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ABSTRACT

The physical distribution concept recognizes the
interrelstionships between transportation, materials
handling, warehousing and the other processes that are
involved in the physical flow of traffic from the source
of raw materials, through production and distribution
facilities, to the firm's customeré. The essence of the
concept is that it is the total cost of the several
processes, rather than the cost of individual processes,
that must be taken into account in decisions in which
there are alternatives for the physical movement of
materials and products. Physical distribution analysis
involves the formulastion and comparison of the slternatives
for traffic flow.

This thesis is cohcerned primarily with the develop-
ment of & procedure for physical distribution snalysis that
may be useful in the formulation of decisions that are
within the Traffic Manager's sphere of responsibility. In
order to identify the nature of these decisions &and in
order to develop a suitable framework for the Traffic
Manager's analyses, the second chapter describes the msjor

decisioﬁs in which physical distribution principles should

be applied; relates these applications to successive



planning intervals; and considers the scope of these
decisions in terms of the authority that is necessary
for their implementation.

The author suggests that the major applications of
the phyéical distribution concept include long-term
decisions related to the spatisl allocation of production
capacities, intermediate-~-term decisions involving changes
in the fixed fascilities for physical distribution, and
short-term decisions concerning the utilization of
existing produotion and physical distribution facilities.
Of these applications, it is only the short-term
decigions that are likely to be made by the Traffic
Mansger. Chapters three to five, therefore.vare concerned
with the procedures for formulating and comparing short-
term slternatives.

To facilitate presentation, the author deals
specifically with the development of & procedure for
analysis for two of the short-term physicsl distribution
problems -- the day-to-day problem of meeting customer
orders out of inventories that are on hand at-distri-
bution warehouses; and the problem of allocating short-
term output asmong the firm's plants.

The suthor recommends the linear programming

technique as the method for selecting the optimum
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alternative for each of these problems. The application
of this technique 1i1s described in detail in Chapter V.

The major determinants of physical distribution
élternatives, the identification of feasible alternatives,
and the development of unit variable costs required by
the linear programming models are dealt with in Chapters

IJII and IV.
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CHAPTER I
THE PROBLEM AND DEFINITIONS OF TERMS USED

In the not too distant past, the business firm was
required to adapt its distribution facilities and opera=
tions to the railway monopoly on inland transportation.
The railways opened new markets by providing relatively
rapid and inexpensive transportation for materials and
products. Business firms expénded their production
operations to accommodste these markets and established
warehouses and other distribution facilities that were
complfmentary to the railway method of transportation.

The basic function of the traffic manager in this
environment was to negotiate with the railwagys for
suitable freight rates and servieces. The right to route
traffic -- that is to select the carrier -- was an
effective bargaining tool in territories that were served
by two_or more railwsys. Negotiation with transportation
agencies 1is still a basic function of the traffic
department and the effecfiveness of this activity has
been considerably enhanced in recent years as alternative
transportation agencies strive to improve their

individual competitive position.



The alternative nethods of transportation that are
available in today‘s_environment, however, provide
oppbrtunities that are far greater in scope than a mere
reduction in freight rates. New markets and new sources
of rew materials have become available that could not
previously be reached through railway facilities; spatial
allocations for production capacities and distribution
facilities are now free of the constraining influence of
railwgy availability, rates and service; inventory levels
at plants end at distribution points have become more
flexible with the range of delivery service that is
offered through alternative carriers; and psackaging
demands as well as the equipment for loading and unloading
mgterials and products are no longer dictated by the
requirements of & single carrier. These and other ‘
opportunities that have emerged with competition in the
transportation industry demsnd & new approach to the
prqblems that are associated directly and indirectly with
the physical movement of materials and products. Tne new
approach must recognize the interrelationship between
transportation and the other processes that are involved
in the flow of traffic to plants and through distribution

points to customers. Dr. Plowman, vice-president, traffic,



of the United States Steel Corporation of Delaware has
said:

Traffic managenent ... has become a complex
problem, a transport control problem, of
selection of the best combination, In this
selection process, which involves not only
the best form of transportation but also the
most desirsble among the numerous competing
carriers, there is need for careful and
accurate calculation of transportation cost
end of its relation or balance with other
factors such as inventory and Warehousin§
costs end ocustomer service requirements.

Physical distribution is the nomenclature that is

most frequently used in referring to this complex of

interrelsted varisbles,

I. THE PROBLEM

Statement of the Problem. The purpose of this

study 1s to indicate the essential considerstions in an
analysis of the'physical di stribution function; and to
develop a model that may be used by & business firm to
egtablish its optimum method of physicel distribution.
More specifically, the objectives are to:

1) Determine the considerations necessary in the

1

Edward W. Smykay (ed.) Essays on Physical
Distribution Mansgement (New York: The Traffic Services
Corporation, 1961), p. 59.




development of a plan for physical
distribution analysis,

2) Determine, examine and relate the cost
components of the physical distribution
function, and

3) Incorporate these components into &
mathematical model.capable of indicating the
optimum method of physicsl distribution.

It is the hope of the writer that this study will

strengthen the trend toward physical distribution.
analysis and assist management in the evalustion of its

physical distribution operations.

Importance of the Study. The lack of attention in

the area of physical distribution is apparent when one
congiders that few business firms are able to isolaste the
cost of moving their materials and products to the factory
and from the factory to consumer. Dr. Smykay states:
In those companies that are not presently aﬁplying
the principles of physical-distribution analysis and -

planning, & cost reduction of at least 10 per cent can
generally be attained quite easily.?

2Eaward W. Smykay, "Physicgl-Distribution Mansge-
ment: Concepts, Methods, and Organizational Approcaches",
New Concepts in Manufacturing Mansgement, AMA Mansgement
Report Number 60, Manufacturing Division, American’
‘Menagement Association Inc., New York: 1960, p. 43.




This reduction must be realized if the business firm

is to maintain its competitive position, and if the
economic resources that are available to the enterprise
are to be allocated efficiently. Management must become
aware of the potentisl in this ares and must be given
the tools with which distribution slternatives can be
measured.

Recent managerial litersture has indicated an
interest in the physical distribution function. The
majority of writings have successfully identified the
cost components and have stressed the need to consider
the interrelationships between these factors.

It appears, however, that the types of problems to
which the physical distribution concept should be applied
have not been clearly defined; and that the~pfocedures or
techn;ques that will be useful in an analysis of physical
distribution alternatives have not received adequate
attention. 4An attempt is made in this thesis to isolate
the major applications of fhe physical di stribution

concept; and one of the objectives of this study is to
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outline a technigue that may be of use to & business firm

in selecting its optimum method of physicsal distribution.

Limitations of the Study. A substantial volume of

literature that describes the physical characteristics of
the various transportation, materiale handling, ware-
housing, and communications facilities are available in
writings specifically relsted to these areas. For this
reason, & review of these considerations will not be
included in this studye.

Procedures for forecasting sales have been excluded
for the same reason, although a well developed sales
forecast is essential to physical distribution analysis.

The procedures that are suggested for comparing
physical distribution salternatives include the technique

commonly referred to as linear programming. This thesis

does not include the mathematicael theory upon which this

technique is based.
II., DEFINITIONS OF TERMS USED

System of Physical Distribution. 4 system of

physical distribution may be defined for purposes of this
thesis as the fixed facilities that are associated with a

specific alternative for materials and product movement,



€8, warehouses, materials handling equipment, order-

processing and communications facilities, etc.

Method of Physicel Distribution. A method of

physical distribution may be defined as one of the ways in
which the facilities that comprise & system of physical
distribution may be utilized. Several methods of physical
distribution will generally be available with each system

of facilities.
JIT. ORGANIZATION OF THE REMAINDER OF THIS THEESIS

This thesis is divided into six chapters. Chapters
two to four deal progressively with the problem of
establishing a framework for analysis, and the problem of
identifying physical distribution alternatives and
quantifying these into & form that is suitable for use in
the linear programming application described in’chapter
five,

Chapter two examines the nature of the major
opportunities that are available to the business firm
through application of the physical distribution concept
and considers the objectives and framewbrk for an analysis
of each of these opportunities. This chapter emphasizes

the importance of relating distribution opportunities to



successive intervals of the fi:m's future time period in
order to develop an appropriate frgmewo:k for each analysis.
The role of the traffic mansger in physicel distribution
analysis and the criteris to be used in & comparison of
alternative courses of action are also discussed in this
chapter,

Chapters three to five are concerned specifically
with the short-term applicastion of the physical distri-
bution concept since 1t is in this area that decisions
fall within the scope of the traffic msnager's authority
and responsibility. The major determinants of short-term
physical distribution alternstives are identified in
chapter threes Chapter four deals with the problems of
collecting, preparing and relating cost data for alterngtive
methods of materials and products movement and chapter five
- outlines the linear programming technique in selecting the
optimum of these alternatives. A summasry of the findings

of this study is included in chapter six.



CHAPTER II

THE FRAMEWORK AND OBJECTIVES FOR
PHYSICAL DISTRIBUTION ANALYSIS

"The objective of physical distribution is to have
the right quantity of goods in the right place at the right
time."l To ensure that this objective is achieved, it is
neceséary to define the physical distribution requiremeﬁts
of the firm; to formulste the alternsatives for physical
distribution that will meet these requirements; and to
compare the alternatives with a view fo selecting the
optimum according to the criteria of efficiency that is
acceptable to the firm.

The first step in physical distribution anslysis
is to establish objectives and a framework for the study
that will serve as a basis for the formulation and
comparison of alternatives. This task is complicated by
the need to develop a framework that will permit
evaluation of physical distribution opportunities that sre

significeantly different in scope and that emerge at

lEdward W. Smykay, Donseld J. Bowersox, Frank H.
Mossman, Physical Distribution Mansgement (New York:
The MacMillan Company, 1961), pe. 267,
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successive intervals in the firm's future. The nature of
the seversl opportunities that are associated with the
physicgl distribution concept, and the types of objectives
and framework that are necessary to an evaluation of each
of these opportunities are discussed in_the first section of
this chapter. The role of the Traffic Manasger in physical
distribution analysis is discussed in the second section,
and the criteria for the comparison of alternatives 1s
included in the last part of the chapter.

Establishing the Framework and Objectives for Physical
Digtribution Analysis.

The alternatives for physical distribution are
adequaté or inadequate depending upon the volumes of
traffic, the locations of materials, plants and markets,
and the standards of delivery service. These specifi-
cations are the basic framework for physical distribution
analyses and must be defined in specific terms before
alternatives can be isoclated and compared.

An initial problem in establishing this framework is
that the volume, place and service possibilities change
over time with the implementation of production and
marketing plans and with market growth or deterioration,
shifts in the location of materials or markets, changes in

the competitive environment, technological innovation and
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other environmental changes. It 1s necessary, therefore, to
define the time period for anaslysis in order to isolate the
physical distribution possibilities that are availsasble in
that psrticular period.

It is possible to select any time period for analysis
purposes; to isolate the volume place and service require-
ments, or the alternatives of these specificationsg over this
period; to develop the slternatives for physical distribution
for each of the relevant set of specifications; and to
select the optimum course of action according to the
criteria of efficiency that is acceptable to the firm. This
procedure, however, will not ensure physical distribution
efficiency. If the period is too long, the alternstives
will be required to embrace too broasd & range of
specifications. 4s a result, the firm may overlook
opportunities to improve physical distribution efficiency
through changes in methods or systems that are adequate for
shorter periods of time. In other words, the alternstive
that is selected on this basis will be optimum when compared
with other alternstives covering the same period, but not
necessarily optimum over the whole time period. Conversely,
if the selected period is too short, the analysis may over-
look slternatives that would prove more efficient over s

longer time period than the series of adjustments indicated
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on the basis of successive short-term analyses.

The appropriste time periods for physical
distribution analyses are those that reflect differences
in the nature of the opportunities that are available to
the firm. In general, there are three distinct
opportunities for physical distribution and these are
related to separate and successive intervsls in the firm's
time period. These opportunities are:

1. A more efficient utilization of existing

physical distribution facilities,

2. A more efficient system of physical

distribution.

3« A more efficient spatial arrangement of

production facilities.
These three opportunities are related in the sense that
the existing system of production and physical
distribution facilities is one of the alternatives to be
taken into account in a comparison of systems of physical
distribution, and in a comparison of the slternative
spatial allocations for production capacities. It is only
the optimum utilization of the existing system, however,
that is relevant in a study of alternative physicsl
distribution systems. Similarly, it is only the optimum

system of physical distribution with existihg plant
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locations that is relevant in a study of alternative
spatial arrangements for production capacities. It
follows, therefore, that a study of the physical distri-
bution function may be divided into three parts. 4 first
analysis to establish the optimum utilization of existing
facilities; a second to determine the system of physical
distribution that is optimum with given plant locations;
and & third to establish the optimum spatial allocation
for production capacities.

There are two steps that may be followed in
defining the time périod for the three analyses. The first
step is to define the period during which the existing
faclilities can efficiently handle the anticipated range of
volume, markets and delivery service and the period during
which changes in these requirements are sufficient to
Justify changes in the system of phyéical distribution, but
not significant enough to warrant a spatial rearrangement
of production facilities. This step requires a
preliminary survéy.of the existing system of physical
distribution and alternstive systems at successive inter-
vals in the future until the point is reasched where the

present system is inadequate or inefficient. Similarly,
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the point in time is reached where an aslternative spatial
arrangement of production facilities becomes superior to
the changes that can be made in the system of physiecal
distribution alone.

This step identifies the points in time at which it
becomes desirable to adopt a new system of physical
distribution or to change the spatisl allocation of
production facilities. This step alone is deficient,
however, in that there méy be significant differences
between what is desirsble and what is feasible for the
firm. It is conceivable, for example, that the changes in
physical distribution requirements within the next few
years wi;l suggest a spatial relocation of production
facilitiés. This informstion is of little prascticsl value
to the firm, however, if the capital and flexibility that
is necessary for such a change is not avsilable.

In considering the problem of defining time periods
for operations analyses, Baumol points out that decision
flexibility within the firm is circumscribed by present
policy, contracts and other commitments, and that

flexibility incresses with the time period as these
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commitments expire.2 This fact suggests that the second
step in defining the time periods for physical distr;-
bution analysis is to relate these to decision fiexibility
within the firm. The gosl is to determine the timevin the
future at which itvbecomes practical for the firm to adopt
an alternative system of physical distribution; and the
point in the distant future at which the firm is free to
consider the alternative spatial allocation of production
facilities.

The first interval of time for anslysis can bé
definedAas the short-term period during which alternstives
are limited to the flexibility of the existing physical
distribution facilities. While it is possible that short-
run volume market and service requirements can be
accommodated more efficiently through ah glternat ive
combination of handling, transportation, inventory, order-
processing and communication facilities, & change in
gsystem in the short-term is impractical. The time that is
required to establish one or more of the facilities that
are a part of an alternative system; the inflexibility of

short-term policy, contracts and other commitments; and

2William J. Baumol, Economic Theory and Operations
Analysis (Englewood Cliffs, N.J,.,: Prentice Hall Inc., 1961),
p. 18%.
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the rigidity of established routine with suppliers and
consumers and in the methods of physiqal distribution do
not permit & rapid change from one system to enother.

The flexibility that is required to introduce a
change in the system of physical distribution will, of
course, vary with the nature of the alternatives., There
is a specific intervel of time, however, before it becomes
practical to introduce any of the alternatives to the
present system. To define this interval of time it is
necessary to review the potential systems of physical
distribution in the light of the capital and flexibility
that would be required with their adoption. A survey of
capital availability within the firm, and other short-term
constraints mentiongd above, will then indicate the point
in time at which a change in gystem becomes feasible.

Opportunities up to this point include altermative
allocations of oﬁtput among productive units; adjustments
in inventory levels; changes in transportation rastes and
service; greater efficiency in the handling and ware-=
housing of goods and in the utilization of order-processing
and communications facilities; and other slternatives that
do not involve changes in system fscilities, ie., ware-

houses, handling sand trahsporting equipment, order-
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processing and communications facilities, gtc. '

The point in time at which capital and flexibility
1s sufficient to permit the adoption of alternative
physical distribution facilities. should such action prove
desirable, marks the end of the short-term period and the
beginning of the second period for physical distribution
analysis. A4t this point in time, the opportunity shifts
from methods to systems of physical distribution. The
short-term analysis seeks to establish the optimum method
of physical distribution with given facilities and
specifidations, while analysis in the second period is
concerned with the formulation and comparison of the
optimum methods_of.system alternastives. In other words it
is only the most efficient utilization of the present
system and each of the slternative systems of physical
distribution that are relevant in the intermediate period
analysise. |

It is impdrtant to recognize that alternative
systems of physical distribution emerge at successive
points in the intermediate period as more and more of the
shorter term constraints expire and as changes in physical

distribution rgquirements become more significant,



18

If all of the costs associsted with & system of
physical distribution were variable, the successive
alternatives would be independent and it would be possible
to 1limit the intermediste-term asnalysis to a comparison of
alternatives as they emerge over time. & system 6f physical
distribution, hdwever, consists of a specific set of fixed
facilities for the handling, transporting 6r storing of
materials and products and for order-processing eand
communications services. Itnis a change in one or more of
these facilities thaf cénstitute a change in the system of
physical distributioﬁ. Henée, alternativeisystemé involve
capitel investment in one or more of the fixed facilities.
and these costs, as weil as the varisble operating costs,
must be teken into account in the intermediate-term
analysis.

The problem in comparing individual systems of
physicai distribution is fhat the economic 1life of the
incremental investment costs may or may not corréspond with
the life of the alternative system wifh which they are
initieglly associated. An initisl elternative, for exsmple,
may inclu@e an investment in warehouses that are slso a
part of the facility requirements of a later alternative.

If the economic life of these warehouses is assumed to be
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equal to the life of the initial @lternative, this system
will be less attractive from a cost standpoint than other
alternatives with a lower investment content. The later
alternative will be mére or less attractive depending upon
whether or not the initisl glternative, which included the
warehouse investment, was adopted by the firm. It is
impractical to assume that the gseful l1ife of physical
distribution facilities will or will not extend beyond the
system with which they are associated until the require-
ments of future systems have been ascertasined. The
incrementel investment cost of a fulure slternative on the
other hand, is dependent upon the nature of fixed facilities
that are available from the preceding systém. Hence, it is
incorrect to evaluate two or more successive alternstives
indépendently when these are relsted through common
physical distribution facilities.

The approach to intermediate~term analysis must be
to formhlate and compare slternative plans that include
one or more successive systems of physical distribution.
In other words, each of the slternative plans will include
an alternative systeﬁ that is available at the beginning
of the intermediate period and may also include‘one or

more’ changes in system over the period as flexibility

permits and as physical distribution requirements demand.
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In practice, many of the plans will consist of successive
‘modifications of the initial system, eg., additional ware-
houses or the consolidation of distribution outlets; new
facilities for handling or transporting msteriasls and
products; new order-processing or communicsations
facilities, etce. |

The second period for anaslysis terminastes when
there is sufficlent capital and flexibility to permit
changes in the spatial allocation of production facilities,
should such action prove desirable, Until this time, the
systems of physical distribution that are available to the
firm are limited to those that can accommodate the volume,
market and service requirements of the firm from existing
production locations. The framework for the second period
analysis is the total range of vqlume, markets and service
possibilities between the time at which a change 1n system
becomes feasible tO‘the time a8t which the opportunity
includes a change in the spatial arrangenent of production
facilities., The objective of anslysis is to determine the
optimum physical distribution plan for the period.
Alternative plans may include a single system that is
éapable of meeting total requirements over the period; a

series of physical distribution systems; or a series of
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system modifications.

The third time period for analysis occurs when there
is maximum decision flexibility. This point in time 1is
usually referred to as the firm's long-term or very long-
Tun. |

The very-lomg run is & period over which the firm's

present contrscts will have run out, its present plant
end equipment will have been worn out or rendered
obsolete and will therefore need replacement, ete. 1In
other words, the long-run is a period of sufficient
duration for the company to become completely free in
its decisions from its present policies, possessions
and commitments. Thus the long~run is a sufficiently
distant period in which the firm is free to reconsider
all of its policles. For example, if the company finds
that the demsnd for its product has increased sub-
stantiglly, it may be ten years before it can afford to
redesign its plant and equipment completelg in accord -
with the requirements of this development.

The major difference between intermediste and long-
term fléxibility is that the firm 1s free in the long-term
to consider aslternative locations for product;on
facilities. The geographical limits of the firm's
operations in the intermediste-term are those mafkets that
can be accommodated by the physical distribution function
from fixed plant locetions. In the long-term, markets are
similarly limited for each specific combination of plant

locations and systems of physical distribution, but are

®§illism J. Baumol, op. git., p. 187.
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varisble in that the firm is free fto select alternative
locations for production.

The overasll tassk in the long~term is to formulste
and compare the alternative combinations of markets, plant
locations and systems of physicel distribution. The
objective is to select the optimum combination of these
three interrelated variables.

The volume, market and service possibilities for
physical distribution in the long-term are undefined until
the spatial allocation of production facilities has been
decided.s This decision, however, can be made iny if the
capacity and efficiency of alternstive systems of
physical distribution are taken into sccount. Hence, the
selection of_the 1ong-term system will be simultaneous
with the selection of long~-term mérkets and the spatisl
allocation of production facilities.

Physical distribution analysis in the long-term
context is only a part of the overall anslysis. The task
ig to provide information relasted to the capacity and
efficiency of systems ofkphysical distribution for each of
the potential combinations of plant locations., The
objective is to ensure that all of the alternatives for

physical distribution in the long-term are identified snd

made available for inclusion in the formulstion and
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comparison of alternstive combinations of markets and plant
locetions.

In summary, the total benefits that are available
to the firm through the physical distribution concept will
be reslized if there is an efficient utilization of
physical distribution facilities over the short-run period
of time during which changes in system are impracticsl; if
changes in the system of physical distribution are
optimized for the period prior to a spatial relocatiop of
production faoilities; and if the principles of physical
distribution sre taken into account in plans for the
future spatial allocation of production capacities.

Decision flexibility determines the points in time
at which it is practical for the firm to adopt changes in
the system of physical distribution, or to introduce
changes in the spatial ellocstion of plants. If these
points in time are identified it is possible to define the
range of volume, market and service requirements, or the
alternstives of these specifications, for each of the
short-term, intermediate-term and long-term planning

periods.
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The Role of the Traffic Mansger In Physical Distribution
Analysis .- .

Physical distribution analysis is a part of the

planning'process and as such should be undertaken at the
proper administrative level of the organization. In the
typical orgenization structure the various activities of
the business are divided among functional departments,
eg., sales, production, traffic, etc., with provision for
co-ordination at headquarters level. Pianning by
individual department heads is then limited to activities
that are within their specialized sphere of operstions,
while plans that are beyond the scope of a2 single depart-
ment are developed at & higher level. Granger lists three
levels in the organizsational structure at which planning
takes place:
(1) Planning by the heads of existing operating
units for future earnings in their own area. (2)
Headquarters level planning for generating future
sources of earnings from areas beyond the normal scope
of the existing units (including profit improvement
by possible withdrawal. from some of the present
operations); and (3) Planning by heads of head-
quarters staff units, such as finsnecial planning,
marketing planning, research snd development planning,

etce (to the extent that such sctivities exist at the
headquarters-staff level).4

4CharlesiH. Granger, "Best Laid Plans™, The
Controller (August 1962), p. 44. .
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The Traffic Mansager, as the head of an operating
unit of the firm, plays a major role in &ll three physical
distribution analyses because of his specialized knowledge
of the alternatives for handling, moving and storing the
firm's materials and products. His role is advisory,
howeéer, whenever the decisions in physical distribution
are likely to affect 6perations in other functionsl
departments. Of the three analyses suggested in the
foregoing‘it is only the short-term analysis that the
Traffic Managef is in a position to direct and co-ordinate.
In the intermediate and long-term periods, production,
marketing, financial and other factors that are beyond the
gcope of the traffic department's operations must be taken
into account in the analysis.

In the intermediste-term, some of the system
alternatives will ensble the firm to serve additionsal
markets or to increase the volume of sales in existing
markets‘~- up to the limits of productive capacitye.
Moreover, differences in the cost of system slternatives
affect the margin of profit on unit sales so that
opportunities exist for improving the firm's overall
financisl results through adjustments in the total volume
of operations., Hence, the intermediate-term slternatives

affect operations in the marketing and production depart-
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ments as well as in the traffic department., Physical
distribution analysis for this period requires top-level
direction and co-ordination with the participation of the
marketing, production, traffic and other interested
departments. A study of the long~term spatial allocation
of facilities should also be undertaken at an upper~-level
in the orgasnizstion since no one of the operating depart-
ments are in a position to identify the interrelationship
between markets and production locations with each of the
alternatives for physicsal distribution.

The short-term alternatives for physical
distribufion are limited to the flexibility of given
facilities. Moreover, the volume, markets and delivery
service specifications for physical distribution are
inflexible during this period of time. Markets are
limited to the geographical territory that can be served
with existing facilities and sare further limited to thst
portion of the territory in which the firm has established
the necessary marketing channels, eg., desalers,
distributors, agents, wholesalers, or other channels
through which output is distributed. Short-term volume
may be sengitive to the standard of delivery service that

is offered. It% will be explained in the following chapter,
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however, that the short-term delivery standard should be
one that the firm will wish to maintain on a longer-term
besis. In other words, while & change in volume may be
possible through a temporary adjustment in delivery
standard, the need to maintain & consistent and reliasble
gstandard of service to customers on & longer-term basis
will geherally preclude this type of interim action.
Given the markets and the delivery standard to be offered
in these markets, it is clear that the choice of short-term
physical distribution alternative will not affect marketing
plans or operations.

‘The efficiency with which marketing specifications
can be éatisfied in the short-term depends upon the
location of output in relation to markets and the
alternative methods for physical distribution. Once
production is completed the locations of output are fixed
and alternatives are limited to methods of physical
distribution. The choice of method in this case does not
affect production operations.

The objective in the short-term, however, is not
only to optimize the physical distribution of availeble
output, but also to optimize the location of output

according to combined production and physical distribution
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efficiency. In other words, there is a second application
of the physical distribution concept in the short-term
period in that total operating efficiency can be improved
through an integration of production and physical
distribution planning. If coét is the criteria, for
example, the objective is to allocate output among
productive units in such a way as to achieve minimum total
delivered product cost rather than minimum total production
cost.

In the typicel business organization, the
Production Menager allocates output among productive units
on the basis of total production cost -- subject to various
short-term constraints including policy related to
employment stabilization, equipment utilizetion, the use
of overtime, employee and public relations, etc. The
Traffic Manager's direct responsibility is generally
considered to be the efficient movement of materials and
products to plants and to markets. "The major functions
or responsibilities of the traffic department are those

concerned with freight movements". 5 The Traffic Mansger,

5Charleq A. Taff, Traffic Msnagement Principles
and Practices (Homewood Illinois: Richard D. lrwin, Inc.,
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however, is familiar with the physical distribution
alternatives that should be taken into account in
determining the optimum allocation of output among plants.

The problem is in bringing together the specialized
knowledgeyof the two departments in the output allocation
decision. This can be done through co-ordination at an
upper level or through co-operstion at the departmental
level. It is suggested that the latter is the most
desirable since the integration that is required is
continuous rather than periodic. Output plans must be
geared to marketing expectations over the production cycle.
Better estimates become available over the cycle, however,
and it is desirable to adjust output &t specific plants if
- flexibility permits. Hence, a continuous review of demand
in relation to production flexibility is necessary to
achieve the optimum locstions for output.

In summary, the Traffic Manasger may be cslled upon
to provide informastion related to the cost and efficiency
of alternative systems of physical distribution in the
intermediste~term and long-term anslysis. His role is
advisory in both analyses since merketing, production,
financiel and other factors with which the traffic depart-
ment is unfamiliar must be taken into account. Moreover,

the effect of decisions that become necesssry as & result
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of these analyses extend beyond the Traffic Managers sphere
of responsibility and cannot, therefore, be considered a
part of his authoritye.

Physical distribution analysis for the short-term
period insofar as the movement of available output is
concerned, is within the Traffic Manager's area of
operations. The allocation of output among productive
units is a co-operative function to be handled jointly by
the traffic and production departments.

Since the Traffic Manager is directly responsible
only for the short-term physical distribution analyses and
decisions, the balance of this thesis will be related to
the methods for formulating alterngstives and selecting the

optimum alternatives for this period.

The Criteris of Efficiency

The desirability of one alternative over another
dependslupon the purpose to be served by analysis. If
profit maximization is the purpose of analysis, for
example, profit is the criteria to be used in comparing
alternatives. Alternatively, maximum customer service is
the standard if this is the purpose for analysis. Bowersox

suggests that maximum service, maximum profit and minimum



cost are slternative standards for physicel distribution
analysis.6

A maximum service criteris implies the use of
delivery service as a marketing strategy in that such an
objective would be intended to increase sales volume, to
maintain customer loyalty, to improve customer relations,
etcs While these objectives may be valid, it is
incorrect to assume that maximumjdelivery service is the
most efficient strategy for their achievement.
Advertising, increased salesg effort, and other marketing
alternstives may. well accomplish the desired result at
less economic cost. For this reason the estimatéd cost
and result of alternative service standards should be
conpared with other strategy in the formulation of
marketing plans. The Traffic Manager is in a position to
advise the marketing départment with respect to the range
of availsasble service standards and the incremental cost
of sdopting successively higher standards. Once the

masTketing department has determined the standard of

Ssmykay, Edward J. (Ed.), Essays on Physical
Distribution Management (Washington: The Traffic Service
Corporation, 1961), p. 23,

3l
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delivery service that is optimum in relation to other
strategy, this standard becomes one of the specifications
to be satisfied by physical distribution alternstives. 1In
other words, delivery service is more appropriaste as &
guide in the formulaetion of physical distribution
alternatives than as a criteria for selecting the optimums

A minimum cost criteris would be applicable only in
the special case where demand for the firm's products is
insensitive to variations in delivery service. The
minimum cost criteria is also spplicable, however, when it
is associated with fixed product prices and given volume,
market and ser&ioe specifications. In this casgse minimum
cost physical distribution is equivalent to the maximum
profit glternative -- which is the goal that most firms
wish to achieve. "In contrast to much academic
speculation, with ?ery few exceptions, firms seek to
maximize profits in distribution decision meking".7 The
minimum cost standard within the framework of given prices
and given volume, market and service requirements has at
least two asdditional advantages:

l. Minimum cost is & generally understood and

commonly used criteris of efficiency.

T1p1ds
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The need to define the marketing specifications
of the firm ~- including delivery service -- |
places the proper emphasis on service as a
marketing strategy. If the marketing
department is required to justify the defined
standards of service, the cost and result of
this alternative will be taken into account in

the marketing plans of the firm.



CHAPTER III

THE MAJOR DETERMINANTS OF
PHYSICAL DISTRIBUTION ALTERNATIVES

In relsting the problems of production and
inventory control, Magee states: "A reslistic system
must recognize limitations in flexibility but take
advantage of elements of flexibility that do ezist.“1
This statement is particulsrly relevant in the
formulation of short-term physical distribution
alternastives. Opportunities in this area emerge with
elements of flexibility in the production, handling,
transportation and warehousing of materials and products,
but action is limited to the alternatives that will
satisfy given marketing requirements and that are within
the flexibility of given policy, commitments and physical
facilities.

Flexibility is a meaningless term unless it is
related to a specific point in time. In the day-to-day

problem of moving materials and products to plants, stock

quhn ¥. Magee, Production Planning and Inventory
Control (New York, N.Y.: McGraw Hill Book Company, 1958),
po 220 ’
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points and customers, flexibility is limited to
alternstives for shipping and transportation. If we are
speaking of next month's operations, however, there may be
sufficient time to adaﬁt facilities to & brosder range of
transportation alternatives; to adjust the rate of output at
some of the plants; to adjust the rate of handling and the
level of inventories at certain warehouses; etec. It is
important to identify the points in time at which the
various elements of flexibility become available so that
decisions that are related to these opportunities can be
made in time for their implementation. Finsally, the
period of time can be taken far enough into the short-term
future to permit & review of the sllocation of anticipated
demand among the firm's productive units -- subject to
various policy and commitments, but free from the
constreining influence of existing production schedules
and the current level of asctivity at distribution points.

To recapitulate, the extremes of short-term
physical‘distribution decisions deal with the day-to-day
trensportetion problem and the future allocation of output
among plants. During the intervsl between these extremes,
elements of fleiibility in the various processes that are

involved in traffic flow permit decisions that are greater



36
in scope thsn the daily decisions, but lesser in scope than
the output allocation decision., This thesis will be limited
to consideration of the two extremes since the methods of
analysis for other short-term intervals will be a
modification of those for day-to-dsy and for output
allocation decisions.

In the day-to-day problem, given customer orders
are to bé filléd from the given quantities of products
that are available for distribution at final stock points.
The determinants of physical distribution alternatives in
fhis situation are simply the delivery service require-
ments of customer orders, snd the availsbility of
alternative methods of shipping and transportation.

The short-term planning problem is essentially to
determiné the optimum allocation of anticipated demand
among the firm's plants according to the combined costs
of production énd physical distribution. The pattern of
traffic flow that is implicit in the solution to this
problem will indicate the mix and volume of traffic that
each of the production and physical distribution fascilities
will be required to accommodste. The objective is not to
provide a detailed plan of operations, but rather to

indicste the optimum flow of traffic sufficiently in
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advance to permit production and physical distribution
fascilities to be geared to this requirement. Changes in
plant and warehouse layout, production schedules,
agreements with transportation agencies, employment
adjustments and other detsiled planning that may be
required to adapt facilities to the optimum flow can be
left to the individual plant manageré, purchasing agents,
warehouse managers and other personnel who are
responsible for the various segments of operations that
are involved'in the processing and movement of materisls
and products. It is necessary only that the alternatives
that are considered in analysis be feasible in terms of
the required changes in operstions. The optimum of these
alternatives, broken down into its component parts will
then provide the necessary direction and co;ordination for
detailed operating plans. ‘

Alternatives for short-term traffic flow sare
determined by:

l. Market, servicevand volume specifications.

2. Flexibility in the utilization of given

productiqn and physical distribution facilities.
Marketing specifications and the relastive

importance of individual customers in analysis is
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discussed in the first half of this chapter.' The last
half deals with the nature and flexibility of production

and physical distribution facilities.
I. MARKETING SPECIFICATIONS

Delivery Service Requirements of Customers

The alternative mefhods of physical distribution
are relevant only if they will satisfy the delivery
service requirements of customers. The first step in
defining the delivery standard is to identify the explicit
or apparent policy of the firm towsrd customer service,
Some of the more common policies include:

l. Service equivalent to that of competitors.

2. A similar standard for all of the firm's
customers.

3. A similar standard for sgll oustoﬁers within
defined geographical areas.

4, Consumer oriented delivery service, ie.,
service as specified by some or all of the
firm's customefs.

In the absence of specifically defined delivery

requirements, the traffic manager may use the present

level of delivery serﬁice as a standard in formulating
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alternatives ~- provided policy constraints are satisfied.
It is possible, however, that present delivery standards
reflect the method of transportation'that has been used in
the past rather then the minimum delivery service that is
acceptable to the firm's customers. It is suggested,
therefore, that the existing delivery service be used as
a guide in the formulation of alternstives, but that
judgement be employed in accepting or rejecting
alternatives that fail to meet this assumed standard.

Some of the factors that will be important in deciding
whether the deviation from the present standard is
significant include the sales volume of the affected
customers, the nature of the product, the competitive
environment, and customer reaction in the past to delivery
delays.

If.the optimum alternative is one in which service
to certain customers or areas is substandard, its adoption
should be subject to spproval by the marketing departme nt.
This procedure is a necessary safeguard against improper
evaluation of customer reaction by the traffic department.

In addition to the limit on substandard delivery
service; it is also desirable to limit short-term

improvements in the standard of service. Once the firm's
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customers have adjusted to & level of delivery service, it
may be difficult to reduce the standard without serious
consequences, For this reason, the short-term standard
of service should not be sgignificasntly higher than can be
economically maintasined on a longer-term basis. Ideally,
the longer-term plan will be developed prior to short-term
analysis and the delivery standards from this plan can be
used as the upper limit for short-term delivery service.

The delivery standards of the firm should be
expfessed in terms of delivery delay, eg., the number of

days delay from receipt of orders to delivery at customer's

establishments,

Market Dimensiouns

An initisl problem in establishing the framework
for short-term analysis is that of dividing the firm's
total sales forecast into the market areas that will
determine the pattern of traffic flow through plants and
physical distribution facilities.

Many firms divide their total market into defined
geographical regions and adopt the practice of serving the
customers within each of these territories from specific.

distribution points. A four division system for national



4
distribution in Canada, for example, may inciude defined
Atlantic, Central, Prairie and Pacific regions with
distribution warehouses located in Montreal, Toronto,
Winnipeg and Edmonton. The forecasting task as well as
the whole analysis is much simpler if pre-defined service
areas for warehouses are used as the basis for short-term
production and physical distribution planning. This
procedure, however, may overlook significant savings if
some of the fim's customers can be served from more than
one of the distribution warehouses.

To avoid the exclusion of relevant alternstives,
the firm that sells its products to a small number of.
large customers may be justified in treating each customer
as a separate demand unit in analysis. The more common |
gituation, however, is where the'firm's products are sold
to a large number of various size customers. In this case
it is desirable to simplify forecasting and analysis
procedures through 8 preliminary grouping of individual
customers. A combination of short;term constraints --
including the delivery service requirements of customers,
and the fixed location and capacity of distribution ware;
houses -- facilitate customer groupings thet do not

eliminste the relevant alternatives for trsffic flow,
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The first of these groupings can be achieved by
identifying the customers or oustomer areas that are with-
in the exclusive delivery range of each distribution
warehouse. Given the delivery service specifications and
the alternative transportation facilifies and schedules
between stock points and customers, it is possible to
define the outer limits of the geographical area that can
be served from each of the final distribution warehouses.
To 1ilustrate. egssume that the firm's products are sold

within the geographiocal area indicated in Figure 1.

FIGURE 1

DELIVERY RANGE OF WAREHOUSES A, B, AND C
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This total area is served by three warehouses A, B, and C,
whose service areas, based on delivery standards, are
within the boundaries indicated by the solid line, broken
line and dotted line respectively. The cross-hatched
sections represent the market areas that are exclusive
to one or the other stock point. Since these areas can
only be served from one or the other warehouse, the totsal
customers within each can-be grouped into single demand
units for planning purposes. | |

If the total demand that is generated by customers
within these exclusive territores represents the bulk of
the firm's sales it is reasonable to assume that this
demand ﬁill dictate the pattern of flow through plants and
between plants and distribution points; and that the
demand of other customers, ie., customers within delivery
range of two or more digtribution points, will merely
increase the volume via alternative routes of this basic
pattern. In other words, the pattern of traffic flow will
be the same whether or not the non-exclusive delivery
areas are included in analysis, provided demand within
these areas 1is a sufficiently small proportion of the

total.

To include the overlapping delivery areas in
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analysis, one cannot simply trest each of these as a
single demand unit, unless the transportation rate is the
same to 8ll customers within the area. The alternative
cost of serving one of these customers includes the
delivered product cost at alternative distribution points
plus the final trensportation cost. Where the
transportation rate differs among customers within the
territory, it is possible that the total delivered
product cost to some of these customers Will‘favor
delivery through one warehouse, while other customers will
be optimslly served through asn alternstive stock point.
Since a great deal of additional work may be involved if
each of the customers within overlaps are to be included
in anslysis, it is desirable to 1limit the &nalysis to the
exclusive territories whenever demand within these areas
is sufficient to dictate the pattern of traffic flow; and
whenever the volumes through the channels of this pattern
are a sufficient proportion of the totsl to provide a
ressonable basis for short-term operating plans. These
conditions will ususlly be satisfied if the exclusive
delivery areas as defined above include all of the firm's
msjor market areas,

If there are a few large customers outside of the
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exclusive areas, their inclusion in analysis as separate
demand units may provide the desired level of confidence
and precision. If not, it is desirable to achieve a
further grouping rather than to treat a great number of
small customers as separate demand units.

The limited capacity pf stock points sefves as a
basis for a further grouping. Assuming that totsal
capacity at final distribution points is sufficient, but
not significantly in excess of total anticipated demand,

g reduction in the delivery range of finsl distribution
points to their handling capacity will result in an
increase in the groups of customers that are to be
accommodagted exclusively through one or the other
distribution warehouse. To illustrate, assume the service
areas of warehouses A gnd B, based on delivery standards,

are as shown in Figure 2.
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The cross~hatoched section represents the geograph-
ical area that can be served from either point insofar as

meeting customer delivery requirements is concerned. We

FIGURE 2

DELIVERY RANGE OF WAREHOUSES A AND B

know, however, that neither warehouse A nor B can
accommodate all of the customers within this territory

in addition to the oustomers within their exclusive range,
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ie., the clear area in Figure 2. The clear area in the
centre of Figure 3 represents the remaining overlap in the
service territory of warehouses A and B after a reduction
in the delivery range of these two stbok points to their
handling capacity.

FIGURE 3

~THE REDUCTION IN DELIVERY RANGE OF
DISTRIBUTION POINTS A AND B TO
THEIR HANDLING CAPACITY
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The cross-hatched section on the right is now a
- part of fhe total market area to be served.exclusively
from warehbuse Bs The same section on the left is now a
part of the total market aree to be served exclusively
from warehouse A.

The extent of the remaining overlap in service
areas depends upon the anticipated volume of traffic in
relation to distribution point cspacities. In general,
the total handling ceapacity of all of the final
digstribution pointé within a system will not be
significantly grester than the total flow of traffic --
except where warehouse capacity has been established on
the basis of overly optimistic forecasts. Hence, only a
minor portion of the total volume of traffic is likely to
be within range of alternative distribution points after
the service areas of stock points have been reduced to
their hendling capacities. In this case it is reasonable
to assume that the bulk of the firm's volume which hass now
been assigned to one or another distribution point will
determine the optimum pattern of traffic flow. Once this
pattern has been established, the marginal cost of
increasing the flow through slternative production;

distribution channels of the pattern can be used to
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determine which of the distribution points should serve
customers within the remesining overlaps.

The problem at this stage is to devélop e method
that can.be used to achieve this reduction in overlapping
service areas. 4 forecast of the flow of traffic to the
group of customere within the exclusive delivery range of
a stock point subtracted from its handling capacity,
indicates the surplus capacity that is available at that
point for service to customers within delivery range of
an alternative warehouse. More specificeally then, the
problem is to determine the particular customers or
customer areas within an overlap that should absorb the
surplus capacity of a distribution point, in the event the
optimum plan cslls for the utilization of its total
handling capacity.

Taking the simple case of the overlapping delivery
area for'the two distribution points in Figure 2, we know
that the volume of traffic that cannot be accommodated
through warehouse A must be handled through warehouse B.
If the capacity of warehouse & is fully utilized, the
volume of traffic that will péss through B is also fixed.
Hence, costs that are incurred in the flow of traffic

prior to finel distribution from warehouse to customer
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will be the same regardless of the combination of
customers within the overlap that are serviced from the
fully utilized warehouse, These costs may be ignored,
therefore, in determining the ocapacity service area of
distribution points.

Since shipping &and transportation costs are the only
- additionsl costs between final stock points and custoﬁers,
the total of these costs may be used as the basis for
alloéating the surplus cabacity of a distribution ware-
house among customers or customer sareas within the over-
lapping territory. The objective is to minimize the total
shipping and transbortation cost to customers within the
overlap -- given that the warehouse in question is to be
fully utilized. Referring agaih.to Figure 2, we would
first establish the capacity service area of warehouse A
by minimizing total shipping and transportation cost to
all customers within the overlap-- given that the totsl
capacity of A is to be utilized. The next step would be
to determine the capacity service area of warehouse B in
the same way and assuming that B, and not A, will be
fully utilized.

Where a large number of customers are included in

the overlap, it is desirable to avoid & forecast of
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traffic for each by dividing the territory into
transportation rate areas. FEach of these areas should
include the group of customers with the same relative
freight rate from the alternative distribution points.
For example, if one hundred customers can be served from
warehouse A at the same freight rate, but only fifty of
these have the same rate from warehouse B, the rate area
would consist of the fifty customers with the same
relative rate from the two warehouses.

A forecast of demand within each of these rate
territories can now be related to the capacity that is
available to the overlap from the alternsgtive
distribution points.

In Figure 4, the overlapping delivery range of
warehouses A and B has been divided into transportati on
rate areas. The forecast of sales to customers within
each segment is shown as well as the capacity that is
available to the total overlap from distribution points
A and B.

The problem, then, is to determine which of these

segments would be served from A if A 1s used to capacity
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in the optimum plan; and, similarly the segments that

would be served from B, if B 1s used to capacity.

(1000
units
for
overlap)

FIGURE 4.

TRANSPORTATION RATE AREAS WITHIN
- THE OVERLAPPING DELIVERY RANGE
OF WAREHOUSES A AND B



53
Assuming the sum of shipping and transportation
costs between warehouses and customers are as shown in
Figure 5, we can establish an order of service preference

from each distribution point.

Market Areas U g w X Y 7

Warehouse A 1,00 1.70 i1.70 1.80 2.20 1.90

Warehouse B 1.50 1.30 2.30 1.80 1.40 1.80

A - B ‘050 040 "060 O 080 010
FIGURE b

SHIPPING AND TRANSPORTATION COST
PER UNIT (DOLLARS)

The relative cost of serving the various territories
from wafehouse'A, indicates that the cost to territory W
is seventy cents per unit higher than to territory U. We
know, however, that if warehouse A has sufficient capacity

to serve only one of these territories that the other must
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be served from the alternative distribution point. Hence,
the relstive cost of serving the two customers from ware-
house B must also be taken into account., It is clear
that the per unit saving fram A to U (seventy cents) is
offset by the higher cost of serving W from B (eighty

cents). Territory W, therefore, must be served from

point A in preference to territory U.

The simpler comparison is the :elative cost of
serving each territory from the twoAdistribution points.
The saving of sixty cents per unit by serving territory
W from A instead of B is greater than the saving of fifty
cents per unit in serving U from A. Both methods lead to
the same net result. The order of preference, therefore,

can be established for each distribution point on the

.basis of the difference in shipping and transportation

cost to the same customers. The order of preference for
warehouse A is territories W, U, X, 2, V and Y ss
indicated by theAthird row in Figure 5.

If the optimum pattern of traffic flow calls for
the capacity utilization of distribution point A, the
1000 units of capacity available at A must be allocated
as shown in Figure 6. No other allocation will result

in a lower total cost,.
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We msy conclude, therefore, that while territory
V, X, Y and Z are within delivery range of distribution
point A, the capacity of 4 will not permit delivery to
vV, Y or Z, and, if fully utilized will meet only five-
sixths of the volume required in territory X. Hence,
territories V, Y, Z and one-sixth of X may be excluded
from thé capacity service area of warehouse A without

eliminating the relevant alternstives for product flow.

Market Areas U - v kit X Y 2
Warehouse 4 100 - 400 500

Warehouse B 500 100 | 200 | 300
Market Demand | 100 | 500 | 400 | 600 | 200 | 300

FIGURE 6
OPTIMUM ALLOCATION OF DISTRIBUTION
"POINT A'S AVAILABLE CAPACITY

The order of preference for warehouse B is, of
course, fne opposite of A, and the samé analysis will
indicate that territories U, W, and one-sixth of X may be
excluded from the capscity service area of warehouse B.

Territories excluded from the capacity service ares
of one wérehouse automatically become part of the total

market ares to be served from the alternative stock point.

The result in the sbove example is a reduction in the
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overlap of the service area of warehouses A and B to two-
thirds of the anticipated volume within territory X.

The volumes of traffic to territories that are
excluded'from A's capacity area can be added to the total
volume within Bis exclusive delivery range. Similarly,
volumes excludeé from B's capacity area can be added to
the total volume Within'A's exclusive delivery range.
Anglysis to determine the optimum flow of traffic through
production and physical digtribution facilities is thus
simplified by reducing the number of demand units to the
number of distribution points (assuming the volumes within
the remaining overlaps are relatively.insignificant and can
be ignored in formulating traffic flow alternstives.) If a
significant proportion of forecasted volume is to customers
within the remasining overlaps, the number of demand units
for anslysis can be increased to include some or all of the
transportation rate areas that are within these market
segments,

It should be noted that the above procedure for
identifying segments of the overlgp with specific distri-
bution points can be used only for the distribution of s
single product. Transportation rates, however, tend to be
geographically diétributed and there will be g similar

relationship, therefore, between the cost from two ware-
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houses to the same customer areas for various commodities.
Hence, the same transportation rate areas are likely to
apply for several of the fim's products and sufficient of
these can be included in anélysis to provide the desired

level of confidence and precision.

Sales Forecasts

According to 8 study sponsored by the Controllers
Institute Research Foundation, almost s8ll mesnufacturing
firms use sales forecasts as a primary basis for short-
term plenning in the various functions of the business.z
The short-term forecast generally originates in the
marketing department. Following approval by upper manage-
ment, it is passed on to operating divisions to guide and
co-ordinate planning and budgeting. The anticipated
volumes of sales are commonly expressed in dollar figures
which are then converted by the various departments into
units that are appropriate to planning in their respective
areas.

It is desirable that the approved sales forecast be

used as the basis for production and physical distribution

2Burnard H. Sord, Glenn A. Welsch, Business
Budgeting (New York: Controllers Institute Research
Foundation, 1958), p. 133,
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planning to ensure that the level of planned activity in
this area is geared to marketing requirements. This
forecast, however, will require refinement before it can be
used for this purpose. 'In particular, the total volume of
sales will have to be divided among the territories, and into
the product groups that are relevant for physical distri-
bution planning.

It is suggested that the traffic msnager's role in
forecasting should be limited to defining the mafket
dimensions and the product groups that are relevant for his
purposes. The marketing department should then assume the
task of allocating the anticipated sales among the defined
territories according to the various assumptions that

underlie the approved forecast.

IT. FLEXIBILITY IN PRODUCTION AND
PHYSICAL DISTRIBUTION FACILITIES

Production Facilities

The alternatives for product flow are limited in
the short-term by the fixed location of the firm's
productive units and by the limited capacity of each of

these unitse.

"Production is the result of the flow of work that
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goes from one to another of the fundamental structural
elements, each of which includes men, machine, tools,
material, and s1;>ec:ifications;.“'3 The machines and tools
at a plant with which materiais can be transformed into
producté of the desired specifications are given in the
short-term. The output at & plant, therefore, is limited
first of all to the volume that can be achieved through
the maximum utilization of its machines and tools.
Expansion of output to this level, however, may be
impossible in the short-term for several reasons.
Additional manpower of the type thet is required may not
be readily available, or it may be impossible to
adequately train the additional personnel in the time that
is availsble. If increased output calls for the use of
overtime, this may conflict with existing lsbor agreements
or mansgement policy. The period may be too short te
organize and introduce the new operations and maintenance
procedures that are required with a higher utilization.
These and other constraints must be considered in
determining the maximum level of output that is realistic

for each plant in the short-term.

3Raymond Villers,'Dxnamic Management in Industry
(Englewood Cliffs, N.J.: Prentice-Hell, lnc., 1960),

Pe 2220
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Reinfeld and Vogel employ what is referred to as
the bottleneck concept in determining alternative
production mix for a plant.4 This concept may also be
used to simplify a study of output flexibility. The
procedure is to identify the least flexible of the
mesnufscturing processes within the plant. This may be a
specific machine operation, a process requiring special
labor skill, etc. A thorough study of this particular
segment of the total manufacturing operation will reveal
the meximum output that can be achieved, regasrdless of
flexibility in other processes.

Elements of short-term inflexibility including
technical problems, policy and commitments, may also limit
the extent to which output at individual plants can be
reduced. 4 decrease in the level of output at a plant will
generally involve & reduction in the labor force and a
redistribution of work among remsining employees and
among machines. The technicsl implications of this asction
may include a change in plant layout; new operations and
maintensnce plans; snd employee training where the

redistribution of work requires the remaining employees

4Nyles V. Reinfeld, William R. Vogel, Mathematical

Programming (Englewood Cliffs, N.J.: Prentice-Hall, Inc.,
19587, p. 2104
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to hendle new or additional tasks. The solution to these
problems may well require more time than is available in
the short-term. Commitments that 1limit a reduction in
plant output may include restrictive clauses in labor
éontracts, eg., guaranteed annual wage clasuses, minimum
work crews, etc. The firm may have entered into longer
term purchase agreements with suppliers or transportation
contracts for minimum quantities of materials to be
shipped to specific plants. Policy will often govern the
more intangible factors that are involved in reducing the
level of plant operation. Employment'stabilization pplicy,
fqr_example, may be explicit in order to avoid adverse
public or employee reasction. Policy may also apply where
output reductions are likely to sffect the welfare of
employees, dependent suppliers or the community in which
the plant is located.

In summary, the relevant alternatives for product
flow are those that call for a level of output at each
plant that is within the feasible minimum and maximum
fange. This range should be defined by responsible
productibn personnel who are familisr with the various
constraints thet limlt flexibility in this function of

the business.
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Distribution Warehouses

The constraints that limit flexibility in the rate
of floﬁ through each of the firm's stock points are
similar to those that limit the range of output at plants.

Limited storsge capacity and given paeking and
materials handling facilities; inflexibility in the
ﬁtilization of facilities due to lebor agreements, policy,
skills; and shortages of the types of labor that are
required to increase handling, sre some of the constraints
that must be taken into account in determining the range
of traffic volumes that can be accommodated through
distribution points.

Concentration on the least flexible of the handling
procedures at a warehouse will simplify the problem of
establishing its feasible handling cespacity. Materisls
handling equipment, for examble, may limit the volure
that cen be accommodeted regardless of flexibility in

other warehousing operationse.

Transportation and Handling

Although there may be a grest number of availsble
modes of transportation between stock points and customers,

the alternatives that are acceptable in the short-term
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are limited to those that will meet the following
conditions:

1, A minimum delivery service to customers. This
may be the existing standard; an spproved lower
standard; or a level of service requested by the
customer or the marketing department.

2. A maximum delivery standard. This constraint
1s necessary to prevent the adoption of a level
of service that cannot be maintained on a longer
te:m basis. The maximum should be the standard
called for in the longer-term distribution plans,

3e Transportgtion metnods that are suitable for the
firm's products and that can be used in

_ oonjﬁnction with loading and unloading facilities

at plants and warehouses. It may be impossible
in the short-term, for exsample, té adapt the
physical layout of a plant to truck losding if
the existing arrengement is intended for rail
loading. Freight handling or packaging equip-
ment at a plant or warehouse may be limifed to
use with a specific method of transportation.

4. Transportation methods that are acceptable to
customers, If custamers specify the method, all

other forms of transportation are irrelevant in
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analysis.

Trangportation alternatives to plants and between
plants ahd warehouses are limited to those that are
suitable for the firm's materisls and products; and to
those that can be usea in conjunction with existing

loading and unloasding facilities st plants and warehouses.

Order~Processing and Communications

In addition to satisfying physical movement require-
ments, slternatives in the short-term must be feasible in
terms of the changes that are necessary in order-
processing and communications procedures.,

A flbw of traffic i1s preceded by the flow of paper
work associated with the preparation and dispateh of
customer orders and supply requisitions. Flexibility in
the utilization of eclericsal stéffs and office equipment
must be adequate for the patterns of distribution being
considered in snalysis. The constraints on short-term
changes in steff that were discussed in the production
and werehousing sections &lso apply 1n-this area.

Communications facilities in the form of mail,
telephoné and telegraph are generally available for any

of the changes that may be considered for traffic flow.
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Some firms, however, employ electronic systems for
processing and communicating orders from distribution
points to plants and in some cases from customers to
distribution points. If, in this case, the firm has
ebandoned the conventional staff, equipment and paper
procedures that can be used as an alternative to the
system, it may be imprasctical to consider alternatives
for traffic flow that do not conform with established

channels of the communications network,



CHAPTER IV
COLLECTION AND PREPARATION OF DATA

The method of analysis suggested in Chapter V to
determiné the optimum allocstion of output among the firm's
plants involves a comparison of the variable cost of the
alternative routes that traffic may take through the
production-physicsl distribution systeme It is neceséary,
therefore, to determine the alternétive traffic routes that
are available to the firm in the short-term and to identify
and relate the elements of variable cost that are associated
with each of these routes.

Flow disgrams mey be useful in identifying
alternative routes and the major processes that are
involved in traffic flow. The preparation of these
diagrams 1s dealt with in the first section of this chapter.
The variable costs of the various processes involved in
fraffic flow and the types of information that are required
in order to relate sdjacent processes are discussed in s

later section.
I. FLOW DIAGRAMS

Magee states that ",.. an organization, whatever it
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may be can be viewed as consisting of a number of stock
points and a number of operations, together with a control
gystem. In principle a flow chart can be constiructed
showing the course of the flow from the sources of raw
materials through the intermediate stock points te
customers,™l Transportation is the connecting link
between adjaceht stages in the flow of materisls and
products and its availability and suitability, therefore,
will determine the potentisl routes that traffic may take
to plants, between plants and warehouses and from final
distribution warehouses to customers.

A chart of slternative traffic routes should begin
by defining the locations of raw materials, plants and
stock points. An evaluation of tramnsportation facilities
between adjacent stages will then indicate the feasibility
of linking a given plant with a particulsr source of raw
materials, a given warehouse with a particular plant, etc.

Delivery service is a prime consideration in
determining the feasiblility of linking a final distribution
point and a customer through a particular mode of trans-

portation., Delivery service, howevér, is undefined in the

;Jchn F, Magee, Production Planning and Inventory
Control (New York, N.Y.: McGraw Hill Book Company, 19587,
Pe iso '
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movement of traffic to plants and befween plants and stock
points -- except where product perishasbility or obsolescence
is involved. If transportation facilities are available
and are technically sultable for the movement of the fim's
traffic through to a distrivution warehouse, the route 1sv
feasible regardless of movement time., While successively
longer delivery time increases the inventory carrying cost,
this additional cost may well be offset by savings'in one
or more of purchasing, production, warehousing and
transportation costs.

The technical suitsbility of a method of trans-
portatioh must be evaluated in terms of the nature of
materials or products as well as the handliné requirements
at plants and warehouses. The carrier, for example, must
be capable of accommodating‘the dimensional size and
weight of the firm's materials or products and must be sble
to provide refrigerated, heated or other specialized
equipment where this is required. Loading and unloading
facilities at plants and warehouses must be adaptable to
the requirements of the carrier. A stock-plile of
materials or products on & railway spur, for example, may
be inaccessible to motor vehicles. Specialized loading

equipment such as oranes and conveyors, and the physical

location and layout of the fimm's plants and warehouses
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may also limit its ability to adapt to a particular mode
of available transportation. These snd other
considerstions must be taken into account before the route'
is sccepted as technically feasible.

Figure 7 is a flow diagraem of a hypothetical three
plant, five warehouse system. Raw materials are available
from four locations., The lines linking raw materials
supply points with plents, and plants with warehouses,
indicate the feasible traffic routes insofar as trans-

portation availability and suitability is concerned.

Reaw materials

Locations Warehouées
1 : Plants - A
A B
2
B c
3
X
c
4 Y
FIGURE 7

FLOW DIAGRAM
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The diagrem indicsates that'supplies'for plants A
and B can be shipped from all of the raw msterials
locafions.'while‘plant ¢ must‘rece1Ve its supply from
poigts 3 and 4. Warehouée Y cannot be gerved from plant A,
Additional deteil is included in Figure 8 to identify the

cost elements that are involved in the physical flow,

COST ELEMENTS: Rew Materials Looations

1) Purchase Price

2) Transportation

3) a) Warehousing ]

b) Inventory

| 4) Produoction L . A B ) C

§) a) Warehousing

b) Inventory . - d

6) Transportation

7) a) Warehouéing“
A B C X Y
b) Inventory
8) Transportation
: 1
CUSTOMERS
FIGURE 8

FLOW DIAGRAM
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The diagram assumes that customers have been
divided‘among the five warehouses sccording to the
procedure described in the previous chapter.

The sdvantage of a flow disgram is that its
preparafion assists the anelyst in his understanding of
the existing system by requiring preliminsry studies of
the various processes and their technicsl relationships.
This background informstion is useful in identifying the
feasible traffic routes and the alternatives for moving

traffic through each of these routes.
II. COST SCHEDULES AND OTHER DATA

The cost elements shown in Figure 8 are not
independent. The delivered cost of raw materials at plants
varies with the sources from which they are received and
the method of transportation thet is used for their
delivery. Moreover, the volume of inventory that must be
carried at stock points, as well as the volumes in transit,
vary with differences in the delivery time of alternative
carriers. Handling costs at warehouses may also differ
with the alternative methods of receiving and forwarding
materisls and products.

Hence, in addition to estimates of cost for each
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segment of the slternative traffic routes, the data for
analysis must include the key parsmeters that permit a
linking of individual cost elements into total route costs,
These costs and parameters are discussed in the following
éections. The preparation of data into total route costs
is dealt with in the last part of the chapter.

It is assumed for purposes of this thesis that sll
raw matefials are purchased; that these are transported by
public carrier to processing plants; that facilities at
the plant include storage space for materials and finished
products; and that products are transported by publie
carrier to company owned field warehouses for distribution

to customers.

Raw Materisals Data

The pufchase price of raw materials should be
listed fér eaoh point at which these are available to the
firm. Alternative prioeé should be shown if the price
varies with the size of the order.

A review of the locations and price of raw
materials should be undertaken by the firm's Purchasing
Agent. The results of this survey may be ﬁrepared in a

form such as shown in Table 1.
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The last column has been included to indicate

shipment size. This may be important in relating raw

materisls price énd transportation slternatives, eg.,

railway carload and truck-load rates both apply to a

minimum shipment size.

'TABLIE I
RAW MATERIALS DATA
Order Price Per Units Per
Deseription Location  Quantity Unit 100 Lbs.
" $
Part 101 Montreal 1000 or less 0,50 20
1001 - 2000 0.45
2001 or more 0.40
Toronto 2000 or less 0,55
2001 or more 0,45
Part 403 Hamilton No Discount 5,00 +
No Discount  4.75

Toronto

Transportation Data

In addifion to

freight rates, transportation dsta

should 1hclude the minimum weight and units of materials

or products (if any) to which these rates apply as well as

the delivery‘time fér each of the available carriers.

This information should be collected and assembled by the

Traffic Manager in a form such as is indicated in Table II.



The delivery time includes time for filling the order at

ﬁhe supply point,.

v——

TABLE II

TRANSPORTATION DATA
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|

e tra—

Commodity: Raw Materisl - Part 101
Rate Per Minimum Minimum Delivery

Carrier From To 100 Ibs, Weight Units Time
. ‘ 3 :

CNR Mtl. Wpg. 2.50 None - 4 Deys
CNR Mtl., Wpg. 1.70 20,000 lbs. 4000 6 Days
Midland Mtl. Wpg. 2.80 None - 3 Days
Midlend Mtl. Wpge. 2,00 10,000 1lbs. 2000 3 Days

Delivery time has been included in Table II

because 6f its direct relationship to transit and safety

inventories. Minimum shipment volumes to which certain

rates apply may also require larger than normal cycle

inventories. The nature of these relationships will be

discussed in detail in & later section of this chapter.

Production Data

The variable processing cost for each product that

is manuféctured at a plant should be estimested by the

Production Manager. These estimates will consist largely
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of the wages of some or all of the plant employees and the
cost of operating machines and equipment. The cost of raw
materials will be handled separately and should not,
therefore, be included, but information from the production
department should include the types and quantities of raw
materials that are required for each product.

Given the period of time to be covered in the
analysis, the Production Manager will be in the position to
ascertain the variasbility in cost of the various plant
operations. The determination of costs may be relatively
simple if the firm's cost accounting system provides a
logical allocation of variable costs among products,

Processing cost may be presented in the folleowing form:

TABLE III
‘PROCESSING COST DATA

ﬂ

Location of Plant: Montreal

Variegble Cost Per Unit of Product

Product - Lebor Machines Other Total
$ $ $ $
10D 0.50 0.33 0.08 0.91

6F 0.82 0.54 0.15 1,51
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In addition to cost information, the Production
Mansger éhould determine the output capacity for each
plant over the planning period.

Where only one product is manufactured, or when
manufacturing processes for each product are independent,
capacity ocan be expressed in "units of product”™, The more
general problem, however, is ﬁhere a plant manﬁfactures
several products, each of which pass through one or more
of the same processes. In this case, the mix of output
that will absorb plant capacity cannot be predetermined
and it becomes necessary to define capsacity in man-hours,
machine-hours or other appropriaste common measurement.

The capacity measurement that should be used depends upon
fhe nature of the manufacturing process that limits total
output. Production at & furniture plant, for example, may
be limited to the rate at which its carpenters can assemble
the basie frames. In this case, available man-hours in the
frame assembly division is an appropriste mesasurement of
capacitys. The output of a pipe mill, on the other hand,
may be limited to the capacity of its welding equipment.

In this event, available processing time on welding
haehines is the capacity measurement that should be used

in anslysis.
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Defining maximum capacity in this way, ie., in
terms ofnthe bottleneck operation,2 implies that the out-
put of other menufacturing processes at the plant can be
adjusted to whatever mix of production is called for in
the optimum plan. This assumption may or may not be valid.
A necessary concluding step in analysis, therefore, is to
compare the proposed output of & product with the
capacity of its exclusive manufacturing processes; and to
compare combined product outputs against the capacity of
the appropriate common manufacturing processes.

Information related to plant capacities should
inélude a list of the manufacturing processes in the plant;
the short-term oapécity for each process in man-hours,
mechine-hours or»other‘appropriate measurement; the
products that pass through each of the processes; and the
guantity of process capacity that is required for esach
unit of product. Table IV is an example of the form in

which this information mﬁy be presented.

2Nyles V. Reinfeld, William R. Vogel, Mathematicsl
Programming (Englewood Cllffs, m Jo: Prentice-Hall Inc.,
1958), p. 210.
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TABLE IV

PLANT CAPACITY DATA

LOCATION: Montreal

' : Capacity Required
Process Capacity Products , Per Unit

Mat'l

Handling 4480 Men Hrse. 10D 0.10 Hrs.
. 6F 0008 HI'SQ

Lathes 9500 Machine Hrs. IOD 0.33 Hrs,

, 6F 0.50 Hrs,.

Drills 1900 Machine Hrs. 10D 0.20 Hrs.

Warehousing Data

The #ariable cost of handling msterisls or
produets'at warehouses should be developed by the offiger
in charge of these operations. Warehouses for raw
materials may be under the Production Manager's
jurisdiction, while product warehouses may be"the
responsibility of the Sales Manager.

Varisble costs in this area will consist largely of
the wages of warehouse employees and the costs of operating
materials handling equipment. Costs may differ, however,

with the method that is used to transport goods to and from
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these poinﬁs. The transportation schedule illustrated in
a previous section of this chapter indicates the potential
methods for the movement of raw materiasls and products to
plant warehouses eand to distribution warehouses. Using
this schedule as a guide, the handling cost per unit of
material or product should be developed for each of the
potential modes of transportafion. This information may

be presented in a form such as is indicated in Table V.

TABLE V
WAREHOUSING DATA

LOCATION: Winnipeg

Method of Handling Cost
Product Transportation Per Unit

10D Rail - CL 0.025
Rail - LCL 0.015
Truck 0.010

6F Rail - CL 0,100

. Rail - LCL 0.125
Truck 0.125

The capacity of distribution warehouses will have

been takén into account in determining their geographical

3

service areas., Warehousing space for raw materiasls and

dSee Chapter III, pp. 41-57.
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finished product inventories at plants will not be
considered directly in the production allocation analysis.
Provision should be msde, however, to check the space
capacity of those points at which the volume of inventories
(as suggested in the allocstion solution) is significantly
greater than in the past.

Inventory Data

| Thé cost of carrying inventory in the short-term
includes the risk of obsolescence and deterioration, as
well as the opportunity cost of having funds invested in
inventories. A cost is involved in the use of storage
space at warehouses only if the space has alternative
productive use.

It is assumed for purposes of this thesis that the
cost of éarrying inventorylis largely the opportunity cost
involved in having funds tied up in materisls and products.
This cost should represent "...the return that would be
6btained if the capitsl weré invested otherwise. In
making this estimate, account should be taken of the

liquidity and risk involved."?

4Charles C. Holt, Franco Modiglieni, John F. Muth,
Herbert 4. Simon, Planning Production, Inventories.and

Work Force (Englewood Cliffs, N.J.: Prentice-Hell Inc.,
§ ) Pe 71,
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The quantity and value of inventory that will be-
required'for each of the traffic routes is dealt with in
| the latter part of this chapter. At this stage it is
sufficient to define the cost of carrying inventery in
terms of the percentage return that is required on

inventory investment.

Order-processing and Communication Data

The cost of placing an order includes the clerical
time invblved in preparing the requisition, the cost of
stationary, and the variable cost of using office
machines and equipment. Transmitting the order to the
supply point includes the.cost of postal, telephone,
telegraph and other facilities that may be used for this
purpose. The cost of processing an order received at a
plant from‘a distribution point will include the variable
clerical, stationary and mschine costs of issuing shipment
requisitions or other instructions to the shipping
department.

The varisble cost of order placement snd trans-
mission should be develoﬁed for each of the relevant
combinations of raw msterials supply points and plants.

The variable cost of order placement, transmission and
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receipt should be developed for esch of the plant to

warehouse elternatives. This informstion may be prepared

as shown in Tgble VI.

TABLE VI
ORDER PROCESSING AND COMMUNICATION COSTS

Var;able Cost Per Order

"Placing Recelving Order '
From To Order Order Transmission Total Cost
K B b B
Mtl. Wpge 10,00 10.00 5.00 25.00
Mt1l. Edmtn. 10.00 7.00 7.00 24.00

The fourth column will be left blank for orders placed by

the plant since it i1s assumed that all raw materials are

purchased from outside suppliers.

III. TOTAL ROUTE COST

The method of qomparing alternatives suggested in

Chapter V requires an estimate of the total unit varisble

cost incurred in the msnufacture and physical distribution

of each product to each distribution warehouse and thrbugh

each of the routes that the product may take through the
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production-distribution system._

The first section of this chapter indicated that
the potential traffic routes and their mejor component .
processes can be identified through the preparation of a
flow diagram. _Eaeh of the alternative routes consist of
a source of raw materials, a plant and a distribution
warehouse linked together by one or more methods of
transportation. The secondlsection discuseed the variable
¢ost of the individual processes involved in the flow of
traffic and the types of other information that may be
reguired te link successgive processes into route _
alternatives. At this stage it is necessary to examine
some of the implications of sdding together the related
costs of adjaqent processes. |

The first part of this section deals with the
problems of relating the variable costs of‘physical_'
distribution between a plant and a final distribution
warehouee. It is assumed for purposes of th;s discussion
that the accumulsted variable cost of the product up to the
point at which it is available for distribution et the ‘
plant has‘been determined. The first half of thevtraffic
route._ie., the_purchase and'qistributien of raw materiels

and the manufacturing process, is discussed in the latter



84
half of this seotion.

Estimating the Costs of Physical Distribution from Plant to
Warehouse

The problem at this stage in analysis is to
ﬁeterminé the minimum cost method of utilizing each of the
feasible plant to warehouse routes. Taking one route at a
time, we may proceed by relating each of the cost elements
to each of the alternative methods of transportation for
the route. A comparison of the total costs associsted with
each of the alternatives for transportation will then
indicate the minimum cost method of physicsal distribution
for the route.

To illustrate the procedure, we will assume that
the planning period has been defined as "the yeér ending
December 31, 19657 and that the following information
relating to thié period has been developed: |

1, Product value at the Plant (PV) = $10,00 per

unitg

2. Transportation alternstives between the plant

and warehouse and their respective per unit

costs:
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Transpor- Minimum Transit Time
tation Cost Shipping = Plant to
Alternative  Per Unit Quantity Warehouse

% {Units) (Days)
1) Rail-CL 0,10 1,200 7
2) Rail-ICL 0417 - 5
5) Truck-TL 0.14 600 4
4) Truck-LTL 0.20 L - 3

Handling costs per unit at the plant and ware-
house, assuming & direct relationship to the

method of transportation that is used,

Method of Handling Cost Per Unit
Transportation Plant Warehouse Total
- §
1) Rai1-CL 0.015 0.025 0.040
2) Reil-ICL 0.015 0.015 0.030
3) Truck-TL 0.010 0.010 0.020
4) Truck-LTL 0.010 0.010 0.020

Order-processing and communication costs (S):
Cost of placing an order at the warehouse $10.00

Cost of receiving and distributing the

order at the plant : 10,00
Cost of expediting the order 5.00
Total per order $25.,00

Cost of carrying inventory (I): 25 percent of

the inventory value.
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6, Estimsted product demand at the warehouse for
the period (Y): 40,000 units, or an average of
109.6 units per day.

Transportation and Handling Cost

Given the above data, the total of transportation
and handling costs for the period can be established for
each of the alternatives by multiplying forecasted demand

by each of combinations of these costs, as follows:

Alternative 1: 40,000 ($0.10 + $0.04) = § 5,600
Alternative 2: 40,000 ($0.17 + $0.03) = § 8,000
Alternative 3: 40,000 ($0.13 + $0.02) = § 6,000

= $ 8,800

Alternative 4: 40,000 ($0.20 + $0.02)

Inventory Carrying Cost

The cost of carrying inventory can be estimated
by applying the percentage rate given in the foregoing
data to the dollar value of the average inventory for
the planning period. The dollar value is the summation
of the variable route costs up to the point in the
flow at which inventory is carried. Hence, the value
of inventory in transit will include accumulated product
cost at the plant and the handling cost out of the
plant. Inventory value at the warehouse will include

accumulafed product cost at the plant, handling
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cost out of the plant and into the warehouse and
transportstion cost., In our example, product value on &
per unit basis at the three inventory locastions is shown

in Taeble VII,

TABIE VII
INVENTORY VALUE PER UNIT

At the At the

Plant In Transit Warehouse
$ $ $
Alternative 1: 10.00 10.04 10.14
Alternative 2: 10.00 10.03 10.20
Alternative 3: 10.00 10.02 10.15
Alternative 4: 10,00 10.02 10.22

The next step is to estimate the volume of
inventor& that will be carried at each of the three
locations so that the value of the average inventory can be
established.

In estimating the volume and value of inventory it
is convenient to divide the total inventory into its three
component parts:

1. Transit inventories, ie., the average stocks

enroute from plant to warehouse.

2. Cycle inventory, or the aversge stocks that are
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carried at the plant and warehouse to meet
normael demand.

Safety inventory, ie., stocks that are held at
the warehouse to protect against unanticipated
increases in demand between the time orders

are pleced and received.

These three inventories are shown graphicsally in

Figure 9.

H 2 &4 =+ o <«
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\ reasonable
demand
: \ over the
i - lead time
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Traensit Lead
Time Time

T I M E——»

- FIGURE 9

AVERAGE CYCLE, TRANSIT AND SATETY INVENTORIES
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The average volume of inventory in transit for the
planning period is simply the normsl rate of demand per day
multiplied by the number of days 1t takes to transport the
product from plant to warehouse.5 The volume}and value of
transit inventory in our example, therefore, msay be

cocmputed as follows:

TABLE VIII
VOLUME AND VALUE OF TRANSIT INVENTORY

Normal ' : Aversge Per Value of Avge.
Demand Transit Transit Unit Inventory in
Per Day Time Inventory Value Transit
-~ (Units) (Days) (Units) $ $
Alternetive 1: 109.6 7 767 10.04 7701

Alte:native 2 109.6 5 547 10.03 5496
Alternstive 3: 109.6 4 436 10.02 4393
3

Alternative 4: 109.6 328 10,02 3295

In estimating the average volume of cycle stock that
will be carried with each of the four alternatives, we may

employ a modification of the equation that is used by

5Magee. op. ¢it., pe 17, Note that the result of
this calculstion represents the average inventory in transit
over the pleanning period rather than the average over the
transit intervals of the period. '
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wWhitin to determine the optimum purchase quantity,6

The equation, before modification, is as follows:

Q= ET%ﬁ where,

Y = expected yearly sales in units’

Q = economic purchase quantity in units
C = unit cost

S = procurement expense in making one

order (in dollars)
I = cost of carrying a dollars worth of
inventory over the planning period.
| This equation recognizes that the total varisable

cost asséciated with cycle stock includes the cost of
procuring the inventory as well as the cost of carrying
the inventory. Expressed in egquation form, procurement
cost for the period becomes Y g and carrying cost becomes
A1) I° The division by two in the latter equation
:ngestsﬁthat, on the avefage, one-half of the order
quantity will be on hand at the stock point. This

assumption is reasonsble when it is expected, as in our

eThomson M. Whitin, The Theory of Inventory
Management (Princeton, New Jersey: Princeton University
Press, 1957). p. 33.
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example, that demand at the stock point will tend towsrd a
uniform rate over the period. A |

Since procurement cost increases with the number of
orders while the reverse relationship holds between
inventory carrying eost and the number of orders, it
follows that the minimum of these combined costs occurs
where: }

cle/g) I = s(yY/Q)

Solving for Q, the equation becomes:

Q=J72_z_§
IC

Two modificetions of this equation are necessary
before it can be used to determine the average volume of
cyole stock that is optimum with each of the four |
alternatives for plant to warehouse distribution. Firstly,
the equation as formulated above assumes that the product
is purchased from an outside source and thst inventory is
carried only at the warehouse., In our problem, warehouse
replenishment orders will be filled out of inventory that
is on hend at the plant. Hence, cycle inventory will be
carr;qd at both the plant and the Warehogse.,_Secondly.
the equation for our problem should reflect the fact that

per unit product cost at the warehouse is higher than at
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the plant by the per unit handling and transportation
costs.7

Assuming for our purpose fhat the rate of
production at the plant will be geared to the normal rate
of demsnd at the warehouse, output at the plant will
accumulate at the same rate as inventory ét the warehouse
is depleted. Total cycle stock, therefore, will be equal
to the size of the warehouse replenishment order -- an
average of one-half of this gquantity being on hand at each
of the plant and the distribution warehouse. If we let
cp denote the unit cost of the product at the plant and
Cy the unit cost of the product at the warehouse, the cost
of carrying cycle stock can be written as:

1(e/2) 0, + I(Q/2) ¢, or I(Q/2) (Cp + Cy)

Then the‘totai of proéurement costs (order-processing and

communications) and inventory carrying_costs ig at a

minimum where:
“I1(Q/2) (G, + C,) = s(y/Q)

Solving for @, this equation becomes;

Q = V/ 2YS
I(C. + C_J
ITc, + o,

7See Table VII, p. 87,
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This equation may now be applied to determine the
optimum volume of cycle stock for each of the four
alternatives for physical distribution between the plant
and warehouse. Using the sales volume (Y), the Qrder-
processing and communigations cost (S), and the carrying
cost per dollar of inventory (I) given in the data at
the beginning of thé section;8 and the per unit_product
costs at the plant and the Warehogse as shown in Table VII,
the optimum cycle stocks (Q) for éach of the alternstives

are as follows:

Alternative 1: Q = (%25 00) (40 000) = 650 it
Jo 55 (510,00 » $10.14) aniee
Alternstive 2: @ = | 2 (25.00) (40,000) _ = 829 units
y0.25 (§10.00 + %10.20]
Alternative 3: @ = [ 2 ($26.00) (40,000) = 30 unit
- V0.25 (%10 00 » $10.15) uniee
Alternative 4: @ = | 2 ($26.00) (40,000) =z 29 units

0.25 10.00 + $10.22
| Referring back to the dats presented at the
beginning of this chapter, however, we see that there is
& minimum shipping queantity of 1,200 units associated with
the carload t:ansportation alternative. Hence, although
the above formulg suggests an ordsr duantity of 630 units

for alternative one, it is clear thgt the order qusasntity

8 See pp. 85-86.
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will have to be 1,200 units for this alternative in order
to obtain the carload freight rate.

Since, on the aversge, one-half of the order
quantity will be on hand at esch of the plant and warehouse,
the dollar value of cycle stock may be expressed as
follows: .

Q/2 (Cp) + @/2 (Cg)
The result of this calculation is shown in Table IX for

each of the slternatives in our example.

TABLE IX
VOLUME AND VALUE OF CYCLE INVENTORY

Volume Value

(units) $
Alternative 1: 1200 12,084
Alternative 2: 629 6,353
Alternstive 3: 630 6,347
Alternative 4: | 629 6,359

———————————— s Tt e —— A€ At et S e mos g e—
————e——— e e et —— ——

Safety inventory at a distribution warehouse is
necessary to protect against unpredictable increases in
demand over the lesd time, ie., over the interval between

the time a replenishment order is placed and received,

But the cost of carrying additional inventory to protect
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against maximum possible demend over these intervals is
usually prohibitive. It becomes necessary, therefore, to
establish "...a reasonable balance between the amqunt of
extrs invehtory (and its capitel, storage and other costs)
and the protéotion obtained against stock exhaustion."9

To estimate the volume of safety stock at which
this baiance is achieved, Msgee states that two pieces of
information are required:

1. A distribution of differences between forecast

and actusl demand over a lead time.

2. An agreement as to how often run-outs may be

allowed to ocour.iO

The first part of this 1nformafion indicates the
frequency with which stock shortages are likely to occur
at various levels of safety inventary. The permissable
frequency of stock run-outs given in the second part tlken
indicates the level of safety inventory that is necessary.

' The distribution of differences between forecast
and actual demand can be estimated from historical

experience. Assume, for example, that the lead time 1is

9Magee, op. cit., p. 69.

01pia., p. 72.
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twelve dayé. Demand over twelve day intervals of the-
previous period or periods for the group of customers to
be served by the warehouse can then be examined to
establish:

1. The average demand from this group over twelve
day intervals.

2. The percentage of twelve day intervals in which
the level of demznd was at specified higher or
lower volumes than the average.

When average demand in the past does not correspond with
forecasted average demand, it is desirable to convert the
historical figures into percentages as shown in Figure 10,
One hundred percent on the horizontal scale represents
average demand. |

The distribution of differences between forecast

and actuél demand can now be determined by applying the
percentage figures to forecast volume. In our example,
forecast average demand &t the warehouse is 109.6 units
per day, or 1,315 units over a twelve day lead time.
Applying the percentages given in Figure 10, we can see
that during ten percent of the twelve day lesd times there
is likely to be a demand of 1,900.un1ts or more, ie.,

- forecast sverage demand of 1,315 units multiplied by 145
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percent;'that during twenty percent of the twelve day lesad

times -there is likely to be a demand of 1,575 units or
more, ie., forecast average démand of 1,315 units

multiplied by 120 percent; etc.

90.
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Demand over 12 day lead times as a
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» FIGURE 10
DISTRIBUTION OF DEMAND OVER TWELVE DAY INTRRVALS
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To continue with our example, we will assume thgt
the lead times for the four alternatives are as shown in

Table X.

TABLE X
LEAD TIME

—
=

Alternative
Description of '

Delays 1 2 3 4
Dsys Days Days Days

Placing the orders at the

Warehouse 1 1 1 1
Transmitting the order to

the plant 1 1l 1 1
Receiving and processing the ‘
order at the plant 1 1 1 1
Filling the order 1 1 % 5
Transportation plant to

warehouse 7 5 4 3
Unloading the order at the

warehouse ! 1 % %
Total lead time 12 10 8 7

We will assume further that the distribution of differences
between forecast and sctusl demand has been estimated for
eaqh of the alternstives as indicated in Figure 1ll. The

broken lines represent forecsst average demand over each
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of the lead times. Since c&ple inventory is intended to
satisfy average_deménd. safetylinventory will be the |
volume in excess of this quantit&.. Hence if the protection
'fhat is reﬁuired,against stock shdrtagés is set at a 1eve1
equivalent to ten pércent‘of the lead times, 1t is apparent
that a safety stock of 585 units will be neceséary with a
lead time of twelve days (1,900 uniﬁs as shown in Figure 11
at thé'ten percént level less average demand ovér.the iead

time of 1,316 units).

90 Lead Times
80t 12 Days
no 10 Days

Percentage 8 Days

of lead times - 60 -7 Days

when demand = gp o

exceeds the f

indicated 40 - ' 5

level ' 30 | i i
20 | .

N
1071 P
] [ i P ¥
500 1000 1600 2000

Demand over lead times

FIGURE 11
DISTRIBUTION OF DEMAND OVER INDICATED LEAD TIME
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The nexf step in estimating the volume of safety
inventory is to determine the 1eve1 of protection that is
required asgasinst stock shortage. This will depend in part
upon the cost of carrying successively larger volumes of
safety stock and in part upon opposing factors such as
pqssible losses in ssles due to stock shortages,
deterioration in reletions with customers as a result of
delivery delsys, etc.

The cost of carrying safety inventory for
alternative levels of protection can be estimsted by
multiplying the appropriate volumes, as calculated from
Figure 11, by the cost of carrying a unit of inventory
over the defined planning period. The extent and cqst of
sales losses and deteriorated relations with customers as
a result of stock shortages, however, is difficult to _
identify and to quantify. _In the typical case,”therefqre,
the Jjudgement ef experienced mansgement personnel is likely
to play an impo:tant role in estimating‘these cests, and in
balancing the sum of_these factors againgt the costs of
carrying safety inventory to arrive st an agreement as to
the permissible frequency of stock :un-outs.

| Continuing with our example, we will assume that an

agreement has been reached to the effect that stock short-
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ages should not occur more frequently than six times during
the planning period. This is equivalent to saying that it
is permissible to havé a stock shortage at the warehouse
during six of the total lead times, since it is only during
a lead time that the risk of run-out occurs. There will be
a total of thirty-three lead times over the'period if
alternstive one is used (total demand of 40,000 units for
the year divided by the order quantity of 1,200 units).
Altérnatives two, three and four each}require 8 total of
sixty-four lead times over the period. Hence, the level
of protection expressed as & percentagg-of-lead—time_Will
be eighteen percent for alternstive one and nine percent‘
for each of alternatives two, three and four (permissible
stock-outs divided by the total number of lead times).
The‘volume of safety stock can now bevdetermined from
Figure 11 by taking the difference between the quantities
indicated in this chart &t the eighteen percent and fifty
percent levels for alternative one and at the nine percent
and fifty percent levels for alternatives two, three and
four,v Figure 11 has been used in‘estimating the volumes

of safety stock shown in Table XI.
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VOLUME AND VALUE OF SAFETY STOCK

st et
—

$5396

ALTERNATIVE
1l 2 ] 4
Maximum demand over
the lead time at the
18% level of :
protection (units) 1650
Maximum deménd over
the lead time at the
9% level of
protection (units) 1625 1200 1080
Average deménd over
the lead time (units) 1315 1096 877 767
Safety stock (units) 335 529 323 313
. Unit product value at . . .
the warehouse $10.14 $10.20 $10.16 $10.22
Dollar value of | |
safety stock $3397

$3282 $3199

r—
—

———
—

— —

Having estimated the value of transit, cycle and

safety sfocks, the cost of carrying inventory can now be

estimated for each of the four alternatives by applying the

carrying cost per dollar of inventory to‘the sum of these

three inventory amounts.

Inventory values given in Tables

VIII, IX and XI have been totalled in Table XII and the

pércenfage raté has been applied to produce én‘estimate
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of the cost of carrying inventory over the planning

. period.
TABLE XII
COST OF CARRYING INVENTORY
Total = Carrying Cost Inventofy
Inventory as a % of In~ Carrying
Value ventory Value Cost.
: % 3
Alternative 1: 23,182 25 5796
Alternative 2: 17,245 26 4311
Alternative 3: 14,022 25 3506
Alternative 4: 12,8563 25 3213

Order-Processing and Communicstions Cost

Order-processing and communications cost has been
estimated at twenty-five dollars per order.ll Dividing
totsal demand for the period by the order quantity
indicates that there will be thirty-three orders placed
over the planning period with alternative one and sixty;four
orders placed over the period with each of alternatives
two, three and four. Order;processing cost for the period,
therefore, will be %825 for alternative one and $1600 for

alternastives two, three and four.

1lgee pe. 85,
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Total Varieble Cost
' .~ To complete the example that we are using for
illustrafion purposes, it remains to total the individusal
cost elements developed in the preceding section., Table
XIII is a sumnmary of these costs and shows the totsl and
the per unit cost of physicel distribution from the plant
to the distribution warehouse for each of the four
alternatives.
| TABIE XIII
TOTAL VARIABLE COST OF PHYSICAL DISTRIBUTION
- PLANT T0 WAREHOUSE |

ALTERNATIVE
Cost Elements 1 2 -3 4

Irsnsportation and ) .

Handling $ 5,600 $ 8,000 § 6,000 $ 8,800
Inventory 5,796 4,311 3,506 3,213
Order-processing and “ ,
Communication 825 1,600 1,600 1,600
Total Cost 12,221 13,911 11,106 13,613
Per Unit Cost 0.306 0.348 0.278 04341

It is oclear that the third alternative is the
optimum method for physical distribution from the plant to

the distribution warehouse used in this example.
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To produce an estimate of the total variable cost
for the ﬁgglg route we must now add the $0.278 per unit for
plant to warehouse distribution to the variable cost per
unit for the firgt half of the route, ie., to the accumulated
variasble cost of the product up to the point at which 1t
becomes available for distribution at the plant. 1In
developing inventory carrying costs for the plant to ware-
house portion of the route, we assumed that the accumulated
variable cost for the first half of the route had already
been estimated at $10.00 per unit. Total variable cost
for the whole route, therefore, would be $10.28 per unit.
This figure will be the one that is compared with
similarly developed unit costs representing alternstive
routes to determine the optimum allocation of output among
the firm's plants. This comparison will be dealt with in
chapter v.

Returning now to the procedure for determining
total variable cost for the first half of the roufe, the
problem is to relate the processes that afe involvéd in
the physical distribution of raw materials and in their
manufacture into the finished product. The objectivé‘
is to determine the minimum per unit product cost at each

of the plants for each of the points from which raw



106

materisls may be received.

Estimating the Cost for the First Half of a Traffic Route

Dealing with one plant at & time, the first
problem is to specify the products that the plant is
equipped to manufacture and the raw materials requirement
for esach of_these products. At this point it should be
decided if it will be worthwhile tq investigate the
physical distribution of 8ll of the materials that are
used in the menufacturing process. If the product consists
of one or two basic materials and only minimal amounts of
several other relatively low cost items, an investigation
of the physical distribution of the latter group is not ‘
likely to bring sbout a significant change in product cost.
The quantity, purchase price and transportation cost of
each of the raw materials that are used for & product are
the msjor factors that should be considered in deciding
which of these should be included in the study of raw
materials distribution.

It may be assumed, for purposes of estimating the
per unit cost of the excluded group, that t hese mate:ials
will be received from the same source &s in the‘past; that
the transportation and handling cost will be the same and

thet the same level of inventory per unit of material will
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apply. In other words, an approximation.based upon
historical records should be adequate for an estimate of
the per unit delivered cost for_this group of materials.

The second step is to investigate the physical
distribution of each of the raw materials that have been
selected for further investigation., The objective is to
determine the minimum cost method of physical distributiop
to the plant from each of the aveilable sources of supply.
The available sources sre those from which there are
suitable methods of transportation.

| The costs that are involved in the physical
distribution of raw materials include the purchase price,
transportation, handling, order-processing and inventory
carrying cogsts. The purchase price can be obtained from
the purchasing debartment. The alternatives for
transportation and handling and thelr respective costs will
be available if the schedules discussed in the previous
gsection of this qhapter have been prepared.

Inventory and order~processing costs for this
portion of the route cannot be established with the same
degree of'precision g8 for plant to warehouse distribution.
It has been shown that the volume of 1nventory thgt is

required is closely relasted to the rate of demand. The



108
demand for a product at a specific plant, however, is
clearly unknown at this stage since it is the objective of
analysis to determine how total demasnd should be allocated
among the firm's plants,

For pufposes of & preliminary estimate of order-
processiﬁg and inventory-carrying cogts, it may be assumed
that demand for raw material at the plant over the planning
period will be the same as in the past. The procedure as
described above for plant to warehouse distribution may now
be used to estimate the total inventory and order-processing
cost for the period for each of the alternstives for
transportation and handling between a source of raw
materials and the plant, Since it is assumed thsat raw
materials are purchased, there will be no stocks held at
the source. Cycle inventory, therefore, will be equal to
one-half of the order qusasntity, as compared with s cycle
inventory equivalent to total order quantity for plant to
warehouse distribution. It should be noted that the
percentage of inventory value representing the cost of
carrying inventory will, in this case, be applied to the
sum of the puréhase price and the cost of transporting and
handling the msterial between its source and the plant.

The estimate of inventory and order-processing cost
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may now be added to the related purchase price,
transportation and handling costs to determine the total
variable cost of the raw material at the plant. A
comparison of the total variable cost associated with each
of the methods of transportation and handling will then
indicate the alternative that offers minimum materisls
cost from a given source.

It is assumed in this thesis that there is no limit
to the volume of a raw materisl that can be purchased from
8 single source. Hence, where there are two or more
available sources of supply for & specific plant, the cost
of materisl used in deﬁermining product cost will be the
minimum of all of the slternstives. In other words, a
final comparison of the minimum material cost at the plant
from each of the sources of supply will have to be made to
ensure that the material cost used in snslysis is the
minimum of the alternatives from all available sources of
. supply.

Given the minimum totsl varisble cost of raw
meterials at the plant, it remains to add the cost of the
quantities required by a product to the processing cost to
determine the varisble cost of the product at the plant.

The types and quantities of raw material that are used in
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the manufacture of a product, as well as the processing
cost per unit of product, will be available from the
information provided by the production department.

The per unit product cost at the plants as
determined through the sbove procedure may now be used as
the basis for establishing delivered product cost at each
of the firm's distribution points. The method for
determiningvtotal cost for the plant‘to distribution ware-
house portion of the route has been outlined in the first
part of this seetion. Although plant to warehouse
distribution was considered first in the foregoing
disecussion, it is necessary, of course, to develop
estimates of product cost at the plants before the total
cost of the product &t final distribution warehouses can
be ascertained.

In summarizing this chapter it is suggested that
& preliminary study of transportation and hsndling
alternstives will be useful in identifying saveilable route
alternatives between the source of raw materials snd
plants and between plants and distribufion warehouses.,
Given this framework, effort can be concentrated in the
development of costs for the various processes involved in

the relevant slternastives for traffic flow. These



111
processes and their respective costs were discussed in the
second section of the chapter.

The objective of the latter secfion of the chapter
was to oﬁtline a procedure f&r releting the elements of
route cost in order to produce unit product costs at each
distribution warehouse for easch of the aslternative routes
that traffic may take to these points. The way in which
these unit costs will be used to determine the optimum
allocation of output among the firm's plants will be the
subject of the following chapter,



CHAPTER V
DETERMINING THE OPTIMUM ALTERNATIVE

It was indicated in Chapter III that this thesis
will deai with two of short-term phyéical distribution
problemgs. These two problems were defined as:

1. The day-to-day alternatives for satisfying
éustomer orders from output that is availsble
at distribution warehouses, and

2. The alternatives for allocating short-term
production among the firms plants.

Having discussed the determinants of the
alternatives that are associated with each of these
problems and the procedure that may be used to identify
alternatives and their cost, it remains.to outline the
method for selecting the optimum in each case.

The number of alternatives that must be taken into
account in the typical physical distribution problem
precludes analysis through conventionsl methods. Henderson
and Schlaifer mske the following comment to illustrate the
need for improved methods for day-to-day physical
distribution decisions:
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When there are only s few possible courses of
action -- for example, when a company with only
two plants wants to supply three or four customers
at the lowest possible freight cost -- any
competent scheduler can quickly find the right
answer. However, when the number of variables

becomes larger -- when a company has a dozen
factories and 200 or 300 customers scattered all
over the country -- the man with the job of

finding the best shipping pattern may well spend

many days only to end up with a frustrated feeling;

though he thinks he is close to the right answer,

he is not at all sure that he has it. What is

worse, he does not even know how far off he is,

or whether it is worth spending_still more time

trying to improve his schedule.l

The solution to a physical distribution problem
requires an allocation of limited resources among
competing demands. In the case of the dsy-to-day problem,
there 1s usually sufficient inventory to meet total
customer orders, but there are competing orders for the
limited quantity of products that are available at
individual distribution warehouses. Similarly, there are
competing ways in which the limited cepacity of esch
production and physical distribution facility may be
utilized in the short-term planning problem. The limited
resources, competing demands characteristics plsce these

problems within the realm of mathematical solution that

1Alexander Henderson and Robert Schlaifer,
"Mathematical Programming,” Harvard Business Review,
May - June, 1954, p. 118.
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is generally referred to as linear programming.

The chief advantage of the linear programming
technique is the ease with which it provides the right
answer to a problem that may involve & multitude of

interdependent alternatives{

Whet "mathemsat ical® programming does is to reduce
the whole procedure to a simple, definite routine.
There is a rule for finding & program to start
with, there is a rule for finding the successive
changes that will increasse the profits or lower
the costs, and there is & rule for following
through 81l the repercussions of each change.
What is more, it is gbsolutely certsin that if
these rules are followed, they will lead to the
best possible program; and it will be perfectly
clear when the best possible progrem has been
found,®?

The first section of this chapter will illustrate
the use ef the linear programming technique in selecting
the optimum alternstive for output allocation decisions.
The latter part of the chapter will outline the application
of the technique to the day-to-day physical distribution

problem.

I. LINEAR PROGRAMMING MODEL
FOR OUTPUT ALLOCATION DECISIONS

Several methods are available for solving linear

programmigg problems. Most of these have been developed

21bid., p. 119,
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gs alternatives to the genersl procedure -- sometimes

referred to as the Sim.plex.5 The general procedure will
golve any linear programming problem, but the work that

is required in the application of this method is tedious,
One of the alternative methods that can be used for

certain types of problems and "...by far the most frequently

useful of the shorter procedures is the one known as the

Transportation Problem Procedure".

' Problems that can be solved through the Transpor-
tation Procedure must meet certain conditions -- one of
which is that demsnds and constraints be expressed in the
same units. The output allocation problem with which we
are concerned in this section does not meet this condition
and cannot, therefore, be formulated directly for solution
through the Transportation Method. The problem must be
formulated for the Simplex, but in certain circumstances
it is possible to convert the Simplex tableau into a
Transportation matrix so that the Transportation Method of

solution can be used.

3For a description of the genersl procedure gee:
A. Charnes, W.W. Cooper, and A. Henderson, An Introduction
to Linear Programming. (New York, John Wiley and Sons, Inc.,
1953, )

. “Alexander Henderson and Robert Schlaifer, op. cit.,
p. 138.
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The objective of this portion of the chapter is to

develop fhe Simplex tableau for the output sllocstion
problem; to demonstrate a conversion to a Transportation
matrix and to indiqate the circumstances uﬁder which such
a transformation is acceptable; and to indicate the method
of solution through the Transportation Procedure. The
data that will be used fér illustration purposes are

summarized in the following section.

Demands, Constraints and Costs

The various types of information that are required
for the output allocation analysis were discussed in
Chapter IV. It is assumed that the preliminary studies to
develop this data have been undertaken and that the results
of these studies have been summarized as follows: |

1. Warehouse demand:

1) Product 10D

Warehouse at Plant & (AW) = 40,000 units

Warehouse at Plant B (BW) = 30,000 units

Warehouse at Plant C (CW)

35,000 units
Warehouse X (XwW)

20,000 units

Warehouse Y (Yw) 10,000 units

2) Product 6F

Warehouse at Plant A (AW) = 30,000 units
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3.

4.
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20,000 units

Warehouse at Plant B (BW)

Warehouse at Plant ¢ (CW) = 15,000 units

Warehouse X (XW) = 10,000 units
Warehouse Y (Yw) = 8,000 units
Plant Capacities: 280,000 machine minutes for
each of Plants A, B and C,. |
Minutes of time per unit of product on capacity
limiting process:
‘Product Product
. 10D 6F
TMinutes) (Minutes)
Plent A 2.00 5550
Plant B 2.20 © 6,00
Plant C 2.45 6.40
Accunmulated variable cost per unit of product

at distribution warehouses.
1) Product 10D:
To To To To To
AW BW CW Xw YW
F 58 ¥ 5 ¥
From Plant A: 3.40 4,20 5,10 3.90 -
From Plant B: 4.50 2090 5080 5-50 5.50

From Plant C: 5,30 5.20 4,00 4,50 4,30
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2) Product 6F:

To To To To To
AW BW CwW Xw YW

I 3T 5 07
From Plant A: 8.10 10.50 11.20 9.20 -
From Plant B: 10.20 8,70 9.50 9.00 9.30
From Plsnt C: 12.20 11.80 8.90 9.60 9,20

The figures shown above represent the minimum cost
methods 6f utilizing each of the potential traffic routes.
A preliminary comparison of alternatives for distributing
product 10D from Plant A to warehouse C, for example, has
shown that'the minimum delivered product cost via this

route will be $5.10.

The Simplex Formulation

Given the data in the preceding section, the first
step in setting up the Simplex is to express the demands
and constraints algebraically. Standard mathematical
notation may be used as follows:

l. Number the plants one through three.

2. Number the distribution warehouses one through
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five for product 10D; and six through ten for
product 6F. (Ndmbers one and six both refer
to warehouse A,Ttwo and seven both refer to
warehouse B, etc.)

3+ Let Xij equal the number of units of product
supplied by plant i1 to warehouse j. Then the
quantities of product required at warehouses

can be stated as follows:

1) Xj9 + X5y + X553 + Uy = 40,000
28) X1z + Xpp + Xz, + Ug = 30,000
3) Xy + Xgz + X33 + Ug = 35,000
4) X4 + X5y + X34 + U, = 20,000
5) X,5 + Xzg + Ug = 10,000
6) Xy + X5 + Xz5 + Uy = 30,000
") Xy + X5n + Xznp + Ujg= 20,000
8) Xjg + X5 + Xzg ¢ U31= 15,000
9) X19 + X,g *+ Xzg + Upg= 10,000
10) Xp,10 * X3,10 * U33 = 8,000
The U variable is added to each equation in order
to eliminste the inequalities,

The capacity constraints at each plant are given

by the following equations:
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1l. 2,00 Xll + 2.OO-X12 + 2.00 X15 + Z.OO.X14

+ 5,50 X + 5,60 X

16
+ U; = 280,000

18

iz, 2.20 le + 2.20 X22 + 2.20 X25 + 2.20 X2

+ 2.20 X25 + 6,00 X26 + 6,00 sz

+* 6.00 ng + 6.00 Xz'lo 4+ Uz = 280,000

+ 2,40 X55 * 6.40 X56 + 6.40 X57 + 6.4Q_X

+ 6,40 ng + 6,40 X5,10 + U5 = 280,000

4

+ 6,00 X,

38

These equations recognize that capacities are stated in
ferms of minutes of time that is available in the bottle-
neck process at each plant. Hence, 2;00 minutes of
capacity at plant A is used for every unit of product 10D
that is manufactured at that point; 5.50 minutes of
capacity for every unit of product 6F, etc. The U
variable eliminates the inequalities in the equations and
represents unused capacitye.

The objective éf analyéis is to minimize total
productibn and physical distribution cost. Expressed

algebraically, this objective becomes:
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.40 Xq7 + 4.50 Xpy + 5.30 Xz3 + 4.20 Xy

. 2.90 Xop + 5.20 Xzo + 5.10 X35 + 5.80 Xo3

+ 4.00 Xz5 + 3.90 Xy4 + 3.30 X5y + 4450 X5y

+ B.50 Xpp + 4430 Xz5 + 8,10 X1¢ + 10.20 Xpg

+ 12.20 Xzp + 10.50 Xy + 8470 Xgp + 11.80 Xg

. 11.20 X1 + 9.50 Xpq + 8,90 Xzg + 9.20 Xpgq

+ 9,00 X5 + 9460 Xzg + 9430 X 34 } 9.20 Xy 14

+ Uy *vUé + G + U; + Uy + Uy +.U§ + Ug + Ug

+ Uy + Upp + Ujp + Upp = MINIMUM

The next step in the formulation of the Simplex is
to set ub the variables and coefficients from the sbove
equations in metrix form.5 This has been done in Table
XIV on page 122.

The coefficlents of the objective equation have
béen placed in the second row from the top. The first
fifteen spaces in this row indicate the unit variable cost
of product 10D at each warehouse from each of the alter-

native plents. Spaces sixteen through thirty in this row

5For a description of the Simplex matrix see Nyles

V. Rienfeld, William R. Vogel, Mathematical Programming,
(Englewood Cliffs, N.J., Prentice Hall, Inc., 1958),
p. 81l.
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show the same information for product 6F. Spaces thirty-
one through forty-three indicate that there is no var able
cost involved in unused plant capacity or unfilled demand.
Note thst the letter M has been entered in the thirteenth
and twenty-eighth spaces. Since it is impossible to ship
output from plant 4 to warehouse Y the M may be interpreted
as & sufficiently high cost to preclude the inclusion of
this route in the solution to the problem.

Plant capacities in minutes are shown in the
second column st the left in rows numbered one through
three. Warehouse demands for product 10D are shown in
units of product in rows four through eight and warehouse
demand for product 6F in rows nine through thirteen.

The body of the matrix (ie. column one through
thirty) includes the coefficients of the plant capacity
equations and the coefficients of the warehouse demand
equations. The figure one in rows numbered four through
thirteen signify that total production for each warehouse
is not to exceed its demand, but thaﬁ demand may be
satisfied from any one or more of the plants.

The coefficients of the U variable from each of the
aforementioned equations are shown in the identity portion

of the matrix (ie., column thirty-one through forty-three).
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These coefficients consist of the figure one in each case
énd it is a requirement of the Simplex matrix that these be
diagonally arranged as shown in the table.

It is possible to find the minimum cost solution to
this problem by applying Simplex rules to the matrix as
formulated in Table XIV, page 122. It is generally
impractical, however, to attempt a solution through hand
calcualtion. It has been assumed for simplicity sake in
our example thst there are only three plants, five ware-
houses and.two products. These assumptions have produced
a matrix with 539 spaces. A more typical example would
probably involve a considerably broader product line and
perhaps additional plants and warehouses to produce a
matrix of several thousand spaces. Rienfeld and Vogel
suggest thst it would perhaps teke from two to three
months to solve & Simplex matrix with from 800 to 1200
spaces.6 Bearing in mind that the model is to be used for
short-term planning purposes and that & great deal of time
will have already been spent in developing the data to be

included in the analysis, a rapid solution is desirsable.

%Ibid, p. 132.
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Many of the larger computers have been programmed for the
Simplex and this is the preferred method of solution for
the size of matrix that will usually be involved in this
type of problem.

In certain circumstances, however, the Simplex
method of solution can be avoided by reducing the matrix
to one that‘is suitable for solution through the Transpor-~
tation Method. The procedure for reduction and the
circumstances under which this simplification will produce
an adequate solution are described in the following
section and have been adapted from the writings of

Rienfeld and'Vogel.7

Conversion of the Simplex Matrix

A Simplex tableau can be reduced to g form suitable
for conversion into a transportation model provided each of
the figures contained in the body of this matrix can be
transformed to the figure one. The body of the matrix in
Table XIV consists of rows numbered one through thirteen,
ﬁp to and including column number thirty. The following

matrix algebra rules will be used for the required Simplex

7
Ibido, p. 157 - 1410
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transformation:

1., You can divide or multiply any row in the
matrix by an& number other than Zeros
2. You can divide or multiply any column in the
matrix by any number other than zeré.
In either case, every number in the row (or column) must
be multiplied (or divided) by the number.
The transformation with the use of these rules can
be achieved in four steps, as follows:
l. Divide rows numbered one through three by 2.00,
2.20, and 2.45 respectively. All of the
figures in the body up to and including column
number fifteen become 1's. The tableau after
completion of this step is shown in Table XV,
page 127, |
2., Divide column number sixteen and every third
column thereafter up to and including column
twenty-eight by 2.75.
Divide column number seventeen and every third
column thereafter up to and including column
twenty-nine by 2.73. |
Divide column number eighteen and every third

column thereafter up to and including column
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thirty by 2.61. :
These divisions also apply to the figure in the
cost row. Table XVI on page 129 shows the
result of this transformation.
Divide rows nine through thirteen by20.571, ie.,
by the average of the three figures in each of
these rows. The result of thls step is shown
in Table XVII on page 130, |
Note in Table XVII that the figures in the body
of the matrix in each of rows nine through
thirteen now approximate the figure one. Since
this is the last of the steps that can be taken
to transform the body of the matrix,‘it must be
decided whether or not each of these figures
are sufficiently close to the figure one to
consider the matrix as transformed sufficiently
to apply the Transportation Method of solution.
In this particular example; the converted
figures indicate that there will be a maximum
error of 3.2 percent in the solution thst is
suggested for product 6F through the use of the
Transportation Method. But there will be no
error in the solution suggested fo:dthe

production and physical distribution of
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SIMPLEX TABLEAU AFTER STEP 2.
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SIMPLEX TABLEAU AFTER STEP 3.
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product 10D since all of the figures in this
portion of the matrix are exactly ones. Hence,
the maximhm total error resulting from the use
of the Transportation Method is likely to
produce an error of less than two pgrcent,
considering the relstionships between converted
costs and demands of the two producfs. A
potential error of this size will usually be
insignificant -- particularly since the
estimates thét are necessary in the formulation
of forecasts and product costs are likely to
contein errors of this size or larger. In any
case, the size of error that is acceptable must
be considered in the light of the saving in
time and effort that is sveilable through the
use of the Transportation Method.

4. The final step is to convert the identity
portion of the matrix. This can be
accomplished by multiplying each of the figures
contained therein by the appropriate integer to
produce the figure one. |

The Simplex matrix has now been converted into the

form suitable for setting up the Transportstion matrix.
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The circumstances in which the reduction to the:Transpor-
ﬁation Method is -desirable is, of course, related to the
size of the error discussed under step three. The size
of this error will increase with larger differences in the
units of capacity utilized in the menufacture of products
at alternative plants. It is clear, however, that a few
calculations can be made to determine the desirability of
the Transportstion Method without performing the complete

conversion as discussed sbove.

Solution Through the Transportstion Procedure

| To set up the'Tragsportation matrix, the warehouse
requiremént figures shown in Table XVII are treated as
product demands; the converfed available minutes are taken
as the plant capacities; and the converted cost figures
are inserted in the small squares of the Transportation
matrix (see Table XVIII). Plant capacity in this example
exceeds demand for the'period and a dummy warehouse has
been added to the matrii to eliminate this 1nequality.
There is no variable cost associated with unused capscity
és indicated by the zeros in the small squares 6f the
dummy warehouse column.

The first step in solution is to inspect thé cost

figures in this matrix and to take & guess at the best



TABLE XVIII

PRANSPORTATION MATRIX

DISTRIBUTION WARZIHOUSES
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assignment of demands according to the capacitieé available
at each plant. Starting with the first column, for example,
it sppears likely that the demand for product 10D at ware-
house A& should be met from plant A since this is the lowest
cost frame in the column. Product demand of 40,000 units
may be entered in this frame, therefore, énd similarly for
each succeeding guess until all demands have been satisfied.,
The circled figures in Table XIX represent a completed
guess at the optimum solution. Note that the assignment
must be made in such a way that the circled figures in each
row add up to the figures shown in that row for plant
capacity. Similarly, the circled figures in each column
must add up to the corresponding product demand figure.

The problem at this stage is to determine whether
or not this assignmenf is the minimum cost solution. The
test of optimality requires an investigation of the change
in total cost that would result if the assignment were to
include any one of the excluded routes; ie., the frames in
Table XIX in which there are no circled figures. These
routes must be analyzed one at a time. It is sufficient to
eppraise the cost of moving one unit via an unuséd route to
determine whether or not its utilizstion will imérove the

agssignment.



TABLE XIX

TRANSPORTATION MATRIX - INITIAL ASSIGHMENT

DISTRIBUTION WAREHOUSES

10D

100 | 10D 10D | 10D | 6F " 6F 6F 6F Dummy
to to to to to to . to to to to Ware- glant .
AW BW cw X W AW BW cw xw w house | apacity
[3.40] [4.20] [5.10] [3.90 [M |2.95] [3.80] [4.07 15_.55' LM Lo
A | (20000} 1.25 | 1.10 | 0.55| M. |(80860)| 0.56| 0.66 ‘u | (5550)| 140000
0 [4.50| |2.90] [3.80| |[3.30 [B.50| [B3.94] [3.19 B.48 | [3.30] B.4a1| [ O
2| B | 1.15 |(30000)|-0.15 | €0000)|@Q0000) | 1.04 0.12 -0.07 | 0.05 | 127270 |
16.30| [5.20] [4.00] [4.50] [.30]| [4.67] [4.52| P.41| [3.68 15.53» o
c| 1.90 | =2.25 1,15 | 0.75 | 1.72 | 1.28 | (40430)| 0.33 @Qr290| 112280
|Product _ . , I 1 : o . '
|Pemand | 40000( 30000 | 35000( 20000 | 10000 | 80860 | 53910| 40420 | 26950 | 21560 | 22840| 381550

GeT




136

Bearing in mind that the assignment must always
satisfy demand and capacity constraints, it is clear that
to place a unit in an empty frame requires at least three
adjustments in the existing assignment, Assume; for
example, that one unit is placed in the second frame of
the first row of Table XIX. To reduce the total assignment
in the second column to the required 30,000 units it is now
necessary to subtract one unit from the second frame of the
second row. But this will result in an unassigned unit of
capacity for plant B, while at the same time the total
assignment in row one now exceeds plant A's capacity by
one unit as a result of the initial step. The next
ad justment, therefore, must correct the assignments in
rows one and two without violating demand requirements.
This cen only be done by subtracting one unit from the
.assignment in the ninth frame of the first row and adding
this unit to the assignment in the ninth frame of the
second row. These adjustments, expressed in terms of cost
indicate that an additional $4.20 would be involved in
assigning one unit to the second frame of the first row,
e saving of $2.90 by reducing the assignment in‘the second
frame of the second row by one unit; an additional $3.30

for increasing the assignment in the ninth frame of the
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second row; and a saving of $3.35 by reducing the assign-
ment ip the ninth frame of the first row. In totsl, the
use of this route would involve an additional cost of
$1.25 per unit ($4.20 - $2.90 + $3.30 - $3.35). This
figure has been éhown in the second frame of the first row
in Table XIX.. Since the total cost would be increased,
it is clear that the utilization of this route will not
improve the assignment.

A few simple rules can be used to quickly evaluate

each of the empty frames. These rules are as follows:

l. Start from an empty freme and record its unit
coste.

2. Proceed to a frame in the same row or column in
which there is a circled number and record its
unit cost as & minus figure.

3. Make a right angle turn and proceed to the
second circled number. Record its unit cost.
(The second move must, of course, be to a
circled number from which the third move is
possible).

4, Make another right angle turn and proceed to
the third circled number. Record 1ts cost as

a minus figure. (The third move must be made
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in such a way that the fourth move is possible).
If this circled number is in the same column of
row as the empty frame, the loop is complete,
If not, continue the series of right angle
moves to successive frames in which:there are
circled numbers (recording the unit cost
alternatively as positive and negative) until
the circled figure to which a move is mede is
in the same column or row as the starting
point.,
6. Total the unit costs and enter the figure in
fhe empty frame.
Examples of the applicstion of these ru}es are
shown in Figures 12 and 13. Both figures are séctions of

the body of the matrix shown in Table XIX,



4,07 3. 35 M 0
5550
|
3.48 3.30 3,41 0
Start
3,41 3.68 3.53 0
40430 21560 17290
FIGURE 12

DETERMINING THE COST OF AN

UNUSED TRAFFIC ROUTE
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Following the srrows; costs would be recorded as follows:

The net dhange'in total cost, if the first frame of the

$¥3.48
0
- 0
3.35
- 3050
6.83 - 6,71



middle row 1n F1gure 12 is inoluded in the assignment,

would be an additional’ $0.12 per unit.

3.3b | M 0
6560
3.41 -0
Start
3.68 3.53 0
EIGURE 13

DETERMINING THE COST OF AN

~ UNUSED TRAFFIC ROUTE

In this exemple, changes in cost are as follows:

$3.41

3.3

0476

‘5053

0

-3.30
-6a 85
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The net change in total cost, if the second frame in the
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middle row of‘Figure 13 is included in the assignment,
would be a saving of $0.07 per unit.

The sbove procedure has been carried out .in
evaluating the per unit cost associated with the
utilization of each of the routes that have been%excluded
from the assignment. The numbers in each of the unused
frames in Table XIX are the result of these evaluations.
The negatiﬁe figures appéaring in the third and tenth
frames of the second row indicate that the assignment, s&s
originally formulated, is not optimum. There is a
potential reduction in total assignment cost of $0.15 per
unit for every unit that caﬁ be placed in the thifd frame,
and $0.07 for every unit that can be placed in tﬁe tenth
framéa The next step, therefore, is to change tpe
assignmeﬁt to include these routes.

The procedure for this step is to follow the same
path that was used to evaluate the frame in which the
negative number appears. The path that was used:to
evaluate frame ten of the second row 1s shown in Figure 13
and will be used, therefore, to illustrate this étep.
Normally, however, the first change would be to include

the frame in which the largest negative number appears.
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Referring to Figure 13, the first step in
adjusting the assignment is to determine the maiimum
number of units that éan be placed in the startﬁng frame,
Following the arrows, we see that we will have to subtract
the units that are placed in this frame from thﬁee of the
circled numbers -- 21,560, 5,550 and 12,360. Since the
distribution from plant to warehouse must be either zero
or & positive quantity, it is clear that 5,560 is the
maximum number of units that can be placed in the starting
frame. The totsl adjustment through the inclusion of
5,550 units in the starting frame and successive
subtractions and additions of the same amount to the
éircled numbers in Figure 13, is shown in Table XX,

The next step is to recémpﬁte the cost of
utiliziné each of the routes that have not been included
in the new assignment. The result of this calculation is
shown in each of the frames of Table XX in which circled
numbers do not appear. The negative number in ﬁhe third
frame of the second row indicates that the-solution is
still not optimum. The same procedure ss outliﬁed gbove
will indicate that the 5,550 units that has just been
placed in the tenth frame of the second row, must now be

placed in the third frame of that row, with a



TABLE XX

TRANSPORTATION MATRIX - FIRST ADJUSTMENT

DISTRIBUTION WAREHOUSES

100 | 10D | 10D 10D | 10D 6F . | 6F 6F 6F 6F | Dummy
to to to to to to to to to to Ware- (rlant
AW BY | CW XW YW AW BW oW XW YW | house [CEPECLLY
13.40| |4.20] |[5.10 |3.90 T M |  |2.95] 13.80] 14.07] B.35] LK [ o
A | (40000) 1.25 | 1.17| 0.55 | M | G0860) 0.56| 0,73 4 u 0.07 | 140000
0 4.50| |2.90 |3.80 [3.30] [3.50 [3.94| [B.19| [3.48] B.30| [3.41] [ O
2 .
g B| 1.15 |(30000)| -0.08 |¢0000)L0000) | 1.04 0.19 0.12 | 127270
l5.30] |5.20] [4.00 [4+50] [4030 [4.67] ko582 | [3.41] P.68| |3.53] | O
‘c| 1.83 | 2.18 1.08 | 0.68| 1.65 | 1.21|%0430)| 0.26 (6010 | {22840 114280
FProduct ' ‘ _ :
Demand [ 40000| 30000 | 35000 | 20000 | 10000 | 80860| 53910 | 40430 | 26950| 21560 | 22840 | 381550

gyT
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corresponding subtrsction and addition respectively in the
third snd tenth frames of the third row. The change in
assignment as a result of this adjustment is shown in
Table XXI.

| The recomputed cost of utilizing each of the routes
that havé been excluded from the new assignment are also
shown in Tasble XXI. Note that all of these figures are
now positive; This means that it is impossible to
rearrange the'aSSignment to'produce a lower total cost.
The solﬁtion, therefore, is optimum,

- As s boint of interest, the total cost of the
assignments in each of Tables XIX, XX snd XXI has been
established by summing fhe product of each of the circled
figures and their appropriste unit cost (eg., 40,000 x
$3.40 + 80,860 x $2.95 + , etc.). The Tesult of these

éaleulations are és follows:

Table XIX $1,178,098
Table XX 1,177,709 (Improvement $389.)
Table XXI 1,177,265 (improvement $444.)

The éaving through re-assignment in Table XX can be
esteblished by simply multiplying the saving per unit that
wes shown to be available in frame ten of the éecond Tow
in Table XIX by the number of units assighed to that frame

in Table XX, ie., $0.07 x 5,550 = $389. Similarly, the



TABLE XXI

TRANSPORTATION MATRIX - OPTIMUM SOLUTION.

DISTRIBUTION WAREHOUSES

356000

40430

21560

10D | 10D 10D 10D | 10D | 6F 6F 6F 6F 6F | Dummy
to to to to to - to - to to to to Ware- Plant
AW BW cW 3 | oYW AW BW cw X7 v house | ©apacity
[5.40 | [4.20| |5-10] [2.90| | M £.95 | [2.80] Js.07] [3.35] [ M | Lo
(20000)| 1.25 1.25| 0.55{ M ' 0.56 | 0.81 M 0.15 | 140000
. Te.50 | 12.90] |B3:80] [3.80| [2.80| [6.94 | |5.19] [3.48] |2.30] [2.41] | o
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Troduct } . . . i
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22840 |
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SvT



146
saving through re-assignment in Table XXI can be computed
by multiplying the saving'per unit shown in the third freame
of the second row of Tabie XX by the number of units
assigned to that frame in Table XXI, le., $0.08 x 5,550 =
$444, These savings are ré}atively small in comparison to
fhe total cost. It should be remembered, however, that we
have limited the number of plants, warehouses and products_
in these illustrstions in order to simplify the discussion.
As a iesult, we were able to come closer to the optimum
solution on the first try than would usually be possible
in the practical situation where the analyst would be
working with a matrix that is msde up of a substantially
larger product line and perhaps additional plants and
warehouses. It is clear, however, that the organization
of data into a Transportation matrix in itself provides
the basis for a more intelligent guess at the optimum

solutione.

Interpretation of the Optimum

' The reduction of the Simplex to a form suitable
for the formulation of the Transportstion matrix resulted
in a transformation of some'of the originsal data. The
solution that has been provided through the Transportation

Method is, of course, in terms of this transformation and
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must now be converted back to the originsl dats.

Product costs, demand foreeests and plant
capaciﬁies are given in the originsl data and there is no
need, therefore, to convert these figures. Furthermore,
the warehouse requirements of product 10D wefe not changed
in the transformation process and are stated, therefore, in
actual physical quantities in the Transportation solution.
The only conversion that is necessary is that required to
establish the physical quantity of product 6F that has been
assigned to each'blant in the optimum solution.

‘In transforming the Simpiex, the warehouse regquire-
nments of product 6F were divided by the number 0.371 (see
step 3 of the conversion process on page 128). These
converted or normalized figures were then frensferred to
the Traneportation metrix., The physical gquantities of
product 6F, therefore, will be 37.1 percent of the figures
shown in the Transportation solution.

Teking 37.1 percent of the sum of the circled
figures for product 6F in each row of Table XXI, we see
that the output of this product that will be reguired at

easch plant is as follows:

Plant 4 = 37,100 units (37.1% of 80,860 + 19,140)

Plant B » 22,900 units (37.1% of 53,910 + 7,810)

Plant G = 23,000 units (37.1% of 40,430 + 21,560)
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The output of product 10D thet will be required at each
plant -- taken directly from Tgble XXI -- is as follows:
Plant A

40,000 units
Plant B

65,550 units

Plant C = 29,450 units
The totel csapacity that will be absorbed by the above

éombination of output at each plant is shown in Teble XXII.

PABLE XXII
PLANT CAPACITY ABSORBED IN THE
TRANSPORTATION SOLUTION

Production Totel

o Time Production

Plant Product Units Per Unit Time
A 10D 40,000 2.00 80,000
\ . 6F 37,100 5.50 204,000 .
Absorbed Capacity et A 284,000
B 10D 65,550 2.20 144,200
oF 22,900 6.00 137,400
Absorbed Capacity at B 281,600
c 10D 29,450 2,45 72,200
, 6F 25,009 6.40 147,200

Absorbed Capacity at C 219,400

We have stated in the original data thst there will
be 280,000 minutes of capacity time available at each plant.

Absorbed time st plant C is, of course, below this
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constraint because the solution has provided that;the
firm's excess productive capacity be concentrated at this
poin%; Absorbed time at plants & and B is slightly above
the capaéity constraint. This has occurred as & result of
the agsumption that each of the converted figures in the
Simplex matrix were sufficiéntly close to the figure one tb
ﬁermit the formulastion of a Transportation model.8 It was
recognized, however, that there would be a potential error
of less than two percent in the Transportation solution as
a result of this éssumption. It is not surprising,
therefore, that the solution suggests s combihation of
output that exceeds the capacity constraint at plant 4 by
l.4lpercent and at plant B by 0.6 percent. An adjustment
in the assignment to confbrm with appropriaste reductions
in the capscity constraints of both plants A and B will, of
course, be necessary if it is impossible to accommodate the
increase in output that WOuld be required ﬁith the solution
as given in Table XXI. In genersdl, however, there will be
some flexibility in the capacity estimates that are used in
analysis. It will be sdvisable, therefore, to re-evaluate
the se estimétes in the light of the solution that.has been
provided., The solution shoﬁld be rejected only when this

re-evaluation has shown that one or more plants will be

8s5ee pp. 128 and 131,
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unéble to adapt to the suggested level of output.

' Demsnd constraints for product 10D have, of cohrse,
been met.by the solution since there was no conversion ih
transferring these figures to the Transportation matrix.

To show that these constraints havé also been ssatisfied
for product 6F, the circled figures 1n‘the‘appropriate
columgs of Table XXI should be multiplied by 37.1 percent,
as follows:

Warehouse 80,860 x 37.1%

4= = 30,000 units
Warehouse B = 53,910 x 37.1% = 20,000 units
Warehouse C = 40,430 x 37.1% = 15,000 units
Warehouse X = 26,950 x 37.1% = 10,000 units

Warehouse Y = 21,560 x 37.1% 8,000 units’
The results of these calculations correspond with demand

figures shown in the original data.

Solution Implications

The method that has been described in the foregoing

was based’upon bottleneck capacity &t each plant, and =

predetermined product cost st distribution warehouses via
‘alternative traffic routes. The validity of the
aSsumptibns that underlie'these two parameters must now
be evaluated in the light of the traffic flow that is

implicit in the output allocation sblution.
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Plant capacity. It was indicated in Chapter IV

that plant capacity definéd in terms of the bottleneck
operation implies that the putput of other msnufacturing
processes at the plant can be adjusted to Whatéver mix
of production is called for in the optimum plan. In other
words, while the output sllocetion solution will be within
the capacity limits of the assumed bottleneck operation,
it is possible that the particulasr mix of output that
would be required by this solution will cause an unforeseen
bottleneck in other plant operations.

It is necessary, therefore, to check the caﬁacity
of each of the msnufacturing processes in the plant in
the light of the mix of output that is called for in the
solution. The solution will be an adequate basis for
short-term planning only if the mix is within the capacity

limits of gll of the production processes in each plant.

Product Cost Egstimates. In estimating product

costs at distribufion wearehouses, it was necessary to
assune a certain flow of traffic through a route in order
to approximate certain of the cost:elements.

The method and cost of transportation, for example,
sssumed that total demsnd at a warehouse would be met

through one or another traffic routes. If we look at the
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optimum solution as shbwn in Table XXI, we see that the
demand for product 6F at warehouse X is to be satisfied
through two routes. QThe guestion then'arises as to
whether or not the split in demand among thé two routes
will affect the method of transportation that will be used.
If the rail carload rate was used in costing the plant B
to warehouse X movement, for example, will the much lower
volume through this route preclude a rail carlosd movement?
If so, is the change in transportation rate significant?

Inventory carrying costs and order processing costs
at distribution warehouses were based in.part upon the

assumed method of transportafion. It is possible,

therefore, that these costs will change if the transportation

Amethod differs from that assumed in the cost estimates.
The transportation and inventory cost estimates for raw
materials 8l1so assumed a certain minimum flow. The
validity of this assumption may also be questionable in the
light of the mix of output that is suggested in the optimum
solution. \ | | '
It is éesirable, therefore, to ensure that the

pattern of traffic flow that is implicit in'the output
allocation solution will not result in significsntly

different unit costs from those that were used.in the

analysis. This may be done by re-computing the unit costs
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for esch of the traffic routes that are included in the
solution ~- using the traffic flow from this solution as
the basis for the new estimates. If it 1s found that there
is a difference between the originél and the new estimate
for a particular route, put the new estimate through the
Simplex conversion and transfer the result to the
appropriate frame in the Transportation matrix., It will
then be apparent whether or not the difference is
significant enough to require an adjustment in the output

allocstion solution.

II, LINEAR PROGRAMMING MODEL FOR DAY—TO;DAY

 PHYSICAL DISTRIBUTION DECISIONS

It was suggésted in Chapter III that shipping and.
transportation from distribution warehouses to customefs
is'the only additionel cost in the physicsal distribution
prbcess, once the firm's output becomes availéble at its
final stock points. One Qf the traffic manager’'s tasks,
therefore, is to minimize the shipping and transportation
cost in filling customers orders out of the given quanfities
of products that'are avallable for distribution at finasl
warehouses: It is assumed that customer orders are
received at a central location and that the traffic mansger
allocates these among distribution warehouses on a daily

basis,.
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The quantity of products that are-available for
distribution on any particular day requires some
clarification, If it is assumed that all of the inventory
that is on hand at a stock point may be used for immediate
customer orders, there is a danger of sub-optimization.
To illustrate, consider the simple case of two warehouses,
A and B, and two customers, Y and Z. There are only 500
units of product on hand at warehouse A. Shipping and
fransportation cost per unit to Y and Z are as follows:

A toY $1,00 and 4 to Z2 $3.00
BtoY $4.00 and B to Z $5,00

On the first day an order is received from Z for 500 units.
Since the shipping and transportation cost from A is less
than from B, thé order is filled from A at a cost of $1500.
On the following dasy, and before inventory at A can be re-
plenished, an order is received from Y for 500 units. This
~ order must be filled from warehouse B at & cost of $2000.
Total cost for the two orders is $3500. Had both orders
‘been Teceived on the same day, or in reverse order, Y
yould have been supplied from A and Z from B at a total
cost for the two orders of only $3000.

To avoid this kind of sub-optimization it is

desirsble to limit the day-to-dsy distribution from each

warehouse to what may be termed surplus inventory. A
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portion of the total inventory at each warehouse is intended
to protect against a maximum demand from a specific group
of customers over a lead time, ie., between the time a |
réplenishment order 1s placed and received., If day-to-day
distribution is limited to the inventory in excess of this
‘portion, sub-optimization is ﬁot likely to oécur._ This
limit may change from one day to‘the next -- depending
upon whether or not 8 replenishment order has been placed
and, if so, the time that will elapse before receipt of
the order. To illustrate, consider a situation in which
the level of inventory at a warehouse is based upon & group
of customers with & maximum demand of ten units per day.

If it takes ten days to receive a replénishment order from
ihe plant, distribution from the warehouse on any dsy
before an order is placed should be limited to the quantity
on hand in excess of one hundred unitse If a replenishment
order has been placed, however, any quantitj in excess of
ten units multiplied by the remaining days of lesd time
should be considered as available for distribution..

A perpetual record of inventory availability and
distribution at each warehouse will simplify the
formulation of a day-to-day physical distribution model.
Table XXIII is an example of the way in which this

information may be recorded.
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INVENTORY AVAILABILITY AND DISTRIBUTION RECORD

PRODUCT 10D

DATE;-June 1

To be Avail- Balance
Warehouse On Hand Retained able Shipped On Hand
A 1,000 400 | 600 100 900
B 200 100 100 70 130
c 400 - 200 200 120 280
X 1,000 400 600 80 920
500

800 300

80 720

~ The baslsnce on hand after shipments have been made on June

first are shown in the last column.

The figures from this

column mey now be transferred to & second copy of the form

to record inventory transactions for the following day.

This has been done in Tsble XXIV.

Note that the quantlty to be retained at warehouse

B has been reduced to 50 units in Table XXIV, This

feduction shows that a replenishment order has been placed

and that the order will be received &t B on June 3

(Units to be retained at B on June 2 divided.by & maximum

demand per day of fifty units).

It 1s also epparent from

Table XXIV that a replenishmeht order has been placed for

warehouse Ce.
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TABLE XXIV

INVENTORY AVAILABILITY AND DISTRIBUTION RECORD

_PRODUCT: 10D DATE: June 2
To be Avall- Balance
Warehouse On Hand Retained sble Shipped On Hand
A 900 400 500
B 130 50 80
c 280 150 120
X 920 400 520
Y 720 300 420

s et —— et t———————————
e ——— e e

—

The figures in the available column of Table XXIV

may now be used as the capacity constraints in a linear

programming model to determine the minimum cost method of

meeting customer orders on June 2.

In sddition to product availaebility, the model for

day-to-déy physical distribution decisions muét include

customer demands and the shipping and transportation cost

to each customer from alternative warehouses.,

It is assumed for illustration purposes that

cuétomervorders for June 2 are as shown in Table XXV.
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TABLE XXV
CUSTOMER ORDERS

‘ : Order To be

Customer Locsation Quantity Delivered by

i. Adams Otfawa 30 Wednesday 4.M.
2. Wilson Montreal | 50 Wednesday A.M.
3. Brown Toronto 140 Wednesday A.M.
4., White Hamilton 100 Thursday A.M,
"5, Smith Winnipeg 60 Friday AJM. |
6. Jones Edmonton 20 Friday. AJM.

Shipping and transportastion cost per unit of
product betwéen.each warehouse and customer is shown in
Table XXVI. It is sssumed that é comparison of the
alternative methods of transportation to each customer
from each warehouse has been méde and that the costs shown
-represent the minimum cost alternative for each warehouse-
customer combination -~ given the size of the ordgrs and
the delivery requirements. The letter M indicates an

impossible shipping route.,
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SHIPPING AND TRANSPORTATION COST

(IN DOLLARS PER UNIT OF PRODUCT)
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To CUSTOMERS
From 1 2 5 4 5
A .82 .20 .60 .52 .65 M
B W45 .15 .12 W30 .60 .76
© 40 .30 .22 .25 M M|
X W38 .58 .63 .69 .16 .36
e M M .69 .61 .20 L12|

The data ésAoutlined above may now be fransrerréd

directly to a Transportation metrix. This has been done

in Table XXVII. ‘The procedure for solving the Trans-

portation matiix has already been described 1nvthe

prepeding section of this chapter. Using this same method,

it is found‘that,the minimum cbst‘shipping pdttern for

June 2 15 as indicated by the oircléd numbers in Table

XXVII.
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TRANSPORTATION MATRIX
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o CUSTOMERS | Avail-
v : A able ,
From | 1 2 3 4 5 6 [Dummy Quantity
T [ 50 [82] [e65] [ M| Lo
A 1@:’) | €II’ | s00
| (46| [16| [12| [ =30 [e0]| [7e| Lo
B 805 80
e | \3 L |
§ 140 ({30 |22 | 26| [ M| | M 0
<l les | Ies | 163 | |69 | [16| [35 o
L R 60 (a60 520
M) [ M| [s9 | [61] [20] 22| o
Customer . A ‘
Demand v 30 - |60 140 100 6Q zo_ 1250 1650

Once sgain, the minimum cost solution is rather

obvious in this case through an inspection of the Trans-

portation matrikt In the practical situation,'however.

the selection of the optimum will usually be complicated

_by a far grester number of customer orders then has been
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used in this illustration. But even then, the Trans-
portation Method will provide the optimum solution in a -

few simple steps.



CHAPTER VI
SUMMARY AND CONCLUSIONS
I. SUMMARY

The physical distfibution concept 1s concerned
with the.group of interrelated procésses that are involved
in the physical flow of tfaffic from the source of raw
materials to production and from production through
distribution facilities to customers. These processes
include trensportation, materisls handling, warehousing,
ordér-pfocessing and communications. |

There is an increasing volume of literature
emphasizing the fact that it is the total cost of the
physical distribution processes rather than cost of
individual processes that hust be taken into account in
problems related directly or indirectly to the physical
movement of materials and products. This literature,
however, tends to concenfrate on one 6r the other of the
severél problems to which the physical distribution
concept may be applied. There also tends to be a lack of
attention in the ares of procedures that can be followed
by the firm,in'the formuiation and comparisdn of physicsal
distribution alternatives.

Chapter two of this thesis attempted to identify
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the major applications of the physical distribution
‘concept and to isolate those applications that are within
the scope of the traffic manager's sphere of responsibility.
Chapters three to five developedmthe step-By-step
procedures that may be useful to the traffic manager in
applying the physicsal distribution concept to decisions
that fall within his jurisdictional area.

Major Applicstions of the Physical Distribution Concept

 The scope of the problem to which the physical
distribu%ion concept should be applied tends to increase
with the time period. In day-to-day operations, demand
must be met out of inventories that are on hand at
distribution points. The application in this case is
limited to the determination of which customer orders
should be filled from which distribution point, and the
methods of transportastion that should be used between
stock points and customers. Considering the problem over
successively longer planhing intervals, however, it
becomes clear that alternatives of progressively greater
scope emerge with the expiration of present constraints in
the form of capitael shortage, contracts and other éurrent
commitments. Typically, the alternatives for physical

distribution will increase in scope in the following order
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as the planning period is extended further into the future:

1, Alternative utilization of existing physical
distribution facilities.

2. Alternative systems of physicel distribution
facilities with present production locations
and capacities.

3. Alternative systems of physicai distribution
in combination with alterhative spatial
allocations for production capacities.

4 study of the physicsl distribution function:

should pfovide for an evaluation of easch of these groups
of alternatives if the total benefit that is envisaged in
the concept is to be realized.

Since the thiee groups of alternsatives listed above
emerge at successive'intervals in the future, the study can
be divided into three separate analysis. Care must be
exerciéed, however, in defining the time period for each
analysis in order to avoid sub-optimization in physical
distribution plsnning. Sub-optimization will occur, for
example, if plans for the utilization of present
facilities are developed for a period during which it is

feagible to introduce a more efficient system of physical

distribution facilities. Similarly, planned changes in
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system facilities will be sub-optimum if the time interval
that has been used in the development of this plan extends
beyond the point in time at which a change in the spatisl
allocation of plants should be introduced.

Increasing flexibility over time in the form'of
capital évailability and freedom from present policy,
contracts and other commitmenté will determine,
successively, the points in time at which it becomes
practical to consider changes in system fscilities and
changes in plant locations. A4n analysis of long-term
alternstives will then determine the point at which it
becomes desirable to adopt a change in plant locationse.
This point in time marks the end of the period during which
alternatives are limited by existing plant locsations and,
hencé, defines the shorter-term interval of time over which
analysis should be concerned with potential changes in the
gsystem of physical distribution facilities. Similesrly, an
analysis of changes ih physical distribution facilities
(assuming present plant locations) will identify the point
in time at which the first change-in system becomes
desirable. The period prior to this date is the appropriate
interval for‘an analysis of the alternatives for utilizing

the present system of physical distribution facilities.
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In addition to the need to avoid sub-optimizsastion,
properly defined time periods are necessary to the
formulation of relevant physical distribution alternatives.
Physical distribution alternatives are adequate or
inadequate depending upon the volumes of traffic, the
location of raw materials, plants and markets and the
standards of delivery service, or.the alternatives of
these specifications. Alternatives are feasible only 1if
they are within the confines of operating constraints,
including capital shortages, unexpired contracts and other
commitments, and the capacity and other opersting limitations
of fixed facilities (if any). Physical distiibution
requirements and operating constraints are both subject to
change over time and it is only when the time period is
clearly defined that these elements of the framework cean
be identified.

It is apparent,.therefore, that a study of the
physical distribution function should progress from & long-
term analysis to an investigation of the alternatives for
successively shorter-term intervals of the future time
period. This procedure will avoid sub-optimization in
physical distribution planning and will facilitate the

development of an appropriate framework for each of the
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“three applications of the physical distribution concept.

The Traffic Manager's Role

' . The traffic“manager plsys an important role in each
of the three applications of the physical distribution
concept. His role is ususlly advisory, however, in
decisions related to a change in plant location or a

change in physical distribution facilities. Thesé
decisions generally affect operations in several functional
departments, eg., marketing, production and finance, énd
cannot, therefore, be properly evaluated by any one of the
functional department heads. Decisions of this nature
require top level direction and co-ordination with the
participation of the traffic, marketing, production and
other interested departments.

Shorter-term applications are defined in this
thesis as those in which alternatives are limited to the
utilization of existing facilities. These applications
range from the day-to-day problem of distribution to
customers from available 1nventéries, té the problem of
planning the short-term allocation of output among the
firm's plants. The day-to-day decision is entireiy within
the Eraffic manaéerﬂs sphere of responsibility since
alternatives in thi; case are limited to the methods for

shipping and transportation -- operations that are
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traditional traffic department responsibilities,

The output sllocation decision has been
traditiohally associated with the production mansager's
responsibility. It is clear, however, that physical.
distribution principles shogld be used in msking this
decision to ensure that the product is delivered to the
market at minimum total cost. This decision, therefore,
should be a Jjoint undertakihg by the traffic and the
production managers who are familiar respectively with
physical movement and production alternatives. (It should
be pointed out that merketing specifications in the shorf-
term are usually fixed by longer-term plans snd policy.
Short-term physical distribution alternatives must meet
these requirements and there is no danger, therefore, that
marketing activity will be adversely affected by the
short-term production allocation decision).

| Since it is only the short-term applications of
the physical distribution concept in which physical
distribution decisions will be masde by the traffic manager,
this thesis has been limited to the development of a
mgthod of analysis for two of the physical distribution
applications for this period =-- the day-to-day problem

and the output allocstion problem.
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The solution to both of these problems requires an
allocatién of limited resources among competing demands.
In the dsy-to-day problem, there sre competing customer
orders for the limited quantity of inventory that is
available at individual distribution warehouses. In the
outht allocation problem, there are competing ways in
which the limited capacity of each production and physical
distribution facility cen be utilized. The limited
resources, competing demands charscteristics place the
solution to these problems within the scope of the linear

progremming technique. This thesis attempts to set down

the step-by-step procedures that can be followed in
developing the physical distribution alternatives into &

form suitable for solution through this technique.

The Day-to—day Problem

In the day-to-dsy problem, customer orders must be
satisfied out of inventories that are on hand at final
distribution warehouses. The objective of ansalysis is to
determine which cusfémer orders should be filled from
which warehouse in order to minimize the total cost of
filling the day's orders. Shipping and transportation is
the only additiénal physical distribution cost, once the

product becomes availeble for distribution at the final
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distribution points. The optimum solution to the day-to-
dsy problem, therefore, will be the one that minimizes the
total of these costs for the day's orders.

The linear programming model in this case regquires
g8 list of the customers from whom orders have been received
and the size of their respective orders; a list of the
distribution warehouses and the units of product that are
available for distribution at each of these points; and
the minimum shipping and transportation cost per unit of
product to each customer from alternstive distribution
points.

The list of customers and their order gquantities
‘can be taken directly'from the day's salés orders, or
'from shipping requisitions received from the ssles
department. The units of product that are available for
distribution at each warehouse can be c¢alculated from
warehouse inventory records -- the avsasilable inventory
at a warehouse being the difference between the quantity
on hand and the quantity that is expected to be required
over the period prior to receipt of a replenishment order
to satisfy a predetermined maximum ressonable demand from
customers that are normally served from that point.

The.minimum shipping and transportation'costs per
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unit of product will have to be established through a
comparison of the alternastives of these processes for each
of the fessible warehouse-customer combinations. A ware-
house-customer combinastion is feasible if there is a suit-
able method or suitable methods of transportation that will
satiéfy delivery service specifications. The required
delivery service for each order may be specified in the
shipping requisition, or by the maerketing department. 1In
other instances, the analyst may assume that the level of
service that has been provided in the past is adeguate.

Having established the minimum per unit cost for
shipping and transportation between each of the feasible
warehouse-customer combinations, this information together
with individual customer orders and the quantity of
inventory that is available for distribution at each ware-
house, ocan be inserted in & linear programming matrix. The
optimum method of physical distribution can now be
established from this matrix by applying the linear
programming method of solution commonly referred to as the

Transportation Method. This method is described in detail

in Chapter V.

The Output Allocstion Problem

In the output agllocation problem, the objective of
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analysis 1s to determine the optimum allocation of forecast
short-term demand among the firm's plants. The optimum is
the alternative that will minimize the total of short-term
produétion and physical distribution costs.

The linesar programming model for this problem
requires a forecast of product demand at each of the
distribution warehouses; & definition of the production
capacity of each plant; and an estimate of the total unit
vaeriable cost that would be incurred in the manufacture
and physical distribution of each product to each
distribution warehouse and through each of the routes that
traffic may take through the production-distribution
system. |

In forecésting the units of product that will pass
- through each warehouse during the period, the first step
is to define the market areas that will be served from
each poinf. This can be accomplished in two steps. The
first step is to identify the geographical segments of the
total market that can be served fram each distribution
warehouse., The procedure is t& relate delivery service
requirements in the various customer areas with transpor-
tation availability to determine whether or not it is

. feasible to serve & specific customer location from a
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given warehouse. The second step is to reduce the size of
the market area that can be served from a warshouse to its
handling csapacity by eliminating the demsnd of those
customers that can be served from an slternative warehouse
at a lower shipping and traﬁsportation cost.

Sales forecasts and defined delivery standards sre
necessary in the above procedures., Since the marketing
department is likely to be familiar with the territorial'
breskdown of the total sales forecast, this department
should be called upon to allocate forecast demasnd in units
of product among geographicsal areas as defined by the
traffic manager. Delivery service specifications for the
various customer areas may be defined explicitly by the
marketing department, or may have to be developed by the
traffic mansager through a review of policy, longer-term
plans or historical service records. The delivery
standards used in anslysis should not be higher than those
that will be provided in the longer-term and should not be
lower than in the past, unless approval has been obtained
from the marketing department.

Having established the forecast of demand at esach
distribution warehouse, the next step in analysis is to

define the output capscity of each of the firm's plants
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over the short-term period. The output of a plent during
. this period is limited by technical considerstions in the
utilization of facilities, policy, organizatienal problems
and other constraints that contribute toward production
inflexibility. The productidn manager should examine
these constraints with a view to defining the minimum and
maximum output that is feasible for each plant over the
defined interval. The maximum output figures will be used
in the linear programming model. Minimum output figures
will not be used directly in the model but rather as a
check on the solution to ensure that the output that is
called for at each plant is not below the feasiblé minimum,

When two or more of the products that are
menufactured at a plant pass through one or more of the
same processes, the mix of output that will absorb capacity
cannot be predetermined and it becomes necessary to express
capacity in terms of man-hours, madhine-hours or other
common measurement. In this case, the various manufacturing
operations in the plant should be exasmined to determine the

common process that limits total output. If this bottleneck

process is a manual operstion, plant cspacity should be
defined in terms of avsilable man-hours in thisvprocess for

the period. Similarly, if the bottleneck process is a

machine operation, total available hours in this process
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for the period would be the sppropriate cepascity measure=
ment. The production manager should also define the
portion of bottleneck capacity that will be absorbed in
the manufacture of a unit of>each of the firm's products
so that the combinations of product volumes tﬁat will
absorb total capscity at the plant can be identified.

Given the demand forecast for each warehouse, and
the output capacity of each plant, it remains to complete
the dats for the linear programming model by estimsting
the total per unit vafiable cost of each product at esch
of the distribution warehouses and through each of the
routes that traffic may take through the production=-
physicgl distribution systéﬁ.

A traffic route consists of a source or sources
of raw materials for the, product, a plant at which the
product can be manufactured snd a distribution warehouse,
linked together by one or more methods of transportation.
The first step is to define the feasible traffic routes
by determining whether or not there is a suitable and
available method of transportation between each source of
raw méterials and each plant, and between eachAplant and
each distribution warehouse., The result of this

investigation can be shown in & flow disgrem.



176

The second step is to identify the variable cost
of each of the production snd physical distribution
processes.and the key parameters that will permit a
linking of the individusal process costs into total route
cost. The unit variable cost for & route will include
the purchase price of raw materials used in the product,
the cost of shipping and transportation between the
source of raw materials and the plant, the cost of
manufacturing; the cost of shipping and transportation
between the plant snd distribution warehouse, the cost of
carrying raw materials and finished product inventories
at the plant, the cost of carrying product inventory at
the warehouse and the cost of order-processing and
communication procedures.,

Schedules for esch of these costs and the
procedures to be followed in estimsting and relating
individual process costs into total route costs are
described in detgil in Chapter IV.

When there are alternatives for transportation
between the source of raw materials and the plant or
between the plant snd warehouse portions of a route, the
total variable cost that would be incurred with each

method of transportation must be developed. A comparison

of the total variable costs associated with alternstive
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methods of transportstion must then be made in order to
identify the alternative that offers minimum per unit
product cost for the route. This cost figure will be the
one that is used in the lineaf programming model,

Having established the minimum variable cost pérv
unit for each product and for each of the feasible
traffic routes, this information, together with the
demand at esach distribution warehouse; the capacity of
each plant and the capacity that will be absorbed at
each plant by a unit of each product, should be inserted
in & linear programming matrix of the type that is

commonly referred to as the Simplex Matrix. The minimum

cost solution to the production sllocation prbblem can be
determined by sapplying ﬁrescribed Simplex rules to this
matrix., It is generally impractical, however, to‘atteﬁpt
a solution through hand calculation because of the volume
of work that is involved in applying these rules. Many
of the larger computors have been programmed for the
Simplex and this is the preferred method of solution when
this equipment is available.

In certain circumstances, however, the Simplex
matrix can be transformed into & metrix that is suitable

for solution through the relatively simple Transporta-



178
tion Method. The particulsr circumsténoes in which this
transformstion is acceptable and the step-by-step
procedure to be followed in converting from & Simplex to
a Transportation Matrix is described in detail in Chapter
V of this thesis.

II. CONCLUSIONS

The physical.distribution concept emphasizes the
interrelﬁtionship between transportastion, handling, order;
processing, warehousing and the other processes thét are
involved in the physical floﬁ of traffic from the source
of raw materials to plants and from plants through
distribution.facilities to customers. The essence of the
concept is that it is the totsal cost of the seversal
processes rather than the cost of individual processes
that should be taken into account in decisions that are.
related directly or indirectly to the physical movement of
materials and productse.
| The business decisions in which physical
distribufion cost is an important element include the long-
term spatial alldcation of production facilities; the
intermediate-term changes in the system of physical

distribution facilities; the short-term utilizstion of

existing production and physical distribution facilities;
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and the day-to-day distribution of available output,

In meking these decisions, it is important to
recognizé that physical distribution alternatives (except
dey-to-day alternastives) are usually interrelated with
alternatives in one or ﬁore of the purchasing, production
and marketing functions of the enterprise. This inter-
relationship is not surprising since physical distribution
is the connecting link between purchasing and production
and between production and masrketing operations. The cost
of raw matérials input at a plant, for example, includes
the price of raw materisls as well as the cost of physical
‘distribution from their source to the plant. Hence, when
there are alternative sources of raw materials, the
purchase decision and the physical distribution decision
cannot be made independently. Similarly, the cost of the
product at a distribution point includes the cost of the
manufactured product at a plant as well as the cost of
physical distribution from plant to warehouse. Hence,
when distribution warehouses csn receive the product from
alternative plants and when future demand is not expected
to absorb total production capacity, there must be an
integration of the decisions that will govern the rate of

output at each of the firm's plants and the methods of
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' physical distribution between plants and distribution
warehouses.

| Considered in the longer-term, there will be
sufficient capital and operating flexibility to introduce
changes in the system of physical distribution facilities,
some of which will either extend the geographical
territory that the firm will be able to accommodate,
increase the efficiency in terms of cost or delivery service
with which the existing markets can be served or change the
relative efficiency with whibh.the product can be delivered
to specific segments of the present market, In other
words, marketing implications are associated with physical
distribution alternatives and decisions in the two areas
are therefore interdependent. In the very long-ternm,
flexibility will be sufficient to permit thé firm to
consider a relocation of production capacities together
with a change in the system of physical distribution. It
is imperative, of course, that each of the alternative
combinations of markets that are available to the firm in
the very long-term be evaluated in the light of total
delivered product cost through slternative spatial
allocations of production capacities and alternative

systems of physical distribution facilities.
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In view of these interrelationships, it is clear
that phyéical distribution analysis, 1e., the formulation
and comparison of physical distribution alternatives, is
usually only a part of the overall analysis in which
physical distribution alternatives are integrated with
" alternatives in other arsas of operstions to determine
the optimum course of action for the firm. An exception
is the day-to-day problem of satisfying customer orders
from output that is availsgble at final distribution points.
Physical distribution alternatives in this case musf
satisfy inflexible marketing requirements (given customer
orders and delivery service). Purchasing énd production
operations are unaffected by the day-to-day warehouse to
customer physical movement decisions.

Day-to-day decisions in physical distribution
appear to fall within the sphere of responsibility that is
ugsually assigned to the traffic manager. It is clear,
however, that longer-term decisions in which it is
necessary to integrate alternatives for physical distri-
bution with alternatives in other areas of operations, are
beyond the scope of the decisions that can be mede by the
traffic manager of the typical organization structure. A

few firm's have appointed physical distribution managers.
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This title, however, appears to be functionally oriented
if it is intended that these officers are to integrate
marketing, production and physical distribution
alternatives.

In the author's opinion, physical distribution
decisions for the longer-term, ie., changes in the system
of physical distribution facilities and in the spatial
allocation of production capacities, is an integral part
of the development of overall corporate plans. The
corporate planning function is usually undertaken by a
planning unit that reports directly to the chief |
executive, or by a research and development department.

It would seem that this is where the interrelationship
between the longer-term physical distribution alternatives
and other operations can be properly evaluated. The role
of the traffic department and other operating departments
should be to contribute to the overall planning process by
providing‘cost and other information related to
alternatives wifhin their respective fields.

While the traffic mansger's role is advisory in
planning for the longer-term, it would seem that this
officer is in a position to direct and co-ordinaste the

analysis that is necessary for short-term operating plans
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in which materials and product distribution is involved.
Marketing requirements during this period are usually
fixed since the firm will have committed itself, through
‘longer-term plans and policy, to certain markets and to
a certein standard of service within each of these
markets. Production and distribution facilities are also
fixed during this period, but there will usually be some
flexibility in the mix and the rate of output that can be
achieved at each plant, and in the methods of physical
distribution that can be employed with given facilities;

Marketing requirements, the location and price of
raw materials, and the cost and flexibility of production
at each plant can be defined for analysis purposes by the
marketing, purchasing and production departments. This
framework will permit the traffic masnager to develop the
slternstives for short-term traffic flow through the
production-distribution system; to determine the totsal
cost of production and physical distribution for each of
the flow alternatives; and to select the alternative that
offers minimum total delivered product cost for the
- period. The pattern of traffic flow that is implicit in
the solution to this problem will indicate the locations

from which materials are to be purchased and the mix and
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volume of traffic that each of the production and physical.
distribution facilities will be required to accommodate,
The solution, then, will provide the basis for detailed
6perating plans within each of the purchasing, production
and physical distribution areas of business operations.

Mathematical programming in genefal and linear
programming in particular appear to have promise &s the
methods in which the complex interrelationships that are
usually associated with physical distribution applications
can be resolved. The problems for which mathemstical
programming is 1deélly suited are those in which there are
several possible courses of action; certain conditions
that must be met (demsnds); and certain'limitations that
must not be exceeded (conétraints). Physical distribution
applications fsll within this group of problems. In the
short-term planning problem, for example, there are
several ways in which future demand msy be allocated among
the firm's plants, but alternstive allocations must
satisfy %arehouse demands and must not exceed the capacity
of production and physicel distribution facilities. The
advantages of the mathématical programming technique are
that it requires a mathematical formulation of the problem

and, hénce, requires an organized procedure for the
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formulation of alternatives; it permits 8ll of the
quantifiable demsnds and constraints that are relevant to
the problem to be taken into sccount; and it provides the
best solution out of the seversl possible solutions
through a simple sand s definite routine.

In view of these imposing advantages and the fact
that the characteristics of physical distribution
applications plece these problems within the fealm of this
technique, it is surprising that few of the proponents of
the physical distribution concept have emphasized the
potential of mathematical programming in physical distri-
bution asnalyses. There is & need for further research
into the developmeht of linear programming, non-linear
programming and other mathematical models as the tools for
physical distribution analysis. _

This thesis has not deslt in detail with some of
the obvibus problems that are likely to arise in the
development of data for the planning model. The per unit
hendling costs and order-processing and commuﬁicatioﬁs
costs per order, for example, are not likely to be readily
available from accounting and other records that are
maintained by the firm -- particularly for the alterna-

tives to present methods. It may be necessary, therefore,
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to employ work study procedures, regression analysis,
engineering studies or other methods to develop suitable
estimates of individusl process costs. A second short-
coming of this thesis is that the assumed relationships
between physical distribution processes that have been
used in the illustrated example may be overly simplified.
Hgndling costé, for example, may vary with the degree of
congestion at the stock point as well as with the me thod
of transportation that is used. Order;processing and
communigation costs, which include the cost of expediting
an order through the system, may vary with the point from
which msterials are received or with the method of
trahsportation that is used. It 1s essential, of course,
that all of the relationships between physical distribution
processes be identified in order to produce reliable
estimates of route costs,

In prectice, the planning problem may be
complicsted by several factors that have not been taken
into account in the hypothetical prbblem that has been
described in this thesis. The purchase price of raw
materials, for example, may vary with order size; it may be
possible to combine various materials or products for

shipping purposes; it may be possible to achieve higher

output at plants through the use of overtime; etc.
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A procedure for the formulation and comparison of
alternative systems of physical distribution facilities
and alternative spatial gllocations for plant capaciﬁies
was beyond the scope of this thesis. These applications
of the physical distribution concept have been discussed
in some of the published literature, most of Which has
dwelf upon‘the development of alternatives within the
framework of4givep marketing specifications, It should
be emphasized however, that the markets that can be served
and the standards of service that can be offered may vary
with alternative systems of physical distribution
facilities and with a&lternative spatial allocations for
production capacities. If marketing épecifications are
predefined, it is possible that an opportunity to serve a
more profitable combination of markets, or an opportunity
to improve the net contribution from existing markets,
will be overlooked.

A review of the literature dealing with the
physical distribution concept suggests the need for
additional case histories of successful applications.
These case studies should be sufficiently detailed to
ﬁermit the reasders to evaluate:

1. The factors that have been taken into account
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Se

5.
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in establishing the objectives and the frame-
work for analyses.

The procedures that have been used in the

-devélopment of physical distribution

alternatives.

The procedures that hesve been employed in
establishing the interrelationship between the
cost of individual physical distribution
processese. |

The provision thst has been made for reléting
physicai distribution alternatives with
alternatives in other areass of opersations.

The method that has been used in selecting

the optimum alternative.

In ednclusion, it appesrs that there is & need at

this time for a bridge between physical distribution

theory and physical distribution practice. More empirical

studies are necessary before management will be able to

grasp the essentiasls of physicsl distribution anslysis and

the procedures for anslysis that will satisfy their

individusal requirements.
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