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Preface

MINNLP in its current version is a good example of how computer software
evolves over time. This program has a long history of modifications beginning
from the word of Foster and Weyrick at New Hampshire published in 1968. As the
below list of references will further indicate, various modifications to this
work have occurred since then. A parallel development of the computer software
package FMGTLP also provided useful ideas associated with how to present the
output and manipulate the data. Both of these programs provide the user with
easy to use input options and well labeled output in a more understandable form
than most general purpose packages. While the current versions have been
developed to operate on Control Data Corporation Cyber hardware, they are work-
able on machines with smaller word size as well. 1In fact, a BASIC language

version of MINNLP exists for use.on micro/mini-computers.
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INTRODUCTION

The code MINNLP, or Minnesota Linear Programming, is an interactive
linear programming algorithm which is efficient in the use of computer
storage space and computational time. It is also easy to use and contains

matrix modification optioms.

A. Identification

1. Title: MINNLP - Compact Linear Programming
2. Programmer: Earl I. Fuller*

3. Programming Language: MNF Fortran

4. Date: December 18, 1980

B. Uses And Limits

Management linear programming generates LP solutions (output) which,
when accompanied by a set of footnotes, becomes management reports understand-
able to lgymen. The tables of output provide headings that give a summariza-
tion of the obtained solution. The output includes the original prices of
commodities, the original levels of resources, the optimum level of produc-—
tion of the enterprises selected, the limiting resources and their marginal
value, the non-limiting resources and their slack amounts, and the enter-
prises not in the plan and their opportunity cost. Output also includes
price and resource stability information.

The present form of MINNLP will not do quadratic programming, but

does contain a special option that allows the user to do resource mapping.

C. Environment

1. Hardware - CDC - CYBER time-share system.
2. Software - Code is compiled and run under NOS monitors. It
presently requires a 52K field length to load. MINNLP is dimensioned

for a 77 x 111 matrix (excluding slack vectors).

* With help from a number of others over the years--including Eugene Haley,
Jim Kelly, Dale Nordquist, Tony Groble, Dave Maloney and Mark Kirchhoff.

A contribution to Minnesota Agricultural Experiment Station project 14-036,
Management Information Systems for Farm Firms.
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BUILDING A MATRIX

A. General Matrix

It is easiest to understand this algorithm by perceiving the complete

tableau as represented by one matrix. This matrix has as its Nth (last)

column the right hand side specification or resource limits. It has as its

Mth (last) row the values of the objective function or the gross margins

from the activities. This algorithm does not use slack columns. Therefore,

slack resources are implicitly priced at zero.

B. Mathematical Statement

A mathematical statement of the algorithm.
N1

1. Maximize Ay = ¥ (AMj)'(Xj)
J=1

Where: AMN is the final gross margin or profit
Xj is the level at which the activity is utilized

. is the gross margin returns for the enterprise, i.e.
is equal to Cj as frequently denoted in L.P. modeling

N1 is the last activity. N is the last column in the
matrix (N = N1 + 1)

So, the objective 1s to maximize the sum of the returns times

the levels of all of the enterprises.

2. Subject to a set of equations relating constraint levels to activities:

N1 Ml

Ao 20 ) (X)) - (AL
SRS U= B A

Where: AiN is the level the resource is limited to, i.e. is equal to

bior the RHS as frequently denoted in L.P. modeling

XJ is the level at which an activity 1s utilized

AIJ is how much resource is used by the activity

N1 is the number of real activities. N is the last column

in the matrix (N = N1 + 1)

Ml is the number of resource constraints (M = M1 + 1)



Thus, the objective function value is limited by the sum of the uses
of resources which must be less than or equal to the amount of resource

available.
And, all Xj 2 0 for j=1 to Nl

all A, 20 for i=] to Ml
1N
All activity levels must be at zero or positive levels (i.e. you can't
produce negative amounts) and feasible solutions must force zero or positive

levels of constraint levels (i.e. all negative RHS values must be "forced

out").

C. A Sample Matrix

The example problem in words - Suppose that you are the operator of a

feed grinding and mixing plant. You have a set of buildings and equipment
as indicated below. Your feed grinder will grind 120 tons of feed per day.
Your mixer will mix 100 tons of feed per day. You have four full-time
employees who work 8 hours per day. They are each willing to work 2 extra
hours at an overtime rate of $3 per hour. You can hire extra labor by the
hour 1f you want to; while it would only cost you $2 an hour, they are only
one~-half as efficient as the full-time workers.

Your choices are (a) to grind feed for farmers which will contribute
to overhead $2 per ton ground (over cash operating costs) or (b) you can mix
and grind feed for farmers with a contribution over cash operating costs of
$3 per ton. But, you will not mix feed unless you have ground it in your
own mill. In addition, you can grind, mix and sell three kinds of mixed
feeds. Feed A gives you $4 per ton on the same basis; Feed B, $8; and
Feed C, $12.50. Hours of labor required per ton for the various alternatives
are as follows: grinding alone - .2; grinding and mixing - .3; grinding,
mixing and preparing for sale of Feed A - .5, Feed B - .6, Feed C - .7. These

hours are based on the efficiency of the full-time employees.
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Notes About The Matrix

1. The columns are the activities. The last activity (hire extra labor)
is the Nl column. The last column is the right-hand side or the N

column. RHS value is an A1N (1.e. AlN = 120; AZN = 100; A3N = 32, etc.)

Each column has a label and a measurement unit.

2. The rows are the resources. The last resource (Feed C - control)

is the Ml row. The last row is the objective or return over cost or

the M row. Each return is an AMj or Cj (1.e. AM1 = C1 = $1,800;
AM2 = C2 = $300). All rows are valued at zero.

3. The body of the matrix indicates how much resource is used or
supplied by each activity. Each coefficient is an Aij' Aij's that
are zero need not be entered.

4. Positive C.'s indicate positive returns over costs. Negative

C.'s indicate negative returns over costs (usually purchase activities or
intermediate products such as crops that are fed). Positive RHS's indicate

a maximum specification of the constraint level while a negative RHS value
indicates a minimum specification of the constraint level (usually a con-

tract requirement). Positive Aij's indicate that the activity '"takes from"

the resource., Negative Aij’s indicate that the activity '"gives to' the resource.

CREATING AND USING A DATA FILE WITH MINNLP

Input Format
The input procedures for MINNLP follow the same rules as the batch

processing code FMGTLP with some minor but important exceptions.

These exceptions are:

1. Single blank spaces are sufficient to separate variables in the

read list, i.e. exact column location is not important as it is on cards.®
2. There must be at least as many variables in a line or record as items
in the read list, i.e. blanks are not read as variables in the list.

3. Each line must begin with a sequence number. These numbers must be

in ascending order.

The formatted input used in FMGTLP (1970 version).



4. Alphanumberic computer words to label the problem, its resources, and
constraints consist of eight or less characters in sequence in a line.
Asterisks may be used to combine shorter words to make a single computer

word to increase print readability and capacity.

Terminology Used

(CR) = carriage return
@ = zero

b = space, note: a space can be used instead of a comma and vice versa.

Step 1 - Assuming you are already logged on to the computer, the following
procedure should be used:

To create a new data file, type: NEW, file name (CR)
The file name is the name of the data file you wish to create. The file

name can be any name of seven or fewer characters.

Step 2 - Type the word AUTO (CR)

Typing the word AUTO will have the computer print line numbers auto-
matically starting with 100 and increasing by intervals of 10, for each new line.
This will save you time since you won't have to retype line numbers for

each line.

Step 3 - Type: @, 1, @ (CR)
This tells the computer that the label and parameters of a new problem

is the next information to be read.

Step 4 - Type in a label or identification line of up to 72 characters to
describe the problematic situation.

Type: identification line (CR)
Remember to include the objective, time span, title and any other useful

information in the identification line.

Step 5 - Type the number of constraints in the plan or tableau, the number 1,
and the number of activities considered in the plan or tableau.

Type: # rows, 1, # columns (CR)

Step 6 - Type: @, 2, @ (CR)
Remember, a comma or a blank space can be used interchangeably or together.

This step tells the computer that some Aij values will follow next.



Step 7 - Type 1n a row location, column location, and Aij value set per line,

for each nonzero Aij value in the data set.

Format Required for Step 7

Row # Column # Aij Value

1 2 1 (CR)
5 4 1 (CR)

Reminder -~ be sure to leave at least one blank space,or comma, between each value.
Step 8 - Once all the Alj values have been typed in, type: @, 3, @ (CR).
This tells the computer that the RHS values will follow.

Step 9 - Type in each row number and RHS value set per line for each nonzero

RHS value in the tableau. A RHS value equal to @ does not need to be typed in.

Format Required for Step 9
Row # Row # RHS Value

1 1 120 (CR)
2 2 100 (CR)

Reminder -~ be sure to leave one blank space, or comma, between each value.

Step 10 - When all RHS values have been typed in, type: @, 4, @ (CR).
This tells the computer to now read the Cj-prlce/costs and column labels for

each activity. (Remember that AM' values = Cj values.)
J

Step 11 - Type in the Cj-prlce/cost values and column labels for each
activity, one set per line.

Enter the C, values and labels for every column in the tableau, in the
format shown below.

The column labels are divided into three fields of eight characters.

These three fields must be separated by a blank space or comma.

First 8 Second 8 Third 8
Character Character Character
Field Field Field
Column # Column # Cj—Price/Cost Label Label Label
1 1 2 CUSTOM GRINDFD TONS (CR)

2 2 3 MIXGRIND FEED TONS (CR)



Reminder: (1) each eight character field may contain up to eight alpha-
numeric characters; (2) each label or character field must be separated by a
blank space or a comma; (3) an asterisk may be used to connect two words to
fit into the eight alphanumeric character spaces; when the data file is

printed, the asterisk won't be printed in the output.

Step 12 - When all of the Cj values and labels have been typed in, type:

#, 5, #, X, X, X (CR). This tells the computer to now read the row labels of
each constraint listed in the tableau. The three X's must be typed after

the @, 5, @, since the computer is reading these fields and a value must be
placed in each field. Failure to do so will result in an error message when

the data file is called by the LP program.

Step 13 - Type in the constraint row labels shown below. The row labels
are divided into three fields of eight characters. These three fields must

be separated by a blank space or a comma.

First 8 Second 8 Third 8
Character Character Character
Field Field Field
Row# Row # Must Be A Zero @ Label Labéel Label
1 1 )] MAXGRND CAPACITY TONS (CR)
2 2 ) MAXMIXR CAPACITY TONS (CR)

Reminder: (1) no price/cost values on rows are allowed, a @ must be
typed; (2) each eight character field may contain up to eight alphanumeric
characters; (3) each label or character field must be separated by a blank
space or comma; and (4) an asterisk may be used to connect two words to fit
into the eight alphanumeric character spaces; when the data file is printed,

the asterisk won't be printed in the output.

Step 14 - When all of the row labels have been typed in, type: @, 6, @,
X, X, X, (CR). Remember, the three X's must be typed following the @, 6, @
since the computer is reading these three fields, a value must be typed in
each field, or an error message will result when the data file is called by
the LP program.

Typing @, 6, @ tells the computer that all of the data for the tableau

has been typed in, and to now solve the problem.



Step 15 - After the @, 6, @, X, X, X line has been typed, press the escape (ESC)
button located on the computer terminal. This will stop the computer from

printing a line number each time the carriage return is pressed.

Step 16 - Type: SAVE (CR)

When the computer responds with READY, your file 1s a permanent (old)
file stored in your user number.

Reminder - you must save the new file that you have just created. Later
you will need to recall your data file. In order to do this your data file

must be a permanent (old) file.

Note - the order of control values [@#, 2, 8] [, 3, 0] [0, 4 0]
[@, 5, @] and their associated sets of data is actually unimportant to the
computer. The reading routines will adjust to any order. The suggested

order is simply the logical omne.

B. Correcting The Data File

1. While anputting data

If two line numbers of the same value and their associated data are
entered, the last line entered is the one finally stored and used in
calculations. To make changes (or correct mistakes) in your data file
as you are typing in data, simply press the escape key on the terminal.
Type in the line number of the line you wish to correct. Leave one
blank space then enter the data desired, as previously explained. Type

AUTO, comma, and the line number of the next data line you wish to type.

Now, the computer will continue supplying line numbers as before.

2. After the data file 1s created

To make changes in a file that 1s already saved (permanent), retype the

line or use the XEDIT procedures and, when changes have been made, type
REP (replace). This will make the desired changes a part of your

permanent data file. Type: REP (CR).

C. Sample Data File

To illustrate the proper format your data file should follow, an

unformatted data listing with the elevator problem is shown below.
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Listing Of The Unformatted Data File

sentence number tells computer the ID sentence and parameters ID
in sequeiij////////of the tableau are next Pentence
00100 0 1 0 ¢(
00110 IBM VERSION ELEVATOR PROBLEM; MAXIMIZING PROFITS 1 DAY TIME FERIOD
00120 1 first value tells number of rows in tableau
00130 0CbiL\\\\\\third value tells number of columns in tableau
00140 1 1t 1 tells computer that Aij values follow
00150 3 1 .2
00160 1 2 1
00170 2 2 1
00180 3 2 .3
00190 1 31
00200 2 3 1

3.5

RHS values

read C,-price/costs and column labels

0
00410 1 1 2 CUSTOM BRIN“&E&-IQE&——:_JJill print a blank space for each asterisk
00420 2 2@ MIX+GRND FEED TONS C.'s
00430 3 4 PREPRSEL FEED®A TONS ]
00440 4 4 8 PREPSSEL FEED#B TONS S column labels
004590 5 12.5 PREPASEL FEED=#C TONS
00440 4 ~3 HIRE OVERTIME HOURS
00470 7 -2 HIRE EXTRA*L.B HOURS .
00480 02 0(¥ L Do read row labels
00490 1 1 0 RAXFGRND W
00500 2 0 MAX*MIXR CAPACITY TON
00510 3 0 AVAIL. LABOR HOURS row labels Dummy data to £ill
00520 4 0 MAX OVERTIME HOURS read list requirement
00530 5 0 FEED+B CONTROL TONS
00540 4 0 FEED*C CONTROL TON
00550 (O X X tells computer all data has been read in,

also tells computer co solve problem.
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USING THE PROGRAM

A, Calling The Program

Step 17 - Once your data file is permanent, you are now ready to run your

linear program.

Type s-DECALD

PROGRAN NAME T MINNLP

The computer will respond with a series of questions as shown below;

L.P, TEST VERSION 12/10/80 CONYACT EARL FULLER 4$12-373-124%
UHAT IS YOUR NANE T JOHN FARMER
UHAT IS YOUR ABDRESS? RURAL MINN.

Step 18 - Type in your name and address in the space provided after each
question mark., Generally you press the (CR) meaning no the question of
diverting output. A yes answer will divert your output into memory storage
and will allow you to have your output printed elsewhere. Assuming you have

pushed the (CR), the computer will respond:

DATA FILE NAME (CR = DATA IS CONPLETE) 7 ['LEV

type in file name

1. Using An Unformatted Data File

Step 19 - Type in the name of your unformatteddata file. In this case, the
fi1le name ELEV is typed in.

Now press the (CR). The computer will respond:

00110 IBH VERSION ELEVATOR PROBLEM; MAXIMIZING FROFITS 1 DAY TIME PERIOD
paATA FILE NOW READ IN
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1f the proper identification sentence or label for your tableau is
listed, press the (CR).

If you typed in the wrong file name, an error report will result. You
must now go back to step 17 and start over.

Assuming the correct unformatted data file has been typed in, and no
additional files are to be called, press the (CR) when the computer again

responds:

DATA FILE NAKE (CR = DATA IS COMPLETE) 7 ELEV

Since the data file is unformatted, the computer will respond with a

series of questions.

DO YOU WANT MINNLP MATRIX OUTPUT (CR = FMGTLP) ? YES
WANT TO CHANGE THE PROBLEM DISCRIPTION LINE (CR = NO) 7 NO

NAME OF LP FORMATED DATA FILE (CR = SKIP IT)
? ELEVY

Step 20 - You will want to type yes if you wish to have line numbers in your
formatted data file; if you type no or (CR), there will be no line numbers in
your formatted data file.

Step 21 - For the second question, type yes (CR), if you want to change the
identification sentence or label of your data file.

The computer will respond with a (?). Type the new identification
sentence or label and press (CR).

Type No or (CR) if you do not wish to change your label.

Step 22 - When the computer responds with the third question, the computer
is asking for a new name for your data file. Your original data file has

been reformatted by the computer so that your original data file can be read
by the computer and inserted into the LP program. The formatted file is a

new, permanent, separate data file, which must have its own unique file name.
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If you want to run your unformatted data file without creating a
permanent formatted data file, press the (CR) when the computer asks for the
name of the LP formatted data file. The formatted file just created by the
MINNLP program is only temporary and will be destroyed as soon as you stop

the MINNLP program, or call another data file.

2. Using Multiple Data Files

You may combine separate data files to create one new data file. To
illustrate this, a simple example is shown below.

Suppose we want to change the RHS value in the ELEV1 data file from 32
available labor hours to 80 available labor hours. Create and name a new

data file like this:
NEU,ELEV1A
=AUTO
00100 0 3 O
00110 3 3 30

00120 #DEL*
SAVE

Now, call the MINNLP data file. The computer responds and you can type 1in

your name and address. Then answer yes or no to divert output, then type in

the name of the original formatted data file you have created.

L.P. TEST VERSION 11/10/80 CONTACT EARL FULLER 612-373-1145
UHAT IS YOUR NABE T JOHN FARMER
WHAT I8 YOUR ADBRESS? RURAL HINN.

WANT TO DIVERT THE MINNLP RESULTS (CR = NO) ?

DATA FILE NAKE (CR = DATA IS COMPLETE) 7 ELEWY
When the computer responds:

1 IBM 5100 VERSION ELVATOR PROBLEM; MAXINIZING PROFITS 1 DAY TIME FERIOD
DATA  FILE NOU READ IN

UATA FILE NAME (CR = DATA IS COMPLETE) ? LLEVIA
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Type 1in the name of the data file you wish to add.
file ELEV1A was typed in.

Now proceed as‘previously instructed.

In this case data

DATA FILE NAME (CR = DATA 1S CONPLETE) 7 press (CR)
DO YOU WANT WINNLP MATRIX OUTPUT (CR = FHGTLP) 7 YES type yes
or (CR)
WANT TO CHANGE THE PROBLEM DISCRIPTION LINE (CR = NO) 1
type yes
or no

NAME OF LP FORMATED DATA FILE (CR = SKIP IT)
7 ELEV1B

Type in the name of the new LP formatted data file

combination data file to be permanent. Otherwise press

3. Using A Formatted Data File

If you already have a formatted data file, type in
formatted data file, step 19 mentioned earlier.

By typing in the name of your formatted data file,
will be omitted.

if you want the new

the (CR).

the name of your

steps 20, 21 and 22

Notice the difference between the original data file and the formatted

data file listed below.
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Formatted Data File

new line
numbers notice the increased space between columns
OLD,ELEVT
sLIST Flags the reading procedures
310000 to expect a formatted file

1 IBM 5100 VERSION ELVATOR PROBLEM; MAXINIZING PROFITS 1 DAY TIME PERIOD

:gggg J/g J/; Jl 7 CO D_" Unused parameters, except for FMGTLP
10040 1 1
1€050 3 1
;gggg ; g note how the decimal points all line up
10080 3 2
10090 1 3
10100 2 3
10110 3 3
10120 é 3
10130 1 4
10140 2 4
10150 3 4
10160 3 4
10170 1 5
10180 2 5
10190 3 B
10200 ) )
10210 3 4
10220 4 &
10230 3 7
10240 0 3
10250 1 1 120.000
10260 2 2 100.000
n
:g;gg i z ngggg each field is 8 characters long
10290 3 3 15.000 MZ/ 1r \\\
10300 0 4 0 Y
10310 1 i 2,000 CUSTOM GRIND-FDTONS
10320 2 2 3.000 MIX-GRNDFEED TONS
10330 3 3 4.000 PREFESELFEED-A TONS
10349 4 4 B8.000 PREPRSELFEED-B TONS
10350 5 ) 12.500 PREPRSELFEED-C TONS
10340 ) & -3.000 HIRE OVERTIMEHOURS
10370 7 7 -2.000 HIRE EXTRA-LEHOURS
10380 0 ] 0@: : :
10390 1 1 0 MAX-GRNDCAPACITYTONS
10400 2 2 0 MAX-MIXRCARPACITYTONS
10410 3 3 0 AVAIL., LABOR _HDURS Dummy characters
10420 4 4 0 MAX OVERTIMEHOURS to complete the
10430 S 9 0 FEED-B CONTROL TONS read list
:g:fg g : gé?ﬁn_c COHTROL IESS requirements
o] H H H
10440 0 0 0 : :
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B. Running The Program

1. Options available

Step 23 - The computer responds

NEXT NINWLP OPTION. (-1 = LIST OPTIONS) 7

1f you wish to see a list of the options available in this program,

type in ~1.
The computer will list the options available.

PTIONS AVAILABLE:

CR = END OF LINEAR PROGRAM RUN,

READ A(NOTHER) DATA FILE FOR USE,

PRINT ALTERNATIVES & CONSTRAINTS LIST,

PRINT THE CURRENT PROBLEM MATRIX,

MODIFY THE MATRIX (WITH SUR-OFTIONS),
BUDBET/CHECK AN ANSWER/SOLUTION,

SOLVE THE CURRENT MATRIX/PROBLEM,

MAKE POST-SOLUTION PRICE/RHS ASSUMPTION CHANGES

SO LR e L MY . D
o on o ou u non

2, Brief description of each MINNLP option with examples

NEXT alaNLF OFTION. (-1 = LIST OPTIONS) 7

You should type in the number of the option you desire, followed by a
(CR). 1If you would like to have another list of the options available, type
in -1,
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Option § = CR = end of linear program run

To terminate the program, type a @ or (CR) when the computer asks for

the next MINNLP optiom.

MEXT MINNLP OPTION. (-1 = LIST OPTIONS) * 0 (CR)

You are now free to call an old data file, or to create a new data file.

Option 1 = read a(nother) data file for use

Option 1 will allow you to call a new data file to run with the MINNLP
program. This saves you time since you don't have to rerun the MINNLP

program every time you want to use a new data file.

NEXT MINNLF OPTION. (-1 = LIST OFTIONS) *  (CR)

The computer will respond:

COMPUTER DECISION AIDS AGRICULTURAL ECONOMICS PROGRAM:

EXTENSION FARM MANAGEKENT MINNESOTA LINEAR PROGRAMING ANALYSIS

AGRI. EXTENSION SERVICE RESULTS FOR:  JOHN FARMER user's name
UNIVERSITY OF MINNESOTA 09-04-80 RURAL MINN. and address

1 IBM 5100 VERSION ELVATOR PROBLEMN; MAXIMIZING PROFITS 1 DAY TIME PERIOD

title of the current
data file

The computer responds:

WANT TO DIVERT THE MINMNLP RESULTS (CR = ND) 7

Another yes or no (CR). The computer then asks for the name of the new

data file you wish to use. Type in the name of the new data file.
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type in new

DATA FILE NAME (CR = DATA IS COMPLETE) ? FURNLP data file name
followed by (CR)

The computer then tells you the new data file has been read in, and
lists the title of the new data file.

The computer asks if you want to enter any other data files, and do
you want to see a list of the MINNLP options that are available or to

to simply choose an option.

10010 THE FURNITURE 2X2 PROBLEM title of the new data file
DATA FILE NOW READ I«
DATA FILE NAME (CR = DATA IS COMPLETE) 7

WEXT dInNLP OPTION. {-! = LI3T OPTIOd3) 7

Option 2 = print alternatives and constraints list

Option 2 will print the heading for each column vector with its
associated C, value, and the heading for each row vector will be printed
with its associated RHS value. To have the computer print a listing of

the row and column vectors, type a 2 when the computer asks for the next

MINNLP option.

NEXT MWINNLF OPTION, u-1 = LIST OPTIONS) 7 2 (CR)

The computer responds:
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COMPUTER DECISION AIDS AGRICULTURAL ECONOMICS PROGRAM:
EXTENSION FARM MANAGEMENT MINNESOTA LINEAR PROGRAMING ANALYSIS
AGRI. EXTENSION SERVICE RESULTS FOR:  JOHN FARMER
UNIVERSITY OF MINNESOTA 09-04-80 RURAL HINN.

1 IBM 5100 VERSION ELVATOR PROBLEM; MAXINIZING PROFITS 1 DAY TINE PERTOD

PROCESS / ALTERNATIVES AND UNIT PRICE/COSTS title of the formatted file
101 CUSTON GRIND-FD TONS $ 2,000 )
102 MIX-GRNDFEED TONS $ 3.000
103 PREPSSELFEED-A  TONS $ 4,000
104 PREPSSELFEED-BE  TONS $ 8.000 } column vectors
105 FREPSSELFEED-C  TONS $ 12,500 with Cj values
104 HIRE OVERTIME HOURS $ ~3.000
107 HIRE EXTRA-LE HOURS $ -2.000 J
RESOURCE/CONSTRAINTS AND RHS LEVELS
1 MAX~GRND CAPACITY TONS " 120,000
2 HAX-MIXR CAPACITY TONS " 100,000
3 AVAIL.  LABOR HOURS " 32,000
4 Hax OVERTIME HOURS " 8.000 RHS X:izzgs with
5 FEED-BE  CONTROL TONS " 15,000
& FEEB-C  CONTROL TONS u 0

Option 3 = print the current problem matrix

Option 3 will print the formatted data file in MINNLP matrix form.
To have the computer print the initial matrax, type a 3 when the computer

asks for the next MINNLP option.

NEXT MINWLF OPTIOM. { 1 = LIST OFTIONS) 7 3 (CR)

The computer will respond:
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COMPUTER DECISION AIDS AGRTCULTURAL ECONOMICS PROGRAM:
EXTENSION FARM MANAGEMENT MINNESOTA LINEAR PROGRAMING ANALYSIS
AGRI. EXTENSION SERVICE RESULTS FOR:  JOHN FARMER
UNIVERSITY OF MINNESOTA 09-04-80 RURAL HINN.

1 IBM 5100 VERSION ELVATOR PROBLEM; MAXINIZING PROFITS 1 DAY TIME PERIOD
ENTER 3 VALUES; (THE MATRIX HAS 8 COLUMNS)
ENTER (1)-18T COL. & LAST COL. TO PRINT + NO OF COLS PER PAGE? 1,8,10

The name and address of the user 1s listed as well as the title of
the data file in use.

The computer then asks you to type in 3 numbers separated by a comma
or blank space. The first number you type in should be the number of the
first column of the matrix that you wish to have printed. The second number
you type in should be the number of the last column in the matrix that you
wish to have printed. The third number you type in should be the number of
columns that you want printed per page.

These features allow you to print select portions of the matrix without
having to print the whole matrix. By regulating the number of columns per
page, the MINNLP matrix output can be printed on any size computer terminal
or printer.

Below is an example listing of the initial matrix.

title of the formatted data file
¢

{ IBM 5100 VERSION ELVATOR PROBLEM; MAXIMIZING PROFITS 1 DAY TIME PERIOD

ROW
NO.

o~ LB d D

CUSTOM  MIX-GRND PREPASEL PREPISEL FREPISEL HIRE HIRE SPECTFED
GRIND-FD FEED FEED-A FEED-B  FEED-C  OVERTIME EXTRA-LR RESOURCE
TONS TONS TONS TONS TONS HOURS HOURS AMOUNTS

PROCESS UNIT PRICE COST $ 2.000 3.000 4,000 8.000 12,500 -3.000 ~2.000 0
PROCESS (COLUMN) NO. 101 102 103 104 105 106 107 108
HAX~-GRND CAPACITY TONS * 1.000 1.000 1.000 1.000 1.000 0 0 120.000
MAX-HIXR CAPACITY TONS 4 0 1.000 1.000 1.000 2.000 0 0 100.000
AVAIL.  LABOR HOURS ¢+ 200 <300 300 600 L7200 -1.000 ~.900  32.000
MAX OVERTIME HOURG  =# 0 0 0 0 0 1.000 0 8.000
FEED-B  CONTROL TONS * 0 0 0 1.000 0 0 9 15.000
FEED-C  CONTROL TONS * 0 0 -.500 0 1.000 0 0 0
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Option 4 = modify the matrix (with sub—options)

This option allows you to use the MINNLP program to make changes in
your formatted data file. To use this option, type a 4 when the computer

asks for the next MINNLP option.

NEXT MINNLP OPTION. (-1 = LIST OFTIONS) ? 4 (CR)

The computer responds with the title of the data file, and a question

concerning the types of changes to be made.

1 IBM S100 VERSION ELVATON PROBLEN; MAXIMIZING FROFITS 1 DAY TIME PERIOD
HIT CR TO CHANGE SINGLE VALUES; ! FOR OTHER REVISIONS.
P

If you only want to change Aij’ RHS or price/cost values in your formatted

data file, press (CR). The computer will respond:

THE PRICE/COST ROW = 0 = 7 THE R,H.5. COLUMN = N =, 8

USE ACTUAL COLUMN LOCATION NUMBERS; NOT COLUNN CODE NUMBERS
v 3,8,30

PR

row column value

Notice that the price/cost row and the RHS column are numbered. These
row and column values must be used in making each individual matrix change.
To change single values in the formatted data file, simply type the
row number, column number and new value after each question mark that
appears. You can only type one row, column and value set per line. Press
(CR) after each line has been typed in. When no further changes are desired,

press the carriage return and the computer responds with a series of questions.

DD YOU UANT TO REPLACE THE DATA FILE T OYES

DO YOU WANT MINNLP MATRIX OUTPUT (CR = FMGTLF) ? YES

WANT TO CHANGE THE PROBLEM DISCRIPTION LINE (CR = NO) ?
NAME OF LP FORMATED DATA FILE (CR = SKIP IT) B
7 El

~

{
name of new data file
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Type yes (CR) if you want to replace the old data file with the updated
data file (the file containing the changes you have just made).
If you type no (CR) the computer will respond:

NEXT MINNLP OPTION. (-1 = LIST GFTIONS) *

Type yes (CR) if you want your updated data file to be printed in
MINNLP matrix output format.

Type yes (CR) if you want to change the identification sentence or label
of your data file. The computer will respond with a ? after which you should
type the new identification sentence or label and press (CR).

Type no or (CR) 1if you do not wish to change your label.

The computer is now asking for a new name for your formatted data file.
The original formatted data file has been changed by the new values that
have just been inputted. This formatted file is a new, separate data file
which must have its own unique file name.

If you press (CR) when the computer asks for the name of the new
data file, the changes you have just made will only be temporary, not
permanent. Once you have called a new data file or have logged off the
computer, only the data file that existed before any changes were made will

remain.

To make other kinds of matrix revisions

When the computer responds:

1 [B¥ 3100 VERSION ELVATOR PROBLEM; MAXIMIZING PROFITS 1 DAY TINE PERIOD
HIT CR TO CHANGE SINGLE VALUES; 1 FOR OTHER REVISIONS.
P

Type a 1 instead of a (CR). The computer will respond.

THE PRICE/COST ROMW = M = 7 THE R.H.5. COLUAN = N =, 3
USE ACTUAL COLUMN LOCATION NUMBERS; NOT COLUMN CODE NUMRERS
NEED MATRIX ACTION IN TRUCTIONS ¥ YES
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Type no or (CR) if you do not wish to see a listing of the options
available.
Type yes if you want a listing of the options available. The computer

lists the following options:

THE GUERY, NEXT ACTION, REQUIRES ONE OF SEVERAL™ RESPONSES;
TYPING THE FIRST THREE LETTERS OF EACH" WILL SUFFICE

THEY ARE:

INSERT...A ROW OR COLUMN INSERTING PROCEDURE WHERE DESIRED.
DELETE...A ROW OR COLUMN DELETION PROCEDURE WHERE DESIRED.
BOUND... AN ACTIVITY LEVEL LIMITING PROCEDURE.

SCALE... A ROV OR COLUMN SCALING (OR ROW CHANGING) PROCEDURE.
REORDER...A MATRIX ROW OR COLUMN REORDERING PROCEDURE.

NEXT MATRIX ACTION (CR=NONE) *

Explanation

Sub-option: Purpose/result:

Insert This option allows you to insert another row
or column in the original matrix.

Delete This option allows you to delete either a row
or column from the original matrix.

Bound This option allows you to set a maximum or minimum
limit on the number of times a particular actavity

comes into the final solution.

Scale This option allows you to change every coefficient
in a row or column by a constant amount.

Reorder This option allows you to rearrange the order of
the columns or rows of the original matrix.

When the computer responds:

NEXT MATRIX ACTION (CR=NONE) 7

Type in the first three letters of the option you wish to use. A few
brief examples are shown below to help explain the proper procedures that

must be used with these options.
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First example, deleting a row or column

NEXT MATRIX ACTION (CR=NONE) 7 DEL

DELETE A ROW OR COLUNN ? ROM

DELETED ROW NUMBER 7 4

DELETE A ROW OR COLUMN ? (CR) = no more

NEXT MATRIX ACTION (CR=NONE) 7 (CR)

DO YOU WANT TO REPLACE THE UPDATED FILE 7 YES
DO YOU UANT MINNLP KATRIX OUTPUT (CR = FMGTLP) 7 YES
WANT TO CHANGE THE PROBLEM DISCRIPTION LINE (CR = NO) ? (CR)

NAME OF LP FORMATED DATA FILE (CR = SKIP IT
? ELEV2 4—— new, separate data file

In this example, one row (row 4) was deleted from the original matrix.
When deleting more than one row or column, remember to keep track of
the rows and columns that have already been deleted. As soon as a row or
column is deleted, the row or column is gone from the original matrix.
It is very important to count carefully only the remaining rows and

columns in the matrix in order to put a new row or column number on the next

row or column to be deleted.
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Second example, inserting a row or column

NEXT WATRIX ACTION (CR=NONE) ? NS
NEED FURTHER INSERT INSTRUCTIONS ? YES

INSERT WILL SHOVE THE INDICATED ROW OR COLUMN" INTO THE TNDICATED LOCATION

BOVING ALL OTHER ROWS" DOUN OR COLUMNS TO THE LEFT

CR=DONE WITH THIS SECTION

INSERT A ROWN; A COLUMNN (DR HCRH) ? ROW

must be typed in formatted style,
each field 8 characters long

MAX UUERIIH#HOURS

NUMBER OF INSERTED ROW 74

ENTER 2-8 COL WORDS+ UNITS FOR NEW ROY 7

ENTER COLUMN _ VALUE PAIRS 1 SET PER LINE A5 NEW ROW 7 6,1h.

» )
Bt column ‘A,
1]

¢
INSERT A ROW\; A COLUMNN (DR HCRE) ? (CR) = no more

NEXT MATRIX ACTION (CR=NONE) 7 (CR)

DO YOU WANT TO REPLACE THE UPDATED FILE 7 YES
D0 YOU WANT MINNLP MATRIX OUTPUT (CR = FHGTLP) 7 YES
WANT TO CHANGE THE PROBLEM DISCRIPTION LINE (CR = NO) ?

NANE OF P FORMATED DATA FILE (CR = SKIP IT)
* ELEVY &—- hew, separate data file

In this example, one row (row 4) was inserted into the original matrix.
When inserting more than one row or column, remember to keep track of
the rows and columns that have already been inserted. As soon as the row or
column is inserted, the row or column becomes a part of the original matrix.
It 1s very important to count carefully the rows or columns in the original
matrix and also each row or column that has been inserted. By doing this, you

can insert all new rows or columns in their proper location in the matrix.
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Third example, bounding an activity labels

HEXT NATRIX ACTION (CR=NONE) 7 BOU

ENTER A COLUMN NUMBER FOLLOWED BY THE MAXIMUM(+) OR
HINIMUM(-) QUANTITY LEVEL IT IS TO BE BOUNDED OR LIMITED AT.
Y390

THE BOUND LABEL NOW READS MAX-CNTLCUSTOM TONS
IF THIS IS NOT ACCEPTABLE ENTER A NEW (FORMATED) ONE. (CR=0K)

?
TO ADD ANOTHER COL TO THE SAME BOUND LTNIT,
INDICATE THE COL (CR=ND)

?

BOUND ANOTHER COLUMMN AS ABOVE? (CR=DONE)

ENTER A COLUMN NUNBER FOLLOWED BY THE MAXIMUM(+) OR

HINIMUMC-) QUANTITY LEVEL IT IS TO BE BOUNDED OR LIMITED AT.
P47

NEXT WATRIX ACTION (CR=NONE) ?

DO YOU WANT TO REPLACE THE UPDATED FILE 7 YES
DO YOU WANT MINNLP MATRIX OUTPUT (CR = FNGTLP) ? YES
WANT TO CHANGE THE PROBLEM DISCRIPTION LINE (CR = NO) ?

NAME OF LP FORMATED DATA FILE (CR = SKIP IT)
? ELEV4

In this example, the activity in column one (max. grinder capacity, tons)
was limited to 30 tons. By putting an upper bound of 30 tons on column one,
no more than 30 tons of grinder capacity can be used.

Notice how the MINNLP program placed a constraint on the amount of
grinder capacity available in the matrix listed below. Look at row 7 1in

the matrix. Notice the upper limit of 30 tons of grinder capacity in row 7.
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Original matrix with a constraint on the amount of custom grind feed capacity

(row 7)

| IBM 5100 VERSION ELVATOR PROBLEM; NAXIMIZING PROFITS 1 DAY TIME PERIOD

CUSTOM  MIX-GRND PREPRSEL PREFISEL PREPESEL HIRE HIRE SPECIFED
GRIND-FD FEED FEED-A  FEED-B  FEED-C  OVERTIME EXTRA-LB RESOURCE
TONS TONS TONS TONS TONS HOURS HOURS ANOUNTS

PROCESS UNIT PRICE COST $ 2.000 3.000 4.000 8.000 12,500 -3.000 -2.000 Q
ROV
ND. PROCESS (COLUMN) NO. 101 102 103 104 103 104 107 108
1 HAX-GRND CAPACITY TONS * 1,000 1.000 1.000 1.000 1.000 0 0 120.000
2 MAX-MIXR CAPACITY TONS * 0 1.000 1.000 1.000 2.000 0 0 100.000
3 AVAIL.  LABOR HOURS % 200 .300 500 600 700 -1.000 -.500  32.000
4 MAX OVERTIME HOURS  + 0 0 0 0 0 1.000 0 8.000
5 FEED-B  CONTROL TONS # 0 0 0 1.000 0 0 0 15.000
6 FEED-C  CONTROL TONS * 0 0 -.500 0 1.000 0 0 0
7 MAX-CNTL CUSTOM  TONS * 1.000 0 0 0 0 0 0 30.000
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Fourth example - scaling a row or a column

NEXT HATRIX ACTION (CR=NONE) 7 SCA

NEED FURTHER SCALE INSTRUCTIONS T YES

SCALE WILL MULTIPLY THE INDICATED ROW OR COLUMN" BY THE DESIRED CONSTANT
(TO CHANGES ALL SIGNS IN A ROW THPE ROWND.&-1.)
COMPLETION IS INDICATED BY A CR=NO HORE

SCALE A ROWN; A COLUMNN (OR HCR#) ? ROY

ENTER ROW NO. _ SCALE CONSTANT (CR= ROWS DONE) T 7,2
scale constant
TYPE NEU ROW UNIT NANE 7 DOLLARS

ENTER ROW NO. _ SCALE CONSTANT (CR= ROWS DONE) t

SCALE A ROWN; A COLUMNN (DR #CR#) ? (CR) = no more

NEXT MATRIX ACTION (CR=NONE) 7 (CR) = no more

10 YOU WANT TO REPLACE THE UPDATED FILE 7 YES
D0 YOU WANT MINNLP MATRIX OUTRFUT (CR = FMGTLF) ? YES
WANT TO CHANGE THE PROBLEM DISCRIPTION LINE (CR = NO) ?

NAME OF LP FORMATED DATA FILE (CR = SKIF IT)
? ELEVS £&——— new, separate data file

In this example, each Cj value in row 7 was multiplied by the coefficient

Z. This doubled the value of the Cj's in the process unit price cost row.
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Fifth example, reordering a matrix row or column

NEXT MATRIX ACTION (CR=NGNE) 7 REQ

REORDER ROWS OR COLUMNS:

? COLUNNS

WHICH ONE 110 YOU WANT TO MOVE? 2

WHERE DO YOU WANT IT (AFTER WHICH ONE) 7 0

REORDER ROWS OR COLUMNS:

?

NEXT MATRIX ACTIOMN (CKR=NONE) ?

DO YOU WANT TO REFLACE THE UPDATED FILE 7 YES

DO YOU WANT HINNLP MATRIX QUTPUT (CR = FNGTLP)

? YES

WANT TO CHANGE THE PROBLEM DISCRIPTION LINE (CR = NO)

NAME OF LP FORMATED DATA FILE (CR = SKIP IT)

? ELEVS

In this example, the order of columns 1 and 2 was reversed. Notice

the example listed below.

The positions of columns 1 and 2 are reversed (compare to matrix on

page 20).

L= Y/
positions switched = MIX-GRND CUSTOM
GRING-FD FEED-A

PROCESS (COLUMN) NO.
MAX~GRND CAPACITY
MAX-HIXR CAPACITY

AVAIL.
HeX

FEED-B
FEED-C

LABOR
OVERTIHE
CONTROL
CONTROL

TONS
TONS
HOURS
HOURS
TONS
TONS

“ w W W W e

FEED
TONS

3.000

101
1.000
1.000

«300
0
0
0

TONS
2,000
102
1.900
0
200
0
0
0

PREPISEL FREPESEL PREFASEL HIRE HIRE

TONS
4.000

103
1.000
1.000

.400
0
0
-. 500

FEED-B
TONS

8.000

104
1.000
1.0090

600
0
1.000
0

PERIOD

FEED-C
TONS

12,300

105
1.000
2.000

700
0

0
1.000

SPECIFED
OVERTIHE EXTRA-LE RESOURCE
HOURS HOURS AHOUNTS

-3.000 -2.000 0
104 107 108

0 0 120,000

0 0 100.000

-1.000 -.300  32.000

1.000 Q 8.009

0 0 15,000

0 0 i
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Option 5 = budget/check an answer/solution

This option allows you to set the desired level of each activity in
the optimal solution. To use this option, type a 5 when the computer asks

for the next MINNLP option.

NEXT MINWLP OPTION. «-1 = LIST OPTIOW5) 7 5 (CR)

The computer asks you to input the process code number and the desired
level of each activity wanted in the solution. Type one value set separted

by a space or comma per line.

INPUT THE PROCESS CODE NUMBER AND THE DESTRED LEVEL OF EACH
ACTIVITY WANTED IN THE RESULTS (CR = NO MORE)

4 W—_\
77 10175
102 8
103 10

77 104 15&———————desired level in final solution
109 20

1046 3

107 5 process code number

M e

comma oOr space

The order in which process code numbers and the data (desired level of
each activity) is typed in is unimportant. Erroneous entries may be corrected

by retyping the data line to provide a new process code level.
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The budgeted results are listed below.

COMPUTER DECISION AIDS AGRICULTURAL ECONOHILS FROGRAM:
EATENSION FARA HWANAGEMENT AINNESOTA LINEAR FROGRAMING AMALYGID
AGRI. EXTENSION SERVICE RESULTS FOR:  JOHN FARMER
UNIVERSITY OF MINNESOTA 12-06-80 RURAL HMINN.

PROCCSS/ALTERNATIVES  UNIT FRICE/COSTS  LEVEL Id BUDGETY

CUSTOH  GRIND FD TONS ] 2.000 5.000

HIX GRND FEED TONS $ 3.000 8,000

PREPARSEL FEED A  TONS $ 4.000 10,009

PREFRSEL FEED B  TONS $ 8.000 3.000

FPREP&SEL FEED C  TOdS k] 12.500 20,009

HIRE OVERTIAE HOURS % -3.000 3.000
$

HIRE EXTRA LB HOURS -2.000 J.000

NI = R O N R N

BUDGETED FROFIT/COST VALUE 4 425.09

RESOURCE/CONSTRAINTS  ORGINAL LEVELS CALCULATED  SLACK REAAINIAG

1 #AX GRND CAFACITY TONS ¥ 120,000 58.000 62,000
2 HAYX nIXR CAPACITY TONS £ 100,000 73,009 27.000
3 AVAIL.  LABOR HOURS k 32,000 25.900 5,100
4 fAX OQYERTIAE HOURS k 8.000 3,000 G000
3 FEED B CONTROL TONS b 15.000 15.000 Y
¢ FEED C  CONTROL TOAWS # 0 13,000 15,000

NEGATIVE VALUES Id THE LAST COLUnd INDICATE THE BULGET OR PLAN
I0ES NOT ARIDE BY THE SPECIFIED FLaAn LIAITS. POSITIVE ValUES
InDICATE UNUSED RESOURCES OR SLALK Id THE dIx SPLCIFICATIONG,

Special note: After the problem/matrix has been solved, option 5 can

be used to check the solution. To do this type a 5 when the computer asks
for the next MINNLP option. Remember, to check the solution, option 6 must

be run first; otherwise option 5 will only budget a solution.

NEXT MINNLP OFTION. (-1 = LIST OFTIONE) * § (CR)

The computer responds:

WANT TO CHECK THE sSOLUTION ?MES
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Type yes if you want to check the solution. If you type no, the
computer will let you budget a desired solution without checking the

solution.

If you typed yes, the computer responds:

WANT TO SAVE THE SOLUTION MATRIX 1587 FOR FUTURE USE ? N0

Type yes if you want to save the solution matrix, type no if you do not.

The computer then responds with a check of the final solution.

COMPUTER DECISION AIDS AGRICULTURAL ECONOMICS PROBRAM:
EXTENSION FARM MANAGENENT NINNESOTA LINEAR PROGRAMING ANALYSIS
AGRI. EXTENSION SERVICE RESULTS FORs  JOHN FARMER
UNIVERSITY OF MINNESOTA 12-17-80 RURAL NINN.

PROCESS/ALTERNATIVES  UMIT PRICE/COSTS  LEVEL IN BUDGET

1 CUSTOM GRIND FD TONS $ 2,000 41.250
3 PREPISEL FEEB A  TONWS ' 4.000 42,500
4 PREPISEL FEED B  TONS s 8.000 15.000
3 PREPRSEL FEED C  TONS ] 12.300 21,250
& HIRE OVERTINE WOURS s -3.000 8.000
7 HIRE EXTRA LB HOURS ¢ -2.000 26,7%0

BUDGETED PROFIT/COST VALUE ¢ 360.43

RESOURCE/CONSTRAINTS  ORGINAL LEVELS CALCULATED  SLACK REMAINING

t NAX GRND CAPACITY TONS ¢ 120,000 120.000 0
2 HAX NIXR CAPACITY TONS s 100.000 100.000 0
3 AVAIL.  LABOR HOURS s 32.000 32.000 »000
4 HAX OQVERTIME HOURS * 8.000 8.000 0
3 FEED B CONTROL TONS s 13.000 15.000 0
6 FEEP C  CONTROL TONS . 0 0 0

NEGATIVE VALUES IN THE LAST COLUNN INDICATE THE BUDGET OR PLAN
DOES NOT ABIDE BY THE SPECIFIED PLAN LINITS. POSITIVE VALUES
INDICATE UNUSEB RESOURCES OR SLACK IM THE NIX SPECIFICATIONS.

NEXT MINNLP OPTION. (-1 = LIST OPTIONS) ?
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Option 6 = solve the current matrix/problem

Option6 is comprised of four sub-options. To solve the current matrix/

problem, type a 6 when the computer asks for the next MINNLP option.
NEXT MINNLF OFTION. (-1 = LIST OPTIONS) ¥ & (CR)

The computer then asks if you want to see a list of the sub-options that
are available. To see a list of the sub-options that are available, type

a -1 (CR).

QUTFUT SUB-OPTION (-1 = LIST OPTION5'?=1 (CR)

The computer lists the sub-options that are available.

SOLUTION DISPLAY SUB OPTIONS;
1 = DISPLAY PLAN & INPUTED VALUE TO RESOURSES,
2 = OPTION t + SENSITIVITY ANALYSIS, (130 SPACES),
3 = DISPLAY FINAL MATRIX (NAY BE VOLUNINOUS),
4 = DISPLAY ALL MATRICIES (VOLUMININOUS)
QUTPUT SUB-OPTION (-1 = LIST OPTIONS)?

Sub—-option 1 = display plan and inputted value to resources

Sub-option 1 will display the optimal plan for the matrix problem. The
solution will be listed showing the income over direct cash expenses for the
plan, the activities selected and the number of units, the processes not in
solution, the limiting constraints, and the resources not completely used. To
have the computer solve the problem, type a 1 when the computer asks for the

next output sub-option.

QUTRPUT SUB-CFTION (-1 = LIST OPTIONS)? 1 (CR)

The computer will respond:
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VARIABLE IN....VARIABLE OUT OF S0LUTION..PROFIT VALUE

1{ 103) PREPXSELFEED C { &) FEEDN C CONTROL 0
2¢ 103) PREFASELFEEL A ( 3) AVall. LABOR 385.882
3{ 104) HIRE ODVERTIME « 4) HAX DVERTIAE 458,333
40 107} HIRE EXTRA LE ( 2) MAX HIXRCAPACITY 473.500
5( 104) PREFSSELFEED B { 5y FEED B ConTROL 911.1.23
6{ 101) CUSTOM OGRIND FL ¢ 1Y WAX GRMDCAFACITY 560,023
COHPUTER DECISION AIDS AGRICULTURAL CCONOMICS FPROGRAM:
EXTENSION FARH MANAGEHENT HIMNESOTA LINEAR FROGRAMING nnNALYSIS
AGRI. EXTEWNSION SERVILE RESULTS FOR:  JOHN FARMER
UNIVERSITY OF AINNESOTA 12-06-80 RURAL HINN.

10010 00110 IBH VERSION ELEVATOR PROBLEA; NAXIMIZING PROFITS 1 DAY TIHE

INCOME OVER DIRECT CASH EXFENSES (GROGS MARGIN) = ¢ 360,62

ACTIVITIES INCLUBER IN SELECTED FLAH AND NUMBER OF UsITS

101
103
104
103
106
107

CUSTOM GRIND FIv AT

HIRE
HIRE

$ 2.000 7/ TOAS P 41,250

FREPRSELFEEDl A AT § 4.000 / TONS P 42,500
FREFESELFEED B AT $ 8.000 / TONS r 15,000
PREFSSELFEEN © AT ¢  12.500 / TONG r 21,2580
OVERTIME AT ¢  -3.000 / HDURS : g.000

EXTRA LD AT ¢ -2.000 / HOURS P 28,750

ACTIVITIES NOT INCLURED IN PLAN AND COST OF FORCING A UNIT INTO THE FLAN

102 MIX GRNDFEED AT §  3.000 / TONS b 1,925

LIMITING RESOURCES AND VALUE OF ANOTHER UNIT  ORGINAL AHOUMT SPECITIED

Cr- L0 & O Py —

fAX GRNDCAPACITY TOANS $ 10200 120.000
MAX MIXRCAPACITY TONS $ 2.525 100.000
AVAIL. LAROR HOURS $ 4.000 32.000
HAX ODVERTINE HOURS $ 1,000 8.900
FEED B CONTROL TONS $ 1.87% 15.000
FEED C© CONTROL TOHS {] 3.450 )

T0 SAVE THE FINAL BASIS FOR RERUNS, NANE IT;(CR=NO) ?
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Sub-option 2 = as in option 1 plus sensitivity analysis

Sub-option 2 will show the solution to the problem/matrix (like sub~

option 1) plus a sensitivity analysis of the optimal solution.

To have

the computer solve the problem with a sensitivity analysis, type a 2 when

the computer asks for the next MINNLP sub-option.

DUTFUT SUB-OPTION -1 = LIST OPTIONS)? 2 (CR)

The computer responds:

BY $TeP™ . VnRIFoLE INoooovaRIALLE CLT OF SOLUTION,.FROFIT VALUE

CAPUT™R DECISICH ATDS AGRICULTURAL ECONONIC® PROGRANK
EATENGIGN FARR HANACEAENT INNESOTA LINEAR PROG~AMING ANALYSIS
AGRI, EXTEN3.ON SERVILE REZULTS FOR.  JOAN FARNER
UNIVERSITY OF M.NHESOTA 09~13-8¢ RURAL rINN,

00110 .BY vePSICH ELEVATGR PROBLEN; MAXI1IZING PROFITS 1 DAY TInE PERI0D

INCOME QVER DIRECT CASH EXPENSES (GROSS MARGIN) = § 560.62

ACTIVITIES INCLYDED I THE DERIVED PLAN

FAIC. SEASITLVITY AnALYSIS OF THE BPTINUN PLAN

CoL SELELTED LEVEL UNIT LOLEST LIN4TING HIGHEST
L ALTERNATIVES OR AWOUNT PRICE FRICE VARIASLE PRICE
101 CUSTSY  GRIND FD TONS 41,25 2.0¢ .80 MAX GRND CAPACITY 337
103 PFEFSSEL FEED A4 TOWNS 42 50 4,00 15 HIX GRND FEED 7 43
104 PREFIIEL FEED B TOhS 15 00 8 09 6 13  FEID B CONTROL  100C3 00
10y ©“cEPSSEL FEED € TONS 21,28 12 89 3 00 FEED € COd.POL 20.00
tos  tIRE QUERTINE HOUWRS 3.00 -3 W =4 00 HAX OVIRTIME 9997 00
1Y HIFE EATRA LB AOURS 25 7% ~2.00 -5 00 AAX GRND CAPAZITY -t 30

PRIZC SENSITIVITY OF XESOURCES NOT COMPLETELY USED

Koo UNUSED AHOUNT JRIGINAL LOUEST LIKITING HIGHEST
Ll RESQURCES LEFT AROUNT PRICE VARIABLE PRICE

SE4SITIVITY OF PLaw TG REGECTED ALTCRRNATIVES.

0L ALTERMTIVES COST OF UHIT LIUER BOURD UPPER
hd NBT SEL{CTED INCLUSTON PRICE LIMIT VARIADLE LIgIT
102 KIa GR«D FEED TONS 1.92 300 ~76 43 HIRE EXTRA LB 10000 00

RESGUKCE SEMSITIVITY RANGE ARQUND ORIGINAL VALUES.

ROV LInITING FESIDJAL GRGINAL LOWER 30uND UFFER
¥0 ~T3GURCES ARGINAL VALLE ARQUNT LIail VARIABLL LortT
o PaX GFWD TRPALITY TOnS } v 120 00 73 7%  CUSTCH  L9I:D FD 10120.00
Z  f&& MIXR Thc Al TY TON® 2l 100,00 31,36 RISE EXTRA LB 158 0)
3 4VaTL. LnBCA HOusS 4 00 32 00 -9982.00  PRIGLEN LIMIT 45 38
4 MR GUERTIME ROLRS 1.00 8.00 0 HIRE BVIRTINE 21.23
5 FEED B CONTSOL TONS 1.87 ts 00 0  PREPISEL FEED 3B 100 00
& FEEDR C  CONTRGL TONS 3.45 ] ~42,30  PREr2StL FEED C 42.50

70 SAVE TAE FINAL BASI3 FOR RERJNS, NARE IT,(CR=NQ) ?

LINITING

VAP IABLE
HAX NTIXR CAFACITY
FCES C© COWTROL
SFECTFED LIMIT
FEED 3 CONTROL
SFEC.FED LINIT
HAX QUERTINE

LINITTHG
VARIABLE

BCunD
VARIABLE
PROBLEM LINIT

BOUND

VARTABLE
FROoLER  LIXIT
L7004 GRIND FD
Hike EATRA LB
HIRL E{TRA LB
PREPSSEL FEED A
PREPSSEL FEED A
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Sub-option 3 = display final matrix (may be voluminous)

Sub-option 3 will list the steps used in solving the problem. The
final or solution matrix, as generated by the MINNLP program, will then
be displayed. To have the computer display the final matrix, type a 3

hen the computer asks for the next output sub-option.
QUTPUT SUB-O0FTION (-1 = LIST OPTIONS:® 3 (CR)

The computer will respond:

BY STEFS...VARIABLE IN....VAR[ABLE OUT OF SOLUTTON..PROFIT VALUE

HOW MANY COLUMNS PER FAGE(1 TD 10} g

00119 IBX VERSION ELEVATOR PROBLEM; KAXIMIZING FROFITS 1 DAY TIME PERIOD
MAX GRND MIX GRND AVAIL. FEED B  FEED C  MAX MAX MIXR CURRENT
CAPACITY FEED LABOR CONTROL CONTROL OVERTIME CAPACITY PLAN
TDNS TONS HOURS TONS TONS HOURS TONS ANOUNTS

INPUTED SHADOW PRICES $ 1.200 1.925 4.000 1.873 3.4350 1.000 2.525 560,625

SO

40, FROCESS (COLUMN) NO. 1 102 3 9 b 4 2 108
101 CUSTOM  GRIND FD TONS * 1.000 +230 0 -.250 .500 0 =750 41,250
107 HIRE EXTRA LB HOURS ¢ .400 L350 -2.000 2590 =100 ~2.000 930 26.7%0
103 PREPASEL FEED A  TONS * 0 .500 0 -.500 -1.000 0 300 42.3500
106 HIRE DVERTINE HOURS  * 0 0 0 0 0 1.000 0 8.000
104 FREPSSEL FEED B TONS * 0 0 0 1.000 0 0 0 15.000
105 FREPRSEL FEED C  TONS * 0 2250 0 -.250 500 0 250 21.290

70 3AYT THE FINAL BASIS FOR RERUNS, NAME IT;(CR=N0O) ?
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Sub-option 4 = display all matrices

Caution: For sub-option 4 to work properly, it must be chosen and run
before sub-options 1, 2 or 3.

Sub-option 4 will display the initial matrix iteration and all subsequent
iterations until the final iteration 1s shown. To have the computer display

all matrices, type a 4 when the computer asks for the next output sub-option,

QUTPUT SUB-GFTION (-1 = LIST OFTION5)F 4 (CR)

The example shown here 1s a small and very simple matrix. As the matrix
gets larger and larger, more iterations are needed to solve the problem.

The computer responds:

BY STEPRS...YARIABLE IN....VARIABLE OUT DOF SOLUTION..FROFIT VALUE

HOW MANY COLUMNS PER PAGE(T TO 1Q) 73

10010 THE FURNITURE 2X2 PROBLEM title of the data file
PARSONS AVABLE  CURRENT
TABLES  ASSEMBLY PLAN
EACH HOURS AMOUNTS

INPUTED SHADOW PRICES  $ -8.000 4.000 240.000

ROU first
NO.  PROCESS (COLUNN) NO. 101 1 103 lteration
102 DEACONS BENCH  EACH  * .500 167 10,000
> AVAILBLE FINISHNG TIME(HRS®  3.000  =-.333  12.000
10 102) [EACONS BENCH (1) AVARLE ASSEHBLY 740,000
10010 THE FURNITURE 2X2 PROBLEM
AVAILBLE AVABLE  CURRENT
FINISHNG ASSEMELY FLAN
TIME(HRS HOURS  AMOUNTS -
INPUTED SHADOW PRICES  § 2,667  3.111 272,000
ROV
ND.  PROCESS (COLUNN) NO. 2 i 103 {
102 DEACONS BENCH  EACH ¢ ~-.147 222 8,000 | second and
101 PARSONS TABLES FACH & 333 =111 4,000 | final
iteration
20 101) PARSONS TABLES  (  2) AVAILBLEF INISHNG 272,000
final
basis

T0 SAVE THE FINAL BASIS FOR RLRUNS, NAWE IT;(CR=NO) ?
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For this example, a very small matrix was used. With a larger matrix,
the number of iterations and matrices displayed could be a large amount.
The computer performs the first iteration in the matrix and then displays
the matrix. The second iteration is performed and the matrix is displayed.
The computer keeps doing this until it reaches the final iteration and

displays the final basis.

Special note: After every sub—option in option 6, the computer asks

if you want to save the final basis for re-runs and, if you do, to give
the final basis (data file) a name. Don't forget to purge this file after
you have re-run it, otherwise you might confuse it with your original data
file.

Option 7 = make post-solution price/RHS assumption changes

Caution: Before option 7 can be used, option 6 must be selected to
solve the problem/matrix. Once the problem/matrix has been solved, option 7
can be used.

Option 7 permits you to map the range of a specified price that allows
an activity to come into solution, or to map the range of a constraint/
resource level to determine the point at which a constraint/resource level
becomes limiting, or you can modify several prices and constraints at the

same time.

Usefulness of option 7 - example

Price mapping - as the price level of one of the activities is varied,

"breaking points' are observed. Such points are the price stability bounds
to a particular solution and indicate where the solution will change, i.e.,
where an activity appearing in solution will be replaced by another and the
solution (plan or basis) changes. The new solution will usually differ
from the old both by the change in the two activities and in the level of
other activities appearing in solution. The price of the mapping activity
at which the solution changes is denoted as the 'breaking price'.

To delineate all possible solutions as the price of the activity
being mapped 1s changed, it is only necessary to determine the solution at

all "breaking prices'". The price mapping feature of this LP code does
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this, i.e. it determines all "breaking prices'" and their associated optimum
solutions as the price changes between some specified price range. 1In the
price mapping operation, the first step is determination of the optimum

solution at the algebraic lower specified price. For this original solution,

the upper ''breaking price'" is determined. A second solution at this price is
determined, which automatically provides the second "breaking price'. These
last two steps are repeated until a "breaking price" is found which is larger
than the upper specified price. At this point the last solution is determined
at the upper specified price instead of the higher breaking price.

The same logic applies to mapping resource/constraint levels and also
when mapping prices and resource/constraint levels at the same time.

To use this option, type a 7 when the computer asks for the next
MINNLP option.

NEXT HINNLP OFTION. (-1 = LLIST ORTIONS) * 7 (CR)

The computer responds:

RANGE A SPECIFIED PRICE

RANGE A CONSTRAINT/RESOURCE LEVEL

MODIFY (SEVERAL) PRICES, CONSTRAINTS OR BOTH
ALL DONE = RETURN TO HAJOR OPTIONS?

]
RN RN
H o ou o n

Because the output from option 7 is too voluminous to be listed here,
examples will be shown using the correct method to enter data for option 7.

The resulting output 1s not listed.

Sub-option 1 = range a specified price

RANGE A SPECIFIED FRICE

RANGE A CONSTRAINT/RESOURCE LEVEL

KODIFY (SEVERAL) PRICES, CONSTRAINTS OR BOTH
ALL DONE = RETURN TO MAJOR OFTIONS? |

/

D td P
L I It

sub-option 1 selected
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The computer responds:

A DISCRIPTIVE TITLE LINE NOTEING VARIABLE(S) & MODIFICATIONS
T RANGING THE PRICE OF FEED-A FROM $0 TO $13

r

type in descriptive title line

The computer responds:

TYFE (1) THE RANGING VARIABLE COBE NUMBER

THEN (2) THE ALGERRAICALLY LOWER VALUE (UITH STGNT)
AND  (3) THE UPPER LIMIT OF THE DESIRED VALUE RANGE
ENTER ALL THREE ITEWS SEPARATED BY A SPACE OR COHHA

the column n;;;;;\\\\\\\ﬁai;;;;;;:‘\\~\‘“‘*-§>algebraic

of the activity lower value upper limit
you want to price
range

The computer proceeds to list the output.

Sub-option 2 = range a constraint/resource level

RANGE A SPECIFIED PRICE

RANGE A CONSTRAINT/RESOURCE LEVEL

MODIFY (SEVERAL) PRICES, CONSTRAINTS OR BOTH
ALL DONE = RETURN TO MAJOR OPTIOQNST 2

//)ﬂ

A Ld D -
[E N T I LN 1]

sub—option 2 selected

The computer responds:

A DISCRIPTTIVE TTTLE LINE NOTEING VARIABRLE(S) & MODIFICATIONS
P RANGING THE AVATLABLE NIXER CAPACTTY FROM 50 TONS TO 200 TONS
T

type in a descriptive title line
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The computer responds:

TYPE (1) THE RANGING VARTIABILE CODE NUMBER

THEN (2) THE ALGEBRAICALLY LOMWER VALUE (MITH SIGH7)
AND (3) THE UPPER LINIT OF THE DESIRED VALUE RANGE
ENTER ALL THREE ITEMS SEPARATED BY A SFACE OR COMMA

2 50, 200\
T

the row number ““\\\\glgebfaiéxﬂs‘““-—-~ algebraic
of the constraint/ lower value upper limit
resource level to

be ranged

The computer proceeds to list the output.

Sub-option 3 = modify (several) prices, constraints or both

1 = RANGE A SPECIFIED PRICE

2 = RANGE A CONSTRAINT/RESOURCE LEVEL

3 = fODIFY (SEVERAL) FRICES, CONSTRAINTS OR BOTM
CR = ALL DONE = RETURN TO MAJOR OPTIONS? 3

sub-option 3 selected

The computer responds:

A DISCRIPTIVE TITLE LINE NOTEING VARIABLE(S) & MODIFICATIONS
7 CHANGTHG ASSEMBLY HRS FROM 24 10 100, CHANGING TABLE PRICE FROM %32 TQ 380

1\

type in a descriptive title line

The computer responds:
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INPUT I8 (1) A CHANGE VARIABLE CODE NUMBER

THEN {2) THE DESIRED NEW VALUE (WITH SIGN®)

(CR = CODE NO. OF ZERO = NO MDORE CHANGES DESIRED)

WANT A VECTOR CODE LISTING FIRST? (CR = NO) 7 YES

FROCESS / ALTERNATIVES AND UNIT PRICE/CODSTS

101 AVAILBLEFINISHNG TIME(HRS $ 20.900
102 AVABLE ASSEMBLY HOURS $ 24.000

®
*o°&
A3
RESOURCE/CONSTRAINTS AND RHS LEVELS e§9
&
(&
1 DEACONS BENCH EACH " 60.000 o
2 PARSONS TABLES EACH 32,000 % &
o &

4
OK; NOW ENTER BOTH ITENS AS XXX , XX.XX? 102 100
OK; NOW ENTER BOTH ITEMS AS XXX , XX.XX? 2 80 —ynew value for table price
N
tode #
0OK; NOW ENTER BOTH ITEMS AS XXX , XX.XX?

UANT SENSITIVITY ANALYSIS OUTPUT OPTION (CR = NO)Y 7 YES

The computer proceeds to list the output.

3. Logging off
When no further options are desired, type a @ when the computer asks

for the next MINNLP option.

To log off the computer, type BYE (CR). The computer will respond as

shown below.

BYE

4530309  LOG OFF 14.44.42,
ABFA205  SRU 7.897 UNTS,

After the computer stops typing, hang up the phone and turn the power

switch off.
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INTERPRETING THE RESULTS

When option 6, sub-option 2 is chosen, the computer lists the optimal
solution and a price sensitivity analysis of this solution.
The solution and price sensitivity of the optimal plan is listed in

four different tables. A brief discussionof each of the four tables is

shown below.
Table 1

PRICE SENSITIVITY ANALYSIS OF THE AFTINUM PLAN

T

[

£ot SELECTED I.EVEL URLT LOBEST LIAT Hen i
NGO, ALTERNATIVES OR AMOUNT PRICE FRICE UARIARLE .o

Selected Alternatives - alternative in solution, and unit.

Level Or Amount - number of units of alternative in optimal solution.

Unit Price - price or (cost) per one unit.

Lowest Price - lowest price or highest cost of a unit of the alternative,
before the optimal plan changes.

Limiting Variable - The resource restricting the level of the alternative, or
the activity that will enter the plan if the price of the

selected alternative falls below the lowest price.

Highest Price - the highest price or lowest cost of a unit of the altermative

before the optimal plan changes.

Limiting Variable - the resource restricting the level of the selected

the highest price.

alternative, or the alternative that will leave the plan
if the price of the selected alternative increases above

LIKITING
VAR TABLE
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Table 2

PRICE SENSITIVITY OF RESOURCES NOT COMPLETELY USED

ROW UNUSED AMOUNT ORIGINAL LOWEST LIHITING HIGHEST LIMITING
N3, RESOURCES LEFT AMOLNT PRICE VARIARLE FRICE VARIABLE
| | |
resource unused original the the the the
not amount amount lowest alternative  highest alternative
completely price Oor resource price or resource
used or that is or that is
highest limiting lowest limiting
cost cost
Table 3

SENSITIVITY OF PLAN TO REJECTED ALTERNATIVES.

(OL. ALTERNATIVES COST OF UNIT LOWER ROUND UPFER
No. NOT SELECTED INCLUSION PRICE LIMIT VARIABLE LINIT

Alternatives Not Selected - alternatives that were not selected.

Cost Of Inclusion - loss incurred by forcing into solution (RMC).

Unit Price ~ per unit price of the rejected alternative.

Lower Limit - below this level, the cost of including this alternative in
the optimal plan (RMC) would decrease.

Bound Variable - the alternmative or resource that determines the lower
limit in the plan.

Upper Limit - number of times you could force this alternative or resource
into solution and only lose the original RMC amount.

Bound Variable - this variable puts a constraint on how high the upper limit
can go before you would incur a greater loss each time you
forced this alternative or resource into solution.

BOUND
YARTABLE
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Table 4

RESOURCE SENSITIVITY RANGE AROUND ORIGINAL VALUES.

RO
NG,

LIKITING RESIDUAL DRGINAL LOWER BOUND UPPER BOUND
RESOURCES MARGINAL VALUE AHOUNT LINIT VARIABLE LINIT VARIABLE

Limiting Resources - limiting resource in the optimal plan.

Residual Marginal Value - value you would be willing to pay for one more
unit of this resource.

Original Amount - original amount.

Lower Limit - the lowest resource level before the residual marginal value
product would increase.

Bound Variable ~ at the lowest resource level, the alternative or resource
that wi1ll leave the plan.

Upper Limit - the amount where the limiting resource is no longer a constraint,
another resource becomes the limiting factor.

Bound Variable - at the upper limit, this alternative or resource will leave
the plan, and another alternative or resource will come into
solution.

Additional Comments

The value in the column entitled '"low price" 1s the price or cost
the alternative can drop to without affecting the optimal plan. The value
in the column entitled "high price" is the price or costan alternative can
increase to without affecting the optimal plan. The difference between
these two values 1s called the '"range'. If the price or cost of an alterna-
tive changes and falls outside the 'range", then a new optimal farm plan
results. Changes can occur in prices within the ''range' and the chosen
farm plan is still the best.

If the range 1s very wide the optimal plan is '"stable'"; that is,
the price or cost of an alternative could change drastically and the plan

would still be the best.
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If the range is very narrow, the optimal plan is "unstable"; that is,
only a small change would be needed for a new optimal plan.

The price range given for each of the selected alternatives is valid
only if all other prices remain unchanged.

This range can be very useful for your '"peace of mind". If the range
is wide, this would mean that even if your estimate of the cost or price of

an alternative changes drastically, the plan is still the best.

Note To Potential Adopters Of MINNLP

MINNLP is a public good. It is available for transfer to other computer
systems for a fee sufficient to cover the cost of transfer. No guarantees
covering maintenance, enhancement or errors in use are made. The recipient is
expected to share any modifications made or errors found with the author.

A technical appendix to this paper exists to aid in the process of

installation on other hardware.





