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PREFACE 

Commercial Shearing, Inc. manufactures hydraulic pumps and valves 

which are sold to original equipment manufacturers. These manufacturers, in 

turn, mount the hydraulic components on bulldozers, cranes, or similar equipment 

and sell them to a distributor who markets the product to the ultimate consumer. 

Hydraulic components are normally part of I arge, costly construction 

equipment. The availability of repair parts are of extreme importance; therefore, 

the ability of a supplier to quickly react to customer repair needs is an important 

consideration. 

The necessity of unusually high quality service for the repair parts 

business is the reason for establishing a service parts distribution center in a 

geog rap hi cal location that is economically convenient to both the customer and 

the manufacturer. 

The location of a inventory distribution system for a service distri­

bution center is the topic of this paper. 

--I 
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CHAPTER 1 

INTRODUCTION 

Repair parts business has traditionally been a high profit segment of 

many industries. The automotive industry is a prime example of a manufacturer of 

a product requiring extensive replacement and/or repair parts. The profit potential 

of manufacturing and marketing near duplicates or look alike components has lured 

many an entrepreneur into this potentially lucrative business. This "pirating" of 

business by manufacturing a duplicate, or near duplicate part, is widespread 

throughout the United States. 

The success of pirate business hinges, like all other businesses, on 

quality, price and performance. ~st original equipment manufacturers (OEM) 

claim that the pirates offer an inferior quality item at a lower price with dubious 

reliability. The pirates, on the other hand, build their business on the marketing 

and production weaknesses of the OEM. Thus, if the OEM charges too high of a 

markup or if the OEM performance falters, a market is opened for the pirate. 

The pirate market for Commercial Shearing, Inc. 's (CSI) hydraulic 

components and assemblies is estimated at over eight mill ion doll ors per year. The 

growth of this market is thought to be based on price and performance, but with 

most emphasis on performance. The inability of the large OEM corporation to be 

flexible and to respond to the needs of the repair market has spawned the competition. 

. ..• ·· --· 
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CSI marketing management is of the opinion that a Service Distribution 

Center concept oriented to high customer service and flexibility will allow CSI to 

improve its marketing posture and further penetrate the expanding pirate market. 

This penetration will depend on a high level of service made possible by segregating 

the repair parts from the assembly parts. An experienced repair parts manager would 

be assigned to the proposed foci I ity. 

The segregation of repair and assembly inventories each with its own 

management is suggested by CSI for the existing assembly/service warehouse. The 

proposed warehouse is to be located near major markets. This feature has the 

economic advantage of offering reduced delivery time. The new warehouse will 

also be used as a part of an advertising campaign to generate a larger share of the 

repair parts business at the expense of both OEM and the other pirates. 

Statement of the Problem 

This study will address two problems. First is the site location selection, 

and second is the associated inventory distribution problem. 

Site Location 

The selection of a plant or warehouse site location considers a number 

of factors. Maurice Fulton l suggests the following consideration for business 

executives who wish to position a warehouse: 

1Maurice Fulton, Readings in Physical Distribution (Illinois: Interstate 
Printers and Publishers, Inc., 1972), p.4. _ -I, 



1. Seek out that location which combines all location factors so as 

to give the lowest cost per unit of output. 

2. Look for minimum transportation costs with maximum service; 

reasonable labor costs with satisfactory productivity; inexpensive utilities with 

'\ 

reliable service; and pleasant surrounds with a modest cost of living. 

3 

3. Search for a plentiful supply of labor without sacrificing pro­

ficiency of skills; an attractive plant site without excessive cost; and a cooperative 

local attitude without limitation on his independence. 

4. Find a tax structure which is healthy with low rates but not so low 

as to jeopardize normal services. 

The optimum combination of these factors is increasingly difficult to 

find, and new complicating social and economic factors have arisen. The new 

elements i nfl uenci ng the location decision include: 

Preservation (or improvement) of the environment. 
Employment of minority groups. 
Reliance on automobile commuting by the vast majority of employees. 
Greater education and technical demands on the labor force. 
Rapidly rising land costs and competition for nonindustrial land uses. 
Impact of inflation in labor costs on the automation decision (the latter 

decrees a shift in the necessary qualifications of the labor force). 
Supply and quality of utilities. · 
Insurance considerations as centralized facilities represent concentrated 

risks not readily assured by insurance companies. 
Greater pressure from foreign competition. 
/I/lore costly municipal services with all levels of government levying 

increased tax I iabil ities. 
Rail service curtailment of abandonment in many areas. 
Commuting fuel costs and car pool possibilities. 
Access to interstate highway. 
Rising costs of carrying inventory. 



Although all of the above factors should be considered, the major 

areas of concern in this study wil I be transportation or distribution costs, labor 

rates, productivity and access to interstate highway systems. These four factors 

4 

are rated most important by management. Minimizing the transportation costs are 

important because an estimated three million pounds of service parts are shipped 

each year and the transportation costs of heavy, bulky parts can be significant. 

Labor rates and productivity must be considered because the number of people 

employed in the manufacturing operation results in a labor expense which must be 

added into the product cost. Differences in labor rates available in various sections 

of the country can affect the location decision because, all things being equal, 

lower labor costs can result in a more competitively priced product. Access to 

interstate highways are of considerable importance because of the desire to offer 

fast customer service and also to provide ease of delivery of components from 

vendor sources. 

Inventory Distribution 

The fundamental purpose of a distributive inventory and, in fact, the 

distributive network is to provide service to the customer. · 

T. R. Morrison2 suggests that distributive inventory requires analysis 

. and solution of the following problem areas. 

2T.R. Morrison, "Inventory Theory Applied to Multi-location Problems," 
American Production & Inventory Control Society, Production & Inventory Manage­
~ (Washington D. C., 4th Quarter, 1974) pp. 23-26. 

- -I 



1. Method of resupply. The effect of a policy of direct shipment by 

vendor to regional center rather than shipment via a central warehouse. 

5 

2. Number of warehouses. Given the increased sales that should 

result from additional warehouses, what will be the associated effect on costs and, 

hence, the net change in profit. 

3. Inventory of items to stock. The effect of a policy of expediting 

slow moving items direct to regional customers from a central warehouse rather than 

holding stocks in all locations and other related effects. 

4. Definition of the warehouse which should be the distribution 

center. Given that there are no obvious reasons why one warehouse should be 

made the center for all products, which center represents the lowest cost center 

for a product or a related group of products. 

5. Identification of the effects of large customers. The demand of a 

disproportionately large customer can be costly if serviced from a regional ware­

house. This can be avoided by providing incentives for a customer to accept 

delivery from a central warehouse. What will be net effect on costs? 

It is not the purpose of this research to go into these subjects in great 

depth, other than to point out the approach CSI will use for classification of 

products with respect to the service desired. Suffice to say, that at the outset 

in the creation of a distribution network, a great deal of market study and cost 

study is required to determine the proper balance between service and cost. 

This paper will examine in some detail the stock control system to be 

implemented. Roger Willis suggests: 

•... ··-.. 



The objective of a stock control system is to maintain the stocks held 
at such a level that the business is able to operate at minimum costs while 
still offering acceptable customer service levels. Maintaining stock at too 
low a level can be equally as costly as maintaining stocks at too high a 
level.3 

The two major disadvantages of low stock levels are: 

l. Customer demand wil I often not be satisfied. Frequent stockouts 

will lead not only to an immediate loss of business but also future business will be 

affected by loss of customer goodwill. 

2. Items will have to be reordered more frequently. Thus higher 

ordering costs and higher handling costs are incurred. 

The disadvantages of high stock levels are: 

1. A high capital investment in stocks will tie up money which could 

probably be more profitable used to finance other operations of the business. 

2. Storage costs are high. These cover extra storage facilities, extra 

handling and stock taki,:ig costs and greater deterioration and spoilage of the 

product. 

6 

3. The risk of loss is increased because of a product becoming obsolete. 

The issue of optimal inventory stock levels has been elaborated on by 

Robert Porter4 who states th~ .problems of distribution in a multi-level network in 

the form of the following questions which must be answered by management: 

• . . 3Roger Willis, An Analytical Approach to Cutting Costs, Physical 
Distribution Management (New Jersey; Noyes Data Corporation, 1977), p.51. 

4 
L I Robert Porter, "Centralized Inventory Management in the Multi-2;v: tist ributi~n Network." American Productio_~ l,.iventory Control Society, 
- n nnual Conference Proceedings (St. Louis, Mi?souri, 1979), p.81. 



l • When to order at vendor? 

2. Size of vendor order? 

3. When to resupply the branch? 

4. Size of branch resupply? 

7 

In actual practice the solution to the many suggested problems of 

distribution may be handled in a variety of ways. This paper will suggest different 

approaches to the above problem as a function of the item or product under con­

sideration. It is suggested that controls be established that are based upon the 

demand and cost characteristics of individual part numbers. 

Objective of the Study 

The objective of this paper is to examine and quantify the theoretical 

justification of a service distribution center to determine if it is profitable. The 

marketing group forecasted substantfol increases in business based on improved 

customer service. The ultimate objective is to improve service to the repair parts 

market which will "attack the pirates," increase the corporation's (CSI) market 

share and provide increased profits. 

The quantitative justification of the service distribution center considers 

transportation costs, labor costs and inventory carrying costs related to the forecasted 

increases in sales volume. The location of the center is to be selected to minimize 

transportation and labor costs while the inventory policy minimizes inventory 

carrying costs through close control of high dollar volume items. Both of these 

actions wit I leave a favorable impact on profit margins. 

WILLIAM F. MAAG LIBRARY 
YoUNGSIOWN STAT~ I ltJl\/&:R<'ITV .... ·- -.. 
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In addition to the expected increase in profits from improved service 

is the sales advantage inherent in offering a new, full service, service distribution 

center in future advertising programs and salesmen calls. Other product lines may 

experience increased business and profits as a result of this sales tool. 

Usefullness of the Results 

The results of this study will be used in the actual site location selection 

and inventory distribution policy and procedures for the Commercial Shearing, Inc., 

service distribution center. 

Although the data shown in this report has been altered to protect confi­

dential information, the approach, analysis, site selection, inventory logic and 

conclusions are consistent with the real situation. 

---I 
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CHAPTER II 

LITERATURE REVIEW, THEORY AND METHODOLOGY 

Literature Review 

Site Location 

Site determination is an important activity because the site selected to 

establish a distribution warehouse or a production facility affects profits and distri­

bution costs in addition to representing a substantial capital investment. Furthermore, 

numerous variables such as taxes, freight rate structures, labor, population, buying 

power and resources interact in site determination. Davis and Brown5 point out that 

a basic knowledge of location theory and site determination factors is essential 

before embarking on a location project. 

The early location theories that are best known were postulated by Von 

Thunen6 on agricultural location and Weber7 on industrial location. They were 

concerned with economic location. Von Thumen,in his ea~ly work,made use of a 

5Grant M. Davis, Stephen W. Brown, Logistics Management (Massa­
chusetts: Lexington Books, 1974), p. 147. 

6 Johann Heinrich von Thunen, Der lsolierte Stoat in Beiziehung Auf 
Landwirtschaft und Nationalokonomie (Berlin: Schuma cherAarchlin, 1876). 
References to Von Thunen's work are taken from a review of Management of Physi­
cal Distribution and Transportation (Illinois: Richard D. Irwin, Inc., 1972). 

7 
Alfred Weber, Theory of Location of Industries, Translated by Carl J. 

Fredrick (Chicago; The University of Chicago Press, 1929), p. 13. 

. ... · .•.. 
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model of land use and, in his "isolated state, 11 he assumed a single city, a flat 

uniform plain, a single transport media, and other simple components. In this way, 

he was able to compute rent gradients that reflected alternation of land-use rings. 

That is, more expensive land was closer to the city and the land farther from the 

city was less expensive. 

To elaborate Von Thunen's theory, the problem may be described in 

graphical terms (Figure 1). Let the horizontal axis measure the radial distance 

from the city and the vertical axis net revenue for acre. By net revenue, we mean 

revenue (price of product times quantity) minus labor cost (and fertilizer and other 

direct costs) and minus transportation cost. For any given product, net revenue at 

the city is easily calculated from the given product price, the input coefficients 

for th is product and the price of I abor and other input. 

Net 
Revenue 

woods 

wheat 

pasture 

Distance 

Fig. 1. Von Thunen Rings 

-------1 



11 

As we move away from the city, net revenue decreases at the rate of 

transportation cost for the acre-product. For any product, net revenue is therefore 

described by a downward sloping line whose slope equals transportation cost per 

acre-product per unit-distance. A farmer located at a certain distance from the 

city and owning a given acreage will maximize profits by choosing the product 

(and growing this product exclusively) which at that distance has m~ximum net 

revenue. 

Von Thunen theorized that the total cost of producing agricultural 

products varied with transport costs and the latter increased proportionately with 

the distance from a given market center. The assumption of a uniform, homogeneous 

plan would indicate that labor and capital are the same in unit cost and productivity 

at all locations. Hence, land rent and transportation costs were co-determinants 

of location. In his emphasis on cost factors, however, he did not recognize the 

importance of demand factors in his locational model. 

Weber's theory is based upon three general factors of location: 

transportation costs, labor costs and agglomerative forces. (The latter factor is 

the lowering of production costs of marketing because production is carried on to 

some considerable extent at one place.) His theory of industri_al location stated 

that sites would be selected that would minimize unnecessary movement. In other 

words, they would represent minimum energy positions. lv\ovement is made up of 

three components: the distance units are to be moved, weight of the units to be 

moved and effort or cost of moving materials over unit distances. Weber considered 

transportation and labor costs as general regional influences, while agglomerative 

. ... • .... 
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advantages were local forces in the location of industry. (Agglomerating forces 

were defined by Weber as general local factors.) Weber stated that industry tends 

to concentrate in a region because cost and service advantages are associated with 

locating close to a related industry. 

Weber recognized that it was necessary to substitute spatial cost factors 

to arrive at the least cost location. He used a simple weight relationship to derive 

his orientation index, a weight coefficient given by the division of the weight of 

the assembled material inputs by the weight of the distributed material outputs. 

The material index, which assigned typical values to various industries, enables him 

to classify industries into material and market-oriented locations. 

For example, if the raw material input is an ubiquitous commodity, the 

plant or factory wil I be located at the market since the minimum transport expenses 

are incurred with respect to both raw materials and finished products. Transportation 

outlays, on the other hand, do not affect location when the raw material is fixed. 

In this situation, the fixed materials are located in a specific place, and since it is 

pure, no weight loss takes place, hence, transportation does not influence location. 

Conversely should the raw material be fixed and gross, the factory or industry 

would locate at the source of the raw material. Weber defined gross as weight 

lost during the manufacturing process. 

More analyses in location theory have been made by contemporary 

analysts ofter these early efforts. HooverB added the element of institutional 

M G 
8

E.M. Hoover, The Location of Economic Activity (New York: 
c raw-Hill ~ook Company, 1948). --1 
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influences to the traditional transportation, . labor and agglomerative costs. These 

influences, as reflected by technology and rate-making practices, could distort the 

three primary locational factors. (Institutional influences include laws and regu­

lations, tax structures, climate, availability of capital, adequate communication, 

schools, recreational facilities and churches.) 

Greenhut9, 10 recognized the demand factor to be of equal importance 

with cost factors in plant location. He has pointed out that the concepts of market 

area and variable consumer demand at a particular plant location necessitates a , 

broader approach to location theory than just a cost analysis. Furthermore, demand 

exerts an influence on plant location by forcing plants (1) to disperse in order to 

minimize transportation costs in delivering their goods to certain customers at lower 

prices than can be accomplished by competitors, and (2) to reduce time in transit to 

the customer and thus be more competitive servicewise. 

Greenhut's theory is basically a general equilibrium theory in which the 

key variables are transportation cost, production cost and market demand. He came 

to the following conclusions: 

1. When firms sel I to a given buying point, they seek the least 
cost location in reference to this consumption center and ignore the locations 
or rivals in their plant sites. 

9Melvin L Greenhut, Plant Location in Theory and in Practice (Chapel 
Hill, N.C.: University of North Carolina Press, 1956). 

I 10Melvin L. Greenhut, "When is the Demand Factor of Location 
mportant? 11 Land Economics, Vol .40, p. 176. 

. ..• · .•.. 



2. When firms sell over a market area, their site selections are 
.inRuenced greatly by the location of rivals. 

3. In selecting a plant site, each firm seeks that place which offers 
the optimum sales output at a cost that cannot be matched elsewhere. · 

4. When firms sel I over a market area, the force of concentration is 
greater in the event of unequal costs at alternative locations than in the case 
of equal costs at al I sites. 

5. When firms sell over a market area, the tendency to disperse 
depends upon the height of freight costs, the elasticity of the demand function, 
the characteristics (slopes) of marginal costs, the degree of competition in 
location, the degree of competition from substitutable products at the various 
locations and the homegeneity or heterogeneity of the firms belonging to the 
industry. 11 

14 

In the primary stages of site selection, the computer programs are 

being used to a greater extent in handling geographic and demographic market 

data. The vast amount of data regarding population, purchasing power, age 

groups and many other factors can be processed in a relatively short time. Charles 

A. Taff 12 states I inear programming is a very useful tool in determining the best 

geographical location in a complex location problem. Programs can also be used 

in problems of plant size, mode of transportation and size of inventory. Through 

programming an equation system is created which can have a continuing benefit, 

since subsequent site problems can draw upon the analytical results and stored data 

from an initial exploration o_f _site factors. 

In summary, a frontier family or unit tends to s~ttle in an area because 

it is easy to clear the land or water is available. Others locate in the same area 

l l Greenhut, Land Economics, pp. 268-269. 

tat· 12Charles A. Taff, Management of Physical Distribution and Transpor-
~, 5th ed. (Illinois: Richard D. Irwin, 1972). 

- ----1 
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for the same reasons or to be near those already settled. All people may not be 

able to live in close proximity so other locations are established. For a society 

which engages predominantly in agricultural activities, the conceptual framework 

developed by Von Thunen and his followers is illuminating. 

It is true that the father of location theorists, Von Thunen, who was 

far in advance of his time, did progress somewhat toward a general locational 

analysis. It may have been his interest and experiences in the operation of his 

estate that served to restrict the generality of his abstract thinking. Von Thunen's 

theories were the beginning of location theory and were primarily agriculturally 

oriented. Weber, Hoover, Green hut and others followed with location theories 

related to industrial application with emphasis on transportation costs, labor costs, 

agglomerative costs and demand factors. It is important at this point to note that 

transportation costs are considered in the theories of each author. 

The transportation problem is adaptable to linear programming. Linear 

programming is the solution of problems dealing with allocation of materials from 

sending points to receiving points. These problems may occur when one must de­

termine how materials should be routed among departments in a plant, or it may 

occur in problems associated with separate plants. The object of the transportation 

method is to yield optimal answers in terms of minimizing shipping costs. To find 

an optimal answer, several procedures can be used. A complete discussion of the 

transportation method may be found in Hopeman.13 

13Richard J. Hopeman, Production Concepts Analysis Control, 2nd ed. 
(Columbus, Ohio: Charles E. Merrill Publishing Co., 1971), p. 202. 

. .. . ·•-.. 



Inventory Logics 

There is a great deal written on the subject of distribution but very 

little written on actual inventory logic required in a distribution enviornment. 

Perhaps the lack of prior research in inventory logic can be attributable to the 

observation that the employment of basic inventory control logic is unique to the 

product and goals established by each manufacturer. 

16 

Robert W. Porter states the problem of multi-level inventories has 

existed for some time and a number of approaches have been taken. Some of these 

methods are described as the Cascading System, the Double Order Point System, 

the Sales Department System and the Push Allocation System. 14 

In the Cascading System, the interactions between the central ware­

house and the branch warehouses are mostly ignored. At the branches, the order 

deci,i.on is made independently. The order amount is usually a calculated or 

fixed economic order or shipping quantity which does not relate in any way to the 

inventory status of the balance of the system. The order point which is used to 

make the order decision would normally include safety stock to protect against the 

variability in the local demand and would be based on the time required to get an 

order from the central location. 

14Porter, Centralized Inventory Management, p. 81. 

-----1. 
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The demand pattern at the central warehouse becomes very erratic in 

this system because of the relatively large, random orders from the branches. The 

central warehouse order point must provide a large amount of safety stock to protect 

against the large fluctuations in branch requirements. 

The other approaches to the multi-level inventory problem include 

attempts to reduce the excessive stocking requirements at the central location. 

The central warehouse order quantity is calculated the same way for all approaches 

discussed by computing Economic Order Quantity (E. O. Q .) based on total system 

demand. 

In the Double Order Point System, two order points are used at the 

branch locationso One of these order points is based on the resupply lead-time as 

in the Cascading System. The other order point is based on the combined lead-time 

required to get an order from the vendor to the central location and then ship to 

the branch. This second order point is used to set a switch at the central location 

warning of a pending resupply order. The order quantity at the branch is de­

termined the same way as the Cascading System. 

At the central warehouse, the prime order point is based on the local 

demand only and its variability d~ring the vendor lead-time o Each time a branch 

sets its switch by tripping its second order point, the prime order point is increased 

by the amount of the branch order quantity. The switch is reset when a resupply · 

0rder is sent to the branch. This results in a variable order point system. The 

theory of this approach is that no safety stock is carried at the central location 

•... · .•. 



for branch requirements; but by anticipating these requirements, it is possible to 

have stock available most of the time. 

18 

In the Sales Replacement System, the main feature is the method of 

restocking the branch warehouses. A stocking level is periodically established for 

each item at each location based on local demand. At the end of each replenish­

ment period, shipments are made to each branch to bring them up to their respective 

stocking levels or in other words to exactly replace the sales during this period. 

The replenishment period is usually chosen to adjust the shipment size to a con­

venient level, such as truck load lots. The stocking level must be a time supply 

which exceeds by some margin the usage during the replenishment period plus the 

replenishment lead-time. 

At the central location, the order point is determined in the normal 

manner. Since the demand is brought into the central location on a regular basis, 

the demand variability is reduced, resulting in lower safety stocks. 

The main features of the Push-Allocation System are the way the 

decision to place a vendor order is made and the way the order is distributed when 

received. Only one order point exists in this system, and it is determined based on 

total system customer demand and its variability. The resulting order point is 

compared against the total system on hand and on order. 

When the order is received, the total stock in the system is immediately 

d" t "b . is ri uted to give an equal time supply plus safety stock at each location. The 

all t · ~ oca •on or the central warehouse is based only on local customer demands. No 

attempt is mode to restock branch warehouses until another vendor order is received. 

----
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In actual operation, the safety factor used to determine the safety 

stock portion of the total system order point must be somewhat higher than normally 

used, because the total system demand variability is always less than the sum of the 

individual location demand variabilities. 

Gustafson and Hageman suggest that managing a complex business with 

multiple warehouses and inventories must be simplified. There are a number of 

helpful techniques. Three important techniques are (1) control by importance and 

exception (CIE), (2) proportional value analysis (PVA) and (3) rolling forecasts.15 , 

Control by importance and exception (CIE) is a management style that 

closely controls that item which is of major importance to the firm's operation, 

measured in profit expectations, and pays minimum attention to those which are not. 

CIE is a common and intuitive practice used almost unknowlingly by inventory 

managers in the course of their daily activities. 

The purpose of proportional value analysis is to classify stocked items 

into ranking categories based on value and use. The sorting out process lists the 

factors to be controlled in descending order of dollar volume. For example, Table 

lists the first five product items in descending order of dollar sales importance. 

I II 15John F. Gustafson and Robert G. Hageman, "Logistics - Growing 

1':J;
6

)ectual Entourage," Production and Inventory Management, (Third Quarter 
, p. 1. 

• · · ~ t - . • 
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TABLE l 

EXAMPLE OF FIVE ITEMS ARRANGED 

IN DECENDING ORDER OF DOLLAR VOLUME 

Item $ Value Percent Accumulated Value Accumulated Percent 

l 1670 11.3 1600 11.3 
2 956 6.5 2556 17.8 
3 918 6.2 3474 24.0 
4 782 5.3 4256 29.3 
5 768 5.2 5024 34.5 

Figure 2 depicts the total product line graphically while Table 2 

summarizes the relationships. 11A 11
, 

11 B11 and 11 C 11 have been assigned to items to 

indicate that different types of management attention will be given each product 

group. 
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TABLE 2 

DISTRIBUTION OF CURRENT FINISHED 

GOODS ITEMS BASED ON ONE YEAR'S ACTIVITIES 

ITEMS DOLLARS 

21 

Accumulated Accumulated 
Class Number Percent Percent Amount Percent Percent 

A 36 26.8 26.8 112,000 76.0 76.0 
B 34 25.4 52.0 21,200 14. 1 90. 1 
C 64 47.8 100 14,200 9.9 100 

Total 134 147,400 

The heart of logistics is proper management of all inventories. The 

demand forecast provides an important input into the system by supplying unit 

withdrawals from warehouses. While the unit forecast is used throughout the 

logistics system, its most important audience is inventory management. The fore­

cast can be used to review the unit inventory record which contains safety stock 

levels and reorder points. 

Wolf Bender points out that distribution strategy deals with short-term 

(daily/weekly} operating decisions including, How, How much, When, and What 

products to ship from a given pla~t to a given warehouse. · It is assumed that all 

long-term decisions have already been made in a general business plan. 

An answer to "How to ship" question is provided by the availability of 

CSI t k· rue •ng versus leased trucking or common carrier costs. However, the size of 

load and distance traveled may dictate the transportation mode chosen. The 
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"How much to ship" question is normally answered by the classical economical order 

quantity (EOQ) formula: 

EOQ = (2•AF/CC%U) 1/2 
Where: 

A = annual demand 

F = fixed cost of ordering 

CC= cost of carrying inventory, as a percent of selling cost 

U = unit cost 

The answer to the question of "When to ship" is determined by the 

policy of shipping as late as possible to prevent any stock out. Implementing this 

policy requires having reliable estimates of the future average weekly consumption. 

The predicting or forecasting demand is best performed by computer 

software packages such as IBM's Impact or similar programs available on the market 

today. The data base . for the forecasting is the actual demand history. 16 

Porter, Gustafson, Hageman, and Bender all stress the importance of 

the accuracy of the forecast. The forecast must be developed for each stocking 

location and the warehouse demand against the central warehouse measured as an 

additional demand. Computer software packages designed to develop statistical 

forecasts provide the best results. The standard inventory concepts of EOQ, safety 

st0ck and reorder point,which have been applied for years to simple inventory 

situations, may also be applied to complex multi-level distribution inventory en­

vironments. Care must be taken, however, not to indiscriminately apply these 

tlnd 
16

':"0 lf Bender, Computerized Procedure for Inventory Distribution 
Con~ontrol, American Production and lnventori-C~trol Society, 19th Annual 
- rence Proceedings (Atlanta, Georgia, 1976), pp. 536-544. · 
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techniques without regard to the strong tendency to increase the dollar investment 

in inventory at each site. 

Methodology 

Site Location Selection 

Although site selection is a very important decision, it does not neces­

sarily mean that the methodology used in each situation is the most analytical. 

Management in some companies simply use their business experiences, knowledge 

of marketing, and other factors as a basis for selecting one or more sites felt met 

future product availability requirements. Consultation with top executives usually 

narrows the list of possible sites and management subjectively chooses the best 

location. Under these circumstances, the decision is largely judgmental and some­

what intuitive. 

Weber suggested locating the warehouse in an area which results in 

minimum product/material movement and take advantage of agglomerative forces 

by locating close to related industry. Greenhut pointed to the importance of 

customer demand locations. The initial test site locations used for this study were 

selected considering twelve major demand locations in the United States and the 

two present manufacturing locations. The initial selection of the six test sites 

provided the basis for determining the area with the lowest transportation cost. 

Additional sites were then chosen in a logical sequence to further define the 

Optimum location. L t · Id h b d I d h h eas cost rings cou t en e eve ope as t e ware ouse was 
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moved from location to location and the transportation costs calculated. See map 

Figure 3. The six selected test sites for warehouse locations were then analyzed 

using the transportation method approach described by Hageman. This analysis was 

performed in order to determine the site for minimizing the transportation and labor 

costs. 

The Buslib. "Transpo. 11 computer program of Youngstown State University 

program library was used to perform the transportation method analysis. The 

transportation method is a linear programming model designed to minimize a sing le 

linear function referred to as the objective function. The basic solution method is 

applicable to many problem situations and derives its name from its early use in 

transportation scheduling. The transportation method requires three sets of data. 

1. Individual demand required at each demand point. 

2. Individual supply from each supply point. 

3. Transportation cost per unit from each supply point to each demand 

point through warehouse. 

The generalized mathematical statement to be minimized through the 

use of the transportation method is as follows. 

Min~ ~ C·· X·· 'I 'I 

Subject to: 

Demand ·cost, i X·· 'I 
> D· I (al I j) 

Supply cost, i X·· 
'I 
~ S· I (all i) 

Non-negativity, Xij > 0 (all ij) 

(i=l •••• n; j=l. ••• m) 

----1. 



.Fig. 3. 
cost by site • 

Map of various site locations listing transportation 

~ 
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Where: 

C equals transportation costs between source i and destination j. 

X equals amounts to be shipped between source i and destination j. 

The labor cost (LC) incurred at each site is then added to the transpor-

tation cost to find the lowest total cost (TC) location of the six potential sites. That is, 

TCmin = LCn ' + TCn 

Where: 

TCmin = minimum total cost. 

LCn = labor costs at site n. 

TCn = transportation cost at site n. 

Inventory Logic 

The inventory logic employed in this study was based on the standard 

concepts normally utilized in inventory control • 17 These concepts were applied 

selectively to the inventory to reduce the increased investment necessitated by 

establishing another stock keeping unit. Stock keeping units are defined as a 

separate location where inventory is stored. 

The goals of improved customer service and optimum investment in 

Inventory are in opposition to each other and must be balanced. The higher the 

level of customer service required, the higher the level of inventory investment 

and the lower the turnover. This relationship is shown graphically in Figure 4. 
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The introduction of additional warehouses or inventory po!nts requires 

added total inventory in the distribution system. Philip E. Neff18 in an article 

titled, Inventory Dynamics and the Distribution System illustrates this relationship 

with the charts in Figure 5, page 28. 

The theory behind the increasing cost associated with increasing 
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numbers of warehouses can be illustrated using the standard EOQ formula. A segre­

gation in the market demand caused by going from one warehouse to two warehouses 

results in a higher total EOQ calculation. Since average lnvestment in inventory is 

generally stated as one-half EOQ plus safety stock,any increase in total EOQ will 

Inflate the total investment in inventory. Also the safety stock is based on the 

deviations from the trend (mean absolute diviate) and the separation of demand will 

• 
18

Philip E. Neff, Inventory Dynamics and the Distribution System, 
rican Prod t' · d. uc •on and Inventory Control Society, 22nd Annual Conference 

cee •ngs (S t • Louis, Missouri, 1979), p. 80. 



$ 

$ 

$ 

# 1 Warehousing 

No. of Warehouses 

#3 Primary Transportation 
(Plants to Warehouse) 

No. of Warehouses 

#5 Total Distribution Cost 

No. of Warehouses 

$ 

$ 

28 

#2 Inventories 

No. of Warehouses 

#4 Secondary Transportation 
(Warehouse to Customer) 

No. of Warehouses 

Fig. 5 Relationships between number of warehouses 
and total annual dollars. 



29 

have a tendency to restrict the numbers of demand, increasing the chance of greater 

deviations since there would be less of a cancelling effect. 19 

The effect of a split in demand on gross EOQ, assuming the use of the 

standard EOQ formula can be illustrated by the following example: (also see Figure 6) 

EOQ = (2·AF/CC%U) l/2 

Where: 

A = annual demand, $1,000 

F = fixed cost of ordering, $20 

CC = cost of carrying inventory, $ • 30 

U = unit cost, $300 

Using total demand: 

EOQ = (2xl000x20/.3x3)1/2 = 210 

Using spITt demand: (assume 600 & 400) 

· EOQ = (2x600x20/.3x3) l/2 = 163 

EOQ = (2x400x20/. 3x3) 1/2 = 133 

Total EOQ for split demand equals 163 + 133 or 299. 

The methodology for developing the inventory rules entailed de­

termining the service demand by market served by each warehouse location. This 

demand was then used to develop the dollar value in terms of annual sales activity. 

The calculation is as follows: 

$ volume= ~emand/year)x cost of part 

Edw d 19For a complete discussion of this effect see Donald J. Bowersox, . 
Ny~~h Smykay _and Bernard Lalonde, Physical Distribution Management (New York, 

• e MocM11lan Company, 1968) p. 218. · 
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The dollar volume of each part number in the warehouse inventories was then 

arranged in descending order to produce what is referred to as an A.B.C. inventory 

classification described by Gustafson and Hageman.20 The A part numbers were 

those that account for the top 80% of the dollar volume; B, 15%; and C, the 

remaining 5%. 

The task of minimizing the inventory increase in inventory investment 

employed the technique suggested by Porter. The Push-Allocation System was 

applied to the A items (high dollar items) where the order point and order quantity 

is based on the total system demand on hand (stock) and on order balances. This 

technique substantially reduces the negative effect on the inventory by allowing 

the EOQ calculation to be based on total demand and the shipment split to the 

proper warehouse. The Band C items may use the Cascading System approach with 

relatively low impact on the inventory due to the smaller dollar volume. 

20
Gustafson and Hageman, Production and Inventory Management, 
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CHAPTER Ill 

ANALYSIS OF THE PROBLEM OF 

SITE LOCATION AND INVENTORY POLICY 

Marketing Justification 

The corporate marketing group justifies the addition of a service parts 

distribution center on the rationale that the market share will be increased when 

service is improved. This market share increase is expected to result in higher 

volumes and higher total profits. The customer service improvement will be brought 

about by the following factors: 

1. Establishing a warehouse near demand markets which will shorten 

the lead-time to the customer. 

2. The warehouse will be operated as a separate profit center with 

separate management organized and directed toward high customer service ob­

jectives. 

3, The warehouse will have responsibility for the inventory, turnover, 

and high service oriented goals. 

The corporate marketing staff prepared the sales forecast shown in 

Table 3• The forecast illustrates the market potential with and without the ad­

ditional warehouse. The marketing forecast is based on the input and judgment of 

Id sales rep t • resen at,ves after extensive customer contact and market research. 

- --1 
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TABLE 3 

MARKETING FORECAST 

(000) 

1979 1980 1981 1982 1983 1984 

No Warehouse 7,194 7,913 8,704 9,575 10,532 11,586 
% Increase 10% 10% 10% 10% 10% 

With Warehouse 8,633 10, 187 11,614 12,891 14,825 
% Increase 20% 18% 14% 11% 15% 

The sales forecast by the marketing group indicated a substantial percentage of 

increase, however, the sales increase must be weighed against the cost of the 

achievement. The following quantitative justification examines the overall cost 

imp Ii cations. 

Quantitative Justification 

A complete cost study was prepared comparing the present one ware­

house concept versus the proposed two warehouse configuration. The initial step 

was to use the transportation method to determine the least cost location of the six 

potential sites chosen by corporate management. The · least cost site was chosen 

based on least transportation and labor costs, while other costs such as, land, 

building, and taxes were assumed equal. (The difference in land, building, and 

taxes was assumed to be insignificant and would not change the outcome.) 

The cost st~dy i ndi cotes that warehouse two was justified if the 

lllarketing est· t •ma es are correct. The five year projected income ofter taxes is 
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increased by $1.967 million or 18%. The comparative income estimates, income 

statements, and supporting schedules are included in Appendix A. 

The increased revenue of $1,967 million over five years is ac­

complished with an initial capital expenditure of $1.232 million for land, buildings, 

and equipment. 

A summary of the transportation and labor costs associated with the six 

potential sites of warehouse two is shown in Table 4. 

Transportation 
Cost 

Labor Cost 

Total Cost 

TABLE 4 

SUMMARY STATISTICS OF TWO 

WAREHOUSE CONFIGURATIONS ($) 

(000 omitted) 

NC 

384 

106 

490 

Site of Warehouse No. 2 

AL 

399 

127 

526 

TX 

435 

150 

585 

co 

436 

145 

581 

MS 

430 

145 

545 

OH 

425 

175 

600 

The explanation of the development of the statistics shown in Table 4 is 

in the following section, pages 34-39. 

Site Location Selection 

The Youngstown State University Transportation Program was used in 

computer oryalysis of the selected sites. The ~ram is designed to minimize 



the distribution or transportation costs for a fixed multi-facility situation. One 

warehouse is fixed, and the second warehouse is placed at six strategic locations 

and the distribution costs analyzed for each of the six locations. 
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The six locations were chosen based on desirability, marketing, existing 

facilities and judgment. The six locations are as follows: 

Wl. Charlotte, North Carolina 

W2. Mobile, Alabama 

W3. Dallas, Texas 

W4. Denver, Colorado 

W5. St. Louis, Missouri 

W6. Cincinnati, Ohio 

The twelve major demand sites, ex"isting supply, and warehouse and 

potential warehouses were located on a map (Figure 7) with D indicating demand 

site, W warehouse, and M supply source. 

Demand Locations (D) 

The twelve demand locations represent the twelve major service parts 

markets which account for 87% of the volume. The demand quantities associated 

with each demand point are based on actual existing data for 1979. The demand 

quantities expressed as pounds of parts are shown in Table 5. 
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TABLE 5 

DEMANDS IN THOUSANDS OF POUNDS 
(000 omitted) 

Dl 397 D7 135 
D2 331 D8 112 
D3 253 D9 106 
D4 211 DlO 103 
D5 182 Dll 86 
D6 154 Dl2 80 

Total Demand= 2150 

Supply Locations (M) 

The two supply locations ore existing and have the equal capability 
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of supplying the various demand points up to the capacity of each location. However, 

all supply cannot be through any one warehouse. Supply capacities in pounds of 

parts are shown below (in 000). 

M1 = 1,604 

M2 = 546 

Total Supply = 2, 150 

Warehouse Locations (W) 

The existing warehouse location is identified as 8N and the balance 

of the potential locations as Wl through W6. Each warehouse can ship to any 

market Dor between warehouses. The warehouse processing capacity is limited 

only by the total available supply. 

---4 
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Transportation Costs 

Transportation costs are based on average freight costs for 2000 lb. 

shipments between typical cities. This computation yielded a cost per pound mile 

of$ .00015. Application of this rate to the various warehouse locations determined 

the transportation costs associated with each situation. See Appendix B. 

Transportation Method Results 

The transportation method results indicate that the North Carolina 

site location provides the least distribution cost. Results by location are as fol lows: 

TABLE 6 

SITE DISTRIBUTION COSTS 

Site 

One Warehouse 
Charlotte, North Carolina 
Mobile, Alabama 
Dallas, Texas 
Denver, Colorado 
St. Louis, Missouri 
Cincinnati, Ohio 

Cost 

$449,451 
384,078 
399,689 
435,768 
436,261 
430,496 
_425,880 

The determination of Charlotte, North Carolina as the least cost site 

of the six suggested by corporate management provided the basis for additional 

testing analysis. Since Charlotte, North Carolina may not be the optimum location, 

additional points were tested near the Charlotte area. This testing revealed that 

the Charlotte h I . area was t e east cost location. A visual analysis of the map on 
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page 36 illustrates as the site is moved away from the Charlotte area the costs 

increase. · The least cost area being within the ring connecting Atlanta, Georgia, 

Knoxville, Tennessee, and Danville, Virginia. 

In addition to the transportation costs shown above, labor costs were 

incurred at the various sites. The overage labor costs by state were obtained from 

the Handbook of Labor Statistics and extended for thirteen employees for 2000 hours 

per year. This extension indicated labor costs in North Carolina at $106,600 per 

year, which was $20,000 less than the next least expensive site, Alabama. 

Inventory Control and Distribution Logics 

The Present Inventory Concept 

The current inventory control system is a computer based, order point 

approach utilizing statistical forecasting and bill of material processor for re­

quirements explosion. Explosion is defined as an extension of a bill of rriaterial 

into the total of each of the components required. 

Sales orders were entered through an IBM Model 3741 on a floppy disc 

and then batch transferred to the Honeywell Level 66 host computer. New sales 

0rders are updated daily on the open sales order file. This open sales order file 

rves as a complete listing of all open sales orders and can be displayed on a 

QT screen located in several production control offices. The sales file may be 

ed and displayed by sales order number or by part number. 

Stat· t.
21

Y-S. Department of Labor Bureau of4abor Statistics, Handbook of 
1. IS •cs, Bulletin 2000 (Washington DC: Govemment Printing Office, 1979), 
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The daily update of sales order~ was also accumulated for a weekly 

explosion of assembly requirements and a gathering of service parts requirements. 

These requirements are added to the inventory status report in the proper date 

bucket. The date bucket was developed by a predetermined set of logics which 

considers the request and promise dates, the assembly, test, shipping and/or 

processing time. These requirements, together with a computer based statistical 

forecast are the basis for generating reorders. 

Sales order changes and shipments also update the sales file daily and 

are accumulated to update the stock status report weekly. The new orders and 

order changes plus, minus, and move requirements which are used in the inventory 

replenishment system. 

Currently, al I sales order requirements and inventories are listed in a 

single data base for a three plant operation. Two plants produce machined com­

ponents while the other is an assembly, test, and warehouse facility. 

Reorders of manufactured and purchased parts are based on the standard 

reorder point approach. Component parts are classified as specials or standards 

with the specials being reordered based on requirements and the standards based on 

the higher of requirements or forecast. (Both classes are . reviewed through lead-time 

plus one week for paper processing.) 

The forecast used in developing reorders is computer calculated based 

on sales (demand) history. The Honeywell software package developed a trend line 
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with seasonobil ity, selects the best alpha f~ctor22 and projects a monthly forecast 

for the next twelve months. The new month of actual demand is compared to the 

forecast at the conclusion of the month, and the difference heavily weighed in 

calculating the next month. Even with the weight of the most current months, the 

forecast hos a tendency to log in a changing market. 

The inventory will consist of all port numbers with servi~e demand 

history and those ports with no recent demand. Otherwise, the service warehouses 

will store the inactive and obsolete parts which ore presently stored at the assembly 

facility. Inactive and obsolete ports will most likely be sold as service ports, 

therefore, logically should be stored at the service facility. Also service ports 

are sold at a higher profit margin so the service distribution center can bear the 

expense of the slow moving inventory and still :;how a higher than normal profit. 

The Second Warehouse 

In establishing the new warehouse for a particular market, it was 

necessary to identify that market and collect the sales histories of ports. This sales 

history or shipment record will be referred to as demand history. Since the present 

demand history data base e~~ompassed the total market, it was necessary to write 

0 computer program to segregate the demand by market. 

th 22
For definitions of alpha factor, seasonability and basic forecasting N;~~ see R.G: Brown, Statistical Forecasting For Inventory Control (New York, 

· cGraw-Hdl Book Company, Inc., 1959) pp. 1-25. 
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Commercial Shearing, Inc., corporate policy directed that the remotely 

placed warehouse will be operated as a separate profit center under the management 

of a service parts manager reporting to the Vice President of Sales. The warehouse 

inventory is to consist of service part numbers with service demand histories as wel I 

as those parts with no recent demand history. Inactive and obsolete parts wil I 

likely be sold as service parts. Therefore, the service warehouse will store the 

inactive and obsolete parts which are presently stored at the assembly facility. 

Because the service parts are sold at a higher profit margin, the service distribution 

center can bear the expense of the slow moving inventory and still show a normal 

profit margin. Customer sales orders wil I be transmitted directly to the, warehouse 

through an IBM Model 3741 data entry machine, similar to the present Commercial 

Shearing, Inc., corporate approach using a separate inventory data base. The 

warehouse data base will be structured to utilize the service parts demand history 

for its -local market. 

ABC Classification of Inventory 

Once the separate demand base for service parts by market was es-

tablished, sufficient data was ~v~ilable to develop an ABC inventory classification. 

The annual service demand was multiplied times the standard cost to arrive at the 

annual dollar volume. These annual dollar volumes were then arranged in descending 

Orcler which provided a ranking of all inventory part numbers. The computed ranking 

Yfould be used in the creation of the inventory control logic for the warehouse. 11 A 11 

numbers were said to be those that typically account for the top 80% of the . 
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dollar volume. 11 B11 part numbers accounted for the dollar volume between 80% and 

95%. 11
(

11 part numbers accounted for the balance of the volume. The classification 

of parts was as shown in Table 7. 

TABLE 7 

ABC CLASSIFICATION 

Amount of 
Class No. of Parts % Volume % 

A 389 13 6052 80 
B 608 20 1135 15 

C 2051 67 379 5 

Total 3048 100 7566 100 

Honeywel I Forecaster Software 

The warehouse service demand history by market can be used as input 

to the Honeywell forecaster software package to generate a statistical forecast, 

EOQ, and safety stock calculation for each part number. The statistical forecast 

model was based on the concept outlined by R. G. Brown23 while the EOQ and 

safety stock cal cul at ions was based on the standard formulas suggested by Greenf4 

New Warehouse Size and Doi lar Investment 

To perform the initial planning for plant size and inventory investment, 

a trial inventory profile was developed. This profile was prepared by the computer 

23Brown, Statistical Forecasting For Inventory Control, pp. 1-25. 

24
Greene, Production and lnventory- c!ntrol Handbook, p. 14.3. 
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utilizing a special program written for that purpose. The inventory profile listed 

the port numbers, prices, and total dollar value expected to be inventoried at the 

warehouse during the start-up phase. The profile listed the following data. See 

page 45. 

1. Total average dollar investment required. 

2. Total average pieces stored. 

3. Individual part numbers to be moved to the warehouse. 

4. Quantity of each part to be moved to the warehouse. 

5. Annual new warehouse demand for the past year. 

6. Annual existing warehouse demand for the past year. 

The quantity of ports that was cal culc1ted to be moved to the new ware­

house was based on the following rules and assumptions. 

1. Part numbers with only a~ warehouse demand history would have 

all available inventory transferred to the new warehouse. 

2. Part numbers with only old warehouse demand history would have 

all available inventory remain at the old warehouse. No future sales of the port 

numbers would be expected at the new warehouse, based on historical data. 

3. Part numbers with mixed demand history would have the available 

inventory factored on the basis of past demand. That is, an inventory part with a 

demand history of 10% old warehouse and 90% new warehouse would have the 

Inventory split proportionally. The old warehouse would retain a maximum of one 

EOQ plus safety stock with the balance being transferred to the new warehouse. 

new warehouse would then bear all available inventory excesses. 
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The results of this inventory profile indicate that 374 part numbers be 

stored, h~ving an initial inventory value of $3.3 million. The inventory value 

was not additional inventory, but rather existing inventory which would be re­

located. 

New Warehouse Control Logic 

The creation of an additional warehouse or stock keeping location 

(SKL) requires determining forecasts or knowledge of the following variables: fore­

cast of use (demand), EOQ, lead-time, safety stock, and reorder point at each 

SKL. A detailed discussion of these variables, their forecasting problems, and 

related calculation methodology is given in the paragraphs that follow. 

Forecasting is the foundation for any inventory control system. The 

need to separate the inventory into several SKL 's suggests a separate forecast at 

each SKL to identify and measure local market demand characteristics. However, 

the possibility of SKL 11A11 requesting material from SKL 11 B11 suggests 11 8 11 operate on 

a forecast which is the sum of "A" and 11 B." 

EOQ calculations require the use of an accurate SKL forecast. It has 

already been shown that EOQ generated for split forecasts significantly increase 

the dollar investment in inventory. This problem suggests that the total forecast 

be used on the EOQ computation and the total lot be "split shipped" (segregated 

by deSt ination) to the various SKL 's. 

The replenishment lead-time of a given part must reflect the total time 

ded to obtain the part from the source specified. The location of the parts 
! - ~ 



source can dictate that the part have a variety of lead-times, if the part must 

originate from a vendor or from another warehouse or from the vendor through the 

warehouse. 
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The safety stock at each SKL is a function of the deviations from fore­

cast demand. The addition of more SKL's suggests less demand because the market 

area is smaller, therefore, there occurs a higher risk of random demand. Also, if 

one warehouse obtains parts from another warehouse in large quantity, the order is 

a demand deviation. The larger quantity would be outside the normal or trend of 

overage demand and would create a higher safety stock calculation. 

The reorder point can be based on the SKL demand during lead-time 

plus safety stock or be based on total demand and total lead-time to SKL and total 

safety stock. As was pointed out by Porter25 several options exist when analyzing 

the reorder me ch an i cs. 

Applying the Control logic 

Gustafson and Hageman26 suggest excercising close control of ex­

pensive parts through ABC analysis. 

The application of this technique to identify the part numbers which 

account for the top 80% of the investment in inventory provides the basis for lot 

sizing based on total forecast. Control of the class "A" produced parts would be 

25Porter, Proceedings, p. 81. 

26G ustafson and Hageman, p. 1. 

---1 
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based on a total forecast and corresponding lot size. This approach would counter­

act any effect of split forecasts increasing the average investment in inventory. 

An example of the proposed control logic is as follows: 

Estimated Avg. Inventory 
Forecast EOQ Safety Stock (1/2 EOQ + S.S.) 

Warehouse A 600 163 50 131 
Warehouse B 400 133 33 100 

Total 1000 296 83 231 

Warehouse A&B 1000 210 83 188 

The cal cul at ion of the EOQ based on the total forecast reduces the 

average investment by 43 pieces (from 231 to 188). This method of control of class 

A parts is best executed by utilizing blanket ordering (projected monthly contract 

release} with inventory balancing at the time of vendor shipment. (Inventory 

balancing is defined as determining the current level of stock at each S!(L and 

splitting the vendor shipment accordingly, resulting in a proper stock level at each 

SKL.) Since this procedure must be done manually at the time of shipment and for 

the quantity being shipped, it is not recommended to be used throughout the 

inventory. This approach is similar to Porter1s27 Push-Allocation System, however, 

the inventory balancing is done at time of shipment so that direct shipments are 

possible. This reduces handling costs and transport time to ultimate destination. 

27Porter, p. 81. 

- ----1. 
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The Class B standard purchased components utilize Porter 1s28 Cascading 

System approach. The new warehouse would order parts from the existing ware­

house where demand exists in both markets. For the case where demand exists in 

only one market, see logic under Class B special below. The total forecast and/or 

requirements will be used to calculate the EOQ, safety stock, and reorder print. 

This will provide a normal lot size at the vendor's site. Orders will be shipped to 

the existing warehouse and then transhipped to the new warehouse. The new ware­

house will list a cumulative lead-time which will account for the vendor lead-time. 

Although this approach tends to increase the inventory investment, the adverse 

financial effects of the increase will be minimized because this category of parts 

are low in unit cost. 

The Class B and Class C special purchased parts wil I be acquired inde­

pendently of the other warehouse. Each warehouse will requisition replenishments 

through a central purchasing channel for direct shipment. Each warehouse will 

furnish purchasing with local demand data, inventory balance-on-hand, and an EOQ 

determined by the local forecast. Although this approach has the disadvantage of 

inflating purchase and setup costs, it places primary responsibility and order follow­

up in the hands of the warehouse ·manager., 

The category, Manufactured Parts, will be manufactured and stored 

by the classification, Market, in each warehouse. (See transportation results, 

page 38 •) Each warehouse will list local demand and inventory on hand and local 

28 Porter, p. 81. 
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forecast when calculating the EOQ, safety stock, and reorder point. Imbalances in 

the individual warehouse inventories will be screened by a computer, whose 

program is designed to identify shipments between warehouses that are possible. 

Applied Control Logic Results 

A computer inventory simulation was performed which uses the control 

logic discussed above. The average inventory investment (1/2 EOQ + S.S. x 

standard cost) was calculated using a total forecast for an one warehouse inventory 

case. The forecast was then split for the two warehouse model, and the average 

inventory investment was recalculated. The inventory control logic was applied 

to the simulation,and the average inventory investment was recalculated. The 

results of this analysis are as follows. (See example page 51 ) 

One warehouse (total forecast). 
Two warehouse (split forecast). 
Two warehouse (controls applied). 

Average Inventory 
Investment 

$5,696,162 
6,828, 105 
5,785,434 

The split in the forecast, which therefore resulted in increased EOQ, 

caused a 20% increase in the average investment in inventory. The computation 

results show that application of the control logic created an increase of only 2%, 

as compared to the 20% increase from the previous method. 

---1 
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CHAPTER IV 

SUMMARY AND CONCLUSIONS 

Summary 

The second warehouse for Commercial Shearing, Inc. was justified 

from marketing forecasts projecting increased market penetration from improved 

customer service. Cost studies indicate that after tax income would increase by 

18% over a five year period. 

The selection of North Carolina as the site for the second warehouse 
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was based on minimizing the individual transportation costs incurred utilizing six 

potential sites. The North Carolina site had a distribution cost of $384,078 which 

was $15,611 less than the next least e~pensive site and a labor cost of $106,600 

per year which was $20,000 less than the next best site. 

The inventory control for the distribution system used the ABC classi­

fication of the inventory by market. The increase in the total corporate inventory 

investment is limited based on -gross lot sizing the class A components and splitting 

the shipments to the separate stock keeping units. The balance of the inventory will 

either be purchased from the existing warehouse or direct from the vendor, depending 

on activity, setup consideration, and part value. The movement of low activity 

Inventory between warehouse, although not planned, will be permitted using com­

Puter analysis of both inventory positions. 
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Conclusions 

The selection of the North Carolina site in this study was based on 

several key operating assumptions. The study wou_ld have been complicated con­

siderably if all relevant factors had been considered. The existance of a second 

warehouse was cost justified based on the relative cost factors and forecast 

increases in sales. Transportation costs played an important part in the final 

location decision. In reality, the CS I traffic department understands that rates 

vary with the relative location of source and destination cities and the amount of 

weight in the shipment. As described in the problem statement of this study, many 

variables had to be considered in site selection; however, they have not all been 

included in this study due to the desire to limit the scope of the study. 

In contrast to the exacting detail which may be employed in site 

selection, in actuality, the corporate decision making process is sometimes based 

upon rather flimsy reason, sketchy logic and limited facts. 

The marketing estimates of market growth, importance of service level, 

and their interrelationship is subjective at best. The size of the pirate market cannot 

be precisely defined and the size of the actual market served by the pirates may be 

questioned. The normal business risks inherent in GJII business decision making are 

also present here. Without a substantial increase in sales, the establishment of the 

Warehouse would not likely be profitable. 

The inventory control technique which is suggested here is essentially 

an ap 1· . 
P •cation of an order point technique. The current authors, lecturers and 
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practitioners in inventory control, however, would suggest a material requirements 

planning (MRP) approach. (MRP is defined as the planning of requirements for com­

ponents based upon requirements for higher level assemblies. The production schedule 

is exploded and the results netted against the inventory.) This advanced technique 

wit I be considered by CSI management for implementation after that technology is 

installed in existing facilities. 
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Net Sales 

Variable Costs 

Labor 
Material 
Plant Overhead 

Total Variable Cost 

Economic Profit 
% to Sales 

Manufacturing Overhead 
Manufacturing Profit 

Interest Expense 

Income before Taxes 
Income Taxes (47%) 
Net Income 

% of Sales 

TABLE 1 

INCOME STATEMENT 

IN THOUSANDS WITH ONE WAREHOUSE 

1980 1981 1982 -- -- --
T,913 8,704 9,575 

232 (13) 268 (15) 304 (17) 
3956 4352 4788 

245 270 297 --
4433 4890 5389 

3480 3814 4186 
44% 44% 44% 

100 100 100 
3380 3714 4086 

0 0 0 

3380 3714 4086 
1588 1745 1920 
1792 1969 2166 

22.6% 22.6% 22.6% 

1983 1984 

10,532 11,586 

322 (18) 358 (20) 
5266 5793 

326 359 --
5914 6510 

4618 5076 
44% 44% 

100 100 
4518 4979 

0 0 

4518 4979 
2123 2340 
2395 2639 

22.7% 22.7% 

01 
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INCOME STATEMENT 

fN TffOUSANDS WITH TWO WAREHOUSES 

1980 1981 1982 1983 1984 - -- -- -- --
Net Sales 8633 10187 11614 12891 14825 

Variable Cost 
Labor 154 (13) 178 (15) 201 (17) 213 (18) 237 (20) 
Material 4316 5093 5807 6445 7412 
Plant Overhead 267 316 360 

.. 
400 459 -

Total Variable Cost 4737 5587 6368 7058 8108 

Economic Profit 3896 4600 5246 5833 6717 
% to Soles 45.1% 45. 2°/o 45. 2°/o 45.2°/o 45.3% 

Manufacturing Overhead 258 258 258 258 258 
Manufacturing Profit 3638 4342 4988 5575 6459 

Operating Expense 20 20 20 20 20 
Operating Profit 3618 4322 4968 5555 6439 

Interest Expense (9 .5) 117 78 39 

In come be fore In come T oxes 3501 4244 4929 5555 6439 
Income Taxes (47%) 1647 1994 2316 2610 3026 

Less Inv. tax credit 86 

Net Income 1942 2250 2613 2945 3413 
% of Sales 22.5% 22.1% 22.5% 22.8% 23.0% 

01 
....... 



TABLE 3 

EQUIPMENT REQUIRED FOR SECOND WAREHOUSE 

Air Compressor 
Sweeper - Tennant 
Shipping Scales 
Li ft Trucks ( 1 ) 
Pickup Truck 
lockers 
Containers (baskets) 
Shelving 
Office Equipment and Furniture 

Shipping (tools) 

Gauges 
Benches 
Q.C. Office 

Plant Equipment 

Shipping 

Inspection 

$15,000 
12,000 
15,000 
20,000 
8,000 
5,000 

25,000 
30,000 
6,000 

$136,000 

$ 5,000 

$ 25,000 
2,000 
2,000 

$ 29,000 
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TABLE 4 

CAPITAL INVESTMENT REQUIRED FOR SECOND WAREHOUSE 

LAND 

15 acres at $7, 500/ acre $112,500 

BUILDINGS 

Site preparation= $ 50,000 
Building - 45,000 sq. ft. 

at $20 per sq. ft. = $900,000 950,000 

EQUIPMENT 170,000 

Total Investment $1,232,500 



TABLE 5 

MANPOWER REQUIRED FOR SECOND WAREHOUSE 

STOREROOM 

Pickers 
Receivers 
Truckers 

INSPECTION 

Receiving 

SUPERVISION 

Plant Manager 
Production Control 
Clerk 

9 
1 
1 

2 

13 

3 

- --1 
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TABLE 6 

DETAIL OF LABOR COST FOR SECOND WAREHOUSE 

WAGE 

2000 hours at an average rate of $5. 00 per hour 

FRINGE BENEFITS 

Vacation - two weeks 
FICA - 6. 13% of annual wage including vacation pay up 

to $22,900. 
Unemployment benefits - 3.4% of the first $6000 of wages 
Holidays - eight days 
Group insurance - 2080 hours at $. 15 per hour 

TOTAL ANNUAL COST PER EMPLOYEE 

NUMBER OF HOURLY EMPLOYEES 

TOTAL ANNUAL COST 

--1 

$ 10,000 

400 

613 
204 
320 
312 

$ 11,849 

13 

$154,037 
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TABLE 7 

MATERIAL COST, PLANT OVERHEAD AND MANUFACTURING 

OVERHEAD FOR SECOND WAREHOUSE 

MATERIAL COST 

The average material cost is estimated to be 50% of the sales price. 

PLANT OVERHEAD 

62 

Plant overhead is estimated as a percent of sales at 3. 1% based on history. 

MANUFACTURING OVERHEAD 

Salary and Fringe Benefits 
Real and Personal Property Tax 
Insurance 
Fixed Power 
Others 
Depreciation 

Building (SL 40 years $23,000) 
Equipment (SL 20 years $72,000) 

(SL 10 years $2,600) 

Total 

$60,000 
55,000 
20,000 
15,000 
10,000 

97,600 

$257,600 



TABLE 8 

LABOR COST COMPARISON 

Labor and Fringe Benefits Projected for Warehouse 
Number Two. ( $ 5.70/hr.) 

Labor and Fringe Benefits for Comparable Employee 
at Warehouse Number One. ( $ 8.60/hr .) 

----

63 

$ 154,057 

$ 232,544 



TABLE 9 

WAREHOUSE AVERAGE INVENTORY INVESTMENT SIMULATION 

In order to establish the increase in the average investment in 

inventory with one warehouse versus two, a computer simulation was run. See 

Table 10, page 65. 

The standard EOQ and safety stock were generated assuming all 

service demand to be shipped from one warehouse. The market demand was then 

split and the EOQ's and safety stocks were regenerated for the separate demand 

markets. The average inventory for each approach was calculated by using the 

formula 1/2 EOQ + S. S.times the standard cost. The results are as follows: 

AVERAGE INVENTORY INVESTMENT 

One Warehouse 

Two Warehouse 

$5,696,162 

$6,828, 105 

64 
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TABLE ll 

ANALYSIS OF COST INCREASES 

Supervision and clerical salary and fringe benefits. $ 60,000 

Insurance and taxes. $75,000 

Less reduction at warehouse # l 
for expense associated with 
decreased volume. 

Depreciation on equipment which presently exists 
at warehouse # l • 

(SL 20 year $72,000) 
(SL 10 year $26,000) 

Operating expenses - projected staff increase to 
handle inventory distribution. 

Projected increase in inventory at a carrying cost 
of 15% of $1,131,943. 

$15,000 $ 60,000 

$74,600 

$ 20,000 

$169,791 

66 



TABLE 12 

COMPARATIVE INCOME ESTIMATES 

(000) 

One 
Warehouse 

five year income after taxes. $10,961 
(from income statements) 

Added costs 

Distribution costs +65 

Total income $11,026 

- --1 

67 

Two 
Warehouse 

$13,163 

-170 

$12,993 
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APPENDIX B 

Transportation Costs 

Table l Transportation Costs Table 



All 
Warehouses 

S1 EW .033 
S1 W2 
S2 EW .082 
S2 W2 
Wl W2 

EW1 D1 • 141 
EW1 D2 .089 
EW1 D3 .022 
EW1 D4 .344 
EW1 D5 .326 
EW1 D6 .321 

l EW1 D7 .083 
J. EW1 D8 • 114 

EW1 D9 .071 
EW1 D10 .322 
EW1 D11 • 152 
EVl/1 D12 .022 

TABLE 1 

TRANSPORTATION COSTS TABLE 

NC Al 
(W1) (W2) 

.070 • 141 

0 .089 
.082 • 128 

WD1 .109 .022 
WD2 .078 • 165 

D3 .061 • 120 
D4 .390 .344 
D5 .395 .374 
D6 .361 .302 
D7 • 159 • 174 
D8 • 141 .224 
D9 0 .087 
D10 .389 .359 
D11 • 159 .091 
D12 .096 • 128 

TX co 
(W3) (W4) 

• 178 .213 

• 158 .228 
• 152 • 181 
.076 • 185 
.222 .268 
• 152 • 198 
.257 • 163 
.302 • 187 
.213 .144 
• 150 • 119 
.261 .285 
• 158 .231 ~ 
.277 • 165 

0 • 113 
• 139 • 161 

MS 
(W5) 

.087 

.096 

.059 
• 100 
• 139 
.067 
.298 
.302 
.270 
.078 
• 172 
.096 
.291 
.091 
.046 

OH 
(W6.) 

.038 

.057 

.026 
• 120 
.085 
.016 
.348 
.341 
.322 
.102 
• 126 
.078 
.337 
• 139 
.026 

0-

'° 
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APPENDIX C 

Bus Lib Transpo Program Computer Output 



"' 
~ 

p,_,. ..... ~ ~P~r. r,::y THF. NAMI: nF THF. pqnr.q AM vnu w I SH TO EX ECIJT F.. F.NT F.R I ST AT' FOR ANY 
~TAT/RA~IC PRnr.RAMS. FNTF.R •HALT' TO STOP. 

NnW WHAT nn vn11 WISH TO no? 
T~A"'SPIJ 

nn Yn!I wrc;H rn Ql:VIF.W A TlJTnRlAI_ FOR Tll.ANSPn ? ( YF.S OR NO I 
Mr}-

HAVf! ! VOii CRF.ATE'O YOIIR nATA STATF.MF.NTS YET? (YRS,NO, OR ~ALT) 
NO 

P'. F.A-«;F. F'-JTF.~ A RF.FF.Rl:NCI: NA"II: FOR THF.SI: l)ATA STATE"IF.NTS? 
Wh-RFHnllSE 

FNTFR YnllR l')ATA STATFMNTS ACCORnING TO THF. GENFRAI_ FORM: 
<<;TATF.MCNT NIIMRF.R> l')ATA <VALIJI: · l>,<VAUJF. ~>, •••••• <VALUE N> 

••••••• F. TC ••••••• 
THF. PRF':TS<; FORM re; PRF.SENTF=I) ll\l THF. TIJTORIAU FO~ THI: PROGRAM IN OIJF.STION. 

IWJTT.: IIFTF.R AI_I_ nATA IS F.NTF.REO VOii MIIST ISSUE THE COMMAND <FILE> TO CONTINUE.I 

l\lnw FNTFR YOIJR OATA STATEMFNTS!!! 
Nl=W Ffl.F: 
FnIr: 

l on 
1_ 1 N~ , NnT FOi/Ni') 

l 01) l')A TA 1+ 

2(Jn nATA l4 
:inn OATA lnl)4,54n,?l50,2l50 
4~1) OATh 3g7,331 ,?53,211,182,154,135,117,10~,103,86,A0,2150,2150 

·5nn n•r~ 5on.soo.5o0,500,500,500,500,500,500,500,500,500,33,56 
nrrn nATA 5on,5oo,5no,500,500,5on.soo,500.500,soo,500,500,82,22 
701) l')A TA /t4). R g, 2 2, 341,. '12 6, -:pl , 8'1, l 14, 7 l, 'I 2 2 l ·l 5 2, 2 2, 0, 7 4 
Rrrn nATt.;-f3n,5n,52,:i<n,395,374, 156, 120,22,39·1, 174,91,74,0 
FI•. C - -----

P'.F.Ai:;F. F.NTF.R THE NIJ"IRl:R OF YOIJR OPTIO"'I 1,2,3,4,9 0~ HELP? 
1 

A RASIC TRANSPORTATION PROGRAM 

THROUr.HOIIT THF PROGRAM, VOii MAY ISSIII= ONF OF l!HF. 
Fn1_I_: nWINr, r,r1n1: NIJM8F.RS TO CONTROi_ EXF.CIJT ION OP-TT ONS: 

* • • • • • • • • • • • • • • * • * * • * • * * * • * 
l INSTRIICTIONS FOR nATA JNPIJT 
2 OPTIMIZE THF. l')ATA AI_RF.AnY F.NTF.RF.D 
3 PRINT SOIIRCE CAPACITIES & nESll"INATION RFOlJIREMENTS 

....... ..... 



,., II snu~CI! g DESTINTION 

I\J HII 1 A IIT lON 

S'1llltr:F OFSTIN4TION I/NITS 

I 13 1604 
~ 14 'i4i', 
3 1 3g7 
3 'I 2 53 
3 4 211 
3 5 182 
3 "' 154 
3 7 135 
3 A 3 
3 10 103 
3 1 l RA 
3 12 RO 
3 13 ">46 
4 2 331 / 

, 

4 . A 10g 
4 q 106 / 

/ _/,,.... / 
/ 

4 14 1604 
..,.,,..,., 

TnTl\1. cnsT = s 350911 · ~ 

wn1Jljr) Yntl '· Il<F. Tn Ml''JnIFY THF CIJRRFNT · OATA ANO/-OR RUN AGAIN? 
YP!s 

WHA. nPTION? cqqq FOR OPTION LISTI? 
llT. 

Pt_l'k5F FNTFR THE NIJMAl:R OF YnllR OPTinN 1,2,3,4'·,q OR HELP? 
3 

.Jll~T RE-TYPc: THF. I.INE NIJM8ER WHICH YOIJ WISH TO CHANGE OR USE STANDARD CMS EDIT 
cnMWANOS. WHEN YOU'RE FINISHED WITH ALL CHANr.es TYPE 'FILE•. 
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F l'I. F 

Pt. F~F F.NTER THE NIJMAFR nF YOIIR nPTlnN 1,2,3,'r,9 nR HF.LP? 
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IC0~7l LINF 600: SYNTAX FRRnR AT 3, 

A PJmt;RAM FRRnR HAS OCCIIREO: I I LL ·cHFCK THE Al'OFI LES ANO SFF IF ' CIIN HELP. 

RIJNROA AlnFII.F. 

" r-..:, 



vnu f'AJLFO TO ENTER ENOIJ(';H OATA FOR 

8FTrFII 1. 11,;,c NJ:XT rr-.1:. 

~,nw- PLFASE SPFCIFY vnrrR NEXT AIISLIR COMMANO??I??? 
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131J,1WN 
,,. 

p1_e4,:;,:· SPl!CIFY THI: NA"lF nF THF PROGRAM VOii WISH TO EXECUTE. ENTER •STAT• FOR ANY 
STAT/AASIC PRnGRAMS. FNTFR 1 HALT 1 TO STOP. 

NOW WI-IAT no YOIJ WISH TO 1)0 ? 
T~Al\l<;Pn 

on vrn, W!<;H Tn REVIEW A Tt/TORIAL FOR ·.TRANSPO ? ( YES OR NO ) 
Nr:f-

HAVF. 1 YOU CRl:ATEO YOIJR OATA STATEMENTS YET? IYeS,NO, OR HALT) · 
VE<; 

WHA ~ IS THE Rl=FERFNCf: NAME OF THE ORIGINAL DATA STATEMENTS? 
WA-RF Hn11s E 

PI.F.A-5F F.NTER THE NtJMf\FR OF YOUR OPTinN 1,2,3,t;,,9 OR HELP? 
l O· 

P1. f:A:<;E F.NTl:R THI: NUM"-l!R OF YOIJR nPTinN 1,2,3,4;9 OR HELP? 
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JllsrlltF.-TYPf: THF. L INF Nl )MAFR WHICH Ynu WI SH TO· CHAN(;E OR USE STANDARD CMS EDIT 
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F I~; F= 

P1. EA<; f: ENTl:R. THE NIJ"ll31!R OF YOIJR OPTin"'l 1,2,3,4;9 OR HELP? 
l 

JC02·7.l t_!"'lf: 500: SYNTAX ERROR AT 2, 

A -P~fJ(;RA"l ERRflR HAS OCCIIREn: I 1 1_1_ CHl:CK THF: Af-DFILES ANO SF:E IF I CAN HELP, 

RIJNAOA AIOFILF: 

1. J\F VSRASIC ERROR IC0264 WAS r.ENl:'RATF.O YOUR .l)ATA STATEMF.NT NUMAERS ARE 

;r ~--u-~;-i:·\~:~;~:?::1;;r~~·2};:·;-_::.:·:~ ·:~7?ti 
,. ::ii: ;-, : - .-:--1;·,~~~t -: . 
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• 
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vnu l'AILED TO ENTER 1:11/0IJGH DATA FOR 

lllFXT TJMF.o 

111nw "'· Fl\ c;i: c;Pl;C p:y YnrJR IIIF.XT RIISU R CnMMAND????? 
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P'. ·'""b-'.SF SPF.CIFY THF. NAr,11; OF THF. PROGRAM vnu WISH TO FXEClJTE. ENTER · •STAT' FOR ANY 
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HAVF. Y()IJ i:Rl:IITF.D YOIJR OATA STATE"IF.I\ITS YF.T? (YE-S,I\JO, OR HALT) 
YF!S 

WHAT IS THE RF.FERENCF. NAME OF THE ORIGINAL DA~~ STATF.MENTS? 
WA'Q.r=Hn1J<;F. 

p1 _1:A,;J: Fl\fTF.R THF. NltMRF.R OF YOIJR OPTinN 1,2,3,4·,q OR HELP? 
l 

rcnzel '· {NI: 500: SYNTAX ERRl1R AT 2. 

A P,~nr.RA~ l:RROR HI\S nccuREn: I 'ti. CHECK THE AJ<OFILES AND Sf:F. IF I CAN HELP. 
l 

~ 
RIINRDR A InF I LE 

\. · l'i= VSR/JSIC FRRnR 1cn2M WAS GJ=NF.RATF.·n YntJR nATA STATFfolFNT NlJMRERS ARF. 
MJ<;Pr_,..,:l'f), Pr_l:ASF. CHF.C'< TH': TliHlRIAL FOR THE PROGRA'-1 IN QUESTION TO 
11ATAIN THE PROPER NUMRERS. 

2. l'i= VSR ... SIC FRROR I<:n710 WAS G°FNERATF.n YOlJR -DATA STATEMF.NTS ARE NOT IN THE 
PRnPF~ F()RMAT. THF CORRl=CT FOR~AT IS: 

<STATr=MFNT NIIMRF.R> nATA <VALUE 1>,<VAUJe • 2>, ••••• <VALlJE N> 

3. }',F VSR/JSIC FRROR IC0419 WAS (;FNFRATEO Ynll ~IIILFO TO ENTER f:NOlJGH DATA FOR 
PnR TH~ PRn(;Ril'-1 11\J QIJl:STinN. 

- RFTH'R 1_1 Jt:I( Nl=XT TIMI:, 

~l()\f- PLF.t.<iF SPFCIFY vnrtR NF.XT AIISLIR CO'-IMANO??I??? 
(FifHl=R: ~IJ<;RIIN, RIIS(Nf')F.)(, RF.Nf:W, SAVf:FIU:, OtJ!T, 1.0(;) 
R: T=n,flq/1.3R J;>:22:7R 

i\ l.J<; Rlfl\f 

;l'I 1.rgf 
·• f..l i 

. ;t!;'11 •ti:~ ,v,:;,;:-
1
1:'!l_ 1il11~•; • '1,1·' ;·!,,_ ,..-.,· • .:,.,·, , ~ , . , s ,_ . 

. i!:, f t.1 ,~:.;-::,11,.;~I.' ,..)·,C::~Jilf.Wld:•~:" ..-.·,r: 1,.! ,.~..;,., . .-. ;- .. -.~tl ~ 
i.::r ·:~•- . :·,.!- '::~•.f:"~!lfi}tf,' ':_ :\ :·:~ . : ,·.! ·- '"~ 

~ 

-



'ft ~ f YflS nll Nn t 

fV~S.NO• nq HALT) 

WHAT,~ THF. RFFF.RF.NCE NAMF. OF THF. ORtr.tNAL nA~A STATFMF.NTS? 
WAll"'l•m11c;F. 

p,_,;4,c;,: FI\JTF=R THE NIIMAFR OF YOIJR OPTION 1.2.3.4,g OR HELP? 
l(T 

P•.E~F F~•TER THE NIIMRFR OF YOIJR OPT InN 1, 2, 3 ,4.,g OR HELP? 
3 

,lll'if RF-TYP<= THF l_!NJ: Nl.lMRER WHICH Yntl WISH Tll- CHANr,E OR IJSE STANf)ARO C"IS EOIT 
CnM..,,61\if)S. WHEN YOIJ'RF FINI SHE[) WITH ALL CHANGP.S TYPE 1 FILE 1 • 

,=n1r: 
'i(JO 
snn oara i:;nn.i:;nn,5nn.snn,5no,i:;no.sno.soo,500,500,500,5no,3,,52, 
c;rrn OATA 500,500,500.'i00,500,500,500t500,'i00,500,500,500,33,52 
FI•. F.' 

PI . FA>;E Fr.JTE~ THE NIJ"IRl=R nF YnlJR OPT!n"-1 1,2,3,4.;·q nR HELP? 
l 

A RASIC TRANSPORTATION PROGRAM 

THR'11J(;Hf"IIIT THF PRnGRAM, YOIJ MAY ISSIIF nME OF llHE 
Fn•.l.OWJl\lr, r.nni= I\IIJ"IRf'RS Tn CONTRrJI. 1:Xl:CIJTTnN r)PTIONS: 

"' * * * * 
1 
2 

* * * * * * * * * * * * * * * * * * * * * * 
JNSTRIICTinNS FOR OATA INPtJT 
nPTl"IIZF THE f)ATA ALRF=Af)Y E"-JT~RFO 

3 
4 

PRINT SOIIRCE CAPACITl.f'S & OESlllNATION RF.OUIREMENTS 
PRINT THE cnsr MATRIX 

<; 
(, 

7 
A 
q 

1n 
Wl-'IC-H OPTION 

2 

CHAN(;E THF NIJMRF.R OF SntJRCFS 
CHANGF THE NIJ"lfH:R OF f)ESTINAUONS 
CHAN(;F THE CAPACITY nF A SOIIRCF 
CHAr.Jr,i= THE Rl=QIJIRFMENT OF A n~STINATION 
<:HANGE · THE IJNIT COST AF.TWEEN A- SOURCE & DESTINTION 
STOP 

no YntJ WANT? 

F-TNA•. f)l<;TRIRIJTION 

SntJRp";I= f)l=<;TTNATinN 

l 13 
1 14 
2 14 
3 7 

IJNI TS 

· ·~.:-­
, ij 

1561 
43 
'i46 
331 

. 
i~:·i ?',.t;\.~ .;~i); J={_,i:"·f~Ie:_;~ ~.-, ·=- •::· !:11 - ·.i~:~ \ .,l; .. -~ ;t ·I;:rr:r·. 

~ 

;,.\! m1 ?t~:~~ ;· ~f ~b,M 



1n1111. cn,;1 ,. s 409527 

wni11.n vn,, 1. [Kf: Tn MnO[FY THE CtlRRENT DATA ANO/OR RlJN 4GAIN? 
YF!,t; 

WHA~ hPTTnN? 1999 FnR OPTION lIST)? 
HT 

P•.F.A-SI= FMTF.R THF NIIMRFR ()F YOtlR OPTinN 1,2,'1,'l,9 OR HF.LP
0

? 
3 

.111<; T RE-TYP': THF. I. INF. NIJMRER WHICH VOil ,WI SH Tff CHANGE OR USE STA NOA RO CMS 
cnMM'ANOS. WHEN YOtl 1 RE FINISHED WITH . All CHANGeS TYPE 1 FILE 1 • 

F.011': 
son nt.TA r:;nn,r:;oo,r:;no,c;on,r:;oo,500,c;oo,r:;oo,500-.,500,500,c;oo,33,4R 

· 6nn OATA 500,500,500,500,500,'i00 , 500,500,50B,500,500,500iR2,30 
70n OATA 141 ,A9,22,344, 3 2b,321,A3,ll4,7l,32~,152,22,0,50 
AOO OATA ll3,76,33,369,365~343,130,12R,30,3&l,l47,65,50,0 
FJ\I. F 

P•. F.A-SF ENTER THE NIJMRER OF YnuR OPTION 1,2,3,ll'·,9 OR HELP? 
t 

A R4SIC TRANSPORTATION PR~GRAM 

THR~Hn•IT THI: PRl'JGRAM, YOIJ MAY ISSIJF: ONE l'JF T-HE 
Fnt.1/)WJNr, cnnF NIJMRERS TO CONTROL EXECUTION OPTIONS: 

* • * * • • * * • • • • • • • • • • • • • • • • • • • 
l INSTRIJCTIONS FnR l)ATA INPIJT 
2 OPTIMIZF. THE OATA ALREADY F.NTBRED 
3 PRINT Sf'lllRCF: C4PA1,ITIES & OESl'-INATION REOUIREMENTS 
4 PRINT THF COST MATRIX 
5 CHANr;F THE NIJMAER fJF SOIIRCES 
6 CHANGF THF. NIJMRFR OF OF.STIMATMNS 
7 CHANr;i: THE CAPACITY OF A SOIIRC-F. 
A CHANGF. THE RF:OIIJREMENT OF A OP.STIN,ATION 
9 CHANGF' THE UNIT COST fH:TWEEN A• SOU1\CE & DESTINTifJN 

10 STOP 
WHIC-H OPT In"l no Y()lj WANT? 

2 

EDIT 

fl 1P,IAL ntSTRIRIITinN ~ 

SOlll'KF OFSTINIITION IJNITS 

!'~f . i11l· f~ ~ .~!~r '!;~r,~~{~~:r~~~{~f 1ffif wf-~\~t?· .~·.:~f·;?: ... ~.~·!g · ·t. ::• ] }; ·). . _ ?.· .. ~:?~tSl~~~~!t:·-t:·:tr \ ;. ·, .: .. ~, - 1l~! ·F ,,t .. ' ::. ~ 



1 
1 
4 
4 
4 
4 

4'1 
)01, 

lf>04 

TnT~. cn~T, ~ 405140 

WntJ1;n vn11 I_IKF TO MnnIFV THE CIJRRENT nATA ANl)/lflR RUN AGAIN? 
VI:~ 

WHAT' nPTlnN? 1qqg FOR OPTION LISTI? 
to 

P•. FA-.;Jc ENTFR TH!c NtJMRl:R OF YrJIJR OPTlhN,l.2.3.4.;·q OR HELP? 
3 

.JIIST RF-TV PF THF. I.INF' NtJMRFR WHICH VntJ WI SH TO- r.HAN(;F OR IISE STANl)ARO CMS EDIT 
r.nMMANl)S. Wl-llcN VOIJIRF' FINISH

0

Jcl) WITH Al.I_ r.HANr.e·S TYPE 1 FILE 1 • 

Fn1r: 
5nn l)ATA r:;nn.5nn.500,500.soo.500,500,500,50~;500.500.soo,33.52 
nrrn [)A TA 50(), 500. 500. 500,500, 'i00.500. 500, 'iOO-, 500,500.500. A2, 17 _ .. ...------
700 ()AJA l41,.R9,;?2.344,32n.32l,A3,ll4.71,322d'i2,22,0,n5 -------
R('J'() [),HA llq,1,5.43.3R7,3R7,3'iR.145,126,17,371R,ll,Q,R0,1,5,0 
F l'l.F 

P1. 1:A-.;1: E"JTl:R THE NtJMAlcR nF YOIJR OPTlnl\l 1,2,3.4·;9 nR HF.LP? 
1 

A AASIC TRANSPORTATION PROGRAM 

THRnHGHOIIT THF PRnGRAM. VOii MAY IS.SIIF ONE OF ll'HF. 
Fn1.t_OWl"J(; cnn1: NlJMRF:RS TO CONTRrJI. EXF:C lJTION OP'TTONS: 

* • • * * * * * * * * * * • • • • • • • • • • • • • • 
1 INSTRIICTJm1s FnR nATA INPIJT 
2 OPTIMIZE THF l)ATA AI_RF'Al)V ENTeRJcl) 
3 PRINT SOIIRCF CAPACITIFS & f1ESl!lNATJnN REOIIIREMENTS 
4 PRINT THF C05r MATRIX 
5 CHAM(;F THF. NIIMRFR OF SOllRCFS 
I, CHANf;J: THE NtJMRFR OF 1)1:STINATMNS 
7 CHANGF. THF: CAPACITY nF A snt~CF 
A CHAN(;!= THF RlcOIJIRFMlcNT OF A neSTtNATtON 
q CHANG!: THE UNIT COST RF.TWFFN A- SOIJRCE r. f)FSTINTION 

10 sTnP 
WHICH OPTION nn VntJ WANT? 

3 :::f 



Cl 

in 
It 
I? 
n 

,J.4 

"" 211 
IA? 
1,;4 
l ~,; 
11 7. 
l l)f, 
10".I 

FIii 
AO 
7.1 <;() 

2150 

WHAT nPTJnN? (qqq FOR OPTION LISTI? 
7. 

FiTNAI_ nrc;rq(RIJTION 

sntJ~F= ns:sTtNATinN llflltT S 

l n 1316 
I. 14 288 

7. 14 54(, 

3 ".I 253 
3 4 Hl 
3 5 lA2 
".I F, 154 
3 7 135 
3 Fl 112 
3 10 103 
".I ll 8(, 
3 j p AO ' 3 ~ n Fl".14 
4 1 -.iq7 
4 ;, ".I ".11 
4 q 10(, 
4 14 1316 / ,, 

TnTA1. cnsT .,. s 397133 

/ 

wn111.;n Yntl l_[KF TO MnlHFY THE ClJRRF.NT l')ATA ANl')//f'lR RUN A(;ATN? 
= !.> 

WHAT nPTTON? (qqq FOR OPTION LISTI? 
tn 

P1 .. 1:A'SF. EfllTF=q THE fllllMAF.R OF YntJR OPTION 1.2.3,4,,,q OR HEI_P? 
3 

,JIIST RF.-TYPF= THF UNI: ~IIIM8FR WHICH vn11 WISH TO CHA!\lf.F OR IISF. STANDARn CMS EnlT 
r,nMMIINl')S. Wl-il:N Y()IJIRI= FTNISHl:J) WITH AI_L CHANGeS TYPI: 1 FILE 1 • 

FnJT: 
500 DATA c;on.500.50(),500,500,500,500,500,50Dt500,500,500,33,l9 

.. , :·rr -··· !t.l ~-'!;1;.·!;:~~~·~)tt'/t~-,~r.:~-:-,:-~r ·---... ----:-:w,r 

-...J 
CX) 



• • • • • 
I 
2 
3 
4 

'i 
I, 

7 
A 
9 

tn 
WHJC+4 OPT Tfllll no 

4 

cnsr. MATRIX 

SOll!f<:F. 
J<. 'iO'l.flO 
2' c;no.nn 
~ 141.no 
q; l4R,OO 

9 
Sn!HKF 

J<. 'i0().00 
2' c;nn.nn 

" n .nn 
41 <;4.00 

P1tnr.•u11t. vnu llf4'1" ,~~"'= n1111: m= TH': 
NII.WAER~ rn cnNTRnt EXFCIJTION OP'Tln111s: 

............... •· ... 
JN<;TRIICTlnNS FOR nATI\ TNPtJT 
nPTIMJZF THE OATA AtRF.AnY FNTP.RFn 
PRINT <;OJJRCf: Ct.PACITll:S f. 111:ST-JNATTON 
PRINT THF. cnsT MATRIX 
CHAN(;I= THE NIJMRFR OF SOIIRCl=S 
CHAN(;F THE NUMA FR OF OF.STY NATl'ONS 
CHA~Ir,1= THF. CAPAC ITV ni:: A SOIJRC.E 

' 

* * * 

Rf"OlllREMENTS 

CHAM(;E THF. REOIIIRF.MENT OF A f)85TINATION 
CHAN(;F. THE UNIT cnsT 8ETWHN A• SOINCE & OESTTNTION 
STOP 
YOU WANT? 

OEST INATinN 
:?. 3 4 5 6 7 8 

c;oo.oo 500.00 c;oo.oo c;oo.oo 500.00 500.00 500.00 
c;on.no 500.00 500.00 'i00.O() 500.00 500.00 500.00 
A9.no 22.00 344.00 321,.00 3:n .oo A3.00 114.00 
45.00 24.00 384.00 369.00 363.00 126.00 91.00 

OF.STlNATTnN 
11) 11 12 l3 14 

'i()0.00 500.00 'i00.00 33 .(),() 19.00 
500.00 500.00 'i00.00 A2.00 54.00 
3:?.?. .on 152.00 22.00 .oo 43.00 
'lb9.00 176. 00 65.00 43.()() .oo 

WHAT" nPTTON? 1999 FOR OPTION LISTI? 
2 

PINAi. Ol<;TRIAIJTinN 

Sn!J~I= ni::c;T T~IIITION 111\1 l TS 

l n 9'i l 
l 14 /,'i3 
?. 14 'i4/, 
3 4 7.1 l 
3 'i lA2 
3 ,, l 'i4 
3 7 135 
3 10 103 

.-..:."T:" . - · ·- '"t. ·•, .·, : . .:.• ,:,, .. .. ,. , . 

~ 



TnTIW. r.n~T • I 40q41',I', 

wn111. n vn11 '· 11<1: rn Mnn!FY THI: CIIR.RF'NT nATA A'Jr)/r)R, R.llN A(;AIN? 
N(J 

P•.F~F FMTf=R. THE' NIJMRFR nF YntlR ()PTinllJ 1,2,3,t;,q nR HF. LP? 
Mfll. P 

TMf= FnLLnWING nP1In111c; ARF. AVAILARLF.: 
l F.XF':IJT': TRAN<;PO IJSJN/j WARJ=Hn11s 
2 PIHl'\JT THF CnNTF NTS OF WAREHOIIS 
3 f,HA~GF THF' r,n NTF'NTS nF WARF'HOUS 
4 START FRnM TH F. REGINNING 
q c;,rnP Fl(F'f,IJTinllJ 

p,_,=t,,;,= F.IIJT":R THI': NIJMl3F:R OF YOIJR nPTinllJ,1,2,3,4·, q nR. H.F:lP? 
2 . 

1rrn nara 4 
2nn narA l4 

' 

3<Tn nan 
40() OAT A 
5ml nti H 
,.nn nar A 
7rrn na TA 
i:inn nau 

tnn4,54n,?tsn.21so 
~q7,~~l,25~, 2 11,1A2,l54,1~5,ll2,l09i l03,'l6,A0,2150,2150 
snn.son.son,sno,soo,soo,5nn,5no.500~500,500,500,3~,1q 
500,500,500,500,500,500,500,500,50~;500,500,500,R2,54 
141,A9,22,344,326,321,A3,ll4,7l,32~tl52,22,0,43 
l4A,45,24,~A4,3,,9,363,12n,91,54,36q ; l76,65,43,0 

j 
PI _F~F Ft"1F:R THF Nl)MF\F.R OF YOIJR nPTinN 1,2,3,11•,q OR HF.LP? 

q .. 

"'""' PI_Fac;i:: <;Pi=f,TFY YnllR NEXT I\IJSJ.IFI COMMANn????? 
(FTTHFR: RllS RIJN, AIJSINnFX, RENEW, ~AVF.FILE, OIJIT, LOG) 
R: f=3,l5/n.An 12:39:SA 

'-~ 
PI JN FI'. F 67l q rn ASFISI.I\Ol CnPY 01 PIH)H() Lr) 

Yntl HAVF <:RFATEn THF. FrJLLOWING FILES/PROGR;AMS THIS SESSirJN, 

FTLF.NAMF FlLFTYPE 
•" -- -- -- - - --- -----

WARF.Hnus VSI\A<;Ir. A2 

f) r, RFC TI n fl.Is: 
AS F,\f,M Fll_F. IS usri=n, l:NTl:R. 1 Yf:S 1 TO SAVI: THI: FILE FOR TWO WEEr<S---­
HITFR •NO• OR 1 N 1 IF YOlJ nnNT WANT TO SAV~ • THF FIi.i:. IF YOlJ rrn SAVE A 
F!t.F, !ol"'<f: "NnTF: OF THI: FII. EIIJAMI: f. rnnavs l)ATI: FOR FUTURE REFERENCE!!! 

rnoA;y I<; 04/11 /AO • IN TWO Wf:':l(S, THF'SF: Fl u=s WI l_l FIE ERASF:D lJNLF:S5 YOU 
ISSIIF THI= 1 RF.NFW 1 COMMAMI) FOR EACH FILF Tfl REN'EW, 

;,l . P.:i:, : r,:, ·. :, ·::, , •. -~ · .. 1~::iful~tf.'.: . . . .,~ ·- - - ..,.,.,,- - - • - .. ~r-- - - ~ r - _ ~ ...... - -- - - - - - ... 
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Y~S 

WHATi- IS THF. RFFERENCE NAME 'oF THE ORIGINAL nAlTA STATF'MENTS? 
WA~_FHOIJ<;F 

P1.FA-._F F.I\ITJ:q THI: NIIMAl:R OF YOIJR OPTION 1,2,3,4·;9 oq HELP? 
HT 

P•.EA-SF ENTFq THE NUMAER OF. YOIJR OPTION 1,2,3,4",9 OR HELP? 
3 

Jll<;l qE-TYP'c THE UNI: NIJ"IRER WHICH YOlJ WISH Tfl: CHANGE OR IISE STANDARD CMS EDIT 
COMM'Mlf1S. WHl:N YOll'RF. FINISHED WITH ALL CHA~IGBS TYPE 1 FILE 1 , 

Enrr: 
5(JO 
500 11ATA 500,500,500,500,500,500,500,500,50fr;500,500,500,33,109 
5rJn OATA 500,500,500,500,500,500,500,500,500~500,500,500,33,56 
600 ntira 5nn,5no,5no,500,500,500,500,500,50~.500,500,500,R2,22 
1rm Ot.Tti l41,R9,22,V+4,326,321,83,114,71,322<,152,22,0,74 
Aon OATA l30,56,52,392,395,374,156,120,22,391,174,91,74,0 
F f-1.1: 

· P1_EalsF ENTFR THE NUMRER OF YOIJR OPTION l,2,3,'M9 OR HELP? 
t jlt 

A AASIC TRANSPOR-rATION PROGqAM 

THll.Olf(;HOlfT THF PRO(.;RA'-1, VOii "IAY IS·SIJE ONE OF THI: 
FOl_lj(ll~JN(; crmF. NIJMAERS TO CONTROL EXECUTION OPlIONS: .................... ~-..... . 

l IN<;TRIICTIONS FOq OATA INPIJT 
2 OPTIMIZE THF. OATA ALREADY FNTRRF.O 
3 PRINT SOIJRCF CAPACITil:S & OEST--INATION REQUIREMENTS 
4 PRINT THE COST MATRIX . 
5 CHAN(;f: THE NIJ"1AE~ rJF SOIJRCl:S 
6 CHANGF THF NIJMRFR OF OESTINATMNS 
7 CHANf;F THI: C.\PACITY rJF A SOlJRC-E 
A CHt.NGF THE RF.OIJIREMF.NT OF A nP.STINATION 
9 CHANGE THI: IJNI T COST 0ETWl:Efll A; SOIJ~CE f. OESTl NT ION 

10 <;TOP 
WHIC+-1 OPT 101\J no YOIJ WANT? 

7 

,., 

..... ..... 
~ 

t'. 
:.-i. 

~·~, 

.t'1 



,.~---- " 2'H 

" 4 ;> 11 
3 ,; lR2 
3 ,, 154 
3 7 135 
3 R 112 
3 tn 103 
3 l l 'H, 
3 l? AO 
3 t3 546 
4 1 109 
4 2 '3'31' 
4 Q 106 
4 14 1604 

TnT~. cnsT. s 399477 

wrn,,;n vn11 I_ l K F TO MOn I FY THF. CIJRRF.NT, f)A TA ANf)/lflR RUN AGAIN? 
VF=<; 

WHAT " nPT!nN? (QQ9 FOR nPTION LIST)? ' 
Ln . 

PI. F.Ai;F= ENTF.R THE NUMAF.R OF YntlR OPTION 1,2,3,4,q OR HE.LP? 
3 

JIIST RF-TYPF. THE I_ INF. 
cnM"4ANnS. WYl:N YO!JI RI: 
i=nu·: 

NIIMAER ·wH I CH vn11 Wt SH Trl · CHANGE OR USE ST ANOARI) CMS En IT 
FINISHEn WITH ALL CHANGe5 TYPE 1 FILE 1 • 

500 r>ATA 
6(10 f)ATA 
1nn nAT A 
R(TO r>A TA 
FI". I= 

500,5()().500,500,500,500,500,500,500,500,500,500,33,65 
500,5Q0,500,500,500,500,500,500,500~500,500,500,A2,30 
l4l,R9,22,344,326,321,R3,ll4,7l,32?,152,22,0,65 
91,ql,46,'3R2,374,332,135,l4R,30,359,131,72,65,0 

., · 

P1.EA'>F. F.NTF.R THF. NIIMAF.R OF YOIJ~ nPTlnN 1,2,3,4,"Q OR HF.LP? 
1 

A AASIC TRANSPnRTATTON PRnGRAM 

THR(llJr,HnllT THF PRnGRAM, VOii MAY I SSIJf' nNf' nF lTHF 
Fn1_1_nw1Nr; crmF NIJM8ERS TO cnNTROI. 1:Xl:ClJTinN OPTinNS: 

* * * * * * * * * * * * * * * * * * * * * * * * * * * 
l lNSTRIJCTIONS FnR nATA INPIJT 
2 OPTIMIZF. THF. DATA ALRFAOY F.NTeRFO 
3 PRINT SOIJRCF. CAPACITIES t DESlTINATION REOlJIREMENTS 
4 PRINT THF. COST MATRIX 
5 CHtiNGF. THE NIJMRF.R nF SOIJRCFS 
'1 CHANGF. THE NIIMRF.R nF OESTINATl'nNS 
7 CHANGF THE CAPAC ITV nF A SnlJRCE 
R CHANGF. THE Rf:OIJlRF=MENT nF A neSTINATinN 
q CHtiNGE THE llNIT cnsT BETWF.EN A- SOURCE r. nFSTlNTION 

",:"- "7F:' 'Ji , • ~ ~i } -.~ · ·JS[!:)~:·~;}l~la~ux,e:;:~?.~~, ... ~-- : ·~•:.i!.;~ ·· •~ "' ""' ' -

i- ... , ... ,, 
' , 
I 

·:,:. 
t.,.., ,., .. ••" '. • .: 

"' .lf._ 

--01 



• 

' 

!'"~ T fNA T tnN IIN1TS 

I I 3 1604 . 
l 14 'i41\ 
3 7 331 
3 3 7'i'I 
3 4 21 1 
3 'i l A2 
3 I\ l 'i4 
'I 7 135 
3 R 112 
3 10 103 

3 ··- l l 43 · 
3 12 RO 
3 n 54n 
4 l 397 
4 q 106 
4 11 43 

· 4 14 1604 

-TnTtt1. cnsT = s 391i062 

WntJ•.n YntJ l_[l(I= TO MOnIFY THF. CIJRRl=NT nATA ANOlC'IR. RUN AGAIN? 
= ~ 

WHAT nPTTON? (999 FOR OPTION LISTI? 
l<T . 

Pt.EA-SF FNTF;R. THE NUMBER OF YOUR OPTinN 1,2,3,ll-;9 OR HELP? 
3 

Jll<;T R.F-TYP': THF. ,I. IN!: NIJMRFR. WHICH YOIJ WISH TA: CHANGF. nR USE STANl)ARI) CMS EDIT 
cnM~ANOS. WHEN YOU'RE FINISHF.I) WITH ALL CHANGBS TYPE 1 FTLF 1 • 

F. n I !Jl. 
5~ f)ATA 'i00,500,500,500,'iOO,'i00,500,500~500~500,500,'i00,33,32 
lion OATA 500,500,500,500,500,500,'i~0,500,500 , 500,500,500,R2,39 
7rrn nhTA 141,A9,22,344,326,321,83,114,71,32~,152,22,0,46 
ROO OATA l2R,63,21,374,367,3~2,12R,113,39,3&3,15R,61,46,0 
FJ',1.F 

P1. EA-SF FNTF'l. THI' Nll"IRFR IJF Ylll.lR OPTinN 1,2,3,'"99 Oil. Hl'LP? 
l 

A BASIC Tll.ANSDflQ.TATTnN PQ.OG'l.A"I 

THROllr.HnllT THI= PRl'.lGRAM, vnu MAY t SStJF. !")NI: llF THF. . 
Fnu;nwtNf, CllDF NUMAERS TO CnNTRl1L EXF.CIJTJnN OPTJ(lNS: 

• • • * • 
l 
2 

•• * * * •• * * * *. * * * •· * * *. * * 
INSTRIICTIONS FOR OATA INPUT 
OPTIMIZE THF. OATA ALRF.AOY ENTBRF.O 

3 PRINT <;ntJRCI: CAPA1,ITil:S & 01:Sl·INATirJN R.EOIJIIU:loll=NTS •!• 
PRINT THF. cnc;r MATRIX , --~•frl· 4 

5 CHANGF. THE NUMRER OF SOURCES ..,Ji·'.: ,, 
.,: •11<1 .. 

. .01·· \~~f -"lJ•'· ··".hi 

..... 
0-

r:· 
~~ 

' :: 

:,-;., 



F(NA~ nr~T~IRUtlnN 

snu~,= ()J:ST[NATTON IIN[TS 

l 13 951 
1 14 653 
2 14 546 
3 4 ?11 
3 5 1A2 
3 ,., 154 
3 7 135 
3 10 103 
3 1 l A6 
3 12 80 
3 13 1199 
4 l '197. 

. 4 7 33 1 
4 3 253 
4 A 112 
4 9 106 
4 14 951 

TnTA~ CO~T = $ 40789A 

wnw;n yn, I '- I KI= TO MO() I FY THE ·cuRRFNT nA TA ANO/lf)R, RUN AGAIN? 
= !.), 

WHAT nPTirN? 1999 FOR OPTinN LISTI? 

l=NTER TH~ snURCE
0

In,nESTINATlnN In, ANn NEW C0ST VALUE SEPARATED 
BY (;-(JMMAS (M,N,()? 

IC04'57 LINE 
to 

Icn~7 L INF. 
'· nr. 

rcn4<;A LINF 
OOIT 

IC04"5R I.INF. 
,.nr.nFF 

ICn4'5R LINE 

IGn4"57 L INF. 
• C.P 
A 

3020: TOO LITTL E OATA •• iETRY 

3070: Tno LITTLE 6ATA •• RETRY 

3020: INVALID nATA •• RFTRY 

30?.0: INVAtin OATA •• RETRY 

3020: INVAI_IO OATA •• RETRY 

3020: rnn I_JTTLI= l)ATA •• Rl=TRY 

RIJ<;~IIN TR.~NSPn 
IC04'<;R LINI= 3070: INVALID l)ATA •• RETRY 

.C.P I t:MS 
CPII TIMF Al_t_nCATF.n 0.01 .oo, IISEI) 
ntJTPIIT rn R1JSINF'SS INSUl.lATinN 
CMS RSF f,.04 - 12/?.7/79 

0.00~16 - 26.66% 

. · , .,\ ._ 

}Y 
' · f/ 
·,K 

- :i - ~•p· 

'-I 



-~ 

,_ r. .. ,,:M~ cnM ... N,, 
Alf~I. I .A AYPA c; _c; 

" r r-<>1 , q /n 
II: T=n.nJ/0.04 lf>:t7:'1.9 

nM~MS1,045F: I\SRSlROl NnT lnGGF.n nN 

STNr:J: vn11 I\RJ: nN A !RM 37.77 TF.LFVISim,i HRMINAL (At.Sn CALl.f:I) TIIFIE OR CRTI 
T 1 1+ 1mNnJ:RIN1, WHFTHER vn11 WANT A HARi) PAPFR CTIPY OF THF. TFRMINAI. SESSJnN. 
Pl_f:ViF dNS•~J:R WITH A YF.S nR "Jr). IF YOlJ nnN•T RF.ALI.Y NEl:O IT HOW ABntlT 
r:m-1SFRV!IIJ1, RFSnlJRCES. NOW YF.S OR NO?? 

YF:S 

AT WHICH r:11MPllTl:R FACIUTY I)() YOIJ WANT rn PJC-K lJP vnuR n11TPlJT? 

(),. Tnnn HAI.I. (FOR I.ARr.F' OIITPllTS. SEE CnNSllf.TANT FIRST!!!I 
2 ,. AlJSINFSS ALnG. I_P 406 
':\" CIISl-iWA, RnnM ':\090 
4,. FNGINEFRING, : ROOM 223 

FNTFR NIIMAF:R: 
2 

· OIIT?°l IT TO AIIS I MESS INST All AT ION 

)) 'ffillR n IS TR I AIITI ON cnn F IS: I 00 26 734 

PI_F.~F FIF CI\RFFIJI. ANI) MAKF SIJRF. THAT vnu PICK UP THE RIGHT PRINTOUT • 
HTT F.~JTFR Trl r:nNTINtll: 
) vm1R Mh)I_FIOX IS EMPTY 

Nnw Is SIIF YOIIR NF.XT FIIISI_I Fl r:nMMANI) ??? 
(Fl'fHJ:R: .All<;RIIN, FIIIS!Nl)F'X, · RENEW, SAVEFII.F., Ol!IT, LOG) 
R: T~n.21/0.44 Jb:18:02 

"IUSRIJN TRI\NSPn_' 
l nnNf" WISH Tn RF.VIEW A TUTnRIAL FOR TRANSPO? ( YES nR Nn I 

HAVe 1 vn11 CRF'ATF.I) YnitR OATA STA:rEMENTS YET? IY8S,NO, OR HALT) 
YF'S 

WHd~ IS THF. RJ:FF'RF'NCF. NAME nF THF' ORIGINAL nATA STATEMENTS? 
W/1-!l l=Hnll<; F 

PI_J:A-<;F E~ITFR THE NIJMFIER nF Yl)lJR nPTION 1,2,3,4·,9 nR HHP? 
ln 

PI.F.A,F. ENTER THE NlJMFIF.R OF YOIJR OPTinN 1,2,':\,4,9 r1R HELP? 
3 

JIIST RE-TYPE THE I_INF. NllMAER WHICH VOii WI SH Tn CHANr.E nR lfSF. STANDARD CMS EDIT · 
cnMIM~ms. WYEN YOlJ'RF. FINISHF'I) WITH Al.l CHANGe·S TYPE 1 FILF. 1 • 

Fnrr.: 
51)0 l)ATA 500,500,500,5()0,51)0,500,500,500,500,500,500,500,3':\,67 
600 l)ATA 50(),500,500,500,500,500,500,500,500,500,500,500,F\2,70 
700 nATA l41.R9,?2,'144,':\26,32l,F13,ll4,71,322,152,22,0,46 

.... .. ,.. ;-~ 

. l , . 
' L: 

• '1.1&.a:.t, :.: .. '\ 

..... ..... 
CX) 



4 A4SIC TR4NSPORT4TlnN PR~r.RAM 

TI-IRflllr.f-lnflT TH<= PRf1GRAM. YOII .MAY ISSIH: nNI: nF THI: 
Ff11_1;flWJNr. cnnF NlJMRF.RS TO CONTROL EXFCllTION OP'TIONS: 

* * * • . * 
I 
2 
3 
4 

5 
6 
7 
A 
9 

lO 
WHICH OPT In"I no 

2 

* * * * * * * * * * * * * * * •· *. * * * * 
INSTRIJCTlf1NS FnR l)ATA JNPIJT 
nPTIMIZF THF OATA ALRF.AOY F.N T8RFl"l 
PRJNT snuRCI: CAPACITIF.S f. l"ll:STINATION RF.OIJIRl:MF.NTS 
PRINT THF COST MATRIX 
CHANf';F. THE NIJMRl:R OF SOIIRCl:S 
CHAN1,F. THE NlJMAF.R nF OF.STll\lATNlNS 
CHANGE THE ·CAPACITY OF A SOllRC-1: 
CHANGF. THE REQUIREMENT OF A neSTINATION 
CHANG!: THE UNIT COST RETWEEN • SOURCE & OESTINTION 
STnP 
YOlJ WANT? 

R"NAL nrsTRIAUTinN 

SOlJR(f OFSTINATtnN · lJN ITS 

l 13 1604 
~ l4 546 
3 ? 331 
3 3 2 53 
3 4 211 
3 5 182 
3 ,., 91 
3 7 n5 
3 A 'I 112 
3 9 ' t06 
3 10 103 
3 l? AO 
3 l3 546 • 
4 1 397 
4 ,., 63 
4 11 A6 
4 14 1604 

TnT kl. ens T = s 4201-.97 

wnu1.n vn,, 1. IKI: TO MOr>IFY THE ClJRRl:NT OATA ANl")/OR RUN AGAIN? 
Nfr 

Pl_f:~I: FNTFR THE NllMRER OF YOllR OPTION 1.2.3.4 .• 9 OR HELP? 
Hf:1.P 

THE FnLLOWING OPTlnNS ARF AVAILAALE: 
l J:XFr.llTI: T~ANSP() IJSING WARF.HOIJS 
? PRT~IT THF cnNTF.NTS nF WARF.HOIIS 
3 CH'il\JGF THF. CONHNTS OF WARF:HOlJS 
4 START FRnM THE RF.GINNING 

.,, : . ,.. 
·,·!'. 

-0 

I 
i: 



.• ~·-..~ FIII-TF.lf THF.- Ntl,.,,,F."1 1JFV7fff,C- n·p-rrnrv-----r.z.3---. .. , ... fJ~ MCL,.. t 

Hf!I. P . 
1HC Fnttnwr~r, nPTinNS ARF AVAILAAL~: 
l FXF(,IITF TRHISP() IIS IN(, WARFHntlS 

2 PRJ~IT THI= cnNTENTS OF WARFH()IJS 
3 Cl-t'ANf,F THC: r:nNTF.NTS nF WARF.HnIIs 
4 START FRO~ THF. AEGINNING 
q STnP EXF.CIITinN 

PI.E~F FNTF.R THE NUMRF.R OF YOIIR OPTION 1.2.3.q .• q OR HELP? 
2 

lM DAU ~ 

2(Hl l)A TA l4 
3nrl, nAT A 
40'fl flATA 
snn r>f>Th 
nO'n DATA 
10n nArA 
Rrrn nATA 

tnn4.546.21so.21so 
397,3'1l.253.2ll.lR?.l54.l35,112,lnH.J03•86.A0.2150.2150 
son.snn.son.sno.soo.son.soo.soo.soG,soo.soo.soo.33.67 
soo.soo.son.soo.soo.soo.soo.soo.so~.soo.soo.soo.s2.10 
t41,A9,22.~44.326,32l.83.ll4,71,32~il52,22.0,46 
98,115,48,324.328,298,97,156.69,319,lOR.43.46,0 

P1.F.Ai<;E ENTF.R THE NUMF\F.R OF YOUR OPTiON 1.2,3,4,9 OR HELP? 
q 

NQl,f PLF.llSF. SPF.CIFY YOIIR NEXT RIISLIR cnMMANn??I??? 
(FITHFR: RIJSRIJN, AUSINnF.X. RFNF.W. SAVEFII.F., OIHT, LOG) 
R: ,~1.n112.2q 1n:23:3s 

'· nr. 
PIIN FII.E 7315 TO ASRSI_801 COPY 01 NOHOLO 

Ynu H.AV': r:REATEI) THE FOLI.OW!Nf, FIU:S/PROG~AMS THIS SESSION. 

F J 1. )" AMF. F II. r=TYli>F. 

WAR~r'llJS VSAA<; IC A2 

n r- R F r: T T n N s: 
AS FllCH FTU: IS 1.TSHO. EN,Tl:R 'YES' TO SAIi': THE FILE FOR TWO WEEKS---­
ENTER 1 Nn 1 OR 'N' IF YOU OONT · WANT TO SAV~ THE FILE. IF YOU no SAVE A 
FILE, MAKF. A ~OTE OF THE FILENAMF. & TOOAYP DATE FOR FUTURE REFERENCE!!! 

rnn·trf IS 04/11/AO. IN TWO WEEKS, THFSE FILES WtLL 13F. ERASFD UNLESS YOU 
ISSU!' THI: 1 RF.~l':W 1 cnMMANn FOR l:ACH FIU: TO Rl:NEW • . 

Nnw.. ........ F.NTER YF.S OR NO AS EACH FILENAME APPEARS. 
WARFHntlS \/SAA<; IC A2 

Nn 

r,nnr>AYI:. IT'S REEN NICF WORKING WITH YOU. 

r:nNN&:t:T= 00:7.9:43 VIRTCPIJ= 000:03.85 TOTCPU= 000:01!.70 
l_nf,(l-FF AT i,<,:23:5'1 EST FRIDAY 04/11/AO 

, /,. 

t' 
'·,/ 

l' .: 

' • : I r , f , J: 
:;• .~ 
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