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I .  I NTR OUU CT 1

The Operat  i ais R e s e , t r c h  Ce n te r  con d u ct s  i n t e r d e p a r t m e n t a l  academic
and r e sea rch  pr o~ r ams in op~-r . t t  i - m s  r e s e . ir ~- I t .  The academic s t a f f  of
the C e n t er  is  dr . i~~c f r e n  man~ d e p a r t m e n t s , Inc luding  Sloan School of
Management , I r h a n  S t u d ie s  md P~ . iii~~ ut ~ . . C l e ct r t c  i i  Engineer ing  and Com-
p u t e r  Sc ience  • A e r o n a u t  i r s  and As t  ‘n Iu t i c s , M a t h e m a t i c s  and Physics.
At p r e s e n t  , a p p rox i m a t e  y 15 s t u den t s  I r e  ~O t i e  o p e r a t i o n s  research
d o c tor a l  p r o g r a m  and .~ c o m p a r a b l e  n u m b e r  ar e  i n  the  mas ter ’s program.
Most of th em come t o  M .I.F. spec i~ u - a l l y t o  s t u dy  ope r a t i o n s  research
and a re  a d m i t  t ed  d i r - t i  v b y  t h e  Cente r . a lt  h ough some learn about
t he gr e -m it e  opera t  ions  r e s , a r ( :h  pro~’,r .Ias by a t t e n d i n g  seminars  or
c o u r se s .

D u r i n g  t he  pa st  y e a r , the  i r , i i e m i c  ; t , i f f  ot  the  Center  have en-
gaged in a wide  r tii ~~e of  r : . - ; c . e r c i e  ,t c t  iv i t  i t s  sponsored d i r e c t l y  by
the C e n ter .  There  was h .e s i c  r searct l  i n t o  t h e  me thodo log i e s  under-
ly ing  ope rat i ons  r e sear c h  i n c  l i d  1 ii~~ mat mat  i & a l  p r o g r a m m i n g ,  decis ion
ana lys i s , and pr bob ii 1s t i. e mob -Is. 1 here was also a v a r i e t y  of model
b u i l d i n g  and appbciiicns -orient .ed rem- arch us ing  these  methodolog ies .

Bas ic  ru s ar  b in to  t I i ’  r n a th ~-r~,- i t  ics of opera t ions  research re-
ceived con t inued  s t r  -

~~~ ‘ i t  e a t i o n .  F h i s  ve er ’ s deve lopment s  included
f u r t h e r work on t h e  a ci m a t h - m a t  ic - e l pr e~~r imming d u a l i ty  theory
to s tud y i n t e g e r  pr ’dr lr~iing . New resulN~ wcr o b t a i n e d  on s e n s i t i v i ty
analysis and mu lti—c riteri an op t imization of these prob lems . Research
was p e r f e r r a I on t h e solut I r t  a t  noie d i f  r en t  iab le  o p t i m i z a t i o n  prob —
lens , a class which in. lu .ie ~- the ib ’ve m e t  i oned  I n t ege r  programming
dua l problems. Add itional sign ifi .en~ r~ -it-arch was performed in robust
statistics , network opti m ization and t r a c t  ional programming .

An impor te nt r c- - . - r h  r o j e~ t w it ich b~ en l ast  year was joint
research with The Ce n t -i f a r  T r a y  ~~‘r t , i t. ion Studi es into decomposition
techniques. T h r e e  app lica t i a areas were  cons ide red  and analyzed :
f r el  g h t  f l o w  m t I l a f ’e m e n t , ma l t  i - - i  I c e t  r ’-’ct j og , and u rb an  goods d i s t r i -
b u t i o n .  The r e- s e - c r c - h i n v o l v c d me-d c- i b u i l d i n g ,  m at h e m at i c a l  programming
a n a l y s i s , t nd c - m i t e r  i - i i ~~1 e - ~: , - i i t . i t J O n  an t i  v a l i d a c  i o n .  Decompos i t ion
methods a re  r e q u i r e d  h ’s ti i - ;t of t b .  l a rb e -  s ize  of these  decis ion prob-
lems .

A not  sr  • i p p i  i -a t  h o t s pr j c c t  ~~c s  c : nc er n e d  wi th p u b l i c  a t t i t u d e s
and d e c i s i o n  p r  c - - s  ~, r d i a ~ -, b l e d donat  ion . Th e f i e l d  work for
t h i s  p r H e c t  , in cliui te ~ - , s r v e  r e - e e l  -h  in even m e t r o p o l i t a n  areas ,
was comp l e t e d  t h i s  y e a r .  S e v e r - t i  , i ~~ I e e  t s  of t he  s t u ds , such as in-
vest  i~~~t t  j~ ,n5 t e l  s a m p le s  of  ox — d o n o r s , cas t  doubt  on t h e  popula r  belie f
t h a t  the  r t l u c  I - i - i ’  of t i t -  p e i b i  Ic to  d o n a t e  is the  p r i m a ry  cons t ra in t
on h i  end s i p p  y .

S i i h s t a n t i , e l  p r oCr e s s  was made last  year  in  i long s tanding pro jec t
devoted to the st ee l y ot m ulti l eve l l o g i s t i c s  systems . Research was
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completed on methods to partition , link , aggregate and disaggregate
large scale product ion, distribution and inventory systems. In addi—
tiorl , computer programs were implemented and tested for the solution
of mathematical programming that can be used to support production
p l a n n i n g  decisions .

Opera t ion s Resea rch Center staff  and students were involved in
e v a r i e t y  of re - sea r c h  activities with other departments and centers
both within and outside M.I.T. For examp le , several students and
staff were involved in joint work with the M.I.T. Energy Laboratory .
A network flow model was designed and implemented to predic t local
shortages of heating oil in emergencies and to determine fuel inventory
management. Research continued on a probabilistic model of the oil and
gas process that constitutes the physical component of an economic
supply function for petroleum reserves from new discoveries. Compu-
tational methods were developed for estimating parameters of the model
and forecasting sizes of new discoveries and these methods were app lied
to the North Sea petro l eum exp loration sices. Finally, there was re-
search into an important class of economic equilibrium/mathematical
programming used il -I energy planning. Specifically, methods were de-
vi sed for decomposing these models into their econometric foe casting
and linear programming components.

Staff and students partic ipat ed in a water resources planning pro-
ject being carried out by the Department of Civil Engineering. This
project is concerned with development of the Vardar River Basin in
Yugoslavia. A mixed integer programming investment model was constructed
to analyze the decision alternat ives and computer testing and solution
of the model will he done during the first part of next year.

Sever al member s of the Operations Research Center staff were ac-
t ive in research programs at the National Bureau of Economic Research
Computer Research Center for Economics and Management Science located
in Cambr idge , Massachusetts. Their activities included development
of interac tive computer systems for linear and integer programming
and methods of robust estimation. The computer tools developed at
the Computer Research Center are publicly available and have been used
on many  app lic ations of the research projects mentioned previously.

Support for the Center ’s research dur ing the past year has come
from the Army Research Office - Durham , the U.S. Department of Trans-
portation , the Public Health Service , the Office of Naval Research ,
the Nationa l Science Foundation and Internationa l Business Machines.

Jeremy F. Shapiro
Ac t ing Director
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II. RESEARCH ACTIVITIES

1. Mathematical Methods

1.1 Mathematical Programming and Optimal Control

S taff  Reports

T.L. MACNANTI, Nonlinear Programming and the Maximum Princ i~~~~ fo r
Discrete Time Optimal Control  Problems, Revue Francalse d’Au tomatigue,
Informatique et Recherche Operationnelle, 3, 75—91 , October 1975.

Results in mon—linea r programming are used to prove a generalized version
of the maximum princ iple for fixed—time discrete optima l control prob-
lems. Proofs are based upon the implicit function theorem and a theorem
of the alternat ive for systems of linear inequalities over a convex set:
they do not , as in the past , require Brouwe r ’s fixed—point theorem.

T.L. MAGNANTI, Some Abs tract Pivot Algorithms, (with C. Greene), SIAM
Journal o

~~~ pB~~ e.~~~atheinatics , 29 , 530—539 , November 1975.

Several problems in the theory of combinatorial geometries (or matroids)
are solved by means of algorithms which involve the notion of “abs trac t
pivots.” The main example is the Edmonds—Fulkerson partition theorem ,
which is app lied to prove a number of generalized exchange properties
for bases.

T.L. MAGNANTI, Optimization for Spar! S stems , M.I.T. Operations Re-
search Center Technical Report No. 119, November 1975. See also ,
Sparse Matr ix Computations (J.R. Bunch and D.J. Rose , eds.), Academic
Press, New York , 1976.

Sparse matrices with special structure arise in almost every applica-
tion of large scale optimization. In linear programming , these prob-
lems usually are solved by pivoting procedures , mos t notably the simplex
method, refined and modified in various ways to exploit structure.
More recently, iterative relaxation methods and dual ascent algorithms
have been proposed for certain applications. In surveying several al-
gorithms from each of these categories , this paper demonstrates the
potential for investigating and applying sparse system techniques in
optimization.

R.E. MARSTEN , The Use of the Boxstepj~çthod in Discrete Optimization.
Mathematical Pro~ ramining Study 3, 127—144, 1975.

The Boxstep method Is used to maximize Lagrangean functions in the con-
text of a branch—and—bound algorithm for the general discrete optimi-
zation problem. Results are presented for three applications: facility
location , multi-item production scheduling, and single machine schedul—

1.
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RESEARCH ACTIVITIES: Mathematical Methods

ing. The performance of the Boxstep method is contrasted with that of
the suhgradient optimization method .

R.E. MARSTEN , Parametric Integer Programming: The Right—Hand—Side
Case, (with T.L. Morin), M.I.T. Operations Research Center Working
Paper OR 050—76, March 1976.

A family of integer programs is considered whose right—hand—sides lie
on a given line segment L. This family is called a parametric integer
program (PiP). Solving a (PIP) means finding an optimal solution for
every pr ogram in the family. It is shown how a simple generalization
of the conventional branch—and—bound approach to integer programming
makes it possible to solve such a (PIP). The usual bounding test is
extended from a comparison of two point values to a comparison of two
functions defined on the line segment L. The method is illustrated on
a small example and computational results for some larger problems are
reported .

R.E. MARSTEN, A Hybr id Approach to Discrete Mathematical Programming,
(with T.L. Morin), M.I.T. Operations Research Center Working Paper
OR 051—76 , March 1976.

The dynam ic programming and branch—and—bound approaches are combined
to produce a hybrid algorithm for separable discrete mathematical pro-
grams. The hybrid algorithm uses linear programming in a novel way to
compute bounds and is readily extended to solve a family of parametric
integer programs with related right—hand—sides . Computational experience
is reported on a number of linear and nonlinear integer programs .

J.F. SHAPIRO , Using D u a l i t y  to Solve Discrete Optimization Problems:
Theory and_Computationa l_Experience , (with M.L. Fisher and W.D. Northup),
Mathema ç~~ a l r ~J~~1_TT~~~~g_SpeciaL Studies 3: Nondifferentiable Optimi-
zatIon, 56—94, November 1975.

Meaningful dual problems have recently been identified for the integer
programming problem, the resource constrained network scheduling problem
and the traveling salesman problem. In this paper , a general class of
d iscrete optimization problem is given for which dual problems of this
type may be derived . The use of dual problems for obtaining strong
bounds, fe asible solutions , and for guiding the search in enumeration
schemes for this class of problems are discussed . Properties of dual
problems and three algorithms are discussed , a primal—dual ascent algo-
rithm , a simp llc ial approximation algorithm and an algorithm based on
the relaxation method for solving systems of inequalities. Finally ,
computationa l experience is given for integer programming and resource
constrained network scheduling dual problems .

2.
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RESEARCH ACTIVITIES : Mathematical Methods

J.F. SHAPIRO , Steepest Ascent Decomposition Methods for Mathematical
Programming/Economic ~~q~iilibrium Energy Planning Models, M.I.T. Opera-
tions Research Center Working Paper OR 046—76, February 1976.

A number of energy planning models have been proposed for combining
econome tric submodels wh ich forecas t the supp ly and demand for energy
commodities with a linear programming submodel which optimizes the
processing and transportation of these commodities. It is shown how
convex analysis can be used to decompose these planning models into
their econometric and linear programming components. Steepest ascent
methods are given for optimizing the decomposit ion, or equivalently,
for computing econometric equilibria for the planning models.

J.F. SHAPIRO , Sensit ivity Analysis in Integer Programming, M.I.T.
Operations Research Center Working Paper OR 048—76 , February 1976.

A major reason for the widespread use of LP models is the existence of
simple procedures for performing sensitivity analyses. These procedures
rely heavily on LP duality theory and the interpretation it provides
of the simplex method . Recent research has provided a finitely con-
vergent IP duality theory which can be used to derive similar procedures
for U, sensitivity analyses. The IP duality theory is a constructive
method for generating a sequence of increasing ly strong dual problems
to a given II’ problem terminating with a dual producing an optimal
solution to the given IF problem . Preliminary computational experience
with the IP dua l methods has been promising. From a practical point
of view , however , it may not be possible when trying to solve a given
IP problem to pursue the cons t ruc t ive procedure as far as the I? dual
problem which solves the given problem. The practical solution to this
diffic ulty is to imbed the use of IP duality theory in a branch and
bound approach.

J.F. SHAPIRO , Multiple Cr iteria Public Investment Decision Making by
Mixed Integer Programing, in Mul tiple Criteria Decision Making,
edi ted by H. Thirlez and S. Zionts, Spr inger—Verlag, 1976.

A number of publ ic investment decision problems have been formulated
as multi—criterion mixed integer programming problems. This paper
discusses briefly the specific models which have been proposed . It
focuses mainly on mathematical and algorithmic results for analyzing
the models.

J.F. SHAPIRO , A Surv~y of Applica t ions of Integer and Combinatorial
Programming in Logistics , in Modern Trends in Lo&istics Research,
edited by W.H. Marlow , M .I.T. Press , 1976.

This survey addresses several specific appl ications including multi—
item produc t ion/inventory contro l problems , warehouse location, natural

3. 
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RESEARCH ACTIVITIES: Mathematical Methods

gas pipeline design and veh icle scheduling. The use on these problems
of generalized programming , Lagr angean techn iques , mixed—integer pro-
gramming and hour ist ics  is d iscussed .

S tudent  R~ ports

H . Z.  AASHT lAN I , Solv i i~~ -~ -a~~ e Scale Networ imiz ion Problems By
tl u o f : K I M O I , SN in OR The sis , February 1976.

Recently, data m anipulat ion in the form of basis factorization for
linear programs and U s t  processLng for networks has been shown to be
an important factor in large scale optimization . Much of this effort
has suggested that simplex based methods may be superior to primal—
dual algorithms for  n e t w o r k  op t i m i z a t i o n .  In this paper , data struc-
tures for primal—dual approaches are investigated , particularly tree
saving dev ices  for the out—of—kilt er algorithm. Computational results
are compared with state-of—the—art running times. Also some sensi-
t ivity analysis is reported .

A.A. ASSAD , Multicemmod ity Network Flows - A Surv,~~~ M .I.T. Operations
Research Center Working Paper OR 045—75 , December 1975. See also ,
Solution Technicj~ie s f o r  the  Multicommodity Flow Problem, SM in OR
Thesis , June  1976.

This report aims at a comprehensive survey of the literature dealing
with the multi—commodity flow problem. This problem arises naturally
in network modelling wherever commodities , vehicles, or messages are
to be shipped or transmitted from certain nodes of an underlying net-
work to some others. Recent applications of mathematical programming
techniques to traffic - equilibrium problems in transportation studies
as well as computer networks analysis has renewed considerable interest
in this problem.

This report discusses solution techniques for both linear and non-
linear flow problems . The former include decomposition , partitioning,
compact inverse methods , and pr imal—dual algorithms . A variety of
feasible d irection method s for th~ latter are described . The report
concludes by giving app lic -ations and computational experience for both
types of problems.

B.L. GOLDEN , Shortest Path Ai g~ rithms A c 2~pprison , M.I.T. Operations
Research Center Working Paper OR O44~ 75 , Oct ober 1975.

This note presents some computat ionil evidence to  suggest that a
version of Bellman ’s shortest path algorithm outperforms Treesort—
Dijkstru ’s for a certain c lass  of n e t w o r k s .

4.
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RESEARCH ACTIVITIES: Mathematical Methods

B.L. GOLDEN , A Statistical Approach to the TSP, M.I.T. Operations Re-
search Center Working Paper OR 052—76, Apr il 1976.

This pape r is an examp le of the growing interface between statistics
and mathemat ical optimization . A very efficient heuristic algorithm
for the comb inator ially intrac table TSP is presented , from which
statistical estimates of the optimal tour length can he derived .
Assumptions , along with computational experience and conclusions are
discussed.

R.T. WONG , A Survey of Network Design Problems, M.I.T. Operations Re—
search Center Working Paper OR 053—76 , May 1976.

This report is a survey of the design of various types of networks that
frequently occur in the study of transportation and communication prob-
lems. The report contains a general framework which facilitates com-
parisons between problems . A large number of different network design
problems are discussed and computat ional experience for the various
solution techniques are given .

1.2 Decision Analjsis, Statistics and Stochastic Systems

Staf f  Re~~ rts

A.1. BARNETF , On Searching for Events of L m i  r a t i on,  Operations
Research, 24, May—June 1976.

Given a set of events, an observer wishes to detect as many of these
as possible. The events arise at several discrete points according
to independent Poisson processes , and the lifet imes of individua l
occurrences are independent and identically distributed random variables.
The specific problem is~ given that the observer can only visit one
point per unit t ime , in what sequence should he make his visits so as
to maximize the steady—state fraction of events he detects? We obtain
some results about the opt imal search policy and f ind the bes t policy
precisely In some circumstances.

G.M. KAUFMAN , On Sums of Lognormal Random Variables, M.I.T. Sloan School
of Management Working Paper WP 831—76 , February 1976.

Approximations to the characteristic function of the lognormal distri-
bution are computed and used to calculate approximations to the density
of sums of lognormal random variables.

5.
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RESEARCH ACTIVITIES : Mathematical Methods

R.C. LARSON ,”The H1percube q~eui~~~ Model: An Introduction to Its
Structure and 1JtUi~ y,

’ M.I.T. Innovat ive Resource Planning Project
Technical Report No. 20—75 , December 1975.

The hypercuhe queuing model provides a quantitative framework for spatial-
ly red eploying or revising the dispatching procedures of emergency re-
sponse units (such as those found in municipal police , f ire , and ambu-
lance services). The model computes a mixture of performance measures
that allows a planner to focus simultaneousl y on several region—wide
objectives while assuring the spatial inequities in the delivery of ser-
vice are maintained at an acceptable minimum .

This paper presents in a fairly nontechnical manner the underlying moti-
vation for the hypercube model and the basic elements of its structure.
After discussing the model in the context of queuing (waiting line) sys-
tems , the paper introduces the concepts of state , transition , and equi-
librium behavior. These concepts are illustrated within the hypercube
framework. System performance measures are computed using the “solution”
to the hypercube model.

If the planner wishe s only an approximate set of values of performance
measures , a computationally efficient approximation procedure is out-
lined .

P.M. MORSE , The Geometr ic  and t h e  Bradford Distributions, A Comparison,
M .I.T. Operations Research Center Working Paper OR 049—76 , February 1976.

Both the geometric and the Bradford probability distributions are used
to describe collections of items of interest in Information science.
Each unit item has a productivi~j~. an integer n measuring the amount of
use of the item . The cumulative F of items with productivit~ eq ual to

n or greater may be expressed as a function of n or else as a function
of the cumulative mean productivity G of items with productivity equal

to n or greater. If F
n 

is an exponential function of n, the distribution

is geometric; if it is an exponential function of C , it is a Bradford
distr ibution. The exact solution of F as a function of n for the Brad—n
ford distribution is computed; the results are tabulated . Graphs are
given , comparing the two distributions , and their relative usefulness
is d iscussed .

R.E. WELSCH , Stepwise M u l t i p le Cornp ar i son  Procedures ,  M . I . T .  Sloan School
W o r k i n g  Paper No. 816—75 , 1 975.

This paper proposes two new stepwise multiple comparison significance
tests which control the experimeotwise type I error rate and compares
them with some existing procedures . The new (step—up) tests begin by

6.
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RESEARCH ACTIVITIES: Mathematical Methods

examining the gaps between adjacent ordered sample means , th en the three—
stretches , four—stretches , and so on until the range is reached . This
reverses a procedure (step—down) proposed by Ryan which also controls the
expe rimentwise error state.

Tables for the new tests were constructed using improved Monte Carlo
techniques. The paper also contains tables for a version of the Ryan
procedure based on the studentized range . A simulation study showed
that one of the new step—up tests and the modified Ryan procedure pro-
vided significantly greater power than the commonly used Tukey Honestly
S i g n i f i c a n t  D i f f er e n c e  t e s t .

R.  E.  WE L SCII , Confidence R e g i o n s  for Robust R~~ ression , J9 f l Proceedfn~~
of the  ASA S t a t i s t i c al f i Sec t ion , Amer i can  Statistical Assoc~-
tion , Washington , D.C., 1975 .

In the past few years , a number of ways have been proposed to perform
robust regression. Perhaps the simplest to implement is called itera-
tively reweighted least—squares. Initial values for the c oefficients
are f ound , a scale for the residuals from this start is computed , and
then a set of weights is determined b y u s ing  a we igh t  fun -t ion applied
to the scaled residuals. The weig ht function usuall y gives a value
near one for small res iduals , and near zero (or equal to zero) for large
residuals. The weights are then used as if they were th e- weights for
a weighted least—squares (WLS) regression. The above process can , of
course , be iterated .

Theref ore, all one need s is a device to compute the start , sc— ile , and
weights and the rest of t he  computation (the hard part) can be done
with a standard WLS routine or by multi plying each observation by the
square root of the corresponding weight and using an LS routine.

Naturally, the question arises — can we use the output from the WLS
routine to find confidence regions for the regression parameters? This
would make life simpler and make robust regression more readily usable.
One purpose of this study of robust regression was to see if it would
be feasible to use WLS output in a simple way .

This paper is organized as follows : section two discusses the robust
es t imator (weight func tion) used , sec t ion three covers the covar iance
formulas , sect ion four examines the design [XJ matrix used , and sec t ion
five summarizes the  parameters and distributions used in the Monte Carlo .
In sec t ion s ix , the results for the location case are discussed . The
seventh covers work on the regression problem and in the last section ,
advice is given . 

-
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R l : S E A h C I I  A( 1 1V I T T f S  : M i t  h ema t  i c - a l  M e thods

R . E.  WE L SCH , ihe Vat Lnu - c - ~ of Segr -ss i - r n  Coefficient Est imates  UsinZ
A~~~~e~ a t e Dat a , ( w i t h  E. K u h ) ,  Ec onometr i c a , 44 , 35~ —363 , March 1976.

T h i s  p a p er  c o U s  i d e r — c  t h e  c - f f e c f i  of  ; ig g r i - ~~at  io n on the var iance  of para-
m e t e r  c - s t i n c i t e~~ f a r  a I i n c ur  r - - r c o s io n  mod e l  w i t h  r andom c o e f f i c i e n t s
and an addit ive error term . A~~ r - ~ -it e and m i c r o  v a r i a n c e s  are compared
and measures of relative elf ic~ enc -v are introduced . Necessary conditions
for effic lent iggrega t fOil (H a- cc U t O S  ire ob ta ined  f rom the Theil  aggre-
g a t i on weights and from measures of synchronization related to the work
of Gr u n f e i d  and Cr 11 i~~hc -~~.

~ tad c O t  
- 
R ~p or t S

S . E .  BODILY , Co l l e c t i v e  ( h o i c c  w i t h  M~i l t i d i i n en s i on a 1 Cons~~~~~ iees ,
PhD in OR Th cs i~~, l-~ - b r u t r ~ 1’)~ ~~~-

T h i s  work c- ’ti s iders  d e c i s i o n  p r o h l c - r a s w her e  a l t e r na t i v e s  have conse-
quences t o  each of a c~~l lc-c - t ion of m d i v  du a l s  or i n t e r e s t  g roups .  I t
c o n t r i b u te s  to b o t h  t he  t h e o r e t i c a l  l e d t r s ta n d i ng  of c o l l e c t i -j e choice
problems  and to the  develop cnent  of a m e t h o d o l o gy  f o r  ag,-~r eg a tin g  con-
sequences  -

A ta xonom y of c o l l e c t  I v c- L t i o i c e  fo r m u L t l ois i c r , v i d t c s  t he  c- cot ext for
con t r a s t i n g  a sn ro~~~t i  u t i l i t y  t o r m u l a t i o n , ~x p l o r c d in  t h i s  work , with

o t h e r  ap p r ~ -i h - s  - i t h -~~~~ h cot ;c- ’i ’ i t nee  to  i nd I vi lao 1 1 measured  by

t i c I m & - r i i r c- . the S r r c ~~~’t c  c i t  i i i  r - ~ c i a  L I O T I i S t F~ c r o v i d t -s ~i c ar d i n a l

r a n k i n g  o f  a I t er u a r i~ - t - s  by i g - ~ egit in s x ., ~~~~~~~~~~ ,n , j  = 1 , 2 , . . . ,m}

in t o  -~~ 
s(-a l - l r .

Two a g gr e g a t e  sch i t  ra-s fo  ~ tF a re  ~ t t h  l ed .  I ) P&~ r ~ - c i t I p r e f e  re nce  aggre-
g at i o n  (PPA ) ig~; r - ~- t t  -a f i r s t  oa t  r f o r  each i n d i v i d u a l  and then  over
m d lv  i d c i a l s .  ?)  N t in r e r t f r -  - t e g  a t  ton (NA ) ;i~ gr egct as first over I for
each  num e r — i  i n c  and t i -n  - J - ~ i i i  r i i r es .  -h i t  i v a t  Ion and m a t h e m a t i c a l
fo rms f i r  t h c -  S I T F  e r i c i t  r c o - h i  i ( ’t r t - :  i t  i t o  s c f i i - n c e  c r  gi ven .  When m div !—
I t - i l p r & - f i - r e r i ’ - e o  a r t -  I s ? d  t o  ; i c  r i - i t t :  ‘ c - 1 . - f l o u t s  I t  i - - ~~-h row , we yen —
y t f - - i t A r  row— I j l~~- i c - i  - - i t iv ad i t  ot~~ c-on lie c i t  of led . Severa l  models

are given or assign i n -  I i i -  p c r - c I t - !  t- r ’ c f  t ~d 1  • in c  l i i i  n-g a p a r t i c i —
p at or v  mod e l  i c r  - c - l l e ~c m y  c uos c - i s .  -~ m et  1ii d o L o g v  f o r  d i r e c t  assess-
men t a~ pr  i er e n c i - s  I s  - - - 

- opc . i ~id he r r t i n ; :le  is p resen ted  for  mak-
in g t h u  f l i c e i i s; i r v  I n t - r p e r ~~c - r c a 1  ( O f l~ i i I  I ~~)t- O I t  - ( T ~~~e i lU e f l C t  5.

New t h eu r e t  I ccc l r i - o i l  t O  a r a ht . i  I nod + o r a t  c t e — t h  ie~~c ie f l t  U t i l i t y  func—
t ions , where  - o n i s e q c u - c c v ’ c c  t o  sc i  h~- r a t ! ’ a t  i nd v i d r i c Is - i r e  not u t i l it y
s e p a r a b le  f r om  O o r - ; i - ( cen ~~~s t - i ) t t t i - O  , but  r a t  i cr  depend on a s t a te
desc r i p t o r  of ot h er s ’ consequences  The i~ - t omat ic t ases fo r  several
form s of a - t a t e — d i -  cc - n d er i t SIJ F II c d e r i ve d .
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RESEARCH ACTiVITIES : Mathematical Methods

Under NA, a normative methodology for ranking interpersonal dispersions
to consequences is provided and its advantages relative to traditional
ad hoc approaches to measuring inequality Is indicated. When distribu-
tional judgments are made in conditions of uncertainty, a dilemma arises
concerning whether prior or posterior equality (or equity) is desired .
A state—dependent SUF is used to resolve the dilemma .

9.
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RESEARCH ACTIVITIES

2. Models_and Applications

2.1 Itrban and Other Public Systems

Staff Repor ts

A .I. BARNErr, On Urban Homic ide :  A Statistical Analysis , (with D.J.
Kleitma n and R .C. Larson). Jou rnal of Cr im inal Jus ti ce , 3, 85—110 ,
1975.

A statistical analysis is made of homicide rates In the ~-O largest
American cities for four different years. It is shown that differences
in recent murder growth among the cities can largel y be explained as
typical random fluctuations abou t a common trend . It is also found
that th e changing age profile of the American people explains no more
than ten percent of the increase in homicide since 1964. Several
mathematical models for future homicide growth are proposed from the
ana lys is, and under each the probability of death by murder and corre-
spond ing drop In life expectancy are estimated for individuals born
now in each of the  50 c i t i e s .

R.C. LARSON , ~roximat ij2& the Performance of Urban  Emergency Service

~y~ tems , Operations Research, 23 , September—October 1975.

This paper presents an approximate procedure for computing selected
perf ormance characteristics of an urban emergency service system.
Based on a recently developed hypercube queuing model , the procedure
requires for N servers solution of only N simultaneous equations ,

rather than as in the exact model. The procedure relies on the
theory of M/M/N queues in which servers are selected randomly and
without replacement until the first available (free) server is found .
The underlying model is intended for analyzing problems of vehicle
location and response distric t design in urban emergenc) services ,
includes Interdistrict as well as intradistrict iespon~ - a , and allows
computation of severa l point—specific as well as area—specific perfor-
mance measures.

R.C. LARSON , Dispatcbin& the Units of Emergency Service Systems Using
matlc Vehicle Locciti A_Com~~ ç~~ -Based Markov Hypercube Model,

(with E.A. Franck), M .I.T . Innovative Resource Planning Projec t Tech-
nical Report No. 21—76 , April 1976.

Automatic vehicle location (AVL) systems present to t he dispatcher of
emergency response units (e.g., police cars , ambu lances) the es timated
real t ime locations of units within his service area. Building on a
recently developed “hyper cuhe queui ng mod e l ,” this paper presents a

10.
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RESEARCH ACTIVITIES : Models and App lications

Markov process model for computing the operating characteristics of the
rad io—dispatched fleet operating under a policy that dispatches the
closest available unit to each call for service (i.e., a perfect reso-
lution AVL system). The model accommodates a realistic descript ion of
the service area and rather general spatial deployment policies for units.

in implementing the model for efficient computer execution , the focus
is on computation and storage minimizing procedures for generating the
state—to—state Markov transition rates. One useful technique involves
the effective application of a recently developed backward regenerative
unit—step tour of the hypercube. The algorithmic procedures generalize
to computer solutions of M/M/N queuing systems with distinguishable
servers , differen t cus tomer classes , and a cost structure for assigning
servers (who may be in one of several postures) to customers of each
class.

The paper concludes with a realistic nine—unit police example that in-
dicates the general ways in which AVL dispatching improves (and de-
grades) system performance.

A.R . ODONI, ~~pend iture and Emp loyment Trends in Large City Police
Departments: 1959—1973, M.I.T. Innovative Resource Planning Projec t
Technical Report No. 16—75 , July 1975.

This report is concerned with a review of trends in employment and ex-
penditures at major city police departments in the United States for the
years 1959 through 1973. The 13 largest police departments , in terms
of the number of emp loyees , are grouped together (Group A) and con—
sidered in parallel with a group of 20 police departments in medium—
size (population 300,000—750,000) cities (Group B).

The report examines in detail a number of points related to police em-
ployment and ex pend itures, includ ing : the size of the growth in city
expenditures for the police on an absolute basis and in relation to
expendi tures for the provision of other services; changes In expend i-
tures for salaries and wages and for the various types of fringe bene-
f it s; salary and wage increases for sworn police employees and for
supervisory personne l in inflated and in constant prices; and , changes
in the size and composition of police work forces-

Several long—term trends become readily apparent as a result of this
examination : Over the years of interest , police protection costs have
Increased a t  a rate far exceeding the rate of cost increases in most
other sectors of private or public activity. On the other hand , the
growth rate of police expenditures is not far out of line with the
growth rate o1 expenditures for many other munici pal services, Salaries
and wages as well as fringe benef its for all categories of police em-
ployees have improved dramatically over the years (and especially so

11.
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RESEARCH ACTIVITIES:  Models and App lications

during the 1966—73 time period). Typical present worth costs for the
hiring of a new policeman by a large— or medium—size city in 1973 are
close to $300,000 (in 1973 prices) . Al though per capita costs of po-
lice protec tion in Group A cities were considerably larger than in
Group B c i t ies, growth trends (as evidenced by the rates of changes
in police employment and expendi tures)  exhibited minimal d i f fe rences .
The composition of police forces has also been chang ing to some ex-
tent , with increased proportions of supervisory personnel and of civilian
employees evident at most police departments.

The extent to which all the aforementioned trends will continue at a
similar level of intensity is a matter for speculation at this time,
due to the major crisis that local government finances seem to be go-
ing through.

Student Reports

K . R .  CHELST , Q r it i t a t i v e  Models for  Police Patrol Deployment, PhD
in OR Thesis , September 1975.

A pr imary task of the po l ice administrator is to make the most efficient
and e f f e c t i v e  use of his manpower. In addition , because police provide
a public service , an important  issue in the deployment of police per-
sonnel is that each segment of the community be allocated an equitable
share. Models are presented that focus on the spatial component of
these deployment goals.

Interactive computer models are formulated to  aid a police planner de-
sign patrol  sectors which represent a good balance among often conflict-
ing objectives (e.g. response times, workloads). The models guide the
decision maker iteratively through a series of alternative sector de-
signs while providing him with information about a spectrum of perfor—
mance measures. An integral part of the system is a set of algorithms
that can modify an Initial sector design to greatly improve imbalances
in either workload , preventive patrol coverage or response time. Compu-
tational experience is presented .

A second set of models is presented which focuses on the more e f f ec t ive
deployment of rand omly patrolling police units as measured by the prob-
ability of intercepting a crime in progress. The discussion begins
with  a presenta t ion  of a basic search theore t ic  model of police patrol
which is used to calculate the probability of intercepting a crime.
As part of the  analysis of the model’s input parameters, the critical
need for a police patrol related data base is discussed and some of its
salient features (e.g. duration and observability of various crime
types) are outlined . Then , using the model , the differences between
overlapping and non—overlapp ing patrol sectors are explored .

12.
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RES EARCH A c T r V I T I E S : Models and A pp l i c a t i o n s

The developmen t of methodolog ies for dep loy ing patrol u n i t s  pro-
ceeds in several stages. First , the impact on the classical search
theory allocation problem of various characteristics of crimes (e.g.,
random arrival , short duration , mult iple independent t a rge t s )  is analy-
zed . A continuous time differentia l equation model of search and de-
tection provides the vehicle for carrying out much of this analysis.
Optima l solutions for a number of classical search problems are pre-
sented including simple closed form expressions for determining if a
region should be excluded from the search. The main result of this
a n a ly s i s , however , i s  the gene ra t ion  of a number of importan t insights
which simplify tOe development of algorithms for deploy ing police.

An algorithm for deploy ing a tactical patrol force ( i . e . ,  limited or
no responsibility for calls f or serv ice) is presented . The measure
of e f f e c t i v e n e s s  t h a t  is used is the  we igh ted  (a user specified index
t ha t  we igh t s  the  various crime types )  p robab i l i t y  of i n t e r c e p t i n g  a
crime . An essential component of the algorithm is its ability to per-
fo rm s e n s i t i v i t y  anal ysis on the  va r ious  input  pa rame te r s .

L a s t l y  the  deve lopment  of an a l g o r i t h m  f o r  e f f e c t i v e ly  a l loca t ing  the
pa t ro l  t ime of s t andard  pa t ro l  u n i t s  is o u t l i n e d . Once again the
measure  used is the  weighted p r o b a b i l i t y  of i n t e r c e p t i n g  a c r ime . The
d i s c u s s i o n  closes w i t h  a desc r ip t ion  of what ques t ions  need to be
answered be fo re  a t o t a l  model of police pa t ro l  can be developed .

D . W . J .  CHIN , An Eva lua t ion  of Indices  f o r  Pred~ ç~~~~~ Med ical Service
Usa~ e in Nursing Homes , SM in OR Thesis, September 1975.

This thesis deals with the need for finding an index which relates a
patien t ’s clinical fragility to the amount of medical services that
he can be expected to receive. It begins by describing the background
of the Nursing Home Telemedicine (NHTM ) experiment at the Boston City
Hospital. It introduces the concept of classifying patients according
to their medical needs and to their nursing needs. The potential uses
of the clinical fragility index as both a research and administrative
tool are described . The general importance of the clinical fragility
index and its relevance to the evaluation of the N}ITM experiment are
discussed .

The procedures of the data analysis for evaluating alternative clinical
fragility indices are presented . Procedures are also presented for the
evaluation of the N}ITM experiment which explicitly take clinical
fragility into account.

In the absence of the completed final data set for the NHTM experiment
at the time of this writing, a limited analysis has been done on a
small group of teletnedicine patients to produce some preliminary re-
sults. These results indicate that it is possible to develop a clini-
cal fragility index and further research is merited .

13.
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E.A. FRANCK, Implement ing Closest Vehicle Dispatching Strategy on
the I~yp~~ cube Model , SM in OR Thesis, February 1976.

In urban emergency service systems (e.g., police , f ire , and ambulance
services), increased attention is being focused on various technologi-
cal innovations for improving operational performance.

Automatic vehicle location (AVL) systems comprise one important class
of such innovations . These systems would present to the radio dis-
patcher the estimated locations of all emergency response units under
hi s j u r i s d i c t i o n .  Di spa tch  decis ions could then be made with an aware-
ness of these estimated locations , resulting in improved operations
compared to standard  manual dispa tchi ng procedures .

This paper presents a method for modeling analytically one simple form
of dispatching using AVL information. It is assumed that the exact,
real— time locations of all response units are known (i.e., a perfec t
resolution AVL system) and that the dispatcher always dispatches the
closes t_available response unit to an incident (closest vehicle dis-
patching).

The model builds on “the hypercube queuing model ”, which is a spatially
distributed queu ing model developed recen tly to analyze analytically
the performance of urban emergency services. Various algorithms
and theoretical concepts of the hypercube model are extended to incor-
porate in an efficient manner the more complicated dispatching mechan-
ism presented by the AVL system.

The hypercube imp lementation of the closest available vehicle strategy
computes all of the standard hypercube performance measures: workloads
of each of the unit s , mean trave l times and cross—area dispatch fre-
quenc ies. In addition , it computes the point specific dispatch error
probabilities for any of the current manual strateg ies , the mean tra-
vel t ime red e-t ions and the variations in intersector dispatch frequen—
c ies.

The new model is applied to two different regions , the first of which
was studied earlier with a simulation model. Results for that reg ion
are shown to be very similar to those obtained by simulation , however ,
at a much smaller cost. Moreover , the point—specific performance
measures were not ca lculated by simulation , being too expensive , and
are thus available for the first t ime .

J.H. JOHNS , I~ t i l h i~~~n t Computer-Aided Dispatching for Urban Police
Patrol Units SM in OR Thesis , September 1975.

Current computer—aided dispatch (CAD) systems for urban police do not
utilize the full potential of the computer and associated peripheral
equipment in the processing of calls for police service. This report

14.
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RESEARCH A C t I V I T I E S :  Models and App l i ca t i ons

proposes ways in which CAD systems can be used more e f f i c i e n t l y  in the
d i s p a t c h i n g  process.

The c a p - i h i l i t i e s  of a t y p i c a l  opera t iona l  compute r—aided  d i spa t ch  sys-
tem -ire examined , and problem areas in the dispa tch ing process are
i d e n t i f i e d . R e s u l t s  of a survey of a small  group of urban pol ice  de-
partments are Included which indicate additiona l problems in the dis—
p i t c h i n g  of p a t r o l u n i t s  and op in ions  of poflce a d m i n i s t r a t o r s  regard—
lug facets of p o l l e e  pa t ro l  ope ra t ions  which  can b e n e f i t  f rom the more
c o m p l e t e  u t i l i z a t i o n  of computer  c a p a b i l i t i e s .

Severa l “ i n t e l l i gent ” compute r—aided  d i spa tch  a l g o r i t h m s  are presented
w h i c h  improve the  d i s p a t c h i n g  process by t a k i n g  advantage of the com-
p u t a t i o n a l , storage , and rapid p r i n t i n g  c a p a b i l i t i e s  of computers  and
per i p h e r a l  equ ipmen t .  A s p e c i f i c  CAl) al gor i thm termed “adapt ive dis-
p a t c h i n g . a s t r a t e g y  f o r  t he  s t a c k i n g  of low p r i o r i t y  calls  for  ser-
v i c e  w h i c h  u s s  i n f o r m a t i o n  c o n c e r n i n g  the  leng th  of the  present
period of service of each patrol unit , is examined in detail through
s i m u l a t i o n  t echn iques .  This  s t r a t e g y  is shown to be an e f f e c t i v e
means for significantl y decreasing the number of intersector dispatches
with acceptable increases in average waiting times of calls for police
service.

Important factors for ensuring the success of computer—aided dispatch
systems are identified , along with policies for the implementation of
systems of advanced technology and operational impacts of such s-;stems
on departmental procedures and personnel. Areas for further research
in CAD technology are outlined .

C. LAURENT, A Dynam ic Analysis of the Housing Market in Paris, SM in
OR Thesis, June 1976.

This thesis has a practical motivation (to analyze the mechanisms un-
der the fluctuations that plague the market for new housing in Paris)
and a methodological motivation (to show how a behavioral model , an
econometric estimation , a Sys tem Dynamics model can re inforce each
other in a study).

For each of three key variables (apartment sales; apartments placed for
sale on the market; increase in apartments selling price), a be-
haviora l model was derived from interviews , then suppor ted (and , on
one point , modified) by an econome tric estimation .

The number of apartments placed on the market is described as depend-
ing on the sales and unsold inventory observed on the market in the re-
cent past. Sales of apartments are described as depend ing on the month-
ly installment that a buyer must pay to reimburse the loan contracted
to buy the apartmen t (this installment depends on credit , and apart—

15.
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RESEARCH A C T I V T T J E S : Models and App l i ca t i ons

ment price), compar ed to  the  buyer ’s income ; sales also depend on
populat ion size. The increases in apartment price are described as
depending  on c o n s t r u c t i o n  cost , as wel l  as on recent  sales.

The resul ts  of t he  econometric  e s t i m a t i o n  were pu t  in the  form of
a System Dynamics  s i m u l a t i o n  m o d e l .  This model showed “performance
c h a r a c t e r i s t i c s” s i m i l a r  to  those  observed in the  real market , and
th i s  suppor ted  our  p rev ious  b e l ie f  in  the  model .

A simplified Sy st e m  Dy n a m i c s  s i m u l a t i o n  model was then  used to assess
what  would be , ac c or d i n g  to our model , the  answer of “promoteurs” ( the
agen ts  who b u i l d  a p a r t m e n t s )  to some hypothetical sales pattern . We
assert tha t the behavior of promoteurs would tend to prolongate the
effect of externa l “pulse ” disturbances for a few years after they
happe ned; and , in addition , to transform random external disturbances
into apparent fluctuations.

After a comparison with other econometric studies of the housing mar-
ket , the model of the promoteurs ’ behavior is formulated In more general
terms , in the form of a model which should hold true of many markets.
It is suggested that the current market for office space in New York
may be another c-is - example of thi s more gene ra l  model.

I.A .Y . LIM , Th,- F f f ~-c~ s f Soc i o— Ec o— D emog rap h ic  Fac to r s  and Family
P1~~ nin~~ Prog~ams on Ferti li~y, SM in OR Thesis , February 1976.

The controversial disagreement between the Third World and the developed
coun t r i e s  as exhibited in the World Population Conference of 1974 In
Bucharest focused on whether population control is best achieved through
concentration on socin-eco development or on intensive family planning
programs.

This s t u d y  t r i e s  to  discover  the  e f f e c t s  of socio—eco c o n d i t i o n s  as
well as some (-rude  f a m i ly  p l a n n i n g  measures on fertility through fac-
tor and regression analyses on da ta  f rom Third  World countries. These
methods , howeve r , can only ascertain the existence and magnitudes of
correlative relationships and cannot imply causal effects.

The analysis indicated that socio—eco—demograp hic condit ions do have
very strong and st a tist ica lly si gnificant relationship s with fertility.
Futhermore , family planning program measures also seem to have signi—
flcantlv strong correlation with economic growth , education and popu-
lat ion density.

Family planning measures fall to show significant relations with fer-
tility. This is most probably due to the crudeness of data used in
this study as well as the lack of sophistication and experience in
family pl anning of most Third World countries.

16.
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RE SEARCH ACTIVITIES : Models and App l ica t ions

This suppor ts  the case fo r  the  importance of socio—eco condit ions in
p o p u l a t i o n  c o n t r o l .  However , the lag between development  and f e r t i l i t y
must  be de te rmined  before  development  can be recommended as a so lu t ion
to  the  p o p u l a t i o n  problem .

It is safe to suggest tha t both developmental  and f a m i l y  programs be
adopted . Further studies — preferably at the micro level — need be
made to determine the amoun t of concentration on each. But family
planning programs should be considered in conjunction with the socio—
eco-.demographic situation .

L.~J . OSWALD , 111 , Pree~~ t i o n - A V i a b l e Stra~~ g~~ , SM in OR Thesis,
September l9fl.

This report develops a structure that may be used to define , evaluate ,
and eventually implement a preemptive dispatching strategy for the police.

It is assumed that there are two priorities of customers , urgent and
nonurgent , and that If prescribed spatial conditions are met , the patrol
unit serving the nonurgent customer will be interrupted and dispatched
to the urgen t caller. The strategy has been defined such that the non—
urgent customer will immediately have another server assigned . A spatial
model , based on an M/C/~ serv ice system , is created to define the spatial
cont ext of preemption.

The spatial informa tion is integrated into a Decision Analysis of a pre-
emptive dispatching strategy. A decision tree is developed that de-
l ineates the dispatching process. Then a Group Multiattribute Utility
Function is formed , by nesting two, four-attribute Group Multiattribute
Ut ility Funct ions of the police and the customer , to evaluate alternative
actions. The func t ion includes subjective as well as objective measures.
An analysis of a feasible computer program package is presented.

Numerical estimates are used to illustrate the properties of the struc-
ture that has been developed to describe preemptive dispatching. The
model is seen to be a valuable tool that can be used to analyze and
eva luate a preemptive dispatching strategy. It not only provides a
means to de f ine the problem , hut it also increases the decision maker ’s
unders tand ing of the comp lex inter act ions that will occur.

The conc lusion will suggest simple data collection and operational pro-
cedures that might be used by a police department to initiate “first—
step” , formal preemptive priori ty dispatching strategy .

17.
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1~ 2 Traff ic and Transpor t- i t ion

Staf~~~~ ports

A. !. RARNETT , Control  Pol ic ies  for  Transport Systems with Nonlinear
Waiti.!~~ 

Cos ts , M .I.T. Sloan School of Management Working Paper No.
850— 76 , 1976.

The i n t e r a c t i o n  be tween  a t r a n s p o r t  company and i t s  passengers is
model led  as a c o o p e r a t i ve  game in which  the  company,  sub jec t  to an
economic c o n s t ra i n t , uses t h e  v e h i c l e  d i s p a t c h  s t r a t egy  under  which
a t i m e — r e l a t e d  co st f u n c t i o n  fo r  passengers is minimized . A rudimen—
t a r v  t r a n s p o r t  sy s tem is s t u d i e d  in d e t a i l , and the joint optima l stra-
tegy for passengers and the transport company is obtained .

N . GARTNER , Generalized Combination Method for Area Traffic Control,
( w i t h  r . D . C .  L i t t l e ) ,  Tran s~ p r t a t i o n  Research Record, 531 , 58—69 , 1975.

A s imple  g e n e r i l i z a t i n of the  B r i t i s h  combina t ion  method is given for
o p t i m i z i n g  o f f s e t s  in  sy n c h r o n i z e d , t r a f f i c — s i gnal  networks of a general
s t ru c t u r e .  The me thod  then  is used in a recursive procedure to deter-
mine va lues for the offsets along each street , the spl its of green t ime
at eat h intersection 01 the network , and the cotmnon cycle time of the
controlled i r e l .  The signals ’ cost to travelers is evaluated as the
sum of 2 components: one assoc iated with a deterministic traffic—flow
model and the other associated with randomness in traffic behavior.
The deterministic component is a function of the coordination among
the signals in the network and generally increases with cycle length.
The stochastic component depends on the expected overflow queue at each
traf f ic light and decreases with cycle length. It is shown that optimal
settings are determined at the equilibrium point of minimum total cost
resulting from the combined effect of the 2 components.

N. GARTNER , ~p~~i r n i z a t I o n of Traffic Signal Settings by Mixed—Integer
Linear~~~~~~~~~~~~;i~~, Par t I: The Network Coordination Problem, (with
J.D.C. Little and H. Gabbiy), Transpor tation Science, 9, 321—343 ,
November 1975.

Setting traffic signals as a signal—con trolled street network involves
the determination ol cycle time , spl its of green t ime , and offsets.
Part I of this paper considers the network coordination problem , i.e. ,
given a common cycl e time and green splits at each Intersection , deter-
mine offsets for a l l signals. In Part I, a l i n k  performance func tion
is developed to express I h e  loss incurred by platoons traveling through
a signal— c ontrolled Intersect ion as a function of link offset. Integer
var iables enter the formulation because of the perlodicity of the traf-
fic li ghts: The algebraic sum of the offsets around any closed ioop

is. 
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of the ne twork  must  equa l  in i n t e g r a l  number  of cyc l e  t imes. The op-
timization problem is formulated as a mixed—integer linear program
and a t e s t  n e t w o r k  i s  s o l v e d  by b r a n c h — a n d — b o u n d  t e c h n i q u e s  u s i n g
IBM ’s MPSX package .

N.  GARTNER , (
~p t i r n i z a t io n of T r a f f i c  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Linea r  Pro~~ramm~~~~, Pa r t  I I :  The Ne twor1~~~ynchronizat ion Problem ,
( w i t h  J . l ) . C .  Littl e and 11. C ab b a y ) ,  Tr r t a f  ion Science , 9 , 3 4 4 — 3 6 3 ,
Sovemh er 1975 .

R e s u l t s  o b t a i n e d  in P a r t  I are ex tended  to i n c l u d e  o f fs e t s , s p l i t s  at
each i n t e r s e c t i o n, and a common c y c l e  t i m e  fo r  the  ne twork  as simul-
taneous decision variables. In addition to the deterministic link
performance function , the stochastic effects of overflow queues from
one cycle to the next are modeled by means of a saturation deterrence
function that enters as an additive component in the objective function.
Computationa l results demonstrate the feasibility of using mixed—integer
linear programming on problems of realistic size. Sensitivity analysis
of cycle t ime shows i t  to have a s t rong  i n f l u e n c e  on ne twork  p e r f o r m a n c e .

A . R .  ODONI , Ai~ por t  Quotas and Peak Hour P r i c i n g :  Theory and Practice ,
(w i t h  J . F .  V i t t e k ) , Report  No.  F A A — A V P — 7 7 — 5 , U .S. Department of Trans-
portation , May 1976.

This report examines the leading theoretical studies not only of airport
peak—hour pricing but also of the congestion costs associated with air—
port delays and presents a consistent formulation of both. The report
also cons iders pure ly adm inis trati ve meas ures , such as quotas , and hy-
brid systems which combine administrative and economic control techniques.
These are all compared to the real—world situation and problems of im-
plem entation discussed .

The actua l experiences of the Port Authority of New York and New Jersey
at the three major New York area airports and the British Airports
Au thority at Heathrow are then presented . Both organizations adminis-
ter hybrid quota/peak—hour pricing systems in conjunction with their
respec tive air traffic control authorities. Their experience is corn—
pared w ith the theoretical analyses.

A.R. ODONI , A Handbook for the Estimation of Airside j~~~~~~jj~a o !
A irports (Quick Approximation_Methodi, (with P. Kivestu), Report No.
NASA CR—2644 , rune 1976.

The hand book contains a set of curves that allow estimation of the
average number of total daily delay minutes at a major airport under a
var iety of conditions. Demand profiles at each airport are classified
with respect to the number of daily peak periods , the percentage of
daily flights dur ing peak periods , and the number of peak period opera—

19.
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t ions at t h e  a i r p o r t . ~ l ic i ~ combined w i t h  the s a t u r a t i o n  capac i ty  of
the  a i r p o r t , t he se  d e s c r i p t o r s  p r o v i d e  s u f f i c i e n t  In fo rma t ion  to allow
u sage of t he  Ic - imi t ihoo k

Examples i i l m i s t  r at  in g  t h e  use of t h e  handbook a r e  p rov ided , as we l l  as
a b r i e f  rev iew and d e s c r i p t i o n  of  t h e  t e c h n i c a l  app roach  and of the
compu te r  package deve loped  f o r  t h i s  p u r p o s e .

S t u d e n t  Rep o r t s

B . L .  GOLD EN , V e hi c l e Rout in~ ~ b~_e~n~~ orm ul itions and H e u r i s t i c
Solution Technique’s , M.I .T. Operations Researc h Center Technical Re-
port No. 1 1 3 , Aug ust 1975.

An essential element of the newspaper log istics system is the alloca-
tion and routing of vehicles for the purpose of delivering newspapers
on a daily basis. In thi s paper , various vehicle r o u t i n g  p rob lems  are
p r e sen t e d .  F o r m u l a t i o n s  d e f i n i n g  the  m a t h e m a t i c a l  models are discussed
in c o n j u n c t i o n  w i t h  severa l w i d e l y — u s e d  h e u r i s t i c  s o l u t i o n  t e c h n i q u e s .
The focus  is an p r o v i d i n g  a u n i f i e d  f ramework f o r  these very d i f f i c u l t
c o m b i n a t o r ia l  p r o g r a m m i n g  p rob l ems .

2. 3 In d u ~~t r ia 1 ~~~ ~~io~ gement~~ystems

Staff Repprts

A . I .  BARNETT , ‘lore on a ark t eTh re , Journal of Marketing
Research , F e b r u a r y  1976 .

The Marke t Share  Theorem of Bell , Keeney and Little is extended to some
s i t u a t i o n s  where a t t r a c t i v e n e s s  r a t i n g s  of p r o d u c t s  a re  not  re la ted
“linearly” and symm etric ally to their market share. Unique expressions
for  m a r k e t  share a re  o b t a i n e d  in these con tex t s under  an ax iomat ic
s t r u c t u r e  w i t h  t h r e e  p o s t u lat e s , one fewer than  used in the or ig inal
theorem.

HAEHLING VON LANZENAUER , Developin1 an~~ptima 1 Repair-Replacement
Stratez~ for P;mlle ts , ( w i t h  D . I ) . W r i g h t ) ,  M.I .T. Operations Research
C e n t e r  W o r k i n g  Pape r  OR 0 4 7 — 7 6 , Februa ry  1976.

The prob lem of d e t e r m i n i n g  when to  r e p a i r  and when to rep lace f a i l i n g
eq u ipment is a concern of management of produc tive resources . Inef-
ficient management due to the use of non—optima l repair—replacement
pol icies can have sign ificant financial implications . The purpose of —

this paper is to describe the problem , an a l ysis and re sults of a study
which Is concerned with determining the optima l repair—rep lacemen t
strategy for an organization managing a large number of wooden pallets.

20.
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A. C . HAX , The Use of Decision Ana1~ sis in Caj~~t a l  I n ve s t me n t  Pr oblems
(with 1CM. Wiig), M.I.T . Operations Research Center Technical Report
No . 118 , October  1975.

Th i s  paper  p rov ides  a framework for the formulation and analysis of
capital investment projects and illustrates the use of this framework
in oft ering recammendat ions for a decision affecting a major mining
company.

The decision situation being formulated and analyzed in this study
cor re s p o n d s  to  an actua l project undertaken by the a u t h o r s . At every
stage of the analysis , the problems encountered in applying a quanti-
tative approach to capital investment decisions which are the responsi—
bi l i t v  of top executives of the organization are emphasized . These
decisions are influenced significantly by uncertainties , and attitudes
toward rink , and multi ple objectives. Throughout this paper the prob-
lems encountered in implementin g this approach are considered , parti-
cularly wi th regard to the impact on the methodology used , and the
d a t a  co l lec ted  and processed .

A.C.  HAX , Th p~!i f i ~~~ge ca1e Log~ist ics Systems : A Survey and
an Approa~h , in Modern Trends in Logistics Research, W.H. Marlow
(editor), M.I .T . Press, 1976.

This paper  proposes an approach to the  des ign of model based large scale
sys tems  to suppor t  l og i s t i c s  decis ion m a k i n g .  F i r s t , several f rameworks
are presented  to c l a s s i f y  log i s t i c s  dec i s ions  which  suggest  the  essen—
t ij l  c h a r a c t e r i s t i c s  a log i s t i c s  sys tem should possess. Subsequen t ly
a critical review is offered of the current methodology and system
development in the field of logistics. Finally, an approach is given
to f a c i l i t a t e  the  des ign  and i m p l e m e n t a t i o n  of log i s t i c s  decis ion suppor t
sys tems .

A . C .  HAX , On the Desi gp of Hi e r a r c hi c a  P r o d u c t i o n  P l a n n i n g  ~y~ tems ,
(with G.R. Bitran), M.I.T. Operations Research Center Technical Report
No. 121 , February 1976.

To provide effective managerial support to the decisions related to the
production planning and scheduling processes , it is useful to partition
this set of decisions In a hierarchical framework . In the resulting
system higher leve l decisions impose constraints to lower leve l actions ,
and lowe r level decisions provide the necessary feedback to reevaluate
h i gher level ac tions. The purpose of this paper is to suggest optimum
procedures to dea l with the resulting subprnblems , and to analyze the
interaction mechanisms among the different hierarchical levels. Compu-
tationa l results are given.

21.

. 
- ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

,
~~

-  
~~~~~~~ -- -~~~- —k—--- — a



R E S E A R C H  A C T I V T T T E S :  Models  and A p p l i c a ti o n s

A.C. FlAX , Eco n omic  and Soc ial Evaluation of ç~pita1 Investment_De-
c i s i o n s  - A n A p p l i c a t i n . ( w i t h  0 .1 .  Candea and U . S .  K a r m a r k a r ) ,
M. 1.1. e)p er it ions Research C en t e r  Techn i ca l  Repor t  No.  123 , Apr i l  1976.

This paper p r e sents the a c t u a l i m p l e m e n t a L  ion of a r i s k  a n a l y s i s  model
to a mancif;ict uring venture undertaken by the  government  of a fo re ign
country. A major engineering anti marketing study was conduc ted  in ad-
vance , so t h a t  the  1 ac - i t i on  and size of t he  v e n t u r e  were  de te rmined
p r i o r  to  t h e  r i s k  a n a ly s i s .  The pu rpose  of our  s t u dy  was to eva lua te
t h e  p r o f i t a b i l i t y  of the project both f rom economic and social p o i n t s
of v iew.  If there had h ee ic  more  t h a n  one a l t er n at  lye , the  same methodo-
Logy could have bet n a p p l i e d  to  y i e l d  compara t ive  measures of pe r fo r -
mance .

J . D.C. LTTTLI- , BRA 1,j)AiD: A M ark ~~~~~~~~ ix I 1: Structure ,
e)pcrat ions Research , 2 3 , 62 8—6 S ~c . July—Au~’.ust 1975.

M a r k e t i n g  managers make’ decisions about price , advertising, promotion ,
and other m a r k e t i n g  variables on t h e  basis of f a c t u a l  da ta , j udgmen t s ,
and assumptions ab o u t  how the market works. BRA NDAID is a f l e x i b l e ,
o n — l i n e  model  t a r  a s s e m b l i n g  these elements to describe the market and
evaluate strategies. This paper motivates the model and presents its
mathematics. The structur e is modular so t h a t  individua l decision areas
can he add ed or d e let i d at will. The model is of the aggregate response
type , in whi ch dec  i sion  var iables r e l a t e  closely to s p e c i f i c  sales per—
f~ rmance measci rc~~. The m a l o r  submodels are a d v e r t i s i n g ,  promot ion ,
T- r - e , s a l e s m e n , and r e t a i l  d i s t r i b u t i o n . The a d v e r t i s i n g  submodel em—
ploy s  a l o n g — r u n  a a l t • s  response to  a d v e r t i s i n g  f u n c t i o n  and a l inear lag
process. Promotional eftects are built up from a characteristic time
p a t t e r n  far t he  t y p e  of promotion and a response curve . Salesmen affec t
sales t h r ou g h a response process s t r u c t u r a l l y s imi la r  to t h a t  f o r  adver-
t i s i n g .  R e t a i l  d i s t r i h u t  ion v ar i a b l e s  a re  i n t e r m e d i a r i e s  t h a t  the com-
pany  a f f e c t s  and t h a t  in  t u r n  ~~f f e r t  c u s t o m e r  r e sponse .  Submodel o u t p u t s
combine m u l i  i p l i c a t i v e l y .  CompeL it ion enters in a modular , symmetric way
t h r o u g h m a t r i x  of camoet. i t  lye c o e f f i c i e n t s  t h a t  d e t e r m i n e  the  source
of s a l t -s  f o r  c u - h  b r a n d  as I t  seeks to  i n c r e u c e  i t s  m a r k e t  p o s it i o n .

.1. D. C .  l i l E l E , HRAN ,AII): A Ma rketi~~~—Mix ModeI , Part ~~~~~~~~~~~~~~~~~
C a l i b r a t i o n , and Case S tw l y ,  OperatIons Research , 23 , b56—673 , July—
Augus t  l 9 7~

Mod el  imp l e m e n t - i t  ion ~r ts  with jut roduct cr y st e p s that include orient-
ing manag ement , lormi ng a team , selec t ing and formul ating a problem ,
-a i i  b r a t  in g  t h e  mo de l , and j o l t  j u l  u se .  Then an — g o i n g  s teps t a k e  over

w i t h  f i r e f i g h t i n g ,  t r e - k i n g  and d i a cr i o s i s , up d a t i n g  and e v o l u t i o n , and
r e — u s e .  ( a  I i b r u  t i on  of  t h u t  sca l e - i  i s  approached  e c l e c t i c a l l y  In stages
t h a t  I n c l u d e  jci d gm -n t . i t e m  I vs  i a of h i  st orical dat a , t r a c k i n g ,  f i e l d
measurem ent , and adapt lvi- ~- e’~Lro l . A t h r e e — y e a r  c i s c -  St udy shows that
u n e x p e c t e d  e v e n t s  i n t - r a p e r n  a planned i m p l e m e n t a t i o n .  The model

22.
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serves not only as a means of evaluating strategies in annual planning
and d a y — t o — d a y  ope ra t ions  but  also as pa r t  of a m o n i t o r i n g  sys tem tha t
compares model p r e d i c t i o n s  w i t h  a c t u a l  sa les  to uncover  m a r k e t i n g  prob-
lems and focus  m a n a g e r i a l  a t t e n t i o n  upon them .

J . D . C .  LITTLE , THE ADV ISOR PROJECT : A d v e r t i s i ng  Bud ge tin ~j or In d u s t r i al
Products , ( w i t h  G . L .  L i l i e n ) ,  M . I . T .  S loan  Scho-j l of Management  Work ing
Paper  WP 8 2 3 — 7 5 , November 1975.

Companies s e l l i n g  to i n d u s t r i a l  and bus iness  m a r k e t s  f ace  the  problem
of d e t e r m i n i n g  how much to  spend fo r  var ious  el emen t s  in the  marke t ing
m i x .  S e t t i n g  budge t s  fo r  a d v e r t i s i n g  e x p e n d i t u r e s  is e s p e c i a l l y  d i f -
f i c u l t .

This  paper reviews t h e  r e s u l t s  of t he  ADVISOR p ro jec t , a mul t i—company
s tudy  of c u r r e n t  p r a c t i c e  in s e t t i n g  a d v e r t i s i n g  budge t s  fo r  i n d u s t r i a l
p r o d u c t s .  The m o t i v a t i o n  for  t he  s t u d y  is t h a t , since i n f o r m a t i o n
about  a d v e r t i s i n g’ s e f f e c t  on sales  is v i r t u a l l y  nonex i s ten t  for indus-
trial products , managers should tap the collective wisdom of those cur-
rently making advertising bud geting decisions.

Data on products from a number of large industrial companies have been
ana lyzed  to d e t e r m i n e  those product  and marke t  c h a r a c t e r i s t i c s  tha t af-
f e c t  a d v e r t i s i n g  budge ts  as wel l  as how those budge ts  are a l loca ted
across media . The study has produced new forms of guidelines for indus-
trial product managers , both for setting the overall advertising budget
and for dividing it among media. In addition , new insight into the bud-
ge ting process is gained by stud ying the process itt two steps: setting
an overall marketing budge t and determining advertising ’s percentage of
t h a t  budge t .

J.D .C. LITTLE , Marke ting Issues of ‘Waste’ Grown Aquatic Foods, (with
J.  H u g u e n in ) ,  M . I . T .  Sloan School of Management Working Paper WP 837—76 ,
February 1976.

Are soc ietal wastes all bad? Some of them , inc lud ing  heat f rom power
plants and certain organic wastes , have been demonstrated to be poten—
t i a l l y  va luab le  fo r  g r o wi n g  a q u a t i c  food organisms . The use of such
“wastes” promises the double benefit of a cleaner environment and an
Increased  food s u p p l y .  Research  and development e f f o r t  can be expec ted
to solve , for at least some production methods , the tech n i c a l , economic
and publ ic health problems that currentl y ex ist.

But can foods grown in part with potentially objectionable inputs be
successfully marketed? All evidence indicates that regulatory agencies
w i l l  r e q u i r e  much l ower h e a l t h  r i s k  fo r  a q u a c u l t u r e  foods than “wild ”
ones and w i l l  ensure  exp l i c i t  l a b e l i n g  of p o t e n t i a l l y  controversial in-
puts. Knowledge about potential consumer reaction to such food products

23.
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is scanty and mixed . Some “waste ” grown or “was t e ” c o n t a i n i n g  foods
(many water supplies , some farm and aquaculture products) are regularly
consumed , hu t  t h e  p u b l i c  has a lso  r eac t ed  s w i f t l y  aga ins t  foods m e n —
is i n , eu t e d  on h e a l t h  g rounds  ( s h e l l f i s h  a f f e c te d  by red t i d e , c r a n b e r r i e s
ca n t am! n a t  ~

- I by peS t ic ide) m d  has some t ime~ been pa I ar i zed by cont  ro —
vers  i es ( f l u o r i d a t i o n )

Under t h e s e  c i r cu m s t a n c e s  a I i k e l y m a r k e t  ing strategy is to concentrate
on aquatic c c r g u n isms t h - ut ar e  n o t  d i r e c t  Iv u sed fo r  human comsumpt ion
h u t  c - - in  he used  f o r  an i m a l food or p rocessed  f o r  t h e i r  e x t r a c t s .  For

food s that are ca N- I )  directly (fish , slicE if ish) , a p r o m i s i n g  s t r a —
teg \  i s  t i c  t ake  a i v a c i t a g e -  of  the q u a l  ity c a n t  m l  p o s s i b l e  in a q u a c u l —
t u r u  I p r o du c e  t s  t p r o d u c e  and m a r k e t  p r e m i u m  f o o d s .  These can be sold
f i r s t  t o  t h e  r e s t - o u r u n t  t r a d e  w i t h  d i r e c t  d i s t r i b u t i o n  to  p reserve  maxi-
mum f r e s h n e s s , and I - i t  e r  t o  c o n s u m e r s .  An i n t e r e s t  ing p o s s i b il  i t y  in
b etween  d i  r i - c t  and  i n d i r e c t  cat - i s  as components  of processed and p re-
p ared  seafoads ( f i s h  st icks , fish cakes )  . S e p a r a t e ly  and s i m u l t a n e o u s —
lv  a public i n f o r m a t i o n  campaign can stress t h e  merits and societal
a d v a n t ag e s  of w a s t e  u t  i i  i z a t  ion .

J . I) . C . 1..ITTL E , The A D V I S O R  P r oj e c t :
Bud gets , (with G.L. Li lien) . Sloan Mana~ ement Review, 17 , 17—3 1 ,
S p r i n g  ~~~~~

Companies that s e H  t o  industria l and bus ine s s  m a r k e t s  must  d e t e r m i n e
how m u c h  to  spend  for various elements in the marketing mix. No systema-
ti c qu int i ta t ive guidance is curren tly available to aid managers facing
t he se  de~ islons. ADVISOR , a joint project of M.I.T . and the Association

-. at N a t  l an a i  Ad-i cr t i s er s , addresses  t h i s  need in the case of advertising

~au d c t s .  P c I u on - ; i x t v - s i x  d i v e r s i f i e d  p r o d u c t s  f r o m  twelve  companies
h a v e  been i i  c l v z e d  t a J e t  e rm ine  key p r o d u c t  and m a r k e t  f a c t o r s  t h a t  a f —
ii t - u d - i r t i s i n g  e xp. - n r t i t u r e s  and med ia a l l o c a t i o n  d e c i s i o n s . New forms
of go l l . ~- i i  c - a  h c v t -  h e a r t  developed t o  a id  i n d u s t r i a l  p r o d u c t  managers  in
sett in .-, and i l l i c i t  ing -udvortising budgets by providing information on
industr y tu rns , u-~ ing us i n p u t  shout  a h a l f  dozen s tan d a r d  p r o d u c t -  mar—
k.-t factors.

S t u d e n t  Repor ts

H.  GA RBAY . A } l i e r a r  h i ’  i l  Ap~ r9aç ) ’ro fl P lannj~g., PhD in OR
T h e- .~ i s , F e b r u u m r ;  l a ’6 .  See a l s o  M. 1.1. Op e r a t i o n s  Research  Center
~I ei h r u  I c i i  R ep o r t  ~c’ . I 20 , i ) cu - e mhe r 1 9 75 .

T h i s  d l s - u i u s  ion  10 b. gun w i t h  an S T 1 ) I I V S I S  of t h e  h i e r a r - h i c ; i l f ramework
dis c ussed in  F l ax  and M i - i l , l 9 7 S .  A f t e r  d e f i n i n g  the d i f f e r e n t  levels of
th e  h i e r - u r c h u v  , necess ary and s c u f f  I c t en t  c o n d i t i o n s  I te  prov ided  to  in
su r e -  c~~flS i~~t e u c  y be tween ag g r e ga t e  and d et a i l e d  mode l s .  Several i n t e r—
pretat ions and o u u o t . quu , net-S 01 t h ese  r e su i  t s  are d i scussed . In add i t ion ,
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it is shown t h a t  p l an n i n g  hor izons  to insure cons i s tency  on a de t a i l ed
leve l are i n t i m a t e l y  r e l a t e d  to p l a n n i n g  on anaggrega te  level .  A l t h o u g h
the o p t i m al i t y  of the  approach of Flax and Meal is not demonst ra ted , lower
bounds are e a s i l y  d e r i v e d .

For the r e m i n der  of t h e  paper , t h e  agg rega t e  p roduc t  s t r u c t u r e  of Hax
and Me-a l Is not c o n s i d e re d . In s t e a d , In  a l i n e - m r  mode l ,  a l l  i tems are
a g g r e g a t e d  t o g e t he r .  U n d e r  a q u i t e  genera l  c o at  s t r u c t u r e , the optima l
agg rega t e  p r o d u c t i o n  w h i c h  can he o p t i m a l l y  d i s agg r e g at e d  is cha rac t e r i zed .
The an a ly s i s  is ex tended  f r o m  the  s i n g l e  to t h e  m u l t i  echelon case .
Some of the  p r e c e d i n g  n o t i o n s  are f o r m a l i z e d  and a more genera l  unde r ly ing
theory is p r e s e n t e d . The aggregate e-h a r a c t e r i z a t  ion  is c l o s e l y  r e l a t ed
tic properties of Leontief systems. In  addition , a new characterization
of L e o n t i e f  S u b s t i t u t i o n  Sys tems  Is p r e s e n t e d . F i n a l l y ,  t he  o r i g i n a l
p r o b l e m  Is e x t e n d e d  to  i n c lu d e  b o t h  r e g u l a r  and o v e r t i m e  c o n s i d e r a t i o n s
and then t ixed cha rges  in p r o d u c t  ion .

U . S. KAR,MARKAR , M u u l t i l o c a t i o n  D i s t r i b u t i o n  Systems , M . I . T .  Opera t ions
R e s e - i r c h  (-enter ~echnI cal Report No. 117 , September 1975.

A M u l t i l u c a t i o n  Distribution System ” is - u s y s t em f o r  t he  d i s t r i b u t i o n
of g oh s  t h a t  r~ m v he h e l d  ; u t  m o r e  t h a n  one b ea t  ion in t h ue- system . This
pape r is c o n c e r n e d  w i t h  t h e  s h i p p i n g  and s t o c k i n g  d e - c i s i o n s  made in
s u c h  a s y s t e m  i t  t h e  sho r t  t e r m  p l a n n i n g  level , i n v o l v i n g  s e t t i n g  of
s t o c k  t a r g e t s  m d  s e r v i c e  leve l -; , p o s i t i o n i n g  0 1  s tock , and m a k i n g  cost
versus  s e r v i c e  l eve l t r a d e o f f s  when t h e  demands  t o  be met are s t o c h a s t i c .

The p r o b l e m  and i t s  i m p o r t a n t  c h a r a c t e r i s t i c s  ar e ’  d e s c r i b e d  and a f rame—
— 

work f o r  i d e n t i f y i n g  problems is  deve loped . The l i t e r a t u r e , both  metho-
d o l o g i c a l and a p p l i e d , is reviewed and d i s e c u s s e d  c r i t i c a l ly .  The ma jo r
a p p r a c h u e s  and t h e i r  m e r i t s  and s h o r t c o m i n g s  at e - des~ r ibed , and i t  is
asse r t ed  t h a t  t h er e  is  a c- lose  c o n n e c t ion  be tween  the  s tochas t i c  d i s t r i -
bution problem and the literature in stochastic programming. This as—
s e r t u c u n  is borne  out  b e x a m i n i n g  a s i m p l e  but  genera l  type  of d i s t r i -
b u t i o n  p r o b l e m  m u s i n g  p r o g r a m i n g  t echn iques  and showing  t h a t  i t  y i e l d s
c o n v i n c i n g ly to the  t r e a t m e n t .

Next  a general c o n v e x/ s t o c h a s t i c  p rograming  p r o b l e m  mot iva ted  by the
distribution problem is s t u d i e d  and some q u a l i t a t i v e  c h a r a c t e r i s t i c s
and properties of the problem are described . In particular the form of
the optimal policy and optima l cost func t ion are characterized . The re-
sults are specialized to the one—period distribution problem and then
applied to the multiperiod and infinite horizon problems to show that
the same form of policy and cost functions obtains . Some computationa l
methods for the problem are briefly discussed .

Finally, the approach developed here is discussed in the context of dis-
tribution system management. It Is suggested that it is ut~eful at the

25.
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“c u r r e n t ’ p l a n n i n g level ~us p ar t  of a h ie ra rch ica l  scheme of con t ro l .
Such a scheme is hrceUy outlined with a discussion of the factors
r e l evan t  t i  the des ign  of an operat i onal distribution management system.

M . MAT SU S H I T A , Aui Ap~ 1 i - - i t i u u t i  of Benders Decomn Itiop to Steel Pro-
d u c t  Ion , SM in  OR Thesis , Febr ic i ry  1976 .

tIc i s  p ap e r p r e a e - n t  s an ap p l i c a t i o n  to steel produc t ion c,f the Benders
D e c o m p o s i t i o n  method fo r  mixed  i n t e g e r  p rogramming .  A steel  company
f a c t - s  m any p r o b l e m s  w h i c h  can be model led  as mixed in teger  programs ,
hut  t h e  u s e f u l i n e s s  of these  models  has been l i m i t e d  by the d i f f i c u l t y
of o b t a i n i n g  o p t i m a l , or ev e r  near  op t ima l , so lu t ions .  The Benders
Decompos i t i on  me t hod , devised by J . F .  Benders , has been put  forward
as a way of overcoming  t h i s  d i f f i c u l t y .  This  method has been imple-
mented arid applied tu ’ one of the important mixed integer problems
arising in stee l i r c u h u u t i o n . The overall model consists of a ship
sch e d u l i n g  model and several  raw m a t e r i a l s  m i x t u r e  models for  the
si n t e r i n g  p l a n t s  and h l ;u s t  f u r n a c e s .  A near o p t i m a l  so lu t ion  was found
a f t e r  a sma l l  number of i t e r a t i o n s  of the  method and in  a qu i t e  reason-
ab l e  amount of c o m p u t e r  t ime .

2 . 4  Energy

Staf f  Repor ts

G . M .  KAUFMAN , P r o b a b i l i s t i c  Model l ing  of Oil  and Gas Discovery,  ( w i th
E. B a r o u c h ) ,  p roceedings  of conference on Energy: Mathemat ics  and
M o d e l s ,  Ju l y  1975.

The r e c e n t  a v a i l a b i l i t y  of a v a r i e t y  of oil  and gas reserve forecas t s
fo r  the U . S .  has not c o n t r i b u t e d  to  increased c o n f i d e n c e  as to the
e m p i r i c a l  n a t u r e of the  long—run  reserve supp ly  f u n c t i o n .  These e s t ima tes
are c h a r a c t e r i z e d  by a high degree of v a r i a b i l i t y .

Perhaps the  most  s t r i k i n g  f e a t u r e  of published fo recas t s  of undiscovered
oi l  and gas is t h e i r  range .  Differences in t h e  amount  and q u a l i t y  of
geological  i n f o r m a t i o n  employed and in i t s  i n t e r p r e t a t i o n, d i f f e r e n c e s
in the  economic and t e c h n i c a l  scenarios imp l i c i t l y  or exp l i c i t l y  assumed ,
and d i f f e r e n c e s  in t h e  methods employed fo r  computing forecasts account
in par t  fo r  t h i s  enormous r ange .  Few au thors  discuss in de t a i l  how
the i r  fo recas t s  can be used in a n a l y s i s  of the  r e l a t i v e  mer i t s  of policy
alternatives , even though the end use of a forecast  should shape i t s
form.

~4hat is needed , in short , is an analytical approach to this part of the
supply  e s t ima t ion  problem in w h i c h  ( I )  the ou tpu t  is in a form u s e f u l
for  p o l i c y  a n a l y s i s , usu -i l ly  the  c o n s t r u c t i o n  of an economy supply func-
t ion; (2)  the  model Is s c i e n t i f i c a l l y  c r e d i b l e ;  (3) the measures of

26.
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u n c e r t a i n t y  of e s t ima tes  and of model parameters  can be computed; and
(4 )  expert  judgment  can be exp l ic i t l y incorpora ted  as personal (sub-
jective ) probabilities and blended in a logical fashion with objective
evidence as the latter accrues.

J .F .  SHAPIRO , OR Models f o r  Energ~ j’lanni~~~, Computers and Operations
Research , 2 , pp.  1 4 5 — 15 2 , December 197 5 .

Th i s  paper discusses how OR models and methods have been used , or could
be used , to aid in energy p l a n n i ng .  The three  spec i f i c  areas discussed
are energy sys tem eq u i l i b r i u m  analyses , energy R & D p lanning models ,
and models for  s t o c k pi l i n g  p e t r o l e u m  and a l l o c a t i n g  i t  in emergencies.
A number of open m e t h o d o l o g i c a l  and model bui l d i n g  research questions
are presented .

J .A.  BLOOM , A M a t h e m a t i c a l  Model of Fuel D i s t r i b u t i o n  in New Eng land ,
SM in OR Thesis , February  1976. See also , M . I . T .  O p e r a t i o n s  Re’~earch
Center  Technical Repor t  No. 126 , May 1976.

The o i l  embargo of the win ter  of  1973— 1974 prompted the f ede ra l  govern-
ment  to impose a mandatory  f u e l  a l l o c a t i o n  program in order to meet the
t h r e a t  of fue l  shor tage . The m a t h e m a t i c a l  model developed in th i s  re-
port is designed for use with the allocation program , and its primary
purpose is to  p red ic t  local shor tages  of h e a t i n g  oi l  in the s h o r t — t e r m .

The model represents  the f u e l  d i s t r i b u t i o n  sys tem in New England as a
network of nodes connected by flows of fuel. The nodes represent end—
users , r e t a i l e r s, large terminals , and o f f s h o r e  source po in t s .  The
sizes of the f lows  between the nodes are f ixed  by the  a l loca t ion  rules ,
based upon t h e i r  h i s tor ica l  sizes. The d i s t r i b u t i o n  model used th is
data to distribute an es t ima te of fuel supply from offshore sources among
the end—users .  An Independent model determines end—user demand , which
is compared to the supply es t ima te  to determine the  s ize of the shortage .

A detailed model of fuel inventory management is developed. This model
assumes that terminal operators manage their inventories in such a way
as to minimize  the e f f e c t s  of the shor tage . The model is  f o r m u l a t e d  as
an optimization problem with several alternative objective functions ,
Using actual data , these objective functions are used to predict the in-
ventory behavior of several terminals during the winter of 1973—1974 ,
and the predictions are compared to the observed behavior in order to
determine which objective function most closely models the actual be-
havior.

27.
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R.  E. BROOKS , A llc cat ion of N at u r a l Gas in Times of S r t a :~~~ A Mathe-
mat  ical Proj~~aminin~ Model  of tfl~ P roduc t  ion, Trans~u I s s i o u ~~ and Demand
for  N a t u r a l  Gas U n d er  Federa l  Power Commission Reg~~at ion , PhD in OR
Thesis , September 1975.

The purpose of this study was to develop a model of the production ,
transmission and demand for natural gas which would represent the ef-
fects of Federal Power Commission regulation in a realistic manner and
which cou ld  be used as a tool fo~ a n a l y s i s  of a l t e r n a t i v e  FPC pol icies
rega rd ing  producers , i n t e r s t a t e  p ipe l ines , and the allocation of natural
gas in t imes  of sho r t age . Th i s  t h e s i s  descr ibes  the development  of
(ASNET , a mathematical programming model of the U.S. natural gas system ,
f rom i t s  t h e or e t i c a l  for m u l a t i o n  to It s  imp l e m e n t a t i o n  on the SESAME
m a t h e m a t i c al  p rogramming  sys tem to f o r e c a s t s  of supply and demand fo r
n a t u r a l gas in  1980. I t  also descr ibes  the  development  of a modi f i ed
l i n e a r i z a t i o n  a l g o r i t h m  which  is shown to converge to a Kuhn—Tucker
p o i n t  of the  non—convex , n o n — l i n e a r  program which r ep resen t s  the
n a t u r a l gas sys tem under  FPC r e g u l a t i o n .

2 M .
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3. Com~~~~~~4on

Staff orts

P . P . S. CH EN , The En tj~~ -Re1ationshi Model - Tot:ard a Unif fed Yiew of
Data , proceedings  of t he  Conference  on Very Large Data Bases , September
1975.

A da ta  model , c a l l ed  the  e n t i t y — r e l a t i o n s h i p  model  Is proposed . Thi s
model i n c o r p o r a t e s  some of the  i m p o r t a n t  semant ic  information about the
r ea l  w o r l d .  A specia l  d i a g r a m m a t i c  t echn ique  is i n t r o d u c e d  is a too l
for database  des ign . An examp le of da tabase  des i gn and d e s c r i p t i o n
u s i n g  the  model and the diagraminic technique is g i v e n .  Some i m p l i c a -
tions for data integrity, information retrieval , and data mani pu lation
are d i scussed .

The e n t i t y — r e l a t i o n s h i p  model can be used as a b a s i s  fo r  u n i f i c a t i o n
of d i f f e r e n t  views of d a t a :  the  ne twork  mode l , t he  r e l a t i o n a l model ,
and the  e n t i t y  set model .  Semant ic  amb i g u i t i e s  in these models  a re
a n a l y z e d . Possible ways to der ive t h e i r  views of da ta  f rom the e n t i ty -
r e l a t i o n s h i p  model are presented .

A.C. HAX , 
~~~~~~~~~~~~~~~~~~~ 

fo r  M a t h e m a t i c a l  Pro~ ramming Models in Pro-
duc t ion  P lann~~~ ( w i t h  S. P a r i e n t e ) ,  M . I . T .  Opera t ions  Research Cente r
Techn ica l  Repor t  No. 124 , May 1976.

P r o d u c t i o n  is concerned w i t h  the  d e t e r m i n a t i o n  of p r o d u c t i o n  inventory
and work fo rce  levels to meet f l u c t u a t i n g  demand r e q u i r e m e n t s .  Mathe-
m a t i c a l  p rog ramming  is su i ted  p a r t i c u l a r l y  w e l l  f o r  suppor t ing  these
types of dec is ions .  The f i r s t  purpose of t h i s  paper is to review the
d ifferent types of mathematical programing models that can be used to
suppor t production planning decisions. The second o b je c t i v e  is to de-
scribe 1 set of computer programs that allow the input of model data
and the solution of the mathematical programming model. Some computa-
tional results are also given .

A .C. FLAX , COMS : A Computer—Based Operations Management System , (with
J. Golovin , M. Bosyj and T. V i c t o r ) ,  M . I . T .  Opera t ions  Research Center
Technica l  Report  No. 125 , June 1976.

This paper provides a detai led documen ta t ion , by means of flow—charts
of a computer based production planning and inventory control system .
The system rel ies on the  concept of h i e r a r c hiz a t i o n  of decisions w i t h
linkage mechanisms between decis ion levels.  The system ha~.. been imple-
men ted in L.I.S.P.

29.
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T . L .  MAGNANTI , Imp lementing Primal-Dual Network Flow Algorithms ,
(with H.A. Aashtiani), M.I.T. Operations Research Center Working Paper
OR 055— 76 . June 1976.

This  paper shows how da ta  s t ruc tures  s imilar  to those proposed recen t ly
fo r  imp l e m e n t i n g  pr ima l simplex based codes for  solving network f l o w
problems can be used to implement primal—dual algorithms , particularly
the out—of—kilter algorithm. Also studied are several variants of a
basic  i m p l e m e n t a t i o n  w h i c h  incorpora te  opt ions  for  l abe l ing , for  making
cost changes , fo r  sequencing the se lec t ion  of o u t — o f — k i l t e r  arcs , and
fo r  imp l e m e n t i n g  the  pr imal—dua l al gor i thm . The inves t iga t ions  i n d i c a t e
t h a t  s t o r i n g  and m a n i p u l a t i n g  da ta  e f f i c i e n t  leads to  s u b s t a n t i a l  reduc-
t i o n s  in compu ta t i on  t ime as well  as storage r e q u i r e m e n t s .

30.
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A.  S~~ J~~~ts O f f e r e d  by Operat ions  Research Center S t a f f  1975—76

Subject Enroll—
Number SubJ~~ç~~ Title I n s t r u c t o r  Term ment

1. 11- 1 I n t r o d u c t i o n  t o  Sys— R .L. d e N e u f v il le  Spring 19
( 2 . 19 J ) tems A na l y s i s  D . H .  Marks
( l b . 8l l J )  T . B .  Sher idan

P . G r i f f i t h

l .l-Y ~ Mathematical Opti— D.H. Marks Fall 56
m ization Techniques

l.146J E n g i n e e r i n g  Systems R . L .  deNeufv i l le  Fal l  28
(~~. l 9 2 J )  Ana lys i s  D . H .  Marks
(13.62J) J .W. Devanney

T.B. Sherida i

R . E .  Stickney

6.041 P r o b a b i l i s t i c  Sys— A . W .  Drake Summer 38
tems Ana lys i s

6.041 Probabilistic Sys— A.W. Drake Fall 161
tems Analysis

6.041 Probabilistic Sys— A.W. Drake Spring 206
tems Analysis

6.251J Mathematical Program— S.K. Mitter Fall 19
(l5.084J) ming and Discrete Time T . L .  Magnanti

Optimal Control

11.521 Social Service Systems 0. Schon Spring 18
J. Ferreira
T. Willemain

15.061 Mathematics  f o r  R . E .  Welsch Fall SO
Management I

15.061 Mathematics for R.E. Welach Spring 42
Management I

15.062 Mathematics for R.E. Marsten Fall 87
Management II

31.
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Subject Enroll—
Number Subject Title Instructor Term ment

15.062 Mathema t ics fo r  R . E .  Marsten Spr ing  64
Management II

15.063J Statistics for Model R.E. Welsch Spring 19
( l 8 . 4 5 7 J )  B u i l d i n g  H.  Chernoff

15.065 Decis ion Ana lys i s  G . M .  Kaufman FaIl  47

15.065 Decision Analysis S .E .  Bodily Spring 32

15.073J In t roduc t i on  to A . I .  Barnet t  Fall  18
(18.445J) S t o c h a s t i c  Processes

15.O73J I n t r o d u c t i o n  to  A. Petkau Spring 5
( 18 .443J )  S tochas t i c  Processes

15.075 Statistics for Appli— R.E. Welsch Fall 43
cat ions

15.081 Mathematical Program— J.F. Shapiro Fall 18
ming

15.081 Mathematical Program— R.E. Marsten Spring 29
in ing

15.083 Combinator ia l  Op t i —  J . F .  Shapiro Spr ing  13
mizat ion

15. 761 Operations Management A.C . FLax Fall 74

15.761 Operat ions Managemen t W.A. Martin Spring 69

15. 781 Capacity Planning : A.C. FLax Spring 23
Production and Distri— T.L. Magnanti
hot ion Systems

15.795 Seminar in Operat ions A.C. FLax Spring 3
Management

16.701 P r i n c i p l e s  of Systema — A . R .  Odoni Fall 18
ti c Pol icy Ana l ys is

16.713 Probability Theory A.R. Odoni Fall 4 —

32. 
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EDUCATIONAL ACTIVITIES

B. ~~j~~r at i o ns  Research Seminars

The Operat ions Research Center seminar series provides an oppor-
t un i t y  fo r  s tudents  and f a c u l ty  to hear  speakers on opera t ions  research
f rom ins ide  and outsid e M .I . T .  A l l  seminars are open to the M . I . T .
c o m m u n i t y  and the  p u b l i c .  They are often general in content and so
p r o v i d e  unde rg raduat e s  and beg inning g radua te  s t u d e n t s  w i t h  a perspect ive
on O . R .  a c t i v i t y .

Sal D ’Aversa and Silvia Pariente  were the Seminar Coordinators  fo r
the year.

September  19 Dr .  J . K .  Reid Sparse In—Core Linear
Computer  Science and Programming
Sy stems Div i s ion
Atomic  Energy Research
Es tab l i shment
Harwell , England

October 19 Dr. David E. Bell Analysis of Objectives
L e c t u r e r  of Operations for the Condition of a
Research Forest
Div i s ion  of Eng ineer ing
and Applied Physics
Harvard U n i v e r s i t y
Cambridge , Massachuset ts

October 28 Dr. Romesh Saigal Accelerating the Conver—
Bell Laboratories gence of the Fixed Point
Holmdel , New Jersey Algor ithm

November 4 Prof. Jerome Rothenberg An Econometric Model of
Department of Economics Urban Housing Markets
M.I.T.
Cambr idge , Massachusetts

November 25 Dr. W.L. Miranke r High Order Search Methods
Mathematical Sciences for Solving an Equation
Department
I .B . M .
New York , New York

December 2 Prof. Thomas L. Morin A Hybrid Approach to a
School of Industria l Class of Capacity Expan—
Engineering sion Sequenc ing Prob—
Purdue University lems
Lafayette , Indiana

33.
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EDUCATIONAL ACTIVITIES : O . R .  Seminars

December 9 P r o f .  Richard C. Larson What Happened to Patrol
Depar tments  of E l ec t r i c a l  Operat ions in Kansas
Eng inee r ing  and Computer  C i ty ? An Operations
Science and Urban Studies Research Evaluation of
and Planning the Kansas City Patrol
M . I . T .  Exper iment
Cambridge , Massachuset t s

January 13 Dr . Nathan Gartner Area Traffic Control
V i s i t i n g  Sc i en t i s t  and Ne twork  Equ i l ib r ium
Operat ions Research Center
M.I.T .
Cambridge , Massachuset ts  and
P r o f .  Joseph Ferreira Risk Management
Depar tment  of Urban Studies
and P l a n n i n g
M . I . T .
Cambridge , Massachuse t t s

January  16 Dr .  Ronald Frank Appl ica t ions  of Opera—
Cambridge S c i e n t i f i c  Center  t ions Research in Bus t —
I . B .M .  ness and Indus t ry
Cambr idge , Massachusetts

January 20 Prof. Thomas L. Magnant i Topics in Optimization
Sloan School of Management
M.I.T.
Cambridge , Massachuset ts  and
Prof. Roy E. Marsten Parametric Integer Pro—
Sloan School of Management gramming
M . I . T .
Cambridge , Massachusetts

January 22 Dr. Klaus  Heis App l i ca t ions  of Opera—
President tions Research in Bust—
ICON , Inc .  ness and Indust ry
Pr ince ton , New Jersey

January 27 Prof. Eytan Barouch Estimating Undiscovered
V i s i t i n g  Professor  Oil and Gas
Sloan School of Management
M . I . T .
Cambridge , Massachusetts and
Professor Arnold I. Barnett The Greatest Story Ever
Sloan School of Management Told
M . I . T .
Cambridge , Massachusetts

34.
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EDUCATIONAL ACTIViTiES : O.R. Seminars

January  29 Dr .  Newton  Ga rhe r  A pp l i c a t i o n s  of Opera—
David Sar n o f f  R e s e a r c h  t ions  Research  in
Center  Bus iness  and I n d u s t r y
RCA
Pr ince ton , New Jersey

February  24 Prof. Jean—Ma rc Rousseau The Bus Crew Scheduling
University of Montreal Problem
Montreal , Quebec

March 9 Prof. Norman Rasmussen Nuclear Risk Assessment
Department of Nuclear Methodology
En g inc e ring
M .I.T.
Cambridge , Massachuse t t s

March 30 C. Haehling von Lanzenauer Optimizing Claims
Visiting Professor Fluctuation Reserves
Sloan School of Management
M.I.T.
Cambridge , Massachusetts

May 4 Prof. Peter Mevert On Solving Mixed—
College of Business  In teger  P lann ing  Models
A d m i n i s t r a t  ion
U n i v e r s i t y  of Minnesota
Minneapol i s , Minnesota

I

I
I
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EDUCATIONAL ACTIVITIES

C. O.R.  Theses Comp leted

Autho r  Supervisor

U.Z. A A S H T I A N I , Solving Large Scale Network Opt imi— T.L. Magnanti

~~~ ~on Prob 1 eric-~ by the Out—of—Kilt er Method ,” SM,
February 1976.

A .A. ASSAD , “Solution Techniques for the Multi- T.L. Magnanti
comni oditv  Flow Probl em ,”SN, June 1976.

J . A .  BLOOM , “A M a t h e m a t i c al  Model of Fuel D i s t r i b u —  H . D .  Jacoby
t ion  in New England , ” SM , February  1976 .

S.E. BODILY , “Collective Choice with Multidimensional J. Ferreira
Consequences , ” PhD , Februa ry  1976 R . F .  Meyer

R . E .  BROOKS , “A l l o c a t i o n  of Na tu ra l  Gas in Times of T.L. Magnanti
Shortage : A Mathematical Progrannning Model of the
Produc t ion , Transmiss ion , and Demand fo r  N a t u r a l  Gas
Under Federal  Power Commission Regu la t ion , ” PhD ,
September 1975.

K . R . CHELST , “Quant i t a t i v e  Models f o r  Police Patrol  R . C .  Larson
Deploymen t ,” PhD, Septembe r 1975.

D.W.J. CHIN , “An Evaluat ion of Indices for Predicting T.R. Willemain
Med ical Service Usage in Nursing Homes,” SM, Sep tember
1975.

E.A. FRANCK , “Implementing Closest Vehicle Dispatching R.C. Larson
Scra tegy on the Hypercube Model,” SM, February 1976.

H. GABBAY , “A Hierarchical Approach to Production Plan— A.C. Hax
ning , ” PhD , February  1976.

J.H. JOHNS , “Intelligent Computer—Aided Dispatching for R.C. Larson
Urban  Police Patrol  U n i t s , ” SM , September 1975.

C. LAURENT , “A Dynamic Analysis of the Housing Market G.L. Urban
in Paris ,” SM, June 1976.

J . A . Y .  LIM , “The E f f e c t s  of Soclo— Eco— D emograph ic  Fac— G.L. Urban
torn  and Fami ly  P lann ing  Programs on F e r t i l i t y ,” SM ,
February 1976.

36.
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EDUCATIONAL ACTIVITIES O.R. Theses

Author  Sup~ rvisor

M. MATSUSHITA , “ An App l i ca t ion  of Benders Decomposi - R . E .  Narsten
tion to Steel Production , SM, February 1976.

L . J .  OSWALD , “Preempt ion  — A V iable S t r a t egy ? , ” SM , R . C .  Larson
September 1975.

37.
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11.2. AA SII F I A N  I m d  T.  L. NA ( NANll , “ Im p l e m e n t i n g  P r ima  1—Duo I Ne twork
Flu~’ Al g o r i t h m s , ” Woik in g Paper OR 055—76 , M.I.T. Operations Research
C e n t e r , June 1976.

A . -\ . 5A1), “ Mu I t  ‘imI ,d v N e t w o r k  F l o w s  — A S u r v e y , ” Working  Paper
OR )~~ ~

— 15 , N . I . . 
~~~~

- -r .-i i o u  ‘~ Research Cent c r  , December  1975.

A. I . R A R N E  , I). J - E l  l I M A N  an d  R . C  . I ARS ON , ‘‘On Urban Homic ide: A
S t at i s t  i c - m i  A n m l v s l s , ” 1- eirim l of C r i m i na l J u s t i c e , Summer  1975.

A . I .  BARNETT , “N- r e on m Ma rket Si~ ire Theorem ,” Journal of Marketinj~
Re- se’arch , F e b r u , m r \  1976.

A. I.  BARNETT , “Comi tr l Policies for i ransport Systems with Nonlinear
Wait inc~ C~~- t s,” Wu rk ing 1 ip~’r 550—76 , M .I .T. Sloan Schoo l of Management ,
1976.

A . I . BA SNI - IT , ‘‘~
) n 5, - a r  i i  in .; for i v en t s  of L i m i  ted Duration ,” ~~flons

Resear, ii . M m v - - . Ju n e  1976.

C. R. H I  SAN -j u l It . C. H- ~~ , ‘‘On t h e  Desi gn f h i e r a r c h i c  al Product ion
P l a n n i n g  5” s t  , -‘~is , ” T e c l m n i c i  I R ep o r t  N o .  121 , M.I.T. Operations Research
C e n t e r , F e h r u ; t r y  1 9 h .

.1 .A .  B l i ) ~ M , ‘‘ A N i t  h ~-ru m~ j e t  I J o I c -  o f  Fuel  D i s t r i b u t i o n  in New Eng land , ”
Technical Report No. 126 , M.I.T. Operations Research  Center , May 1976.

U. I. (:\ND 1-~-\ , A . C. HAX and U.S. KARMA RKAR , “Ec onomic and Social Eva lua—
t i o n  01 C a p i t a l  I n v e s tm e n t  ) t- ~~i s i o n s  — An App lication ,” Technical Report
No . 123 , M. I.. I . )pe r :mt 1~~~ is S~ ~~‘ l i )  h C e n t e r , A p r i l  l97~~.

P.P. CH E N , “The Ent i ty—R e l i t ionship Model ,“ The P roceed ings  of the
Conference on Very I n  .;e ).mta Bas,-s , Craming ham , M assachuse t t s ,
Sep tember  1975 .

M . L .  F ISHER , W . D .  N O RT I IU P and 1. F . SHAPIRO , “Using D u a l i t y  to Solve Dis-
c r e t e  Opt  Im i z a t  Ion Problem u : Theory and Computationa l Experience ,”
M a t h e m a t i c at  Pro~ rammi~~~ Sj v - i a l  S t u d i e s  3: N o n d i l  fere ntiab1e~~~ timi—~~~
t i on , 56—94 , November  1 9 7 5 .

H. GABBAY , “A U i c r a r c h l i a l  A p p r o a ch  to Production Planning, ” Techn ical
Report No. 120, M . I . T .  ))periitton s Research Center , December 1975.

N. GARTNER and J.D.C. LITTLE , “Gt ’neralii ed Combination Method for Area
T r a f f i c  Cont ro l , ” T r i r m s p t r E . m t i u n  Re search  Record 531, 58—69, 1975.

18.
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PROFESSI ONAl , ACTIV ItIES: Publications

N . H .  GARTNER , J.[).C. LI~~fL E  and 1. GABBAY , “Op t i m i z a t i o n  of T r a f f i c
S i g na l  S e t t i n g s  b y M i x e d — I n t e . ; & - r  L i n e m r  P rogramming , P.- m r t  1: The
N e t w o r k  Co or d i n a t i o n  P r a h i e m , ” and “ P a r t  2: The Ne twork  S y n c h r o n i z a t i o n
P r o b l e m , ” T r an s p a r t it  i on  S c i e n c e , o , 3 2 1 — 3 6 3 , Novembe r 1975.

B . L . ;Oi iws , “Vt-h I t . 10 Rou t  j og  Prob l ems: F o r m i m l a t  ions and H e u r i s t i c
S o l u t i o n  techmm i qmies ,” T e c h n i c a l  Repor t  No. 113 , M.I.T. Operations
Rt - sc ir eh C en t e r , Augus t  1975.

B . L .  G OLDEN , “S hor t e s t  P ;i th  A l g o r i t h m s : A Comparison , ’ W o r k i n g  Paper
OR 04 -t - 7 5 , M . I . T .  O p e r a t i o n s  Research  C e n t e r , October 1975.

B.I,. GOLDEN , “A S t a t i s t  i c t i  A pproach  to, the TSP , ” Work ing Paper OR 052-76 ,
M.I.T. Operations R e s e a r c h  Center , Ap ri l 1976 .

B.L. GOLDEN and T.L. MAGNANT I , “Deterministic Network Optimization:
A B i b l i o g r a p hy , ” W o r k i n g  Paper  OR 054—76 , M.I .T. Operat ions Research
Center , June 1976.

B . L .  GOLDEN , T .L .  MAGNANT I and N . Q .  NGUYEN , “ I m p l e m e n t i n g  Vehicle Rout-
ing Algorithms ,” Techn ical Report No. 115 , M.I.T. Operat ions Research
Cent er , Sep tember 1975.

J . J .  GOLOV IN , “H i e r a r c h i c a l  I n t e g r a t i o n  of P l ann ing  and Cont ro l , ”
Techn ical Report No. 116 , M .I.T. Operations Research Center , Septembe r
1975.

C. GREENE and T.L. MAGNANTI , “Some Abs t r ac t  Pivot  A lgo r i t hms ,” SIAM
Journal  on Applied Ma thema t i c s, 29 , 530—539 , November 1975.

C. HAEHLING VON LANZENAUER and D . D .  WRIGHT , “Developing an Op t ima l  Re-
pair—Replacemen t Strategy for Pallets ,” Working Paper OR 047—76 , M .I.T.
Operations Research Center , February 1976.

A.C.  HAX , “The Design of Large Scale Log ist ics Sys tems: A Survey and
an Approach ,” in Modern Trend s in Log istics Research, W.H. Marlow
(editor), M.I.T. Press, 1976.

A.C. FlAX , J. GOLOVIN , M. BOSYJ and T. VICTOR , “COMS : A Computer-Based
Operations Management Sys tem ,” Technical Report No. 125 , M.I.T. Opera-
tions Research Center , June 1976.

A.C. MAX and g.M. WIIG , “The tine of Decision Analysis in Capital Invest-
ment Problems,” Technical Report No. 118, M.I.T. Operations Research
Center , October 1975. See also : Sloan Management Review, Vol. 17 ,
No. 2, Winter 1976.

39.
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PROFESSIO NAl ACTIVITIES : I’ubl b i t  1005

j .  E. 1lI : GUI - N I N  and .1 .D . C .  LITTLE , “M a r k et i n g  I S S u c S of ‘Waste ’ (;r~mvn
Aqua t i c  Foods , ” W o r k i n g  b’ c~~o r 8 3 7 — 7 6 , M . I .  1 .  S l oa n  Scho o l  of N- mna geme mi t
Febru a ry  197 .; .

U.S. KA RMA R KA R , “Estim ation of Fracti les for Order Point u-term i nation ,”
1 co hn i cal Report No . 114 , M . I .T . Opt-rat i o ns  R et -n -a  r i m  Cc ii t~~r , A n g u s t 1 9 7 5 .

U . S . KA RNA R KAR , ‘‘M u l t i  1oc~~t ion  1)1 ‘~t r t b u t  in n  S y s t e m s , ” T t - - h n f c :t I Report
No. 117 , M .I . T .  Operations Research Center , Septt-rnber l’~/5.

G.M. KA U FMAN , “Probabilistic Modell 1mg of 1)11 and Gas Dit -n - ‘ver/ , ”
pr oce- ’c l ings  of c o n f e r e n c e  on En e rj~y :  

- 
M a t h e n t i t i  s and M o d e l s , ‘el  t i ,

U t a h , ~July 1975.

C;. N .  N A I EMAN , “On Sums of Lognorma l Random \ariahle s , “ - s t i k  i n .;, P m ; e r
831—76 , M. I .1 . Sloan School of  Management , 1976.

G.M. KA UFMAN , “Oil Supply Forecasting Using Disapgreg,ited Poo l — \n m lv s is ,”
Working Paper MIT—EL-76—OO9WP , M.I.T. Energy Laboratory, Nov 1976.

R .C. LARSON . “Approximating the Performance of Urban Emer .;c-ncy Service
Systems ,” Opi ratiuns Research , 5, September—October 197).

B . C .  LARSO N , “What  Happened to  Pa t ro l  Opera t  ions i n  K an sa s  C i t  7 A
R e v i , w  of  the  Kansas C i t y  P a t r o l  Exper imen t , ” Journa l  of C r im i n a l  Jus-
ti c -c , 3, 2 .;7—297, December 1975.

B .C. LARSON , “The H ’p e .- r - u b e  Queu ing  Model :  An l n t r o d u - t  ion  ‘t~ Its

- —  
Structure and Util ity , ” T e c h n i c a l  Report  No.  20—75 , Tnn ’vit ive Resource
Planning Pro ject , M.I.T. Laboratory of Architecture and Planning,
December 1~~75 .

• B.C. LARSON arid E.A . FRANCK , “D i s p a t c h i n g  t h e  U n i t s  of Em &-rge-ncy Service
Systems U s i n g  A u t o m a t i c  V e h i c l e  L o c a t i o n :  A Computer  Based Markov Hyper—
cube Mo l t - I  , ‘‘ Te c h n i c- a I Repor t  N o , .  2 1 — 7 6 , In n o v a t i v e  Ru ou r ce  1 1  .ln n i n g
Prolc t , M.I .T. Laboratory of Architecture and Planning, Apr il 1976.

G.L. LILII-;N and J.D.C. LITTLE, “The ADVISOR Project: Advertising Budget—
1mg f o r  I n d u s t r i a l  P r o d u c t s , ” W o r k i n g  Paper 8 2 3 — 7 5 , M . I . T .  Sl oan School
of Management , November 1975.

G .L .  L I L I E N  ~ind J . D . C .  LITTLE , “The ADVISOR P r o j e c t :  A S tudy  of I ndus t r i a l
M ar k e t  i t t . ;  Bud ge ts , ” Slo.in Manag~ment Review , 17 , 17—3 1 , S p r i n g  1°76.

J .D.C. Il1 TT .E , “BRA N D AID: A Marketing—Mix Model , Part I: Structure ,”
and “Part 2: implementation , Calibration and Case Study ,” Ope r at l on s
R e s e a r c h ,  23 , 6 2 8 — 6 7 3 , Ju ly 1975.

40.
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PROFESS I O N A I .  ACT IV ITI ES : Pub l i t - a t  ions

1.  L. M A G N A N L I  , “N o n l i n e a r  Progr amming  and the Max imum Princi ple for
I)iscrett- Time Opt ima l C o n t r o l  Problems ,” Rev ue Fcancai se  d ’ Autornat~~~ e,
I n f o r t n a t i pie i B - - h e r - he Oj t r a t  h e m - l i e , 3 , 7 5 — h I  , U c t o h t - r  1975

T.L. ~-t-\ ;N\NT 1 - ‘ O pt itn i / t t  i s m  f o r  Sparse Svate-nts ,’ T c - e h n i cml k -p o r t
No . u n , M . I . T .  m ) p e r a t  ions Research Centc-r , Nove mber 1h15 .  See al s o :
5j sm m - s ~ - M i t r x I ‘n p u t a t  i n s . I . E .  B u n c h  and l).J. Ro~~c - , ed i t  - r ; ,
A i-ic t i l e  ‘ m ’ s - - , ~.t . -w  Yo rk , Ne w Yo rk , 19/h .

R . E . M A R SU I N , ‘‘T h u -  I s ,  of  t h e -  I I O X S F I  P M t  Imcl i n  Di s ret e Opt i ml zat ion
M a t  ‘ t u - i ’ u . i t ~~ca1 Pr ’~ rat-mmin ~ Stud y 3 . 1 2 7—I -~ 

- 
, N o - :t-nb- r lY7~~.

R.  I- . Mj ’eRST I-~N and h .  L. N OE l N • ‘‘ Pa ratnt-t n c  Intege r Pro,eruinm i -, : The Ri  gu t—
Ua n d — S i d ~- C i s c , ” I- r i- i n c  i’ . ; c - r S I ) k — 7 5 , ~l. I .T. SI ‘ i i )  S 4 o e !  of ‘- l i m i g —
mm -nt  , St -p t  i m b t r 1 4 7 5 .  Sec - m I so : W~ r k i  ng  h i  per OR O~~O — 7  .; , > 1. I . I . O p e r a —

in ns Re se- i r c h m  C e im t - r , N h 1 )76.

R.E.  M A R S H N  ~i nd t . L .  N ) S I ~~, ‘‘ A Hybrid A ppr i- -ic h to ) i a c r - t  M ;mmlmo m ; u t ic - u i
b ’ r o e r ; i m m i n g , ’’ W o r k i n g  Paper  1). ; 0 5 1 — 7 6 , M . I . T .  O pt - r a t  l a s  bo se-m r i t  ( e n t e r ,
Ma rch  1976. See- ilso: Working Paper  8 3 8 — 7 6 , N . I . h .  S i o m u m  Sc)ino of

, ~~i r c l i  I h7~

CF . M-\kSTI N and T. L. N I m B I  N , ‘ An \ l g t . u n i t h m t t t  tor N~~~l i r i e r Ri m p u it k l’ rob—
lens , ’’ ~~~~~~~~~~~ Sc i e t e , .72 , 1 1  -~ 7 — 1 1  ~~~~ Jun e 10 7 . ; .

P . M .  M u t R S r , ‘‘ h i t  t Oilet  r i  ~~i I  t h e  Br m i t m i  D i s t r i b u t  i - a - ; , A Com p a r i s o n , ’’
W o r k i u~ i ’ t p - - m  OR i .  u — 7 m , N .  1 .1. M I t - r u t  i o ns  Re s~- a r e l i  Ctp t cr ,
I 76 .

\ .  i~ o~) u N I , “
~~

-- i ’  - -j im u r ~ it ’d Li~~’I -rn , - m t  r c - n i - - in l u i t  c C l  t v  I t I  i t

l)e p ;i rt it ’ - :tts : l l , 4~ i~ I , ” I c h n i - t i  ~e - i’ - rt Nc . I6—7~~, Tnn ’)v -tt IV Re—
s om r c - c- P1 itr ing P m  i t , ~~~ .T. oborat rv Ar- hit t - t - t ’ - , -s~~~I ’ an—
n i n g ,  J u l y  1~~7 .

A .R . O !umN I arid .;. Kl \~ - -; I t’ , ‘‘A F! m plhoa k r t h u  h a t  i~~~ i t  j o t  o ’ A i r - ~i, 1e
lit l i - s  it  N~~~- m  A l  - j ~~ m - I s  (Quick g0 m msm i i t ion Mi- th ctl ) ,‘‘ R e p o r t  N o .
N ASA C R — 2 ’ - A - ~ , Ju t; ’ - I i  -

A . R .  lOON ! and I .E .  V I T T t - ~K , ‘‘ A i r p o r t  L~u ) t i s  and  Pc- u t utu Pr i t  i n g :
Th eor ’. and ‘ r i -  t i t  e. , ’’ Re- port No . }- AA -— AV P — 7 7 — S , P . S .  I . ; ;- rtn me nt of Trans—
por t i t  j u t ) , Ma 1 4 / h .

S. l - A R I  I - N  I m d  -\ . C. HAX , ‘‘Comput ‘-r I’rog r ums t a r Matht-m ,it ic.il Program-
ming M u d , -  I s  i n  b’ r o I m - t  i o n  P l a n n i n g , ’’ Tec h n i c - i l  Report N - 1.’ , N .  1.1.
Opt -r u t i on s  R -s ’ i r c h  C ’ ’mm t u-I , May 1q76.

J. F. SHAP I R(t, ‘‘OR Mod els I or En er g y  P l a n n i n g , ” ç_o~ipu~ _c r s  t i u t Op t -  r~ t_lo
Res,-;irclm , ~~~, I 4 5 — 1 ) 2 , Dus embe r 1975.

4 1.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_ . ~~~~~~
-

~~~~~~~~~~~~~~
- - 

-~~~~~~ 
- -



IV I T 1E S: Pub! i - a t io n s
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