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Preface

This study was undertaken to provide user-oriented quan-

titative analysis software for managers and analysts using

desk—top microcomputers. I sincerely hope that users will

find the software helpful. I plan to maintain and expand the

package and would appreciate any recommendations and suggest-

ions. Any user who is interested in acquiring the software

on diskette should contact me at my next assignment:

U.S. Army Concepts and Analysis Agency
ATTN: CPT Robert D. Conte
8120 Woodmont Avenue
Bethesda, Maryland 20014

Autovon 295-1605

I wish to thank CPT Roie Black and COL Bob Margenthaler

for their thesis suggestions and guidance and Bill and Molly

Bustard for their assistance throughout the APIT program.

And finally I express my boundless appreciation and grati-

tude for the understanding devotion of my wife, Maureen, and

the loving assistance of my son, David , age three.
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ABSTRACT

With the increasing complexity of modern operational and

logistical problems, military leaders increasingly demand in-

formed decision making at all levels of management. Such

decision making must be fully supported by timely and accurate

quantitative analysis. The digital computer is ideal for such

analysis, but large mainframe computers are not flexible and

responsive enough for managers who must be prepared to make

quantitative decisions in the field or operations center as

well as the computer room.

The advent of the microprocessor is revolutionizing

computer technology. Microccmputer3 are low—in—cost, portable ,

independent, responsive , and easy to use. They can provide

much of the computer support managers and analysts need for

time-sensitive problems, but they currently lack adequate

quantitative software.

This study was undertaken to provide user-oriented an—

alysis software that exploits the advantages of desk-top

computers. Of the many useful quantitative techniques avail-

able, Regression Analysis, Linear Programming , and a Value

Matrix Decision Aid were selected and implemented.

vi
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COMPUTER ASSISTED ANALYSIS

FOR

MILITARY MANAGERS

I INTRODUCTION

Command and management of military men and materiel be-

comes increasingly costly and complex year after year. Decision

making is the essence of command and management, but histor-

ically popular “back—of-the-envelope” or “seat-of-the—pants”

decision making is no longer sufficient for solving modern

military problems.

Congress and the Department of Defense increasingly

demand informed decision making at all levels of management

and for all types of operations. But regardless the level of

management or type of operation, informed decision making

requires timely and accurate analysis that frequently must be

quantitatively—based. Whether the analysis concerns the num-

ber of Soviet tanks opposite the Fulda Gap, the requirements

of an armored division for fuel and ammunition, or the contin-

gency for emergency rescue of ~znericans in the Middle East,

timeliness and accuracy can translate to lives saved, missions

accomplished, and dollars well-spent.

Managers must be prepared to make quantitatively-supported

decisions at any time and any place, be it their office, a

1
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briefing room, or in the field. The timeliness and accuracy

required for modern complex problems increasingly demand the

use of digital computer support and the services are expected

to pay about $49 billion for computer software alone during

the next five years (Ref 5). Computer support must be reli-

able, responsive, and easily accessible. It should offer

quick access to stored information, independence from special

support, and flexibility of operation. Recent strides in com-

puter technology have begun providing solutions to these needs.

One of the most impressive electronic developments of

recent years is the microprocessor. The microprocessor is

revolutionizing the fundamental concepts of data processing

and is beginning to impact decision making and quantitative

analysis. No longer must managers be hampered by the poor

response time, inaccessibili ty, and inflexibility of central-

ized computer mainframe systems. Managers and their analysts

can now use “desk—top” or “micro—” computer systems wherever

and whenever they need computer support. They can quickly

formulate and analyze problems, compare options, evaluate

results, and then pose “what if” questions during a single

interactive computer session——without concern for special

data communication links or dedicated operators. Desk-top

computers cannot replace current mainframe systems but can

provide powerful augmentation-—a modern desk—top computer the

size of a briefcase has the capability of a room-sized computer

of ten years ago and costs far less. As a result, distributed

or non—centralized data processing is finally becoming reality.

2
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But while engineers have provided the technology , pro—

grainmers must furnish software that accentuates the advantages

of desk—top computers. Quantitative analysis software require-

ments are broad and include not only a variety of traditional

methods such as regression analysis, linear programming, f ore—

casting , and statistics, but also include more recent forms of

decision analysis and utility theory.

Problem and Scope

The problem addressed in this study was the development

of a user-oriented, quantitative analysis software package

that both exploits and demonstrates the advantages of desk-

top computer systems. Full consideration was given to user

needs for analysis techniques and software design , and to the

restrictions imposed by limitations of desk-top computers.

Of the wide variety of quantitative techniques currently used,

regression analysis, linear programming , and a value matrix

decision aid were selected for implementation because of their

relative frequency of use and their particular utility for

desk-top problem solving.

Sequence of Presentation

Chapter II provides background for the problem, discuss-

ing the present computer hardware and software environment.

Chapter III further develops the problem and outlines the

design considerations and actual software development, then

Chapter IV presents the final conclusions and recommendations.

3
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Finally come the Appendices, which include the detailed

user instructions and program information. The Appendices

are designed to provide independent user and programmer

documentation that can be removed from the basic thesis.

4
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II SYSTEMS STATE-OF-THE-ART

Computer State-of-the—Art

Large computer “mainframe” systems such as the CDC 6600

are unsurpassed in speed of execution, precision, memory

storage, and language power. Such systems suffer many draw-

backs, however, including high procurement and acquisition

costs, the need for dedicated operators, fixed site operation,

and generally inconvenient access. Because mainframes gener-

ally service many users simultaneously, response time for

even simple problems can range from hours to days . Remote

terminals allow more convenient access and better response,

but terminals are still dependent upon the mainframe for data

processing and storage. If the mainframe is “down” for main-

tenance or the operators are off duty, all its terminals are

useless.

Desk-top computers, on the other hand , are small and

light enough to carry by hand, are relatively low in cost,

and have their own memory and data processors for totally

independent operation. Because they serve as dedicated sys-

tems, there is no response lag due to multiple users. Most

have video output displays (with printers optional) and allow

quick—access, mass storage of data on low—cost disk storage

devices. Memory is generally limited to a maximum of 64,000

bytes (approximately 64,000 characters), but this is suffi-

cient for most moderate-sized problems. The most commonly

5
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used desk-top computer language is BASIC, but FORTRAN and

PASCAL compilers are becoming available.

Military managers face problems of such variety that they

must optimize the use of both mainframe and desk-top computer

systems. Mainframes are ideal for extremely large and complex

problems requiring great memory capacity, long running time,

or the power of exotic programming languages. However, they

restrict the manager by location, response time, and conven-

ience—-restrictions that are only partially alleviated by the

use of remote terminals. Current desk—top computers are re-

stricted by language selection, memory capacity, and execution

speed, but they are unexcelled in convenience, access, respon-

siveness, and flexibility. Desk—top computers therefore are

ideal if the manager needs real-time, “hip—pocket” quantita-

tive analysis for problems of moderate size and complexity.

Mainframe and desk—top systems should complement, not displace

each other.

Software State—of—the—Art

Mainframe computers have been in use for many years and

quantitative analysis software for them is abundant. Existing

software is designed for batch processing, however, and re-

quires the use of tediously punched or typed data files which

must be entered before running the program. Current inter-

active software designed for printer or video mainframe ter-

minals is somewhat more flexible but still generally requires

tedious unformatted, line—oriented data input, manipulation,

6
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and output. Such software is not optimal for managers and

analysts who are time—conscious and not “computer oriented.”

The problem-solving core algorithms implemented in exist-

ing analysis software have generally been validated and proven

useful to managers and analysts. These algorithms could be

used to create far more flexible, user-oriented software if

designed for and implemented on desk-top computers.

Unfortunately , though , a military literature search con-

ducted through the Defense Documentation Center and the Air

Force Institute of Technology during February-March 1979

revealed no non—proprietary analysis software designed speci-

fically for desk-top computers. Some commercial software does

exist for higher-priced “minicomputers” like the IBM 5100,

but it is extremely costly and generally available only in

progtaxnming languages such as APL and COBOL , which are not

currently available for desk-top computers. Therefore inde-

pendent software development is necessary.

Desk-Top Computer Capabilities

The special capabilities of most desk—top computers can

enhance analysis and problem solving if properly exercised.

The video output device used by most desk-top computers allows

virtually instantaneous display of program data, rapid program

transitions, complete screen control for logically formatting

input/output, and can allow generation of special graphics.

Furthermore, a mini—disk storage system the size of a shoe box

can maintain the equivalent of 30-50 pages of typed , single-

7
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spaced text on a single diskette only five inches in diameter,

allowing access to any data within seconds.

With software that exploits these capabilities, desk-

top computers can allow the analyst to enter and edit data in

logical, “paper and pencil” format, to quickly scan and skip

unnecessary parts of the program being used, to “page through”

output at a comfortable pace, and to support appropriate

mathematical analysis with graphical depictions of results.

Additionally , the small disk drives and individual diskettes

can provide “personalized” storage of data to allow an analyst

to physically segregate the files of different databases,

projects, or individual problems.

A review of quantitative analysis techniques indicates

that many analysis tools could be greatly enhanced if imple—

mented on desk-top computers. It is the purpose of this study

to verify this by development of an actual analysis software

package for desk—top computers. 
-

8
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III CAAMM SOFTWARE PACKAGE DEVELOPMENT

User Needs

The modern military manager and analyst need computer

support that is easy to use and provides both responsiveness

and flexibility. Desk—top computers can satisfy the need if

controlled by proper system software.

In order to provide ease of use, responsiveness, and

flexibility, system software should be fully interactive to

guide the user step by step through the complete process of

problem formulation and solution. System software should

specifically provide logically—formatted input for quick

problem formulation, built-in editing for easy reformulation

and error correction, built-in model display functions, full

disk interaction for permanent storage of data, and output

that is formatted in screen—size blocks for comfortable view-

ing. The user should be able to initialize the system , formu-

late a problem, display the model or data, edit or reformulate

as necessary, solve the problem, and then store the model or

data for later retrieval-—all under program control.

The user should never have to list, add, or change actual

program lines in order to solve problems, but the programmer

should be able to quickly decipher program logic in order to

make modifications and additions. Consequently the program-

ming should be “invisible” for the user, should be modular for

the programmer, and should stress structural commonality for

both.
9
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Once general user needs are determined , specific analysis

techniques must be selected for implementation. Analysts

currently use a great many different analysis tools including

regression analysis, linear programming, forecasting, statis-

tirq , program and network evaluation , economic analysis, in-

ventory control, queuing, and decision analysis. To constrain

this study effort, only regression analysis, linear program-

ming, and a value matrix decision aid were selected for imple-

mentation. Regression analysis and linear programming are

currently two of the most often used analysis tools, and

various forms of decision analysis are rapidly becoming equal-

ly as popular. Regression analysis is used to provide order

and meaning to historical or gathered data, linear programming

is used to optimize the allocation of limited resources, and

the value matrix decision aid is used to quickly structure and

evaluate highly subjective decision situations.

Programming Requirements

Regression analysis software should provide bivariate and

multivariate models, both linear and non—linear. It should

allow user-defined transformation models for ultimate flexi-

bility, and should provide all the common, useful descriptive

measures such as means and standard deviations, correlation

coefficients, R2, residuals, standard error, t-statistic , F—

statistic, confidence limits, predicted values, and graphical

curve and data plotting.

10



Linear programming software should provide for the naming

of decision variables and constraints, the automatic handling

of constraint ordering and non-negativity requirements, and

should handle integer as well as real number allocation prob-

lems. It should also provide sensitivity analysis and the

capabi3ity for complete model reformulation.

Decision software should permit models with all three

major decision parameter——alternatives , judgement criteria, S

and risk. It should be especially conducive to the iterative

formulation of subjective problems, and it should provide

sensitivity analysis to demonstrate the effect of changing

parameters

Software Implementation

The Computer Assisted Analysis for Military Managers

(CAAMM ) software package was developed to satisfy these needs

and requirements. While regression analysis, linear program-

ming , and the decision aid represent only three of the many

useful analysis tools, the basic programming methods for data

input, output, editing, and display can be modified for use

with virtually any other analysis algorithm such as forecast-

ing, network analysis, or multivariate statistics.

The Apple II personal computer was selected for software

development because of its combination of high quality special

graphics, expandability, reliability, availability of peri-

pheral equipment, and relatively low cost. Precise system

configuration included the Apple II with 48,000 bytes of

11
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Random Access Memory, one mini-disk storage system, and BASIC

language in Read Only Memory . BASIC was selected because it

is currently the most widely used desk-top computer program-

ming language. The Apple video display provides a 40-column,

24-line screen format. Printer output options are provided

in the programs, but a printer is not required.

The programs are somewhat system dependent, but Apple

“peculiar” commands and procedures are explained in the Pro-

grammer’s Guide. The programs should support translation for

any system with 32,000 bytes of free memory, a disk drive, a

video display screen, and floating point BASIC.

The limitations of BASIC as an interpreted programming

language and the restrictions of free memory capacity forced

many conscious tradeoffs during program development . “Fool-

proofing” of programs was generally limited to the immediate

checking of inputs for range and mode errors, while many

commonly used but less significant statistical measures and

other features were initially omitted with hopes of addition

later.

The target user of this package is the individual manager,

analyst, or operations res~arch/management science student.

The user is expected to be familiar with basic quantitative

techniques but is fully prompted for all program inputs.

Software Package Description

The CAAMM software package currently implements the

techniques of regression analysis, linear programming , and

12
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the value matrix decision aid with a set of seven total pro-

grams. With the exception - of the CAAMM MASTER program, which

runs automatically when the system is intialized, all programs

are normally “invisible” to the user. The CAAMM MASTER pro-

gram exercises overall package control. Analysis techniques

are selected directly from the CAAMM MASTER menu and return

control to CAAMM MASTER upon termination. J
All programs are fully interactive , i.e. all inputs are

prompted from the video screen and entered under program con-

trol. Each program has its own data entry, disk storage !

retrieval, and editing functions. All data input is matrix

oriented and uses the flexible nature of video screen control

for logical format and “paper and pencil” style entry. All

output is screen page oriented to allow perusal of data until

the user is ready to continue. Multiple databases can be

entered, edited, saved to disk, and retrieved for later use.

While specific program routines are necessarily different, the

basic construction, logic, style, and major features of all

programs are parallel. The current programs of the CAAMM

software package are outlined in Table I.

CAAMM MASTER is the control program which automatically

runs when the system is initialized. It simply produces a

selection menu for the three basic analysis techniques-—

regression analysis, linear programming, and the value matrix

decision aid.

Regression Analysis is initialized by program EEGR DATA.

REGR DATA provides the data entry, storage, retrieval, and
13
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editing routines necessary for both the BIVAR REGR and MULVAR

REGR programs. A menu at the end of the program allows selec-

tion of one of these programs for either bivariate regression

or multivariate regression .

TABLE I

CAAMM Software Package

A

Technique or Purpose Program

Overall Package Control CAAMM MASTER

Regression Data Management REGR DATA

Bivariate Regression BIVAR REGR

Bivariate Data/Curve Fit PlOt BIVAR HIRE S

Multivariate Regression MULVAR REGR

Linear Programming LINPROG

Value Matrix Decision Aid DECISION

BIVAR REGR provides regression analysis for any two

variables in a database entered or retrieved by REGR DATA,

using the method of least-squares curve fitting. The program

allows selection from among eight standard bivariate regres-

sion models, a user-defined model with transformations , and

an automatic curve fit for seven of the standard models. It

predicts mr~del coefficients, calculates basic statistical

measures, produces a table of residuals, and allows inter-

polation and extrapolation. It additionally offers a high S

14
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resolution graphics portrayal of the raw data and regression

line, implemented by the separate subprogram BIVAR HIRES .

Useful features not currently available in BIVAR REGR include

the t-statistic, the F-statistic, confidence limits on esti-

mates, and a preliminary scattergram to aid model selection .

MULVAR REGR provides regression analysis for any number

of variables in a database entered or retrieved by REGR DATA,

and also uses the method of least-squares curve fitting. The

program permits either a strict linear model or a user—defined ,

multi—transformation, non-linear model. It predicts model

coefficients, calculates basic statistical measures , and

produces a table of residuals. Useful features not currently

available in MULVAR REGR include the F—statistic, confidence

limits on estimates, and elasticity coefficients.

The linear programming technique for optimizing alloca-

tion of limited resources is provided by program LINPROG. It

has various options for display of tableaux and intermediate

problem solutions. It solves both maximization and minimiza-

tion problems , but has not been tested for integer or mixed

integer programming. The only significant feature not current-

ly available in LINPROG is true parametric , sensitivity

analysis, although the edit functions provide the same ulti-

mate capability by allowing easy refinement of the model.

The value matrix decision aid is implemented by program

DECISION . DECISION provides a structured approach to compar-

ing the relative merit of various decision options, given

15
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different judgement criteria and uncertain states of nature .

It is particularly well—suited to help the decision maker

iteratively formulate , solve and refine models with highly

subjective, but quantifiable parameters . The program permits

maximization or minimization of value and subsequent sensi-

tivity analysis.

Documentation Note

Because the User ’s Guide and Programmer ’s Guide are de—

signed to provide independent user and programmer documenta-

tion, detailed information on the programs, their use, and

their structure is deferred to the Appendices.

16
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IV CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The analysis techniques implemented in the CAAMM soft-

ware package are complementary and mutually supportive for

well—rounded problem analysis and decision making. However,

users are cautioned against trying to “ force f i t”  problems in

order to use a particular technique without considering other

approaches. The CAAMM package is not exhaustive. It does

not include every technique of value to the analyst, and the

analyst should not neglect other approaches simply because

they are inconvenient. Often the best methodology is to take

several independent approaches to a problem. Similar results

of analysis generate greater confidence ; dissimilar results

probably indicate that the problem has not been properly

formulated . Sometimes a combination of techniques may be

appropriate for analyzing various aspects of the problem.

Classical “textbook” problems are rarely found outside

academia.

The current desk—top computer limitations of memory size,

processing speed, and the BASIC programming language are

significant, but transient. Recent advances in mass data

storage devices will soon exponentially increase both computer

memory and storage capacity. Processing speed already in-

creases with the debut of every new desk—top system. Further-

more , sophisticated programming languages such as FORTRAN and

17
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PASCAL are already available for some desk-top computers, with

other languages forthcoming. Desk-top computers may never

totally replace mainframe systems , but their low cost , port-

ability , flexibility, and other features increasingly promote

their widespread use for time-sensitive decision making and

analysis.

Finally , the CAAMM software package demonstrates that

desk—top computers can provide the responsive, flexible, and

easy—to-use computer support that military commanders and

managers must have for timely and accurate problem analysis

and decision making. S

S Recommendations

Despite current limitations, desk-top computers in gen-

eral and the CAAMM package specifically can be highly useful

analysis tools. But extensions and imprr~vements can be made

to further enhance their utility.

Of the multitude of hardware devices currently available

for desk—top computers, there are several that would be of

particular value to analysts. X—Y plotters can provide excel-

lent , low-cost graphics “hard copy ” ; light sensitive devices

that enable the user to enter or read data by touching the

video screen would greatly speed program option selection and

interactive data manipulation; and a standard 80-column video

display would allow far more comprehensive screen output than

the Apple computer provides.

18
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CAAMM sof tware would also be greatly enhanced by the

addition of more extensive error recovery subroutines that

would preclude the uncontrolled termination of programs due

to software or user errors. Furthermore, since the major

limitations on all desk-top computers are memory space and

processing speed, the use of compiled, high-level programming

languages and improved memory and data storage techniques

would significantly increase the capability to handle complex

problems. Finally , there are a great many useful analysis

techniques that should be but have not yet been adequately

implemented for desk-top computers. Such techniques include

forecasting, network analysis, goal programming, queuing ,

inventory , cost analysis, multivariate statistics, and various

types of simulation.

The CAANM package should be a useful tool for analysts,

but it is not a “cure all” -. With the additions and improve-

ments suggested above--plus the software maturity gained only

by countless hours of handling and modification--the CAAMM

package could become the completely integrated analysis soft-

ware package that military managers require for modern problem

analysis.

19
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Introduction

The Computer Assisted Analysis for Military Managers

(CAAMM) software package is designed to meet the needs of man-

agers and analysts through easy-to—use, time—sensitive compu-

ter support. The package currently implements regression

analysis, linear programming, and a value matrix decision aid.

It is specifically designed for desk—top computers to exploit

their responsiveness, convenient disk storage for data, and

versatile video screen displays.

The programs are all fully interactive, i.e. all inputs

are prompted from the video screen and entered under program

control. Each program has its own data entry, disk storage/

retrieval, and editing functions. All data input is matrix

oriented and uses the flexible nature of video screen con-

trol for logical format and “paper and pencil” style entry.

All output is screen page oriented to allow perusal of data

until the user is ready to continue. Multiple databases can

be entered, edited, saved to disk, and retrieved for later

use. While specific program routines are necessarily dif-

ferent, the basic construction, logic, style, and major

features of all programs are parallel. For detailed infor-

mation on program construction, see Appendix B, CAAMM Program-

mer’s Guide. Note that all procedures outlined in the User ’s

Guide apply specifically to implementation on the standard

Apple II computer. Various procedures and capabilities may

be different if the programs are converted for use on other

systems. Appendix B includes information on Apple system-
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dependent language statements and features, to assist conver-

sion efforts.

Users should note the following common procedures and

warnings:

1) Please read the appropriate computer manuals. For

the Apple II you should read the Applesof t II Basic Program-

ming Manual (AS II Manual, Ref 3) and also the Disk Operating

System Instructional and Reference Manaual (DOS Manual, Ref 4).

2) Be careful to enter data or responses in the form 
S

prompted; “foolproof ing” routines are restricted because of

the computer’s limited memory capacity. Do not use commas,

semicolons , or quotes in any data entry, alphanumeric name,

or prompted response, e.g. type “10000” , not “10 ,000”.

3) You must follow every completed keyboard entry by

depressing the {RETURN} key in order to register information

in program memory. Until {RETURN} is depressed, you can edit

the entry by left/right spacing with the cursor arrows and

retyping. When the entry has been corrected, press {RETURN}.

If you note entry errors after {RETURN}, continue with the

program-—special editing options are automatically available

and can be invoked later.

4) If a program terminates early due to software or

user error , re—enter the program by typing tlie command ‘RUN ’ ,

then press {RETURN }. This procedure restarts the entire

program and destroys all current data. If the program “hangs,”

i.e. output stops for an unusually long time, or if you need

to halt execution on an emergency basis, press the {RESET }
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key. If you press {RESET} either intentionally or accidental-

ly, you can attempt to re-enter the program by typing “3DOG”

{ RETURN }, then “ RUN ” { RETURN) .

5) Be sure to insert the software diskette in the disk

drive, close the drive door, and ini tialize the system in

accordance with the DOS Manual. Do not open the door to the

disk drive until cycling of the disk has completely stopped.

Opening the door prematurely would disrupt the current pro-
S 

gram and possibly destroy stored data.

6) If you want printer output from a program, you must

not only select the printer output option when prompted by

the program , but must physically turn on the printer. If you

do not have a printer, do not select a printer output option—-

that could fatally “hang” the program.

7) Finally note that all “Yes/No” type prompts from the

screen, e.g. “Do you want output routed to the printer?” can

be answered affirmatively by “Yes” or “Y” and negatively by

“No” , “N” , or a simple {RETURN }. This allows the user to

quickly skip unnecessary parts of the program with minimum

actual inputs .

Each of the three analysis techniques represented in

the CAAMM package are discussed in detail in the sections

that follow.

25

S -____________ ____________ _________

~~~~~~ 

—----- -----



Section 1, Regression Analysis

Overview of Regression Analysis

Regression analysis is used to analyze the interrelation-

ships among two or more data variables , e.g. weight, height,

and age. Establishing such relationships enable the analyst

to explain observed phenomena or data and to predict unobserved

phenomena or data. Specifically the technique builds a linear

or non-linear model by the method of least-squares curve f it—

ting. The variable for which values are to be predicted, e.g.

success in pilot training , is called the dependent variable or

criterion variable. The variables used to do the prediction,

e.g. age, time—in—service, and flight experience, are called

independent variables or predictor variables (Ref 13:4-1).

Regression analysis is useful for examining such complex

relationships as job satisfaction and soldier retention,

prediction of success indicators in training, cost/volume and

cost/profit, and predictions of spare part or ammunition

requirements for combat.

While most good statistics textbooks devote some coverage
1’

to regression techniques, the following references are partic-

ularly readable: Mc Nichols (Ref 13: chap 4), Affifi (Ref 1:

chap 3), and Mason (Ref 12: chap 9). ,1

Overview of Programs REGR DATA, BIVAR REGR, and MULVAR REGR

Regression analysis in the CAAMM package is handled
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by three main programs: REGR DATA, BIVAR REGR, and MULVAR

REGR.

REGR DATA automatically runs upon selection of “Regress-

ion Analysis” on the CAAMM MASTER menu. It provides the

“housekeeping” functions of data entry, storage, retrieval,

display , and editing for both BIVAR REGR and MULVAR REGR. A

menu at the end of the program allows selection of either

bivariate or multivariate analysis. The dimensioned data

capacity is 20 variables with 80 observations. Multiple

databases can be maintained on disk and periodically updated

by REGR DATA.

BIVAR REGR accepts a database from REGR DATA, then allows

selection from among nine different regression models, shown

in Table II. A tenth option is an -automatic curve fit for

all of the first seven models , which may help the analyst

with no idea which model to select. Transformations for the

user-defined model are entered interactively , and once data

has been transformed, a linear regression is run. BIVAR REGR

allows the user to identify any variable as independent and

any variable as dependent. The program first calculates and

displays the means and unbiased standard deviations of the

two variables. Then it calculates and displays the regression

constant and coefficient for the model selected , followed by

various statistical measures. Statistical measures include

unadjusted R2 (coefficient of determination), the correlation

coefficient, the standard error and variance of the estimate,

and the degrees of freedom. The user then has the option tO
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TABLE II

Bivariate Regression Analysis Options

Model Form

Linear y = A + B x

Power y = A + x 2

Exponential y = A + eBX

Logarithmic y = A + B log(x)

Hyperbolic 1 y = A + B/x

Hyperbolic 2 y = l/ (A + Bx)

Hyperbolic 3 y = x/ (A + Bx)

Nth Order Polynomial y = A + Bx + Cx2 + Dx3 +

User-Defined f(y) A + B f(x)
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list a table of residuals, to predict both ‘x ’ and ‘y ’ values,

and to produce a high resolution graphics picture of the

original data and curve fit model. The graphics option is

implemented by a small but separate program called BIVAR

HIRES. Finally the user is given the option to run another

regression using the same database, to edit the database,

enter a new database , or to quit the program.

MULVAR REGR accepts a database from REGR DATA, then

allows selection of either a multivariate linear model or a

user-defined model with interactive transformations. The user

can identify any number of variables as being independent, and

any remaining variable as dependent. The program first cal-

culates and optionally displays means and unbiased standard

deviations , then the simple correlation matrix. It then cal-

culates and displays the regression constant, coefficients,

and various statistical measures. Statistics include the

standard error and t—ratio for the constant and each coeff i—

cient, adjusted R2, the multiple correlation coefficient, the

standard error and variance of the estimate, degrees of free-

dom, and the Durbin-Watson statistic. It then optionally

displays the variance-covariance matrix and a table of resi-

duals. Then the user is allowed to predict values of the

dependent variable by specifying a value for each independent

variable. Finally the user is given the option to run another

regression using the same database , to edit the database, to

enter a new database , or to quit the program.
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Basic programming algorithms f or BIVAR REGR linear, power,

exponential, and logarithmic models were modified from Garson

(Ref 6); the Nth order model was modified from Poole and

Borchers (Ref 15:151—153); all other models are original and

were derived analytically . The basic multivariate linear re-

gression algorithm used in MULVAR REGR was modified from Honey-

well (Ref 7:193-196). The user-defined transformation tech-

nique, program REGR DATA, program BIVAR HIRES, and the addi-

tional input and output routines of both regression programs

are all original.
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Section 2, Linear Programming

Overview of Linear Programming

Linear programming is a classical analysis tool used to

optimize the allocation of limited resources for competing

uses, e.g. the best procurement mix of strategic missiles.

Specifically it seeks to maximize or minimize the value of

a pre—defined linear function of decision alternatives, sub-

ject to the availability of pertinent resources. The decision

alternatives are called decision variables or activities,

while the limited resources are called constraints. The linear

function used to evaluate actual payoff is called the objective

function. The most popular linear programming method--”sim-

plex ”—-is an iterative process in which various linear combin-

ations of variables are tested for feasibility against the

different constraints and for optimum total payoff.

Linear programming is most commonly used for readily

quantified problems such as production models involving dollar

profit or cost, but it can also be used for subjective value

models such as cadre fill for newly constituted combat units,

allocation of intelli gence assets for various parts of the

world , or research and development emphasis for new weapons.

Virtually all operations research textbooks include good

summaries of linear programming techniques. Among the more

readable references are Taha (Ref 18: chap 3-4) and Levin and

Kirkpatrick (Ref 10: chap 10).
31
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Overview of Program LINPROG

CAAMM program LINPROG implements the simplex linear pro-

gramming method. It allows the user to create a linear pro—

S 
gramming model by one of two interactive query methods or by

retrieving a model from storage on disk. Of the two inter-

active query methods, one allows the naming of variables and

constraints while the other permits an abbreviated, strictly S

mathematical format. Once the model has been entered , it can

be edited (to include additions and deletions as well as direct

changes), it can be displayed for perusal, or it can be saved

to disk storage for later use. The user has various solution

output options , to include the initial tableau, the interine-

diate solutions , and the final tableau. Regardless of inter-

mediate output, the optimal solution is displayed for both

basis variables and dual variables.

True sensitivity analysis is not provided in LINPROG,

but the model editing functions are extensive and provide

even greater effective sensitivity capability-—changing, add-

ing, or deleting variables , constraints, and model coefficients.

Available computer memory restricts the linear program-

ming model to 20 - structural variables and 20 constraints.

Recommendations for changing this limitation can be found in
I

Appendix B, CAAMM Programmer ’s Guide.

The simplex algorithm programming code was modified from

Honeywell (Ref 8: 86.1-86.5). All input/output and other data

management functions are original.
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Section 3, Value Matrix Decision Aid

Overview of Value Matrix Decision Aid

There are many forms of decision analysis, all designed

to structure decision problems with multiple alternatives or

options. The common objective is to determine the optimum

decision option or to at least provide a basis for comparison.

The matrix approach is specifically designed for problems that

can be structured as one decision with multiple options, mul-

tiple attributes or judgement criteria, and one primary uncer-

tainty with multiple states of nature. The matrix approach

uses a linear “additive weighting” technique. Each decision

option is weighted by both the relat~ive importance of judge-

ment criteria and by the relative likelihood of the uncertain

states of nature, then summed for comparison with other options.

The matrix approach is useful for single decision problems

involving risk, such as contingency plans , alert measures,

and procurement packages.

The primary source for the three-dimensional matrix

decision approach is Selvidge (Ref 16), although two—dimension-

al (non-risk) models are discussed by Spencer-Jones (Ref 17),

Morris (Ref 14: chap 1), and Whaley (Ref 19).

Overview of Program DECISION

CAAMN program DECISION implements the matrix approach

to decision analysis. It allows the user to retrieve a de—

- cision model from disk storage or to create one interactively.
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To create a model, the user enters the names of decision op-

tions he is considering, then enters the names of judgement

criteria. After assessing the relative importance or weight-

ing of the various judgement criteria, the user enters the

names and relative likelihoo ds or probabil ities of the uncer-

tain states of nature, if uncertainty exists. Finally the

user assigns a subjective value to each option, relative to

each state of nature and judgement criterion. Intermediate

editing options throughout the process permit the user to

correct entries and readjust assessed values until he is

completely satisfied with the model. Judgement criterion

weightings and state probabilities are normalized to 1.00

automatically. Once the model has been entered, it can be

edited, displayed, or saved to disk storage for later use.

Once evaluation of the model begins, the user can elect to

find the optimum decision option by maximizing payoff or by

minimizing payoff.

The user should note that since all model numerical

inputs are subjective assessments, the “optimum” solution

should be used only for comparative analysis. Sensitivity

analysis is provided and demonstrates the effect of changing

either criterion weights or state probabilities. Additional

model editing can also be used for analyzing the effect of

actually adding, deleting, or changing options, judgexnent

criteria, or states of nature.
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Available computer memory restricts the decision model

to 15 decision options , 20 judgement criteria, and 5 uncer-

tain states of nature. Recommendations for changing these

constraints can be found in Appendix B, Programmer ’s Guide.

The programming code for DECISION is entirely original,

but Selvidge (Ref 16) and Spencer-Jones (Ref 17) provided

valuable formatting ideas.
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Section 4, Sample Problems

Several sample problems have been selected to illus trate
use of the various CAAZ4M package programs. The sample prob-

lems demonstrate most of the program options and procedures,

but there is no substitute for actual computer time.

Study the problems sequentially, because the discussions
build upon each other. The first problem discussion is espe-

cially comprehensive and should be studied carefully.
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Preliminary

The first step is to power up and initialize the system.

For the standard Apple II computer, you must:

- Insert the CAAMM diskette into the disk drive

— Turn on the computer at the switch in the rear

- Turn on the video monitor

Ini tialize the disk system from BASIC by typing “PR#7”

(RETURN), where 7 is the slot number of the disk control card

inside the computer.

The CAAMM MASTER program will automatically run, display-

ing the title page pictured below: -

* C O M P U T E R  A S S I S T E D  *

* A N A L Y S I S  *

* F O R  *

* M I L I T A R Y  M A N A G E R S  *

( C A A M M )

* BY *

* ROBERT D, CONTE *

* *  * * * * * * * * * * * * * * *  e * *

DO YOU WANT INTRODUCTORY REMARKS? Y

Type a N Y” or “YES,” then (RETURN ) for the introductory

remarks. If you do not need the edification of introductory

37
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remarks, type an “N” or “NO” . NOTE: all complete data en-

tries must be followed by a {RETURN} in order to register the

information in memory. From this point on, the (RETURN) will

seldom be specifically mentioned.

If you respond affirmatively to the first query, the

following will appear:

CAAMM SOFTWARE PACKAGE

THE C .A .A .M.MI SOFTWARE PACKAGE IS
DESIGNED TO MEET THE NEEDS OF

MANAGERS AND ANALYSTS

FOR EASY—TO— USE, TIME—SENSITIVE COMPUTER
SUPPORT ,

THE PACKAGE DOES NOT INCLUDE EVERY
ANALYSIS TECHNIQUE, BUT IT DOES INCLUDE
THREE OF THE MOST USEFUL:

REGRESSION ANALYSIS

LINEAR PROGRAMMING

MATRIX DECISION AID

HIT ‘RETURN ’ TO PROCEED. .,

Simply hit (RETURN) to continue. Actually, depressing

any key except {RESET } will suffice, but use of the (RETURN)

key or space bar is a good habit . Pressing {RESET} will

fatally disrupt the program. If this happens, refer to the

warnings at the beginning of the User’s Guide for recovery

procedures.
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** NOTE **

FOR RAPID PROGRAM TRANSITIONS,

ALL ‘YES/NO ’ TYPE 9U~STIONS OR PROMPTS
CAN B~ ANSWERED BY FOR ‘YES ’ 9R
BY ‘N OR A SIMPLE RETURN ’ FOR NO ’..,

HIT ‘RETURN ’ TO PROCEED...

- NOTE: henceforth, all “YES/NO” type questions or

option prompts can be answered by “Y” for “Yes” or by an “N”

or simple (RETURN ) for “No”. In other words, the “default”

is “No ”. Other defaults will be highlighted as we continue.

Knowledge of the defaults will help you to quickly bypass

unnecessary parts of the program.

- The final screen page of CAAMM MASTER is the Master Menu:

CAAMM MASTER MENU

YOU MAY SELECT ONE OF THE FOLLOW ING :

1. REGRESSION ANALYSIS

2. LINEAR PROGRAMMING

3, MATRIX DECISION AID

4. ** QUIT CAAMM PAC KAGE **

WHICH SELECTION?
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- Enter the menu number of the analysis technique you plan

to use. Note that the Regression Analysis programs are treated

as a consolidated package. Select Regression Analysis to run

REGR DATA, Linear Programming to run LINPROG, or Matrix Decision

Aid to run DECISION.
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Problem 1, Bivariate Regression

The fleagle valve in a turbine blade extender pump used

on most commercial jet aircraf t engines has exhibited the

following history of failure frequency per 1000 units in

operation (Ref 11):

TABLE III

Fleagle Valve Failure Rate

HRS. OF HRS. OF
PERIOD OPERATION FAILURES PERIOD OPERATION FAILURES

1 0—10 5 11 101—110 15

2 11—20 4 12 111—120 21

3 21—30 6 13 121—130 26

4 31—40 6 14 131—140 32

5 41—50 5 15 141—150 35

6 51—60 4 16 151—160 36

7 61—70 6 17 161—170 41

8 71—80 8 18 171—180 47

9 81—90 9 19 181—190 55

10 91—100 11 20 191—200 62

If you were responsible for budgeting funds and main-

tenance for these valves next year , you could use regression

analysis to predict the number of failures that will likely
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occur over various durations of operation. To analyze the

problem using CAAMM software:

- Select Regression Analysis on the CAAMM MASTER Menu.

Program REGR DATA will run and soon present:

* * * * * * * * * *  * * * * * * * * * *
R E G R E S S I O N

A N A L Y S  I S

BY
ROBERT D. CONTE

DO YOU WANT INTRODUCTORY REMAR KS? Y

REGRESSION ANALYSIS IS USED TO EXAMINE
THE INTERRELATIONSHIPS AMONG TWO OR MORE
VAR IABLES FOR WHICH DATA IS AVAILABLE ,

THE PACKAG E INCLUDES 3 INTERCONNECTED
MAIN PROGRAMS TO PROVIDE:

DATABASE MANAGEMENT

BIVARIATE REGRESSION

MULTIVAR IATE REGRESSION

HIT ‘RETURN’ TO GO ON, OR ‘Q’ TO QUIT
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- You now have a choice of options for entering problem

data. Since you currently have no files on disk, select

option 2.

TO ENTER DATA, YOU CAN :

1. READ EXISTING DATABASE FROM DISK

2, CREATE DATABASE INTERACTIVELY
WHICH METHOD? 2

INTERACTIVE DATABASE ENTRY

HOW MANY VAR IABLES (2—20)? 2

MAX DIGITS PER ENTRY (1—15)? 3

NAME THE VAR IABLES BELOW, WITH 1-6 CHAR :

V(l) = HOURS
V ( 2) = FAILS

NEED TO MAKE CHANGES? N

- You must now enter the number of variables in your

database (maximum 20) and the maximum number of digits you

need for each entry. The “max digits” entry is important
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because it becomes the field width for data entry and format-

ting. The default field width (max digits) is five.

— Next enter names for your variables , using up to six

alphanumeric characters , including spaces. Do not enter

commas, semi—colons or quotes, because these characters are

used as delimiters. Names are automatically truncated if

longer than six characters. Remember that you may edit with

the left and right cursor arrows until you press (RETURN}. If

you need to make changes , you will be prompted for the variable

index number. When you hit (RETURN), the cursor will automa-

tically position itself over the first letter of the name to

be changed.

- If you answer “Y” to the prompt for “Instructions?”

you will see:

THE DATA TABLEAU PERMITS EASY INPUT OF
DATA IN MATRIX FORMAT .

OBSERVAT IONS DO NOT HAVE TO BE IN ANY
SPECIAL ORDER, BUT VAR IABLE VALUES MUST
STAY GROUPED BY OBSERVAT ION .

LATER ~OU WILL D~ SIGNATE ONE VAR IABLE AS
BEING DEPENDENT FOR CURVE FITTING .

IF YOU MAKE AN ENTRY ERROR, GO AHEAD AND
FINISH..,.  YOU CAN CORRECT IT LATER ON.

HIT ‘RETURN ’ TO PROCEED.. ,
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- Next is the actual entry of data:

ENTER THE VALU E FOR EA~H OBSERVAT ION AND
VARIAB LEJ HIT ‘RET~RN AFTER EACH ENTRY
TO STOP INPUT, HIT RETURN w/o ENTRY.

HQIJBS FAILS
v(l) V (2)

1 10 5

2 20 4

DATA ENTRY STOPPED...
TOTAL OF 20 COMPLETE OBSERVAT IONS.

HIT ‘RETURN ’ TO PROCEED...

- Enter data values in the appropriate columns, obser-

vation by observation. Simply enter each value, then (RETURN).

The program automatically repositions the cursor for input in

the next column. Observation index numbers are displayed for

convenience. Continue entering values until you have no more

observations (maximum 80) then press {RETuRN) with no entry.

The display heading and variable names are protected and re-

main in view while the observation values scroll underneath.

The screen accommodates a max imum of five variables across ;
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if there are more than five variables, data must be entered

in sequential blocks. If you make an entry error , you can

correct it later with the database editing functions. If you

accidently hit (RETURN) without an entry before completing

your observations , you have two choices——start over, or add

data with the edit functions. NOTE: rather than assume zero

values for incomplete observations, the program truncates

your data set if you enter a partial observation.

— Next are the data management options:

DATA MANAG EMENT

1. DISPLAY DATABASE

2.  ED i T DATABASE

3. SAVE DATABASE TO DISK

4. ENTER ANOTHER DATABASE

5~ QUIT PROG RAM

6. RUN REGRESSION ANALYSIS

WH ICH OPTION? 1

- This is the Master or “crossroads” Menu for REGR DATA.

Each of the first four options returns to this menu after

execution so a typical sequence might be to first display the

database to ensure that it was correctly entered, then edit if

necessary , save to disk storage, and finally to enter another

database, leave the program, or start regression analysis.
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- There are three database display options:

DATABASE DISPLAY OPT I ONS

— 

1. ENTIRE DATABASE

2, BY VARIA BLE
3. BY OBSERVAT ION

4. RETURN TO LAST MENU

WHICH? 1

- You may also elect to route the display to a printer.

Remember that the printer must first be physically powered up.

Do not select the printer option if you have no printer-—you

will fatally “hang” the program while it vainly searches for

a non-existant peripheral. Selecting option 1, you will see:

HQLJ~ S FA ILS
v(l)  V(2 )

1 La 5
2 20 4
3 30 6
4 40 6
5 50 5

6 60 4
7 70 6
8 80 8
9 90 9
10 100 11

11 110 15
12 120 21
13 130 26
14 140 32
15 150 35

HIT ‘RETURN ’ TO PROCEED...
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- Observations are printed in blocks of five for easier

reading. No more than 15 observations or 5 variables will

appear at one time. Press (RETURN) for subsequent blocks of

the database. Returning to the Master Menu:

DATA MANAG EMENT

1. DISPLAY DATABASE

2. EDIT DATABASE

3. SAVE DATABASE TO DISK

4, ENTER ANOTHER DATABASE

5, QUIT PROGRAM

6. RUN REGRESSION ANALYSIS

WHICH OPTION? 2

— The Edit function menu appears below:

DATABASE EDIT FUNCTIONS:

1. DELETE A VARIABLE
2, DELETE AN OBSERVAT ION

3. ADD A VARIAB LE
4 . ADD AN OBSERVAT ION

5. CHANGE DATA BY VAR IABLE
6. CHANGE DATA BY OBSERVAT ION S

7. CHANGE INDIVIDUAL DATA ENTRY

8, RETURN TO LAST MENU

WHICH? 6
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— Should you decide to change the values of one observa-

tion , for example , you would select option 6 and then see:

CHANGE DATA BY OBSERVAT I ON

WH ICH OBSERVATION (1-20)? 7

OBSERVAT I ON 7

VAR IABLE CURRENT CHANGE TO

v(l) HOURS 70 65
V ( 2) FAILS 6 7

EDIT ANOTHER ? N

S - You can default to the Current value simply by pressing

(RETURN ) and moving to the next input position.

- When you f inish editing , you will return to the Master

Menu. You might now want to save the database to a disk file

for future use (and protect yourself from the ubiquitous power

failure or fatal program error).

SAVE DATABASE TO DISK

SAVE UNDER WHAT FILE NAME? BIDEMO

- You will be queried for a file name , which must not

exceed 30 characters in length and must start with a letter.

Any character may be used (including spaces , dashes, and

49

-~~ —-~~ - — -v-- - -~~~~~~~~~~~ ‘-- — ——- - —~~.w~~~~~~
5 _ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—-5,-S-_ I



colons) except the comma. Try to insure that there is suffi-

cient storage space on the disk you are using, and be careful

not to use a filename already in use. If in doubt , CATALOG

the diskette before starting the program. Typing “CATALOG”

(RETURN ) will cause a display like this:

DISK VOLUME 254

A 011 CAAMM MASTER
A 085 DECISION
B 003 CHAIN
A 050 REGR DATA
A 067 BIVAR REGR
A 011 BIVAR HIRES
A 055 MULVAR REGR
A 093 LINPROG
T 002 BIDEMO
T 002 MULDEMO
T 002 LPDEMO

- T 003 DECDEMO

— Files denoted by an “A” are the CAAMM software programs,

files denoted by a “B” are assembly language programs, and

files denoted by a “T” are the data files or “text files”.

Since the data files for regression analysis, linear program-

ming, and decision analysis are not compatible and disk stor-

age space is limited, it is recommended to segregate the dif-

ferent programs. You must ensure, however, that the four

regression analysis programs and the CHAIN program are located

on the same diskette (see Programmer ’s Guide for additional

details).
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- After saving the database to disk, we now proceed to

actual regression analysis by selecting option 6 or hitting

(RETURN) at the Master Menu:

DATA MANAGEMENT

1. DISPLAY DATABASE

2. EDIT DATABASE

3. SAV E DATABASE TO DISK

4. ENTER ANOTHER DATABASE

5. QUIT PROGRAM

6. RUN REGRESSION ANALYSIS

WHICH OPT ION? 6

PLEASE SELECT ONE OF THE METHODS BELOW :

1, BIVAR IATE REGRESSION ANALYSIS

(FOR DATA SETS OF ONE DEPENDENT
AND ONE INDEPENDENT VARIABLE)

2. MULTIVAR IATE REGRESSION ANALYSIS

(FoR DATA SETS OF ONE DEPENDENT
AND ONE OR MORE INDEP VAR IABLES)

WHICH METHOD? 1

- Bear in mind that while the procedure may appear com-

plicated in writing, the program is fully automatic and prompts

for all inputs. Once a database has been stored on disk , you
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can later retrieve it and proceed directly to Regression

Analysis in just a few seconds.

— Recalling our original fleagle valve failure problem

with two variables, we should select Bivariate Regression

Analysis. We could use Multivariate Analysis, but it is much

slower and less flexible than the Bivariate program.

- The system will automatically load BIVAR REGR for

bivariate analysis. In a few seconds, the following bivariate

menu will appear :

BIVAR IATE CURVE FITT ING OPTIONS :

l~ LINEAR Y = A + (B*x)

2, POWER Y = A * (x~B)

3. EXPONENT IAL Y = A * EXP(B*X )

4. LOGARITHMIC Y = A + B*LOG(X)

5, HYPERBOLIC 1 Y = A + (B/x )

6, HYPERBOLIC 2 Y = l/(A + B*X)

7. HYPERBOLIC 3 Y = X/ (A + B*X)

8, N’TH ORDER Y = A + B*X + C*X
A 2 +~~..

9. USER—DEFINED MODEL

10. AUTOMATIC FIT USING MODELS 1-7 ABOVE

WHICH REGRESSION MODEL? 10

- At this point you may have no idea which model might

best fit the data, so select option 10 to get an automatic

curve fit using the first seven models.
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— Regardless which model you select, the display will

list all variables in your database:

CURRENT VAR IABLES :

INDEX LABEL NAM E

1 Vçl ) HOURS
2 V (2 )  FAILS

INDEX OF INDEPENDENT VARIABLE (x)? 1

INDEX OF DEPENDENT VAR IABLE (y)? 2

** DO YOU WANT TO MAKE CHANGES? N

DO YOU WANT OUTPUT ROUTED TO PRINTER? N

- Enter the indices of the variables you select as inde-

pendent and dependent. Make changes if necessary. If you

want the analysis output routed to a printer , type “Y” .

- The first display calculations are means , unbiased

variances, and unbiased standard deviations :

VAR UNBIASED UNBIASED
NAM E MEAN VAR IANCE STD DEV

HOURS 105 3500 59.1608

FAILS 21.7 351.8 18.7563

HIT ‘RETURN ’ T9 CONTINUE ,..
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— Once the data has been fitted to all seven models, the

unadjusted R2 values are displayed. If a particular model

cannot fit the data because of zero or negative values, an

explanation will be printed.

MODEL UNADJUSTED R’~2

1. LINEAR .878421181

2. POWER .722431823

3. EXPONENTIAL .939526579

4. LOGAR ITHMIC .583309553

5. HY PER BOLIC 1 .239133026

6. HYPERBOLIC 2 .847665353

7, HYPERBOLIC 3 .399334913

ENTER THE MODEL N~MBER IF YOU WANT ITS
EQUATION, OR HIT RETURN ’ TO GO ON.. .

— For this problem, there is a wide spread of R2 values,

but the Exponential, Linear , and second Hyperbolic models

clearly fit the data more closely than the others. While R2

is not necessarily the best indicator of a ~ood predictive

regression model, it is at least a ccnmtonly used gauge. If

you decide to examine details of the Exponential model , you

will see:
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EXPONENTIAL Y = A * EXP(B*X)

Y = 2.74619 * EXP( .01579 * x)

UNADJUSTED R’2  = .93953
CORRELAT I ON COEFFICIENT = .96929

STD ERROR OF ESTIMATE = .24343
VARIANCE OF ESTIMATE = .05926

DEGREES OF~FREEDOM = 18

WITH X = HOURS AND Y = FAILS

- - - 
HIT ‘RETUAN ’ TO CONTINUE ,., 

- - -

- Coefficients and statisticS \are rounded to five decimal

places only for the display. Internal accuracy remains nine

digits. If you want the table of predicted values and resi-

duals, the screen will list: -

ACTUAL ACTUA L PREDICTED RESIDUAL
‘Y ’

1 10 5 3.2158 1.7842
2 20 4 3.7657 .2343
3 30 6 4.4096 1.5904
4 40 6 5.1637 .8363
5 50 5 6.0467 —1 .0467

17 170 41 40.1982 .8018
18 180 47 47.0722 — .0722
19 190 55 55.1216 — .1216
20 200 62 64.5475 —2.5475

HIT ‘RETURN ’ TO CONTINUE...
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- If you choose to interpolate or extrapolate for either

variable , simply follow the screen prompts:

DO YOU WANT TO PREDICT POINTS? Y

TO PREDICT X OR Y VALUES WITH THE MODEL

Y = 2.74619 * EXP( .01579 * x)

ENTER ‘X= I’ TO PREDICT Y

OR. ‘Y= # ‘ TO PREDICT X

OR TYPE ‘RETURN’ WITH NO ENTRY TO GO ON.

?X= 80
AT X = 80 Y = 9.70935683
?Y= 20
AT Y = 20 X = 125.777628

- Regardless how many values you predict, the regression

model and instructions remain protected at the top of the

screen. Bear in mind, however , that the regression model may

be valid only within the range of the observed data.

— Finally you are offered a high resolution color graphics

plot which depicts the original data points as well as the re-

gression curve. The graphics plot will help you visualize the

nature of the original data and provide a far better picture

of “just how close” the regression curve fits the data. Data

is plotted with the independent variable horizontally and the

dependent variable vertically. The graph borders extend 15%
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beyond the original data points. The origin is represented

by cross-hairs if it falls within the data boundaries.
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— Once the graphics plot is complete , you can save the

actual picture to disk storage for future retrieval. You will

be prompted for a storage file name . You can retrieve and dis-

play the graphics plot later by simply typing “HGR2” (RETURN),

then “BLOAD filename” (RETURN). You will not see the BLOAD

command typed on the screen , but within a few seconds, the

graph will appear. Once the graph is finished , you can return

to normal programming by typing “TEXT” (RETURN). Si
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- Whether you elect to save the graphics plot or not,

you will soon return to the main program:

MODEL UNADJUSTED R’2

1. LINEAR .878421181

2. POWER .722431823

3. EXPONENTIAL .939526579

4. LOGAR ITHMIC .583309553

5. HYPERBOLIC 1 .239133026

6, HYPERBOLIC 2 ,847665353

7. HYPERBOLIC 3 .399334913

ENTER THE MODEL N~MBER IF YOU WANT ITS
EQUATION, OR HIT RETURN ’ TO GO ON...

- If you choose not to examine the details of other

regression models , then your final options are:

YOUR FINAL OPTIONS ARE:

1. ANOTHER REGRESSION WI SAME DATABASE

2. ENTER A NEW DATABASE

3. EDIT CURRENT DATABASE 
-

4. QUIT THE PROGRAM

WHICH? 1

I H
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- Options 2 and 3 both return to the REGR DATA program

and its full range of data management options. Option 4

returns to the control program , CAAMM MASTER. Selecting the

first option returns us to the ten original Bivariate Model

options:

BIVAR IATE CURVE FITTING OPTIONS :

1. LINEAR Y = A + (B*x)

2, POW ER Y = A * (X A B)

3. EXPONENTIAL Y = A * EXP(B*X)

4. LOGARITHMIC Y = A + B*LOG (X)

5, HYPERBOLIC 1 Y = A + (B/x)

6. HYPERBOLIC 2 V = 1/(A + B*X)

7, HYPERBOLIC 3 V = XI(A + B*X)

8. N’TH ORDER Y = A + B*X + C*X~’2 +..,

9, USER—DEFINED MODEL

10. AUTOMATIC FIT USING MODELS 1—7 ABOVE

WH ICH REGRESS ION MODEL? 9

— If you are not satisfied with any of the standard

regression models , you can define your own model with a

transformation of variables. If you request instructions,

you will see:
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DEFINING A MODEL ALLOWS YOU TO FIT  DATA
TO VIRTUALLY ANY ALGEBRAIC CURVE THAT
CAN BE EXPRESSED AS A TRANSFORMAT I ON OF
THE BASIC LINEAR MODEL, I.E,

V = A + B*X i(v) = A + B*T(X)

YOUR DEFINED MODEL WILL USE ‘TRANSFORM ’
VAR I AB LES THAT ARE FUNCTIONS OF ONE OR
BOTH OF THE ORIGINAL DATA VAR IABLES ,

THIS MODEL, FOR EXAMPLE...

LOG (V (2)) = A + B*LOG(V (1)~’2)

REQUIRES THE TRANSFORM VAR IABLES :

T(l) = LOG(V (l)”2)
T(2) = LOG(V(2))

YOU MUST USE LEGAL FUNCT IONS AND SYNTAX .
NEED HELP ? V

FUNCTION COMMENTS

SIN~X
COS X
TAN X X CAN ’T BE A MULTIPLE OF PI/2
ATN X
ABS X
SQR X SQUARE ROOT; X MUST BE >= o
EXP X) ‘E’ RAISED TO THE POWER OF X
LOG x) NATURAL LOG; X MUST BE > ~

** PARENTHESES MUST BE CLOSED

** EXPONENTIATE USING 
I A ?

, E.G. ‘X’~2
’

** THE VALU E ‘P1 ’ CAN BE ENTERED AS ‘P1 ’
** TRIG FUNCT IONS EXPECT X IN RADIANS

HIT ‘RETURN ’ TO CONTINUE...
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— Please note the restrictions on arguments for the var-

ious intrinsic functions. If you want to try a cubic model

of the form “y = A + Bx3” then enter the transformation as

below:

ORIGINAL DATA VAR IABLES

INDEX LABEL NAME
1 V(l) HOURS 

S

2 V (2) FAILS

HOW MANY TRANSFORM VAR IABLES (1—18)? 1
ENTER TRANSFORMS AS FUNCTIONS OF V (I):

T(l) = v ( l )A 3

DO YOU NEED TO CHANGE IT? N

- The transform itself may be as long as 255 characters,

but be certain to observe the proper syntax for closing

parentheses, spelling of functions , and use of “V(I)”.
— The transform process requires considerable disk

interaction as files automatically pass back and forth.

Once the transformation of data is completed , you can name

the new variable:

— — -~~~~~ 
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THESE TRANSFORMS HAVE BEEN CREATED :

VAR NAME

T(l) = v(l)A3 T—HOURS

ENTER VARIABLE NAMES ABOVE (1—6 CHAR)...

HIT ‘RETURN ’ TO CONTINUE...

- At this point, all current variables are listed, and

you once again identify the independent and dependent variables:

CURRENT VARIABLES:

INDEX LABEL NAME

1 V l  HOURS
2 V 2 FAILS
3 1 1 T—HOUR

INDEX OF INDEPENDENT VAR IABLE (x)? 3

INDEX OF DEPENDENT VAR IABLE (v)? 2

DO YOU WANT TO MAKE CHANGES? N
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- The regression now conducted is linear , but it operates

on the transformed data. The transform model statistics appear

belo~:

USER—DEFINED FAILS = A + B*T—HOUR

- 
V = 5,34287 + 1E—05 * X

UNADJUSTED R~2 = .98148
CORRELATION COEFFICIENT = .99069
STD ERROR OF ESTIMATE = 2.62275

VARIANCE OF ESTIMATE = 6.8788

DEGREES OF FREEDOM = 18

WITH X = 1 HOUR AND V = FAILS

- Again you must note that “X” in the model above is

actually “V(l)’3”. The high resolution graphics plot would

of course reflect a straight line curve fit.

— If you are now satisfied with the quality of the curve

fit, you can print out residuals and predict values to help

in your budget analysis for fleagle valves.

YOUR FINAL OPTIONS ARE:

1. ANOTHER REGRESS ION wI SAME DATABASE
2. ENTER A NEW DATABASE
3. EDIT CURRENT DATABASE

4. QUIT THE PROGRAM

WH ICH? 4

I’
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Problem 2, Multivariate Regression

A new airborne weapons carrier is being considered for

development and has the following design specifications:

Maximum Highway Speed: 65 miles per hour
Load Capacity : 7.0 ton-miles per gallon of fuel
Weapon System Weight : 10,000 pounds

As cost analyst, you are asked to estimate the initial

tooling costs for the proposed vehicle (Ref 11). Table IV sum-

marizes related historical data for 14 similar weapon systems.

TABLE IV

Initial Tooling Cost and Various
Weapon System Charact~~Tstic Data

Weapon Initial Weapon System Max Speed
System Tooling Cost Weight Highway Load Capacity

Type (Millions $) (100 ’s of Lbs) (MPH) (Ton-miles/Gal)

1 28 27 43 1.8

2 35 28 48 2.0

3 40 29 50 1.5

4 60 35 65 2.0

5 50 32 70 5.0

6 55 40 100 2.6

7 90 45 110 4.5

8 70 60 43 17.0

9 285 135 45 29.0

10 130 70 100 23 .0

11 105 90 43 9.0

12 80 70 23 9.0

13 40 40 40 7 .0

14 185 110 45 6.8
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To analyze the problem using CAAMM software , select Re-

gression Analysis on the CAAMM MASTER Menu. Program REGR DATA

will then run and offer the options to read data from disk or

enter data interactively. Since we currently have no disk-

stored files for this problem, select the interactive data

entry option.

- As in Problem 1, we must now enter the basic variable

information:

INTERACTIVE DATABASE ENTRY

HOW MANY VAR IABLES (2—20 )? 4

MAX DIGITS PER ENTRY (1—15)? 3

NAME THE VAR IABLE BELOW, WITH 1—6 CHAR :
V l ) = T O O L $
V 2) = WPN WT
V 3) = SPPEED
V 4 ) = LOAD

NEED TO MAKE CHANGES? N

- Enter data as we did in Problem 1. The data field

width is small enough to permit all four variables on the

same screen page. Simply enter each value in the appropriate

variable soluxnn , treating each of the 14 historical weapon

systems as a separate observation :

- Add data until the observation counter reaches 15,

then hit ( RETURN ) to leave the entry mode.

- -  
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ENTER THE VALUE FOR EA~H OBSERVAT ION AND
VAR IABLE; HIT ‘RETyRN AFTER EACH ENTRY
TO STOP INPUT, HIT RETURN wlo ENTRY .

TQOL..$ WPN WT SPEED LQAP
v(i) v(2 ) v(3 V (4 )

1 28 27 43 1.8

TT 1r 45 6:
~~~~DATA ENTRY STOPPED...

TOTAL OF 14 COMPLETE OBSERVATIONS .

HIT ‘RETURN ’ TO PROCEED...

— The Master Menu now appears:

DATA MANAG EMENT

1. DISPLAY DATABASE

2. EDIT DATABASE

3. SAVE DATABASE TO DISK

4. ENTER ANOTHER DATABASE

5. QUIT PROGRAM

6. RUN REGRESSION ANALYSIS

WHICH OPTION? 1
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- Select option 1 to get a listing of the database:

WI
V~4)

28 27 43 1.8
2 35 28 48 2
3 40 29 50 1.5
4 60 35 65 2
5 50 32 70 5
6 55 40 100 2.6
7 90 45 110 4.5
8 70 60 43 17
9 285 135 45 29
10 130 70 100 21

11 105 90 43 9
12 80 70 23 9
13 40 40 40 7
14 185 110 45 6.8

HIT ‘RETURN’ TO PROCEED ,..

— There are no errors in the database , so upon return to

the Master menu , we can elect to save the database to disk :

SAV E DATABASE TO DISK

SAVE UNDER WHAT FILE NAME? MULDEMO

- Upon returning again to the Master Menu and selecting

the Regression Analysis option , we choose Multivariate

Regression:
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PLEASE SELECT ONE OF THE METHODS BELOW :

1. BIVARIATE REGRESSION ANALYSIS
(FoR DATA SETS OF ONE DEPENDENT
AND ONE INDEPENDENT VARIABLE)

2. MULTIVAR IATE REGRESSION ANALYSIS
(FoR DATA SETS OF ONE DEPENDENT
AND ONE OR MORE INDEP VAR IABLES)

WHICH METHOD? 2

- Program MULVAR REGR now automatically runs and presents

the following:

MULTIVAR IATE CURVE FITT ING OPTIONS :

1. LINEAR
= A + B*Vl + C*V2 + D*V 3 +

2. USER DEFINED

TV = A + B*T1 + C*T2 + D*T3 +

WHICH REGRESSION MODEL? 1

— Since we currently have no basis for using a non—linear

model, we select option 1.

- The list of current variables soon appears and we must

identify the independent and dependent variables.

- Note that we do not have to use all of the variables.

We could choose to run different regressions using different

combinations of variables.
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CURRENT VARIABLES :

INDEX LABEL NAME
1 V(1) TOOL$
2 V 2
3 V 3  SPEED
4 V 4  LOAD

YOU DON ’T HAVE TO USE ALL THE VARIABLES .
SELECT ONLY THOSE NEEDED FOR THIS FIT ,..

HOW MANY INDEPENDENT VAR IABLES? 3
INDEX OF INDEP VARIABLE 1? 2
INDEX OF INDEP VAR IABLE 21 3
INDEX OF INDEP VARIABLE 3? 4

INDEX OF DEPENDENT VARIABLE? 1

** DO YOU WANT TO MAKE CHANGES? N

— Next we are offered various output options:

OUTPUT OPTIONS (Y/N)

1. OUTPUT TO PR INTER? N

2, TABLE OF MEANS! STD DEVIATIONS? V

3, SIMPLE CORRELATION MATRIX? V

4. VARIANCE—CORRELATION MATRIX? V

5. TABLE OF RESIDUALS? Y

NEED TO CHANGE IT? N
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- All five options appear simul taneously, then the cursor

automatically positions itself for a “Y/N” response at each

one. Again, a simple (RETURN) defaults to “N” .

— Since we did select Means and Standard Deviations , we

will shortly see:

VAR UNBIASED UNBIASED
NAME MEAN STD DEV VAR IANCE

WPN WT 57.9286 33.5959 1128.6868
SPEED 58,9286 26.514 702.9945
LOAD 8.4429 8.301 68,9073

TOOL$ 89,5 70.6919 4997.3462

HIT ‘RETURN’ TO CONTINUE...

- We also requested the Simple Correlation Matrix , so we

now get:

CORRELATION COEFFICIENTS

WPN WI SPEED LOAD TOOL$
WI 1 — .232 .7476 .9405

SPEED — ,232 1 — ,058 — .0426

LOAD .7476 — .058 1 .7744

TOOL$ .9405 — .0426 .7744 1

HIT ‘RETURN ’ TO CONTINUE. ,.

p
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- Note that four variables fill the screen; if we use more

than four variables, the matrix is displayed in sequential

blocks of four.

- Next the program calculates and automatically displays

the regression coefficients and basic statistics:

VAR ESIIMATE9 STD ERROR
NAME COEFF B OF COEFF 1-RATIO

CONST —54,641 2l~4985 —2 ,5416
WPN WI 1.8788 .2902 6.4731
SPEED .4566 .2447 1,8664
LOAD .9946 1.1446 .869

ADJUSTED R~2 = .89973
CORRELATION COEFFICIENT = .94854

VARIANCE OF ESTIMATE = 501.08665
STD ERROR OF ESTIMATE = 22.38496

DEGREES OF FREEDOM = 10

DURBIN—WATSON STATISTIC = 1,8771

- If the number of independent variables exceeds four,

the lower statistics are automatically listed separately,

following the model coefficients.

- We had originally requested the Variance-Covariance

Matrix of Coefficients, so we now get the Var-Covar Matrix.

— The matrix is paged in sequential blocks because we

have more than three total variables.
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VARIANCE-COVARIANCE MATRIX OF COEFF

CONST WPN WI SPEED

CONST 462.1857 3.9499 —4.2751

WPN WI 3.9499 .0842 .0202

SPEED ~4.2751 .0202 .0599

I

HIT ‘RETURN ’ TO CONTINUE.. ,

LOAD 6.4366 .25l2 ‘05

HIT ‘RETURN ’ TO CONTINUE...

LOAD

CONST 6.4366

WPN WI —~25l2

SPEED — .05

HIT ‘RETURN ’ TO CONTINUE...

LOAD 1,31

HIT ‘RETURN ’ TO CONTINUE. ,.

- We also had requested the Table of Residuals, which

appears on the following page.
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A~T~AL PRE9I~ TED
V Y RESIDUAL

1 28 17.5115 10.4885
2 35 21.8724 13.1276
3 40 24.1671 15.8329
4 60 42.7866 17.2134
5 50 42.4171 7.5829

14 185 179.3369 5.6631

HIT ‘RETURN ’ TO CONTINUE...

- At this point we have all the primary information we

need, but if we want to predict the cost of initial tooling

given our original design specifications, we must “predict

values of TOOL$:”

DO YOU WANT TO PREDICT VALUES FOR

TOOL$ ?

ENTER VALUES FOR INDEPENDENT VARIABLES :

v(2 WPN WI 100
V(3 SPEED 65
V(4 LOAD 7

PRED I CTED VALUE OF TOOL$ = 169.8805

ANOTHER PREDICTION? N
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- This concludes the analysis , and we now reach the

final set of options:

YOUR FINAL OPTIONS ARE :

1. ANOTHER REGRESSION wI SAME DATABASE
2. ENTER A NEW DATABASE

3. EDIT CURRENT DATABASE

4. QUIT THE PROGRAM

WH ICH? 4

- NOTE: the user-defined model optioa functions pre-

cisely the same in MULVAR REGR as it does in BIVAR REGR.
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Problem 3, Linear Programming

An experimental Army infantry unit is to be equipped

with a fleet of new personnel/cargo vehicles. The fleet must

be capable of carrying at least 2000 troops and 200 tons of

supplies. Additionally the fleet is limited to not more than

320 vehicles.

Three new vehicles are being considered , and the fleet
I

can be mixed. Capability and cost figures appear in Table

V below:

TABLE V

New Vehicle Capabilities and Costs

VEHICLE TROOPS SUPPLIES COST 
—

Vehicle 1 5 1 ton $ 12,000

Vehicle 2 8 .5 ton $ 9,000

Vehicle 3 4 1 ton $ 10,000

As a procurement analyst, you are asked to determine

the mix of vehicles that will sati 5fy transport requirements

at the minimum cost (Ref 11).
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We can formulate the problem as follows:

Decision Variables : -

X(l) = VEH1 = number of vehicle l ’s to procure I

X(2) = VEH2 = number of vehicle 2’s to procure

X(3) = VEH3 = number of vehicle 3’s to procure

I

Objective Function:

Minimize Cost = 12000VEH1 + 9000VEH2 + 10000VEH3

Subject To: The Constraints:

5VEH1 + 8VEH2 + 4VEH3 ~ 2000 Troops

1VEH1 +.5VEH2 + 1VEH3 ~ 200 Tons of Cargo

1VEJI1 + 1VEH2 + 1VEH3 � 320 Total Fleet

i
I 

~
- 

-

-
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To analyze the problem using CAANM sof tware, select

Linear Programming on the CAANM MASTER Menu. Program LINPROG

will subsequently run and present:

* * * *  * * * * * *  * * * * * * * * * *
L I N E A R

P R O G R A M M I N G

BY
ROBERT D. CONTE

* * * * * * * * * *  * * * * * * * * * *
DO YOU WANT INTRODUCTORY REMARKS? Y

LINEAR PROGRAMMING IS USED TO DETERMINE
THE BEST ALLOCATION FOR SCARCE RESOURCES
IN ORDER TO -

MAXIM I ZE OR M I N I M I Z E
A LINEAR FUNCTION D E F I N I N G  AN OBJECTIVE
SUCH AS PROFIT, COST, TONNAGE, ETC.

HIT ‘RETURN ’ TO GO ON, OR ‘Q’ TO QUITE

TO ENTER AN LP MODEL, YOU CAN :

1, READ EXIST ING MODEL FROM DISK
2. CREP)TE MODEL INTERACTIVELY

(USING NAMED VARIABLES)

3. CREATE MODEL INTERACTIVELY
(USING NUMBERS ONLY)

WH ICH METHOD? 2
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Select option 2 to enter the model interactively with

variable names, then select the type of optimization and

identify the objective to be optimized:

TO SOLVE THE PROBLEM, YOU CAN :

1, MAXIMIZE THE OBJ FUNCTION S

OR 2, MINIMIZE THE OBJ FUNCTION

WHICH? 2

WHAT OBJECTIVE DO YCsU WANT TO MINIMIZE?

(E.G. CASUALT IES, COST, MATER IEL)

COST

- Now enter the names of the decision variables, remem-

bering to simply hit {RETURN } when you finish. Use the

“Changes?” option if necessary.

LIST THE VARIABLES (MAX 20) THAI AFFECT
COST, USING 1—6 CHAR DESCRIPTORS :

TO STOP INPUT, HIT ‘RETURN ’ W/O ENTRY.

X l  = VEH 1
X 2 VEH 2
X 3 = VEH 3
X 4  =

NEED TO MAKE CHANGES? N
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- Next enter the names of the constraints in the same

manner :

LIST CONSTRA INTS (MAX 20) THAT AFFECT
COST, USING 1—6 CHAR DESCR IPTORS

TO STOP INPUT, HIT ‘RETURN ’ w/o ENTRY .

C(l) = MEN
c(2) = TONS
C(3~ = FLEET

• C(4) =

NEED TO MAKE CHANGES?

- Now enter the Objective Function coefficients, directly

under the variable names as they appear , row—by—row:

OBJECTIVE FUNCTION — M I N I M I Z E  COST

VEH 1 VEH 2 VEH 3

12000 9000 10000

NEED TO MAKE CHANGES? N

- 

- Theff~ enter the Constraint coefficients in similar

fashion. Note that non-negativity constraints are assumed,

and the sequence of entering constraints makes no difference,

i.e. “less-than” constraints do not necessarily have to
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precede “greater-than” or “equality ” constraints. The

inequality symbol you enter can be:

< , <= , LT, or LE acceptable for “less than”

= or EQ acceptable for “equality”

>, >= , GT, or GE acceptable for “greater than”

Constraints with a negative Right Hand Side value are

automatically reversed.

— Constraint entries :

S 

CONSTRAINT TROOPS

VEH 1 VEH 2 VEH 3 < = > RHS

5 8 4 > 2000

NEED TO MAKE CHANGES? N

CONSTRA I NT FLEET

VEH 1 VEH 2 VEH 3 < = > RHS

1 1 1 320

NEED TO MAKE CHANGES? N
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CONSTRA INT TONS

VEH 1 VEH 2 VEH 3 < = > RHS
1 .5 1 > 200

NEED TO MAKE CHANGES? N

- NOTE: the third Model Entry option shown below is

almost identical in form to the procedure just described for

option 2, but it is faster because variable and constraint

names are not required.

TO ENTER AN LP MODEL, YOU CAN :

1. READ EXISTING MODEL FROM DISK

2. CREATE MODEL INTERACTIVELY
(USING NAMED VARIABLES)

3. CREATE MODEL INTERACTIVELY
(US ING NUMBERS ONLY

- Regardless the form of data entry , the Master Menu

finally appears on the following page .
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LP MODEL MANAGEMENT

1. DISPLAY CURRENT MODEL

2, EDIT CURRENT MODEL
3. SAVE CURRENT MODEL TO DISK
4~ ENTER A NEW MODEL
5. QUIT PROGRAM

6. SOLVE THE PROBLEM

WH ICH OPTION? 1

- The Display option lets you check the model. Output

to the printer is optional.

CURRENT LP MODEL: MiNiMiZE COST

VEH 1 VEH 2 VEH 3 RHS

12000 9000 10000 0

1 1 1 320
1 .5 1. > 200
5 8 4 2000

HIT ‘RETURN ’ TO CONTINUE...

— The Model Editing functions are extensive:

5~~~
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LP MODEL EDiT FUNCTIONS :

1. DELETE A VARIABLE
2. DELETE A CONSTRAINT

3, ADD A VAR IABLE
4. ADD A CONSTRAINT

5, CHANGE COEFFICIENTS BY VARIABLE
6. CHANGE COEFFICIENTS BY CONSTRAINT
7. CHANGE INDIVIDUAL COEFFICIENT

8. CHANGE RHS VALUES
9. CHANGE OBJECTIVE FUNCTION

10. RETURN TO LAST MENU

WHICH FUNCTION?

- If you were to select option 6, for example, you could

selectively change any element in any constraint:

CHANGE COEFFICIENTS BY CONSTRAINT

1 FLEET
2 TONS
3 TROOPS

WH ICH CONSTRA INT (1—3)? 3

- As the cursor positions itself at each element, enter

a new value or hit {RETuRN} to default to the current value.
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TROOPS

VARIABLE •CURRENT CHANGE TO

5 8
2 VEH 2 8
3 VEH 3 4

INEQUALITY >

RHS 2000

NEED TO MAKE CHANGES? N

- Once editing is completed, you can re-display the model,

save it to disk, enter a new model, or proceed to solve the

problem. If you elect to solve the problem now, you will have

various output options. As in program MULVAR REGR , they appear

simultaneouly :

OUTPUT OPTIONS (V/N)

1, OUTPUT TO PRINTER? N

2. INITIAL TABLEAU? V

3. INTERMEDIATE BASIC SOLUTIONS? V

4. FINAL TABLEAU? Y

NEED TO MAKE CHANGES? N

-5 45
,j 
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- Next the simplex variable table is displayed:

VARIABLE TABLE :

DECISION VAR IABLES ARE 1—3

1 VEH 1
2 V-EH 2
3 V EH 3
SURPLUS VARIABLES ARE 3—5

SLACK VAR IABLES ARE 6—6

ARTIFICIAL VARIABLES ARE 7—8

HIT ‘RETURN ’ TO CONTINUE...

- We originally requested the Intial Simplex Tableau,

so it appears below, displaying in sequential pages:

INITIAL TABLEAU

x( l)  x (2 )  x(3) x(4) x(5)

—6 —8.5 —5 1 1

1 1 1 0 0
1 .5 1 —l 0

• 5 8 4 0 —l

HIT ‘RETURN ’ TO CONTINUE...
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x(6) x(7) x(8) RHS

0 0 0 —2200

1 0 0 320 
—

0 1 0 200
0 0 1 2000

HIT ‘RETURN ’ TO CONTINUE...

- We requested Intermediate Solutions, so they appear

sequentially , from iteration to iteration, until the optimal

solution is found ( which automatically displays whether you

select Intermediate Solutions or not):

I N I T I A L  BASIC FEASIBLE SOLUTION

INDEX VAR IABLE VALUE

2 VEH 2 200
3 VEH 3 100
6 20

** COST = 2800000

*** THIS SOLUTION IS MINIMAL ***
HIT ‘RETURN ’ TO CONTINUE .,.

- That is followed by the Optimal Dual Solution:

4
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OPTIMAL DUAL SOLUTION

INDEX CONSTRAINT SHADOW PRICE

1 FLEET 0 (FREE GOOD)
2 TONS 7332.333
3 TROOPS 666.667

S 

HIT ‘RETURN ’ TO CONTINUE.. ,

- Following the solutions, the actual Optimal Tableau

appears, displaying in sequential blocks:

OPT IMAL TABLEAU

X(l) x (2) x (3) x (4 )  x (s)

1333.3330 0 7333.333666.667

.083 0 0 .667 .083

.917 0 1 —1.333 .083

.167 1 0 .667 — .167

HIT ‘RETURN TO CONTINUE...
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X(6) x(7) x(8) RHS

0 —7333.333—666 .667—28000 00

1 — .667 — .083 20
0 1.333 — .083 100
0 — .667 .167 200

HIT ‘RETURN’ TO CONTINUE...

- Finally the program returns to the Master Menu where

it offers:

LP MODEL MANAGEMENT

1. DISPLAY CURRENT MODEL

2. SENSITIVITY MODEL EDITING

3, SAVE CURRENT MODEL TO DISK

4. ENTER A NEW MODEL

5. QUIT PROGRAM

6. SOLVE THE PROBLEM

WH CH OPTION? 2

- The Sensitivity Model Editing option does not provide

true sensitivity analysis, but it accomplishes the same object-

ive by providing the full range of normal Edit functions to
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evaluate the effect of changing, adding, or deleting

parameters:

LP MODEL EDIT FUNCTIONS:

1. DELETE A VARIABLE
2. DELETE A CONSTRA INT

3. ADD A VARIABLE
4 . ADD A CONSTRAINT

5. CHANGE COEFFICIENTS BY VAR IABLE
6. CHANGE COEFFICIENTS BY CONSTRAINT
7. CHANGE INDIVIDUAL COEFFICIENT

8, CHANGE RHS VALUES
9. CHANGE OBJECTIVE FUNCTION

10. RETURN TO LAST MENU

WHICH FUNCTION?
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Problem 4, Value Matrix Decision Aid

American forces in Europe are constantly faced by the

threat of a Warsaw Pact attack. Of continual concern are

decisions pertaining to alert status. Placing troops at any

level of alert costs money, whether the Pact attacks or not.

Certainly there is political cost as well--both nationally

and internationally. But obviously the military risk is of

paramount importance——is it not?

Unfortunately, intelligence cannot state with certainty

that the Pact is planning an attack--or is not planning an

attack. The result is a highly subjective decision environ-

ment which we must try to structure and quantify in order to

logically evaluate and compare alternatives.

There are many sophisticated forms of decision analysis

and complex simulation, but often the decision maker simply

needs a quick aid to help “sort out” the alternatives and

other considerations. With this objective, perhaps the Value

Matrix Decision Aid as implemented in CAAMN program DECISION

could be of use. Since the Decision Aid accommodates only

the three maj or decision components--alternatives, judgement

criteria, and risk-—the first step must be to simplify the

decision environment to a set of these three discrete para—

meters. Table VI (Ref 16) provides a reasonable, but cer-

tainly not the only approach to structuring the problem.
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TABLE VI

Subjective Decision Situation

DECISION OPTIONS: Maintain Status Quo

Mili tary Vigilance

Simple Alert

Reinforced Alert

JUDGEMENT CRITERIA: Alert Cost

Political Cost

Mili tary Risk

UNCERTAIN STATES OF NATURE: Pact Planning Attack?

Pact Not Planning Attack?
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To analyze the problem using CAAMM software, select

Matrix Decision Aid on the CAAMM MASTER Menu. Program DECISION

will subsequently run and present:,~

* * * * * * * * * * * * * * *  * * * * *
V A L U E  M A T R I X

D E C I S I O N

A I J A L Y S  I S

BY
ROBERT D. CONTE

* * *  * *  * * * * * * * * * * * *  * * *
DO YOU WANT INTRODUCTORY REMARKS? v

MATRIX DECISION ANALYSIS

DECISION ANALYSIS PROVIDES A STRUCTURED
APPROACH TO COMPARING THE RELATIVE MERIT
OF VARIOUS ALTERNATIVES OR OPTIONS.

REGARDLESS WHETHER AN ACTUAL DECISION IS
MADE, THE ANALYSIS CAN ILLUMINATE PARTS
OF THE PROBLEM PREVIOUSLY UNCONSIDERED
AND CAN PROVIDE THE BASIS FOR ELABORATE
SUBSEQUENT STUDIES.

AMONG THE VARIOUS FORMS OF QUANTITATIVE
DECISION ANALYSIS ARE:

DECISION TREES
COST/BENEFIT ANALYSIS
UTILITY THEORY
PROCESS DIAGRAMS

HIT ‘RETURN’ TO GO ON, OR ‘Q’ TO QUIT

~~~~~~ r _ _
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And continues:

THE MATRIX DECISION ALGORITHM USES THE
ADDITIVE WEIGHT ING OF PARAMETERS AND IS
USEFUL FOR QUICK I N I T I A L  ANALYSIS OF
HIGHLY SUBJECT IV~, MULTI-ATTRIBUTE PROB-
LEMS.

THIS PROGRAM IS BASED ON THE TECHNIQUE
DESCRIBED IN DECISIONS AI~1D DESIGNS, INC.
TECHN ICAL REPORT 76—12, RAPID SCREENING
OF DECISION OPTIONS ’ BY JUDITH SELVIDGE.

THE TECHNIQUE ALLOWS:

ONE DECISION (MULT IPLE OPTIONS)
ONE UNCERTAIN EVENT (MULTIPLE STATES)
MULTIPLE JUDGEMENT CRITERIA

HIT ‘RETURN ’ TO GO ON, OR ‘Q’ TO QUIT

TO ENTER A MODEL, YOU CAN :

1. READ EXISTING MODEL FROM DISK

2. CREATE MODEL INTERACTIVELY

WH ICH? 2

- Select option 2 for interactive entry.

93

1~
•
~~ __________ 

2TT______________



- The section is introduced by:

DECISION MATRIX DATA ENTRY

THE DECISION MATRIX ALLOWS 3 ELEMENTS:

DECISION OPTIONS / ALTERNATIVES
JUDGEMENT CRITERIA / ATTRIBUTES
UNCERTAIN STATES OF NATURE (OPTIONAL)

NEED HELP? Y

OPTIONS:

THE OPT IONS OR ALTERNATIVES ARE THE
DIFFERENT POSSIBLE COURSES OF ACTION THE
DECISION—MAKER IS CONSIDER ING. THEY MUST
BE INDEPENDENT AND NON—REDUNDANT.

CRITERIA:

JUDGEMENT CRITERIA (oR ATTRIBUTES OR
DECISION CRITERIA) ARE USED TO COMPARE
THE RELATIVE VALUE OF DIFFERENT OPTIONS,~THEY MUST INCLUDE ALL RELEVANT CONCERNS
AND SHOULD BE NON-REDUNDANT .

STATES:

STATES OF NATURE REFER TO THE SET OF
UNCERTAIN OUTCOMES THAT CAN RESULT FROM
AN EVENT OVER WHICH WE HAVE LITTLE OR
NO CONTROL.

HIT ‘RETURN’ TO PROCEED...

I
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- Next enter the names of our Decision Options. As in

the other programs , press {RETURN } without entry to leave the

input mode . Remember that for results to be meaningful , the

various Decision Options must be distinctly separate and should

encompass all possibile alternatives. In more complex problems ,

several Options could be classified together , thereby reducing

the total. If editing is necessary, it is easily accomplished

by entering the index of the item to be changed.

LIST DECI$ION OPTIONS BEING CONSIDERED
(MAX 15), USING 1—9 CHARACTER NAMES .

TO STOP INPUT, HIT ‘RETURN’ W/O ENTRY .

1 STATUSQUO
2 MIL VIGIL
3 SIM ALERT
4 REIN ALERT
5

NEED TO MAKE CHANGES? N

— Now enter the Judgement Criteria in similar fashion.

Remember that the Judgement Criteria, or “attributes” as they

are frequently called, are the primary means of discriminating

among options. Consequently they must be comprehensive, non-

redundant, and they must be capable of discriminating among

Options.
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LI5T JUDG~MENT CRITERIA BEING CONSIDERED(MAX 20), USING 1—8 CHARACTER NAMES.

TO STOP INPUT, HIT ‘RETURN ’ w/o ENTRY.

1 ALERTCST
2 POL COST
3 MIL RISK

NEED TO MAKE CHANGES? N

— Now we must assess the relative importance of the various

Judgement Criteria. Do not simply provide an ordinal ranking

but actually weight the criteria using paired—comparison or any

other procedure. Use any suitable positive numbers, as the

weights will be automatically normalized to 1.00 for the eval-

uation later.

ASSESS RELATIVE IMPORTANCE OF JUDGEMENT
CRITERIA BY ENTERING WEIGHT FACTORS.

WEIGHTS WILL BE NORMALIZED AUTOMAT ICALLY

1 ALERTCST 10
2 POL COST 30
3 MIL RISK 60

NEED TO MAKE CHANGES? N *

** NORMALIZED CRITERION WEIGHTS **
1 ALERTCST .1
2 POL COST .3
3 MIL RIST .6

NEED TO READJUST VALUES? N t -
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- Once you see the normalized weights, you might decide

to readjust the original weightings. The preceding text page

will then reappear, complete with the current weights. To

readjust figures, simply type over the old values. Once you

are satisfied with the final weightings, press {RETURN} to

continue.

- Next enter the Uncertain States of Nature which affect

the problem:

IS YOUR DECISION AFFECTED BY UNCERTAIN

STATES OF NATURE? V

LI$T STATES OF NATURE BEING CONSIDERED
(MAX 5), USING 1—8 CHARACTER NAMES ,

TO STOP INPUT, HIT ‘RETURN’ W/O ENTRY.

1 PACTATTCK
2 NO ATTACK
3

NEED TO MAKE CHANGES? N

- Then enter the estimated likelihood or probability of

each state in the same fashion as before:

ESTIMATE THE PROBABILITY OR LIKELIHOOD
OF EACH OF THE UNCERTAIN OUTCOMES .

NUMBERS WILL BE NORMALIZED AUTOMATICALLY
1 PACTATTC 10
2 NO ATTAC 90

NEED TO MAKE CHANGES? N

_________________________________________________________ t
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** NORMALIZED STATE PROBABILITIES **
1 PACTATTC .1
2 NO ATTAC .9

NEED TO READJUST VALUES? N

- After the likelihoods are normalized and adjus tmen ts

made, we must now assess values for the actual value matrices:
I

** VALUE MATRIX DATA ENTRY **
TO USE THE VALUE MATRIX, YOU MUST

QUANTIFY YOUR SUBJECTIVE ESTIMATE OF THE
VALUE OF EACH OPTION, RELATIVE TO EACH
JUDGEMENT CRITERION AND STATE OF NATURE.

VALUES MUST BE CORRELATED AMONG THE
OPTIONS, CRITERIA, AND STATES OF NATURE
FOR RESULTS TO BE MEANINGFUL, SO TAKE
ADVANTAGE OF THE OPTIONS FOR CHANGING
INPUT DATA .

VALUES MAY BE POSITIVE OR NEGATIVE,
THE RECOMMENDED SCALES BEING —100 TO 0
OR 0 TO 100. LATER YOU WILL HAVE THE
OPTION TO MAXIMIZE OR MINIMIZE .

HIT ‘RETURN ’ TO PROCEED...

— Note that we must assume total independence among the

various options , states, and judgement critera.
- The composition of value matrices must be deliberate

and iterative. Take full advantage of local editing options,

which——as before--are screen position oriented to preclude

re—entering the entire matrix. The object is to subjectively

evaluate each option in the context of a particular State of

98

• ~* - -- —•--- -• • —

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~; ~~~~~~~~~ ~~~. ~~~~~~~~~



Nature and a specific Judgement Criterion. The type question

that should stimulate evaluation is “what relative value can

we place on the military risk if we remain at STATUS QUO and

the Pact does plan to attack?” A reverse approach is the

“regret” technique associated with “how much is the regret if

we remain at STATUS QUO and the Pact plans to attack?” The

regret approach is fully treated in Selvidge (Ref 16) and is

illustrated in this problem.

- The evaluation must be consistent from State to State

and Criterion to Criterion . Use any range of values , e.g.

0 to 100 or -100 to 0, but be consistent. The entire matrix

framework is displayed on the screen prior to positioning the

cursor for the first evaluation. Note that the criterion

weighting is depicted on each page, along with indices of

all parameters. Only three States of Nature will fit on the

screen at one time, so paging is necessary. Now let us assess

and enter the values for each matrix:

CRITERION 1: ALERTCST WEIGHTING : .1

STATES -—> PACTATTC NO ATTAC
OPTIONS 1 2

1 STATUSQUO 0 0
2 MIL VIGIL —30 —30
3 SIM ALERT —70 —70
4 REINALERT —100 —100

NEED TO MAKE CHANGES? N
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CRITERION 3: MIL RISK WEIGHTING : .6

STATES --> PACTATTC NO ATTAC
OPTIONS 1 2

1 STATUSQUO —100 0
2 NIL VIGIL —45 0
3 SIM ALERT —15 0
4 REINALERT 0 0

NEED TO MAKE CHANGES? N

CRITERION 2: POL COST WEIGHTING : .3

STATES > PACTATTC NO ATTAC
OPTIONS 1 2

1 STATUSQUO — 100 0
2 MIL VIGIL —35 —20
3 SIM ALERT —10 —50
4 REINALERT 0 — 100

NEED TO MAKE CHANGES? N

100



— Following completion of the value matrices, we arrive

at the Master Menu (reached directly if we had loaded a model

from disk):

DATA MANAGEMENT

1. DISPLAY MODEL

2. EDIT MODEL

3. SAVE MODEL TO DISK

4. ENTER Ar~!OTHER MODEL

5. CONTINUE PROGRAM

6. QUIT PROGRAM

WHICH OPTION? 1

- The Display Option offers:

DISPLAY MODEL OPTIONS :

1. DECISION OPTIONS

2. JUDGEMENT CRITERIA AND WEIGHTS

• 3. STATES OF NATURE AND PROBABILITIES

4. VALUE MATRICS

5. RETURN TO LAST MENU

WHICH OPTION?
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- Output can be routed to the printer, and Display option

4 results in:

CRITERION 1: ALERTCST WEIGHTING: .1

STATES --> PACTATTC NO ATTAC
OPTIONS 1 2

1 STATUSQUO 0 0
2 MIL VIGIL —30 —30
3 SIM ALERT —70 —70
4 REINALERT -100 —100

HIT ‘RETURN’ TO GO ON, OR ‘5’ TO STOP

— Returning to the Master Menu , we may select the Edit

option:

DECISION MODEL EDIT FUNCTIONS :

DO YOU NEED INSTRUCTIONS? V
THE EDIT MODE ALLOWS YOU TO RESHAPE YOUR
DECISION MODEL TO MEET CHANGING NEEDS.
YOU CAN ADD OR DELETE PARAMETERS, AND
YOU CAN CHANGE CRITERION WEIGHTS,- STATE
PROBABILITIES, AND MATRIX VALUES .

NUMBERS WILL BE RENORMALIZED AFTER YOU
FINISH EDITING .

** NOTE **
DON’T FORGET TO ADD OR CHANGE WEIGHT INGS
AND/OR PRO~ABILITIES AND MATR I.X VALUES
IF YOU ADD/DELETE PARAMETERS. OTHERWISE
YOUR RESULTS MAY NOT BE MEANINGFUL I !!
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DECISION MODEL EDIT FUNCTIONS:

1. DELETE ANY PARAMETER

2. ADD ANY PARAMETER

3. CHANGE AN OPTION

4. CHANGE CRITERION AND/OR WEIGHT ING

5. CHANGE STATE AND/OR PROBABILITY

6. CHANGE VALUE MATRIX

7. RETURN TO LAST MENU

WHICH?

- The Edit procedures are similar to the original data

entry and local editing technique.

— If we elect to proceed to evaluation of the Decision

Options, we soon get the option for optimization:

TO DETERMINE THE OPTIMUM DECISION OPTION

YOU CAN :

1. MAXIMIZE THE DECISION VALUE
2. MINIMIZE THE DECISION VALUE

WHICH? 1
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- We should choose to maximize the evaluatign, which is

equivalent to minimizing “ regret” . The expected value of the

“optimum” option is displayed, followed by the entire Expected

Value Table:

**~~ WHEN DECISION VALUE IS MAXIMIZED.. .

THE OPTiMUM OPTION IS ** STATUSQUO **

WITH AN EXPECTED VALUE OF — 9

HIT ‘RETURN ’ TO PROCEED...

EXPECTED VALUE TABLE

OPTION VALUE

1 STATUSQUO —9
2 MIL VIGIL —12.15
3 SIM ALERT —21.7
4 REINALERT —37

- Sensitivity Analysis options are now offered and should

be executed : *
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SENSITIVITY ANALYSIS

SENSITIVITY ANALYSIS SHOWS THE VARIATION
IN THE EXPECTED VALUE OF ANY OPTION WHEN
EITHER STATE PROBABILITIES OR CRITERION
WEIGHTS ARE VAR IED WITHIN A SPECIFIED
RANGE
IF YOU SPECIFY A DEV IATION RANGE OF 20%~THE DEV IATION FACTOR WOULD RUN FROM .80
TO 1.20 (A MULTIPLE OF ORIGINAL WEIGHTS
OR PROBABILITIES).

THE ACTUAL RANGE IN WEIGHTING OR PROBA-
BILITY, HOWEVER, WILL DIFFER FOR EACH
PARAMETER BECAUSE THE ORIGINAL VALUES
ARE DIFFERENT AND WILL BE RENORMALIZED I

YOUR CHOICES ARE:

1. VARY CRITERION WEIGHTS

2. VARY STATE PROBABILITIES

3. RETURN TO LAST MENU

WHICH? 1

WHAT RANGE DEV IATION (1—100%)? 20

WHICH DECISION OPTION (1—4)? 1

- The range deviation default is 20% ; the Decision Option I

default is the current optimum Option.
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SENSITIVITY DUE TO CRITERION WEIGHTS

DEV (.1) (.3) (.6)
FAC ALERTC POL CO NIL RI
.8 —9.18 —8.94 —8.86
.84 —9.15 —8.95 —8.89
.88 —9.11 —8.96 —8.92
.92 —9.07 —8.98 —8.95
.96 —9.04 —8.99 —8.98

1 —9 —9 —9

1.04 —8.96 —9.01 — 9 . 0 2
1.08 —8.93 —9.02 —9.05
1.12 —8.93 —9.03 —9.07
1.16 —8.86  —9.05 —9.09
1.2 —8.82 —9.06 —9.11

- After we view the sensitivity analysis, we may have

greater or lesser confidence in our problem formulation or

assessment of values. We now return to the Master Menu and

can Edit the model in any fashion we desire--to include addi-

tions, deletions, or changes. The iterative process can con-

tinue indefinitely, until we are satisfied with the model:

DATA MANAGEMENT

1. DISPLAY MODEL
2. EDIT MODEL

3. SAVE MODEL TO DISK

4. ENTER ANOTHER MODEL

5. QUIT THE PROGRAM

6. EVALUATE DECISION OPTIONS

WH ICH?

____________________________
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APPENDIX B

CAM4M Prog ranmter ’s Guide

Introduction

The Programmer ’s Guide is intended to provide program-

mers the basic information they need to quickly locate and

analyze sections ~f program code for modification or trans-

lation. One section is devoted to each individual program ,

and the final section is devoted to explaining the functions

of caumands and procedures that are not “standard” BASIC.

Programmers should consult the appropriate operat or

manuals for their own computer as well as the Applesoft and

Disk operating System manuals for the Apple ccznputer.

All of the CAAMM programs are structured in parallel

fashion. All have similar data input, editing, and output

capabilities and procedures. The most important general

techniques are outlined below:

1) The data input routines for all programs are matrix

formatted and totally interactive. The routines use variable

positioning of the screen curwr to permit logical, easy—to—

follow input of data. The user need on ly remember to press

{RETURN } after each entry because the program autanatically

repositions the cursor for the next input. The same basic

technique applies to the edit functions of each program , per-

mitting the interactive ~~dition , deletion, or change of any
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database element. The method is enhanced in most of the edit

routines by the addition of variable sizing and positioning

of the text scrolling window, permitting position-oriented

editing as opposed to data-oriented editing.

• 2) The database display functions and other output rou-

tines are structured for “paging” of output. Each logical

segment of output is displayed and remains in view until the

user is ready to continue output . If a model or database is

too large for a single screen, it is displayed in logically

sequential blocks until cc*npleted. The Apple II permits only

a 40x24 position text format, so programmers with 80—column

screen displays should modify the output routines to take

advantage of the greater coverage.

3) Sequential disk files are used for permanent data

storage and for creating the user-defined function transform-

ations used in both BIVAR REGR and MULVAR REGR. The function

transformations are generated by using disk text files to

create a transformation subroutine while the program is run-

ning. The technique is an extension of Kirschner (Ref 9).

Disk files could be used to provide “virtual” memory, thereby

considerably expanding potential data handling capacity , but

current disk drives are too slow for extensive interaction.

4) All the programs primarily use fixed dimensioning of

data arrays. While not as economical as variable dimensions ,

fixed dimensions permit easy expansion of databases during

edit sessions. Expansion would otherwise be difficult because
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BASIC does not permit redimensioning of arrays while the pro-

gram is in operation. Dimensions can be adjusted depending

upon actual memory available. The programs require approxi-

mately 32 K bytes of free memory, including both program and

array space. Input and output formats are already written to

accommodate significantly larger databases. Eliminating re-

mark statements and compressing more program code onto multiple

statement lines would free considerable memory space.

5) To maximize effective use of available memory, the

Apple CRAIN command was used in the set of regression analysis

programs. Basically the command permits one pr~~ ram to over-

lay another but preserves all data currently in memory. This

procedure allows REGR DATA to help the user create a database

and then run either BIVAR REGR or MULVAR REGR for the appro-

priate regression, thus eliminating the need for separate

data management routines. The same principle applies to the

small BIVAR HIRES program which provides the graphics capabil-

ity for BIVAR REGR. Note that all the Regression programs

must be maintained on the same diskette, together with the

machine language CHAIN program.
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Section 1, CAAMM MASTER

CAAMM MASTER is the control program for the CAAMM soft-

ware diskette. It is approximately 2000 bytes in size and

requires no array space.

TABLE VII

Logical Programming Blocks , CAAMM MASTER

BLOCK LOCATION

Introduction 10000-10230

• Master/Terminal Menu 10240—10510

Utility Routines 10550—10600

Intro Remarks 10620—10880
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Section 2, REGR DATA

REGR DATA handles data management for the Regression

Analysis programs BIVAR REGR and MULVAR REGR. It is currently

12300 bytes in size and requires 8700 bytes array space.

TABLE VIII

Logical Programming Blocks, REGR DATA

BLOCK LOCATION

Introduction 10000—10220

Data Entry Menu 10230-10340

Master Menu 10360—10580

Terminal Menu 10600-10850

Utility Subroutines 10890—11050

Interactive Data Entry 11070—11780

Display Database 11790—12700

Print Variable Heading 12720—12950

Database Editing 12970—14760

Read/Write Disk Files 14780—15150

Instructions 15170—154 30
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TABLE IX

Key Variables Guide , REGR DATA

VARIABLE PURPOSE

D(*,*) Main Database Array

N Total Number of Observations

NC Number of Columns for Formats

NV Number of Variables in Database

SN( *) Sorting Array for Number of Observations

VAR$ ( *) Array of Variable Names

112 H
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Section 3, BIVAR REGR

BIVAR REGR provides the bivariate regression routines

for the Regression Analysis collection of programs. It is

currently 16700 bytes in size and requires up to 10700 bytes

array space.

TABLE X

Logical Programming Blocks, BIVAR REGR

BLOCK LOCATION

Introduction 10000—10140
Bivariate Model Selection 10160-10410
User-Defined Model 10430-11110
Selection of Variables 11130—11330
Curve Fit Control 11410—11890
Termination 11910—12150
Utility Subroutines 12190—12340
Variable Listing Routine 12360-12510
Regression Models 12530—14690
Means and Std Deviations 14710—14860
Curve Fit Statistics 14880—15200
Residuals 15220—15460
Prediction of Values 15480—15770
Read/Save Disk Files 15790—16090
Instructions 16110—16520
User—Defined Transforms 16540—16650
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TABLE XI

Key Variables Guide, BIVAR REGR

VARIABLE PURPOSE

A(*) Array of Regression intercepts
B(*) • Array of Regression coef ficients
BC Index of Current bivariate model
D(*,*) From REGR DATA
lB Sum of i/X(I) . Y(I)
IV Index of Independent Variable
IX Sum of l/X(I)
IY Sum of l/Y(I)
Li Sum of (Log(X(I)))2
LX Sum of Log (X(I))
N Total number of observations
NV Total number of variables
R(*) Array of R2 values

L SERR( *) Array of Standard Error values
SXIY Sum of X ( I ) / Y ( I )
SYIX Sum of Y(I)/X(I)
TV Number of transform variables
VAR$ (*) From REGR DATA
X(*) Independent Variable Data Array
Xi Sum of X(I)
X2 Sum of X(I)2
X12 Sum of l/X(I)2
XMEAN Mean of X( *)
XSD Standard Deviation of X(*)
Y(*)  Dependent Variable Data Array
Yl Sum of Y ( I )
Y2 Sum of Y ( I ) 2
Y12 Sum of l/ Y ( I )2
YLX Sum of Y(I) • L O G ( X ( I ))

YMEAN Mean of ~ (*)
I YSD Standard Deviation of Y(*)
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Section 4, BIVAR HIRE S

BIVAR HIRE S is a subprogram called by BIVAR REGR and

produces a high resolution graphics display of the raw data

and curve model. It is currently 2200 bytes in size and

requires 8000 bytes of memory for the graphics screen plus

up to 400 bytes array space.

TABLE XII

Logical Programming Blocks , BIVAR HIRES

BLOCK LOCATION

Introduction 10000—10100

Plot Boundary of Graph - 10150-10230

Determine Extremities 10250— 10320

Plot Cross Hairs for Origin 10340—10370

Plot Data Points 10390—10440

Plot Regression Curve 10460—10540

Termination 10560—10650

Sort Routine 10690—10760

Curve Fit Subroutines 10780—10860
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TABLE XIII

Key Variables Guide, BIVAR HIRES

VARIABLE PURPOSE

A(*), B(*), BC From BIVAR REGR

BX, UX Left and right edges of graph

BY , UY Bottom and top edges of graph

H (*) Temporary sort array

HO, VO HIRE S coordinates of origin

HS, VS Horizontal and vertical scale factors

X( *) ,  Y(*)  From BIVAR REGR

XI’, YP HIRES coordinates of data points
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Section 5, MULVAR REGR

-. 
MULVAR RFGR provides the multivariate regression routine3

for the Regression Analysis collection of programs. It

currently is 13500 bytes in size and requires 19700 bytes

array space.

TABLE XIV

Logical Programming Blocks , MULVAR REGR

BLOCK LOCATION

Introduction 10000—10120
Multivariate Model Selection 10140—10300
User—Defined Model - 10320—11000
Select-ion of Variables 11020— 11260
Output Options 11280—11460
Means and Std Deviations 11490-11690

13530—13700
Correlation Coefficients 11710-11840

13720—14050
Regression Coefficients/Statistics 11860—12710
Prediction of Values 12730—12770

14590—14770
Termination 12790—13110
Utility Subroutines 13160—13340
Variable Listing 13360—13510
Variance—Covariance 14070—14390
Residuals 144 10—14570
Read/Write Disk Files 14790—15090
Instructions 15110—15530
User—Defined Transforms 15550—15667
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TABLE XV

Key Variables Guide , MULVAR REGR

VARIABLE PURPOSE

Reduction matrix

B(*) Regression coefficients

D(*,*) From REGR DATA

ESS Error Sum of Squares

IV Number of independent variables

M Number of regression variables

M(*) Regression variable means

N, NV From REGR DATA

Output options

Q( *) RESIDUALS

All correlation coefficients

R2 R2 value

RV ( *)  Regression variable indices

S( *)  Regression variable std deviations

SD(*) All std deviations

T(*) All means

Regression variable corr coefficients

V(*) Transform temporary array

VAR$ (*) From REGR DATA

yE Variance of the Estimate
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Section 6, LINPROG

LINPROG implements the simplex method of Linear Program-

ming. It is currently 23400 bytes in size and requires 9200

bytes array space.

TABLE XVI

Logical Programming Blocks, LINPROG

BLOCK LOCATION

Introduction 10000—10210

Data Entry Menu 10230—10390

Master Menu 10410—10640

Output Options 10670—10830

Set Up Slack, Surplus, Artificial Var 10850—11380

Phase I Simplex 
- 

11510—13010

Phase II Simplex 13040—14230

Optimal Solution 14250—14660

Termination 14680—14720

Utility Subroutines 14760—14960

LI’ Tableau 14980-15460

Intermediate Solutions 15480—15760

Interactive Model Entry 15780-17120

Display Function 17140—17230

Edit Functions 17250—19690

Dismantle Original Array 19710—20230

Read/Save Disk Files 20250—20640

Instructions 20660—20740
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TABLE XVII

Key Variables Guide, LINPROG

VARIABLE PURPOSE

Constraint coefficients
B(*) Right Hand Side values

C(*) Obj Function coefficients
CST$(*) Constraint names

CT$(*) Constraint inequalities
D(*) Basic variable subscripts

B Number of equality constraints
F(*) Phase I Obj Function vector
G Number of greater than constraints
L Number of less than constraints
NC Number of constraints
NV Number of decision variables

OBJ$ Objective being optimized

P$ Printer option
Output options
Complete model in string array

TV Total number of simplex variables
V(*) Incoming Variable Index
VAR$(*) Names of variables
Z Z—value
Z(*) Z-row vector

Zl +1 for max problems or -l for mm problems
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Section 7, DECISION

DECISION implements the Value Matrix Decision Aid. It

is currently 21400 bytes in size and requires 8700 bytes

array space.

TABLE XVIII

Logical Programming Blocks, DECISION

BLOCK LOCATION

Introduction 10000—10270

Data Entry Menu 10290—10400

Master Menu 10420—10640

Evaluation Control/Termination 10660-10720

Utility Subroutines 10760—11050

Interactive Model Formulation 11070-13580

Evaluation of Matrices 13600—14260
Sensitivity Analysis 14280—15510

Read/Write Disk Files 15530—15970
Edit Functions 15990—17330

Display Functions 17350—17810
Instructions 17830—18600
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TABLE XIX

Key Variable Table, DECISION

VARIABLE PURPOSE

CP(*) Value matrix combined on states, per criterion
CR$(*) Criterion names

CV(*,*) Value matrices, combined across criteria
EV(*) Expected Values
FAC Sensitivity scale factor
M$ Max or Mm

NC Number of Criteria

NOP Number of Options
NP(*) Normalized State probabilities

NS Number of States
NW(*) Normalized Criterion weights
OP$(*) • Option names

PS Printer option

P(*) State likelihoods

RP(*) Revised probability/weight for sensitivity

SN$(*) State names

V (*,*,*) Value matrices

W(*) Criterion weights

‘4
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Section 8, Programming Language Guide

This section outlines the major Apple computer system—

dependent procedures and programming language statements that

are used in the CAANM software package.

This section is intended only to help users understand

some of the basic technical procedures and to help programmers

interpret Apple statements for possible translation. Pro-

grammers and users both should refer to the Apple computer

reference manuals (Ref 3) and (Ref 4) for greater detail.

System Initialization: First insert the CAAMM software disk-

ette into the disk drive and turn on the computer. Prom BASIC

type “PR#7” where 7 is the slot number of the disk drive con-

troller card inside the computer. The control program CAAMM

MASTER will automatically run and present the different

analysis options.

Disk Operating System

CATALOG - displays the names of all files on a diskette.

PR#7 - initializes the disk drive when its controller

card is in slot 7.

• CHAIN - permits one program to load into memory over the

top of the first program, without destroying data. This com-

mand is only available if the assembly language routine CHAIN

is on the diskette in the disk drive.

OPEN , CLOSE, WRITE , READ - used to open, close , write

data to, and read data fran disk text files.
123
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EXEC — executes successive lines in a test file as if

they had just been typed from the keyboard; can be used to

create new program lines.

Printer Control

PR#7 - initializes the printer when its interface card

is in slot 7.

POKE 1148,32 - initializes the printer for 600 baud data

transmission rate , using Apple serial interface.

POKE 1788,40 - sets up 40 column printed output, using

Apple serial interface.

Screen Display Control

HOME - clears the current scrolling window and positions

the cursor at the top.

VTAB, HTAB - move cursor vertically , horizontally.

CALL -998 - moves cursor up one line.

CALL —958 - clears screen from point of cursor to bottom

of page.

POS (0) - returns current cursor position.

POKE 34,T - protects the top T lines on the screen.

POKE 33,W — sets width of new scrolling area.

POKE 32,L - protects the left L columns on the screen.

TEXT - resets the scrolling area to full 40 x 24 format.

Data Input

INPUT “XYZ” ; A$ - prints “XYZ’ on the screen and waits

for user input for A$; requires {RE’ruRN} following entry.
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GET A$ - waits for a one-character input for AS; does

not need {RETURN}

High Resolution Graphics

HGR2 — ini tializes 2d HIRE S screen for multicolor , 280x192

point high resolution graphics display .

HCOLOR - sets color for next plotting.

HPLOT X,Y - plots one dot as screen coordinates (X,Y),

measured from upper left corner of screen.

Variables

A - real variable; for numeric data only.

A$ — string variable for alphanumeric data; maximum

length is 255 characters.

Variable Names - may be up to 255 characters long, but

only the first two characters are significant.

Final Notes

Software development on the Apple computer is currently

confined by the lack of a standard 80—column display, the

lack of matrix operators , and the lack of formatted printing

statements. Such restrictions have been largely overcome in

the CAAMM software package, but programmers using computers

with such capabilities should exploit them by program

modification.
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Ai~’PENDIX C

CAAMM Program Listings

This appendix includes actual CAAMM software listings.

Remark lines help identify major routines and logical blocks.
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Section 1, CAAMM MASTER

10000 IF CFLAC > 0 THEN 10240
10010 CLEAR : TEXT : HOME : VIA? 2
10020 PRINT “ * * * * * * * *  * * * * * t * * * * t * ”
10030 PRINT
10040 PRIt4T ”* C O M P U T E R  A S S I S T E D  *“
10050 PRINT
10060 PRINT “*• A N A L V S I S
10070 PRINT
10080 PRINT “* F 0 R
ioo~o PRINT
10100 PRINT ” * M I L I T A R Y  M A N A G E R S * ”
10110 PRINT
10120 PRINT “$
10130 PRINT C C A A M H )~
10140 PRINT “* V
10150 PRINT
10160 PRINT “* BY V
10170 PRINT
10130 PRINT U* ROBERT D. CONTE 1”
10190 PRINT
10200 PRINT ~* * * * * * * * * * * * * * * * * * * V
10210 BELL$ = ‘~~~~~ REM — BELL
10220 D$ = CHR$ (13) + CHR$ (4)
10230 VIA? 24: INPUT “ 110 YOU WANT INTRODUCTORY RENARXS7 ;A$ : IF LE

FT$ (A $ , 1)  “Y” THEN GOSUB 10630
10240 PRINT BELL$t TEXT : HOME : VIA? 2
10250 PRINT TAB~ 9) ”CAAMM MASTER MENU”
10260 PRINT TAB( 9) ”====— ====== ===—— ”
10270 PRINT
10280 PRINT “YOU MAY SELECT ONE OF THE FOLLOWING: ”
10290 PRINT
10300 PORE 33~36: POl~E 32,410310 f’RINT : PRINT
10320 PRINT “1. REGRESSION ANALYSIS ”
10330 PRINT : PRINT
10340 PRINT “2. LINEAR PROGRAMMING”
10350 PRINT : PRINT
10360 PRINT “3. MATRIX DECISION AID”
10370 PRINT : PRINT : PRINT
10380 PRINT “4. U QUIT CAA MM PACKAGE **“
10390 TEXT
10400 VIA? 23: HTAB 9~ INPUT WHICH SELECTION? “ ;As :s = INT c VAL (A

10410 IF S < 1 OR S > 4 OR A$ = ““ THEN CALL — 998: GOTO 10400
10420 IF S = 4 THEN 10500
10430
10440 REM U CHAIN ANALYSIS PROGRAMS **
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10450 CFLAC = 1
10460 PRINT D$;”BLOAIi CHAIN, A520”
10470 IF S = 1 THEN CALL 520”REGR IIATA”
10480 IF S = 2 THEN CALL 520”LINPROG”
10490 IF S = 3 THEN CALL 520”t’ECISION”
10500 TEXT : HOME : VIA? s: PRINT “THANK you ,,.’: PRINT : PRINT “ HO

PE YOU GOT WHAT YOU NEEDED !! “ :  UTAB 12
10510 END
10520
10530 REM **********************fl*****************:*************s****

10540
10550 REM ** UTILITY SUBROUTINES U
10560 VTAB 23: COSUB 10590: PRINT TAB: 6); ” HIT ‘RETURN’ TO PROCEED.,.
‘;: GET A$ PRINT

10570 RETURN
10580
10590 PRINT
10600 RETURN
10610
10620 REM U INTRODUCTORY REMARKS **10630 HOME
10640 PRINT TAB ( 8) ”CAAHM SOFTWARE PACKAGE ”
10650 PRINT TAB( 8 ) ” ===== = = = =— = =====—~“

10660 PRINT : PRINT
10670 PRINT THE C.A,A,M.M. SOFTWARE PACKAGE IS DESIGNED TO MEET I
HE NEEDS OF”

10680 PRINT
10690 PRINT TAB( 9) ”MANAGERS AWL’ ANALYSTS ”
10700 PRINT
10710 PRINT “FOR EASY—TO—USE , TIME-SENSITIVE COMPUTERSUF F ORT .”
10720 PRINT : PRINT
10730 PRINT “ THE PACKAGE DOES NOT INCLUDE EVERY ANALYSIS TECHNIQUE
, BUT IT DOES INCLUDE THREE OF THE MOST USEFUL:”

10740 PRINT
10750 PRINT TAB 10);”RECRESSION ANALYSIS ”
10760 fRINT
10770 PRINT TAB ( 10 );“LINEAR PROGRAMMING”
10780 PRINT
10790 PRINT TAB( 10 )“IIATRIX DECISION AID”
10800 COSUB 10360
10810 HOME : VIA? 5
10820 PRINT TAB( 15 ) BELL$ ”** NOTE **“
10830 PRINT : PRINT
10840 PRINT “ FOR RAPID PROGRAM TRANSIT IONS~”
10850 PRINT
10860 PRINT “ALL ‘YES/NO ’ TYPE QUESTIONS OR PROHF’TSCAN BE ANSWERED BY

‘Y’ FOR ‘YES’ OR BY ’N’ OR A SIMPLE ‘RETURN’ FOR ‘NO’ ....”
10870 COSUP 10560
10880 RETURN
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Section 2, REGR DATA

10000 IF RL’FLAG = 1 THEN 10180
10010 IF RDFLAG = 2 THEN 10370
10020 BELLS = “ “ :  REM — BELL
10030 PRINT BELLS
10040 TEXT : HOME : VIA? 5
10050 PRINT ” * * * * * * * * * * * * * * * * * * * * ”
10060 PRINT
10070 PRINT “ R E C R E S S I U N”
10080 PRINT
10090 PRINT “ A N A L Y S I 5”
10100 PRINT : PRINT
10110 PRINT “ BY”
10120 PRINT
10130 PRINT “ ROBERT LI. CONTE ”
10140 PRINT
10150 PRINT ” * * * * * * * * * * * * * * * * * * * * ”
10160 VTAB 24:  INPUT “ DO YOU WANT INTRODUCTORY REMARKS? “ ;As : IF LE

FT$ (A $~ 1) = “Y” THEN GOSUB 15170
10170
10180 CLEAR
10190 REM — DIMENSIONED FOR 20 VARIABLES , 83 OBSERVATIONS
10200 DIM D( 80~20),SN( 10) ,VAR$ ( 20 )
10210 DS = CHR$ (13) + CHR$ (4 )
10220
10230 TEXT : HOME : POKE 33,38: POKE 32s2
10240 VTA B 5
10250 PRINT “ TO ENTES DATA, YOU CAN:”
10260 PRINT “

10270 PRINT PRINT PRINT
10280 PRINT “1. READ EXISTING DATA BASE FROM DISK”
10290 PRINT : PRINT -

10300 PRINT “2. CREATE DATA BASE INTERACTIVELY”
10310 TEXT
10320 VTAB is: HTAB 7 INPUT “WHICH METHOD? “;AS:DE = VAL (A S ) :  IF AS

= ““ THEN COSUB 14780: GOTO 10370
10330 IF BE < 1 OR BE > 2 THEN CALL — 998: COTO 10320
10340 ON BE GOSUB 14780,11070: GOTO 10370
10350
10360 REM - MAIN MENU
10370 HOME : POKE 33,34: POKE 32,6
10380 VIA? 3
10390 X = FRE (0) REM — CLEANS UP UNUSED STRING VALUES
10400 PRINT “ DATA MANAGEMENT”
10410 PRINT “

10420 PRINT : PRINT
10430 PRINT “1. DISPLAY DATA BASE”
10440 PRINT
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10450 PRINT “2. EDIT DATA BASE ” -

10460 PRINT
10470 PRINT “3. SAVE DATA BASE TO DI SK”
10480 PRINT
10490 PRINT “4. ENTER ANOTHER DATA BASE”
10500 PRINT
10510 PRINT “5. QUIT PROGRAM” -

10520 PRINT : PRINT
10530 PRINT “6. RUN REGRESSION ANALYSIS”
10540 TEXT
10550 VTAB 22: HTAB ii: INPUT “WHICH OPTION? “A $ D0 VAL (AU: IF A
$ = “‘ THEN 10600
10560 IF DO I OR DO 6 THEN CALL - 998: COb 10550
10570 ON DO GOSUB 11790~ 12970,14990: IF DO 4 THEN 10370
10580 ON DO — 3 COlD i0180~10830~ I0600
10590
10600 TEXT : HOME : VTAB 3
10610 PRINT “PLEASE SELECT ONE ~OF THE METHODS BELOW:”10620 PRINT “ 

10630 VTAB 8
10640 PRINT “1 , BIVARIATE REGRESSION ANALYSIS”
10650 PRINT
10660 PRINT “ (FOR DATA SETS OF ONE DEPENDENT”
10670 PRINT “ ANLI ONE INDEPENDENT VARIABLE)”
10680 VTAB 15
10690 PRINT “2. MULTIVARIATE REGRESSION ANALYSIS”
10700 PRINT
10710 PRINT “ ( FOR DATA SETS OF ONE DEPENDENT”
10720 PRINT “ AND ONE OR MORE INDEF VAR IABLES)”
10730 PRINT
10740 VTAB 22
10750 INPUT “ WHICH METHOD? “ ;AS:Cn = VA L (AS )
10760 IF CM < 1 OR CM > 2 THEN CALL - 998: GOTO 10750
10770
10780 REM XX CHAIN CURVE FIT PROGRAMS **10790 PRINT DU”BLOAD CHAIN, A520” -

10800 IF CM = 1 THEN CALL 520”BIVAR RECR
10810 IF CM = 2 THEN CALL 520”MULVAR RECR”
10820
10830 PRINT D$ ”BLOAD CHAIN, A520”
10840 CALL 520”CAAMM MASTER”
10850 END
10860
10870 REM ************************** ************* ic *** **U***********
10880
10890 REM *5 UTILITY SUBROUTINES **
10900 VIA? 23: GOSUB 10930: PRINT “ HIT ‘RETURN’ 10 PROCEED.. , “ ; :
GET As: PRINI

10910 RETURN
10920
10930 PRINT “ 
10940 RETURN
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10950
10960 TEXT : POKE 34,23: VIA? 23: COSUB 10930: INPUT “ NEED TO MA

KE CHANCES? “;AS :As = LEFTS (~~~,1)10970 RETURN
10980
10990 VIA? 23: GOSUB 10930: PRINT “HIT ‘RETURN’ TO CO ON, OR ‘0’ TO OUI
I “;

11000 GET As: IF ASC (AS ) = 81 THEN 10830
11010 PRINT
11020 RETURN
11030
11040 PRINT : VIA? 23: COSUB 10930: INPUT “ EDIT ANOTHER? “;As:A
$ = LEFTS (AS ~1): PRINT

11050 RETURN
11060
11070 REM 5* INTERACTIVE DATA ENTRY 5*
11080 TEXT : HOME
11090 PRINT “INTERACTIVE DATA BASE ENTRY”
11100 PRINT “ 

11110 PRINT : PRINT
11120 POKE 34,4
11130 INPUT “ HOW MANY VARIABLES 2—20 ’? “;AS:NV = VAL (An : IF NV
< 2 OR NV > 20 THEN CALL — 998 : COTO 11130

11140 - PRINT
11150 INPUT “MAX DIGITS PER ENTRY (1—15 )? “~A S: FW = VAL (A f l  + 2 IF

FU < 7THEN F W = 7
11160 IF FW > 15 THEN CALL — 998: GOlD 11150
11170 NC = INT C35 / FW~~ REM — NUMBER OF COLUMNS
11180 PRINT
11190 PRINT “NAME THE VARIABLES BELOWi WITH 1—6 CHAR:”
11200 VTAB 12
11210 FOR J = 1 10 NV
11220 IF .1 > 10 THEN POKE 33~20: POKE 32,20 : VTA B J + 1
11230 PRINT “v ”;~ ;”r’; TAB( 7)~~ INPUT “= “ ;As:vAR S(J) = LEFTS ( As ,
6)

11240 NEXT J
11250 TEXT
11260 REM — CHANGES?
11270 COSUB 10960: IF AS > < “Y” THEN 11320
11280 COSUB 11670 : IF CE = 0 THEN 11320
11290 VARS (CE) = LEFTS (A$v6)
11300 GOTO 11280
11310
11320 TEXT : HOME : VIA? 5
11330 INPUT “ NEED INSTRUCTIONS FOR DATA ENTRY? “A $
11340 IF LEFTS (AS ~1.) = “Y” THEN COSUB 15310
11350 HOME : YTAB 2
11360 SN(0) = 9999
11370 PRINT “ENTER THE VALUE FOR EACH OBSERVATION ANDVARIABLE; HIT ‘RE
TURN’ AFTER EACH ENTRY”

11380 PRINT ‘TO STOF’ INPUT. HIT ‘RETURN’ U/O ENTRY. ”
11390 GOSUB 10930: POKE 34,11

13].

______ - 

~“ ~~~~~ ~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ 

- — — --
~~~~~~~ 

- 
~~~~~

— 
~~~~~~~~~~



11400 AV = 0~ IF NV / NC > INT (NV / NC) THEN AU = 1
11410 K = i REM - 1ST BLOCK OF NC VARIABLES
11420 COSUB 12720
11430 I = 1~ REM - 1ST OBSERVATION
11440 PRINT 1 TAB( 6)
11450 FOR ‘1 = N * NC — NC + 1 TO K * NC
11460 INPUT ““;As:D (I,J) = VAL (As): IF AS = lN THEN 11530
11470 IF J = NV THEN 11500
11480 - CALL — 998: HTAB FU * (J — (K - 1) * NC) + 6
11490 NEXT J -

11500 PRINT
11510 I = I + 1 IF I > 80 THEN 11530
11520 COlD i1~40
11530 SN (K) = I — i IF S N( K) SN( t( — 1) THEN N = S N ( K )
11540 CALL — 998 CALL — 958: PRINT : PRINT “DATA ENTRY STOPPED...”
11550 PRINT “ TOTAL OF “ N ”  COMPLETE OBSERVATIONS .”
11560 IF N > 2 THEN 11610
11570 PRINT PRINT BELL$;”** SORRY , BUT THAT ’S NOT ENOUGH FOR ANY Ti~ E

OF REGRESSION ANALYSIS H”
11580 PRINT : PRINT “ENTER MORE DATA OR QUIT NOW H”
11590 PRINT PRINT : COSUB 10990
11600 COlD 10230
11610 PRINT : PRINT : GOSUB 10900
11620 K = K + i: IF K > INT (NV / NC) + AU THEN 11640
11630 COTO 11420
11640 TEXT :DE = 0
11650 RETURN
11660
11670 REM U VARIABLE NAME CORRECTION ROUTINE **11680 VIA? 24: INPUT “INDEX OF ITEM TO CHANGE (0 TO STOF )? “~ A$:CE
NT ( VAL (As)): IF AS = ““ OR CE = 0 THEN RETURN
11690 IF CE > NV OR CE < 0 THEN 11680
11700 IF CE > 10 THEN 11740
11710 REM - SET WINDOW TO PROTECT PARTS OF SCREEN
11720 POKE 33,19: POKE 32,1: VIA? CE + ii: HTAB 8
11730 COTO 11750
11740 POKE 33,20 : POKE 32,20 : VTA B CE + 1: HTA B 9
11750 INPUT ““ A5
11760 POKE 32,0: POKE 33~4011770 RETURN
11780
11790 REM 5* DISPLAY DATA BASE *5
11800 IF PS = ‘Y” THEN PRINT Ds;”PRso”
11810 TEXT : HOME : VIA? 5
11820 PRINT TAB( 8) ”DATA BASE DISPLAY OPTIONS”
11830 PRINT TAB( 8) ;” 
11840 PRINT : PRINT : PRINT
11850 POKE 33,32: POKE 32,8
11860 PRINT
11870 PRINT “1. ENTIRE DATA BASE”
11880 PRINT
11890 PRINT “2. BY VARIABLE ”
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11900 PRINT
11910 PRINT “3. BY OBSERVATION”
11920 PRINT : PRINT
11930 PRINT ‘4. RETURN TO LAST MENU”
11-940 TEXT
11950 VTAB 22: HTAB 13 INPUT ‘WHICH? “~ A$~ DP = INT ( VAL (A S ) )
11960 IF AS = “‘ OR DR = 4 THEN AU = 0:AV = 0 RETURN
11970 IF DR < 1 OR DP > 4 THEN CALL - 998: GOTO 11950
11980 CALL — 998 : CALL — 958: INPUT ‘ DO YOU WANT IT ROUTED TO THE PR
INTER? ‘;Ps:Ps = LEFTS (FS , i )

11990
12000 IF PS = ‘Y” THEN PRINT Ds;”PR44” : PRINT : POKE 1148.32: POKE 178
8,40: PRINT : GOSUB 10930: PRINT PRINT
12010 AV = 0~ IF NV / NC > INT (NV / NC) THEN AU = 1
12020 AD = 0 IF N / 15 > 1141 (N / 15) THEN AD = 1
12030
12040 HOME
12050 ON OP 0010 12480,12070,12300
12060
12070 REM — BY VARIABLE
12080 GOSUB 13340
12090 PRINT “WHICH VARIABLE (1— ”~UV ” )? “ :  INPUT “ “ D V I
12100 IF VI < 1 OR VI > NV THEN CALL — 998 : COlD 12090
12110 HOME
12120 PRINT TAB( 6) VAR$ (VI )
12130 PRINT
12140 PRINT TAB( 6) ;”vc” ;v I ;” ) ’  -

12150 PRINT TA B( 6 ) ” — — — — ’
12160 POKE 34,4
12170 FOR U = 1 TO INT (N / 15) + AU
12180 IF 0 / 2 = 1141 (0 / 2) THEN POKE 33.20 : POKE 32,20 : HOME VT

A B S
12190 F O R I = 0 * 1 5 — 14 T O Q * l 5
12200 PRINT I~ TAB( 6);D(I,VI )12210 IF I / 5 = 1141 (I / 5) THEN PRINT
12220 IF I = N THEN TEXT : 0010 12270
12230 NEXT I
12240 IF 0 / 2 = 1141 (Q / 2) ANtI DO = I THEN TEXT : GOSUB 10900: HOME

12250 NEXT 0
12260 VI = 0
12270 COSUB 10900
12280 0010 11800
12290
12300 REM - BY OBSERVATION
12310 VIA? 5
12320 PRINT “WHICH OBSERVATION u—’;NP )? “;: INPUT ““;OI
12330 IF 01 < 1 OR DI > N THEN CALL - 998: 0010 12320
12340 HOME : VIA? 3 POKE 34,5
12350 PRINT “OBSERVATION “;Oi
12360 PRINT ‘ 
12370 PRINT

133

W~~~~~ ~~~~~~~~~~~~~~~~~~~~~



12380 FOR .1 = 1 TO NV
12390 PRINT ‘V (”J” )” TAB ( 7) VA RS(J) TAB( FU + 7);o (OI,J)
12400 IF J = NV THEN 12430
12410 IF ~J / 5 = 1141 (J / 5) THEN PRINT
12420 IF J / 15 = 1141 U / 15) THEN GOSUB 10900: HOME
12430 NEXT J
12440 DI = 0
12450 GOSUB 10900
12460 COTO 11800
12470
12480 REM - ENTIRE ARRAY
12490 K 1~ REM — 1ST BLOCK OF NC VARIABLES
12500 COSUB 12720
12510 POKE 34,4
12520 FOR U = 1 TO 1141 (N / 15) + AD
12530 F O R I = O * 1 5 — 14 100 * 15
12540 PRINT 1 TAB ( 6)
12550 F O R J = K * N C — N C + I T Q N * N C
12560 PRINT tI( I,.J); TAB( FW * (J - (N - 1) * MC) + 6);
12570 IF PUS (H) = 0 THEN CALL - 998
12580 IF .1 = NV THEN 12600
12590 NEXT J
12600 PRINT
12610 IF I / S = 1141 (I / 5) THEN PRINT
12620 IF I = N THEN 12670
12630 NEXT I
12640 PRINT
12650 IV DO = 1 THEN CUSUB 10900: HOME
12660 NEXT a
12670 IF DO = 1 THEN PRINT : COSUB 10900 TEXT : HOME
12680 K = K + 1 : I F K >  INT (NV / NC + AV THEN 12700
12690 0010 12500
12700 NC = NC / Do: 0010 11800
12710
12720 REM *5 PRINT VARIABLE LABELS **
12730 REM - PRINTS NC VARIABLES ACROSS
12740 IF DE = 2 THEN VIA? 8
12750 HTAB 6 CALL — 958
12 7 6 0 J = K *N C — N C + 1
12770 PRINT V A R $ J;  TAB ( Rd * U — (K — 1) * NC) + 6)
12780 IF J = NV THEN 12800
12790 J = J + i: IF J < = K * NC THEN 12770
12800 VIA? 3
12810 IF bE 2 THEN UTAB 10
12820 HThB 6
12830 ~J K * NC — NC + I
12840 PRINT “V (”J ” ‘; IAB( FW * (.1 — (K — 1) * NC) f 6)12850 IF J z NV THEN 12870
12860 4 = J + i: IF J ( = K * NC THEN 12840
12870 VIA? 4
12880 IF DE = 2 THEN VIA? 11 :,~12890 HTAB 6
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1 2 9 0 0 J = K *N C - N C + 1
12910 PRINT “-——— ‘; TAB( Rd * (4 — (K — 1) * NC) + 6)
12920 IF .3 NV THEN 12940
12930 .3 = .J + 1~ IF .3 < K * NC THEN 12910
12940 PRINT
12950 RETURN
12960
12970 REM *5 DATA BASE EDITING 5$
12980 TEXT : HOME : POKE 33,35: POKE 32.5
12990 VIA? 3
13000 PRINT “ DATA BASE EDIT FUNCTIONS:”
13010 PRINT “

13020 PRINT : PRINT
13030 PRINT “1. DELETE A VARIABLE”
13040 PRINT ‘2. DELETE AN OBSERVATION”
13050 PRINT
13060 PRINT “3. ADE’ A VARIABLE”
13070 PRINT “4. ADD AN OBSERVATION”
13080 PRINT
13090 PRINT “5. CHANCE DATA BY VARIABLE”
13100 PRINT “6 . CHANGE DATA BY OBSERVATION”
13110 PRINT “7. CHANCE INDIVIDUAL DATA ENTRY”
13120 PRINT : PRINT
13130 PRINT “8. RETURN TO LAST MENU”
13140 TEXT
13150 VTAB 21 HTAB 1O~ INPUT “WHICH? “;As:ttC = VAL (As ) :  IF AS
OR DC = 8 THEN RETURN

13160 IF DC < 1 OR DC > 8 THEN CALL - 998: 0010 13150
13170 ON DC COTO 13470,13610,13760,13910,14070,14330 ,14550: 0010 13190
13180
13190 REM — COMPRESS DATA BASE
13200 0 = 0
13210 FOR .3 = 1 10 NV
13220 IF J = V i THEN 13310
13230 Q = Q + 1
13240 VAR$ (0) = VARS(J
13250 R = 0
13260 FOR I = 1 TON

• 13270 IF I = DI THEN 13300
13280 R = R + I
13290 D (RvQ) = 0(1,4)
13300 NEXT I
13310 NEXT .3
13320 RETURN
13330
13340 REM - LIST VARIABLES
13350 PRINT : PRINT : PRINT
13360 FOR J = 1 10 MV
13370 IF J > 10 THEN POKE 33,20: POKE 32.20: VIA? .3 — 3
13380 H = 3 : I F J = I 0 I H E N H = 2
13390 PRINT “vc”;J;” ’; SPC( H)~VAR$ (J)13400 IF NV < 6 THEN PRINT
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13410 NEXT J
13420 TEXT
13430 IF DC = 7 THEN VIA? 21: COSUB 10930: RETURN
13440 VIA? 23: COS’JB 10930: VTAB 24
13450 RETURN
13460
13470 REM — DELETE VARIABLE
13480 HOME : VIA? 3
13490 PRINT “DELETE VARIABLE”
13500 PRINT “ “
13510 COSUB 13340
13520 PRINT “WHICH VARIABLE ( 1— ”;NV ;” )‘? “;: INPUT ““;As : IF AS = ‘“ TH
EN 12980

13530 VI = VAL (As): IF VI < 1 OR VI > NV THEN CALL - 998: COTO 13520

13540 GOSUB 13190
13550 FOR I = 1 TO N:D (I,NV ) 0~ NEXT 113560 HOME : PRINT BELLS: COSUB 13340
13570 NV = NV - 1V I 0
13580 POKE 34,23: GOSUB 11040: IF AS = “Y” THEN 13480
13590 0010 12980
13600
13610 REM - DELETE OBSERVATION
13620 HOME : VIA? 3
13630 PRINT “DELETE OBSERVATION”
13640 PRINT ‘ 
13650 PRINT : PRINT
1-3660 PRINT ‘WHICH OBSERVATION 1— ’~N~” ? “;: INPUT “‘;As: IF AS =

THEN 12980
13670 DI = VAL (AS): IF DI < 1 OR 01 N THEN CALL — 998: COTO 13660
13680 COSUB 13190
13690 FOR .3 = 110 NV~D N.J = 0~ NEXT .313700 HOME : VIA? 10
13710 PRINT BELLS ”** OBSERVATION ‘;oi;” HAS BEEN DELETED”
13720 N = N — 1:01 = 0
13730 COSUB 11040 IF AS = “Y” THEN 13620
13740 0010 12980
13750
13760 REM - ADD VARIABLE
13770 TEXT : HOME : VIA? 3
13780 PRINT ‘ADD A VARIABLE”
13790 PRINT
13800 COSUB 13340
13810 IF NV = 20 THEN PRINT “SORRY, BUT THAT’S THE MAXIMUM!”: 038W? 10
900: 0010 12980
13820 AVAR = 1~ REM - FLAG FOR SUBROUTINE
13830 INPUT ‘NAME OF NEW VARIABLE? “;As: IF AS = ‘“ THEN 12980
13840 NV = NV + 1 :VI = Nv
13850 VARS(VI) = LEFTS (A S ,6 )
13860 0010 14140
13870 AVAR = 0
13880 COSUB 11040 IF AS = “r’ THEN 13770
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13890 0010 12980
13900
13910 REM -ADD OBSERVATION
13920 IF N < 80 THEN 14000
13930 - TEXT : HOME : VIA? 3
13940 PRINT ‘ADEI AN OBSERVATION ”
13950 PRINT
13960 PRINT : PRINT
13970 PRINT BELLS; “YOU CURRENTLY HAVE 80 OBSERVATIONS . ”
13980 PRINT : PRINT
13990 PRINT “SORRY , BUT THAT’S THE MAXIMUM!”: COSUB 10900: 0010 12980
14000 N = N + i:oi = N
14010 AOBS = 1~ REM - SET FLAG FOR SUBROUTINE
14020 0010 14400
14030 AUBS = 0
14040 COSUB 11040~ IF’ AS = “1” THEN 13930
14050 0010 12980
14060
14070 REM - CHANCE A VARIABLE
14080 TEXT : HOME VTAB 3
14090 PRINT ‘CHANCE DATA BY VARIABLE”
14100 PF:INT “ “
14110 COSUB 13340
14120 PRINT ‘WHICH VARIABLE ( 1— ” ;NV;” )? “;: INPUT ““;As : IF AS = ‘“ TH
EN 12980
14130 VI = VAL (As): IF VI < I OF: VI > NV THEN CALL - 998: COTO 14120

14140 HOME : VIA? 7

14150 PRINT TAB( 6HVARE~’I)14160 PRINT
14170 PRINT TAB ( 6 ;’V ”;V I;”’
14180 PRINT TAB. 6)’—— —— ”
14190 PRINT
14200 PRINT TAB( 6);”CUF:RENT CHANCE TO’
14210 PRINT -

14220 POKE 34,9
14230 PRINT
14240 FOR 1=  lIO N

• 14250 PRINT fl TAB( 6) 0(I,VI)i TAB( 17)~ INPUT “ “ A S IF A S = ‘“ TH
EN 14270

14260 11(1,1)1) VAL (AS )
• - 14270 NEXT I

14280 PRINT : PRINT
14290 IF AVAR = 1 THEN 13270
14300 005W? 11040~ IF AS = NY” THEN 14080
14310 COlD 12980
14320
14330 REM -CHANCE OBSERVATION
14340 TEXT : HOME : VTAB 3
14350 PRINT ‘CHANGE DATA BY OBSEF:VATION”
14360 PRINT “ 

14370 PRINT : PRINT
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14380 PRINT ‘WHICH OBSERVATION ( 1— ”;N;” ? “;: INPUT “‘;As: IF AS =
THEN 12980
14390 01 = VAL (An: IF DI < 1 OR 0! :> N THEN CALL — 998: COTC 14380
14400 HOME : VIAB 3
14410 PRINT IAB( 14)”OBSERVATIOU “;oI
14420 PRINT TAB 14);” 
14430 PRINT
14440 PRINT “VARIABLE CURRENT CHANGE TO”
14450 PRINT
14460 POKE 34,7
14470 FOR .3 = 1 TO NV
14480 PRINT ‘V( “; J ; ”  )“ IAB( 7 ) ; VAR $(J ) ; TAB( 14 ) D( DI ,J) IABC 25); :

INPUT “~A$1 IF AS “ THEN 14500
14490 D( OI,J) = VAL (AS )
14500 NEXT J
14510 IF A0BS = I THEN 14030
14520 COSUB 11040: IF AS = “Y” THEN 14340
14530 0010 12980
14540
14550 REM - CHANCE INDIVIDUAL ENTRY
14560 HOME : VIAB 3
14570 PRINT ‘CHANCE INDIVIDUAL DATA ENTRY”
14580 PRINT “ 

14590 COSUB 13340
14600 PRINT ‘WHICH VARIABLE ( 1— ”~ t4V ;” -)’ “i: INPUT “;As: IF AS
THEN 12920

14610 VI = VAL (As ) :  IF  VI < 1 OR VI ) NV THEN CALL - 998: ODTO 14600

14620 PRINT
14630 PRINT ‘WHICH OBSERVATION (1—”;N;”)? “;: INPUT “;AS: IF AS =

THEN 12980
1464 0 DI = VAL (AS ) :  IF 01 < 1 OR UI > H THEN CALL — 998: 0010 14630
14650 HOME : VTAB 3
14660 PRINT TAB( 13 ) VAR$( VU
14670 PRINT -

14680 PRINT TAB ( 13);’v( “;vi;” ”
14690 PRINT TAB( . 13 ;” ———— ”
14700 PRINT
14710 PRINT TAB( 6) ’CURRENT CHANCE TO”
14720 PRINT
14730 PRINT DII TAB( 6flEI OI,V1 ; TAB in;: INPUT ‘“lAS : IF AS = ‘“ TN
EN 14750
14740 D(OI,VI) = VAL (AS )
14750 COSUB 11040 : IF AS = ‘Y” THEN 14560
14760 0010 12980
14770
14780 REM *5 READ DATA FROM DISK FILE **
14790 HOME : VIA? 5
1480 0 INPUT ‘DO YOU WANT TO SEE THE DISK CATALOG? ‘lAS
14810 IF LEFTS AS ,1) = ‘Y’ THEN HOME : PRINT DS;”CATALO G” : VIA? 23:

COSUB 10930 : 0010 14860
14820 HOME VIA? 3
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14830 PRINT TAB( 8) ’REAEi DATA BASE FROM DISK”
14840 PRINT TAB( 8) ;”  
14850 PRINT : PRINT : PRINT
14860 HTAB 8: INPUT “WHAT DATA FILE NAME? ‘ F:FILES IF RFILE$ = “ THE
N 10230

14870 PRINT r’s ;’OFEN “;RFILES
14880 PRINT DU’READ “;RFILEs
14890 INPUT N,NV,FIJ,NC
14900 FOR J = 1 TO NV
14910 INPUT VA F:$(J)
14920 F O R I = 1 T 0 N
14930 INP~T tI(I,J)
14940 NEXT I
14950 NEXT .3

• - 14960 PRINT D$;’CLOSE ‘;RFILES
14970 RETURN
14980
14990 REM *5 SAVE DATA TO DISK FILE **
15000 HOME : VTAB 3
15010 PRINT TA B( 8) ’SAV E DATA BASE TO DISK”
15020 PRINT TAB( 8) 1” 
15030 PRINT 1 PRINT : PRINT
15040 HTAB 6: INPUT ‘SAVE UNDER WHAT FILE NAME? “ ;SFILES: IF SFILE$ =

“‘ T H E N  R E T UF :t4
15050 PRINT DS;”OPEN “;SFILE$;DS;”DELETE “;SF~LEs;Ds;”oPEN ‘;SFILES15060 PRINT DS;”WRITE “ISFILES
15070 PRINT N PRINT NV: PRINT FW PRINT NC
15*80 FOR J = 1 10 NV
15090 PRINT VAF:S( .J )
15100 F O R I = 1 T O N
15110 PRINT D(I,J)
15120 NEXT I
15130 NEXT .3
15140 PRINT Ds;’CLOSE “ISFILES
15150 RETURN
15160
15170 REM *5 INTROD’JCTOF:Y REMARKS **15180 - HOME 1 VTAB 4

- 15190 PRINT “REGRESSIO N ANALYSIS IS USED TO EXAMINE THE INTERREL ATIONS
HIPS AMONC TWO OR MOREVARIABLES FOR WHICH DATA IS AVAILABLE .”
15200 PRINT I PRINT : PRINT
15210 PRINT “THE PACKAGE INCLUDES 3 INTERCONNECTED MAIN PROGRAM S TO P

ROV IDE:”
15220 PRINT : PRINT
15230 PRINT ‘ DATA BASE MANAGEMENT ”
15240 PRINT
15250 PRINT ‘ BIVARIATE REGRESS ~ON”15260 PRINT
15270 PRINT ‘ MULTIVA RIATE RECF:ESSION”
15280 GOSUB 10990
15290 RETURN
15300
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15310 REM *5 DATA ENTRY INSTF:UCTIONS *5
15320 HOME : VTAB 3
15330 PRINT ‘THE DATA TABLEAU PEF:MIIS EASY INPUT OF DATA IN MATRIX FOR
NAT .’ -

15340 PRINT : P R I N T
15350 PRINT “OBSERVATIONS DO NOT HAVE TO BE IN ANY SPECIAL ORDERS BUT

VARIABLE VALUE S MUST STAY CF:OUPEtt BY OBSERVATION .’
15360 PRINT I PRINT 

-

15370 IF NC < NV THEN PRINT “ENTER DATA “ N C ” VARIABLES AT A TIME .”
15380 PRINT 1 PF:INT
15390 PRINT ‘LATER YOU WILL DESIGNATE ONE VAR IABLE ASBEING / DEPENDENT’

FOR CURVE FITTING. ”
15400 PRINT :PRINT
1S410 PRINT ‘IF YOU MAKE AN ENTRY ERROR , GO AHEAD AND FINISH.... YOU CA

N CORRECT IT LATER ON. ”
15420 008W? 10900
15430 RETURN
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Section 3, BIVAR REGR

10000 REM *** B I V A R  I A T E  R E G R E S S  1 0  P4 *5*
10010 REM ** REGRESSION DATA PROGRAM MUST BE RUN FIRST **10020
10030 TEXT
10040 IF BC > 0 THEN 11890: REM — RE—ENTRY FOR HIRES GRAPH ROUTINE
10050 DS = CHRS ( 13) + CHRS (4 )
10060 BELLS “ “ :  REM — BELL
10070 IF CM )

~ 0 THEN 10110
10080 PRINT DS ;”BLQAD CHAIN, A520”
10090 CALL 520”RECR DATA”
10100
10110 DIM X (N),Y(N),AC7),B(7),R(8),BD$(8),M$(8),EQS(S),T(2)
10120 DIM E(17)~S(9,10),U(10),H (N)10130 DEF FM 9(X) = fliT C X * 100000 + .5) / iooooo : REM — 5 PLACE RO

UNEI OFF FUNCTION
10140 DEF FM R (X) = INT C X * 10000 + .5) / ioooo : REM — 4 PLACE ROUND

- OFF FUNCTION
10150 -

10160 PRINT BELLS
10170 HOME
10180 X = FRE (0)1 REM —CLEAN UP UNUSED STRING SPACE
10190 PRINT “ BIVAR IATE REGRESSION OPTIONS:”
10200 PRINT “ “
10210 PRINT
10220 PRINT “1. LINEAR Y A + ( B*X )’
10230 PRINT
10240 PRINT “2. POWER Y = A * (X tB ) ”
10250 PRINT
10260 PRINT “3. EXPONENTIAL Y A * EXP( B*X )’
10270 PRINT
10280 PRINT ‘4. LOGARITHMIC Y = A + B* LOC(X)”
10290 PRINT
10300 PRINT ‘5. HYPERBOLIC 1 Y A + (B/X )’
10310 PRINT
10320 PRINT “6. HYPERBOLIC 2 Y = 1/C A + B*X )”
10330 PRINT
10340 PRINT “7. HYPERBOLIC 3 Y = X/(A + B*X )”
10350 PRINT
10360 PRINT “3. N’TH ORDER Y = A +B*X +C*Xt2+..,”
10370 PRINT “9. USER—DEFINED MODEL”
10380 PRINT
10390 PRINT “10. AUTOMATIC FIT USING MODELS 1—7 ABOVE”
10400 INPUT “ WHICH REGRESSION MODEL? “;As :BC = VAL (AS): IF BC

I OR BC > 10 THEN CALL — 998: COTO 10400
10410 IF BC > < 9 THEN 11130
10420
10430 REM - CREATE THE USER—DEFINED MODEL
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10440 HOME I VTA B 7
10450 INPUT “NEED INSTRUCTIONS FOR DEFINING MODEL? “ lAS
10460 IF LEFTS (AS,1) = “Y ” THEN GOSUB 16110
10470
10480 HOME
10490 PRINT “ORIGINAL DATA VARIABLES ”
10500 PRINT “ 

10510 COSUB 12360
10520 1 = 20 — NV
10530 PRINT “HOW MANY TRANSFORM VARIABLES (1— ”;T ” )? ‘

~~~~~ INPUT ““ ITV
10540 HOME : POKE 34 ,20
10550 PRINT “ ENTER TRANSFORMS AS FUNCTIONS OF V 1 : ”
10560 PRINT
10570 FOR .3 = 1 TO TV
10580 VTAB 21~ CALL — 958
10590 PRINT “ T (” .J ”  ) = “;: INPUT ““ VAR$ (J + NV )
10600 PRINT : INPUT “*5 DO YOU NEED TO CHANGE IT? ‘lAS : IF LEFTS (AS ,

= “Y” THEN VIAB 21 CALL - 958: 0010 10590
10610 NEXT .3
10620
10630 SFILE$ = “: GOSUB 15790 : REM — SAVE TEMPORARY STORAGE FILE
10640 GOTO 16540: REM — WRITE TRANSFORM FILE
10650
10660 REM - RE—ENTRY POINT AFTER TRANSFORMS ARE ‘EXEC’D
10670 INPUT “‘;As: REM - DUMMY INPUT TO PREVENT THE FIRST TRUE INPUT FR

ON TRYING TO READ THE EXEC FILE
10680 CALL 43089 REM — RESETS DOS (48K MEMORY )
10690 REM — NEXT 8 LINES REPLACE VALUES LOST AFTER ‘EXEC’
10700 I’S = CHRS ( 13) + CHR$ (4 )
10710 BELLS =
10720 DIM D( 80 ,20) ,VA RS( 20),X ( 30),Y ( 8O) ,A (7) ,B(7) ,R(8 ) , Bt ,s (8)
10730 DIM MS(8),EQS(8),T(2),E(17),S(9,1o),U(1o )
10740 BC = 9:PI = 3.14159265
10750 DEF FM R(X) = INT C X * 10000 + .5) / 100001 REM — 4 PLACE ROUND

OFF FUNCTION
10760 DEF FN 9(X ) = INT CX * 100000 + .5) / 100000 : REM — 5 PLACE R

OUN D OFF FUNCTION
10770 COSUB 1598C : REM — READ TEMPORARY STORAG E FILE SAVED EARLIER
10780 DIM H(N): REM — USED FOR HIRES GRAPHICS OPTION
10790
10800 REM - ENTER TRANSFORMED DATA INTO ENLARGED D(I,.J ) MATRIX
10810 FOR 1=  lIO N
10820 FOR .3 1 TO NV
10830 V (J) = D(I,.J )
10840 NEXT .3
10850 COSUB 16640
10860 FOR .3 = NV + ~ TO NV + TI)10870 D(I,J) = T(J — NV)

10880 NEXT .3
10890 NEXT I
10900 -

10910 PRINT BELLS + BELLS
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10920 TEXT 1 HOME 1 VTAB 2
10930 PRINT “THESE TRANSFORMS HAVE BEEN CREATED:”
10940 PRINT “ 

10950 VT AB 7
10960 FOR .3 = 1 TO TV
10970 PRINT “ T (” J~~

) = “ VAR$ ( J + NV )
1098’~ IF TV 7 THEN PRINT
10990 NEXT .3
11000 PRINT 1 COSUB 12230: F’RINT : PRINT
11010 PRINT “ENTER VARIABLE NAMES ABOVE ( 1—6 CHAR) .. , ’
11020 POKE 33~ 1o: POKE 32,30
11030 VTAB 5 PRINT “VAR NAME”
11040 VTAB 7
11050 FOR .3 = 1  TO TV
11060 INPUT “‘;A$:VARI J + NV ) = LEFTS (

~~~,6)
11070 IF TV 7 THEN PRINT
11080 N ,.t .3
11090 POKE 32,0: POKE 33,40
11100 CALL — 958
11110 GOSUB 12200
11120
11130 HOME
11140 PRINT “CURRENT VARIABLES ”
11150 PRINT “ 

11160 GOSUB 12360
11170 SFILE$ =

11130 IF TV = 0 THEN 11220
11190 INPUT “WANT 10 SAVE THE COMPLETE DATA BASE TO DISK, INCLUDING TR
ANSFORM VARIABLES? “A 5  IF LEFTS (A$,1) > < “Y’ THEN 11220

11200 PRINT : INPUT “SAVE UNDER WHAT NAME? “ SFILE$ GOSUB 15790
11210
11220 HOME : INPUT “INDEX OF INDEPENDENT VARIABLE (X)? “;AS:Iv = INT
C VAL (AS)): IF IV < 1 OR IV > NV + TV THEN CALL — 998 : GOTO 11220

11230 PRINT
11240 INPUT “INDEX OF DEPENDENT VARIABLE (y)?  “ IAS DV = INT C VAL

As ) ) :  IF DV < i OR DV > NV + TV OR DV = IV THEN CALL — 998 : 0010 1124

0
11250 PRINT : INPUT “*5 110 YOU WANT TO MAKE CHANGES? “ A 5  IF LEFTS (

A$,1) = NY” THEN 11220
11260.
11270 REM — ENTER THE SELECTED VARIABLES INTO X AND Y ARRAYS AND COMPU
TE SUMS ANti SUMS OF SOUARES OF X AND Y
11280 Xl = 0:Y 1 = 0:X2 = 0:Y2 = 0
11290 FOR 1=  l IO N
11300 XCI ) = D(I~ I”):vcz) = D(I,DV )

- 11310 Xl = Xl + X I : Y 1  = Yl + Y (I)
11320 X2 X2 + XCI) * X (I) Y2 = Y2 + YCI) * Y ( I)
11330 NEXT I
11340
11350 REM — READ MODEL NAMES AND EQUATIONS
11380 FOR CF = 1 TO 7 READ MS CF YEO$ CF : NEXT CF
11370 DATA WH EAR , Y = A + B*X, POWER , V = A * XtB , EXPOf~ENTIAL,.’

V = A * EXP (B*X), LOCRITHMIC, V = A + B* LOC(X ) , HYPERBOLIC 1~ V = A +
(B/X ), HYPERBOLIC 2, Y = 1/C A + B*X ) , HYPERBOLIC 3, Y = X/C A + B*X )
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11380
11390 TEXT 1 HOME 1 VIAB 5
11400 INPUT “DO YOU WANT OUTPUT ROUTED TO PRINTER? “ P S PS = LEFTS (PS
,l) -

11410 COSUB 14710: REM — MEANS AND STANDARD DEVIATIONS
11420
11430 IF BC > < 10 THEN 11680
11440 REM - AUTO CURVE FIT, MODELS 1—7
11450 AUTFLAG = 1
11460 HOME : VIA? 3
11470 FOR BC = 1 TO 7
11480 ON BC GOSUB 12530v12720,12940,13160,13380,13600,13820
11490 NEXT BC
11500 IF PS = ‘Y” THEN GOSUB 12310
11510 PRINT BELLS + BELL-S
11520 HOME VIA? 3
11530 PRINT “MODEL’; TAB ( 22);”UNADJUSTED Rt2”
11540 PRINT “ “1 TAB( 22);” N

11550 PRINT
11560 FOR BC = I TO 7
11570 PRINT B C ” . “ M$(BC ) TA B( 22);
11580 IF BDS(BC ) > ““ THEN PRINT “CANNOT FIT DATA’: 0010 11600
11590 PRINT TAB( 25)R(BC )
11600 PRINT
11610 NEXT BC
11620 IF PS ‘Y” THEN PRINT DS ’PRtO’
11630 V IA? 22
11640 INPUT “ENTER THE MODEL NUMBER IF YOU WANT ITS EQUATION, OR HIT

RETURN’ TO GO ON...” ;as :Bc = VAL CAn: IF AS = ““ THEN 11910
11650 IF BC 1 OR BC > 7 THEN CALL - 998 1 0010 11640
11660 0010 11700
11670
11680 HOME : VIA? 3 -

11690 ON BC GOSUB 12530~12720,12940~ 13160,13330,13600,l3820,1404o,I253o

11700 COSUB 14830
11710 REM — SKIP OPTIONS IF BAD DATA
11720 IF BDE BC ) > ‘“ THEN 11890
11730 -

11740 HOME 1 VTAB 3: INPUT “110 YOU WANT A TABLE OF RESIDUALS? ‘ ;As
11750 IF LEFTS (AS, 1) = ‘V’ THEN GOSUB 15220
11760
11770 PRINT : PRINT : INPUT “DO YOU WANT TO PREDICT POINTS? ‘~AS
11780 IF LEFTS (Atc1 ) = ‘1” THEN 009W? 15480
11790
11800 PRINT : PRINT : INPUT “DO YOU WANT A HIRES GRAPH OF THE CURVE?”;A

11810 IF LEFTS (A$,1) > < “Y” THEN 11890
11820 PRINT : PRINT : PRINT
11830 PRINT ‘5* WHEN THE GRAPH IS COMPLETED, THE BELL
11840 PRINT TAB( 16 ;’WILL SOUND... ”
11850 PRINT : PRINT “THEM HIT ‘RETURN’ FOR THE MAIN PROGRAM .’
11860 FOR PAUSE = 1 TO b oo: NEXT PAUSE
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11870 PRINT DS ”BLOAD CHAIN, A520 ”
11880 CALL 520’BIVAR HIRES’
11890 IF AUTFLAG = 1 THEN 11520
11900
11910 HOME 1 VIA? 5
11920 PRINT “ YOUR FINAL OPTIONS ARE:”
11930 PRINT ‘ “
11940 PRINT : PRINT 1 PRINT
11950 PRINT “1. ANOTHER REGRESSION W/ SAME DATA BASE”
11960 PRINT
11970 PRINT “2. ENTER A NEW DATA BASE”
11980 PRINT
11990 PRINT “3. EDIT CURRENT DATA BASE”
12000 PRINT : PRINT
12010 PRINT “4. QUIT THE PROGRAM”
12020 VIA? 22: INPUT “ WHICH? ‘;A$:FC = VAL (AS): IF FC < 1 OR FC

:> 4 THEN CALL — 998 : 0010 12020
12030 IF FC 2 THEN RDFLAC = 1
12040 IF FC = 3 THEN RDFLAG = 2
12050 IF FC = 2 OR FC = 3 THEN 10080
12060 IF FC = 4 THEN 12130
12070 REM — ENSURE THAT THE LAST SET OF TRANSFORMS ARE NOW TREATED AS

‘ORI GINAL ’ VARIAB LES
12080 MV = NV + TV TV = 0
12090 RESTORE :AUTFLAG = 0
12100 FOR CF = 1 TO 7:BEIS(CF ) = ““: NEXT CF

F 12110 0010 10170
12120
12130 PRINT Dsl”BLOA D CHAIN, A520”
12140 CALL 520”CAAMM MASTER”
12150 END
12160
12170 REM

12180
12190 REM *5 UTILITY SUBROUTINES 5*
12200 VTAB 23: C0SUB 12230: PRINT ‘ HIT ‘RETURN’ TO CONTINUE...”;:
GET A$~ PRINT12210 RETURN
12220
12230 PRINT “ 

12240 RETURN
12250
12260 VIA? 23: COSUB 12230: PRINT ‘HIT ‘RETURN’ TO CO ON, OR ‘0’ 10 OWl

12270 GET AS: IF ASC (AS ) = 81 THEN 12130
12280 PRINT
12290 RETURN
12300
12310 REM 5* TURN PRINTER ON 5*
12320 PRINT DS;’PR$4”: PRINT : POKE 1148~32: POKE 1788,4012330 PRINT : COSUB 12230 : PRINT 1 PRINT
12340 RETURN

145

~~~ 
— - —

-
~~~~ -

,
- - 

~- - - - - -
~~~~~~~ 

.
- -

,~~~~~~~~~~~~~~ -~~~~~
- -

-
~---~~ _

~
___

~_J
_ 

~~~~~~~~~~ -~~- ~~ -- - —



12350
12360 REM 5* VARIABLE LISTING 5*
12370 PRINT
12380 PRINT “I4DEX”; TAB( 7 ;”LABEL’; TAB( 14)’NAME”
12390 PRINT
12400 FOP .3 = 1 TO NV + TV
12410 Ii .3 > 10 THEN POKE 33~20: POKE 32,20: VTAB .3 — 5
12420 PRINT TABC 3 ;J; TAB( 7);
12430 IF .3 > NV THEN PRINT ‘TC ”J — NV;’)”;: COTO 12450
12440 PRINT “V (”;J;”)’;
12450 PRINT TAB( 14)VAREJ)
12460 NEXT .3
12470 POKE 32,01 POKE 33,40
12480 VIA? 16
12490 PRINT 1 GOSUB 12230 : PRINT : PRINT
12500 POKE 34,18
12510 RETURN
12520 -

12530 REM *5 LINEAR MODEL *5
12540 PRINT “RUNNING LINEAR”
12550 XY = 0
12560 FOR 1 =  l IO N
12570 XV = XV + (X (I) * Y(I))
12580 NEXT I
12590 0 = XV — Xi S Vi / N
12600 01 = X2 — X l * Xl / N
12610 02 = Y2 — Vi * Vi / N
12620 RU) = (0 * 0) / (01 * Q2)
12630 B (1) = 0 / 01
12640 A (1) = 11 / N — B (1) * (Xl / N)
12650 ERR = 02 — 0 * Q / 01
12660 SERR (1) = SOR ( ERR / ( N  - ~~~ RETURN
12670 V = AC 1) + BC 1) * X RETURN
12630 X = (V — AC 1)) / 8( 1 fl RETURN
12690 PRINT ‘V = ‘1 FN S(A(1 ))“ + ‘1 FN SC BC i f l ”  * X’
12700 RETURN
12710
12720 - REM ** POWER MODEL 3*
12730 PRINT ‘RUNNING POWER’
12740 LX 0:LV = 0:L1 0:12 = O L B  = 0
12750 FURl : lIO N
12760 IF XCI ) < = 0 OR Y( I) < = 0 THEN BDS2) = ‘X OR r: RET URN
12770 LX z LX + LOG (X(I)) LV = LV + LOG (Y( I))
12780 LI z Li + C LOG (XCI)) * LOG (X( I )) ) :L2 = L2 + C LOG (V( I)) *
LOG CYCI)))
12790 LB = LB + ( LOG (XC I ) )  * LOG (V(I)))
12800 NEXT I
12810 0 ~ LB — LX S L Y / N
12820 01 = Li — LX * LX / P4
12830 02 ~ 12 — LV * LV / N
12840 R(2) = (0 * 0) / (01 * 02)
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12850 8(2) = U / 01
12860 A (2) = EXP (( LV / N) — ( 8 ( 2)  * (LX / Nfl)
12870 ERR = 02 — a * 0 / 01
12880 SERR( 2) = SQR ( ERR / (N — 2)) :  RETURN
12890 V = A C 2 )  * X I B(2): RETURN
12900 X = (V I A (2)) 1 (1 / BC 2)): RETURN
12910 PRINT “Y = ‘; FM S(A (2)fl” * xt’; FM S(B(2))
12920 RETURN
12930
12940 REM *5 EXPONENTIAL MODEL 4*
12950 PRINT “ RUNNING EXPONENTIAL”
12960 LV = 0:L2 0:XLY = 0
12970 FOR 1=  i T O H
12980 IF Y( I) < = 0 THEN BDS( 3) = “V” RETURN
12990 LY = LY + LOG (Y( I))
13000 L2 = L2 + ( LOG (Y(I)) * LOG (Y(I)))
13010 XLV = XLV + (XCI ) * LOG (Y(I)))
13020 NEXT I
13030 0 = XLV — Xl * LV / N
13040 01 = X2 — Xl *X 1 / N
13050 02 = L2 — LY * L Y / N
13060 R( 3 )  (0 * 0) 1 (01 * 02)
13070 B(3 )  = 0 / 01
13080 A ( 3 )  = EXP ( ( LV / N) — (8 (3)  * (Xl / N)))
13090 ERR = Q2 — 0 * 0 / 01
13100 SERR (3) = SOP (ERR / (N — 2)): RETURN
13110 V = A (3) * EXF’ (8(3) * X): RETURN
13120 X = 1.00 CV / 4(3)) / 8(3): RETURN
13130 PRINT ‘V ~ FM S(w 3n; ”  * EXP ”~ FM S B C3fl;’ * X)’
13140 RETURN
13150
13160 REM 3* LOGARITHMIC MODEL *5
13170 PRINT “RUNNING LOGARITHMIC”
13180 LX = 0:Ll = o:VLx = 0
13190 FOR I = 1 TO N
13200 IF XCI ) < = 0 THEN 8115(4) = ‘x” : RETURN
13210 LX = LX + LOG CXCI))
13220 Li = Li + C LOG (X(I)) * LOG (XCI)))
13230 YLX YLX + (VU ) * LOG CXCI )))
13240 NEXT I
132500= YLX —L X *Y 1 / N

• 13260 01 = Li — LX * LX / N
13270 02 = Y2 — Yi * Y 1 / N
13280 R (4) = (0 * Q) / (01 * 02)
13290 8(4) = U / 01
13300 A (4) = (VI — (8(4) * LX)) / N
133i0 ERR = 02 - 0 * 0 / 01
13320 SERR( 4) = SOP ( ERR / C N — 2 ) )  RETURN

13330 V = AC 4) + B( 4) 3 LOG C X ) RETURN
13340 X = EXP ((V — AC 4)) / B(4)): RETURN
13350 PRINT ‘V = 9 FN S(AC4))P’ + “i FN 5(8(4));’ * LOC (X)”
13360 RETURN
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13370
13380 REM 3* HYPERBOLIC 1 MODEL *5
13390 PRINT “RUNNING HYPERBOLIC 1”
13400 IX = o:XI2 = 0:SVIX = 0
13410 FOR 1 =  l IO N
13420 IF XCI ) = 0 THEN BBS(S) = ‘X”: RETURN
13430 IX = I X + i / X C I )
13440 XI2 : X12 + (1 / XC I)) * (1 / XCI))
13450 SYIX = SYIX + V ( I)  / X C I )
13460 NEXT I
13470 0= SY IX — I X * Vi / N
13480 01 = X12 — IX * IX / N
13490 02 = Y2 — Vi * Vi / N
13500 R(5) = (0 * 0) / (01 * 02)
13510 8(5) = 0 I 01
13520 A (S) = Vi / N — 8(5) * IX I N
13530 ERR = 02 — 0 * 0 / 01
13540 SERR (5) = SOP (ERF: / ( N  — 2f l :  RETURN
13550 V = A ( S )  + 8 (5)  / X: RETURN
13560 X = (AC 5 + B(S)) / Y: RETURN
13570 PRINT ‘V = 9 FN SAC5fl ;” + “; FM 5(8(5));” / X”
13580 RETURN
13590
13600 REM 3* HYPERBOLIC 2 MODEL 3*
13610 PRINT ‘RUNNING HYPERBOLIC 2”
13620 IV = O VI2 = o:sxiy = 0
13630 FOR I = I TO N
13640 IF V (I) = 0 THEN 8115(6) = ‘y” : RETURN
13650 IY = IV + 1 / Y (I )
13660 YI2 = VI2 + (1 / Y ( I) )  * (1 / Y ( I ) )
13670 SXIY = SXIY + X (I) / YCI)
13680 NEXT I
13 6900=SX IY— IY * X 1 /N
13700 01 =X2 — X1 * X i / N
13710 02 = V12 — I Y  * I Y I  N
13720 R(6) = (0 * 0) / (01. * 02)
13730 8(6) = 0 / 01
13740 4(6) = IV / N — B(6) * Xl / N
13750 ERR = 0 2 - Q * Q / Q 1
13760 SERR (6) = SOR ( ERR / (N 2) ) :  RETURN
13770 V = 1 / (AC 6 + 8(6) * X): RETURN
13780 X = BC 6 )  I V — AC 6) / BC 6): RETURN
13790 PRINT ‘Y = 1 / ‘; FN SCM 6));” + 9 FN S B(6n;’ * X)’
13800 RETURN
13810 

-

13820 REM 3* HYPERBOLIC 3 MODEL *3
13830 PRINT ‘RUNNING HYPERBOLIC 3”
13840 IX = 0:11 = 0:XI2 = 01112 = 0:1? = 0
13850 FOR 1=  lIO N
13860 IF X (1 = 0 OR 1(11 = 0 THEN B85 7 = “X OR Y’: RETURN
13870 IX = IX+i/X (I )UY = IY +1 /Y (I )
13880 X12 = XI2 + (1 / XCI)) * (1 / X (IflYI2 = Y12 + Ci / VU)) S Cl
/1(I)) 
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13890 lB = I? + 1 / ( X C I )  * 1(I))
13900 NEXT I
139100= IB— IX * 1 1 /N
13920 01 = X I2 — IX * IX I N
13930 Q2 = YI2 — IV * I l/ N

13940 RC7 ) = (0 * 0) / (01 * 02)
13950 4(7) = 0 / Qi
13960 8(7) = IV / N — 4 ( 7 )  * IX / N
13970 ERR = 02 - Q * 0 / 01
13980 SERR(7) = SUR ( ERR / ~N — 2)) : RETURN
1 3990 1 = X / C AC 7) + BC 7) * X ) RETURN
14000 X = Mi) / (1 / V — 8(7)): RETURN
14010 PRINT “V = X / C”~ FM s cw y n ;” + 9 FM SB7));’ * X)’
14020 RETURN
14030
14040 REM *3 N’TH ORDER MODEL *3
14050 HOME 1 VIA? 2
14060 PRINT “N’TH ORDER’
14070 PRINT ‘ 
14080 VTAB 8
14090 HD = N — l~ IF HP :~ 8 THEN HD = 8
14100 PRINT “DECREE OF EQUATION (l— ”HD ~~ )? “

~~~~ INPUT “945111 = INT
VAL (A S))

14110 IF B < N AND 11 = 8 THEN 14130
14120 CALL — 998 : CALL — 998: CALL - 958: GOTO 14100
14130 VTAB 14~ PRINT “*3 RUNNING ORDER “;D;” REGRESSION...’14140 FOR I 1 TO 2 * 11 + 1IECI) Ol NEXT I
14150 FOR J = 1 TO 11 + 2:u J = 0~ FOR I = 1 10 P +-1:S(I,J) = 0~ NEXT
Il NEXT .3

14160 EU) = N
14170 FOR 1 =  lIO N
14180 F O R J = 2 T 0 2 * D + 1
14190 E(J) = E (J) + XCI ) 1 (.3 — 1)

.14200 NEXT J
14210 F O R K = 1 T O D + l
14220 S(K,D + 2) = UCK ) + 1(I) * XCI ) I (K — 1)
14230 U (K) = UC K ) + 1(I) * X CI )  I (K — 1)
14240 NEXT K -

14250 U(D + 2) = U(D + 2) + VU) 1 2
14260 NEXT I
14270 FOR J 1 TO 11 + 1
14280 FOR K = 1 10 11 + 1
14290 S(J~K )= E C J + K — 1 )
14300 NEXT K
14310 NEX1 .3
14320 GOSUB 14500 1 REM - SOLVE SIMULTANEOUS EQUATIONS
14330 HOME : VIA? 2 PRINT BELLS + BELLS
14340 PRINT ‘N’TH ORDER V = A +BX +CXI2 +DXI3 +...“

14350 COSUB 12230
14360 PRINT : PRINT
14370 PRINT ‘ CONSTANT ‘9 TABC 25) FN S(S( 1,11 + 2))
14380 FOR . 3 =  110 0
14390 PRINT JP DEGREE COEFFICIENT = ‘9 TABC 25)~ FM S(S(J + 1,0 + 2))14400 NEXT .3
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14410 0 = 0 

- - - 

-

14420 FOR .3 = 2 TO B + 1 0  = U + S(.J,D + 2) * (U(J) — E(J)  * U(1) / N)
NEXT .3

14430 02 = UU~ + 2) - W i )  1 2 / N
14440 ERR = 0 2 — 0
14450 R(8) = 0 / 02
14460 SERR (8) = SQR ( ERR / (N — B - 1))
14470 RETURN
14480 V = S(1,ti + 2) FOR .3 = 1 TO DU~Y = I + S(J + 1~D + 2) * X 1.31 N

EXT .31 RETURN
14490
14500 REM 3* GAUSS-JORDAN EQUATION SOLVER W/ PARTIAL PIVOTING 3*
14510 F O R J = 1 T O D + 1
14520 T =  — i  - - •

14530 FOR K = .3 TO P + 1 ‘
14540 IF I > ABS (S(K,J)) THEM 14570
14550 1 = ABS (S(K,J)) -

14560 I 1 = K
14570 NEXT K -

14580 FOR I = 1 TO D + 2:SR = S I 1~ I) S(I1vfl = S(.J ,I):S(J,I) = sR: N
EXT I
14590 Z S(J,J)
14600 FOR I = 1 TO 1’ + 2:S(J,I) = S(J~I) / Z NEXT I
14610 F O R K = I T O D + l
14620 IF IC = .3 THEN 14670
14630 Z = S(K,J)
14640 FOR I = 1 TO B + 2
14650 S(K,I) = S(K~I) 

— Z * S (J,I)14660 NEXT I
14670 NEXT K
14680 NEXT J
14690 RETURN
14700
14710 REM *3 TABLE OF MEANS! STD DEVIATIONS *3
14720 XMEAN = Xl / N VMEAN = 11 / N
14730 XSEI = SQR ( (X2 - — Xi * X i / N) / (N — 1))
14740 ISO = SOP ((12 — 11 * Vi / N) / (N — 1))14750 HOME : VIA? 5
14760 IF F’S = “1” THEN GOSUB 12310
14770 PRINT “VAR”~ TAB( 18 ;”UNBIASEII”; TAB ( 30 ;’UNBIASED’
14780 PRINT ‘NAME’; TAB( 8~~”MEAN% TABC 18~~”VARIANCE’; TAB( 30);’STD11EV
14790 PRINT “———-— ‘; TAB ( 8%”———— ’9 TAB( 18)’ 9 TAB( 30 fl ———

14800 PRINT
14810 PRINT VAR$ ( IVH 1A8( a); FN R(XMEAN ) TA$ ( 18fl FM R (XSD * XSD fl
TAB( 30); FM R(XSD )

14820 PRINT
14830 PRINT VARS ( Dv); TAB ( 8 ) FM R( YMEAN ) TAB ( 18) FN PC ISO * YSD ;
T*B( 30)~ FM RC YSD)

14840 IF PS = ‘1’ THEN PRINT DS~”PR$014850 COSUB 12200
14860 RETURN j

150 j
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14870
14880 REM 3* CURVE FIT STATISTICS 3*
14890 IF F’s = ‘I” THEN GOSUB 17310
14900 IF BC = 8 THEN 15040
14910 HOME : VIA? 2 IF AUTFLAC = 0 THEN PRINT BELLS + BELLS
14920 IF BC = 9 THEN BC = 11 PRINT ‘USER DEFINED”; 148< l6) ;UARS(Dv) ;’

A + B*’ ;vARs( Iv): 0010 14940
14930 PRINT M$(BC ) 148< ls);Eos( BC)
14940 PRINT
14950 COSUB 12230
14960 PRINT 1 PRINT
14970 IF 8115< BC) = ““ THEN 15020
14980 VT A B 10 -

14990 PRINT ‘*3 THIS MODEL CANNOT FIT DATA WHERE THE “;BDS(BC ;” VALUES
ARE ZERO9

15000 IF BC < 5 THEN PRINT “ OR NEGATIVE ,’: GOTO 15190
15*10 IF BC = 7 THEN PRINT “ .“: 0010 15190
15020 ON BC COSUB l269O.i29i0,l3130,l3350v13570vl3790,140i0
15030 POKE 33~38: POKE 32,2
15040 PRINT 1 PRINT
15050 PRINT “UNADJUSTED Rt2 =9 148< 28) FN SC R(BC))
15060 PRINT “CORRELATION COEFFICIENT =9 148< 28); FM S SOP CRC BC)))
15070 PRINT
15080 PRINT “SIB ERROR OF ESTIMATE =9 TAB< 28 ) FM S( SERRC BC))
150~~ PRINT ‘VARIANCE OF ESTIMATE =‘; TAB( 28fl FM SC SERR( BC) * SERR

( B C ) )  
-

15100 PRINT
15110 PRINT ‘DEGREES OF FREEDOM =“ 148< 28~~ IF BC = 8 THEN PRIN
I N — 11 — il 0010 15140

15120 PRINT N - 2
15130 POKE 32,0: POKE 33,40
15140 PRINT : PRINT
15150 PRINT “WITH X = ‘ VA R$( Iv); TAB( 22) ” AND V = ;VARS (DV
~.5l60 PRINT
15170 IF PS = “Y” THEN PRINT D$;”PRtO”
15180 IF BC = 8 THEN INPUT “WANT ANOTHER RUN? ‘;AS :AS = LEFTS (#S~i)IF AS = “1’ THEN 11680
15190 COSUB 12200

• 15200 RETURN
15210
15220 REM 3* TABLE OF PREDICTED VALUES AND RESIDUALS 3*
15230 HONE : VIA? 2 POKE 34,5
15240 IF PS = “1” THEN GOSUB 12310
15250 PRINT 148< fl;”ACTUAL”; TABC 11);’AcTuAL”; TAB ( 18 ;’PREDICTED”;

148< 30 )“RESIDUAL’
15260 PRINT 148< 4);’ ‘X’9 148< il fi’ ‘I’”; TAB( 18);’ ‘1”
15270 PRINT TAB ( 4);” ‘9 148< 11) ” ‘; TAB( 18);” ‘;

TAB( 30);” 
15280 PRINT
15290 FOR I = 1 TO N
15300 PRINT I~ 148< 4); FM R(XCID TAB ( 11H FM R(YCI)H
15310 x = XCI )
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15320 ON BC GOSUB 12670v 12890~131i0’13330~ 13550,13770r13990,1448015330 PRINT TAB 18); FM R 1 ;  148< 30) FM R(Y(I) — I)
15340 IF I = N THEN 15370
15350 IF I / 5 = INT (I / 5) THEN PRINT
15360 IF I / 15 = IMT (I / 15) THEN GOSUB 122001 HOME
15370 NEXT I
15380 IF PS = ‘1” THEN PRINT Ds;”PR*0’
15390 GOSUB 12200
15400 HOME 1 VIA? 6
15410 PRINT 148< 4 ;’MEAN X”
15420 PRINT
15430 X = xMEAN : ON BC COSUB 12670 ,12890i13110,13330,13550,13770 ,13990,1
4480

15440 PRINT 148< 4 )  EN SC X MEA N); 148< 18fl FM 8(1)
15450 COSUB 12200
15460 TEXT : HONE : RETURN
15470
15480 REM *3 INTERF’OLATION!EXIRAPOLATION 3*
15490 HOME : VIA? 2
15500 IF BC = 8 THEM PRINT “TO F REBICT Y VALUES WITH THE N’ TH ORDER MO

DEL... ”: COTO 15540
15510 PRINT ‘TO PREDICT X OR I VALUES WITH THE MODEL’
15520 PRINT
15530 ON BC COSUB 12690,12910~13i3-0,13350,13570,13790,1401015540 PRINT : PRINT
l55~~ PRINT ‘ ENTER ‘X= 4’ TO PREDICT I’: IF BC = 8 THEN 15580
15560 PRINT
15570 PRINT ‘ OR ‘1= V TO PREDICT X”
15580 PRINT : PRINT
15590 PRINT “OR TYPE ‘RETURN’ WITH NO ENTRY TO CO ON. ’
15600 GOSUB 12230 : IF BC = 8 THEN POKE 34,10: 0010 15620
15610 POKE 34~i415620 PRINT
15630 INPUT AS -

15640 IF PS = ‘1’ THEM GOSh ? 12310
15650 IF AS = “ THEN PRINT ps;”r~so”: TEXT : HOME 1 RETURN
15660 IF BC = 8 THEN 15680
15670 IF LEFTS (44,2) = “1=” THEN 15720
15680 IF LEFTS (44,2) > < “X~ THEN 15750
15690 X = VAL C KIDS (#5,3)): OH BC GOSUB 12670~i2890,13110,13330,1355O,13770, 13990,7420
15700 CALL — 998: PRINT “AT X = ‘;x; TAB( 22)’Y = 91
15710 0010 15620
15720 V = VAL C KIDS (A$,3)) ON BC COSUB 12680,12900,13120,13340,13560
~l3780, 1400015730 CALL — 998: PRINT “AT V = ~~~ 148< 22) ”X = ‘;x

15740 0010 15620
15750 PRINT : PRINT “*3 IMPROPER FORMAT. PLEASE RE—ENTER..,’
15760 FOR PAUSE = I TO 100*: NEXT PAUSE
15770 CALL - 998: CALL — 9Z8~ 0010 1563015780.
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15790 REM *3 SAVE DISK FILE *3
15800 IF SFILE$ > < “‘ THEN NV = NV + iv: 0010 15820
15810 SFILES = “TEMPFILE ”
15820 PRINT DS;”OPEN “;SFILE$;DS;”DELETE “;SFILES;Ds;”OPEN ‘;SFILES
15830 PRINT DS;’WRITE “;SFILES
15840 PRINT NI PRINT NV
15850 FOR J 1 TO NV
15860 PRINT VA R$ (J )
15870 FOR I 1 TO N~ PRINT D(I,J): NEXT I15880 NEXT .3
15890 IF SFILES > < “TEMPFILE’ THEN 15930
15900 PRINT TV
15910 FOR .3 = 1 10 TV: PRINT VAR$ (NV + J) NEXT 4
15920 0010 15940
15930 MV NV — TV
15940 PRINT DS;”CLOSE ‘;sFILES
15950 SFILE$ =

15960 RETURN
15970
15980 REM *3 READ DISK FILE *3
15990 PRINT Ds;”OPEN TEMPFILE”
16000 PRINT DS;’REAP TEKPFILE”
16010 INPUT N,NV
16020 FOF: .3 = 1 TO NV
16030 INPUT VARS (J)
16040 FOR I = 1 TO N INPUT D(I,J): NEXT I
16050 NEXT .3
16060 INPUT TV
16070 FOR .1 = 1 TO TV INPUT VARE NV + J) NEXT 4
16080 PRINT D$;”CLOSE TEMPFILE”
16090 RETURN
16100
16110 REM 3* USER MODEL INSTRUCTIONS 3*
16120 HOME
16130 PRINT “DEFINING A MODEL ALLOWS YOU TO FIT DATA 10 VIRTUALLY ANY A
LCEBRAIC CURVE THAT CAN BE EXPRESSED AS A TRANSFORMATION OF THE BASIC

LINEAR MODEL, I.E.” 
-

16140 PRINT
16150 PRINT ‘V = A + B*X ===> T ( Y)  = A + 8*1(X)”
16160 PRINT ‘YOUR DEFINED MODEL WILL USE ‘TRANSFORM’ VARIABLES THAT ARE

FUNCTIONS OF ONE OR BOTH OF THE ORIGINAL DATA VARIABLES.”
16170 PRINT
16180 PRINT
16190 PRINT ‘THIS MODEL, FOR EXAMPLE...’
16200 PRINT
16210 PRINT TAB( 5;’LOC W~2fl = A + 8*LOC(V (1)t2)”
16220 PRINT
16230 PRINT ‘REQUIRES THE TRANSFORM VARIABLES:’
16240 PRINT
16250 PRINT ‘ 1(1) = LOC( V(1) 12 )”
16260 PRINT ‘ T(2) = LOG(V(2))’
16270 PRINT 1 PRINT 
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16280 INPUT ‘YOU MUST USE LEGAL FUNCTIONS AND SYNTAX . NEED
HELP? ‘ A $

16290 IF LEFTS (AS~1) < > “I’ THEN RETURN
16300
16310 REM *3 LEGAL FUNCTIONS AND SYNTAX *3
16320 HOME : VIA? 2
16330 PRINT “FUNCTION’; TAB( 14) ”COMMENTS’
16340 PRINT ‘; TAB( 14);” ——— 
16350 PRINT
16360 PRINT ‘SIN( X )’
16370 PRINT “COS( X )”
16380 PRINT ‘TAN (X’; TAB ( 10 )’X CAN’T BE A MULTIPLE OF P1/2”
16390 PRINT “ 4114( X )”
16400 PRINT ‘ABS( X )”
16410 PRINT “SQF:(X Y’; 148< 10 ;’SOUARE ROOT ; X MUST BE >= 0’
16420 PRINT “EXP(X )9 148< 10 ~“E’ RAISED TO THE POWER OF X’16430 PRINT ‘LOG X ) ” ; 148< 10);’NATURA L LOG; X MUST BE > 0’
16440 PRINT : PF:INT
16450 PRINT “3* PARENTHESES MUST BE CLOSED’
16460 PRINT
16470 PRINT “3* EXPOI!EHTIATE USING ‘t’ , E.G. ‘Xt2’ ”
16480 PRINT
16490 PRINT “3* THE VALUE ‘P1’ CAN BE ENTERED AS ‘P1’’
16500 PRINT ‘3* TRIG FUNCTIONS EXPECT X IN RADIANS’
16510 GOSUB 12200
16520 P.ETUF:N
16530
16540 REM 3* WRITE TRANSFORM FILES **
16550 PRINT DS ’OPE N TF”;DS;’DELETE IF” DS ’OPEN IF”
16560 PRINT DS;”W RITE IF’
16570 FOR .3 = 1 TO TV
16580 PRINT 16650 + .3 * 10;” 1 (‘~J~~’) = 9VA RSC J + NV)
16590 NEXT .3
16600 PRINT 16650 + .3 * io;” RETURN”
16610 PRINT ‘0010 10~ 60’
16620 PRINT DS;”EXEC IF”
16630 END
16640 REM 3 .  TRANSFORMS *3
16650 REM - USER—DEFINED TRANSFORMATION LINES CREATED 10 START HERE
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Section 4, BIVAR HIRES

10000 REM *3* HIRES GRAPH OF BIVARIATE CURVE *3*
10010 REM *3 REGRESSION DATA ANt’ BIVA RIATE REGF:ESSION MUST BE RUN FIRS
T 3 -
10020
10030 DI = CHRS (13) + CHR$ (4)
10040 8$ = ‘: REM — BELL
10050 IF BC > 0 THEN 10080
10060 PRINT Ds;”BL0AD CHAINi A520 ”
10070 CALL 520”REGR DATA ’
10080 TEXT : HOME

• 10090 PLFLAG = 0
10100 X = FRE < o :  REM —CLEAN UP UNUSED STRING SPACE
10110 -

10120 REM — TURN ON HIRES PACE 2 FULL SCREEN
10130 HGR2
10140
10150 REM - PLOT GRAPH I{OUWE’ARY AND - TICK MARKS
10160 HCOLOR= 6
10170 HPLOT 40,10 TO 260,10 TO 260~170 TO 40~ 170 TO 40,10
10180 FOR I = 0 TO 10
10190 HPLOT 36, 10 + I * 16 10 40~10 + 1  * 16
10200 HPLOT 260 ,10 + I * 16 TO 264v 10 + I * 16
10210 HPLOT 40 + I * 22,6 TO 40 + I * 22~10
10220 HPLOT 40 + I * 22~170 10 40 4 1 * 22,17410230 NEXT I
10240
10250 REM - SORT X & Y ARRAYS 10 FIND LEAST AND GREATEST X & V
10260 FOR I = 1 TO NH (I) = X (I) NEXT
10270 GOSUB 10690
10280 EX = C H ( N)  — 14( 1)) / 15 BX = 14(1) — EXWX = H(N) + EX
10290 FOR I = 1 TO N H( I )  = Y(I) NEXT
10300 COSUB 10690
10310 EX = ( H N  - H( 1))  / 15 B1 = H(1 — EX:UY = H(N) + EX: REM — PROVI
DE A 1SZ BORDER AROUND DATA POINTS

10320 HS = 220 / (UX — BX ) :VS = 160 / (UY — BY)
10330
*0340 REM - PLOT CROSS HAIRS FOR ORIGIN, IF WITHIN BOUNDARIES
10350 HCOLOR= 5
10360 IF 0 > BX THEN HO = 40 + ABS (BX ) * HS:H0 = INT ( 1-10 / 2 — .5) 3

2 + 11 HPLOT H0~10 TO H0,17010370 IF 0 > BY THEN VO = 10 + UY * vs: HPLOT 40,VO TO 260,V0
10380
10390 REM - PLOT DATA POINTS
10400 HCOLOR= 7
10410 F O R I = 1 T Q N
10420 XP = (XCI ) BX ) 3 HS + 40:YP = (UY — 1(1)) * VS + 10
10430 HPLOT XP,YP TO XP + 1,YP
10440 NEXT I
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10450
10460 REM - PLOT CURVE
10470 INCR = (UX — BX ) / 220
10480 FOR I = INT (DX ) TO £NT ( LJX + .5) STEP INCR
10490 X = Il ON BC GOSUB 1079Q~ 10800~10810~1082O,10830~1O54O ,10850,1O86o

10500 XP = CX — DX ) 3 HS + 40:YP = (UY — V )  * VS + 10
10510 IF XP 40 OR XP > 269 OR VP < 10 OR VP > 170 THEN PLFLAC = 01 GO
TO 10540

10520 IF PLFLAC = 0 THEN HPLOT XP.YF :PLFLAG = 1: COTO 10540
10530 HPLOT TO XP,YP
10540 NEXT I
10550
10560 PRINT BELL$ + BELLS: GET AS
10570 TEXT 1 HOME 1 VTAB 7
10580 PRINT “DO YOU WANT TO SAVE THE GRAPH FOR FUTURE’
10590 PRINT TAB( 5 ;”REFERENCE I ‘i;: INPUT ‘;M: IF LEFTS (45,1) >

< “Y’ THEN 10620
10600 PRINT : PRINT I INPUT “SAVE UNDER WHAT NAME ! ‘;HC$
10610 PRINT Ds ;”BSAV E ‘;HG$;” ,A54000 , L$2000” : REM — SAVES ON HIRES P40
E2

10620
10630 PRINT t’S~”BLOAD CHAIN, 4520 ”
10640 CALL 520”BIVAR RECR”
10650 END
10660
10670 REM *3#*33*:*33****:******************************3***#**,**3*3*,*

10680
10690 REM — SORTING ROUTINE
10700 FOR I = 1 TO N — 1
10710 F 0 R J = I + 1 T O N
10720 IF 14( I)  < = HC .3) THEN 10760
10730 RS = Hc i ):H(I) = 14(3)114(J) = RS
10740 NEXT .1
10750 NEXT I
10760 RETURN -

10770
10780 REM CURVE FIT MODEL SUBROUTINES
10790 1 = AC 1) + 8(1) * X RETURN
10800 1 = 4(2) * X t 8(2 ) : RETURN
10810 1 = 4(3) * EXP (8(3) * X) RETURN
10820 1 = A (4) + 8(4) * LOG CX): RETURN
10830 1 = 4C5 + 0(5) / Xl RETURN
10840 1 = 1 / (4 (6 )  + B’6 S X :  RETURN
10850 1 = X / (AC 7) + 8(7) * X ) 1 RETURN
10260 1 = S(1,D + 2~ FOR .3 = 1 10 D:Y = V + SCJ + 1,D + 2) * X t .i: NEX
T 31 RETURN
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Section 5, MULVAR REGR

10000 REM * 3 * M U L  T I  V A R I A T E  R E C  R E S S  10  N * ~~10010 REM 3* REGRESSION DATA MUST BE RUN FIRST 3*
10020
10030 I’S = CHRS ( 13) + CHRS (4 )
10040 BELLS = ‘~~~ REM —BELL
10050 IF CM > 0 THEN 10090
10060 PRINT D$;’BLCAI’ CHAIN, 4520 ”
10070 CALL 5~O” RECF: DATA’
10080

• 10090 DIM A(20 ,20),C( 20,20 ),R( 20,20) ,U( 20,20) ,SD( 20),M(20 ),Q( 80 )
10100 DIM RV (20),X (20t20),B(20),PE6)~S(20),T(1O )10110 DEF FN R(X) = 1141 (X * 10000 + .5) / 100001 REM — 4 PLAC

E ROUND OFF FUNCTION
10120 DEF FN 5(X) 1141 (X * 100000 + .5) / 100000 1 REM - 5 PLACE F:OU
ND OFF FUNCTION

10130
10140 PRINT BELLS
10150 TEXT : HOME 1 POKE 33’3? PO~(E 32,2
10160 VTAB 3
10170 X = FRE ( O )  REM - CLEAN UP UNUSED STRING SPACE
10180 PRINT ‘MULTIVARIATE CURVE FITTING OPTIONS:”
10190 PRINT ‘ -

10200 PRINT 1 PRINT 1 PRINT
10210 PRINT TAB( n;”i. LINEAR”
10220 PRINT
10230 PRINT “VI A + B*V1 + C*V2 + D*V3 + ...‘
10240 PRINT 1 PRINT PRINT
10250 PRINT TAB( fl~ ”2. USER-DEFINED’
10260 PRINT
10270 PRINT “11 = A + 8*11 + C*T2 + 0*13 + ...‘
10280 TEXT
10290 VTAB 21: 14140 fl INPUT “WHICH REGRESSION MODEL? ‘AS MC = VAL

4$~~ IF AS = “‘ OR MC = 1 THEN 11020
10300 - IF MC > < 2 THEN CALL — 998: 0010 10290
10310
10320 REM - CREATE THE USER DEFINED MODEL
10330 HOME 1 VTAB 7
10340 INPUT ‘NEED INSTRUCTIONS FOR DEFINING MODEL? “45
10350 IF LEFTS ( A$ ,1) = “1’ THEN COSUB 15110
10360
10370 HOME
10380 PRINT ‘ORIGINAL DATA VARIABLESaI
10390 PRINT ‘ — “

10400 COSUB 13360
10410 1 =20 — NV
10420 PRINT ‘HOW MANY TRANSFORM VARIABLES (1—’~T~”)’ ‘i: INPUT “;As:TV = VAL (AS ) IF TV < 1 OR TV > r THEN CALL — 998: 0010 10420
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10430 HOME 1 POKE 34.20
10440 PRINT ‘ENTER TRANSFORMS AS FUNCTIONS OF YC I)’
10450 PRINT
10460 FOR .3 = 1 TO TV
10470 VTAB 21: CALL - 958
10480 PRINT ‘ T(’;J;’ ) = “;: INPUT “;VARS(J + NV )
10490 PRINT : INPUT ‘*3 DC YOU NEED TO CHANGE 1T? ‘ A S  IF LEFTS (Al,
1) = ‘Y’ THEN UTAB 21: CALL - 958: 0010 10480

10500 NEXT .3
10510 PRINT
10520
10530 SFILES = ‘ :  GOSUB 14790: REM — SAVE TEMPORARY STORAGE FILE
10540 0010 issso : REM - WRITE TRANSFORM FILE
10550
10560 REM - RE-ENTRY POINT AFTER TRANSFORMS ARE ‘EXEC’D
10570 INPUT “iAS l REM - DUMMY INPUT TO PREVENT THE FIRST TRUE INPUT FR
ON TRYING TO READ THE EXEC FILE

10580 CALL 43089: REM - RESETS DOS (48K MEMORY )
10590 REM - NEXT B LINES REPLACE VALUES LOST AFTER ‘EXEC’
10600 D$ = CHR$ (13) + Cl-IRs (4 )
10610 BELLS =

10620 DIM A(20,20),C(20,20),R(20,20),UC20,20),SD(20),M(20 ),0C 8o),S(20)
10430 DIM RV( 2 0 ) ,X C 20 .20 ).Bf 20),PS( 5 ‘.V AR$( 20 ),DC 80 ,20) ,V ( 20 ),T( 20)
10640 MC = 2:PI = 3.14159265
10650 DEF FN R(X) = INT CX * 10000 + .5) / 100001 REM — 4 PLAC

E ROUND OFF FUNCTION
10660 DEF FN 8(X )  = 1141 CX * 100000 + .5) / 100000 : REM - 5 PLACE RD

UND OFF FUNCTION
10670 GUSUB 14980 : REM - READ TEMPORARY STORAGE FILE SAVED EARLIER
10680
10690 REM - ENTER TRANSF ORMED DATA INTO ENLARGED DCI ,J) MATRIX
10700 FOR 1 = 1 1 0 14
10710 FOR .1 = 1 TO NV
10720 V (J) = D(I,J)
10730 NEXT .1
10740 GOSUB 15650 -

10750 FOR .3 = NV + 1 TO NV + TV
10760 8(1,3) = 1(3 - NV)
10770 NEXT .1
1078* NEXT I
10790
10800 PRINT BELLS
10810 TEXT 1 HOME 1 VTAB 2
10820 PRINT ‘THESE TRANSFORMS HAVE BEEN CREATED ”
10830 PRINT ‘ 
10840 VTAB 7
10850 FOR J I TO TV
10860 PRINT • T(~~J ;) = ‘~V4R$(J + NV)
10870 IF TV < 7 THEN PRINT
10880 NEXT 4
10890 PRINT 1 009118 1320*1 PRINT PRINT
10900 PRINT ‘ENTER VARiABLE NAMES ABOVE (1—6 CHAR)...’
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10910 POKE 33,10: POKE 32,30
10920 VTAB SI PRINT ‘VAR NAME’
10930 VTAB 7
10940 FOR .3 = 1 TO TV
10950 INPUT “;AI:VARS J + 14V = LEFTS (45,6)
10960 IF TV < 7 THEN PRINT
10970 NEXT J
10980 POKE 32,0: POKE 33,40
10990 CALL - 958
11000 GOSUB 13170
11010
11020 HOME
11030 PRINT “CURRENT VARIABLES:’
11040 PRINT ‘ 
11050 COSUB 13360
11060 IF TV = 0 THEN 11090
11070 INPUT “WANT TO SAVE THE COMPLETE DATA BASE TO DISK , iNCLUDING TR
ANSFOF:M VARIABLES? ;AS: IF LEFTS (41,1) > < ‘I’ THEN 11090

11080 PRINT INPUT ‘SAVE UNDER WHAT NAME? “;SFILES : COSUB 14790
11090 IF NV 3 THEN IV 1~ M = 2: 0010 11190
1110’3 HOME 1 PRINT ‘YOU DON’T HAVE TO USE ALL THE VA RIABLES.SELECT ONLY

IHOSE NEEDED FOR THIS FIT... ”
11110 PRINT
11120 INPUT ‘HOW MANY INDEPENDENT VARIABLES? ‘ A$:IV = 1141 C VAL (AS )

) IF IV < I OR IV > NV — 1 THEN CALL — 998: 0010 L120
1 11130 N = IV + 1

11140 IF N > M THEN 11180
11150 PRINT 1 PRINT I PRINT BELLS;’*:* SORRY, BUT YOU ONLY HAVE ENOUGH 8
AlA FOR “;N — 2 ”  INDEPENDENT VARIABLES !

11160 PRINT 1 INPUT “DO YOU WANT TO ENTER NEW DATA? ‘;As : IF LEFTS (A
5,1 ) = “I” THEN 10060

11170 GOTO 11090
11180 HOME
11190 FOR .3 = 1 TO IV
11200 PRINT • INDEX OF INDEP VARIABLE “;J;: INPUT “? ~ AERV (J> =

INT C VAL (A U): IF RV (J ) < 1 OR RV(J )  > 20 THEN CALL — 998: 0010 11
200

11210 NEXT J
11220 PRINT
11230 INPUT “INDEX OF DEPENDENT VARIABLE? ;AS :RV( M = INT C VAL (A l
)) IF RV( M) < 1 OR RV ( M) > NV + TV THEN CALL — 998: 0010 11230

11240 PRINT
11250 INPUT “3* DO YOU WANT TO MANE CHANCES? ~~A* IF LEFTS (A$ ,1) =
“1 THEN HOME - 1 0010 11090

11260 RV ( 0 )  = O V AR S ( 0 )  = ‘CONST’
11270
11280 TEXT I HOME 1 VTAB 5
1 1290 PRINT ‘ OUTPUT OPTIONS (Y/N ) -

11300 PRINT ‘
11310 PRINT : PRINT
11320 PRINT ‘1. OUTPUT TO PRINTER?”
11330 PRINT
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11340 PRINT 2. TABLE OF liE~ )4S/ 9Th DEVIAI1ONS?”
11350 PRINT
11360 PRINT “3. SIMPLE CORRELATION MATRIX?”
11370 PRINT
11380 PRINT ‘4 • VARI ANCE—COVAR IANCE MATRIX?”
11390 PRINT
11400 PRINT ‘5. TABLE OF RESIDUALS?”
11410 VTAB 9
11420 F O R J =  110 5
11430 HTAB 38 INPUT ‘“;AS: F’S J = LEFTS (AS ~ 1)
11440 PRINT
11450 NEXT J
11460 009118 132201 IF AS = ‘Y” THEN 11280
11470 -

11480
11490 REM -COMPUTE MEANS, 5Th DEVIATIONS
11500 FOR I = 1 TO N:D( I~ 0)  = 1: NEXT I: REM - PUT ONES IN 1ST COLUMN
11510 IF REC = I THEN 11690: REM — SKIP RECALCULATION IF ALREADY DONE
11520 TEXT 1 HOME VTAB SI PRINT CALCULATING MEANS AND 518 DEV IATIONS

‘I• ,•
11530 FOR I = 0 TO NV + TV
11540 FOR J 0 TO NV + TV
11550 X = 0
11560 FO R L =  110 14
11570 X = X + D(L~I) * D(L,J )11580 NEXT L
11590 X(I,~J) = X:C(I,J) = X
11600 NEXT .3
11610 1(I) X(0~I) / X(0.0)
11620 SD(I) = 0
11630 IF I = 0 THEN 11650
11640 SD(I) = SOR (X (I,I) / (N — 1) — X (0 , I)  * X ( 0 , I )  / (14 * (N — 1))

11650 NEXT I
11660 FOR I = 1 TO NV + TV
11670 14(I) = 1( 1) 19( 1) = SD( I)
11680 NEXT I
11690 IF P5(2) = ‘Y THEN COSUB 13530
11700
11710 REM - COMPUTE CORRELATION COEFFICIENTS
1 1720 IF REC = 1 THEN 11790: REM — SKIP RECALCULATION IF ALREADY DONE
1 1730 TEXT : HOME 1 VTAB 5 PRINT “CALCULATINC CORRELATION COEFFICIENTS

U

11740 FOR I = 1 TO NV + TV
11750 FOR .3 = 1 TO NV + TV
11760 R(I,J) = (N * X (I,J ) — X (0,I) * X(0,.J)) / (14 * (N — 1) * 58(I)
* SIXJ))

11770 NEXT 4
11780 NEXT I
11790 IF P1(3) Y” THEN GOSI.IB 13720
11800 F O R I = O T D M — 1
11810 FOR 4 = I + 1 TO H
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11820 IF 1 — R(RV (I),RV (J)) < 1E — 9 THEN 128301 REM — WEED OUT 1114
EAR DEPENDENCIES

11830 NEXT J
11840 NEXT I
11850
11860 REM - COMPUTE CURVE FIT
11870 TEXT I HOME I VTA B 5~ PRINT CALCULAT1NC REGRESSION COEFFICIENTS.

11880 FOR I = 0 TO IV
11890 B (I) = C(RV (I)~RV (M))
11900 FOR .3 = 0 TO IV
11910 X (I,J) = C(RV (I),RV (J))
11920 NEXT .3
11930 NEXT I
11940 PRINT
11950 FOR I = 0 TO IV
11960 FOR .3 = 0 TO IV
11970 IF I > < .3 THEN 12000
11980 4(1,4) = 1
11990 0010 1201G
12000 4(1,4) = 0
12010 NEXT J
12020 NEXT I
12030 FOR I = 0 TO IV
12040 IF X (I~I) < 1E 

— 6 THEN 12790
12050 B(I) = B U) I X (I~I)12060 FOR .3 = 0 TO IV
12070 4(1,3) = 4(1,4) / X (1vI )
12080 IF J I THEN 12100
12090 X (I,J) = XCI,J) / X (I,I)
12100 NEXT J
12110 X (I~I) = 1
12120 FOR L = 0 TO IV
12130 IF L = I THEN 12210
12140 8(L) = B(L) — XCI,! ) * BC! )
12150 FOR J = 0 TO IV

— 12160 A (L,J) = A (L,J) — X ( L , I )  * 4(1,4)
12170 IF J = I THEN 12190
12180 X (L,J) = X (L,J) — X (L,I) * X(I.J)
12190 NEXT .3
12200 X(L,I) = 0
12210 NEXT I
12220 NEXT I
12230 ESS = C(RV (M)~RV(H))12240 FOR I = 0 TO IV
1 2250 ESS = ESS — 8 ( I)  * CC RV( I ),RV( H))
12260 NEXT I
12270 VE = ESS I (N - H)
12280 R2 = I — WE / (S(M) * SC M ))
12290 IF PlC 1) = ‘Y THEN COSUB 13310
12300 PRINT BELLS + BEl LS
12310 TEXT I HOME I VTA B 2
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12320 PRINT ‘VAR” ; TAB( 8 ;’ESTIMATED’; TAB( 20)~~STD ERR OR’12330 PRINT “NAME’; TAB( 8;”cOEFF ‘B’9 TAB( 20 );‘OF COEFF’; TAB( 32)
“T—RATIO”

12340 PRINT ‘—— —— ‘; TAB ( 8);”— 9 TAB( 20);’ 9 TAB( 32fl

12350 PRINT
12360 FOR I = 0 10 IV
12370 PRINT VARS( RV ( I )~ TAB( 8) EN R( B ( I )  TAB( 20 ) FN R( SQR (A ( I~I) * VE)) TAB C 32) FN R(B (I) / SQR (4 ( 1, 1)  * V E ) )
12380 NEXT I
12390 IF IV > 3 THEN 005118 13170: HOME
12400 POKE 33,38: POKE 32~2
12410 PRINT : PRINT : PRINT I PRINT
12420 PRINT ‘ADJUSTED Rt2 =9 TAB( 28) FN S(R2)
12430 IF R2 < 0 THEN 12450
12440 PRINT “CORRELATION COEFFICIENT =9 1AB( 28); FM SC SOR CR2))
12450 PRINT -

12460 PRINT ‘VARIANCE OF ESTIMATE =‘; ThE 28) FN S(VE)
12470 PR1NT “618 ERROR OF ESTIMATE =9 TAB( 28); FN SC SOP C VE))
12480 PRINT
12490 PRINT ‘DEGREES OF FREEDOM =‘; TAB ( 28)N — N
12500 POKE 32~0 POKE 33~4012510 PRINT
12520
12530 REM - CALCULATE DURBIN WATSON STATISTIC
12540 FOR 1=  lIO N
12550 Z = D( I ,RV( M))  - 8(0)
12560 F O R J = I T O IV
12570 Z=Z— B (.J )*D (I,RV (J ))
12580 NEXT .3
12590 0(I)  = 1
12600 NEXT I
12610 W = 0
12620 FOR 1 =  2 T O N -

12630 W = W + (0 (I) — 0(1 — 1)) * (0 (I) — 0(1 — 1))
12640 NEXT I
12650 PRINT ‘DURBIN—WATSON STATISTIC = ‘; EN S(W / ESS )
12660 - IF P5(1) ‘Y THEN PRINT DSP’PR$0”
12670 COSUB 13170
12680
12690 IF PlC 4) ‘Y’ THEN 006118 140701 REM — VAR — COVAR MATRIX
12700
12710 IF P1(5) “Y’ THEN COSUB 14410: REM - RESIDUALS
12720
12730 TEXT : HOME I VTAB 7
12740 PRINT ‘DO YOU WANT TO PREDICT VALUES FOR’
12750 PRINT
12760 PRINT TAB( 5);vARS (Rvc IV + 1)fl INPUT ‘ ? ‘ ;AS : IF LEFTS ( AS,

= ‘Y~ THEN COSUB 14590
12770 COTO 12880
12780
12790 HOME : VTA B 7
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12800 PRINT ‘CANNOT CONTINUE THE REGRESSION... ’
12810 PRINT : PRINT
12820 PRINT BELLS ’** CORRELATION MATRIX BECOMING SINGULAR’: 0010 12870

12830 HOME : VTAB 7
12840 PRINT ‘CANNOT CONTINUE THE REGRESSION... ’
12850 PRINT : PRINT
12860 PRINT BELL$;”** RECHECN YOUR DATA FOR DEPENDENCIES . .•‘
12870 009118 13170
12880 TEXT : HOME : VTAB 5
12890 PRINT ‘ YOUR FINAL OPTIONS ARE:”
12900 PRINT ‘ U
12910 PRINT : PRINT : PRINT
12920 PRINT “1. ANOTHER REGRESSION W/ SAME DATA BASE”
12930 PRINT
12940 PRINT ‘2. ENTER A NEW DATA BASE’
12950 PRINT -

12960 PRINT ‘3. EDIT CURRENT DATA BASE’
12970 PRINT : PRINT
12980 PRINT ‘4. QUIT THE PROC-RAM”
12990 VTAB 22: INPUT “ WHICH! ‘A$ FC = VAL (45)1 IF FC < 1 OR FC
> 4 THEN CALL — ?98 0010 12990

13000 IF FC = 2 THEN RDFLAG = 1
13010 IF FC = 3 THEN RDF L AG = 2
13020 IF EC = 2 OR FC 3 THEN 10060
13030 IF FC = 4 THEN 13090
13040 REM - ENSURES LAST TRANSFORMS ARE 140W TREATED AS ‘ORIGINAL’ VARI
ABL ES

13050 NV = NV + TV TV 0
13060 PEG = il REM - FLAC TO SKIP RECALCULATION OF MEANS, 918 11EV, AND C
ORR COEFF

13070 COTO 10150
13080
13090 PRINT DSPBLOAD CHAIN, A520”
13100 CALL 520’CAAMM MASTER”
13110 END
13120
13130 REM

13140
13150
13160 REM ** UTILITY SUDROUTINES 1*
13170 VTAB 23: COSUB 13200: PRINT TAB( 6 ;’HIT ‘RETURN’ TO CONTINUE...
“;: CET AS: PRINT

13180 RETURN
13190
13200 PRINT ‘ 
13210 RETURN
13220 POKE 34,23: VTAB 23: COSUB 13200: HTAB 7 INPUT ‘NEED TO CHANCE I
T’ ‘;As:As = LEFTS (45,1)1 PRINT

13230 RETURN
13240
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13250
13260 VTAB 23: COSUB 13200: PRINT ‘HIT ‘RETURN’ TO CO ON, OR ‘0’ TO QUI
I’;

13270 GET Al: IF ASC (As ) = 81 THEN 13440
13280 PRINT
13290 RETURN
13300
13310 REM ** TURN PRINTER ON **13320 PRINT Ds;’PRS4’: PRINT : POKE 1l48~32: POKE 1788,4013330 PRINT : 605118 13200 PRINT PRINT
13340 RETURN
13350
13360 REM ** VAR IABLE LISTING **
13370 PRINT
13380 PRINT ‘INDEX’; TAB( 7);”LABEL’; TAB ( 14)’NAME’
13390 PRINT
13400 FOR .3 1 TO NV + TV
13410 IF 3 > 10 THEN POKE 33,20: POKE 32,20: VTAB .3 — 5
13420 PRINT TAB( 3);J; TAB( fl ;
13430 IF J > NV THEN PRINT ‘T (”J — NV ;’)” ;: COTO 13450
13440 - PRINT ‘V (’;J;” ”;
13450 PRINT TAB( 14flVAR$ (J)
13460 NEXT .1
13470 POKE 32,0: POKE 33~4013480 VTAB 16
13490 PRINT : 609118 13200: PRINT : PRINT
13500 POKE 34~1S13510 RETURN
13520
13530 REM fl MEANS / $111 DEVIATIONS PRINT—OUT **
13540 IF PlC 1) = Y THEN 009118 13310
13550 PRINT BELLS
13560 TEXT : HOME : VIAB 2
13570 PRINT ‘VAR” ; TAB 18 ;”UNBIASED”; TAB( 30);’UNBIASED”
13580 PRINT ‘NAME’; TAB( 8); “MEAN”; TAB( 18); ‘STD 8EV’; TABC 30); ‘VARIA
NCE”
13590 PRINT ‘——— — 9 TAB( 8)” ———— ”; TAB( 18);’——— ——— 9 TAB( 30);’ 

——— U

13600 POKE 34,4
13610 FOR 1 =  i T O H
13620 PRINT
13630 MCI )  = T(RV(I)):S(I = SD(RV (I))
13640 PRINT VARS’ RV I)); TAB( 8); nJ RC M( I~~; TAB( l8) FM R(scI )) ;  I

ABC 30); FN R( S(I) * 9 (I))13650 IF I = H THEN 13670
13660 IF I / 8 = INT CI / 8) AND P5(1) > < “Y’ THEN COSUB 13170: N

ONE
13670 NEXT I
13680 IF P5(i) = ‘Y’ THEN PRINT D5 ”PR$0”
13690 COSIJB 13170
13700 RETURN
13710
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13720 REM U CORRELATION COEFFICIENT MATRIX **13730 AV = 0~ IF CM ) / 4 > INT ((H) / 4) THEN AV = 1
13740 U = I
13750 IF P$( 1) = “1” THEN GOSUB 13310
13760 PRINT BELLS
13770 TEXT I HOME : VTAB 3
13780 PRINT ‘CORRELATION COEFFICIENTS”
13790 PRINT ‘ — 

13800 PRINT : PRINT
13810 HTAB 8
13820 FOR J = U Z 4 - 3 T O U * 4
13830 PRINT VARs RVU~~; TAB( 8 *  (3 — (U — 1) * 4 )  + 8 ;
13840 IF ‘.1 = H THEN 13860 -

13850 NEXT .3
13860 PRINT : PRINT I PRINT
13870 POKE 34,9
13880 FOR 0 = 1 TO INT ( ( H)  / 4 )  + AV
13890 F O R I = 0 * 4 - 3 T 0 0 t 4
13900 - PRINT vARs Rv(I~~; TAB( 8);
13910 FO R L = .U * 4 — 3 T O U * 4
13920 U (I,L)= R(RV(I),RV(L))
13930 PRINT FN R( u( I~L)) ; TAB( 8 * CL — (U — 1) * 4 ) + 8)
13940 IF L = H THEN 13960
13950 NEXT L
13960 PRINT : PRINT
13970 IF I = Ii THEN 14010 -

13980 NEXT I -

13990 IF P5 ( 1) > < “Y” THEN COSUB 13170: HOME
14000 NEXT 0 -

14010 IF PS( 1) > < ‘Y’ THEN COSUB 13170
14020 U = U + 1~ IF U > INT ((N) / 4 )  + A’) THEN 14040
14030 COTO 13770
14040 IF P5(1) = Y’ THEN PRINT Ds;”PR*o”: GOSUB 13170
14050 RETURN
14060
14070 REM U VARIANCE-COVARIANCE PRINT-OUT **14080 AV = 0: IF H / 3 > tNT (H / 3 THEN A’) = 1
14090 U = 1
14100 - IF PlC 1) = 9’ THEN GOSUB 13310
14110 TEXT 1 HOME : YTAB 3
14120 PRINT ‘VARIANCE—CDVARIANCE MATRIX OF COEFF”
14130 PRINT ‘—-P 

14140 PRINT : PRINT
1.4150 HTAB 8
14160 F O R J = U * 3 - 3 T O U * 3 -  1
14170 PRINT VAR$( RV(J)); TAB( Ii * (J + 1 — (U — 1) * 3) + 8)
14180 IF .3 = IV THEN 14200
14190 NEXT J
14200 PRINT I PRINT : PRINT
14210 POKE 34,9
14220 F O R O =  110 I N T C M / 3 ) + A V
14230 F O R I = Q * 3 - 3 T 0 0 * 3 - i
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14240 PRINT VAR$( RV( I )
~ TAB( 8) ;

14250 F O R L = U * 3 - 3 T O U * 3 — 1
14260 A ( I~L) = MI,L) * VE
14270 PRINT EN R( A( I.L)); TAB( 11 * CL + 1 — (U — 1) * 3) + 8)
14280 IF L = IV THEN 14300
14290 NEXT L
14300 PRINT : PRINT
14310 IF I IV THEN 14350
14320 NEXT I
14330 IF PlC 1) > < ‘Y” THEN COSUB 13170: HOME
14340 NEXT 0
14350 IF PlC 1) > < “1’ THEN COSUB 13170
14360 U = U + 1 IF U > INT (H / 3) + A’) THEN 14380
14370 6070 14110
14380 IF P5(1) = 9’ THEN PRINT D$~”PRi0’~ COSLJB 13170
14390 RETURN 

-

14400
14410 REM U TABLE OF PREDICTED VALUES AND RESIDUALS 5*
14420 IF PlC 1) = ‘Y’ THEN COSUB 13310
14430 TEXT : HOME 1 VTAB 2
14440 PRINT TAB ( 5)”ACTUAL” ; TAB( 14);”PREDICTED”
14450 PRINT TAB( 6);”y’” ; TAB( 17);”v’’; TAB( 27) ’RESIDUAL’
14460 PRINT TAB( 5);’ “; TAB( 14);’ 9 TAB( 2fl;’—————— ——
‘I

14470 PRINT
14480 POKE 34,5
14490 FOR I = 1 T O N
14500 PRINT I; TAB( 5);D(I,Rv(N)); TAB( 14); FM R( 8(I,R’JUi)) — 0(1)); 1

ABC 27); TN R( Q ( I ) )
14510 IF I = N THEN 14540
14520 IF I / 5 = INT (1 / 5) THEN PRINT
14530 IF I / 15 = fliT (I / 15) AND P*( 1 > < 9’ THEN COSUB 13170: H

ONE
14540 NEXT I
14550 IF P5(1) = ‘Y” THEN PRINT EiS~”PR$O”
14560 COSUB 13170
14570 RETURN
14580
14590 

- REM *5 DEPENDENT VARIABLE PREDICTIONS 5*
14600 HOME : VIAB 3

- 14610 PRINT ‘ENTER VALUES FOR INDEPENDENT VARIABLES:’
14620 PRINT : PRINT
14630 FOR .3 = I TO IV
14U0 IF J > 10 THEN POKE 33,20: POKE 32~20: VIAB .3 — 4
14650 PRINT ‘V( ‘;RV~J);’)’; TAB( fl;VARlCRv( J~~; TAB’ 15;:  INPUT ‘‘1

XP (J)
14660 NEXT 4
14670 POK E 32~O POKE 33,40
14680 YP = B(0 )
14690 FOR I = I TO IV
14700 YP = YP + XP( I)  S BC I)
14710 NEXT I
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14720 PRINT I PRINT
14730 PRINT BELL5;’PREDICTED VALUE OF ‘;vARs( RV( IV + 1));” = 9 FN R(Y

P)
14740 PRINT : PRINT
14750 COSUB 13200
14760 -HTAB 10: INPUT ‘ANOTHER PREDICTIO~4! ‘;As : IF LEFTS ( A$,1) = ‘v’

THEN 14590
14770 RETURN
14780
14790 REM 5* SAVE TEMPORARY STORAGE FILE **
14800 IF STILES :> < “‘ THEN NV = NV + TV: COTO 14820
14810 SFILE$ = ‘TEMPFILE”
14820 PRINT D$;’OFEN “;SFILE$;D$;”DELEIE “;SFILE~ ;Ds;’OPEN ‘;SFILES
14830 PRINT D$;’WR ITE ‘;SFILES
14840 PRINT N PRINT NV
14850 FOR .3 = 1 TO NV
14860 PRINT VAR S (J )
14870 iO R I = 1 TO N: PRINT DCI,J): NEXT I
14880 NEXT .3
14890 IF SFILES > < ‘TEMPFILE” THEN 14930
14900 PRINT TV
14910 FOR .3 = 1 TO TV PRINT VAR$(NV + J) NEXT J
14920 6010 14940
14930 NV = NV — TV
14940 PRINT Ds;’cLosE %SFILE$
14950 SFILES =
14960 RETURN
14970
14980 REM *5 READ DISK FILE *5
14990 PRINT Ds;’OPEN TEHPFILE”
15000 PRINT D5;’READ TEMPFILE”
15010 INPUT N,NV
15020 FOR 4 =  1 TO NV
15030 INPUT VA RS(J )
15040 FOR I = 1 TO -N: INPUT D(I,J): NEXT I
15050 NEXT .3
15060 INPUT TV
15070 FOR .3 = 1 TO TV INPUT VARS( N’) + 4 ) 1 NEXT J
15080 PRINT DS;’CLOSE TEMPEILE”
15090 RETURN
15100
15110 REM *5 USER MODEL INSTRUCTIONS 5*
15120 HOME
15130 PRINT ‘DEFINING A MODEL ALLOUS YOU TO FIT DATA TO VIRTUALLY ANY A
LCEBRAIC CURVE THAT CAN BE EXPRESSED AS A TRANSFORMATION OF THE BASIC
LINEAR MODEL.’

15140 PRINT
15150 PRINT ‘YOUR DEFINED MODEL WILL USE ‘TRANSFORM’ ‘JARIABLES THAT ARE

FUNCTIONS OF ANY OR ALL OF THE ORIGINAL DATA VARIABLES ,’
15160 PRINT
15170 PRINT ‘St TOTAL VARIABLES CANNOT EXCEED 20.’
15180 PRINT
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15190 PRINT ‘THIS MODEL, FOR EXAMPLE. ..’
15200 PRINT
15210 PRINT ‘V( 7 )  = A +B*LOC( V( 1 )f2 ) +C*( V( 4 )+V( 6 ) )/2”
15220 PRINT
15230 PRINT ‘REQUIRES 2 TRANSFORM VARIABLES:”
15240 PRINT
15250 PRINT “ 1(1) = LOG( V( 1 )t2 )“
15260 PRINT TC 2 ) = (V (  4 )+V( 6 )  )/2”
15270 PRINT : PRINT
15280 INPUT “YOU MUST USE LEGAL FUNCTIONS ANtI SYNTAX. NEED H
ELP?

15290 IV LEFTS (A$~1) = “Y” THEN COSUB 15320
15300 RETURN
15310
15320 REM 5* LEGAL FUNCTIONS AND SYNTAX **
15330 HOME : VTAB 2
15340 PRINT “FUNCTION” ; TARt 14 ;”COHMENTS”
15350 PRINT “ ‘; TAB( 14);” 
15360 PRINT
15370 PRINT “SIN(X)”
15380 PRINT “COS (X)”
15390 PRINT “TAN (X)”; TARt 10);’X CAN’T BE A MULTIPLE OF P1/2”
15400 PRINT “ATN (X)”
15410 PRINT ‘ABS(X )’
15420 PRINT ‘SOR(X)9 TARt 10);”SQUARE ROOT; X MUST BE > 0’
15430 PRINT “EXF’(X ”; TARt 1o);”E’ RAISED TO THE POWER OF X”
15440 PRINT “LOG (X>”~ TARt lo);”NATURAL LOG~ X MUST BE > 0”
15450 PRINT : PRINT : PRINT
15460 PRINT “5* PARENTHESES MUST BE CLOSED”
15470 PRINT
15480 PRiNT ‘5* EXPONENTIATE USING ‘t’~ E.G. ‘Xt2’’15490 PRINT
15500 PRINT “5* THE VALUE ‘Pt’ CAN BE ENTERED AS ‘P1’”
15510 PRINT “5* TRIG FUNCTIONS EXPECT X IN RADIANS’
15520 GOSUB 13170
15530 RETURN
15540
15550 REM *5 WRITE TRANSFORM FILES 5*
15560 PRINT D5 ”OPEN TF9D$;”DELETE TF”;DS;”OPEN TF’
15570 PRINT Dl;”wRITE TF’
15580 FOR .3 = 1 TO TV
15590 PRINT 15650 + .3 * 10;” T (’ ;.3;’)  = ‘;VARS( .3 + NV )
15600 NEXT .3
15610 PRINT 15650 + .3 * 10;” RETURN”
15620 PRINT “GOTO 10560”
15630 PRINT Ds;”EXEC IF’
15640 END
15650 REM 5* TRANSFORMS *5
15660 REM - USER—DEFINED TRANSFORMATION LINES CREATED TO START HERE
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Section 6, LINPROG

10000 BELLS = “: REM — BELL
10010 PRINT BELLS
10020 TEXT : HOME 1 VTAB 3
10030 PRINT ” t * * * * * * *  * 5 * 5 * 5 * 5 * 5  5*’
10040 PRINT
10050 PRINT TARt 15);’L I N E A R”
10060 PRINT
10070 PRINT TARt 10) ~ ’P R 0 C R A H M I N C”
10080 PRINT PRINT
10090 PRINT TARt 19 ;”BY”
10100 PRINT
10110 PRINT TAB( 13 )“ROBERT B. CONTE’
10120 PRINT
10130 PRINT ’ * * * * * * * * * * * * * * * * * * * * ”
10140 VTAB 24 INPUT “ DO YOU WANT INTRODUCTORY REMARKS? A$ IF LE

FTS (AS , 1) = 9’ THEN COSUB 20660
10150
10160 CLEAR
10170 REM - DIMENSIONED FOR 20 VA RIABLESr 20 CONSTRAINTS
10180 DIM AC 20,60 ),B( 20)~C(60 ),Tl( 20~22)~CST$(20 )rVARS (20 ),CTS(20)10190 DIM D(20),F(60),H(2,20),V(60),Z(60 )
10200 0EV FN R (X) = INT (X 5 1000 + .5) / iooo : REM — 3 PLACE ROUND

OFF FUNCTION
10210 DS = CHRS (13) + CHRS (4)
10220
10230 HOME 1 POKE 33,37: POKE 32~310240 UTAB 2
10250 PRINT “ TO ENTER AN LP MOBEL~ YOU CAN:”
10260 PRINT ‘ U
10270 VTAB 9
10280 PRINT ‘1. READ EXISTING MODEL FROM DISK’
10290 PRINT : PRINT -

10300 PRINT ‘2. CREATE MODEL INTERACTIVELY’
10310 PRINT ‘ ( USINC NAMED VARIABLES)’
10320 PRINT : PRINT
10330 PRINT ‘3. CREATE MODEL INTERACTIVELY”
10340 PRINT ‘ (USING NUMBERS ONLY )”
10350 PRINT I PRINT : PRINT
10360 TEXT
10370 HTAB 8~ INPUT “WHICH METHOD? U;Al :DE = VAL (AS): IF Al = “ THE

N DE = 1
10380 IF DE = 1 THEN COSUB 20440 1 COTO 10410
10390 ON BE — I COSUB 15780,16270
10400
10410 TEXT I HOME : POKE 33,35: POKE 32~5
10420 VTAB 2
10430 X = FRE (0 )  REM - CLEAN UP UNUSED STRING SPACE

169

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ J ~~~~~~~~~: ~~~~~~~~~



10440 PRINT “ LF’ MODEL MANAGEMENT”
10450 PRINT ‘ —— N

10460 PRINT 1 PRINT
10470 PRINT ‘1. DISPLAY CURRENT NOBEL’
10480 PRINT
10490 IF OPFLAC = I THEN PRINT “2. SENSITIVITY MODEL EDITING’:OPFLAG

= 0: COlD 10510 -

10500 PRINT “2. EDIT CURRENT MODEL’
10510 PRINT
10520 PRINT ‘3. SAVE CURRENT MODEL TO DISK’
10530 PRINT
10540 PRINT ‘4. ENTER A NEW MODEL’
10550 PRINT
10560 PRINT “5. QUIT PROGRAM”
10570 PRINT : PRINT
10580 PRINT “6. SOLVE THE PROBLEM’
10590 PRINT 1 PRINT : PRINT
10600 TEXT
10610 HTAB 10: INPUT “WHICH OPTION? ‘;As:Do = VAL (An : IF A$ = ‘“ TH
EN 10660 

-

10420 IF DO 1 OR DO > 6 THEN CALL — 998 COTO 10610
10630 ON DO GOSUB 17140,l7250~2025O: IF tIC < 4 THEN 1041010640 ON DO — 3 COTO 10160,14700,10660
10650
10660 COSUB 19710
10670 TEXT 1 HOME : VTAB 5
10680 PRINT “ OUTPUT OPTIONS (Y/N)’
10690 PRINT ‘
10700 PRINT 1 PRiNT
10710 PRINT ‘1. OUTPUT TO PRINTER?’
10720 PRINT
10730 PRINT ‘2. INITIAL TABLEAU?”
10740 PRINT
10750 PRINT “3. INTERMEDIATE BASIC SOLUTIONS?’
10760 PRINT -
10770 PRINT ‘4. FINAL TABLEAU?’
10780 UTAB 9
10790 FOR 3= 1T0 4
10800 HTAB 36: INPUT “ ' ;AS :Pl(J ) = LEFTS ( A$ ,1)
10810 PRINT
10820 NEXT .3
10830 COSUB 14830: IF AS = ‘Y” THEN 10670
10840
10850 REM *5 SET UP SLACK, SURPLUS, AND ARTIFICIAL VARIABLES 5*
10860
10870 REM - SUPLUSES FOR > CONSTRAINTS
10880 .3 = NV + 1

10890 FOR I = 1 TO NC
10900 IF I > < .3 — NV + L + E THEN 10920
10910 A (I,J) = — 1
10920 NEXT I
10930 .3 = .3 + 11 IF .3 > NV 4 C THEN 10960
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10940 COTO 10890
10950
10960 REM - SLACKS FOR < CONSTRAINTS
10970 FOR 3 =  NV + G  + 1  TO N V + G +  L
10980 FOR I = 1 TO NC
10990 IF I > < J - NV — C THEN 11010
11000 A(I,J) = 1
11010 NEXT I
11020 NEXT .3
11030
11040 REM - ARTIF ICIALS FOR = CONSTRAINTS
11050 F O R J = N V + G + L + 1 T O N V + C + L + E
11060 FOR I = I TO NC
11070 IF I > < .3 - NV — C THEN 11090
11080 A(I,.J ) = 1
11090 NEXT I
11100 NEXT J
11110
11120 REM - ARTIFICIALS FOR > AND = CONSTRAINTS
11130 FOR .3 = NV + C + L + E + 1 TO NV + NC + C
11140 FOR I = 1 TO NC
11150 IF I > < .3 - NV — C THEN 11170
11160 A(I,J) = I
11170 NEXT I
11180 NEXT J
1 1190
11200 TV = NV + NC + C: REM — TOTAL NUMBER OF ALL VARIABLES
11210
1 1220 IV P$( 1 ) = ‘1’ THEN GOSUB 14940
11230 TEXT : HONE : IF PE = 3 THEN VIA!’ 5

11240 PRINT TARt 10 );‘VARIAB LE TABLE:’
11250 PRINT TARt 10 )~ ‘======== =~~~~~=“

11260 PRINT : IF LIE = 3 T HEN PRINT
11270 PRINT ‘DECISION VARIABLES ARE” ; TAB( 28);’ l— ’;NV
11280 IF LIE = 2 THEN N = NV:AFLAC = 11 COSUB 1773O AFLAC = 0
11290 PRINT -

11300 IF C = 0 THEN 11330
11310 PRINT “SURPLUS VAR IABLES ARE’; TAB( 28 ;NV;” —’;NV + C
11320 PRINT
11330 IV L = 0 THEN 11360
11340 PRINT ‘SLACK VARIABLE S ARE” ; TARt 28);Nv + c + 1;’— ’;Nv + C + L
11350 PRINT
11360 IF C + E = 0 THEN 11380
11370 PRINT ‘ARTIFICIAL VARIABLES ARE ”; TAB( 28);NV + C + I + 1;’—’;Nv
+ NC + C

11380 OSUB 14770
11390
11400 REM *5*555*5 START PHASE I ********
11410 IT = 0~ REM - NUMBER OF ITERATIONS
11420 IF C + E = 0 THEN 13060
I :~ 1’~ FOR I = I + 1 TO NC

F B( I) > 0 THEN 11520 REM — START AT PHASE I
5 1.’~O ~(X T  I
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11460
11470 FOR I = 1 TO NC
11480 D (I ) = M V + G + l
11490 NEXT I
11500 COTO 13060 1 REM —START AT F HASE II
11510 REM ****tfl* PHASE I *:**5*:*:**
11520 PH 1 FFLAC = 1
11530 REM - F iS PHASE I OB~J FUNC VECTOR
11540 FOR .3 = NV + C + L + 1 TO TV
11550 F(J) = — 1
11560 NEXT .3
11570
11580 REM -D IS VECTOR OF BASIC VARIABLE SUBSCRIPT
11590 FOR I = 1 TO NC
11600 D ( I ) = N V + C + I
11610 NEXT I
11620
1 1630 REM — Z ( J )  IS JTH Z-ROW ENTRY Z(J )— C ( .3 )
11640 FOR .3 = 1 TO TV
11650 Z ( J ) =  0
11660 FOR I = 1 TO NC
11670 Z ( J )  = Z ( J )  + F( D (I)) * A (I~J)
11680 NEXT I
11690 Z(J) = Z(J) - F(J)
11700 NEXT .3
11710
1 1720 REM - 7 IS PHASE I OBJ FUNC VALUE
11730 Z = 0
11140 FOR I = 1 TO NC
11750 Z = Z + F(D(I)) S B(I)
11760 NEXT I
11770
11780 IF P1(2) > < ‘Y’ T HEN 11860
1 1790 TEXT 1 HOME 1 VIA!’ 2
1180G HTAB 121 PRINT ‘INITIAL TABLEAU”
11810 HTAB 12 PRINT ‘======= ======= “

11820 PRINT : PRINT -

11830 COSUB 14980
11840 REM — THE PHASE I OBJ FIJNC IS OBTAINED BY LETT INC It J )=0 FOR
LEGITIMATE VARIABLE S AND Z(J )=—1 FOR ARTIFICIAL VAR IABLES

11850
11860 IF P1(3) > < ‘Y’ THEN 11940
11870 HOME 1 VTAB 2
11880 PRINT “INITIAL BASIC SOLUTION”
11890 PRINT ‘====~—== ==—== =======—~,

11900 PRINT
11910 COSUB 15480: COSUB 14770
11920
11930 REM - GET RID OF ARTIFICIAL VARIABLES
11940 3$ = 99999
1 1950 REM -FIND MOST NEGATIVE 1(J)
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11960 X = 1
11970 FOF: .3 = 1 TO TV
11980 IF Z(J) > = BM THEN 12060
11990 FOR I = 1 TO TV
12000 IF .3 = V ( I)  THEN 12060
12010 NEXT I
12020
12030 REM - W/ ALL NEGATIVE ENTRIES, K IS CCL OF INCOMING VARIABLE
12040 BM = Z(J)
12050 K = J
12060 NEXT .3
12070
12~80 IF RN > = 0 THEN 12740
12090 BM = 9.9E + 34
12100
12110 REM - FIND MIN B( I)/A(I,tt ) FOR A(I~ tO>0
12120 FOR I I TO NC
12130 IF A ( I ,K)  < = 0 THEN 12180
12140 

- 

IF B(I) / A ( I ,K)  > RN THEN 12180
12150 RN = RU) / A ( I ,X )
12160 REM - R IS ROW OF LEAVING VARIABLE
12170 R = I
12180 NEXT 1
12190 IF BA 9.9E + 34 THEN 12270
12200 V ( X )  = K
1 2 2 1 0 X = X + 1
12220 IF X < 120 THEN 11970
12230 PRiNT : PRINT : PRINT “*5 UNBOUNDED SOLUTION DURING PHASE I’
12240 PRINT 1 COSUB 14770 1 GOTO 10410
12250
12260 REM 5* PIVOT *5
12270 P = A (R,K)
12280 REM - TRANSFORM ELEMENTS OFF PIVOT ROW AND COLUMN
12290 FOR I 1 TO NC
12300 IF I = R THEN 12370
12310 FOR .3 = 1 TO TV
12320 IV .3 = N THEN 12360
12330 A ( I ,J )  = A(I,J) — A (I,K) * A ( R,J ) / P
12340 IF ABS (At I,J)) > 1E — 5 THEN 12360
12350 A (I,J) = 0
12360 NEXT ~1

• 12370 NEXT I
12380
12390 REM - OBTAIN NEW OBJ FUNC VALUE
12400 2 = 2 — Z ( K)  S B( R) / P
12410 IF ABS (2 )  > 1E - 5 THEN 12450
12420 2 = 0
12430
12440 REM - TRANSFORM 08.3 FUNC ROW
12450 FOR .3 = 1 TO TV
12460 IF J = K THEN 12500
12470 Z ( J )  = 2(J) - 2(K) * A(R,J) / P
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12480 IF ABS (Z ( J ) )  > 1E — 5 THEN 12500
12490 2 (J )  = 0
12500 NEXT .3
12510
12520 REM -TRANSFORM B-VECTOR AND PIVOT COLUMN
12530 FOR I = 1 10 NC
12540 IF I = R THEN 12590
12550 B( I) RU) — B( R) ~ A ( I .K)  / P
12560 A ( I ,K) = 0
12570 IF ABS (B(I)) > 1E — 5 THEN 12590
12580 P U)  0
12590 NEXT I
12600 B( R) = B( R) / P
12610 2(K) = 0
12620
12630 REM - TRANSFORM THE PIVOT ROW
12640 FOR .3 = 1 10 TV
12650 A (R.J) = A( R,J)  / P

12660 NEXT .3
12670
12~S80 IT = IT + il REM — INCREMENT ITERATION COUNTER
12690
12700 REM - CHANGE BASIC VAF:IABLE INDEX VECTOR
12710 D( R) = K
12720
12730 REM — CHECK FOR TERMINATION
12740 IF Z > = 0 THEN 12960
12750 REM - CHECK OPT IIf4 LXT Y CRITERION
12760 FOR .3 = 1 TO TV
12770 IF Z(J) < 0 THEN 12870
12780 NEXT .3
12790 FOR I = 1 10 NC
12800 IF D( I) > NV + C + I THEN 12840
12810 NEXT I
12820 -

12830 GOTO 12960
12840 PRINT : PRINT : PRINT “5* THERE IS NO FEASIBLE SOLUTION”
12850 PRINT : COSUB 14770: COTO 10410
12860
12870 IF PIt 3) > < ‘Y’ THEN 11940
12880 HOME 1 VTAB 2
12890 PRINT ‘BASIC SOLN AFTER ITERATION ‘;IT
12900 PRINT ===== ==== =====
12910 PRINT
12920 COSUB 15480: COSUB 14770
12930 REM - CONTINUE (U NEXT ITERATION
12940 COTO 11940
12950
12960 IF P1(3) > < ‘Y’ T HEN 13060
12970 HOME : UTAB 2
12980 PRINT ‘BASIC SOLN AFTER ITERATION ‘lIT
12990 PRINT “===== =—== ===——=

174

- -  _ _ _ _ _ _ _ • _ _
_

_~~~

_

~~~~i. . _ •
-~~~~~~~~~~ 

-

~~~~~~~~~~~~
-
-

~~~~~~~~

— - -- —--
~~~~~~~

--

~

-,
~~~~~~ ~~1 ~~~

IIPPWF!l
~
,..rI .J- 

_ _ _ _



13000 PRINT
13010 COSUB 15480 : GOSUB 14770
13020
13030
13040 REM *5*5*5*5 PHASE II *5*5*55*
13050
13060 PH = 2
13070 REM -PRICE OUT VARIABLES AGAIN
13080 IF D(1) > < 0  THEN 13120
13090 FOR I = 1 TO NC
13100 B (I) = NV + I
13110 NEXT I
13120 FOR .1 = I TO TV
13130 2(J) = 0
13140 FOR I = 1 TO NC
13150 2(J) = 2(J) + C( D( I)) * A(I,J)
13160 NEXT I
13170
13180 REM - Z ( .3)  IS THE .JTH Z— ROW ENTRY 2( J )— C (J )
13190 Z(J) = Z(J) — CU)
13200 NEXT .1
13210 Z = 0
13220 REM — 2 IS 1ST PHASE II OBJ FUNC VALUE
13230 FOR I = 1 TO NC
13240 2 = 2 + C(D(I)) * B(I)
13250 NEXT I
13260
13270 IF PFLAG = 1 THEN F FLAG = o: GOTO 13340
13280 IF P1(2) > < “Y’ THEN 13340
13290 TEXT : HOME VTA B 2
13300 HTAB 121 PRINT “INITIAL TABLEAU”
13310 HTAB 121 PRINT =======
13320 PRINT : PRINT
13330 COSUB 14980
13340 IF P1(3) > < ‘Y’ THEN 13410
13350 TEXT : HOME I VTAB 2
13360 PRINT ‘INITIAL BASIC FEASIBLE SOLUTION”
13370 PRINT “—~====== ====— ======== ========“

13380 PRINT 1 COSUB 15480
13390
13400 REM - FIND MOST NEGATIVE Z( . 3 )

• 13410 3M = 99999
13420 REM -NEVER CONSIDER ENTERING AN ARTIFICIAL
13430 FOR .3 = 1 TO NV + C + L
13440 IF Z(J) > = BM THEN 13470
13450 Bti = 2(J)
13460 K = J
13470 NEXT J
13480
13490 REM - OPTIMAL SOLUTION FOUND
13500 IF 8$ > = 0 THEN 14260
13510 IF PIt 3) = ‘Y’ THEN GOSUB 14770
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13520 BK = 9.9E + 34
13530
13540 REM FIND MINIMUM B(I)/A (I,K) FOR A (I,K)>0 (UNLESS ARTIFICIAL VAR
IABLE IN BASIS W/ A (I,K)<0)

13550 FOR I = 1 TO NC
13560 IF A ( I ,K) < = 0 THEN 13610
13570 IF B(I) / A (I,K) > RN THEN 13660
13580 RN = B (I) / A (I,K)
13590 R = I
13600 GOTO 13660
13610 IF A ( I ,K) = 0 THEN 13660
13620 IF D(I) < = NV + C + I THEN 13660
13630 REM — • ARTIFICIAL VARIABLE , THEN PIVOT ON THAT ROW
13640 R = I
13650 COTO 13720
13660 NEXT I
13670 IF BK < 9.9E + 34 THEN 13720
13680 PRINT I PRINT : PRINT “*5 THE SOLUTiON IS UNBOUNDED”
13690 PRINT : COSUB 14770: COTO 10410
13700
13710 REM - PIV OT
13720 P = A (R,K)
13730 REM -TRANSFORM ELEMENTS OFF PIVOT ROW AND COLUMN
13740 FOR 1 = 1 1 0  NC
13750 IF I = R THEN 13820
13760 FOR .1 = 1 TO TV
13770 IF .3 = K THEN 13810
13780 A(I,J) = A(I,J) — AC I,K ) * A( R,J) / P
13790 IF ADS (At I,J)) > 1E — 5 THEN 13810
13800- -— - .- A(I,J) 0 - - - - -

13810 NEXT J
13820 NEXT I
13830
13840 REM - DETERMINE NEW OB.J FUNC VALUE
13850 2 = 2 — 2 ( K)  * B( R) / P
13860 IF ABS (Z) > 1E — 5 THEN 13900
13870 2 = 0
13880 

-

13890 
- 

REM - TRANSFORM REST OF 2-ROW
13900 FOR .3 = 1 TO TV
13910 IF .3 = K THEN 13950
13920 Z(.J) = 2(J) - 2(K) * A (R,J) / P
13930 - IF. ABS ( Z ( J ) )  > 1E — 5 THEN 13950
13940 Z (J )  = 0
13950 NEXT J
13960
13970 REM -TRANSFORM B—VECTOR ANti PIVOT COLUMN
13980 FOR I = 1 TO NC
13990 IF I = R THEN 14040
14000 8(I) = 3(I) — B(R) * A ( I~K)  / P
14010 A(I,K) = 0
14020 IF ABS (3( I) )  > IE — 5 THEN 14040
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14030 B(I) = 0
14040 NEXT I
14050 8CR ) = B(R) / P
14060 2(K) = 0
14070
14080 REM - TRANSFOR M PIVOT ROW
14090 FOR .3 = 1 10 TV
14100 A (R,J) = A( R,J) / P
14110 NEXT .3
14120
14130 IT = IT + 11 REM - INCREMENT ITERATIONS
14140
1 4150 REM - C~-IANCE BASIC VARIABLE INDEX VECTOR
14160 D(R) K
14170
14180 IF P1(3)> ( “Y” THEN 13410
14190 TEXT 1 HOME 1 VTAB 2
14200 PRINT ‘BASIC FEASIBLE SOLN AFTER ITERATION ‘111
14210 PRINT ‘===== ======== ==== ==== =~~~~~~~~~~=“
14220 PRINT 1 COSLIB 15480
14230 ~OTO 13410 1 REM -CONTiNUE PHASE II
14240
14250 REM - OPTIMAL SOLUTION
14260 PRiNT
14270 IF P1(3) > < ‘Y’ THEN 14310
14280 PRINT 1 PRINT 1 PRINT BELL$;’t** THIS SOLUTION IS “ ;M$;”IMAL *5*’
1.4290 COSUB 14770
14300 COTO 14370
14310 TEXT 1 HOME VTA B 3
14320 PRINT BELLs; TAB( 3);Ms;’~IMAL BASIC SOUl AFTER ‘;IT;’ IT’S”
1 4330 PRiNT TAB( 3fl ‘=~~===== ====~

14340 PRINT 1 PRINT 
-

14350 COSUB 15480: COSUB 14770 -

14360
14370 TEXT : HOME 1 VTAB 2
14380 PRINT “OPTIMAL DUAL SOLUTION’
14390 PRINT ‘======= === =—~====== ‘
14400 - PRINT
14410 PRINT “ INDEX CONSTRAINT SHADOW PRICE”
14420 PRINT ‘ 

• 14430 PRINT 1 POKE 34,7
14440 0 = NV + C + 1
14450 FOR J = 0 TO TV
14460 PRINT J — — 1) TARt 8 flCST$C J — (0 — 1)) TA Rt 20 ); FN R ZI

* Z (J ) ) ; :  IF 2 ( J )  = 0 THEN PRINT 0 (FREE GOOD )’: COTO 14480
14470 PRINT
14480 IF (J — 0 + 1) / 15 = INT ((.3 — 0 + 1) / 15) THEN COSUB 1477~O1 HOME
14490 NEXT J
14500
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14510 FOR I = 1 TO NC
14520 IF B (I) = 0 THEN 14590
14530 NEXT I
14540 OPFLAC = I
14550 GOSUB 14770
14560 COTO 14620
14570
14580 REM - DEGENERATE SOLUTION
14590 PRINT : PRINT : £RINT “*5 OPTIMAL BASIC SOLUTION IS DEGENERATE’
14600 PRINT : COSUR 14770 : GOTO 10410 —

14610
14620 IF PIt 4) > < “Y” THEN 14680
14630 TEXT : HOME I VTAB 2
14640 HTAB 121 PRINT “OPTIMAL TABLEAU”
14650 HTAD 12: PRINT ‘ “
14660 PRINT : COSUB 14980
14670
14680 IF PlC 1) = ‘Y THEN PRINT tl$~”PR40”

- 14690 COTO 10410
14700 PRINT B$ ”BLOAD CHAIN, A520”
14710 CALL 520’CAANM MASTER”
14720 END
14730
14740 REM **fl***5****5******5******fl*5********5*****5*55**55*55***5

14750
14760 REM *5 UTILITY ROUTINES 5*
14770 VIAB 231 GOSUB 14860 1 HTAB 5: PRINT “HIT ‘RETURN’ TO CONTINUE...
‘;: GET All PRINT

14780 RETURN
14790
14800 VTAB 231 COSUB 14860: HIAB 7 INPUT ‘EDIT ANOTHER? ‘;As:As = LE
FTS (AS,1) PRINT

14810 RETURN
14820
14830 YTAB 231 GOSUB 14860: HTAB 7 INPUT ‘NEED TO MAKE CHANCES? ‘;As:
Al = LEFTS (A$ ,1) : PRINT.

14840 RETURN
14850
14860 PRINT “ 

14870 RETURN
14880
14890 VTAB 23: COSUR 14860: PRINT “HIT ‘RETURN’ TO GO ON, OR ‘0’ 10 OUI
I.;

14900 CET Al: IF ASC (AS- )  = 81 THEN 14700
14910 PRINT
14920 RETURN
14930 REM *5 TURN ON PRINTER 5*
14940 PRINT DS,’PRI4”: PRINT 1 POKE 1148~32 POKE 1788,40
14950 PRINT COSUB 14860 : PRINT : PRINT
14960 RETURN
14970
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14980 REM 5* PRINT LP TABLEAU *5
14990 POKE 34,4
15000 AV o: IF (TV + 1) / 5 )- INT ((TV + 1) / 5) THEN AV = 1
15010 .3 = 1 -

15*20 HOME
15030 F O R I = J * 5 - 4 T 0 J 5 5  -

15040 IF I = NV + 1 AND EiFLAG 1 THEN PRINT “;: COTO 15090
15050 IF I = NV + 2 AND DFLAC = 1 THEN PRINT ‘RHS”;: GOTO 15120
15060 IF DFLAC = 1 THEN PRINT VA RS( I ~ : COTO 15090
15070 IF I = TV + 1-THEN PRINT “RHS”;: GOb 15120
15080 PRINT ‘X(’;I;’)’;
15*90 HT&B 8 * (I — (J — 1) * 5) + 115100 IF PUS (H)  = 0 THEN CALL - 998
15110 NEXT I -

15120 PRINT : PRINT
15130 REM - OBJ FUNC ROW
15140 F O R I = J * 5 — 4 T O J * 5
15150 - IF I = NV + 1 AND OFLAG = 1 THEN PRINT “~~~ COTO 15200
15160 IF I NV + 2 AND DFLAG = 1 THEN PRINT ‘0”~ COTO 15220
15170 IF I = TV + 1 THEN PRINT FN R(Z ) : COTO 15220
15180 IF LIFLAC = 1 THEN PRINT 21 * c ( i ; :  GUTO 15200
15190 PRINT FN R(2(I))
15200 HTAB 8 * ( I  — (J — 1) * 5) + 1
15210 NEXT I
15220 IF POS (H) = 0 THEN CALL — 998
15230 PRINT
15240 F O R I = J * 5 - 4 T D J * 5
15250 IF I = NV + 1 AND DFLAG = 1 ThEN PRINT ‘- — — — ;: GOTO 152
90

15260 IF I = NV + 2 AND OFLAG = 1 THEN PRINT ‘— — — ‘ COTO 15300
15270 PRINT ‘— - — —
15280 IF I = TV + 1 THEN PRINT I COTO 15300
15290 NEXT I -

15300 FOR ROW = 1 TO NC
15310 FOR COL .3 * 5 — 4 TO J * 5
15320 IF CDL = NV + 1 AND DFLAG = 1 THEN PRINT CT$( ROW ); COb
5360

15330 . IF COL = NV + 2 AND OFLAG = 1 THEN PRINT BC ROW ) ; :  COTO 153
• 90

15340 - IF CDL = TV + 1 THEN PRINT FN R( B( ROW ) ) ; :  COTO 15390
15350 PRINT FN R(A (ROW ,COL))
15360 HTAB 8 5 (COL — (J - 1) * 5) + 115370 IF POS (H) = 0 THEN CALL — 998
15380 NEXT COL
15390 PRINT
15400 NEXT ROW
15410 PRINT
15420 .3 = .3+ 1: IF .3 > INT ((TV + 1) / 5) + AU THEN 15440
15430 COSUB 14770: COTO 15020
15440 COSUB 14770
15450 TEXT - - -

15460 RETURN
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15470 
-

15480 REM *5 PRINT INTERMEDIATE BASIC SOLUTIONS 5*
15490 REM - ORDER BASIC VARIABLES BY INDEX
1550 0 FOR I- = I TO NC
15510 H(1,I) = D(I)
15520 H ( 2 , I )  8 ( I )
15530 NEXT I
15540
15550 FOR I = I TO NC - 1
15560 FOR .1 NC TO I + 1 STEP - 1
15570 IF f~1,J) > = H(1,J — 1) THEN 15630
15580 FOR K = 1T 0 2
15590 SgV = H( Ic,.J ) :sAVs = VARS (J)
15600 H(K,.J ) = H(K~J 

— 1)WA RS(J) = VAR$( J — 1)
15610 WK,J — 1) = SAV:vARs(J — 1) = SAVS
15620 NEXT K
15630 NEXT .3
15640 NEXT I
15650 REM -PRINT BASIC VARIABLE INDICES AND VALUES
15660 POKE 33,34 : POKE 32,6: PRINT
15470 PRINT “ INDEX VARIAB LE” ; lASt 18)P’VALUE’
15680 PRINT ‘ “; TAB( 18);” 
15690 PRINT : POKE 34,7
15700 FOR I = 1 TO NC
15710 PRINT TAB( 3);H(1,I); T#Ec( 8);vARSC HU,I)); TAB ( 18) FN R~H(2,I)) 

-

15720 IF I / 15 = flIT (I / 15) THEN COSUB 14770 : HONE
15730 NEXT I
15740 PRINT : PRINT ‘5* “ ;oB~s;” = “; FN R Z 1 * Z)
15750 POKE 32,0: POKE 33,40
15760 RETURN
15770
15780 REM *5 INTERACTIVE MODEL ENTRY , NAMED VARIAB LES 5*
15790 GOSUB 17000 

-

15800 TEXT 1 ~OME I VTAB S
15810 PRINT “WhAT OBJECTIVE DO YOU WANT TO “;fts;”IMIZE”
15820 PRINT
15830 iF 0 = ‘- THEN PRINT ‘(E.G. TARGETS DESTROYED , UNITS FIELDED Y’ :
GOTO 15850

15840 PRINT ‘(s.C, CASUALTIES, COST, MATERIEL )”
15850 PRINT 1 PRINT : HTAB 7 INPUT ““;OB.Js
15860 HOME - -

15870 PRINT “LIST THE VARIABLES ( MAX 20) THAT AFFECT”
15880 PRINT OBJS~’, USING 1—6 CHAR DESCRIPTORS:”15890 PRINT
15900 PRINT “TO STOP INPUT, HIT ‘RETURN’ ti/O ENTRY .”
15910 GOSUB 14860
15920 .3 = 1
15930 UTAB 7
15940 IF .3 > 15 THEN POKE 33.2*1 POKE 32.201 VTAB .3 — 9
15950 PRINT “x’;~ ;’ )‘; TAB( 7);: INPUT “= “;M: IF AS “ THEN CALL

- 998 1 CALL — 958:NV = .3 — 11 GOlD 16000
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15960 VAREJ ) = LEFTS- (41,6)
15970 .3 = .3 + i: IF .3 ). 20 THEN NV = 20: COTO 16000
15980 GOTO 15940
15990 REM - -  CHANCES?
16000 PRINT 1 TEXT 1 PUKE 34.231 COSUB 14830 : IF Al > < ‘Y’ THEN 16060

16010 LIM = NV
16020 GOSUB 16880 : IF CE = 0 THEN 16060
16030 VAR$ (CE ) = LEFTS (41,6 )
16040 COlD 16020
1 6050

• 16060 TEXT : HOME
16070 PRINT “LIST CONSTRAINTS (MAX 20) THAT AFFECT ”
16080 PRINT OBJ$~ ’, USING 1—6 CHAR DESCRIPTORS”
16090 PRINT
16100 PRINT “TO STOP INPUTS HIT ‘RETURN’ (I/O ENTRY. ”
16110 GOSUB 14860
1~ 120 .3 = 1
16130 VTAB 7
16140 IF .J > 15 THEN PUKE 33,20: POKE 32.20: VTAB .1 — 9
16150 PRINT “Cc’;J;’ )“ TAB( 7); : INPUT “= ‘;Al : IF AS = “ THEN CALL

- 998: CALL - 958:NC = .3 — 11 COTO 16200
16160 CSTS(J) = LEFTS (41,6)
16170 .3 = J 4- 1~ IF .3 > 20 THEN NC = 20: COTO 16200
16180 COTO 16140
16190 REM — CHANCES!
1620 0 PRINT : TEXT I POKE 34, 231 COSUB 14830: IF Al :> < “Y’ THEN 16250

16210 LIM = NC
16220 COSUB 16880: IF CE = 0 THEN 16250
1-6230- CST$( CE ) = LEFTS ( A$i6 ) -

16240 GOTO 16220
16250 COTO 16370 -

16260
16270 REM *5 INTERACTIVE MODEL ENTRY , NUMBERS ONLY 5*
16280 COSUB 17000
16290 OB.JS = “2’
16300 TEXT 1 HOME : VTAB 5
16310 INPUT ‘HOW MANY VARIABLES ( MAX 20 )? ‘ N V  IF NV < 2 OR NV > 20

THEN CALL — 998: COTO 16310
16320 FOR I = 1 TO Nv:VARS ( I) = “XC ’ + STRS (I) + ‘)‘ NEXT I

• 16330 PRINT
16340 INPUT ‘HOW MANY CONSTRAINTS ( MAX 20 )? “~NC~ IF NC < 2 OR NC > 20

THEN CALL - 998: GOTO 16340
16~~0 FOR I = 1 TO Nc:CsTscI) = ‘C( ’ + STRS ( I )  + ‘)“ NEXT I
16360 PRINT
16370 IF BE = 2 THEN VTAB 23: CALL — 958
16380 INPUT “MAX DIGITS PER COEFFICIENT ( 1-15)! ‘~Al~FW = VAL (AS- ) +

fl IF FW < 7 THEN EW = 7
16390 CN = INT (40 / (FW — 1) : REM - NUMBER OF COLUMNS
16400
16410 TEXT 1 HOME VTAB 2
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16420 PRINT ‘ENTER THE COEFFICIENT FOR EACH VARIABLE;HIT ‘RETURN’ AFTER
EACH COEFFICIENT’

16430 PRINT
16440 COSUB-1486o : PRINT : POKE 34,6
16450 AU = 0~ IF (NV + 2) / CN > INT ((NV + 2) / CN) THEN AU = 1
16460 I = 0
16470 PRINT ‘OBJECTIVE FUNCT ION: “HIS; IMIZE ‘;oBJl;” ...‘:  COTO 164
90

16480 VTAB 7 CALL — 9581 HTAB 14: PRINT ‘CONSTRAINT ‘;CSTS( I )
16490 PRINT 1 PRINT
16500 K = 1
16510 FOR .3 = K * CU — CN + 1 TO K S CN
16520 IF .3 = NV THEN 16560
16530 IF I 0 THEN 16600
16540 IV .3 NV + 1 THEN PRINT “< = )‘;: COlD 16570
16550 IF .3 = NV + 2 THEN PRINT “RHS”;: GOTO 16600
16560 PRINT VA RS(J )
16570 HTAB FW S (J — (K — 1) 5 CN) + 1
16580 NEXT J
16590 IF POS (H) = 1 THEN CALL - 998
16600 PRINT 1 PRINT
16410 FOR . J = K * C N - C N + 1 T O K * C N
16620 IF .1 < = NV THEN 16660
16630 IF I = 0 THEN 16710
16640 IF .3 = NV + 1 THEN INPUT “ ‘;Ts( I,NV + i. : COSUB 16810: COT
0 16680

16650 IF .3 NV + 2 THEN INPUT ““;T$(I,NV 4- 2): COlD 16710
16660 INPUT ‘‘A$ IF I = 0 THEN TS(0 ,J) = SIRS ( VAL (AU * Z1~~COlD 16680
16670 T $(I .J )  = As
16680 CALL — 998: HTAB VU * ( .3 — (K — 1) * CN) + 1
16690 NEXT J
16700 PRINT : PRINT : PRINT
16710 K = K + 1~ IF K > INT (( NV + 2)  / CN) + AV THEN 16730
16720 COTO 16510
16730 PRINT 1 COSUB 14830 : IF Al ‘Y’ THEN 16760
16740 IF I 0 THEN VTAB 71 CALL. — 958: COlD 16470
16750 - COlD 16480
16760 I = I + 1~ IF I > NC THEN 16780
16770 GOlD 16480
16780 TEXT
16790 RETURN
16800
16810 REM 5* TRANSLATE INEQUALITY *5
16820 Al = TS( I,NV + 1)
16830 IF Al = <“ OR AS = <= “ OR AS ‘LI’ OR AS = ‘LE’ THEN TIC I,NV 4-

1) = ‘<‘1 RETURN
16840 IF AS = ‘=“ OR AS = E” OR AS = ‘ED” THEN TS(I,NV + 1) ‘=“ R~TURN
16850 IF Al = ‘>“ OR Al = ‘>= “ OR Al = “CT OR AS = ‘CE’ THEN TS( I.NV +
1) = “> ‘ RETURN

16860 RETURN
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16870
16880 REM 5*: PARAMETER ENTRY CORRECTION ROUTINE 5*
16890 UTAB 24: INPUT “ INEIEX OF ITEM TO CHANCE (0 TO STOP )? ;AS:CE =
NI ( VAL (A $ ) ) 1  IF AS = ““ OR CE 0 THEN RETURN

1690 0 IF CE > U N  OR CE < 0 THEN 16890
16910 IF CE > 15 THEN 16950
16920 REM - SET WINDOW TO PROTECT PARTS OF SCREEN
16930 POKE 33~ 19: POKE 32,1: UTAB CE + 6: HTAB 8
16940 GOTO 16960
16950 POKE 33~20: POKE 32,20 : VTA S CE — 9: HTAB 9
16960 INPUT ‘“ ;A$
16970 POKE 32,01 POKE 33,40
16980 RETURN
16990
17000 REM 5* MAXIMIZE / MINIMIZE CHOICE **17010 HOME 1 UTAB 7
17020 PRINT “ TO SOLVE THE PRODLEM, YOU CAN:”
17030 PRINT ‘ — ‘

17040 PRINT : PRINT : PRINT
17050 PRINT “ h MAXIMIZE THE 05.3 FUNCTION”
17060 PRINT : PRINT
17070 PRINT “OR 2. MINIMIZE THE OBJ FUNCTION”
17080 VTAB 19: INPUT “ WHICH? “ ;A$ :O = VAL (A s ) :  IF o < 1 OR a :~2 THEN CALL — 998 GOTO 17080
17090 IF 0 = 1 THEN 21 = l INt = U NAXII • RETURN
17100 IF 0 = 2 THEN 21 = — i:iis “MIN” RETURN
17110 CALL - 998 : OTO 17080
17120 RETURN
17130
17140 REM 5* DISPLAY CURRENT MODEL 5*
17150 TEXT : HOME I VThB 5
17160 INPUT “DO YOU WANT IT ROUTED TO THE PRINTER? ‘Fi~PS LEFTS (PS

.1)1 IF PS = ‘Y” THEN GOSUB 14930
17170 HOME
17180 COSUB 19710 -

17190 PRINT “CURRENT LP MODEL: “~ M$~ “IMIZE ‘OBJI
17200 PRINT U__ = = = = _ _ = ~~~~~~~~

17210 TV = NV: DFLAC = 1: COSUB 14980 :DFLAG = 0
17220 IF PS = ‘Y’ THEN PRINT Dl;”PRIO”
17230 RETURN
17240
17250 REM 5* LP MODEL EDITING 5*
17260 GOSUB 19710
17270 TEXT : HOME : VTA B 2
17280 PRINT LP MODEL EDIT FUNCTIONS:’
17290 PRINT
17300 PRINT : PRINT
17310 PRINT ‘1. DELETE A VARIABLE’
17320 PRINT “2. DELETE A CONSTRAINT”
17330 PRINT
17340 PRINT “3. ADD A VARIABLE’
17350 PRINT ‘4, ADD A CONSTRAINT”
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17360 PRINT
17370 PR INT “5. CHANCE COEFFICIENTS BY VARIABLE”
17380 PRINT ‘6. CHANCE COEFFICIENTS BY CONSTRAINT’
17390 PRINT “7. CHANCE INDIVIDUAL COEFFICIENT’
17400 PRINT
17410 PRINT ‘8. CHANGE RHS VALUES’
17420 PRINT ‘9. CHANCE OBJECTIVE FUNCTION”
17430 PRINT : PRINT
17440 PRINT “10. RETURN TO LAST MENU ”
17450 PRINT : PRINT 1 PRINT
17460 HTAB 51 INPUT “WHICH FUNCTION? ‘A$ DC = INT ( VA L (A S ) )
17470 IF AS = “ OR tiC = 10 THEN RETURN
17480 ON DC COTO 17900~18030~ l8170~18330,18480,18770,19080,19320,1950O17490
17500 REM - COMPRESS DATA BASE
17510 0 = 0
17520 FOR J = I TO NV + 2
17530 IF .3 = UI THEN 17590
17540 0 = 0 + 1:VARs (o) = VAR$ (J)
17550 R = 0
17560 FOR I 0 TO NC
17570 TS(R,0) T$( I~J ) R  = R + 1
17580 NEXT I
17590 NEXT .3
17600 VI = 0: GOTO 17710
17610 0 0
17620 FOR I = 1 TO NC
17630 IF I = CI THEN 17890
17640 0 = Q + UCST$(Q) = CSTEI)
17650 R = 0
17660 FOR .3 = 1 TO NV + 2
17670 R = R + 1:T$( D~R)  = TI( I~ J )
17680 NEXT .3
17690 NEXT I
17700 CI = 0
17710 RETURN
17720 -

17730 REM — LIST VARIABLES OR CONSTRAINTS
17740 UTAB 6 CALL — 958
17750 FOR J = I TO N
17760 IF J > 20 THEN POKE 33~11: POKE 32,29: VTAB .3 - 141 COTO 17780

17770 IF .3 > 10 THEN POKE 33,26: POKE 32i 14 VTAB .3 - 4
17780 H = 2: IF J = 10 THEN H = 1
17790 PRINT J SPC( H);
17800 

- IF VF LAC = 1 OR AFLAG = 1 THEN PRINT V A R % J ) :  CO~ O 17820
17810 PRINT CSTS (J )
17820 NEXT .3
17830 POKE 32,01 POKE 33~4017840 IF DC = 7 THEN VTA B 201 COSUB 14860: RETURN
17850 IF AFLAC = 1 THEN RETURN
17860 TEXT : POKE 34,23
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17870 VTA B 23 GOSUB 14860
17880 RETURN
17890
17900 REM - DELETE VARIABLE
17910 HOME : VIAL’ 3
17920 PRINT “ DELETE VARIABLE ”
17930 PRINT “ II

17940 N NV:V FLAC = i: COSUB 17730
17950 PRINT “WHICH VARIABLE ( 1— ”~ NV~” )? ‘; : INPUT “‘~;As : IF AS “‘ TH

EN 17260
17960 VI VAL (AS )

• 17970 COSUB 17500
17980 MV = NV — I
17990 PRINT BELL$:N = NV: GOSUB 17730:VFLAC = 0
18000 COSUB 14800: IF AS = “Y ” THEN 17910
18010 COTO 17260
1 8020
18030 REM — DELETE CONSTRAINT
18040 HOME : VIAL’ 3
18050 PRINT “ DELETE CONSTRAINT”
18060 PRINT -~ 

U

18070 N = NC: GOSUB 17730
18080 PRINT “WHICH CONSTRAINT ( 1— ” ;Nc;”)? U ;: INPUT ““ ;AS ’ IF AS =

THEN 17260
16090 CI = VAL (AS )
18100 COSUB 17610
18110 FOR J = 1 TO NV + 2:Ts( NC,J ) = “o”: NEXT J
18120 NC NC — 1
18130 PRINT BELLS:N = NC: GOSUB 17730
18140 COSUB 14800 : IF AS = Y” THEN 18040
18150 COTO 17260
18160
18170 REM - ADD VARIABLE
18180 TEXT : HOME : VIAL’ 3
18190 PRINT “ADD A VARIABLE ”
18200 PRINT
18210 N = NV:VFLAC = 1: GOSUB 1773o:VFLAC = 0
18220 IF NV = 20 THEN PRINT “SORRY, BUT THAT ’S THE MAXIMUM!” : COSUB 14

770 : COTO 17260
18230 AVFLAC = i: REM - FLAG FOR SUBROUTINE
18240 INPUT “NAME OF NEW VARIABLE? “ ;As : IF AS = ““ THEN 17260
18250 FOR I = 1 TO NC TS(I,NV +3) = T$(I,NV + 2) :Tsc I,MV + 2 ) :  TS( Z~t4
V + 1): NEXT I

18260 NV = NV + i :vi = NV
18270 VARS (VI ) = LEFTS (A$.6)
18280 COTO 18550
18290 AVFLAC = 0
18300 COSUB 14800: IF At = Y” THEN 18180
18310 COTO 17260
18320
18330 REM -ADD CONSTRAINT
18340 TEXT : HOME : VIAL’ 3
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18350 PRINT “ADD A CONSTRAINT”
18360 PRINT “ “
18370 N = NC: COSUB 17730
18380 IF MC = 20 THEN PRINT “SORRYP BUT THAT’S THE MAXIMUM !” : COSUB 14
770: COTO 17260

18390 ADDS 1 REM - SET FLAG FOR SUBROUTINE
18400 INPUT “ NAME OF NEW CONSTRAINT? “;As : ir Al = “ THEN 17260
18410 MC = MC + i;ci = NC
18420 CSTS( CI ) = LEFTS (A$,6)
18430 GOTO 18840
18440 ADDS = 0
18450 COSUB 14800~ IF AS = Y” THEN 18340
18460 COTO 17260
18470
18480 REM - CHANCE BY VARIABLE
18490 TEXT : HOME : VTAB 3
18500 PRINT “CHANGE COEFFICIENTS BY VARIABLE”
18510 PRINT “ 

18520 N = NV:V FLAC = i: COSUB 1773o:vFLAC = 0
18530 PRINT “WHICH VARIABLE ( 1— ’U4V ” )? ‘; : INPUT ““;As : IF AS = “ TN
EM 17260

18540 VI = VAL (AS )
18550 TEXT : HOME : VIAL’ 2
18560 PRINT
18570 PRINT TAB( 14 ) VAR $CV I
18580 PRINT TAB ( 14);’ 
18590 PRINT
18600 PRINT “CONSTRA INT CURRENT CHANGE 10”
18610 PRINT
18620 PRINT
18630 POKE 34,9
18440 PRINT ‘OBJ FuNc”; TAB( 14); VAL (T$(0~VI)) * zi; TAB ( 25)~ INPUT

“ ;M: IF AS “‘ THEN PRINT : COTO 18670
18650 T$( O~V I) SIRS ( VAL (AS ) * Ri)
18660 P R INT
18670 FOR I = 1 TO NC
18680 PRINT I; TAB( s ; .cs isi;  TAB( 14 ) A( I,VI ); TAB( 25)~~ INPUT “‘

;as : IF AS = •~~ THEM 18700
18690 TIC I. VI) = AS
18700 NEXT I
18710 PRINT : PRINT
18720 IF AVFLAC = 1 THEN 18290
18730 POKE 34 ,23: COSUB 14830: IF Al = “Y” THEN 18550
18740 COSUB 14800: IF AS = “Y” THEN 18490
18750 COTO 17260
18760
18770 REM -CHANGE BY CONSTRAINT
18780 TEXT : HOME : VTA B 3
18790 PRINT “CHANCE COEFFICIENTS BY CONSTRAINT”
18800 PRINT ‘ — 

18810 N = NC: COSUB 17730
18820 PRINT “WHICH CONSTRAINT (1— ”~NC~” ?  ‘;: INPUT “ ;As : IF AS

THEN 17260

-~~~~~ 
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18830 CI = VAL (AS ) -

18840 TEXT : HOME : VTAB 2
18850 PRINT
18860 PRINT TAB( 14)cST$(CI )
18870 PRINT TAB( 14); ——— ——— ’
18880 PRINT
18890 PRINT “V ARIABL E CURRENT CHANGE TO’
18900 PRINT “ — “

18910 PRINT
18920 POKE 34,?
18930 FOR J I TO NV
18940 PRINT J; TAB ( 5);vARs(J); TAB ( 14);Ts(CI~Jn TAB( 25)~~ INPUT“;A$: IF At ‘“ THEN 18960
18950 TS(CI,J) = AS
18960 NEXT .J
18970 PRINT
18980 PRINT “INEQUAL ITY” ; TAB( 14flT$(CI~NV + 1); TAB ( 25)fl INPUT “ “ A
s: IF AS = ““ THEN 19000
18990 TS( CI,NV + 1) = AS
19000 PRINT
19010 PRINT “RHS” ; TAB ( 14);TS(CI,NV + 2); TAB( 25);: INPUT ““ AS IF A
S “‘ THEN 19030
19020 TS(CI,NV + 2) AS
19030 IF ADDS = 1 THEN 18440
19040 POKE 34~23: COSUB 14830 : IF AS = ‘V” THEM 18840
19050 COSUB 14800 : IF AS = NY ” THEN 18780
19060 GOTO 17260
19070
19080 REM - CHANCE INDIVIDUAL COEFFICIENT
19090 TEXT : HOME : VTAB 3
19100 PRINT “CHANGE INDIVIDUAL COEFFICIENT”
19110 PRINT U 

19120 POKE 34,4
19130 N = NV:VFLAG = 1: COSUB 17730:VFLAC = 0
19140 PRINT “WHICH VARIABLE (1-”;NV;” )? a;: INPUT “9A5 : IF AS =
THEN 17260

19150 UI = VAL (AS )
19160 HOME :N = NC: GOSUB 17730
19170 PRINT “WHICH CONSTRAINT (1— ” ;UC;’)? ‘;: INPUT “~AS~ IF A S = ““

• THEN 17260
19180 CI = VAL (AS )
19190 TEXT : HOME : VIAL’ 3

• 19200 PRINT TAB( 14 ) UARS(VI )
19210 PRINT TAB( 14>;” — 
19220 PRINT
19230 PRINT “CONSTRAINT CURRENT CHANCE TO’
19240 PRINT “ -— ——— 
19250 PRINT
19260 PRINT Cli TAB( 5 ;CSTS(Cli; TAB( 14);TS(CI,VI); TAB ( 25)U INPUT
“lAs: iF Al = ““ THEN 19290

19270 TS(CI,VI) = AS
19280 POKE 34,23: COSUB 14830: IF AS = ‘Y” THEN 19190

187

____ 

-- -

_  

J
~W~’ir ~~~~~~~~~~~~~~~~~~~ _ _ _ _  

______________



19290 COSUB 14800: IF AS = “Y” THEN 19090
19300 COlD 17260
19310
19320 REM — CHANGE RHS VALUES~ DCI )
19330 HOME : UTAB 3
1934 0 PRINT “CHANGE RHS VALUES”
19350 PRINT “ U
19360 PRINT : PRINT
19370 PRINT TAB( 14) ;”RHS”
19380 PRINT TAB 14);” ——— ’
19390 PRINT
19400 PRINT “CONSTRAINT CURRENT CHANGE TO’
19410 PRINT “ —

19420 PRINT
19430 FOR I = 1 TO NC
19440 PRINT i; TAB( 5);csTs( I )

~ TAB( 14 W15( I,NV + 2); TAB( 25);: INPUT
‘“ lA S : IF AS = “‘ THEN 19460

19450 TIC IvNV + 2) = AS
19460 NEXT I
19470 GOSUB 14830 : IF AS = “Y” THEN 19330
19480 COTO 17260
19490
19500 REM - CHANCE OBJECTIVE FUNCTION
19510 HOME : VTA B 2
19520 PRINT “CHANCE OBJECTIVE FUNCTION”
19530 FRINT “ 

19540 PRINT : PRINT
19550 PRINT “VARIABLE CURRENT CHANGE TO’
19560 PRINT “

19570 PRINT
19580 POKE 34~8
19590 PRINT “OBJECTIVE’ TAB( 14 ;Ms;”IMIZE” ; TAB( 25);: INPUT “ ‘ ;AS : i
F AS = ““ THEM 19610

19600 MS = LEFTS (AS,3)
19610 PRINT : PRINT TAB( 14); LEFTS (OBJS,10 ) TA?( 25);: INPUT “‘lA$~IF AS = ‘“ THEN 19630
19620 0845 = LEFTS (AS,1~~)19630 PRINT
19640 FOR J = 1 10 MV
19650 PRINT J; TAB ( SnVARSCJ); TAB ( 14); VAL (TS(0.J)) * zi; TAB( 25);
: INPUT ““lAS : IF AS = ‘“ THEN 19670

19660 TS(0 ,J ) = STRS C VAL (AS ) * Ri )
19670 NEXT J
19680 COSUB 14770
19690 COlD 17260
19700
19710 REM 5* DISMANTLE STRING ARRAY INTO LP FORMAT **19720 COSUB 20160
19730 REM - SORT CONSTRAINTS
19740 FOR I = 1 TO NC — 1
19750 FOR J = I + 1 TO NC
19760 IF TS( J~NV + 1)) = TS( I,NV + 1) THEN 19830
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19770 St = CSTSC I ) : CSTS( I) = CSTS( .J ):CSTS( J) = SI
19780 FOR 0 = 1 TO NV + 2

19790 SAVS = TIC 1,0)

19800 TS(I,Q) = 11(4,0)
19810 15(4 ,0) = SAUl
19820 NEXT 0
19830 NEXT 4
19840 NEXT I
19850
19860 REM *** BREAK UP STRING ARRAY *5*
19870
19880 REM -CONSTRAINT COEFF’S AND INEQUALITY SIGNS
19890 FOR I = 1 TO NC
19900 CT S( I) = TS(I,NV + 1)
19910 FOR J = 1 TO NV
19920 A(I ,J) = VA L ( TS(I.J))
19930 NEXT 4
19940 NEXT I
19950 FOR J = 1 TO NV :C(.J ) = VAL (TS(0,J)): NEXT 4
19960
19970 REM — RIGHT HAND SIDE, INCL ADJUSTMENT FOR NEGATIVE RHS
19980 FOR 1=  1 T O NC
19990 8(I) VAL (TS(I,NV + 2))
20000 IF DCI )  > = 0 THEN 20050
20010 FOR J = 1 10 HV:A (I,J) = — AcI ,J ) : NEXT
20020 IF CTS ( I) = “ <“ THEN CTS(I) =

20030 IF CISC I) = ‘>“ THEN CT$C I) =
20040 PCI) = — 8(I)
20050 NEXT I
20060
20070 REM - COUNT LESS THAN’S, EQUALITIES, GREATER THAN’ S
20080 L = 0:E = o:c = 0
20090 FOR I = 1 TO NC
20100 IF CT$(1) = “<“ THEN L = L + 1
20110 IF CISC I) = “=“ THEN E = E + 1
20120 IF CTS(1) = “ >“ THEN C = C + 1
20130 NEXT I
20140 RETURN
20150
20160 REM 5* CLEAR COMPLETE ARRA Y 5*
20170 FOR I = 0 TO NC
20180 El) = 0:D(I) = 0
20190 FOR J = 1 10 NV + NC + C
20200 A (I,J) = o:c~~ = 0
20210 NEXT 4
20220 NEXT I
20230 RETURN
20240
20250 REM 1* SAVE DISK FILE *5
20260 COSUB 19710
20270 HOME 1 VTAB 3
20280 PRINT TAB( 11) ”SAVE MODEL 10 DISK”
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20290 PRINT TAB ( 11);” —— — u

20300 PRINT PRINT 1 PRINT
20310 HTAB 8: INPUT “SAVE UNDER WHAT NAME ? “ SFILES IF SFILEI = ‘“ TN

EN RETURN
20320 PRINT B5 ”OPEN “1SFILE$;DS;”DELEIE “ ;SFILES;IIS;”OPEN ‘ SFILE$
20330 PRINT bs;”WR1TE “ SFILE$
20340 PRINT bE: PRINT NV: PRINT NC~ PRINT MS PRINT OBJS PRINT zi: PRI
NI U PRINT E PRINT C

20350 FOR I = 0 TO NC
20360 PRINT CSTS (I)
20370 F O R J = 1 T Q N V + 2
20380 PRINT VARS (J) 1 PRINT TS ( I tJ )
20390 NEXT J
20400 NEXT I
20410 PRINT DS;”cLOSE “ SFILES
20420 RETURN
20430
20440 REM *5 READ DISK FILE **20450 COSUB 20160
20460 HOME : VTA B 5
20470 INPUT “DO YOU WAN T TO SEE THE DISK cATALOG? “ lAs
20480 IF LEFTS ( AS, 1) = “Y” THEN HOME : PRINT Ds;”CATA LOG’ : VTAB 23:

GOSUB 14860 : GOlD 20530
20490 HOME 1 VTA B 3
20500 PRINT TAB( 8H “READ DATA FILE FROM DISK”
20510 PRINT TAE 8 ; ”  
20520 PRINT 1 PRINT : PRINT
20530 HTA B B: INPUT ‘WHAT DATA FILE NAME? “;RFILES: IF RFILES = “‘ THE

N RETURN
20540 PRINT D$ ’OPEN “;RFILE$
20550 PRINT DS ”REAtI “ RFILES
20560 INPUT DE~NV~NC,MS,OBJS ,Z1~L,E,C
20570 FOR I = 0 TO NC
20580 INPUT CSTS( I)
20590 FOR 3 = 1 TO NV + 2
20600 INPUT VAR$ (J)~T$UtJ )
20610 NEXT J
20620 NEXT I
20630 PRINT D$l”CLOSE “ RFILES
20640 RETURN
2 065 0
20660 REM ** INTRODUCTORY REMARKS 5*
20670 HOME : VTAB 7
20680 PRINT “LINEAR PROGRAMMING IS USED TO DETERMINE THE BEST ALLOCATID

N FOR SCARCE RESOURCESIN ORDER TO”
20690 PRINT : PRINT
20700 PRINT IAB( t0);”MAX IMIZE OR MINIMIZE’
20710 PRINT : PRINT
20720 PRINT “A LINEAR FUNCTION DEFINING AN OBJECTIVE SUCH AS PROFIT, CO
SI, TONNAGE, ETC .”

20730 COSUB 14890
20740 RETURN
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Section 7, DECISION

10000 BELLS = “‘: REM — BELL
10010 PRINT BELLS
10020 TEXT : HOME 1 VTAB 5
10030 PRINT ‘5 * * * * * * * * * * * * * * * * * * *“
10040 PRINT
10050 PRINT ” V A L U E  M A T R I X ’

• 10060 PRINT
10070 PRINT ~ B E C I S I 0 N”
10080 PRINT
10090 PRINT ‘ A N A L Y S I S’
10100 PRINT : PRINT
10110 PRINT “ BY”
10120 PRINT
10130 PRINT • ROBERT B. CONTE’
10140 PRINT
10150 PRINT “5 * * * * * * S S * * * * * * * * * * *“

10160 VIAB 24: INPUT “ DO YOU WANT INTRODUCTORY REMARKS? “ lAS : IF LE
ElI (*1,1) = ‘1’ THEN COSUB 17830

10170
10180 CLEAR
10190 REM - DIMENSIONED FOR 15 OPTIONS, 20 CRITERIA~ AND 5~ STATES
10200 DIM OPSC 15),CRSC 2O),SN$(5),W(20),NW (20),P(5),NP(5)
10210 Dlii V (j5,5y20),CV (15,5),EU(15),CP(5),gP(20)
10220 DEF FM R (X) = INT C X * 1000 + .5) / iooo : REM — 3 PLACE ROUND
~ F FUNCTION10230 DEE FN 8 (X )  = INT CX * 100 + .5 / 1001 REM — 2 PLACE ROUND

OFF FUNCTION
10240 Dl = CHRS (13) + CHRS (4 )
10250 OPS(0) = $* DECISION OPTIONS *5”
10260 CR$(0) = “*5 JUDGEMENT CRITERIA *5”
10270 SNS(0) = ‘*5 STATES OF NATURE $5fl
10280
10290 HOME 1 POKE 33,36: POKE 32,4
10300 UTAB 3
10310 PRINT “ TO ENTER A MODEL v YOU CAN:”
10320 PRINT “ —— “

10330 PRINT : PRINT 1 PRINT
10340 PRINT “1. READ EXISTING MODEL FROM DISK”
10350 PRINT : PRINT
10360 PRINT ‘2. CREATE MODEL INTERACTIVELY”
10370 TEXT
10380 VTAB is: HTAB ~: INPUT “WHICH? ‘;AS:DE = VAL C AS ) :  IF AS = ‘ o

R bE 1 THEN COSUB 15530 : 6010 10420
10390 IF bE = 2 THEN GOSUB 11070: 6010 10420
10400 CALL — 998 6010 10380
10410
10420 REM - MAIN MENU
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10430 TEXT I HOME : POKE 33~33: POKE 32’7
10440 VIAB 3
10450 X = FRE (0): REM - CLEANS UP UNUSED STRING VALUES
10460 PRINT “ DATA MANAGEMENT”
10470 PRINT “

10480 PRINT 1 PRINT
10490 PRINT ‘1. DISPLAY MODEL”
10500 PRINT -

10510 PRINT “2, EDIT MODEL’
10520 PRINT
10530 PRINT “3. SAVE MODEL TO DISK”
10540 PRINT
10550 PRINT “4. ENTER ANOTHER MODEL”
10560 PRINT
10570 PRINT “5. QUIT THE PROGRAM”
10580 PRINT : PRINT
10590 PRINT “6. EVALUATE DECISION OPTIONS”
10600 PRINT : PRINT : PRINT
10610 iNPUT “ WHICH OPTION? ‘IA$ DO = VAL A S : TEXT I IF AS =
THEN 10660

10620 IF DO < I OR DO > 6 THEN CALL — 998: COTO 10610
10630 ON DO GOSUB 1735o~1599o,157ao: IF DO < 4 THEN 1043010640 ON DO — 3 GOlD 10180~10700,1O66010650
10660 REM — FIND OPTIMUM OPTION FOR CURRENT MODEL
10670 COSUB 13600
10680 INPUT “WANT TO RUN SENSITIVITY ANALYSIS? “ ;AS : IF LEFTS ( AS,1

“Y ” THEN COSUB 14280
10690 6010 10430
10700 PRINT D$ ’BLOAD CHAIN, A520”
10710 CALL 520”CAA IN MASTER”
10720 END
10730
10740 REM **t******t*****5*****************t*******fl**** *555*5*55*5

10750
10760 REM *5 UTILITY SUBROUTINES *5
10770 VTA B 23: GOSUB 10830 PRINT “ HIT ‘RETURN TO PROCEED... “~~:GET AS: PRINT
10780 RETURN
10790
10800 TEXT 1 POKE 34,23: VTAB 23: GOSUB 10830 : INPUT “ NEED TO N

AKE CHANGES? ‘,As :AS = LEFTS (AS ,l fl PRINT
10810 RETURN
10820
10830 PRINT ‘ “
10840 RETURN
10850
10860 TEXT I POKE 34~23: VTAB 23: GOSUB 10830 1 INPUT NEED TO READ

JUST VALUES? ‘;AS:As LEFTS (A1,1 ) PRINT
10870 RETURN
10880
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10890 UTAB 23 COSUB 108301 PRINT “HIT ‘RETURN’ TO CO ON, OR ‘0’ TO OUI
T “1

10900 GET AS : IF ASC (AS ) = 81 THEN 10700
10910 PRINT
10920 RETURN
10930
10940 UTAB 23 COSUB 108301 PRINT “HIT ‘RETURN’ TO CO ON, OR ‘8’ TO 810

10950 GET All IF ASC (AS ) = 83 THEN POP : POP I COlD 17350
10960 PRINT
10970 RETURN
10980
10990 PRINT : UTAB 23: COSUB 10830 : INPUT “ EDIT ANOTHER? ‘AS IA
1 = LEFTS (A Si1 ) PRINT

11000 RETURN
11010
11020 REM 5* TUF:N ON PRINTER *5
11030 PRINT DS;”PRS4”: PRINT 1 POKE 1148,32: POKE 1788~8011040 PRINT : GOSUB 10830 : PRINT : PRINT
11050 RETURN
11060
11070 REM *5 DECISION MATRIX DATA ENTRY *5
11080 TEXT : HOME : VTA B 3
11090 PRINT “DECISION PiA1RIX DAT A ENTRY”
11100 PRINT “ ‘
11110 PRINT PRINT I PRINT V

11120 PRINT “THE DECISION MATRIX ALLOWS 3 ELEMENTS ’
11130 PRINT : PRINT
11140 PRINT • DECiSiON OPTIONS / ALTERNATIVES ”
1150 PRINT
11160 PRINT “ JUDGEMENT CRITERIA / ATTRIBUTES”
11170 PRINT
11180 PRINT ‘ UNCERTAIN STATES OF NATURE ( OPTIONAL)”
11190 VTAB 23: GOSUB 10830: HTAB 14 INPUT “NEED HELP? “A S  IF LEFTS
(~~ ,1) = Y” THEN GOSUB 18120

11200 REM - DECISION OPTIONS INFO
11210 HOME
11220 PRINT “LIST DECISION OPTIONS BEING CONSIDERED ( MAX 15), USING

1-9 CHARACTER NAMES,”
11230 PRINT
11240 PRINT UTO STOP INPUT, HIT ‘RETURN’ 11/0 ENTRY.”
11250 COSUB 10830
11260 4 = 1
11270 VTAB 7
11280 IF 4 > 15 THEN POKE 33,20: POKE 32~20: VTAB J — 9
11290 PRINT Jl TAB Sn: INPUT ““ ;A s : IF AS = ‘“ THEN CALL — 998: CAL

L — 958 U40P = — i: COTO 11330
11300 OPS(J) = LEFTS (A S ,9)
11310 4 = 4 + il IF J > 15 THEN MOP = 15: COTO 11390
11320 6010 11280
11330 IF MOP > 1 THEN 11390
11340 HOME I VIAB 7 V I V
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11350 PRINT BELL$ ’*** YOU CAN’ T HAVE MUCH OF A DECISION UNLESS YOU H
AVE AT LEAST TWO OPTIONS U!”

11360 PRINT “THINK ABOUT IT AND HIT ‘RETURN’ WHEN YOUARE READY TO START
M’ATU Ufli r I 4J~~, * ~

11370 GET A$ 6010 11200
11380 REM - CHANGES?
11390 COSUB 108001 IF AS :> < ‘Y” THEN 11450
11400 LIM = NOP:H = 0
11410 GOSUB 13370 1 IF CE = 0 THEN 11450
1 1420 OP$( CE) = LEFTS C AS , 10)
11430 6010 11410
11440 V

1 1450 REM - ENTER JUDGEKENT CRITERION INFO
11460 TEXT HOME
11470 PRINT “LIST JUDGEMENT CRITERIA BEING CONSIDERED ( MAX 20), USING

1—8 CHARACTER NAMES .’~11480 PRINT
11490 PRINT ‘TO STOP INPUT, HIT ‘RETURN’ 11/0 ENTRY. ”
11500 GOSUB 10830
11510 4 1
11520 VTAB 7
11530 IV 4 > 15 THEN POKE 33~20 POKE 32,20: YTAB 4 — 9
11540 PRINT 41 TAB’: 5> i :  INPUT ““~ A$I IF AS = “‘ THEN CALL — 998: CAL

L — 958 INC = 4 — LI COTO 11580
11550 CR$(J) = LEFTS (AS ~ 8)
11560 4 = J + 1~ IF 4 > 20 THEN NC 20: COTO 11630
11570 6010 11530
11580 IF NC > 1 THEN 11630
11590 HOME 1 VTAB 7
11640 PRINT BELLS: *** YOU CAN’ T NAVE MUCH OF A DECISION UNLESS YOU H

AVE AT LEAST TW O JUDGEHENT CRITERIA H” 
V

13610 PRINT ‘THINK ABOUT IT AND HIT ‘RETURN’ WHEN YQUARE READY TO START
A1’ATk •
~~~~~~~~~ . , J

11620 GET A$ 6010 11450
11630 REM - CHANGES?
11640 COSUB 10800 1 IV AS > < “Y” THEN 11700
11650 LIM = N C H  = 0
1 1660 COSUB 13370 1 IF CE = 0 THEN 11700
11670 CRSC CE ) = LEFTS (A S~8)
11680 6010 11660
11690
11700 REM - CRITERION WEIGHTINCS
1 1710 TEXT HOME
11720 PRINT “ASSESS RELATIVE IMPORTANCE OF JUDGEMENT CRITERIA BY ENTE

RING WEIGHT FACTORS. ”
11730 PRINT
11740 PRINT “WEIGHTS WILL. BE NORMALIZED AUTOMATICALLY’
11750 GOSUB 10830
11760 VTAB 7
11770 FOR 4 = I TO MC
11780 IF J > 15 THEN POKE 33~20 POKE 32~20 VTAB 4 — 9
11790 PRINT 41 TAB( 5~~CRS 4), : IF RFLAG = 1 THEN PRINT TAB( l5flW(
.i) 6010 11810
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11800 PRINT
11810 NEXT J
11820 POKE 33~19: POKE 32,1
11830 VTA B 7
11840 FOR J~= 1 TO NC
11850 IF 4 > 15 THEN POKE 33,19: POKE 32~21: VTAB J — 9
11860 HTAB 141 INPUT “ “ ;AS :W (J) = VAL C A S ) l  IF W J = 0 THEN CAL

L — 998 : COTO 11860
11870 NEXT 4
11880 REM - CHANGES?
11890 COSUB 10800: IF AS > < ‘Y’ THEN 11940
11900 LIM = Nc:H = 10
11910 COSUB 13370 : IF CE = 0 THEN. 11940
11920 W ( CE ) = VAL (AS )
11930 6010 11910
11940 REM — NORMALIZE AND LIST
11950 0 =• 0
11960 FOR 4 = 1 TO N C O  = 0 + W J )  NEXT 4
11970 FOR 4 = 1 TO NC NWJ ) = (4 (3) / 01 NEXT J
11980 TEXT : HOME : VTA B 3 PRINT TAB’: 4 ) ”** NORMALIZED CRITERION WEI

GHTS **“ : PRINT COSUB 10830
11990 VTAB 7
12000 FOR 4 = 1 TO NC
12010 IF 3 > 15 THEN POKE 33,20 1 POKE 32~20: VTAB J - 9
12020 PRINT J TAB’: 5) CR$( 3)1 TAB’: 14)1 EN R( NW J ) )
12030 NEXT 3
12040 IF MD = 2 THEN RET URN
12050 REM — READJUST WEIGHTS?
12060 GOSUB ~O860~ IF AS = ‘Y” THEN RFLAC = 1: COlD 11700
12070 RFLAC 0
12080 IF DC = 4 THEN RETURN
12090
12100 REM -ENTER STATES OF NATURE INFO
12110 TEXT : HOME : VTA B 7 V

12120 PRINT “IS YOUR DECISION AFFECTED BY UNCERTAIN’
12130 PRINT
12140 HTAB U1)~ INPUT ‘STATES OF NATURE? “ ;AS:As = LEFTS (A Sv1

12150 IF AS > < “Y” THEN NS = 1:P(1) = 1:NP( 1 = 1:SNSC 1 ) “CERTAINTY
“1 6010 12820

12160
12170 HOME
12180 PRINT “LIST STATES OF NATURE BEING CONSIDERED ( MAX 5 )~ USING

1-8 CHARACTER NAMES. ’
12190 PRINT
12200 PRINT “TO STOP INPUTS HIT ‘RETURN’ 11/0 ENTRY .”
12210 COSIJB 10830
12220 4 = 1
12230 VTAB 7
12240 IF 4 > 15 THEM POKE 33,20: POKE 32~20: VTA B 4 — 9
12250 PRINT J; TAB 5)1; INPUT ‘“ lAS s IF AS = ‘U THEN CALL — 998: CAL
L — 958:HS = 4 — 1 6010 12290

12260 SNS(J) = LEFTS (AS ,8)
12270 4 = J + 11 IF J > 5 THEN MS = 5: GOTO 12360
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12280 6010 12240
12290 IF NS :~ 1 THEN 12350
12300 HOME : VTAD 7
12310 PRINT BELLS ”**:* WHERE IS THE UNCERTAINTY IF YOU ONLYHAVE ONE STh

TE OF NATURE ? !U”
12320 PRiNT
12330 PRINT “THINK ABOUT IT AND HIT ‘RETURN’ WHEN YOUARE READY TO START

AGAIN.. ,’;
1234.0 GET AS : 6010 12110
12350 REM - CHANCES?
12360 GOSUB 10800: IF AS > “Y” THEN 12420
12370 LIM NS:H 0
12380 COSUB 13370 : IF CE = 0 THEN 12420
12390 SN~ (CE ) = LEFTS (

~~~,8)
12400 6010 12380
12410
12420 REM - STATE PROBABILITIES
12430 TEXT 1 HOME
12440 PRINT “ESTIMATE THE PROBABILITY OR LIKELIHOOD OF EACH OF THE U

UCERTAXN OUTCOMES . ’
12450 PRINT
12460 PRINT “NUMBERS WILL BE NORMALIZED AUTOMAT1CA LLY”
12470 COSUB 10830
12480 V IAB 7
12490 FOR 4 = I TO US
12500 IF J > 15 THEN POKE 33,20 : POKE 32,20: VTA B 4 — 9
12510 PRINT 41 TAB’: 5) ,SN$C J)U IF RFLAG = 1 THEN PRINT TAB’: 15);P(

.J ): 6010 12530
12520 PRINT
12530 NEXT 3
12540 POKE 33~ 19 POKE 32,1
12550 VTA B 7
12560 FOR 4 = 1 TO MS
12570 IF •J > 15 THEN POKE 33,19: POKE 32~21: VTA B 4 — 9
12580 HTAB 14: INPUT “ A $ P(J) VAL (AS ) :  IF P(J) < 0 THEN CAL

L — 998 : 6010 12580
12590 NEXT 3
12600 REM - CHANCES?
12610 COSUB 10800 1 IF AS > < 9” THEN 12660
12620 LIM = N S H  = 10
12630 COSUB 13370 1 IF CE = 0 THEN 12660
12640 P( CE ) = VAL (AS )
12650 6010 12630
12660 REM - NORMALIZE AND LIST
12670 0 = 0
12680 F D R J =  1TO NSI Q=Q+P (J ) : NEXT J
12690 FOR 4 = 1 TO Ns: NPCJ) = P(J) 1 O NEXT 4
12700 TEXT HOME 1 VTA D 3 PRINT TAB( 3) ”** NORMALIZED STATE PROBABI
LIlIES **‘: PRINT 1 COSUB 10830

12710 VTAB 7
12720 FOR 4 = 1 TO US
12730 IF J > 15 THEM POKE 33,20: POKE 32~20: VTA B ~~ 

— 

V
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12’40 PRIN’ J 1*F 5~~~NS( J) TAB( 14); FN R( NP(J) )
127 5’ ~~~ 4
12760 ~ — 1 U~~1 2~’ RE.i — l iST  Ü~-~ BIL ITIES?
127a ’ C3~~ • ‘ i ” THEN RFLAC = i COTO 12420
12’9(’ RFLA~1210) y r  V [  RETtJR1~
12*20 RUi is .A~ uE ~~ F~IX ENTRY 1*
12330 TE~V~ ‘~L~

[ : ~1Ai’ 2 HTAB 5
12840 ~~~~ *5 VAL UE PIATRIX DATA ENTRY ~~~~~

‘

12850 PORE ~4 ,3
12860 ‘~T A ~ C : HTAB 10
12870 INPUT “ t’~EE.. INSTRUCTIONS? “ A $  IF LEFTS (A $ , 1)  = “Y” THEN GUS

U3 18280
1 2880 AU 01 IF HOP / 15 > INT ( HOP / 15) THEN AD = 1
12890 AS o: IF NS / 3 ) 1141 (MS / 3)  THEN AS
12900 REM - FIRST CRITERION
12910 CR = I
12920 TEXT HOME
12930 PRINT “CRITERION “ ICR;” : “;CRS( CR); TAB’: 25 ) ”W EICHTING ‘1 FM R(

NW CR))
12940 PRINT
12950 REM — FIRST BLOCK OF 3 STATES
12960 BS = 1
12970 VTAB 3 PRINT “ STATES —— >“ TAB’: 14);
12980 FOR SI 88 5 3 - 2 TO BS * 3
12990 PRiNT SN$tS1 ) TAB’: 14 + 9 5 (Si — CBS — 1) * 3))
13000 IF SI 148 THEN 13020
13010 NEXT SI
13020 PRINT 1 VT A B 4 PRINT “OPTIONS” TAB’: 14);
13030 FOR S2 BS 5 3 - 2 TO 1(5 5 3
13040 PRINT S2 TAB’: 14 + 9 * (82 — CBS — 1) * 3))
13050 IF S2 = MS THEN 13070
13060 NEXT $2 V

13070 PRINT : VTA B ~,: COSUB 10830 : PRINT
13080 REM - FIRST BLOCK OF 15 OPTIONS
13090 80 = 1
13100 FOR OP = 80 * 15 - 14 TO 80 * 15
13110 PRINT DPI TAB’: 4) ;oPsc oP )
13120 IV OP = MOP THEN PRINT : 6010 13140
13130 NEXT OF~13140 ST = 88 * 3 — 2 V

13150 POKE 33,7: POKE 32,6 + (9 5 (61  — CBS - 1) * 3))
13160 VTAB 7
13170 FOR OP = 80 5 15 — 14 TO liD * 15
13180 IF RFLAC = 1 THEN PRINT V( OP~S1,CR): 6010 13200
13190 INPUT “‘ A$ V( OP,ST ,CR ) = VAL (AS )
13200 IF OP = MOP THEN PRINT : 6010 13220
13210 NEXT OP
13220 IF ST = NS THEN PRINT : GOTO 13240
13230 ST = ST + 1: IV ST < = BS * 3 THEN 13150
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13240 IF MD 4 T HEN TEXT : POKE 34’23 COSUB 10940 : 6010 13320
13250 IF DC = 6 THEN TEXT : POKE 34~ 23: VTAB 23 GOSUB 10830 : COTO 132
00
13260 REM - CHANGES?
13270 COSUB 10800 : IF AS > < “Y~ THEN 13320
13280 COSUB 13490 : IF OP = 0 OR S = 0 THEN 13320
13290 V( OP~SvCR ) VAL (AS )
13300 6010 13280
13310
13320 80 80 + fl IF 1(0 < = INT (MOP / 15) + AU THEN POKE 34,6: HOME

1 COTO 13100 V

13330 85 = BS + 1: IF 1(2 INT (US / 3)  + AS THEN POKE 34~2 HOME
6010 12970

1334 0 CR = CR + 1: IF CR < = NC THEN 12920
13350 RETURN
13360
13370 REM ** PARAMETER ENTRY CORRECTION ROUTINE 55
13380 VTAB 241 INPUT “INDEX OF ITEM TO CHANCE (0 10 STOP )? “ ;As:C E = V

Al. (AS ) :  IF AS = ‘“ OR CE 0 THEN RETl.’RN
13390 IF CE > U N  OR CE < 0 THEN 13380
13400 iF CE > 15 THEN 13440
13410 REM - SET WINDOW TO PROTECT PARTS OF SCREEN
13420 POKE 33~191 PUKE 32,1: VTAB CE + 6: HTAB 4 + H
13430 GOlD 13450
13440 POKE 33~ 2O POKE 32,20: VTAB CE — 9: HTAD 5 + H
13450 INPUT ““ lA S
13460 POKE 32,01 POKE 33,40
13470 RETURN
13480
13490 REM 5* MATRIX VALUE CORRECTION ROUTINE 55
13500 VTAB 24: HTAB 10: INPUT ‘WHICH OPTION? lA$~OP = VAL (AS ) IF A

$ “ DR OP 0 THEN RETURN
13510 IF OP > MOP OR OP 0 THEN 13500
13520 HTA B io: INPIJT V ”W HICH STATE? “ IAS~S = VAL (AS ) :  IF AS = ‘‘ OR S

= 0 THEN RETURN
13530 IV S > BS * 3 OR S < BS * 3 - 2 THEN 13520
13540 POKE 33,7 POKE 32,6 f (9 * (S — CBS — 1) * 3))
13550 VTA B OP + 6 - (1(0 — 1) * 15 V

13560 INPUT ““ lAS
13570 POKE 32~0: POKE 33,40
13580 RETURN
13590
13600 REM *5 ADDITIVE WEIGHTING ALGORITHM TO DETERMINE OPTIMUM OPTION

*5
13610 TEXT : HOME VTA B 4
13620 PRINT ‘TO DETERMINE THE OPTIMUM DECISION OPTION”l
13630 PRINT “ 

13640 PRINT
13650 PRINT TAB’: 17fl”YOU CAN:’
13660 PRINT TAB’: 17) ;’ — “

13670 PRINT : PRINT : PRINT
13680 PRINT TAB( 4) ; “1. I~ XIMIZE THE DECISION VALUE’
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13690 PRINT : PRINT
13700 PRINT TAB’: 4 ;  “2. HININIZE THE DECISION VALUE”
13710 VTAB 20: lITAB 8
13720 INPUT “WHICH? “lASUI = VAL (As ) :  IF AS = ‘“ THEN N = 1
13730 IF N < 1 OR H > 2 THEN CALL — 998: GOlD 13720
13740 PRINT : PRINT : INPUT “DO YOU WANT OUTPUT TO THE PRINTER? “lF’$:P

$ LEFTS (P3,1)
13750 IF N = 1 THEN MS = ‘MAX” : GOlD 13780
13760 IF N = 2 THEN MS = “NIN”
13770
13780 REM - WEIGHT AND SUM MATRICES ACROSS ALL CRITERIA
13790 FOR I = I TO NOF FOR 3 = 1 10 NS CV ( IvJ )  = 01 NEXT .J: NEXT I
13800 FOR K = 1 TO MC
13810 FOR 3 = 1 TO MS
13820 FOR I = 1 TO MOP
13830 CV(I,.J ) = CV( I~ J) + V CI~J~K) * NW K)
13840 NEXT I
13850 NEXT 3
13860 NEXT K

V 13870
13830 REM - CALCULATE EXPECTED VALUE BY INCORPORATING STATE PROBABILIT

IES
13890 FOR I = 1 TO 140P:EV( I) = o: NEXT I

V 13900 FOR .1 = 1 TO MS
13910 FOR I = 1 10 HOP
13920 EV ( I)  = EV( I)  + CV( I~ J) * NP(J) V

1 13930 NEXT I
13940 NEXT 3
13950
13960 REM - FIND MAX OR HIM
13970 T = EV ( 1 ) M O  = 1
13980 FOR 4 = 2 TO MOP
13990 IF N = 2 AND EV (3) > = T THEN 14030
14000 IF N = 2 THEN 14020
14010 IF EV (J) < = T THEN 14030
14020 T = EV (J)U40 = 3
14030 NEXT 3
14040
14050 IF PS = ‘Y” THEN GOSUB 11020
14060 HOME : VTAB s
14070 PRINT BELLS + BELLSP*** WHEN DECISION VALUE IS “;MS;’IMIZED. •.“

14080 PRINT 1 PRINT PRINT
14090 PRINT ‘THE OPTIMUM OPTION IS 5* “~ OPS P4O)~ ” 5*”
14100 PRINT : PRINT
14110 PRINT “ WITH AN EXPECTED VALUE OF “l FM S( EV( MO ))
14120 COSUB 10770
14130
14140 REM 5* EXPECTED VALUE TABLE 5*
14150 HOME
14160 PRINT TAB’: 10 ) ;‘ExPECTED VALUE TABLE’
14170 PRINT TAB’: 10)1” 
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14180 PRINT
14190 PRINT ‘OPTION VALUE”
14200 PRINT U

14210 FOR .3 = 1 TO MOP
14220 IF .3 > 15 THEN POKE 33~20: POKE 32,20: VTAB J 

— 9
14230 PRINT J; TAB’: 6) 1 UPS’: .39 TAB’: 15) FP4 SC EV( 3))
14240 NEXT J
14250 POKE 32,0: POKE 33,40: VTAB 23: GOSUB 10830
14260 RETURN
14270
14280 REM ** SENSITIVITY ANALYSIS 5*
14290 HOME 1 VTA B 3
14300 PRINT “SENSITIVITY ANALYSIS”
14310 PRINT “— “

14320 POKE 34,4
14330 IF CS :> 0 THEN 14360
14340 PRINT PRINT : INPUT “DO YOU NEED INSTRUCTIONS? “ lAS
14350 IV LEFTS (A b l )  = “r’ THEN COSUB 18400
14360 HONE I VTAB 7
14370 PRINT “ YOUR CHOICES ARE:”
14380 PRINT 1 PRINT
14390 PRINT “ 1. VARY CRITERION WEIGHTS’
14400 PRINT
14410 PRINT “ 2. VARY STATE PROBABILITIES”
14420 PRINT 1 PRINT
14430 PRINT “ 3, RETURN TO LAST MENU”
14440 PRINT : PRINT : PRINT
14450 INF UT U WHICH? “ IASICS = VAL (AS ) :  IF AS = “ OR CS = 3 1

HEN 10430
14460 PRINT I PRINT INPUT “WHA T RANGE DEVIATION (1— 100% )! “ ;A$ :RD =

VAL (AS ) :  IF AS = ‘“ THEN RD = 20
14470 IF RD < I OR RD > 100 THEN CALL — 998: COTO 14460
14480 PRINT : PRINT “WHICH DECISION OPTION (1—”;MOP;” )? “

~~~ INPUT “

“;A$ :OS = VAL (AS )
14490 IF OS = 0 THEN OS = NO
1450 0 IF OS < I OR DE. > MOP THEN CALL — 998 1 6010 14480
14510 RD = RD / 100:INCR = RD / S
14520 TEXT
14530 ON CS 6010 14610,15100
1454 0
1 4550 REM - NORMALIZE AS EACH PARAMETER IS CHANGED
14 5600 0
14570 FOR 1 = I TO MID = 0 + RNT~~ NEXT T
14580 FOR I = I TO M:RN T )  = RN T )  / Cl NEXT T
14590 RETURN
14600
14610 REM - VARY CRITERION WEIGHTS
14620 FOR T = I TO NC:RP( T = NW ( T f l  NEXT I
14630 AC = 01 IF NC / 4 > 1Nr (NC / 4) THEN AC = 1
14640 IF PS = ‘Y” THEN COSUB 11020
146 5 0 K = 1
14460 FAC ~~1 — R D
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14670 HOME
14680 PRINT “SENSITIVITY DUE TO CRITERION WEIGHTS ”
14690 PRINT ‘ -. 

14700 PRINT : PRINT : NTAB S
14710 FOR L = K S  4 —  3 T O t( * 4
14720 PRINT “(‘I FM R(NW (U))”)” TAB’: 8 5 CL — (K — 1) * 4) + 8)
14730 IF L = NC THEN 14750
14740 NEXT U
14750 PRINT
14760 PRINT “DEV”
14770 VTA B 7: PRINT ‘FAc” ; TAB’: 8)1
14780 FOR L K 5 4 — 3 TO K * 4
14790 PRINT LEFTS C CR$ (L)~6)  TAB’: 8 *  C L — (K — 1) 5 4) + 8)
14800 IF L NC THEN 14820
14810 NEXT L
14820 PRINT
14830 PRINT “— —— “

14840 FOR L = 1 TO NC
14850 CP(L) 0
14860 FOR J = IT O  MS
14870 C P( L) = CP(L) + V (OS ,J ,L) S NP(J)
14880 NEXT .3
14890 NEXT L
14900 PRINT FAC TAB’: 0>;
14910 FOR L = K * 4 — 3 T O K * 4V 

14920 FOR I = I TO NC:RN T NW (T ) : NEXT I
14930 RP( L ) = NW L) * FAC : IF RN L) > 1 THEN RP( L)  = 1
14940 N = NC: COSUB 14550
14950 SA = 0
14960 FOR .3 = 1 TO NC
14970 SA = SA + CF’(J) * RP(J)
14980 NEXT .3
14990 PRINT FM S( SA ) TAB’: 8 * C L  — (K — 1) * 4) + 8)
15000 IF L = NC THEN 15020
15010 NEXT L
15020 PRINT
15030 IF FAC + INCR = 1 OR FAC = 1 THEN PRINT
15040 FAC = FAC + INCR IF FAC < = 1 + RD THEN 14900
15050 K = K + 1 IF K < = INT (MC / 4) + AC THEN GOSUB 10770: COlD 14

660
15060 PRINT DS ’PR$O ”
15070 COSUB 10770
15080 COlD 14290
15090
15100 REM - VARY STATE PROBABILITIES
15110 FOR I = 1 TO Ns :RP(T ) = NNT:  NEXT I
15120 AS = 01 IF NS / 4 > tNT (MS / 4 )  THEN AS = I
15130 IF PS = ‘Y” THEN COSUB 11020
15140 K =  I
15150 FAC = 1 — RD
15160 HONE
15170 PRINT “SENSITIVITY DUE TO STATE PROBABILITIES”

V 
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15180 PRINT “— —  -‘
15190 PRINT PRINT 1 HIAB 8
15200 FOR L = K * 4 — 3 T O K * 4
15210 PRINT ‘(“I FM R( NP( L) ) ’ ) ”  TAB’: 8 * C L — (K — 1) * 4) + 8)
15220 IF L = MS THEN 15240
15230 NEXT L
15240 PRINT
15250 PRINT “DEV”
15260 VTAB fl PRINT ‘FAC ” ; TAB’: 8);
15270 F O R L =  K S  4 — 3 1 0 K * 4
15280 PRINT LEFTS ( SNSC L) .69 TAB( 8 * (U — (K — 1 )  * 4) + 8)
15290 IF L = MS THEN 15310
15300 NEXT U
15310 PRINT
15320 PRINT ~~~~~~~ -

15330 PRINT FAd l TAB’: 8)1
15340 FOR L =  K S  4 — 3 1 0 K *4
15350 FOR I = 1 TO NS:RP(T = NP(T : NEXT I
15360 RP(L) = NP(L) * FAC: IF RP(L) > 1 THEN RP(L) = I
15370 N = NS COSUB 14550
15380 SA = 0
15390 FOR .3 = 1 TO MS
15400 SA = SA + CV (OS~-J) * ~ (J)15410 NEXT .3
15420 PRINT FM SCSA ; TAB’: 8 5 CL — (K — 1) * 4) + 8)

L 15430 IV U = MS THEN 15450
15440 NEXT L
15450 PRINT
15460 IF FAC + INCR = 1 OR FAC = 1 THEN PRINT
15470 FAC = FAC + INCRI IF FAC < = 1 + RD THEN 15330
15480 K = K + 11 IF K ( = INT (MS / 4 ) + AS THEN COSUB 10770: COlD 15

150
15490 PRINT DS ’PR$O ”
15500 COSUB 10770
15510 COTO 14290
15520
15530 REM *5 READ DATA FROM DISK FILE 5*
15540 HOME : VTAB 5
15550 

V INPUI “DO YOU WA NT TO SEE THE DISK CATALOG? “ lAS
15560 IF LEFTS ( AS, 1) = “Y’ THEN HOME : PRINT D$;”CATALOC’ : VTAB 23:

COSUB 10830: COlD 15610
15570 HOME : YTAB 3
15580 PRINT “READ DATA BASE FROM DISK”
15590 PRINT “ N
15400 PRINT : PRINT : PRINT
15610 INPUT “WHAT DATA FILE NAME? ‘;RFILES: IF RFILES = “ THEN RET UR

N
15620 PRINT DSl’OPEN “1RFILE$
15630 PRINT DS1’READ “IRFILES
15440 INPUT NOP,NS.NC
15650 FOR K =  IT O NC
15660 INPUT ~RS (K) ,W ( K)
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15470 FOR .3 = 1 T’~ MS15480 INPUT SN$~.J ),P( J)
15690 FOR I I TO HOP
15700 INPUT OPS(I)~V(I,JiK )
15710 NEXT I
15720 NEXT .3
15730 NEXT K
15740 PRINT D$ ”CLOSE “ RFILE$
15750 COSUB 16500
15760 RETURN
15770
15790 REM 5* SAVE DATA TO DISK FILE *5
15790 HOME : VTAB 3
15800 PRINT “SAVE DATA BASE TO DISK”
15810 PRINT ‘ 
15820 PRiNT 1 PRINT 1 PRINT
15830 INPUT “SAVE UNDER WHAT FILE NAME? “ SFILE$ IF SFILES = ‘“ THEN

RET URN
15840 PRINT DS ”OPEN ;SFILES;E’s;”DELETE “ISFILE$;DS;”OPEN ‘;SFILES
15350 PRINT DSPWRIT E ‘ SFILES
15360 PRiNT HOP: PRINT NS: PRINT NC
15870 FOR K = 1 TO NC
15880 PRINT CRS(K) PRINT W ( K )
15290 FOR .3 = 1 TO NS
15900 PRINT SNS( J): PRINT PC . 3)

15910 FOR I = 1 TO HOP
15920 PRINT OPS(I) PRINT V ’:I~J,K)
15930 NEXT I
15940 NEXT .3
15950 NEXT K
15960 PRINT DS ”CLOSE “ SFILE$
15970 RETURN
15980
15990 REM 5* DECISION MODEL EDITING *5
16000 TEXT I HOME : YTAB 2
16010 PRINT “ DECISION MODEL EDIT FUNCTIONS:”
16020 PRINT “

16030 PRINT : PRINT
16040 POKE 34,5
16050 IF DC > 0 THEN 16070
16060 INPUT ‘ DO YOU NEED INSIRUCTIONS? ‘lA,~ IF LEFTS (AS,1) =

“T” THEN COSUB 18500
16070 HOME : PRINT .1. DELETE ANY PARAMETER”
16080 PRINT
16090 PRINT “2. ADD ANY PN~AMETER”
16100 PRINT
16110 PRINT “3. CHANCE AN OPTION”
16120 PRINT
16130 PRINT “4 . CHANGE CRITERION *D/OR WEIGHTING’
16140 PRINT
16150 PRINT “5. CHANCE STATE AND/OR PROBABILITY”
16160 PRINT
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16170 PRINT “6. CHANCE VALUE MATRIX”
16180 PRINT PRINT
16190 PRINT ‘7. RETURN TO LAST MENU”
16200 PRINT - 1 PRINT : PRINT
16210 INPUT “ WHICH~ “ ;As:DC VAL (A S)
16220 IF AS = “ OR DC = 7 THEN BC = 0: GOSUB 16500~ RETURN
16230 TEXT ON rid COTO 16720~ 16920.17090~17190~ 17250,17310
16240 IF DC < 0 OR DC > 7 THEN CALL - 998: GOlD 16210
16250
16260 REM - PARAMETER TYPES
16270 TEXT : HONE : POKE 33’32: POKE 32,8
16280 VTAB 5
16290 PRINT “ tJECI 51DM PARAMETERS”
16300 PRINT
16310 PRINT : PRINT
16320 PRINT I PRINT “1. DECISION OPTION”
16330 PRINT I PRINT ‘2. JUDGEMENT CRITERION”
16340 PRINT : PRINT “3. STATE OF MATURE”
16350 PRINT 1 PRINT I PRINT
16360 TEXT 1 VTAB 19
16370 RETURN
16380
16390 REM - COMPRESS DATA BASE
16400 0 = 0
16410 FOR J = 1 TO N
16420 IF .3 = PD THEN 16470
16430 0 = 0 + 1
16440 IF TP = I THEN OP$(0) = OPS(J) V

16450 IF IF = 2 THEN CR$( 0) = CR$(.3)
16460 IF TP = 3 THEN SN$( 0) = SN$( J)
16470 NEXT J
16480 RETURN
16490
16500 REM — NORMALIZE CURRENT WEIGHTS AND PROBABILITIES
16510 0 = 0
16520 FOR .1 = I TO NC O 0 + W J :  NEXT .3
16530 FOR .3 = 1 TO NCU4W(J) = WJ) / Ut NEXT .3
16540 R = 0
16550 FOR K = 1 TO Ns:R = R + PC K) NEXT PC
16560 FOR K = 1 TO NS U4P(K) = P(K) / RI NEXT K
16570 RETURN
16580
16590 REM - LIST OPTIONS~ cRITERIA, OR STATES
16600 VTA B 7~ CALL — 958
16410 FOR . 3 =  I T O H
16420 IF J > 15 THEN POKE 33r20 POKE 32,20: VIAB .3 — 11
16630 PRINT .31 TAB’: 5fl
16440 IF IF = I THEN PRINT OF’EJ) COlD 16670 V -
16650 IF IF = 2 T HEN PRINT CR0’: J) COlD 16670
16660 IF TP = 3 THEN PRINT SNS(J) V

16470 NEXT .3
16600 TEXT 1 POKE 34,23
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16690 VTAB 23: COSUB 10830 1 VTAB 24
16700 RETURN
16710
16720 REM - DELETE A PARAMETER
16730 COSUB 16260
16740 INPUT “WHAT TYF E PARAMETER TO DELETE? TP
16750 HOME VTAB 2
16760 IF TP = 1 THEN N = NOP: PRINT OP$(Ofl COTO 16800
16770 IF TP = 2 THEN N = MCI PRINT CRSCO : COTO 16800
16780 IF TP = 3 THEN N = NS PRINT SN$( 0 ) COTO 16800
16790 CALL — 998: COlD 16740
16800 COSUB 16590
16810 POKE 34~23 PRINT “WHICH TO DELETE C I— ;N ” )? “

~~~ INPUT ‘“165 1 I
F AS = ‘“ THEN 16000 

-

16820 PD = VAt. (AS )
16830 COSUB 16390
16840 HOME : VTAB 10
16850 IF TP = I THEN MOP = HOP - 1:N = MOPI GOTO 16880

16860 IF IF = 2 THEN NC = NC — 1 N  = NC: COlD 16880
16870 IF IF = 3 THEN MS = HS — 1:H = MS
16880 PRINT BELLS: GOSUB 16590
16890 VTAB 23: GOSUB 108301 INPUT ‘ DELETE ANOTHER? “ ;AS: IF LEFTS

(A$ ,1) = “1’ THEN 16730
16900 COTO 16000
16910
16920 REM - ADD A PARAMETER
16930 COSUB 16260
16940 INPUT “WHAT TYPE PARAMETER TO ADD? “lIP
16950 HOME : VTAB 2
16960 IF TP = 1 THEN N = NOP PRINT OPS’: 0): CCTO 17000
16970 IF TP = 2 THEN N = NC: PRINT c Rsco) : COTO 17000
16980 IF TP = 3 THEN N NS PRINT SN$’:0)~ GOTO 1700016990 CALL — 995 1 COTO 16940
17000 COSUB 16590 

V

17010 POKE 34~23: INPUT “ NAME TO ADD? ‘A E  IF AS = ““ THEN 16000
17020 IF IF = 1 THEN MOP = MOP + 1~N = NOP:OPSC NOP = LEFTS (AS ,10) : C

010 17050
17030 IF TP = 2 T HEN NC = NC + 1: N = NC CRS( NC) = LEFTS (AS , 8): COTO 1

705’) -

17040 IF TP = 3 THEN NS = MS + 1: N = NS: SNS( NS) = LEFTS (AS , 8)

17050 PRINT BELLS: GOSUB 16590: ON TP COTO 17090,17190~17250
17060 YTAB 23: COSUB 10830 : INPUT “ ADD ANOTHER? “ lAS : IF LEFTS (A

~~ 
) = “Y’ THEN 16930 V

17070 COTO 16000
17080

V 

17090 REM - CHANCE AN OPTION
17100 HOME 1 ‘flAB 2 PRINT OPS(0)
17110 N = NOP TP = I: COSUB 16590
17120 POKE 34 ,23: VTAB 23: COSUB 10830 V

17130 LIM = NOP H = 0
17140 COSUB 13370 1 IF CE = 0 THEN 17170
17150 OPS( CE) = LEFTS (AS,I0 )
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17160 COTO 17140
17170 COTO 16000
17180
1 7190 REM - CHARGE CRITERION AND/OR WEIGHTS
17200 HOME : UTAB 21 PRINT CRS(0)
17210 N = NC:TP = 2: GOSUB 16590
17220 RFLAG = 1: COSUB 11630
17230 COlD 16000
17240
17250 REM — CHANGE STATE ANti/OR PROBABILITIES
17260 HOME : VTA B 2: PRINT 5t4$CO )
17270 N NS:TP 3: GOSUB 16590
17280 RFLAC = •1 COSUB 12350
17290 COTO 16000
17300 -

17310 REM - CHANGE VALUE MATRIX
17320 RFLAC = 1: COSUB 12880
17330 COlD 16000
17340 V

17350 REM *5 DISPLAY MODEL 4*
17360 PRINT D$ ”PRIO ”
17370 TEXT : HOME : UTAB 3
17380 PRINT ‘ DISPLAY MODEL DPTIONS ”
17390 PRINT “

17400 PRINT 1 PRINT
17410 PRINT “1. DECISION OPTIONS”
17420 PRINT
17430 PRINT “2. JUDGEMEUT CRITERIA AND WEIGHTS”
17440 PRINT
17450 PRINT “3. STATES OF NATURE AND PROBABILITIES’
17460 PRINT
17470 PRINT “4 . VALUE MATRICES”
17480 PRINT : PRINT
17490 PRINT “5. RETURN TO LAST MENU”
17500 PRINT 1 PRINT 1 PRINT I INPUT “ WHICH OPTION? “ FA S MD = VAL
C AS )

17510 IF As = ~ OR MD = 5 THEN MD 0~ RETURN
17520 IF MD < I OR MD > 5 THEN CALL - 998: COTO 17500

17530 • CALL - 998 1 INPUT “ DO YOU WANT OUTPUT TO PRINTER’ “P$ iF
LEFTS (P$~1) = Y~ THEN COSUB 5560 417540 HOME

17550 ON MD GOlD 17570,17650, 17720~17790
1 7560
17570 REM - DISPLAY OPTIONS
17580 N = NOP TP 1
17590 YTAB 3 HTAB 6
17600 PRINT OP$(0)
17610 COSUB 16590
17620 GOSUB 10770
17630 COT’:) 17350
17640
17450 REM - DISPLAY CRITERIA 

-
‘
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17660 VTAB 3 HTAB 7
17670 PRINT C RS ( 0 )
17680 COSUB 11990
17690 COSUB 10770
17700 COTO 17350
17710
17720 REM - DISPLAY STATES
17730 VT AB 3 HTAB 7
17740 PRINT SHE 0 )
17750 COSUB 12710
17760 COSUB 10770
17770 COTO 17350
17780
17790 REM - DISPLAY VALUE MATRICES
1780 0 RFLAC = i: GOSUB 12880
17810 5010 17350
17820
17830 REM *5 INTRODUCTORY REMARKS 5*”
17840 HOME : UTAB 2
17850 PRINT TAB( 8> 1 “MATRIX DECISION ANALYSIS”
17860 PRINT TAB( 8) 1” -— N

17870 PRINT
17880 PRINT “DECISION ANALYSIS PROVIDES A STRUCTURED APPROACH TO COMPAR

INC THE RELATIVE MERITOF VARIOUS ALTERNATIVES OR OPTIONS .”
17890 PRINT
17900 PRINT “REGARDLESS WHETHER AN ACTUAL DECISION ISMADE~ THE ANALYSIS

CAN ILLUMINATE PARTS OF THE PROBLEM PREVIOUSLY UNCONSIDERED AND CAN P
ROVIDE THE BASIS FOR ELABORATE SUBSEQUENT STUDIES .’

17910 PRINT
17920 PRINT ‘AMONG THE VARIOUS FORMS OF QUANTITATIVE DECISiON ANALYSIS

17930 PRINT
17940 PRINT • DECISION TREES”
17950 PRINT “ COST/BENEFIT ANALYSIS”
17960 PRINT “ UTILITY THEORY”
17970 PRINT N F’ROCESS DIACRAMS”
17980 COSUB 10890
17990 HOME : VIAl’ 2
18000 V PRINT “THE MATRIX DECISION ALGORITHM USES THE ADD ITIVE WEIGHTING

W PARAMETERS AND IS USEFUL FOR QUICK INITIAL ANALYSIS OF HICHLY SU
B4ECTIVE , MULTI-ATTRIBUTE PROB—LEMS.”

18010 PRINT
18020 PRINT N THIS PROGRAM IS BASED ON THE TECHNIOUE DESCRIBED IN DECIS

I0t49 AND DESIGNS, INC.TECHNICAL REPORT 76—12, ‘RAPID SCREENINCOF DECISI
00 OPTIONS’ BY JUDITH SELVIOCE.’

18030 PRINT : PRINT
18040 PRINT “THE TECHNIQUE ALLOWS:’
18450 PRINT
18060 PRINT “ ONE DECISION ( MULTIPLE OPTIONS )’
18070 PRINT “ ONE UNCERTAIN EVENT ( MULTIPLE STATES )”
18080 PRINT “ MULTIPLE JUDCENENT cRITERIA’
18090 COSUB 10890 V

18100 RETURN
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16110 
-

18120 REM #5 DECISION MATRIX DEFINITIONS 5*
1 0130 HOME
18140 PRINT “OPT I3NS ”
18150 PRINT “ N
18160 PRINT “ THE OPTIONS OR ALTERNATIVES ARE THE DIFFERENT POSSIBLE

COURSES OF ACTION THEDECISION—MAt(ER IS CONSIDERING. THEY MUSTBE INDEPE
HDENT AND NON—REDUNDANT. ”

18170 PRINT
18180 PRINT “CRITERIA:’
18190 PRINT 0 a
1820 0 PRI~4T “ JUE’GEMEtdT CRITERIA (OR ATTRIBUTES OR DECISION CRITERIA)

ARE USED TO COMPARE THE RELATIVE VALUE OF DIFFERENT CPTIO NS.THEY MUST
INCLUDE ALL RELEVANT CONCERNS AND SHOULD BE NON—REDUNDANT.’

18210 PRINT
18220 PRINT “STAlESt”
18230 PRINT N I

1824 0 PRINT “ STATES OF MATURE REFER TO THE SET OF UNCERTAIN OUTCOMES
THAT CAN RESULT FROM AN EVENT OVER WHICH WE HAVE LITTLE OR NO CONTRO

I .
I—.

18250 COSUB 10770
18260 RETURN
18270
18280 REM 5* VALUE MATRIX INSTRUCTIONS 5*
16290 HOME
18300 PRINT : PRINT
18310 PRINT TO USE THE VALUE MATRIX, YOU MUST QUANTIFY YOUR StJBJ

ECTIVE ESTIMATE OF THEVALUE OF EACH OPTION~ RELATIVE TO EACH Jur’cEMEMT
tRIIERIOH” 1 IF MS > 0 1HEN PRINT AND STATE OF NATURE .’: GOTO 18330

18320 PRINT ‘.9 PRINT -

18330 PRINT
18340 PRINT “ VALUES MUST BE CORRELATED AMONG THE OPTIONS , cRITERIA,

AND STATES OF NATURE FOR RESULTS TO BE MEANINGFUL. SO TAKE ADVANTAGE
IF THE OPTIONS FOR CHANGING INPUT DATA .”

18350 PRINT I PRINT
18360 PRINT “ VALUES MAY BE POSITIVE OR NEGATIVE, THE RECOMMENDED SC

ALES BEING — 100 TO 0 OR 0 TO 100. LATER YOU WILL HAVE THE OPTION TO
MAXIMIZE OR MINIMIZE .’

18370 COSUB 10770
18380 RETURN
18390
18400 REM 5* SENSITIVITY ANALYSIS INSTRUCTIONS *5
18410 HOME VTAB 6
18420 PRINT “SENSITIVITY ANALYSIS SHOWS THE VARIATIONIN THE EXPECTED VA
LIE OF ANY OPTION WHEWEITHER STATE PROBABILITIES OR CRITERION WEIGHTS A
RE VARIED WITHIN A SPECIFIED RANGE.”

18430 PRINT
18440 PRINT “IF YOU SPECIFY A DEVIATION RANGE OF 20Z , TIlE DEVIATION FACT

OR WOULD RUN FROM .80 TO 1.20 (0 MULTIPLE OF ORIGINAL bEICHTS OR PROBAB
ILITIES).”

18450 PRINT
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18460 PRINT “ THE ACTUAL RANGE IN WEIGHTI NG CR PROBA- BILITY, HOWEVER , W
ILL DIFFER FOR EACH PARAMETER BECAUSE THE ORIGINAL VALUES ARE DIFFE
RENT ANti WILL BE RENORKALIZED .”

18470 COSUB 10770
18480 RETURN
18490
18500 REM *5 EDIT FUNCTION INSTRUCTIONS **18510 HOME
18520 PRINT “ THE EDIT MODE ALLOWS IOU TO RESHAPE YOURDECISIOH MODEL TO

MEET CHANCING NEEDS. YOU CAN ADD OR DELETE PA RAM ETERSI AND YOU CAN C
HANGE CRITERION WEIGHTS1 STATE PROBABILITIES~ AND MATRIX VALUES. ’

18530 PRINT
18540 PRINT “NUMBERS WILL BE RENORMALIZED AFTER YOU FINISH EDITINS .”
18550 PRINT : PRINT
18560 PRINT TAB( 14);’n: NOTE #*~‘18570 PRINT
18580 PRINT “DON’ I FORGET TO ADD OR CHANGE WEIC HTINGSAt4D/OR PROBABILITI

ES AND MATRIX VALUES IF YOU ADD/DELETE PARAMETERS. OTHERWISEYOUR RESU
LIS MAY NOT BE MEANiNGFUL !!!“

18590 COSUB 1’~770
V 

18600 RETURN
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