEAR OF UUNCONTROLUFD AGE GROUP
N3 FNDING YEAR OF CONTROLLED AGE GRQOUP
N4 STARTING YEAR OF CONTROLLED AGE GROUP
NS ENDING YEAR OF POST 70 AGE GROUP B T
N6 STARTING AGE YFAR FOR POST 70 CARS
ncry AVFRAGE INSPECTION OPERATING COSTS PER YFAR $/YEAR
nTHMY AVERAGE MAINTFNANCE OPERATING COSTS PER YFAR TR 7YEAR
ncosT OCOSTI+0COSTM $/YEAR
0COSTI YEARLY INSPECTION COSTS $/YEAR
OCOSTM YEARLY MAINTENANCE COSTS T T $7/YFAR
0PTI INSPECTION TYPE INDEX,1=INDLF,2=IGNITION,3=INDUCTION
OPTS ARRAY OF KEYWORD OPTIGNS
OVCHI OVERCHARGE FOR INSPECTION
OVCHM OVERCHARGE FOR MAINTENANCE
P TEMPORARY DISTRIBUTION STORAGE IN CONVOL
PAR EMISSTON RESPONSE SURFACES (SEE LISTING) DF/DP
PARINT SECOND PARTIAL NDERIVETIVES OF E/P
PARM EMISSION DECAY NON-ATTRIBUTABLE TO PARAMETER DECAY
PART THAT PA
POWERTRAIN IS TESTED
PAR1 DE/DP AVERAGED BY CONTROL TYPE
PAR? AVERAGE DE/DP FOR ALL VEHICLES -
PAYADJY PAYOFF FUNCTION IN COST
PAYFIN PAYOFF FUNCTION IN COST
PAYNEW PAYOFEF FUNCTIUN . /0t
PAYOFF PERCENTAGE REDUCTION IN EMISSIONS
PC UNTON OF PARAMETER REJECTION RATES BY POWER TRAIN
PCTIY PROBABTLTITY OF REJECTION{CONTROL)
PCONF DESIRED CONFIDENCE LEVEL FOR STATS
PCXBP TSTAR TABLE BY CONFIDENCE LIMIT
PCYBP TSTAR TABLE BY CONFIDENCE LIMIT .
PDEBUG PARAMETER DECAY DEBUG FLAG : 2HNO
PI SUCCESSFUL INSPECTION PERCENTAGE
PLTMAK MAXIMUM PLOT LIMITS - HC 10 G7M
- CO 50 G/M
- NO 10 G/M
PLUS THE TOTAL CHANGE DUFE TO DECAY AND MAINTENANCE

M.

PARAMETER DISTRIBUTION MEAN VALUES
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Table A-1  PROGRAM NOMENCLATURE (cont.)

. PMILES ~ MONTHY MILEAGE ON -J- PARAMETER. BASED ON YEARLY ATTRITION

PMOD EL CONSTANT. PARAMETER CASE WHEN EQUAL TO RTYPE 9HPARAMETER
PP REJECTION RATE FOR PARAMETER INSPECTION De-1.
TPPER YEARY POPULATION DISTRIRUTION BY —Jd- PARAMETER = 7 S
PPICK  VECTOR OF TIME PERIODS FOR PLOTTED OUTPUT
PPPICK  COUNTER FOR PPICK - PLOT FLAG
PO PROBABILITY OF NO CARS IN THE INSPECTION QUEUE  o0-1 77— 77
. PRATE PARAMETER DFCAY FACTOR
' PS  MODE EMISSION REJECTION RATE o ~0.0-1.0
“PSA UNTON OF MODE EMISSION REJECTION RATES OVER MODES 0.0-1.0
PSTAR INPUT CONSTANT REJECTION RATE
_PSTARC _ PSTAR CONSTRAINT COEFFICIENTS L
PT UNION OF PARAMETER REJECTION RATES OVFR POWER TRAIN
- PTOT TOTAL REJECTION PROBABILITY
- PTOTS _ TOTAL SIGNATURE REJECTION RATE ) .
PTS UNIBN OF MODE EMISSION REJECTION RATES OVER JJ
P1 INPUT DISTRIBUTIONS TO CONVOL
p2 INPUT DISTRIBUTIONS TO CONVOL
P37 INPUT DISTRIBUTIONS TO CONVOL ~——~ &~ 77—~ o
QDEBUG MODE EMISSION DFCAY DEBUG FLAG
QRATE PARAMETER DECAY FACTOR
T RANGE RANGE OF DISTRIRUTION IN XPT ~ —— —— — 777 T T
 RANGE1l RANGE OF DISTRIBUTION IN CONVOL
' RANGE?2 RANGE OF DISTRIRUTION IN CONVOL
' RANGE3  RANGE 0OF DISTRIBUTION IN CONVOL 7~ o
RCS RATIO OF MANDATORY TO VOLUNTARY COST (PERCENT) PERCENT
. REINSP PERCENTAGF OF CARS REINSPECTED 0
TRHO ~~~ RATIO OF CAR ARRIVALS TO DEPARTURES ST I
RNAME RUN TYPE — SIGNATURE OR PARAMETER
RPERC o e S,
RSIZE REGIONAL SIZE S0. MI,
RSTOP PROGRAM STOPS FXECUTION AFTER SUBSEQUENTIAL 3HYES 2HND
_RTEST _ TEST VALUE FOR RANGF3 FVEN B S S
RTYPE PARAMETER MODEL ANALYSIS 9HPARAMETER 9HPARAMETER
SIGNATURE ANALYSIS 9HSIGNATURE
R1 1 PECENT POINT IN DISTRIBUTION - PACKD o o L
"R2 7 7997 pPERCENT POINT IN DISTRIRUTION — PACKD
S EMISSION RATE SUMMING VARIABLE
SALE FOUIPMFENT SALVAGE FRACTION o o o o
TSALL  _AND SALVAGE FRACTION 100
SALP FACILITIES SALVAGE FRACTION 0
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SCAl FRM

SD

SDFERIG

<N 1

<N

N3

STG
STGOF
SIGDIFF
STGME
STGMNE
SIGSNE
S1GP
SIGP
STGS

Table A-1 PROGRAM NOMENCLATURE (cont.)
A SCALING VFCTOR FNR RASELINF MAINTENANCE
STANDARD DEVIATIAN OF A DISTRIRUTINN
STATS DERUG FLAG
STANDARD DEVIATTION AF PRINTAUT DISTRIBUTION
STANDARD DEVIATINN OF PRINTOUT DISTRIRUTION
STANDARD DEVIATION OF PRINTOUT DISTRIRUTION
STANDARD DEVIATIAN NE PARAMETER NISTRIBUTIONS
PARAMETFER-EMISSINN CNRPELATINN ERROR
SIGNTFICANT DIFFERENCE
INSPECTION MEASIHREMENT ERROR (INSTRUMENTATION)
MATNTENANCE FFFECTIVENESS ERROR — STANDARD NEVIATION
STANDARND NEVIATION OF DETFRINRATION RATE FRRORS
PARAMFTER DTSTRIRUTION FERRORS
STANDARD DEVIATION PARAMETER SFETTINGS
STGNATURF MODF DISTRIBRUTION FRRNRS

2HNO

SIST
SITFI
SITFM
SLANE
M
SMAL L

ST7E OF INSPECTION STATTON
NUMBER 0OF STATF LLANE INSPECTION STATIONS

NO. OF MAINTENAMCE SITES

STATE LANE VS GARAGE FLAG. =10HSTATE,NR 10HGARAGFE
SIGNATURF MODF NDISTRIRUTION MEAN VALUES

SMALLER 0OF RANGE1 AND RANGE2 IN CONVOL

CSOUARE FT

STTES

SMODFL — CONSTANT ., SIGNATURE CASE WHEN EOUAL TO RTYPE — GHSIGNATURE

SMS MODE EMISSTION MFAN
SPAR STGNATURE (FMISSION) RESPONSE SURFACES

5S16 MODE EMTISSION STANDARD DEVIATION 77 — 777~ o - T
SSI7E SIZF OF INSPECTION FACILITY FOR QUTPUT —~FACILITIES SQUARE FT
STABLEX MODE EMISSION DISTRIBRUTION X VALUES. 33 POINTS.

STARLEY MODE EMISSION DISTRIBUTION Y VALUES. 33 POINTS.

START POPULATION STARTING EMISSION RATES

START1 STARTING EMTSSION LEVELS FOR LOS ANGELES FLEET

START2 ~ STARTING EMISSION LLEVELS FOR NEW YORK FLEET T T
START3 STARTING EMISSION LEVELS FOR WASHINGTON FLEET

START4 STARTING EMISSION LEVELS FOR DENVER FLEET

STARTS STARTING EMISSION LEVELS FOR DETROIT FLEET -

STAT TOTAL NUMBER QOF LANFS LANES
STATSV STAT SAVING VARIABLE IN CASF STAT IS CHANGED

STTME “INSPECTION TIME TN A STATE TANE STATION — - -

SUM FFFECT DF VOLUNTARY MAINTENANCFE ON MODE EMISSIONS

SUM THF CHANGF IN PARAMETER SETTING DUE TO BASELINEF MAINENANCF

STMT SUMMING VARTABLE IN MATINT - —

SUMJ

RASELINE FMISSION TIMFE HISTORY SUMMING VARIABLE
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Table A-1  PROGRAM NOMENCLATURE (cont.)
SUMP TOTAL MODE EMISSTION DECAY
SUM1 FFFECT OF MANDATORY MAINTENANCE ON MODE EMISSIONS
SXCUT EMTSSION PASS/FAIL CRITERIA
SXCUTI INPUT MODE EMISSION CUTPOINTS BY REGIDN
T FRACTION COUNTER FOR NORMALIZATION Oe—1l.
TABLEX INITIAL PARAMETER DISTRIBUTION (X-AXIS)
TABLEY INTTIAL PARAMETFR DISTRIRUTION (Y=AXIS)
TAREA INTEGRATED THISTT G
TCP TOTAL PARTS COST PER PERION $
TDEBUG TEST DEBRUG FLAG 2HND -
TDEL DELTA F STORAGE FOR PRINTOUT IN MAINT
TDIST ENGINE PARAMETER DISTRIRUTION TYPE 1-NORMAL
TDST INPUT PARAMETER USAGE FLAG VECTOR BY REGION
TE1 OVERALL EMISSION SUMMING VARIARLES IN PRINT6 UG/M3
TE2 OVERALL EMISSION SUMMING VARIABLFS IN PRINT6 MG/ M3
TE3 OVERALL EMISSION SUMMING VARIABLES IN PRINT6 UG/mM3 -
TH FRACTION COUNTER FOR NORMALIZATION Ou-1.
THIST HISTORY OF EMISSIONS FOR EACH POWERTRAIN FOR TEST FLEET GR/MI
THISTT EMISSION LEVEL PER EMISSION TYPE FOR THF TEST FLFET CR/MT
TIME TIME AT INSPECTION INTERVAL . MONTHS
TIMEC INSPECTTION TIMEF BY PARAMETER AND VEHICLE TYPE HOURS
TIMET ENGINE PARAMETER INSPECTION TIMES (SEE LISTING) MINUTES
TIMEM ENGINE PARAMETER MATINTENANCE TIMES MINUTES
TINT INSPECTION INTFRVAL 6-24 MONTHS
T™ MILEAGE SUMMING VARTARLF IN PRINT6 MTILES/YEAR
TMIL MONTHY MILEAGE ON —-J- PARAMETER. BASED ON TINT
TMU MEAN EMTSSION RATE FOR TFEST CASE
TOBRE TOTAL EMISSION OUANTITY FOR BASE FLEET TONS —
TONX WEIGHTED SUM 0OF DIFFERENCE OF BASE-TEST TONS
TONY STATISTICALLY SIGNIFICANT BASE-TEST EMISSION RATES TONS/YEAR
TONZ BASE-TFST EMISSIONS BASED ON LAST TIMF PFERIOD ~ "TONS/YEAR
TOTE TOTAL FMISSION OUANTITY FOR TEST FLEET TONS
TP CONSTANT IN PRINTS 100. PERCENT
TPDB BASELTNE EMISSION RATES TONS/DAY
TPDT TEST FLFET EMISSION LFEVFL TONS/DAY
TPER POPULATION DISTRIRUTION B —-J- PARAMETER BASED ON TINT.
TSD FMISSTION RATE STGMA FOR TEST CASE ' - o
TSIG TEST EMISSINN NISTRIRUTION FRROR
TSIZE SAMPLE SIZE FOR THFE TEST FILEFT
TSTAR STATISTICAL SIGNIFICANCF TESTING PARAMETER - oTTTTT
TT TOTAL FRACTINN FNR NORMALIZING
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T??"i, A-1  PROGRAM NOMENCLATURE (cont.)

TT1 T TTOTAC TNSPECTTION TIME PER PERIGD MIN
TTM TOTAL MAINTENANCE TIME 1

TTTTT TOTAL FRACTION FOR NORMALIZING o
TXTRA NINTR-XINT i ~ MONTHS
1) UTTLITY FUNCTION IN OPTMUM

UTIL  MAXIMUM UTILITY FUNCTION IN QPTMUM S
v ARRAY OF VARTABIE VALUES TO BE PLOTTED T

VAR 1 VARTABLEF VALUE TO BE PRINTED

VAR ?2 VARTARILF VALUE TO BFf PRINTED

VER3 “VARTABLE VALUE 1O BE PRINTED

VEHPOP STARTING VEHICLE POPULATION IN MILLIONS (QUTPUT) CARS*]10%*6
VMN ARRAY OF VARIABLF MINIMUMS

VMNT —  MINTMUM VALUF FNOR VARIABLE T IN PLOTJK - B )
VMN?2 MINIMUM VALUE FOR VARTABLE 2

VMN3 MINIMUM VALUE FNDR VARIABLE 3

VMX ARRAY OF VARTABLE MAXTMUMS

VMX 1 MAXTMUM VALUE FOR VARIABLE 1 IN PLOTJUK

VMX 2 MAXIMUM VALUE FOR VARIABLE 2

“VMYX3 MAXTMUM VACUE FOR VARTABCE 3 T
VNAMF1 VARIABLE NAME FOR ARRAY OQUTPUT

VNAME 2 VARTABLE NAME FDR ARRAY QUTPUT

VNAME?R VARTABLE NAME FOR ARRAY OUTPUT

Vi VALUE OF VARIARLE 1 TO BE PLOTTED IN PLOTJK

V2 VALUE OF VARIABLE 2 TO BE PLOTTED IN PLOTJK
V3 " TTVALUE OF VARIABLE 3 TO BE PLOTTED T

WIDTH X AXIS POINT SPREAD FOR PACKED DISTRIBUTION-PACKD

WF PARAMETER DECAY WFEIGHTS

WOT T WATTING TIME IN THE INSPECTION OUEUE

WT IME WATTING TIME IN THE INSPECTION OQUEUE MINUTES
Ww1 TOTAL SUBPOPULATION PERCENTAGE FOR NORMALIZING

X VEHICLE AGE DISTRIBUTION OVER 15 YEARS 0.-1.

XBASE DISTRIBUTION DISCRIPTION FOR BASELINE (X-AXIS)

XBP DUMMY ARRAY USED FOR MANIPULATING THE PARAMETER NIST.

“XCUT PARAMETER PASS/FAIL CRYTERTA

XCUTI INPUT PARAMETER CUTPOINTS BY REGION

XCUTLO MINIMUM SIGNIFICANT PARAMETER SETTING

XCUTH™ CUTPOINTS AT MAXTMUM UTTILITY FUNCTTION

XDUM TEMPORARY DISTRIBUTION STORAGE

XHI UPPER X INTEGRATION LIMIT

XATA UPPER INTEGRATION LIMIT FOR ACCEPTED DISTRTIBUTION -

XHIR

UPPER INTEGRATION LIMIT FOR REJECTED DISTRIBUTION



Table A-1  PROGRAM NOMENCLATURE (cont.) |
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XINT NO. OF INSPECTION INTERVALS(TEST) 48 MONTHS
XINTB NO OF MAINTENANCE INTERVALS(BASELINE) 48 MONTHS
XKZE AMORTIZATION CONSTANT FOR EQUIPMENT
XKZL  AMORTIZATION CONSTANT FOR LAND
XKZP AMDRTIZATION CONSTANT FOR FACILITIES
XL AM LAMBDA - ARRIVAL RATE
XLANE NO OF LANES PER STATION 1-% CANES
XLO LOWEST X VALUE
XLOA LOWER INTEGRATION LIMIT FOR ACCEPTED DISTRIBUTION
XLOR LOWER INTEGRATION LIMIT FOR REJECTED DISTRIBUTION
X M INTERPOLATED PERCENTAGE
XMAX LAGEST X VALUE IN X1 OR X2 IN ADD
XMIN SMALLEST X VALUE IN X1 OR X2 IN ADD
XN OPTIMAL REJECTION RATES RETURNED FROM CUTPNT 0.-1.
XNAME INSPECTION TYPE NAMES —OUTPUT ONLY
XNM DPTIMAL REJECTION RATES AT MAX UTILITY FUNCTION  O-1.
X0 MINIMUM X VALUE IN A DISTRIRUTIGN OR PLOT
X0PT INTEGRATE F(X) OR X*F(X) FLAG
XR PARAMETER SETTING CHANGE DUE TO MAINTENANCE—-CUTPNT
XRATE MODE EMISSION DECAY FACTOR
XRN NEW PARAMETER DELTA IN CUTPNT
XSUM SUMMING VARIABLE IN COST
XTM AVERAGE MAINTENACE TIME FOR TEST FLEET
X X TEMPORARY STORAGE
X1 INTTIAL VEHICLE DISTRIBUTION FOR LOS ANGELES FLEET
X1BP INTERPOLATION BREAK PTS (X-AXIS) FOR PP AND MVPR
ESTIMATIONS (SIGNATURE ONLY)
X2 INITIAL VEHICLE DISTRIBUTION FOR NEW YORK FLEET
X3 INTTIAL VEHICLE DISTRIRUTION FOR WASHINGTON FLEET
X4 INITIAL VEHICLE DISTRIBUTION FOR DENVER FLEET
X5 INTTIAL VEHAICLE DISTRIBUTION FOR DETROIT FLEET
Y TEMPORARY STORAGE OF DISTRIBUTION IN CONVOL
YBASE DISTRIBUTION DISCRIPTION FOR BASELINE (Y-AXIS)
YBP DUMMY ARRAY USED FOR MANIPULATING THE PARAMETER DIST.
YES CONSTANT FOR CHECKING FOR FLAGS ON OR OFF 3HYES
YHI MAXIMUM Y VALUE TO BE PLOTTED IN EPLOT
YLO COWEST Y VALUE TO BE PLOTTED (ALWAYS ZERO) = EPLOT -
YMN LOWEST Y VALUE TO BE PLOTTED (ALWAYS ZERD) - PLOT
YMX HIGEST Y VALUE TO BE PLOTTED IN PLOT
YR TIME AT AN INSPECTION INTERVAL

YSUM SUMMING VARIABLE IN COST
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Table A-1_ PROGRAM NOMENCLATURE (cont.)

AVERAGE PARTS COSTIFOR TEST FLEET

DYNAMOMETER COSTS

YT™
Yy TEMPORARY STORAGE OF DISTRIBUTION IN CONVOL

Yl VALUE OF FIRST FUNCTION POINT TO BE PLOTTFD-EPLOT

YiBP INTERPOLATION BREAK PTS (Y-AXIS) FOR PP

Y 1DUM TEMPORARY STORAGE FOR PARAM, REJECTION RATE TABLF

Y2 Y AXIS NUMERICAL IDENTIFIER

Y2 VALUE OF SECOND FUNCTION POINT TO BF PLOTTED=EPLOT o T
Y2RP INTERPOLATION BREAK PTS (Y-AXIS) FOR MVPR

Y2DUM TEMPORARY STORAGE FOR PARAM,., EXPECTED VALUE TABIF

Y3 Y AXTS NUMERICAL TDENTIFTIER

Y4 Y AXIS NUMERICAL IDENTIFIER

YSs Y AXIS NUMERICAL IDENTIFIER

Y6 Y AXTS NUMERTICAL IDENTIFIER IN EPLOT T
Z1C COST OF CAPITAL 7

ZQUET LENGTH OF WAITING LINE AT INSPFCTION STATIGN CARS
LZSUM SUMMING VARTABLE IN COST

ZX TEMPORARY STORAGE OF CAPITAL COSTS DOLLRS/DAY
27 TEMPORARY STORAGE VARIARLE

21 NUMBER OF SUPERVISDRS PFR LANE 50. -

12 MECHANICS HOURLY PAY RATE 10. $/HOUR
73 FRANCHISED GARAGFE PROFIT MARGIN 10.

74 INFLATION RATE 6e /YEAR

15 DISCOUNT RATE 7. /YEAR

26 NOT USED 0

27 NOT USED 0 T

78 NOT USED 0

29 INCONVENIENCE RATE( OF HOURLY RATE) 42,

710 FACTCYTYES CONSTRUCTION COSTS 10. “§/S0.FT.
211 FIXED EOQUIPMENT COSTS 16000. $/SITE
212 VARTIABLE EQUIPMENT COSTS 2000. $/LANE
713 CAND PURCHASING COSTS 7. —§/S0.FT,
214 FIXED INFO. SYSTEM COSTS 0 $

715 INFO. PROCESSING COSTS 0.5 $/CAR
718 ATTENDENY HOURLY PAY RATE 3.5 $7HOUR
17 5000. $/1.ANE
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APPENDIX B
SAMPLE PROBLEMS

This appendix presents two sample cases which are designed to illu-
strate many of GEEP's input/output options. The data for the first case,
consisting of an Engine Inspection coupled with Extensive B Maintenance,
is given in Table B-1. In this example, the input includes all three
control groups {(Uncontrolled, Controlled and Post 1970). Shown in Table B-2
is computer output of the input data. This page is useful in checking
for input errors. Tables B-3 through B-7 show typical output data for
the selected case. These include a results summary, vehicle population
characteristics, Los Angeles Basin data, pass/fail analysis for engine
inspection, developed pass/fail inspection criteria, and resultant engine
parameter rejection rates. Depending on the applications, the pass/fail
criteria can be inputted directly or determined from the optimization
algorithm., The XCUT vector specifies the pass/fail criteria for each
of the ten engine parameters for each control fleet. The SXCUT vector
performs a similar function for six exhaust mode emissions.

The program also generates a set of emission time history plots as
depicted in Figures B-1 through B-3 for HC, CO and NOX, respectively.
These plots are augmented by actual numerical data as shown in Table B-9,
Here, the emission histories are given by power train type for each
inspection interval. Finally, Table B-10 presents the results of a
statistical analysis for predicted emission reductons . In this example,
results are shown for each exhaust emission at year six. This completes

the standard output generated during a normal run. More detailed

B-1



information can be obtained through the use of PPLOT and DEBUG options.
The second sample case selected for presentation involves an
Emission Inspection with Extensive B Maintenance. The required input
data is shown in B-11. It should be noted that only the data that is
different from the first case need to be inputted. For example, both
cases utilized all three control types and consequently it was not
necessary to respecify them again in the second case. Table B-12 shows
a computer generated listing of the input data for the second case.
This output corresponds to the data shown in Table B-2. Table B-13
presents inputted and calculated data specific to the State Lane Emission
Inspection Strategy. Input data includes total number of lanes for
system, inspection times and equipment costs. Calculated output consists
of total user time and facilities configuration. Lastly, Table B-14
gives the summary results for case 2. Results depicting the remaining
standard output have not been shown since they are analoguous to those

presented in the first case.

B-2



Table B-1

SAMPLE PROBLEM #1 (ENGINE INSPECTION EXTENSIVE B PROGRAM)

Cc
C

QEYWORD
PARAMETER
LA
CONTROL
UNCONTROL
POST 70
CUTPTS
IDLE
IGNITION
INDUCTION
LOADED

THAT'S ALL

PSNAM1

1t
(]

PPICK

1
nN

LPICK

1
(o]

NPICK

$END

DESCRIPTION

Parameter Inspection

Los Angeles Area

Include all three control types.

Cutpoint optimization debug output.

Include all ten parameters.

Test under loaded conditions

End of keyword data flag.

Namelist input card.

No plotted output.

Optimize cutpoints at first period
only.

Statistical analysis at last period
only.

End of namelist data and end of case
flag.

B-3
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Table B-2 INPUT DATA FOR FIRST CASE

RUN TYPE -- PARAMETER MUDEL
-.— AREA CONSIDERED == LOS _ANGELES BASIN
CAR POPULATICN TYFE -- UNCUNTR
CONTR
e . POSTTO —

e PARAMETERS C(LNSIDEFED -- - -1 _IDLE €O

- RPM
3 TIMING
4 __MISFIRE

NOX
AIR PUMP
— o PCv

5

€

1

8 AIR CLEAN
9

C_.

VAC KICK
__HEAT RISER ___

S

DEBUG OPTIONS FCR THE FOLLOWING SUBROUTINES:
.. BUNE. NG
MICRO NG
TEST NU
. .LOsTs o _ NG )
' AREA NO
LINPRO YES
' __ _PDECAY . _ e NO_ B
DATA NO
STATS NO
"$NAM1
PPICK=0
ALPICK=2 . . _
NPICK=6

$END



Table B-3 SUMMARY RESULTS FOR CASE 1

R o oo R R A e e o Xk ok A e Ak e A
* TRW INSPECTIUON/MAINTENANCE *

¥ __ ___SYSTEM MODEL = _ * .
3 3k e o e X ol o o ol o o ke ok kol ak o Ak aF A ak kK oK

___SUMMARY INFORMATION - o

ENGINE PARAMETER STRATEGY EXTenSIVE B
___INSPECTION PERIUD IS 12,0 MUNTHS

PAYCFF _FUNCTICN UNADJUSTED (ODCLLAKS/WEIGHTED EMISSICON) . iB€3476
PAYCFF FUNCTIGN STATISTICALLY ADJUSTEU (ODCLLARS/WEIGHTEL EMISSIGN) 93276
FAYCFF FUNCTION AT END OF LAST YEAR (DGLLARS/WEIGHTED EMISSION) £33,72
tC_EMISSION REDUCTION (PERCENTDY . . _ - o C lGelG
" CO EMISSION REDUCTION (PEKCENT) Eels
NO EMISSION REDUCTION (PERCENT) . —e57
w . FC AVERAGE EMISSIONS (JONS/DAY) _ - ' . ) 115.42
o Cd AVERAGE EMISSILNS (TONS/DAY) 9318410
NO AVERAGE EMISSIGNS (TUNS/DAY) . 541 .06
TOTAL COSTS FOR MANDATGRY PKCGKRAM (DULLARS/ZYEARD) o o a05171875.78
TOTAL CUSTS FOK VOLUNTAKY PRCGRAM (DOLLARS/YEAR) 172450630425
RATIC OF MANDATGRY TO VOLUNTARY COSTS (PERCENT) ) 60.97
__INSPECTION CAPITAL COSTS (DOLLARS/STATIONY . 800G
AVERAGE INSPECTICN UPEKATING CUST> (DGLLARS/YEAK) 56762290423
NAINTENANCE CAPITAL CCSTS (DCLLARS) 0.00
_AVERAGE MAINTENANCE OPERATING COSTS {(DOLLARS/YEAR) ) e 4B4(0S58%9e55
USER COSTS (DGLLARS/CARI i.93
COST PER INSPECTION che 04
__ . CGST PER YERICLE MAINTAINEOD 33,69
AVERAGE NUMBER GF CARS INSPECTED/YEAR 4+374727.91
AVERAGE NUMBER OF CARS REJECTED/YEAR 2408155408
___AVERAGE NUMBER OF CARS MAINTAINED/ZYEAN o 2606155.68

AVERAGE FAILURE PERCENTAGE «55
TATAL PRUGRAM DURATION (YEARS) 5400
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YEAR

PRECCANTRLLLEC
CUNTHRCLLE)D (1©¢e-1670)
PCST 1679

TUTALS

PRECCATRCLLES
CONTRCLLED (15€¢£-1G70)
PCST 1677

TUTALS

PRECCNTRCLLED
CONTRCLLED (19¢6-1970)
PCST 1679

T19TaL

PRECCNTRCLLEC
CCNTRCLLEC (1G€¢€-1G572)
POST 167D

TITAL >

PRECCNTRCLLEC
CONTRCLLED (19¢6-1977)
PUST 167N

TUTALS

PRECCNTRCLLED
CONTRCLLED (16¢é€-1672)
PCST 1670

TaTraLs

Table B-4 VEHICLE POPULATION CHARACTERISTICS

VERICLC

LISTRluTICN
PERCENT

32.
“40e
21.
100

C L s

C o™
1AY

L ] .

C o uan

l~CREFc Tal GDUMEI Gk
wEaulnNu
MILES

w1lu?
L4173
1421w
3275

9.8
T2ee
15322

32381

37 -2
oc2co
12192
331¢

Tooz
524N0S
1ia71

43¢ 3

340:
4743
16765
63:5

.65
Ghq,
10100
4330

Ve tlULE eMiiosdSio

HC

chV‘*
70;.(;
Gt

Cell

loeo4
Tedrl
*Q/?

7039,

l2ece
Teoo
440C

Teo2

1ceb7
T.73
Do uu

b. 77

1le 14

T.87
44206
Ce 3y

12412
Selld
bGeual
De 3&

Cu

CRAVS/MILE

1.%ec0v
Eoe2"
’J}o*-\
S5 70

123:ezc
et
Tze07
YieYe

1oced4
F3ect
T1%.uc
F ez T

loeoas
Y3449
T8ecU
LA

l:-ze0c
Sl e 09
7T9e9¢
BYaet"

156425
Yie31
OUe2
Cheok

Levelo

ivis

(VA Vo S
e
-

5
o /I
o
cd*

Ps

[ P

e25
olt

PR

\T U L

oD

® L -
..)7
R
23

[GAEVIN e SN

Lok
Se? s
cecd

- .
-~ &« 4

¢ LO

e

L LI SRR Y (I AN

vebloLe
PuPuLal tui

RIS EWVIVIY)

"ILUUL)\J

4o 12eTD

w1900

45:7.906
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‘Table B-5 LOS ANGELES BASIN DATA |

EMISSIUN SURVEILLANCE DATA SCURCE  Tkw/AxB -
 FECERAL 1975 _MOTQR_VOHICLE _STANUARDS __ . e L
HC W4l G/MI
CO 3640 O/NMI
NG ) 3,00 G/MI
EMISSIGOGN SPECIE wWEIGHT ING FUNCTION
"“’ - v - /0 60 -
Co .10
e UNY e
MINIMUM EMISSICN REDUCTIGN GOALS

HC
CcU
MU

REGICNAL AREA 1250.20 su Ml

T AVERAGE VERICLE SPEEL 7 30.00 MPn i
VERICLE PUPLLATICKH P o 400 MaLLICON
NUMBER UF CLASS #A# FRANCHISEL GARAGES 1000

10euU PERCENT
1000 PcRCENT

e UsuO PERCENT




Table B-6 PASS/FAIL ANALYSIS FOR ENGINE INSPECTION

— — —— _ DISCRETE_PARAMETER
PARAMETER KREJECTICGN RATES i7M EMISSION DELTA wEIGHTEWV

4 56 10 1 2 3 7 3 9 CCSTS PERCENT EMISSIUN

e HC_CV____NO___QKOP__

Q. 00 0__=1s00 ~1laCC -1e00 -1.00 ~1+00 -1.00 V.00 0s000C 0.0000 L0000 0.0000
0001 =1.00 -1.CC -100 -1.00 =-1.00 -1.00 +50 0.0000 0.0000 0.000G G.0000
01000 -1.01 -1.€7 ~-1.00 -1.C0 -1.00 -1.00 1.58 .0021 -.0018 .00l& 0.0000
0101 =1.00_ =100 . =1.00 _=2.00 _ ~1.00 =1.,00 2.08  ,0021 -.0018 ,0Q1€ 0,0000
1000 42  C.00  0.00 .39 44 c14 6.3B  .1023 .2(74 -.0160 1.5581
1001 .42 0.C0  0.00 <39 .44 e14 6.88 41023 42074 -.0160 1.5581
1100 .42 0.0 0.00 239 Y, al4 _ T.96_ 41044 42056 =,Q14L 145557

1101 «42 Q.CC 0.00 «39 b4 ele  8.4b «1044 2056 -.0141 1.5557

i —. . -
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Table B-7 PASS/FAIL INSPECTION CRITERIA

PARAMETER 1 2 3 « N 6 7 5 5 15
) UNCONTR 71,00 -999  10.60 1 o 0 <1175 10463 -1.0900 R
CONTR 1.00 -12 1.05 1 9 1 ~e1138 1005 ~e0520 N
B PCST 1€ 1.0G =999 10400 1 .. _ Q9 G -e112% 10432 =a0521 g
MGDE EMNMISICAS Tz 3 .. 5 € )
UACCATR 30G0 . 6.00 4000 450 3.50 400D
CCNTR 250 4400 53060 250 1.50 5000 )

PCST 7€ 2006 3400 4000 200 1.00 4000
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PARAMETER

UNCUNTR
MUDE
CINT K
MOV E

POST 7u
MOD E

PARAMETER

UNCJNTR
MOV E
CUNTR
MOu E

PUST 70
MUDE

PARAMETER

UNCONTR
MODE
CONTK
MUDE

POST 70
MU E

304
Qe CO
Bt
0.7 21
ois)
0.01)

«172
el VI
e t32
Je )
e4€ 3

B
P )

Table B-8 ENGINE PARAMETER REJECTION RATES FOR FIRST TIME INTERVAL

TIiMe HISTLRY PGINT L 1Zed MuNTHS TOTAL FALILURE IS e 90c <
FUNERTRAIN TYPL I -- GM «3%0rs

2 3 4 5 c 7 2 S
C.0u7 2,227 « 7 e €D 2.9 « 477 «55% Tel27
c.,necn A ATON N e eV JeUOO . . .

«510 e 254 elce Ue OL U VR «420 « 204 0129
C.rI6 C.0nN (A TN 0637) 8,090
(oUUU C‘UL‘\) eJcU Osduu OQL\)U .Jdl 44 «12b
C.00n TL0CH 24220 NPES LM 1,507
PUAERTKAIN TYPE P FURD e507% }

2 2 4 b 6 7 8 9
CedLD 1G0T e Q.20 CsCI: 417 «&0Y 2.3790
C.0J0 Jeuul JeJlu Je ULV JeUVw

«5.0 « 254 «022 Cua”DD « 53 « 4373 e2C4 elcv
C. 272 NeQ I AN N7 Je 732 .
(.00¢ CelCuU eJecU Ve GUU Oeuut e29l s024 elL O
C.20Nn Sef 0D 0e22¢ AN B L7070
PUNERTRAIN TYPE LHRY «50cs

‘ 3 “ 3 6 7 o <
€,32" RSl « 7 S PR SRR G 677 « 656 Do 100
C.0UV Ue LUO Qe UV JeJlu UeUOU

«5170 o« 254 «Ne e N N0n « 155 e 40 « 204 ol
CQOJO r’.u‘Ou‘ vedUU UediU \.sO'\:J
(.0UQ CeC0O «Jec0 0.C00 CerLul e gl o224 elco
CeJa2 Te( IO Ny 27C "N 2.020

iv
JelN?

W273

U.U\:C

UN 1L
«02 4
(VENVIVN,
¢77L
Ne IV
0850
Jaduw

Ul\dlud
‘b"dc
velduUu
97
Veduu
o335
JeNoL

UiNit.oe
e35¢C
Leulu
«37>
Ceuld
[0
[VSVEVAY|
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Figure B-1
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Figure B-3 NO, Emission Time History Plot
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Table B-9 EMISSION HISTORY SUMMARY

PCwERTRAIN TYPE

#%%¥4HC  LEVEL -~ ENG OF INSPECTION INTERVAL (GR/VEHICLE-MILE) *%%%x

TEST NC. oM FLRL CHRY AMC IMPUORTS
oo . 8a1782 o Belloe . Badllb2  __  Ball¥ B8a1782
2 7.8958 T8930 7.8909 T.8885 Tedb b2
3 T.2623 1.2571 T.2526 Telbos Te2458
S 3 o E.T7786. . _ Oal134 Oal682 Qal63i €a7581 -
5 6.3151 6.3091 603037 042981 662926
6 $.8697 5.8€40 5.8562 5.8538 58490

*%43%(0 LEVEL == END OF INSPECTIUN INTERVAL (GKR/VEPICLE-MILE) *%%%x%

- e POWERTRAIN TYPE

TEST NC. GM FUKD CHRY o, AMC IMPURTS
2 6§7.2012 97.0448 G6eIL69 96. 7786 96,0591
3 83,2939 _ _92.9554 92,6665 92.3718 —92.0685
4 Sl1.7503 91,3432 90,9615 GJe 6204 86S%.66l0
5 SC.18679 8947160 83,2778 B8e5UbO B7ec9u6
[} 8843403 878751 == 87,2194  86e1241 = 84,6374
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Table B-9 EMISSION HISTORY SUMMARY (cont.)

RXEXENO O LEVEL == END OF INSPcCTICN INTERVAL (GR/ZVEHICLE=MILE) *%k*x

POWERTRAIN TYPE

i TEST NQa GM . . _FORD . CHRY o __AMC ___IMPURTS
l
5 1 5.4973 544973 5.4973 5.4975 5.4973
{ 2 45064 . ___ 545018 545087 545102 ... De5lie
3 544606 5.4630 5e4645 5e46068 5.46638
4 £.34389 543510 5e35:7 543547 5.3565
5 e 542015 5,2Q35% ___ ___ 5.,2052 __ 522071 L _.5,2049
6 £.0273 5.0290 50305 5.0321 5,0335
| _ e e -
| SUMMARY EMISSION HISTOKRIES
i e _ S
TEST TIME HC co NU
NO MC BASE TEST BASE TEST BASE TEST
N 1 0.0 R 8,178 84178 65,698 95,698 SedsT 5.497
' 2 12.0 8.228 7.891 96,317 96,916 5e4703 Se509
| 3 24.c 84071 1e253 95,120 92,672 5.395 54405
4 36,7 7.877 6e768 SB8e353% 93,911 5e293 34353
5 4847 7.663 6e304 G6,103 854996 56147 54205
, A 6040 . Ta445 5,859 G776l 85,839 44572 5,030
|
i
L e
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Table B-10 ‘STATISTICAL ANALYSIS OF PREDICTED EMISSION REDUCTIONS

YEAR 6

HC EMISSION

— REJECT MULL HYPQTHESIS. —

i THERE IS A SIGNIFICANT DIFFERENCE IN THE MEANS
AT A CONFIDEMCE LEVEL OF 50.00

——_THE LOWER CCNFIDENCE LIMIY IS ___ 1l.3855€+QC__ -
T = 1.0135E+01 TSTAR = 1.287CE+00
TEST MU = 5.85G1E+00 BASE MU = Teh49E+VL

CO EMISSION

DULL bBYPCTHRESIS.
THERE IS A SIGNIFICANT OIFFERENCE IN THE MEANS
AT A CCNFIDENCE LEVEL CF 60,00
THE LOWER CCNFIDENCE LIMIT IS 5.4533E+00 L
T = 2.5564E+CC TSTAR = 1.2870E +00
TEST MU = 8. EE29E+01 BASE MU 9.T7T761E+01

= = =

NO EMISSIGN

’ THERE IS NOT A SIGNIFICANT CIFFERENCE IN THE MEANS

1 AT A CCNFIDENCE LEVEL OF S50.270

T = -2.4512E-C1 @ TSTAR = = 1,2800E+00 - -
TEST MU = 5.03C5E+00 BASE MU = 4.9724E+70




Table B-11 SAMPLE PROBLEM #2
(EMISSION INSPECTION EXTENSIVE B PROGRAM)

()

SIGNATURE Mode emission inspection
IHC
ICO o .
045 Mode em;z:;ggiegs1gnatures)
HC45
STOP Last case flag
THAT S ALL End of case flag
PSNAMI
NPICK=6 Statistical analysis at last time
STAT=100 period
$END 100 inspection stations

Note: Keyword and namelist input data from
the previous cases is still in affect
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. Table B-12 INPUT DATA FOR SECOND CASE C— -

PUN [Yve -—- SluovATURE MdotelL
AREA CONMSIVERLD -- LuS AinvELES 0ASIN__
CAR PUPULATLIUN TYPE —= UNCUNTR

CONTR

past 70

—

CIULE LU
RPM
TIMING
_ MISFIRE
NJX
AlK PUMP
Py
AlP CLEAN
VAC KICK
Heal RISER

_PARAMETERS CUnS1uERey ——

!
|
|
!

|

¥ K|~ O \:l#ur\

j—
IC‘

SILoNATUKRE MLJES LENSIVDERFD == He = l1uLk

Cu - IvuLe
Nu — lbLe
_HC — 45

Ll = 4O
WU — 45

C Ve U N

JEBUG OPTIUNS FUR THE FULLUWING 5UBRUUTINES:

bL INE NO
MICK) NJ
TESTY NU
COSTs NG
AREA NU _
LINPRUY NO
PukELay NU
UATA MV

STATS NU
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Table B-13 INSPECTION LANE SYSTEM

TUTAL wuMupEn uE STATe uPeRAlty LNSPELTLUN LAank> o duu
NuMobn oF LaiheS Pouk Sidc 1
TOTAL NUMGER oF SITES - - BV
VERICLE 1nSPECTILN THMES o ~ e
lult LeSU Ml
LuAavtl Z.‘tO MII‘J
MYt e Ze4U Ml

ERUIPHENT REQUIRCMENTS Ao LULSTS

. wolw e S _ £9wu DuLLAxS/LANE
Luardion louoy LULLARS/LANE
aisC. svud DULLARS/LANE

B UYL o o e fUuu UDLLLARD/LANE

i:'el"u‘r\{*zl-\l lu:'i P?‘LLC bS“\b bL}b]—\() 1Lewiv UULLHJ‘S/L’A'\,
Jotr dlmz c_J;Tf“ T o - T B N 2.0J ULLLARS/HRS
Tuliae Jdcs Tlwe PUK FEadun e L L . ¢8evo MinN_
wditethn JE STalc chAPLuYLES PeErR LANE <

sTalivn Slze (FACILIT1c> unLY )

ShaiftuN Lanu Slar

LuveUU Dule t1e

101053.55 Swe Fle
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Table B-14 SUMMARY RESULTS FOR CASE 2

T T T 1
¥ Tl INSPECTIUuN/Z4arwTeNANCE %

P

* o SYLTEA muure *

R i IS’

o SUrtAAKY  INFURMAT fUN o

enNbGinE SloivaTurt SThaToeoY cealeNd>Ive o
INSPELCTI v rEniuU 15 Loy mUNTIDS

o Padubr FUNGTIUN JvAUIUSTEL (VULLARS/acdonicu eMIS>Iuny e LA A3 a0
Paoratr rdoC Lo STaTioTIoewllY abJUSTew (vuibLarS/ZactionTeu cmiddSSiun) Lu4se.ts
Faruft o rdneT Lo AT ivu ur LaST YEAR (vuctrand/Zallonicu emIiSolun) Siievl
e Erdlyoston_ bruotlTiun (PErConwt) 00 e _ DU
e el SoluNy neulCT iuin EPLheenT) el
v bedadTuy RbERuLT Tun (PoekeenT) —e31

b AvenAvt FALSSICAS (TuNd/uAY ) ‘ , S (39.1.
Lo AvLaALE L ISSIONS (Tund/oard YD0Y DU
A AVLe AbL EMUISSIULNS (1 unds/ LAY D50 eul
il Al LuSTs rdn MANVDATURY PRULRAA (VJLLARS/YEaRY Yu51cbosevo
Tulae CUSTS Fur VULLUNTAKY PRUGRAM {(DULLARKS/YLAR) L74989110e2Y
-\:«]ll- U" 0'-A|'\UATL}RY TLa VULU!\‘TAC‘\Y CUS[b (PE-I‘(LCI\], 3\)003
LvoProdduiy CAPITAL CUSTS todiLLAaRS/STATiuN) _ 1023260600
WY hia e InbPruliln ubkeral bvo LUSTS (o JlbLAnS/ YLAR) lufetisv.ib
SALNTEOANGE CAarTTAC cudTS (UdLLAKS) Jedu
Avinabt MALAT EwANCE CPeralloano LUSITS (wULLARS /Yo AR) 43c.11 243438
udSth LUdTS (UULLAKS/LARY -9
Lud) rerR OENSPECT IUN lde34

_LJUSH von VEHICLE MAINTALNCU . 2le3>
Aver ioe NULER ufF CARS s wdSreElLTEL/YE AR 4574 1c/( .91
Avikecol NuMbete LF CARS ReJooeTieu/YoAR 2950254 .92
A/cnrAdur NUMBLX UF CcAKS mATNTAINEL/YEAR 29ULd54.9¢
Avernbwoue FATLURE PERCENTAOE Y2

[UTAL PnUoRAE, DUKATIUN (YCLARS) SeUu

. e ——



