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General Information 

The Mexico City Meetings will be held in the auditoria of the Centro Mir- 
dico (Medical Center) in downtown Mexico City and a t  the campus of the 
Universidad Nacional Autonoma de Mirxico (National University of Mexico) 
on the outskirts of the city. The August 22 to 25 sessions will be held a t  the 
Centro Mirdico. The August 26 sessions, sponsored by the T I M S  Colleges, will 
be held a t  the University. 

The local Arrangements Committee has prepared a Ladies' Program of tours 
scheduled to take place while the meetings are in session. In addition, several 
evening social events are planned for participants, wives and guests. No further 
organized activities are contemplated but information on tourist attractions 
and tours will be available a t  the registration desk. 

Climate in Mexico City 

Mexico City climate in August is very pleasant with sunny days and peak 
temperatures in the mid-70's. The evenings are cool and not infrequently rainy 
so that a raincoat or light topcoat is essential. At an altitude of 7300 feet, Mex- 
ico City is not tropical. Also, dress tends to be somewhat formal with suits and 
ties (high heels for the ladies) appropriate for day as well as evening wear. 

Registration 

The registration desk will be located a t  the Hotel del Prado. However, the 
Program and Arrangements Committee urge you to preregister for the meetings 
in order that facilities for sessions and social events can be better planned for 
the benefit of all. An advance registration form is included as part of this pro- 
gram. 

Please note that the forms which have been supplied for preregistration are 
separate from the Hotel reservation forms. Preregistration fees for these meet- 
ings will be returned to anyone not able to attend the meetings upon receipt of 
such a letter of request by the Local Arrangements Committee by July 20th. 

Accommodations 

A form in this program is provided for those who wish to reserve a hotel room 
in the block that has been set aside in the Hotel del Prado by the Local Arrange- 
ments Committee. Requests for hotel reservations may be made directly to the 
Hotel del Prado and as provided on the form, these should be accompanied by a 
deposit of one day's rate, as is customary in Mexico. Special arrangements have 
been made with this Hotel so that anyone not able to attend the Meetings may 
secure a refund of this hotel deposit up to July 20, 1967. Such a request should 
be directed to the Local Arrangements Committee (Comite Local de Organiza- 
cion). D
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' HOTEL RESERVATION FORM 
I 

ADVANCE REGISTRATION FORM 
14th. TlMS International Meeting 

August 22-26, 1967 
Mexico City, Mexico 

I XIV CONGRESOINTERNACIONAL DE CIENCIAS DE LA ADMINISTRACION I 
I I 

I Please reserve the following for M I 
I I 

I Accommodations Prices (please circle) I 
I I 
I Single $ 8.00 dlls. $10.00 $1 2.40 I 
I Double $10.00 dlls. $12.00 $14.40 I 

I I 
I Arrival Date- Departure I 

- - - - - - - - - - - - -
-I 

After 
August 1, 1967 

I 
- I 

I 

U.S.Cy. 23.00 1 
U.S.Cy. 28.00 1 
U.S.Cy. 3.00 1 

I 

U.S.Cy. 9.00 I 
I 
I 
I 
I 
I 
I 

, - - - - - - - - - - - -
14th TlMS International Meeting 

I Check appropriate boxes 

I I plan to attend the meeting 
I would like to preregister 

I Registration fee: MEMBERS 
I NON-MEMBERS* 

I STUDENTS , Conference Banquet. Thurs., 
Aug. 24 

I Conference Luncheon, Fri., 
I Aug. 25 
I I wish information about Post-
I Congress tours and activities 
I I wish information about ladies 
I activities 
I Total Remittance 

I I , Reservations should be received by the Hotel del Prado at least 30 days I 

I before arrival date. I 

I *U.S. Cy. 5.00 may be applied to membership in The lnstitute of Manage- I 
ment Sciences 

I **Or equivalent Please complete other side 
I 
Ir - - - - - - - - - - - - - . - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - -

-1 

I 
I Checks should be made payable to: Hotel del Prado 

- - .  

I Mail to: Sr. Antonio Marroquin I 
I Hotel del Prado I 
I Ave. JuClrez No. 70 I 
I MBxico 1, D. F. I 
I I 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - '  

Before 
August 1, 1967 

U.S.Cy.** 20.00 
U.S.Cy. 25.00 
U.S.Cy. 2.00 

U.S.Cy. 8.00 

"t 
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MAKE CHECKS PAYABLE TO: 14th TlMS INTERNATIONAL MEETING 
AND SEND WITH COMPLETED FORM TO: COMITE LOCAL DE ORGANIZACION 

XIV CONGRESO INTERNACIONAL DE CIENCAS 
DE LA ADMlNlSTRAClON 

c/o FUNDACION FORD 
REFORMA 243 - 7' PIS0 
MEXICO 5, D. F. 

I Last Name (s) 1 1 1 1 I 

I (2)) 'I 
I Initials 

I I 
I Organization I 
I (27) 1 

I I I I I I I I I I I  I 
I 28) 
I Address 

I 

'I Country 
I 
I 

(48) 

Please complete both sides 
I I 
/ Insert as indicated, one letter per space. Leave one space between words. I 
L - - - - - - - - - - - - - - - - - , - - - - - - - - - - J  

Arrangements for hotel accommodations are supplied for the convenience of 
participants and it is, of course, not required that these accommodations be 
used. Persons desiring to do so may delay registering until the Meeting dates 
and they can, if they like, make arrangements for hotel or other accommoda- 
tions on their own account. In the latter case, however, it is advisable to effect 
such arrangements at  the earliest possible moment. The meeting dates occur in 
August, the height of the tourist season, in a city which is famous throughout 
the world for its many and varied attractions. 

Local Arrangements 

Inquiries for further information regarding local arrangements may be sent 
to the following address: 

Comite Local de Organizacion 
XIV Congreso Internacional de Ciencias de la Administracibn 
C/O Fundacion Ford 
Reforma 243-7O Piso 
MkxicoS, D.F., Mkxico 
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Local Transportation 
Transportation will be provided as frequently as possible between the Hotel 

del Prado, where a block of 200 rooms has been reserved, and the Centro 
MCdico or Ciudad Universitaria as required. Taxis are quite inexpensive (in 
general less than $ . lo  U. S. currency per mile) but may not be available and are 
particularly scarce in the event of inclement weather. Thus, participants should 
plan to use the transportation where provided by TIMS when punctuality is at  
issue. This is especially relevant for the College Sessions on Saturday at  the 
new campus. (See T I M S  College section for details.) 

A taxi from the airport to the del Prado costs about 20 peso ($1.60 U. S. 
currency) for one passenger with surcharges for additional passengers. Further 
information about taxicabs (the suggested local transportation) has been pre- 
pared by the Arrangements Committee for distribution at  registration. 

T I M S  Colleges (Held at  the Universidad Nacional Autonoma de Mkxico) 
All of the College programs will be held on Saturday August 26 at  the Na- 

tional University. The entire day has been set aside for College Sessions. Each 
College will be assigned space at the University. 

A more detailed College program, including abstracts in both English and 
Spanish, will be published in a supplement to this program to be passed out 
a t  the Registration Desk during the meetings. 

Bus transportation will be arranged from the del Prado to the various build- 
ings at  U.N.A.M. The campus is eleven miles south of the del Prado. However 
a taxi is less than $25 (Mexican currency) or $2 (U.S. dollars). Nevertheless, 
the non-Spanish-speaking taxi-goer should be armed with the precise location 
of his meeting, including the name of the building and room and "Ciudad 
Universitaria" in writing before attempting to proceed. While returning to the 
del Prado presents no linguistic difficulties, finding a cab may be extremely 
difficult and participants should plan to use the buses provided by the T I M S  
Local Arrangements Committee for their return from the new campus. 

Copies o f  Papers 
Requests for copies of papers, also for information about the papers, should 

be made directly to the authors. Their addresses are contained in the state- 
ment of their affiliation. Please do not contact any of the committee for the 
meeting, the session chairmen, or the Editors of Management Science for such 
information. Also, panel members should be contacted directly about their 
discussions. 

Designation of Sessions and Papers 
Abbreviations are used to identify the technical sessions and papers in these 

sessions. The first letters denote day of the week, and are TU,  W, TH,  F, or S. 
The A or P letter denotes AM or PM. A number from 1 to 4 occurs next, and 
identifies which of the four simultaneous sessions is being considered, includ- 
ing the room for the session. 

Finally, following a period, the last number identifies the location (ordi-
narily of a paper) within the session. When the entire sessions is a panel dis- 
cussion, the period and following number do not occur. 

To illustrate this abbreviated identification procedure, consider THP3.2. 
This designates the second paper in session 3 on Thursday afternoon. 
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Mexico City is one o f  the 
most cosmopolitan cities in 
the world. From elegant 
living to exploration of  an- 
cient ruins, the visitor to 
Mexico will jind entertain-
ment to satisfy a wide 
variety of  taste. The Ar- 
rangements Committee has 
organized visits to a few of  
Mexico City's many attrac- 
tions. The ladies are, how- 
ever, encouraged to contact LADIES PROGRAM 
members of  the Program 
and Arrangements Com- The following events have been scheduled: 
mittees for suggestions on 
shopping, dining and enter- Tues., August 22 

tainment in Mexico City. 10:00 to 1 1 :00 Greeting Session- 
Centro Mkdico* 
Chairman: 

Jesus Rivero Quijano 
11 :00 to 5 :00 Buses at Centro MCdico for 

tour of San Angel, native 
costume fashion show, 
lunch at San Angel Inn, tour 
of Chapultepec Castle, and 
return to del Prado. 

Wed., August 23 (Day free) 

9 :00 p.m. Ballet Folklorico* 
(Spectacular performance 
of the dances of Mexico) 

Thurs., August 24 

9: 30 to 4 :00 Buses at del Prado for tour 
to pyramids of TeotihuacAn, 
lunch at Restaurant Las 
Pirimides, visit to Chapingo 
and Diego Rivera Murals, 
return to del Prado. 

8 :00 p.m. Banquet-del Prado" 
Speaker: 

Herbert A. Simon 
Carnegie Institute of 
Technology 
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d ~ ~ , 

r i ,  August 25 

Sat., August 26 
9.30 to 1.00 

Buses at del Prado for tour 
of Museum of Anthropol-
ogy, return to Centro MC- 
dico. 
Luncheon and Presidential 
Address* 
Speaker: 

Ronald A. Howard 
Stanford University 
President of TIMS 

Buses at Centro MCdico for 

trip to del Prado. 

Buses at del Prado for trip 

to Noche Mexicana Party* 

Buses at Party for return to 

del Prado. 


Buses at del Prado for tour 

of Bazaar del SBbado and 

return to University City. 

Luncheon at 
Speaker: 

Sierra 
Universidad National 
Autonoma de MCxicO 

Buses leave University for 
return to del Prado. 

The charge for the com-
plete Ladies' Program is 
$25.00. Tickets for each 
day will also be sold at 

$9.00 for ~ ~ $9.00 ~ ~ 
for Thursday, $6.00 for Fri-
day and $6.00 for Saturday. 
These prices do not include 
tickets for luncheons, ban- 
quets, and other social af- 
fairs which are part of the 
regular program. 

*These events are part of 
the Regular Program. 
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Wednesday, August 23 
Miercoles, Agosto 23 

Morning WA1 WA2 WA3 WA4 
MaZana Contributed Papers: Math- Computation and Simula- Contributed Papers: Pro- Management Science in 

9:30 AM-12:30 	 PM ematical and Heuristic tion of Individual and duction Scheduling and Government and Public 
Programming Ap- Organizational Behavior Inventory Control Administration I 
proaches to Plant Loca- 
tion and Scheduling 

Trabajos contribuidos: En- Evaluacidrz y simulacidn de Trabajos contribuidos: Ciencia de la administra- 
foques de progamacidn comportamiettto de indi- Tiempos de fabricacidn cidn erz el gobierno y la 
matematicos y heuristicos viduos y organizaciottes de produccidrz y control administracidrz p~iblica 
para /a ubicacioit de plarz- 
tas y horario de pro- 
duccidn 

Auditorium 3 Auditorium 2 Auditorium 6 Auditorium 5 
Auditorio 3 Auditorio 2 Auditorio 6 Auditorio 5 

-

Afternoon WPl 

Tarde Education for Manage- Contributed Papers: Contributed Papers: Math- I Management Science in 
3:00 PM-6:30 PM 	 ment and Management Models of Organization ematical Programming Government and Pub-

Science 	 and Decision Making and Simulation-Some lic Administration I1 
Applications 

1 ErrseZanza para administra- 1 Trabajos contribuidos: Mo- I Trabajos contribuidos: Pro- / Cierzcia de /a administra- 
dores y ciencia de la ad- delos de orgarzizacidn y gramacidrz matemritica y cion en el gobierno y /a 
rninistracidn toma de decisidnes sim~llacidrz-Algutzas apli- admittistracidrt pliblica 

caciones 

Auditorium 2 Auditorium 3 Auditorium 6 Auditorium 5 
Auditorio 2 Auditorio 3 Auditorio 6 Auditorio 5 

. -
t d  Evening 	 Ballet Folklorico 
P 
WI Noche 	 Palacio de Bellas Artes 

9:00 PM 
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Friday, August 25 
Viernes, Agosto 25 

Morning 
MaEarza 

9:30 AM-12:30 PM 

FA1 

Traffic and Transportation Planning 

FA2 

Contributed Papers: Topics in Games and Program- 
ming I 

Auditorium 2 
Auditorio 2 

Trabajos cor7tribuidos: Tdpicos erz juegos 
ci6n I 

Auditorium 3 
A~iditorio3 

y progmma-

LUNCHEON 
Almuerzo 

Presidential Address 
Discurso presiderzcial 
Ronald A. Howard 
Centro MCdico 

Afternoon FPI 1 FP2 

Tarde 
3 ~ 3 0  PM-6:30 PM 

Man-Machine-Systems and Their Place in Econolnic 
Planning 

Contributed Papers: Topics in Games and Program- 
ming I1 

Sistenrcts hombre-nibqr~i/ra y 
mien to ecorzdrnico 

s i ~  ~rbicacidrr en el plarzea- Trabajos corztribnidos: Tdpicos efz j~iegos y 
cirh I I  

programa-

Auditorium 2 
A~rditorio2 

Auditorium 3 
Azrditorio 3 

-- 

0 
N 

3 

Evening 
Noche 

7:30 PM-ll:00 

--- 

PM 

Noche Mexicana Party 
Fiesta: Nocke Mexicrr~za 

Transportation leaves Del Prado at  7:30; Returns at  11:OO 
El transporte parte del Prado a las 19.30 hrs., regresa a las 23 hrs. 

-- 
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Program 

El Programa 


TUESDAY, AUGUST 22 10:W AM-11 :20 AM Auditorium 1 

Greeting Session 

Jefe de ceremonias: JESUSRIVEROQUUANO 
President, Mexican Society for Operations Research and ScientiJic Administration 

20 Noviembre 53, Desp. 106 M6xico I ,  D.F., M6xico 

Greetings and Welcome by Mexican Officials 

Bienvenida y Saludos de las Autoridades de Me'xico 
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TUESDAY AM, AUGUST 22 	 Auditorium 1 

Session TUA 1: 1 1 : 00 AM-1 :30 PM 

Management Sciences--Needs and Opportu-
nities in Latin America 

Ciencias de la Administracion-Necesidades y 
Oportunidades en Latino America 

Chairman: SERGIO BELTRAN 
Centro De Calculo Electronico, Ciudad Universitaria, M h i c o  20, D. F. Mgxico 

TUA1.l 	 Pricing Policy in an Inflationary Environment, HECTOR BOGO and MATIAS E. 
CAMPIANI, Ciencias Economica, Universidad de Buenos Aires, Faculdad de 

Argentina. 


TUA1.2 	 Analisis de la Inflation Monetaria en la Planificacion y Control Financier0 
de la Empresa, PIEREJ. PAVESI ONITCANSCHI,and GUILLERMO Faculdad de 
Ciencias Economicas, Universidad de Buenos Aires, Argentina. 

TUA1.3 	 Un kiodelo De Regulacion De La Industria Azucarera, R ~ M U L OH. GON-
ZALEZ-ZUBIETA,Institute Pannmericano de Alta Direccibn de Empresa, Flo- 
resta 20, Mkxico 16, D.F., Mixico. 

TUESDAY A.M., AUGUST 22 	 Auditorium 2 

Session TUA2: 1 1 :00 AM- 1 :30 PM 

Models for Controlling and Guiding Growth 

Modelos de Control y Guia de Crecimiento 
Chairman: SANTIAGOI .  FRIEDMANN 

Centro de Planeamiento, Universidad de Chile, Casilla 2 777 Santiago, Chile 

TUA2.1 	 An Aggregative Socio-Economic Simulation of a Latin American Country, 
MARTINSHUBIK,Department of Industrial Administration, 2 Hillhouse Aue- 
nue, Yale University, New Haven, Connecticut, USA .  

TUA2.2 	 Optimal Path of Foreign Aid for Self-sustained Growth, SIMONE CLEMHOUT, 
Department of Economics, University of California, Berkeley, California, 
U S A .  

TUA2.3 Models for Controlling and Guiding Growth, THOMAS MULLER,System De- 
velopment Corporation, 5720 Columbia Pike, Falls Church, Virginia, USA.  
(abstract listed under THP1.6) 
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TUESDAY AM, AUGUST 22 	 Auditorium 6 

Session TUA3: 11 :00 AM-I : 30 PM 

Contributed Papers: Mathematical Approaches 
to Reliability and Quality Control 

Trabajos Contribuidos: Enfoques Matematicos 
de Funcionalidad y control de calidad 

Chairman: FRANCISCOVERA ESCOTO 

Escuela de Ingeneria, Instiruto Tecnoldgico y de Estudios Superiores de Monterrey, 


Sucursal de Corros "J",  Monterrey, N.L. ,  Mkxico 


TUA3.1 	 Choosing Economic Control Designs, NORMANN. BARISH,School of Engi-
neering and Science, New York University, University Heights, Bronx, New 
York 10453, U S A .  

TUA3.2 	 A Warranty for an Electronics System, ALFREDG. ASWAD,T R W  Systems 
Inc., Rendondo Beach, California 90278, USA .  

TUA3.3 	 System Decisions from Component Testing, RICHARDBENNETTWILL,Colum-
bia University, New York, New York 10027, U S A .  

TUA3.4 	 Sequential Information and Control of N Homogenous TasksLinear Pro-
gramming of Markovian Decisions, HIDE HINOMOTO, College of Commerce 
and Business Administration, University of Illinois, Urbana, Illinois 61803, 
USA .  

TUA3.5 	 Some Stochastic Control Problems, M.  H. DEGROOT and R. P. HACKLEMAN, 
Carnegie Institute of Technology, Pittsburgh, Pennsylvania 15213, USA .  

TUA3.6 	 Network Delay Analysis, FRANK B. PAGE, Apollo Support Department, Gen- 
eral Electric Company, Daytona Beach, Florida 32015, USA .  

TUESDAY AM, AUGUST 22 	 Auditorium 3 

Session TUA4: 1 1 :00 AM-1 :30 PM 

Management Science ActivitiesEurope 

Actividades de las Ciencias de la 


Administracion-Europa 

Chairman: HENRITHEIL 


Center for Mathematical Studies in Business & Econs., Univ. of Chicago, 

Chicago, Illinois 6063 7,  U S A  


TUA4.1 	 The Evolution of Automation at Electricite et Gaz de France, PIERRE LHER- 
MITTE,Chef du Service Central des Traitements d'lnformations, Electricite 
de France, 68, Rue du Fg. Saint-Honore, Paris 8 ,  France. 

TUA4.2 	 Quadratic Binary Programming, EGON BALAS, Department of Computer Sci- 
ence, University of Toronto, Toronto, Canada. D
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TUA4.3 The Use of Conversational File Handling Computer Systems in Economic 
Planning, P. A. B. HUGHES,C-E-I-R Ltd., C-E-I-R House, 30131 Newman 
Street,  London W.1,England. 

TUA4.4 Effective Decentralization in Decomposable Linear Programming, G U Y  T .  
DE GHELLINCK,Graduate School of Business, University o f  Chicago, 5836 

TUA4.5 Centralism and Economic Independence in Socialistic Economics, A. I. 
KATZENELENBOIGENand E. Y. FAYERMAN,The Academy of Sciences of the 
U .S .S .R . ,  Central Economics-Mathematics Institute, Moscow B-71, U.S.S .R.  

rUESDAY P M ,  AUGUST 22 	 Auditorium 1 

Session TUP1: 3: 30 PM-6: 30 PM 

Plant Location and Country Development 
Ubicacion de Plantas y Desarrollo de Paises 

Chairman: ALANS. MANNE 
Stanford University (on leave to India) c / o  American Embassy-AID 

A P O  New York 09675, U S A  

TUP1.P Capacity Planning Models for Systems of Plant and Road Investments, 
GORANBERGENDAHL,University of Stockholm, Stockholm, Sweden. 

TUP1.2 	 Investments for Expanding the Capacity of India's Nitrogenous Fertilizer In- 
dustry, DONALD ERLENKOTTER and ALAN S. MANNE,U.S.  Agency for Inter- 
national Development, American Embassy, New Delhi, India. 

TUP1.3 	 Programming of the Chilean Network of Slaughterhouses, SANTIAGOI. FRIED-
MANN,Centro de Planeamiento, Universidad de Chile, Santiago, Chile. 
PXTRICIO PALMA and RODRIGO PLAZA, Industria Azucarera Nacional S . A .  
( I A  N S A ) .  

TUP1.4 	 Investment Planning for Additions to Capacity in a System of Plants, DAVID 
KENDRICK,Department of  Economics, Harvard University, Cambridge, Mas- 
sachusetts 02138, U S A .  

TUPl .5  Optimal Choice of Investment Projects, MORDECAIKURZ,Serra House, Stan- 
ford University, Stanford, California 94305, U S A .  

TUP1.6 	 A Multi-Period Two-Stage Model for Locating Alumina and Aluminum Re- 
duction Capacity, BRUCET. MARCUSand ARTHUR J. UNGAR,Kaiser Alumi- 
num & Chemical Corporation, Kaiser Center, 300 Lakeside Drive, Oakland, 
California 94604, U S A .  
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TUESDAY PM, AUGUST 22 	 Auditorium 6 

Session TUP?: 3 :30 PM-6 :30 PM 

Contributed Papers: Models for Planning and 
Growth 

Trabajos Contribuidos: Modelos para 
Planeamiento y Crecimiento 

Chairman: ROMULOGONZALEZ-ZUBIETA 

Institute Panamericano de Alta Direccio'n de Empresa Floresta 20, Mgxico 16, D.F., 


Mixico 


TUP2.1 	 Economic Planning of Servicing Equipment, PAUL A. WEEKES, JOHNC. CHAM-
BERS and SATINDER Corning Glass Works, Corning, New York,K. MULLICK, 
U S A .  

TUP2.2 	 An Approach to Planning Physical Environments, R. S. FREW, V. K. HANDA 
and G. N. SOULIS,Department of Design, University of Waterloo, Waterloo, 
Ontario, Canada. 

TUP2.3 	 C.A.M.P.U.S.-Computer Simulation Model for Planning and Controlling 
University Growth, JACK B. LEVINE, and RICHARD W. JUDY, University of 
Toronto, Toronto 5 ,  Canada. 

TUP2.4 	 Taking Account of People in Growth Models, EVERETTJ.  DANIELS, Lock-
heed-California Company, Burbank, California 91503, U S A .  

TUP2.5 	 Computer Models for USAEC Operational Planning, NELSONH. VANWIE, 
Director, Operations Research Section, Computing Technology Section, Nu- 
clear Division, Union Carbide Corporation, P.O. Box P, Oak Ridge, Tennes- 
see 37830, U S A .  

TUP2.6 	 On Line Planning for Management Control, SOL J.  GEMS and ARTHUR M. 
BENNETT,National System Design, The Mitre Corporation, 5600 Columbia 
Pike, Bailey's Crossroads, Virginia 22041, U S A .  

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

21
6.

73
.2

16
.2

32
] 

on
 1

4 
Ju

ly
 2

02
6,

 a
t 1

0:
55

 . 
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y,

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



TUESDAY P M ,  AUGUST 22 	 Auditorium 2 

Session TUP3: 3 :30 PM-6: 30 PM 

Automation, Computation and Control of 

Factory Operations 


Automatizacion, Evaluacion y Control de 

Funcionamiento de Fabricas 


Chairman: SAMUELEILON 

Imperial College of Science and Technology, Department of Mechanical Engineering, 


Exhibition Road, London, S .  W. 7 ,  England 


TUP3.1 A Theory of Optimal Production Scheduling and Employment Smoothing, 
STEVE A. LIPPMAN, ALAN J .  ROLFE, HARVEY M. WAGNERand JOHN S.  C. 
YUAN,Stanford University, Stanford, California, U S A .  

TUP3.2 Impact of Computers on Management, K. E. KNIGHT,Graduate School of 
Business, Stanford University, Palo Alto, California, U S A  and JOHN A. MIL-
LER,Touche, Ross, Bailey & Smart, New York, New York, U S A .  

TUP3.3 The Place of the Computer in Management Control, BEN B. SELIGMAN, Direc-
tor, Labor Relations and Research Center, The Commonwealth of Massachu- 
setts, University of Massachusetts, Amherst, Massachusetts, U S A .  

TUP3.4 	 Measuring the Effects of ~ u t o m a t i o n  on Management Principles by Simula-
tion, JOHNM. AMOS,AFIT Minuteman School, Minot A.F.B.,  North Dakota, 
U S A .  

TUP3.5 	 Information Processing and Programmed Decision Systems, CHARLESH. 
KRIEBEL,Graduate School of Industrial Administration, Carnegie Institute of 
Technology, Pittsburgh, Pennsylvania 15213, U S A .  

TUP3.6 	 Program Visibility and Control Center, J .  P. HIRL, Westinghouse Electric 
Corporation, Friendship International Airport, Box 1693, Baltimore 3 ,  Mary- 
land, U S A .  

TUP3.7 	 Extensions and Applications of a Theory on Managerial Decision-Making, 
H. KUNREUTHER,Graduate School of Business, University of Chicago, Chi- 
cago, Illinois 60637, U S A .  
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TUESDAY PM, AUGUST 22 Auditorium 3 


Session TUP4: 3 :30 PM-6: 30 PM 


Contributed Papers: Financial Planning, 
Analysis and Control 

Trabajos Contribuidos: Planeamiento 
Financiero, Analisis y Control 

Chairman: CARLOS PAREZ DEL TORO 
Facultad de Comercio y Administracidn Universidad Nacional Autonomia de Mbxico, 

Mixico 20, D.F., Mixico 

TUP4.1 Statistical Credit Scoring of Municipal Bonds, WILLARDT. CARLETON, Amos 
Tuck School of Business Administration, Dartmouth College, Hanouer, New 
Hampshire, U S A  and EUGENEM .  LERNER,Graduate School of Business Ad- 
ministration, Northwestern University, Evanston, Illinois, U S A .  

TUP4.2 Investment Decisions Under Conditions of Inflation, GERALD FLEISCHER, 
University of Southern California, School of Engineering, University Park, 
Los Angeles, California 90007, U S A  and ARNOLDREISMAN,Engineering and 
Business Administration, University of Wisconsin, Milwaukee, Wisconsin, 
U S A .  

TUP4.3 Network Representation to Determine a Tax Minimizing Ownership Pattern 
Among Subsidiaries of a Multi-National Company, DAVID RUTENBERG, Grad-
uate School of Business Administration, University of California, Berkeley, 
California, U S A .  

TUP4.4 Financial Decision Model Under Inflation, FEDERICOFRISCHKNECHT,Uni-
versity of Buenos Aires, Facultad de Ciencias Economicas, Cordoba 2122, 
Buenos Aires, Argentina. 

TUP4.5 An Ex Post Analysis of a Portfolio Selection Model, MILTON DRANDELL, 
Graduate School of Business Administration, University of California, Los 
Angeles, California 90024, U S A .  

TUP4.6 Models for the Analysis of the Impact of Financial Decision Variables on the 
Growth of Firms, J. FRED WESTON, Graduate School of Business Adminis- 
tration, University of California, Los Angeles, Los Angeles, California 90024, 
U S A .  

TUP4.7 Decision Point Data for Product Duration Planning, WILLIAMD. GRIFFIN,The 
Singer Company, 30 Rockefeller Plaza, New York, New York 10020, U S A  
and TERRYW .  HEIL,HRB-Singer, Inc. State College, Pennsylvania, U S A .  

TUP4.8 Efficient Diversification of Portfolio for a Holding Company, B. P. BANERJEE, 
Macneill and Barry, Ltd., 2, Fairlie Place, Calcutta 1 , India. 

TUP4.9 Cash Balance and Simple Dynamic Portfolio Problems, GARYD. EPPENand 
EUGENEF. FAMA, Graduate School of Business, University of Chicago, Chi- 
cago, Illinois 60637, U S A .  
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TUESDAY, AUGUST 2 2 , 7  :30 P M  	 Hotel del Prado 

President's Cocktail Party 

Apertivos del Presidente 


Host: RONALDA. HOWARD 
President of The Institute of Management Sciences and Professor, Stanford University, 

Stanford, California 94305, U S A  

WEDNESDAY A.M., AUGUST 23 	 Auditorium 3 

Session WAl:  9 . 3 0  AM-12:30 PM 

Contributed Papers: Mathematical and Heu-
ristic Programming Approaches to Plant 
Location and Scheduling 

Trabajos Contribuidos: Enfoques de Progama-
cion Matematicos y Heuristicos Para La 
Ubicacion de Plantas y Horario de Produc- 
cion 

Chairman: MURRAYA. GEISLER 
Logistics Department, The Rand Corporation, Santa Monica, California, U S A  

WAl.1 	 A Bound-and-Scan Algorithm for the Site Selection Problem, PAUL GRAY 
and FREDERICK School of Engineering, Stanford University, Stan- S. HILLIER, 
ford, California 94305, U S A .  

WA1.2 	 Optimal Warehouse Location, JULIUS SURKIS, U N I V A C  Data Processing 
Centers, Division of Sperry Rand Corporation, Sperry Rand Building, New 
York, New York 10019, U S A .  

WA1.3 	 Sequential Investment Decisions under Uncertainty, SHIV K. GUPTA and 
JONATHANROSENHEAD, Science Center, University of Management Penn-
sylvania, Philadelphia, Pennsylvania 19104, U S A .  

WA1.4 Milbank-Frawley Circle Model, JOSEPH LEE SWEENEY, Policy Management 
Systems, Inc., 555 Madison Avenue, New York,  New York 10022, U S A .  

WA1.5 	 The Multi-Dimensional P.  PIERSKALLA, Assignment Problem, WILLIAM Opera-
tions Research Group, Case Institute of Technology, Cleveland, 'Ohio 44106, 
U S A .  

WA1.6 	 A Heuristic Algorithm for Sequencing n Technologically Ordered Jobs Through 
m Machines with Passing Permitted, RICHARD A. DUDEKand DAVID D. 
CALVERT,Texas Technological College, Department of Industrial Engineering, 
School of Engineering, Lubock, Texas 79409, U S A .  

WA1.7 	 Tree Search Algorithms in Operations Management, JOHN F. PIERCE, Massa-
chusetts Institute of Technology, Sloan School of Management, Cambridge, 
Massachusetts 02139, U S A .  
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WEDNESDAY A.M., AUGUST 23 	 Auditorium 2 

Session WA2: 9 :  30 AM-12: 30 P M  

Computation and Simulation of Individual and 
Organizational Behavior 

Evaluacion y Simulacion de Comportamiento 
de Individuos y Organizaciones 

Chairman: ROGELIODIAZ-GUERRERO 
Head, Department of Behavioral Sciences, Centro de Calculo Electronica and Head, 


Department of Experimental Psychology, Facultad de Filosojia y Letras, 

Universidad Nacional Autonoma de Mexico, Mexico 20, D.F. 


WA2.1 NIodels for Optimizing The Learning Process, RICHARDC. ATKINSON, Institute 
for Mathematical Studies in the Social Sciences, Stanford University, Stanford, 
California 94305, U S A .  

WA2.2 	 Satisfaction of Need for Information in Groups, MAYNARDW. SHELLY,De-
partment of Psychology, University of Kansas, Lawrence, Kansas 66045, U S A  
and ANDREWC. STEDRY, Graduate School of Industrial Administration, Car- 
negie Inst. of Technology, Pittsburgh, Pennsylvania 15213, U S A .  

WA2.3 	 Computer Simulation of Individual Concept Learning In the Three Person 
Common Target Game, ROBERT C. JOYNER, Department of Psychology, Uni- 
versity of Toronto, Toronto, Canada. 

WA2.4 	 Decision-Making in Small Groups: A Simulation Study, GEOFFREYP. E. 
CLARKSON,London School of Economics (On leave from MIT) ,  London, Eng- 
land. 

WA2.S 	 Behavioral Model Testing and Parameter Estimation Using On-Line Compu- 
tational Systems, MERRILL M. FLOOD,Mental Health Research Institute, 
University of Michigan Medical School, Ann Arbor, Michigan, U S A .  

WA2.6 	 Responsibility Distribution in an Ideal Organizational Hierarchy, IVAN SIRO- 
YEZHIN,Laboratory of Mathematics in Economics, Leningrad University, 
Leningrad, V-164, U S S R .  
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WEDNESDAY A.M., AUGUST 23 	 Auditorium 6 

Session WA3: 9 : 30 AM-12: 30 PM 

Contributed Papers: Production Scheduling and 
Inventory Control 

Trabajos Contribuidos: Tiempos de Fabricacion 
de Produccion y Control de Inventario 

Chairman: ROBERT B. BANKS 
Fundaci6n Ford 243-7" Piso, M6xico 5 ,  D. F., MExico 

WA3.1 	 A Renewal Theoretic Approach to the Estimation of Future Demand for 
Replacement Parts, RICHARDSOLAND,Advanced Research Department, Re- 
search Analysis Corporation, McLean, Virginia 221 01, U S A .  

WA3.2 A Stochastic Rental Inventory Model with a Setup Cost, WILLIAMD. WHISLER, 
Standard Oil Company of California, 225 Bush Street, Sun Francisco, Cali- 
fornia 94120, U S A .  

WA3.3 Inventory Reorder Points Under Service Constraints, ASHOK N. BAKHRU, 
Western Electric Company, Inc., Engineering Research Center, P.O. Box 900, 
Princeton, New Jersey, U S A .  

WA3.4 A Multi-Model Analysis of an Aggregate Scheduling Decision, JOHN R. M. 
GORDON,University of Western Ontario, School of Business Administration, 
London, Canada. 

WA3.5 A Multi-Customer, Time Structured Production Distribution Model, DAVID 
N. H EIZE R, ScientiJic Programming-Operations Research, Allied Chemical 
Corporation, 40 Rector Street, New York, New York 10006, U S A .  

WA3.6 	 A Control System for Aircraft Maintenance, TRUMANEVANS,Systems Planning, 
American Airlines, Maintenance and Engineering Center, Tulsa, Oklahoma 
74151, U S A .  

WA3.7 	 Production System Structure: A Control Application, W. K. HoLsTE1N and 
W. L. BERRY,Haruard University, Graduate School of Business Administra- 
tion, Soldiers Field, Boston, Massachusetts 021 63, U S A .  

WA3.8 	 Priority Scheduling with Setup Times, PETER MEVERT, Booz-Allen Applied 

Research, Inc., % IABGIORG,  8 Munich 33, P.F. 505, W .  Germany. 


WA3.9 	 Strategic Short-Term Production Planning Model, S. K.  MULLICK, J .  C. 

CHAMBERS,and B. C. GILBERT, Corning Glass Works, Corning, New York, 

U S A .  
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WEDNESDAY A.M., AUGUST 23 Auditorium 5 

Session WA4: 9 :  30 A M 1 2 : 3 0  PM 

Management Science in Government and Public 
Administration-I 

Ciencia de la Administracion en el Gobierno y 
la Administracion Publica 

Chairman; ING. ISIDORO MARIN 
Avda. Angel Gallardo 736, Buenos Aires-R. 5 Argentina 

WA4.1 Modelo del Sistema Tributario Chileno, THELMAGALVEZ,Centro de Estudios 
Estadisticos y Matematicos, Facultad de Economia, Universidad de Chile, 
Santiago, Chile. 

WA4.2 A Linear Programming Model for Post Office Investments in Mechanical Sort- 
ing Equipment, HENRY TULKENS, Center for Operations Research and Econo- 
metrics, Catholic University of Louvain, Louvain, Belgium. 

WA4.3 Propuesta de un Criterio de Evaluacion y de una Metodologia Para Deter-
minar una Estrate Gia de Sustitucion de Importaciones, HERNAN ALDABE, 
Consejo Nacional de Desarrollo, Hipolito Irigoyen 250-So, Buenos Aires, Ar- 
gentina. 

WA4.4 Analisis de la Proteccion Aduanera Neta En La Republics Argentina, DANIEL 
SCHYDLOWSKY,FELIX BAJRM and MIGUEL A. CUERVO, Consejo Nacional de 
Desarrollo, Hipolita Irigoyen 250-8", Buenos Aires, Argentina. 

WA4.5 Project Navigate, A Method of Determining Relevance in Long Range Plan- 
ning for National Development, RICHARDPARVIN,Navigate, Inc., 701 Turner 
Street, Florida, USA .  

WA4.6 Development Project Design. A Tool for Management of Economic Develop- 
ment, EUGENE GRASBERG, Developing Planning Project, 1525 18th Street, 
N .  W. ,  Washington 6 ,  D. C. USA .  

WA4.7 Operations ResearchIManagement Science in the Social Security Admin-
istration, JACOB WILLIAMS, Department of Health, Education, and Welfare, 
Social Security Administration, Baltimore, Maryland, USA .  

WA4.8 Analisis de un Sistema Nacional de Recaudacion Fiscal Interno Diagnostico, 
Modelo, Soluciones, PIERREF. J. PAVESI, Lavalle 1268-1" Piso, Buenos Aires, 
Argentina. 

WEDNESDAY P.M., AUGUST 23 Auditorium 2 

Session WPl :  3 100 PM-6: 30 PM 

Education For Management and Management 
Science 

Ensenanza Para Administradores y Ciencia de 
la Administracion 

Chairman: GAETANOCORTESI 
Istituto Per la Ricostruzione Industriale, Via Vittoria Veneto, 89 Roma, Italy 
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WPl.1 	 Management Education in Italy: Past Experiences and Future Developments, 
F. M.  PACCES,School of Business Administration, University of Turin, Piazza 
Arborello, 8 ,  Turin, Italy. 

WP1.2 	 Inference from the Argentina Experience for a General Management Educa-
tion in Administration, M. A. GARCIA,Institute of Administrative Studies, 
School of Economic Sciences, University of Buenos Aires, Cordoba 2122, 
Buenos Aires, Argentina. 

WP1.3 	 Management Education in Mexico, CYRUSF. GIBSON,C / O  The Ford Founda- 
tion, Reforma 243-79 Piso, Mexico 5 ,  D. F. Mexico. 

WP1.4 	 Trends in Management Education: Present and Future, M.  H. SPENCER,School 
of Business Administration, Wayne State University, Detroit, Michigan 48202, 
U S A .  

WP1.5 	 The Gap Between Supply and Demand of Qualified Managers in Mexico, R.  G.  
IRIGOYEN,Galaz, Carstens, Gonzalez Irigoyen Y Cia, Condominio Acero 
Monterrey, Despacho 1023, Apartado Postal 1821, Monterrey, Mexico. 

WP1.6 	 Management Education in Latin America: Needs and Strategies, R. REHDER, 
Graduate School of Business Administration, University of North Carolina, 
Chapel Hill, North Carolina 27514, U S A .  

WP1.7 Group Decisions and Authority, T. LINDNER,Viktorgasse 9, Vienna, Austria. 
WP1.8 Selection and Industrial Training for Efficient Research and Development, 

E. PLUMAT,Glaverbel, S . A . ,  Rue de la Discipline, Gilly, Belgium. 
WP1.9 Attributes of Managers of the Future, H. I. ANSOFFand R. G. BRANDENBURG, 

Graduate School of Industrial Administration, Carnegie Institute of Technology, 
Schenley Park, Pittsburgh, Pennsylvania 15213, U S A .  

WPI.10 	The Role of Education for Management and Management Science in Develop- 
ing Countries, H. K .  MAZUMDAR,Indian Statistical Institute, 203 Barrackpore 
Truck Road, Calcutta 35, India. 

WPl.11 A Cross-Cultural Study of Information and Rational Choice, VINCENTE. CAN- 
GELOSI,Graduate School of Business, University of Texas, Austin, Texas U S A ,  
DAVIDM .  ROBINSON,Louisiana State University, Baton Rouge, Louisiana, 
TURUN KAUPPAKORKEAKOULO, of Turku, Turku, Finland andUniversity 
LAWRENCEL. SCHKADE, Institute Technologico y de Estudios Superiores de 
Monterrey, Sucursal de Correso "J",Monterry, N.L.,  Mexico. 

WP1.12 	 Education for Managers and Management Scientists: Barrier or Bridge, W. R. 
DILL, Education Research and Development, IBM Company, 112 East Post 
Road, White Plains, New York 10601, U S A .  

WP1.13 	 Furthering Innovation in the Management of Organizations, S. L. COOK, De-
partment of Industrial Administration, The University of Aston in Birmingham, 
Gosta Green, Birmingham 4 ,  England. 

WP1.14 	 A Management Science Based Methodology for Management Education, F. DE 

P. HANIKA,Faculty of Social and Economic Studies, University of Khartoum, 
P.0. Box 321, Khartoum, Sudan. 

WP1.15 	 Of Engineers and Executives, A. B. BRONWELL, The School of Engineering, 
The University of Connecticut, Storrs, Connecticut 06268, U S A .  

WP1.16 Managerial Resource Development in Argentina, G. S. EDELBERG, IDEA, In- 
stitute for the Development of Executives in Argentina, Av. Belgrano 1670, 
Buenos Aires, Argentina. 

WP1.17 Development of the "Managineer", RONALDA. HOWARD,Department of 
Engineering-Economic Systems, Stanford University, Stanford, California, 
U S A .  
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WEDNESDAY PM, AUGUST 23 	 Auditoriuni 3 

Session WP2: 3 :00 PM-6: 30 PM 

Contributed Papers: Models of Organization 
and Group Decision Making 

Trabajos Contribuidos: Modelos de 
Organizacion y Toma de Decisiones 

Chairman: C. WEST CHURCHMAN 
School of Business Administration, University of California (Berkeley), Berkeley, 

California, U S A  

WP2.1 A Model for Group Decision Making, JOSE ENCARNACION, JR., School of Eco- 
nomics, University of the Philippines, Diliman, Quezon City, Philippines. 

WP2.2 	 The Organization Chart-A Systems View, DAVIDI. CLELAND,Department of 
Systems Management, School of Engineering, Air Force Institute of Technol- 
ogy, Wright-Patterson A FB, Ohio 45433, U S A .  

WP2.3 	 An Organizational Design for Joint Problem Solving, ROBERTL. SWINTH, 
School of Business, Uniuersity of Kansas, Lawrence, Kansas, U S A .  

WP2.4 Non-Quantitative Models in Management, EDMUNDR. GRAY, Louisiana State 
Uniuersity, Baton Rouge, Louisiana, [JSA. 

WP2.5 	 A Method for Establishing Control Limits About Manpower Management 
Objectives, CARL F. BLOZAN, Resource Management Corporation, 7315 Wis- 
consin Ave., Bethesda, Maryland 20014, U S A .  

WP2.6 	 Quantitative Models of Servicer/User/Funder Behavior in Service Organiza-
tions, NORMANR. BAKER, Purdue University, School ofIndustria1 Engineering, 
Lafayette, Indiana 47907, U S A .  

WP2.7 	 Coordination Problems in Competitive S i tua t ionsA Game Theoretic Study, 
T. S. CHIDAMBARAM, Operations Research Group, Division of Organizational 
Sciences, Case Institute of Technology, Cleveland, Ohio 44106, U S A .  

WP2.8 Convex Approximations and Decentralization-A SUMT Approach, A. 
CHARNES,A. V. FIACCO and S. C. LITTLECHILD,Northwestern University, 
Evanston, Illinois 60201, U S A .  

WP2.9 Adaptive Team Decisions and Value of Information, CHARLESC. YING, Uni-
versity of Rochester, Rochester, New York, U S A .  

WP2.10 	 Tension Management Analys i sA Probabilistic Model, PHILIPE. BARTOW, 
General Electric Co., Philadelphia, Pennsylvania, U S A  and EDMUND D. MOR- 
RISON,Institute for Defense Analysis, Arlington, Virginia, U S A .  

WP2.11 Decision Making and Search in Multidimensional Environment, DAVID KLAHR, 
University of Chicago, School of Business, Chicago, Illinois, U S A .  

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

21
6.

73
.2

16
.2

32
] 

on
 1

4 
Ju

ly
 2

02
6,

 a
t 1

0:
55

 . 
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y,

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



WEDNESDAY PM, AUGUST 23 Auditorium 6 

Session WP3: 3:00 PM-6: 30 PM 

Contributed Papers: Mathematical 

Programming and Simulation- 

Some Approaches 


Trabajos Contribuidos: Programacion 

Matematica y Simulacion-

Algunas Aplicaciones 


Chairman: MANUEL SADOSKY 
Instituto de Crilculo, Facultad de Ciencias Exactes y Naturales, Buenos Aires, Argentina 

MEVA-Mutually Exclusive Vector Algorithm, RAY BERMAN, Weyerhauser 
Company, Tacoma, Washington, U S A .  
The Application of Simulation to the Management of the Court, JOSEPH 
NAVARROand J E A N  TAYLOR, Institute for Defense Analysis, 400 Army-Navy 
Drive, Arlington, Virginia 22202, U S A .  
Implication of Design on Life Cycle Cost Long-Range Planning for Digital 
Computers, STANLEYHAUER and IRVIN KORN, Litton Systems, Inc., Data Sys- 
tems Division, 8000 Woodley Avenue, Van Nuys, Califort~ia, U S A .  
Monte Carlo Approach to Combinatorial Assignment, STANLEYCOHEN and 
HARVEY DUBNER, Computer Applications, Inc., 555 Madison Avenue, New 
York, New York 10022, U S A .  
Optimum Relative Ordering Frequency for Jointly Replenished Items, FRANK 
T. SHU, Mobil Oil Corporation, 150 East 42nd Street, New York, New York 

1001 7 ,  U S A .  

Dynamic Inventory Models and Stochastic Programming, M.  EL. AGIZY, Mobil 

Oil Corporation, 150 East 42nd Street, New York, New York 1001 7 ,  U S A .  

Application of Combinatorial Methods in Information Retrieval, B. DIMSDALE, 
IBM Corporation, Los Angeles Scient13c Center, 10889 Wilshire Boulevard, 
Los Angeles, California 90024, U S A  and B. G .  LAMSON,Center for the Health 
Sciences, University of California, Los Angeles, California, U S A .  
A Dynamic Programming Algorithm of the United States U-235 Production 
Facilities, WILBUR L. KEPHART, Mathematical Modeiing Section, Computing 
Technology Center, Nuclear Division, Union Carbide Corporation, P.O. Box 
P,  Oak Ridge, Tennessee 37830, U S A .  
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WEDNESDAY PM, AUGUST 23 Auditorium 5 

Session WP4: 3 :00 PM-6: 30 PM 

Management Science in Government and Public 
Administration-I1 

Ciencia de la Administracion en el Gobierno 
y la Administracion Publica 

Chairman: EDGARDOREYES SALCIDO 
Escuela de Graduados en Administracio'n, Institute Tecnolo'gico y de Estudios 
Superiores de Monterrey, Sucursal de Correos "J"Monterrey, N.L. ,  Mixico 

WP4.1 A Computer Simulation Model of Municipal Resource Allocation, JOHN P. 
CRECINE,Institute of Public Administration, University of Michigan, Ann 
Arbor, Michigan, U S A .  

WP4.2 Models for Urban Planning, MAURICEKILBRIDGE,Graduate School of Busi- 
ness Administration, Harvard University, Boston, Massachusetts, U S A ,  and 
STRATISCARABATEAS,Doxiadis Associates, Athens, Greece. 

WP4.3 An Inventory and Theory of Games Analysis of Money Balances, A. A. 
WALTERS,University of Virginia, Department of Economics, Charlottesville, 
Virginia, U S A  and VATSALA MUKERJI,Massachusetts Institute of Technology, 
Cambridge, Massachusetts, U S A .  

WP4.4 Implications of the Planning-Programming-Budgeting System for Resource 
Allocation in Universities, DOROTHY M. GILFORD,Mathematical Sciences 
Division, Oflce of Naval Research, Washington, D.C. 20360, U S A .  

WP4.5 Time Sharing Computers in Hospital Research, C.  D. FLAGLE, E. NADDOR 
and J. C. YOUNG, Johns Hopkins University, Baltimore, Maryland, U S A .  

WP4.6 A Computer Aided Approach to Employment Service Placement and Coun-
selling, CHARLESC. HOLT and GEORGE P. HUBER, University of Wisconsin, 
Social Systems Research Institute, Madison, Wisconsin, U S A .  

WP4.7 Analyzing the Criminal Justice System as a Social System, ALFRED BLUM- 
STEIN, RONALD CHRISTENSEN,RICHARDLARSON,and SUE JOHNSON, Institute 
for Defense Analyses, 400 Army-Navy Drive, Arlington, Virginia, U S A .  

WP4.8 Applying Operational English Analysis to Educational Systems, ROGERL. 
SISSON,University of Pennsylvania, Philadelphia, Pennsylvania, U S A .  

WEDNESDAY, AUGUST 23 9 :00 P M  Palacio de Bellas Artes 

Ballet Folklorico 
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THURSDAY A.M., AUGUST 24 	 Auditorium 2 

Session THAI:  9 : 30 AM-12: 30 PM 

Computation and Solution of Large Scale Prob- 
lems in Management and Economics 

Calculo y Solucion de Problemas en Large Es- 
cala en Administracion y Economia 

Chairman; JOZEF SOJKA, CSC 

Vysoka Skola Ekonomicka, Palisady 36, Bratislava Czechoslovakia 


THAl.1 	 Direct Reduction of Large Concave Programs, ARTHUR School of GEOFFRION, 
Business Administration, University of California at Los Angeles, Los Angeles 
24, California, U S A .  

THAl.2 	 A Corporate Financial Simulation Model, GEORGE CorporateW. GERSHEFSKI, 
Economic Planning Division, Sun Oil Company, 1608 Walnut Street, Philadel- 
phia, Pennsylvania 19103, U S A .  

THA1.3 	 Duality and Decomposition in Mathematical Programming, LEON LASDON, 
Operations Research Group, Case Institute of Technology, Cleveland, Ohio 
44108, U S A .  

THA1.4 	 Transforming Matrices in Order to Use the Decomposition Algorithm for Lin- 
ear Programs, ROMANL. WEIL, JR. ,  Graduate School of Business, University 
of Chicago, Chicago, Illinois 60637, U S A .  

THAIS  	 Derivation of Quarterly Figures from Annual Data, JOHNC. G. BOOT, W. 
FEIBESand J. H. C. LISMAN, Department of Management Sciences, State Uni- 
versity of New York at Buffalo, Library Circle, Buffalo, New York 14214, 
U S A .  

THA1.6 	 The Optimal Linear Model of Growth of the National Economy and its Solu- 
tions, ING. ADAM LASEIAK, Cybernetics and Operations Research, Economic 
Institute, Bratislava, Palisady 36, Czechoslovakia. 

THA1.7 Decision Analysis of Multifurcate Trees, JAMESE. MATHESON,Systems Sci- 
ences, Stanford Research Institute, Menlo Park, California 94025, U S A  and 
RONALD A. HOWARD, Division of Engineering-Economic Systems, Stanford 
University, Stanford, California 94305, U S A .  

THA1.8 The Dualplex Method for Large-Scale Linear Programs, SAULI. GASS,IBM,  
Federal Systems Division, 326 E. Montgomery Avenue, Rockville, Maryland, 
U S A .  

THA1.9 A Decomposition Method for Linear Programming Problems with Coupling 
Constraints and Variables, KLAUS RITTER, Mathematics Research Center, The 
University of Wisconsin, Madison, Wisconsin 53706, U S A .  

THAl.10 Simulation of the Argentine Beef Economy, JULIO RUDOLFO GAMBA,Institute 
of Economic Research, Faculty of Economic Sciences, University of Buenos 
Aires, Buenos Aires, Argentina. 

THAl.11 Forecasting a Time Series from a given set of Time Series generated by a 
Stationary Random Process, G. G. HINGORANI, North-and L. F. MARCZYNSKI, 
ern Natural Gas Company, 2223 Dodge Street, Omaha, Nebraska 68102 U S A .  
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THURSDAY A.M., AUGUST 24 	 Auditorium 6 

Session THA2: 9 : 30 AM-12:30 PM 

Contributed Papers: Selected Topics in Man-
agement Science 

Trabajos Contribuidos: Topicos Seleccionados 
en la Ciencia de la Administration 

Chairman: CLARK WILSON 
Instituto Americana de Empress, Apartad 2485, Managua, Nicaragua 

THA2.1 	 Computer Simulation of Adaptive Communications Routing, BARRY BOEHM, 
The Rand Corporation, 1700 Main Street, Santa Monica, California 90406, 
U S A .  

THA2.2 	 Conversion to a Total Management Information System, A. K.  DEKOM,Cal-
umet and Hecla, Inc., 1233 Central Street, Evanston, Illinois 60201, USA.  

THA2.3 	 On the Generation of Doctorates and Their Feedback into Higher Education, 
ARNOLD REISMAN, Engineering and Business Admin., University of Wiscon-
sin, Milwaukee, Wisconsin, U S A  and MARTINI .  TAFT, Engineering and 
Education, University of Wisconsin, Milwaukee, Wisconsin, USA .  

THA2.4 	 Natural Gas Transmission System Optimization: A Mathematical Program- 
ming Model, ARNOLDOHAX, Operations Research Center, University of Cal- 
ifornia, Berkeley, California, USA.  

THA2.5 	 A Theory of the Firm Model with Inventories, H. J .  BOISSEAU JR. ,  Graduate 
School of Business Administration, Tulane University, New Orleans, Louisiana 
701 18, USA .  

THA2.6 	 The Notion of a Production Function, RONALD Department of W. SHEPHARD, 
Industrial Engineering and Operations Research, University of California, 
Berkeley, California, U S A .  

THA2.7 	 Demand and the Decomposition of Sales, HASKEL BENISHAY, Northwestern 
University, Department of Economics, Evanston, Illinois, USA .  

THA2.8 	 Perturbation Theory and Markov Renewal Programming, PAUL SCHWEITZER, 
Institute for Defense Analysis, Weapons Systems Evaluation Division, 400 
Army-Navy Drive, Arlington, Virginia 22002, USA.  

THA2.9 	 Personal Identity, Job  Identity and Employee Commitment, M. GRAHAM and 
R. VALENTINE,Oregon State University, Corvallis, Oregon 97331, USA .  

THA2.10 	The Theory of Product Life-Curves and its Application Possibilities in Man-  
agement, OEC EGON KASPER, Hungarian Academy of Sciences, Budapest V ,  
Jozsef nador ter 2,  Hungary. 

THA2.11 	A Linear Programming Model of Aircraft Purchase and Allocation, WILLIAM 
F. BEAZER,University of Virginia, Charlottesuille, Virginia 22903, USA.  

THA2.12 	Generation and Distribution of Electricity-Research on the Optimal Exploita- 
tion Planning, P. GAUSSENS,Service des Etudes de Reseaux et Calcul Auto- 
matique, Electricite' de France, 17 Avenue de la Liberation, Clamart (92), 
France. D
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THURSDAY A.M., AUGUST 24 Auditorium 3 

Session THA3: 9 :30 AM-12: 30 PM 

Nonlinear Problems and Combinatorics 
Problemas no Lineales y Teoria Combinatoria 

Chairman: J .  ABADIE 
Electricit; de France, Direction des Etudes et Recherches, 7 Avenue de France 92- 

Clamart. Paris, France 

THA3.1 Optimal Multistage Link Addition for Transportation Networks, F. OCHOA 
and A. HERSHDORFER,Department of Civil Engineering, Massachusetts In- 
stitute of Technology, Cambridge, Massachusetts, U S A .  

THA3.2 A Method of Dynamic Programming Applied to  the Design of Natural Gas  
Pipelines, P. T. TAYLOR, Direction de la Recherche Operationnelle, Ofice  
National de I'Energie, Ottawa, Canada. 

THA3.3 Sufficiency Conditions in Non-Linear Programming, M. E. THOMASand D. R. 
RICE, College gf Engineering, University of Florida, Gainesville, Florida 
32601, U S A .  

THA3.4 A Decomposition Principle for the Zero-One Programming Problem, RONALD 
L. GUE, Computer Sciences Center, Institute of Technology, Southern Meth- 
odist Univerxity, Dallas, Texas 75222, U S A .  

THA3.5 Approximate Computational Solution of Nonlinear Parabolic Partial  Differen- 
tial Equations by Linear Programming, J .  B. ROSEN,Computer Sciences De- 
partment, University of Wiscons~n, Madison, Wisconsin, U S A .  

THA3.6 Mixed Integer Linear Program on a Graph, B. ROY and R. BENAYOUN, Metra 
International, S .  E. M .  A , ,  France. 

THA3.7 Determination of Extremal Subgraphs by Boolean Methods, PETRUL. IvXN-
ESCU and SERGIU RUDEANU, Institute of Mathematics, Academy of S .  R. 
Romania, Bucharest, Romania. 

THA3.8 A General Structure for Intelligent Enumeration, SAMSAOWOILERand LINIJS 
SCHRAGE,Stanford IJniversity, Stanford, California, U S A .  
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THURSDAY A.M., AUGUST 2 4  Auditorium 5 

Session THA4: 9 :30 AM-12: 30 PM 

Contributed Papers: Cost Effectiveness and 
Planning, Programming, Budgeting 

Trabajos Contribuidos: Efectividad de Costo y 
Planeamient- Programacion-Presu-
puesto 

Chairman: GEORGE KOZMETSKY 
College of Business Administration, University of Texas, Austin, Texas 78712, U S A  

THA4.1 T a x  Administration From a Game-Theoretic Viewpoint, HARLEY HINRICHS, 
University of Maryland and International Bank for Reconstruction & Develop-
ment, ELLIOTT MORSS, International Monetary Fund and WADE SEWELL, In-
stitute for Defense Analysis, 400 Army-Navy Drive, Arlington, Virginia 
22202, U S A .  

THA4.2 A Computer Assisted System for Manpower Policy Formulation, GILBERT 
BERNSTEIN,Research Analysis Corporation, McLean, Virginia 22101, USA .  

THA4.3 Development of a Program Planning Budgeting System for U. S. Food and 
Drug Administration Field Activities, H. DONALDMESSER,Booz, Allen Ap- 
plied Research, Inc., Bethesda, Maryland 20014, USA.  

THA4.4 Development of Effective Means  for Measurements of Problems Confronting 
Food & Drug Administration, SOCRATESLITISIOSand RODGER D. PARKER, 
Booz, Allen Applied Research Inc., Bethesda, Maryland 20014, USA .  

THA4.5 Bounds to  Revenue Management in a State,  S. HENRY THOMASSEN, Emory 
University, Atlanta, Georgia 30322, USA .  

THA4.6 Project Selection for Economic Development: Efficiency vs. Equity in Economic 
Assistance, MARTINC. MCGUIRE,Ofice of Program Plans and Analysis, Ofice 
of the Asst. Secretary of Commerce, Washington, D.C. 20230, USA.  

THA4.7 Major  Defense Program Initiation Viewed a s  an Investment Problem, WEN-
DELL J. THOMPSON,Chief Operations and Systems Analysis, North American 
Aviation, Inc., International Airport, Los Angeles, California, USA .  
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THURSDAY P.M., AUGUST 24 Auditorium 2 

Session THPI :  3 :00 PM-6: 00 PM 

Contributed Papers: Models for Application in 
Economy Wide Planning and Analysis 

Trabajos Contribuidos: Modelos de Aplicacion 
en Amplio Planeamiento de Economia y 
Analisis 

Chairman: Jos6 TREVIRO 
Centro de Ca'lculo Electrdnico, Instituto Technoldgico y de Estudios Superiores de 

Monterrey, Sucursal de Correos "7,Monterrey, N.L.,  Mixico 

THP1.l Mathematical Programming of Dynamic Input-Output Models for Economic 
Planning, JOHN L. COLLEY and ARNOLD PACKER,Research Triangle Institute, 
P.O. Box 12194, Research Triangle Park, North Carolina 27709, U S A .  

THPl.2 An Application of Mathematical Programming in Economic Planning, G. 
GRAVES,Western Management Sciences Research Institute, University of 
California, California, U S A  and A. WHINSTON,Purdue Uniuersity, West 
Lafayette, Indiana. U S A .  

THP1.3 An Econometric Economy-Wide Quarterly Model of Japan (1955--1965), 
ANTONIOSAGRISTA,Sophia University, 7 Kioicho, Chiyoda-ku, Tokyo, Japan. 

THP1.4 An Application of Marginal Productivity Analysis to the Isthmian American 
Divisions of United Fruit Company, RICHARDLABARGE,Louisiana State Uni- 
versity, New Orleans, Louisiana 70122, U S A .  

THP1.5 A Mathematical Model for the Negotiation of LAFTA Goods, R. FRENKEL, 
V. YOHAI and 0. VARSAVSKY,Centro de Estudios del Desarrollo, Uniuersi- 
dad Central de Venezuelu, Caracas, Venezuela. 

THP1.6 Models of Economic Stagnation and Analysis of Programs to Promote and 
Guide Regional Growth, THOMASMULLER,Systems Development Corpora-
tion, 5720 Columbia Pike, Falls Church, Virginia 22041, U S A .  

THP1.7 The Structure of Some Macro-Econometric Decision Mpdels, WILLIAMT. 
ZIEMBA,JR., Center for Research in Management Science, University of Cali- 
fornia, Berkeley, California, U S A .  

THP1.8 Sharing the Benefits of Productivity Increases, BELAGOLD,Case Institute of 
Technology, Cleveland, Ohio, U S A .  

THP1.9 Strategies for Organization and Diffusion of Research in Developing Coun- 
tries, ALBERT H. RUBENSTEIN and EARL C.  YOUNG, Department oflndustrial 
Engineering and Management Sciences, Northwestern University, Euanston, 
Illinois, U S A .  
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THURSDAY P.M., AUGUST 24 	 Auditorium 6 

Session THP2: 3 : 00 PM-6: 00 PM 

Contributed Papers: Statistical Characteriza-
tions and Approaches to Forecasting and 
Decision Making 

Trabajos Contribuidos: Caracterizaciones Esta-
disticas y Enfoques Para Pronostico y 
Toma de Decisiones 

Chairman: JOSE NIETO DE PASCUAL 
CEIR de Mkxico, S . A .  Reforma 116-1001, Mhxico 6 ,  D.F., M b i c o  

THP2.1 	 A Bayesian Analysis of Non-Response in Dichotomous Processes, GORDON 
KAUFMAN, P. Sloan School of Ma~sachusetts Institute of Technology, Alfred 
Management, Cambridge, Massachusetts 02139, U S A  and BENJAMINKING, 
University of Chicago, Graduate School of Business, Chicago, Illinois 60637, 
U S A .  

THP2.2 	 A Test for Independence of a Multivariate Population, KENNETH MULLEN, 
Department of Biometry, P.O. Box 923, Medical College of Virginia, Rich- 
mond, Virginia 23219, U S A .  

THP2.3 	 A Forecasting Model for Sporadic Demands, WEDEKINDHARTMUT,IBM-
Deutschland, 6000 Frankfurt-Am. Maini l6,  Wilhelm-Leunhuer Str. 32,  West 
Germany. 

THP2.4 Batch Sequential Sampling, RODGERD. PARKER, School of Hygiene and Pub- 
lic Health, Johns Hopkins University, Baltimore, Maryland 21205, U S A .  

THP2.5 Waiting Time Processes in Queueing Systems with Semi-Random Selection 
for Service or Bulk Service, U. NARAYANBHAT,Operations Research Group, 
Case Institute of Technology, Cleveland, Ohio 44106, U S A .  

THP2.6 Some Inequalities in Queuing, KNEAI Bell Telephone Labora- F T. MARSHALL, 
tories, Holmdel, New Jersey, U S A .  

THP2.7 	 The Demand for International Telecommunications: Pooling of Cross-Sections 
Versus Covariance Analyses, ARMANDOM. LAGO, Operations Research Inc., 
1400 Spring Street, Silver Spring, Maryland 20910, U S A .  

THP2.8 Models for Measuring Changes in Physician Expectations About Hospital 
Length of Stay, DAVIDH. GUSTAFSON,School of Business Administration, 
University of Wisconsin, Milwaukee, Wisconsin, U S A .  

THP2.9 Retail Forecasting for Inventory Management, M. D. SEVERSKY,Itzternatiotzal 
Business Machines, 2651 Strung Boulevard, Yorktown Heights, New York 
10598, U S A .  

THP2.10 	 Estimating from Misclassified Data, S.  JAMES PRESS, University of Chicago, 
Graduate School of Business, Chicago, Illinois 60637, U S A .  
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THURSDAY P.M., AUGUST 24 	 Auditorium 3 

Session THP3: 3 :00 PM-6: 00 PM 

Probabilistic Programming and Game Theory 
Programacion Probabilistica y Teoria de 10s 

Juegos 
Chairman: ROBERTM. THRALL 

Department of Mathematics, University of Michigan, Ann Arbor, Michigan 48104, U S A  

THP3.1 Some Extensions of the Action-Timing Model, IVAN OBREGON, IBM de Colom- 
bia, Apartado Aereo, 3536 Bogata, D. E. Colombia. 

THP3.2 Establishing Confidence Regions for Solutions of Linear Programs with Sto- 
chastic and Interdependent Coefficients, HANSJ. ZIMMERMANNand LLOYDL. 
LEHN,Uniuersity of Illinois, Urbana, Illinois, U S A .  

THP3.3 Dual Programming Problems as Hemi-Games, ENRIQUE CANSADO, Inter-
American Statistical Training Center, Casilla 1001 5 ,  Santiago, Chile. 

THP3.4 	 Optimal Integration of Sea and Land Transportation in a Large System with 
Random Elements, BERTIL NASLUND, Department of Business Administration, 
Stockholm Uniuersity, Stockholm, Sweden. 

THP3.5 	 Probabilistic Programming: Old and New Developments in Chance-Con-
strained Programming, A. CHARNESand W. M. RAIKE,Northwestern Uni-
versity, Evanston, Illinois, USA  and M .  J .  L. KIRBY, Dalhousie University, 
Halifax, Nova Scotia, Canada. 

THP3.6 	 Some Results in Stochastic Programming, R. VAN SLYKE, R. WETS, Boeing 
Research Corporation, and G. B. DANTZIG,Operations Research and Compu- 
ter Sciences, Stanford University, Stanford, California 54305, USA .  

THP3.7 	 The 'Value of the Game' as a Tool in Theoretical Economics, LLOYD S. SHAP- 
LEY,Rand Corporation, Santa Monica, California, U S A .  

THP3.8 	 Dual Problems in Convex and Fractional Convex Programming in Functional 
Spaces, E. G. GOLDSTEIN, The Academy of Sciences of the U.S.S.R. ,  Central 
Economics-Mathematics Institute, Moscow B-71, U.S.S.R. 
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THURSDAY P.M., AUGUST 24 	 Auditorium 5 

Session THP4: 3 :00 PM-6 :00 PM 

Contributed Papers: Management Science Ap-
plications in Government and Public Ad-
ministration 

Trabajos Contribuidos: Ciencia de la Admini-
stracion-Aplicaciones en el Gobierno y la 
Adrninistracion Publica 

Chairman: JORGEI .  BUSTAMENTE 
Departmento de Inuestigaci6n de Operaciones, Facultad de Ingeneria, Uniuersidad 

Nacional Autonoma de Mbxico, M6xico 20, D.F., Mbxico 

THP4.1 	 Federal-Reserve and Treasury Relations or the Game of Prisoner Dilemma, 
P. F. BOWERS,Brooklyn College of the City University of New York, Brook- 
lyn, New York, U S A .  

THP4.2 	 Linear Programming Models for Water Resources Management, D. P. 
L o u c ~ sand W. R. LYNN, Cornell University, School of Civil Engineering, 
Ithaca, New York 14850, U S A .  

THP4.3 The Determination of Optimum Document Reproduction Procedures at the 
Clearing House for Federal Scientific and Technical Information (CFSTI), 
ROBERT R. V. WIEDERKEHR W. KING, Westat Research Inc., and DONALD 
7979 Old Georgetown Road, Bethesda, Maryland 20014, U S A .  

THP4.4 	 A Mathematical Programming Approach to the Selection of Urban Renewal 
Projects, JAMESC. T. MAOand ROGER L. WRIGHT, The University of Michi- 
gan, Graduate School of Business Administration, Ann Arbor, Michigan, USA. 

THP4.5 	 The Application of Linear Programming for Determining the Optimal 
Methods of Energy Production for Heating and Cooling a Large Urban Area 
Over a Future Time Period, SEYMOURKAPLAN;School of Engineering and 
Science, New York University, Bronx, New York 10453, USA .  

THP4.6 	 Feasibility of a Time Shared Computer System for Small Cities, HERBERTH. 
ISAACS,Herbert H. Isaacs Research and Consulting, Inc., Westwood Center, 
1100 Glendon Auenue, Los Angeles, California 90024, USA.  
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THURSDAY, AUGUST 24 8:00 PM 	 Hotel Del Prado 

BANQUET 

BANQUETE 


Speaker) HERBERT SIMONALEXANDEROrador 
Richard King Mellon Professor of Computer Sciences and Psychology, Carnegie Institute 

of Technology, Pittsburgh, Pennsylvania 1521 3 ,  U S A  

The Future of Information Processing Tech-
nology 

El Futuro de la Tecnologia del Procesamiento 
de Informacion 

FRIDAY A.M., AUGUST 25 	 Auditorium 2 

Session FA1: 9:30 AM-12:30 PM 

Traffic and Transportation Planning 

Planeamiento de Trafico y Transporte 


Chairman: SIGEITI MORIGUTI 

Department of Mathematical Engineering and Instrumentation Physics, University of 


Tokyo, Bunkyo-Ku, Tokyo, Japan. 


FAl.1 Accessibility and the Design of Transportation Networks, PAUL W. SHULDINER 
and HENRY W. BRUCK, Transport Systems Planning Division, Ojice of High 
Speed Ground Transportation, Department of Commerce, Washington, D. C.  
20230, U S A .  

FA1.2 Broad Comparative Analysis of the Utilization of Commercial and Military 
Transport and Combat Aircraft, WILLIAMGRODOWITZ,Aerospace Programs 
for Evaluation and Techniques, Headquarters, U.S.A.F.,  Washington, D.C. 
20330, U S A .  

FA1.3 	 A Network Model for Commuter Transportation, MASAO IRI, University of 
Tokyo, TSUNEO MORIGAKI, Japanese National Railways, SIGEITI MORIGUTI, 
University of Tokyo, MAKOTAYABE,Japanese National Railways. 

FA1.4 	 An Aircraft Resource Management Model, HARRIETR.  MEADOW,Federal 
Systems Division, IBM Corporation, 18100 Frederick Pike, Gaithersburg, 
Maryland 20 760, U S A .  

FA1.5 	 A Development Model of Transportation, ALAN A. WALTERS,University of 
Virginia, Department of Economics, Charlottesville, Virginia, U S A .  
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FA1.6 	 Transport Industry Planning-A Rail Example of a Multi-Modal Model, 
MARTIN J .  GERRA and DONALDL. SPANTON,Center for Exploratory Studies, 
Federal Systems Division, IBM Corporation, 326 E. Montgomery Avenue, 
Rockville, Maryland 20850, U S A .  

FRIDAY A.M., AUGUST 25 	 Auditorium 3 

Session FA2: 9 :30 AM- 12:30 PM 

Contributed Papers: Topics in Games and Pro- 
gramming-I 

Trabajos Contribuidos: Topicos en Juegos y 
Prograinacion-I 

Chairman: W .  ALLEN SPIVEY 
Graduate School of Business Administration, The University of Michigan, Ann Arbor, 

Michigan, U S A  

On Linear Fractional Programs and Decomposition Algorithms, EARL J .  BELL, 
Graduate School of Business Administration, University of Washington, Seattle, 
Washington, U S A .  
On a Class of Convex and Non-Archimedean Solution Concepts for n-person 
Games, A. CHARNES,Northwestern University, Evanston, Illinois, U S A  and 
K. 0. KORTANEK,Cornell University, Ithaca, New York, U S A .  
Complex: A Complementary Slackness, Out-of-Kilter Algorithm for Linear Pro- 
gramming, W I L L ~ ~ Ms .  JEWELL,University of California, Berkeley, California, 
USA.  
A New Method for the Solution of Quadratic Programming Problems, PAUL 
DOUSSONand ROBERT FERON, Department de Mathematiques, Uniuersite' de 
Lyon, 15, Quai Claude Bernard, Lyon (T),France. 
On Pivotal Schemes and Complementary Solutions, CARLTONE. LEMKE, Amos 
Eaton Hall, Rensselaer Polytechnic Institute, Troy, New York 12181, U S A .  
On some Sequencing Problems, SALAHE. ELMAGHRABY,Cornell University, Col- 
lege of Engineering, Ithaca, New York, U S A .  
Positive Stochastic Programs, BERNARD BEREANU, University of Bucharest, 
Bucharest, Romania. 
Application of Models of Competitive Equilibrium to  Problems of Optimal 
Output 	 Distributions, V. A. VOLKONSKY,The Academy of Sciences of the 
U.S.S.R.,  Central Economics-Mathematics Institute, Moscow B-71, U.S.S.R. 
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FRIDAY, AUGUST 25 1:00 PM-3:00 	 Centro Mkdico 

LUNCHEON 
ALMUERZO 

Presidential Address: 1 RONALDA HOWARD
Discurso del Presidente: 

President of the Institute of Management Sciences and Professor, Department 

of Engineering-Economic Systems, Stanford University, 


Stanford, California 94305 


FRIDAY P.M., AUGUST 25 	 Auditorium 2 

Session FP1: 3:30 PM-6:30 PM 

Man-Machine Systems and Their Place in Eco- 
nomic Planning 

Sistemas Hombre-Maquina y su Ubicacion en 
el Planeamiento Economico 

Chairman: IVANM .  SIROYEZHIN 
Department o f  Cybernetic Economics, Leningrad University, Leningrad V-164, U.S.S.R.  

FPl.1 	 Studies of Man-Machine Management Systems in the U.S.S.R., IVAN M.  
SIROYEZHIN,Department of Cybernetic Economics, Leningrad State University, 
Leningrad V-164, U.S.S.R. 

FP1.2 	 MOS: An On-Line Management Language, GEORGEA. REILLY,Westinghouse 
Research and Development Center, Churchill Boro, Pittsburgh, Pennsylvania 
15235, USA.  

FP1.3 	 Management Science, ManIMachine Systems and Management Practice, A. G. 
BEGED DOV, College of Business Administration, University of Toledo, Toledo, 
Ohio, USA .  

FP1.4 	 A New Look at Economic Planning Based on Recent Development in Computer 
Technology, CARLOS R. PETIT, IBM de Venezuela, Apartado 338, Caracas, 
Venezuela and JOHN H. BRUEMMER,Compania Shell de Venezuela, Apartado 
809, Caracas, Venezuela. 

FP1.5 	 The Hierarchical Structure of Man-Machine Systems, MARTINK. STARR,Grad-
uate School of Business, Columbia Universitj~, Uris Hall, New York, New York 
10027, U S A .  

FP1.6 	 Manual and Automated Control Systems: Assessment and Implications of Cog- 
nitive Requirements, JULIUS MAREK, Institute of Psychology and Social Re-  
search, Technical University of Norway, Trondheim, Norway. 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

21
6.

73
.2

16
.2

32
] 

on
 1

4 
Ju

ly
 2

02
6,

 a
t 1

0:
55

 . 
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y,

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



FRIDAY P.M., AUGUST 25 	 Auditorium 3 

Session FP2: 3:30 PM-6: 30 PM 

Contributed Papers: Topics in Games and Pro- 
gramming-I1 

Trabajos Contribuidos: Topicos en Juegos y 
Programacion-I1 

Chairman: MIGUELCOLINAMARIE 
Diuisi6n General de Bienestar Uniuersitario, Universidad Nacional de Ingeneria, 

Lima, Peru 

FP2.1 	 A Relaxed Interior Penalty Function Algorithm for Nonlinear Programming, 
JAMESE. FALK,Advanced Research Department, Research Analysis Corpora- 
tion, McLean, Virginia, U S A .  

FP2.2 MESA-A Heuristic Integer Linear Programming Technique, C. A. TRAUTH, 
JR., and R. E. WOOLSEY,Sandia Laboratory, Albuquerque, New Mexico, U S A .  

FP2.3 Planning of Transportation Networks, ENRIQUEFURTH,Dunlap and Associates, 
Inc., Darien, Connecticut, U S A .  

FP2.4 	 A Decomposition Approach to a Class of Constrained Stochastic Control Prob- 
lems, JOSEPHL. MIDLER, Rand Corporation, Santa Monica, California, U S A .  

FP2.5 Turnpike Planning Horizons for a Markovian Decision Model, JEREMYF. 
SHAPIRO,Alfred P. Sloan School of Management, Massachusetts Institute of 
Technology, Cambridge, Massachusetts 02139, U S A .  

FP2.6 Computational Problems in Random and Deterministic Dynamical Systems, 
M. M. CONNORS, IBM Corporation, Los Angeles Scienti$c Center, Los Angeles, 
California, U S A .  

FP2.7 	 Optimization of Continuous and Discrete Process by Maximum Principle in 
Econometrics, YOSHIKATSUYOSHIDA,Centro de Plan$cacion y Desarrollo Eco- 
n o m i c ~ ,  Universidad de Carabobo, Valencia, Venezuela. 

FP2.8 	 A Problem in Optional Partitioning of N Planar Stations, LEENERTDE WITTE and 
S. ROY SCHUBERT, Aerospace Corporation, San Bernardino Operations, San 
Bernardino, California, U S A .  

FP2.9 	 Certain Characteristics of a Decision Model Algorithm of the Leontief Type, 
V. Z. BELENKI,The Academy of Sciences of the U.S.S.R. ,  Central Economics- 
Mathematics Institute, Moscow B-71, U.S.S.R. 

FRIDAY, AUGUST 25 	 Transportation at Hotel del Prado 7:30 PM 

Fiesta: Noche Mkxicana 
Mexican Night Party 
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SATURDAY, AUGUST 26 1:00 PM--3:OO PM 	 Unicersidad Nacional 
Autonoma de Mtkico 

LUNCHEON 

BARROS SIERRA 
Orador; 

Rector, Uniuersidad Nacional Autonoma de M b i c o ,  
Mkxico 20, D. F., Mexico 

SATURDAY. AUGUST 26 

COLLEGE ON MARKETING 
General Chairman; DAVID LEARNER 

Batten, Barton, Durstine and Osborn, Inc., 383 Madison Acenue, New York, 
New York 1001 7 

Session SAl : 9 :30 AM-12: 30 PM 

The Theory and Implementation of 

Media Models 


Chairman: FRANKM .  BASS 

Graduate School of Industrial Administration, Purdue University, 


West Lafayette, Indiana 


Speakers: 
SEYMOURBANKS,Leo Burnett Company, Chicago, Illinois. 

SIMON BROADBENT, 
London Press Exchange, London, England. 
DAVID LEARNER, Batten, Barton, Durstine and Osborn, Inc., 383 Madison Ave- 
nue, New York, New York 1001 7. 
WILLIAMMORAN,Young and Rubicam, 285 Madison Avenue, New York, New 
York 1001 7.  
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Session S P l :  3 : 30 PM-6: 30 PM 

Afternoon Session 
Co- Chairmen: 

WILLIAMF. MASSY,Graduate School of Business, Stanford University, Stanford, 
California. 
JOSE ANTONIO FERNANDEZ Diuisibn de Estudios Superiores de Facultad A ~ E N A ,  
de Commercio y Administracibn, Universidad Nacional Autonoma de Mkxico, 
Mexico 20, D. F., Mixico. 

SPl .1  	 Marketing Communication System, HECTOR M. BOGO, Institute of Adminis- 
tration, University of Buenos A ires, Buenos Aires, Argentina. 

SP1.2 	 Diagnostic and Predictive Application of Some Stochastic Marketing Models, 
DONALD G. MORRISON,Graduate School of Business, Columbia University, 
New York, New York. 

SP1.3 	 The Use of Integrative Models in a New Product Program, R. D. DAHL and 
E. X.  GLADSTONE,Xerox Corporation, Rochester, New York. 

SP1.4 	 APACHE-A Stochastic Model for Evaluating Marketing Strategies, CHARLES 
MCCLELLAND,Varian Corporation, Palo Alto, California and HENRY J .  CLAY-
CAMP, Graduate School of Business, Stanford University, Stanford, California. 

SATURDAY, AUGUST 26 

COLLEGE ON ORGANIZATIONS 
General Chairman: ANDREWC. STEDRY 

Graduate School of Industrial Administration, Carnegie Institute of Technology, 
Pittsburgh, Pennsylvania 15213 

Session SA2: 9 : 30 AM-10:45 AM 

Management and Management Science 

Education I 


Chairman: RICARDOMORA MONTES 

Diuisdn de Estudios Superiores, Facultad de Commercio y Administracio'n, 


Universidad Nacional Autonoma de Mbxico, M h i c o ,  D.F. Mkxico 


SA2.1 	 Education for Management Science and Management, F.  M. PACCES, School of 
Business Administration, University of Turin, Turin, Italy. 

SA2.2 	 The Role of the Ford Foundation in Management Education in Latin America, 
CYRUSF. GIBSON,Oficina para Mkxico y Centro America, Ford Fundacio'n, 
Paseo de la Reforma 243-7' Piso, Mkxico 5, D.F. Mbxico. 

SA2.3 	 CINSELA: A Program Which Combines the Advancement of Executive Ability 
with Research on Executive Behavior, BERNARDM. BASS, Management Re-
search Center, Graduate School of Business, University of Pittsburgh, Pitts-
burgh, Pennsylvania 15213 and MATILDE KEJNER, Universidad Nacional de 
Cordoba, Cordoba, Argentina, (Visiting Professor, Management Research Cen- 
ter, University of Pittsburgh). 
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SA2.4 	 The Role of IESE and EAMTC in the Spanish Speaking World, ANTONIO 
VALERO,Institute de Estudios Superiores de la Empresa (IESE),  Universidad 
de Nauarra, Presidente de la European Associatiorz of Management Training 
Centres ( E A  MTC) Brussels, Avenida Pearson, 21, Barcelona-1 7,Spain. 

SA2.5 	 Management Education in the Spanish Speaking World, CHADWICKJ .  HABER-
STROH, School of Business Administration, University of Wisconsin-Milwau-
kee, Milwaukee, Wisconsin 53201. 

Session SA3: 11 :00 AM-12: 15 P M  

Management and Management Science 

Educa tion-I1 


Chairman: RICARDOMORA MONTES 

Divisidn de Estudios Superiores, Facultad de Commercio y Administracidn, 


Universidad Nacional Autonoma de M b i c o ,  Mkxico, D.F. M b i c o .  


A panel discussion, moderated by Lic. Mora, will focus on the issues raised in the 
papers presented in the previous Session. The panel will include all speakers on the 
Management Education I program. The Sessions on Management and Management Sci- 
ence Education will be conducted in Spanish. Audience participation is encouraged 
following the panel discussion and questions in both Spanish and English are welcomed. 

Session SP2: 3 :30 PM-5 :30 PM 

Organization Theory 
Chairman: KENNETHE .  KNIGHT 


Graduate School of Business, Stanford University, Stanford, California 94305 


SP2.1 	 Community Action Organizations: Some Implications of the Barnard-Simon 
Model, CHARLESZ. WILSON and ADRIENNE S. BENNETT, Division of Social Sci- 
ences, Department of Business Enterprise and Accounting, State University of 
New York,  Binghamton, New l'ork. 

SP2.2 	 Experiments in the Behavior of Single Person and Multi-Person Firms in Oligo- 
polistic Markets, AUSTIN CURWOOD HOGGATT, Graduate School of Business 
Administration, University of California, Berkeley, California. 

SP2.3 	 A Basic Theory of Organization, RALPH M.  STOGDILL, The Ohio State Uni-
versity, Colunzbus, Ohio. 

SP2.4 	 Strategy as a Problem Solving Theory of Business Planning, JOSEPH L. BOWER, 
Graduate School of Business, Harvard University, Boston, Massachusetts. 

SP2.5 A Systems Analysis of Organizational Climate, WILLIAMM. EVAN, University 
of Pennsylvania, Philadelphia, Pennsylvania. 
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Session SP3: 5 :30 PM-6: 30 PM 

Exploratory Planning Meeting 
To set up an International Study of the Adoption and Diffusion of Management Sci- 

ence Activities in Organizations. 

Chairman: MICHAELRADNOR 
The Technological Institute, Northwestern University, Euanston, Illinois 60201 

The College on Organization of T I M S  could play an important role in helping to pro- 
mote a world-wide network of studies of the diffusion and progress of the management 
sciences. To this end an informal discussion meeting will be held in order to: 

1. Discuss the feasibility of 	 a coordinated network of studies of the management 
sciences in various countries. 

2. 	Briefly describe those studies already under way, the findings to date and pos- 
sihle extensions. 

3. Identify persons and groups in various countries who would be interested in par- 
ticipating in such a program. 

4. Discuss problems of funding and coordination. 

SATURDAY, AUGUST 26 

COLLEGE ON MANAGEMENT 

PHILOSOPHY 


General Chairman: NICHOLASM.  SMITH 

Research Analysis Corporation, McLean, Virginia 


Session SA4: 9: 30 A M l 2 :  30 P M  

Morning Session 
Chairman: WALTERG.  O'DONNELL 

Room 119, College of Business Administration, University of New Mexico, 
Albuquerque, New Mexico 

SA4.1 	 Cross-Cultural Contrasts and Similarities in Management Methods and Phi-
losophies, EDCARDO REYES SALCIDO, Institute Tecnoldgico y de Estudios 
Superiores de Monterrey, Monterrey, N.L.,  Mkxico. 

SA4.2 	 Teleology-The Paradox of the Science of Management, JACQUES LOBSTEIN, 
Insitute d'Administration des Entreprises de la Faculte de Droit et des Sciences 
Economiques de Paris, Paris, France. 

SA4.3 Sur la Methodologie de la Science de I'Administration, CLAUDE BRUTER, De-
partment of Mathematics, University of Waterloo, Waterloo, Ontario, Canada. 
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Session SP4: 3 :30 PM-6: 30 PM 

Afternoon Session 
Chairman: ERNESTH .  WEINWURM 

DePaul Uniuersity, 25 S .  Wabash Avenue, Chicago, Illinois 

SP4.1 	 Guidelines for Unifying the Management Sciences, WALTERG. O'DONNELL, 
Room 119, College of  Business Administration, University o f  New Mexico, 
Albuquerque, New Mexico. 

SP4.2 	 Dualities in Organization Theory: An Approach to Unifying the Management 
Sciences, W ~ L L ~ A M  Graduate School of  Business Administra- H. MCWHINNEY, 
tion, University o f  California, Los Angeles, California. 

SP4.3 Finance Theory in an Expanded Context, JAMESL. BICKSLER,Stanford Re-
search Institute, Menlo Park, California 94025. 

Session SP5: 6.30 PM-8: 30 PM 

Room Arrangements to be made in Mexico City 


Evening Session 
SP5.1 A Transactional Approach to a Theory of Management, WILLIAMV.  WILMOT, 

JR.,Department of  Management, University o f  Florida, Gainesuille, Florida. 
SP5.2 Preliminaries of the Decision-Making Process, ERNEST DePaulH .  WEINWURM, 

University, 25 S .  Wabash Avenue, Chicago, Illinois. 
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SATURDAY, AUGUST 2 6  

COLLEGE ON LOGISTICS 
General Chairman: ROY HERRMANN 

United States Naval Academy, Annapolis, Maryland 

Session SA5: 9 :  30 A M 1 2  :30 PM 

Problems of Distribution and Communication 
Chairman: PERKINSPEDERICK 

C / O  Logistics Management Institute, 4900 Massachusetts Avenue, N .  W., 
Washington, D. C. 20016 

SA5.1 	 Truck Routing: A Branch and Bound Solution, G. M. ANDRESand J. R. HA- 
MANN,School of Business Administration, University of Minnesota, Minne-
apolis, Minnesota 55455. 

SA5.2 	 Algorithmic and Heuristic Approaches to the Delivery Problem, ROBERT L. 
HAYES,Graduate School of Industrial Administration, Carnegie Institute of 
Technology, Pittsburgh, Pennsylvania 15213. 

SA5.3 	 Multicon~modity Distribution from a Single Location, DAVIDW. MATULA, 
Department of Applied Mathematics and Computer Science, Washington Uni- 
versity, St .  Louis, Missouri 631 30. 

SA5.4 	 A Least Cost Scheduling System for Repair Facilities, ERNEST FREUDMAN, 
Operations Research, General American Transportation Corporation, 7449 N.  
Natchez Avenue, Niles, Illinois 60648. 

SA5.5 	 Large Scale Communication Systems in Military Logistics, ROY HERRMANN, 
31 Pooks Hill Road, Bethesda, Maryland. 

SATURDAY, AUGUST 2 6  

COLLEGE ON MANAGEMENT 

PSYCHOLOGY 


General Chairman: H .  ARTHURHOVERLAND 
U. S .  Naval Postgraduate School, Monterrey, California 

Session SA6: 9:  30 AM-12: 30 PM 

General Session 
Chairman: HAROLDJ .  LEAVITT 

Graduate School of Business, Stanford University, Stanford, California 

SA6.1 	 Dimensions and Parameters of Technical Obsolescence, HOWARDM. VOLLMER, 
Stanford Research Institute, Menlo Park, California. 

SA6.2 	 Organization Design, Personnel Administration and Administrative Expecta-
tions, D. E. MCFARLAND, Michigan State University, East Lansing, Michigan. 
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An International Comparative Study of Innovations in Management Systems, 
LESLIE P. ANDERSON, School of  Business Administration, University of Oregon, 
Eugene, Oregon, VERGIL V. MILLER, Department of Business Administration, 
Oregon State University, Coruallis, Oregon 97331 and RAJWANT SINGH,School 
of Business Administration, Uniuersity of Oregon, Eugene, Oregon. 
An Experimental Study of the Allocation of Financial Resources within Small, 
Hierarchical Task Groups, LOUIS R. PONDY, Duke University, Durham, North 
Carolina and JACOB G. BIRNBERG,Graduate School of Business, University of 
Pittsburgh, Pittsburgh, Pennsylvania. 
Technical, Organizational, and Communicational Dimensions of Work Require- 

ments: Development of Job Design Profiles for Engineering Departments of 

Navy Destroyers, MALCOLMJ. CARR, U. S. Naval Personnel Research Activity, 

Sun Diego, California. 

The Marginal Motivation of Money, RICHARDE. DUTTON,College of Business 

Administration, The University of Texas, Austin, Texas. 


Session SP6: 3 :30 PM-6: 30 PM 

College Session 
Chairman: H. ARTHUR HOVERLAND 

U. S .  Naval Postgraduate School, Monterrey, California 

Information and Rational Choice, VINCENTE. CANGELOSI,Graduate School of  
Business, The University of Texas, Austin, Texas. 
Computer Simulation of Psychological Decision Processes: A Heuristic Ap-
proach, ROBERTD. SMITH,Pennsylvania State Uniuersity, University Park, 
Pennsyluan ia. 
The Value of Time in Bargaining Negotiations: Some Experimental Evidence, 
BRUNO CONTINI, School of Business Administration, University of  California, 
Berkeley, California 94720 
The Measurement of Probability Preferences, BERTRAMSCHONER,College of  
Business Administration, The University of Iowa, Iowa City, Iowa 52240 
Conflict Behavior of Managers in Simulated Oligopolistic Environments, MAR-
TIN PFAFF,Michigan State University, East Lansing, Michigan 
Effects of Success and Failure on Search Behavior and Performance Under 
Different Degrees of Task Responsibility, ARIE LEWIN, New York University, 
New York,  New York. 
Reducing the Decision Variance in Planning, Programming, and Budgeting Sys- 
tems, J. M. KEENAN, Stanford Research Institute, Menlo Park, California 94025 
and H .  ARTHUR HOVERLAND, U. S .  Naval Postgraduate School, Monterrey, 
California. 
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Session SA7: 9 : 30 AM-12: 30 P M  
Session S P  7: 3 :  30 PM-6:30 P M  

Workshops on Research Methodology and Tech- 
niques for Management Psychology 

Chairman: J. M. KEENAN 
Stanford Research Institute, Menlo Park, California 94025 

Participants will be divided into small groups and specific problem areas will be ex- 
amined. The groups will develop a structural framework for classifying methodological 
problems. Practical difficulties in conducting research programs will be stressed. If you 
are interested in participating, please contact the chairman immediately. 

SATURDAY, AUGUST 26 

COLLEGE ON SIMULATION AND 

GAMING 


General Chairman: WILLIAMR. DILL 

Education Research and Development, I B M  Data Processing Division, 112 East Post 


Road,  White Plains, New York 10601 


Session SP8: 3 :30 PM-6: 30 P M  

Chairman: WILLIAMR. DILL 

Education Research and Development, I B M  Data Processing Division, 


112 East Post Road, White Plains, New York 10601 


SP8.1 	 An Application of the Computer to Planning, JOHNP. MICHALSKI,Department 
of  the Air  Force, Headquarters National Range Division, Patrick Air Force 
Base, Florida 32925. 

SP8.2 	 Simulacion De Una Aceria LD En Un Computador IBM 1401, SERGIOCASTILLO, 
Operational Research Service, CompaEia de Acero del Pacijico S A ,  Casilla 
167-0,  Santiago, Chile. 

SP8.3 	 The Determination of Sample Size in Computer Simulation Experiments, 
GEORGES. FISHMAN,The R A N D  Corporation, 1700 Main Street,  Santa Monica, 
California 90406. 

SP8.4 	 Simulation of the Lower-Middle Income Housing Market in Three Cities in 
Pennsylvania, JACKE. GELFAND,Graduate School of  Public A.fSairs, State Uni- 
versity o f  N e w  York ,  Albany, N e w  York.  
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SATURDAY. AUGUST 26  

COLLEGE ON MANAGEMENT CONTROL 

SYSTEMS 


General Chairman: HARRYGROSSMAN 
Security First National Bank, Los Angeles, California 90049 

Session SA8: 9: 30 AM- 12:30 PM 

Chairman: HARRYGROSSMAN 
Security First National Bank, Los Angeles, California 90049 

SA8.1 	 Management Control of Personnel Planning in Organizations with Rapidly 
Changing Technology, HARRY GROSSMAN, Security First National Bank, Los 
Angeles, California 90049. 

SA8.2 	 Managing the Development of Management Controls: The Appropriateness of 
Laissez-Faire? GEORGEF. WEINWURM,Systems Development Corporation, 
2500 Colorado Avenue, Santa Monica, California 90406. 

SA8.3 Information Parameters of Reporting Systems for Development Projects, AN-
THONY A. MASTOR,University of California, Los Angeles, California. 

SA8.4 The Analysis and Forecast of Cash Flows, JAMES M c N .  STANCILL, JR.,  Uni-
versity ofSouthern California, San Diego, California. 

SA8.5 Servomechanisms in Inventory Theory, PETER W. ZEHNA,U.  S .  Naval Post-
graduate School, Monterey, California. 
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SATURDAY, AUGUST 26 

COLLEGE ON MEASUREMENTS IN 
MANAGEMENT 

General Chairnzan; NEILC .  CHURCHILL 
Graduate School of Business Administration, Harvard University. 

Boston, Massachusetts 02163 

Session SP9: 3 :30 PM-6: 30 PM 

Recent Developments in Management Informa- 
tion Systems 

Chairman: PETERA. FIRMIN 
School of Business Administration, Tulane University, New Orleans, Louisiarza 70118 

Session will be a panel discussion with the fol- 
lowing panelists: 

HECTORR. ANTON,University of California, Berkeley, California. 

JAMESJ .  LINN,Tulane University, New Orleans, Louisiana. 

MYRONURETSKY,University of Illinois, Urbana, Illinois. 

ALBERTO BLOCK, Uniuersidad National Autonoma de M h i c o ,  M h i c o  20, 

D.F., Mexico. 
GUILLERMOLOPEZ TAPIA, Coordinator of Data Processing, Aurrera, Uniuersi- 
dad Nacional Autonoma de M h i c o ,  Mkxico 20, D.F., Mb ico .  

SATURDAY, AUGUST 26 

COLLEGE ON RESEARCH AND 

DEVELOPMENT 


General Chairman: WALTERHAHN 
Environnzental Science Service Administration, Rockuille, Maryland 

Session SA10: 9.30 A M 1 2 : 3 0  PM 

Research Management: Studies and Methods 
Chairman; BURTONV .  DEAN 

Case Institute of Technology, Cleveland, Ohio 

SAlO.1 Cost-Benefit Models in Research Management Problems, BURTONV. DEAN, 
Case Institute of Technology, Cleveland, Ohio. 

SA10.2 Remote Studies of R and D Management Using In-House Field Researchers, 
ALBERT H. RUBENSTEIN, and CHARLES W. N. THOMPSON,Northwestern Uni- 
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versify, Department of Industrial Engineering and Management Sciences, 
Evanston, Illinois. 

SA10.3 Planning the Space Requirements in a Future Research Laboratory, JAMESJ.  
buss^, WILLIAMH. PERKINS,and DOUGLAS A. STEVENS, Southern Research 

Support Center, Veterans Administration, Little Rock, Arkansas. 
SA10.4 The Decision-Making Framework in Major Technological Innovations, BELA 

GOLD,Case Institute of Technology, Cleveland, Ohio. 
SA10.5 In-House Research on the Management of R and D in Government Agencies, 

WILLIAML. WILLIAMS,N A S A  Langley Research Center and MICHAEL RADNOR, 
Northwestern Uniuersity, Euanston, Illinois. 

SA10.6 Flow of Scientific and Technical Information: Analysis and Conclusions of a 
Recent Large-Scale Study, ARNOLDF. GOODMAN,Missile and Systems Space 
Division, Douglas Aircraft Company, Huntington Beach, California. 

SA10.7 Management Research and Research Management: A Case Study of Contribu- 
tions and Conflicts, EDWARD B. ROBERTS, Alfred P. Sloan School of Manage- 
ment, Massachusetts Institute of Technology, Cambridge, Massachusetts. 

SATURDAY, AUGUST 26 

C O L L E G E  O N  PLANNING 
General Chairman: RALPHE. BAXTER 

Auery Products Corporation, 415 Huntington Drive, San Marino, California 51108 

Session SP10: 3: 30 PM-6: 30 PM 

New Developments in Planning Technology 
Chairman: BURT NANUS 

System Development Corporation, 2500 Colorado Avenue, 
Santa Monica, California 50406 

SPIO.1 The State-of-the-Art of Planning Models, MARTINK. STARR,Graduate School 
of Business, Columbia Uniuersity, Uris Hall, New York, New York 10027. 

SP10.2 A Planning Model for the Textile Industry, SAM SJOBERG, University of Gothen- 
burg, Gothenburg, Sweden. 

SP10.3 	 The Issuance of Long-Term Securities: Empirical Tests of Received Hypotheses, 
NEVINSD. BAXTER, Wharton School of Finance and Commerce, University of 
Pennsylvania, Philadelphia, Pennsylvania 151 04. 

SP10.4 A Corporate Risk Strategy for Capital Investment Decisions Under Uncertainty, 
CARL SPETZLER, Loyola University, Chicago, Illinois. 

SP10.5 A Bayesian Stochastic Integer Programming Analysis for Long Range Planning 
of Industrial Plant Locations, WILLIAMJ .  WROBLESKI,Graduate School of Busi- 
ness Administration, The University ofMichigan, Ann Arbor, Michigan. 

SP10.6 On Evaluation of Alternative Financial Plans, RICHARD UniversityE. BECKWITH, 
of Southern California, San Diego, California. 
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SATURDAY, AUGUST 26  

COLLEGE ON INFORMATION SYSTEMS 
General Chairman: W .  ROBERTHYDEMAN 

Autonetics Division, North American Aviation Corporation, Anaheim, California 

Session SA11: 9 : 30 AM-12: 30 PM 

Do 	 Computer Applications Support Manage- 
ment Sciences or Vice Versa? 

Chairman: W .  ROBERTHYDEMAN 
Autonetics Division, North American Aviation Corporation, Anaheim, California 

S A l l . 1  	 Man-Machine Interface As a Problem-Solving Catalyst Between Systems En- 
gineer And System User, H. D. FRANKELand W. F. YONDORF,The Mitre 
Corporation, Bailey's Crossroads, Virginia. 

SA11.2 	 Information Technology and Management Science, JOSEPH J .  MAGNINO JR., 
IBM Technical Information Retrieval Center, IBM Armonk, New York. 

SA11.3 	 Scheduling Against A Probabilistic Demand in a Heuristic Environment, FRED-
ERICK F. FENNEMA, Department of the Air Force, Patrick Air Force Base, 
Florida and Dean of the Graduate School, Florida Institute of Technology. 

SA11.4 	 A Quantitative Rule for the Use of Resources in a Multiprogrammed Computer 
System, FISCHERBLACK, ALAN L. LOSS and EDWARD A. SILVER, Arthur D. 
Little, Inc., 35 Acorn Park, Cambridge, Massachusetts. 
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Abstracts 

TUAl .1  HECTORM .  BOGO and MATIAS E 
CAMPIANI 

Pricing Policy in an Inflationary Environment 

It is well known the problem that brings about 
an inflationary process in the implementation of 
a sound policy for the survival and growth of 
the enterprise. 

Enterprise growth relies mainly on new in-
vestment opportunities and parallel income in- 
creases, to allow expansion plans. 

Income receipts depend on sales volume and 
"sales conditions." The latest includes two in- 
terrelated variables: a) sales prices; b) terms of 
collection. 

In countries with an inflationary problem, in 
addition to the opportunity costs related to 
time-value of money, deterioration of the mon-
etary sign must be considered. 

The purpose of this paper is to establish a 
criterion by which to provide "sales conditions" 
fulfilling the financial principle of maximizing 
the present value of the firm's net worth, assum- 
ing that this is the main objective of financial 
management. Sales prices, within the above 
mentioned "sales conditions," will be named 
"objective prices." The desired price is the one 
which maximizes the present value of the firm's 
net worth. 

T U A l . 2  PIERREF.  J .  PAVESI and GUILLERMO 
ONITCANSCHI 

Analysis of the Effects of Inflation on Finan-
cial Planning and Control for the Firm 

The paper has as its objective formalization 
of the impact of an inflationary process in the 
planning and financial control of the enterprise 
within a logical deductive structure, rational 
and free of semantic disturbances. Particular 
emphasis is placed on aspects of planning and 
control which are related to evaluation of proj- 
ects and historic and forecasted accounting in- 
formation. It is thus a question of codifying the 
treatment of a complex problem attacking it by 
means of accounting and the economics of the 
firm with language and diverse implements, 
using the methodology of Operations Research 
and establishing formally deduced laws based 
on rigorously stated assumptions. 

Los Extractos 

La Estrategia de Precios en un Amhiente de 
Inflaci6n 

Se sabe bien cual es el problema que trae un 
proceso de inflacibn en la implementacibn de 
estrategias sblidas para la supervivencia y el 
crecimiento de una empresa. 

El crecimiento de una empresa se basa princi- 
palmente en nuevas oportunidades para inver-
siones y oportunidades para paralelos aumentos 
de ingresos que permitan planes de expansibn. 

Los recibos de ingresos dependen del volhmen 
de ventas y las "condiciones de venta". Estas 
hltimas incluyen estas variables relacionadas: 

a) Precios de venta 
b) Tt-rminos para recibo de pagos 
En paises con un problemas de inflacibn, ade- 

m i s  de 10s costos oportunistas relacionados con 
el valor del dinero a travt-s del tiempo, la dete- 
rioracibn del simbolo monetario debe ser consi- 
derado. 

El propbsito de este trabajo es establecer un 
criterio por el cual "condiciones de venta" se 
pueden obtener que satisfagan el principio fi- 
n a n c i e r ~  de llevar a1 miximo el actual valor net0 
de la firma-suponiendo que este fuera el obje- 
tivo principal de la administracibn financiera. 
A 10s precios de venta, dentro de las menciona- 
das "condiciones de venta" se les llamari "pre- 
cios objetivos". El precio deseado es aquel que 
lleva al miximo el actual valor net0 de la firma. 

Analisis de la Inflaci6n Monetaria en la Plani- 
ficaci6n y Control Financier0 de la Empresa 

El trabajo tiene como objetive el formalizar 
dentro d e  una estructura 16gica deductiva, ra-
cional y exenta de perturbaciones semanticas el 
impact0 de un proceso inflacionario en la plani- 
ficacion y control financier0 de la empresa, es- 
pecialmente en lo que se refiere a evaluation 
de proyectos y a informacion contable historica 
y proyectada. Se trata asi de homogeneizar el 
tratamiento de un problema complejo atacado 
por la Contabilidad y la Economia de Empresas 
con lenguaje y herramientas diversas, utilizando 
la metodologia de la Investigaci6n Operativa y 
estableciendo normas deducidas formalmente 
de premisas claramente determinadas. 

Se definen 10s principales conceptos a utilizar: D
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The main concepts to be used are: a measure 
of general inflation (master index); a measure of 
specific inflation (specific index); a nominal 
measure of profit; measures of wealth, invest- 
ment, investment plans, money wages and real 
wages, inflation, trends, etc. 

Minimum objectives of supervision and max- 
imum of operation are  established in axiomatic 
form. 

From the stated objectives, theorems and 
corollaries in two categories will be deduced: 
synthesis (evaluation of projects) and analysis 
(financial control). In both areas, concrete con- 
clusions are established for the behavior of the 
subsystem analyzed and rules are given for the 
evaluation and control of financial policies in an 
acute inflationary environment. 

A Model for Regulation of the Sugar Cane 
Industry 

After studying the natural and institutional 
characteristics of sugar cane production, a regu- 
lation model is deveioped. This model maintains 
the desired degree of stability. The response of 
the model to deterministic and probabilistic 
variations is studied by means of analysis and 
simulation. 

An Aggregative Socio-Economic Simulation 
of a Latin American Country 

The simple model constructed here is built to 
serve as an illustration of the uses of simulation 
and as a first approximation for a socio-eco-
nomic model to be used in connection with the 
investigation of development problems in parts 
of Latin America. 

Although this first model is based primarily 
upon an aggregated national income system of a 
variety that is well known to economic studies, 
it contains several parameters and relations of a 
socio-economic variety, which are not commonly 
found in national income models. 

Optimal Path of Foreign Aid for Self Sus-
tained Growth 

The saving and trade gaps are now familiar 
concepts in the determination of targets for do- 
mestic saving and the inflow of external re-
sources for developing countries. These targets 
are  determined in the framework of the balance 
of payments where trade and aid are considered 
in volume and composition. The composition re- 
flects the allocation to consumption and invest- 
ments. The present value of consumption as well 

tasa de inflaci6n general (indice patr6n), tasa 
de inflaci6n especifica (indice especifico) tasa 
nominal de intereses, tasa de evaluaci6n, capi- 
tal contable, capital meta, rubros monetarios y 
no monetarios, periodos d e  valuaci6n, inflaci6n 
y proyecci6n etc. 

Se establece en forma axiomritica objetivos 
minimos de supervivencia y mriximo de opera- 
ci6n. De dichos objetivos, se van deduciendo 
normas y corolarios que abaracan dos Areas: 
sintCtica (evaluaci6n de proyectos) y analitica 
(control financiero). En ambas i reas ,  se esta-
blecen conclusiones concretas sobre el comporta- 
miento del subsisiema analizado y se dan pautas 
para la evaluaci6n y control de politicas financie- 
ras en un proceso inflacionario agudo. 

Un Modelo de Regulation de la Industria 
Azucarera 

Desputs de estudiar las caracteristicas natu-
rales e institucionales de la produccibn azuca-
rera, se desarrolla un modelo de regulacibn que 
mantiene el grado d e  estabilidad deseado. Por 
medio d e  anilisis y de simulacibn, se estudia el 
comportamiento de dicho modelo frente a va-
riaciones deterministas y probabilistas. 

Un Modelo Socioecon6mico Colectivo Como 
Simulaci6n de un Pais Latinoamericano 

Este estudio utiliza un modelo simplificado 
con el fin de ilustrar 10s usos de la simulacibn 
y como una primera aproximacibn a un modelo 
socioeconbmico que va a emplearse en la investi- 
gacibn de los problemas del desarollo de algunos 
paises latinoamericanos. 

Aunque este modelo se basa principalmente 
en un sistema de agregacibn de ingresos na-
cionales bien conocido en los estudios econb- 
micos, contiene tambiin varios parkmetros y 
relaciones de tip0 socioeconbmico que no se en- 
cuentran comlinmente en 10s modelos de ingre- 
sos nacionales. 

Optima Trayectoria de la Ayuda Externa 
Para Alcanzar Crecimiento Autosustentado 

El dtficit en la balanza de pagos y la insufi- 
ciencia de los ahorros son conceptos familiares 
en 10s palses en desarrollo a tomarse en cuenta 
en la determinacibn de las metas para el ahorro 
interno y el influjo de recursos externos. Estas 
metas quedan determinadas en el marco de la 
balanza de pagos tomando en consideracibn 
tanto el volumen coma la compos;ci6n del co-
mercio y la ayuda. La composici6n refleja la 
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as its terminal level must be related to the re- 
lation between output and population growth 
rates. 

Current models in this area (mostly of the 
Chenery type) are limited in their formulation 
due to their being tied up in a linear program- 
ming formulation and their neglect of the repay- 
ment and servicing of the debt problem. This 
latter aspect is of great importance for many 
developing countries, particularly for Latin-
American countries. It is not by chance that 
U N T A C D  is concentrating on the study and 
projections of trade gaps in the framework of 
the relevant domestic structures. 

As exemplified by models of Uzawa, Inada, 
Drandakis one interesting feature of two-sector 
models is the inclusion of relative prices be- 
tween the two outputs as an important variable. 

Sufficient account must be taken of malleabil- 
ity and mortality of capital goods, as is exempli- 
fied in Uzawa's and Kurz's models. 

Optimal alternatives of maximum output, 
maximum present value of consumption, maxi- 
mum terminal consumption are considered in 
setting up the Hamiltonian. The objective func- 
tion is subject to the set of constraints reflecting 
the structure of the economy. 

Pontryagin's Maximum Principle is used to 
determine optimal paths of aid which lead to 
selr-sustained growth. 

In particular, it is hoped to determine an 
upper bound for the acceptable rate of growth 
(subject to lower bound on consumption) deter- 
mined by the absorptive capacity of the recip- 
ient. Also the effect of the sectoral allocation of 
foreign aid on absorptive capacity would need to 
be determined. 

There exist different time paths that promise 
total repayment, the ranking of such paths can 
be handled according to the dates of repayment. 

The mathematical formulation and derivations 
are  given full attention. The model lends itself 
to empirical testing. 

"Choosing Economic Control Designs" 
The purpose of control procedures is, of 

course, to maintain a process at  a given level. 
When it appears a process is going out of con- 
trol or is out of control, one of two general types 
of decisions must be made: either to investigate 
to determine if an assignable cause is responsible 
for the change in the population parameter and, 
where feasible, to locate and remove the assign- 
able cause; or to adjust the level of one or more 
input variables to compensate fully or partially 
for the apparent changes. The former case in- 
volves investigation and possible shutdown of 
the process; the latter case does not. This paper 

asignacibn entre consumo e inversi6n. Tanto el 
valor presente del consumo como su nivel al t6r- 
mino dC1 deben relacionarse con las tasas de 
crecimiento del producto y de la poblacibn. 

Los modelos en uso (en su mayoria del tip0 
deldde Chenery) est in  limitados por su formu-
lacibn como problemas de Programacibn Li-
neal y porque pasan por alto la cuestibn del 
pago y servicio de la deuda. Este Cltimo aspect0 
se reviste de gran importancia para muchos 
paises en desarrollo. No es casualidad que 
UNTACD est6 encontrindose en el estudio y 
proyecci6n de 10s d6ficit de Comercio Exterior 
en el marco d e  10s aspectos pertinentes a las 
estructuras domt-sticas. 

Como lo ponen en evidenica 10s modelos bi- 
sectoriales de Uzawa, Inada, Drandakis el precio 
relativo de 10s dos productos es una variable 
importante. Los modelos d e  Uzawa y Kurz ilus- 
tran la necesidad de prestar atencibn a la ma-
leabilidad y mortalidad de 10s bienes de capital. 
En el modelo Hamiltoniano se consideran al- 
ternativas 6ptimas para miximo producto, m i -  
ximo nivel final del consurno. La funcibn obje- 
tiva es t i  sujeta a1 conjunto de restricciones que 
reflejan la estructura de la economia. 

Las trayectorias bptimas de la ayuda externa 
que llegan a un crecimiento autosustentado se 
determinan utilizando el Principio del miximo 
de Pontryagin. Se espera en particular determi- 
nar un limite superior para una tasa aceptable 
de crecimiento (sujeta a un limite inferior para 
el consurno) dada la capacidad de absorcibn del 
recipiente. Tambit-n deberia determinarse el 
efecto d e  la asignaci6n sectorial de la ayuda 
externa sobre la capacidad de absorci6n. 

Existen diferentes trayectorias que prometen 
un reembolso total y que pueden ordenarse de 
acuerdo a la fecha de extincibn de la deuda. 

Se otorga debida atencibn a la formulacibn 
y derivaciones matemiticas. El modelo se presta 
para verificasibn empirica. 

La Elecci6n de Disedos de Control Econ6mico 
El propbsito de procedimientos de control es, 

por supuesto, el mantener un proceso a un nivel 
dado. Cuando parece que un proceso est i ,  o 
empieza a estar, fuera de control. debe tomarse 
una de 10s tipos generales de decisibn: Bien in- 
vestigar para determinar si alguna causa desig- 
nable es responsable por el cambio en el par i-  
metro d e  la problacibn y, cuando es factible, 
localizar y eliminar dicha causa; o bien ajustar 
el nivel de una o mds de las variables de entrada 
para compensar complet o parcialmente 10s 
cambios aparentes. El primer caso implica la in- 
vestigacibn y posible parada del proceso; el 
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reports on research which aims to provide a 
basis for the economic design of decision rules 
for the latter category: when and how much to 
adjust. Estimation problems, involving the pa- 
rameters needed for optimal design, are cur-
rently under investigation. In addition, tables 
are  being developed which will provide a basis 
for choosing optimum designs of decisions rules. 
Sensitivity analyses are  also being conducted. 
The results of these studies will be presented. 

A Warranty for an Electronics System 
Commercial companies have been using war- 

ranties for many years to encourage customers 
to buy their product. Some charge an additional 
fee for such a warranty while others include the 
cost of giving such a warranty in the price of 
the product. In any case, these commercial com- 
panies have an advantage in that they have a 
wealth of information on the cost of maintaining 
their product and therefore know the risk of 
giving such a warranty. How does one design a 
warranty for an electronic system that is just 
being designed and built? How are the risks and 
liabilities established in order to present them 
to management to be used in their management 
decisions? This paper presents a statistical tech- 
nique that was used in the solution of such a 
problem. 

System Decisions from Component Testing 

The general problem treated is how to allo- 
cate testing resources to the various components 
of a system and how to utilize the component 
t e s t~ng  results in order to draw particular types 
of inferences about the system. Three types of 
inferential statements considered enable deci-
sions, respectively, as to whether the system is 
capable of performing a specified task (Check- 
out Problem), which components of a defective 
system are defective (Identification Problem), 
and what the system failure rate is (Estimation 
Problem). The criterion for a solution is the 
minimization of a cost function which reflects 
probabilities of decision errors, costs of decision 
errors, testing times, and costs of testing. 

segundo caso, no. Este trabajo trata investigaci6n 
que trata proporcionar una base para el diseiio 
econbmico de reglas de decisi6n correspon-
dientes a la segunda categoria: cuhndo y c6mo 
ajustar. Erl el momento actual se est in  investi- 
gando problemas de estimaci6n con parhrqetros 
necesarios para diseiio 6ptimo. Ademas, se est in  
desarrollando tablas que proporcionarin una 
base para escoger diseiios 6ptimos de reglas de 
decisi6n. TambiCn se est in  llevando a cabo anhli- 
sis de sensibilidad. Los resultados de estos estu- 
dios serhn presentados. 

Una Garantia Para un Sistema Electronico 
Las compaiiias comerciales han estado utili- 

zando garantias por muchos aiios para acrecentar 
sus ventas. Algunas imponen un costo adicional 
por la tal garantia mientras otras incluyen el 
costo de emitir la garantia en el precio del pro- 
d u c t ~ .  De todos modos, estas compaiiias comer- 
ciales tienen la ventaja de que posen abundante 
informacibn sobre los costos de mantenimiento 
para sus productos y por lo tanto estin conscien- 
tes del riesgo implicado en la emisibn de tales 
garantias.iC6mo se prepara una garantia para 
un sistema electr6nico que acaba de ser dise-
iiado y construido? iCbmo se establecen los 
riesgos y obligaciones para presentirselos a la 
administraci6n y ser usados en decisiones ad- 
ministrativas? Este tratado presenta una ttcnica 
estadistica que se utilizb en la soluci6n de tal 
problema. . 

Decisiones de Sistemas Obtenidos de Ensayos 
de Componentes 

Elfproblema general tratado es como asignar 
fuentes de ensayo a los distintos componentes 
de un sistema y como utilizar 10s resultados de 
ensayo de los componentes, a fin de deducir ti- 
pos particulares de inferencias sobre el sistema. 

Tres tipos de inferencias establecidas permi- 
ten decisiones, respectivamente, si el sistema 
es capaz de cumplir un fin especificado (pro- 
blema de desocupaci6n), cuales componentes de 
un sistema defectuoso son defectuosos (pro-
blemas de identificacibn), y cual es el porcentaje 
de falla del sistema (problema de estimaci6n). 
El criterio para la solucibn es la minimizacibn 
de una funci6n de costo que refleja las proba- 
bilidades de errores de decisibn, tiempos de 
ensayo y costo de ensayo. 
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Sequential Information and Control of Homo- 
geneous Tasks Linear Programming of Marko- 
vian Decisions 

One simple way for a manager to maintain 
many tasks a t  a high performance level is to in- 
spect them in a fixed sequence and immediately 
correct a task performing at  a low level. This 
method of inspection and control is investigated 
with these assumptions: the homogeneity of 
tasks, performance deterioration with time, 
performance improvement by a control action, 
and fixed transition probabilities for the per- 
formance deterioration and improvement from 
one level to other levels. The linear program- 
ming method is used to obtain Markovian steady 
state solutions for optimal strategies of carrying 
out this ~nspection and control following two 
different rules: In the first rule the sequence of 
tasks stays constant. In the second rule, this se- 
quence is altered when a task becomes critical 
and is given priority of inspection. 

TUA3.5 M. H.  DEGROOT and R. P.  HACKLE- 
M A N  

Some Stochastic Control Problems 
Various problems in the management sciences 

are  concerned with the control of a dynamic sys- 
tem that is subject to random disturbances, in 
order to maintain certain performance charac- 
teristics of the system near some desired levels 
over a specified period of time. Two basic sto- 
chastic models are discussed in which the sys- 
tem is observed a t  times t l ,  . . . , t , ~and a con- 
trol x, is exercised a t  each time t ,  (n = 1, . . . , 
N - 1). The objective is to choose a sequence of 
controls xl, . .-.-, .rh.-l that minimizes the quad- 
ratic loss 

where Z ,  is the observation at  the time t , ,  c, is 
the desired level a t  that time, and k ,  reflects the 
seriousness of the-error Z, - c, . 

Both models incorporate the realistic feature 
whereby the variability of the system increases 
with the magnitude of the control. Thus, the 
larger the correction x, that the decision-maker 
must introduce, the more uncertain he is of the 
subsequent position of the system Z,,+I. In the 
first model, the mean and variance of the ob- 
servations are completely specified functions of 
the control a t  each stage, and the optimal se-
quence of controls can be described explicitly. 
In the second model, the distributions of the 
observations contain unknown parameters, and 
a Bayesian approach is adopted. In this case the 

Informacion y control en Secuencia Para Ta- 
reas Homogeneas Programacion Lineal Marko- 
viana Para Decisiones 

Una manera muy sencilla de que un adminis- 
trador mantenga muchas tareas a un alto nivel 
de ejecuci6n es inspeccionarlas de acuerdo a 
una secuencia fija e inmediatamente corregir la 
tarea hecha con un bajo nivel de ejecuci6n. 
Este mttodo de inspecci6n y control se investiga 
con las siguientes suposiciones: La homogenei- 
dad de las tareas; el deterioro de la ejecucibn 
a1 pasar el tiempo, la mejora de la ejecucibn 
por acci6n controlada y las probabilidades de 
transiciones fijas para el deterioro de la ejecu- 
ci6n y la mejora de un nivel a otros niveles. La 
programaci6n linear se usa para obtener solu-
ciones Markovianas de estado estable para es-
trategias bptimas en la realizacibn de esta 
inspection siguiendo dos reglas diferentes: Pri- 
mera, la secuencia de las tareas es constante. 
Segunda, esta secuencia se altera cuando una 
tarea se pone en estado critico y se la da priori- 
dad de inspeccibn. 

Algunos Problemas de Control Estocistico 
Dentro de l as  ciencias .de la administracibn 

existen problemas relacionados con el control de 
sistemas dinimicos que estin sujetos aperturba- 
ciones aleatorias. Este control busca el mante- 
miento d e  ciertas caracteristicas en el comporta- 
miento del sistema que lo aproximen a niveles 
deseados por un tiempo determinado. En este 
trabajo se discuten dos modelos estocisticos 
bisicos en 10s cuales el sistema es observado en 
10s tiempos 11,. . . , t ~ ,para cada uno de estos 
tiempos t ,  (n = 1 ,  . . . , N - 1) se ejerce un 
control x,. El objetivo es seleccionar una se-
cuencia de controles X I ,. . . , X N - I  que mini-
mice la pkrdida cuadritica 

donde Z, es la observacibn en el tiempo t , ,  c, 
es el nivel deseado a ese tiempo, y k ,  refleja la 
importancia del error Z,  - c,. Ambos modelos 
incorporan la caracteristica realistica con lo cual 
la variabilidad del sistema aumenta con la mag- 
nitud del control. De este modo, cuanto m8s 
grande sea la correccibn x, que se haga, m i s  
incierta ser i  la siguiente posicibn Z,+I del sis- 
tema. En el primer modelo, 10s promedios y las 
variancias de las observaciones son funciones 
especificados completamente por el control de 
cada etapa; tambit-n en este modelo se puede 
describir explicitamente la secuencia 6ptima de 
los controles. En el segundo modelo, las distri- 
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optimal sequence of controls is much more com- 	 buciones de las observaciones contienen pari-  
plicated, but approximations can be given. 	 metros desconocidos lo que sugiere un trate-

miento Bayesiano. En este caso la secuencia 
6ptima de los controles es mucho m i s  compli- 
cada, pero se pueden hacer aproxirnaciones. 

Network Delay Analysis 
No Abstract Available 

The Evolution of Automation at Electricite 
Et Gaz De France 

The purpose of this paper is to show the proc- 
ess by which our Company has passed from the 
era of mechanical to electronic means for man- 
agement and control, and the way it now pre-
pares to move to the stage of completely remote 
controlled operation of facilities. We shall deal 
with both the technical and social problems of 
organization and implementation. 

Quadratic Binary Programming 
A quadratic function in binary variables is 

being minimized subject to linear constraints of 
a special type. The model describes a cargo-
loading problem. 

The Use of Conversational File Handling 
Computer Systems in Economic Planning 

The impetus for the development of time-
sharing computer systems came primarily from 
the need to provide quick turn-around times to 
a large number of users simultaneously requir- 
ing facilities to debug and test programs. How- 
ever there is now a rapidly growing interest in 
using time-sharing computer systems as infor-
mation and communication devices. The sophis- 
ticated file handling facilities planned for certain 
systems effectively allow a number of people to 
simultaneously make direct access to files via 
the use of remote slow speed terminals. 

The introduction of truly conversational file 
handling systems could have a profound effect on 
economic planning. A particular section of gov- 
ernment statistics in the United Kingdom is 
taken as an example to show the benefits that 
could accrue from the introduction of a conver- 
sational file handling system. A possible method 
of implementation is described. Examples are 
shown of how the statistics could be used for 

Analisis Dilacion de Redes 
La Evolution de la Automatization en "Elec- 

tricite Et Gaz de France" 
El prop6sito de este articulo es mostrar el pro- 

ceso por el cual muestra compaiiia ha pasado 
de la ipoca de los medios mecinicos a la de 10s 
medios electr6nicos para la administraci6n y 
control, y la manera en que ahora se prepara 
para trasladarse a la etapa de un funcionamiento 
bajo control completamente remoto de las ins- 
talaciones. 

Trataremos los problemas ttcnicos y sociales 
de organizaci6n e implementaci6n. 

Programacidn Cuadratica Binaria 
Una funcibn cuadritica en variables binarias 

es llevado a1 minimo sujeta a los constreiii- 
mientos lineales de un tipo especial. El modelo 
describe un problema de montar carga. 

El Uso de Sistemas de Computadora de 
Manejo de Archivo de Conversacion en la Plani- 
ficacion Economica 

Los impulsos para el desarrollo de sistemas 
de computadora con tiempo-compartido se ori- 
ginaron primordialmente por la necesidad de 
proveer r ipidas respuestas a un gran nCmero 
de usuarios que requieren simultineamente las 
facilidades para corregir y verificar 10s progra- 
mas. No obstante existe actualmente un interts 
ripidamente creciente en emplear sistemas de 
computadora con tiempos compartido como re- 
curso de informaci6n y comunicaci6n. Las insta- 
laciones sofisticadas para manejos de archivos 
planeados para ciertos sistemas permiten efecti- 
vamente a un nCmero de personas tener simul- 
tineamente acceso directo a archivos por via. 
del uso de terminales remotas de baja velocidad. 
Una secci6n particular de estodisticas guberna- 
mentales en el Reino Unido es tomada como 
ejemplo para mostrar los beneficios que podrian 
acrecentarse por la introduccibn de un sistema 
conversational de manejo de archivos. Se des-
cribe un posible mttodo de incrementaci6n. 
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planning purposes in ways which a re  scarcely 

possible a t  present. 


Finally the  question of feasibility and timing 

is discussed. 


Effective Decentralization in Decomposable 
Linear Programming 

The  decomposition method for linear pro-
gramming a s  developed by Dantzig and Wolfe 
is usually given an  interpretation as  a model for 
decentralized decisions. A central unit, or master 
program. recursively analyses proposals made 
by subunits and generates a set of prices for the 
resource jointly used by those subunits until an 
opt imum equilibrium obtains. These results a r e  
shown to hold for a convex model as  well. 

However. in the linear case the  subproblems 
corresponding to the equilibrium price have, in 
general. multiple solutions, and additional co-
ordination is needed. When strict convexity 
holds, each subproblem has  a unique solution. 
and effective decentralization can be achieved 
by a price system alone. 

This paper uses the concept of a quadratic 
perturbation to combine both the computational 
convenience of the linear model and the require- 
ment  of strict convexity of the objective. 

Capacity Planning Models for Systems of 
Plant and Road Investments 

The  problems of capacity installations in 
plants and roads can be appreciated a s  having 
similar structures. In both of them the decision- 
maker  will have to find the "where," the 
"when" and the  "how much" to invest. The  
problem can be interpreted a s  to minimize a 
sum of concave and convex cost functions sub- 
ject to a set of constraints. 

Trials have been performed in order to use 
mathematical programming and other similar 
techniques to give answers to these questions 
in the form of investment programs. Solutions 
from practical problems will be shown and dis- 
cussed. 

TUP1.2 DOKALD ERLENKOTTER and ALAN S .  
M A N N E  

Investments for Expanding the Capacity of 
India's Nitrogenous Fertilizer Industry 

This  is a progress report on mathematical pro- 
gramming models for evaluating the optimal 

Se  muestran ejernplos de  como las estodisticas 
podrian usarse para fines d e  planeamiento en 
formas que  son escasamente posible en el pre- 
sente. Finalmente la cuesti6n d e  posibilidades 
y sincronizacibn es  discutido. 

Descentralizacion Efectiva en Programacion 
Lineal Capaz de Descomposici6n 

Al mi todo  d e  descomposici6n para  programa- 
ci6n lineal desarrollado por Danizig y Wolfe le 
es usualmente dado una interpretaci6n d e  un 
modelo para decisiones descentralizadas. Una  
hnidad central,  o programa-maestro. analiza re-
petidamente propuestas hechas por subhnidades 
hasta que en equilibro 6ptimo es  ob ten~do .  Es- 
tos resultados satisfacen un modelo convexo 
tamhi in .  

Ahora, en el caso lineal 10s subproblemas co- 
rrespondientes al precio de  equilibro tienen, en 
general,  mhltiples soluciones. y coordinaci6n 
adicional e s  necesitada. Cuando las condiciones 
de  convexidad estricta satisfacen el problema. 
cada subproblema tiene una soluci6n hnica, y la 
descentralizaci6n efectiva puede atenerse solo 
por un sistema de precios. 

Esta monograffa usa el concepto d e  perturba- 
ci6n cuadr i t ica  para  combinar tanto convenien- 
cia computacional del modelo l ~ n e a l  como los 
requisitos d e  convexidad estricta del objetivo. 

Modelos Para el Planeo de la Capacidad de 
Sistemas de Inversiones Referentes a Plantas 
Industriales y Caminos 

Los problemas de  instalaciones y capacidad 
en plantas industriales y caminos pueden mi-
rarse como si tuvieran estructuras similares. En 
ambos casos la persona responsable de  tomar la 
decision t end r i  que decidir "donde." "cuando" 
y "cuanto" a invertir. Los problemas se  pueden 
interpretar como problemas de reducir a1 mi- 
n i m ~  la suma de funciones de  costo c6ncavas o 
convexas sujetas a un conjunto de  constreiii-
mientos. 

Pruebas  han sido llevadas a cabo para  poder 
usar programaci6n matemit ica  y otras tecnicas 
similares con el prop6sito de  suplir contestacio- 
nes a estas preguntas en forma d e  programas d e  
inversi6n. Las  soluciones de  algunos problemas 
pr ic t icos  seran presentadas y discutidas. 

Inversiones para Extender la Capacidad de la 
Industria del Abono Nitrogenado en India 

~ s t ees  un reporte del progreso que se ha Ile- 
vado a cabo en e l  uso de  modelos d e  programa- 
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size. location and timephasing of India's new 
nitrogenous fertilizer plants. In this industry, 
there are significant economies-of-scale and sig- 
nificant time lags-thereby necessitating care-
ful coordination between individual investment 
decisions. 

The conclusions of this type of survey are 
aimed at  evaluating the basic premises for a 
specific project: when, where, and how large a 
unit to construct. Necessarily, a preinvestment 
study will contain fewer engineering details and 
will be less realistic than a report on a specific 
project. 

TUP1.3 	 SANTIAGO I. FRIEDMANN,PATRICIO 
PALMAand RODRIGO PLAZA 

"Programming of the Chilean hetwork of 
Slaughterhouses" 

This work describes the methodology used to 
recommend to the Corporacion de Fomento de 
Chile (CORFO) a program for the construction 
of slaughterhouses. The program resembled the 
transportation model with transfer, but recog- 
nized the existence of fixed costs and scaled 
economies in the operation of the slaughter-
houses. For it the cost of the operation was rep- 
resented by a polygon. The recommended solu- 
tion-which is not necessarily the best-is 
obtained by a selective sample of the possible 
combinations of location ot the slaughterhouses. 
The search is made with the aid of the IBM 
1620 computer at  the University of Conception. 
The program used follows the following steps: 

1. select a location for the slaughterhouses. 
2. 	estimate the combined variable costs of 

operating the slaughterhouses. 
3. 	use a transportation algorithm as subrou-

tine to obtain the levels of operation of 
each slaughterhouse and the distribution 
of the supplies and demands of meat 
which with the data of $ 1 and -"2 mini-
mize the variable costs of supplying the 
demand. 

4. 	verify if the combined fixed operating costs 
in f 2  are consistent with the levels of op- 
eration obtained in 7 3 .  If not, they are re- 
turned to $2. If they are consistent, com- 
pute the total cost (inclosed fixed costs of 
the slaughterhouses) of the obtained solu- 
tion and return to 1 to repeat the process 
with another location which is selected 
using the results already obtained. Di-
verse criterion are used in 7 1 and -"2 to 
make the convergence better. 

A similar focus is being used on LANSA to 
decide the location of future plants to produce 
beet sugar. 

ci6n matemitica para evaluar el tamafio 6p-
timo. la localizaci6n y el planeo temporal de las 
fases de desarrollo en las nuevas plantas de 
abono nitrogenado en India. En esta industria 
existen economias de escala y atrasos de tiempo 
significantes y neceseta por lo tanto una coordi- 
naci6n cuidadosa entre las decisiones individua- 
les de inversi6n. 

Las conclusiones de este tipo de estudio estin 
dirigidas a evaluar las premisas bisicas para un 
proyecto especifico: cuando, donde, y cuan 
grande unidad a construir. Necesariamente un 
estudio de inversi6n preliminar contendri menos 
detalles de ingenieria y se r i  menos realistic0 
que un reporte sobre un proyecto especifico. 

"Programacion de la Red Chilena de Mata-
deros" 

Este trabajo describe la metodologia em-
pleada para recomendar a la Corporaci6n de 
Fomento de Chile (CORFO) un programa de 
construcci6n de Mataderos. El programa es 
similar a1 modelo de transporte con transferen- 
cia, pero se reconoci6 la existencia de costos 
fijos y economias de escala en la operaci6n de 
10s mataderos. Para ello se represent6 el costo 
de operaci6n por un poligono. La soluci6n reco- 
mendada-que no es necesariamente 6ptima-se 
obtuvo por una muesta selectiva de las combina- 
ciones posibles en la localizaci6n de mataderos. 
La blisqueda se hizo con ayuda del computador 
IBM 1620 de la Universidad de Concepci6n. El 
programa empleado sigue los siguientes pasos: 

1. Elige una localization para los mataderos. 
2. 	Calcula la combinacion de costos variables 

en la operaci6n de los mataderos. 
3. 	Usa un algoritmo de transporte como sub- 

rutina para obtener 10s niveles de opera- 
ci6n de cada matadero y la asignaci6n de 
las ofertas y demandas de carne que con 
los datos de -" 1 y st2 minimicen los costos 
variables de abastecimiento de la demanda. 

4. 	Verifica si la combinaci6n de los costos bi- 
jos de operacibn en f 2 son consistentes con 
10s niveles de operaci6n obtenidos en -"3. 
Si no lo son se 10s vuelve a poner en e 2 .  Si 
son consistentes, se computa el costo total 
(incluso el costo bijo de los mataderos) de 
la soluci6n obtenida y se vuelve a $ l para 
repetir el proceso con otra localizaci6n que 
se elige usando 10s resultados ya obtenidos. 
Para mejorar la convergencia, se usan di- 
versos creterios en e 1 y f 2. 

Un enfoque semejante se esta empleando en 
LANSA para decidir la localizaci6n de plantas 
futuras para producir azlicar de beterraga. D
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Investment Planning for Additions to Capac- 
ity in a System of Plants 

This  paper includes a discussion of the  use of 
three different mixed integer programming al- 
gorithms for a~ia lys is  of interdependent indi-
visible investment projects for additions to ca-
pacity within a n  existing system of plants. This  
work is based on the  earlier work of Chenery. 
Manne.  and Vietorisz. 

The  three algorithms used are :  (1) Driebeek's 
algorithm (Management  Science '66). which 
utilizes gradient  information to guide the search 
and to bound out  come solutions. and (2) two al- 
gorithms developed by Mart in  Weitzman and 
the author.  The  first of these latter algorithms 
is a branch and bound procedure which incor- 
porates ideas from the  work of Driebeek and 
that  of Land and Doig (Econonletrica '60). The 
second algorithm builds on the work of Healy 
(Operations Research Jou rna l  '64), and includes 
a procedure for abrogating the problem of "loss 
of driving force" to which Healy alludes. 

The mixed integer programming model used 
is similar to a linear programming model but 
with the following modifications: (1) multiple 
intermediate and final products, (2) multiple 
productions units a t  each plant. (3) activities for 
the shipment of intermediate products between 
plants. (4) exporting and importing activities for 
both intermediate and final products. (5) multi- 
ple t ime periods, and (6) discrete investment 
activities. The  discrete investments require 
that  the variables for these activities take on 
only the values zero o r  one. 

The model is applied to a system of three 
market  areas  and three steel mills in Brazil. 
Multiple investment projects for increases in 
capacity in the  various productive units of the 
plants a r e  presented and the  model is used to 
aid in selecting projects for execution and to 
schedule the projects over time. 

Optimal Choice of Investment Projects 
Investment projects a r e  represented a s  activi- 

ties (finite) and, given the available savings and 
labor supply, this paper investigates the nature 
of the optimal investment strategy. 

Planeo de Inversion para Adiciones a la Ca- 
pacidad de un Sistema de Plantas Industriales 

Esta monografia incluye una discusi6n del uso 
de  tres diferentes algoritmos d e  programaci6n 
de  n imeros  enteros mixtos para  el anilisis d e  
proyectos de  inversi6n interdependientes e in-
divis ible~ para adiciones a la capacidad dentro  
de  un sisterna extistente de  plantas industriales. 
Este trabajo es  basado en el trabajo anterior de  
Chenery. Manne.  and Vietorisz. 

Los tres algoritmos usados son: (1)  el algo- 
r i tmo de Driebeek (Managenlent Science '66) 
que utiliza informaci6n d e  la pendiente para 
guiar la blisqueda y confinar las soluciones fina- 
les y (2) dos  algoritmos desarrollados por Mar-  
tin Weitzman y el autor.  El primero de  estos 
liltimos algoritmos e s  un proceso para ramificar 
y confinar que incorpora ideas del trabajo d e  
Driebeek y d e  el trabajo d e  Land y Doig (Eco- 
n o m e t r i c ~  '60). El segundo algoritmo se cimenta 
en el trabajo d e  Healy (Operations Research 
Journal  '64) e incluye un procedimiento para 
abolir el problema d e  "ptrdidas d e  fuerza im- 
pulsora" a lo que  alude Healy. 

El rnodelo d e  programaci6n d e  n imeros  en-
teros rnixtos usado es  similar a1 modelo de  pro- 
gramacibn lineal de  transportacibn, pero con las 
siguientes modificaciones: (1) productos multi-
ples intermedios y finales. (2) unidades multiples 
de  produccibn en cada planta, (3) actividades 
para  el embarque de  productos intermedios 
entre plantas. (4) actividades d e  exportaci6n e 
importaci6n tanto para  productos ir~termedios 
como finales. (5) mliltiples periodos d e  tienipo, 
y (6) actividades discretas d e  inversi6n. Las in- 
versiones discretas requieren que las variables 
para estas actividades toman solamente 10s va- 
lores de  uno o cero. 

El modelo e s  aplicado a un sisterna de  tres 
mercados regionales y tres fundiciones de  acero 
en Brasil. Proyectos de  inversion multiple para 
aumentos en  capacidad en las varias unidades 
productivas d e  las plantas son presentadas y 
elmodelo es  usado para  ayudar a seleccionar los 
proyectos a ejecutarse y a fijar su horararion 
sobre un tiempo determinado. 

Eleccion optima de Proyectos de Inversion 
Los proyectos de  inversibn son representados 

como actividades (finitas) y, dada la condici6n 
d e  ahorros y mano d e  obra disponible, esta 
monografia.  investiga la naturaleza de  la estra- 
tegia de  inversibn 6ptima. 
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TUP1.6 BRUCE T. MARCUS and ARTHUR 
J .  UNGAR 

A Multi-Period Two-Stage Model for Locat- 
ing Alumina and Aluminum Reduction Capac-
ity 

Two world-wide interdependent location 
problems are at  issue: where to locate capacity 
to produce alumina, an intermediate product, 
and where to locate reduction capacity to con-
vert alumina to aluminum. Transportation net- 
works link the alumina to the reduction sites, 
and the reduction sites to the demand regions. 
Instead of expanding existing sites, one or more 
new sites may be entered, but for each new site 
entered a substantial extra "site-entry cost" is 
incurred. which is independent of capacity. Be- 
cause of these costs, immediate location deci- 
sions must consider expansions well into the 
future as well as the co:responding combina-
torial problem of the optimum sequence of site 
entries. A cost minimizing, mnlti-period. linear 
programming model was constructed to investi- 
gate alternative site entry sequences, and 
schemes for constructing good sequences were 
developed. Indispensable to the implementation 
of the model was a series of computer generated 
reports which display input assumptions. and 
interpret the solution both physically and finan- 
cially: showing, by period, the contribution of 
each site and cost category to cash outflow, dis- 
counted cash outflow, and reported expense. 

TUP2.1 PAUL A. WEEKES, JOHN C. CHAM-
BERS and SATINDER K.  MULLICK 

Economic Planning of Servicing Equipment 

A company with a long standing practice of 
leasing equipment may amass, over a period of 
time, a complicated structure of leasing ar-
rangements both long-term and short-term. Also, 
if conversion is made from leased to owned 
equipment, additional burdens are placed on 
the maintenance department. During conver-
sion, it may be desirable to renew some leasing 
arrangements, short or long-term, until total 
conversion is accomplished. 

An overall economic planning model has been 
developed which yields an optimum feasible 
solution. Various assumptions are discussed, 
along with the inputs, the model structure, the 
methods used to assure integer solutions and 

Un Modelo de Multi-Periodo en dos Etapas 
para Localizar Instalaciones Relacionadas con 
Alumina y con la Reduccion del Aluminio 

Dos problemas mundiales interpendientes de 
localizaci6n son escudriiiados: donde localizar 
instalaciones para producir alumina, un pro-
ducto intermedio, y donde localizar instalacio-
nes con capacidad d e  reducci6n para convertir 
la alumina en aluminio. Redes de transporta- 
ci6n unen la alumina a los locales de reducci6n 
y los locales de reducci6n a las regiones de de- 
manda. En vez de extender las locales existentes. 
uno o mas locales puede ser aiiadido, pero por 
cada nuevo local aiiadido, un costo extra, subs- 
tancial de "aiiadidura-de-local" es incurrido, 
dicho costo siendo independiente de la capaci- 
dad de las instalaciones. Debido a estos costos, 
las decisiones de localizaci6n inmediatas tienen 
que considerarse tanto extensiones bien en el fu- 
turo como el problema combifuturo, ademis del 
problemas combinatorio correspondiente para 
obtener una secuencia 6ptima de cuando se van 
a aiiadir cada uno de 10s locales. Un modelo de 
multi-periodo de programacion lineal para llevar 
el costo al minimo fut  construido para investigar 
secuencias alternativas en la aiiadidura de lo- 
cales y planes para construir buenas secuencias 
fueron desarrolladas. Indispensable para la im- 
plementaci6n del modelo fueron una serie de 
reportes generados por computadoras, que en-
sefian 10s datos de entrada que asumen y que in- 
terpretan la soluci6n tanto fisica como financie- 
ramente ensefiando, por periodo, la contribuci6n 
de cada local y categoria d e  costo al flujo de di- 
nero, al flujo de dinero descontado y al gasto re- 
portado. 

Planificacion Economica de Equipo de Servi- 
cio 

Una compaiiia largamente establecida en la 
prictica de arrendamiento de equipo puede 
acumular, a travCs de un periodo de tiempo, una 
estructura conplicada de convenios arrendato- 
rios, tanto de largo como de costo plazo. Tam- 
bitn, si se efectua una conversibn de equipo 
arrendado a equipo propio, se afiaden cargas 
adicionales al departamento de rnantenirniento. 
Durante la conversi6n puede ser conveniente 
renovar algunos convtnios arrendatorios, de 
largo o corto plazo, hasta que la conversi6n total 
se efectue. 

Un modelo abarcador de planificaci6n eco-
n6mica se ha desarrollado que resulta en una 
soluci6n 6ptimamente factible. Se discuten va-
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the use of a matrix generator. The specific ex- 
ample considered is the problem relating to 
leasing or purchasing railroad equipment for 
transporting finished product to the customer. 
Major emphasis of the paper will be on the case 
study and the computational procedures for de- 
riving solutions to the model, with some discus- 
sion relating to the general model. 

TUP2.2 R. S .  FREW, V. K. HANDA and G. 
N. SOULIS 

An Approach to Planning Physical Enriron-
ments 

rias suposiciones junto con la informaci6n de 
entradas, la estructura del modelo, los mitodos 
utilizados para asegurar soluciones enteras, y el 
uso de un generador de matriz. El ejemplo es- 
pecifico considerado es el problema relacionado 
con el arrendamiento o compra de equipo ferro- 
viario para transportar el producto terminado al 
cliente. El Cnfasis principal del tratado ser i  en el 
caso en estudio y en los procedimientos compu- 
tadores para derivar soluciones al modelo, con 
alguna discusi6n relacionada al modelo general. 

No Abstrac :t Available 

TUP2.3 JACK B. LEVINE and RICHARD W. JUDY 

C.A.M.P.U.S.-Computer Simulation Model 
for Planning and Controlling University Growth 

The paper describes research at  the Univer- 
sity of Toronto on the use of computer simula- 
tion models in planning and controlling univer- 
sity growth. The paper describes a system 
simulation model bearing the acronym C.A.M. 
P.U.S., which simulates the operations of the 
University of Toronto. It evaluates various plans 
and ecisions in order to determine their resource 
implications. It then accepts new information as 
it is generated and incorporates this into the 
planning system so as to generate the impact of 
these changes on existing plans and evaluate al- 
ternatives. The model has been implemented 
for a part of the University both graduate and 
undergraduate and is presently being expanded 
to incorporate all divisions of the University. 

Taking Account of People in Growth Models 

Mathematical modeling is essential in the 
planning of growth because it provides the kind 
of quantified information on which economical 
resource allocations can be based. But mathe- 
matical models based on rational considerations 
alone fail to recognize the importance of peo- 
ple. Whether in a nation or in a business, peo- 
ple make decisions only partly on rational 
grounds: their emotions also affect their de-
cisions. Not all money is alike. whether as in- 
put or as output. How the people in the system 
view the money in relation to themselves can be 
a most significant factor in system effectiveness. 

C.A.M.P.U.S.-Modelo de Silacion con Com- 
putadora para el Planeamiento y Control del 
Crecimiento de las Universidad 

Este trabajo describe la investigacibn reali-
zado en la Universidad de Toronto en el uso de 
modelos simulados con computadors, en el pla- 
neamiento y control del crecimiento de la Uni- 
versidad. Le describe un sistema de modelo 
simulado, que el acrdnimo C.A.M.P.U.S.  el cual 
simule las operaci6ns de la Universidad de To- 
ronto. Ce evaluan varios planes y decisiones a 
fin de determinar sus implicaciones en los re-
cursos. Le acepta luego, nueva informaci6n. y a 
medida que es originada se incorpora al sistema 
de planeamiento, de tal manera produce el im- 
pacto de esos cambios en planes existentes y 
evalua alternativas. El modelo ha sido imple- 
mentado por una parte de los alumnos gradua- 
llos y los no graduados de la Universidad y en el 
presente se es t i  expandiendo para incorporar 
todas la divisiones de la Universidad. 

El Elemento Hurnano en 10s Modelos de Cre- 
cimiento 

El modelo matemitico es esencial al planear 
el crecimiento porque provee el tipo de informa- 
ci6n num6rica sobre la cual la distribuci6n de 
fuentes econ6micas puede basarse. Pero los 
modelos matemiticos basados en considera-
ciones rationales solamente no reconocen la 
importancia de la gente. Ya sease en una naci6n 
o en un negocio la gente toma deciciones sblo 
parcialmente basadas en fundamentos racio-
nales: las emociones tambitn afectan sus de-
cisiones. No todo el dinero es igual, ya sea de 
entrada o de salida. C6mo la gente de un sis-
tema ve el dinero en relaci6n a sf misma puede 
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An economically beneficial transportation sys-
tem plan. for example, may be upset by voters' 
interpretations. 

A complete model needs to include allowance 
for the human factor. That this may be difficult 
to quantify is not significant, since experience 
will permit critical test and revision of the 
model. A model which fails to include the hu- 
man factor must rely on extrapolations from the 
past, and will thus be valid only as long as the 
conditions of the past still apply. The purpose of 
making a model for growth, however, is to de- 
termine how best to change the conditions of 
the past so that a more nearly optimum growth 
can be supported. 

Computer Models for USAEC Operational 
Planning 

Digital computer models of facilities within 
the U.S. Atomic Energy Commission have been 
implemented to aid in the planning function of 
management. These models have evolved into 
three function clacses: 1) situation models to 
replicate past or future events in a system. 
given all decisions: 2) combinatorial models 
that aggregate several contiguous facilities into 
a larger system, adjusting inputs and outputs for 
facility interdependence, and ranking alternative 
choices, 3) optimizing models that identify opti- 
mal decisions according to stated objective. 

Use of computer models by the USAEC and 
its operating contractors as a tool for both short 
and long-range planning is discussed, as well as 
the direction that modeling is expected to take 
in the future. 

TUP2.6 S. J. GEMSand A. M. BENNETT 

On-Line Planning for Management Control 

On-line computerized planning models. in 
which interactions occur between the user and 
the computer during problem solution, provide 
management with powerful tools for the con-
trol of operations. 

The application of on-line planning models is 
illustrated by the description of a model de-
signed for use in monitoring and projecting es- 
timates of supply status of critical items. The 
model utilizes production and consumption rate 
estimates and current asset figures to provide 
current and projected resource levels subject to 
priority allocation constraints. 

ser un factor muy significante en la eficacia del 
sistema. Un sistema de transporte que es eco- 
nbmicamente beneficioso, por ejemplo, puede 
ser afectado por la interpretacibn de 10s vota- 
dores en una eleccibn. 

Un modelo completo necessita incluir toleran- 
cias para el factor humano. El que esto sea 
dificil d e  cuantificar no es significante ya que 
la experiencia puede permitir pruebas cr3ticas 
y revisi6n del modelo. Un modelo que deja de 
incluir el factor humano debe de basarse en de- 
ducciones del pasado y por lo tanto sera valido 
s610 cuando las condiciones del pasado todavia 
se pueden aplicar. El pr6posito de un modelo 
para crecimiento, sin embargo, es la determina- 
ci6n de la mejor manera de cambiar la condi- 
ciones del pasado para poder aproximarse a y 
sostener un crecimiento bptimo. 

Modelos de Computadora para Planeamientos 
Operativos para la U.S.A.E.C. 

Los modelos de computadora digital de ins- 
talaciones dentro de la Comisibn de Energia 
At6mica de Estados Unidos, han sido imple- 
mentados para ayudar el planeamiento de la 
funcibn de direccibn. Estos modelos se han desa- 
rrollados en tres clases de funciones: (I) Mo-
delos de situacibn para reproducir hechos pa- 
sados o futuros en un sistema, dados todas las 
deciciones; (2) Modelos combinatorios que agre- 
gan varias instalaciones adyacentes a un sistema 
mayor, adaptando entradas y salidas para insta- 
laciones interdependientes; (3) Modelos de opti- 
mizaci6n que identifican las decisiones 6ptimas 
de acuerdo al objetivo establecido. Se discute 
el uso de 10s modelos de computadoras por la 
U.S.A.E.C. y sus contratistas actuales como 
un instrumento para el planeamiento de corto 
y largo plazo, as3 como tambikn la direcci6n 
que el modelodo se espere tomari  en el futuro. 

Planificacion en Linea para Control de Di-
reccion 

Los modelos de planificaci6n computadoriza- 
dos en finea, en 10s cuales existen interacciones 
entre el operador y la computadora durante la 
soluci6n del problema, proveen a la direcci6n 
de una herramienta poderosa para el control de 
las operaciones. 

La aplicacibn de modelos de planificacibn en 
finea se ilustra describiendo un modelo disefiado 
para uso en la vigilancia y proyecto de estima- 
ciones del estado de 10s suministros de articulos 
cilticos. El modelo utiliza porcentajes estimados 
de producci6n y consumo y valores actuales de 
bienes para proveer niveles de recursos actuales 
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The ease of implementation and the cost ben- 
efits of shifting from manual to computer-aided 
control are  discussed. A method for considering 
resource substitution, using linear programming 
techniques, is described as being representative 
of the types of improvement which become fea- 
sible once the basic on-line model is operational. 

TUP3.1 STEVEA.  LIPPMAN, ALAN J .  ROLFE, 
HARVEYM. WAGNERand JOHN S .  C. YUAN 

A Theory of Optimal Production Scheduling 
and Employment Smoothing 

Production and employment scheduling 
models have been studied extensively in man-
agement science publications. Beyond intrinsic 
interest engendered by the practical importance 
of these models, they have presented challeng- 
ing technical problems, even when the simplest 
assumptions are  made. The earliest references 
dealing with deterministic demand require-
ments minimized either production costs, with- 
out consideration to the economic impact of 
work force fluctuations, or work force smooth- 
ing costs. Several authors have considered the 
combined problem of minimizing the total costs 
of production, inventory, and work force fluc- 
tuations. Because of the difficulty of the com-
bined problem, these previous studies impose 
restrictions on the cost functions and structural 
relations that are more severe than those in the 
models excluding consideration of employment 
fluctuations. With the added restrictions these 
authors are able to derive the form of optimal 
policies, or algorithms for computing optimal 
policies, or both. 

This paper also treats the combined optimi- 
zation problem. Our primary focus is to provide 
insights as to the form of the optimal policies, 
and therefore we make only passing reference 
to the computational implications. In another 
paper we present a detailed study of the special 
case where all the cost functions are linear, and 
give algorithmic methods that efficiently exploit 
the theoretical results of this paper. 

The model here includes two types of gener- 
alizations on scheduling and smoothing prob- 
lems considered in the literature cited above. 
One is the imposition of milder restrictions on 
the cost functions. This aspect is formally ap- 
pealing in that we thereby extend the results of 
previous authors to a larger class of situations. 

.%-he second type of generalization relates to 
the structural assumptions. In addition to relax- 
ing the conditions on the initial and ending lev- 
els of the work force and inventory, we permit 

y proyectados, sujetos a restricciones debidas a 
prioridad de destinos. 

Se discute la facilidad de implementacibn y 
10s beneficios de costo al pasar del control ma- 
nual a1 control con ayuda de computadora. Se 
describe un mt-todo donde se considera la susti- 
tuci6n de recursos usando ttcnicas de programa- 
ci6n lineal, como representativo de 10s tipos de 
mejores que se hacen posibles una vez que el 
modelo en 6nea bisico es t i  en condiciones de 
funcional. 

Una Teorfa de Planificacion dptima de Pro- 
duccion y de la Constancia del Nivel de Empleo 

En publicaciones de administracibn cientifica 
se han estudiado extensamente modelos de 
planificaci6n de producci6n y en~pleo.  En adici6n 
al interks intrinseco despertado por la impor-
tancia prictica de estos modelos, t-stos han pre- 
senrado problemas tt-cnicos que constituyen un 
verdadero reto incluso en el cas? de que se 
hagan las suposiciones m i s  simples. Las pri- 
meras referencias, con respecto a necesidades 
deterministicas de la demanda, minimizaban, 
Ya bien 10s costos de producci6n o los costos de 
eliminaci6n de las oscilaciones en el nivel de 
empleo, sin tener en cuenta el impacto eco-
n6mico de estas fluctuaciones. Varios autores 
han considerado el problema conjunto de mini- 
mizar los costos totales de producci6n, inventa- 
rio y fluctuaciones en el nivel d e  empleo. Las 
dificultades del problema combinado hacen que 
estos estudios impongan restricciones en las fun- 
ciones d e  cost y en las relaciones estructurales 
que son m i s  severas que aqutllas que existen 
en los modelos que excluyen la consideraci6n 
de fluctuaciones de empleo. Aiiadiendo estas 
restricciones, dichos autores son capaces de de- 
rivar la forma de enfoques 6ptimas o algoritmos 
para computarles o ambos. 

Este articulo tambien trata el problema com- 
binado d e  optimizaci6n. Nuestro objetivo princi- 
pal es el proporcionar una visi6n m i s  profunda 
con respecto a la forma de las estrategias 6pti- 
mas y, por tanto, nos referimos s61o d e  pasada 
a las implicaciones de computacibn. En otro 
artfculo, presentamos un estudio detallado del 
caso especial en que todas las funciones de cost 
o son lineales y exponemos mt-todos algoritmi- 
cos que explotan eficazmente resultados te6ricos 
de este articulo. 

El modelo presente incluye dos tipos de ge- 
neralizaciones sobre problemas de planificaci6n 
y nivelaci6n considerados en la literatura arriba 
citada. Uno es la imposicibn de restricciones 
menos estrictas en las funciones de coste. Este 
aspecto es formalmente atractivo, en el sentido 
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a distinction between the amount of labor pro- 
ductively employed and the total labor supply, 
as well as between the level of regular-time 
scheduled and a functionally constrained level of 
overtime production. If hiring and firing costs 
are  significant, then a firm may retain some of 
the work force during a period of slack demand, 
even though this labor is not actively producing 
items for future sale. We also assume that the 
firm may schedule work to be performed at  an 
overtime rate without incurring hiring costs. 
But the company must limit the total overtime 
work to no more than a stated proportion of the 
actually scheduled level of regular-time work. 

We provide bounds on total production in op- 
timal policies, and we derive precise informa-
tion as to the form of optimal policies for the 
cases of monotone increasing and decreasing 
demands. We also treat the question of how an 
optimal employment policy depends on the 
planning horizon length, again under the as-
sumption of monotone demand requirements. 

TUP3.2 KENNETH E. KNIGHT and JOHN A 
MILLER 

Impact of Computers on Management 

The study focuses attention on several of the 
many ways in which automatic date processing 
is changing the world of the business manager. 

A preliminary section is devoted to a brief 
investigation of several books and articles which 
have dealt with various aspects of the effects of 
computers on the business world. 

The first phase of the study documents the 
expansion of computer use over time. The com- 
puter tended to be used first to replace person- 
nel and hardware in carrying out existing rou- 
tine business operations, then expanded into 
more complex existing areas, finally into the de- 
velopment of new operations that were not fea- 
sible before the use of the computer. 

The second phase of the project reports the 
results of interviews with managers whose jobs 
have been influenced by automatic data proc- 
essing. 

The third phase analyzes data from a broad 
sample of 160 managers in an attempt to pro- 
vide a statistical basis for a number of state-
ments about the direction of the effects that 

de que, de este mod0 extendemos 10s resulta- 
dos 10s autores previos a clases m i s  amplias de 
situaciones. El segundo tip0 de generalizacibn 
es t i  relacionado con las suposiciones estructu-
rales. En Ademis d e  relajar las condiciones en 
10s niveles inicial y final del empleo e inventa-
rio, nos permitimos distinguir entre la cantidad 
de labor empleada productivamente y la oferta 
planificada en horas normales y un nivel limitado 
funcionalmente de producci6n en horas extra-
ordinarias. Si 10s costos de empleo y despido son 
significativos, una empresa puede retener parte 
de sus obreros durante un periodo de disminu- 
ci6n en la demanda, aunque esta labor no esta 
produciendo activamente para futura venta. 
Tambien asumimos que la empresa puede pro- 
gramar parte del trabajo para ser hecho durante 
horas extraordinarias, sin incurrir en costos de 
empleo. Sin embargo, la empresa debe limitar 
el nimero total de horas extraordinarias a una 
proporci6n determinada de nimero total de 
horas normales programadas. 

Nosotros proporcionamos timites para la 
producci6n total en estrategias 6ptimas. y de- 
rivamos informaci6n precisa respecto de la 
forma de estas estrategias 6ptimas para dos 
casos de demandas mon6tomas crecientes y de- 
crecientes. Tambien tratamos la cuesti6n de 
cbmo una estrategia 6ptima de empleo depende 
de la longitud del periodo considerado en el caso 
de demanda mon6tona. 

El Impacto de las Computadoras Electronicas 
en la Administracibn 

Este estudio centra su atencibn en varias de 
las muchas formas en que el proceso automi-  
tico de datos es t i  cambiando el mundo de la 
empresa. 

Una secci6n preliminar se dedica a una breve 
investigaci6n de varios libros y articulos que 
han tratado varios de 10s aspectos de 10s efectos 
del calculador electr6mico en el mundo de la 
empresa y 10s negocios. 

La primera fase del estudio lleva a cab0 una 
documentacibn sobre la expansi6n del uso de 
computadoras electr6nicas en el tiempo. La 
computadora tendio a ser utilizado, en primer 
lugar, para reemplazar personal y equipo para 
llevar a cab0 las operaciones rutinarias existen- 
tes, despuCs se expansion0 hacia i r eas  mas com- 
plejas y finalmente hacia el desarrollo de nuevas 
operaciones que no eran factibles antes del uso 
del calculador. 

La sugunda fase del proyecto presenta 10s 
resultados de entrevistas con administradores 
cuyos puestos han sido influenciados por el pro- 
ceso autornitico de datos. 
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electronic data processing is having on the man- 
agers' behavior. 

The Place of the Computer in Management 
Control 

The growth of large scale enterprise has en- 
forced decentralization as an administrative 
technique. Large enterprises were frequently 
structured to provide for distinct units, each 
with its own managerial organization. Decision 
making consequently was centered in "sub-
enterprise" units, with top management pro-
viding either approval or disapproval. Evidence 
exists that such a situation had not been to top 
management's liking, although the procedure 
appeared to be the only feasible solution. The 
development of the computer and its application 
to management decisions makes it possible to 
reverse this process. A description of computer 
uses for management control is included at  this 
point. Such uses, either in the factory or in the 
office, require that management act in a central- 
ized fashion. The computer enables manage-
ment to utilize P E R T  techniques, linear pro-
gramming. Centralization is further enhanced 
by a reduction in record keeping since data are 
now stored within the machine. Retrieval can 
be rapid, providing information that makes de- 
cision making for recentralized enterprise quite 
feasible. Examples of such recentralization 
makes it possible to conceive of an enterprise 
as an integrated system to which "systems anal- 
ysis" can be applied and in which the computer 
can play a central role. The technical feasibility 
currently exists to transform middle manage-
ment functions into data for storage into a com- 
puter and for processing such data in "real 
time." The advantages of such developments to 
centralized control are enounous, for now func- 
tions must be stated precisely without loose 
verbal formulations. 

Yet at  the same time while thefunctiotrs may 
be performed by eiectronic devices, the indi-
viduals who once occupied middle management 
posts are no longer required. Examples are given 
in the paper; contrary views are also indicated. 
Fundamentally, this development raises issues 
of centralization uersus decentralization in the 
corporation. If centralization is the prospect, 
who are the people who will provide that con-
trol and what is their outlook? What are the 
contingencies that corporate development needs 

La tercera fase analiza datos tornados de una 
amplia muestra de 160 administradores con el 
intento de proporcionar una base estadistica 
para una serie de afirmaciones acerca de la 
direccibn de los efectos que el proceso auto-
mitico de datos es t i  teniendo en la conducta de 
10s directivos. 

El Puesto del Calculador Electronico en las 
Funciones de Control de la Administration de 
Empresas 

El crecimiento de las grandes empresas forzb 
la descentralizacion como una tkcnica adminis- 
trativa. Las grandes empresas fueron frecuente- 
mente estructuradas para disponer de distintas 
unidades, cada una con su propia organizacibn 
directiva. Consecuentemiente, la toma de de- 
cisiones se centr6 en unidades de "sub-em-
presa." reservdndose la alta administracibn la 
facultad de aprobarlas o no. Existe la evidencia 
de que tal procedimiento no era del gusto de la 
alta aunque parecia ser 1:i hnica solucibn viable. 
El desarrollo de electronicas y su aplicacibn a 
las deciones de la administracibn, hace posible 
el invertir este proceso. En este punto se incluye 
una descripci6n de los usos de las computadoras 
electrbnicas en las funciones de control. Dichos 
usos, bien sea en la fdbrica o en la ofcina, re- 
quieren que la direcci6n actue de un modo cen- 
tralizado. El calculador capacita a la direccibn 
para utilizar tt-cnicas de PERT, programacibn 
lineal y programacibn dinimica. La centraliza- 
cibn resulta m i s  favorecida ahn por la reduccibn 
en el, volumen de datos a conservar ya que kstos 
se encuentran almacenados en la mhquina. La 
recuperaci6n de datos puede hacerse ripida-
mente y proporciona informacibn que hace la 
toma de decisiones, una empresa recentralizada 
muy factible. Se muestran ejemplos de dicha 
recentralizacibn. Esta hace posible el concebir 
una empresa como un sistema integrado, al cual 
puede aplicarse anilisis de sistemas y en el cual 
e l ,  calculador puede desempeiiar un papel im-
portante. Hoy dia es ttcnicamente factible el 
transformar funciones de administradores inter- 
medios en datos para almacenaje er, la computa- 
dora y para procesar dichos datos en un "tiempo 
real". Las ventajas de tales avances son enor-
mes, porque ahora las funciones deben especifi- 
carse con precisibn, sin recurrir a formulaciones 
verbales poco claras. 

Sin embargo, al mismo tiempo que las fun- 
ciones pueden Ilevarse, a cabo por medico de 
aparatos electr6nicos las personas que antes ocu- 
paban puestos intermedios de administracibn 
no son ya necesarias. En el articulo se dan ejem- 
plos y se indican puntos de vista contraries. Fun-
damentalmente, este desarrollo pantea custiones 
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the research progresses, further analysis will 
provide additional answers in other areas  of 
management .  

Information Processing and Programmed De- 
cision Systems 

The  automation of production decision proc- 
esses through a computer-based operating sys- 
tem of decision rules is becoming common 
business practice today for many U. S. manu-
facturers.  In the design and development of pro- 
grammed decision systems nearly every reported 
analysis contains the assumption that  cost con- 
siderations associated with operating decisions 
and with information processing are  mutually 
independent.  For example, data processing costs 
a r e  usually assumed independent of order quan- 
tity decisions in determining optimal rules for 
inventory control. When the normative analysis 
concerns the design of both decision-making pro- 
cedures and information processing operations, 
the assumption of economic independence is 
highly suspect and typically results in subopti- 
mal solutions. 

This discussion reports a detailed analysis of 
decision and information processing systems 
design in the  firm based on aggregate produc- 
tion planning and time-shared computer data  
processing. Numerical  examples of optimal and 
approximately optimal systems under differing 
economic assumptions are  presented. 

Program Visibility and Control Center 
Functioning to maintain a continuum of man-  

agement responsibility consistent with program 
status, the  Program Visibility and Control Cen-  
ter interfaces with each program and provides 
top management  the visibility necessary for 
assessment of corporationlfactory status. This 
visibility is provided through exception report- 
ing developed from minimal da t a  collection ex-
clusive of the program manager. Automated 
data  processing keyed to a real t ime parameter  
serves to pace program completion and man-
hours expenditure such that  a diagnosis of pro- 
g ram status can be initially computer identified 
into one of five separate categories. Based on 
the  diagnosis, the computer can project an esti- 
mate  of required effort to achieve a satisfactory 
rate of program completion and further indicate 

linea no son efectivos con la automatizaci6n; y 
el i m b i t o  de  10s conceptos d e  administraci6n 
tan frecuentamente citados e s t i  completamente 
anticuado para la automatizacibn. Con el pro- 
greso de  la investigacibn, un ani l i s is  mhs pro- 
fundo proporcionarh respuestas adicionales en 
otras i r e a s  de  administracibn. 

Proceso de Informacion y Sistemas de  Deci- 
sion Programados 

La automatizacibn de  10s procesos d e  deci- 
siones d e  produccibn por medio de  un sistema 
operatorio de  reglas de  decisibn basada en un 
calculador electr6nico empieza a ser una p r l c -
tica cammiin para  muchos fabricantes nortea- 
mericanos hoy dia. Casi todos 10s anilisis pre- 
sentados sobre el diseiio y desarrollo d e  sistemas 
de  decisibn programados, contiene la suposicibn 
de  que las consideraciones de  costos asociadas 
con decisiones operatorias y con el proceso d e  
la informacibn son mutuamente  independientes. 
Por ejemplo, 10s costos de  proceso d e  datos se 
consideran generalmente independientes del 
volumen de pedidos para determinar  reglas bpti- 
mas  de  control de  inventario. Cuando el anilisis 
normativo concierne el diseiio d e  prodecimien- 
tos de  toma de decisiones y operaciones de  pro- 
ceso de  informacibn, la suposicibn de  indepen- 
dencia econbmica es altamente sospechosa y ti- 
picamente, resulta en soluciones subbptimas. 

Esta discusibn presenta un anilisis detallado 
del diseiio de  sistemas d e  decisibn y proceso 
de  informacibn en la empresa ,  basado en plani- 
ficacibn de  produccibn y proceso de  datos en el 
calculador con reparticibn de  tiempos. En la 
discusibn se presentan ejemplos numtr icos  d e  
sistemas bptimos y aproximadamente bptimos 
bajo suposiciones econbmicas diferentes. 

Visibilidad de Programa y Centro de Control 
Funcionando para mantener una continuidad 

en la responsabilidad de  la Administracibn con- 
sistente con el rango de  un programa la Visi- 
bilidad d e  Programa y Centro  de  Control inter- 
fiere con cada programa y proporciona a la alta 
Administracibn la visibilidad necesaria para  la 
definicibn del rango de  empresaf ibr ica .  Esta 
visibilidad se proporciona a travCs de  informes 
de  excepcibn, desarrollados con una recopila-
cibn de  datos minima exclusives del director 
del programa. El proceso automit ico de  datos 
unido a un pa r ime t ro  d e  tiempo real sirve para 
marcar  la terminacibn del programa y los gastos 
en hombre hora en tal forma que la computa- 
dora  puede identificar inicialmente un diagnbs-
tic0 del rango del programa en una d e  cinco 
categorias distintas. Basindose en estos diag-
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the change in program expenditure. Recommen- 
dations for all corrective action is referenced to 
the status identification and is generated by the 
managers with vested interest. Techniques for 
displaying this evaluation data  a r e  illustrated 
and the establishment of a Program Visibility 
and Control Center  room is suggested. Such a 
management  focal mechanism serves to provide 
guidance to optimize commit tment  of limited 
resources for corporationlfactory expansion and 
if required, establishment of individual program 
status for a specific customer. A sample history 
of the program monitoring procedure is shown. 

Extensions and Applications of a Theory on 
Managerial Decision-Making 

nbsticos la computadora puede proyectar una 
estimacibn del esfuerzo requerido para  conse-
guir un a velocidad satisfactoria para termina- 
cion del programa y ademas indicar e l  cambio 
de  gastos en el mismo. Las recomendaciones 
para toda accibn correctiva se refieren a la iden- 
tificacibn del rango y son generadas por 10s ad- 
ministradores con in ter is  conferido. En el ar-
ticulo se ilustran ticnicas para  presentar estos 
datos d e  evaluacibn y se sugiere el estableci- 
miento d e  una oficina de  Visibilidad de  Pro-
grama y Centro  de  Control. Tal  mecanismo focal 
d e  Administraci6n sirve para proporcionar una 
guia  para  la optimizacibn del compromiso de  
recursos limitados para  la expansibn d e  empre-  
saf ibr ica  y, si es  necesario, el establecimiento 
de  un rango individual d e  programa para un 
cliente especifico. TambiCn se presente una 
muestra histbrica del procedimiento d e  revisi6n 
de  programas. 

N o  Abstract Available 

TUP4.1 WILLIARDT .  CARLETON and EUGENE 
M .  LERNER 

Statistical Credit Scoring of Municipal Bonds 

The credit-investment rating of municipal 
bonds, determined by professional rating serv-
ices such as  Moody's, is based upon subjective 
evaluation of a large number of variables. The 
problem we investigate is: a r e  the  decision rules 
implicit in Moody's ratings so consistent that  
they can be approximated with a limited num-
ber of orthogonal discriminant functions'? 

TUP4.2 GERALD A.  FLEISCHERand ARNOLD 
REISMAN 

Investment Decisions Under Conditions of 
Inflation 

This paper extends existing quantitative 
methods for the  economic evaluation of alterna- 
tive investment proposals to the arena of deci- 
sion-making within economies characterized by 
inflationary trends. The models developed may 
be used in transactions involving one or several 
countries each having a differing rate of infla- 
tion. 

E~aluacion Estadistica del Credito de Bonos 
Municipales 

La evaluacibn del crCdito y la inversibn de  
bonos municipales determinada por servicios 
profesionales de  evaluacibn, tales como el  servi- 
cio de  evaluacibn Moody, se basan en una eval- 
uacibn subjectiva de  una gran nkmero de  varia- 
bles. El problema a investigarse es: iSon las 
:valuaciones de  Moody tan consistentes que se 
las puede aproximar con un nfimero limitado de  
octogonales discriminatorias? 

Decisiones de Inversi6n en Condiciones de 
Inflaci6n 

Este articulo extiende mitodos  cuantitativos 
existentes para la evaluacibn econbmica d e  dife- 
rentes propuestas de  inversibn, al area d e  torma 
de decisiones en economias caracterizadas par 
tendencias inflacion~stas.  Los modelos desarroll- 
ados pueden usarse en  transacciones envolviendo 
uno o varios palses, cada uno con un distinto 
nivel de  inflacibn. 
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Network Representation to Determine a Tax 
Minimizing Ownership Pattern among Subsid-
iaries of a Multi-National Company 

Over a finite horizon, each national subsidiary 
of a multi-national company can be character- 
ized as  a net source or sink of funds. One  means 
of transmitting funds is that  a subsidiary can re- 
ceive dividends from other subsidiaries that  it 
owns. This  cascading of ownership of subsidi- 
aries can be conveniently represented a s  a di-
rected graph having the headquarters as  its one 
center.  The cost on each a rc  is the  marginal rate 
of taxation. The objective is to find that  graph 
which represents the solution to: minimize tax 
payments to the world minus interest received 
on liquid assets, subject to the constraint of 
meeting the requirements for funds. 

A two stage algorithm is presented that  ex-
plores the  possible graphs improving the objec- 
tive a t  each successful interaction rather as  in 
branch and bound algorithms. This problem can 
be naturally generalized to probability estimates 
over the sources and availabi!ities of funds by 
means  of stochastic programming with recourse. 

Financial Decision Model under Inflation 

A model is developed to deal with the  prob- 
lem of funds generation under conditions of in- 
flation. The distinction between predictive and 
decision-making models is made,  and the im- 
portance of both is stressed. The predictive 
model is used to develop interrelationships be- 
tween purchases, payments,  sales and collections 
and funds. The  decision model is discussed in 
the  context of both static and dynamic equilib- 
rium conditions. 

Tests of the model and subsequent conclu- 
sions a re  discussed. 

An Ex Post Analysis of a Portfolio Selection 
Model 

The difficulty in securing the large numbers of 
covariances for even a modest number of secur- 
ities in the Markowitz Portfolio Selection 
Model,  has  given rise to an alternate method for 
determining these values. This involves the use 
of a linear function based on the behavior of 
some chosen economic index. Such a formula-
tion has  given rise to the tcrm Linear or Index 
model where this analysis has been used. 

Two computer programs have been developed 

Representacitin en forma de red de un sis-
tema de Propiedad Minimizadora de Impues-
tos Entre las Subsidiarias de una Compafiia 
Multinational 

Cada subsidiaria nacional d e  una compafiia 
multinational puede caracterizarse como una 
fuente neta o un sumidero d e  fondos. Un medio 
d e  transmitir fondos es  el que una subsidiaria 
pueda recibir dividendos d e  otras subsidiarias 
que ella posee. Este escalamiento de  la pro-
piedad d e  subsidiarias puede representarse con- 
venientemente como un grifico dirigido con el 
cuartel general en e l  centro. El costa en cada 
arco es  la tasa marginal d e  impuestos. El obje- 
tivo es  encontrar en grifico que represente una 
solucibn a 10s siguientes problemas: minimizar 
pagos de  impuestos al mundo menos el in ter is  
recibido sobre el activo liquido, sujeto a la limi- 
taci6n de  mantener 10s requerimientos d e  fondos. 

S e  presenta un algoritmo d e  dos  e tapas  que 
explora los grificos posibles mejorando el obje- 
tivo en cada interaccibn con Cxcito con algo-
ritmos d e  ramificaci6n y confinamiento. Este 
problema puede generalizarse para incluir esti- 
maciones de  probabilidad sobre las fue~i tes  y 
disponibilidades de  fondos par medio de  pro-
gramacibn estocistica con recursos. 

Modelo de Decisiones Financieras en Con-
diciones de Inflation 

En este articulo se  genera un modelo para 
tratar los problemas de  generacibn de  fondos en 
condiciones de  inflacibn. Se  distingue entre 
modelos predictivos y de  torma de decisiones y 
se hace hincnpii en la importancia d e  ambos. 
El model0 predictive se usa para desarrollar 
interrelaciones entre compras, pagos. ventas y 
coleccibn de  fondos. El modelo de  decisi6n se 
discute en el context0 de  condiciones d e  equi- 
librio es t i t icas  y dinimicas .  

TambiCn se discuten pruebas del inodelo y 
conclusiones subsecuentes. 

Un Analisis Despuks del Hecho de un Modelo 
de Seleccibn de Cartera de Valores 

La dificultad en asegurar el gran nfimero de  
covarianzas incluso para  un nfimero modesto de  
valores en  Modelo d e  Seleccibn de  Valores de  
Markowitz, ha dado pie a la aparicibn d e  un 
mitodo distinto para  determinar dichas cifras. 
Esto invuelve el uso d e  una funcibn lineal basada 
en la conducta de  algCn indice econbmico esco- 
gido. Tal  formulacibn ha sido el origen del t t r -  
mino Lineal o de  Indice para el modelo, en que 
este ani l i s is  se ha usado. 
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which are capable of handling general constraint 
sets. One of these programs uses the Linear 
Model as input with the constraint set of the 
form x, 5 c, ,  0 < c, S 1.0. The author dis- 
cusses his experience with the computer pro-
grams working with trust departments of finan- 
cial organizations over the past few years and 
analyzes several sets of portfolios that had been 
developed for these organizations. The analysis 
concerns itself among other things with the com- 
parisons ex post of risk and return for the time 
periods involved. The future potential of the 
Markowitz Model from a functional viewpoint 
is analyzed. 

Models for the Analysis of the Impact of Fi- 
nancial Decision Variables on the Growth of 
Firms 

This is a simulation exercise in which the 
technological characteristics of the firm's indus- 
try determine: 1) the growth rate potential pro- 
vided by the environment if the firm is to main- 
tain its share of industry sales; 2) the investment 
required per dollar of sales; 3) the model return 
on sales or on assets for the line of industry. 
Two financial policies are related to the indus- 
try characteristics. These are: 1) leverage pol- 
icy; and 2) dividend or retention policy. 

For a given planning horizon, the combinations 
of the five characteristics and policies listed 
above produce patterns of market requirements 
for the cost of debt and for the required growth 
yield on equity financing. Return on net worth, 
growth rate of total earnings and growth rate in 
earnings per share are  analyzed using computer 
runs for specified industry types. 

These results provide a framework for ana-
lyzing the effects of financial policies and for 
studying the impact of financing policies on cap- 
ital budgeting decisions or the firm's alternative 
rates of growth. 

TUP4.7 WILLIAMD. GRIFFINand TERRY W. 
HEIL 

Decision Point Data for Product Duration 
Planning 

Among the non-quantifiable facets of product 
planning is the mistreated singular quantifica- 
tion-product financial performance. Two solu- 
tions are  offered: a method for simulating the 
performance based on forecasts relating to the 

Se han desarrollados dos modelos para com-
putadora que son capaces de utilizar conjuntos 
de limitaciones generales. Uno de estos pro-
gramas usa el modelo Lineal como entrada con 
el conjunto de limitaciones de la forma x ,  S c,, 
0 < c, 5 1.0. El autor discute su experiencia con 
los programas trabajando con departamientos 
de organizaciones financieras durante 10s Clti- 
mos atios y analiza varios grupos de valores que 
han sido desarrollados para dichas organiza-
ciones. El analisis trata, entre otras cosas. con 
las comparaciones a posteriori de riesgo y re-
tornos para los peribdos en cuesti6n. Tambltn 
se analiza el potencial futuro del Modelo de 
Markowitz desde un punto de vista funcional. 

Modelos para el Anilisis del Impacto de Var- 
iables de Decisi6n Financieras en el Crecimento 
de Empresas 

Este es un ejercicio de simulacibn en que las 
caracteristicas tecnolbgicas de la industria de 
una empresa determinan: 1) la tasa de creci- 
miento potencial proporcionada por el ambiente 
si la empresa ha de mantener su porcibn de las 
ventas d e  la industria; 2) la inversi6n requerida 
por dblar de ventas; 3) los retornos en ventas o 
en activo total del modelo, para la lfnea de in- 
dustria. Dos tipos de politica financiers se re- 
lacionan con las caracteristicas de la industria. 
Estos son: 1) polftica de palania y 2) polftica de 
dividendos o de retenci6n. 

Para un horizante de planificacibn determi-
nado, las combinaciones de las cinco caracterfs- 
ticas y pollticas desiguadas previamente de-
signadas producen formas de requerimientos 
del mercado para el costo de emitir deuda y 
para la tasa de crecimiento en la financiacibn 
par medio de acciones. El retorno en neto, la 
tasa de crecimiento de beneficios totales y en 
beneficios por acci6n se analizan usando el 
calculador electrbnico para tipos especfficos de 
industria. 

Estos resultados proporcionan un marco para 
analizar los efectos de poltticas financieras y 
para estudiar el impacto de las mismas en de- 
cisiones de presupuesto de capital o en difer-
entes tasas de crecimiento d e  la empresa. 

Datos Discretos de Decision para Planea-
miento de Duracion de Productos 

Entre las facetas no-cuantificables de planea- 
miento d e  productos, se encuentra el maltratado 
comportamiento financier0 de un product0 cuan- 
tificado. Le ofrecen dos soluciones: un mttodo 
de simulaci6n de comportamiento basado en 
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product: and, empirical results of analysis from 
which a deterministic system is developed for 
use as a "rule-of-thumb." 

The structure of the financial simulation is 
such that many combinations of product history 
and forecasts may be analyzed at  various times 
during the product cycle. All factors in the sim- 
ulation are treated as probabilistic, and the re- 
sults are summarized in terms of familiar 

Efficient Diversification of Portfolio for a 
Holding Company 

The problem of efficient diversification of 
portfolio for an investment company has pre- 
viously been considered by Markowitz and 
others. Of similarly frequent occurrence is the 
problem of efficient diversification of the port- 
folio of a holding company. Such a portfolio 
would consist of companies under its control and 
diversification would involve i) acquisition of 
new companies, ii) establishment of new com-
panies and iii) further investment for expansion 
of existing companies. As such, this latter prob- 
lem differs from that of an investment company 
in several significant aspects. 

A solution of the portfolio selection problem 
of a holding company is shown. where, making 
use of some of the special characteristics cited 
above, the underlying discrete quadratic pro-
gramming problem is solved as a zero-one in-
teger programming problem. 

TUP4.9 GARYD. EPPENand EUGENEF. FAMA 

Cash Balance and Simple Dynamic Portfolio 

Problems 


This paper is concerned with a periodic, sto- 
chastic cash balance problem in which (I) the 
holding and penalty costs are proportional to the 
cash balance and, (2) the costs incurred in trans- 
ferring funds between cash and earning assets 
are  proportional to the amount of funds trans- 
ferred. It is established that the optimal policy 
for an n period problem can be characterized by 

pron6sticos relatives al producto: y, resultados 
empiricos de andlisis donde es desarrollado un 
sistema deterministic0 para ser usado como 
"regla empirica." 

La estructura de simulacibn financiera es tal 
que muchas combinaciones de la historia del 
producto y pron6stico pueden ser analizados en 
tiempos distintos, durante el ciclo del producto 
Todos 10s factores en la simulacibn son tratados 
como probabilisticos, y 10s resultados son re-
sumidos en ttrminos de indices financieros 
familiares. Se desarrolla la segunda solucibn, 
usando un data "promedio" que se introduce 
en la simulacibn financiera, y se deriva un con- 
junto de constantes para ser usadas en un sis-
tema determinado para un andlisis financiero. 

,Diversification Efficiente de las Valores en 
Cartera de una Cornpanfa cuyo Negocio es 
Mantener Valores 

El problema de la diversificacion eficiente de 
las valores en cartera para una compafiia de 
inversion ha sido previamente considerado por 
Markowitz y otros. De igual frecuencia de 
ocurrencia es el problema de la diversificaci6n 
eficiente de las valores en cartera para una 
compafifa cuyo negocio es  mantener valores. 
Dichos valores en cartera consistirlan de com-
paiiias bajo su control y la diversificaci6n en-
volverio 1) la adquisici6n de nuevas compafiias. 
2) el establecimiento de nuevas compaiiias y 3) 
la inversi6n adicional para la extension de com- 
paiiias ya existentes. Como tal, este dltima 
problema se diferencia del problema de una 
compaaia de inversion en varios aspectos sig- 
nificantes. 

Una soluci6n para el problema de la selecci6n 
de las valores en cartera de una compaiiia cuyo 
negocic es mantener valores es demostrada, 
donde, haciendo uso do algunas de las carac-
teristicas especiales ya mencionadas. el pro-
blema de programacibn cuadritico discreto que 
se encuentro en el fondo es resuelto como un 
problema de programaci6n de numeros enteras 
del typo cero-uno. 

El Balance de caja y 10s Problemas de Di-
namica Sencilla 

Este articulo trata el problema de un balance 
de caja aleatorio, peri6dico en el que (I) los cos- 
tos penales y de retenci6n de caja son propor-
cionales al balance de caja y (2) los costos incu- 
rridos al transferir fondos entre la caja y el activo 
de ganancias son proportcionales a la cantidad 
de fondos transferidos. Se establece que la po- 
litica 6ptima para un problema en el periodo 
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( U , ,  D,). Tha t  is, if i (the cash balance a t  the 
beginning of period n) is less than U ,  it should 
be increased to U,. Similarly, if i is greater 
than D, the cash balance should be reduced to 
D,. Otherwise no funds should be transferred. 
The results a r e  then extended to the infinite 
horizon problem. 

WA1.l PAULG R A Y  and FREDERICK S.  HILLIER 

A Bound-and-Scan Algorithm for the Site 
Selection Problem 

In setting up  warehouses, manufacturing, 
coinmunications and similar geographical net-
works, it is usually desired to select an opt imum 
(miniinurn cost) set of locations from among a 
list of potential sites. The costs include both 
fixed costs associated with setting up plants or 
warehouses and variable costs associated with 
manufacture and shipping. The sites selected 
may be limited (e.g., by real estate availability 
or diseconomies of scale) in the maximum size 
plant that  they can accommodate, and the plants 
that  a r e  opened should be able to meet  the de- 
mands of the customers. 

The paper briefly discusses previous approxi- 
ma te  solutions by Kuehn-Hamburger and by 
Manne,  and an exact solution by Efroymson-Ray 
for the case with no plant size constraints. A 
new algorithm is then presented for solving the 
complete problem as  a mixed integer problem. 
This  algorithm is based on a bound-and-scan 
algorithm for the pure integer programming 
problem that  has been developed recently by 
Hillier, but it exploits the special structure of 
the  site location problem. Specifically, a decom- 
position concept is applied to separate the fixed 
and variable costs and to reduce the size of the 
integer programming problem that must be 
solved. 

Optimal Warehouse Location 
The determination of the optimal number and 

location of intermediate shipping points in a 
physical distribution system is studied. 

A heuristic algorithm using graph-theoretic 
methods and a gravity model is developed to 
find a near-optimal solution to the following 
problem: 

Given a product that  has to be  supplied to n 
markets  via. warehouses from nz manufacturing 
points; determine the number and location of 

enCsimo puede representarse por (U, ,  n,).  Esto 
es, si i (el balance de  caja al principio del pe- 
riodo n)  es  menos d e  LJ, debe ser reducido a D, 
En cualquier otro caso ningCn fondo debe ser 
transferido. Los resultados son extendidos al 
horizonte infinito del problema. 

Un Algoritmo de Confinacion-y-Escuderiao 
para el Problema de la Selection de Local 

Al establecer redes d e  almacenes, fabricacibn, 
communicaciones y otros sistemas geogrificos 
similares,  usualmente se desea seleccionar un 
conjunto 6ptimo (costo minimo) d e  localizaciones 
d e  una lista de  posibles locales. El costo incluye 
tanto  costo fijos asociados con el establecimiento 
de  las plantas industriales o almacenes, como 
costos variables asociados con la fabricacibn y 
gastos d e  embarque.  Los locales seleccionados 
pueden limitarse (por ejemplo por escasez en 
tierra o por el tamafio de  planta a construirse) 
en el tamafio de  planta m i x i m a  que estos pue- 
den acomodar y las plantas que son abiertas 
deberan poder acomodar las demandas  de  10s 
clientes. 

La monografia discute brevemente soluciones 
previas aproximadas por Kuehn-Hamburger y 
por Manne y una solucibn exacta.por Efraymson- 
Ray  para  e l  caso en que no haya constrefiimien- 
tos en el tamafio de  la planta. Un nuevo algo-
ritmo es  entonces presentado para  resolver el 
problema completo como un programa de nC- 
meros enteros mezclados. Este algorltmo es 
basado en un algoritmo d e  confinacion-y-escud- 
rino desarrollado para el problema d e  progra- 
macibn de  nCmeros enteros puros que ha sido 
desarrollado recientemente por Hillier, pero 
es te  explota la estructura especial del problema 
de la seleccibn de  locales. Especificamente, un 
concept0 de  descomposicibn es  aplicado para 
separar 10s costos fijos y variables y para reducir 
e l  tamafio del problema de programacibn d e  
nlimero entero que ha de  resolverse. 

Localization Optima de Almacenes 
La determinacihn del nCmero y localizacibn 

bptima d e  puntos intermedios d e  embarque en 
un sistema fisico de  distribucibn es  estudiado. 

Un algoritmo heuristic0 usando mttodos  
grificos-tebricos y un modelo d e  gravedad es  
desarrollado para encontrar una solucibn casi 
bptima a l  siguiente problema: 

Dado un product0 que tiene que ser distri-
buido a n mercados a t ravis  d e  almacenes desde 
nl puntos d e  fabricacibn, determine el niimero y D
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the warehouses in order to minimize over-all 
transportation and warehousing costs. 

Using the algorithm a F O R T R A N  IV com-
puter program has  been developed on the U N I -  
VAC 1107 to handle cases up to 5 factories, 
250 warehouses and 750 markets .  

The output from the program is the "opti-
mum" number and location of warehouses, their 
sources of supplq (factories), and the markets 
which the  warehouses service, shipping and 
warehousing costs. 

Sample  problems and solutions a re  presented. 

WA1.3 SHIV K. GUPTAand JONATHANROS-
ENHEAD 

Sequential Investment Decisions under Un-
certainty 

Many major capital investments a r e  neces-
sarily carried out  in installments, often with 
years soparating them.  Expansion, decentrali-
zation, and modernization plans fall into individ- 
ual investment decisions and their sequencing 
will interact,  so that  an over-all plan is required. 

In a sequential investment plan, only the de- 
cisions implemented now a re  irrevocable. When 
there is considerable uncertainty about  the fu- 
ture  state of external circumstances which can 
affect the outcome of an investment plan (and 
this is usually) it is better by one's initial de- 
cisions to keep options open on a s  many "good" 
end-states for the system as  possible, rather than 
to gear the initial decision, possible inflexibly, 
to the  "best" end-state.  Tha t  end-state may be 
best only for the  forecast external circimstances. 
and the initial decisions may rob one of the flex- 
ibility to adapt  the plan to more up-to-date in- 
formation a s  it becomes available. 

We call initial investment decisions which 
leave options open on a s  many good end-states 
a s  possible "robust." A measure of robustness 
is developed which does not depend on subjec- 
tive estimation of uncertain external variables. 
The concept of "stability," the ability of the sys- 
tem to perform well in the interim (which may 
be unexpectedly prolonged) before the invest-
ment  plan is completed, is also explored. 

These ideas were developed while solving a 
particular problem-the location of sites for new 
factories in an expansion plan for a consumer 
goods firm. This case historq is presented in de- 
tail in the paper,  as  a practical example of the 
use of the concepts of robustness and stability. 
In this example the robust and stable initial de- 
cisions prevent the eventual a t ta inments  of what 
(on current information) seems the best end-

la localizacibn de  10s almacenes de  manero de  
llevar al minimo 10s costos totales d e  transporta- 
cibn y almacenaje. 

Usando el algoritmo un programa de com-
putadora en F O R T R A N  IV ha sido desarrollado 
en el U N I V A C  1107 para tratar con casos que 
contienen hasta 5 fibricas. 250 almacenes q 750 
mercados. 

Los datos  d e  salida de  este programa com-
prenden el nlimero y localizacibn bptima de 10s 
almacenes, sus puntos de  abastecimiento (fibri- 
cas), y 10s mercados a quienes 10s almacenes dan 
servicio junto con 10s costos d e  embarque y al- 
macenaje. 

Ejemplos d e  problemas y sus soluciones son 
presentados. 

Decisiones de Inversiones en Sequencia bajo 
Condiciones de Incertidumbre 

Muchas  de  las mayores inversiones d e  capital 
son necesariamente llevadas a cab0 a plazos, a 
menudo separadas por afios. Los planes de  ex- 
tensibn, decentralizacibn, y modernizacibn caen 
bajo esta categoria.  Usualmente 13s decisiones 
individuales de  inversibn y sus secuencias obran 
entre  sf, de  manera  que un plan total es  reque- 
rido. 

En un plan de  inversiones en secuencia, 
solamente las decisiones ejecutadas ahora  son 
irrevocables. Cuando hay considerable incerti-
dumbre sobre el futuro estado de  las circuns- 
tancias externas que puedan afectar el resultado 
de  un plan de  inversiones (y este usualmente es  
e l  caso) resulta mejor,  por las decisiones ini- 
ciales tomadas por uno, e l  mantener opciones 
abiertas para cuantos m i s  estados terminales 
"buenos" en el sistema sean posibles, en vez de  
dirigir, sin flexibilidad, la decisibn inicial al  
"mejor" d e  10s estados terminales.  Este estado 
terminal puede ser el mejor solo para  el pronbs- 
tic0 de  las circunstancias externas, y las deci- 
siones iniciales le pueden robar a uno la flexi- 
bilidad de  adaptar  el plan a informacibn mas 
reciente segcn esta sea  disponible. 

Nosotros llamamos "robustas" a aquellas de- 
cisiones de  inversibn iniciales que dejan op-
ciones abiertas para que hayan cuantos ~ n i s  
"buenos" estados terminales sean posibls. Una 
medida de  este vigor que no depende de  esti- 
maciones subjetivas d e  variables externas in-
ciertas e s  desarrollada. El concept0 de  "esta-
bilidad," la abilidad del sistema para  ejecutar 
bien en el intermedio (que puede resultar ine-
speradamente prolongado) antes  d e  que el plan 
d e  inversibn se complete. e s  tambien explorado. 

Estas ideas fueron desarrolladas durante  el 
proceso d e  resolver un problema en particular 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

21
6.

73
.2

16
.2

32
] 

on
 1

4 
Ju

ly
 2

02
6,

 a
t 1

0:
55

 . 
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y,

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



state. But they make possible the attainment of 
many more good end-states, and give interim 
systems which function more effectively. 

Milbank-Frawley Circle Model 
The aim of the Milbank Model is to locate a t  

minimal cost, a given number of publicly fi-
nanced dwelling units in the Milbank-Frawley 
Circle Urban Renewal Area in Harlem. The 
model considers several alternative ways of cre- 
ating "new" uni tsrehabi l i ta t ion.  as well as the 
construction of new walkup buildings and new 
fireproof elevator buildings of various height. 

The model presently includes four segments. 
The first segment analyses the cost of title. relo- 
cation and construction versus the potential net 
gain in new and rehabilitated units on each lot 
and combination of contiguous lots in the area. 

The second segment is an integer program- 
ming code that analyses these feasible sites. 
some of which may be mutually exclusive. 

The third segment lists the type of improve- 
ment required on each site selected by the sec- 
ond segment as well as the pertinent zoning and 
architectural requirements associated with each 
improvement. 

The fourth segment analyses the time re-
quirements for relocation, rehabilitation and 
construction versus the costs of these functions 
and prints a P E R T  network to schedule the to- 
tal renewal effort consistent with the predicted 
availability of funds. 

Although the present project calls for the 
minimization of cost to provide a given number 
of new units, the model can be reversed, i.e., it 
can be used to select sites to provide a maxi-
mum number of new units a t  a given total cost. 

WA1.5 WILLIAMP. PIERSKALLA 

A Multi-Dimensional Assignment Problem 

The multi-dimensional assignment problem 
is a higher dimensional version of the standard 

l a  localizacibn de locales para nuevas fibricas 
en un plan de extensibn para una industria de 
bienes litiles. Este caso es presentado con de-
talle en la monografia, como un ejemplo pritico 
en el uso de conceptos de vigor y estabilidad. 
En este ejemplo las decisiones ro ustas y esta- 
bles iniciales impeden el logro consiquiente de 
lo que (en informacibn corriente) parece el mejor 
estado terminal. Pero ellas hacen posible el logro 
de muchos m i s  buenos estados terminales, y dan 
sistemas intermedios que funcionan m i s  efecti- 
vamente. 

Modelo Circular de Milbank-Frawley 
La finalidad del modelo Milbank es ubicar 

con un costo minimo, un nlimero dado de unida- 
des de viviendo financiades pfiblicamente, en 
el Ciruculo Milbank-Frawley de Renovacibn 
Urbana, en Harlem. El modelo considera varias 
formas alternativas d e  crear "nuevas" unidades 
de rehabilitacibn, como tambiin la construccibn 
de nuevos edificios de subir a pie y nuevos edi- 
ficios con ascensores a prueba de fuego, de dife- 
rentes alturas. El model actualmente incluye 
cuatro partes. La primera parte analiza el costo 
de titulo, cambio de ubicacidn y construccibn, 
comparado con la ganancia neta potencial en 
unidades nuevas y rehabilitades en cada lote y 
en la combinacibn de lotes continuos en el i r ea .  

La segunda parte es un cbdigo de prog-
ramacibn integral que analiza aquellos sitios 
factibles, algunos de 10s cuales pueden ser mu- 
tuamente exclusive entre ellos. 

La tercera parte enumera el tip0 de mejoras 
requeridas en cada sitio seleccionado por la se- 
gunda parte, asi como tambiin la zonificacibn 
pertinente y 10s requisitos arquitectbnicos vin- 
culados a cada mejora. 

La cuarta parte analiza 10s requisitos de 
tiempo para cada cambio de ubicacibn, rehabi- 
litacibn y construccibn comparados a 10s costs de 
esas funciones, e imprime una red PERT para 
programar el esfuerzo total de renovacibn con-
sistente con la predecida disponibilidad de fon- 
dos. 

Si bien el presente proyecto demanda la mi- 
nimizacibn de costo para proveer un nlimero 
dado de unidades, el modelo puede ser in-
vertido, es decir. puede ser usado para selec-
cionar sitios, para proveer un nfimero miximo 
de nuevas unidades a un costo total dado. 

Un Problema de Asignacion Multidimen-
sional 

Un problema de asignacibn multidimen-
sional es una versibn de m i s  alta dimensibn del 
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Models for Optimizing the Learning Process 

This paper is concerned with showing how 
certain instruction problems can be reformu-
lated as problems in the mathematical theory of 
optimization. A common instructional paradigm 
is outlined and a notational system is proposed 
which allows the paradigm io be restated as a 
multi-stage decision process with an explicit 
mathematical learning model embedded within 
it .  The notion of an optimal stimulus presenta- 
tion strategy is introduced and some problems 
involved in determining such a strategy are dis- 
cussed. A brief description of dynamic program- 
ming is used to illustrate how optimal strategies 
might be discovered in practical situations. 

WA2.2 MAYNARDW. SHELLY and ANDREW 
C. STEDRY 

Satisfaction of Need for Information in 
Groups 

Members of groups are  viewed as having 
needs for specific types of information such as 
that required to solve a problem. Mathematical 
programming methods are used to optimize the 
satisfaction of this need for several cases. Among 
the types of solutions delineated are those which 
determine who speaks on what topic and the 
length of time which should be spent on each 
topic discussed. Conclusions as to the method 
in which groups should interact under differing 
sets of assumptions about group behavior are 
presented. 

Computer Simulation of Individual Concept 
Learning in the Three Person Common Target 
Game 

After conducting a series of laboratory experi- 
ments. a computer model of concept acquis~tion 
by individuals in the three person common tar-
get game was stated in IPL-V. The computer 
program represents the experimental conditions 
and contains a hypothetico-deductive, informa- 
tion processing, behavioral model. This model 
postulates a limited set of game-relevant, arith- 
metic conceptual structures to be potentially 
available in memory to all adult S s  who have 
heard the experimental instructions. COM-
T A R G  posits a set of general, deterministic 
mechanism-derived from social comparison 
and organizational choice theor ies - tha t  are 
capable of effecting a selective search and evalu- 

Modelos para Estrategias Optimas en el Pro- 
ceso de Aprendizaje 

Este reporte tiene por objeto mostrar como 
ciertos problemas de enseiianza pueden volverse 
a formular como problemas en la teor'la mate- 
miitica de para estrategias bptimas. Se esboza 
un paradigma comun de enseiianza y se propone 
un sistema de anotacibn que permite volver a 
formular el paradigma como un proceso de de- 
cision de multi-etapas con un modelo matema- 
tico de aprendizaje encajado dentro de CI. Se 
introduce la nocibn de la estrategia 6ptima de 
presentation de estimulo y se discuten algunos 
problemas implicitos en la determinacion de 
tal estrategia. Una breve descripcibn de prog- 
ramaci6n dinimica sirve para ilustrar como las 
estrategias optimas pueden ser descubiertas en 
situaciones practicas. 

La Satisfaccion de la Kecesidad de Infor-
macion en Grupos 

Los miembros de grupos son estudiados de 
acuerdo a los tipos especiales de inforrnacion 
que necesitan, como la que se requiere para re- 
solver un problema. Los mCtodos mateniaticos 
de programacibn se usan para estrategias 6p- 
timas en la satisfacci6n de esta necesidad en 
varios casos. Entre los tipos de soluciones de- 
lineadas estan aquellas que determinan quien 
hablari sobre qud topico y la duracion de cada 
topico a discutirse. Se presentan conclusiones 
sobre el mitodo con que 10s grupos actuarian 
entre ellos bajo conjuntos distintos de suposi- 
ciones acerca de la conducta de grupos. 

Simulacion con Computadora del Aprendi-
zaje Individual de Conceptos en el Juego con 
Objetivo Comun para 

DespuCs de conducir unas series de experi- 
mentos de laboratorio, un modelo para compu- 
tadora de la adquisicibn de conceptos por in-
dividuos en el juego con objetivo comfin para 
tres personas fue expuesto en IPL-V. El pro-
grama de computadora representa las condicio- 
nes experimentales y contiene un modelo de 
conducta de proceso de inforrnacion hipotitico- 
deductivo. Este modelo postula un conjunto li- 
mitado de estructuras aritmCticos conceptuales 
pertinentes al juego, que estarin potencial-
mente disponibles en la memoria para todo su- 
jeto adulto que haya escuchado las instruccio- 
nes del experimento. COMTARG postula un 
conjunto de mecanismos generales, determinis- 
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ation of these concepts in a specified memory 
space and changing memory structure. The 
model postulates the capability of S s  effecting 
the association in memory of concepts with spe- 
cific players but excludes the more complex 
capability of associating concept player pairs 
with subsets of equivalence classes of target 
numbers. Unlike other computer models of be- 
havior COMTARG contains three individual 
difference parameters-one motivational and 
two memory. A set of explicit rules for the prob- 
abilistic sampling of these parameters in con-
structing computer subjects produces between 
( c o m p u t e r )  subject differences in responding. 

The model was run in advance of observing 
human subjects responding under two, previ-
ously unobserved experimental conditions. 
Equal numbers of human and computer subjects 
were observed under each condition (Ns were 
39 and 15). ANOVAS of correct responses, 
grouped in two-trial blocks, made over all 24 
trials and for the first twelve trials failed to dis- 
tinguish human from simulated responses under 
either condition. It is argued that techniques of 
statistical estimation rather than of hypothesis- 
testing are  required to provide evidence for the 
detection and correction of faults in such mod- 
els. Examples of the use of such techniques are 
given. 

Decision-Making in Small Groups: a Simu-
lation Study 

The objective of this research has been to de- 
velop and test an information processing theory 
of group decision behavior. The individual was 
taken as the basic unit. It was hypothesized 
that if an adaptive model for individual behavior 
was developed, then a group's behavior would be 
a predictive resultant of the interaction of mod- 
els of its participants. The theoretical scheme 
chosen was that of an information processing 
theory of individual decision behavior. 

The research was carried out by first con-
structing an experimental task which permitted 
both individuals and groups to generate obser- 
vable, sequentially linked, task-dependent be- 
havior. Then an adaptive, information processing 
program was written that was capable of learn- 
ing to behave like-i.e., could generate a program 
that would mimic-the observed behavior of in- 
dividual subjects. Finally, hypotheses were in-
troduced concerning the leader-follower relation 

tas-derivados de teorias de comparacibn so-
cial y seleccibn de organizacibn-capaces de Ile- 
var al cabo una exploracidn selectiva y la eva-
luacibn de estos conceptos en una espacio 
especifico de memoria y en una estructura cam- 
biante de memoria. El modelo postula la capa- 
cidad de 10s sujetos para efectuar la asociacibn 
en la memoria de conceptos con jugadores es-
pecificos per0 excluye la capacidad m i s  com-
pleta para asociar pares de concepto-jugador con 
subconjuntos de clases equivalentes de nlimeros 
de objectivos. A diferencia de otros modelos de 
computadora para conducts, COMTARG con-
tiene tres parimetros individuales diferencia-
bles-uno de motivo y dos de memoria. LJn con- 
junto de reglas explicitas para la cata probabilists 
de estos parametros en la construccibn de sujetos 
de computadora produce diferencias en las res- 
puestas de 10s sujetos. 

El modelo se corrib dntes de observar a suje- 
tos humanos responder bajo dos conditiones 
experimentales previamente no observados. El 
mismo nlimero de sujetos humanos y de com-
putador3 fueron observados bajo cada condici6n 
(Ns fueron 39 y 15). ANOVAS de respuestas 
correctas, agrupadas en bloques de dosexperi- 
mentos, se hicieron para todo? 10s 24 experi- 
mentos y en 10s doce primeros ensayos fraca- 
saron en distinguir respuestas humans de las 
simuladas en ambas condiciones. Se presenta el 
argument0 de que se requieren ttcnicas de esti- 
maci6n estadistica, en vez de pruebas de hi- 
phtesis, para producir evidencia en la detecci6n 
y correcci6n de faltas en tales modelos. Se pro- 
porcionan ejemplos de tales ttcnicas. 

Decisiones en Grupos Pequenos: un Estudio 
de Sirnulacion 

El objeto de esta investigaci6n consisti6 en 
desarrollar y probar una teoria para el proceso 
de informacion en la conducta del grupo con 
respecto decisiones. Se consider6 al individuo 
como la unidad bisica. Se formulo la hipbtesis 
de que si se desarrollaba un modelo adaptivo de 
conducta individual, seria posible pronosticar la 
conducta del grupo como resultante de la in-
teraccibn de 10s modelos de 10s participantes. 
Se eligib el esquema ttorico de una teoria para 
el proceso de informacibn en la conducta in-
dividual con respecto a decisiones. 

La investigacibn se llevb al cabo construyendo, 
en primer lugar, una tarea experimental que 
permitib, tanto a 10s individuos como a 10s gru- 
pos, generar conducta observable, secuencial-
mente ligada y dependiente de la tarea. A con- 
tinuacibn se escribib un programa para el 
proceso de informacibn adaptable capaz de 
aprender a simular la conducta observada de 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

21
6.

73
.2

16
.2

32
] 

on
 1

4 
Ju

ly
 2

02
6,

 a
t 1

0:
55

 . 
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y,

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



in two-person groups so that  interactions in 
dyads could be  represented. The  theory was 
tested by having subjects perform a number of 
trials first a s  individuals and then as  a member  
of a two-person group. During the  group phase 
subjects had to  agree  on what to do  on each 
trial before proceeding to the next. Data  from 
the  individual phase were used to build pro-
g rams  that  mimiced the  decision behavior of 
each subject. These programs were then em-
ployed a s  the  basis of the group model which 
predicted the observed behavior of each mem-
ber as  well as  the  resulting behavior of the group, 
trial  by trial. The  tests were successful in that 
the theory's performance was statistically supe- 
rior to that  of a number of alternative models on 
data  provided by fifteen subject groups. 

Behavioral Model Testing and Parameter 
Estimation Using On-Line Computational Sys-
tems 

Several stochastic behavioral models were 
tested for goodness-of-fit and parameter  invari- 
ance against data  from a variety of learning ex- 
periments.  The computations were done on-line 
using time-sharing systems a t  M I T  and a t  the 
System Development Corporation. Maximum 
likelihood estimates of the  parameters  were 
calculated using direct search (non-algorithmic) 
optimization techniques. 

The data  for several human subjects and sev- 
eral rats were analyzed, with acceptable para- 
meter  invariance for the rats using linear in-
cremental Markov models. Extensions of the 
linear models yielded greatly improved fits for 
the  human da t a  but were not acceptably invari- 
ant .  On-line techniques were developed to per- 
mi t  easy changes in models and data  during a 
computing run; this reduced computation times 
and also helped in constructing improved mod- 
els. 

WA2.6 IVAN SIROYEZHIN 

Responsibility Distribution in an Ideal Or-
ganizational Hierarchy 

An organization with a hierarchical structure 
such that  the relationship between any two 
stages in the hierarchy is the same for all organ- 

sujetos individuales. Finalmente, se introdujs-
ron hipbtesis sobre la relacibn de  dirigente y 
dirigido en grupos d e  dos personas a fin de  que 
las interacciones pudiesen ser representadas en 
parejas. La teoria se probb pidiendo a 10s suje- 
tos que desarrollaran un nlimero de  pruebas, 
primero como individuos y desputs  como miem- 
bros de un grupo d e  dos personas. En la fase 
de  grupo, 10s sujetos tuvieron que  ponerse d e  
acuerdo sobre lo que iban a hacer en cada 
prueba antes d e  proseguir con la siguiente. Los 
datos de  la fase individual fueron utilizados 
para construir programas que simularon la con- 
ducts decisiva d e  cada sujeto. A continuacibn 
se utilizaron estos programas como base para  
un modelo de  grupo que predijera la conducta 
observada de  cada miembro a la vez que la con- 
ducts resultante del grupo, experiment0 por ex- 
p e r i m e n t ~ .  Las  pruebas tuvieron tx i to  en que 
la actuacibn, seglin la teoria, fu t  estadistica-
mente  superior a la de  un nlimero de  modelos 
alternatives con datos provistos por quince gur- 
pos de  sujetos. 

Pruehs  para Modelos de Conducta y Estima- 
ci6n de Parametros Usando Sistemas Compu-
tacionales En-Linea 

Varios modelos aleatorios de  conducta fueron 
probados en su fineza de  ajuste e invariacibn de  
pa r ime t ros  contra data  proveniente de  una va-
riedad de  experimentos de  aprendizaje.  Los 
cbmputos fueron hechos enlinea usando sistemas 
de  reparto de  tiempo en M I T  y en la System 
Development Corporation. Cilculos d e  la pro- 
babilidad m i x i m a  de 10s par imetros  fueron 
hechos usando t tcnicas  d e  estrategias 6ptimas 
(no algoritmicas) d e  exploraci6n directa.  

Los datos  para  varios sujetos humanos y para 
varias ra tas  fueron analizado para las ra tas  con 
invariaci6n aceptable de  parametros usando 
modelos lineales aumentativos d e  Markov. Las  
extensiones d e  10s modelos lineales produjeron 
grandes mejoilas en ajuste para 10s datos hu- 
manos per0 10s parametros variaron demasiado 
de  una persona a la otra.  Ttcnicas  en-linea fue- 
ron las desarrolladas para permitir  cambios f h -  
les en 10s modelos y en 10s datos durante  el pro- 
ceso d e  c6mputo. Esto redujo 10s tiempos para 
cbmputo y t ambi tn  ayudo en la construccibn d e  
mejores modelos. 

Distribution de la Responsabilidad en una 
Jerarquia Organizational Ideal 

S e  considera una organizacibn con una estruc- 
tura jer i rquica  tal que la relacibn entre  dos 
niveles cualquiera en la jerarquia es la misma 
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izational units. For the  latter responsibility dis- 
tribution on different stages of hierarchy is stud- 
ied depending on the  following parameters: the 
size of material responsibility which can be  al- 
lotted to a single collaborator on some hierar-
chial stage: the  proportion of responsibility 
transfer from the  lower stage of a hierarchy to 
the  next higher stage from supervision ratio; re- 
sponsibility transfer proportion from the upper 
stage to the  next lower one (collegiality ratio). 

The equation system is formulated describing 
the  given responsibility distribution and a quan- 
ti tative result of simulative investigations of 
this session is given. 

A Renewal Theoretic Approach to the Esti-
mation of Future Demand for Replacement 
Parts 

This paper presents a renewal theoretic ap- 
proach to the determination of the probability 
distribution of the demand for replacement 
parts in a specified future time interval. Ordi- 
nary, modified, and equilibrium renewal proc- 
esses a r e  discussed a s  models for physical proc- 
esses in which parts a r e  replaced as  they fail. 
Some  results from renewal theory a re  stated 
and then used to estimate the demand for re-
placement parts under a number of different 
conditions. Practical difficulties, and ways to cir- 
cumvent them,  a re  then discussed. The paper 
concludes with an illustrative example. 

A Stochastic Rental Inventory Model with a 
Setup Cost 

A rental inventory model with a setup cost is 
studied. Equipment  is withdrawn from the  in- 
ventory by customers who use i t  for a certain 
length of t ime and then return it. Decisions 
about  the amount  of equipment to rent can be 
made  a t  certain points in time. This paper de- 
scribes a policy for making these decisions 
which minimize expected costs. The dynamic 
programming model formulated is different 
than the  usual ones considered in the  li terature 
because the  inventory level can fluctuate up or 
down and convexity of the cost function is not 
important since simple optimal policies can be 
found when the cost function is nonconvex. 

Inventory Reorder Points under Service Con- 
straints 

In practice there a r e  many situations where 
the  cost of stockout is not known. However, the 

para todos las unidades organizacionales. Para  
esta liltima se estudia la distribution de la re-
sponsabilidad en distintos niveles de  la jerarquia, 
dependiendo de  los siguientes par imetros :  la 
cantidad de  responsabilidad material que puede 
asignarse a un solo colaborador en un nivel je- 
r i rquia  al nivel inmediato superior (relaci6n 
de  supervisibn); la proporci6n d e  responsabili- 
dad transferida desde un nivel superior al im- 
mediato inferior (relacibn d e  colegialidad). 

S e  formula el sistema de ecuaciones que de- 
scribe la distribuci6n d e  responsabilidad dada y 
se presenta un resultado d e  cuantitativo de  las 
investigaciones simuladoras de  esta sesibn. 

Un Enfoque Teorico de Renovacion Para Es- 
timar de Futuras Demandas de Piezas de Re-
puesto 

Este articulo presenta un enforque te6rico d e  
renovacion para  la determinacibn de  la distribu- 
cibn d e  probabilidad de  la demanda d e  piezas 
de  repuesto en un interval0 futuro especifico. S e  
discuten procesos de  renovaci6n ordinarios, 
modificados y de  equilibrio as i  como modelos 
para  procesos fisicos en que las partes se cam- 
bian cuando fallan. S e  presentan algunos re-
sultados d e  la teoria de  renovaci6n y se  usan 
para estimar la demanda d e  piezas de  repuesto 
en un cierto nCmero d e  condiciones diferentes. 
S e  discuten dificultades pr ic t icas  y formas de  
orillarlas. El a r t ~ c u l o  termina con un ejemplo 
ilustrativo. 

Un Modelo Estocastico de Inventario de 
Rentas con un Costo de Preparacion 

S e  estudia un modelo d e  inventario d e  rentas 
con un costo d e  iniciacibn. Los clientes retiran 
equipo del inventario, lo usan por cierto tiempo 
y lo devuelven. S e  pueden tomar  decisiones en 
ciertos periodos de  tiempo acerca d e  la cantidad 
d e  equipo a rentarse. Este t ra tado describe una 
politica para tomar decisiones que lleven al 
minimo 10s costos anticipados. El modelo plan- 
teado de  programaci6n d in imica  es  distinto a 
los usualmente considerados en la l i teratura, 
pues el nivel del inventario puede fluctuar hacia 
arriba o hacia abajo y la convexidad d e  la fun- 
cibn d e  costos no es importante, pues estrategias 
sencillas 6ptirnas pueden encontrarse cuando la 
funci6n d e  costos no es convexa. 

Puntos para Reorden de Inventario bajo Limi- 
taciones de servicio 

En la pr ic t ica  hay muchas situaciones, en 
las que el costo d e  la falta d e  inventario, no se  

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

21
6.

73
.2

16
.2

32
] 

on
 1

4 
Ju

ly
 2

02
6,

 a
t 1

0:
55

 . 
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y,

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



inventory system is required to provide, on the 
average, a specified level of service. Level of 
service is defined as that fraction of demand 
which is not met on request, the fraction being 
taken over a given period of time. 

An analytical model is developed to compute 
reorder pointe in a fixed lot size inventory sys- 
tem. Both demand and lead-times are  treated 
as random variables. Knowledge of the proba- 
bility distribution of lead-times is assumed along 
with the mean and variance of demand. No 
knowledge of the probability distribution of de- 
mand is needed since the analysis is independ- 
ent of it. 

It is shown that a unique solution exists which 
may be obtained by the use of the Newton-
Raphson method. Some computational experi- 
ence is given which indicates that the solution 
may be obtained economically (with respect to 
computer time) and accurately. 

A Multi-Model Analysis of an Aggregate 
Scheduling Decision 

The purpose of the research performed was 
to develop a number of decision models of the 
same empirical decision situation and evaluate 
their relative performance. Three basic classes 
of models were developed: descriptive, heuris- 
tic, and normative. Within each of these classes 
a number of other models were developed to 
further analyse the decision process. 

Using the models developed, aggregate sched- 
ules were evaluated both qualitatively and quan- 
titatively to assess their relative performance. 

With respect to the specific decision situation 
studied, operational considerations are  proposed 
concerning the three classes of decision models 
developed. Some additional insight is offered 
into the implementation and control of formal 
decision models and procedures for aggregate 
scheduling. 

WA3.5 DAVIDN.  HEIZER 

A Multi-Customer, Time Structured Produc-
tion Model 

A four plant, 20 product, 50 terminal, multi- 
customer, time structured distribution model is 
described. The major emphasis will be placed 
on customer definition and classification. The 
number of customers was approximately 10,000 
and it was necessary to aggregate these thus re- 
ducing the number to 250. Even so, 3200 equa- 
tions were required to describe the problem. 

conoce. Sin embargo, el sistema de inventario se 
requiere ordinariamente para .proporcionar a un 
nivel de servicio especificado. Nivel de servicio 
se define como aquella fraccibn de la demanda 
que no puede satisfacerse en el momento en 
que se requiere, la fraccibn se toma sobre un 
peribdo dado de tiempo. 

Se desarrolla un modelo analitico para calcular 
puntos de formulacibn de pedidos en un sistema 
de inventario de tamafio de lote fijo. La de-
manda y tiempos de antelacibn se tratan como 
variables aleatorias. Se supone conocimiento de 
la distribucibn de probabilidad de los tiempos de 
antelacibn asi como la media y la varianza de la 
demanda. No se precisa conocer la distribucibn 
de probabilidad de la demanda, ya que el an i -  
lisis es independiente de ella. 

Se muestra que existe una solucibn hnica 
que puede obtenerse por medio del mt-todo 
Newton-Raphson. Se da alguna experiencia en 
computacibn que indica que la solucibn puede 
obtenerse econbmicamente (con respecto al 
tiempo de calculador) y con exactidud. 

El prbposito de la investigacibn realizada fue 
desarrollar un niimero de modelos de decisibn 
de la misma situacibn de decisibn empfrica, y 
evaluar sus correspondientes actuaciones. Tres 
clases de modelos bisicos fueron desarrollados: 
descriptivo, heuristic0 y normativp. Dentro de 
cada una de estas classes de modelos se han de- 
sarrollado un niimero "n" de otros modelos para 
continuar el anilisis del proceso de decisibn. 

Usando los modelos desarrollados fueron si- 
mulados planes agregados para un tipico peribdo 
de prueba. Estos simulados planes agregados 
fueron evaluados cualitativa y cuantitativa-
mente, para evaluar sus correspondientes de- 
sempefios. 

Le muestra alguna comprensibn adicional en 
la implementacibn y control de los modelos 
formales de decisibn y procedimientos para los 
planes agregados. 

Un Modelo de Producci6n y Distribucion para 
Multiple Clientela Estructurado en Tiempo 

Se describe un modelo de distribucibn estruc- 
turado en tiempo para miltiple clientela, para 
cuatro plantas industriales con 20 productos y 
50 terminales. El t-nfasis principal se pondrri en 
la definicibn y clasificacibn de la clientela. El 
nhmero de clientes era aproximadamente 10,000 
y result6 necesario fundir los para reducir el 
nimero a 250. A pesar de ello se requirieron 
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Customers were grouped by (a) freight prefer- 
ence patterns, (b) freight differential penalties, 
(c) equalization penalties, producing "condensa- 
tion points" that facilitate logical distribution 
decisions. 

In addition, computer solution costs will be 
discussed. The M P S  system and GE's LPl600 
system were observed using the 360-65. 360-
75. and the GE 635. 

A Control System for Aircraft Maintenance 

A major problem in the repair of aircraft 
parts is the control of large numbers of diverse 
parts in process at  any time. This is further 
compounded by a wide range of overhaul proc- 
esses that may be required. This paper dis-
cusses an automated Maintenance Control Sys- 
tem (MCS) developed by American Airlines for 
its central overhaul and repair facility a t  Tulsa, 
Oklahoma. 

M C S  in its entirety will provide an integrated 
system to plan, schedule, monitor, and report on 
all aircraft maintenance throughout the Ameri- 
can Airlines system. The portion of the system 
installed concentrates on the details of process- 
ing through a 250-work position job shop com- 
plex. On-line remote terminals are  used to col- 
lect intelligence from foremen, mechanics, 
inspectors and planners in the shops and to trans- 
fer the information in real time to an IBM 3601 
40 computer. The computer in turn automati-
cally writes Shop Orders, schedules the opera- 
tions to be performed and monitors progress of 
the task lines. The paper discusses the imple- 
mentation procedures and experience as well 
as the details of equipment and computing proc- 
esses used by the shop repair phase of the Main- 
tenance Control System. 

WA3.7 W.  K .  HOLSTEINand W. L. BERRY 

Production System Structure: A Control Ap- 
plication 

This paper has two purposes: (1) to propose a 
new way of conceptualizing labor and machine 
limited production systems and (2) to report the 
results of research that applies this concepuali- 
zation to the development of dynamic rules for 
controlling system capacity. We first develop the 
concept of what we call "system structure" and 
describe a method for determining this struc-
ture from a routing transition matrix. The two 
key notions used to describe system structure are 

3200 ecuaciones para describir el problema. Los 
clientes se agruparon con respecto a (a) patrones 
de flete preferente, (b) penalidades de flete di- 
ferencial, (c) penalidades de igualacibn, produ- 
ciendo "puntos de condensaci6n" que facilitan 
decisiones lbgicas de la distribucibn. 

Ademis, se discutirin 10s costos de solucibn 
por medio de computadora. Se observ6 el sis- 
tema M P S  y el sistema LPl600 de G E  usando 
el 360-65, 360-75, y el G E  635. 

Un Sistema de Control para el Manteni-
miento de Aeronaves 

El problema principal en la reparaci6n de 
partes de aer naves es el control de grandes nh- 
meros de diversas partes en proceso a cualquier 
tiempo. Esto es adicionalmente complicado por 
un espectro ancho de processos de revisi6n que 
pueden ser requeridos. Este tratado discute un 
Sistema de Control de Mantenimiento (SCM) 
automatizado desarrollado por American Air-
lines para sus facilidades de revisi6n y repara- 
ci6n en Tulsa, Oklahoma. 

SCM en su totalidad proveeri un sistema in- 
tegrado para planear, hacer horarios, dirigir e 
informar en el mantenimiento de aeronaves en 
todo el sistema de American Airlines. La por- 
ci6n del sistema instalado se concentra en 10s 
detalles de procesar a travCs de un taller com-
plejo de de 250 posiciones. Se utilizan termi-
nales remotas en linea para reunir la inteligencia 
de capataces, mecinicos, inspectores y p oyecti- 
stas en 10s talleres y para transferir la informa- 
ci6n en tiempo real a una computadora IBM 
360140. La computadora a su vez automitica-
mente redacta drdenes al taller, establece hora- 
rios de operaciones a ejecutarre dirige el pro- 
greso de las distintas tareas. El tratado discute 
10s procedimientos de implementaci6n y exper- 
riencia asi como 10s detalles de 10s procesos de 
cdmputo y del equipo usados en la fase de re- 
paraci6n del Sistema para el Control del Mante- 
nimiento. 

Estructura de un Sistema de Produccion: Una 
Aplicacion de Control 

Este articulo tiene dos prop6sitos: (1)  Proponer 
una forma nueva de conceptualizar sistemas de 
producci6n con limitaciones de mano de obra y 
miquinas y (2) Presenter 10s resultados de la 
investigati6n que aplica esta conceptualizaci6n 
al desarrollo de reglas dinimicas para controler 
la capacidad del sistema. 

En primer lugar, desarrollamos el concept0 
de lo que nosotros llamamos "estructura del 
sistema" y describimos un mitodo para deter- 
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the major "paths" of work flow and the relative 
activity levels of processing units in the system. 
We next propose a set of decision rules for as- 
signing labor to processing units. These rules 
exploit the structural properties of the system 
as well as the work and priority content of the 
queues in the system. The results of simulation 
~xper iments  to test the performance of these 
rules are also presented. 

Priority Scheduling with Setup Times 

Jobs of different types arrive in independent 
Poisson Streams at  a single production facility. 
Production times are  random variables with ar- 
bitrary distribution for each type. Whenever the 
facility is switched from processing jobs of one 
type to jobs of another type a setup time is in- 
curred. The influence of the setup times on the 
distribution of the total processing time is in- 
vestigated for two different priority schedules: 
a preemptive schedule where high priority jobs 
preempt low priority jobs and an alternating 
schedule where jobs of the type in production 
continue to receive priority until no more jobs of 
this type are waiting. 

WA3.9 SATINDERK .  MULLICK, JOHN C. 
CHAMBERSand BRUCE C. GILBERT 

Strategic Short-Term Production Planning 
Model 

Various mathematical programming tech-
niques for solving production allocation prob-
lems have been discussed in the literature. Al- 
gorithms are available which assure global 
optimum solutions to special types of functions, 
but, for nonunimodal functions, these algorithms 
or search procedures fail. Moreover, variables 
change continuously over time. In addition, the 
production manager wants the cost implications 
of various strategies so that he can know the ef- 
fects of deviations from the optimal solution (to 
take into account intangible variables or "politi- 
cal" considerations). 

A computer model has been developed which 
will yield the cost implications of alternative 
production strategies. The major factors con-
sidered are  volume and mix capabilities of 
plants, variable manufacturing costs, transporta- 
tion costs, inventory carrying costs, layoff and 
hiring costs and shortage costs. The inputs and 
outputs of this computer model provide a com- 

minar dicha estructura a partir de una matriz 
de transici6n. Las dos nociones fundamentales 
utilizadas para describir la estructura del si-
stema son las "rutas" principales del flujo de 
trabajo y los niveles relativos de actividad de 
procesar unidades en el sistema. A continuaci6n 
proponemos un conjunto de reglas de decisi6n 
para asignar mano de obra a las unidades de 
proceso. Estas reglas explotan las propiedades 
estructurales del sistema asi como el contenido 
en trabajo y en prioridad de las colas en el 
sistema. TambiCn se presentan 10s resultados de 
los experimentos de simulaci6n para probar el 
comportamiento del sistema. 

Construccion de Horarios de Prioridad con 
Tiempos para Preparacion 

Trabajos de diferentes tipos llegan en inde-
pendientes Corrientes de Poisson a una sola fa- 
cilidad productiva. Los tiempos de producci6n 
son variables fortuitas con distribuci6n arbitraria 
para cada tipo. Cuando se cambia la facilidad 
para adaptarla a un distinto proceso se introduce 
un tiempo de preparaci6n. Se investiga la in- 
fluencia de los tiempos de preparacion en la 
distribuci6n del tiempo total de trabajo para dos 
horarios de prioridad: un horario donde 10s tra- 
bajos de alta prioridad preceden en orden hora- 
rio a los de baja prioridad y un horario alterno 
donde 10s trabajos del tipo en producci6n con-
tinuan recibiendo prioridad hasta que se agotan 
los trabajos de este tipo. 

Un Modelo Estratbgico un Corto Plazo para 
Planear la Produccion 

En la literatura se han discutido varias tenicas 
matemiticas de programaci6n para la resoluci6n 
de problemas de asignacihn de producci6n. Exi- 
sten algoritmos que aseguran soluciones globales 
6ptimas para tipos especiales de funciones, pero 
para soluciones nounimodales estos algoritmos o 
procedimientos de bisqueda fallan. MBs a i n ,  las 
variables cambian continuamente en el tiempo. 
Por afiadidura, el director de produccibn desea 
saber las implicaciones en costos de las varias 
estrategias de modo que pueda conocer los 
efectos de desviaciones de la solucibn bptima 
(para tener en cuenta variables intangibles o 
consideraciones "politicas"). 

Se ha desarrollado un modelo para calcula- 
dores electr6nicos que d a r i  las implicaciones en 
costos de las estrategias alternativas de produc- 
cion. Los factores m8s importantes considerados 
son capacidades de volumen y mezcla de las 
plantas, costes variables de fabricacibn, costos 
de transporte, costos de almacenaje de inven- 
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prehensive consideration of the problem and 
give the manager all relevant information for 
decision-making, for the solution derived from 
optimizing techniques and for specified varia-
tions from this solution. 

Model of the Chilean Tax System 
The tax policy in Chile is established by the 

Direccibn General d e  Impuestos Internos (Gen- 
eral Bureau of Internal Taxes) and the Direc- 
cibn del Presupuesto (Budget Department). 
They do not have the necessary elements to pre- 
dict the effects of tax policies to be applied. La 
Direccibn General de Impuestos Internos has 
requested the Design of a model explaining and 
analyzing the system's behaviour and giving de- 
cision elements necessary with reference to the 
changes to be introduced. 

The principal benefit of the model will be 
that it would show to the authorities those poli- 
cies that will be optimum insofar as total 
amount collected and other economic effects 
such as price levels, savings rate, property dis- 
tribution, etc. It is interesting to know, with a 
view of analysis, the functioning of this system 
which could be achieved using endogenous vari- 
ables and specific relations with the maximum 
possible detail. 

Econometric studies of the available data and 
its implementation in the computer will be nec- 
essary for the model specification. Time period 
unit will be the month and the numerical ex-
perimentation will be lagged for I to 3 years, 
approximately. 

Taking into account the possible results and 
its effects on the tax system to be achieved this 
model should have a relation with an aggregate 
model of the Chilean economy and therefore we 
have available the short term economic model, 
United Nations and Chilean Government proj- 
ect. In this model also the time period unit is 
the month and the lag 2 years. 

A Linear Programming Model for Post Office 
Investments in Mechanical Sorting Equipment 

This study deals with the investment policy of 
a national postal authority considering its mail 
handling activities over the whole country. A 

tario, costos de empleo y despido y costos de 
escasez de labor. Las variables de entrada y 
salida de este modelo proporcionan una con-
sideracibn general del problema y dan al ad- 
ministrador toda la informacibn significativa 
para la toma de decisiones, para la solucibn 
derivada de ttcnicas de optimizacibn y para 
variaciones especificas de esta solucibn. 

Modelo del Sistema Tributario Chileno 
Los organismos que fijan la politica tributaria 

en Chile son la Direccibn General de Impuestos 
Internos y la Direccibn del Presupuesto del 
Ministerio de Hacienda. No disponen ts tas  de 
una herramienta que les permita predecir en 
buena forma 10s efectos de las medidas a adop- 
tarse, en materia de Politica Tributaria. La 
Direccibn General de Impuestos Internos ha 
encargado la construccibn de un modelo que 
explique y analice el comportamiento de ese 
sistema y entregue elementos de decisibn res-
pecto a cambios que se pretendan introducir al 
mismo. 

La principal utilidad del modelo reside en la 
experimentacibn de politicas tributarias que 
permitan distinguir las que para las autoridades 
pertinentes Sean bptimas en ttrminos de recau- 
dacibn y otros efectos sobre la economia, 118- 
mense Cstos nivel de precios, tasa de ahorro, 
distribucibn d e  la propiedad, etc. Ademis,  
interesa conocer el funcionamiento del sistema 
para fines analiticos, lo que se espera lograr 
endogenizando buena parte de las variables y 
utilizando relaciones especificadas con un grado 
de detalle avanzado. 

Estudios economCtricos de 10s datos disponi- 
bles y experimentacibn numCrica en el Compu- 
tador ser in necesarios para la especificacibn del 
modelo. El periodo d e  tiempo considerado es el 
mes y 10s experimentos num6ricos se harin en 
corridas de uno a tres aiios, aproximadamente. 
Por la naturaleza de 10s resultados y efectos de 
las variables del Sistema Tributario que se desea 
obtener, este modelo debe relacionarse con 
un modelo global de la economia chilena, para lo 
cual se dispone del modelo Econbmico de Corto 
Plazo, proyecto Gobierno de Chile-Naciones 
Unidas. Este modelo, en funcionamiento, tiene 
tambiCn el mes como unidad de tiempo y las 
corridas son hechas para dos aiios. 

Modelo de Programacion Lineal para Inver-
siones en Equipos de Clasificacion Mecanica 
para Oficinas de Correos 

El trabajo considera la politica de inversibn 
de una autoridad postal national, en relacibn 
con las actividades de clasificacibn manual de 
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graph-theoretic representation of the postal net- 
work is presented first, where nodes denote mail 
sorting stations and arcs alternative sorting and 
transportation policies. Sorting capacities and 
costs, a s  well as  traffic demand a r e  also associ- 
ated with the various nodes in the network. 
Mai l  flows from all origins to all destinations 
appear  a s  a particular case of multi-commodity 
network flows. 

A model of investment in sorting equipments 
can be formulated then, which simultaneously 
deals with two interdependent problems: i) the 
choice of the proper (i.e. cost minimizing) sort- 
ing capacities (manual or mechanical, including 
various types of equipments with different char- 
acteristics) a t  the nodes of the network, for 
given traffic demand;  ii) the determination of 
the proper degree of concentration of the sorting 
operations in large postal stations. The model is 
written a s  a mixed integer linear program. 
where mail flows and manual sorting a r e  treated 
with continuous variables, while high speed 
sorting machines a r e  to be handled with inte-
gers 

The number of variables and constraints in 
the model depends upon the size of the country 
to which it is applied; but the particular struc-
ture  of the  constraints matrix offers descompos- 
ability features which both can reduce the com- 
putations, and permit  economic interpretations 
in the sense of partially decentralized decision 
making. Numerical results, based on belgian 
da t a  for the traffic, the manpower costs and the 
network, and international data  for the sorting 
equipments,  will be presented. 

Proposal for an Evaluation Criteria and a 
Methodology for Determining a Strategy of Im- 
ports Substitution 

The paper deals with a macroeconomic de- 
cision problem a t  the  level of government plan- 
ning which consists of a problem of allocating 
resources in pursuit of certain purely economic 
objectives. 

After defining the decision space axiologically, 
possible decision rules for indicating the  maxi- 
mization of efficiency in allocation a re  analyzed, 
and the concept of value added a s  a measure of 
social utility in allocation is presented. 

With the problem stated a s  one of maximiza- 
tion of value added, the author proposes the 
utilization of linear programming as  a method 
for formulating and solving the problem, high- 

piezas postales en todo el pais. En primer lugar 
se realiza una representaci6n grafo-te6rica d e  la 
red postal, donde 10s nodos indican las oficinas 
postales de  clasificaci6n y 10s arcos las politicas 
alternativas d e  clasificaci6n y transporte.  Se  aso- 
cian a 10s nodos de  la red las capacidades d e  
clasificaci6n, 10s costos y la demanda d e  trifico. 
Los flujos de  piezas postales d e  todos 10s ori- 
genes y para todos 10s destinos aparecen como 
un caso particular d e  flujos d e  redes d e  arcos 
miiltiples. 

Puede entonces formularse un modelo de  in- 
versibn en equipos d e  clasificacibn, que trata 
s imul t ineamente  dos problemas interdependien- 
tes: i) eleccibn de  las adecuadas (ej. minimiza- 
cibn de  costos) capacidades d e  clasificaci6n 
(manual o mecinica ,  incluyendo diversos tipos 
d e  equipos con distintas caracteristicas) en 10s 
nodos d e  la red, para  una demanda de  trifico 
dada;  ii) determinaci6n del grado correct0 de  
concentracihn de  las operaciones d e  clasificaci6n 
en oficinas postales d e  importancia. El modelo 
se describe como un programa lineal entero 
mixto, en el cual 10s flujos postales y la clasifi- 
caci6n manual son tratados con variables con-
tinuas, mientras que las miqu inas  d e  clasifica- 
ci6n de  alta velocidad son variables enteras.  

En el modelo el nCmero d e  variables y restric- 
ciones dependen del tarnafio del pais al que se 
aplica; pero la estructura particular d e  la ma-
triz de  restricciones ofrece la posibilidad de  
descomposici6n que permite reducir 10s c6mpu- 
tos y a la vez interpretaciones econbmicas en el 
sentido de  toma d e  decisiones parcialmente 
descentralizadas. 

Se  presentar in  resultados numtricos, basados 
en informaci6n belga para el trifico, 10s costos 
d e  mano de obra  y la red, e informaci6n interna- 
cional para  10s equipos d e  clasificaci6n. 

Propuesta de un Criterio de Evaluation y de 
una Metodologia para Determinar una Estrate 
gia de Sustitucion de Importaciones 

El trabajo trata un problema de decisi6n mac- 
roecon6mica a nivel del estado planificador, que 
consiste en c6mo asignar recursos dentro  de  
ciertos objetivos puramente econ6micos. 

Luego de  delimitar axiol6gicamente el campo 
d e  decisi6n se analizan las pautas posibles para 
indicar el m i x i m o  de eficiencia en la asigna-
ci6n, presentando el concept0 de  valor agregado 
como medida d e  la utilidad social de  las asigna- 
ciones. 

Planteado el problema como una maximiza-
ci6n del valor agregado, el autor propone utili- 
zar  la programaci6n lineal como mCtodo d e  
planteo y resoluci6n del problema, destacando 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

21
6.

73
.2

16
.2

32
] 

on
 1

4 
Ju

ly
 2

02
6,

 a
t 1

0:
55

 . 
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y,

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



lighting the versatility of this technique for the 
consideration of a large number of situations 
and constraints. The possibility of studying the 
limits within which initial solution is valid in 
view of changes in the  data  of the problem is 
then analyzed by means  of parametr ic  modifica- 
tion of the constraints. The  paper concludes by 
analyzing the property of linear programming 
of indicating the limits of the opt imum by 
changes in value added,  making it possible in 
this way to measure the influences of future 
price policies. 

Finally i t  is pointed out that  quantitative so- 
lutions must always be taken as  guides that  only 
indicate a region of possible combinations, and 
that  final decision has  to be reached once the 
imponderables of political and social character 
have taken into account.  The  solution of the pro- 
g ram has  to be verified for consistency with the 
meta  economic values. 

WA4.4 R .  J. BAJRAJ, M. A. CUERVO and 
D. M. SCHYDLOWSKY 

A Study of the Effective Rate of Protection in 
Argentina 

The economy of Argentina is a relatively 
"closed" one since i t  has an  import coefficient 
which oscillates around 10% of G D P .  Neverthe- 
less the influence of the world economy on that  
of Argentina is very great  since most of the 
commodities produced domestically a r e  ex-
ported, compete with imports or compete with 
potential imports.  

The influence of the world economy on the 
economy of Argentina is affected by the Argen- 
tinian system of protection which causes the in- 
ternal effects to be differentiated by product. 
Protection thus decisively conditions the  struc- 
ture  of production in the country and its study 
and evaluation should occupy a central place in 
any appraisal of Argentinian economic develop- 
ment.  

The influence of tariff protection makes  itself 
felt through two channels: consumption and 
production. Consumption is affected by the level 
of the tariff on the commodities consumed. Pro- 
duction, on the other hand, is affected by those 
tariffs and additionally by the  rates on the inputs 
required to produce the respective commodities.  
An appraisal of the effect of tariff protection on 
the  structure of production therefore requires 
knowledge of the production functions and of 
the  incidence of tariffs on output and inputs, in 
order to determine the effective rate of protec- 
tion of a specified productive activity. This ef- 
fective ra te  is defined as  the difference between 
the ad-valorem rate on the output,  set by the  
tariff schedule currently in force, and the 

la versatilidad d e  esta tkcnica para  considerar 
una gran variedad d e  situaciones y restricciones. 
Analiza m i s  adelante la posibilidad de  observar 
los limites d e  validez d e  la soluci6n inicial frente 
a cambios en 10s datos del problema, por alte- 
raci6n d e  restricciones. Concluye analizando la 
propiedad d e  la programaci6n lineal de  indicar 
10s limites del bptimo por modificaci6n de  los 
valores agregados, posibilitdndose as i  medir las 
influencias d e  futuras politicas d e  precios. 

Por i l t i m o  destaca que las soluciones cuanti- 
tativas deben srr tomadas siempre como orien- 
taciones que solamente indican una regi6n d e  
combinaciones posibles, pero que la decisi6n 
final d e b e r i  surgir una vez que se  hayan con-
siderado todos 10s imponderables d e  orden 
politico y social, verificindose si el resultado del 
programa es  congruente con los valores meta-
econ6micos. 

Anhlisis de la Protecci6n Aduanera Neta en 
la Republics Argentina 

La economia de  la Repkblica Argentina es  
relativamente "cerrada" ya que tiene un coefi-
ciente d e  importaciones que oscila en torno al 
10% del PBI. Sin embargo,  la influencia de  la 
economia mundial sobre la economia argentina 
es  muy grande pues la mayorfa d e  los bienes 
producidos en el pafs se exportan, compiten con 
importaciones o compiten con importaciones 
potenciales. 

El tamiz a travCs del cual se ejerce la influen- 
cia de  la economia mundial sobre la economia 
nacional es  la protecci6n aduanera .  Esta hace 
que los efectos internos sean diferenciales para 
distintos productos. La proteccibn por lo tanto 
condiciona en forma decisiva la estructura de  
producci6n del pais y su estudio y evaluaci6n 
debe ocupar un lugar cCntrico en cualquier apre- 
ciaci6n del desarrollo econ6mico argentino. 

La influencia d e  la protecci6n aduanera se 
ejerce por dos vias: e l  consumo y la producci6n. 
El consumo se encuentra afectado por el nivel 
de  la tarifa al bien consumido. La producci6n, 
en cambio, queda afectada por esa tarifa, y, 
adicionalmente, por las tarifas sobre los bienes 
insumidos en el proceso d e  producci6n. Una 
apreciaci6n del efecto de  la proteccibn sobre la 
estructura de  la produccibn por lo tanto requiere 
la investigaci6n de  las funciones de  producci6n 
y de  la incidencia d e  las tarifas sobre producto 
e insumos, a fin d e  determinar  la protecci6n 
efectiva o neta a determinada actividad. Esta se 
define como la diferencia entre  la protecci6n ad- 
valorem al producto, fijada por el arancel en 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

21
6.

73
.2

16
.2

32
] 

on
 1

4 
Ju

ly
 2

02
6,

 a
t 1

0:
55

 . 
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y,

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



weighted sum of the rates on the inputs, where 
the weights a r e  given by the respective input- 
output coefficients. 

This study has  a s  its purpose the measure-
ment  of effective protection in Argentina. 

The results will be of use a t  two stages of the 
formulation of economic policy: diagnosis and 
decision making. Specifically, the results will 
be of relevance for the  following questions: 

1. Determination 	 of the  rationality of the 
present structure of protection and the 
better integration of that  structure with 
the general economic policy goals; 

2. Calculation 	 of the cost increase of each 
domestic industry due  to protection on its 
inputs and construction of a drawback sys- 
tem,  for exports which duly compensates 
for such increases; 

3. 	Establishment of a first approximation to 
the measurement of the relative efficiency 
of the  various industries and  the formula- 
tion of a coherent industrial policy: 

4. 	Establishment of a first approximation to 
the relative exportability of the products of 
different industries and the formulation of 
a program of export promotion. 

In the analysis an  input-output matrix disag- 
gregated to the level of approximately 220 
branches is used and the import  tariff is aggre- 
gated conformally. This  aggregation is based on 
the  composition and destination of the  output 
of each branch with the ruling exception re-
gimes duly taken into account. I h e  processing 
of the information is done on an  IBM 1620 com- 
puter.  

Project Navigate: A Method of Determining 
Relevance in Long Range Planning for National 
Development 

Durinig the past three or four years a new 
analytical management  technique has  been de- 
veloped in the U.S. aerospace industry to aid 
in determining the relevance of various efforts 
in complex programs. The  method was origi-
nally developed by a large aerospace company to 
identify technology deficiencies and determine 
their relevance a s  an  aid in selecting the com-
pany's research and development program. 

The  method has achieved considerable recog- 
nition. I t  has  become apparent  that  this ap-
proach has  widespread applications in large 
dynamic organizations where there exists a 
problem of relevance: "What a r e  all of the pos- 
sible projects or efforts we should do, and what 
is their relevance to our long-range objectives'?" 

This relevance planning method has been ap- 
plied to a wide range of such problems. This  

vigencia, y la suma ponderada d e  las tasas ho- 
m6logas d e  10s insumos, donde las ponderaciones 
e s t in  dadas  por 10s respectivos coeficientes d e  
insumo-producto. 

El presente trabajo tiene por objeto la medi- 
ci6n de  la protecci6n efectiva. 

Los resultados tendr in  utilidad en dos as-
pectos d e  la formulacibn d e  politica econbmica: 
el diagnbstico y la toma d e  decisiones. Especi- 
ficamente encontrar in  ulterior aplicaci6n en 10s 
siguientes puntos: 

1. Determinar  	la racionalidad de  la estruc-
tura d e  protecci6n y adecuarla mejor a las 
metas  de  la politica econ6mica general;  

2. Calcular 	 e l  increment0 d e  costo d e  cada 
industria debido a la protecci6n y elaborar 
un rCgimen de draw-back a las exporta- 
ciones que compense debidamente estos 
excedentes; 

3. 	Establecer una primera aproximaci6n a la 
medida d e  la eficiencia relativa d e  las in- 
dustrias y formular una politica industrial 
coherente; 

4. 	Establecer una primera aproximaci6n a la 
exportabilidad relativa d e  10s productos d e  
distintas industrias y formular un pro-
grams d e  promoci6n d e  exportaciones. 

En el anilisis se hace uso d e  una matriz d e  in- 
sumo-product0 a nivel d e  aprox. 220 ramas 
agregindose el Arancel a dimensiones compati- 
bles. Esta agregaci6n hace uso de  la composi- 
ci6n y destino d e  la producci6n d e  cada rama,  
tomindose en cuenta a d e m i s  10s regimenes ex-
cepcionales vigentes. El procesamiento d e  la in- 
formaci6n se realiza en una computadora IBM 
1620. 

Proyecto 'Navigate': Metodologia para la 
determinacion de Prioridades en el Planea-
miento a Largo Plazo del Desarrollo Nacional 

La industria aeroespacial de  10s E E . U U .  ha 
desarrollado, durante  10s hltimos cuatro o cinco 
aiios, una nueva t icnica  analitica d e  administra- 
ci6n, para  facilitar la determinaci6n d e  priori- 
dades  en programas complejos. El mCtodo fue 
desarrollado originariamente por una impor-
tante compafiia aeroespacial a fin de  identificar 
deficiencias tecnol6gicas y determinar su im-
portancia, como una herramienta de  ayuda en 
la seleccibn d e  10s programas d e  investigaci6n 
y desarrollo de  la compafiia. 

El mi todo  ha obtenido considerable Cxito. S e  
ha puesto en evidencia que este enfoque tiene 
amplios campos d e  aplicacibn en organizaciones 
grandes y dinimicas  en las que existe el si-
guiente problema d e  determinacibn d e  priori- 
dades: "Cuiles son todos 10s proyectos y esfuer- 
zos posibles que  deben realizarse, y cu i l  es  su 
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paper discusses this methodology and shows 
how it can be useful in planning for national 
development. 

WA4.6 EUGENE GRASBURG 

Development-Project Design, A Tool for Man- 
agement of Economic Development 

The paper suggests a F O R M A T  for economic 
development projects which would be most 
serviceable to decision makers and managers. 
It is applicable to all phases through which a 
project passes, from conception, through evalu- 
ation, acceptance, and implementation, to com- 
pletion. By "format" are  understood both spe- 
cific terms in which the project is exposed (such 
as money expenditures, physical quantities of 
imputs, types of labor, dates of application of 
inputs) and the structure of exposition. This 
format should facilitate both analytical and 
managerial operations on projects, on subsec-
toral and sectoral groupings of projects, and on 
the whole integrated plan, if such a plan exists. 

It is mainly implementation-oriented and 
seeks to facilitate: ( I )  programming, i.e., the 
time-scheduling of detailed activities, appli-
cations of various physical inputs, and actual 
expenditures; (2) assessing the demand for par- 
ticular scarce resources and, thus, identifying in 
advance potential bottlenecks; and (3) evaluating 
the impact of the implementation process on 
specific components of national accounts and 
foreign-exchange requirements. 

However, significant advantages for cost/ 
benefit analysis are also offered by the format 
because its design permits easy use of "account- 
ing prices" ("shadow prices"). 

The program permits an advance towards 
modular programming of an increasingly large 
number of development projects. Moreover, 
meaningful cost-accounting comparisons can be 
made for typical unit-costs between various 
projects. This is the key element in every drive 
for efficiency. 

Another important principle incorporated in 
the proposed format is that of an appropriated 
CLASSIFICATION CODE F O R  INPUTS.  

As a result, any number of projects can be 
aggregated in larger groupings (such as sectoral, 
regional, or national plans) to show: 
T o t a l  demand for specific inputs and latent 

bottlenecks in critical materials or skills. 
I m m e d i a t e  impact on the creation of income 

streams within the economy. 
-Foreign exchange requirements. 

prioridad en cuanto a nuestros objetivos a largo 
plazo?" 

Este mitodo de planificacibn de prioridades 
ha sido aplicado a gran nbmero de dichos pro- 
blemas. El trabajo analiza la metodologia pro- 
puesta y sefiala de qu t  manera puede resultar 
btil en el planeamiento del desarrollo national. 

Diseao de un Proyecto de Desarrollo Herra- 
mienta para la Administraci6n del Desarrollo 
Econ6mico 

Este trabajo sugiere un modelo (FORMAT) 
para proyectos de desarrollo economico que re- 
sultaria sumamente htil para administradores y 
personal encargado de la toma de decisiones, y 
es aplicable a todas las fases por las que atra- 
viesa el proyecto desde su concepcibn, evalua- 
cibn, aceptacibn e implementacibn hasta que es 
completado. El modelo comprende los ttrminos 
especlficos en que se expone el proyecto (como 
por ej. gastos en efectivo, cantidades fisicas de 
insumos, tipos de trabajo, fecha de aplicacibn 
de insumos) tanto como la estructura de la ex-
posicibn. Facilitarfa las operaciones anallticas y 
de administracibn en 10s proyectos, en grupos de 
proyectos sectoriales y subsectoriales y en el 
plan integrado, si el mismo existiera. 

Principalmente se enfoca el aspecto imple- 
mentacibn y se trata de facilitar: 1)  la progra- 
macibn, ej. determinacibn de tiempo para ac-
tivadades detalladas, aplicaciones de diversos 
insumos fisicos y erogaciones reales; 2) la de- 
terminacibn de la demanda de recursos escasos 
y, de ese modo, identificar de antemano 10s 
posibles embotellamientos; y 3) la evaluacibn 
del impacto producido por la implementacibn 
del proceso sobre componentes especfficos en los 
requerimientos de cuentas nacionales y divisas. 

Ademis tambitn ofrece ventajas significativas 
en cuanto al anilisis de costoibeneficio dado 
que su disefio permite una ficil utilizacibn de 
"precios contables". 

Este modelo facilita un avance hacia la pro- 
gramacibn modular de un nbmero cada vez 
mayor de proyectos de desarrollo. Ademis, se 
pueden realizar comparaciones de costos conta- 
bilizados para unidades de costo tipicas entre 
varios proyectos, elemento clave en la eficiencia 
de toda gestibn. 

Se incorpora otro principio importante: un 
CODIGO DE CLASIFICACION PARA IN-
SUMOS.  Como resultado, cualquier cantidad 
de proyectos puede reunirse en grupos mayores 
a fin de mostrar: 
-demanda total de insumos especificos y posi- 

bles embotellamientos en actividades o ma-
teriales criticos. 
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-impact0 inmediato sobre la creacibn d e  fuen- 
tes d e  insumos dentro  d e  la economia. 

-requerimientos de  divisas. 

Operations ResearchIManagement Science in 
the Social Security Administration 

One  of the prime responsibilities of a popu-
lar,  or people oriented, government is consid- 
eration for establishing and maintaining the dig- 
nity of the  people. Of  special import in recent 
years has  been a growing concern over the dig- 
nity of the  aged and the disabled. The  Social 
Security Administration is responsible for the 
effective operation of a variety of U .S .  Govern- 
ment  programs designed to help preserve the 
self-sufficiency of its people. Among these pro- 
g rams  are :  Retirement Insurance, Survivors 
Insurance, Disabled Insurance, and Health 
Insurance for the Aged. These insurance sys-
tems a re  established by contributions of the 
employees and employers and must remain 
acturially sound with a specific minimum al-
lowed for the costs of administration and man-
agement of the  programs. 

The structure of the  Social Security Admin- 
istration consists of i ts Centra l  Offices in Balti- 
more, Maryland,  Offices of 12 Regional Assist- 
an t  Commissioners, six payment centers or 
quality-control points located in Chicago, Phila- 
delphia, Kansas City, New York, San Francisco 
and Birmingham, and for the  interface with the 
public, approximately 700 district offices stra- 
tegically located throughout the United States,  
Puerto Rico and the Virgin Islands who in them- 
selves a r e  parent organizations to over 2,000 con- 
tact stations. Maintenance and operation of the 
social security system requires the varied tal- 
ents  of over 45,000 individuals. 

The paper will describe the history of Opera- 
tions ResearchIManagement  Science in the 
Social Security Administration, the develop-
ment  of an internal Operations Research staff, 
and the  relationship of this staff with existing 
management  both on the staff level and within 
the operating bureaus. In addition, the paper 
will reflect the  current activities and studies 
conducted by the Operations Research staff 
both with operating bureaus a s  well a s  in sup- 
port of the  administrative functions. 

Investigacion Operativa y Ciencias de la Ad- 
ministration en la Administration of Social Se- 
curity 

Una d e  las responsabilidades bis icas  d e  un 
gobierno democri t ico  consiste en considerar el 
establecimiento y mantenimiento de  un nivel 
digno para  su pueblo. En los hltimos afios ha 
resultado d e  especial importancia un in ter is  
creciente acerca del bienestar de  ancianos e 
incapacitados. La Administration of Social Se-  
curity e s  responsable de  la actuacibn efectiva d e  
una cantidad d e  programas del Gobierno d e  10s 
Estados Unidos destinados a ayudar a preservar 
la autosuficiencia de  su poblacibn. Entre  estos 
programas encontramos: seguros por retiro, de  
vida, por incapacidad y por enfermedad en 10s 
ancianos. Estos sistemas d e  seguro se establecen 
mediante contribuciones deempleados y emple- 
adores y deben permanecer inamovibles, excepto 
un minima especifico destinado para  gastos d e  
administracibn y manejo de  los programas. 

La Administration of Social Security e s t i  
estructurada d e  la siguiente manera: oficinas 
centrales en Baltimore, Maryland; oficinas d e  12 
delegaciones regionales; 6 centros de  pago o 
puntos d e  control ubicados en Chicago, Phil- 
adelphia, Kansas City, New York, San  Fran-  
cisco y Birmingham, y para  la atencibn del ph- 
blico se han instalado aproximadamente  700 
oficinas d e  distritos ubicadas estrattgicamente 
en 10s Estados Unidos, Puerto Rico e Islas Vir- 
genes, las que a su vez son directoras d e  otras 
2000 oficinas de  enlace. El mantenimiento y 
operaci6n d e  este sistema d e  seguridad social 
requiere alrededor d e  45.000 empleados. El 
trabajo describe la historia d e  la implementa- 
cibn d e  Investigacibn Operativa y Ciencias d e  
la Administracibn en  la Administration of Social 
Security, el desarrollo de  un equipo interno de  
Investigacibn Operativa y la relacibn d e  este 
equipo con la administracibn existente, tanto a 
nivel d e  quipo como con los departamentos 
operativos. 

El trabajo mos t r a r i  ademis ,  las actividades 
actuales y los estudios realizados por el equipo 
d e  Investigaci6n Operativa, tanto  en los depar- 
tamentos operativos como apoyando funciones 
administrativas. 
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Analysis of a National Internal Tax Collection 
System Diagnosis, Model, Solutions 

The paper consists of two parts: 
1. General 	 characteristics of a national in-

ternal tax collection. The system, its limits 
and objectives, controlled and dummy vari- 
ables are  defined. The  paper visualizes the 
specific characteristics of the  system as  
restrictions to optimization and its con-
trolability and constancy a re  analyzed. 
Much emphasis is placed on the analogies 
of struggle models and on the problem of 
economic evaluation. It is shown that 
within the  type of tax collection system 
described the  Theory and Systems Analy- 
sis a r e  the  principal theoretical tools for 
the optimization of the collection, and in 
spite of restrictions, Management  Sci-
ence methodology is of full application 
and prior to Public Law and Finance Sci- 
ences. 

2. 	Structure of the  Argentine Tax Collection 
System. I t  describes the  approach based on 
Management  Science used for the opti-
mization of the  Argentine Tax Collection 
System, the solution given to several prob- 
lems and the models under study. It con-
siders the solution given to the  tax collec- 
tion problem and its control through a 
system of geographic descentralization in-
tegrated in a central system of electronic 
processing and the criteria used to select 
that  solution after intensive discussions. 
The  problems of information, control and 
heuristic processes solved a re  commented, 
and the paper describes the plans and tools 
used for the optimization of the tax col-
lection system, the creation of a tax image 
and the education of the tax payer. 

Management Education in Italy: Past Experi- 
ences and Future Developments 

Analisis de un Sistema Nacional de Recau-
dacion Fiscal Interno Diagnostico, Modelo, 
Soluciones 

El trabajo consta d e  dos partes: 
1. Caracteristicas 	 generales d e  un sistema 

nacional d e  recaudaci6n fiscal interno. Se  
define el sistema, sus limites, su objetivo, 
sus variables no controlables y sus variables 
controlables. S e  individualiza las carac-
teristicas especificas del sistema como res- 
tricciones a la optimizaci6n y se analiza 
su controlabilidad y permanencia. Se  d e  
especial importancia a las analogfas con 
modelos de  lucha y a1 problema d e  evalua- 
ci6n econbrnica. Se  demuestra que en un 
sistema recaudador del t ipo del descripto 
la Teoria y el Anilisis de  Sistemas son las 
herramientas conceptuales principales para 
la optimizaci6n de  la recaudaci6n y que no 
obstante las restricciones la metodologia de  
las Ciencias d e  la Administraci6n son de  
plena aplicaci611, con prioridad a las Cien- 
cias del Derecho y d e  las Finanzas Pliblicas. 

2. 	Estructuraci6n del sistema recaudador 
argentino. Se  describe el enfoque basado 
en  la Ciencia de  la Administraci6n utili-
zado para  optimizar e l  sistema recaudador 
nacional argentino, la soluci6n dada a al-
gunos problemas y 10s modelos en estudio. 
S e  considera principalmente la soluci6n 
dada  a1 problema de la recaudaci6n y su 
control a t ravts  d e  un sistema d e  descen- 
tralizacibn geogrifica integrado en  un sis-
tema central de  procesamiento electrbnico 
y 10s criterios utilizados para  optar por 
dicha soluci6n en un i r e a  d e  intensa dis- 
cusi6n. S e  cornentan los problemas re-
sueltos de  informacibn, control y procesos 
heuristicos encarados. S e  describe los 
planes y las herramientas utilizadas en la 
optimizaci6n del sistema d e  sumisi6n, en 
la creaci6n d e  la imagen fiscal y en la edu- 
caci6n del contribuyente. 

No  Abstract Available 

Inference of the Argentine Experience for a 
General Education for Management 

Management  education in Argentina at-
tempted to emerge a s  a self-sufficient d isc~pl ine  
in 1958. 

Nine years of experience allows us to evalu- 
a te  the fundamental trends which a re  operating. 

Inferencias de la Experiencia Argentina para 
una Didactica General de la Administration 

La enseiianza de  la Administracion en la Re- 
pliblica Argentina aparece con pretensi6n d e  
disciplina autosuficiente en 1958. 

Nueve aiios de  implantaci6n permiten enjui- 
ciar las tendencias fundamentales operadas. 
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After analyzing the contents of study pro-
grams during the past nine years, the author at- 
tempts to derive conclusions regarding: 
1. Lecturing 	 methods of the faculty and the 

work of students. The ratio of faculty to stu- 
dents at  the University of Buenos Aires in- 
dicates a shortage of faculty which produces 
mass teaching methods incompatible with 
seminars, discussions and student feedback. 
In particular, the case study method or lab-
oratory demonstrations are desirable where 
it is necessary to derive appropriate theoreti- 
cal models through individual or group work 
guided by the instructor. 

2. 	Curricula. If we conceive management learn- 
ing as a process of assimilating details one 
after the other, the incompatibility we have 
mentioned before apparently will not permit 
thorough learning in countries with an educa- 
tional structure similar to that in Argentina. 

Therefore, it is necessary to revise our con- 
cepts about management working toward a 
formal concept of the scientific task. 

The author concludes by suggesting the 
elimination of study of "facts" and details 
substituting the study of scientific methods 
and basic disciplines that serve as a founda- 
tion for the study of management as an inter- 
disciplinary subject. 

This conclusion, which leads to teaching 
methods similar to those proposed in the first 
section, is not intended to be valid only in 
special cases, but rather in a generalization 
based on the characteristics of the discipline 
under discussion. 

3. 	The presentation is concluded with specific 
examples relevant to the educational needs 
in the social context and the cultural and in- 
dustrial requirements of Argentina. The 
value of this group of propositions is only in- 
tended to be valid in a restricted locality- 
that is, in the Argentine Republic. 

WP1.3 CYRUSF. GIBSON 

Management Education in Mexico 
A review will be presented of the prevailing 

characteristics of the needs for managers and 
management skills and of the existing means by 
which managers are developed. Particular em-
phasis will be placed on the overall costs to the 

Luego de analizar el contenido de los pro- 
gramas de estudio a lo largo de estos nueve 
afios, e t  autor pretende concluir sobre: 
1 .  	MCtodos de exposicibn de profesores y tra-

bajos de alumnos. La proporcibn media de la 
carreras de la Universidad Nacional de Bue- 
nos Aires entre profesores y alumnos brinda 
un deficit del cuerpo docente que obliga a la 
provisibn de sistemas de ensefianza masivos 
no compatibles con procedimientos, dirigidos 
por el profesor, de induccibn de relaciones es- 
tructurales, tales como el mttodo de anilisis 
de casos o las exposiciones extensas del 
campo operativo sobre el que es necesario 
inferir sistemas representacionales tebricos, 
mediando esta inferencia por el trabajo in- 
dividual o de equipo del alumno guiado por 
el profesor. 

2. 	Contenido de la enseiianza. Si se concibe el 
aprendizaje de Administracibn como un pro- 
ceso de imbuirse de sucesivos hechos parti- 
cularizantes, evidentemente la incompati-
bilidad sostenida presedentemente no ha de 
permitir el aprendizaje cabal en paises de 
estructura educacional similar a Argentina. 

Es por ello necesario revisar nuestros con- 
ceptos sobre el contenido de la Administra- 
cibn sobre una concepcibn formal del que 
hacer cientifico. 

El autor concluye postulando la erradica- 
cibn de estudios sobre aspectos particulares 
de circunstancias de hecho para insistir en la 
adquisicibn de conocimientos de mttodo 
cientifico y de disciplinas bisicas que sirven 
de soporte a1 interdisciplanario campo de la 
Administraci6n. 

Esta conclusibn, que conduce a mttodos de 
ensefianza similares a los propuestos por el 
razonmiento del primer apartado, pretende 
ser no ya una didictica especial regional-
mente vilida sino una didictica general 
basada en el contenido de la disciplina bajo 
nuestra mira. 

3. 	Cierra la presentaci6n disquisiciones parti-
cularizantes relacionadas con las necesidades 
de conocimiento del context0 social y nece- 
sidades especificas guidas par la cultura y 
el orden industrial especificamente argenti-
nos. El valor de este grupo de proposiciones 
solo pretende restringida validez geopolitics: 
a la razbn, la Repiblica Argentina. 

Educacion Gerencial en Mexico 
Se presenta una revisibn de las caracteristicas 

prevalecientes de la necesidad de gerentes y 
talentos gerenciales y de las medidas existentes 
a traves de las cuales se desarrollan gerentes. Se 
pondri especial enfasis en los costos totales 
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economy of the  existing situation, and an effort 
will be made  to identify those societal and en- 
vironmental factors which make  these costs 
high. Based on this analysis, alternative propos- 
als for improving management  education to 
satisfy long-term needs in Mexico will be out- 
lined. 

Trends in Management Education: Present and 
Future 

A significant part of the underlying theme of 
this paper has  been effectively summarized in 
the  following s ta tement  by David Sarnoff, chair- 
man of the  board of Radio Corporation of Amer- 
ica: 

W e  a re  entering an  era  when the most pro- 
gressive enterprises will possess built-in elec- 
tronic systems to gather ,  digest, measure, cor- 
relate and analyse all information relevant to 
management  decisions. They will link every 
corner of an  enterprise no mat ter  how far-
flung. And they will centralize management  
control by endowing the manager  of the fu- 
ture with a vast new capacity for swift and 
efficient response to the most intricate and 
varied requirements of his own operations and 
to the most subtle trends of the  marketplace. 
Thus, the new generation executive must not 
only have basic understanding of these 
powerful a i l s  but must also realize that  they 
are, after all, only machines, and the answers 
they provide can be  only as  good as  the ques- 
tions that  men ask them.  More than ever be- 
fore, success in business and industry will re- 
quire of managers that  they be both specialists 
and generalists. They must be knowledgeable 
in detail  of day-to-day operations yet steeped 
sufficiently in science and technology to relate 
research and engineering developments to the 
specifics of their enterprises.  And they must 
be equipped with knowledge of the economic, 
social, political and cultural forces that  shape 
their environment.  

If these viewpoints of Mr .  Sarnoff a r e  correct, 
and I firmly believe that  they are ,  what should 
university business schools (both graduate  and 
undergraduate) be doing to prepare their stu-
dents  for these impending developments? The  
answer to this question requires that  specific 
predictions be made about the future organiza- 
tion and philosophy of schools of business ad-  
ministration. 

a la economia causados par la situaci6n exis- 
tente, y se h a r i  un esfuerzo para  identificar 10s 
factores ambientales y sociales que hacen estos 
costos altos. Basado en este anilisis,  se deli-
nea r in  propuestas alternativas para  el rnejora- 
miento d e  la educaci6n gerencial para  satisfacer 
las necesidades a largo plaza en Mixico.  

Tendencias en la Enseiianza de Administra-
cion: Presente y Futura 

Una par te  considerable del contenido bisico 
d e  este articulo ha sido resumida acertadarnente 
en la siguiente declaraci6n d e  David Sarnoff, 
presidente del Consejo d e  Administraci6n de  
R.  C .  A,: 

Estamos entrando en una era  en la a u e  las 
empresas m i s  progresistas poseerin sistemas 
electr6nicos automhticos para reunlr,  asimi- 
lar ,  medir,  correlacionar, y analizar toda la 
informaci6n pertinente para  las decisiones de  
la Administraci6n. Estos sistemas unir in  
todas y cada una de  las partes de  una em-
pressa, por muy dispersas que  estas se en-
cuentran y servirin para  centralizar el control, 
dotando al administrador del futuro con una 
amplia capacidad para responder de  un modo 
r ip ido  y eficaz a las m i s  intrincadas y dife- 
rentes exigencias d e  sus propias operaciones, 
asi como a 10s cambios y tendencias m6s su- 
tiles del mercado. Par  lo tanto, la nueva gene- 
racibn de  administradores d e b e r i  poseer no 
s61o un conocimiento bis ico d e  estas podero- 
sas ticnicas, sino t ambi in  darse  cuenta de  
que, despuis  de  todo, se t ra ta  Onicamente 
de  miqu inas  y las respuestas que ellas den, 
no pueden ser mejores que las preguntas que 
el hombre les haga. M i s  que nunca en el pa- 
sado, exito en la industria y los negocios re-
que r i r i  que 10s administradores deban com-
binar conocimientos generales con los del 
especialista. El administrador del futuro de- 
b e r i  tener un conocimiento detallado de  las 
operaciones diarias y una educaci6n suficiente 
en ciencia y tecnologia para  poder relacionar 
los avances de  la ingenieria y la investigacihn 
con los aspectos especificos de  su empresa. 
A1 mismo tiempo, d e b e r i  estar equipado con 
conocimientos acerca de  las distintas fuerzas: 
econ6micas, sociales, politicas y culturales 
que actuan en su ambiente. 

Si estas opiniones de  Mr.  Sarnoff son correctas, 
y yo creo firmemente que lo son, ;,Qui debe r in  
hacer las escuelas d e  comercio (en ambas  cate- 
gorias d e  pre y post-graduados) en las universi- 
dades, para  preparar  a sus estudiantes para  
estos cambios inminentes? La respuesta a esta 
cuesti6n requiere el hacer predicciones con-
cretas acerca de  la filosofia y futura organiza- 
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This paper makes such predictions on the 
basis of significant facts and developments 
which have occurred in American industry 
during recent years. The main topics discussed 
are (I) changing patterns of United States man- 
agement: (2) new philosophies and objectives in 
modern schools of business; (3) trends in busi- 
ness education including (a) information and 
control systems, (b) strategic or structural plan- 
ning in universities, (c) continuing education for 
executives, and (d) the broadening interests and 
objectives of business schools. 

The Gap between Supply and Demand of 
Qualified Managers in Mexico 

1. Mexico presents a pattern of a very dy-
namic change and economic development in the 
past 20 years. This evolution has been due to 
various important causes, such as the increased 
industrialization; economic and political stabil-
ity; accumulation of financial resources. and so 
on. One of the important basic factors of this 
sociological process has been the development 
of the higher education, the explosion of the 
university population and the emphasis on tech- 
nical and scientific education, including the 
education for Management. 

2. Despite the economic growth and educa- 
tional development, there is a serious gap be- 
tween supply and demand of qualified managers 
due to several specific conditions in Mexico, 
such as: (a) The college population is not enough 
to meet the growing needs of qualified people 
in Management Sciences; (b) The number of 
dropouts or failures to get the university degree 
is very high; (c) The graduate in Management 
Sciences lacks practical experience, very often, 
and is not trained on the job on a systematic 
way: (d) The formal education on Management 
has to be revised to meet the challenge of to- 
day's rapid scientific development; (e) Yet we 
have to define, in Mexico, what is the best col- 
lege graduate (what kind of man, curriculum, 
degree, etc.) to meet the demand of Managers. 

3. The institutions of higher learning (univer- 
sities and technological institutes), the mana-
ger's associations, trade unions, Government 
agencies. and the institutions interested in this 
problem, can and should coordinate their plans 
and efforts to close this gap as soon as possible. 
We mention here some recommendations on 
this problem: (a) A thorough revision of educa- 
tional plans, programs and methods of teaching: 

ci6n de las escuelas de administraci6n comer-
cial. 

Este articulo hace dichas predicciones basin- 
dose en la evoluci6n y 10s cambios significativos 
que han ocurrido en la industria norteamericana 
en anos recientes. 

Los puntos principales que se consideran 
son: (1) caracteristicas cambiantes de la Adminis- 
tracibn de Empresas en 10s Estados Unidos, (2) 
nuevas filosofias y objetivos en las escuelas de 
comercio modernas (3) tendencias en este tipo 
de educacibn, incluyendo (a) sistemas de control 
e informaci6n, (b) planes estratigicos o estruc- 
turales en las universidades, (c) educaci6n conti- 
nuada para administradores y (d) ampliaci6n de 
los intereses y objetivos en las escuelas comerico. 

El Desequilibrio entre la Oferta y la Demanda 
de Administradores Competentes en Mkjico 

I .  MCjico presenta unas caracteristicas de 
cambia y desarrollo econ6mico altamente dini-  
micas en 10s hltimos 20 afios. Esta evolucibn se 
debe a varias causas importantes, tales como la 
creciente industrializacibn; estabilidad politica 
y econ6mica; acumulaci6n de recursos finan-
cieros, y demis.  Uno de los m i s  importantes 
factores bhsicos de este proceso sociol6gico ha 
sido el desarrollo de la educaci6n superior, la 
explosibn de la poblaci6n universitaria y el Cnfa- 
sis en la ensefianza tCcnica y cientifica, inclu-
yendo la educaci6n para la administracibn de 
empresas. 

2. A pesar del desarrollo econ6mico y de la 
educacibn, hay un desequilibrio serio entre la 
oferta y la demanda de administrzdores compe- 
tentes, debido a varias condiciones especificas en 
Mijico, tales como: (a) La poblaci6n estudiantil 
no es suficiente para satisfacer la necesidad 
creciente de personal competente en ciencias de 
administracibn; (b) El nCmero de abandonos y 
fracasos en la obtenci6n de un titulo universi- 
tario es muy elevado; (c) El graduado en Ad-
ministraci6n de empresas adolece muy a menudo 
de falta de experiencia prictica y no es entre- 
nado en su empleo de un modo sistemitico: (d) 
La educaci6n formal en Administraci6n debe 
ser revisada para mantener el reto del ripido 
desarrollo cientifico actual; (e) Todavia es t i  
por definirse en MCjico, cual es el mejor gra- 
duado d e  universidad (quC clase de persona, 
curriculum, titulo, etc.) para satisfacer la de-
manda de administradores. 

3. Las instituciones de ensefianza superior 
(universidades e institutos tecnol6gicos), aso-
ciaciones de direccibn, uniones obreras, agencias 
del Gobierno y otras instituciones interesadas en 
este problema, pueden y deben coordinar sus 
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(b) The adult education on Management. Sci- 
ences should be encouraged; (c) Research on 
business matters and economic development 
may be increased very strongly by the universi- 
ties and public institutions; (d) It is needed more 
emphasis on "motivation" for the student, a t  the 
university level, in order to reduce the high rate 
of dropouts; (e) Also it is needed a more effi-
cient use of technical devises for training on the 
job of perspective managers. 

4. Finally the application of methods for re- 
ducing the gap between supply and demand of 
managers, will bring an acceleration on the proc- 
ess of industrial and economic development 
and, in turn, a new pressure for more managers. 
This need of a dynamic process should be 
planned in advance, keeping a constant scienti- 
fic research on this economic forces. 

WP1.6 ROBERT R. REHDER 

Management Education in Latin America: 
Needs and Strategies 

This paper considers the contemporary prob- 
lems and the potential contributions of higher 
education for management in Latin America. 

The author reviews his recent survey of the 
very rapid contemporary growth of higher edu- 
cation for management in Latin America in or- 
der to identify the major characteristics of the 
emerging conglomeration of North and South 
American concepts, curriculum and teaching 
methods. 

The inquiry indicates that there is clear need 
to reappraise the emerging educational patterns 
and strategies of Latin American management 
education. 

The following questions form the basis of the 
author's subsequent reappraisal: 

a) How are Latin American management 
needs, practices and performance influenced by 
their own social-economic environments? 

b) What is Latin American management edu- 
cations' contemporary contribution to the satis- 
faction of its particular management needs and 
problems? 

2) What concepts and strategies of higher 
education for administration evidence significant 
promise for the development and performance 
of Latin Americans management leadership? 

The results indicate that Latin American 

planes y esfuerzos para cerrar este desnivel tan 
pronto como sea posible. 

Aqui mencionamos algunas recomendaciones 
sobre este problema: (a) Una revisi6n completa 
de planes de educacibn, programas y mCtodos 
de ensefianza; (b) Debe promoverse la educaci6n 
del adulto en ciencias de Administraci6n; (c) 
La investigaci6n sobre desarrollo econ6mico y 
caracteristicas 'del mundo empresarial puede 
aumentarse considerablemente en las universi- 
dades e instituciones pCblicas; (d) Es necesario 
m i s  Cnfasis en la "rnotivaci6nn del estudiante 
en el nivel universitario, para reducir el nCmero 
de abandonos. (e) TambiCn se precisa un uso 
m6s eficaz de elementos ttcnicos para el entre- 
namiento de 10s futuros administradores, en sus 
puestos. 

4. Finalmente, la aplicacibn de mitodos para 
reducir el desnivel entre oferta y demanda de 
administradores, t raer i  consigo una aceleraci6n 
en el proceso de desarrollo industrial y econ6- 
mico y, consecuentamente una mayor demanda 
de administradores. Estos requerimientos de 
un proceso dinimico deberian planearse con 
anticipaci6n manteniendo una investigaci6n 
cientifica constante de estas fuerzas econ6micas. 

La Enseiianza de la Administracion en 
America Latina: Necesidades y Estrategias 

En este articulo se consideran 10s problemas 
actuales y las posible contribuciones de la ense- 
fianza superior de administraci6n de empresas 
en Amkrica Latina. 

El autor revisa su reciente examen del rapi- 
dfsimo crecimiento actual de la ensefianza supe- 
rior de administraci6n de empresas en Amkrica 
Latina con el prop6sito de identificar las carac- 
teristicas principales del creciente conglome-
rado de conceptos, programas y mktodos de 
ensefianza Norte y Sudamericanos. 

La encuesta indica que existe una necesidad 
clara de reconsiderar las estrategias surgientes 
y caracteristicas educacionales de la ensefianza 
de administracibn en Amtrica Latina. 

Las siguientes cuestiones constituyen la base 
para la reevaluacion subsiguiente por el autor: 

a);CuiI es la influencia de los propios am-
bientes sociales y econ6micos en las necesidades, 
priticas y actuaci6n de la administracibn en 
AmCrica Latina? 

b)iCuLI es la contribuci6n actual de la ense- 
fianza de la administraci6n en AmCrica Latina. 
a la satisfacci6n de los problemas y necesidades 
especificos de dicha administraci6n? 

c);QuC conceptos y estrategias de ensefianza 
superior de administraci6n presentan una pro-
mesa significativa para el desarrollo y la con-
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Management's problems a values and practices 
were a function of his particular social-economic 
system and often significantly different from his 
North American counterparts.  The prevalent 
pattern of higher education for management  in 
Latin America. however, strongly reflects the 
adoption of North American management  con- 
cepts, textbooks and entire curricula without 
adequate provision for its specific management  
needs and educational systems. 

Several recent programs in Latin America 
evidence significant promise to establish new 
standards of management  education in these 
countries. 

Group Decisions and Authority 
Industrial organizations a re  becoming complex 

entities with changing value system. Authorita- 
tive decisions taken a t  the  top of the hierarchy 
a re  often not followed by the low layers of the 
organization. Authority does not seem to be any 
more  the basis for organizational cohesion. 

The author analyses possible alternatives 
needed for more efficient working of industrial 
organizations and indicates ways for increasing 
managers '  sensitivity in the area  of team work. 

Selection and Industrial Training for Efficient 
Research and Development 

Does high school education and training, in- 
cluding fundamental research, prepare students 
to the R and D concrete and efficient behaviour 
in the industrial laboratories and manufacturing 
plants? 

The communication after having compared 
the  results of high school training and the re-
quirements of industry. analyses some questions 
related with knowledge and use of knowledge, 
as  well a s  the notions of efficiency within the 
person and between the groups concerned by 
the  working out  of industrial projects and their 
realization. 

From imaginative and creative atti tudes (as 
well on the level of general concepts as  on the 
detailed ones) to ways of individual and group 
motivation, the profiles of different individuals 

ducta del mando d e  10s administradores en 
LatinoamCrica. 

Los resultados indican que los problemas, 
valores y pricticas de  la administracibn de  
empresas  en AmCrica Latina son una funcibn 
de  su especifico sistema social y econbmico, a 
menudo considerablemente distinto de  sus 
equivalentes Norteamericanos. Sin embargo, las 
caracteristicas que prevalecen en la ensefianza 
superior de  administracibn de  empresas en 
AmCrica Latina, reflejan muy acusadamente la 
adopcibn de  conceptos. textos y programas 
completes d e  la  administracibn d e  empresas en 
Norteamkrica, sin una provisibn adecuada para 
sus necesidades especificas y sistemas de  ense- 
fianza. 

Varios programas recientes en AmCrica La-
tina evidencian una promesa significativa de  
establecer nuevas normas de  ensefianza de  ad- 
ministracibn en esos paises. 

Autoridad y Decisiones de Grupo 
Las organizaciones industriales se e s t in  con-

vertiendo en entidades complejas con sistemas 
de  valores cambiantes.  Las  decisiones autorita- 
rias tomadas  al tope del nivel jerarquico, fre-
cuentemente no son seguidas en 10s niveles 
bajos de  la organizacibn. La  autoridad no parece 
ser ya la base para  la cohesion de  la organiza- 
cibn. 

El autor analiza posibles alternativas que se 
necesitan para  un funcionamiento m i s  eficiente 
de  las organizaciones industriales e indica 
formas d e  aumentar  la sensibilidad d e  10s di- 
rectivos en lo que respecta a trabajar como un 
equipo. 

Selection y Entrenamiento Industrial para la 
Investigation y Desarrollo Eficiente 

Prepara  a 10s estudiantes la educacibn y 
entrenamiento, incluyendo la investigacibn b i -
sica, de  la escuela secundaria para  la manera  
de  actuar  concreta y eficiente que se requiere 
de  ellos en el campo de la Investigacibn y De- 
sarrollo de  10s laboratorios industriales y f ibr i -  
cas? 

El comunicado, despuks d e  haber cornparado 
10s resultados d e  entrenamiento de  escuela se-
cundaria y 10s requisitos d e  la industria. analiza 
algunas preguntas relacionadas con el conoci-
miento y el uso del conocimiento como tambiCn 
las nociones d e  eficiencia en la persona misma 
y entre 10s grupos interesados en  el Cxito y reali- 
zacibn d e  proyectos industriales. 

De actividades imaginativas y creativas (como 
tambiCn en el nivel d e  conceptos generales y en 
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a re  taken into account, first with a view to selec- 
tion and next to prepare formation. 

A discrimination 1s made  between the scl-
entists fitted for coordination, mastering as  well 
analysis as  synthesis, and the ones whose role is 
to specialize oneself a s  much and a s  far a s  pos- 
sible. 

The contemplated and tested methods a re  
then discussed in detail .  

WP1.9 H. I. ANSOPF and R.  G. BRANDENBURG 

Attributes of Managers of the Future 
This paper forecasts skills and capabilities 

required by general managers in complex orga- 
nizations of the  future. Characteristics of future 
managers a r e  inferred from the types of major 
problems top managers will face and the kinds 
of information processing and decision making 
systems they will need to solve these problems. 
Implications of these requirements for manage- 
ment  education a re  assessed. 

A new interpretation of management  special- 
ization is proposed, based on tasks  involved in 
designing and operating the information proc-
essing and decision making system of the firm 
as  a whole. Distinct requirements for both de- 
signers of new decision making systems and 
operators within existing decision making sys-
tems, may correspond to different way in which 
information is generated and used. For example, 
there may be needs for: 

1.  Environmental surveyors 
2.  	Decision alternative generators 
3. 	Decision analysis 
4. Criterion function designers 
5. 	Programmers  in organizational action 
6. Communicators,  motivators, expeditors 
7. Performance appraisers 
Other  kinds of specialization amang mana- 


gers of the  future also a re  assessed. Changes in 

the  dynamics and complexities of the business 

environment suggest requirements for: 


1. 	Innovative change agent managers and effi- 
ciency-productivity oriented managers.  

2. 	 Competence in managing the interface be- 
tween the firm a t  its external commercial,  
political, social and technical environ-
ments.  

3. 	Ability to manage experts and professionals 
as  corporate assets. 

Implications of these emerging imperatives 

for the competences of the individual manager 

of the future will be evaluated, in terms of such 

personal skills as: 


I .  Learned routine 
2. 	Value systems 
3. 	Analytical skills 

el de  detallados) a maneras de  motivacihn indi- 
vidual y d e  grupo, las perfiles de  diferentes indi- 
viduos son tomadas en cuenta, primero con una 
mirada hacia la seleccihn y sesundo, para pre- 
parar  la informacihn. 

Una discriminacihn es  hecha entre 10s cienti- 
ficos aptos para  coordinacihn que pueden domi- 
nar  tanto  el ani l i s is  como la sintesis y aquellos 
cuyo papel es  el especializarse lo m i s  posible. 

Los mktodos contemplados y probados son 
entonces discutidos en detalle. 

Atributos de 10s Administradores del Futuro 
Este articulo pronostica las capacidades y 

hahilidades requeridas por los administradores 
generales en las organizaciones complejas del 
futuro. Las  caracterfsticas de  10s administra-
dores futuros se  infieren de  10s tipos d e  10s pro- 
blemas mas  importantes que los altos adminis- 
tradores encontrar in  y las clases de  sistemas de  
proceso de  informaci6n y toma de decisiones 
que  precisaran para resolverlos. En el articulo 
se seiialan las implicaciones de  estos requeri-
mientos para la ensenanza d e  administracion 
de  empresas. 

Se  propone una nueva interpretaci6n de  la 
especializaci6n de  los administradores, bas in-
dose en tareas concernientes al diseRo y la ope- 
raci6n del sistema de proceso de  informaci6n y 
toma de decisiones d e  la empresa en conjunto. 
Requerimientos distintos para diseiiadores de  
sistemas nuevas de  toma de decisiones J.  opera-
dores d e  sistemas existentes pueden corres-
ponder a distintas formas en que la informacihn 
que se usa y se genera. Por ejemplo, puede 
precisarse: 

1. Examinadores del ambiente  
2. 	Generadores d e  alternativas 
3. Analistas d e  decisiones 
4. 	Diseiiadores de  funciones de  criterio 
5. Programadores en accihn organizacional 
6. 	Comunicadores, motivadores, y acelera-

dores 
7. 	Evaluadores d e  actuacinn 
TambiCn se sefialan otras clases de  especiali- 

zaci6n entre  directivos del futuro. Los cambios 
en la d in imica  y complejidad del Bmbito em-
presarial,  sugieren requerimientos de: 

I .  Administradores agentes d e  cambios inno- 
vadores y administradores orientados ha- 
cia eficiencia y productividad. 

2. 	Competencia para  manejar la interaccihn 
d e  la empresa con sus ambientes externos 
politicos, comericiales, sociales y tecnicos. 

3. 	 Habilidad para  manejar expertos y profe- 
sionales como partes del Activo d e  la em-  
presa. 

Las implicaciones de  estos imperativos sur-
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4. 	Affective skills 
5. Data storage and acquisition 
6. 	Information retrieval and synthesis skills 
7. 	 Learning skills 

The Role of Education for Management and 
Management Science in Developing Countries 

The history of management education and the 
elevation of the status of management to that of 
a science in industrially advanced countries is 
described. This development is then related to 
the needs of newly developing countries. In this 
context the importance of education for manage- 
ment and management science in these countries 
is stressed. 

The process by which India is attempting to 
meet this challenge is described. In particular, 
the programs of three all-India centers-the 
Administrative Staff College at  Hyderbad, and 
the two Indian Institutes of Management at  
Ahrnedebad and Calcutta-are described. These 
programs and those of other institutions are 
compared and evaluated. 

WPl .11  VINCENTE. CANGELOSI,DAVID M. 

gientes para la competencia del administrador 
del futuro ser in evaluados en tirrninos de ha- 
bilidades individuales, tales corno: 

1 .  	Rutinas aprendidas 
2. Sistemas de valores 
3. 	Habilidades analiticas 
4. 	Habilidades afectivas 
5. Adquisicibn y almacenarniento de datos 
6. 	Habilidad de sintesis y recuperacibn de 

inforrnacibn 
7. Habilidades de aprendizaje 

El Papel de la Educacion y la Ciencia de la 
Administracibn en Paises en Desarrollo 

Se describe la historia de la educacihn ge- 
rencial y de la elevacibn del status de la gerencia 
a uno de ciencia en paises industrialmente avan- 
zados. Este desarrollo entonces se relaciona a 
las necesidades de paises que han empezado a 
desarrollarse recienternente. En este sentido la 
importancia de la educacibn en estos paises para 
la adrninistracibn y la ciencia de la administra- 
cihn es subrayada. 

Se describe el proceso por el cual la India 
es t i  tratando de confrontar este reto. Se des- 
criben en particular los programas de tres cen- 
tros netamente indios-el Colegio del Consejo 
Administrativo en Hyderbad y los dos Institutos 
Indios de Administracibn en Ahmedebad y 
Calcutta. Estos prograrnas y los de otras insti- 
tuciones son cornparados y evaluados. 

ROBINSON,TURUN KAUPPAKORKEAKOULU, 
and LAWRENCE L. SCHKADE 

A Cross-Cultural Study of Information and 
Rational Choice 

The experiments described in this study are 
concerned with the effects of information on 
the decision-making behavior of individuals and 
are designed to provide insight into ( I )  whether 
information influences behavior in choice de-
cisions, (2) the extent that information increases 
rationality of choices, and (3) possible differ-
ences in the use of information by individuals in 
selected cultures in making decisions. Groups 
of subjects in Finland, Mexico, and the United 
States participated in two-choice experiments 
in which information about the nature of the 
event series is given to the subjects. 

The general hypothesis used in this type of 
inquiry is that the rationality of choice behavior 
is a function of the amount, quality, comprehen- 
sibility, and credibility of information possessed 
by an individual while making a choice. The 
context of the experiments reported in this 
paper focuses upon a specific phase of the gen- 
eral hypothesis. The premise is that the greater 
the amount of information that is given to an 

Un Estudio Transcultural sobre la Informa-
cion y la Selection Racional 

Los experirnentos descritos en este estudio 
tratan de los efectos de la informacibn en el 
proceso de tomar decisiones por individuos y 
est in  disefiados para proporcionar una visibn 
m i s  profunda de (1) si la conducta, en el pro- 
ceso de escoger una decisibn, es influenciada o 
no por la informacibn, (2) hasta que punto la 
informacihn aumenta la racionalidad de la se-
leccibn y (3) posibles diferencias en el uso que 
individuos de distintas culturas hacen de la in- 
forrnacibn al tornar decisiones. Varios grupos 
de personas en Finlandia, Mijico y los Estados 
Unidos participaron en experimentos con dos 
selecciones en las cuales 10s sujetos recibian 
informacihn acerca de la naturaleza de las series 
de sucesos. 

La hiphtesis general utilizada en este tipo de 
investigacibn de la racionalidad en la accibn de 
elegir es una funcihn de la cantidad, calidad, 
cornprensibilidad y credibilidad de la informa- 
cion que un individuo posee en el rnomento de 
llevar a cabo la seleccihn. El contenido de los 
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individual, the more  likely he is to make a 
series of rational choices. 

The experimental design provides for close 
control to enhance statistical analysis, but it is 
felt that the  results have implications for the 
manner in which individuals in different cultures 
use information in making decisions involving 
risk and uncertainty. 

Education for Managers and Management 
Scientists: Barrier or Bridge 

Two decades into the management  science 
"revolution," managers still find themselves 
hesitant and uncomfortable about the new aids 
to decision making which management  scientists 
have developed. Management  science profes-
sionals, on the other hand, often misinterpret 
their lack of ability to see the relevant problems 
or to understand the environment in which solu- 
tions must be implemented a s  lack of sympathy 
on the par t  of their clients for the new ap-
proaches. 

Education programs for managers and man-
agement scientists have built both bridges and 
barriers,  helping in some cases to equip both 
groups to work more  effectively together and in 
other cases reinforcing prejudice, insensitivity, 
and misdirected commitments  to "professional 
purity." This paper interprets our current ap- 
proaches to education against the perspective of 
modern theories of individual and organizational 
behavior and suggests some new considerations 
for the design and effective training programs in 
the university and in industry. 

"Furthering Innovation in the Management of 
Organisa tions" 

Many people are  now interested in the  intro- 
duction of new management  methods into or-
ganisation. Governments and financial interests 
can force change, but cannot always ensure it 
will be in the right directions. Top  management 
invites consultants to review its operations and a 
"shake-up" (i.e., a re-alignment of political 
power in the organisation) occurs. With luck 
this may strengthen the  "forces for progress" a s  
against the "reactionaries," but seldom is there 

experimentos presentados en este trabajo trata 
principalmente d e  una fase especifica de  la 
hiphtesis general.  La premisa es  que a mayor 
cantidad de  informacihn proporcionada a un 
individuo, corresponde una mayor probabilidad 
que t s t e  haga una serie de  selecciones raciona- 
les. 

El disefio experimental proporciona la posi- 
bilidad d e  ejercer un control estricto para  reali- 
zar  el anilisis estadistico, per0 se  considera que 
10s resultados contienen implicaciones acerca d e  
la forma en que  individuos en distintas culturas 
utilizan la informacihn al tomar decisiones que 
envuelven riesgo e incertidumbre. 

Educacion para Administradores y 6 Cienti-
ficos de la Administration: Barrera o Puente 

A dos decadas d e  la "revolucihn" en la cien- 
cia d e  la administracihn, 10s administradores 
todavia se encuentran hesitantes e inchmodos 
acerca d e  las nuevas ayudas a el proceso de  de- 
cisihn desarrolladas por 10s cientificos de  la 
administracihn. Por otra parte,  10s profesionales 
de  la ciencia de  la administracihn a menudo 
malinterpretan su falta de  habilidad para  ver 10s 
problemas significativos o para  entender el 
medio ambiente  en que las soluciones deben ser 
implantadas como falta d e  simpatia de  parte de  
sus clientes. hacia 10s nuevos puntos de  vista. 

Los programas de  educacihn para  administra- 
dores y para  cientificos de  la administracihn han 
edificado tanto puentes como barreras,  ayudando 
en unos casos a que ambos grupos trabajen jun- 
tos en forma efectiva y en otros casos reforzando 
el prejuicio, la insensitividad y desperdiciando 
esfuerzos hacia la "pureza profesional." Este 
reporte interpreta nuestros enfoques actuales 
de  educacihn en contra d e  la perspectiva de  las 
teorias modernas del individuo y de  la conducta 
organizativa y sugiere nuevas consideraciones 
en el disefio d e  programas de  estudio para  las 
universidades y programas de  entrenamiento 
para  la industria.  

Estimulando la lnnovacion en la Administra-
cion de Organizaciones" 

Muchas  personas e s t in  actualmente interesa- 
das  in la introduccihn d e  nuevos mitodos  ad- 
ministrativos en  la organizacion. Los gobiernos 
y 10s intereses financieros pueden forzer cam-
bios, pero no siempre pueden asegurar que es- 
tos sean en las direcciones debidas. La alta 
administracihn invita consultantes a que revisen 
sus operaciones y una "sacudida" (es decir,  un 
nuevo orden politico en la organizacihn) ocurre. 
Con suerte esto puede fortalecer las "fuerzas 
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a clear sign of a coherent programme for evolu- 
tionary improvement. Moreover, such traumatic 
changes can damage the more subtle relation- 
ships needed for built in evolution. 

Behavioural scientists (change agents, "action 
researchers") attempt a more careful treatment, 
but their approach suffers from an inadequate 
understanding of the structure of the tasks 
which management, a t  all levels, needs to 
achieve. 

Management researchers and teachers, aware 
of all these difficulties, hope that their work will 
lead eventually to a more coherent "science of 
management," to a larger and larger output of 
men versed in this knowledge, and hence finally 
to rationally managed organisations. The new 
men however will have to make their ways grad- 
ually up the organisations, and will not be in 
charge for a long time. 

The paper will enlarge on the concept of 
organising for management innovation, and 
review and research literature and recent experi- 
ence in British industry. 

A Management-Science-Based Methodology 
for Management Education 

(i) A methodology for management education 
conceived to foster entrepreneurial skills is de- 
veloped. It rests on the cybernetic concepts of 
management science which it uses as its paeda- 
gogic instrument. (ii) Research at the Royal 
College of Science and Technology (Now the 
University of Strathclyde in Glasgow, Scotland) 
and at  Churchill College, Cambridge, England 
using graduate practitioners determine and de- 
fine the dynamics of management processes 
which helped to formulate the ideas is de-
scribed. (iii) Implementation of the systems 
methodology through a 4-year undergraduate 
syllabus in the University of Khartoum is de- 
tailed. 

Considerable simplification and economy of 
both teaching and learning effort is claimed by 
linking management education directly to the 
generalized abstract thought processes employed 
by other university disciplines, particularly in 
developing countries where students lack the 
general background of industry and commerce 
which their equivalents in the industrialized 
countries absorb naturally and unconsciously 
from their environment. 

para el progreso" contrario a las "reaccionarios" 
pero casi nunca existe una sefial clara de un 
programa coherente para el mejoramiento evo-
lucionario. Ademds, estos cambios traumaticos 
pueden lesionar las relaciones m i s  sutiles que 
son necesarias para la evolucihn aut6noma. 

Cientificos que se dedican a estudiar los ac- 
tos objetivamente observables tratan de hacer un 
estudio mas cuidadoso, pero su mod0 d e  ataque 
sufre de un entendimiento inadequado de la 
estructura de las faenas que la adrninistracihn, 
en todos 10s niveles, tiene que atener. 

Investigadores y profesores de administra-
cihn, concientes de todas estas dificultades, es-
peran que su trabajo eventualmente sirva de 
guia para llegar a una "ciencia administrativa" 
mas coherente, a una mayor produccihn de 
hombres versados en esta materia y por lo tanto 
finalmente a la administracihn nacional de or-
ganizaciones. Eso si, 10s nuevos hombres tendrin 
que tratar de introducir sus metodos gradual- 
mente en las organizaciones y no podrin tomar 
el mando por buen tiempo. 

Esto monografia ampliard 10s conceptos de 
organizacihn para la innovacihn administrativa 
y repasari la literatura de investigaciones y 
experiencia reciente en la industria Britanica. 

Una Metodologia Basada en Ciencia Ad-
ministratira para la Educacion Administratira 

(i) Se desarrolla una metodologia para la 
educacihn administrativa concebida para pro-
mover talentos empresariales. Est i  basada en 
los conceptos ciberneticos de ciencia administra- 
tiva que los que usa como un instrumento peda- 
ghgico. (ii) Se describen investigaciones experi- 
mentales conducidas en el Real Coleyio de 
Ciencia y Tecnologia (ahora la Universidad de 
Strathclyde en Glascow, Escocia) y en el Cole- 
gio Churchill en Cambridge, lnglaterra usando 
practicantes graduados para determinar y defi- 
nir la dindmica de 10s procesos administrativos 
que ayudaron a formular las ideas. (iii) Se de- 
talla la implementacihn de la metodologia de 
sistemas a travts de un sflabo de 4 afios de nivel 
bajo universitario en la Universidad de Khar- 
toum. 

Simplificacihn considerable y economia de 
esfuerzo tanto para enseiiar como para aprender 
se dice obtener mediante la unihn directa de la 
educacihn administrativa con 10s procesos gene- 
rales del pensamiento abstract0 empleados por 
otras disciplicas universitarias particularmente 
en paises que estin desarrollindose donde 10s 
estudientes carecen una base general en la in- 
dustria y el comercio como la que sus equiva- 
lentes en 10s palses industriales absorben natural 
e inconscientemente de su alrededor. 
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Of Engineers and Executives 
Is engineering education producing the people 

with the perspectives and visions that  will en-
able them to ultimately rise into executive posi- 
tions in public and private enterprises? Do engi- 
neers have the foundations of knowledge to 
comprehend major social, economic, political 
and corporate problems in society'? Are a e  
educating the leaders for tomorrow's societl or 
the  hirelings'? These a re  questions central to 
the  philosophy of engineering education which 
have been largely sidestepped by the major 
A S E E  studies, including the recent "Goals of 
Engineering Education" study, qet which will 
vitally influence the profession's capacity to 
bring forth leadership for a fast changing world. 

Managerial Resource Derelopment in Ar-
gentina 

The paper describes the social-economic 
e n ~ i r o n m e n t  in which the development of mana- 
gerial resources in Argentina took place since 
the 1880's. Thus. it discusses points such as the 
historical background. the atti tudes regarding 
business and the atti tudes of the managerial 
elite. Furthermore, an analysis of the available 
indicators of current managerial resources is 
made. 

A major pos i t~on  of the paper is devoted to 
the concepts, commitments and strategies of 
light education for the development of mana-
gerial resources in Argentina. A description of 
management training institutions is made, in-
cluding a discussion of their major problems. 
The paper concludes that,  despite the great 
progress made in the  last decade, a standard 
setting institution is st111 lacking in the country. 

Development of the "Mangineer" 
The greatest impediment to the growth of 

applied management  science is the lack of a 
professional mhom a e  might call the "manager- 
engineer" or "mangineer." While physical sci- 
ence has ~ t s  applied branch in the engineer. the 
field of management is divided for the most part 
into practical management.  which current11 is 
little affected b l  formal models or mathematics,  
and management  science. ah i ch  currentll  is 
little concerned a i t h  the operating problems of 
management.  

The training of the "mangineer" would com-

De lngenieros y Directiros 
~ E s t i  produciendo, la educaci6n de  ingenie-

ria,  el t ipo de  personas con la visihn y las pers- 
pectivas que les capaci tar l  para  event~la lmente  
alcanzar posiciones directivas en empresas pli- 
blicas y privadas? iTienen 10s ingenieros 10s 
fundamentos del conocimiento necesarios para 
comprender 10s problemas importantes sociales, 
econbmicos, politicos 1 de la empresa en la 
sociedad? Estamos educando a diringentes o a 
dirigidos para la sociedad del mafiand? Estas 
son preguntas centrales en la filosofia de  la en- 
sefianza de  ingeneria que han sido dejadas d e  
lado por 10s pr inc~pales  estudios d e  la ASEE,  
aun en el reciente estudio "Objetivos en la en- 
sefianza de  Ingenieria" que sin embargo influen- 
c iar in  d e  un mod0 vital. la capacidad de  la 
profesi6n para  producir cualidades de  mando 
en un mundo que cambia r ip idamente .  

Desarrollo de 10s Recursos Administratiros 
en la .Argentina 

Este trabajo describe el medio soclo-econh- 
mico en el cual se han desarrollado 10s recursos 
a d m ~ n i s t r a t i ~ o sen Argentina a partir  de  1880. 
Comprende, por lo tanto. antecedentes histh-
rico, las actitudes respecto a 10s negocios y las 
actitudes de  la elite admlnistrativa. 4 d e m i s ,  
se hace un anilisis de  10s actuales recursos ad- 
ministrativos basado en 10s indicadores desponi- 
bles. 

S e  d e d ~ c a  una gran parte d e  este reporte a 10s 
conceptos. cometidos y estrategias de  la educa- 
cihn para  el desarrollo de  10s recursos adminis- 
trativos en Argentina. Se  describen las instltu- 
ciones d e  entrenamiento de  administradores. 
incluyendo una discusihn de  sus problemas 
principales. El reporte conclu1e que, a pesar del 
gran progreso d e  la ultima decada, aun hay 
escasez de  instituciones de  tipo estandard en el 
~ a i s .  

Desarrollo del Ingeniero .Administrative 
El mayor impediment0 para el crecimiento de  

la administracihn aplicada es  la falta d e  un pro- 
fesional al que cual se le puede lammar "Inge- 
niero Administrativo" o en inglks. "mangineer." 
Mientras que la ciencia fisica tiene su rama de 
aplicacihn en el ingeniero. el campo de la ad- 
ministracihn e s t i  dividido malormente  entre 
administracion practica, que actualmente e s t i  
afectada m1 poco por modelos formales o mat& 
mit icos  1 la ciencia de  la administracihn. que 
actualmente esta mu?  poco interesada en 10s 
problemas operatorios de  la administraci6n. 
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bine the breadth of present management train- 
ing with the technological depth and knowledge 
of science (in this case, mostly management 
science) of the traditional engineer. In short, the 
new professional would be trained to accommo- 
date theory to the needs of the real world. It is 
likely that a larger part of his training would be 
the type of internship that a doctor now serves 
in learning to adapt medical science to the needs 
of man. Ultimately, the "mangineer" might 
well emerge as the preferred executive of a 
society forced by complexity and the computer 
to become more logical in controlling its organi- 
zations. 

A Model of Group Decision-Making 
A group (e.g., the board of directors of a busi- 

ness firm, a management team, or a planning 
commission) is considered to make a choice 
from a set of feasible alternatives whose out-
comes depend on the true "state of nature." 
Although the members of the group are as-
sumed to share certain objectives in common, 
they may have different preference orderings 
on the possible outcomes. The main result is 
that the alternative chosen is reached through a 
series of d e c i s i o n s e a c h  decision by simple ma- 
jority rule. From the viewpoint of positive the- 
ory, the widespread use of majority rule thus 
becomes explicable: majority rule applies re-
garding each objective or criterion of choice. but 
not (in a single step) to multidimensional alter- 
natives as such. 

The model does not satisfy the Pareto princi- 
ple, which requires that if every member of the 
group prefers x to y, so must the group. This 
would seem to be a defect if the model is inter- 
preted normatively, but it is argued on several 
grounds that the universality of the Pareto prin- 
ciple in the present context is not as compelling 
as might seem a t  first sight. Occasional viola- 
tions of the principle could be well accepted by 
the members of the group. In any event, the 
model is intended as an idealized description of 
actual group decision-making. 

WP2.2 DAVIDI. CLELAND 

The Organization Chart: A Systems View 
This article proposes an organizational chart- 

ing technique that graphically portrays the in- 
terpersonal relations between the members of an 
organization from a systems view. Such charts 

El entrenamiento del ingeniero administrativo 
deberia combinar la amplitud del actual entre- 
namiento administrativo con la profundidad 
tecnolbgica y conocimiento de la ciencia (en 
este caso, principalmente ciencia de la adminis- 
tracibn) del ingeniero tradicional. En resumen, 
el nuevo professional seria entrenado en el aco- 
mod0 de la teoria a las necesidades del mundo de 
la realidad. Es muy posible que la mayor parte 
del entrenamiento seria del tip0 de un aprendi- 
zaje interrio como el mtdico ahora pasa para 
aprender a adaptar la ciencia mtdica a las nece- 
sidades del hombre. Finalmente, el ingeniero 
administrativo puede que surja como el direc- 
tivo preferido de una sociedad forzada por la 
complexidad y la computadora a hacerse m i s  
logica en el control de sus organizaciones. 

Modelo de las Decisiones Tomadas for Grupos 

Un grupo (v.g.. el consejo de directores de 
una empresa, un equipo de administradores, 
una comisibn planificadora) tiene que elegir una 
linea de accibn entre una serie de alternativas 
cuyos resultados dependen del verdadero "es-
tado de la naturaleza." Si bien se presume que 
los miembros del grupo comparten ciertos ob- 
jectivos en comlin, pueden tener distintas prefe- 
rencias al valorar los resultados posibles. El 
resultado principal es que la alternativa elegida 
es elegida a travts de una serie de decisiones- 
cada decisibn por la sencilla regla de la mayoria. 
Desde un positivo y tebrico punto de vista, el 
amplio empleo de la regla de la mayoria puede 
ser explicado: la regla democritica toma en 
cuenta cada objetivo o criteria, pero no (de un 
golpe) las multidimensionales alternativas. 

El modelo no satisface el principio de Pa-
reto, el cual requiere que si cada miembro del 
grupo prefiere x a y,  tambitin lo prefiere el 
grupo. Esto aparaceria como un defecto si el 
modelo es interpretado normativamente, pero 
se discute con bases distintas que la universali- 
dad del principio de Pareto en el presente sen-
tido no es tan imperativa como puede parecer a 
primera vista. Violaciones ocasionales del prin- 
cipio pueden ser aceptadas por los miembros 
del grupo. En cualquier case, el modelo pre-
tende una descripcibn idealizada de decisiones 
de grupos. 

El Organigrama-Una Vista Del Sistema 
Este artfculo propone una ttcnica para el 

diseco de organigramas que grificamente re-
trata las relaciones interpersonales entre los 
miembros de una organizacibn desde el punto 
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may be viewed as  s l s t em schematic diagrams 
and go belond the traditional convention of de- 
picting only functional departments and formal 
lines of authorit!. The diagrams developed in 
this paper will also displa) coordinative and 
integrative interrelationships that serve to unify 
the functional activities into the larger system. 

The paper will extend the sysrenls concept in 
management  theor) to organizational charting 
3 technique which has not l e t  been demon-
strated in contemporary literature. The charting 
technique will deal with the managing subsj,s- 
rem. which has its component parts the m e m -
bers of the organization who perform the ac-
tivities and accomplish the tasks structured by 
the work subsystem. 

An Organizational Design for Joint Problem 
Solving 

The functional focus of the hierarchically 
structured organization acts as  a constraint on 
its capacity to handle interdependencies be-
tween parts and to adapt  to changes in the task. 
In this paper a design is put forth that  fulfills 
the need for an  organizing approach that  enables 
an organization to surmount these limitations 
and operate much more like a project group. 
Participants a r e  linked by electronic teletype 
and computer to enable them to interact as  if 
they were meeting face to face. They inform 
each other of their decision processes and then 
interact to introduce modifications in these de- 
cisions. Via teletype, they assemble and inte-
grate the parts into a picture of the total system 
flow. 

Non-Quantitative Models in Management 
It is my contention that  the non-quantitative 

model is the most pervasive and important con- 
ceptual tool employed in the study of manage- 
ment.  Although its use pervades all areas of 
management thought it has  not received ade-
quate recognition. The  reason for this situation 
may be general confusion about the nature of 
scientific m o d e l s s o m e  consider them as  strictly 
mathematical 'concepts. W h a t e ~ e r  the reason. 
scholars and practicioners in the field of man-
agement should be aware of the ubiquity of 
non-quantitative models and familiar with the 
general model concept. To this end, this paper 
will discuss the generic nature of scientific 
models and describe the utilization of non-quan- 
titative models in management thought. 

de vista del sistema. Cada grifico puede ser 
visto como un diagrama esquemitico del sis-
tema yendo mLs a l l i  del convenio traditional 
de reflejar solo 10s departamentos funcionales y 
las lineas formales de  autoridad. Los diagramas 
desarrollados en este articulo exponen tambi in  
las interrelaciones de  coordinacihn e integracibn 
que unifican las actividades funcionales en un 
sistema m i s  amplio. 

El articulo extiende el concepto de  sistenla de 
la teoria de  la administrauon al trazado de  or- 
ganigramas, una ticnica que aun no ha sido 
demostrada en la l i teratura contemporinea .  La 
ticnica del trazado d e  organigramas t r a t a r i  del 
subsisrema adminisrrarico, cuyos componentes 
son los miembros de  la organizacihn que realizan 
las a c t i ~ i d a d e s  y ejecutan los trabajos estruc-
turados por la red del sistema. 

Diseiio Organico para La Solucion de Pro-
blemas Conjuntos 

El foco funcional de  la organizacihn estructu- 
rada jer i rquicamente  actua como una restric-
cihn a su capacidad para manejar interdepen- 
dencias entre sus partes y para adaptarse a 
cambios en la tarea. En este articulo se presenta 
un diseiio que llena las necesidades d e  un en-
foque orginico que permite a una organizacihn 
remontar estas limitaciones y operar mucho 
m i s  como grupo. Los participantes e s t in  unidos 
por calculador electrhnico y teletipo para per-
mitirles actuar como si estuviesen cara a cara .  
Se  informan los unos a los otros sobre los pro- 
cesos de  sus decisiones y luego actuan entre ellis 
para introducir modificaciones en las decisiones. 
Por medio del teletipo, reunen e integran las 
partes en un cuadro del sistema total. 

Modelos No  Cuantitatiros en Administraci6n 
Es mi a se~e rac ihn  que el modelo no cuanti-

tativo es la m i s  abarcadora e importante herra- 
mienta conceptual utilizada en el e s t u d ~ o  de 
la administratihn. Aunque su uso penetra todas 
las areas del pensamiento administrative, no ha 
recibido el debido reconocimiento. La razhn de  
esta situacihn puede ser la confusihn general 
acerca d e  la naturaleza d e  los modelos cienti- 
ficos-algunos los consideran conceptos estricta- 
mente matemit icos .  Cualquiera sea la razhn, 
eruditos y practicantes en la i r e a  admin i s t r a t i~a  
deben estar concientes de  la ubicuidad de  los 
modelos no cuantitativos y familiarizados con el 
concept0 general del modelo. A tal prophsito. 
este tratado discut i r i  la naturaleza generica de  
modelos cientificos y describiri  la utilizacihn D
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Coordination Problems in Competitire Sit-
uations-A Game Theoretic Study 

The general problem of control of a set of in- 
dividuals to achieve the objective of the con-
troller is common in many areas  such a s  busi- 
ness and government.  This  thesis a t tempts  a 
mathematical formulation and analysis of such 
problems. I t  is assumed that  each individual is 
a rational being acting in his own self interest. 
The  interests of different individuals a r e  in gen- 
eral conflicting thus leading to a competitive 
situation which can be analyzed using G a m e  
Theory notions. Most  of the  results in this the- 
sis a r e  concerning a class of "coordination prob- 
lems" where the controller's objective is to 
maximize the total utility to the whole group of 
individuals and where competition arises due 
to constraints on choice of strategies. In such 
cases it is shown that  the simple power to ac-
cept or reject the strategies which violate the 
constraints is sufficient to achieve the control- 
ler's goals. The class of Facility Assignment 
Problems, where individuals compete for the 
use of shared, scarce resources a r e  a particular 
case of coordination problems having some sim- 
ilarity with Multi-Level Control problems. 
These similarities as  well a s  the use of shadow 
prices in solving the Facility Assignment prob- 
lem are  explored. Finally, suggestions for eu-
tensions and applications a re  given. 

WP2.8 A. CHARNES,A.  V. FIACCO, and S .  C 
LITTLECHILD 

Convex Approximants and Decentralization: 
A S U M T  Approach 

A number of authors have been concerned 
with methods of calculating internal prices 
which. when delegated to the various divisions 
of a company. will insure that  the divisions, of 
their own accord, carry out their part of an op- 
timal overall program. Unfortunately, there 
may not exist prices having this property. 
Therefore, others have sought additional in-
structions which might be given to the divisions. 
With Charnes-Clower-Kortanek we define de-

determinadas  por razones especificas: 4) evalua-
ciones por parte del servidor ye del proveedor 
de  fondos deben ser determinados por razones 
especificios: y 5) comunicacihn sobre opera-
ciones en progreso d e  parte del usuario puede 
ser eficazmente usada por 10s servidores en su 
t ra to  con 10s proveedores de  fondos. S e  e s t in  
realizando esfuerzos para desarrollar un pro-
grama para computadora del modelo completo. 

Problemas de Coordination en Situaciones 
Competitiras un Estudio Teorico de Juegos 

El problema general del control de  cierto 
nhmero d e  individuos para  realizar el objetivo 
del controlador es  comCn a muchas Breas, tales 
como la de  comercio y la de  gobierno. Esta tesis 
desarrolla una formulacihn matemit ica  y un 
anilisis de  tales problemas. S e  asume que cada 
individuo es  un ente  racional que actua d e  
acuerdo a su inter& personal. Los intereses de  
diferentes individuos generalmente entran en 
conflict0 llevando asi a una situacihn d e  compe- 
ticihn que puede ser analizada utilizando no-
ciones d e  Teorfa de  Juegos. La mayor parte de  
los resultados en esta tesis e s t i n  relacionados 
a la clase d e  problemas d e  coordinacihn donde 
el objetivo del controlador es  llevar al mix imo  
la utilidad total para el grupo entero d e  indi- 
viduos y en donde la competicihn nace debido a 
restricciones en la seleccihn de  estrategias. En 
tales casos se demuestra que e l  simple poder 
d e  aceptar o rechazar las estrategias que violan 
las restricciones es  suficiente para  la realizacihn 
de  las metas  del controlador La clase d e  Proble- 
mas d e  Asignacihn de  Facilidades, donde 10s 
individuos compiten por el uso d e  recursos esca- 
sos y compartidos, representan un caso parti-
cular d e  problemas d e  coodinacihn similares a 
Problemas de  Control a Nivel Mlitiple. Se  ex- 
ploran estas similitudes y el uso de  precios im- 
plicados en la solucihn del problema de Asigna- 
cihn d e  Facilidades. Finalmente se exponen 
sugerencias para  extensiones y aplicaciones. 

Elementos Aproximados Convexos y Descen-
tralizacion: Un Planteo S U M T  

Cierto nhmero d e  autores se han preocupado 
por 10s mt-todos d e  calcular precios internos que 
al delegarse a las varias divisiones d e  una com- 
pafiia, asegure que las divisiones, d e  propio 
acuerdo, lleven a cabo su parte en  un programa 
total bptimo. Desafortunadamente puede que 
no existan precios con tal propiedad. Por lo 
tanto  otros autores han buscado jnstrucciones 
adicionales que puedan ser transmitidas a las 
divisiones. Definimos descentralizacihn de  
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centralization as "The delegation of all techni- 
cal decisions to individual units with the be-
havior of each unit determined by optimization 
with respect to variables under its control." 

We consider the problem under slightly more 
general conditions than have hitherto been pos- 
tulated and derive divisional problems which 
adequately fulfill the purposes of decentral-
ization. Using the S U M T  method of Fiacco and 
McCormick, an approximation to the problem 
is developed which gives rise to divisional prob- 
lems having unique solutions as close to optimal 
as desired. 

Adaptive Team Decision and Value of In-
formation 

The evaluation of an information system (or 
channel) as formulated by Marschak is first re- 
viewed. Then an adaptive approach to multi-
period decision-making is presented: A deci-
sion-maker is required to make decisions over 
a sequence of time periods. The learning proc- 
ess (via Bayes Theorem) incorporated in this 
model provides an explicit way of revising the 
optimal decision rule over time. 

It is then found that the value of an infor-
mation system (or channel) not only depends on 
(1) the probability distribution over the states 
of nature, (2) the information structure, (3) the 
utility pay-of function and (4) the cost of ob- 
serving and transmitting messages; but also de- 
pends on the expected rate of learning over 
time. 

Finally, this model is applied to the case 
where the decision-making body is a team. An 
optimal organization form is derived for each 
information structure. This enables a team to 
determine the value of an information system 
and to choose an optimal one. 

WP2.10 PHILIPE. BARTOW and EDMUNDD. 
MORRISON 

Tension Management Analysis -A Probabi-
listic Model 

This paper develops a model of individual 
behavior in organizational activity used to ex-
plain how people adjust to their environment, 
perceive the goals of the organization, and re-
spond to the forces of change in the organiza- 
tion. The significant use of the model is in antici- 
pating how different people will respond to new 
tasks or assignments, and predict their relative 
chances for success in problem solving activities. 

acuerdo con Charnes-Clower-Kortanek como 
"La delegacihn de todas las decisiones tt-cnicas 
a unidades individuales, con el desenvolvimiento 
de cada unidad determinado por la optimizacihn 
con respecto a las variables bajo su control." 

Consideramos el problema bajo condiciones 
un poco m i s  generales que las postuladas hasta 
ahora y derivamos problemas de divisihn que 
adecuadamente cumplen los prop6sitos de de- 
scentralizacihn. Utilizando el metodo S U M T  de 
Fiacco y McCormick, se desarrolla una aproxi- 
macihn al problema que da lugar a problemas 
de divisihn con soluciones linicas tan cerca al 
nivel hptimo como se desee. 

Decisiones de Equipo Adaptables y Valor de 
la Informaci6n 

Primeramente es analizada la evaluacihn de 
un sistema de informacihn (o canal) como ha 
sido formulada por Marshak. Luego es presen- 
tado un enfoque adaptable a la toma de decisihn 
de perihdos mliltiples. A una persona se le pide 
que tome decisiones durante un perihdo de 
tiempo. El proceso de aprendizaje (por medio 
del teorema de Bayes) incorporado en el modelo, 
provee de un medio explic to para revisar las 
reglas de decisiones hptimas sobre el tiempo. 

Le ha encontrado entonces que el valor 
esperado de un sistema de informacihn (o canal) 
no solo depende de ( I )  la distribucihn de la 
probabilidad sobre el estado de la naturaleza, 
(2) la estructura de la informacihn, (3) la funcihn 
liquidadora del servicio, y (4) el costo de la 
observacihn y transmisihn de los mensajes, sino 
tambien del porcentaje de aprendizaje sobre el 
tiempo. 

Finalmente, este modelo se aplica al caso 
donde el cuerpo que toma decisiones es un 
equipo. Una forma de organizacihn hptima se 
obtiene para cada estructura informativa. Esto 
hace posible que el equipo determine el valor 
de un sistema de informacihn y que elija el 
hptimo. 

Analisis de la Tirantez de la Administration 
-Un Modelo Probabilistico 

Este trabajo desarrola un modelo de comporta- 
miento individual en actividad organizacional, 
empleado explicar como la gente se adapta a 
su medio ambiente, percibe los fines de la or-
ganizacihn y responde a las fuerzas de cambio 
en la organizacihn. La importante aplicacihn del 
modelo es anticipar como distintas personas res- 
ponderin a nuevos objetivos o destinos y pre- 
decir su posible oportunidad de txito en la 
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In the model the individual's behavior is regu- 
lated by the goal directed alternatives he per- 
ceives. 

For the administrator, the model provides an 
outline for tension management, or, the control 
of the tension level of the organization. Through 
tension management the administrator can 
maximize the productivity and morale of the 
organization. 

Estimating the Probability that an Alternative 
will be Selected 

In this paper a general method for estimating 
the probability that a particular alternative will 
be chosen from a set of alternatives is presented. 
It is assumed that several conflicting criteria 
are  present. The characteristics of the alterna- 
tives may be represented in either a binary sys- 
tem or on a continuous scale and may vary in 
number from alternative to alternative. Origi-
nal methods for obtaining the utilities for vari- 
ous levels of the characteristics are presented 
for the cases where the utility (I) increases 
monotonically. (2) increases, reaches a maxi-
mum, then decreases, and (3) has two values, 
one for each possible level of the characteris- 
tic. A model for transforming the aggregate 
utility of an alternative into an estimate of the 
probability of selection is developed and a 
method for evaluating the model in any partic- 
ular circumstance is given. Areas of application 
are  in search processes, bidding, personnel re-
cruiting, R & D project selection, and screening 
problems of all types. 

Decision Making and Search in Multidimen- 
sional Environments 

This research is an investigation of the deci- 
sion making behavior of experts in complex de- 
cision environments. We are studying decision 
making in situations where the alternatives are 
described by several attributes, and where the 
decision makers are highly familiar with the 
environment. (E.g.: Admissions officers deciding 
upon applicants.) 

The major goal in this research is the repre- 
sentation of the decision environment as a mul- 
tidimensional space and the prediction of 
search behavior on the basis of this represen- 
tation. 

solucihn de problemas. En el modelo el compor- 
tamiento del individuo es t i  regulado por alterna- 
tivas orientadas a objetivos que 61 percibe. 

Para el administrador el modelo provee un 
esquema para la tirantez de la administracibn 
el control del nivel de tirantez de la adminis- 
tracihn. AtravCs de la tirantez de la adminis- 
tracihn, el administrador puede maximinizar 
la probabilidad y moral de la organizacibn. 

Estimando la Probabilidad de que una Alter-
nativa sea Seleccionada 

En este tratado se presenta un mktodo general 
para estimar la probabilidad de que una alter-
nativa particular sea seleccionada entre varias 
alternativas. Se asume que varios criterios anta- 
gbnicos estin presentes. Las caracterfsticas de 
las alternativas pueden representarse tanto en 
un sistema binario como en una escala continua 
y pueden variar en niimero de alternativa a al- 
ternativa. Se presentan mktodos originales para 
obtener las utilidades para varios niveles de las 
caracteristicas para los casos donde la utilidad 
( I )  crece monbtonicamente (2) crece, llega a un 
miximo, entonces decrece y (3) tiene dos va-
lores, uno para cada posible nivel de la carac-
teristica. Se desarrolla un modelo para trans-
formar la utilidad conjunta de una alternativa a 
un estimado de la probabilidad de seleccibn y 
se presenta un mitodo para evaluar el modelo 
en cualquier circunstancia particular. Areas 
de aplicacihn se encuentran en procesos de bus- 
queda, subastas, reclutamiento de personal, se- 
leccibn de proyectos de investigac~hn experi- 
mental y desarrollo y problemas de seleccibn 
de todos tipos. 

Toma de Decisiones y Busquedas en un Me-
dio Ambiente Multidimensional 

Esta investigacidn es un estudio del comporta- 
miento en toma de decisiones de expertos, en 
medios ambientes d e  compleja decisihn. Esta- 
mos estudiando tomas d e  decisibn en situa-
ciones donde las alternativas estin representadas 
por varias propiedades y donde 10s que toman 
decisiones est in  altamente familiarizados con 
el medio ambiente. (Por ejemplo: Empleados de 
Oficinas de Ingreso que deciden acerca de los 
solicitantes.) 

El mayor objetivo de esta investigacihn es la 
representacihn del ambiente de decisibn como 
un espacio miltiple-dimensional y el pronbstico 
del comportamiento de biisqueda sobre la base 
de esta representacihn. D
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Optimum Relative Ordering Frequency for 
Jointly Replenished Items 

The decision model to be presented is typi- 
cally applicable to the  batch processing industry 
where a batch of product is blended and sub- 
sequently packaged into various types of con-
tainers. 

When a product is packaged into more  than 
one type container immediately after its manu- 
facture, these items a re  said to be jointly re-
plenished. In the case of joint replenishment. 
the economic lot size for each item cannot be 
determined without considering the rest of the 
items within the  group. This is so because each 
t ime a batch of a product is made, there is a 
primary set-up cost for the manufacture of the 
product and a secondary set-up cost for each of 
the items to be  packaged within the jointly re-
plenished group. If the packaging set-up costs 
a r e  very high it may be more economical to 
package certain "slow moving" items less often 
than the "fast moving items." Specifically one 
could package a "slow moving" item once 
every other t ime or every third time a batch of 
product is made.  

An analytical model has  been developed to 
provide a set of criteria which one can use as  
a basis for applying "skipping rules" to the slow 
moving item within a jointly replenished group. 

Dynamic Inbentor? Models and Stochastic 
Programming 

The class of problems under investigation 
here is the dynamic inventory problems (with 
or without back orders) with finite horizon. 
When demand has a discrete distribution func- 
tion the problem was explicitly solved using 
dynamic programming. Here ,  formulating the 
problem as  a stochastic linear program we es-
tablish necessary and sufficient conditions for 
optimality. Using optimality conditions and 
change of variables we get  a substantial reduc- 
tion in problem size. Moreover, we show that  
the reduced problem has  a network represen-
tation: thus network flow theory can be used 
for solving this class of problems. Finally an 
example to illustrate the approach and compare 
it with dynamic programming is given. 

Erecuencia Relativa de Pedidos Optima para 
Elementos de Llenado Conjunto 

El modelo d e  decisihn que va a ser presentado 
es  tipicamente aplicable a la industria de  pro- 
ceso d e  lotes, en la que un lote d e  productos se 
mezcla y se empaqueta  subsecuentemente en 
varios tipos de  envases. 

Cuando un producto se empaqueta  en mas 
que un envase, inmediamente desput-s de  su 
fabricacihn, estos elementos se dice que son 
conjuntamente Ilenados. En el caso d e  llenado 
conjunto, la dimensihn econhmica del lote para  
cada elemento no puede determinarse sin con-
siderar el resto de los elementos dentro del 
grupo. Esto es  as i  porque cada vez que se hace 
un lote de  un producto, hay un coste primario 
de  preparaci6n para  la facricatibn del producto 
y un coste secundario d e  preparacibn para  cada 
uno de  10s elementos que van a empaquetarse 
en el grupo cie llenado conjunto. Si  los costes de  
preparatihn del empaquetado son muy elevados, 
puede ser mas econhmico el empaquetar  ciertos 
elementos "lentos" menos a menudo que 10s 
ripidos. Especificamente, uno podria empaque-  
tar  un elemento "lento" una vez sf y otra no o 
cada tercera vez que  se hace un lote d e  pro- 
d u c t ~ .  

Se  ha desarrollado un modelo analitico para  
proporcionar un conjunto de  criterios que uno 
puede usar como base para  aplicar "reglas de  
omision" al elemento lento dentro de  un grupo 
de  llenado conjunto. 

Modelos Dinamicos de Inventario y Progra-
macion Estocistica 

La clase de  problemas bajo investigacibn aqui, 
son los problemas dinimicos  de  inventario (con 
a sin ordenes atrasadas) con un horizonte finito. 
Cuando la demanda tenia una funcihn d e  dis- 
tribucihn discreta,  el problema se resolvih ex-
plicitamente usando programacibn dinimica .  
Aqui. formulando e l  problema como un pro-
grama lineal estocistico establecemos las condi- 
ciones para  optimalidad necesarias y suficientes. 
Usando condiciones de  optimalidad y cambio 
d e  variables obtenemos una reduccihn substan-
cia1 en el tamaiio del problema. MBs aCn, mos- 
tramos que el problema reducido puede repre- 
sentarse en forma de red; de  esta forma, la 
teorta del flujo de  redes puede usarse para  re-
solver esta clase d e  problemas. Finalmente, se 
da  un ejemplo para ilustrar el enfoque y com- 
pararlo con la programacihn dinimica .  
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WP3.7 B.  DIMSDALEand B. G. LAMSON 

Applications of Combinatorial Methods in 
Information Retrie~al 

The problem of automated natural language 
information retrieval is difficult because of vo-
cabulary size, semantics, and syntax. For some 
specialized disciplines, tissue pathology for 
example, vocabularies are relatively limited, 
semantic problems largely disappear, and syn- 
tactic structure can be replaced by a much sim- 
pler structure. 

A preliminary model has had considerable 
success in the general area of medical records, 
and has led to the design of the current model, 
whose principal components are  a thesaurus 
processor and a search process. The thesau-
rus is essentially a generalization of a directed 
graph, the thesaurus processor being a tech-
nique for dynamic modification of the thesau- 
rus. The search process is based on the as-
sumption that the records being processed are 
essentially tree structures. This leads to in-
teresting combinatorial problems associated 
with optimizing various search models. 

Appropriate organization of the model makes 
possible the resolution of most of the semantic 
and syntactic problems which arise in dealing 
with medical records. 

A Dynamic Programming Algorithm of the 
United States U-235 Production Facilities 

The Atomic Energy Commission has three 
large diffusion plants in operations, whose prin- 
cipal product is enriched Uranium-235. Various 
grades of Uranium-235 are used as fuels in nu- 
clear-fission reactors, the type predominately 
being used as nuclear sources of electric energy. 

In order to conduct more effective analysis on 
this expanding system, a mathematical model, 
which will stimulate the performance of this 
production complex, using a dynamic program- 
ming algorithm has been formulated. It is used 
primarily to gain more insight into the encom-
passing environment and to provide a basis for 
further studies. 

The purpose of this report is to describe how 
this model simulates various economic situa-
tions and the divciac types ot analyses produced. 

Aplicaciones de Mktodos Combinatorios en 
la Recuperacion de Informacion 

El problema de la recuperacihn de informa- 
cihn a travts de idiomas naturales automati-
zadas es difiCil al tamafio del vocabutario, se-
mintica, y sintaxis. Para algunas disciplinas 
especializadas. patologia de tejido por ejemplo, 
los vocabulaiios son relativamente limitados, los 
problemas de semintica desaparecen grande-
mente y la estructura sintictica puede ser re-
spuesta por una estructura mucho mBs sencilla. 

Un modelo preliminar ha tenido considerable 
txito en el Brea general de archivos mkdicos, 
y ha servido de guia para el disefio del modelo 
actual, cuyos componentes principales son un 
procesor de tesauro y un proceso de blisqueda. 
El tesauro es esencialmente una generalizacihn 
de una grifica dirigida. El procesor de tesauro 
es una ttcnica para la modificacihn dinimica 
del tesauro. El proceso de blisqueda es t i  basado 
en la suposicihn que los archivos siendo proce- 
sados son esencialmente estructuras en forma 
de irbol. Esto conduce a los interesantes proble- 
mas combinatorios asociados con la forma de 
llevar al hptimo varios modos de blisqueda. 

Una organizacihn apropiada del modelo hace 
posible la resolucihn de la mayoria de los pro- 
blemas seminticos y sinticticos que surgen en al 
manejo de archivos mtdicos. 

Un Algoritmo de Progromacion Dinamica de 
10s Instalaciones de Estados Unidos para La 
Produccion de U-235 

La Comisihn de Energia Athmica posee en 
operacibn tres grandes plantas de difusihn cuyo 
principal product0 es Uranio 235 enriquecido. 
Varios grados de Uranio 235 se usan como com- 
bustible en reactores de fisihn-nuclear, que es el 
tipo predominantemente usado como fuente 
nuclear de energia elitrica. 

A fin do conducir un anilisis m i s  efectivo en 
este sistema que se expande, se ha formulado 
un modelo matemitico que simulari el compor 
tamiento de este complejo de produccibn usando 
un algoritmo de programacibn dinamica. Le usa 
primordialmente para obtener m i s  conocimiento 
del medio ambiente circundante y para dar las 
bases a estudios posteriores. 

El fin de este trabajo es describir como este 
modelo simula varias situaciones econbmicas y 
los distintos tipos de anilisis realizado. 
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A Computer Simulation Model of Municipal 
Resource Allocation 

The aspect of the resource allocation problem 
studied was the decision process surrounding 
operating budgets in large municipal govern-
ments. A positive theory of budgetary decision 
making was developed and stated in the lan- 
guage of a computer program. and subsequently 
tested in three large cities: Cleveland, Detroit 
and Pittsburgh. 

Model characteristics include a set of histori- 
cal reference points, a stable system of mutual 
expectations and perceptions, division of the 
total problem into a set of fragmented, inde- 
pendent subproblems, and the transformation of 
the "pure" allocation problem into a budget-
balancing task. 

The simulation model consists of three sub- 
models, each describing a different portion of 
the process. In general the simulation model 
predicted well in an absolute sense and in a 
relative sense. 

The study indicates that models of municipal 
expenditure that ignore the governmental de-
cision process or assume it to be a passive 
evaluation of "supply and demand", are likely 
to miss a crucial portion of the municipal re-
source allocation process. 

WP4.2 MAURICE D. KILBRIDGEand STRATIS 
CARABATEAS 

Models for Urban Planning 
Part one of this paper contains a review of 

the kinds of models planners now use to under- 
stand urban growth. These range from purely 
descriptive or symbolic models of the total 
growth process to predictive models of small 
parts of the process. 

Part two looks to the future use of growth 
models and suggests the kinds of models that 
should prove most helpful to urban planners. It 
also defines the classes of data inputs required 
for these models and suggests criteria for order- 
ing and gathering these data. 

WP4.3 A. A. WALTERSand VATSALA MUKERJI  

An Inventory and Theory of Games Analysis 
of Money Balances 

It is shown that the optimum expected bal- 
ances of money which an individual or firm 
should hold may be analyzed in terms of sto- 
chastic inventory model or in terms of a game 

Modelo de Simulacion para Computadora de 
Asignacion de Recursos Municipales 

Se considera el problema de asignacihn de 
recursos y se estudia el proceso de decisiones 
relacionadas con presupuestos de gobiernos mu- 
nicipales de importancia. Se desarrolla una 
teoria para la adopcihn de decisiones presu-
puestarias, la que se traduce al lenguaje de un 
programa para computadora, habiendo sido 
probada luego para tres grandes ciudades: 
Cleveland, Detroit y Pittsburgh. 

Las caracterlsticas del modelo incluyen un 
conjunto de elementos histhricos de referencia, 
un sistema estable de expectativas 4 logros, una 
divisihn del problema total en un conjunto de 
subproblemas fragmentados e independientes, y 
la transformacibn del problema de asignacibn 
"puro" en una tarea de nivelacihn de presu- 
puesto. 

El modelo de simulacibn consiste en tres sub- 
modelos, cada uno de 10s cuales describe una 
parte diferente del proceso. En general las 
proyecciones del modelo de simulacihn resultan 
correctas en sentido absoluto y relativo. 

El estudio indica ademis que 10s modelos de 
gastos municipales que no toman en cuenta el 
proceso de decisiones gubernamentales o que 
suponen que el mismo es una simple evaluacihn 
pasiva de oferta y demanda, despreciarin un 
aspecto sumamente importante en el proceso de 
asignacibn de los recursos. 

Modelos para Planeamiento Urbano 
La primera parte del trabajo consta de una 

revisibn de los tipos de modelos que utilizan los 
planificadores actualmente a fin de comprender 
el crecimiento urbano. Esta revisihn abarca 
desde modelos del proceso total puramente des- 
criptivos o simbhlicos, hasta modelos predictivos 
de pequeiias partes del proceso. 

En la segunda parte se encara el uso futuro 
de modelos de crecimiento y se sugieren los 
tipos de modelos que resultarin m i s  dtiles a los 
planificadores urbanos. Se definen, asimismo, 
las diferentes clases de informacihn requerida 
para dichos modelos y se sugieren criterios para 
su ordenamiento y agrupacihn. 

Inventario y Teoria sobre Analisis de Juegos 
de Saldos Monetarios 

Se demuestra que los saldos bptimos que un 
individuo o una empresa deben mantener pue- 
den ser analizados en tirminos de un modelo 
estocistico de existencias o en tirminos de un 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

21
6.

73
.2

16
.2

32
] 

on
 1

4 
Ju

ly
 2

02
6,

 a
t 1

0:
55

 . 
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y,

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



theoretic approach. The former is a useful 
model for dealing with probabilistic effects, 
whereas the latter model is most useful for 
dealing with the uncertainties of the situation. 
Both models show that the response of expected 
money balances to changes in the structure of 
interest rates is much less than is usually as-
sumed. In the inventory approach we assume 
that the firm is interested in minimizing ex-
pected costo w~thout  regard to the variance. In 
the game theory model the outcome turns pri- 
marily on the attitudes to risk. 

Implications of the Planning-Programming-
Budget System for Resource Allocation in 
Universities 

In 1961 an integrated planning-programming- 
budget system was introduced with such suc-
cess in the U.S. Department of Defense that 
similar systems are currently being implemented 
in many other federal departments and agencies 
and by several industrial companies. 

This paper explores the value of such an out- 
put-oriented system for resource allocation in 
universities. Special emphasis is placed on the 
character of the implementation problem for 
universities. These problems include develop-
ment of operational goals against which prog- 
ress can be measured; formulation of output 
oriented program categories; and the role of 
the university "Office of Institutional Research" 
in establishing a data base for university plan- 
ning and management, developing measures of 
ef'ectiveness and analyzing alternative courses 
of action. 

WP4.5 C. D. FLAGLE, E. NADDOR and J. P. 
YOUNG 

Time Sharing Computers in Hospital Re-
search 

In this paper a number of applications are 
given to illustrate the potentialities of a time 
shared computer in the hospital environment. 
Several years of operations research studies 
preceded the installation of the computer termi- 
nal, consequently a number of administrative 
and experimental procedures were ready for 
programming. 

The administrative applications include a 
daily patient classification system to guide nurse 

enfoque tebrico de juego. El primero resulta 
i t i l  para tratar efectos probabilisticos, mientras 
que el iltirno modelo es m i s  apt0 para el trata- 
miento de casos de incertidumbre de la situa- 
cibn. 

Ambos modelos rnuestran que los saldos res- 
ponden a los cambios de estructura en las tasas 
de inter& no tan agudarnente corno se supone 
corrientemente. En el enfoque de existencias 
suponemos que la empresa es t i  interesada en 
minirnizar costos esperados sin consideracibn de 
la varianza. En el modelo de teoria de juego el 
resultado depende bisicarnente de las actitudes 
con respecto al riesgo. 

Implicancias del Sistema de Planificacion de 
Presupuestos por Programa para la Asignacion 
de Recursos en las Universidades 

En 1961 fue presentado un sistema integrado 
de planificacibn de presupuestos par programa, 
en el Departamento de Defensa de los Estados 
Unidos. Coma consecuencia del Cxito obtenido 
se implementan actualmente sistemas similares 
en muchos otros departamentos y dependencias 
federales, asi como en diversas companlas in-
dustriales. 

En este trabajo se investiga el valor de un 
sistema orientado hacia el logro de resultados 
determinados para la asignacibn de recursos en 
las universidades. Se ha puesto especial tnfasis 
en el caricter del problema de implementacibn 
en las universidades. Estos problemas incluyen 
el desarrollo de metas operacionales, en vista de 
las cuales puede evaluarse el progreso; formu-
lacibn de categorids de un progralna orientado 
hacia el logro de resultados determinados; y el 
papel de la "Oficina de Investigacibn Institu-
cional" de la universidad para establecer infor- 
macibn bisica destinada al planeamiento y 
administraci6n de la universidad, desarrollar 
medidas de efectividad y analizar cursos alter- 
nativos d e  accibn. 

Computadores de Tiempo Compartido en la 
Intestigacion Hospitalaria 

En este trabajo se presenta un nimero de 
aplicaciones ilustrativas de las posibilidades de 
una computadora de tiempo compartido ubicada 
en un hospital. La instalacibn de la computadora 
terminal fue precedida por varios aiios de 
estudios de investigacibn operativa y, en conse- 
cuencia, algunos procesos administrativos y 
experimentales estaban ya preparados para su 
programacibn. 

Las aplicaciones en el imbito administrativo 
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WP4.7 ALFRED BLUMSTEIN, RONALD CHRIS- 
TENSEN, RICHARDLARSONand S U E  JOHN- 
SON 

Analyzing the Criminal Justice System as  a 
Social System 

The criminal justice system is studied as an 
operating system with an objective of reducing 
crime. Models are discussed which treat the 
total criminal justice system-the system of po- 
lice, courts and corrections. These lead to 
models of the reduced system of police appre- 
hension. The apprehension system model uses 
as a measure of effectiveness the time for a 
police department to respond to a call for help. 
This measure of effectiveness is motivated by 
the relationship between arrests and response 
time found in some field observations. Response 
time is related to the components of the appre- 
hension process-detection, communication to 
police, command and control, police communi- 
cations, travel to crime scene, and search. Trade- 
offs among alternative investments in these 
components are  computed. These analyses 
identify an approach to social systems generally 
and suggest related ways of looking at  other 
social systems. 

WP4.8 ROGERL. SISSON 
Applying Operational Analysis to Educa-

tional Systems 
Operational analysis can be an effective tool 

for gaining understanding of a complex system 
such as an urban school district. The steps re- 
quired to implement the analysis involved: 1 .  
Identification of the system under study; 2. Iden- 
tification of the subsystems, the processes, flows 
and decisions; 3 .  The development of a simula- 
tion model, which includes the development of 
models of behavioral and performance subsys- 
tems; 4. The validation of the model by tests in 
schools; 5. The use of this model to explore the 
system characteristics. 

Such an operational analysis is expensive. It 
requires very talented people, skilled in opera- 
tional analysis methodology, in education and 
in the management of school systems. A team 
effort is indicated. Extensive data gathering is 
required to obtain the parameters necessary for 
the model and to validate the key submodels. 
Nevertheless, the cost of such analysis may be 
trivial compared to the benefits derived through 
the improved understanding of what makes a 
difference in the performance of an urban school 
district. 

The study produced a conceptualization or a 
description of the school system, its parts, and 
the interconnections among these parts, and of 

Analisis del Sistema Judicial en lo Criminal 
Considerado como un Sistema Social 

Se enfoca el estudio del sistema judicial en lo 
criminal como un sistema operativo cuyo obje- 
tivo radica en la reduccibn del crimen. Se discu-
ten varios modelos que tratan el sistema judicial 
en lo criminal en su totalidad-el sistema po- 
licial, 10s tribunales y las penas, que conducen a 
modelos del sistema reducido de captura poli- 
cial. El modelo del sistema de captura utiliza 
coma medida de efectividad, el tiempo que 
requiere el departamento de policia para res-
ponder un llamado de auxilio. Esta medida de 
efectividad de basa en la relacibn entre el tiempo 
de arrest0 y respuesta hallado en observaciones 
sobre el terreno. El tiempo de respuesta es t i  
relacionado con 10s componentes del proceso de 
captura-deteccibn, comunicacibn con la policia, 
orden y control, comunicaciones policiales, viaje 
a la escena del crimen e investigacibn. Se com- 
putan las relaciones entre las inversiones alter- 
nativas en estos componentes. Estos anilisis ge- 
neralmente identifican un enfoque para 10s siste- 
mas sociales y sugieren maneras relacionadas de 
revisar otros sistemas sociales. 

Aplicaci6n de Anilisis Operativo a Sistemas 
Educacionales 

El analisis operativo puede ser una herra-
mienta sumamente efectiva en la comprensibn 
de sistemas complejos, tales como un distrito 
escolar urbano. La implementacibn del anilisis 
requiere 10s siguientes pasos: 1) identificacibn 
del sistema a estudiar; 2) identificacibn de 10s 
subsistemas, procesos, flujos y decisiones; 3) de-
sarrollo de un modelo de simulacibn que incluya 
modelos de subsistemas d e  comportamiento y 
funcionamiento; 4) validez del modelo mediante 
tests en escuelas; 5 )  utilizacibn del modelo para 
investigar las caracteristicas del sistema. 

El analisis operativo descripto resulta oneroso. 
Se requiere personal de talento y entrenado en 
la metodologia del anilisis operativo, en cues-
tiones de educacibn y manejo de sistemas esco- 
lares. Se recomienda el trabajo en equipo. Se 
requiere una recoleccion de datos intensiva a 
fin de obtener los parimetros necesarios para el 
modelo y validar 10s submodelos clave. El costo 
de tal analisis resultaria, sin embargo, trivial si 
se lo compara con 10s beneficios que se ob-
tendrian a travCs de una mejor comprensibn de 
10s factores que modifican el funcionamiento de 
un distrito escolar urbano. 

El trabajo presenta una conceptualizacibn o 
una descripcibn del sistema escolar, sus partes, 
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the surrounding environment. A simulation 
model, based upon this conceptualization, was 
built. This simulation model is an approxima-
tion to the kind of full-fledged simulator which 
can be a great assist to the system's planners. 

Direct Reduction of Large Concave Programs 
No Abstra 

A Corporate Financial Simulation Model 
This paper discusses a corporate financial 

simulation model which has already been de-
veloped for the Sun Oil Company. The main 
purpose of the Corporate Financial Model is to 
provide a fast, reliable method for forecasting 
the future financial position of the Company 
based on any specified set of future conditions. 
The financial position will be indicated in terms 
of such items as the Income Statement, the Bal- 
ance Sheet and the Source and Use of Funds. 
To develop such projections, the model simu-
lates the actual operating procedure of the Com- 
pany. Given forecasts of volumes and prices, 
for example, the model traces the barrel flow 
through the various operations from crude pro- 
duction to refined product sales. In so doing, it 
estimates the costs which are  to be incurred and 
the revenues to be generated. By simulating this 
process with a computerized model (a) the en-
tire process is a rapid one so that a wide variety 
of forecasts can be considered and (b) very little 
manpower is required for a study. 

In addition to discussing the model itself, so 
as to highlight various modeling techniques 
employed, the steps required for model develop- 
ment, beginning with a feasibility study and 
proceeding through the development of mean-
ingful correlations, computer coding and accu-
racy testing are described. Following this, top 
management uses of the model in evaluating 
investment alternatives and in the overall proc- 
ess of planning and budgeting are demonstrated. 
Particular emphasis is placed on the use of the 
model as  an aid to setting overall corporate 
goals and translating these into meaningful, con- 
sistent objectives for each functional area of the 
Company. In addition to the financial model it- 
self, a reasonably flexible information retrieval 
and reporting system has been developed, thus 
providing the framework for a top management 
information system. Finally, the recent work in 
utilizing the simulation model to develop the 
coefficients for a linear programming model of 
the same process will be discussed. 

y las interconexiones entre las mismas, asl c o ~ n o  
el media ambiente que lo rodea. Se construy6 
un modelo de simulacibn basado en esta concep- 
tualizacibn, el que es una aproximacibn al tipo 
de simulador "full-fledged" que puede ser muy 
htil para planificadores del sistema. 

.ct Available 

Modelo Financiero de una Sociedad 
Este artlculo discute un modelo financiero de 

una sociedad que ha sido desarrollo ya por la 
Sun Oil Co. El principal propbsito del Modelo 
Financiero de una sociedad es proporcionar un 
mCtodo rapido y confiable para predecir la 
situacihn financiera futura de la Compafila ante 
cualquier grupo especifico de condiciones. La 
situacihn financiera se r i  mostrada en terminos 
de documentos tales como la Declaracibn de 
RCditas Balance, y Origen y Empleo de Fondos. 
Para desarrollar tales proyecciones, el modelo 
simula los procedimientos actuales de operacibn 
de la compafiia. Por ejemplo, dando las pre- 
dicciones de volhmenes y precios el modelo 
traza el movimento de los birriles a travCs de 
las distintas operaciones, desde .la producci6n 
cruda hasta la venta del producto refinado. Al 
hacer esto, calcula los costos en los que se va a 
incurrir y los beneficios que se van a producir. 
Simulando este proceso con un modelo para el 
calculador (a) todo el proceso es ripido y una 
amplia variedad de predicciones pueden ser 
consideradas y (b) poco personal es necesario 
para el estudio. 

Ademis de discutir el modelo m,ismo, los 
pasos requeridos para desarrollar el modelo son 
descriptos. A continuacihn se demuestran los 
usos del modelo en la alta administraci6n para 
valorar distintas inversiones y el proceso general 
para planear y presupuestar. Se hace Cnfasis 
en particular en el empleo del modelo coma una 
ayuda para fijar los proposetos de la corporaci6n 
y en convertir estos en objetivos significantes y 
consistentes con cada area de la Compafiia. 
Ademis del modelo financiero, un sistema ra-
zonable y flexible para recuperar y comunicar 
informacibn ha sido desarrollado, que propor- 
ciona la estructura de un sistema de informaci6n 
para la alta administracibn. Finalmente, se 
discutiri un trabajo reciente que utiliza el mo- 
delo simulador para obtener los coeficientes de 
un modelo lineal de programaci6n para el mismo 
proceso. D
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Duality and Decomposition in Mathematical 
Programming 

The problem considered is that of obtaining 
solutions to large non-linear mathematical pro- 
grams by coordinated solution of smaller sub- 
problems. If all functions in the original problem 
are additively separable, this can be done by 
finding a saddle point for the associated La-
grangian function. Coordination is then accom-
plished by shadow prices, with these prices 
chosen to solve a dual program. Characteristics 
of the dual program are investigated, and an 
algorithm is proposed in which subproblems 
are solved for given shadow prices, these solu- 
tions provide the value and gradient of the dual 
function, and this information is used to update 
the shadow prices so that the dual problem is 
brought closer to the solution. Application to 
two classes of problems is given. The first class 
is one whose constraints describe a system of 
coupled subsystems, the second a class of multi- 
item inventory problems whose decision vari-
ables may be discrete. 

Transforming Matrices in Order to Use the 
Decomposition Algorithm for Linear Programs 

The well-known decomposition principle of 
Dantzig and Wolfe may be used to great ad- 
vantage over the ordinary simplex algorithms for 
solving linear programs with the following co-
efficient matrix structure: 

where A,,  represents a real rectangular matrix 
and 0 represents a matrix of zeroes. Often the 
physical nature of a problem will indicate.that 
the corresponding linear program has a decom- 
posable structure similar to (I).  Beale, Hughes, 
and Small describe on such instance of this phe- 
nomenon. My paper presents a simple algorithm 
for obtaining the permutations of the rows and 
columns of an arbitrary rectangular matrix that 
will transform the matrix into a form like (1) so 
that the decomposition principle can be used. 

For a given linear program, the larger the 
value of n (that is, the more detailed the de- 
composition), the greater will be the savings 
from using the decomposition principle instead 

Dualidad y Descomposicion en Programacion 
Matematica 

El problema considerado consiste en obtener 
soluciones a largos programas matemiticas no 
lineales mediante una soluci6n coordinada de 
subproblemas mas pequefios. Esto puede lograrse 
encontrando un punto de montura para la aso-
ciada funci6n de Lagrange, si todas las funciones 
en el problema original son aditivamente sepa- 
r a b l e ~ .  A continuacibn, la coordinaci6n se logra 
mediante precios en sombra, eligiendo estos 
precios para resolver un programa dual. Se 
investigan las caracteristicas del programa dual. 
y se propone un algoritmo en el cual se re-
suelven subproblemas para determinados precios 
en sombra. Estas soluciones proporcionan el valor 
y la pendiente de la funci6n dual, y esta informa- 
cion se utiliza para actualizar 10s precios en 
sombra a fin de que el problema dual se aprox- 
ime mas a la soluci6n. Se dan aplicaciones a dos 
clases de problemas. La primera clase es aqutlla 
cuyas restriciones describen un sistema de sub- 
sistemas acoplados; la segunda clase se refiere a 
problemas de inventarios con multiartlculos 
cuyas variables de decisibn pueden ser discretas. 

Transformacion de Matrices a fin de usar el 
Algoritmo de Descomposici6n para Programas 
Lineales 

El bien conocido principio de descomposici6n 
de Dantzig y Wolfe presenta grandes ventajas 
respecto a 10s algoritmos simples comunes en la 
solucion de programas lineales con la siguiente 
estructura en su matriz de coeficientes: 

en donde A,, representa una matriz rectangular 
real y 0 representa una matriz de ceros. A me-
nudo la naturalez a fisica del problema indicara 
que el programa lineal correspondiente tiene una 
estructura descomponible similar a (I).  Beale, 
Hughes, y Small describen un ejemplo de este 
fen6meno. Mi reporte presenta un algoritmo 
simple para llevar al cab0 la permutaciones de 
hileras y columnas en una matriz rectangular 
arbitraria a fin de obtener una estructura seme- 
jante a (I) de tal mod0 que se pueda aplicar el 
principio de descomposici6n. 

Dado un programa lineal ( I)  mientras m i s  
grande sea el valor de rz (o lo que es lo mismo, 
a mayor detalle en la descomposici6n), mayores D
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of the simplex technique. The  proposed algo- 
rithm for finding the decomposed forms like ( 1 )  
will find the rearrangement of rows and columns 
corresponding to the largest possible value for n 
and thereby guarantee the most efficient use of 
the  decomposition principle. 

The decomposition algorithm, based upon 
results from graph theory, is an application of 
the  technique, developed by the  author,  for 
decomposing input-output economies. The es-
sential information concerning which variables 
appear  in which constraints from the rectangular 
matrix of linear program coefficients is put into 
a square matrix. Tha t  square matrix is decom- 
posed by using a technique of Steward. The de- 
sired permutations of the rows and columns of 
the linear program coefficient matrix a r e  ob-
tained from the decomposed square matrix. 

An example is shown. 

THA1.5 J .  C. G. BOOT, W. FEIBES and J. H. 
C. LISMAN 

Derivation of Quarterly Figures from Annual 
Data 

Quarterly figures may be required when only 
a sequence of yearly totals is available. This 
article discusses some reasonable procedures to 
"interpolate" these quarterly figures. 

THA1.6 ADAM LASCIAK 

The Optimal Linear Model of Growth of the 
National Economy of Czechoslovakia (Model 
"Bratislava") 

The model represents a certain type of long- 
term perspective plan for a seven-year period 
in which the  economy is projected on the basis 
of market  simulation and of presupposed be-
havior of consuming households. The model is 
an  application of Pareto's general equilibrium 
theory combined with utility theories such as  
those of J .  Marschak and J .  van Neumann and 
0. Morgenstern. I t  is assumed here that  con-
sumers' utility is maximized when their in-
comes a r e  maximized. The  Bratislava model 
deals with three subjects: production and its 
distribution, market  simulation, and house-
holds' behavior over time. The  actual dynamic 
system is represented by the  spectrum of paths, 
which assures links between single periods. The 
objective function maximizes the  households' 
income per head, given the  absolute structure 
of population according to household types. The 
"varied structure of population" in households 

ahorros se obtendr in  usando el principio d e  
descomposicion en lugar d e  la t tcnica simplex. 
El algoritmo propuesto para  encontrar formas 
descompuestas semejantes a ( I )  g ene ra r i  el 
reacomodo d e  hileras y columnas correspon-
diente al mayor valor d e  n posible y por lo tanto  
garant izar i  el uso mas eficiente del principio de  
descomposici6n. 

El algoritmo de descomposici6n, basado en 
resultados de  la teoria de  grificas,  es  una apli-
cacion d e  la tt-cnica, desarrollada por el autor,  
para  descomponer economias d e  insumo-pro-
ducto. La informaci6n esencial sobre las rela- 
ciones d e  determinadas variables con determi-
nadas restricciones d e  la matriz rectangular del 
programa lineal d e  coeficientes se presenta en 
forma d e  matriz cuadrada. La matriz cuadrada 
se  descompone por medio d e  una ttcnica de  
Steward. Las  permutaciones deseadas d e  hileras 
y columnas d e  la matriz del programa lineal d e  
coeficientes se obtienen d e  la matriz cuadrada 
descompuesta. 

Se  presenta un ejemplo. 

Derivacion de Informacion Trimestral por 
Medic del uso de Datos Anuales 

Informaci6n trimestral puede ser requerida 
cuando solo una secuencia d e  totales anuales 
existe y se puede obtener.  Este articulo discute 
algunos procedimientos razonables para "inter- 
polar" esta informaci6n trimestral.  

Un Modelo Lineal Para Optimizacion de 
Economia Nacional de Czechoslovakia 

El modelo representa un cierto tip0 de  plan 
perspectivo a largo plazo para un peri6do d e  
siete afios en que la economia se proyecta en 
la base de  la simulaci6n del mercado y la con- 
ducts presupuesta d e  las familias consumidoras. 
El modelo es  una aplicaci6n d e  la teoria del 
equilibrio general d e  Pareto, combinada con 
teorias d e  utilidad, tales coma la d e  J. Marschak 
y J. Von Neumann y 0. Morgenstern. La su-
posici6n que se hace aqui es que la utilidad se 
maximiza quando el ingreso maximiza. 

El modelo Bratislava t ra ta  tres temas: pro-
ducci6n y su distribuci611, simulaci6n del mer-
cado y conducta d e  las familias a lo largo del 
t iemp. El sistema d in imico  real se representa 
par  medio del expectro d e  rutas lo que  asegura 
las uniones entre periodo individuales. La fun- 
ci6n objectiva maximiza el ingreso por cabeza 
d e  las familias, dada la estructura d e  la pobla- 
cibn d e  acuerdo con tipos d e  familias. La 
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form the nucleus of the theories of J .  van Neu- 
mann and L. V. Kantorovitch. 

THA1.7 JAMES E. MATHESON and RONALD 
A. HOWARD 

Decision Analysis of Mutlifurcate Trees 

The decision tree continues to be a valuable 
logical tool in the application of statistical de- 
cision theory to sequential decision processes. 
However, in many realistic situations, the de- 
cision tree becomes so ramified that computa- 
tional analysis is infeasible. This paper presents 
relations for determining properties of complex 
ramiform structures and describes practical com- 
putational methods for analyzing them. 

First we examine the conditions under which 
we can coalesce nodes to reduce the size com- 
plexity of the tree. Often dramatic compression 
can be achieved through the coalescense proce- 
dure. Next we turn to the questions of incorpo- 
rating time preference using discount factors. 
If we attempt a general solution to the risk 
preference problem we find that the dimen-
sionality of the problem can again increase until 
it becomes unmanageable. However, by restrict- 
ing attention to the case of exponential utility 
functions, we find that most practical problems 
of risk preference can once more be treated. 
Furthermore, in this manner we can treat the 
simultaneous occurrence of time and risk pref- 
erence phenomena in the same problem. 

The entire procedure will be illustrated by 
application to a development program in the 
area of space exploration. 

The Dualplex Method for Large-Scale Lin-
ear Programs 

A new approach to solving the general linear 
programming problem is given which is espe- 
cially effective in solving a special class of large- 
scale multistage or staircase structured pro-
gramming problems. The procedure, termed the 
dualplex method, specializes the general sim-
plex method and enables one to resolve large 
problems into component parts which are indi- 
vidually tractable. 

The method is first applied to the general 
linear programming problem of max cX + d Y  
subject to b = I W  + AX + B Y ,  W > 0, X > 0, 

"estructura variada de la poblaci6n" en familias 
forma el nhcleo de las teorias de J .  Von Neu- 
mann y L. V. Kantorovitch. 

Analisis de Decision de Arboles Multifur-
cados 

El i rbol  de decisibn continua siendo una 
herramienta Ibgica d e  mucho valor en la aplica- 
cibn de teoria estadistica de decision a procesos 
de decisi6n en secuencia. Ahora, en muchas 
situaciones prlcticas, el irbol de decisibn se 
vuelve tan ramificado que 10s calculos necesarios 
para el anilisis no son factibles. Esta monografia 
presenta relaciones para determinar propie-
dades de estructuras complejas d e  formas rami- 
ficadas y describe mi-todos pricticos de compu- 
tacion para analizarlas. 

Primeramente examinamos las condiciones 
bajo las cuales podemos unir nodas para redu- 
cir la complexidad del tamano de cada arbol. 
Frecuentemente una condensaci6n dramitica se 
puede lograr a traves de este proceso de coa-
lescenia. Desphes nos dirigimos problemas 
de incorporar preferencia de tiempo usando fac- 
tors de descuento. Si tratamos de obtener una 
solucibn general al problema de preferencia de 
riesgo encontramos que las dimensiones del 
problema pueden de nuevo agrandarse a tal 
punto que el problema se hace imposible de ma- 
nejar. Ahora, si restringimos la atencibn al caso 
de funciones exponenciales de utilidad, encon-
tramos que la mayoria de 10s problemas pricti- 
cos de preferencia de riesgo pueden ser de nuevo 
tratados. Ademis, de esta manera podemos tra- 
tar la ocurrencia simultinea de los fenomenos 
de tiempo y preferencia de riesgo en el mismo 
problema. 

El procedimiento entero se r i  ilustrado par 
medio de una aplicaci6n a un programa de de- 
sarrollo para exploraci6n del espacio. 

El Metodo Dualplex para Programa Lineales 
de Gran Escala 

Un nuevo enfoque para desarrollar 10s pro- 
blemas generales de programacibn lineal es pre- 
sentado expecialmente eficaz para solucionar 
una clase particular de problemas de programa- 
cibn de gran escala con extructura en etapas 
multiples o en escalera. Este procedimiento Ila- 
mado Metodo Dualplex especializa el mitodo 
simplex general y permite a uno resolve grandes 
problemas en partes componentes que se pueden 
trazar individualmente. 

El mCtodo se aplica primer0 a problema ge- 
neral de programci6n lineal de max cX + d Y  
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Y > 0 and its theoretical justifications is estab- 
lished for this problem. A summary of the 
algorithm is given along with a numerical ex-
ample. The method is then extended to apply to 
a 2-stage problem and the general t-stage prob- 
lem. Finally, the dualplex method is specialized 
to the bounded linear programming problem, 
the generalized upper bounded problem, and the 
transportation problem and related systems. 
In each case, the new and efficient algorithm 
is developed. 

A Decomposition Method for Linear Pro-
gramming Problems with Coupling Constraints 
and Variables 

A decomposition method is developed for 
the following kind of linear programming prob- 
lems 

subject to 

E,k=iAJx,+ Day = b 

The special structure of the constraints is 
used to construct a small size subproblem which 
may be solved by the simplex method. Based on 
the optimal solution of this problem a new sub- 
problem is constructed in such a way after a 
finite number of steps the optimal solution of 
the subproblem gives an optimal solution to the 
original maximization problem. 

Simulation of The Argentine Beef Economy 

The purpose of the study is to investigate the 
possibilities of a simulation model as an ap-
propriate tool for the design of an agricultural 
policy. A simulation model will be constructed 
in order to work out the evolution of a dynamic 
system of the beef economy, with particular 
reference to the Argentine case. 

Economic activities are included in a close-
loop information feedback system to preserve 
the structure that generates the dynamic be-
havior. An aggregate scheme is designed cen-
tered around the beef production sector. Its 
dynamic performance is associated with the 
evolution of the initial pattern of relevant pro- 
ducers' decisions. The rest of the economy is 
considered as external to the sector but internal 
to the model. Simulated conditions are  speci-

sujeto a b = IW + A X  + B Y ,  W 2 0, X 2 0, 
Y t 0 y se establece el justificativo te6rrico para 
este problema. Se da un mario del algoritmo 
junto con un ejemplo numerico. El mCtodo en- 
tonces se aplica a un problema de dos etapas y 
al problema general de etapa t .  Finalmente, el 
Mttodo Dualplex se especializ para el problema 
confinado de programaci6n linear, el problema 
generalizado do confinamiento superior y el 
p:oblema de transportacidn y sistemas relacio- 
nados. En cada caso, un nuevo y eficiente al-
goritmo es desarrollado. 

Un Metodo de Descomposici6n para Pro-
blemas de Programaci6n Linear con Restriccio-
nes de Acomplamiento y Variables 

Se desarrolla un mttodo de descomposici6n 
para 10s siguientes tipos de problemas de pro- 
gramaci6.n linear: 

max zj=lc,'x, + coly 

sujeto a 

x=lA,xJ + Day = b 

La estructura especial de 10s constrefiimientos 
se usa para construir un problema de tamafio 
pequefio el cual puede ser resuelto par el m t -  
todo simplex. Basado en la soluci6.r? 6ptima de 
este problema, un nuevo subproblema as cons- 
truido de tal manera que despues de un nimero 
finito de pasos la soluci6n dptima del subpro- 
blema d a  una solucibn bptima al problema de 
maximizaci6n original. 

Simulacion de la Economia Argentina de la 
Carne 

El propbsito de este estudio es la investiga- 
ci6n de la posibilidades de usar un modelo de 
simulacibn como una herramienta adecuada 
para el diseiio de una estrategia agricultural. 
Un modelo de simulacibn ser i  construido para 
desarrollar la evoluci6n de un sistema dinimico 
de economia de la carne con referencia especial 
al caso Argentina. 

Las actividades econ6micas est in  incluidas 
en un sistema de regreso de informacibn de 
"anillo cerrado" para preservar la estructura 
que produce la conducta dinimica. Un plan agre- 
gad0 es t i  disefiado alrededor del sector pro-
ductor d e  la carne. Su conducta dinimic es t i  
asociada con la evolucibn del patrdn inicial de 
las decisiones significativas de 10s productores. 
El resto de la economia esta considerada como 
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fied as effects on relevant producers' decisions 
brought about by policy measures. They also re- 
fer to variations in internal parameter values 
as well as to differences in external and random- 
ized circumstances. The repetitive use of the 
model should provide a comparison of results 
from policy alternatives and associated pro-
ducers' decisions such than an economic strategy 
for policy purposes would be designed. 

THAl .11  G. G. HINGORANIand L. F. MAR-
CZYNSKI 

Forecasting a Time Series from a Given Set 
of Time Series Generated by a Stationary Ran- 
dom Process 

si fuera exterior al sector, per0 interior al mo- 
delo. Las condiciones simuladas estin especifi- 
cadas como efectos de las decisiones signifi-
cativas de los productores basadas en la estra- 
tegia. Tambitn se refieren a variaciones en 10s 
valores del parimetro interno y a las diferencias 
en circumstancias externas y fortuitas. El uso 
repetido del modelo deberi  proveer una com-
paracibn de resultados de estrategias alternati- 
vas y decisiones de productores asociadas de 
tal manera que una estrategia econ6mica para 
un plan d e  enfoque sea disefiada. 

No Abstrac :t Available 

Computer Simulation of Adaptive Communi-
cations Routing 

This paper discusses several simulations of 
message routing in communications networks, 
developed to measure the relative performance 
of various routing techniques in adapting to 
changes in the structure of the network, based 
on information locally available at  a node. Both 
adaptive techniques, which use information on 
messages passing through the node to infer 
changes in network structure, and deterministic 
techniques, which use graph-theoretic and 
mathematical programming algorithms to infer 
global changes in structure from observations of 
local changes, are considered. Their messagc 
routing performance is compared and their op- 
erational aspects analyzed for various types of 
communications systems. 

Some general remarks are  made on the choice 
of performance criteria and simulation tech-
niques. The relative advantages of Markovian 
and Monte Carlo simulation are compared, and 
the applicability of data-compression and varia- 
tion-diminishing techniques discussed. 

THA2.2 A. K. DEKOM 

Conversion to a Total Management Informa-
tion System 

Facility is a decentralized operation, in which 
the individual facilities-three production com-
ponents and one divisional headquarters-each 
have various means of automatic data process- 
ing. Both for purposes of centralization and in- 
creased control as well as for reduction of ad- 
ministrative costs, conversion to a total system 

Simulaci6n en Computadora del Trazado de 
ltinerarios Adaptables en Comunicaciones 

Este articulo discute varias simulaciones del 
itinerario de mensajes en redes de comunica- 
ciones, desarrollado para medir la eficacia re-
lativa de distintas ttcnicas de trazado de itine- 
rarios al adaptarlas a cambios en la estructura 
de la red, basindose en la informaci6n local de 
que se dispone en un nodo. Se consideran dos 
tipos de ttcnicas adaptables, las que utilizan la 
informaci6n de 10s mensajes que cruzan un nodo 
para inferir cambios en la estructura de la red y 
las ttcnicas deterministas que emplean teoria 
de grificos y algoritmos matemiticos para in-
ferir cambios en la estructura de la red me-
diante observaciones de cambios locales. Se 
compara su eficacia en trazado y sus aspectos 
operacionales con analizados para distintos tipos 
de sistemas de comunicaciones. 

Se hacen algunas observaciones generales 
sobre la elecci6n del criterio de eficiencia y las 
ticnicas de simulacibn. Las ventajes relativas de 
10s modelos de Markovian y Monte Carlo son 
comparadas y se discute la aplicabilidad de las 
ttcnicas de compresibn de datos y variaci6n 
decreciente. 

Conversion a un Sistema Total de Infor-
macion Administrativa 

La Facilidades es una operaci6n descentra- 
lizada en la que las facilidades individuales-- 
tres componentes de produccibn y una jefactura 
divisional-tienen cada una varios medios de 
procesar informaci6n automiticamente. La 
conversi6n a un sistema total es emprendido 
para propbsitos de centralizacibn y control cre- 
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is undertaken. To make sure that all needed 
steps in the existing system(s) are  known, a 
detailed analysis of all clerical operations is 
undertaken as  phase 1 (steps in this phase are 
discussed, with forms used). After the analysis, 
a synthesis of the needs is prepared (illustrated, 
with conceptual designs). The third phase is 
the conversion to a central computer and data 
links, with discussion of the results and future 
planning. 

THA2.3 ARNOLD REISMAN and MARTIN I 
T AFT 

On the Generation of Doctorates and their 
Feedback into Higher Education 

The dynamic effects of alternative manpower 
policies and programs can be "pretested" in a 
computed based simulation. It is generally 
recognized that the production of Doctorates 
depends to a large degree on the Doctorate-
holding faculty. Because the doctorate holders 
are  in great demand by the other sectors of the 
economy, a circular or a "feedback" situation 
exists. The problem is further complicated by 
the availability of developed student talent and 
by various socioeconomic conditions existing at  
different periods of time within two or three 
decades prior to the time a study is made. 

This paper attempts to develop a conceptual 
and a mathematical model to study the produc- 
tion of Doctorates, Masters' and Baccalaureate 
degrees and their feedback into higher educa-
tion. The model consisting of over 100 non-lin-
ear differential equations is being programmed 
for computer simulation and validation against 
historical data. If the results describe what has 
happened in the past then with a fair level of 
confidence it can be used to prescribe what will 
happen in the future. 

Natural Gas Transmission System Optimiza- 
tion: A Methematical Programming Model 

In this paper we formulate a mathematical 
model that natural gas transmission represents, 
with enough accuracy, the operation of a sys-
tem. The objective of the model is the maximi- 
zation of the net profit of running the system by 
specifying in an optimal manner gas purchases, 
sales, and storage over time, together with the 
way in which the compressor stations should be 

ciente as{ como para reducir 10s gastos admi- 
nistrativos. Para asegurarse de que todos 10s 
pasos necesarios en el sistema existente son co- 
nocidos, se emprende en la primera fase un 
anltisis detallado d e  todas las operaciones de 
oficina (Los pasos de esta fase son discutidos 
con formas empleadas.) Despuks del anilisis, se 
prepara una sintesis de las necesidades (ilus-
trada con disfieos conceptuales). La tercera fase 
es de conversibn a una computadora central y 
enlace de datos con discusibn de 10s resultados 
y planificacibn futura. 

Sobre la Produccion de Doctorados y su Re-
greso al Sistema de Educacion Superior 

Los efectos dinimicos de diferentes es-
trategias y programas para uso del potencial 
humano pueden ser "pre-probados" con una si-
mulacibn en computador. Se reconoce general-
mente que la produccibn de Doctorados de-
pende en gran medida del profesorado que ya 
tiene su doctorado. Como 10s que ya poseen el 
ductorado est in  en gran demanda por otros sec- 
tores de la economia, una situacibn circular o 
de retroceso existe. El problema se complica 
m i s  por la disponibilidad de talent0 estudian- 
ti1 ya desarrollado y por las diferentes condicio- 
nes sociales y econbmicas que existen en dife-
rentes periodos de tiempo dentro de las dos o 
tres dCcadas anteriores al tiempo en que se hace 
el estudio. 

Este trabajo trata de desarrollar un modelo 
conceptual y matemitico para estudiar la pro- 
duccion de titulos de Doctorado, Masters (equi- 
valente al Profesorado en otros paises), y Ba- 
chillerato y su regreso a la educacibn superior. 
El modelo consiste de m i s  de 100 ecuaciones 
diferenciales no-lineales. Se le es t i  progra-
mando para simulacibn en computador y veri- 
ficaci6n con 10s datos historicos. Si el resultado 
muestra lo que ha ocurrido en el pasado, en-
toces se podra usar para pronosticar con bas-
tante confianza lo que va a pasar en el futuro. 

Optimizacion de Sistemas de Transmision 
de Gas Natural: Un Modelo de Programacion 
Matematica 

En el presente trabajo se formula un modelo 
matemitico que representa, con suficiente exac- 
titud, un sistema real de transmisibn de gas 
natural. El objetivo del modelo es la maximi-
zacibn de la utilidad neta de la operacibn del 
sistema por medio de la especificacibn bptima 
de las compras, ventas y almacenamiento del 
gas a travCs del tiempo, conjuntamente con la 
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operated. Since the time intervals a t  which de- 
cisions are  made are taken sufficiently small, we 
have to deal with transient conditions. 

The solution of the model presents three types 
of difficulties: (I) The compressor introduces 
nonlinearities both in the constraints and in the 
objective function, (2) The objective function is 
not concave, (3) Any real system gives rise to a 
large scale problem, which makes the use of 
linear programming highly desirable. 

A two-stage parametric linear programming 
method is presented in which the nonlinearities 
are  handled by solving a sequence of linear 
programs parameterized on the values of the 
compression ratios. Both the convergence of the 
method and the ways of solving large scale sys- 
tems are analized. Several encouraging compu- 
tational results are presented, in which the con- 
vergence has been extremely fast. 

A Theory of the Firm Model with Inventories 

It does not seem that inventory theory is 
overtly concerned with the transformation of 
inputs into outputs by means of technological 
production functions, nor is the presence of in- 
ventories explicit in the theory of the firm. 

In this paper a single-state inventory model, 
subject to a Cobb-Douglas type production func- 
tion, provides an illustration of the integration 
of the classical theory of the firm model with an 
inventory model. Optimal values of the input 
factors of production are determined for the 
cases of decreasing, constant, and increasing re- 
turns to scale, subject to probabilistic, and de- 
terministic demand. Numerical examples and 
graphs are  also provided to illustrate the results. 

The Notion of a Production Function 
In economic theory the production function 

has been used to express the technical relation- 
ship between the output of a process and the 
inputs of various goods and services. 

The more or less traditional treatments of the 
production function exclude free goods as inputs 
and require that the function express the vari- 
able, substitutional and limitational character of 
other qualifications of the productive factors 
peculiar to some hypothetical production unit. 

The view point taken in this study is that 

indicaci6n de la forma en que las estaciones de 
compresibn deben operarse. Dado que los in-
tervalos de tiempo en que se efectuan las de- 
cisiones son muy breves, deben considerarse 
condiciones transitorious del flujo de gas. 

La solucibn del model presenta tres tipos de 
dificultades: (I) El compresor introduce no-li-
nealidades tanto en la funcibn objetivo como en 
la regibn de soluciones posibles, (2) la funccibn 
objetivo no es concava, (3) Todo sistema real 
origina un problema de enormes dimensiones, 
lo que hace muy deseable el uso de programa- 
cibn lineal. 

Para la resolucibn del model se ha desarro- 
llado un mt-todo de programacibn lineal para- 
mt-trica de dos etapes, cuyo parimetro es la ra- 
zon de compresibn, que permite resolver el 
problema por medio de una sucesibn de pro- 
gramas lineales. Se analiza la convergencia del 
mitodo y la forma de abordar sistemas de gran 
escala. Se ofrecen diversos resultados compu- 
tacionales, en los cuales la convergencia ha sido 
extremadamente ripida. 

Una Teoria de la Empresa Modelo con In-
ventarios 

No parece que la teoria del inventario estC 
sumamente relacionada con la transformacibn 
de salidas en entradas por medio de las funcio- 
nes de la produccion tecnolbgica, ni tampoco da 
como explicita la presencia de inventarios en la 
teoria de la empresa. 

En este trabajo un inventario modelo de una 
sola etapa, sujeto al tipo de funcibn de produc- 
cibn Cobb-Douglas, provee una ilustracibn de la 
integracibn de la teoria clisica de la empresa 
modelo con un inventario modelo. Los valores 
bptimos de los factores de entrada en la produc- 
cibn est in  determinados para los casos de re-
gresos a la escala decrecientes, constantes y cre- 
cientes, sujetos a demanda probabilists y 
determinista. Ejemplos numCricos y grificos son 
provistos para ilustrar los resultados. 

La Nocion de una Funcion de Produccion 
El punto de nota tenido en cuenta en este es- 

tudio es que ni la exclusibn de mercaderias li- 
bres, ni los requisitos de la funcibn de produc- 
cibn, expresan el caricter restrictivo, del surtido 
fijo de 10s factores productivos, u otras califi- 
caciones peculiares a una unidad de produccibn 
particular, son logicamente necesarios para la 
definicibn de la funcibn de produccibn. 
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neither the exclusion of free goods nor the re-
quirement that the production function express 
the variable, substitutional, consumable charac- 
ter or the limitational, fixed stock character of 
the productive factors, or other qualifications 
peculiar to a particular production unit, are  
logically necessary for the definition of the pro- 
duction function. 

Demand and the Decomposition of Sales 
A. In this paper the total sales of a firm dur- 

ing period t ,  SI, are viewed as a sum of IV, in-
dividual sales each one of which of size Y: 

st= c:;,Y , .  

Several major cases are  considered: ( I )  N a n d  Y 
are assumed independent. (2) Y is assumed a 
linear function of N. (3) Y is assumed to de- 
pend on N in a number of nonlinear ways. B. 
The expectation and variance of S are presented 
in terms of parameters of N and Y in terms 
of the relationships between Y and N.  C. The 
implications of this model for the relationships 
between the cost side (selling costs and credit 
sales costs) and the demand side are  made ex- 
plicit. D. The relevance of the model for sales 
strategies and demand theory is discussed and 
evaluated. 

Perturbation Theory and Markov Renewal 
Programming 

A perturbation-theoretic formalism is devel- 
oped for undiscounted Markov Renewal Pro-
gramming. It is shown that the relative values 
in the Howard-Jewel1 policy iteration algorithm 
(PIA) may be interpreted as partial derivatives 
of the gain rate with respect to the elements of 
the transition probability matrix. They therefore 
indicate desirable modifications of the proba-
bilistic structure. The policy improvement tech- 
nique in the PIA may be geometrically described 
as the selection of a successor policy in a direc- 
tion which maximizes the directional derivative 
of the gain rate. The gain and relative values 
of the old policy enter precisely because they 
determine this directional derivative. 

The same perturbation formalism supplies an 
expression for the partial derivative of the gain 
rate with respect to a parameter. It leads to a 
procedure for parameter optimization, e.g., the 
optimal value of s in an (s, S) inventory policy, 
solving a problem which cannot be easily treated 
in the PIA or linear programming formulation 
of Markov Renewal Programming. 

La Demanda y Descomposicion de Ventas 
A. En este trabajo el total de ventas de una 

casa comercial o firma, durante el period0 t ,  
S t ,  son vistos como una suma de N, ventas in- 
dividuales; cada una de 10s cuales es de medida 
Y: 

Varios de 10s mayores casos son considerados: 
(1) !V e Y son aceptados como independientes. 
(2) Y es considerado una funcibn lineal de N. 
(3) Y se supone que depende de N, en un n6-
mero de medios no lineales. B. La probabilidad 
y variaciones de S son presentados en tCrminos 
de parimetro de N e Y y en ttrminos de la 
relacibn entre Y e N. C. Las implicaciones de 
este modelo para las relaciones entre el mirgen 
de costos (costos de venta y costos de venta al 
cridito) y el mirgen de demanda se presentan 
explfcitamente. D. La importancia del modelo 
para estrategias de venta y la teoria de la de- 
manda es discutida y evaluada. 

Teoria de Perturbacion y Programacion de 
Renovacion Markov 

Un formalismo tebrico de perturbaci6n es 
desarrollado para la Programacibn de Renova- 
ci6n Markov no descontado Se demuestra que 
10s valores relativos en el algoritmo de iteraci6n 
de politica de Howard-Jewell (PIA) se pueden 
interpretar como derivativos parciales de la 
velocidad de ganancia con respecto a 10s ele- 
rnentos de la matriz de probabilidad de transi- 
cibn. Por lo tanto ellos indican modificaciones 
deseables en la estructura probabilists. En el 
PIA la ttcnica para la mejoria de politica puede 
deseribirse geomttricamente como una selec-
ci6n de una politica sucesora en una direcci6n 
que lleva al miximo el derivativo direccional 
de la velocidad de ganancia. La ganancia y 10s 
valores relativos de la vieja politica entran pre- 
cisamente porque ellos determinan este deriva- 
tivo direccional. 

El mismo formalismo de perturbaci6n suple 
una expresibn para el derivativo parcial de la 
velocidad de gananecias respecto a un pari-
metro. Este lleva a un procedimiento para la 
optimizacibn de parimetros, por ejemplo, el 
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THA2.9 M. GRAHAM and R. VALENTINE 

Personal Identity, Job Identity and Employee 
Commitment 

Empirical observation and interviews suggest 
that some of Erikson's "Eight Stages of Man" 
accurately describe patterns of personal and 
job identity development characteristic of most 
employees entering and continuing in new work 
settings. "Productive" and "alienated" individ-
uals differ in that the latter have not success-
fully resolved the crises at  each phase of identity 
development. At each phase communication to 
and from the individual is important in deter- 
mining role, recognized identity, acceptable ca- 
pacity and commitment. The stages identified 
are: trust (vs. self-doubt), initiative (vs. self-
doubt), industry (vs. inferiority) and integrity 
(vs. despair). The importance of a recognized 
cycle of "job-generations" is paramount. A 
planned induction of each employee through the 
developmental stages is described. 

The Theory of Product Life-Curves and its 
Application Possibilities in Management 

The manager must know how much longer his 
products will be saleable, i.e. worthwhile to 
produce. 

The theory of product life-curves is con-
cerned with this problem area. It is based on 
the dynamic analysis of evolutionary laws in 
accordance with changes in product types and 
product groups. These laws of product changes 
are determined on one hand by rules of evolu- 
tion of productive forces and on the other hand 
by market phenomena. This paper focuses on 
the latter. 

We found after having investigated more than 
one hundred time series for production of dif- 
ferent kinds of products and types in many 
countries that the normal trend of production 
overtime and hence the normal life-curve for all 
products was described by the relation: 

where: y(t) = the quantity of the given product 
produced (sold) in year t .  

a = the maximum producible quan-
tity of the product 

T = the year in which the quantity 
a is produced 

valor bptimo de s en una polftica de inventario 
del tipo (s, S), resolviendo un problema que no 
puede ser ficilmente tratado en el PIA o la 
formulacibn d e  programacibn lineal de una 
Programacibn de Renovacihn Markov. 

Identidad Personal, Identidad del Empleo y 
Compriso del Empleo 

Observacibn experimental y entrevistas su-
gieren que algunos de 10s "ocho estados del 
hombre" de Erikson describen con exactitud 
patrones de desarrallo personal y de identidad 
de empleo caracteristico de la mayoria de 10s 
empleados que inician o continuan en nuevos 
puestos de trabajo. Individuos "productivos" y 
"infitiles" difieren en que el Cltimo no han 
reslto con Cxito las crises de cada fase de desa- 
rrollo de la identidad. En cada fase la comuni- 
cacibn con el individuo es importante para 
determinar el papel, la identidad reconocida y 
la capacidad aceptable y el compromiso. 

Los estados identificados son: confianza (vs. 
auto-duda), iniciativa (vs. auto-duda), industrioi- 
dad (vs. inferioridad) e integridad (vs. deses- 
peracibn). La importancia de un ciclo recono-
cido de "generacibn de empleos" es eminente. 
Se describe una induccibn planeada para cada 
empleado a travCs de los estados de desarrollo. 

La Teoria de las Curras de Vida del Producto 
y las Posibilidades de su Aplicaci6n a la Ad-
ministraci6n 

El administrador debe conocer hasta cuindo 
ser in vendibles sus productos, esto es, hasta 
cuindo valdri la pena producirlos. 

La teoria de las curvas de vida de 10s pro- 
ductos trata de esta i r ea  d e  problemas. Se base 
en el anilisis dinimico de leyes evolutivas, de 
acuerdo con cambios en tipos y grupos de pro- 
ductos. Estas leyes de cambios de productos se 
determinan, por un lado, por reglas de evolu- 
cibn de fuerzas productivas y por ortro, por 
fenbmenos del mercado. Este trabajo trata de es- 
tos Cltimos. 

DespuCs de haber invertigado m i s  de cien 
series de tiempo para produccibn de diferentes 
clases de productos y tipos en muchos paises, 
encontramos que la tendencia normal de pro- 
duccibn a lo large del tiempo y, consecuente- 
mente, la curva de vida normal para todos los 
productos, podia describirse usando la relacibn 

donde: y(t) = cantidad de un producto dado 
producida (vendida) en el afio t .  

n = cantidad mixima de producto 
que puede producirse 
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w = is a parameter which determines 
the shape of the life-curve 

The paper shows some examples of the ap- 
plication of the life-curves with preferences to 
our computation method. 

Also some different types of modificated life- 
curves and their equations shall be shown 
("held backM-curve, "stimulated"-curve, etc.). 

We make some remarks on Mr.  Corsiglia's 
(USA) model of sale and demand correlations. 

It will be shown that the diminishing of the 
average life-cycle time (life period) of the dif- 
ferent product types follows a regularity which 
can be illustrated with a curve of hyperbola 
form. 

We are going to point out that the desirable 
durability of the products depends also on the 
length of the life-cycle time and consequently 
on the economic life time of their use. For that 
reason the durability theory must be carefully 
reexamined as it was proposed by Prof. Strasz- 
wicz (Poland). 

Generation and Distribution of Electricity 
Research on the Optimal Exploitation Planning 

The management of a large facility for the 
generation and distribution of electricity neces- 
sitates a great man interrelated decisions. These 
decisions should be the result of the application 
of a predetermined strategy to which is most 
often random in character, in such a way as to 
minimize a t  every instant the expected value of 
the sum of the present and future costs of ex-
ploitation (conversion of water resources). 

In this study, we prepare to follow an itera-
tive process such that we first meet those prob- 
lems whose solutions are least dependent on 
others. In latter phases of the study, the initial 
solutions will serve as imputs to subsequent 
problems. 

A Linear Programming Model of Aircraft 
Purchase and Allocation 

A linear programming model has been de-
veloped to convert the demand for air travel into 
numbers and types of aircraft. Although the pri- 
mary purpose of the model is to develop a de- 
mand curve for the SST, it also provides other 
outputs that will aid in evaluating the entire 
S S T  program. The model is constructed to rep- 
resent an airline system that includes all routes 

T = aRo en que se produce la canti- 
dad 

w = parimetro que determina la 
forma de la curva de vida 

Este trabajo muestra algunos ejemplos de la 
aplicaci6n de curvas de vida con preferencias 
hacia nuestro mCtodo de c6mputaci6n. 

TambiCn se mostrarin algunos tipos de cur-
vas de vida modificadas y sus ecuaciones (curva 
"retrasada," curva "estimulada," etc.). 

Hacemos algunos comentarios a prop6sito del 
modelo de correlacibn entre demanda y ventas 
de Mr. Corsiglia (USA). 

Se mostrari que la disminuci6n en el tiempo 
medio del ciclo de vida (periodo de vida) de 10s 
distintos tipos de productos sigue una regulari-
dad que puede ilustrarse mediante el uso de 
una curva de tipo hiperbblico. 

Vamos a sefialar que la durabilidad deseable 
de los productos depende tambitn de la longitud 
del ciclo de vida y en concecuencia, de la dura- 
ci6n de la vida econ6mica de su uso. Por esta 
razbn la teoria de la durabilidad, tal como fuC 
propuesta por el Profesor Straszwicz (Polonia) 
debe ser cuidadosamente examinada. 

Generaci6n y Distribuci6n de Electricidad 
Investigation de optima Explotaci6n-Planea-
miento 

La direcci6n de una gran instalaci6n para la 
generaci6n y distribuci6n de electricidad exige 
muchas decisiones vinculadas entre si. Estas 
decisiones deberian ser el resultado de la apli- 
caci6n de una predeterminada estrategia a la 
informacibn que es muy frecuentemente de 
caricter casual, de tal manera que minimiza a 
cada instante el valor esperado de la suma de 
los costos de explotaci6n presentes y futuros 
(conversibn de los recursos de agua). 

Es este estudio, seguimos un proceso iterativo 
tal manera que primer0 enfrentamos aquellos 
problemas cuyas soluciones son menos depen-
dientes de otras. En fases posteriores del es-
tudio las soluciones iniciales servirin como 
contribuciones a 10s subsiguientes problemas. 

Modelo de Programacion Lineal para Com-
pra y Distribuci6n de Aeronaves 

El modelo de programacibn lineal ha sido 
desarrollado para convertir la demanda de viajes 
aCreos en nlimeros y tipos de aeronaves. Aunque 
el propbsito principal del modelo es el desarro- 
Ilo de curvas de demands para la SST, tambiCn 
provee otra informaci6n que podri ayudar en 
la evaluaci6n del programa S S T  completo. El 
modelo es t i  construido para representar un sis- 
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over 700 miles long. The objective is to maxi- 
mize the present value of net revenue. The sys- 
tem is constrained to provide enough seats to 
carry all passengers demanding them and also to 
provide sufficient subsonic seats for those pas- 
sengers who prefer not to pay the differential 
for supersonic seats. If the demand for seats 
on subsonics or supersonics is greater than the 
available fleet, the model allows planes to be 
purchased. During the introductory period for 
Concordes and American SST's, however, the 
production rate of these planes will determine 
their availability. The equations and definitions 
in Exhibit 1 describe the variables and indicate 
their relationships. 

THA3.1 F.  OCHOA and A. HERSHDORFER 

Optimal Multistage Link Addition for Trans- 
portation Networks 

A frequent problem in the context of urban 
transportation planning is the one of augment- 
ing the capacity of an existing road network to 
provide for anticipated increases in future de- 
mands for service. At a fixed cost, new links may 
be added to improve the connectivity of the 
network and reduce user cost. A minimum total 
social cost improvement is sought for a given 
number of time periods subject to a budgetary 
constraint for each period. Binary decision 
variables are employed in the multistage alloca- 
tion model. The problem is formulated as a 
block-angular mixed-integer linear program for 
the homogeneous commodity case. A partition- 
ing technique is employed to take advantage of 
the highly structured form of the model. Special 
techniques are presented for the generalized 
fixed-charge problems generated by the sub-
programs. A generalization is developed for the 
multicommodity case. 

A Method of Dynamic Programming Applied 
to the Design of Natural Gas Pipelines 

The National Office of Energy, an organism 
of the Canadian Federal Government, has the 
responsibility among others of controlling the 
movements and transport of natural gas inter- 
provincially and internationally. The Office often 
has to be assured that the projects of pipelines 
are  installed in such a way to assure a minimum 
cost to the consumers, to make up for certain 
restraints. A dynamic program has been de-
veloped to aid the Office in this area. This 
program chooses a plan of expansion parallel to 

tema de aerolineas que incluya todas las rutas 
de m i s  de 700 millas. El objetivo es la maximi- 
zaci6n del actual valor neto del ingreso. El sis- 
tema es t i  restringido para proporcionar sufi-
cientes asientos para llevar a todos 10s pasajeros 
que 10s pidan y tambitn para proveer suficientes 
asientos subsbnicos para esos pasajeros que pre- 
fieren no pagar la diferencia por asientos super- 
s6nicos. Si la demanda de asientes subsbnicos o 
supersbnicos es mayor que la flota disponible, 
el modelo permite que aeroplanos sean com-
prados. Durante el periodo de introducci6n 
para Concordes y American SST,  sin embargo, 
la velocidad de produccibn de estos aeroplanos 
determinari su disponibilidad. Las ecuaciones 
y definiciones en la Muestra 1 descr~ben las 
variables e indican como est in  relacionadas. 

Estrategias opt imas para la Adicion por eta 
pas de Nuevos Tramos en Redes de Transporte 

Un problema frequente en el planeo de sis- 
temas de transportes urbanos es el poder au-
mentar la capacidad de la red de caminos con 
objeto de satisfacer el aumento por demanda 
dutura de servicio. A costo fijo, nuevos tramos 
pueden aiiadirse para mejorar las conexiones de 
la red y reducir el costo del usuario. Se busca, 
entonces el costo social total que sea minimo 
para un determinado nCmero d e  periodos, su-
jetos a restricciones presupuestales para cada 
periodo. Se emplean variables binarias de de- 
cisibn en el modelo de asignaci6n con etapas 
mfiltiples. El problema se formula como un 
programa lineal mixto en variables enteras en 
forma de bloques en diagonal para el caso de 
flujo homogtneo de productos. Se emplea una 
tkcnica de partici6n que toma en cuenta la 
estructura especial del modelo. Se presentan 
ttcnicas de solucibn para el caso de 10s subpro- 
gramas que no son sino generalizaciones del 
problema de cargo fijo. Se desarrolla la genera- 
lizaci6n para el caso de flujo de multiproductos 
a travts de la red. 

Une Methode de Programmation Dynamique 
Appliquee a la Conception des Gasoducs 

L'Office National de I'Energie, un organisme 
de Gouvernement Ftdtral  Canadien, a la res-
ponsibilitt entre autres de controller les mou-
vements et transport de gaz nature1 interpro- 
vinciaux ou internationaux. L'Office doit souvent 
s'assurer que les projets de pipelines soient 
conGus de telle f a ~ o nh assurer un coiit mini- 
mum aux consommateurs, compte tenu de cer- 
taines constraintes. Un programme dynamique 
a t t t  developpt pour aider I'Office dans ce 
domaine. Ce programme choisit un plan d'ex- 
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a natural gas pipeline already in service, or else 
it adds compressors to the existing compression 
stations or else it sanctions the appointment of 
new compression stations so as  to minimize the 
cost of total affected transport.  The  cost of total 
affected transport in the present year is con-
tained by a provision of the  demand that  it has 
to satisfy. The  algorithm of solution is suffi-
ciently exact to render economically feasible 
parametric studies on certain variables of con-
trol. This  program is now in production a t  the 
National Office of Energy. 

THA3.3 M. E. THOMASand D. R. RICE 

Sufficiency Conditions in Non-Linear Pro-
gramming 

The problem considered is one of obtaining 
extrema of non-linear programs where the con- 
straints and objective function a re  twice dif-
ferentiable but do not necessarily form a convex 
programming problem. When the  problem is a 
convex programming problem it is well known 
that  the Kuhn-Tucker conditions are  sufficient 
as  well a s  necessary and no investigation of sec- 
ond order terms is required. However in the 
more general problem second order terms may 
determine the character of a solution to the 
Kuhn-Tucker conditions. The  problem of deter- 
mining the character of these higher order 
terms reduces to one of solving another optimi- 
zation problem where the objective function is 
quadratic and the constraints are  linear homoge- 
nous equations. By investigating the solution to 
this new problem the character of the stationary 
point of the original problem may be ascer-
tained. 

A Decomposition Principle for the Zero-One 
Programming Problem 

The linear programming problem where the 
variables are  constrained to values of zero or 
one has been called the zero-one programming 
problem. A decomposition principle for these 
problems when they have a block-angular form 
will be derived. The theory will be applied to 
four existing algorithms to  yield four alterna-
tive decomposition algorithms. Computational 
experience with each algorithm over a wide 
range of problems will be presented. 

pansion paralli le a un gazoduc d i j i  en service 
ou bien il ajoute des compresseurs aux stations 
de  compression existants ou bien il preconise de  
nouvelles stations de  compression de  mani i re  a 
minimiser le cout de  transport total affecte. Le 
cout d e  transport total affecte a I'annee prCsente 
est contenu d'une prevision de  la demande qu'il 
faut satisfaire. L'algorithme d e  solution est 
suffisamment exact pour rendre economique-
ment faisable des etudes parametriques sur 
certains variables d e  control. C e  programme 
est maintenant en production i I'Office National 
de  I'Energie. 

Condiciones Suficientes en Programaci6n No  
Lineal 

El problema bajo consideracibn consiste en 
t ra tar  d e  obtener puntos extremos de  programas 
no lineales donde las restricciones y las funcihn 
objetivo son dos veces diferenciables pero no 
forman necesariamente un problema de progra- 
macibn convexa. Cuando el problema es  de  
programacibn convexa se sabe bien que las con- 
diciones d e  Kuhn-Tucker son suficientes a la 
vez que necesarias y no se requiere investiga- 
cibn de  10s t i rminos  d e  segundo orden. Sinem- 
bargo, en  el problema m i s  general 10s terminos 
de  segundo orden pueden determinar  el caracter 
de  la solucibn a las condiciones de  Kuhn-Tucker. 
El problema d e  determinar el caracter de  estos 
t i rminos  de  orden m i s  elevado consiste en re-
solver otro problema de objetivo 6ptimo donde 
la funcion objetivo es  cuadrAtica y las restric- 
ciones son ecuaciones lineales homogkneas. El 
caracter del punto estacionario del problema 
original puede ser indagado investigando la 
solucibn a este nuevo problema. 

Un Principio de Descomposici6n para el 
Problema de Programaci6n Cero-Uno 

El problema d e  programacihn lineal donde 
las variables e s t in  restringidas a valores cero o 
uno se le ha llamado "el problema de progra- 
macibn cero-uno." Cuando estos problemas 
tienen forma d e  bloque angular, se der ivar i  un 
principio descomposicibn. La teoria se apl icar i  
a cuatro algoritmos conocidos para producir 
cuatro algoritmos d e  descomposicihn alternos. 
S e  presentar i  la experiencia del cbmputo con 
cada algoritmo sobre una amplia variedad do 
problemas. 
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Approximate Computational Solution of 
Nonlinear Parabolic Partial Differential Equa-
tions by Linear Programming 

This work is based on a well-known technique 
of applied mathematics. The desired solution is 
approximated by a linear combination of a finite 
set of chosen functions. The approximation is 
obtained by determining the coefficients of the 
functions so as to minimize the error in an ap-
propriate sense. The accuracy of the approxi- 
mation for a particular problem will depend on 
the choice of approximating functions, the num- 
ber of such functions used, and the error norm 
chosen. The uniform norm is chosen here, and 
the coefficients are determined by an appro-
priate use of linear programming. The nonlinear 
parabolic partial differential equation leads to 
an LP problem which may be considered as hav- 
ing its cost row given parametrically as a func- 
tion of time. 

THA3.6 B. ROY and R.  BENAYOUN 

Mixed Integer Linear Program on a Graph 

POLIGAMI is a well-adapted tool to solve a 
homogenous class of problems: the mixed 0-1 
and continuous variable linear problems on a 
graph. The continuous variables represent flows 
on the arcs of the graph. The values of the 0-1 
variables indicate if some nodes of the graph 
have to be created or not. The program com-
putes the values of the variables which optimize 
an objective function, under two types of con-
straints on the flows: limitations and conserva-
tion. The objective form is a separable function 
of the different variables. Its components cor-
responding to the continuous variables are 
piece-wise linear, whereas the 0-1 variable 
components are linear with a fixed cost. 

POLIGAMI takes a great advantage of the 
specific structure of the graph and of the nature 
of the objective form. It allows solving, for 
example, the following types of problems: lo- 
calization of depots or plants, distribution, pro- 
duction, choice of investments, etc. The program 
is based on a "branch-and bound" type proce- 
dure: the S. E. P. procedure (Separation and 
Evaluation Progressive). The program can han- 
dle graphs with as much as 1,500 arcs, and 500 
nodes (among which 150 correspond to the 0-1 
variables). 

Calculo Aproximado de Ecuaciones Diferen-
ciales Parciales Parabolicas Mediante Progra-
maci6n Lineal 

Este trabajo es t i  basado en una tecnica bien 
conocida de matemiticas aplicada. Puede apro- 
ximarse a la solucibn deseada con una combi-
nacibn lineal de una nlimero finito de funciones 
escogidas. Esta aproximacibn se obtiene me-
diante la determinacibn de 10s coeficientes de 
las funciones de forma que minimicen el error 
en una forma apropiada. La precisibn de la 
aproximacibn para un problema particular 
dependeri de la elecci6n de las funciones, de 
la cantidad que sean, y de la tolerancia elegida. 
Aqui se ha elegido una tolerancia uniforme y 
10s coeficientes estin determinados mediante un 
uso apropiado de la programaci6n lineal. La 
ecuacion diferencial parcial, parabolica, no 
lineal, conduce a un programa lineal que puede 
ser considerado como si tuviese la fila de costo 
presentada paramitricamente como una funcibn 
del tiempo. 

Programa Lineal de Numeros Enteros Mixtos 
en un Grafico (POLIGAMI) 

La POLIGAMI es una herramienta bien 
adaptada para resolver una clase homogknea 
de problemas: 10s problemas lineales, de varia- 
bles continuas y variables mixtas 0-1 en un 
grifico. Las variables continuas representan 
flujos en 10s arcos del grafico. Los valores de las 
variables 0-1 indican si algunos nodos en el 
grifico tienen que ser creados o no. El programa 
computa 10s valores de las variables que hacen 
bptima la function objetiva, bajo dos tipos de 
constrefiimientos en 10s flujos: de limitaciones 
ye de conservacibn. La forma objetiva es una 
funcibn separable de las diferentes variables. 
Sus componentes corresponden a las variables 
continuas y son lineales por partes, mientras que 
10s componentes de las variables 0-1 son lineales 
con un costo fijo. 

La POLIGAMI se aprovecha mucho de la 
estructura especifica del grifico y de la natura- 
leza de la forma objetiva. Esto permite, por 
ejemplo, resolver 10s siguientes tipos de pro-
blemas: localizacibn de depbsitos, o plantas, 
distribucibn, o produccibn, seleccibn de inver- 
siones, etc. El programa es t i  basado en un tipo 
de procedimiento para "ramificar y confinar": 
el proceso S. E. P. (Separacion y Evaluacibn 
Progresiva). El programa puede manejar grificos 
con tantos como 1,500 arcos, y 500 nodos (entre 
10s cuales 150 corresponden a las variables 0-1). 
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lector are distinct participants. Lastly, we rep-
resent the important problems of introducing a 
tax into a less-developed country as a stochastic 
game. Throughout the paper comparisons are 
made with more traditional methods of resolving 
the tax administrator's problems. 

A Computer Assisted System for Manpower 
Policy Formulation 

The manlmachine system to be described is 
comprised of a series of computer projection 
models and data input subsystems. It is in use 
by manpower policy makers in the office of 
the Secretary of Defense and Department of the 
Army, for generating and evaluating alternative 
manpower selection, compensation, training, 
retention and personnel policies. Planners are 
provided with 10-year annual projections of 
manpower flows between the civilian and mili- 
tary manpower pools. Intra-pool transactions are 
generated as well as the (people) cost to main- 
tain alternative defense forces. 

The system also provides inputs required for 
the formulation of alternative policies by gener- 
ating data on earnings opportunity in the civilian 
economy, effects of changes in compensation 
careerism in the military, changes in U S  em- 
ployment and educational opportunities. A 
prime use of this system has been a vehicle 
for demonstrating to responsible government 
officials the interactions of manpower policy on 
both the civilian and military manpower pools. 

Development of Program-Planning-Budget-
ing System for U.S. Food and Drug Administra- 
tion Field Activities 

The Food and Drug Administration is charged 
with the responsibility of protecting the con-
sumer from the many potential problems that 
are  associated with marketed foods, drugs and 
devices. These problems vary in their intensity 
and in their potential hazard to the consumer. 
Arriving at  an effective allocation of available 
resources requires careful development of pro- 
grams and of techniques for evaluating the ef- 
fectiveness of past activities within each pro-

que hemos estudiado. Uno es un juego de tres 
personal que separa al administrador recipiente 
de impuestos del cobrador de impuestos como 
diferente participantes y tambitn al pagador de 
impuestos. Finalmente, se representa el pro-
blema importante de introducir impuestos en un 
pais menos desarrollado como un juego de adi- 
vinacibn. En todas las partes del documento las 
comparaciones son hechas con mitodos mas 
tradicionales para resolver 10s problemas del 
cobro de impuestos. 

Un Sistema Auxiliado con Computadora para 
la Formulacion de un Plan de Mano de Obra 

El sistema hombre-mhquina que ser i  de-
scripto se compone de una serie de modelos de 
proyeccibn de computadora para la incorpora- 
cibn de datos. Le usa en las oficinas de la Se- 
cretaria de Defensa y en el Departamento de 
Ejtrcito y por 10s planeadores de la mano de 
obra, y para generar y evaluar una seleccibn 
alternativa de mano de obra, compensacihn, 
aprendizaje, retencibn y planeamientos de per- 
sonal. Los planeadores estin provistos de proyec- 
ciones anuales, del flujo de la mano de obra, 
en peribdos de 10 (diez aRos), de recursos de 
mano d e  obra entre civiles y militares. Las 
transacciones entre 10s recursos, estin origi-
nades, asi como el costo (personal) para mante- 
ner fuerzas de defensa alternativas. 

Este sistema proporciona las entradas re-
queridas para la formulacihn de planes alterna- 
tivos, generando datos, de la oportunidad en la 
economia civil, efectos de cambios en compen-
sacihn de la carrera militar, cambios en el de- 
sempleo y oportunidades educacionales en Esta- 
dos Unidos. El principal uso de este sistema es 
que ha sido un vehiculo para demonstrar a 10s 
funcionarios gubernamentales responsables las 
interacciones de planes de mano de obra en 10s 
recursos civiles y militares de mano de obra. 

Desarrollo de un Sistema de Programa-Pla- 
nemiento-Presupuesto para las Actividades 
Locales de la Oficina de Administracibn de 
Alimentos y Drogas de Estados Unidos 

La Administracibn de Alimentos y Drogas 
tiene la responsabilidad de proteger a1 consumi- 
dor de muchos de 10s problemas potenciales que 
esthn vinculados con alimentos, drogas y medios 
en venta. Estos problemas varian en su intensi-
dad y en su riesgo potencial para el consumidor. 
Para arribar a una efectiva ubicacibn de 10s 
recursos disponsibles, se requiere un cuidadoso 
desarrollo de programas y ticnicas, para la 
evaluacibn de efectividad de las actividades 
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gram. This paper will discuss the design of 
a management system, supporting the planning, 
control and evaluation functions at  FDA head- 
quarters and field offices. Specific planning and 
evaluation approaches most appropriate to the 
designed program structure will be described. 
Also, the development of associated cost ac-
counting and work planning techniques will be 
presented. 

THA4.4 SOCRATES LITSIOS and RODGER 
PARKER 

Development of Effective Means for Measure- 
ments of Problems Confronting Food Drug Ad- 
ministration (FDA) 

Fundamental to any effectiveness evaluation 
of FDA activities is the degree to which one is 
able to measure improvements in problems with 
which it is concerned. This evaluation includes 
measurement of food and drug establishment 
practices and conditions, measurement of prod- 
uct hazards, and measurement of past impact 
of these hazards on the consumer (deaths, dis- 
ease, etc.). The cost of performing these meas- 
urements is high and varies from problem to 
problem. In addition, the amount of informa-
tion obtained varies not only with the problem 
but also with the measurement utilized. The 
analysis presented demonstrates how specific 
costleffectiveness approaches can be developed 
which take into account problem knowledge, 
cost, and size (number of products in market, 
number of manufacturing firms, etc.) and the 
statistical relationships which exist among 
measured practices, conditions, problems and 
impact. 

Bounds to Revenue Management in a State 

An American adage holds tax increases to 
beget tax increases. This paper qualifies that 
impression by outlining a system of funda-
mental constraints within which political sub-
divisions (like states) must manage their reve-
nues. The theme offered (and tested) makes a 
state's revenues respond to (I) a demand for 
complements to purchases by individuals, busi- 
nesses and governments; (2) a magnitude of flows 
and stocks which could be taxed; and, (3) a 
degree of accord prevailing between the total 
demand for complements and the level of state 
outlays. It is a theme which grows out of a factor 
analysis of Georgia's revenues in the 1947-65 
period. When viewed from the perspectives of 
Mazzola, Pantaleoni, and Wicksell, the factor 
structure acquires identity and significance. 
And, finally, when converted into an empirical 

pasadas dentro de cada programa. Este informe 
discuterh el disefio de un sistema de adminis- 
tracibn apoyando la planificacibn, control y 
funciones de evaluacibn de las oficinas centrales 
de la FDA y sus sucursales. Serhn descriptos 
especificos planeamientos y 10s enfoques de 
evaluacibn mhs apropiados a la estructura del 
programa diseEado. Tambien, se presentari el 
desarrollo de la contabilidad del costo asociado 
y las tkcnicas de planeamiento de trabajo. 

Desarrollo de Medios Efectivos para la Me-  
dici6n de Problemas que Confronta la Oficina 
de Administracion de Alimentos y Drogas 

Es fundamental para cualquier evaluacibn de 
efecividad de las actividades de FDA, el grado 
por el cual es posible medir las mejoras en 10s 
problemas que le conciernen. Este evaluacibn 
incluye, medida de alimentos y drogas, fijacihn 
de pricticas y condiciones, medida de riesgos 
de 10s productos y medida de efectos pasados de 
estos riesgos en el consumidor (muerte, enferme- 
dades, etc.). El costo de la realizacion de estas 
mediciones es alto y varia de problema a pro-
blema. Ademas la cantidad de la informacibn 
obtenida varia no sblo con el problema sino 
tambitn con la medida utilizada. El anhlisis pre- 
sentado demuestra como enfoques especificos 
de costo-efectividad pueden ser desarrollados, 
teniendo en cuenta el conocimiento del pro-
blema, costo y tamaiio (numero de productos en 
el mercado, numero de firmas manufactureras, 
etc.) y las relaciones estadisticas que existen 
entre prhcticas medidas, condiciones, problemas 
y efectos. 

Limites a 10s Ingresos de Administracion en 
un Estado 

Un refrin Americano, mantiene aumentos de 
impuestos para engendrar aumentos en 10s 
impuestos. Este trabajo justifica esta expresibn 
expomiendo un sistema de restricciones funda-
mentales dentro de las cuales, las subdivisiones 
politicas (como ser estados) deben administrar 
sus ingresos. El tema ofrecido (y verificado) hace 
que 10s ingresos de un estado responden a (I) 
la demanda de complementos a las compras de 
individuos, comercios y gobiernos; (2) a las canti- 
dades de flujos y surtidos que puedan ser gra- 
vadas y (3) a un grado de acuerdo prevaleciente 
entre la demanda total por complementos y el 
nivel de 10s gastos del estado. Este es un tema 
se origina en el analisis de un factor de 10s ridi- 
tos de Georgia, en el period0 1947- 1965. D
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system, the hypothesis generates consequences 
which conform to Georgia's postwar experience. 

Project Selection for Economic Development 
Efficiency vs Equity in Economic Assistance 

One major objective of recent domestic legis- 
lation in the United States and the programs 
created thereby can be characterized as the 
economic development of various subnational 
economies. 

As a result of several conditioning factors 
two considerations must be paramount in the 
manager's mind in making conscious resource 
allocation decisions, as expressed in the selec- 
tion of projects. First, an explicit rule for defin- 
ing and then balancing equity and efficiency in 
project choice must be developed to ensure that 
decisions are made on a systematic and hence 
communicable basis. The paper presents an ex-
ample of the development of such a rule for the 
case of project selection for economic develop- 
ment of high unemployment and low income 
areas of the United States. Second, rules must 
be established for handling and judging external 
economies between agencies at  the same level 
of government and between agencies at different 
levels of government. The paper illustrates the 
development and application of such rules for 
economic development assistance projects aimed 
at  raising income and reducing unemployment 
in distressed areas of America. 

Major Defense Program Initiation Viewed as  
an Investment Problem 

One of the most challenging problems in de- 
fense management is the development of ap-
propriate decision data relative to opportunities 
for major program initiation. Generally the 
problem has many characteristics similar to 
those associated with major investment oppor- 
tunities viewed by managers of corporations 
operating in the private sector. Recently the 
cost-effectiveness techniques employed by deci- 
sion makers in defense management have been 
a subject of review and re-evaluation. Many 
characteristics of the process have been identi-
fied as potential contributors of bias. In the 
search for a unified approach which would si- 
multaneously correct several of the observed 
deficiencies capital productivity concepts were 
examined. This paper presents a return on in-
vestment approach including specific suggestions 
for techniques of ascribing dollar return equiva- 
lent value to the effectiveness offered by military 
systems. 

Seleccion de un Proyecto para Desarrollo 
Economico 

Uno de 10s mayores objetivos de la reciente 
legislacibn domtstica en 10s Estados Unidos y 
10s programas creados consecuentemente puede 
caracterizarse como el desarrollo econbmico de 
varias economias sub-nacionales. 

Como resultado de varios factores condicion- 
antes, dos consideraci6nes deben ser primordia- 
les en la mente del administrador, a1 hacer serias 
decisiones para ubicacibn de recursos de acuerdo 
a lo expresado en la seleccibn de proyectos. 
Primero, debe desarrollarse una regla explicita 
para definir y balancear equidad y eficiencia en 
selecci6n de proyectos, para asegurar que las 
decisiones son tomadas en bases sistemhticas 
y por lo tanto comunicables. Este trabajo pre- 
senta un ejemplo de desarrollo de tal regla para 
el caso de seleccibn de proyectos para el de- 
sarrollo econbmico en zonas de 10s Estados Uni- 
dos de alta desocupacibn y bajas entradas. 

Iniciacion de un Programa de Defensa Prin-
cipal Examinado como Problema de Inversion 

Uno d e  10s mas desafiantes problemas en la 
administracibn de defensa es el desarrollo de 
datos apropiados de decisibn referentes a opor- 
tunidades para iniciacibn de un programa prin- 
cipal. Generalmente el problema tiene muchas 
caracteristicas similares a aquellos asociados 
con mayores oportunidades de inversibn encara- 
dos por 10s administradores de empresas que 
operan en el sector privado. Recientemente las 
ttcnicas de costo-efectividad, empleadas por 
10s que deben tomar decisiones en la adminis- 
tracihn de defensa han sido sometidas a revi-
sibn y re-evaluaci6n. Muchas caracteristicas 
del proceso han sido identificadas como poten- 
ciales contribuyentes de prejuicios. Conceptos 
fueron examinados en la busqueda de un unifi-
cad0 enfoque que simulthneamente corrija va-
rias de las deficiencias observadas en la pro-
ductividad de capital. Este trabajo presenta un 
retorno en el enfoque de inversiones, incluyendo 
sugestiones especificas para ttcnicas de aplicar 
equivalente valor de devolucibn del dblar a la 
eficiencia ofrecida por sistemas militares. 
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T H P l . 1  JOHN L. COLLEY and ARNOLD 

PACKER 

Mathematical Programming of Dynamic 
Input-Output Models for Economic Planning 

The economic goal might be stated as: the 
optimum allocation of human and physical re-
sources so as to maximize the net output of the 
society, in terms of some appropriate combina- 
tion of current consumption and growth, while 
maintaining a high level of employment and 
stable prices. Long range economic planning is 
concerned with determining the optimum time 
path of growth; i.e., the appropriate distribu- 
tion of the economy's output between invest-
ment and current consumption and the proper 
apportionment of the investment expenditures. 
The short term problem is concerned with op- 
timally scheduling the current resources so as to 
maximize the net output to be distributed. 

This paper is directed to the applicability of 
mathematical programming techniques to eco-
nomic planning to achieve the joint short and 
long run goals. Linear programming is applied 
to the short run problem of allocating scarce 
industrial resources so as to maximize an ob-
jective function which is written in terms of the 
economy's net output. 

The long range problem of determining the 
optimum time path is viewed as a sequential 
decision process in which the nodes, or period 
values, are  determined by the linear program- 
ming solutions and the path is established by 
the way the objective and constraint vectors are 
changed from period to period. Heuristic and 
dynamic programming approaches to the long 
range problem are investigated. 

A dynamic Leontief input-output model pro- 
vides the set of equations which describes the 
economy's operation. 

THP1.2 G. GRAVESand A. WHINSTON 

An Application of Mathematical Program-
ming in Economic Planning 

The paper will present both the theoretical 
aspects and practical problems of a concrete 
application of mathematical programming. The 
problem involves planning the pollution control 
of a large river system. Specifically, the problem 
is given certain levels of pollution abatement, 
determine the number, size and location of re- 
gional treatment plants, determine the degree 
of local treatment by polluters (typically in-
dustrial plants) and which industrial polluters 

Programacion Matematica de Modelos Di-
namicos de Entrada y Salida para el Planeo 
Economico 

El objetivo econ6mico se puede decir que es el 
siguiente: la asignacibn bptima de 10s recursos 
humanos y fisicos para llevar a1 miximo la salida 
productiva neta de la sociedad en tCrminos de 
alguna combinacibn apropiada de crecimiento y 
consumo corriente, a la misma vez que se man- 
tiene un alto nivel de empleo y estabilidad en 
precios. El planeo econbmico de larga duracibn 
se concierne con determinar la ruta temporal 
bptima en crecimiento, es decir, la distributibn 
apropiada de la salida productiva de la eco-
n6mia entre inversibn y consumo gastos de inver- 
sibn. El problema desde el punto de vista de 
corta duracibn se concierne con un programa 
bptimo paralos recursos corrientes a manero de 
llevar al miximo la salida productiva neta a 
distribuirse. 

Esta monografia se dirige a la aplicacibn de 
tecnicas de programacibn matemhtica en el 
planeo econbmico para lograr 10s objetivos com- 
binados de corta y larga duracibn. La programa- 
cibn lineal es aplicada al problema de corta 
duracibn de asignar recursos industriales escasos 
para poder llevar a1 mhximo la funcibn objetiva 
que es escrita en tkrminos de la salida pro-
ductiva neta de la economla. 

El problema de larga duracibn de determinar 
la ruta temporal bptima se mira desde el punto 
de vista de un proceso de decisibn a secuencia, 
en el cia1 10s nodos, o valores del perihdo, son 
determinados por la solucihn de programacibn 
lineal y la ruta es establecida por la manera en 
que 10s vectores del objetivo y 10s constreiii- 
mientos son cambiados de perfodo en periodo. 
Varias maneras de atacar el problema de larga 
duracihn son investigadas desde el punto de 
vista de programacibn dinhmico y heuristica. 

Un modelo dinimico de entradasalida del tipo 
Leontief provet el conjunto de ecuaciones que 
describe la operacihn de la economia. 

Una Aplicacion de Programacion Matemhtica 
en el Planeo Economico 

La monografia presentari tanto el aspect0 
tebrico como 10s problemas pricticos de una 
aplicacibn concreta de programacihn matemi-
tica. El problema concierne el planeo del control 
de la contaminacihn de un sistema fluvial de 
grandes proporciones. Especificamente, al pro- 
blema le es dado ciertos niveles de supresibn de 
contaminacihn para determinar el nbmero, ta-
maiio y localizacibn de plantas de tratamiento, 
el grado de tratamiento a llevarse a cab0 por 10s 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

21
6.

73
.2

16
.2

32
] 

on
 1

4 
Ju

ly
 2

02
6,

 a
t 1

0:
55

 . 
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y,

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



should be connected with which treatment 
plants. The paper will first discuss the under- 
lying mathematical model. Then we shall give 
a brief discussion of the problem of obtaining 
data and determining the degree of approxima- 
tion appropriate for the problem. Finally the 
results of the study will be presented and evalu- 
ated. 

THP1.3 ANTONIOSAGRISTA 

An Econometric Economy-Wide Quarterly 
Model of Japan (1955-1965) 

This paper is a brief summary of a model 
which has been named SOPHIA-I .  It has the 
general characteristics of economy-wide models. 
Among the particular features of SOPHIA-I  
however, the following are to be mentioned: 1)  
the building of the current model based on the 
results obtained from the pilot model, 2) the 
application of the Chow's test for structural 
equality besides the customary tests for signifi- 
cance of the regression coefficients and auto-
correlation of disturbances, 3) the presence of 
new structural forms with respect to several 
functions, that is to say, the use of variables not 
used in other Japanese quarterly models so far, 
4) careful selection of the variables taking into 
account statistical criteria as well as economic 
theory criteria, 5) the derivation of "restricted" 
and "unrestricted" reduced forms, 6) block-
recursivity together with the within-the-block 
recursivity of the model. SOPHIA-I  includes 
also two stages least squares estimates of the 
pertinent equations, and ex-ante forecasts up to 
March 1968, based on its 74 equations. 

An Application of Marginal Productivity 
Analysis to the Isthmian American Divisions of 
United Fruit Company 

This paper employs factor payment and em-
ployment data covering eight Isthmian American 
divisions of the United Fruit Company for the 
period 1946-1956. These data make possible 
the derivation of estimates for total revenue 
product and for average revenue product accru- 
ing to labor as the most variable factor of pro- 
duction employed in these divisions. At the 
same time, the wage data separately tend in 
most instances to isolate points on the marginal 
revenue product functions, since most divisional 
operations took place under collective labor con- 
tract agreements specifying flat wage rates con- 

contaminadores locales (por lo general plantas 
industriales) y cuales de estos contaminadores 
industriales habrin d e  ser conectados con cuales 
plantas de tratamiento. La monografia primero 
discutirL el modelo matemitico subyacente. 
DespuCs daremos una breve discusibn sobre el 
problema de obtener 10s datos y la determina- 
cibn del grado de aproximacibn apropiado para 
el problema. Finalmente, 10s resultados del 
estudio ser in presentados y evaluados. 

Un Modelo EconomCtrico Trimestral de toda 
la Economia del Japon (1955-1965) 

Este tratado es un breve resumen de un mo- 
delo que ha sido denominado SOFIA-I. Con- 
tiene las caracteristicas generales de modelos de 
economia entera. De 10s rasgos particulares de 
SOFIA-I  sin embargo, mencionamos 10s sigu- 
ientes: 1 )  la construccibn del presente modelo 
basado en 10s resultados obtenidos del modelo 
original, 2) la aplicacibn de la prueba de Chow 
para igualdad estructural ademis de las pruebas 
acostumbradas para la significacibn 10s coefi- 
cientes de regresibn y la autocorrelacibn de 
disturbios, 3) la presencia de nuevas formas 
estructurales con respecto a varias funciones, es 
decir, la utilizacibn de variables no utilizados en 
otros modelos japoneses trimestrales construidos 
hasta el momento 4) seleccihn cuidadosa de las 
variables tomando en consideracihn tanto cri-
terios estadisticos como criterios de teorfa eco-
nhmica, y 5) la derivacibn de formas reducidas 
"restringidas" y "no restringidas," 6) operacibn 
recurrente del modelo desde dentro del bloque. 
SOFIA-I tambiCn incluye la estimacihn por el 
mitodo de 10s minimos cuadrados bietipicos de 
las ecuaciones susceptibles de dicho metodo, 
asi como ex-ante predicciones basadas en las 74 
ecuaciones del modelo. 

Una Aplicaci6n de Anilisis del Productivismo 
Margenal de la Divisiones del ismo Americano 
de la United Fruit Company 

Este articulo emplea nominas y datos de em- 
pleo que cubren ocho divisiones del Ismo Ameri- 
cano de la United Fruit Company por el peribdo 
1946-1956. Estos datos hacen posible sacar esti- 
maciones del total de ingresos del product0 y de 
la media de ingresos producidos por la mano de 
obra como el factor de produccibn mas variable 
empleado en estas divisiones. A1 mismo tiempo, 
10s datos de jornales tienden en la mayoria de 
10s casos a puntos aislados en las funciones de 
ingresos marginales, dado que la mayoria de las 
operaciones de las divisiones tuvieron lugar bajo 
contratos de trabajo colectivos que especificaban 
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siderably above the alternative free market 
rates. Hence, the wage-employment loci can 
properly be interpreted as junction points be-
tween marginal revenue product and average 
wage = marginal wage. 

Certain conclusions are evident even a t  an 
early stage of the analysis: 1)  There appears to 
be little shift in either the average or the mar- 
ginal revenue product curves as  estimated in 
spite of substantial changes in acreage employed, 
total capitalization, and net new investment. 2) 
Lester-type observations of rising wage levels 
with rising employment occur generally when 
there is evidence of upward productivity shifts 
from non-constant inputs of the capital and land 
factors. 3) Remaining observations show strong 
consistency with the marginalist hypothesis that 
wage levels and employment are negatively cor- 
related, other things remaining equal, and 4) 
There are some interesting discrepancies be-
tween the locations estimated for average reve- 
nue product and those estimated for marginal 
revenue product in the same divisions. This 
suggests either that profits were understated (a 
popular interpretation among liberal circles in 
Latin America) or that management was defi- 
cient in overestimating productivity, thereby 
overpaying its labor force. 

THPl.5 R.  FRENKEL,V. YOHAI  and 0. VAR-
SAVSKY 

A Mathematical Model for Negotiation of 
Lafta Goods 

This model was built-at the request of the 
deposed Argentinian government-to enable fast 
computations of the direct and indirect effects 
of proposals about tariffs made a t  LAFTA ne- 
gotiations. 

Given the market behavior-in terms of price 
elasticities essentially-of the negotiating coun- 
tries, and the import content of the goods-
down to third or fourth level inputs, in practice 
a s  well as tax rates, prices, capacities etc., the 
model computes the effects on the balance of 
payments, government revenues and entrepre-
neurial activities corresponding to each specific 
proposal. 

un nivel de jornales considerablemente por 
encima de 10s indices variables del mercado 
libre. Por tanto, las curvas jornales-empleo pue- 
den ser debidamente interpretadas como puntos 
de interseccibn entre prcductividad marginal y 
jornal medio = jornal marginal. 

Ciertas conclusiones son evidentes induso a1 
principio del anilisis: 1) Se ve que existe pe- 
queiia variacibn tanto en la media como en la 
curva de productividad marginal estimadas a 
pesar de cambios sustanciales en la extensibn 
del empleo, total capitalizacihn y nuevas in-
versiones netas. 2) Observaciones de este tipo de 
Lester sobre alzas de 10s jornales minimos con 
aumentos de empleo, se producen generalmente, 
cuando hay un evidente aumento de productivi- 
dad con utilizacibn del capital y la tierra en 
cantidades no constantes de estosfactores. 3) Las 
restantes observaciones muestran una con-
sistencia fuerte con la hipotesis marginalista de 
que el nivel de jornales y el desempleo estin 
correlacionados negativamente cuando otras 
cosas permanecen igual, y 4) Hay algunas discre- 
pancias interesantes entre las localidades esti-
madas para productividad media y las estimadas 
para productividad marginal en las mismas divi- 
siones. 

Esto sugiere que o bien 10s beneficios son infr- 
aestimados (una interpretacibn popular en 
circulos liberales Hispanoamericanos) o que la 
direccihn fue deficiente supervalorando la pro- 
ductividad sobrepagando por tanto a su mano 
de obra. 

Modelo Matemitico para la Negociaci6n de 
Bienes Lafta 

Este modelo fue construido a pedido del 
depuesto Gobierno Argentino para facilitar la 
rapida computacibn de 10s efectos directos e 
indirectos de propuestas sobre tarifas hechas en 
las negociaciones LAFTA. 

Dando el funcionamiento del mercado esen-
cialmente en terminos de las elasticidades de 10s 
precios de 10s paises hegociantes en la propor- 
cibn de las mercancias importadas bajo un ter- 
cer o cuarto nivel de entrada, en la prictica-asi 
tambien como en la proporcihn de impuestos, 
precios, capacidades etc.-el modelo computa 
10s efectos en el balance de pagos, ingresos 
gubernamentales y las actividades empresariales 
correspondientes a cada propbsito especifico. 
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are specified along with upper and lower bounds 
on the decision and endogenous variables. 

When uncertainty is allowed in the econo-
metric model, the decision criterion is chosen to 
be that of maximizing expected welfare. The 
simplest uncertainty model considered is the 
certainty equivalent model: this being an ex-
tension of the Tinbergen problem. This problem 
leads naturally to a combined stochastic and 
chance constrained programming formulation in 
which the endogenous variables must satisfy the 
constraints with a specified probability. 

For the dynamic multi-period case, the pro- 
cedures of the single period examples are gen- 
eralized; however, in this case some of the 
stochastic formulations become only of theo-
retical interest because of computational prob- 
lems. 

To evaluate, to some extent, the various for- 
mulations, numerical computations are provided 
for Klein's Model. 

Sharing the Benefits of Productivity Increases 

Changes in output per man-hour over a 55 
year period in the basic iron and steel in-
dustry of the U.S. are analyzed in relation to 
concomitant changes in average hourly earnings, 
cost proportions and product prices in an effort 
to determine how the benefits of productivity 
increases have been shared among labor. other 
factors within the industry, suppliers to these 
operations and still broader sectors of the econ- 
omy. Some implications both for internal man- 
agerial policies and for national policies relating 
to technological progress and cost control are 
suggested. 

THP1.9 ALBERT and EARL C.H. RUBENSTEIN 
YOUNG 

Strategies for Organization and Diffusion of 
Research in Developing Countries 

This paper is an exploration of some of the 
major recurrent problems confronting the devel- 
oping countries in their attempts to build a sci- 
entific and technological capability. The analy- 
sis is made in terms of a general flow model 
similar to the one used in other projects of the 
Program of Research on the Management of 
Research and Developme,nt a t  Northwestern 
University. Scientific objectives collected from 

cuadraticas, en las que se especifican 10s valores 
que constituyen 10s objetivos de las variables de 
decisibn, junto con limites superiores e inferiores 
en las variables endbgenas y de decision. 

Cuando se introduce la incertidumbre en el 
modelo, el criterio d e  decisi6n se escoge de tal 
mod0 que se maximice el bienestar esperado. 
El modelo de incertidumbre mas simple con-
siderado es el modelo de certidumbre equiva- 
lente: que es una extensihn del problema de 
Tinbergen. Este problema llena de un modo 
natural a una formulacion de programacihn 
estocistica combinada y con limitaciones de 
azar en que las variables endogenas deben satis- 
facer las condiciones con una probabilidad 
especificada. 

Para el caro dinimico d e  periodo multiple se 
generalizan 10s procedimientos del periodo 
unico: sin embargo en este caso parte de las 
formulaciones estocisticas son solamente de 
importancia teorica debido a problemas de 
computacion. 

Se proporcionan computaciones numericas 
para el modelo de Klein, para evaluar, hasta 
cierto punto, las distintas formulaciones. 

Compartiendo 10s Beneficios de Aumentos 
en Productividad 

Cambios en la salida productiva por hombre- 
hora sobre un periodo de 55 aiios en la industria 
estadounidense del hierro y el acero son anali-
zadas en relacihn a cambios concomitantes en 
las ganancias por hora promedio, proporciones 
de costo y precios de productos en un esfuerzo 
por determinar coma 10s beneficios de aumentos 
en productividad han sido compartidos entre la 
mano de obra, otros factores dentro de la in-
dustria, 10s suplidores de estas operaciones y 
otros sectores de la economia aun mas amplios. 
Algunas implicaciones tanto para la politica in- 
terna administrativa como para la politica na-
cional relacionada al progreso ttcnico y control 
de costo son sugeridas. 

Estrategias para la Organizacion y Difusion 
de Investigation en Paises en Desarrollo 

Este trabajo es una exploracihn sobre algunos 
de 10s problemas peri6dicos m i s  importantes 
que confrontan 10s paises en desarrollo en su 
tentativa de crear una capacidad cientifica y 
tecnolhgica. El anilisis se hace en ttrminos de 
un modelo general de flujo parecido al usado en 
otros proyectos del Programa de Investigaci6n 
en la Administracihn y Desarrollo en la Uni- 
versidad Northwestern. Se han clasificado ob- 
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policy statements have been classified to deter- 
mine the nature of scientific goals in these coun- 
tries. Strategies at  the international, regional 
and national level have been identified in order 
to determine the means used to pursue these 
goals and to describe selected R and D patterns 
which appear to be emerging. Finally, several 
statements that can be operationalized as test-
able propositions have been collected and clas- 
sified. Major trends noted and analyzed include: 
the major role played by the national govern- 
ment in establishing and controlling scientific 
activities; the growing importance of interna-
tional scientific relations; the widespread and 
strong orientation of economic development 
projects: and the almost universal desire to es- 
tablish an indigenous scientific capability. 

THP2.1 GORDON KAUFMAN and BENJAMIN F 
KING 

A Bayesian Analysis of Non-Response in Di- 
chotomous Processes 

Suppose we conduct a sample survey with 
these results: among n potential consumers of a 
new product interviewed, a certain number did 
not respond; each of the respondents is labelled 
"favorable" or "unfavorable." In this paper we 
deal with problems of optimal sample size and 
of point estimations that arise naturally when 
one formalizes such survey procedures and ana- 
lyzes them from a Bayesian viewpoint. 

We shall illustrate the results of our analysis 
by means of a numerical example in which one 
estimates the number of favorable subjects in a 
finite population of .V potential consumers. In 
addition, we provide tables for the determina- 
tion of the optimal proportion of non-respond- 
ents to be sampled in a follow-up survey under 
a variety of assumed values for prior parameters 
and sampling and error costs. 

A Test for Independence of a Multivariate 
Population 

The test for mutual independence of a vector 
of multivariate normal responses has been dis- 
cussed by T. W. Anderson, and M.  G.  Kendall 
has considered the bivariate non-normal (i.e., 
non-parametric) situation. This paper extends 
the non-parametric situation to a multivariate 
case, considers a test statistic and discusses its 
properties, i.e., its asymptotic density and its 
significance points. The trivariate case is more 
fully discussed, because of numerical ease, and 

jetivos cientificos reunidos de planes de acci6n 
para determinar la naturaleza de 10s fines cien- 
tificos en esos paises. Se han identificado estra- 
tegias al nivel international, regional y nacional, 
a fin de establecer los medias empleados para 
obtener estos fines y para describir moldes es-
cogidos de investigacibn y desarrollo, que parece 
que esthn surgiendo. Finalmente se han reunido 
y clasificado varias afirmaci6nes que pueden 
ser hechas operativas como proposiciones ensa-
yables. Importantes tendencias mencionadas y 
analizadas incluyan: el papel importante repre- 
sentado por el gobierno nacional en el estable- 
cimiento y control de actividades cientificas; la 
creciente importancia de las relaciones cien-
tificas internacionales: la difusibn y fuerte Ori- 
entaci6n de 10s proyectos de desarrollo econb- 
mica; y el deseo casi general de establecer una 
capacidad cientifica local. 

Un Analisis Bayesiano de la Ausencia de 
Respuesta en Procesos Dicotomicos 

Supongamos que llevamos a cabo una en-
cuesta determinada con 10s siguientes resultados: 
de n consumidores potenciales de un nuevo 
product0 entrevistados. cierto nimero no res-
ponde: cada consumidor que responde se clasi- 
fica "favorable" o "no favorable." Es este tra- 
tado discutimos 10s problemas del tamaiTo 
6ptimo del grupo y la estimacibn de puntos que 
ocurren naturalmente cuando se practican tales 
procedimientos de encuesta y se analizan estos 
desde un punto de vista Bayesiano. 

Ilustraremos los resultados de nuestro anhlisis 
con un ejemplo numirico en donde se estima el 
nimero de sujetos favorables en una poblaci6n 
finita de N consumidores potenciales. Ademis, 
proveemos tablas para la determinacibn de la 
proporcibn bptima de individuos que no res-
ponden a escogerse en una escuesta bajo una 
variedad de valores asumidos para previos pa- 
rhmetros. groupos seleccionados y costos de 
errores. 

Una Prueba de Independencia de una Po-
blacion Multivariante 

La prueba de independencia mutua de un 
vector de respuestas normales multivariantes ha 
sido discutida par T .  W. Anderson, y M. G.  
Kendall ha considerado la situaci6n bivariante 
no normal (esto es. no paramitrica). Este ar-
ticulo extiende la situaci6n no paramitrica a un 
caso multivariante. considera una estadistica de 
prueba y discute sus propiedades, o sea: sus 
puntos significativos y su densidad asintbtica. 
El caso de tres variables aleatorias se discute 
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a table of significance values for varying sample 
sizes is given. 

A Forecasting Model for Sporadic Demands 
In many industries the forecasting of sporadic 

demands. i.e. demands on zero level jumping up 
to high levels for some periods, is a very special 
and important problem. The literature on fore- 
casting disregards this "degenerated" case, be- 
lieving that items with a sporadic characteristic 
are of low value and are therefore not worth- 
while to forecast. Practical investigations show 
that this is not the case and that there is a need 
to develop forecasting models for sporadic 
(lumpy) items. 

In the model developed it is assumed that the 
time between two demands not being zero is 
Weibull distributed. The author made experi-
ments with other distributions, such as Gamma- 
and Erlang distribution, but it turned out that 
the Weibull distribution is the best to fit this 
particular forecasting situation. because it has 
an important minimum property. The model 
contains a linear decision rule. which enables 
to decide whether to make a non-zero forecast 
or not. The decision rule is based upon renewal 
theory and forecast errors made in the past. 
Since the efficiency of this model can only be 
proved by experiments, practical results are 
reported. 

Batch Sequential Sampling 
In large scale defective testing of lots, sequen- 

tial analysis is ordinarily used to effect a saving 
in number of samples required. A question of 
interest. in cases when all of a batch is auto- 
matically analyzed, is the selection of an appro- 
priate batch size to (nearly) minimize the cost 
of sampling where a set up cost is incurred for 
each batch and a unit cost for each item sam-
pled. Denoting set up cost by C,,  unit cost by 
C, , S. the slope of the item by item sequen- 
tial sampling scheme. h ,  the intercept of the 
"reject" line, V, the batch size, and C ( v ,  the 
associated cost, we have the following result: 

Lim m i n ~  C ( V  = c(v,*) 

and 1 1 

m i s  completamente. debido a la mayor sen-
cillez numkrica y se da una tabla de valores sig- 
nificativos para muestros de diferente tamafio. 

Modelo para Predecir Demandas Esporadicas 
En muchas industrias el predecir demandas 

esporidicas, v.g. demandas a nivel cero que 
saltan a altos niveles par algunos periodos, es 
un problema muy especial e importante. La 
literatura sobre predicci6n menos precia este 
caso "degenerado" en la creencia los articulos 
con una caracteristica esporadica son de escaso 
valor y por tanto no vale la pena el predecir su 
demanda. Investigaciones parciales muestran 
que este no es el caso, y que hay necesidad de 
desarrollar modelos para predecir articulos es-
poridicos. 

En el modelo desarrollado se asume que el 
tiempo entre dos periodos cuando no es cero 
tiene una distribucibn de Weibull. El autor 
experiment6 con otras distribuciones tales como 
la Gamma y la Erlang, pero result6 que la dis- 
tribuci6n de Weibull es la mejor para fijar esta 
situacibn particular porque tiene una impor-
tante propiedad minima. El modelo contiene 
una regla de decisi6n lineal, que permite de- 
cidir si se hace una prediccibn sin cero o no. La 
regla de decisi6n estb basada en la teoria de re- 
novacibn y predice errores del pasado. Dado 
que la eficiencia de este modelo s6lo puede ser 
probada mediante experimentos, se dan a cono- 
cer resultados pricticos. 

Muestreo de Tandas en Serie 
Para ensayos defectivos de lotes en gran 

escala. el anilisis en serie es ordinariamente 
utilizado pare disminuir el nfimero de mues-
tras necesitado. Un tema de inter&, en los casos 
en que toda una tanda es automiticamente 
analizada. es la seleccibn de la amplitud apro- 
piada de la tanda para (casi) minimizar el 
costo del niuestreo cuando se incurre en un 
costo fijo por cada lote y en un coste unitario 
par cada articulo elegido. Llamando C, al 
gasto fijo, C, , al gasto unitario, S,  a la pen- 
diente del esquema del muestreo en serie 
articulo, h ,  la interseccibn de la linea de "re- 
chazado," V, la amplitud del lote, y C ( v ,  el 
coste asociado. tenemos el siguiente resultado: 
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Waiting Time Processes in Queueing Sys-
tems with Semirandom Selection for Service 
or Bulk Service 

Waiting time processes in transient and 
steady states in the following two single server 
queueing models are  studied using results 
available for the basic queue length process: 
Customers arrive in a Poisson process register 
in the order of their arrival and form groups of 
a constant size, say C. (1) The customers are 
selected for service a t  random from the group a t  
the head of the queue and the service times 
have a general distribution; when once the se-
lection from a group has started, nobody is 
allowed to join the group until all those initially 
in it are served. (2) The customers are  served 
in groups of size C or less and the service time 
of the group is the sum of the service times of 
the individual customers in the group. Some 
numerical results are obtained and comparisons 
are  made with the standard Poisson arrival, 
general service queueing system with the "first 
come. first served" queue discipline. 

Some Inequalities in Queueing 
Bounds are found for various measures of 

performance in certain classes of the GI IGII  
queue. First, the mean wait in queue is found 
in terms of the mean and variance of the inter- 
arrival, service and idle distributions. Bounds on 
the idle time moments lead to bounds on the 
mean wait and number in queue. The interar- 
rival time distribution is then assumed to have 
mean residual life bounded above by 11X (= ar-
rival rate); i.e., given a time t since the last 
arrival, the expected time to the next arrival is 
no more than IIX. With this assumption the 
mean number in queue (and hence system) is 
bounded to within (1 + p)/2 customers. Both 
upper and lower bounds are tight. The stronger 
assumption that, given time t since the last 
arrival, the probability an arrival occurs in the 
next At is nondecreasing in t ,  leads to bounds 
on the mean queue length to within (c,' + p)12, 
where c, is the coefficient of variation of the 
arrival distribution. Again the bounds are tight. 
Specializing to the DIG11 queue the mean 
queue length is found to within p i 2  < 112 cus- 
tomer. 

Procesos de Tiempo de Espera en Sistemas 
para Colas con Selecci6n Semi-Fortuita para 
Servicio o Servicio en Volumen 

Los procesos de tiempo de espera en estados 
transitorio y estacionario se estudian, en 10s 
dos modelos siguientes para colas con un s610 
servidor, utilizando resultados disponibles para 
el proceso de longitud bisica de la cola: Los 
clientes llegan de acuerdo con un proceso de 
Poisson, se registran en el orden de llegada y 
forman grupos de tamano constante, por ejem- 
plo, C. (1) Los clientes se seleccionan al azar, 
para ser servidos, del grupo a la cabeza de la 
cola y 10s tiempos de servicio tienen una dis-
tribuci6n de tip0 general; una vez que ha empe- 
zado la selecci6n en un grupo, no se permite 
a nadie unirse al grupo hasta que aquellos ini- 
cialmente en t-l son servidos. (2) A los clientes 
se les sirve en grupos de tamafio C o menos y 
el tiempo de servicio del grupo es la suma de 
10s tiempos de servicio de 10s individuos en 61. 
Se obtienen algunos resultados numt-ricos y se 
llevan a cab0 comparaciones con la llegada nor- 
mal de tipo. Poisson, el sistema para colas de 
servicio general con la regla d e  "quien llega 
primero, se sirve primero." 

Algunas Desigualdades en Teorias de Colas 
Se encuentran limites para algunas medidas 

de realizaciones en ciertas clases de colas del 
tip0 GIIGII .  Primero, la media de espera en 
cola se encuentra en tt-rminos de los medias y 
las varianzas de las distribuciones de intt-rvalos 
de Ilegadas, servicios y tiempos de espera. 
Llmites a los tiempos d e  espera llevan a limites 
en el termino medio de espera y nCmero de 
elementos en la cola. La distribuci6n del tiempo 
entre dos llegadas se asume que tiene una vida 
residual media con limite superior l1X (=fre- 
quencia de Ilegada); es decir, dado un tiempo t 
desde la hltima Ilegada, el tiempo que se es-
pera pase antes de la pr6xima llegada no es 
mayor d e  IIX. Con esta hip6tesis el nimero 
medio que hay en cola (y por tanto el sistema) 
es t i  limitado a (1 + p)12 clientes. Ambos limi- 
tes. superior e inferior, es t in  cerca. La aun 
m i s  restringida hip6tesis de que. dado un 
tiempo t desde la ultima Ilegada, la probabili- 
dad de que otra llegada se produzca en el 
prbximo At es no-decreciente con t ,  lleva a 
llmites en la longitud media de la cola de 
(cO2+ p)/2,  donde ca es el coeficiente de varia- 
ci6n de la distribuci6n de Ilegadas. De nuevo 
los limites est in  muy prbximos. Especialmente 
en la D/'G/l la longitud media de la cola se 
encuentra entre p i2  < 112 clientes. 
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The Demand for International Telecommuni- 
cations: Pooling of Cross-Sections Versus 
Covariance Analyses 

A demand model for the international tele-
communications services between countries is 
statistically identified and estimated through 
the use of covariance analysis and single equa- 
tion least squares for both the original data and 
its first difference series. 

The investigation covers data for the years 
1962 to 1964 for an international cross section 
of 20 countries. The demand elasticities derived 
from the pooled cross section estimates are then 
analyzed and compared with those derived from 
the covariance analysis. 

Finally, the demand models developed are 
put through the test of forecasting the 1965 
international telecommunications traffic, and 
are  utilized to project this traffic into the future 
and to examine the policy implications of sev-
eral strategies in the pricing and regulation of 
international telecommunications services. 

Models for Measuring Changes in Physician 
Expectations about Hospital Length of Stay 

A prediction of hospital length of stay can be 
useful in evaluating quality of hospital utiliza- 
tion and in scheduling hospital patient admis-
sions so as to raise occupancy rates, smooth 
employee workload and reduce patient anxiety. 
Six models were developed and compared. A 
Bayesian model, a posterior probability model, 
and a "model estimation" model all used phy- 
sician expectation. Another Bayesian model, a 
multiple regression model and an "estimate of 
the mean" model used empirical data. Physi-
cians were asked to describe their expectation 
of a patients' length of stay in terms of either a 
point estimate or a probability mass function. 
Changes in their expectations resulting from 
additional patient data were measured by the 
above models. The resulting predictions were 
compared against actual length of the various 
forecasting methods under various contexts. 

La Demanda para Telecomunicaciones Inter- 
nacionales: Mancumunidad de Secciones 
Transversales Compara das con Analisis de 
Covarianza 

Un modelo de demanda para. los servicios de 
telecomunicaciones internacionales entre 
paises. es estadisticamente identificado y es-
timado por medio del uso del anilises de 
covarianza y una ecuacibn individual de mini- 
mos cuadrados, para los datos originales y 
para sus primeras series de diferencias. 

La investigacibn cubre datos de los afios 1962 
a 1964 para una seccibn transversal internacional 
que abarca 30 paises. La demanda de elastici- 
dades transversales derivada de las estimaciones 
en la mancomunidal de las secciones trans-
versales son luego analizadas y comparadas con 
aquellos derivados de un analisis de covarianza. 

Finalmente los modelos de demanda desa-
rrollados son puestos bajo la prueba de pronbs- 
ticos del trifico internacional de telecomunica- 
ciones de 1965 y son utilizados para proyectar 
este trifico hacia el futuro y para examinar las 
implicaciones de planes de varias estrategias en 
la fijacibn de precio y regulacibn de servicios 
internacionales de telecomunicaciones. 

Modelos para Medir Cambios en la Expecta- 
tiva del Medico en Cuanto a1 Periodo de 
Hospitalizacion 

La prediccibn del periodo de hospitalizacibn 
puede ser htil en la evaluacibn de la calidad de 
la utilizacibn de un hospital y en la preparacion 
de itinerarios de admisi6n de pacientes para 
aumentar la velocidad de ocupacibn, aliviar la 
carga en los empleados y reducir la ansiedad 
del paciente. Se desarrollan y comparan seis 
modelos. Un modelo Bayesiano, un modelo 
posterior de probabilidad y un modelo de es-
timacibn modal, usaron la expectativa del 
mCdico. Otro modelo Bayesiano, un modelo de 
regresibn mhltiple y un modelo para estimar el 
punto medio, usaron data empirica. Se les 
pidib a los mtdicos que describieran sus ex-
pectativas del periodo de hospitalizacibn de 
10s pacientes en ttrminos de una estimacibn de 
punto o de una funcibn masiva de probabili-
dad. Utilizando los modelos mencionados se 
midieron los cambios en las expectativas que 
resultaron de data adicional sobre pacientes. 
Las predicciones resultantes de los distintos 
modelos se compararon con el periodo real en 
varios contextos. 
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Retail Forecasting for Inventory Management 

In 1962, IBM's Distribution Industries Group 
began an intensive study in the area of retail 
forecasting for inventory management as part 
of the Retail IMPACT System study. The 
method of Adaptive Forecasting has been ex-
tended and applied to forecast sales of seasonal 
merchandise and a method of End-of-Season 
Forecasting has been developed to forecast 
sales of merchandise which is carried during 
only one season. 

These sales forecasting methods have been 
tested out as part of the Retail IMPACT Sys- 
tem in selected retail stores throughout the 
country. It has been found that with the use 
of these methods the accuracy of the forecasts 
has been significantly improved. As a result. 
the Retail IMPACT System has achieved re-
ductions in lost demand and inventory, and in- 
creases in sales, turnover and profit contribu-
tion. 

THP2.10 S. JAMES PRESS 

Estimating from Hostile Data 
The problem examined in this paper is that 

of estimating multinomial population param-
eters from data obtained in interviews with 
subjects who may be hostile. A "hostile" sub-
ject is one whose response to a question posed 
in an interview or questionnaire does not 
correspond to the true or factual situation. Al- 
though some surveys contain very few hostile 
subjects, others contain hostility as an inherent 
factor, such as those in which the members of 
a surveyed group have reason to deliberately 
mislead the interviewer. Certain marketing, 
advertising, and voting preference surveys 
would fall into this category. 

The procedure recommended for this prob-
lem requires that an assessment be made, for 
each subject. of the probability that the subject 
is hostile. These probabilities are then com-
bined with the actual responses to yield maxi- 
mum likelihood estimators of the parameters. 

THP3.1 IVAN O B R E G ~ N  

Some Extensions of the Action-Timing Model 

Consider a decision maker faced with a se-
quence of opportunities each one characterized 

Pron6stico de Venta a1 por Menor para 
Inventario de Administracibn 

En 1962, el Grupo de Distribucci6n de In- 
dustrias de la I.B.M. comenz6 un estudio in- 
tenso del pron6stico de venta al por menor para 
inventario de administraci6n coma parte del 
estudio del "Sistema IMPACTO de Venta al 
par Menor." El mt-todo de Pron6stico Adap- 
table ha sido extendido y aplicado al pron6s- 
tic0 de ventas de mercaderias d e  la temporada 
y un metodo de Pron6stico para Fin de Tempo- 
rada ha sido desarrollado para pronosticar 
ventas de mercaderia que se tienen solamente 
durante una temporada. 

Estos mttodos de pron6stico de venta han sido 
comprobados como parte del "Sistema 
IMPACTO de Venta al por Menor" en nego-
cios de venta al por menor, seleccionados de 
todo pais. Le ha encontrado que con el uso de 
estos mitodos la precisi6n de los pron6sticos ha 
sido mejorada significativamente. Como re-
sultado el "Sistema IMPACTO de Venta al 
par Menor," ha logrado reducciones en pir-
didas de demanda e inventario y ha aumentado 
las ventas, la ganancia total y la contribuci6n de 
beneficio. 

Valoraci6n de Informaci6n Hostel 
El problema examinado in este trabajo es el 

de la valoraci6n de parhmetros en una pobla-
ci6n multinominal partiendo de datos obtenidos 
en entrevistas con sujetos que pueden ser hos-
tiles. Un sujeto "hostil" es aquel cuyer res-
puesta a una pregunta hecho en uno entrevista 
6 un cuestionario no corresponde a la verdad o 
a 10s hechos reales. Si bien algunas encuestas 
contienen pocos sujetos hostiles, otros contienen 
la hostilidad conco factor inherente, tal coma 
aquellas en 10s cuales 10s miembros de un 
grupo entrevistado tienen motivo para engafiar 
deliberadamente al entrevistado. Ciertas en-
cuestas de mercado, propaganda y prefecencias 
de voto pueden entrar en esta categoria. 

El procedimiento recomendado para esta 
problema, requiere que una evaluacibn sea 
hecho a cada sujeto. de la probabilidad. de que 
el seo hostil. Estas probabilidades son entonces 
combinados con las respuestos verdaderos para 
la maxime verosimilitud de estimacidn de 10s 
paramttros. 

Algunas Generalizaciones sobre el Problema 
de la Acci6n Optima 

Considermos un individuo confrontado con 
una serie de oportunidades cada una de las 
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by a numerical payoff; the  opportunities a r e  
presented one a t  a t ime and must be accepted 
or rejected as  they a r e  offered; previously re-
jected opportunities cannot be reconsidered and 
only one can be accepted. If the payoffs are  in- 
dependent random variables, what strategy 
should be  followed to maximize the expected 
payoff (possibly discounted)? 

The above situation, or variations of it, has 
been studied in the  li terature under different 
names (the dowry problem, the beauty contest 
problem, the action timing problem). The  pres- 
en t  paper presents a series of m o d e l s w h e r e  
one or more of the usual assumptions of the 
problem a re  relaxed in the way to be explained 
below. 
M O D E L  I: 

Finite and given number of opportunities; 
known distribution of the  payoffs; discount 
factor a 5 1. 

M O D E L  11: 
There  a re  ,V 2 2 alternative population gen- 
erating the random payoffs with known dis- 
tribution: switching is allowed a t  a cost; finite 
number of opportunities. 

M O D E L S  I-a, 11-a: 
Same  as  I. I1 except that  the sequence of op- 
portunities is infinite (strict discounting). 

M O D E L  111: 
Same  as  1 except that  the  distribution of the  
random payoffs is not fully known: it has 
known form but depends on one or more un- 
known parameters; adaptive features must be 
built into the optimal policy. 

M O D E L  IV: 
Specialization of Model I11 to an exponential 
distribution of payoffs. 

M O D E L  IV-a: 
Same  as  IV but  the sequence of opportunities 
is infinite. 

THP3.2 HANS J .  ZIMMERMANNand LLOYD L. 
LEHN 

Establishing Confidence Regions for Solutions 
of Linear Programs with Stochastic and Inter- 
dependent Coefficients 

I t  is customary to assume in Linear Program- 
ming problems that  the coefficients of the objec- 
tive function, the coefficients of the constraints, 
and the  components of the  requirement vector 
a r e  known exactly and with certainty and that  
they a re  statistically independent of each other.  

If these assumptions are  not satisfied the L.P. 
model is no longer adequate  and we have to em- 
ploy stochastic programming models. 

I t  is shown how confidence regions for solu- 

cuales e s t i  caracterizada por un valor numtrico. 
Las  oportunidades se  ofrecen una por una y 
deben ser aceptadas o rechazadas inmediate-
mente  despuCs d e  ofrecidas; no se permite re-
considerar oportunidades previamente recha-
zadas y Cnicamente una puede llegar a ser acep- 
tada. Suponiendo que los valores constituyen 
variables aleatorias, qu6 estrategia debe se-
guirse para  maximizar el valor esperado de  la 
oportunidad aceptada (posiblemente descon-
tado)? 

Este problema, o susvariaciones ha sido estu- 
d iado en la l i teratura bajo diversos nombres (el 
problema d e  las dotes, el problema del concurso 
d e  belleza. el problema de la acci6n oportuna). 

Este trabajo presenta una serie d e  modelos en 
donde una o m i s  de  las suposiciones normales 
del problema se  modifican como se indica a con- 
tinuaci6n: 
M O D E L 0  I: 

Numero d e  oportunidades conocido y finito; la 
distribucibn de  los valores aleatorias es  cono- 
cida; factor d e  descuento a 5 I .  

M O D E L 0  11: 
Existen ,V 2 2 poblaciones alternativas que-
generan los valores aleatorios d e  distribu-
ciones conocidas; se permite cambia  de  pob- 
laci6n a cierto costo; niimero de  oportun-
idades finito. 

M O D E L O S  I-a. 11-a: 
Iguales al I y I1 excepto que el numero d e  
oportunidades es  infinito (descuento estricto). 

M O D E L 0  111: 
Igual al I excepto que la distribucibn d e  los 
valores aleatorios no se  conoce totalmente: se 
conoce su forma pero depende d e  par imetros  
desconocidos; La estrategia bptima debe ser 
ahora muy adaptable. 

M O D E L 0  IV: 
Especializacibn del Modelo I11 al caso de  
valores con distribuci6n exponencial 

M O D E L O :  IV-a 
Igual al IV. pero con numero infinito d e  opor- 
tunidades. 

Establecimiento de Regiones de Confianza 
para Solucionar Programas Lineales con Co-
eficientes Interdependientes y Aleatorios 

En problemas d e  programacibn lineal es  cos- 
tumbre asumir que los coeficientes de  la funci6n 
objetiva, los coeficientes d e  las restricciones y 
los componentes del vector de  requerimientos 
son conocidos exactamente y con certidumbre 
y que son estadisticamente independientes los 
unos d e  los otros. 

Si estas hip6tesis no son satisfechas, el 
modelo de  Programa.  Linealya no es  adecuado 
y tenemos que emplear modelos aleatorios. 
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tions of Linear Programs with stochastic and in- 
terdependent coefficients can be established. 
By contrast to other methods the probabilistic 
character of the problem is maintained in the 
results. The illustrated technique does not re-
quire complex mathematical operations and is 
particularly suited in connection with high 
speed computers. 

THP3.3 E. CANSADO 

Dual Programming Problems as  Hemi-Games 

Associated with each programming problem, 
we consider (through a generalization of the 
Lagrange function) one particular game (from 
the many possible ones) such that our program- 
ming problem is equivalent to one of the two 
hemi-games of such a game. 

Each hemi-game can be considered as a pro- 
gramming problem. Then, for each game we 
have a pair of programming problems: the two 
hemi-games of the game considered. 

If the game has a solution, then so does each 
of the two associated programming problems; 
and the solution of each one is an optimal strat- 
egy of the respective player. 

This couple of programming problems con-
stitute a pair of dual problems. And each pair 
of dual problems can be thought out as such a 
couple of programming problems associated 
with the two players of a solvable game. 

A general class of dual problems (similar to 
the one considered recently by Dantzig, Eisen- 
berg and Cottle) can be studied a t  the light of 
such ideas. 

Optimal Integration of Sea and Land Trans- 
portation in a Large System with Random Ele- 
ments 

Many corporations with overseas customers 
are facing the problem of designing optimal 
transportation systems specially adapted to their 
line of trade. The problem is very complex since 
the following interdependent variables must be 
considered: 

a) Selection of port for discharging the goods. 
b) Selecting type and size of vessel. 
c) Selecting ports for unloading the goods. 
d) Selecting the proper means of transporta- 

tion (usually barge, train or truck) from 
the final port to the customer. 

e) Optimal storage size at  various points in 
system. 

Se demuestra coma se pueden establecer re-
giones de confianza para solucionar Programas 
Lineales con coeficientes aleatorios e interde-
pendientes. Al contrario de otros mttodos. el 
caricter probabilista del problema es mantenido 
en los resultados. La tCcnica ilustrada no re-
quiere operaciones matemiticas complicadas y 
es particularmente adecuada para compu-
tadoras d e  alta velocidad. 

Problemas Duales (de Programacion) Como 
Semi-Juegos 

Mediante una generalizacibn de la funci6n de 
Lagrange podemos asociar, con cada problema 
de programaci6n. un particular juego (entre 
muchos posibles) tal que nuestro problema de 
programaci6n sea equivalente a uno de los dos 
hemi-juegos del juego considerado. 

Puede ser considerado cada hemi-juego coma 
un problema de programaci6n y, por lo tanto, 
asociado con cada juego tenemos un par de pro- 
blemas d e  programaci611, a saber, los dos hemi- 
juegos de dicho juego. 

Si el juego tiene soluci6n, tambitn la tienen 
estos dos problemas de programaci6n; cada uno 
de 10s cuales tiene como soluci6n las estrategias 
Bptimas del respectivo jugador. 

Un tal par de problemas de programaci6n cons. 
tituye una pareja de problemas duales. Y cada 
pareja de problemas duales de programaci6n 
puede ser considerada como el par de prob-
lemas de programaci6n asociados .con los dos 
jugadores de un juego con soluci6n. 

Una clase general de problemas duales (si- 
milar a la considerada recientemente por Dant- 
zig. Eisenberg y Cottle) puede ser estudiada a 
la luz de estas ideas. 

Integracibn Optima de Transportacion Te-
rrestre y Maritima en un Sistema Grande con 
Elementos Fortuitos 

Muchas corporaciones con clientes de ultra- 
mar est in  enfrentando el problema de disefiar 
sistemas de transportaci6n 6ptimos especial-
mente adaptados a su r~nea  de comercio. El 
problema es muy complejo ya que las siguientes 
variables interdependientes tienen que ser con-
sideradas: 

a) Selecci6n de puerto para despachar 10s 
productos 

b) Seleccionar el tipo y tamafio de la embar- 
cacibn 

c) Seleccionar puertos para descargar 10s 
productos 

d) Seleccionar los medios apropriados d e  D
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The pulp and paper mills in Sweden are 
presently faced with this problem having the 
bulk of their customers scattered over Europe. 

The paper suggests a solution of this problem 
for a group of these corporations. The total 
transportation cost for their products is around 
$20 million. The following four forms of sea 
transportation are considered: 

1)  Roll on Roll off ships 
2) Lift on Lift off ships 
3) Lighters aboard ships 
4) Large barges 
For each type of ship an optimal solution is 

derived considering items a, b, c, d, and e 
above, using chance constrained programming. 
The random elements are customer demand and 
ice conditions in the Baltic Sea. 

THP3.5 A. CHARNES,M. J. L. KIRBY, and 
W. M. RAIKE 

Probabilistic Programming: Old and New 
Developments in Chance-Constrained Program-
ming 

The notion of an optimal rejection for a con- 
straint in a chance-constrained programming 
problem is introduced. The relevance of this 
concept to other probabilistic programming 
models such as Tintner's stochastic program-
ming and Dantzig's linear programming under 
uncertainty is explored in the light of other simi- 
larities and differences between these models 
and the chance-constrained programming model. 
The rejection region concept is then used in 
establishing a direct proof of the result that a 
sufficient condition for a decision rule to be op- 
timal for certain classes of chance-constrained 
programming models is that it be the optimal 
piece-wise linear rule. Connections between this 
theorem and previously established properties of 
decision rules for chance-constrained program- 
ming models are discussed along with the im- 
plications of the method of proof to other prob- 
abilistic programming models. 

transportacibn (usualmente barcaza, tren 
o camibn) del puerto final al cliente 

e) l'amafio bptimo de almacenaje en varios 
puntos en el sistema 

Los molinos de pulpa y papel de Suecia estin 
presentemente enfrentados con este problema 
teniendo la gran parte de sus clientes disper- 
sados por Europa. 

Esta monografia sugiere una solucibn a este 
problema para un grupo d e  estas corporaciones. 
El costo total de transportacibn para sus pro-
ductos es cerca de $20 millones. Las siguientes 
cuatro formas de transportacibn mailtima son 
consideradas: 

1)  Barcos capaces de transportar camiones 
enteros de carga 

2) Barcos con facilidades para manejar car-
gas en grandes envases listas para rodar 

3) Chalanas a bordo de barcas 
4) Barcazas grandes 
Para cada tipo de navio una solucibn bptima 

es derivada considerando los articulos a,b,c,d,e, 
arriba indicadas, usando programacibn con-
strenida al azar. Los elementos fortuitos son 
demanda del cliente y las condiciones del hielo 
en el mar biltico. 

Programacion Probabilistica: Viejos y Nuevos 
Desarrollos de Programacion con Azar Res-
tringido 

Le introduce la nocibn de una regibn de re- 
chazo para una restriccioh en un problema de 
programacibn con azar-restriccibn. Es explorada 
la importancia de este concepto, en relacibn con 
otros modelos de programacibn probabilistica 
como 10s de programacibn estocitica de Tintner 
y la programacibn linear de Dantzig bajo in- 
certidumbre. a la luz de otras similitudes y 
diferencias entre estos modelos y 10s modelos 
de prograrnacibn con azar-restringido. El con-
cepto de regibn de rechazo es entonces usado 
en el establecimiento de una prueba directa del 
resultado, en que una condicibn suficiente para 
que una regla de decisibn sea bptima, para 
ciertas clases de modelos de programacibn con 
azar restringido, es que ella sea la bptima regla 
lineal a hechos. Le discuten conecciones entre 
este teorema y propiedades de las reglas de de- 
cision previamente establecidas para modelos 
de prograrnacibn con azar restringido, junto con 
las implicaciones del mCtodo de demostracibn 
a otros modelos de programacibn probabilis-
tica. 
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THP3.6 R. VAN SLYKE, R. WETS and G. B. 
DANTZIG 

Some Results in Stochastic Programming 

An n-stage Stochastic Program with Chance 
Constraints (the conditional probability model 
of Charnes and Kirby) or an n-stage Stochastic 
Program with recourse (and random right-hand 
sides): raise the problem of determining the set 
of feasible solutions (first stage decisons). We 
start by showing that for both problems this 
question may be handled-formally-in the same 
framework. We characterize the set of feasible 
solutions, derive some of its properties and then 
obtain a criterion for determining if a given 
(first stage) decision is or is not a feasible solu- 
tion. This criterion and the properties of the 
feasibility set allow us to derive a finite algo- 
rithm for finding feasible solutions. Finally, we 
show how to incorporate this procedure in an 
overall schema for finding an optimal solution. 

THP3.7 LLOYD S. SHAPLEY 

The 'Value of the Game' as a Tool in Theo- 
retical Economics 

Algunos Resultados en la Programacion 
Estocistica 

Un programa estocfistico en n-etapa con re-
stricciones de azar (el modelo probabilistico 
conditional de Charnes y Kirby) o un programa 
estochstico en n-etapa con recurso (y costados 
derechos aleatorios); crea el problema de deter- 
minar el conjunto de soluciones posibles (primer 
etapa de decisiones). Comenzaremos mostrando 
que para ambos problemas esta cuestibn puede 
ser manejada-formalmente-en el mismo marco. 
Caracterizamos el coniunto de soluciones ~ o s -
ibles, derivamos algunas de sus propiedades y 
luego obtenemos un criterio para determinar 
si una dada (primer etapa) decisi6n es o no una 
soluci6n posible. Este criterio y las propiedades 
del conjunto de posibilidades nos permite de- 
rivar un algoritmo finito para encontrar solu-
ciones posibles. Finalmente, mostramos como 
incorporar este procedimiento en un esquema 
total para encontrar una soluci6n 6ptima. 

No Abstract Available 

Federal Reserve and Treasury Relations, or 
the Game of Prisoner Dilemma 

This paper analyzes the relationship between 
the Federal Reserve and Treasury to see if it 
is correct that the current arrangement for de- 
cision-making tends to lead to particular pre-
dictable results, while a different arrangement 
would lead to different, but equally predictable, 
results. The relationship to be analyzed concerns 
the relative ability of the Federal Reserve and 
the Treasury to effectuate the economic policy 
which each considers appropriate for the nation. 
The analysis proceeds by establishing a general 
framework for considering governmental eco-
nomic decision-making. Then this framework is 
utilized to analyze past differences between 
the Federal Reserve and the Treasury and to 
predict the probable outcome of their future re- 
lationship under the current decision-making 
procedure and under several alternative ar-
rangements. 

Government decision-making is compared to 
an n-person, variable sum, cooperative game 
with mixed motives. An iterated Prisoner Di-
lemma game is utilized to analyse the relation- 
ships between the two agencies, since there is 
no procedure for binding agreements between 
them. The current decision-making framework 
and several reform proposals are analyzed 

Relaciones Entre la Reserva Federal y la 
Tesoreria, o el Juego del Dilema del Prisionero 

Este trabajo analiza la relaci6n entre la Re- 
serva Federal y la Tesoreria para determinar si 
es correcto que las actuales disposiciones para 
la toma de decisiones tiendan a llevar a resul-
tados particulares predecibles, mientras que 
diferentes ordenaciones llevarian a diferentes, 
pero iqualmente predecibles, resultados. La 
relacibn que se analizari se refiere a la corres- 
pondiente capacidad de la Reserva Federal y 
la Tesoreria de ejecutar la polltica econ6mica 
que cada uno considera apropiada para la naci6n. 
Este anilisis se desarrola estableciendo un 
marco general en la consideraci6n de tomas de 
decisi6n econ6micas gubernamentales. Luego 
este marco es utilizado para analizar pasadas 
diferencias entre la Reserva Federal y la Teso- 
reria y para predecir el probable resultado de 
sus futuras relaciones, bajo el actual proce-
dimiento de tomas de decisi6n y bajo varias al- 
ternativas de ordenamiento. 

La toma de decisibn gubernamental es com- 
parada a un juego cooperativo de n-persona. de 
suma variable, con motivos mixtos. Un juego 
iterado del Dilema del Prisionero es utilizado 
para analizar las vinculaciones entre ambas 
agencias, ya que no existe un procedimiento de 
obligaciones convenidas entre ellas. 
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within the Prisoner Dilemma framework to 
compare the influence of different relative 
power relationships and to suggest the impact 
for economic policy. 

THP4.2 D. P .  L o u c ~ s  and W. R. LYNN 

Linear Programming Models for Water Re-
sources Management 

Both deterministic and stochastic linear pro- 
gramming models are  presented for aiding in 
the establishment of management policies for 
regulating the quantity and quality of water 
within a developed river system. Through the 
use of the techniques discussed in this paper, 
those responsible for determining policy will 
have a broader base of information from which 
to choose rational management policies. Serial 
and cross correlation of inflows into a river sys- 
tem are incorporated into the model for deter- 
mining the reservoir releases and user alloca-
tions which maximize the benefits derived from 
the water allocated among all the water users 
in the system. 

Linear programming models for determining 
the minimum total cost of maintaining specified 
levels of water quality throughout the river sys- 
tems are also presented. These models can be 
used not only for determining the system cost 
for various quality standards but also for meas- 
uring the sensitivity of this cost to changes in 
stream flow conditions and location of waste-
water treatment facilities. 

THP4.3 ROBERT R.  V .  WIEDERKEHRand 
DONALDW. KING 

The Determination of Optimum Document 
Reproduction Procedures at the Clearinghouse 
for Federal Scientific and Technical Informa-
tion (CFSTI) 

Mathematical expressions have been devel-
oped for predicting the distribution of the fu- 
ture demand for documents disseminated by 
CFSTI.  These models are based on a knowledge 
of the prior demand, the time since the docu- 
ment was first announced, and the collection to 
which the document belongs. Expressions were 
also developed for estimating the cost for dif- 
ferent reproduction procedures, given the value 
of the future demand. By combining these ex- 
pressions, models were derived for the expected 
future cost as a function of the reproduction 
procedure and quantity reproduced. From these 
models, a set of decision tables was generated 
for each collection which facilitates the deter- 
mination of the optimum reproduction proce-

El marco actual de toma de decisibn y varias 
propuestas de reforma son analizadas dentro 
del marco del Dilema del Prisionero, para com- 
parar la influencia de diferentes relaciones de 
poder y para sugerir el impacto para la politica 
econbmica. 

Modelos de Programacion Lineal para la Ad- 
ministration de Recurros de Agua 

Se presentan modelos de programacibn lineal 
deterministicos y estocisticos para qyudar al 
establecimiento de pohticas de administracibn 
para regular la cantidad y calidad del agua 
dentro de un sistema fluvial desarrollado. Aqui 
llos responsables para determinar la pohtica 
tendrin, mediante el uso d e  las ttcnicas diseuti- 
das en este trabajo, una base de informacibn 
m i s  amplia en la que escoger politicas de ad- 
ministraci6n rationales. En el modelo se incor- 
poran correlaciones de serie y cruzadas de adi- 
ciones a un sistema fluvial, para determinar las 
asignaciones a 10s usuarios y las cantidades 
liberadas en el embalse, que maximiyan 10s 
beneficios derivados del agua asiguada a todos 
los usuarios en el sistema. 

Se presentan tambiCn modelos de programa- 
cibn lineal para determinar el coste minimo 
total de mantener niveles especificos de calidad 
de agua a travCs de 10s sistemas fluviales. Estos 
modelos pueden usarse, no solo para determinar 
el coste del sistema para varios standards de 
calidad, sino tambitn para medir la sensibilidad 
de este coste a cambios en las condiciones del 
caudal y la localizacibn de facilidades de trata- 
miento de aguas de desperdicio. 

Determinacion del Optimo Procedimiento de 
Reproduction de Documentos 

Expresiones matemiticas has sido desarro-
lladas para predecir la distribucibn de la futura 
demanda de documentos deseminados par el 
CFSTI.  Estos modelos est in  basados en un cono- 
cimiento de la demanda anterior, el tiempo 
transcurrida desde que el documento fut por 
primera vez anunciado y la coleccibn a la cual 
pertenece el documento. Tambitn se han desa- 
rrollado expresiones para calcular el costo de 
diferentes sistemas de reproduccibn, dado el 
valor de la demanda futura. Combinando estas 
expresiones, con derivados modelos del costo 
futuro previsto coma una funcibn del sistema de 
reproduccibn y de la cantidad reproducida. De 
estos modelos se genera un juego de tablas de 
decisiones para coleccibn que facilita la deter- 
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dure for each document. These tables are cur- 
rently being employed a t  CFSTI.  

THP4.4 JAMESC. T. MAO and ROGER L. 
WRIGHT 

A Mathematical Programming Approach to 
the Selection of Urban Renewal Projects 

The urban renewal authority frequently must 
choose among competing investments either 
because the authority's funds are rationed or be- 
cause some of the projects are  interdependent. 
The purpose of this paper is to show how 
chance-constrained programming (C2), linear 
programming under uncertainty (LPUU) and 
the integer programming techniques of E. L. 
Lawler and M.D. Bell (IP) can help the renewal 
authority select its projects under conditions of 
uncertainty. 

THP4.5 SEYMOUR and K.  KORTANEKKAPLAN 

The Application of Linear Programming for 
Determining the Optimal Methods of Energy 
Production for Heating and Cooling a Large 
Urban Area Over a Future Time Period 

Many federal, state, and local governmental 
units as well as private industries, must plan 
for the heating and cooling of future building 
construction. Typically, many alternatives exist. 

The objective function of the model is the 
present value of total capital and operating 
costs required to meet all of the requirements 
up to a certain time horizon. Typical constraints 
deal with requirements on the total capacity of 
the system, annual load requirements, maxi-
mum allowable capacities which can be con-
structed in certain geographical areas, maxi-
mum power available from certain sources, and 
restrictions on certain forms of energy genera- 
tion due to impact factors such as  air pollution. 
An example of the application of the model is 
presented, this example deals with the deter- 
mination of the least cost scheme for heating 
and cooling the Federal buildings in the city of 
Washington, D.C. during the period 1965-2005. 

Feasibility of a Time Shared Computer 
System for Small Cities 

This report represents the results of a 6-
month study to determine the technical and cost 
feasibility of a central, shared computer system 
for 20 cities in the San Gabriel Valley. These 

minacibn del procedimiento de reproduccibn 
6ptimo para cada documento. Estas tablas estin 
siendo empleadas corrientemente en el CFSTI.  

Un Enfoque de Progracacion Matemitica, a 
la Selection de Proyectos de Renovation Urbana 

Lo organismo de revocacibn urbana frecuente- 
mente debe elegir entre inversiones competi-
tiras, y a sea porque 10s recursos del organismo 
est in  racionados o porque algunos delos pro-
yectos son interdependientes. El prop6sito de 
este trabajo es mostrar como la programacibn de 
probabilidad restringida (C2) , la programacibn 
lineal bajo incertidumbre (LPUU) y las ttcnicas 
de programaci6n entera de E.L. Lawler y M.D. 
Bell (IP) pueden ayudar a1 organismo de revo- 
vacion a seleccionar sus proyectos bajo condi- 
ciones de incertidumbre. 

La Aplicacion de la Programacion Lineal para 
Determinar Mbtodos 6ptimos de Produccibn 
de Energia para la Califaccion y Refrigeracion 
de una Extensa Zona Urbana a Largo Plazo 

Muchas unidades federales, estatales y lo-
cales de gobierno, asi como industrias privadas 
deben planear la calefaccibn y refrigeracibn en 
futuras construcciones de edificios. Tipicamente, 
muchas alternativas existen. 

La funcibn objetiva del modelo es el valor 
presente del capital total y 10s costos de opera- 
cibn requeridos para satisfacer todos 10s requi- 
sitos hasta un tiempo determinado. Tipicos re- 
stricciones se vinculan a requerimientos de 
carga anual, capacidades miximas admisibles, 
que pueden ser construidos en ciertas Breas geo- 
grificas, mixima potencia disponible de ciertas 
fuentes, y restricciones sobre cierta forma de 
generacibn de energia, debido a1 impact0 de fac- 
tores tales como la contaminaci6n del aire. Le 
presenta un ejemplo de la aplicacibn del modelo, 
este ejemplo trata de la determinacibn del es-
quema d e  costo minimo para la calefaccibn y 
refrigeracibn de edificios Federales, en la ciudad 
de Washington, D.C., durante el per'iodo 1965-
2005. 

Posibilidad de un Sistema de Computadora 
con Tiempo Compartido para Ciudades Pe-
queiias 

Este informe presenta el resultado de 6 
meses de estudio para determinar la posibilidad 
tCcnica y de costo de un sistema de computa- 
dora central compartido por 20 ciudades en el 
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cities, located in Los Angeles and San Bernar- 
dino Counties, range in population from 2,000 
to 79,000, with annual budgets from $.5 to $7.3 
million. 

The study consisted of (a) an analysis of po- 
tential applications for the system, including a 
determination of problems with present infor-
mation handling procedures; (b) an analysis of 
costs of present information handling, compared 
with costs for a shared central system; (c) a 
recommended system for performing needed 
applications, based on modern computer ap-
praches; and (d) a recommended implementa-
tion plan for developing in installing the recom- 
mended system. 

FAl.1 PAUL W. SHULDINERand HENRYW 
BRUCK 

Accessibility and the Design of Transportation 
Networks 

The primary objective of the Northeast Cor- 
ridor Project is to determine the transportation 
facility requirements for the movement of per- 
sons and goods in the Boston to Washington 
Corridor Region through the year 1980. In 
order to insure that a meaningful range of 
choices will be considered in the analysis, pro- 
cedures are being developed to structure an 
initial set of transportation system and service 
alternatives which will be representative both 
of a broad array of potential regional develop- 
ment and transport service policies and of trans- 
portation technologies, relatable to such poli-
cies. 

This policy-oriented approach to the design 
of transportation alternatives requires at  least 
a partial solution to a number of conceptual and 
methodological problems in network construc-
tion, including: (1) the formulation of policy 
sets which can be expressed in terms of trans- 
port service requirements; (2) the differentia-
tion of network structures on the basis of these 
service requirements; (3) the development of 
costing techniques sensitive to variations in net- 
work configuration. Alternative policies, net-
work structures, and the cost-service properties 
of transport technologies are  being studied in a 
two-dimensional spatial context through the use 
of techniques assoicated with the theory of lin- 
ear graphs. This paper reports on ways in which 
various measures relating to accessibility, in-
cluding indices of connectivity and the density 
of nodes and edges for both facility and service 
networks, are being used to provide analytic 
and graphic overviews of the regional and sub- 
regional properties of modal and multi-modal 
systems. Similar techniques are being used to 

Valle de San Gabriel. Estas ciudades ubicados 
en Los Angeles y 10s destritos de San Bernar- 
dino, tienen una poblacibn entre 2.000 a 79.000 
habitantes, con un presupuesto anual de $.5 a 
$7.3 milliones. 

Este estudio consistib en (a) un anilisis de 
las aplicaciones potenciales para el sistemo in- 
cluyendo una determinacibn de 10s problemas 
con 10s procedimientos de manejo de informa- 
cibn; (b) un anilisis de costos del presente ma- 
nejo de informacion comparado con 10s costos de 
un sistema central compartido; (c) un sistema 
recomendado para realizar aplicaciones necesa- 
rias, basado en 10s enfoques de una computadora 
moderna; y (d) un plan de implementacibn para 
desarrollarlo en la instalacibn del sistema reco- 
mendado. 

La Accesibilidad y el Diseiio de Redes de 
Transporte 

El objetivo primordial del Proyecto del Pa- 
sillo Nordeste es determinar las necesidades de 
medios de transporte para el movimiento de 
personas y productos en la region del Pasillo de 
Boston a Washington hasta 1980. 

Con objeto de asegurar que un numero signi- 
ficativo de posibilidades Sean incluidas en el 
anilisis, se estin desarrollando procedimientos 
para estructurar un conjunto inicial de alterna- 
tivas de sistemas y servicios de transporte que 
ser in representativas, a1 mismo tiempo, de una 
serie amplia de planes de accion para los desar- 
rollos regionales potenciales y serrricios de 
transporte y tambitn, para distintas tecnologias 
de transporte relacionadas con dichos planes 
de accibn. 

Este enfoque del diseiio de alternativas de 
transporte orientado de acuerdo a distintos 
planes de accidn requiere al menos la reso-
lucibn parcial de una serie de problemas me-
todoldgicos y conceptuales en la construccibn de 
redes, incluyendo: (1) la formulacibn de un con- 
junto de planes de accion que pueden expre-
sarse en terminos de necesidades de servicio de 
transporte; (2) la diferenciacion de las distintas 
estructuras de las redes sobre la base de las 
necesidades de servicio antedichas; (3) el de- 
sarrollo de ttcnicas de anilisis de costos que 
respondan a las variciones en la configuration 
de la red. 

Los diferentes enfoques, estructuras de la 
red y propiedades de costo y servicio de las 
diferentes technologias de transporte est in  
siendo estudiadas en un espacio bidimensional 
por medio del uso de ttcnicas relacionadas con 
la teoria de grificos lineales. Este articulo pre- 
sente las distintas formas en que se estan usando 
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study the selective coupling and partitioning of 
networks and for summary analyses of the ef- 
fects on network properties of changes in criti- 
cal links and nodes. 

Comparative Analysis of the Utilization of 
Comercial and Military Transport and Combat 
Aircraft 

A broad comparative analysis is made of the 
feasibility and economics relative to the utiliza- 
tion of commercial and military transport and 
military combat aircraft. Utilization refers to 
the average number of useful hours flown per 
aircraft per day, standardized on duration of 
flight or sorties for comparative purposes. The 
gist of Air Force studies comparing commer-
cial and military utilization rates and associated 
hourly operating costs is presented. Theoretical 
methods are provided for determination of op- 
timal efficient utilization levels for combat tacti- 
cal aircraft. Fundamental differences in mis-
sion and operations and pragmatic limitations 
in utilization are identified and discussed for 
the categories of aircraft covered. 

FA1.3 MASAO IRI,  TSUNEO MORIGAKI, 
SIGEITI MORIGUTI and MAKOTO YABE 

A Network Model for Commuter Transporta- 
tion 

Most of the commuters in a big metropolitan 
area such as Tokyo are transported by a com- 
plex system of railways and buses. A network 
flow model of this system was constructed and 
tested against actual observations. The model 
was applied to the prediction of the load dis- 
tribution among alternative routes in the eastern 
section of Tokyo under various assumptions, in- 
cluding the building of a new subway line, an 
express train, as well as the increase of popula- 
tion. 

An Aircraft Resource Management Model 

The Aviation Resource Management and 
Control System (ARMACS) is a system of com- 

las diferentes medidas relacionadas con la 
accesibilidad, incluyendo indices de conexibn 
y densidad de nudos y extremos para facilidades 
y redes de servicio, para proporcionar una vista 
general, analitica y grifica, de las propiedades 
regionales y subregionales de sistemas modales 
y multimodales. 

Tambien se estin usando ttcnicas similares 
para estudiar el acoplamiento selectivo y la 
particibn de redes y para anilisis resumidos de 
los efectos de cambios en nudos y eslabones 
criticos en las propiedades de la red. 

Ana'lisis Comparativo de la Utilizacion de la 
Aeronave de Transporte Comercial y Militar y 
la de Combate 

En este estudio se hace un amplio anhlisis 
comparativo de la factibilidad y economia de 
la utilizaci6n de la aeronave de transporte com- 
ercial y militar y de la aeronave de combate. 
La utilizacibn se refiere a1 nhmero medio de 
horas htiles voladas par aeronave por dia, en 
terminos de la duraci6n del vuelo o la mision 
con objetivos comparativos. Se presente lo esen- 
cia1 de los estudios de la USAF se comparan 
10s costos comerciales y militares de utilizacibn 
y los costes asociados de operaci6n por hora. 
Se proveen 10s mCtodos tebricos para la deter- 
minaci6n de niveles 6ptimos de utilizaci6n 
eficiente para aeronave de combate tictica. Se 
identifican y discuten las diferencias funda-
mentales en la misi6n y las operaciones y las 
limitaciones pragmiticas en la utilizaci6n de 
las categorias de aeronace mcncionada. 

Modelo Para Redes de Transporte Urbano 

La mayor parte de los viajeros en una gran 
ciudad coma Tokyo son transportados par un 
complejo sistema d e  trenes y autobuses. Un 
modelo de la red de trifico de este sistema fuC 
construido y probado contra observaciones 
reales. El modelo fut  aplicado para predecir el 
peso de la distribuci6n entre distintas pistas 
en el sector oriental de Tokyo bajo distintas 
hipbtesis, incluyendo la construccibn de una 
nueva linea de metro, una linea de tren expreso, 
asi como un aumento de la poblaci6n. 

Un Modelo Administrativo de Recursos 
Aereos 

El Sistema de Control y Administraci6n de 
Recursos Aereos (ARMACS) es un sisterna de 
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puter programs developed for the Deputy Chief 
of Naval Operations (Air) to automate the pro- 
jection of aircraft availability, allocation of air- 
craft to operating units, and management of air- 
craft inventories for a ten year period into the 
future. The system is composed of one set of 
programs for generating the projection, alloca-
tion and management of the aircraft and a sec- 
ond set of programs for defining the resources. 
in terms of manpower, flying hours and facili- 
ties, needed to support the program and for 
computing the cost of the program. 

The first set of programs, which will be de- 
scribed in detail in this paper, projects avail-
abilities of aircraft by model based on opera-
tional requirements and maintenance con-
straints. Three major subsystems are utilized. 
The first, called Aircraft Projection, generates 
operating population figures for the ten year 
term given an initial inventory and parameters 
defining the life pattern of each aircraft. The 
second subsystem, Allocation, uses the projected 
operating population to fulfill requirements of 
individual units for aircraft. The third subsys- 
tem, Inventory Management, takes initial in-
ventory and the demand generated by the Al- 
location assignments and again projects the 
population to determine how to meet the re-
quirements in terms of scheduling maintenance 
and entering and withdrawing aircraft from 
reserve stock. 

FA1.5 A. A. WALTERS 

A Development Model of Transportation 
By the use of a simple assumption about the 

relative costs of the ton-mile cost by road and 
the ton-mile cost by non-motor transport, a 
model is constructed that predicts the reaction 
of an economy to an investment in highways. 
The model predicts that development will 
typically be of a triangular form. The implied 
elasticity of demand for transport (measured in 
terms of tons) will be (minus) unity while the 
elasticity in terms of ton-miles will be (minus) 
2. Various elaborations of the model suggest 
that these results broadly hold even under less 
restrictive assumptions. Empirical evidence 
from Sabah is shown to be consistent with the 
predictions of the model. 

The basic model is used to predict the pat- 
tern of benefits conferred by road improvement. 
It is then shown that the usual kinds of user 
taxes-such as gasoline t a s e s a r e  much more 
wasteful than alternative feasible systems of 

programas de computadoras desarrollado par 
el Comisario de Operaciones Navales (Atreas) 
para automatizar la proyecci6n de la disponi- 
bilidad de naves aereas, la asignaci6n de naves 
atreas  a unidades en operacibn, y la adminis- 
traci6n de inventarios de naves atreas  por un 
periodo de diez afios en el future. El sistema se 
compone de un conjunto de programas para 
generar la proyecci611, asignaci6n y adminis-
traci6n de las naves atreas  y un segundo con- 
junto de programas para definir los recursos, 
en ttrminos de recursos humanos, horas de 
vuelo y facilidades, necesarias para apoyar el 
programa y para computar el costo del pro-
grams. 

El primer conjunto de programas que habr i  
de ser descripto en esta monografia, proyecta 
las disponibilidades de naves atreas  mediante 
un modelo basado en requisitos operatorios y 
restricciones de mantenimiento. Tres subsis-
temas principales son utilizados. El primero, 
llamado Proyeccibn de Naves Aireas, genera 
nimeros operativos de poblacibn por el tCrmino 
de diez afios dado un inventario inicial y pari-  
metros que definen el patrbn de vida de cada 
nave a t rea .  El segundo subsistema Asignacibn, 
usa la proyectada poblacibn operativa para 
satisfacer los requisitos de unidades indivi-
duales para naves aCreas. El tercer subsistema, 
Administraci6n de Inuentario toma el in-
ventario inicial y la demanda generada por 10s 
consignas de Asignaci6n y de nuevo proyecto la 
poblaci6n para determinar como satisfacer los 
requisitos en ttrminos de itinerarios de man-
tenimiento y de la marrera de agregar y retirar 
naves atreas  de la reserva. 

Un Modelo de Desarrollo de Transportacibn 
A travts del uso de una sencilla suposici6n 

acerca d e  10s costos relativos a1 costo de tone- 
ladamilla por carretera y el costo de tonelada- 
milla por transporte no motorizado, se con-
struye un modelo que predice la reaccibn de 
una economia a la inversi6n en carreteras. El 
modelo predice que el desarrollo se r i  tipica-
mente de una forma triangular. La elasticidad 
de demanda de transporte (medida en ttrminos 
de toneladas) que se implica s e r i  (menos) un-
idad mientras que la elasticidad en ttrminos 
de tonelada-millas ser i  (menos) 2. Varias 
elaboraciones de este modelo sugieren que 
estos resultados son generalmente satisfactorios 
ahn bajo suposiciones menos restrictivas. La 
evidencia empirica de Sabah se demuestra ser 
consistente con las predicciones del modelo. 

El modelo bisico es usado para predecir el 
patr6n de beneficios conferidos por el mejora- 
miento de carreteras. Se demuestra entonces 
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taxation. In order to stimulate maximum devel- 
opment from a given road system it is best to 
adopt user charges that ignore distance trav-
elled. Some calculations are  given for the rela- 
tive benefits and loss to be derived from each 
system of taxes. Finally we show that, even if 
ton-mile and passenger mile types of taxes are 
imposed, a programming analysis shows that 
the gasoline tax is the least efficient way of 
levying them. 

FA1.6 MARTINJ .  GERRA and DONALD L. 
SPANTON 

Transport Industry Planning-A Rail Example 
of a Multi-Modal Model 

This paper treats the Transport Industry as  
a system of four sectors: 

1.  Government Policy Sector 
2. 	Foreign Demand Sector 
3. 	Domestic Demand Sector 
4. 	Transport Operating and Investment Sec- 

tor 
Taking the first two sectors as exogenous, the 

model developed is limited to rail transport 
only. 

The Domestic Demand Sector relates the 
level of economic activity, by industry and 
region, to associated rail equipment through 
the use of an input-output matrix. With this 
structure of demand, carriers may satisfy in-
creased demand levels in the short run by sup- 
plying equipment at  a higher utilization rate. 
In the long run, however, carriers must turn to 
the capital market to procure larger equipment 
fleets. These investment requirements are a 
function of advancing technology as well as the 
level of demand. 

Methodology developed in this paper makes 
it possible to test the impact of demand 
changes, technology developments, and invest-
ment requirements on the rail system. Concept 
developed can be extended to other modes of 
transportion. Further, while the paper considers 
the rail system of the United States, the general 
methodology is applicable to the transport sec-
tor of any nation. 

que los tipos de impuestos que usualmente se 
le imponen o los que usan las carreteras im- 
puestos de gasolina, por ejemplo desperdician 
mucho rnis que otros sistemas factibles alter- 
nativos de impuestos. De modo que se pueda 
estimular un desarrollo miximo de un sistema 
de carreteras dado, es mejor adoptar un sistema 
de cargos a1 usuario que ignora la distancia 
recurrida. Algunos cilculos son dados para las 
ganancias y perdidas relativas a ser derivadas 
de cada sistema d e  impuestos. Finalmente, 
demostramos que, a i n  si se imponen impuestos 
del tipo tonelada-milla y pasajero-milla, un 
anilisis de programaci6n demuestra que el 
impuesto de gasolina es el mttodo rnis inefi-
ciente de exigir impuestos. 

El Planeo de la Industria de Transport+Un 
Ejemplo Ferroviario d e - un Modelo Multi-
Modal 

Esta monografia considera la Industria del 
Transporte coma un sistema de cuatro sectores: 

1.  Sector de Polit~ca Gubernamental 
2. 	 Sector de Demanda Extranjera 
3. 	 Sector de Demanda Domtstica 
4. 	 Sector de Operaci6n e inversi6n de Trans- 

porte 
Tomando los primeros dos sectores como 

exbgenos, el modelo desarrollado es t i  limitado 
a la transportacibn ferroviaria solamente. 

El sector de Demanda Domtstica relaciona 
el nivel de actividad econ6mica, por Industria 
y regibn, a1 equipo ferroviario asociado a travis 
del uso de una matriz que permite la entrada y 
salida de informacibn. Con esta estructurada 
demanda los ferrocarriles pueden satisfacer par 
corto tirmino niveles de demanda rnis altas 
supliendo equipo a una velocidad de utilizaci6n 
rnis alta. Ahora, a largo tirmino, 10s ferro- 
carriles tienen que volverse hacia el mercado 
de cambios en demanda, desarrollos en tec-
nologia y requisitos de inversi6n en el sistema 
funci6n de una tecnologia que avanza como 
tambiin del nivel de demanda. 

La metodologia desarrollada en esta mono-
grafIa hace posible el poner a prueba el impacto 
de cambios en demanda, desarrollos en tec-
nologia y requisitos de inversi6n en el sistema 
ferroviario. Los conceptos desarrollados pueden 
extenderse a otros modos de transportaci6n. 
Ademis, aunque la monografia considera el 
sistema ferroviario de 10s Estados Unidos, la 
metodologia general se aplica al sector de trans- 
porte de cualquier naci6n. 
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On Linear Fractional Programs and Decom- 
position Algorithms 

This paper outlines several features of linear 
fractional programs as they pertain to the pri- 
mal-dual decomposition algorithm. Linear frac- 
tional programs involve the optimization of a 
quotient of two linear functions subject to linear 
constraints. 

As the computational efficiency of decompo- 
sition methods for handling large scale linear 
programs depends critically upon the solution of 
a sequence of subprograms and master pro-
grams, it is important to analyze general ap- 
proaches to see if they may be more tailored to 
fit special conditions. In the primal-dual de-
composition method linear fractional subpro-
grams are generated. These linear fractional 
programs are special in the sense that the 
numerator of the objective function is inherently 
non-negative while the denominator is con-
strained to be negative. 

This, in turn, implies that the objective func- 
tion is bounded (when the denominator is con- 
strained, explicitly or implicitly, to be negative), 
even though the feasible region may not neces- 
sarily be bounded. 

Under these conditions it is possible to devise 
an algorithm based entirely on pivot rules simi- 
lar to the simplex algorithm which allow for 
further specialization to handle the transporta- 
tion matrix structure. 

FA2.2 A. CHARNESand K. 0. KORTANEK 

On a Class of Convex and Non-Archimedean 
Solution Concepts for N-Person Games 

By using the theory of linear programming 
over generally ordered number fields, we ob-
tain characterizations for a variety of new 
solution concepts for n-person games, all of 
which have unique properties and are contained 
in the core of the game. Our linear program- 
ming formulations provide a wide range of 
preemptive orderings on the excesses of payoff 
vectors and, for example include Schmeidler's 
concept of a nucleolus. In the real case, we 
obtain unique and core membership for solu-
tions corresponding to a whole class of strictly 
convex functionals on the excesses of payoff 
vectors with respect to a characteristic func-
tion n-person game. 

De Programas Lineales Fraccionales y Algo-
ritmos de Descomposicion 

Esta monografi'a delinea varias caracteristicas 
de programas lineales fraccionales con respecto 
a la forma en que estos pertenecen al algoritmo 
de descomposicibn del tipo primal-dual. Pro-
gramas lineales fraccionales envuelven el llevar 
a1 6ptimo un cuociente de dos funciones lineales 
sujetas a constretiimientos lineales. 

Ya que la eficiencio computacional de mtto- 
dos de descomposici6n para manejar programas 
lineales fraccionales son generados. Estas pro- 
la solucion de una secuencia de sub-programas 
y programas maestras, es importante el analizar 
modas generales de atacar el problema para ver 
si estas est in  m i s  amoldados para aplicarse en 
condiciones especiales. En el mttodo de des- 
composicibn del tipo primal-dual subprogramas 
lineales fraccionales son generados. Estas pro- 
gramas lineales fraccionales son especiales en 
el sentido de que el numerado de la funcion 
objetiva es intrinsicamente no-negativo mientras 
que el denominador es t i  constretiido a ser nega- 
tivo. 

Esto, a la vez, implico que la funcibn objetiva 
e s t i  confinada (cuando el denominadar es t i  const- 
retiido, explicito o implicitamente, a ser nega-
tivo) aunque la region factible puedo no estar 
necesariamente constretiido. 

Bajo estas condiciones es posible el. idear un 
algoritmo basado enteramente en reglas de 
pivote sirnilares a los algoritmos del mCtodo 
simplex que permiten especializaci6n adicional 
para manejar la estructura de la matriz de 
transportacibn. 

Sobre una Clase de Conceptos de Solution, 
Convexos y No Arquimedicos, para Juegos de 
N-Personas 

Utilizando la teoria de programacibn lineal a 
travCs de campos numkricos generalmente 
ordenados, nos es posible caracterizar una varie- 
dad de nuevos conceptos de soluci6n para juegos 
de n personas, todos 10s cuales tienen propie- 
dades Cnicas y se encuentran contenidos en la 
esencia del juego. Nuestras formulaciones de 
programacibn lineal proveen un amplio campo 
de ordenamientos de prioridad en 10s excesos 
de vectores de recompensa y, par ejemplo, in- 
cluyenel concepto de Schmeidler de un nucleblo. 
En el caso real, obtenemos caricter Cnico y 
centralizaci6n para soluciones pertenecientes 
a una clase completa de funcionales estricta-
mente convexas en 10s excesos de vectores de 
recompensa con respecto a un juego para n-per- 
sonas de funcibn caracteristica. 
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Complex: A Complementary Slackness, Out- 
of-Kilter Algorithm for Linear Programming 

An Algorithm has been developed which uses 
the complementary slackness principle to take 
completely arbitrary primal and dual solutions 
to a linear program with doubly-bounded vari-
ables into the optimal solutions. The algorithm 
is not a new method; viewed in the proper con- 
text, it can be thought of either as an elabora- 
tion of the composite, self-dual parametric, or 
mutual primal-dual algorithms; as an extension 
of the primal-dual method, or of the out-of-kil- 
ter and breakpoint-stepping methods for net-
work flows; or, even as a special way of looking 
at  the original simplex algorithm. Finally, al- 
most all of the simpler procedures, such as 
Phase I, the dual simplex, the primal-dual 
algorithms, etc. can be viewed as special cases 
of this algorithm which use special starting 
solutions and special heuristics. 

FA2.4 . PAUL DOUSSON and ROBERT F ~ R O N  

A New Method of Solution for Quadratic 
Programming Problems 

Given the quadratic programming problem: 

Maximize: f ( x )  = p'x - ' 1 2  O(xlx) 

Subject to: A x  2 b 

where 0 is a non-degenerate positive by-linear 
function, we show not only the existence of a 
point xo which maximizes f but also the com-
plete ordering relationship for the various 
points in the space. If xo is in the feasible re- 
gion it is evidently the solution to the problem; 
otherwise an iterative process can be used to 
determine it. 

FA2.5 C. E. LEMKE 

On Pivotal Schemes and Complementary 
Solutions 

It is well-known that the problems of finding 
solutions to the linear and quadratic program- 
ming problems; and finding an equilibrium 
point of a non-zero-sum two-person matrix 
game, may be posed as that of finding a solution 
to the system: 

w = q + Mz; w , z 2 0; and wTz = 0; 

Complex: Un Aflojamiento Complementario, 
Algoritmo de Desarreglo para Programacion 
Lineal 

Se ha desarrollado un algoritmo que usa el 
principio de aflojamiento complementario para 
llevar completamente arbitrarias soluciones 
primarias y duales, de un programa lineal con 
variables dobles-acotados a soluciones 6ptimas. 
El algoritmo no es un mttodo nuevo visto, en su 
contexto propio puede ser concebido como ela- 
boracion de 10s algoritmos compuestos, auto-
dual paramktrico, o mutuo primario-dual; coma 
una extension del mttodo primario-dual o 10s 
mttodos de desarreglo y limite rotura-escalona- 
miento para las lineas de corriente; o hasta 
como una manera especial de analizar el algo- 
ritmo original simplex. Finalmente, casi todos 
10s procedimientos mhs simples, tales coma 
Fase I, el simplex dual, los algoritmos primario- 
dual, etc., pueden ser vistos como casos particu- 
lares de este algoritmo que usa soluciones ini- 
ciales especiales y heuristicas especiales. 

Un Nuevo Metodo de Solucibn de Problemas 
de Programacion Cuadratica 

Dado el problema de programacion cuadri-
tica: 

Maximizar: f (x )  = p'x - 0 (x'x) 

Sujeto a: Ax 2 b 

donde 0 es una funci6n bilineal positiva no de- 
generada, demostramos no s61o la existencia de 
un punto xa que hace miximo f sino tambitn la 
relacibn completamente ordenada de todos 10s 
puntos del espacio. Si xo se encuentra en la 
regibn posible es evidentemente la soluci6n del 
problems; en caso contrario un proceso iterativo 
puede ser empleado para determinarla. 

Sobre Esquemas Pivotes y Soluciones Com- 
plementarias 

Es bien sabido que el problema de hallar so-
luciones a los problemas de programaci6n lineal 
y cuadritica; y encontrar un punto de equilibrio 
en un juego con matriz de dos personas cuya 
suma es diferente de cero, puede ser planteado 
como el hallazgo de la soluci6n del sistema: 

w = q + Mz; w , z 2 0; y w'z = 0; 
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transform of the  probability density function of 
the opt imum and then by inversion to obtain 
the  cumulative distribution function. I t  is 
shown that  the opt imum of the s. 1. p. (I),  (2) 
has an  absolute continuous probability measure 
and the Laplace transform of its probability den- 
sity function can be derived. In certain cases the 
Laplace transform of the probability density 
function of the opt imum can be explicitly ex-
pressed, by using the  probability density func- 
tion o f t .  Some examples a r e  given. 

3.  Consider an economic process consisting of 
the repetition of an  'operation' 0 whose mathe- 
matical model is the selection of a vector x&! 
of (2) and the 'return' is c(t)x. Suppose that  
each t ime the operation 0 takes  place the 
relevant realizations of t shall be known. The 
distribution of the 'duration' of the process un- 
til the cumulated return reaches a given target,  
which presents interests in some seasonal in-
dustries is investigated in the case of positive 
s. I. p. 

Studies o f  Man-Machine Management Sys-
tems in the U S S R  

Studies of Man-Machine Management  Sys- 
tems in the U S S R  a re  viewed mainly in the 
common s t ream of O R  and M S  studies con-
nected with the  development of new manage-
ment practices in Soviet industry. There  a re  
three correlated areas  of research and imple-
mentation concerned with the problem under 
consideration. (i) A comparative study of capa- 
bilities inherent in human beings and to modern 
electronic data  processing systems and other 
business equipment.  Technical and psycho-
logical aspects of this area  a re  discussed and 
outlined with emphasis on engineering and the  
social psychology of a man.  (ii): An  area  called 
economic automation of management  activity 
with special reference to application of various 
stimuli to promote particular forms (types) of 
decisions. A special aspect of the  role for E D P  
and mathematics in this development is pre- 
sented. (iii): An  area of organizational research 
in which man-machine problems a re  viewed 
primarily under conditions that  a r e  related to 
trends which a r e  characteristic of temporary 
organizations, including hierarchical structures 
and distribution of responsibility. Impacts of 
E D P  on organizational structure and models of 
responsibility distribution a re  presented based 
on the system of relations between hierarchical 
levels in organizations. 

distribucion en p. I. e.  consiste en computar 
la transformacibn de  Laplace d e  la funci6n de  
densidad de  probabilidad del 6ptimo y obtener 
entonces por invercion la funci6n de  distribu- 
ci6n cumulativa. Se  demuestra que e l  6ptimo 
del p. I. e. tiene una medida d e  probabilidad 
absoluta y continua y que  es  posible derivar 
la transformaci6n d e  Laplace d e  su funci6n d e  
densidad de  probabilidad. En ciertos casos la 
transformaci6n cie Laplace de  la funci6n d e  
densidad d e  probabilidad del 6ptimo se puede 
expresar explicitamente utilizando la funci6n 
d e  densidad d e  probabilidad de  t. Se  dan al- 
gunos ejemplos. 

3. Considerese un proceso econdmico que 
consiste en la repetici6n d e  una "operacion" 0 
cuyo modelo matematico es  la seleccibn d e  un 
vector x X ,  d e  (2) y el "resultado" es  c(t)x. 
Supongamos que  cada vez que la operaci6n 0 
toma lugar se  conocerin las realizaciones rele- 
vantes d e  t. S e  investiga la distribuci6n de  la 
"duraci6n" del proceso hasta que el resultado 
acumulado llege a un objetivo dado en el caso 
d e  p. 1. e.  positivos, lo que presenta intereses 
en algunas industrias d e  temporada. 

Estudios de la Administraci6n de Sistemas 
Humanos y MecPnicos en la U S S R  

Los estudios d e  la Administraci6n de  Sis-
temas Humanos y Mecinicos  en la U S S R  se 
enfocan principalmente en la corriente cumhn 
de estudios sobre O R  y M S  conectados con el 
desarrollo de  nuevas pricticas administrativas 
en la industria SoviCtica. Existen tres i r e a s  
correlacionadas de  investigacion e implementa- 
ci6n que conciernen al problema considerado. 
(i) U n  estudio comparativo de  las capacidades 
inherentes en el ser humano y en 10s modernos 
sistemas electr6nicos para procesar datos y otros 
equipos para negocios. Se  discuten y se delinean 
10s aspectos ttcnicos y psicol6gicos de  esta i r e a  
con tnfasis en  ingenieria y en la psicologia 
social del hombre. (ii) Una  i r e a  llamada auto- 
matizacion econbmica de  la actividad adminis- 
trativa, con especial referencia a la aplicaci6n 
d e  varios estimulos para promover determina- 
das  formas (tipos) d e  decisiones. S e  presenta 
un aspect0 especial del papel del E D P  y d e  
las matemit icas  en este desarrollo. (iii): Un 
i r e a  d e  investigaci6n organizacional en la cual 
10s problemas d e  10s sistemas humanos y me-
cinicos se enfocan principalmente bajo con-
diciones que e s t in  relacionadas a tendencias 
caracter'lsticas d e  organizaciones temporales, 
incluyendo estructuras jer i rquicas  y distribu-
ci6n d e  responsabilidad. Se  presentan 10s im- 
pactos del E D P  en la estructura organizacional y 
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modelos de distribuci6n de responsabilidad 
basados en un sistema de relaciones entre 
niveles jerirquicos en las organizaciones. 

MOS: An On-Line Management Language 
This paper describes a language by means of 

which a manager may obtain on-line interaction 
with a computer. It provides the capability of 
building and updating management informa-
tion files. Information in these files may be 
summarized, listed, or used in computation. It 
is primarily designed for planning and budget 
control of tasks or jobs in their natural work or 
production units with ability to extend to costs 
in monetary units. Use of the system with an 
on-line remote terminal connected to a com-
puter with a large random access disk file pro- 
vides management with the capability of dis- 
playing or updating schedules and obtaining 
either detailed or summarized information. 

Management Science, ManIMachine Sys-
tems, and Management Practice 

This paper does five things: (1) discusses the 
difficulties in researching economic problems; 
(2) evaluates the similarities and the difference 
between business processes and natural proc-
esses; (3) states the major characteristics of 
manimachine systems; (4) explores some ques- 
tions concerning the impact of Management 
Science Methodology on Management Practice. 
The point of departure for the entire paper is 
the assumption that: 

The differences in scientific questions make 
it necessary to employ varying methods 
which may afterwards have to be discarded 
if better ones offer themselves. . . In some 
branches. . . the most fruitful work may be 
that of careful, patient description . . . In 
others it may be possible to develop already 
a theory in strict manner, and for that pur- 
pose the use of mathematics may be re-
quired. (John Von Newmann) 

FP1.4 	 CARLOSR .  PETIT and JOHN H. 

BRUEMMER 


A New Look at Economic Planning Based on 
Recent Developments in Computer Technology 

Once the value of the planning function has 
been recognized, we observe that two of the 
most difficult aspects of the problems faced by 
the makers and executors of development policy 

MOS: Un Lenguaje Administrativo en Linea 
Este reporte describe un lenguaje por medio 

del cual un director puede obtener interacci6n 
en IInea con una computadora. Hace posible 
la formaci6n y actualizaci6n de archivos de 
informacibn administrativa. Tal informaci6n 
puede resumirse, ponerse en lista, o usarse para 
computar. Est i  principalmente diseiiado para 
planear y controlar el presupuesto de las tareas 
o 10s empleos en su desempeiio natural o el de 
las unidades productivas con la potencialidad 
de podersele extender a costo en unidades 
monetarias. El uso del sistema con una ter-
minal remota en linea conectada a una com-
putadora con un gran archivo a disco de acceso 
fortuito provee a la administratibn la capacidad 
para exponer o poner al dia itinerarios y ob- 
tener informaci6n resumida o detallada. 

Ciencia Administrativa, Sistemas Humanos 
y Mecinicos y Prictica Administrativa 

Este reporte trato cinco puntos: (1)  discute 
las dificultades en la investigacibn de problemas 
econbmicos; (2) evalua las similitudes y difer- 
encias entre procesos comerciales y procesor 
naturales; (3) enuncia las caracteilsticas princi- 
pales de los sistemas humanos y mec6nicos; 
(4) explora algunas cuestiones sobre el impacto 
de la Metodologia Cientifica Administrativa en 
la Prictica Administrativa. El punto de partida 
de todo el tratado es la suposicibn de que: 

Las diferencias en cuestiones cientificas 
hacen necesario el empleo de metodos vari- 
ables 10s cuales quizis tengan que descartarse 
si otros mejores se presentan . . . En algunas 
partes . . . el esfuerzo m i s  provechoso puede 
ser uno de descripcibn paciente y cuidadosa 
. . . En otras, puede ser posible el desarrollo 
estricto de una teoria. Para tal propbsito 
puede ser necesario el empleo de la mate-
matica. 

Un Nuevo Enfooue A1 Planeamiento Econo-
mico Basado en Recientes Desarrollos de la 
Tecnologia de Computadores 

Cuando se ha reconocido el valor de la tarea 
de planeamiento, se observa que dos de los 
m i s  dificiles aspectos de los problemas en-
frentados por los autores y los ejecutores de 
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are the conflict between immediate symptoms 
and ultimate effects of any action and the multi- 
dimensional nature of both the goals and the ef- 
fects of various actions. 

The need for a theoretical technique different 
from those currently conventional in economics 
arises from the complex nature of the system 
and the problems to be dealt with. 

In  this paper the severe limitations of these 
techniques are  discussed including: 1) their 
overly general or overly restrictive character; 
2) lack of computationally feasible implementa- 
tion of theoretical models; and 3) difficulties in 
handling large amounts of data. 

In order to justify the acceptance of a new 
planning technique, we will evaluate four dif- 
ferent approaches (marginal analysis, activity 
analysis, econometrics, and heuristic analysis) 
applicable in economic planning. 

This evaluation leads to the selection of the 
heuristic approach (simulation models) as the 
most promising technique available to economic 
planners. 

The Hierarchical Structuring of Man-Ma-
chine Systems 

An information theoretic model is developed 
to examine the economic ordering of the man-
machine units in a system. Entropic measures 
of the flow of responsibility and the span of the 
system are treated as  part of an over-all semi- 
otic structuring of the organization. Set  propen- 
sity, tropisms and decomposition are used to 
provide further insights concerning the hier-
archical structuring of man-machine systems. 

A Relaxed Interior Penalty Function Al-
gorithm for Nonlinear Programming 

A parametric interior penalty function 
method for the solution of nonlinear programs is 
developed and compared to the Sequential Un- 
constrained Minimization Technique (SUMT) 
of Fiacco and McCorrnick. The algorithm of 
this paper replaces the given problem by a 
single one-dimensional maximization problem 
defined implicitly from the original problem 
functions. The new problem is a concave pro-
gram with a differentiable objective function, 
which upon solution yields the optimum solu- 
tion of the original problem. Like S U M T ,  feasi- 
ble convergence is obtained. The essential dif- 

planes d e  desarrollo, con el conflict0 entre 10s 
sfntomas inmediatos y 10s efectos hltimos de 
toda accibn y la naturaleza multidimensional 
de 10s fines y 10s efectos de varias acciones. 

La necesidad de una ttcnica tebrica diferente 
de aquellas actualmente convencionales en 
economia nace de la naturaleza compleja del 
sistema y de 10s problemas con 10s que se debe 
tratar. 

En este artfculo se discuten las severas limi- 
taciones de estas ticnicas incluyendo: (1) su 
carhcter demasiado general o demasiado res-
trictivo; (2) la falta de una implementacibn 
de 10s modelos tebricos, posible de computar; 
(3) las dificultades de manejar grandes canti- 
dades de informacibn. 

Para justificar la aceptabilidad de una nueva 
ttcnica de planeamiento, evaluarernos cuatro 
diferentes planteos (anilisis marginal, anilisis 
de actividad, econometria y anilisis heuristico), 
aplicables al planeamiento econbmico. 

Esta evaluaci6n lleva a la seleccibn del plan- 
teo heuristico (modelo de simulacibn) como la 
ttcnica mhs promisora accesible a los planea- 
dores econbmicos. 

La Estructuraci6n Jerarquica de Sistemas 
Hombre-Mhquina 

Un modelo tebrico de informacibn es desa-
rrollado para examinar la forma econbmica de 
ordenar de las unidades hombre-miquina en un 
sistema. Medidas entrbpicas del flujo de re-
sponsabilidad y del ancho del sistema son tra-
tadas como parte de una forma simbibtica total 
de estructurar la organizacibn. Conjuntos de 
propensibn, tropismos y decomposicibn son 
usados para proveer discernimientos adicionales 
conciernentes a la estructuracibn jerirquica de 
sistemas hombre-mhquina. 

Un Algoritmo de Funci6n de Penalidad 
Interior Relajado para la Programaci6n No-
Lineal 

Un mttodo paramttrico de funcibn de penali- 
dad interior para la solucibn de programas no-
lineales es desarrollado y cornparado a la Ttc- 
nico de Fiacco y McCorrnick de Reduccibn al 
Minimo en Secuencia y Sin Constreiiimientos 
(SUMT). El algoritmo de esta monografia re-
emplaza el problerna dado por un problema 
unidimensional de llevar a1 miximo definido im- 
plicftamente de las funciones del problema ori- 
ginal. El nuevo problema es un programa cbn- 
cavo con una funcibn objetiva diferenciable que, 
al resolverse da una solucibn bptirna del pro- 
blerna original. Como con S U M T  una conver-
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ference between S U M T  and the method to be 
described is that for the latter technique the 
penalty function behaves much like the original 
objective function near the solution and hence 
the unconstrained minimizations are more 
easily performed. The properties of the one-
dimensional maximization problem are derived 
and examples are presented. 

FP2.2 	 C. A. TRAUTH, JR.  and R. E. 
WOOLSEY 

Mesa, a Heuristic Integer Linear Prograrn-
ming Technique 

For certain classes of integer linear program- 
ming problems, the usual cutting-plane methods 
of solution due to Gomory become quite inef- 
ficient. The "Mesa" technique has, so far, been 
quite successful in overcoming this difficulty. 
The study of this technique has been empirical, 
and supporting data will be presented. 

Planning of Transportation Networks 
A simple method for constructing shortest 

networks in the plane has been developed. 
It is known that shortest networks in the 

plane can be obtained by adding appropriately 
situated junction points to the set of points for 
which the network is being constructed. The 
method determines exactly the location of the 
optimum junction points and directly yields the 
length of the shortest network. This is accom- 
plished with relatively little computational ef-
fort: many cases can be done by hand (slide 
rule and/or geometric construction). This prob- 
lem had previously only been solved exactly for 
three points and approximately for four points. 

The method finds application in the planning 
of transportation networks (roads, railroads, 
pipelines, power lines, telephone and other 
communication lines), in those cases in which 
it is desired to minimize the total length of the 
network. 

Several numerical examples will be given, 
with emphasis on typical configurations and 
amount of improvement obtainable. 

The method is readily extended to 
"weighted" transportation networks, where 
links have different unit costs. It can also be 
generalized to non-plane surfaces and to higher- 
dimensional spaces. 

gencia factible es obtenida. La diferencia 
esencial entre S U M T  y el metodo a describirse 
es que para la tecnica posterior la funcibn de 
penalidad se comporta cerca de la solucibn 
mucho como la funci6n objetiva original y por 
lo tanto las minimizaciones sin constreiiimientos 
son m i s  facilmente realizadas. Las propiedades 
del problema de maximizacibn unidimensional 
de son derivadas y ejemplos son presentados. 

Mesa, Una Tecnica Heurlstica de Prograrna- 
ci6n Lineal de Numeros Enteros 

Para ciertas clases de problemas de pro-
gramacibn lineal de nCmeros enteros, 10s mt-  
todos de solucibn corrientes de corte-de-plano 
debidos a Gomory se vuelven muy ineficientes. 
La ttcnica "Mesa" ha tenido, hasta ahora, 
mucho txito en sobre-poner esta dificultad. El 
estudio de esta ttcnica ha sido empirico, y 
datos para respaldar serin presentados. 

Planificaci6n de Redes de Transporte 
Ha sido desarrollado un metodo simple para 

la construccibn de redes de longitud minima en 
plano. 

Es sabido que se pueden obtener redes de 
longitud minima en plano si se agrega a 10s 
puntos deseados en la red, ciertos puntos de 
confluencia convenientemente ubicados. El 
mttodo que se describe permite determinar 
exactamente la ubicacibn de 10s puntos bptimos 
de confluencia y la longitud de la red minima 
resultante. El procedimiento en cuestibn re-
quiere esfuerzo de c6mputo relativamente re-
ducido: muchos casos se pueden calcular a mano 
(con regla de cilculo y/o construccibn geomt-
trica). Este problema habia sido previamente re- 
suelto en forma exacta solamente para redes de 
tres puntos y por aproximacibn para redes de 
cuatro puntos. 

Se presentarin varios ejemplos numtricos, 
con especial atencibn a configuraciones tipicas y 
las mejoras que se pueden obtener con el mt -  
todo. 

El mttodo se extiende ficilmente al caso de 
redes de transporte en las que distintos tramos 
poseen costos unitarios diferentes. Tambitn se 
puede lo generalizar a superficies no planas y a 
espacios de tres o m i s  dimensiones. 
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A Decomposition Approach to a Class of 
Constrained Stochastic Control Problems 

A method is presented for solving a class of 
discrete time stochastic control problems by use 
of decomposition methods of mathematical pro- 
gramming. When the criterion function is quad- 
ratic in the state and control variables, the dy- 
namics linear with random coefficients, and the 
admissible controls defined by a convex poly-
hedral set, the model can be reduced to an 
equivalent deterministic quadratic program 
with block-diagonal constraints. The problem 
may be solved by decomposition algorithms of 
Whinston for quadratic programming or by 
Kelley's cutting-plane algorithm exploiting the 
linear decomposition principle. 

For a purely linear criterion, the problem 
completely decomposes into a sequence of lin- 
ear programs. Extensions are  developed for non- 
quadratic criteria, nonlinear dynamics, and non- 
linear inequality constraints. These models may 
be solved by again obtaining a deterministic 
equivalent using an iterative method for solv- 
ing non-linear control problems developed by 
J .  B. Rosen. At each step decomposition may 
be employed. 

Application to a number of management 
science and economic problems is indicated. 

FP2.5 JEREMYF. SHAPIRO 

Turnpike Planning Horizons for a Markovian 
Decision Model 

This paper establishes some asymptotic prop- 
erties of the finite state and action space Mark- 
ovian decision model. For the discounted case, 
a turnpike theorem is proven which states that 
an optimal immediate decision when the plan- 
ning horizon is sufficiently large is to choose one 
of the decisions which is optimal when the plan- 
ning horizons is infinite. An upper bound on 
how large is sufficiently large is given. An 
asymptotic property of the model for discount 
factors in a neighborhood of one is also devel- 
oped. 

FP2.6 M. M .  CONNERS 

Computational Problems in Random and 
Deterministic Dynamical Systems 

Problems in management and economics are 
often of a random dynamical nature but are 

Un Enfoque de Descomposici6n para una 
Clase de Problemas de Control Estocisticos 
Restringidos 

Le presenta un mttodo para resolver una 
clase de problemas de control estocisticos a 
tiempo discreto, por medio del uso de mttodos 
de descomposici6n de programaci6n matemi-
tica. Cuando la functi6n d e  criterio es cuadri- 
tica en las variables de estado y de control y 
dinimica lineal con coeficientes aleatorios, y 
10s controles admisibles definidos por un con-
junto poliedral convexo, el model puede ser re- 
ducido a un programa cuadrdtico deterministico 
equivalente con restricciones diagonales en 
block. El problema puede ser solucionado por 
la descomposici6n del algoritmo de Whinston 
para programacibn cuadritica, o por el algro- 
ritmo del plano cortante de Kelley usando el 
principio de descomposici6n lineal. 

Para un criterio puramente lineal el pro-
blema se descompone completamente en una su- 
cesi6n de programas lineales. Se desarrollan ex- 
pansiones para criterios no cuadriticos; dinimi- 
cos no-lineales; y restricciones de desigualdad 
no-lineal. Estos models pueden ser resueltos, ob- 
teniendo de nuevo un equivalente deterministico, 
usando un mt-todo iterativo para solucionar 
problemas de control no-lineal desarrollados por 
J .  B. Rosen. En cada paso la decomposici6n 
fue de ser empleada. 

Es indicada la aplicaci6n a un nimero de 
problemas de la ciencis de adminstraci6n y 
problemas de economia. 

Horizontes para Planear "Turnpikes" en un 
Modelo Markoviano de Decision 

Este trabajo establece algunas propiedades 
asintbticas en un modelo Markoviano de deci- 
si6n con espacio finito de estado y accion. Para 
el caso desontado, un teorema "turnpike" se 
prueba el cual declara que un decisi6n inme-
diata bptimal-cuando el planemiento de hori- 
zontes es suficientemente grande-es la sele-
cibn de una de las decisiones la cual debe ser 
6ptima cuando el horizonte de planeamiento es 
infinito. Se da limite superior para cuin grande 
es "sufficientemente grande" Tambitn se 
desarrolla a propiedad asint6tica del modelo 
para factores de descuento con una vecinidad 
del tambien. 

Problemas de Computo en Sistemas Dinami- 
cos Aleatorios y Deterministicos 

Los problemas en administraci6n y economia 
son frecuentemente de naturaliza dinimica alea- 
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seldom treated in this context because efficient 
computational algorithms do not exist. The 
present paper is concerned with minimizing 

E[llx(k) IIE'n] 

subject to 


x(i + 1) = A(w,)x(i) 

+ B(w,)u(i), 4 0 )  = xu u,o,hj I ssp 

where k is the terminal time, x(i) is the n-di- 
mensional state vector at  time i, u(i) is the 
m-dimensional control vector at  time i, ulok, 
is the ordered sequence of control actions 
(u(i): i = 0 , .  . . , k - 11, A(w) and B(w) are 
n X n and n X m (resp.) random matrices 
which depend on the independent, identically 
distributed random variables w,, i = . . .0, ,  
k - 1. It is assumed that each w, has a finite 
number of realizations. E n denotes the Eu- 
clidian norm in state space and B denotes the 
norm in the normed (Euclidean) control space. 
E denotes the expectation operator. 

[The paper treats the stochastic problem 
described above as well as  the corresponding 
deterministic problem obtained by letting each 
w, be a degenerate random variable.] [Com-
putational results are presented for problems at  
least twice as large as could be solved by dy- 
namic programming. Solutlon times are 5 or 10 
percent of that required by dynamic program- 
ming.] 

Optimization of Continuous and Discrete 
Process by Maximum Principle in Economet-
rics 

In econometrics the optimal programming 
process in almost all cases appears in a form in 
which the constraint is on the state variables, 
not only on the decision variables. 

In this study we have both modified the Max- 
imum Principle to such an extent that it can be 
applied to the optimal programming process 
and shown its usefulness in solving the Bottle- 
neck Problems and many other problems of dy- 
namic econometrics. 

FP2.8 LEENERTDE WITTEand S. ROY SCHU-
BERT 

Combinatorial Analysis 
An algorithm is described for the problem of 

dividing N planar geographical locations into 
distinct groups of k such that the maximum 

toria, pero pocas veces son tratados en este sen- 
tido porque no existen algoritmos de c6mputo 
eficiente. El presente trabajo se refiera a min-
imizar 

E[ llx(k) I I E ~ ~ I  
sujeto a 

x(i + 1) = A(w,)x(i) 

+ B(w,)u(i), ~ ( 0 )  = x0 Iuio k l  I BSP 

donde k es tiempo final, x(i) es el vector de 
estado de dimensibn n al tiempo i, u(i) es el 
vector de control de dimensibn m al tiempo i, 
ulO,kl es la sucesibn ordenada de acciones de 
control (u(i): i = 0 . .  . , k - 11, A(w) y B(w) 
son las matrices aleatorias de n X n y n X m 
dimensiones, respectivamente que dependen de 
las independientes e identicamente distribuidas 
variables aleatorias w,, i = 0 , .  . . , k - 1. Le 
asume que cada w, posee un n h e r o  finito de 
realizaciones. J E  n significa la norma Eu-
clidiana en el espacio de estado y B significa 
la norma en el espacio normado (Euclidiano) de 
control. E significa el operador de expectacibn. 

Este trabajo trata el problema estocistico de- 
scripto previamente asl como el correspondiente 
problema determinista que se obtiene haciendo 
que cada w, sea una variable aleatoria degen- 
erada. 

Se presentan resultados de cilculo de pro-
blemas que son al menos 10s veces mayores de 
10s que se podriin resolver mediante la pro-
gracibn dinimica. Peribdos de ejecucibn son 
5 o 10 por ciento de 10s requeridos en la pro- 
gramacibn dinimica. 

Optimizaci6n de Procesos Continuous y 
Discretos en Econometrla por el Principio del 
Mhximo 

El proceso de programacibn bptima en eco-
nometria aparece en casi todos 10s casos en una 
forma en la que la limitacibn es t i  en las vari- 
ables de estado, no s610 en las variables de deci- 
sibn. 

En este estudio hemos modificado el principio 
del miximo de forma que puede ser aplicado 
al preceso de programacibn bptima y mostrar 
su utilidad resolviendo problemas de Bottleneck 
y muchos otros problemas de dinimica eco-
nomktrica. 

Analisis Combinatorio 
Se describe un algoritmo para el problema de 

dividir N localidades geogrhficas planarias en 
grupos distintos de k tales que el miximo radio 
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dispersion radius characterizing each group of 
k, has the smallest possible value. 

The algorithm is based on the concept that 
all possible partitionings can be derived from 
some initially chosen partitioning by exchanging 
points between groups. The initial partitioning 
contains one group of maximum dispersion 
radius. It is shown by the development of a 
number of exclusion theorems that partitionings 
having a smaller maximum dispersion radius 
can only be obtained from specified limited 
sets of exchanges. By implementing the exclu- 
sion theorems and applying optimality tests an 
iterative process is developed which yields re-
sults that monotonically converge on a repre-
sentative partitioning having the minimax dis- 
persion radius. 

A F O R T R A N  program was written to exe- 
cute the iterative algorithm. Partitionings with 
the required minimax radii were obtained for 
a given distribution of approximately 500 loca- 
tions for 3 I K I 10. 

de dispersidn que caracteriza cada grupo k, 
tenga el menor valor posible. 

El algoritmo se basa en el concept0 de que 
todos las particiones posibles pueden derivarse 
de alguna particidn inicialmente escogida cam-
biando puntos entre grupos. La particibn inicial 
contiene un grupo de miximo radio d e  disper- 
sibn. Se demuestra, mediante el desarrollo de 
cierto nbmero de teoremas de exclusion que las 
particiones con un radio de dispersion miximo 
menor pueden obtenerse solamente a partir u z  
conjuntos de intercambios limitados especificos. 
Llevando a cab0 10s teoremas de exclusidn y 
aplicando pruebar de optimalidad, se desarrolla 
un proceso iterativo que proporciona resultados 
que convergen monot6nicamrnte hacia una par- 
tici6n representativa con el radio de dispersidn 
del minimax. 

Se escribi6 un programa FORTRAN para 
ejecytar el algoritmo iterativo. Se obtuvieron 
particiones con el radio minimax requerido 
para una distribucibn dada de aproximada-
mente 500 localidades 3 5 K I10. 
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