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MODIFICATION AND ENHANCEMENT OF LOCSYS

It's one problem when a program I wrote myself needs to be
debugged and/or enhanced. It's quite another when someone ELSE'S
program isn't working properly, and I have to find the problem.
Yet that was the project to which I was committed for my senior
design project. It consisted of debugging and modifying two
separate, but related, programs. LOCSYS, written by Terry Ross
in Austin, Texas, is a <client/site resourse allocation goal
programming algorithm. The second program, LOCGEN, designed by
John Deschner, was the LOCSYS data.base generator for LOCSYS. It
was also intended to be the front end of LOCSYS. However, when I
first received my projeét assignment, LOCGEN was still a separate
module from LOCSYS.

Problems popped up almosi immediately after I started
working on my project. Space limitations prohibited me from
compiling LOCGEN or LOCSYS. After raising my disk allocation
from 1 to 3 <cylinders, I still couldn't hold a compiled version
of both programs. Until more space could be obtained, I had to
be content with cleaning up LOCGEN.

LOCGEN was actually fairly clean code when I first tried to
compile it. It was written for a different computer,vand
therefore a different compiler. As a result, a couple of minor
errors occurred, such as variable names longer than 6 characters,
and format statements missing commas where the IBM 3081 compiler
expected them to be. Those problems were quickly corrected, and
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LOCGEN compiled with no errors.

By then, my personal disk space had been increased, and I
set out to compile and test LOCSYS. It compiled with no errors.
To test LOCSYS, and get familiar with how it operates, I tried
running LOCSYS using a data file which had already been set up.
The results surprised me. . I received messages generated by
LOCSYS that said "BECAUSE OF MISSING OR EXCLUDED CLIENT OR SITE
DATA, THE FOLLOWING CRITERION WAS INDIRECTLY EXCLUDED." This
message appeared for every criterion given 1in the model. Since
all criteria had been "excluded," LOCSYS no longer had a problem
to solve. 'The initial solution table was blank.

The explanation given in the documentation for this error
stated that this message occurs when site or client data is left
out of part C of the data base. (The data base is divided into 3
sections, A, B, and - C, depending on the type of data and its
format.) I compared the canned data base I was using with the
documentation explaining how the information should appear in the
file, and all looked well. I tried running LOCSYS with a second
canned data base. The same error message recurred. Just to make
sure the problem was not with the data bases themselves, I

created my own file wusing an example provided in the LOCSYS

documentation. It, too, failed with the same message in the same
manner. At this point, some eXxtensive table-tracing was in
order.

Logically, I began looking for the place in thé program

where it determined that a criterion is excluded. After lots of
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digging, I surmised that a set of decision variables had been
reversed--a .GE. should be .LT., and a later .LT. should be .GE.
I made those changes and tried to run the program again. LOCSYS
no longer considered the criterion to be excluded, and the first
screen appeared just as the documentation indicated it should.
At this point, I issued the SOLVE command, hopeful that the
problem had been located. Stfangely, however, the "solution”
LOCSYS came up with was exactly the same as the initial table,
except that the results in the "actual values" column were all
negative.

After further investigation, I found a 1line of code which
arbitrarily, it seemed to me, multiplied actual values by -1.
LOCSYS assumes that a negative actual value for a criterion
indicates that criterion has been excluded. It seemed logical to
me that, if LOCSYS thought a criterion is excluded, it would
leave the original criterion parameters unchanged. I removed
that line and ran the program again. The actual values were now
positive, but otherwise still unchanged from the initial values.

As Lewis Carroll wrote in Alice_in Wonderland, "Curiouser and

curiouser.

At this point I reasoned that production code, which LOCSYS
was intended to be, shouldn't have this many bugs in it, and I
considered the possibility that I was chasing computer-generated
phantoms.l So my search for the problem went to a broader scope.
I found one mistake in the INCLUDE module, resides outside of

LOCSYS and is merged into the main program object code at compile



time, and corrected it.

state and tried again.

At this point, things really got strange.

Then I returned LOCSYS to 1its initial

I tried running

LOCSYS with each of the three data bases at my disposal: the two

canned data files, and the one I entered myself.

with a different LOCSYS-

messages had anything to
problem. But the clue to
had been experiencing lay

Because of the way

designed, it was easy to

messages had been issued.

message immediately after

Each one failed
generated messages, but none of the
do with excluded criteria, the original
the real cause of all the problems I
in those error messages.
the error-handling subroutine had been
track down the points from which the
At each point, the program issued a

an:

IF variable .EQ. O

bandpfirided. had been judged to be false.

PRINT statements showed,
question equaled O.

out the rest of the

through” to the next 1line

message.

statement.

Strategically placed

without exception, that the variable in

Therefore, the program should have carried

Instead, the program "fell

and issued the corresponding error

"I've never had a problem dealing with computer errors caused

by telling the computer to do the wrong thing and having the

computer do it.

to do was a situation I

learned that in FORTRAN,

addresses to memory locations where, usually,

But watching a computer not do what it is told

hadn't encountered before. Then I

constants aren't. Instead, they are

the corresponding



numeric value is stored. However, this makes it possible uﬁder
certain circumstances to change the value represented by a
constant 1in a FORTRAN program. .- Based on that information, I
printed the value of 0 at each decision point mentioned above.
Each time, 0 did not equal 0. It equaled 3.

The most likely scenerio for changing the value of a
constant involves passing it as a parameter to a subroutine. If
the subroutine accepts a constant into a variable name and
assligns a different value to it, the change will be passed back
to the <calling program when the subroutine ends. At that point,
the <constant takes on the value of the variable in the
subroutine. Of course, this shouldn't happen. But this is
exactly what LOCSYS was doing.

The flow of the program at the point where this takes place
goes something like this:

SUBROUTINE READC
0 =20
CALL SIJ(NT1,0)
0 =3

SUBROUTINE SIJ(ICLM,JFROM)
CALL INDX(JFROM)
RETURN

SUBROUTINE INDX(KPOS)
KP0S=3
RETURN

The indended purpose of this section of LOCSYS is to determine if



part C of the data base has been entered properly, and to assign
the proper S(i,Jj) values for the different combinations of sites
and clients. But it also changes the value of 0 at the same
time, thereby causing the program to make all kinds of wrong
decisions.

The solution was embarrassingly simple--introduce a dummy
variable into subroutine SIJ, set it equal to JFROM, and pass the
dummy to INDX. In that way, JFROM doesn't get changed when INDX
returns a different value via KPOS. That assures that 0 in READC
remains 0 when SIJ ends. With that correction, LOCSYS worked as
expected, and the results obtained with the sample data match-
those given in the documentation.

With LOCSYS working, my attention returned to LOCGEN. The
program had originally been written for SMU's old CDC computer.
Therefore, some of the program's functions didn't work well on
the IBM. For example, LOCGEN stored criteria, site, and client

names in an A8 format. The IBM is set up to efficiently handle

character strings of an A4 format. As a result, LOCGEN would
truncate the first 4 characters of a string, leading to
unpredictable results. To remedy this, I spliced all 8-character

strings into 2 4-character strings. This worked fine.

Also, many of the commands, such as those listed in the data
base requirement instructions, are given for the CDC, nbt the
IBM. Those instructions have been changed to explain to a new
user how to use LOCGEN on the IBM.

Next, two major modifications needed to be made to LOCGEN to



make it more useful. First, a MODIFY subroutine needed to be
added. The .original author had written a fine routine for
entering data for a model and storing in the format LOCSYS
requirés. He even included a provision for the user to end a
session before all the data had been entered. However, he never
put in a modifying routine to make permanent changes to a model,
or to finish a model which had already been started.

During this process, I determined that some of John's
formats for building the data file did not work as expected, or
were Incompatable with LOCSYS. For example, LOCGEN's type 6
record generator displaced location names by one character. This
lead to LOCSYS not recognizing valid location names in part C of
the data base. A rearranged format statement fixed that problem.
Also, LOCSYS requires location maximums to be stored in F10.0
format. LOCGEN stored them as F10.2. A minor adjustment solved
that as well.

Right now, the user has the ability to finish an incomplete
data file, and make changes to the following: criterion weights,
limits, ideals and steps; maximum site capacities; and
client/site demands. The ability to change the values for f(i,j)
and s(i,]j) can.be added later with some difficulty. The varying
formats of these records makes their efficient update tricky.
The same holds true for adding/deleting/renaming clients, sites,
and criteria. To accomodate these types of changes from within
LOCGEN's present strucﬁure wou1d be a formidable challenge.

The second major update involved merging LOCGEN into LOCSYS.



That was the original intent of LOCGEN's author--to make LOCGEN
the front-end processor for LOCSYS. Compared with creating the
modification subroutine, this conversion was fairly simple. Some
of the considerations included making sure variable names and
types were compatible, and coordinating the entrances and exits
of subroutines. For example, when a user would type "STOP" in
LOCSYS, the program ended and returned to the R: prompt. With
the introduction of LOCGEN, "STOP" now needed to return to
LOCGEN's main menu.

One asthetic change made to LOCSYS was the addition of a

type of full-screen processing. FORTRAN is an excellent number-
crunching language, but it's screen processing leaves something
to be desired. When I first received copies of LOCSYS and

LOCGEN, all screen formats printed sequentially. That resulted
in frequent screen overruns. This 1inconveniences the user by
forcing him or her to constantly press the clear key to refresh
the screen. By adding the intrinsic function CALL CLRSCR, at
appropriate times, LOCSYS approximates full-screen processing,
and makes trips to the clear much rarer.

Finally, I had to change the documentation to reflect these
new functions. I expanded the instruction manual to include
information on the modification portion of +the program, and
expanded explanations of +the other functions as well. All
commands given in the instructions have been <changed from cDC
terms to IBM terms.

I've encluded in this report a copy of the user's manual in



final form,

which I

and a

authored.

printout of the MODIFY

subroutine in LOCSYS

If vyou would 1like +to make further

changes/enhancements in the manual or the

free to contact me.
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program,

rlease feel
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GETTING_ON_THE SYSTEM

To gain access to the LOCSYS algorithm, type the following
command from the R: prompt:

FILEDEF 1 DISK filename filetype filemode

where the filename is either the name of the data file which you

want LOCSYS to analyze, or the name of the new data file which
you want to create using LOCSYS. This command links the data
file to the LOCSYS program. (If you are just using LOCSYS to

print out the data base requirements, this step may be omitted.)

After the R: prompt returns, type the following instructions:

LOAD LOCSYS
START

This will execute the LOCSYS progran.

If you wish, you can create an EXEC file wusing XEDIT which
includes each of these commands. Running that EXEC file will
then initiate LOCSYS automatically.

CREATING_A_NEW_DATA_FILE USING_LOCSYS

The LOCSYS algorithm requires a data file in a special format in
order to operate. The CREATE/MODIFY portion of LOCSYS helps you
organize your data into a file which LOCSYS understands.

To create a new data file, take an optioh 2 from the main LOCSYS
menu. A secondary menu will appeaa,next:

#1. IF YOU WOULD LIKE A HARD COPY OF THESE REQUIREMENTS AND
AN EXPLANATION OF EACH, ENTER 1

#2. IF YOU WANT THE SAME INFORMATION AT YOU TERMINAL ONLY,
ENTER 2

#3. IF YOU ARE READY TO CREATE A DATA BASE FILE, ENTER 3

#4. IF YOU WANT TO MODIFY THE FILE NAMED IN YOU FILEDEF
STATEMENT, ENTER 4

#5. IF YOU WANT TO RETURN TO THE MAIN MENU, ENTER 5

ENTER A 1, 2, 3, 4, OR 5

Taking an option 3 from that menu will allow you to enter the
data for your model one step at a time. At the end of each step,
you will receive the following prompt:

DO YOU NEED TO STOP ?
ENTER 1 TO CONTINUE, ENTER 2 TO STOP.



This gives you the option of continuing to enter data into the
data file, or ending the session. (NOTE: If you enter 2 to stop
the session, you must choose the MODIFY EXISTING DATA FILE option
in order to add more data to the file.)

Once all of the information has been entered, LOCSYS will
automatically arrange the data into the proper format and place
it in the file named in the FILEDEF command. The system will
return you to the secondary menu. If you want to change
information you have entered into the data file, choose option 3.
To return to the main menu, choose option 5.

MODIFYING AN EXISTING DATA_FILE USING_LOCSYS

The interactive portion of LOCSYS allows you to change limits,
and weights to see how the new values affect +the results.
However, these changes are temporary, and do not alter the data
file itself. The MODIFY portion of LOCSYS allows vyou to
permanently change <criterion weights, ideals, limits, and limit
steps. maximum location capacities, and location/client demands.

To modify an existing data file, take an option 2 from the main
LOCSYS menu. A secondary menu will appear next:

#1.

Taking an option 4 from that menu will start the modification
process. The system will show the following menu:

ENTER THE TYPE OF DATA YOU WISH TO MODIFY
1: TO CHANGE CRITERIA VALUES
2: TO CHANGE LOCATION CAPACITIES
3: TO CHANGE CLIENT/LOCATION DEMANDS

PLEASE ENTER 1, 2, OR 3:

Choosing option 1 allows you to change criteria weights, ideals,
limits, and limit steps. Choosing option 2 allows you to
increase or decrease location <capacities. Choosing option 3
allows you to change any combination of client/location demands.
(NOTE: When changing any of these values, be sure to include the
decimal point. Omitting the decimal point will yield
unpredictable results.)



Any changes made will be reflected in the data file given in the
FILEDEF statement. Once a change has been made, you will return
to the secondary menu. Choose option 4 to make further changes
to the data file. Choose option 5 to return to the main menu.

LOCSYS will print a 1list of the data file requirements if you
need one.

To print a copy of the data file requirements, take an option 2
from the main LOCSYS menu. A secondary menu will appear next:

Taking an option 1 from that menu will automatically send the
data file requirements to the printer. Taking an option 2 will
send the same information to the screen only.

If this is the only task you will perform in LOCSYS during this
session, you do not need to issue a FILEDEF command.

RUNNING THE INTERACTIVE PORTION_OF LOCSYS

Once a data file exists and you want LOCSYS to solve a model,
take an option 1 from the main LOCSYS menu. This will begin the
interactive portion of LOCSYS.

More specific information on how to operate LOCSYS is located
elsewhere in this manual. :

ENDING A _LOCSYS SESSION_AND EXITING_THE_PROGRAM

When you are finished with LOCSYS and want to end the session,
take option 38 from the main LOCSYS menu. An END LOCSYS message
informs you that you have successfully exited the system..
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LOCSYS

THE MULTICRITERIA FACILITY LOCATION MODEL AND INTERACTIVE ALGORITHM

In essence, the model for which LOCSYS was designed, represents a problem
of selecting égents (facilities, people or machines) and ashsigning them tasks
(customers or j;)bs) in the face of agent capacity constraints and multiple conflicting
criteria. In the command language, and in the following description of the model,
the problem is cast as that of choosing sites at which to establish facilities, in
order to serve all clients.

The facility location model has the following characteristics. There exists -

a finite number of client groups (up to 50), each one representing poteﬁtial users
who are located geographically close to each other and are homogeneous enough

in their demands that they can be considered as single entities. There are also a
finite number of sites (up to 50), at some subset of which facilities of known limited
capacity are to be established. The problem is to choose a subset of sites at which
to establish facilities and to assign each client group to exactly one of the facilities.
In choosing sites and assigning client groups, multiple criteria (e.g., service and
cost criteria--up to 20 criteria functions may be considered simultaneously) and
facility capacity constraints are to be considered explicitly.

To formalize the model, let

I = the set of possible sites for facilities,

J = the set of client groups which must be served,
1 if a facility is established at site i
z, =
! 0 otherwise,
1 if client group j is assigned to the facility at site i
X.. =
1

0 otherwise,
bi = the known maximum capacity of the facility to be established at site i.

d..= the demand placed on the facility at site i by client group j if it is
i . i1
assigned to that facility.



Feasible solutions of the location model must satisfy the following constraints:

- or all jeJ,
-iér 13 7 * ’ (1)
.jEJ dijxij < bz, 'fér all iel, ' (2)
Z5 xij =0or1l 'for all iel, jeJ (3)

Constraints (1) insure that every client group is assignéd to a facility,
and constraints (2) insure that facility capacity limitations are enforced. Clearly,
bi> 0 for all i, and it is permissible for bi to equal a very large number whene\;er
there is no capacity limitation on the facility at site i. The model is sufficiently
general to represent a demand generation effect that often accompanies the
establishment of facilities. That is, the numeric values of dij for some j can be
heavily dependent on i to indicate that demand from client group j varies with
the site i to which the client group is assigned. In applications where demand
generation is insignificant, the parameter dij might be replaced by dj to emphasize
the distinction between the two cases. Different values of j need not refer only
to geographically different client groups; they may serve to distinguish different
services required by the same client group. Thus, the model can be used to
decide which services to offer at respective facilities. In this case, the unit of
measurement of the parameter dij must be defined so that the quantity ]'EJ dijxij

is meaningful.



Several cost and service criterion functions can be formulated in the

following general form,

where:

K denotes the set of criterion functions,

fik is the contribution to criterion k when a facility is established at site i,

Sijk is the contribution to criterion k when client group j is assigned to a
facility at site i,

z is a decisionAvariable assigned a value of 1 when site i is selected (and 0
otherwise),

xij is a decision variable assigned a value of 1 when client group j is assigned

to the facility at site i (and 0 otherwise),
SUM SUM

TYPE =SIiJM fikzi + T Sik% < LIMITk
or in terms of one of the following special cases of the general form:
SUM
= < \
TYPE Zk I fikzi < LIMI'I‘k
TYPE 3k = fikzi < LIMITk
= £
TYPE 4k SliM sijkxij < LI[MI’I‘k

For example, a criterion representing the noxiousness of establishing a facility
at site i can be expressed in the form TYPE 3 where fik quantifies the noxious effect.
A criterion of the form TYPE 4 may represent total demand served from a client
group when each sijk quantifies the number of persons from client group j who use
a facility at site i. Analogously, if tijk denotes the travel time for persons in client
group j if they are assigned to a facility at site i, then TYPE 4 represents a criterion
function measuring travel time for client group j when each sijkztijk°

be used to minimize or limit the total number of sites chosen by locsys by setting

TYPE 2 may

the f(ik) for each site equal to 1. As a final example, TYPE 2 may be used to rep-

. resent total fixed investment cost when each fi is the investment cost of establishing

a facility at site i. Although the parameters, constraints and criterion functions in



the model have been defined here in the context of facilities location, it is clear
that the model is applicable in a variety of contexts. For example, the model may
represent problems in such diverse contexts as machine loading and inspector
assignment. | |

Because {t is unlikely that a single solution will yield the minimum value for
all criteria simultaneously, one seeks instead efficient solutions (i.e. solutions
with the characteristic that it is possible to decrease the value of one criterion
only by increasing the value of at least one other criterion). Efficient solutions
are generated through interaction between the user and special purpose optimiza-
tion software. In particular, the user must provide relative WEIGHTS for each
of the various criteria and upper LIMITS on the value that each criterion function
may attain in order for the efficient solution to satisfy the user. Using these
values, LOCSYS constructs a problem which when solved yields an efficient solu-
tion to the original problem. Further efficient solutions may be generated when
the user changes criterion WEIGHTS and/or criterion LIMITS and the optimization
software solves the resulting problem.

The purpose of LOCSYS is fo facilitate this iterative process alternating
between the choice of parameter values (WEIGHTS and LIMITS) by the user and
the solution of problems by an optimizing algorithm. At each iteration, the system
reports the values of the criterion functions and, at the user's option, the choice
of sites and assignments of clients to facilities. A simple command language
provides the means through which the user provides his inputs and directs the
next iteration of the algorithm.

Several points regarding the algorithm should be emphasized. First, an
assumption underlying the algorithm is that the decision maker can select his

most preferred efficient solution. The purpose of the algorithm is to generate a

~number of efficient solutions and to facilitate his choice among them.

Second, the algorithm is not very demanding of the decision maker. The

user need not have any awareness of the mathematical structure of the problem



itself. There is very little formal procedure for the user to learn. Input to be
provided by the decision maker is minimal. Perhaps even more important, the
numbers the decision makér must supply reflect his judgment and have, therefore,
no roght or Qrong values. Because each iteration of the ~a.lgorithrn is independent
of the last, the‘user is free to reverse at will his judgments on the relative WEIGHTS
of the criteria or to adjust LIMITS as he becomes aware of what is attainable or as
curiosity might motivate him.

Third, the algorithm is heuristic, for only a subset of the set of efficient
solutions may be examined. The user is free to examine as few or as many of
these solutions‘ as he desires. The decision maker is in complete control of the
solution process. The user may have little rationale behind his choice of parameters
in the first few iterations. However, as additional results are generated he should
gain increasing insight into what is attainable and thus finally assure himself that
further efforts are unlikely to yield a still more preferable solution than what
he has already found.

For further information on the model and the formulation of additional cri-
teria in the form TYPE1-TYPE4, see:

Ross, G.T. and R.M. Soland, "A Multicriteria Approach to the Location

of Public Facilities, " to appear in European Journal of Operational
Research. .

for the inspector assignment case, see:

Trippi, R.R., "The Warehouse Location Formulation as a Special Type of
Inspection Problem," Management Science, 21 (1975), 986-988.

for the machine loading case, see:

Klingman, D., G.T. Ross and R.M. Soland, "Optimal Lot Sizing and Machine
Loading For Multiple Produces," Proceedings of the Conference on the
Problems of Disaggregation in Manufacturing and Service Organizations,
The Ohio State University, Columbus, Ohio, March 1977, 243-244.

 PROCEDURE

LOCSYS requires one data file containing the parameters of the mathematical

model and initial values for certain parameters used in the interactive algorithm.



The contents of this data file are not modified in any manner by the system.
LOCSYS utilizes a scratch file for temporary storage of results generated during
a run.

The taéks that the user must perform are divided iﬁto two phases: data
base editing an;i problem solution. In the first phase, the user has the option
to alter the components of the problem (as it is defined in the data base) by removing
certain criterion functions, sites or client groups from consideration in the solution
phase. The reasons for this option are that a) the data base may include a far
greater volume of data than the user wishes to consider at one time and b) the
user may wish to solve several different variations of one multicriteria problem in
several separate program runs.

In the second phase, the user directs a search for efficient solutions to the
multiple criteria problem defined by the first phase. To generate an efficient
solution, the user must supply two parameters for each criterion. These para-
meters are a WEIGHT to denote the relative importance of the kth criterion (larger
WEIGHTS imply greater importance), and an upper LIMIT on the value that the
kth criterion can attain. The LIMiT is the largest value of the kth criterion
function that the user considers to be satisfactory. Following the selection of
these values, the optimization algorithm will find an efficient solution that reflects
the relative importance of the criteria (as indicated by the user) while not allowing
any criterion to exceed its limiting value (assigned by the user). Of course, if
one (or more) of the LIMITS is set too low, the algorithm may be unable to find
an efficient solution that satisfies the LIMITS. Assuming an efficient solution
exists, 'the user must then evaluate the solution in terms of the values of the
criterion functions and in relation to the previously generated solution (if any)

which he found most preferable. The new solution may become his most preferred

. or he may still prefer his previous choice. In either case, the user must then

alter one or more criterion WEIGHTS and/or LIMITS to define new conditions for

the next efficient solution to satisfy.



| The WEIGHTS and LIMITS provide a simple mechanism through which the
l user's preferences can be expressed. Initially, the user may have little or no
rationale for his choices. However, the sequence of efficient solutions generated
should proviae him with ever increasing insight into Whaf is attainable and should
provide the bas‘is upon which to make subsequent choices of WEIGHTS and LIMITS.
The decision to stop the search for efficient solutions is the user's. That point
is reached when the user has some feeling for the impact of alternative WEIGHTS
and LIMITS and is content that further effort is unlikely to generate a solution
still more preferable than the incumbent most preferred solution that he has
identified. |

The content and volume of output generated by the system is entirely depen-
dent upon the user's actions. The output generated at each iteration includes the
parameters specified by the user, the values of the criterion function associated
with the latest efficient solution, and the values of the criterion functions associated
with the user's most preferred solution generated to date. At the user's option
the system will report the sites chosen and the assignments of client groups to
sites or the results from any earlier iteration of the algorithm.

When the program is initiated the output in Figure 1 is provided to summarize

the information contained in step one of the data base.

. THE NAMES OF 4 CRITERIA, 3 CLIENTS AND.- 2 SITES HAVE BEEN READ.
INITIAL WEIGHTS, IDEALS, LIMITS AND STEPS ARE:

CRITERION WEIGHT IDEAL LIMIT STEP
NOXIOUS 1.00 1.00 50.00 5.00
DISTANCE 1.00 3.00 6.00 1.00
COST 1.00 100.00 600.00 100.00
NUMSITES 1.00 . 1.00 3.00 1.00

IT IS RECOMMENDED THAT YOU CHANGE ONE OR MORE LIMITS AT LEAST
EVERY 3 ITERATIONS. YOU WILL BE REMINDED TO DO SO IF NECESSARY.




Figure 1 Initial Program Output

When an efficient solution is generated, the output in Figure 2 is generated.
That table enables the user to compare the values of the criterion functions
associated wi-th the most recently generated efficient solufion (CURRENT ACTUALS)
to those associa’ted with the user's most preferred efficient solution (BEST ACTUALS).
Similarly the user can compare the CURRENT ACTUALS to the IDEAL and LIMIT
values for the criterion. To facilitate the user's choice of new relative WEIGHTS,
the WEIGHTS that were used to generate the latest efficient solution are also pro-

vided.

**SOLUTION 2**

CURRENT CURRENT CURRENT BEST

CRITERION WEIGHT IDEAL ACTUAL LIMIT ACTUAL
NOXIOUS 1.00 ' 1.00 40.00 50.00 40.00
DISTANCE 1.00 - 3.00 0.00 6.00 0.00
COST 1.00 100.00 335.00 600.00 335.00
NUMSITES 1.00 1.00 2.00 3.00 2.00

DO YOU PREFER THIS SOLUTION OR YOUR BEST PREVIOUS SOLUTION?
ENTER BEST OR 2

Figure 2 Program Output Generated
for Each Efficient Solution

The user may wish to know which sites were selected and which client groups
were assigned to each site. Figure 3 shows the output generated when the DISPLAY
RESULTS command is entered. As these examples illustrate, the output provided

by the program is self-explanatory.

Figure 3 Output Generated Following
DISPLAY RESULTS Command

In choosing WEIGHTS and LIMITS from iteration to iteration, the user
should keep the following conditions in mind. First, the work of the optimization

routine is simplified if the user evaluates all alterative criterion weightings for a
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given set of LIMITS one after another. The reason for this is that a preceeding
solution which is known to satisfy the LIMITS can be used as a starting point in
the search for the solution to the next problem with different WEIGHTS. This
advantage is.not realized when one evaluates several sets" of LIMITS for a given
set of WEIGHTé. Second, the particular mathematical problem which the optimi-
zation routine must solve can be very time consuming to solve. Consequently,

at fixed intervals, the user is given the choice of abandoning the attempt to solve
a problem. Thus, an efficient solution need not always be found at either because
one does not exist or because it has become too time consuming from the user's
standpoint for the user to be interested in the solution.

To insure that the user has the dominant role and the freedom to choose the
direction in which the algorithm will proceed, the compute'r. system does not
initiate any action on its own except to read the data base, request commands
from the user and list criterion function information for the latest efficient solution
generated. All other actions are carried out in response to commands from the
user.

A flowchart for the problem solution phase is given in Figure 4.
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PROGRAM INPUTS

Program inputs comprise two major types:
1) commands entered by the user, and
2) parameters in the data base that define the facility location model

Each of these two types of input are described in detail below.

USER COMMANDS

To enable the user to exercise control over the algorithm, a simple command
laﬁguage has been developed. A standardized syntax has been adopted which is
English-like and uncomplicated. Every command adheres to a general form involving
the elements verb, direct object, adjective, preposition and object of a preposition
in that order. For example, SET WEIGHT COST TO 2 is a valid command in the
general form. Some verbs provide data ménagement capabilities (e.g. DISPLAY)
while others are necessitated by the logic of the interactive procedure (e.g. SOLVE).
Most commands do not require all elements of the general form. The most common
variants of the general form are a) verb, b) verb, direct object, and ¢) verb,
direct object, adjective. Examples of these command forms are a) SOLVE,

b) DISPLAY RESULTS and c¢) EXCLUDE SITE BOSTON.

To simplify entering commands, the spacing between elements and the
positioning of the command on an input record are immaterial. The order of command
elements and the validity of each element are the only factors with which the user
need be concerned. k

The legitimate verbs and keywords used in the commands are given below.

A complete list of all admissible commands is given later.

Verbs
DISPLAY Report the values of various
parameters or variables
EXCLUDE _ *Ignore data on a criterion,

client group or site contained in
the data base



INCLUDE

LOWER
RAISE.

RESTART

SET

SOLVE

STOP

_13..

*Reverse effect of the EXCLUDE
verb

Decrease the value of a parameter
Increase the value of a parameter

Stop the program and start over
again using the same data base

*Assign a value to a parameter

Solve the problem to determine an
efficient solution

Terminate execution of the program

*EXCLUDE, INCLUDE, AND SET IDEAL ARE VALID ONLY UNTIL THE SOLVE

COMMAND IS FIRST GIVEN.

Kezwords

ACTUAL

BEST

CLIENT

CRITERIA

IDEAL

LIMIT

RESULT

SITE

STEP

WEIGHT

A numeric value attained by a
criterion function -

The iteration of the algorithm that
yielded the user's most preferred
efficient solution found to date

A client group

A criterion function

An estimate of the numeric value
a criterion function would attain

in the absence of any other criterion

An upper limit on the value that
a criterion function may attain

A decision made relative to a
site or client group

A potential location for a facility
A value representing a minimal
change in the value of a criterion

function

A numeric value representing the
relative importance of a criterion

The system was designed to be forgiving in the sense that incorrect commands

affect neither the execution of the program not the results obtained by the inter-
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active algorithm. The user need not be particularly cautious in entering input.

The system does not require the user to per‘form his tasks in any fixed
order except that the system will not follow illogical commands (é.g. to report a
solution befofe it has been obtained.) The user can, in fact, enter a command
and then immediately enter a second command to negate the effect of the first
command without any adverse consequence. Ordinarily, the system neither
prompts the user for specific information nor demands a response from the user.
Two exceptions are that after each subprob is solved the user is required to
decide whether or not to update his most preferred solution, and should the
optimization routine encounter difficulty solving a particular version of the
problem, the user must decide whether or not to abandon work on the problem.

The primary advantage in standardizing the command structure is to
facilitate parsing the commands. Syntactically incorrect commands are recognized
easily, and the cause of the error identified for the user.

A secondary advantage of the command structure is that it admits variant
forms which have differing degrees of power. For example, assuming COST is
a valid criterion name, DISPLAY WEIGHT COST is a valid command to the system
to print the value of a single WEIGHT. By leaving off the qualifying adjective
(COST) and pluralizing the direct object WEIGHT, the expression DISPLAY
WEIGHTS is a command to‘print the entire vector, WEIGHTS. Thus, the command
structure encompasses many variant forms and allows the user to tailor the

system's efforts to his needs.

ALL ADMISSIBLE COMMANDS , AND THEIR MEANINGS

Program Control Commands

STOP ' Terminates execution of the program

RESTART Stops the interactive algorithm and
starts the algorithm over again using
the same data base.
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Data Base Editing Commands

EXCLUDE SITES "list"

EXCLUDE CLIENTS "list"

EXCLUDE CRITERIA "list"

The elemént "ist" is the word ALL or one or more valid site, client or
criterion names (depending upon the particular command) separated by commas.
Although present in the data base, data on the named sites, clients, and criteria
are not to be considered as a part of the problem. Clearly the problem cannot be
solved if all of the sites, clients or criteria are excluded. The purpose of the
ALL option is to simplify selecting those sites, clients or criteria to be included
when they are a small fraction of the total number in the data base. The EXCLUDE
command is valid only until the SOLVE command is first given.

INCLUDE SITES "list"

INCLUDE CLIENTS "list"

INCLUDE CRITERIA "ist"

Reverses the effect of an exclude command. The program assumes all
clients, sites and criteria are included unless otherwise directed. The INCLUDE

verb is valid only until the SOLVE command is first given.

Algorithm Control Commands

SOLVE
The current values of weights and limits are used to define a problem
for the system to solve. Information on the solution is reported automatically.
SET WEIGHT "name" TOa
SET LIMIT "name" TO @
SET STEP "name" TO @
Assigns the value @ (real or integer numeric) to the current value of

the weight, limit or step for the named criterion.
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SET IDEAL "name" TO @
Assigns the value @(real or integer numeric) to the ideal of the named
'criterion. This command is valid only until the SOLVE command is first given.
SET WEIGHTS ALL TO <
SET LIMITS ALL TO £
The element £ can be an integer number denoting an iteration number or
A can be the word BEST. In either case, the values of all weights or limits are
set to those that were used at iteration 4 or at the .iteration where the user's
most preferred solution was found (BEST).
SET REMINDER TO <
The element 4 is a positive integer denoting the number of consecutive
iterations of the algorithm that may be preferred using a given set of limits before
the system will remind the user to change one or more limits. (Default value for
REMINDER is 3).
RAISE LIMIT "name" BY "item"
The element "item" can be a real integer number or the word STEP.
In any case, "item" specifies the amount by which the limit of the criterion
specified by "name" should be increased. When STEP is specified, the step size
specified for the criterion is used.
LOWER LIMIT "name" BY "item"

This command has the opposite effect of RAISE.

Output Commands

DISPLAY CLIENTS
" DISPLAY CRITERIA
DISPLAY SITES
Lists the names of all clients, criteria or sites that are included in the

problem.
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DISPLAY IDEALS
DISPLAY STEPS

Lists the value of the ideal or step for every criterion included in the

‘ problem.

DISPLAY WEIGHTS "item"

DISPLAY ACTUALS "item"

DISPLAY LIMITS "item"

DISPLAY RESULTS '"item"

The element "item" may be blank, an integer number or the word BEST.

Blank implies current. Integer number indicates iteration number. BEST indicates
those quantities associated with the problem solved when the best solution was
found. For the iteration specified by "item" the values of the v&ei'ghts, limits
or actuals for all criteria will be listed. In the case of results, the clients assigned
to each site in the efficient solution will be listed.

DISPLAY WEIGHT "name"

DISPLAY LIMI’I" "name"

DISPLAY ACTUAL "name"

DISPLAY IDEAL "name"

DISPLAY STEP "name"

The current value of the wright, limit, actual, ideal or step associated

with the criterion specified by "name" will be listed.
DISPLAY RESULT SITES

Lists the names of the sites that were selected in the current solution.
DISPLAY RESULT SITE "name"
DISPLAY RESULT CLIENT "name"

Lists the names of the clients (if any) assigned to the specified site "name",

~or lists the name of the site to which the specified client "name" is assigned.
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COMMAND ERRORS

Command errors may arise after the user has entered a command because
the command is not expressed in proper syntax or because it is illogical or im-
possible to cé.rry out the command. A command may contain two or more errors,
but upon findiné one error, the system ignores the remainder of the command
and gives only one error dié.gnostic. Errors in commands do not affect program
execution.

1. INVALID OR MISSING VERB

The term in the verb field of the command is misspell.ed or not a
verb.

2. INVALID OR MISSING DIRECT OBJECT

The term in the direct object field is misspelled, missing or inappropriate
for the verb. :

3. INVALID OR MISSING ADJECTIVE

The term in the adjective field is misspelled, missing or inappropriate
for the given verb and direct object.

4. INVALID OR MISSING PREPOSITION

The term in the preposition field is misspelled, missing or inappropriate
for the command.

5. INVALID OR MISSING OBJECT OF PREPOSITION

The object of the preposition is misspelled, missing or inappropfiate
for the command.

6. ITERATION NUMBER IS OUT OF RANGE

The numeric value supplied for an iteration number exceeds the number
of iterations that have been performed or is negative.

7. COMMAND HAS TOO MANY TERMS

There are more terms in the command than there should be. No extra-
neous characters or terms can be entered at the end of a command.

8. CRITERION WAS EXCLUDED

The user has issued a command that refers to an excluded criterion.
(A criterion may have been excluded directly by a command from the
user or indirectly because data was not supplied in the data base.
In the latter case, the user would have received a message earlier
telling him the criterion had been indirectly excluded.)
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9. ILLEGAL CRITERION WEIGHT

The user has attempted to set a criterion weight to a non-positive
value. All criterion weights must be positive.

10. ILLEGAL CRITERION IDEAL

The user has attempted to set a criterion ideal to a non-positive value.
All criterion ideals must be positive.

11. NO SOLUTION AVAILABLE

The user has issued a command that refers to results which have not
yet been derived.

12. INVALID OR MISSING SITE NAME

The site name in a DISPLAY RESULTS command is misspelled, missing,
or not defined in the data base.

13. INVALID OR MISSING CLIENT NAME

The client name in a DISPLAY RESULTS command is misspelled, missing
or not defined in the data base.

14. ILLEGAL COMMAND AFTER FIRST PROBLEM HAS BEEN SOLVED

The INCLUDE and EXCLUDE commands may not be used after the first
problem has been solved. (If it is necessary to INCLUDE or EXCLUDE
after the first problem has been solved, the program must be RESTARTed.)
Also, the user may not use the SET command to change a criterion ideal
after solving the problem once.

15. ILLEGAL CHARACTER IMBEDDED IN A NUMBER
The data item in a numeric field on a command is not a legitimate number.

16, PROBLEM MUST INCLUDE AT LEAST ONE CLIENT

This error arises when the user has attempted to solve a problem for
which all clients have been excluded from the problem or when Part B

of the data base is missing. The error may be corrected by using the
INCLUDE command to include the desired client(s) or by correcting XDB.

17. PROBLEM MUST INCLUDE AT LEAST ONE SITE

This error indicates that the user tried to solve the problem with all
sites excluded. This error may be corrected by using the INCLUDE
command to include the desires site(s).

18. PROBLEM MUST INCLUDE AT LEAST ONE CRITERION

This error indicates that all criteria have been excluded from the problem
either directly (via the EXCLUDE command) or indirectly (because data
was not included for the criterion in Part C of the data base). In the
first case, the user may issue the INCLUDE command. In the second
case the error can be corrected by including data for at least one
criterion in XDB.

Y ma ma IS EE I IS SN BN IS BN EE B Gn s e s e am N
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DATA _FILE _DESCRIPTION

In order to execute LOCSYS. the following data must be
specified in the external data file. Entry 1is broken down into
the following steps when using the CREATE/MODIFY procedure within
LOCSYS:

NAMES OF CRITERION FUNCTIONS TO BE MINIMIZED

INITIAL WEIGHT FOR EACH CRITERION

INITIAL IDEAL FOR EACH CRITERION

INITIAL LIMIT FOR EACH CRITERION

INITIAL STEP FOR EACH CRITERION
Each criterion name must be 1-8 alphanumerié characters long.
The first ‘character must be a letter. No embedded or leading
blanks are allowed. Also, all criterion names must be unique.
All numeric values for each criterion should be entered in F10.0
format (XXXXXXXXX.).

LIST OF CLIENTS
Each client name must be 1-8 alphanumeric characters 'long. The
first character must be a letter. No embedded or leading blanks
are allowed. Also, all client names must be unique.

LIST OF LOCATIONS
MAXIMUM CAPACITY FOR EACH LOCATION

Each location name must be 1-8 alphanumeric characters long. The
first character must be a letter. No embedded or leading blanks
are allowed. Each location name must be unique, and no location

can have the same name as any client. Each capacity should be
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entered in F10.0 format (XXXXXXXXX.).
DEMANDS FOR EACH LOCATION WITHIN EACH CLIENT

The order in which the location names appear for each client is
immaterial. If a client can be served by four or more locations,
additional records are needed. In this case, each subsequent
record has the same format as the first, except columns 2-9 MUST
be blank. (NOTE: LéCSYS handles this situation automatically.)
Each demand must be entered in F10.0 format (XXXXXXXXX.)

TYPE OF EACH CRITERION FUNCTION
F(I,K) VALUES FOR EACH CRITERION FUNCTION OF TYPE
1, 2, OR 3
S({I,J,K) VALUES FOR EACH CRITERION FUNCTION OF TYPE
1 OR 4
The subscript i represents locations; j refers to <clients; and k
indicates criteria. The function F(i,k) quantifies criterion k
when location i is established. The function S(i,j,k) quantifies
the effect of c¢riterion k when <client j is established at
location 1i.

Each of the four types of <criteria functions are defined

below:
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A printout of these data file requirements is available from
within LOCSYS. Follow the instructions given the section called
PRINTING A COPY OF THE DATA FILE REQUIREMENTS to obtain the
printout.

EXAMPLE DATA_FILE

Figure 5 shows a goal programming model in algebraic form.
The four <criterion names are NOXIOUS, DISTANCE, COST, and
NUMSITES. Weights for these criteria are all equal to 1. Limits

for these <criteria are 50, 6, 600, and 3, respectively. The

ideal wvalues for these <criteria are 1, 3, 100, and 1,
respectively. The initial limit step for these functions are 5,
i, 100, and 1, respectively. Client names include ATLANTA1,

COLUMBUS, AND AUGUSTA. Locations are ATLANTA2 and MACON. Figure
6 illustrates how this model would 1look after LOCSYS puts this

information in the form of the external data file.
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‘Minimize

Minimize
Minimize
Minimize

Subject to:

63z, ¢ 3022 + 169x,, + 182x21 + 16x12 + 18x22 f cxl3 + S55x

1 11
1z1 + lz2
40z2
0x;; + 5.9xy) i ‘
11 * *2 =1
X)p * Xp =1
X13* %3 =1
1;51x11 + 8x12 + 27x13 _<__13Sz1
| 100x21 + 10x22 + 27x23 :.10022

xij = 0orl for all iel, jeJd

z; = Oorl for all iel.

FIGURE 3.3 Example Multicriteria Location Problem
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1NOXI0US 1.
1DISTANCE 1.
1€0ST 1.
1NUNSITES 1.
23

2ATLANTA1

2C0LUMBUS

2AUGUSTA

32

. JATLANTAZ2 133.

JNACON 100. .
AATLANTA! ATLANTA2 - 131.MACON
ACOLUMBUS ATLANTA2 8.MACON

- 4AUGUSTA ATLANTA2 27 .hACON

oC0sT . 1

. 6ATLANTA2 63.MACON

7ATLANTA1 ATLANIA2 169.MACON
7COLUMBUS ATLANTA2 16, HACON
7AUGUSTA  MACON 35.
SNUMSITES 2

6ATLANTA2 1.MACON

SNOXIOUS 3 ‘

SMACON 40.

SDISTANCE 4

7ATLANTA1 ATLANTA2 0.0MACON
0

30.

1.

50.

600,
3.

100.
10.
27.

182.
18,

5.9

3.
1.
100.
1.

FIGURE 3.4 Data Base For Example Problem



25

DATA_FILE_ERRORS

Data file errors arise when the system discovers omissions,

inconsistencies or illegalities in input data. In general,

errors discovered in the data file are fatal, and the progran
terminates upon discovering them. The data file may contain
additional errors, but the system will stop processing after

finding the first error.

1. BECAUSE OF MISSING OR EXCLUDED CLIENT OR SITE DATA,
: THE FOLLOWING CRITERION WAS INDIRECTLY EXCLUDED

This error message results from not including the
appropriate data for the criterion in Step 5 of the
data file.

2. MAXIMUM NUMBER OF TYPE 1 CRITERIA EXCEEDED

The system allows at most three Type 1 criteria to
be considered simultaneously.’

3. MAXIMUM NUMBER OF TYPE 2 CRITERIA EXCEEDED

The system allows at most two Type 2 criteria to be
considered simultaneously.

4. MAXIMUM NUMBER OF TYPE 3 CRITERIA EXCEEDED

The system allows at most two type 3 criteria for any
one location to be considered simultaneously.

5. MAXIMUM NUMBER OF TYPE 4 CRITERIA EXCEEDED

The system allows at most two Type 4 criteria for any
one client to be considered simultaneously.
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