DOCUMENT RESUHE

ED 102 727 EA 006 850

AUTHOR Berry, W. L.; ®Whybark, D. Clay

TITLE Research Perspectives for Material Requirements
Planning Systems. Paper No. 434,

INSTITUTION Purdue Univ., Lafayette, Ind. Herman C. Krannert

Graduate School of Industrial Administration.

PUE DATE Nov 73

NOTE 22p.

AVAILABLE FROM Secretary of the Institvte Paper Series, Krannert
Graduate School of fudustrial Administration, Purdue
University, West Lafayette, Indiana 47907 (Paper No.

434, Free)
FDRS PRICE MF-$0.76 HC-$1.58 PLUS POSTAGE
DESCRIPTORS *Computer Programs; Industrial Education; *Management

Systems; *Manufacturing; Mass Production; *Planning;
Research Needs; Scheduling; *Systems Approach

ABSTRACT

Material requirements planning (MRP) systems are
described as management tools for planning and coutrolling production
operations. A wide variety of industries and productior organizations
are credited as reporting significant operating improvements in such
areas as inventory control, production scheduling, delivery
performance, and production costs vhen MRP systems are used. HRP
systems are cited as making significaat improvements in the
management of plant operations by automating many of the routine
decisions involved in scheduling the production of component parts
and controlling the inventory levels of these items. This paper
points out some of the areas in which additional xnowledge would be
useful for designing and implementing MRP systems, indicates
promising areas of research to gain this knowledge, and reports soxze
initial efforts in research on MRP systems. (Author/MLF)
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RESEARCIHI PERSPECTIVES FOR
MATERTAL REQUIREMENTS PLANNING SYSTEMS
by

W. L. Berry and D. Clay Whybark

The MRP Crusade has been officially closed and pronounced
successful. Evidence of this success is found in the growing
number of MRP systems that are being installed in industry and the
diverse nature of the companies making these installations. Suc-
cessful MRP system applications have heen reported by APICS members
from a wide variety of industries and production organizations.[3]
These reports describe significant operating improvements in such
areas as inventory control, production scheduling, delivery per-
formance, and production costs. Many of these ncw MRP installations,
and the general increase in awarencss of MRP systcm advantages, can
be attributed to the MRP Crusade's success in communicating how
these systems improve the management of complex fabrication and
assembly operations.

MRP systems have made two significant improvcments in the
management of plant operations. First, they have proven to be an

effective tool for production planning. That is, MRP focuscs
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management attention on the critical problem cf planning at the
end-item assembly level, rather than on the multitude of detailed
operating problems such as scheduling machines at the shop floor
level or controlling the inventory levels of component parts and
sub-assemblies. Once these production plans have been formalized,
as master assembly schedules, the MRP system computer programs can
be used to translate these schedules into detailed operating plans,
which show the timing of requirements for purchased and manufacturcd
components.

A second important contribution of MRP systems is in automating
many of the routine decisions involved in scheduling the production
of component parts and controlling the inventory levels of thesce
items. One example of this contribution is the ability of an
MRP system to routinely calculate manufacturing prioritics for
Component parts and sub-assemblies. This cnables management to
communicate changes in the final product master schedules di rcctly
to the shop floor level in the form of revisecd scheduling prioritics
for the production of component parts, therchy keeping shop attention
centered on the high priority items.

These important contributions provide some of the impetus for
the increasing number of MRP system installations noted during the
MRP Crusade. There is a risk, however, in declaring the crusade
closed. The impression conveyed, by declaring the crusade closed,

is that it is no longer necessary to focus attention on MRP systems.



In fact, there ure still areas where our knowledge about MRP svstems
is incomplete, and MRP system effectiveness could be improved by
focusing research attention on thesc areas. The purposc of this
paper is to point out some of the areas where additional knowledge
would be useful for designing and implementing MRP systems, to
indicate promising areas of research to gain this knowledge, and

to report some initia. efforts in research on MRP systems.

Motivotions for Research

While MRP systems do offer the advantages ot improving the
production planning process and communicating up-to-date prioritics
for manufactured component parts, one source of difficulty in using
MRP systems is in the day-to-day control of lower lcvel component
production. In situations where final product demand is known
with complete certainty, for several months or more into the future,
the master schedule can be used to forecast the usage of lower
level corponents with complete certainty. llowever, in other situ-
ations, where the fiim faces uncertainty in the demand for its final
products and the master schedules are revised frequently, the MRP
forecasts of lower level component usage arc subject to foreccast
crrors. In tnese cases some modification of the MRP system is
nceded to handle the uncertainty in final product demand.

There are several ways in which MRP systems arc modificd to
accomodate uncertainty in final product demand. Safcty stock and

sufety lead time have been used as devices to compensate for the
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2rrors in MRP forecasts of component part usage. Alternatively,
master schedules arc sometimes frozen for a sufficient period of
time to cover the production lead timc of lower level coamponents.,
Finally, the trequency with which MRP systems arc run is somctimes
increased to allow a more frequent updating of component. requi rements.,
Since the computational costs of running MRP systems arc often
substantial, more frequent runs necessitate techniques such as

Net Change Requirements Planning to reduce the computational cffort.
The use of these devices for improving the performance of MRP
systems in controlling production operations suggest the need for

4 better understanding of the applicability of MRP systems to

. different operating environments.

- Research Necds

Given the promise of MRP systems as a management tool for
planning and controlling production operations, further rescarch
that is directed toward gaining additional knowledge of MRP systems
and their operations, seems desirable. Morcover, given the sub-
stantial costs involved in installing an MRP system and the associ-
ated risks of system failure, research that is devoted to improving
the design of MRP systems and to identifying the critical factors
in achieving successful applications scems worthwhile. Some
promising directions in which such rescarch could proceed are:

. 1. The investigation of formal techniques for the decision-
making aspects of MRP systoems




2. The development of efficient computer software for
. processing data in MRP systems

3. The analysis of management problems cncountered in
installing MRP systems.

The first two of these dircctions deal with the overall design of
an MRP system while the third involves conducting ficld rescarch

to study the implementation process among the uscrs of MRP systems,
We shall describe several pctential areas for research on decision-
making techniques for MRP systems and then offer scveral cxamples
to illustrate the general nature of the remaining two rescarch

directions.

Decision-Making Technique Research: A number of the decisions

required in MRP systems are made routincly through the application

- of formal decision-making techniques. A substantial amount of work
has already been accomplished in developing techniques for makiung
lot size and timing decisions for lower lecvel components and sub-
assemhlies in an MRP system.[1,4] Yet, one is ahle to find very little
guidance to help thc system designer in choosing among the available
lot sizing techniques. As an example, one of the trade-offs faced
py the designer in choosing a lot sizing procedurc, is the trade-
off between the computational efficiency offered by lot sizing
heuristics, such as the Part Period Balancing procedure, and the
solution quality provided by optimizing procedurcs, such as the

N Wagner-Whitin Algorithm. Very few comparative evaluations which

would aid the system designer have heen reported to datc.




Another related decision that is faced by the system designer
has to do with determining which product components shoulu he
included in an MRP system. Bacically, this choice has tn do with
the sclecticn of a forecasting technique for each of the low level
product co>mponents. The designer must decide whether MRP forcecusts
should be prepared for each of the lower level components or, since
there are substantial costs associated with ' ill of material ex-
plosions, whether forecasts that are prepared using statistical
forecasting tcchniques such as exponential smoothing would provide
satisfactory results for these product componcents. When the system
designer is working in a manufacturing cnvironment where very little
uncertainty exists in the demand for final products, and the master
schedules are good predictors of the assembly requirements, MRP
forecasts of component usage.and optimal lot sizing procedures arc
ovbvious choices. Yet, such choices are not as obvious in manu-
facturing environments where substantial uncertainty exists in thc
demand for final nroducts. Thus, one useful arca of rescarch on
decision-making procedures for MRP systems is that of providing
better guidelines for the system designer in choosing among the
decision-making techniques that are presently available for MRP
systems.

A second area for research is that of setting safety stock
levels for individual product components. The prohlem of setting

safety stocks for product componcnts in an MRI’ system is not yet
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well understood and rclativcly few techniques exist for this problem.
In reading the literature describing MRP systems and their application
one frequently finds the recommendations that, '"safety stocks should
cither be carried at the end product level or for raw materials.'[2]
This recommendation implies that the uncertainty which exists in
the demand for final products should not hc passed down to lower
level components from the firm's master schedules. In situations
where errors can occur in thc MRP forecasts, hccausc of changes in
the firm's master schedules, some investment in safety stocks for
components might provide a beneficial trade-off against the costs
associated with resciricting the use of safety stocks to the highest
- or lowest level in the systen. Thus, research that is centered on
the problems of determining the amount and locution of safety stock
in an MRP system may well pruvide lower overall production costs
by enabling a bhetter trade-off to he achieved hetween inventory
carrying and expediting costs.
A final area of research on the development of decision-
making procedures for MRP systems concerns the preparation of
master schedules. Although many practioners agrec that the master
schedule is a critical input to an MRP system, the problem of
(and techniques for) preparing master schedules rcmains largely
. unexamined. One recent analysis of the master schcduling prohlem
has been reported by Tom Vollmann[5]. Vollmann reports a mismatch

between the analytical techniques which are presently available for
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production planning and the master scheduling prohlcm that actually
exists in industry. In addition, he reports the development of
computer models for preparing master schedules that have bheen
implemented at the Ethen Allen Furniture Company. Becausce of the
critical nature of the master scheduling inputs to an MRI’ system,
this area of research ;ould appear to be very productive in improving

the design and operation of MRP systems.

MRP System Software Rescarch: Thus far we have directed our attention

to the decision-making techniques for MRP systems. ‘The performance
of MRP systems can also bhe influenced, however, by the design of
efficient computer software for processing data in MRP systems. An
cxample of some computer software that can consumec considerable
- computer time is the bill of material processor which explodes the
master schedule into time-phased recquirements for the low levce!
product components. The design of bill of matcrial proccssors
has sitracted important attention during the past decade as more
firms have installed MRP systems. Yet, rclatively few studies
have been reported that describe the problem of designing cfficient
software for concucting bill of material explosions. Research
indicating the impact of product structure features such as the
number of component levels, thc number of components at cach level,
cr the average number of components per sub-assembly may well he
helpful in stimulating work on improved compurer software tor MRP

systems.
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implementation Research: Another arca for rescarch, that is

virtually uncxplored, concerns the analysis of the management
problems encountered in installing MRP systems. These problems
include the question of whether or not to install an MRP .vstem for
a particular manufacturing situation and the determination cf the
best approach for administering the implementation process. As an
cxample, such research may profitably focus on the development of
criteria for deciding whether or not an MRP system is an appropriate
planning and control technique for a specific manufacturing process.
For example, is the fact that a lcvel by lcvel product structurce
exists, a sufficient justification for the installation of an MRP
system or should factors such as the level of uncertainty in final
product demand be considered in determining whether an MRP' systoem
should be installed? There is a relationship here with our previous
suggestions, in that the development of techniques for improving the
utility of an MRP system when there is demand unccrtainty would
reduce the importance of that factor in deciding whether to move
ahead on the installation of an MRP system. It also scems likely
that a systematic analysis of successful and unsuccessful MRP
applications would be a useful step in analyzing the management

problems encounterced in implementing MRP systems.

Initial ‘Research Efforts

Our own work on MRP systems focnsed initially on the desipn

and evaluation of decision-making proccedures. I'n the course of
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this work we found that very little tcaching material exists

introducing university students in business and industrial epginecring

to the design and operation of MRP systems. Therefore our efforts

have expanded to incorporate two main objectives: 1) to develop

guidelines for selecting demand forccasting and lot sizing proccedures

for MRP systems, and 2) to develop teaching materiul to acquaiat and

to involve students with the problems of desigaing MRP systoems.

One aspect of our work consists of developing a simulation

model to comparc the performance of altcrnative forccasting and

lot sizing procedures for MRP systems under different demand con-

ditions, product structurcs,and cost parameters. ‘This simulation

. model permits the comparison of forecasts produced by statistical
procedures, such as cxponential smoothing, with MRP forccasts for
component pasts which are derived from production master schedules.
It also allow the performance of lot sizing heuristics, such as
the Part Period Balancing and the Silver & Meal procedurcs, to he
compared with the performance of optimizing procedures such as the
Wagner-Whitin Algorithm. The simulation model cutput permits
performance comparisons to he made with regard to any of four
different types of criterion; forecast accuracy, inventory reclatod
costs, service levels, and computing time.

. A second aspect of these cfforts involves preparing teacling
material so that students can work with the simulation model,

thereby enabling them to become involved in the process of designing

12
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an MRP system. In its present form the teaching package includes

several business cases. Onc case presents the concept of time-

phased material requirements planning and introduces the usc of lot

sizing proc:durcs. Several other cases form a computer augmented

case series which presents the problem of designing an MRP systenm.

The students' task is cne of ciwnosing a forecasting and a lot

sizing procedure for each of th¢ fiim's product components. Tle

computer simulation prcgram enables them to investigate a wide

range of design alternatives, and to make recommendations regarding

the best overall MRP system design for the firm.

We have had an opportunity to begin to use the simulation model and

. cases with both undergraduate and graduate students of industrial
management. Our preliminary observations indicate that the simu-
lation ncdel is a valid research vehicle for exploring MRP system
performance and that determining the answers to the research
questions may, indeed, be more complex than would appear on the
surface. The students themselves have made some valuable con-
tributions to our thinking about these questions and have provided
insights into conducting the analysis through their responses to the
material in the classroom. We are convinced that continued rescarch
on MRP systems will provide useful data for thosc firms contemplating

. MRP systems installations, as well as firms that'have bcen using

MRP for some time.

13




copy MNUBLE

12

REFERENCES

1. "Lot Sizing Procedures for Requirements Planning Systoms: A
Framework for Analysis', W. L. Berry, Production and
Inventory Mconagement Journal, Second Quarter, 1972, Vol. 13,
No. 2.

2. '"Material Requirements Planning Systems', J. A. Orlicky
G. W. Plossl, and 0. W. Wight, paper presented at the
13th International Conference of the American Production
and Inventory Control Society, Cincinnati, Ohio, October 8,
1970.

3.

Material Requiremcnts Planning By Computer, G. W. Plossl and

O. W. Wight, a special report published by the American
Production and Inventory Control Society, 1971, 85 pages.

4. "A Heuristic for Selecting Lot Size Quantitics for the {ase
of a Deterministic Time-Varying Demand Rate and Discrete
Opportunities for Repienishment", E, A. Silver and
H. C. Meal, Production and Inventory Management .Journal,
Second Quarter, 1973, Vol. 14, No. 2.

5.

"Capacity Planning: the Missing Link", T. E. Vollmann,

Production and Inventory Management Journal, First
Quarter, 1973, Vol. 14, No. 1.

14




BEST COPY Avmuagg

The following is a listing of Institute Papers which are still in supply.
Copies may be obtained from the Secretary of the Institute Paper and
Reprinu Series, Kramnnert Graduate School of Industrial Administration,
Purdue University, West Lafayette, Indiana 47907.

When requesting copies, please specify paper number.
Paper

No. Title and Authorgs)

101 CIASSIFICATION OF INVESTMENT SECURITIES USING MULTIPLE
DISCRIMINANT ANALYSIS, Keith V. Smith.

150 PORTFOLIO REVISION, Keith V. Smith.

154 HEROES AND HOPLESSNESS IN A TOTAL INSTITUTION: ANOMIE THEORY
APPLIED TO A COLLECTIVE DISTURBANCE, Robert Perrucci.

158 TWO CLASSICAL MONETARY MODELS, Cliff Lloyd.

161  THE PURCHASING POWER PARITY THEORY: IN DEFENSE OF GUSTAV CASSEL
AS A MODERN THEORIST, James M. Holmes.

162 HOAd CHARLIE ESTIMATES RUN-TIME, John Dutton & William Starbuck.
186 REGIONAL ALIOCATION OF INVESTMENT: CORREGENDUM, Akira Takayama.

187 A SUGGESTED NEW MONETARY SYSTEM: THE GOLD VAIUE STANDARD,
Robert V. Hoxrton.

189 FREDICTING THE CONCIUSIONS OF NEGRO-WHITE INTELLIGENCE RESEARCH
FROM BIOGRAFPHICAL CHARACTERISTICS OF THE INVESTIGATOR, John J.
Sherwood and Mark Nataupsky.

226 THE FIRM AS AN AUTOMATION - I., Edward Ames.

234 OPTIMAL ADVIRTISING EXPENDITURE IMPLICATIONS OF A SIMULTANEOUS-
EQUATION REGRESSION ANALYSIS, leonard Parsons & Frank Bass.

239 DECOMPOSABLE REGRESSION MODELS IN THE ANALYSIS OF MARKET POTEN-
TIAIB, Frs-ik M. Bass.

22 ESTIMATING FREQUENCY FUNCTIONS FROM LIMITED DATA, Keith C. Brown.

243  OPINION LEADERSHIP AND NEW PRODUCT ADOPTION, John 0. Summers
and Charles W. King.

254 MANUFACTURERS' SALES AND INVENTORY ANTICIPATIONS: THE OBE
COMPUTATIONAL PROCEDURES, John A. Carlson.

265  APPLICATION OF REGRESSION MODELS IN MARKETING: TESTING VERSUS
FORECASTING, Frank M. Bass.



267
268

269

275

279

282

283

284

285

286

287

288

289
291

295

296

298

BEST COPY AVAILABLE .
A LINEAR FROGRAMVING APFROACH TO ATRPORT CONGESTION, D. W. Kiefer.

ON PARETO OPTIMA AND COMPETITIVE BEQUILIBRIA, PART I. REIATION-
SHIP AMONG EQUILIBRIA AND OPTIMA, James C. Moore.

ON PARTO OPTIMA AND COMPETITIVE EQUILTBRIA, PART II. THE
EXISTENCE OF EQUILIBRIA AND OPTIMA, James C. Moore.

THE FULL-EMPLOYMENT INTEREST RATE AND THF, NEUTRALIZED MONEY
STOCK, Patric H. Hendershott.

RACE AND COMPETENCE AS DETERMINANTS OF ACCEPTANCE OF NEW-
COMERS IN SUCCESS AND FAIIURE WORK GROUPS, Howard L. Fromkin,
Richard J. Klimoski, and Michael F. Flanagan,

DISAGGREGATION OF ANALYSIS OF VARIANCE FOR PAIRED COMPARISONS:
AN APPLICATION TO A MARKETING EXPERIMENT, E. A. Pessemier and
R. D. Teach.

MARKET RESPONSE TO INNOVATION, FURTHER APPLICATIONS OF THE BASS
NEW PRODUCT GROWTH MODEL, John V. Nevers.

FROFESSIONALISM, UNIONISM, AND COLLE:TIVE NEGOTIATION: TEACHER
NEGOTIATIONS EXPERIENCE IN CALIFORNIA, James A. Craft.

A FREQUENCY DOMAIN TEST OF THE DISTURBANCE TERM IN LINEAR
REGRESSION MODELS, Thomas F. Cargill and Robert A. Meyer.

EVALUATING ALTERNATIVE FROPOSALS AND SOURCES OF NEW INFORMATION,
Edgar A. Pessemier.

A MULTIVARIATE REGRESSION ANALYSIS OF THE RESPONSES OF COMPETING
BRANDS TO ADVERTISING, Frank M. Bass and Neil E. Beckwith.

ASSESSING REGULATORY ALTERNATIVES FOR THE NATURAIL GAS PRODUCING
INDUSTRY, Xeith C. Brown.

TESTING AN ADAPTIVE INVENTORY CONTROL MODEL, D. Clay Whybark.

THE IABOR ASSIGNMENT DECISION: AN APPLICATION OF WORK FLOW
STRUCTURE INFORMATION, William K. Holstein and Willian L. Berry.

THE INTERACTION OF GROUP SIZE AND TASK STRUCTURE IN AN INDUSTRIAL
ORGANIZATION, Robert C. Cummins and Donald C. King.

FROJECT AND PROGRAM DECISIONS IN RESEARCH AND DEVELOPMENT,
Edgar A. Pessemier and Norman R, Baker.

SEGMENTING CONSUMER MARKETS WITH ACTIVITY AND ATTITUDE MEASURES,
Thomas Hustad and Edgar Pessemier.

1¢



gEST COPY N NLABLE

300 DIIUTION AND COUNTER~-DILUTION IN REPORTING FOR DEFERRFD FQUITY,
v Charles A. Tritschler.

301 A METHODOLOGY FOR THFE DESIGN AND OPTIMIZATION OF INFORMATION
: PROCESSING SYSTEMS, J. F. Nunameker, Jr.

303 ON FRODUCTION FUNCTIONS AND ELASTICITY OF SUBSTITUTION, K. R.
Kadiyalsa.

305 A NOTE ON MONEY AND GROWTH, Akira Takayama.

309 WAGES AND HOURS AS SIGNIFICANT ISSUES IN COLLECTIVE BARGAINING,
Paul V. Johnson.

31 AN EFFICIENT HEURISTIC AILGORTTHM FOR THE WAREHOUSE LOCATION
FROBLEM, Basheer M. Khumawala.

312 REACTIONS TO LEADERSHTP STYIE AS A FUNCTION OF PERSONALITY
VARIABLES, M. H. Rucker and D. C. King.

314 TESTING DISTRIBUTED IAG MUDELS OF ADVERTISING EFFECT - AN
ANAIYSIS OF DIETARY WEIGHT CONTROL PRODUCT DATA, Frank M. Bass
and Darrall G. Clarke.

317 BEHAVICR QF THE FIRM UNDER REGUIATORY CONSTRAINT: CIARIFICATIONS,
Mohamed El-Hodiri and Akira Takayama.

- 321 IABORATOR! RESEARCH AND THE ORGANIZATION: GENERALIZING FROM
IAB TO LIFE, Howard L. Framkin and Thomas M. Ostrom.

326 FRIORITY SCHEDULING AND INVENTORY CONTROL IN JOB 10T MANUFACTURING
SYSTEMS, William L. Berry.

328 THF, EXPECTED RATE OF INFLATION BEFORE AND AFTER 1966: A CRITIQUE
OF THE ANDERSEN-CARLSON EQUATION, Patric H. Hendershott.

332 THE SMOOTHING HYPOTHESIS: AN ALTERNATIVE TEST, Russell M.
Barefield and Eugene E. Comiskey.

333 CONSERVATISM IN GROUP INFORMATION PROCESSING BEHAVIOR UNDER
VARYING MANAGEMENT INFORMATION SYSTEMS, Herbert Moskowitz.

33 FRIMACY EFFECTS IN INFORMATION FPROCESSING BEHAVIOR - THE
INDIVIDUAL VERSUS THE GROUP, Herbert Moskowitz.

) 339 UNEXPLAINED VARIANCE IN STUDIES OF CONSUMER BEHAVIOR, F. M. Bass.

) 340  THE PRODUCTION FUNCTION AS A MODEL OF THE REQUIREMENTS CF THE
INFANTRY SERGEANT'S ROLE, R. C. Roistacher and John J. Sherwood.

31 SELECTING EXPONENTIAL SMOOTHING MODEL PARAMETERS: AN APPLI-
CATION OF PATTERN SEARCH, William L. Berry and F. W. Bliemel.

e 1?




345

347

348

349

350

351

35k

355

357

358

367

368

371

372

B7ST COPY AVAILABLE 4

REVERSAL OF THE ATTITUDE SIMITARITY-ATTRACTION EFFECT BY UNIQUE-
NESS DEFRIVATION, H. L. Fromkin, R. L. Dipboye & Marilyn Pyle.

WILL THE REAL CONSUMER-ACTIVIST PLEASE STAND UP, Thomas P.
Hustad and BEdgar A. Pessemier.

THE VALUE OF INFORMATION IN AGGRBGATE FRODUCTION PIANNING -
A BEHAVIORAIL EXPERIMENT, Herbert Moskowitz.

A MEASUREMENT AND COMPOSITION MODEL FOR INDIVIDUAIL CHOICE AMONG
SOCIAL AITERNATIVES, Edgar A. Pessemier.

THE NEOCIASSICAL THEORY OF INVESTMENT AND ADJUSTMENT COSTS,
Akira Takayams.

A SURVEY OF FACILITY IOCATION METHODS, D. Clay Whybark and
Basheer M. Khumawala.

THE IOCUS AND BASIS OF INFLUENCE ON ORGANIZATION DECISIONS,
Martin Patchen.

STUDENT AFPLICATIONS IN A PRINCIPLES COURSE OF ECONOMIC ANALYSIS
TO SEIF-DISCOVERED ITEMS, Robert V. Hoxton.

BRANCH AND BOUND ALGORITHMS FOR LOCATING EMERGENCY SERVICE
FACILITIES, Basheer M. Khumawala.

AN FFFICIENT AIGORITHM FOR CENTRAL FACILITIES LOCATION, Basheex
M. Khumawala.

AN EXPERIMENTAL STUDY OF ATTITUDE CHANGE, ADVERTISING AND USAGE
IN NEW PRODUCT INTRODUCTION, James L. Ginter & Frank M. Bass.

WAREHOUSE LOCATION WITH CONCAVE COSTS, B. M. Khmawala & D. L.
Kelly.

A SOCJAL PSYCHOLOGICAL ANALYSIS OF ORGANIZATIONAL INTEGRATION,
Howard L. Fromkin.

ECONOMICS OF WASTEWATER TREATMENT: THE ROLE OF REGRESSION,
J. R. Marsden, D. E. Pingry and A. Whinston.

THE ROLE OF MODELS IN NEW PRODUCT PIANNING, Edgar A. Pessemier
and H. Paul Root.

BUSINESS POLICY OR STRATEGIC MANAGEMENT: A BROADER VIEW FOR
AN EMERGING DISCIPLINE, Dan E. Schendel and Kenneth J. Hatten.

MUITI-ATTRIBUTE CHOICE THEORY - A REVIFW AND ANAIYSIS, Edgar
A. Pessennier and William I, Wilkie.

18



373

37

375

3Tt

378

379

380

381

38
383
384

385

386
388

389

390

391

GEST COPY AVAILABLE

INFORMATION AND DECISION SYSTEMS FOR FRODUCTION PIANNING: AN
INTER-DISCIPLINARY PERSPECTIVE, H. Moskowitz and J. G. Miller.

ACCOUNTING FOR THE MAN/INFORMATION INTERFACE IN MANAGEMENT
INFORMATION SYSTEMS, Herbert Moskowitz and Richard 0. Mason.

A COMPETITIVE PARITY APPROACH TO COMPETITION IN A DYNAMIC MARKET
MODEL, Randall L. Schultz.

THE HAIO EFFECT AND REIATED ISSUES IN MUITI-ATTRIBUTE ATTITUDE
MODELS - AN EXPERIMENT, William L. Wilkie and John M. McCann.

AN IMFROVED METHOD FOR THE SEGREGATED STORAGE PROBLEM, Basheer
M. Khumawala and David G. Damenbring.

ON THE PROBABILITY OF WINNING IN A COMPETITIVE BIDDING THEORY,
Keith C. Brown.

COST ALIOCATION FOR RIVER BASIN PLANNING MODELS, E. Loehman,
D. Pingry and A. Whinston.

FORECASTING DEMAND FOR MEDICAL SUPPLY ITEMS USING EXPONENTIAL
AND ADAPTIVE SMOOTHING MODELS, E. E. Adam, Jr., W. L. Berry and
D. C. Whybark.

SEITING ADVERTISING APPROFRIATIONS: DECISION MODELS AND
BECONOMETRIC RESEARCH, leonard J. Parsons & Randall L. Schultz.

ON THE OPTIMAL GRGOWTH OF THE TWO SECTOR ECONOMY, John Z.
Drabicki and Akire Takayamws.,

UNCERTAIN COSTS IN COMPETITIVE BIDDING, Keith C. Brown.

EFFECTS OF THE NUMBER AND TYPE OF ATTRIBUTES INCLUDED IN AN
ATTITUDE MODEL: MORE IS NOT BETTER, William L. Wilkie and

Rolf P. Weinreich.

FARETO OPTIMAL ALIOCATIONS AS COMPETITIVE EQUILBRIA, J. C. Moore.

PROFESSOR DEBREU'S "MARKET EQUILIBRIUM" THEOREM: AN EXPOSITORY
NOTE, James C. Moore.

THE ASSIGNMENT OF MEN TO MACHI ™S: AN APPLICATION OF BRANCH
AND BOUND, Jeffrey G. Miller and William L. Berry.

THE IMPACT OF HIERARCHY AND GROUP STRUCTURE ON INFORMATION
PROCESST# IN DECISION MAKING: APPLICATION OF A NETWORKS/
SYSTEMS APPROACH, Devid L. Ford, Jr.

FROCESSING SYSTEMS OPTIMIZATION THROUGH AUTOMATIC DESIGN AND

RECRGANIZATION OF PROGRAM MODULES, J. F. Nunamaker, Jx.,
W. C. Nylin, Jr. and Benn Konsynski.

19



BEST COPY AALLE

3% GPIAN: A GENERALIZED DATA BASE PIANNING SYSTEM, J. F. Runamaker,
D. E. Swenson and A. B. Whinston.

393 SOME ASPECTS OF THE COMPUTATION AND APPLICATION OF FREQUENCY
DOMAIN REGRESSTION IN ECONOMICS, Robert A. Meyer.

394  EFFECTS (F PROBLEM REFRESENTATION AND FEEDBACK ON RATIONAL
BEHAVIOR IN ALIAIS AND MORIAT-TYPE FROBLEMS, Herbert Moskowitz.

395 A DYRAMIC PROGRAMMING APFRCACH FOR FINDING PURE ADMISSIBLE
DECISION FUNCTIONS IN STATISTICAL DECISIONS, Herbert Moskowitz.

396 ENGINEERING FOUNDATIONS OF PRODUCTION FUNCTIONS, James Marsden,
David Pingry and Andrew Whinston.

397 IFFECT OF SOCIAL INTERACTION ON HUMAN PROBABILISTIC INFERENCE,
Herbert Moskowitz and Willibrord T. Silva.

398 A COMPARATIVE ANALYSIS QF ATTITUDINAL PREDICTIONS OF BRAND
FREFERENCE, Frank M. Bass and William I. Wilkie.

399 THE FINANCING - INVESTMENT FUNDS FIOW, Charles A. Tritschler

40O THE EFFECTS OF STRUCTURE ON GROUP EFFICIENCY AND INTERJUDGE
AGREEMENT FOLLOWING GROUP DISCUSSIONS, David L. Ford, Jr.,

laxrry L. Cuumings and George P. Huber.

Lo1 A SOFIWARE srmmmsmmmwwusmnmummm,
Thomas Ho and J. F. NMunamaker.

Loz FINANCIAL CONSTRAINTS ON REGULATED INDUSTRIES, Edna T. Ioehman
and Andrew Whinston.

403 HEURISTIC METHODS FOR ASSIGNING MEN TO MACHINES, AN EXPERIMENTAL
ANAIYSIS, William L. Bexry and Jeffrey G. Miller.

hoi  MIDELS FOR ALIOCATTNG POLICE FREVENTIVE PATROL EFFCRT, David G.
Olson and Gordon P. Wright.

405 THE EFFECT OF REGUIATION ON COST AND WEIFARE, Edna T. Loehman
and Andrew Whinston.

Lo6 SINGLE SUBJECT DISCRIMINANT CONFIGURATIONS, Edgar A, Pessemier.

ko7 MARKET STRUCTURE MODELING VIA CIUSTERING AND DISCRIMINANT
ANALYSIS: A PORTRAYAL OF THE SOFT DRINK MARKET, Donald R.
lenmann and Edgar A. Pessemier.

Log FROFILES OF MARKET SEGMENTS AND FRODUCT COMPETITIVE STRUCTURES,
Fdgar A. Pessemier and James I.. Ginter.

<0




410

411
412
413
42k

415

416

417

418

419
420

421

422

423

L2y

425

ka7

BEST COPY AVAILABLE

T-

MEASURING THE COMULATIVE EFFECTS OF ADVERTIS:NG: A REAPFRA_JAL,
Darral G. Clarke and John M. McCann.

ON BIASED TECHNOLOGICAL FROGRESS, Akira Takayema.
RESEARCH ON COUNTER AND CORRECTIVE ADVERTISING, William L. Wilkie.
ON THE ANALYTICAL FRAMEWORK OF TARIFFS & TRADE POLICY, A. Takayama.

ESTIMATION OF REGRESSION EQUATION WITH CAUCHY DISTURBANCES, K. R.
Kadiyala and K. S. R. Methy.

A Revised Version of THE THEORY OF STOCHASTIC PREFERENCE AND
BRAND SWITCHING, Brank M. Bass.

ANAIYSIS OF TIME-SHARING CONTRACT AGREEMENTS WITH REIATED SUGGESTED
SYSTEMS EVAIUATION CRITERIA, Jo Ann J. Chanoux.

THE DESCRIPTIVE VALIDITY OF THE STATIGNARITY ASSUMPTION IN TIME
DISCOUNTING: AN EXPLORATORY STUDY, Herbert Moskowitz & John Hughes.

A RESOURCE MARKET ENIGMA IN PRINCIPLES .OURSES - SOME UNCHARTED
LINKAGES, Robert V. Horton.

PARTIAL POOLING: A HEURISTIC, Dick R. Wittink,

AN EMPIRICAL-SIMUIATION APPROACH TO COMPETITION, Randall L. Schultz
and Joe A. Dodson, Jr.

EROTIC MATERIAIS: A COMMODITY THEORY ANAIYSIS OF THE ENHANCED
DESIRABILITY WHICH MAY ACCOMPANY THETR UNAVAIIABILITY, Howard I.
Fromkin and Timothy C. Brock.

MUIZIFIRM ANALYSIS OF COMPETITIVE DECISION VARIABLES, Albert R.
Wildt and Frank M. Bass.

EARNINGS VARIABILITY AS A RISK SURROGATE, Russell M. Barefield
and Fugene E. Comiskey.

MARKET STRUCTURE AND PROFITABITITY - ANAIYSIS OF THE APPROPRIATE~
NESS OF POOLING CROSS-SECTIONAL INDUSTRY DATA, Frank M. Bass.

THE EXPIANATORY EFFICACY OF SELECTED TYPES OF CONSUMER PROFILE
VARIABLES IN FASHICN CHANGE AGENT IDENTIFICATION, Charles W.
King and George B. Sproles.

GROUP DECISION-MAKING PERFORMANCE AS INFLUENCED BY CONSENSUS AND
SEIF-ORIENTATION, Paul M. Nemiroff.

AN AIGORTTHM FOR DETERMINING BAYESTAN ATTRIBUTE SINGLE SAMPLING
ACCEPTANCE PLANS, Herbert Moskowitz.

21



428

429

430

431

432

433

BEST COPY AVAILABLE

e

SOME OBSERVATIONS ON THEORIES OF COLIECTIVE DECISIONS, Hexrbert
Moskowitz,

CENTRALIZATION VERSUS DECENTRALIZATION VIA REPORTS OF EXCEPTIONS:
DESCRIPTIVE VERSUS NORMATIVE BEHAVIOR IN A SIMULATED FINANCIAI,
ORGANIZATION, Herbert Moskowitz and W. Murnighan.

EXPERIMENTAL STUDIES OF DISCRIMINATION IN THE EVALUATION OF JOB
APPLICANTS' RESUMES: I. REIATIVE IMPORTANCE OF SEX, ATTRACTIVENESS,
AND SCHOLASTIC STANDING.

STRATEGIC RESPONSES TO TECHNOIOGICAL THREATS, A. Cooper, E. Demuzzio,
K. Hatten, E. Hicks and D. Tock.

COMMERCIAL LOANS AND DEPOSITS OF LARGE COMMERCIAL BANKS, Robert O,
Edmister.

THE CONSUMER FASHION CHANGE AGENT: A THEORETICAL CONCEPTUALIZATION
AND EMPIRICAL IDENTIFICATION, George B. Sproles and Charice W. King.



