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Factory production schedulers often face a difficult
problem after determining that changes in custo­
merorders or critical component availability have
affected a production plan's feasibility. They then
require a tool to help them determine which ofthe
many feasible schedules is "best." lRAM (the Intra­
works Resource Allocation Model) is a personal
computer (pC)-based interactive optimization tool
that is usable bythese planners. It takes advantage
ofa recently developed resource allocation algo­
rithm that solves large-scale problems very quickly.
Thispaper describes the two main efforts thatpro­
duced a successful optimization tool from the origi­
nal theoretical model. First, significant extensions
added necessary modeling features to the algorithm
while retaining its speed and ability to solve multi­
period planning problems. Second, a user interface
was developed to simplify evaluation and change of
proposed solutions. As a result, lRAM facilitates the
real-time evaluation ofnumerous alternative
schedules.
Introduction

Production schedulersin factories often face a difficult prob­
lemwhenchanges in customerorders or critical component availabil­
itymeanthe original planned production scheduleis notfeasible. The
number ofthese changes is increasedby the modernpressure to
reduce factory response timeto customerorders and the uncertain
yieldsinherent in producing today's high-technology products. If the
original schedulecannotbe met,plannersare responsible fordeter­
mining howto adjustthe scheduleto resolve the infeasibilities. How­
ever, the large number ofalternatefeasible schedulesmakesa manual
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Panel 1. Termsand Acronyms In This Paper
BOR Bill ofResources summarizing the

product/resourceutilization matrix
Feasible Production Schedule proposed

byIRAM
Input/Output
Intraworks Resource Allocation Model
linear program
MasterProduction Scheduler

representing the original production
requirements

Material Resource Planning
Personal Computer

adjustment processwasteful. Thus, a tool is neededthat
canhelpplanners selectthe schedule that will make
optimal use ofavailable resources. Previous attempts to
develop production planning tools-usually basedon
linearprogramming models-have suffered from long
run timesand the fact that theydidnotgive the user
enoughcontrol overthe final recommended schedule.
Luss andSmith1 developed an algorithm for these
resourceallocation problems basedon a minimax objec­
tive function, which makesthe largestweighted devia­
tionbetween the original and optimal schedules as small
as possible. This algorithm offers a potential solution to
these drawbacks becauseit solves large-scale problems
veryquickly, andbecausethe recommended schedules
changesmoothly with the model parameters.

This paperdescribes IRAM (the Intraworks
Resource Allocation Model), an interactive production
planning tool, basedon Luss and Smith's algorithm, that
runs on PCs. IRAM helpsschedulers find the production
schedule that is "best"forthem,usingtheir knowledge
ofthe problem. Wewill describe the two main efforts
that wererequiredto produce the toolfrom the original
theoretical model. First, algorithmic extensions were
necessary to addfeatures to the final toolwithout losing
the algorithm's original speed. These extensions include
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a technique forsolving multiperiod planning problems
anda heuristic method forensuring integerproduction
values. Second, a user interface wasdeveloped that
makesit easyforplanners to critically evaluate IRAM's
proposed solution, andadaptthat solution to whatever
direction the user feels is necessary.

First,this paperdelineates the problem IRAM
wasdesigned to solve and identifies its target users.We
then discuss IRAM's mathematical algorithm. Finally, we
present IRAM's implementation anduser interface.

The Problem Statement and the Users
The first requirement for developing a successful

optimization tool is understanding the tool's ultimate
users and the environment wheretheywork. Ultimately,
the successor failure ofthe tool candepend on howwell
it responds to its users' needsandconstraints.

Factory master-production schedulers are
responsible for releasing the production plan (Le., the
master-production schedule, or MPS) to the shopfloor.
Masterschedulers ensure that production levels are
sufficient to meetcustomerorders; theyact as the buffer
between the production shopandthe external customers
for one or moregroupsofproducts. To perform these
functions, masterschedulers relyon their factory's
MRP-II (Material Resource Planning) system- to main­
tainthe currentproduction plan, along with information
such as future orders,future forecasts, and material
availability. The MRP system maintains the production
bill ofmaterials andfacilitates the timely ordering of
material requiredto supportthe planned production.

However, whenchangesoccurincustomer or­
ders or component availability, the masterschedulers
mustdetermine whetherthe planned production
schedule is still feasible. If an infeasibility exists, they
must use their knowledge ofthe current levels ofshop
activity and specific customer requirements to determine
actions to minimize the effects ofthat infeasibility, e.g.,
byexpediting material or modifying the schedule. In
addition, masterschedulers may determine staffing



levels inworkcenters responsible for their products.
To perform these functions, master schedulers

will work with several timehorizons. The shortest of
these typically extendsa weekor two intothe future, and
is concerned with howbest to ensure that the final pro­
duction plan is made. Aschedulerworking in this time
horizon is concerned with workcenter capacities, the
on-hand quantity ofcomponents, jobsequencing and­
because ofits impact on the totalcapacity available for
production-machine setup times. However, the
scheduler's flexibility in dealing with capacity shortages
in this timehorizon canbe hinderedbecausethe
material required to supportproduction most likely
already has been releasedto the shop,which is not
under the scheduler'sdirectcontrol.

Asecond, medium timehorizon extendsfrom
approximately 1 to 3 monthsintothe future. Here, the
masterschedulerwants to be sure the schedule is realis­
tic,e.g., that orders are coming in according to forecast
and that expected material availability has notchanged.
Ifschedulers havesufficient advance knowledge of
potential capacity problems, they retainconsiderable
flexibility to dealwith them,becausethey can stillexpe­
ditematerial, rearrangeproduction across time, and
reassign personnel to different workcenters.

Finally, there is the other extremeofthe time
horizon, whereschedulersalsomayassist in long-range
planning-roughly six monthsto overa year in the
future. This extended timehorizon is concerned pri­
marily with ensuringthat the gross systemcapacity
agreeswith the long-range forecast oforders.

MostMRP-II systemshavea "roughcut"capa­
city planning tool to help schedulersidentify potential
capacity shortages. Typically, these modules report the
load on a groupofuser-specified resourcesby a group of
user-specified products, usually one or moreproduct
families. However, they do not help the plannerdeter­
mine a response to anycapacity shortages, e.g., by help­
ingthe scheduleridentify workable alternatives to the
original infeasible plan. The rationale is that an auto-

mated decision adjustment processwould be impossible,
undesirable, or bothbecauseofthe intangibles affecting
the determination ofa feasible final schedule. However,
the manual adjustment processis wasteful, not only of
critical resourcesbut alsoofthe planner's time.

Schedulers need a toolto helpthem choose
among the numerous feasible alternative schedules. Ulti­
mately, a master scheduler'ssuccessor failure is deter­
mined bythe perceived quality ofthose schedules. Aper­
son has been given that jobbecausemachines cannot
dealwith allthe intangibles requiredto evaluate a
schedule'squality. Ourgoalis to provide an interactive
toolto guide schedulers to their "optimum" schedules,
i.e., whattheywould liketo havearrived at themselves,
given enoughtime, patience, and cleverness in trying dif­
ferentapproaches to resolve the infeasibilities. IRAM
wasdesigned to overcome the shortcomings ofavailable
roughcut capacity planning tools. It canhelp reduce
waste by automatically ensuringa desirable productmix
and full use ofcritical resources.

The requiredtoolmust be interactive and
responsive to changing conditions andvarious intangible
forces. It mustworkwith the schedulers, allowing them
to insiston minimal levels ofproduction foreach pro­
duct, to prioritize products, and to control the amount of
production devoted to "normal" versus"backscheduled"
production. Its logic must include moststandard MRP
considerations. For example, lead-time offsets-i.e., the
timebetween consumption ofthe critical resource and
production ofthe final product-must be allowed to vary
acrosseach productand resource pair. It mustalsobe
ableto solve the samesizeproblems as thosefaced by
individual schedulers. An individual product family can
havebetween 10and 250 different products. Typically,
schedulerswill wantto do their simulation checkwith no
morethan 50resources-that may represent material or
capacity resources-and a timehorizon ofanywhere
from two to six months. While this sizedoesnotallow
simulating the entirefactory as a unit, it doesextend to
the sizeofindividual responsibility. Finally, the
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implementation and user interfacemust allow the user to
have considerable controlover the tool's operation.

IRAM's Mathematical Algorithm
To build such a tool,we must first discuss the

mathematical algorithmit might use. The basic problem
is findingthe productionschedule closest to the original.
The main modelingissue is howto define the distance
between the originalschedule and a modification. In the
past, there have been many differentapproaches to this
problem.

One natural measure uses a linear objective func­
tion to minimize the valueof the lost production (v.
Meketon").This economicobjective has three primary
advantages:
- It is natural to users.
- High-quality linear programming packages are readily

available.
- It is easy to add additional features to the model

withoutmodifying the solutionalgorithm.
However, a linear objective has disadvantages.

First, its solutions tend to include productioncutbacks
that vary noticeably between differentproducts. In addi­
tion, the solutionvectors are discontinuousin the value
coefficients used for each product.Thus, smallchanges
in the input parameters can lead to wild swingsin pro­
posed productionschedules. This results in two practical
problems:
- At anygiven time, the solutionscannot be gently

"steered" to an acceptablesolution.
- The proposed productionschedule is likely to vary

noticeably from iteration to iterationwhen this tech­
nique is used repeatedly.

These problems are compoundedwhen the true
valueof a unit of lost production is largelyunknown
because of the intangibles, including customer satisfac­
tion and market presence, that affect it.Thus, users
might have to experiment with a range of inputvalues for
each product before they find a suitable solution. How­
ever, the long run times for linear programming
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algorithms that operate on problemsthis size are not
appropriatefor an interactive tool.As a result, it is
difficult to see how a linear programmingapproachcan
help create the type of tool described above.

Mitchell' used a quadraticobjective function in
his hierarchicalproductionplanningmodel. Whilethis
tends to produce more balancedsolutions, the necessary
run times are even longer.Thus, such a tool cannot be
considered truly interactive.

Luss and Smith,however, awarethat the
existingmathematical algorithmsdo not fit the needs of
the users, developed an algorithmbased on a different
notionofcloseness. We will nowtum to a presentationof
that algorithm.

The Luss and Smith Minimax Algorithm. We begin with
a brief summary of the originalLuss and Smith modelfor
solvinga single-period resource allocation problem.
Readers are encouraged to consult the original paper or
a similarpaper byTang" for greater specificity.

We begin with the basic notation. For each pro­
duct, the originaldemand is denoted by dj , the lower
bounds for productionby ij (whereeach lj ~ 0), and the
relative priorityofthe product by CJ.j. The available capa­
city of resource i will be denoted by bi, and the utiliza­
tion matrix is denoted by A = (a ij), where a ij represents
the amount of resource i used by each unit ofproduct j.
Then, a productionplan x = (Xj) is feasible if:

L A ijx j s; bi for all resources i
j

xj ~ ij for all products j

Luss and Smith's objective is to keep the max­
imumweightedpercentage productioncutback as small
as possible, i.e., to find the productionplanx for which:

myx CJ.j(drxj)/d j

is as smallas possible,subject to the constraints in equa­
tion (1). Whilestandard techniques can transformthis



Lussand Smith showthat equations (4) and (5)

Thus,Si (and Ti ) are the total (weighted) requirements
forresource i in the original production schedule. Notice
that if Si s bi for all i, wecanset xj = dj for allj and stop.
Next, define:

The individual k i measuresthe extentto which
resource i is "overloaded," and their maximum k gives
the resource i' that is mostoverloaded. Then,wedefine
the production vectorx by
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give the solution to the minimax objective function if the
constraints xj :::=: 0 are ignored. In this case,k gives the
optimal minimax value, andequation (5) gives the associ­
ated production schedule. Furthermore, theyshow that
if a value ofr, (for someproductj) computed by (5) is
negative, then there is an optimal solution to the original
problem with xj = O. In this case, the algorithm fixes
suchr.s to zero, excludes these products from the prob­
lem, and repeatsthe calculations in (3) through (5) with
the remaining products until finally allthexj are non­
negative andan optimal minimax solution is reached.

Luss and Smith realized that additional produc­
tionis possible forthose products that do notuse this
mostcritical resource. Thus, their algorithm uses an
iterative procedure to reachthe final production plan.
While these stepsdo notchangethe value ofthe mini­
maxobjective function, theyare crucial to determining a
goodproduction plan. Ateachofthese "lexicographic"
steps, the mostcritical resource is determined bythe
minimax algorithm. The products blocked bythat
resource-Le., the products that ai'j > 0-are eliminated
from the problem. The resulting smaller problem is then
solved in the sameway, until the problem is feasible or
allthe products havebeenblocked.

Muchofthe speedofthe Luss andSmith algo­
rithmstemsfrom update rulesthat canbe used to sim­
plify the lexicographic steps. Thus,mostofthe algo­
rithm'sworkis donein the first iteration's calculation of
S, and T i • Fora discussion ofthe computational speedof
a similar minimax algorithm as compared to otherLP
solvers, see Klein, Luss, andSmith,"

General Discussion of the Model. The speed ofthe
Luss andSmith model makesit possible to solve inter­
actively large-scale production planning problems.
Hence, this algorithm is the mostsuitable foruse as the
basisfor IRAM.

However, the Luss andSmith minimax model
has disadvantages, particularly because the algorithm
cannoteasily be modified to addmore modeling fea­
tures. Furthermore, it has two serious drawbacks that

(5)

(4)

(3)S, = L aijdj
j

t; = L aijdj/aj
j

k = kj' = maxk i
I

k, = (Si - bi)/Ti

and

and

objective into a linearfunction, Luss and Smith have
developed a special-purpose algorithm to solve this
model inorders ofmagnitude significantly fasterthan LP
solvers. Recognizing that there are many production vec­
tors x with the sameminimax objective value, Luss and
Smith make the additional requirement that the final
solution should be whattheycalled a "lexicographic"
minimax solution. The natureofthis typeofsolution will
be explained ingreaterdetail shortly.

First, wegive the basic details offinding a
minimax solution. It is easyto see that the problem can
be transformed to onewith alllower boundsIj = O. Then,
foreachresource i, define:
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must be overcome before it can be used in IRAM:
- It solves onlysingle-period problems.
- There is no explicit methodfor ensuring integer pro-

duction levels.
Tang givesan algorithm to find an exact integer minimax
solution. However, we choose to use a heuristic method
in order to decrease the algorithm's run time.

In the next sections, wewill describe the modi­
fications made to add these features to the original
algorithm.

This minimax objective function mayalsobe
somewhatless discriminating than an economic objec­
tive. Thus, these lexicographic minimax solutions may
be better referred to as simply being Pareto optimal: that
is, there is no wayto increase production ofanyone pro­
duct withoutdecreasing production for another product.
Asuccessful implementation using the minimax objec­
tiverequires that users knowenough about the products
to set correctlytheir lowerbounds and relative priorities.
The advantage ofthe Lussand Smithmodelis that its
optimal solution vectorsare continuous in the input
parameters. This allows the users to controlsmoothly
the algorithm's proposal to the final optimal solution.

Linearand quadraticobjectives also require the
user to set correctlythese or similarparameters. How­
ever, the long run times for algorithms using these
objectives functions mean that heuristic methods will
most likely be used to determine these settings without,
or withminimal, user intervention, as noted by
Mitchell.' In contrast, an implementation ofthe Luss
and Smithalgorithmcan treat these soft inputsas "con­
trol parameters" that users can easily change if they do
not likea specific feature ofthe current solution. Over
time,users will empirically learn the "responsiveness" of
the solution to these changes, and hence, be able to pin­
pointquickly an optimal solution for them.

IRAM's Multi-period Algorithm. Duringthe develop­
ment ofIRAM, Lussand Smith," working together and
with Klein, developed a multiperiod algorithm usinga
minimax objective function that is cumulative overtime.
However, this algorithm requires that all resources be
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storable, i.e., material rather than capacity constraints. If
so, it is always possible to reserve capacity available in
one periodto fulfill production due in a later period. Thus,
there would neverbe any need to pre-produce. However,
since IRAM must be able to simulate both material and
capacity resources, this algorithm cannotbe used. In
addition, the multiperiod problemcannotbe solved as a
series of independentsingle-period problemsbecause
the algorithm must be able to handle lead-time offsets.

Thus, we convertthe multiperiod problem into
an "equivalent" single-period problem. First,weexpand
the product and resource lists to include a separate
"artificial" productand resource for each periodin the
analysis. Thus, if the original problemhas n products, m
resources, and Ttime periods,this "expanded" single­
periodproblemhas nTproducts and mTresources. For
simplicity ofexposition, wewill represent each ofthese
nt productsas a pair (j,t) that indicates the "real"pro­
duct (between 1 and n) and timeperiod (between 1 and
T) to whichthis artificial product refers. Similarly, the
resources in this expandedsingle-period problemwill be
referred to as pairs (i,t).

The next step in defining our "expanded" single­
periodproblemis to describe howthe multiperiod data
will be used as data for the single-period problem. For
the production data (productdemands,lowerbounds,
and relative priorities), we use the naturalcorrespon­
dence. For example, dU,t) is the demandfor product j in
period t. Defining the capacity ofthe resources in this
expandedproblemis slightly more complicated. Given
the original multiperiod problemcapacities c(i,t), we
definethe expandedsingle-period capacities b (i,t) by:

{

c(i,t) if resource i is not storable
b(i,t) = (6)
. L c(i,s) if resource i is storable

ss:

Similarly, we definethe utilization matrixa (i,t),U,s) ofthe
expandedsingle-period problemfromthe basicutiliza­
tion matrixofthe multiperiod problema ij, as follows



(7)

This combined priority wasderived to make S, and T, of
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(8)

(9)

dU,t) = d(j,t) - XU,t)

blocked at the lexicographic step,wedefine

In this example, dU,t) represents the total "lost" produc­
tionofproduct j at time period t.The algorithm will
attempt to makeup this lostproduction eitherearlieror
later than timet. Ingeneral, wesearchforthe closest
times forwhich U,s) is still free, andloadin the demand
dU,t) with a modified priority a'U,t) intothe production
vectorfortimes.

There are two approaches wecantake to imple­
mentthis period linking. First, wecankeeptrackofthis
rescheduled production as a product completely separate
from the normal production ofproduct j in period s. This
will requireadditional notation: the rescheduled produc­
tionmightbe referred to as dU,t,s) tp indicate it is produc­
tionofproductj produced in period s to satisfy an origi­
naldemand in period t.While this is notationally compli­
cated, it is notespecially difficult to implement. However,
this approach slows down the lexicographic steps
because the numberofproducts is roughly the same
aftereach iteration, with a smaller quantity demanded
eachtime.

The second approach to increasing the
algorithm's efficiency is combining the rescheduled and
original production. This obviously is possible if the
priority ofthe rescheduled production doesnotchange.
However, the users' need to be able to separate their
priorities is deemed veryimportant. Asa result, wehave
turnedto the following heuristic method ofcombining
these two demands:
- Letan "original" demand dU,s) with priority aU,s) anda

"rescheduled" demand ofdu,t) with priority a'U,t) be
"equivalent" to a total demand ofdU,s) + dU,t) with a
combined priority of

(du,s) + dU,t»)

(assuming, fornotational simplicity, that alllead-time
offsets are 0, andthat the multiperiod utilization matrix
doesnotchange overtime):

_jaij ~ S : t , and resource i is storable
a(i,t),U,s) - aij if s - t

o otherwise

Because the schedules forthe corresponding
multiperiod andsingle-period problems mustboth be
feasible, this single-period problem is essentially equiv­
alentto the original problem. To checkthis, notice that
inbothformulations production in period s requiresthe
non-storable resourcesfrom period s and takesaway
capacity ofthe storable resources that could otherwise
have beenused forproduction in allperiods t ~ s.

This single-period problem could be solved
using the standard Luss and Smith algorithm. However,
thisdoesnot ensure that production lostat the first (and
subsequent) lexicographic steps is ever recovered,
because the production goalsforeach product are not
linked overtime. While this drawback will not affect the
optimal minimax value, it would makethe resulting
schedule largely useless. Recall that a final tool must
reschedule anylostproduction inanothertimeperiod
(either earlieror later),and allow users to treat resched­
uled production differently from normal production.

Thus, IRAM createsand solves this equivalent
single-period problem usingthe standardLuss andSmith
algorithm with a modified lexicographic step.The algo­
rithm incorporates "period linking" by explicitly reload­
inganylostproduction backintothe demand vector. To
give users control overthe amount ofresourcesdevoted
to rescheduled-as opposed to normal-production, we
allow themto specify that this affected production receive
a different priority than "normal" production, that is, pro­
duction implemented bymeansofa user-specified multi­
plicative constant. For example, the user can increase
the importance ofproduction that is backscheduled.

Specifically, if product j in timeperiod t is

AT&T TECHNICAL JOURNAL. MAY/JUNE 1989



110

the Lussand Smithalgorithm unchanged. Asa result,
combining these two demandsin this way usually will
not affect the algorithm's results. However, if at the next
iteration, the critical k value ofthe uncombined problem
falls betweenthe priority levels a'U,s) and a'U,t) , then one
of the "separate"productswould haveits demandset to
zero. In this case, it is demonstrable that the production
assigned in the two methods is different.

Our computational experience indicates that
using this heuristic-as opposed to the algorithm where
the demandsare leftseparate-results in an approxi­
mately 25percent decrease in the algorithm's run time,
while the potential error seems to be minor. Asa result,
IRAM is able to generate high-quality solutions to multi­
periodmodels withthe original philosophy ofthe Luss
and Smith algorithm, but withlittleor no extra computa­
tional overhead.

IRAM's Integerlzatlon Heuristic. The other major
modification we need in the basicLussand Smith algo­
rithm ensures integer production levels. At first it might
seem that this mightnot be necessary. Because IRAM
checks onlythe rough cut feasibility ofthe schedule, it
might seem that simply roundingdown the computed
production scheduleto the nearest integer mightbe
sufficiently accurate. However, if the production planto
be checkedhas small production levels, then simple
rounding mayleavesubstantial amountsofunused
resources.Asmentioned above, Tang's exact integeriza­
tion techniquewasdeemed too slowfor our purposes,
for it typically requires manyiterations ofthe basicalgo­
rithm. In this section, wewill describethe heuristic
method IRAM uses.

First,wewill run our multiperiod modification of
the Lussand Smithalgorithm through allits lexico­
graphicsteps, roundingdown the resultinglexicographic
minimax solution to the nearest integer.The main advan­
tage ofthis method-as opposed to applying an integeri­
zation procedureaftereach lexicographic step-is that
wecan use the fast lexicographic updates.

Now wewanta procedurefor determining a
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good use for the resources that havebeen freed by
roundingdown the lexicographic minimax solution.
Thus, for each product, wecompute the totalfraction
ofsatisfied demandoverthe entire timehorizon
(Du,t)/I.dU,t». These valuesare sorted in increasing

t t
order, and the productsare processed in that order, i.e.,
withthose productsexperiencing the largest totalcut
handledfirst. This methodis "greedy" in that products
are processed in this order, withthe largest possible pro­
duction increasesbeing madeat each step, irrespective
ofthe possible effect on other products.

For each product, we makethree passes.
1. We check to see whether the production levels forour

productcan be increasedcloser to the original demand
for it in anytimeperiod.

2. If so, production in each such time period is increased
as much as possible to meet the original product
demand. Bydoingso,we mayhaveeliminated the need
for overproduction in other timeperiods; hence, a
secondpass eliminates anysuch overproduction.

3. This pass determines whether anyremaining shortfall
betweenthe original totaldemandfor the productand
its current totalproduction can be madeup duringany
time period. If it can,we increasethe production as
much as possible in these periods.

Clearly, this integerization methodis crude. In
other applications, more rigorousapproaches maybe
required. For example, evenafterour procedure, and
althoughthe greedy procedurewe havedescribed
makes it unlikely such additional passeswill result in
substantial changes,additional passes through the entire
productlist maystillbe necessaryto makesure no left­
overresources couldbe used by anyother product. In
addition, in the first pass for each product, it maybe
better to increaseeach period'sproduction up to only
one more than the continuous lexicographic minimax
solution rather than allthe way up to the original product
demand. Other possible techniquesmayinclude margi­
nalallocation schemes in which XU,t) is increased foronly



a single (j,t) at a time, or approaches similar to that of
Tang.

In ourexperience, however, this method works
well without adding significantly to the algorithm's
overall running time. Butas wehave stressed, the final
run time is ofparamount importance to the tool's final
acceptability.

Implementation and User Interface
Wenextdescribe IRAM's implementation and

user interface, concentrating on the interactions between
the user's needsand the algorithm's requirements inte­
gratedinto a final tool. Usersrequirea toolthat can
quickly solve planning problems usingthe samelogic as
their MRP system, allowing them control ofthe tool's
operation to makeit responsive to the intangibles that
are partofchoosing the best production schedule.

The algorithm chosenas the basisfor the tool's
operation requiresuser inputto steer it to the best solu­
tion. Acritical decision at this pointis the appropriate
computer environment anduser interface that will be the
bestbridgebetween the mathematics and the users.

It wasdetermined that a PCwould be usedfor
the development ofIRAM. APChas substantial advan­
tages. First, it is an "offline" system. Any changesthe
master scheduler simulates do not affect the production
database. Second, a PCapplication typically canbe more
interactive than the mainframe MRP system. Finally, PCs
are increasingly common infactory environments. Many
master schedulers already use "home-grown" spread­
sheetsto helpdetermine schedule feasibility.

Onedrawback ofPC-based tools is the difficulty
ofinputting newdata. While IRAM canbe usedwithout
an interface to the local MRP system, such an interface is
required as a practical matterto ensure that the user can
quickly obtain and processthe requireddata. IRAM uses
a generic inputfile format that makesit easyto develop
suchan interface from mostMRP systems.

PCsalso canprovide development problems
because they have limited memory resourcesandtheir

computational speedis inferior to a mainframe's. Thus,
while the Luss andSmith algorithm has only moderate
memory requirements, IRAM's implementation required
resourcefulness to prevent the PC'slimitations from
significantly affecting its performance.

With respectto the IRAM user interface itself,
the goalwasto provide an environment whereusers
could critically evaluate anyresource shortages as well
as IRAM's recommended schedule. This is a common
problem fordevelopers ofmany interactive support tools:
theyneed to efficiently codethe main partofthe algo­
rithm, but still develop an interface that is botheasyto
use and "bullet proof," i.e., one that captures user errors
suchas typos. IRAM offers a paradigm fora powerful
interface that is easyto addto many other support tools.

Our interface combines the resource allocation
"engine" with a standardspreadsheetprogram, currently
either Lotus Development Corporation's 1-2-3™ or Sym­
phony'", The allocation engine implements the modified
Luss andSmith algorithm andis coded in the FORTRAN
programming language with standard input/output
(I/O) routines. The spreadsheet has macros to automate
the repetitive tasks-such as generating the engine's
inputfile and reading in the engine's output intothe
appropriate worksheet ranges-required to use the
engine. In addition, additional spreadsheet macros sim­
plify other tasks forthe user, including moving around
the worksheet, running the MRP system interface pro­
gram, and running various types ofoutput analysis.

This arrangement offers significant advantages
to the tool developer. The main engine driving the tool
canbe coded usinga simple flat file interface, thereby
reducing the amount ofinputandoutput analysis the
engine is required to perform. Suchanalysis becomes
the spreadsheet's responsibility. The developer canalso
relyon the spreadsheetformostofthe bullet-proof I/O
routines. Finally, the modularity ofthe entire package is
improved because the interface is almost totally separate
from the tool's engine.

There are advantages to the user as well. Users
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Figure 1. IRAM menu options.

Conclusion
One ofthe reasons for interest in IRAM is the

waythe various phases offinal tooldevelopment

Miscellaneous analysis

• FPS vs MPS (difference, cumulative, or percent)

• Current FPS vs saved FPS
• Summary reports (to printer)

• Exception reports of backschedule
• Graphs (of products, resource)

The techniques used to linkan externalapplica­
tion to a commercial spreadsheet are generic and could
be used withmanyother PC-based supporttools. Of
course, some applications couldnot use this typeof inter­
face because they do not fit the spreadsheet paradigm.
For example, applications that are totally graphics
orientedor that are based on expert systemsprobably
would not be appropriate. In addition, the relative slow­
ness and memorylimitations ofa PCcompared to main­
framecomputersmight rule out other applications. How­
ever,wefeel that manyinteractive "numbercrunching"
applications coulduse such an interface.

View output data

• FPS
• Resource utilization
• Cumulative view
• Save current FPS

View Input data

• MPS
• Lower bounds

• Weights

• BOR
• Capacity

Run external programs

• Allocation engine

• MRP interface
• Detailed resource allocation

interactwiththe tool solely through the spreadsheet,
whichpresumably is naturaland familiar to them.This
can reduce the user's total learningtime because ofthe
ease ofuse ofspreadsheet programs. In addition, the
user has the full powerof the spreadsheet for output
analysis, including easy dataentry and modification,
printed reports, graphics, and databasemanagement.

The IRAM worksheet has a menu tree defined
withmacros. The user can use these menus to choose to
view inputand outputdata, including the MPS (the origi­
nal product demands), the FPS (IRAM's proposedFeasi­
ble Production Schedule),and the BaR (the Bill of
Resources summarizing the product/resource utilization
matrix). In addition, other menu choices run external
programs, including the mainIRAM engine,the MRP
interface program,and a program presentingutilization
detailsfor a specific resource. Finally, the user can run
spreadsheet-based analysis routines that include graphs
ofa specific product's schedules and resource utiliza­
tions,"exception" reports for back-scheduled items,and
comparisons ofpreviously savedproposals. Someofthe
IRAM menu optionsare shownin Figure 1.

Afinal example showsthe additional powerand
flexibility of the spreadsheet interface. In earlydiscus­
sions ofthe tool, it became clear that users wantedto be
able to inputthe lowerbounds in twoways: as absolute
quantities, and as a percentageofthe original schedule.
Similarly, they wishedto view the resource loadsas
absolutequantitiesand as percentagesofthe available
capacity. In a standard interface, these capabilities would
be added withadditional inputvariables that indicate
whether input or output data represented absoluteor
fractional quantities. For IRAM, however, the mainappli­
cationprogramneed not be changed;instead, the data in
the worksheet ranges can be changed fromabsolute
quantitiesto formulas. Indeed, if the formulas are simple
enough, the users maybe able to create them.Thus,
substantial flexibility in the input routines and output
analysis can be arranged withoutmodifying the main
application program.

112

AT&T TECHNICALJOURNAL • MAY/JUNE 1989



interacted. In particular, the user's requirements for a
support tool (ratherthan a "black box") led us to our
choice ofthe objective function, which requiresfunda­
mental levels ofuser input. This, in turn, imposed
requirements on the tool's user interface so users could
critically evaluate the quality ofthe proposed production
plan andcontrol the typesofsolutions the tool generates.
Theseconsiderations influenced the choice ofcomputer
usedforthe tool, and the typesofheuristic methods that
could be used to add specific features to the basicLuss
and Smith model. While wehavepresentedthe storyof
lRAM's development in a "straightline" from the user's
needs to the development ofthe tool's user interface, the
different partsofthe development processactually came
together simultaneously, with the final tool representing
a true example ofresearch and development.

Asoptimization analysts move increasingly
toward tryingto help solve problems forwhich there are
vague orvarying criteriaforjudging the quality ofa solu­
tion, the needwill increase for supporttools to interact
with the end-users' knowledge and experience with the
problem. For these tools, the lessonslearned by study­
inglRAM and similar projects will become increasingly
valuable.
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