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INTRODUCTION

The Environmental Protection Agency, Office of Noise Abatement and

Control, developed and used a tool to analyze and select regulatory options for

all products considered for noise emission regulation. This tool, the

Noise Decision Model (NDM), is a computerized analytical cost-benefit model.
The NDM was designed to bring together and integrate the results of tech-
nology assessment, cost and econemic impact analysis, and health and welfare

benefit analysis, into a single consistent decision-making framework. The

medel operates on data representing the results of these studies and generates

an array of feasible regulatory options that are individually analysed

to quantitatively determine effects of the regulation. The information on
the potential effects of each option is then assessed and displayed using
criteria provided and selected by the decision-maker, to provide the id-

entification of the most cost-effective options for regulation.

The objectives of this report are to present a clear, concise de-
scription of the Noise Decision Model and to provide a detailed guide for
petential user's of this model. The most recent version of the NOM was de-

gigned te utilize the WYLBUR computer system.

This user's guide is formated in several individual sections which
are briefly described below. Section one (1) presents a brief statement
on its development under the auspices of the Office of Noise Abatement and
Control, a general overview of kay concepts of the model {including the
model's data regquirements and output) and a discussion on how to interpret
the output generated from the NDM, Section two {2) contains basic instrue~
tions for accessing the computer program via the WYLBUR computer system.
The input data requirements to execute the model are specified in Section

three (3). Section four (4) presents a detailed description of the model's

output formats which will be helpful to decision-makers in the interpretation

of results generated through applying the model. Finally, Section five
(8) describes the overall structure and design of the NDM computer program,
including the computer logic, algorithms, and analytical functions in-

corporated in its computer program.
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1.1  BACKGROUND OF THE NOISE DECISION MODEL

The Environmental Protectien Agency, Office of Noise Abatement and
Control, initiated development of the NDM in Mugust 1975, Contractor
support was used for this developmental effort. The spirit of this work
was to make a preliminary assessment of the workings of the regulatory
development process within the Agency and to explore ways to facilitate
this process through the design of a comprehensive framework which potentially

could be used to analyze all product requlations on a consistent basis.

As a result of the initial work, the contractor was detailed to examine
the information that was being captured through the on-going product re-

gulatory studies related to product noise abatement and control technology

assessments, health and welfare benefit analysis, cost and economic impact
analysis, etec. This effort was undertaken to ensure that the decision

framework incorporated, to the extent practical, the nature of the in-

formation of these required product regulatory studies, While this work
was being pursued, the contracter initiated efforts to develop a design of i

the NDM. The first version of the NDM was completed in the latter part

of 1976,

Shortly after the model was fully automated, it was introduced into
the regulatory development process and used to assist in the development
of noise emission standards for the following products: Wheel and Crawler
Tractors, Mchile Earth Moving Equipment, Paving Breakers and Rock Drills,
Railroad Equipment, Buses, Motorcycles, and Truck Mounted Solid Waste Com-
pactors. Since its introduction, the basic conceptual framework of the NDM
has remained essentially the same. However, the information demands of
the various product regulatory programs from a decision-making point of view
required several refinements to be made in the computer program. In the
time period between 1377 and 1980, the NDM's computer program was rewritten
to improve its efficiency and to incorporate additional information that
was consider useful to decision-makers. The most recent revisions to the

model were made in 1980 when the model was converted to the WYLBUR computer

system.



P U

1.2 INFORMATION NEEDS

To execute the Noise Decision Model, certain information must be
obtained from a variety of data sources which would be readily available
from the following product requlatory development activities:

® Cost analysis and economic impact analysis.

8 Health and welfare impact analysis.

® Survey of manufacturers.

¢ Technology assessment studies.
These listed activities are carried out and, for all intents and pur-
poses, are completed and documented prior to any undertaking involving
the NDM. Since the model design and conceptual framework was based on
the nature of the information developed through periormance of these
individual activities, as opposed to specifying explicit requirements
for development of the information to run the model, there are instances
where the user must develop some of the data inputs to the meodel. As
a general rule, all information needed to specify the input data of the
model is captured in the existing product-related documentation. However,
these documents do not earmark information for use in the model. The user

must study the documentation and extract the required data for use via

the NDM. In some cases, the user may need to undertake some additional
analysis of the existing data sources to satisfy the specification of

the input data model's.

The data and information that are required from each activity are

briefly outlined in the following below.

Cost Analysis and Economic Impact Analysis

® Cost Analysis ) _
- Identifieatioﬂ'of,alternative possible time phases of regulation.

- Description of expected changes in the product and the effect
on noilse emission levels.

~ Identification of the cost implications of proposed changes
in each class of product.

® Economic snapshot concerning the identification of key gtructural
relationships in the affected industry(s) and those areas most
likely to be affected by the product regulations, leading to an
estimation of the elasticity of supply parameters. .

1-3



Baseline forecast, without product regulations, that conslsts of
the development of a framework to forecast the expected industry
sales growth for the future.

Economic impact analysis that includes a detailed description
of the difference between the baseline forecast and the forecast
with regulations,

Estimation of the elasticity of consumer demand with respect
to increases in product prices,

Health and Welfare Impact Analysis

Baseline forecast of the expected impact of unregulated noise
emissions on the public over an appropriate time peried, in-
cluding;

~ Demegraphic studies.
- Noise propagation studies.

Benefit analysis due to product regulation, including;

~ Effect of possible time-phasing of requlation on neise exposure

of the public

-~ Benefits of the alternative regulatory noise emission levels
on noise exposure to the public.

Net impact analysis that includes a detailed description of the
differences between the baseline forecast and the forecast with
product regulations,

Survey of Manufacturers

Some of the information that is required to utilize the decision

model is usually obtained directly from manufacturers, These data

include;

History of sales over an appropriate timeframe (e.g.,, S~-year
period).

Impact of varying levels of regulation on unit costs of preducing
the preduct.

Impact on increased end-user maintenance costs.

Investment by the industry in research and development in ({(R&D)

and retooling to meet alternative noise emission levels by product

type, class and basic model, as applicable,

14
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& Average lifetime {obsolenscence factor) for each product class,
with and without regqulation.

& Impact on industry employment and plant closings if sales and/or
profits decrease after regulation.

Technology

e Development of types, and classes within types, of the products
on the market, and modifications required by noise emission

regulations,

® Examination of methodologies for measuring performance of the
product.

& Measurement of noise smission of each class of product con-
sidered.

& Determination of the state-of-the-art of technology for the pro-
duct under requlation,

e Measurement of the variation of noise emissions of performance
among classes of the product due to regulation.

1,3 XEY OUTPUTS OF THE NDM

The NDM operates oh user input data and generates candidate pro-
duct regulatory scenarios representing various possible combinations
of noise emission levels and the time-phasing of these levels. For
each scenario, the model calculates the net present values of the costs
and benefits for each year of the time horizon considered.

The NDM then applies a "graph-theoretic" approach to compare alter-
native scenarios (i.e,, each scenario is represented by a point in a
two-dimensional space of benefits versus costs), In addition, the NDM
computes the ratio of benefits to costs for each scenario.

The interpretatlon of these key results that are outputs of this

model are discussed in Section 1.4 below.

1,4 INTERPRETATION OF NDM OUTPUTS IN LIGHT OF THE DECISION PROBLEM
Decision-makers in regulatory agencies constantly are faced with the

problem of only selecting one regulation from an array of possible

candidates. The NDM does not and can not completely solve this pro-

blem, but does provide a tool to aid in its resolution,
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Although it may not he possible to place a dellar value on the
benefits, classical cost/benafit economic analysis can still contribute
much to the explanation of the nature of the problem. Consider
Figqure 1-1 that displays the results of an analysis in which product
regulatory scenarios are shown as points in a two-dimensional diagram
with benefits on the ¥-axis and costs on the X-axis. Each dot re-
presents a possible regulatory scenario which is defined by a sequence
of time-phased regulatory levels for each product. Several ohgervations

can be made about the nature of the decision problem from this diagram.
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Figure 1-1, CONVEX ENVELOPE OF BENEFITS V5. COSTS

The first cbservation is that several regulatory scenarios may have
approximately the same cost but different benefits., This results in the
existence of a set of options that are better than the other gpticns no
matter what method might be used to relate benefits te dollars. Using
the conver envelope technique, such an envelope can bo formed through

the most economically efficient scenarios which would capture only

points A, B, and C.

The maximum benefit to cost ratio occurs for the cases which lie
on the convex envelope irrespective of the dollar value of the benefits,
Therefore, it is possible to choose the requlatory secenario with the

maximum benefit to cost ratio without converting benefits to dollars.

16
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. The NDM has the capability to provide the decision maker with the
following information on each regulatory scenario to assist in the
selaction process:

@ Benefit/cost ratios
Convex envelope of efficient points
Monotonically increasing envelope
The benefit and cost of each scenario

Unemployment

Plant closings.

The above information can then be compared to any other constraints
that the decision maker considers important in the decision process.
Possible constraints would be: limitations on total cost of the regulation;
setting of a lower threshold on benefits to be achieved by regulation;

or other limitations on unemployment or plant closing impacts.

Other considerations that can be made by the decision maker may in-
volve the relative importance of each element of information processed
by the model if more than one regulatory option remains after imposing

various constraints.

It should be neted that the NDM can not completely seolve the de-
cision maker's problem. Other factors that are important to the decision
process, such as envirconmental impacts and political feasibility, are
not part of this model, Therefore, while the NDM can be of immense help
to decision makers in presenting net present value benefits and costs
of regulation and other economic impacts in a decision making format,
the regulator must also consider a number of other factors that can net

be quantified in this or any other model.
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USER INSTRUCTIONS

To access and use the EPA ONAC Noise Decision Model, computer program,
a potential user must complete the registration requirements of the EPA
National Computer Center which are described in the On-line Business
Systems (OBS) WYLBUR User Guide. After these requirements are fulfilled,
a potential user will be granted authorization to utilize the OBS WYLBUR

computer system.

To gain access to this computer program via a remote terminal workstation,

the user must follow the appropriate WYLBUR procedures for LOGON and LOGOFF,
These procedures are presented in Table 2-1 at the end of this section.
After conpecting with the WYLBUR computer system, the user must pro-

vide the following information:

USER IDENTIFICATION ? Press carriage Return (CR)
KEYWORD ? (CR)
ACCOUNT NUMBER ? {CR}

The above information will bhe supplied to each authorized user by the
WYLBUR Access Manager of the EPA National Computer Center.

After this information is correctly supplied by the user, the user will
be asked to respond to specific WYLBUR computer system prompts. This di-

alogue with the system should be answered as follows:

COMMAND 7 SET TERSE (CR)
? COLLECT (CR)

The last query and response will enable the user to create a datefile.
This datafile must be developed by the user in order to supply the input
data needed to execute the Noise Decision Medel. The datafile contents must
be created in accordance with the specifications provided subsequently in
Section 3 of this document.

When the datafile containing the inputs to the computer model is com=
pleted according to specification, the datafile is saved for use in the com~

puter model hy typing the WYLBUR command:

? SAVE (CR)



This command instructs WYLBUR to save and write an active file for this
program. Further, WYLBUR will assign a dataset name to this active file
and provide this information to the user.

After the active datafile has been created and verified, the user is
now ready te run the Noise Decision Medel. To prepare the workspace and
ensure delivery of output (hard copy) the user should adher to the instruc-
tions contained in the National Computer Center (NCC} - IBM User's Guide,
Specific information should be provided by the user to WYLBUR for this pur-
pose, including the dataset name, destination (users delivery code}, and
number of copies required, The following Job Control Language (JCL) is re-
quired to be typed into operating systems' processing of the created data~

file related to this computer program.

/7 JoB
// EXEC PGM=DECMCDEL
//SYSPRINT DD SYSCUT = A

//nDl DD DSN=EPAXYZ (User's Account No.), Datafile
name) , DISP = SHR
/7 DD DUMMY

After completion of the JCL, press the (ATTN)} or (Break) key on the remote
terminal device and type in the RUN command, This command instructs WYLBUR
to submit the active file to the central computer's input gqueue for pro-
cessing., After the RUN command is issued, WYLBUR will show you the job name
and number. The job output can be looked at in its entirety or only in part
by instructing WYLBUR through use of certain commands and other relevant
information. The printed listing of the job will be delivered to the usey
based on the earlier instruction requirements. The user may now LOGOFF the
system according to the OBS WYLBUR procedures shown in Table 2-2.

The datafile which was constructed by the user can be saved for future
use. The same job may be rerun or the datafile may be edited for subsequent
runs using different data elements,

For more information on generating a datafile, text editing procedures,
submitting and retrieving jobs, etc., the user is referred to the following
reference materials:

s 0BS WYLBUR USER GUIDE, 6th Edition, April 1980.

& OBS WYLBUR REFERENCE GUIDE, 6th Edition, December 1981.

e NCC-IBM USER's GUIDE, February 1982, U.S.EFA Management Information
and Data Systems Division, National Computer Center.
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TABLE 271 OBS WYLBUR LOGON PROCEDURE

Prepare Terminal for Remote Job Entry.

Turn on the terminal and set it for communication (REMOTE or LINE}.
For terminals with a built~in data set, the ORIGINATE switch turns
the terminal on as well as sets it for communication. The terminal

is now set to Half-Duplex and the data set is set to Full-Duplex.

DPial via the telephone the On-line Business Systems WYLBUR System
or OBS WYLBUR. Consult the Washington Support Center (WSC) OBRS
WYLBUR User Guide for appropriate telephone numbers.

Receive Response. A high-pitch tone indicates éhat the system is
available and the user may proceed to execute the next steps in the
LOGON procedure, A fast busy signal indicates a temporary overload
in local telephone circuits, Wait several minutes and try again.

If this condition persists, notify your local telephone company. A
slow busy signal indicates that all lines into the system are busy.
Once again, wait a few minutes and try again. If this condition
persists, notify the WSC User Support group of WSC at (202) 4BB-5960
for corrective action. An unanswered ringing signal indicates that
the system is in the midst of a status change. Try again after a
few minutes. If the condition persists, after checking that the
number dialed was correct, etc., call the WSC User Support group and
report the problem. The System Status Recording telephone number
is (919) 541-4732 or (FTS) 629-4732.

USER RESPONSE AT COMPLETION OF CONNECTION WITH WSC.

The following interaction between the user and the system occurs
during the logon process of a OBS WYLBUR session. The user's re-
sponse is indicated by lower case characters and the system response
is indicated by upper case. After circuit connection is made, the

system will beqgin the session as follows:

- e et L e = P 7% ot e e s o 5 i i £ P o P A WAL £ ol 21 A



TABLE 2-1 OBS WYLBUR LOGON PROCEDURE (CONT'd.)

{Note: Users in the Washington, D.C. area will not normally encounter
the dialogue shown below on the first five lines. They should type
at least the carriage returns to receive the message "ENTER TS50 or

0BS" and then proceed with line six,}

PLEASE TYPE YOUR TERMINAL IDENTIFIERt

-NNNN-PPP=-

PLEASE LOG IN:*ibmepal;nce(CR)

P i

IBM& IS ON LINE

OBS (CR)

enter logon

logon epaiii/kkkkkkkk acct{aaaaxxxxmuuu) (CR)

ICH7000 epaiil LAST ACCESS AT HH:MM:85 ON DAY-OF-WEEK
MONTH DAY, YEAR

EPAIII LOGCN IN PROGRESS AT HH:MM3:SS ON MONTH DAY, YEAR

MM/DD/YY:SYSTEM BROADCAST MESSAGES SEE NEWS ALERTH

READY .

where:
t = Appropriate terminal identifying character

NNNN - Number of the remote access node to which the terminal session
is connected.

PPP - Number of the port of that node.

* - Control H. Before the user keys in the characters in this line,
the control key must be depressed while striking the H kay.
This causes a backspace and suppresses echoing of the characters
being typed on this lipe.

{CR) = Carriage return.

#i## - Number of the host computer port.
8 - Number of the COMTEN,

epaiii - Assigned User-ID

kkkkkkkk - Password associated with the User-ID., The user may be
prompted to reenter the password because it has ex-
pired. To change it, he should enter the new password
in response to the reenter prompt. The password may be
from 1 to 8 characters long.

acct (aaaaxxxxmuuu) - indicates account number and ADP utilization
identifier.

2=-4
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TABLE 2-1 0OBS WYLBUR LOGON PROCEDURE (CONT'd.)

#f - Number of the news alert to reference for more details about the
message. To reference the alert, the user may issue the
following command:

news alert#
A user is given three (3) times to logon correctly, after the third
unsuccessful attempt to logon, the user will be disconnected auto-

matically.
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TABLE 2-2 LOGOFF PROCEDURE

¢

User rasﬁonse to terminate an OBS WYLBUR session:

7 logoff (CR)

NOTE: When terminating a WYLBUR session, make sure the workspace
{i,e., active file, including the datafile(s) is saved by

using the SAVE command.

System response:
Ok TO CLEAR ?
USER response:
yes (CR) .

NOTE: Any response other than “"yes" or (CR) to the WYLBUR prompt
CLEAR ? will cause the logoff request to be aborted,

After the 'yes' response is accepted by WYLBUR, ‘the editing time will
be shown to the user. This editing time represents the actual time
used by the computer processing unit during editing, In addition
WYLBUR will record the elapsed time in hours, minutes, and seconds,
to indicate the period of time that the terminal was connected to

the computer system. Billing for the use of the OBS WYLBUR computer
system is done in accordance with a formula which includes both of

these factors as well as for the amount of on-line disk storage

used.

WYLBUR willl display this information, as follows:
¢.P¢ SECONDS EDITING TIME
NN PAGE READS, NN PAGE WRITES
NN DISK READS, NN DISK WRITES
ELAPSED TIME - HY:MM:8S
END OF SESSION
WYLBUR AUTOMATIC LOGOFF

The WYLBUR computer system keeps track of the activity at a ter-
minal, After ten minutes of inactivity, WYLBUR will prompt for an

indication that the user is still there.

2-6
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TABLE 2-2 LOGOFF PROCEDURE (CONT'd)

? f;*t
ARE YOU STILL THERE?
?
If no reply is made after another five minutes, WYLBUR will auto-

matically logoff the terminal,

2-7
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INPUT DATA

A description of the data required to construct the NDM input
data file on a line-by-line basis is presented below. Each row of the
input data file represents a line in this data file. If there are
more data than the format indicates, continue on to the next line. It
is recommended that the user rafer to a FORTRAN manual for detailed

explanation of the formats. It should be noted that I and E formats

must be right justified,

Variable
Name Format Description
TITLE 1044 Name of product to be reguired
IGRO 12 Type of product sales growth antie-
ipated over time period of interest
IGRO = 1 arithmetic growth
2 exponential growth
3 tabular input growth
SG F5 Rate of growth (fraction) where IGRO =
lor2
RLY@ F5 Unrequlated noise level (baseline)
ANR@ El1D Original number of units in fleet re-
placed at start of timestream (sales
must equal replacements at the
beginning of timestreams}
NRL 12 Number of regulatory levels
RL (T} 4F5 Regulated levels (<d)
NLT(I) 412 Number of lead times for each regqu-
latory level (<4 for each level
PO, 0 2E10 Original total cost of the product per
year; original total operating and
malntenance cost of the products per
year
ANG El0Q Total product population at beginning
of timestream
NY@,NDUR1 ,NFY 318 First year of timestream
Number of years in timestream
Number of years required to finance
purchase of new product

3-1
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Variable

Name Format bescription {cont.}

RB,RC,RU,RP 4F5 Benefit discount rate;

Cost discount rate;

Unemployment discount rate;
Manufacturer's profit rate (return
on sales).

IYR@ 15 Regulation announcement year which
establishes the base year for which
the lead times available to comply
with requlation

The following set of input is to be repeated for as many times

as the number of regulated levels.

LT(I,X)

FSAL{I,K)
UCL({I,K)

UOPL(I,K)
FSCR(I,K)

AMI(I,K)

NPC(I,K)
BEN (I,K)

UE(I,K)

412

4F1l0

4F5

4F10

4El10

412

4EL10

4E10

Lead times for regqulation, I, (in
years counting from announcement
year)

Fraction of sales resulting from
regulation, I, for each lead time

User cost increase per unit due to
regulation, I, for each lead time

User operating and maintenance cost
increase per preoduct machine or unit
due to regqulation, I, for each lead
time

Fraction of product pepulation re-
placed due to regulation, I, for each
lead time

Total manufacturer investment cost
increase due to regulation, I, for
each lead time

Number of plants closed due to re-
gulation, I, for each lead time

Benefit due te regulation, I, for
each lead time

Unemployment due to regulation, I,
{(number of people} for each lead
time

The above set of input is to be repeated as a block for each re-

gulatory level.

WB

The input bel

25F3

ow is to follow the blocks above;

Benefit weighting factors, one for each
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Variable

Name Format Description (cont.)
year in timestream; continue on to
next line if more than 25 years
W 2573 Unemployment weighting factors, one
for each year in timestream; continue
on to next line if more than 25 years
If IGRO = 3, the following is required; otherwise skip the line.
GAND 10F8 Product sales growth factor for each

year in timestream; continua on to
next line if more than 10 years

The following line is required for the program to run,

" 1CC

12

Qutput switch

ICC = 1 convex envelope output
2 monotonic envelope ocutput
3 options

A sample input data set is shown in Table 3-1.

SILT st Taielmiooe
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CUTFUT DATA

The computer output obtained from a run of the NDM is presented in
Appendix A. This NDM output represents the results for the sample data
set or data file depicted in Table 3-1. A summary description of the
data output from the NDM is presented below, along with cross-references

to the contents of the Appendix.

Input Data Specification ({pages 2 and 3)
The first page of the computer run display the input data used for

that particular run of the NBPM, A brief description of each input, in the

order shown, is presented below.
® User selected title of the product to be regulated
® Type of sales selected {(in this case tabular sales growth is used)
® Rate of growth (irrelevant in this case)
& '"No regulation" information consists of the following:
Original noise level

Number of products replaced in first year of timestream (must equal
product sales)

Fraction of product population replaced (number replaced divided by
total fleet size)

Total product population (i.e., fleet size)
Total user cost to replace the products in first year of timestream

Total operating and maintenance cost of the entire product populaticn
in first year of timestream

Humber of regqulatory levels considered
Timestream start year or regulation anncuncement year
Duration of timestream {number of years)

Finance period: Number of years to finance purchase of new preoducts
assuming that a fixed sum is paid at the end of each
finance year

Special cases: Finance period = 0 cash payment at purchase at the
beginning of the year

Finance period = 1 payment at the end of the year
simple interest

In general: Fixed payment = rB/{l -1+ )f

1

where r = discount rate
P = amount borrowed

n = finance period
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Requlation announcement year (year from which lead times are counted)
Discount rate for benefit

Discount rate for cost

Discount rate for unemployment

Manufacturer's profit return rate
For each regulatory level, the following information is printed:

Regulation noise emission lavel
Number of lead times
For each lead time i
Fraction of projected product sales sold due to regulation ‘
Fraction of product population replaced due to regulation
User cost increase per product unit due to regulation
User O&M cost increase per product due to regulatien f
Number of plants closed due to regulation
Benefit resulting from requlation
Unemployment due to regulation :
Weights for benefit for each year in timestream ;

Weights for unemployment for each year in timestream

Opticon Generation (pages 5 and 6)

bination of all the regulatory levels, with possible legad times, (Note that

!
!
Table of all possible regulatory scenarios or options from the com- ]
i
|

the first "regulatory level,” 90 dB in 1980, is actually the unregulated ;

level.)}

Timestream for Each Regulatory Option {page 8 through page 73)

A listing of the "timestream" is presented for each candidate reg-

ulatory option. The timestream includes the value of the following variables

for each year of the timestream:

Year in tipestream
Benefit attained
Total user price increase (from all the new products bought that year)

Total user price outlay increase due to financing the price increase
due to requlation

Total operating and maintenance (O&8M) cost increase for all regulated
products (all years) in the populatien (product fleet size)

Total user outlay increase {total user price cutlay plus total 0&M}
Umemployment
Manufacturer's capital increase :
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Total population size

Number of old products replaced at the beginning of year

Number of new regulated products bought at the beginning of year
Number of plants closed

Total change in manufacturer's profit relative to no requlation case
{Option 1)

Benefit Summaries (pages 75 and 76}

A summary of the henefit measures is shown for each option. The
benefit measures are summed and averaged over the timestream. The following
benefit measures are displayed:

& Cumulative benefit

& Average benefit

® Cumulative discounted benefit
Average discounted benefit
Cumulative weighted benefit

Average weighted benefit

Price Qutlay Summaries (pages 78 and 79)
A summary of the price outlay increase measures is shown for each

option, The measures are summed and averaged over the timestream. The
fellowing price outlay measures are displayed:

Cumulative price outlay increase

Average price outlay increase

Cumulative discounted price outlay increase

Average discounted price outlay increase

Uniform annualized price outlay increase

Avarage percentage price increase (average total price increase divided
by total cost of replacement at beginning of timestraam)

Qperating and Maintenance Cost Summaries (pages B8l and 82)
A summary of the operating and maintenance cost increase measures is

shown for each option. The measures are summed and averaged over the time-
stream., The following operating and maintenance cost measures are dis-
played:

# Cumulative operating and maintenance cost increase

® RAverage operating and maintenance cost increase

e Cumulative discounted operating and maintenance cost increase

.

Average discounted operating and wmaintenance cost increase

43



o kAnfama £ Ties T =

i
+,
P
:
&
5

L

a8 et e ak Ry S

e Uniform annualized operating and maintenance cost increase

® Average percentage operating and maintenance cost increase (average

operating and maintenance cost ingcrease divided by total operating and

maintenance cost for entire population at beginning of timestream)

Total Qutlay Summaries (pages 84 and 85)

A summary of the total outlay increase measures is shown for each
option. These measures are summed and averaged over the timestream and
congist of the following measures:

Cumulative total outlay increase

Average total outlay increase

Cumulative discounted total outlay increase
Average discounted total outlay increase

Uniform annualized total outlay increase

Average percentage total price Ilncrease (average total price increase
plus average total OeM increase divided by total cost of replacement
plus total Q&M for fleet at beginning of timestream)

Unemployment Summaries (pages 87 and BB)

A summary of unemployment measures is shown for each option. These
measures are summed and averaged over the timestream and consist of the
following measures:

e Cumulative unemployment

® Average unemployment

Cumulative discounted unemployment
Average discounted unemployment

Cumulative waighted unemployment

Average weighted unemployment

Manufacturer's Capital Increase Summaries (pages 90 and 91)

A summary of manufacturer's capital increase measures is shown for
each option. These measures are summed and averaged over the timestream
and consist of the following measures;
¢ Cumulative manufacturer's capital increase
# Average manufacturer's capital increase
e Cumulative discounted manufacturer's capital increase
& Average discounted manufacturer's capital increase
[

Uniform annualized manufacturer's capital increase

4~4
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Manufacturer's Profit Increase Summaries (pages 93 and 94)

A summary of the changes in manufacturer's profit measures in shown

for each option, These measures are summed and averaged over the time-

stream and consist of the following measures:

*

Cumulative change in manufacturer's profit
Average change in manufacturer's profit
Cumulative discounted change in manufacturer's profit

Average discounted change in manufacturer's profit

Additional Summary Tables (page 96 through page 103)

The follewing quantities are presented in summary tables, which are

sorted by various criteria (i.e., ascending or descending order):

-~ A listing of all regulatory scenarios (or options) by decreasing benefit-

Average discounted benefit

Uniform annualized price outlay increase

Uniform annualized operating and maintenance cost increase
Uniform annualized total outlay increase

Average percentage total price increase

Uniform annualized manufacturer's capital increase

Average disgounted unemployment

Benefit-to-cost ratio

Uniform annualized change in manufacturer's profit

A listing of all regula;ory scenarios (or options) by decreasing average
discounted benefit is shown on pages 96 and 97.

A listing of all requlatory secenarios (or options) by increasing uniform

annualized cost is shown on pages 99 and 100.

to-cost ratios is shown on pages 102 and 103.
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Listing of Regulatory Options on Convex Envelope and Monotenically Increasing

Envelope (page 105 through page 107)
The following cquantities are presented for each option that lies on

the convex or monotonically increasing envelope:

e Options on the respective envelopes by number (refer to the table of all
possible options to identify the option)

Average discounted benefit (benefit)

.
e Uniform annualized total outlay increase (cost)

& Benefit-to-cost ratilo

@ Cost~to-~benefit ratio

e Marginal bepefit increase per unit cost increase (equalsAbenefit

divided by A cost).

-=- A listing of the requlatory scenarios (or options) which lie only on the

convex envelope is shown on page 1065.

-- A listing of the regulatory scenarios (or options) which lie only on the

monotonically increasing envelope is shown on page 107,

b aeains
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COMPUTER LOGIC, FLOW CHARTS, AND ALGORITHMS

INTRODUCTION

The Noise Decision Model computer program is designed to perform a

benefit/cost analysis on all the possible combinations of requlatory options

arising from user specified requlatory levels and lead times associated

with these levels. The computer program 1s written in FORTRAN IV for the

IBM 370 computer. This program is divided into seven parts, i.e., input,

option generation, timestream enumeration, sums and averages, rankings, con-

vex envelone, and monotonic envelope, which are subsequently described be-

low.

5.1 INPUT

The following input data are necessary:

Sales growth of

the equipment to be regulated under normal conditions {i.e.,

ne requlaticns); there are three choices:

e Arithmetic growth == each year's sales is a fixed percentage of
the baseline year's sales higher than the previcus year

¢ Exponential growth -- each year's sales is a fixed percentage of
previous year's sales.

s Tabular

growth -- the sales of each year expressed as a ratio of

the baseline year stored in a table.

Original product specific population in baseline year {first year of time-

stream) .

Original replacement rate -~- the fraction of the product population that
has to be replaced annually; for the baseline year, it is assumed that the
sales of new products is the same as the replacement rate of old products.

Number of regulatory levels to be examined {a maximum of four).

Number of lead times for each requlatory level (a maximum of four each).

Total product sales cost and total operating and maintenance (O&M) cost in

baseline year.
Baseline year.
Total number of

Finance period:
by borrowing at
the user has to

years in timestream.
it is assumed that the end-user finances product purchases
the discount rate; the finance period is the number of years
pay off the price of the product.
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Discount rate: the discount rate is used to discount the value of money
in subseguent years.

For each regulatory option or study level and each lead time, the following
is required.

Fraction of sales resulting from price increase due to regulation (this
number is to be computed from the price elasticity of demand).

End-user price increase per unit.
End-user operating and maintenance cost increase per unit.

Manufacturer's investment cost increase (the additional capital the man-
ufacturer requires in order to comply with the regulatien).

Number of plants closed due to regulation.

Benefit resulting from the total product population being replaced by new,
quieted products in terms of total population of people no longer exposed
to adverse noise emissions,

Unemployment resulting from regulation.

5.2 OPTION GENERATION

This part of the code is rather complicated, but the idea is fairly
simple. Given a number of noise emission levels (five maximum, including
the original unregulated level) and a number of lead times for each level
(four maximum per level), the program generates the no regqulation option as
option number 1. Then it goes out and selects one regulation at a time (for
the sample run, there are four regulatory levels with the number of lead
times as 2, 3, 2, 1, respectively, for each level. Therefore, the total
number of options with one regulated level = 2 + 3 + 2 + 1 + 8), Next, it
looks at all possible combinations of two noise emission regulatory levels
(e.g., B6 dB with lead time 1 year, 83 dB with lead time 2 years, 86 a3 with
lead time 1 year, B3 dB with lead time 3 years, etc.), then three regulatory
levels, and then four regulatory levels.

The total number of options is dimensioned at 100 to save computer file
storage. It is conceivable, in some cases, that the total number of options
could exceed 100. In that event, the program will have to be altered to

accommodate the larger number.

5.3 TIMESTREAM ENUMERATION
The following conventions are used in computing the values presented
in the timestream table for each option:

New product equipment is purchased and old equipment is replaced at the
beginning of each year in the timestream.
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Benefits are calculated at the end of each year.

Manufacturer's capital increase is computed at the beginning of each year,
as is operating and maintenance cost.

The end-user price increase is paid at the end of the year unless the
finance period is zero, in which case cost is assumed to be paid at the

beginning of the year,
Manufacturer's profit is computed at the end of each year.

The product population is computed at the end of each year.

The following quantities are presented in the timestream tables:

Year of the timestream.

Benefit from the noise emission regulation measured in terms of people

no longer exposed to adverse noise emission due to lower noise emission
levels of regulated products.

Benefit for 1 year is computed by summing the total benefit for each re-
gulated level and multiplying by the ratio of the population at each re-
gulatory level to the total population size. The idea is that when all
the products are replaced with regulated products, the benefit input value
will be achieved. For the case of constant product population size and
constant replacement rate, the benefit is linear with time before the full
benefit is reached. The formula used is:

n
B 'Z w By
1=

where n = number of noise emission regqulatory levels
Bj

Wi

total benefit for requlatory level i

[}

population at regulatory level i divided by total population at
all levels.

The total price increase to the user due to regulation in a given year
is the price increase per unit multiplied by the number of units sold
that year

Price outlay increase is the amount the user pays per year over the
number of years for which the purchase is financed. If the purchase is
not financed, the price outlay increase equals the total price increase.
(Note: If the user buys new products agailn the next year, the outlay in-
creagse from the last year has to be paid in addition to a new outlay in-
crease for the new year's purchase.)

Operating and maintenance increase is the total additional OsM cost for
the new products produced each year; it is assumed to be paid in cash and
not financed.

Total outlay increase is the sum of the price outlay increase and the O&M
increase.
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Unemployment due to the regulation.

Manufacturer's capital increase:; It is assumed that manufacturers of
regulated products make preparations to comply with the regulation coming
in a lead time of LT. The needed extra capital for compliance is divided
inte LT equal portions, investing /LT of the total for each year between
regulation announcement and enactment., If there is more than one re-
gulatory level, then the capital increase for a year will be the sum of
the total capital increase for each regqulatory level weighted by the re-
eiprocal of the respective lead times.

Total number of products in the population at the end of the year after
old products have been replaced and new products purchased,

Number of old products replaced per year.
Number of new products sold per vear.
Number of plants closed due to the regulation.

Change in manufacturer's profit is the difference between the manufacturer's

profit for a given regulatory option and that of the baseline optien,
i.e., how much the manufacturer suffers or gains from the regulation hy

comparing his profit with what he would cbtain if there were no regulation.

By definition, this will be zero for Option 1 (i.e. no regulation). Pro-
fit is calculated as follows:

pi = (ci) (PRJ(SL)

where Cj; = cost per unit in year i
PR = profit rate (percentage)
§; = total product sales in year i.

5.4 SUMS AND AVERAGES

Summary data are presented for the following quantities:

Benefit.
Total price outlay increase.
Total operating and malntenance cost increase.
Total outlay increase.
Unemployment.
Manufacturer's capital increase.
Change in manufacturer's profit.
For each of the above, one or more of the following is applicable:
Cumulatives; Sums quantity over all years in timestream

The formula used is:
n
2%
f=1

5-4
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Average:

Cumulative discounted;

Average discounted:

Cumulative weighted:

Average weighted:

Uniform annualized:

Averade percentage
increase:

5.5 RANKINGS

vhere n = number of years in timestream
q; = benefit or cost in year i,

Cumulative divided by number of years in time-
stream,

Discounted by a factor for each year in the
timestream and then summed.

The formula used is:
n

o
Z qQ /1 + 2 !

im1

where r = discount rate.

Cumulative discounted divided by number of years
in timestream.

Each year weighted by a weighting factor and then
summed {used for unemployment and benefits only).

The formula used is:

n

Z "1y

i=t

where w; = weighting factor for year i.

Cumulative weighted divided by number of years
in timestream

Assumes that the end-user is going to finance the
cumelative discounted total by putting a fixed
swn yearly into a finance aceount, so that, at
the end of the timestream, an amount egual to

the cumulative discounted total is available.

The formula used to compute the uniform annualized
cost ig: '

Pr/[l - 1/(1+x)7)
where r = discount rate
P = cumulative discounted cost
n = pnumber of years in timestream.

Average cost increase divided by total original
cost.

The options are ranked by:

Dacreasing averadge discounted Lenefit

5=5
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Increasing unlform annualized cost (total ocutlay increase)

Decreasing benefit/cost ratio.

The following quantities are presented in the ranking tables:

Option number

Average
Uniform
Uniform

Uniferm
uniform

Average
Uniform

Average

discountaed benefit
annualized price outlay increase
annualized operating and maintenance increase

apnualized total outlay increase (hereinafter referred te as
annualized cost)

percentage total increase
annualized manufacturer's capital increase

discounted unemployment

Benefit/cost ratio

Uniform

annualized change in manufacturer's profit.

5.6 CONVEX ENVELOPE

The convex envelope consists of those options, plotted in cost-benefit

space, which are "best™ from the vantage point that, for a given cost,

these options offer the most benefit. In practice, these options are

arrived

at by finding the option with the highest benefit/cost slope using

the previous point as the origin of the rectanqular coordinate system.

An example of the convex envelope is shown below.

CONVEX -
ENVELOPE
E B
L
g .
/Aa
a . *
L L]
[ ]
L ]
COSTS

5=6
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6.7 MONOTONIC INCREASING ENVELOPE

The monotonically increasing envelope can be plotted in the cost-
benefit space alse. The example shown below presents the same data as the
previous figure with the addition of the dashed line curve which is the
monotonic increasing envelope. It is derived as follows., Starting from
the origin, find the point to the right with the least cost. If there is
more than one, pick the point with the highest positive slope. Use this
point as the origin and continue the procedure until ne more points are
left to the right or the slope becomes zero or negative. It is clear that
the convex envelope points {solid line curve) are a subset of the monotonic

increasing envelope peints, as shown below.

CoST
. ENVELOPE
a7
- == MONOTONICALLY
E e INCREASING
- ENVELOPE

BENEFITS

CosTs

5.8 COMMON BLOCKS

There are three common blocks in the Noise Decision Model computer
program. These blocks are used to transfer variables to different points
of the program. They are named BLOCKl, BLOCK2, and BLOCK3, There are four
subroutines {OPGEN, SORT, CONVEX and MONOTQ), one function (FACT) and the
main program. The usage of the common blocks in the subroutines, program,

and function is presented in the cross-reference table below.

5<7
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Programs and
Subprograms

Common Blocks

BLOCK1

BLOCK2

BLOCK3

MAIN
OPGEN
SORT
CONVEX
FACT
MONOTO

5.9 DESCRIPTION OF PROGRAMS AND SUBPROGRAMS

This section provides descriptions of the main program, the four sub-

routines, and the one function used in the Noise Decision Model. Following

each written description, the program listing and flow chart are presented.
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Name:
Arguments:

Function:

Subprograms Used;

Main
None

Main preogram. Performs input/output. Invokes OPGEN to
compute all possible options. Generates timestream.

Sums all relevant quantities in the timestream. Invokes
CONVEX and MONOTO to generate the convex and monotonically
increasing envelopes,

OPGEN
SORT
CONVEX
FACT
MONOTO

5-0
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l READ IGRO I

READ INPUT

YES

CALL FACT

SET UPPARAMETERS
FOR OPTIONS

= DOi<1TONRL |

TAKE | AEGULATIONS AT A TIME
CHECK TO SEE THAT LATER REGULATIONS
HAVE A LARGER LEAD TIME THAN
PAEVIQUS REGULATICNS

Y
CALL OPGEN

FIGURE 5~1. MAIN PROGRAM FLOW CHART

5=10



DO OPTION | = 1 TO NOFP

y
| 2RO ALL sUMS

1
- RO TIMESTREAM

Y

COMPUTE BENEFIT AND
COST IN EACH YEAR

f
DISCOUNT WHEN APPROPRIATE

f

SUM THE RELEVANT
QUANTITIES

COMPUTE THE AVERAGES

SOAT ACCORDING TOCRITERIA

y
CALL CONVEX

¥
CALL MONQTO

YES NEXT PRODUCT?

FIGURE -1, MAIN PAOGRAM FLOW CHART (CONTINUED)

5~11
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TABLE 5-1. MAIN PROGRAM LISTING

CCRMCH/2CDY /NOP
. CCAACN/FOMBLL/I L (%,2) ,IYRO,5L0,F50
CCHACKR/EAR/SG,NT,GAND(23)
. CONACH/JORCAN/COST (107) , 1A {100} ,DBRC{1C0), X0
CONACH/ABY/AL(4),BEN (4,4),LT (4,4),0cCI(4,8),
1 ... .. GOPL(U,4} ,F5aL (U, 4} PSCR {4, L) , A8l {4,u) ,NPC (4,4},
2 OE [, 4}
DISENSICNIB{10%},USER (100} ,11T(199)
DINENSICRUBOA(100) , ACO(S) , MUA{S) , TITLET 1Y  NTT(0) , W8 (23}, %Y (23)
coancH/cHIR/R(5,100),1YB (5,100} ,0CI0(5,100},0c010¢(5, wu;.
17541C(5,100), rscaots 1001.:!50(5.100) WFCO (5, wca,uzms 170},
Auogs 100),ut.nuoo;

—————m— e .

—
PIAENSICNFRCT {100), PPOA (100) ,PPODT {1007, #POCA (100), PPOU (100], |

C RORMAT(M1Y,10M4)

1 OCIT(100) , OCIA(160) ,OCICT {100) ,0CLICA{100},0C1Q [100], |
2 ~FOCICL {0}, 16OT {10¢) ,1C0OR {100}, TCALT {10 ,TCODA (150},
3 PTCCL (100} ,CACT (100) ,CAQ4 (1C0) ,CACLT (100),

Caaba (100) 5CAOD {108) ,CAPOT (100],0AECA (100] ,D4PCIT [130)
____DAEODA(100) , DAFOD(107) ,BTO (100) ,BAC (137) ,BDTO (107,
“TBENDER (10} s BNTO (100) , ANAO (100, 08T (100],
_OECDT(100) ,0BOCA {10€) ,DEQWT (100) , DECWA {100)
DIREWNSICNBEC(100),PPPOCT (100) ,F1COCT (100) ,000 (23}
CONTINOE e
READ (5,3, EBDE9599) (T1TL e (I) J1=1,70)

 PORAAT( 1044} e

WELTE (7,40 10) (TITLECI) 1 #7,10)
jCH'Ili[‘ll"lOlu] : v
WRITE (6,3) {TITLETI) ,131,10)

READ 15, £) 1660
BEAD(S,4) SG o
HRI‘IHE 33) 160,56
,rcaaupncacm TYPE? ,122,1%/% BATE CF GRCN1H',1i2,F5,37)
BEAC {5,4)RLO
PCRAAT({16E5,41)
READ[5,%6) AKED
READ {S,5) NEL
FCENAT{1612)

C. BEAD (S0 (BLL) JIw, 800 e e el

96 |

402

10

"
12

13

BEAL (5,5) (NLI(1),1=0,M8])

FORAMT(BBVOLS) e
nEAD[5,56) PO,00
WRITE (7,402} 00,00
FORMAT (X, 2 (1PB12,5) )
BEAD (5,56} A H0 )
PS0=ANBC/AND ;
HEAD (5,8) W2, MD0B1,8FY l
FORAMT (315) '
READ (5, EB,RC,AC, 8P
REAC (5,8} LT8O

WRITE (6,10) 8LO, ANRO ES™ AND,PO,0" i e e
PORNAT (*QNO REG INN'//' NOISE IEVELV ,T20,¥10.1,°

1 . . '\ WUABER BEPLACEC*,T:0,16E10.3/" FRACTION RETIRED',T20,
2 CPF10.4/Y TOTAL AACHIMBESY,T20,1PE10,3/

3" TCTAL CoST*,T21,1PE9.3/* ICTAL CP-BALlN CCST',T21,1FEF,.3/)
WRITE(6,11) HAL

i
l
!
1
H
i
H

. PCRAMT('ONOUBEER OP'y* REG LIVELS,T20,I%/.) __ __.__ __

WEITE(6,12) HX0, HDURT, KFY, LY60

FORMAT['OYEARY /' TINE STABAN',T20,15," CORATICN',T20,15/

1 ' FINAKCE PERIOLY,T20,15/' REG ABNQUNCEAENI' ,T20,I5/)
WEITZ(6,13) GE,RC,ED,BE

POFAAT(*0GATESI /¢ BESEFITY,TI0,P10.2,% CISCCUNT!,T20,¥12,3/

5-12



TABLE 51. MAIN PROGRAM LISTING (CONT.)

1

TS

|35

—— BEAC(5,56} (BEN{I,X),K214) . — -

5T
4y
6 -
5

1 v ‘UNBMPLOYMENT? .'120,'10 2/ PEGPIT',T&‘“!‘D. 27)
CWEITI(6,25), - .
Poﬂﬂﬁ‘r(qzll'ﬁﬂﬁ LE'EL',

CDOI00II Y BT e
J'HLT(I]

BBADIS,E) (LT (I,K),K=1,d) e — = e
READ (S, 35) (FSAL (L)X} K= 1,0

_PORNAT(BF10,0) } -
DEAD(5,4) CUCI(I K).ﬂ" J} )

_ READ(S,4) (UCRL(L, K} &K=y

ERAL(5,35) (FSCA (z,n Kr1,0}
BEAD (5,56} (ABL (X, K} ,Ka1,0} ——
READ (5,5) (HEC (1,K) ,K=1,4)

READ (5,96) (UR{I,K),Ka1,J)
_ MBITE(6,14) 8L (1) ,J

FOHRAT('OBLG LEVEL = 5, 1,5X, NOASER CF LRAT 1INES s 1,

157)

_WBITR(6,15) (LT(I,K) K=1,3) —_

2OHAAT (125, 'LEAD TIAES*/T21V,G1107)
WRITE(5,16] (PSaL (I K) (K0), ) -

FOEMAT (' FEACTION SALES‘,TZI UEI0, §)

WRITE(6,17) (FSCE(L,K) ,K=1,d) _— [

PORNAT (¢ PRACTION RETIRED!¢131,6¥10047
BRITE(6,18) (UCI (I,K),K31,d) o
POBAAT (! USEH COST INCRELSE!T21,6[1%;1PE8,3})
WBITE{6,15) (DOPI (I, K) ,K33,3} _
FORAAT(' USER OP-BAIN INC',13V,0 (1%, P86 317

C_MEIT71(6,20) (aBL {I,K),K21,J} e e

26 "

a1

28

23
1001 .

L JOR—
.PCEMAT('OBEIGHTS FOB BENEPIISY,) ____ ... .. P

700
T

702

PORMAT (! MAH CAP INCREASE',T21,0 (X, 1929.3n
_WRITE{E,21) (NBC (I,K),K=1,J3} L
POBHIT(' PLANT CLOSINGS',IZI HI‘IQ]

_WEITE(5,26) (BEN (LX), K=} e
PCRAAT (1 BENEPLTS! ,T21,4(11, IPEG 31T

WRITE(6,23) (UE(I,K) ,K=1,0} e L
FCRNAT(' ONEBPLCTABRTY ,121,4E10. )

CONTINOE L e
AEAD {5,5) (WB (I} ,1=1,H0081)

FORNAT(I3F3.1) .
WRITZ(6,700)

MEITE(6,701) (KB(I),1n1,0C0RY)

L POBBAT(Y 2, 33(PI A, W)Y . ..

HEAD (5,5) (WO({I} ,I=»1,HDURY)
"FOBRAT({10FB.0)
_MEITE{6,702) e
PORMAT ('OMEIGHTS FOH UNENFLCIMENT's)

_MRITE(6,700) (WO (1) LoV, 600RY)  __ . .. _

——_R(1, N =FLO___

HLEY (1) 01

118 (1,1)=11R0

L OCTIO (1, 1) 80, e e mam

DOPIO(Y,1)=0. .
FSALCOY, Wy o ha e e
PSCRC(1,1) =250

__BENG (1, 1) =0, —

NECO (1,1} =0

UEQ {1,1) =0, . e e e w ~
aaIc (1, 1) a0,

Hg =1 . .
DOSO0OT=1, HEL

1F (IGRO«BC, ) RRAD (5,68) (GAHC (KIIL),KILL=1,NEUBT} _____ . _ .
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TABLE 5-1. MAIN PROGRAM LISTING (CONT.}

LEL LIS 2L
DOBOt0I =1,
K1=NlT(11)
Do8otIII=t, K1 .
L“:“']l
L{1, 2= R
IP(I.EQ.1}CALLOBGEN
. IF(1.20.1)GOTGEO0) e
Al=lled
K-l e
DOBOO2IZanY , 82
. R2spl1(12) e —

DOBOO‘JHI.KZ
IF(LI(T:,J2}alBa LE{I), ) )GCTCE00] -
L2, h=I2
!.(2,2) =32 -
TTIF(I.EC, 3)‘:“.!.09621(
_IF{I,0Q.2)GCTOB002 - —
a3z
_Busne2 —

LoaM0ulLisal, au
K2=n81T(13) __
DOA0QEIInt, K3
_IP{LT(IE,JJ).LB. LT({12,Jd2))GCICEA05__ | SR

L3, 1)=13

i3, i)=d] e
TP (L. EQ, JICH.LOPuEH
LIP{1.0Q.3}GCTOA005 e+ ———
Ku=HNLT(u)

_poACTIINR, K _
IP(LT(4,lu)eLE.LT (3, 13))cCTcaso?

Li4,2)30

CALLCEGEN
8707 CCHTINUE
8005 CONTINOE
8904 CCNTINOR
8001 CONTINOE e e e
8072 CONTINDE
800t CONTINUE
89909 CONTINUE

. HRITR(6,70)

70 PORMAT(V1TABLE OF POSSIELE CEIZCNSH/T16,'L2VEL',126, ' YEARY/)

- A=NL 2V (1}
_RBXTE(6,7T1) I, (R (J,I},IYE(J,I),J-I ")
7" ronnncu.xa.rn,s:n 8.1,116})
2157 CONTINOE
RATZ2=1,
o IP(HEFT.EQ.N)GOTGIONT .
BATE=RC/ {14~ 1./ [1a ¢AC) €#HFT)

3001 CONTINUE R
n.rrsnc/u.-1./(1.011(:)"!0011”
DURBYeRC/ANFO ..
pO1810L=t,HCP
L WBITE(6,72) 1 _ e

i !URHA‘X!‘HIHE STAEAS FOB TETIE 7,13/
MELTE(6,73)

13 POEH&T('U!EAB',II,'BEH!PI?'.JI,'FBICE INC!, 1X,* COTLAY?,
1 CIN'LIX,YOPAALN IN', 12, 'TOTOUTLAY , ¥,

2 YONBRMELYATY . 14, "BANCA: J57,1K,"TCT MACE' ,2X,

DO2D5OI 01, NCF. . s




RET L TR e L P % e

R L LR, T

CRYTY

R e LR

awearr

T Py

R R Tt

TABLE 5.1, MAIN PROGRAM LISTING {CONT.)

‘CH NAK_PRO' /)

3 7777Tewua BETV]3X, Sw0a SALESY, 11, PLNT ctsn'.lx.
_u

1JI5BFY=1
pe2010K=1, T3 __ . ..
ACC (K) sf,

2010 CORTYINUR  _ e e .

HeNLEV (D)
ANA () =aN0

D010 11a=2,3
.. AHagJ) =l

017 conTINOE
- CHTsY,

CHDT'OD
b (o £

ancT=0.
o AACDTEN,

ANACT=0.
AHNCET "R,

DAPT=0,
DNFD1=D,

[:LET
BDT2A,

BNT*0a
GETEN,

arpT=0.
OENT=0.

k=1
. SOAvAND

DO1020NY=1, HDUR)

CoryyshY-1
IYaNt0sNt=1

IF(N.GT,1)GCT01012
Je2
GOT01012

1912 CONTINUDE
. DO10uTe2,H
IF(IY-Leg(J,20) W3 0016, 1008
JAH14 CONTINUE

FELED]
1013 CONTINOE

Jage 1
ANHCEANGN®FSALO(J,L)*FACT {IGECY
ANA(J) =AKA {J) rANAC
_SCRAFQaSUNESCRO (J,1) _

ANR (I8Y *ANA (18) ~SCEARPOD
LR (ANM(IN).GT,0.)GOTOVN}S

KK=1fie}

DC1016KIRK,  _

ANB(K) = ANR'TH) o3 NA (K=Y}

ANN (K=1}=0.
TF (ANA (M) +GT.0.) GOTO1017
1016 CONTINOE

1017 CONTIHOE

14.17 1
1715 CONTINDE
sumade

po2uéBK 1,0

SysssumeANA(K) . _ . ..

4468 CONTINOER

casd, e e e

I1F(J.EQ.N)5CT01019
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TABLE 5.1, MAIN PROGRAM LISTING (CONT.}

T a=a e

10214
1019

_1018

1023

L _DDYOZIKLI, B R
T cACHsARIO (K I) / {J.\'E (K I’-I!EO)

CONTINUE
CONTINUE
ANAC1=ABACSUCIO(J,I) ¢CA® (1o 5B} _ _ _ .
AnC=0,

D010 18K 21,9 .
ARC=ANCYUOFIO(K,L) *ANA (K)

_CONTINGE __ : —.
ANBCC oL INCT®EATE

I¥ (W1 2Q.0)GOTO3002
II=prt=1

A2sapacd s ——
DO1022K1, 134

Alaco-Acn(u,oauuco : o
CONTINOE

REKR=IIe }

0o107 141, KRER . )
ACD {JIJ}=AL0 (JJ3# 1) -

1077
3002”

3567

CONTINGS

_ACO (Ia0) a2 P
CONTINOE

_ TANCT sARC+AHACH —— [

TAPITLHRL1)GCTO3S6T

LONO (Y] aDUABISANACEER, (1440F)
CONTINOE

_DBPSCASEDe (DUABIPUCTO(J, 1)) SANACORE/ (Ve ¢EP)=CAD(NY) ____ _

_ AUBwB2O 44,1}

1023

PC=HPCO 1J,1)

GRT=URT+AUE
_ORDTAUZET+AUE/ (1 ¢RO) 90 1YY ———
CENTsURUT+AQE®NU (NY)

-.B=0, e e s e = o o e
D01023K'Iﬂ F)

. B=DeANA (K) /SOB®BEHD (K, I) —— C e
CONTINDR

BIsB1+48 P -

.
T4

w29

L AACDTsANCDT+ANCOARA __

BOT=EDT+3/ (e ¢RE) #911Y

BT ENTeDSKE (NT) —
RABAT1.7(1, ¢RC) #o11Y

. ICLa1CL¢ANACT _ N
ANACISANACT+ANACO
. AHECCTEANMCET#ANACO®RAGA o
CHT=CAT+Ca

CHDT=CACT¢ BARA®CH e
ABCT=AACTANC

DAPT=DAET+DAP
DNPCT*DARDT ¢DAESEARA e
MRITE{6,74) 1Y, D, N8CT, NAACH, ARC, TAALD, ACFE, CA, SUR,SCHAFD,

ANAC, PC, AP o .
POBBAT (11,74, 12 (1% 1FES. )] .
CONTINGE e
PPOT (1) =ANACT

__PPOA (L} *4HACT/NDURY .

PPODT (1) =AKBCDT
PPODA (1}=ANBCOT/NDOBY . ..
PPOD [1) *ANBCDT® BAT

PPPOCI (1} *TCI/NDUR1 /PO

111(1)=1C1/NDTR Y
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TABLE 5-1. MAIN PROGRAM LISTING (CONT.)

OCIT (I} sdNCT
e JOCIA (1) sABCTZNDORT
0CIDT(I)=42CDT
DCICA({L)=ANCDT/NDOR1
QCIU (I} *ANCCTARAT
_ 3P (00,25.0.)GDT0S034
pocice m =0C1a (1) /00
GO10503%
9034 CONTINOE
... POCICI{1)20,
79035 ‘couTINg®
TCOT (I} sANNCT+ANCT
TCOA (I) +TCOT (X) /HDURT
e TCODT{T)AANACDT 4 ARCDY
TCOLA (L)=TCODT {I) sHDURT
COST (I} «PPOO{I) +OCIO (I}
ncocun‘ﬂczoucnnnunl/unmol
__CunT(ryscat _
Cagh (1) Cat/RDTEY
CRODT {I)scaDT
CrODA [I)=CALT/BDURY
L£B00(I) sCADI*RAY
‘DAPOT {1) 08T
_DUPOA(1}=DAET/NDUEY
CHPOLT (1) =DAPDT
_—DHPQLA[1) sDARDT/NDUR]
DBPQD{I)=DAEDTORAT
__hro(i)japt
BAD (1) AFT/HCOR A
. BbT0{l)e807
BENDER{I} sBIT/ANDURT
PUTEO (1) 4BKT —_—
DNAD {I) 2BETNDOEY
IF(COST (1) B 0.)GOTO9002
BEC (1) =t
.__Gotog0o1
‘9000 coHTINOE
e BEC{J) =ERMDER (X] /COST(I) —_
9001 CONTINGY
OEOT (1) 90BT_ . _ _ N
0PCA {I)sDET/HDURY
. UroD1(l}=ullT
T GEODA(X)+ORIT/HNDGRY
Qrowt (I)s0ENT,
Q2OWA (L)sQENT/HNDORY
1010 CONTINOE,
HRITE(6,100)
100 __ FORAAT('10PTION®, 92X, 'COA BEN',4X,'AVE DEN*,UX, 'CONDIS BENY, 1,
1 IAYEDLS BEN',1X,'C0A T DEN', 1, *AYE KI LEEN'/)
ROUDOOT =1, 308
WRITR{6,101)1,BTO(1),B40 (n,Bn'rnm,ﬁzurza(n,asmm,snom
101 _POEAAT(i2,523,3X,6{1FR10,3,11)}
4000 CONTINOE
. _BBITE{6,102)
112 roﬁuu'wnxon',u,-cuu BPRICEY,3X, VAR PRICE',IX,tCO4 DIS P!,

Y E.VAYE DIS PR, 1Z,VUNI ANM_PR', X, CAYE FERBCENT'/8X,
F S{'00TLAY INC',1X},'1RC)
DCu001Xat, HCP

MRITE(6,103)1, #POT (1), PPOA{I), PEODT (1}, EPOEA (1) .FFOU(I! JPPPOCI (I
103 PONMAT(II,12,3X,5(1PE10.3,1X),2EP5.1) ____ _ .
4001 <CONTINOE

e = i e A ot LR TR T 4 et e TS % i TR s VA E T £ T T T A T L D S 2 e e T e e
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TABLE 51, MAIN PROGRAM LISTING (CONT.)

MBITE(G,10u)

194 FPOHNAT (P10PTION', 1%, CUN OFBAINY,1Z,YAVE OFAAINY, 1X, /208 DIS 047,

1] 1X,VAVE DIS ON',1X,'0FT ANN OM',$I,t4VE EERCENT OR'/
2 €X,6 (*LHCY,8X) /). e
nouooznl.uup
WRIT®(6,103}1,0C1T(I) ,OCIA{I),CCIDT (I} ,CCIDA(X) ,0CIU (I} ,POCITE (1)
4002 conr:nur
BRI Te(6,106)
106 mnun'lcnmu'.u.'cna TOIALV,21,*AVE T0TAL! .2, COADIS TOT!
____*3 1X,'AREDIS TOT?!, VX, ' UUIANN_TOT, 1X, 'AYvE_EC TOT'/BX, __
2 S(VO0TLAY ING ,4X), ' I0Cts)
. Doud0ILel, nep_
WEITR(G, IOJ)I,TCONH +TCOA (1),1CODT (1) ,1CODA (L)} ,C05T (I} , PTCOCL (1}
4103 cout_I_R.tJ! -
WRITE(6,107)
107 rOBBAl Llwnmn' 1X,0CU8 ONZAKY 27, AVE ONERE?,2X,'COADIS OKEY,

1 1:.-mozs OUR*, 12,0008 ¥T OHE®, 15, AVE N OHE'/)
DOuQOUI=], NOR e e I
WRITE(6, 10111 OEOT (1), 080K (I),0EONT (1) , 00004 (1) ,ORONT(I), DECNALL)

_408y_ CONTINDER
WRITE(G,109)
109 _PORAAT{"I0BPTION!, I, ¢CON AAN! UL, VAVE MAN',G2,°CURDIS MAN',1X,
1 1AVELIS un' 1K, 'UDXANN AARY/BX,S{'CAF INC',u4X)/)
DOLOOSTI e, RCP__ _
MRITE(6,101)1, caurm.cauun.cuonu } LCHOLAT) ,cH00 (2]
4945 CONTINOR
MEITE(S,111)
111 FORBAT('10PTION',1X,'CUA CUANGE' 15, 'AYE CHANGE *,1Z,'CUA DIS k!,
1 11, *AVE DIS CH' , \X, Y001 AHN CH*/8X,5('BAM PROFIT', 1%} /)
_. DOuenNaLa 1, NCP .
nan:ts,wnz , OHPOT {T) ,D8P0A {1}, DAPOLTTY) CAECE A (D) ,DUPOU (1}
JBA06  CONTINUE
"CALLSOBT (~1,NOF, LB, GENGRE,D5ER)
. nnx‘z!tﬁ,nz)
112 POEMMT(*10PTIONS FY DECHEASING AVEHAGE FISCCUNT FT BEKEPIT'/)
.. BRITE(b,116) R )
116 PORMAT('OCPTION® , 1X,FAVE DI, WX, ONT A NN PHY, X, '0NL 4NN G¥', 14,

1 ONIANH_TOTS, 1Z, VAVE EC_TOT!, 1K *UNLANR EANS, 1K, __

2 TAVELIS ONEY 5 1259 DBN/COST s 3K, ' UNI ANE CE' /3K,  DEREFIT
3. UX,'CUTLAY INCY, 31X, '18C*,BX, 0UTIAY. :uc',u,'_uc-,ax,

4 ‘CAP INC®,26X, 'HAN RUCFITI /)

___DoufOBLal, NCP
WHITE(6,113}1b (1), 08BR (%), FECU{IE{I}) ,OCIU(IE(T)) ,COST (LB (L)),
1 PTCOCI (IB (L)), CHCU (ID(1)) ,OR00M{IEL}Y, . __..
2 BEC(IB(1)) , EREQDUIB(I))
113 PORMAT (X, 12,38, 4 (1PE10.I, 1X), 2F05, 1,6, U{IPFI0.3,10}) .
4000 CONTINOR
. CALLSCRT(1,00P,18,C05T,0520)
WHITE{6,114)
L1364 _ _PORMAT('IORTIONS BY INCEHEASING UNIPORS ANNUALIZEL COST!/)
NBITE(6,115)
_boutoiLal, Nop
WRITE(S, 113}15(1}.annuun|nl.FPunuauH.ccxr(xaun,uszﬁm,
o Y PTCOCL(IB(L}),CACU{IB(L}),0EQDA{IE(I)), _
2 BPC (IB({L)) , DAFCO{LIB(1})
00T _ GONTINOE — .
CallscRI({=1,K00,IB,DEC, USER)
RBITE(6,115) .
115 ronanmornons EY DECREASING aauzrn/cosr'n
KRITE (6,116} . L. L
nouﬂzorrl NCP
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TABLE 5-1. MAIN PROGRAM LISTING {CONT.)

T MRITE(6,113)IB (17, BEADEE(ID (1)), P00 (1D (1)) ,CCIE(XB (L)),

1__ COST (1B (L)} ,PTCCCY (10(I)),CH00 (1B (I]),0F0DA (XD(1)},
0SEB (1) ,CAPCU{IE (1))

40271 CONTINOE

403’

_WRITE(T,403) K0

CALLCONVRL (RENDER)

PORHAT { 1X,12)

e PO7001E=1, 0

oy
L3003,
200 |

_am

5000 __

FLEN

Jexa (1}

__WRETN(7,404}d,BENDER (I} ,COST () (TIT () ,ccn(a),nou {J) ,OCI0 (J)

200041 (11,12,6(1821245)}

_CONTINUE R

¥aIT?(6,200)

PORALT ($10PTIONS ON PRNEPIT,COST CONVEX BNVEICEH /)

NBITE(6,201)

L POLAAT(00PTION?, 1X,¢BZNEFIT!,4X, COST!, 70, VEEN COSTY, 3K,
iCOST/BENY 32, Y AAECINAL BEN INC FRU ONIT COST'/)

pOS000L =Y, HO_

CPB* 1, ZEPC (14 (T]]

ﬂuz_(s.wnum.ﬂzunuuu $ 02 COST{IA(I}) ,BPC{IA{I}} CPB,  __.
1 ()

CONTINDY X
CALLACHCTO (BENDER) -

LWBRITE(6,203)

IOHHATI'ICPTIOHS ou BlNlFIT/C051 HOROTONICATLY INCREASING',
A

! ENVELOPE!/)

_280)

0oseNx lhlﬂ_

$RITE(6,201)

CPB= 1. ZEPC [Tk (1))

. WRITE(6,101)14(I) BENDER (14 (1}},COST (14 (1)), EFC14(1)),CP,
1

9999

END

__CONTINUE

bBPC (1)

GOTO100¢C
CORTINOE
5708
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Name:
Arguments:
Function:

Subprograms Used:

Subroutine OPGEN
None

Generates all the possible regulatory options given a
set of study levels and a set of lead times for each
study level,

None

L rTEY
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=
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NOP = NOP + 1 ]

Y
SET UPPARAMETERS FOR
BASELINE YEAR

e

.
L

L2=19 +1
1

SET UP PARAMETERS FOR
L1 REGULATION
YES
NO
L1=L2

FIGURE -2, SUSROUTINE QPGEN FLOW CHART

5-21



g TR

porrzmay

B N e

B e Rl

R

N w am L amenine

TABLE 52, OPGEN SUBROUTINE LISTING

SODUCUTINEOEGEN
CORACH/JODY/NOP

cosacN/EONELL/L,L (4,2} ,1YR0,8L0, F5O

cunncu/m/sr.(u:.Bzu(u,u}.I-‘I (W 4),0CT {0, 4],
1 UQBI (Wo ) , FSAL (U, U} FSCH {4, 4) , 48T (4,1} RCT(8,4),"

_OE{4,4)

- ccnncu/cuzwn(s 1007, T¥R ¢S5, 100) , 0010 {5, 109), BCFIG{5,100),
u.gx,c_(_,J_aoL._rscno(s,mﬂ; (BEND {5,100y , HECO(S, 10!‘;,050_;_,100;,_

____ncv-nor +
_LT8(1,CP) =1Y00
—_QOPXO[1.80R) =0,
——__PSCHC{1,N0p) = P50
——.... ARCO (1, MOP) =0
e A B1O (1, JOR) 20,

1009°

ANIG (5, 100}, HLEV (100)

21, H0P)oRL0

0CIO (1, 00F) <0,

FSALO(1,002) =1,

BENG {1,0CP) =0

opo(1,4cR)=0.

LAY (NOF) = #1
L1189 : —

coxtInge
L2l et

R{LZMOF)=BL (L{LT, Hl

[ y— —— .

TR (L2, 00F) sTYRO+LF (L (L0, 1) ,L (1Y, 24

PSALG (L3, HOB) =PSAL{L(L1,1)} ,L(L1,2)}

RO (L2, 00} sDE (L (L1, 1) p1(L1,2]]

o IF(L3.G1,1) SETORN.
_G0TO1009

UCIO (12,NCP} 2UCK (L (L1, 1) ,L(L1,2))

00RO (LI, HOP) =UORI{L (L1,1),L(L1,2))
FSCRC (LI, HOE) =PSCR{L{LY1, V), L(L1,2)) 7~
BEMO (L2,HCP)sBEY (L (L1, ”,:,I“'z”

HPCO {12,M08) sBRPC(L (LY, 1}, L{11,2))

BUIQ (L2, O] eABL (L (L0g 1) oL (L 1e277

Lisy2

ZAD
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Name:

Arguments:

Function:

Subprograms Used:

Subroutine SORT

IDET

N
1B

A

B

increasing IDE

4 T >0
decreasing QIder rpET < 0

sort in

dimension of array to be sorted

index of sorted array to be returned to calling
program (i.e., IB = 3, 1, 2, 5, 4,6, . . .
ete.)

original array to be sorted

increasing

. order according
decreasing

the sorted array in
to sign of IDET

Te sort an input array A of dimenslon N in ascending or
descending order, put the sorted array inte B and the
order of the elements of B in the array IB.

None
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QOis1TON

¥

gl =AM
aly=t

=

MaN~1

YES
IDET < 07
NO

QOI=1TOM

COJ=XTON

Bidl =807

YES

INTERCHANGE 8(1),8(J}
INTERCHANGE IB{1,1BW3)

&

COJ=K TON

INTERCHANGE B(}{) ,B{J)
INTERCHANGE [ B(|),)B{J)

)

FIGURE §-3. SUBROUTINE SORT FLOW CHART
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TABLE 8.3, SORT SUBROQUTINE LISTING

1007

“DIARNSICHID (1) ,4(1),8(1)
DO1001Ix1, N

SOBACUTINESCHT (IDET,H, IR, 4 E)

B(I) A (1)
1B (1)1

TCoNTINUE
fAag=1

. CONTINOE

IF (ID2T)1002,9003,1003

bO1004z a1, 8

1P (D (M) LB, B{I))GOTOILY

1B (Jd) =118

T164%

IR LLE!

TEAPD(])
B {X)=B(J)

“B{J) TERD
ITE18 (1)

18(1)=LE{J)

CONTINGE
_ABeTOGR

CONTIKOE
_DO1005I=1,4

KaXe1
0010053 K, X

e TEEPaD (1)

— 13120

1S

_CONTINUE

Ir{n{J) .GE,B{I))GaTO109S

(L) =B {3}
B(J} ~TIEBR

ITE=13(1)

1B (J) L1

BETORH
. EKD
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Name:
Arguments:

Punction:

Subprograms Used:

Subroutine CONVEX
BEN =-- the average discounted benefit

Starting from the origin in cost-benefit space CONVEX
finds the option with the largest positive benefit/cost
ratic and puts the option number in the array IA, It
then uses that option point as origin and repeats the
same procedure until all the slopes are zero or nega-
tive.

None
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NO
1A

COsSTO=0
BENO =0

=0
=0

1

1

o DO =1

Ta NP |

L

COST 1= COSTI) - COSTO

CosT1 S 07

NO

YES

BENT = BENI{I} = BEND

BENT & 07

YES

NO

TEMP = BENT + COST |

1

|

SLOPE = MAX[SLOPE,TEMP)

SLOPE = TEMP?

YES

IT=|

NO

FIGURE 5—4. SUBROUTINE CONVEX FLOW CHART
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TABLE 5-<4. SUBROUTINE CONVEX LISTING

LDIAZISICHRER(Y) _

SUBBOOTINECONVEX (BEN)
GONACH/J0DT /NOR

CONRCH/NCH nm/cosz {7007 1A (160), 08FC (106 ;W0

DO1001E=Y, NeP
TIA (X} =0

‘

CORTINOE
COS5TN=0,

098 ¢

. DBPC {N0)asLOPE

. SLOFEsO.,

RENO=0.
a0 =)

conTiNge’

DOWQSIH. wop

e - et A= e e e

"C05T1CCET (1)< C0STO
.___.___xr {CRST ), LE,0,)G0TQ1005

DENT=BED (1) +DEHD

IP(BENT LLEs 04) GOTO1005

TEAP:LENT/COSTI

SLOPE«A EaXt [SLOPH, TRAP}
IF(S10P L. EQLTEAP) IT=1
CONTINUE

—— e e am

IP{SL0P2,LEa0u) BETORN
—_.HG=n0e

LA (H0)=11

€OST0=CCST (X7)

DREQAEE N 2T}
5010100 3
Bup
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Name:

Argument:

Function:

Subprograms Used:

Function FACT

IGRO ~~ the sales growth type of the product to he
regulated

IGRO = 1 arithmetic graowth
2 exponential growth

3 tabular growth

FACT computes the sales in each year of the timestream
given the sales growth type.

None
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FACT = 1 +3SGINY ~ 1)

FAGT = (1 +5gNY-! RETURN

g A P s

oz

FACT = GANDINY)

LT E e R S L PR ST T

gtz

e

e

FIGURE §5=6. FUNCTION FACT FLOW CHART
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TABLE 65, FACT FUNCTION LISTING

PONCTIONFACT (IGRO)

__COMRCH/UAN/SG,HY,GAND (2
GOTO (1081, 3002,1003) , IGEO

1001 COPTINOE
FACT#A 1, ¢5G9 (NY~=1)
.. ._BETDAN
1002 CONTINDE
i e PACT®(1.$5G) %8 (HY=1} —
v BETUEN .
i _1003 _conTing: . -
v PACTaGAND(NE)
ERTORH
END

TR TSR LT

STEes TECEEL i s s
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Name:
Arguments:

Function:

Subprograms Used:

Subroutine MONOTO
BEN ~- the average discounted benefit

MONOTO sorts the Cost array according to increasing
cost. Starting from the origin of cost-benefit space,
MONOTO finds the nearest option to the right with a
positive slope (if there is more than one option with
the same cost, it chooses the option with the highest
benefit). It puts the option number in the array IA.
Then, using that option as the origin, it repeats the
whole process again until the slope is zero or negative,

SORT
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CALL SORT ICOST)

I=1
NO«Q
COSTO+0
BENO=0Q

i > NOp?

\ YES

BEN{1} > BENO?

lafey

YES

RETURN

!
Kol

¥

DOJ =K TONOQP

JaJ1

J= NOP =

FIGURE 5-4, SUBROUTINE MONQTQ FLOW CHART .
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BMAX = BENI[I}

o DOK=ITOJ

¥
BMAX = MAX (BMAX, BEN(K)

i

BMAX = BEN(K)?

NO

YES

NO = NO +1
BENT = BEN({IT) — BEND
COST1=COSTNT) - COSTO
DBFC = BENT +COSTI
COSTQ » COSTUT)
BENQ = BENUT!)

IEA RN

FIGURE 5—6. SUBROUTINE MONOTO FLOW CHART
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TABLE 5-6. SUBROUTINE MONQTO LISTING

e SUBRCUTINENCHNOT G {BEN).

CONACH/20DY ZHOP

——_COANOK/JORDAN/COST{100) ,X A (100) , DBEC (100} ,ND __
DINENSICNIB (100),USEA{100) SN (1)

. CALLSOR1(1,NOP,1B,COST,USER)

HO=0
e LQSTOEA,

BENO=0.

I=q
DSPE (NOF+ 1} = 1s B0
_1001__CONTINUE

LP(1.GT.HOP}BETOAN
e IP {BEH(IB(T)}+GTs OEND) COTQ 1006

I=I+1 T
GOTO100

{006 contiNgl
KeTel

DO10023=K, KGO
. _IP{OSPR () GT.USER{I}}GCTO 1703

“§092 conTINDE
Jangpel

1003 cOHTINDE

J=d=1

BAAXsBER (1D (1]}
201004K1,J

DRAXeANATY (PAAX, BEN(IB(K)))
AP LBRAT, 20, BEH LIB (K1) IT=5B 18}

1004 CONTINUE
oo TP {BBAX 4 LE, BEYN) GOTOICAS _

Bl anGe1
. LENT2DER{I1T)=BENO .
COST1«CCST (1T} ~COSTO
DBPC {H0) «BENT/COSTI
e oo GOSTO=CCST(IT)

BENO=REN {11}
Th (NO) 1T _

1005 CORTINUE
Iad#]

“goTgo0y T
BHD __




