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I. INTRODUCTION

Backaround

Many food service institutions are faced with rising food costs

and low budgets. However, according to Kahrl(24), the foregoing

situation particularly applies to institutional or "captive" food

service ope-rations such as colleges, correctional facilities, and

military organizations. Those captive institutions generally serve

the same people, or people from the same general population, at every

meal and are nonprofit in nature. Furthermore, large groups are

normally served relatively low-cost meals in a short period of time.

Because of the captive nature of the food service institutions,

food requirements can be forecasted fairly accurately; therefore,

storage facilities are used to obviate costly daily deliveries of

food items. Kahrl notes that the captive food service establishmients

can not simply raise prices when food costs rise, as commercial food

service operations can, because meals are usually provided for either

a contract price, arranged in advance, or for "free." Therefore, new

ways must be found to reduce expenses in food service operations.
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Obi ective

The objective of this research is to investigate potential food

4 cost savings through optimal seasonal ordering of those food itma

found to exhibit seasonal price fluctuations. More specifically,

planning menus around seasonal food items and developing a minimal

cost ordering scheme will be attempted. Warehouse space limitations

and periodic demands will also be incorporated into any model

developed.

App~licability

The methods employed will generally apply to any institutional

or captive feeding environment with storage facilities. Such captive

feeding environments are schools, colleges and universities, hospitals,

prisons, or military food service operations. The differences involved

between various captive feeding institutions are presumed to be

negligible. The basic concepts involved are the same, only specific

data such as storage space available and exact numbers of people to

feed differs. All of the captive institutions serve large quantities

of food to a relatively stable population in a limited time.



II. LITERATURE REVIEW

Considering the fact that many feeding institutions are faced

with high food costs, the literature in the fields of inventory and

cost control, menu planning, mathematical modeling, systems management,

and similar topics was reviewed to find possible solutions or approaches

to the problem. Accordingly, nothing appears to have been published

on specifically planning menus around seasonal food items and developing

a minimal cost ordering scheme. However, related areas such as food

ordering, menu planning, and mathematical modeling according to nutrition

and preference have been the subject of much research. Therefore,

these related efforts will be aumarized into two separate groups:

general literature and computer applications.

General Literature

In the general area of menu planning and food ordering a great

deal has been written. Visick and Van Kleeck (37) thoroughly describe

the importance of menu planning in controlling food production and

purchasing. They emphasize the necessity of knowing food costs and

centering a food operation around the menu. Furthermore, they point

* out that cycle menus - menus which are repeated in sequence after the
cycle completes itself, usually three to six weeks - can facilitate

purchasing and storage. Cycle menu planning projects product use and

allows the advantageous use of seasonal food that is in good supply.
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Visick and Van [leeck also emphasIze the Importance of budget require-

sents, storage facilities, and consumer preference. If consumer

preference is known, it is possible to serve the sam items more

frequently.

The American Hospital Association (ARA) (4) stresses the Importance

of policy on, and space available for, storage of staples and frozen

foods in determining purchasing decisions. The ABA generally supports

the concept of ordering only quantities required for planned menus;

however, it is stated that if surplus buying is utilized, make sure

the items can be used to advantage and stored properly. The Importa

of keeping in touch with price trends is also mentioned, especially for

canned products which are not readily perishable.

A general tezt In the area of menu planning, edited by Birchflield

(10), emphasizes the Importance of standard recipes in determining

quantities of food required for menu items. Standard recipes listI ..food ingredients to be used in the production of desired food items

for varying quantities. However, it is also noted that standard

recipes only permit accurate cost calculations after the fact because

menu costs are dependent on the purchase prices of the Ingredients;

furthermore, the prices of ingredients vary from season to season with

fluctuating product availability. In any case, the food and labor

costs are considered the primary budget concerns, and standard recipes

are stated as being the major way to control the food and labor costs.

Tood service In general is also discussed by Kahrl (24). Be

states that it is currently Impossible to decide on the best system for

the mass feeding industry, but that this is the ultimate goal in the

ANY
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food service indus try.:I: pteo h-lc of an universal system,

*many options suha ee eieisadcnrlwarehousing are

possible in attempting to reduce food costs in most mass feeding opera-

tions. Furthermore, purchasing based on forecasting demand rather than

some other mans was listed as an improvement many food service oper-

ations can make. Colleges were considered the mass feeding institutions

in the best position to reduce costs because of their large volume of

business. Colleges should imitate commercial food service operations

who have learned what the students prefer and serve it often. The

author concludes with the coment that the best food service operations

continually seek improvement and that the equipment, know-how, systems,

and foods are available to do a better job.

West (38) points out that food is normally the most costly and

most variable expense of a food service institution. The dietician

is listed as the person responsible for menu preparation; furthermore,

the importance of being aware of changing food prices is seen as a

significant means of reducing costs because inexpensive items can

of ten be increased in usage. Even though modern processing techniques

permit many foods to be sold all year, stocks may be lower at certain

times resulting in higher prices. Before high prices are paid for

food items, the situation should be analyzed to determine what other

alternatives are available. Menus should be planned well in advance,

and they should be adjusted daily to the inventory of food on hand

and local market conditions. Although quantity buying can save money,

the author stresses the importance of purchasing the correct quantity

needed for the time period considered. Other areas discussed
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j concerning cost control were receiving control, storeroom control, and

accurate records of food costing, production, and serving. The text is

a comprehensive guide to food service in institutions.

Purchasing policy is thoroughly discussed by Pedderson (29). He

points out that there are so many problems plaguing food service

operations that purchasing agents are often inclined to depend on

suppliers to know the purchasing agent's needs; this can increase waste

and costs tremendously. The importance of accurate forecasts in purchasing

is thoroughly discussed. Pedderson also states that the price of food

is a function of the lay of supply and demand; therefore, a smart buyer

can save a considerable sum of money if he is aware of the supply

fluctuations.

Although the preceding references were comprehensive in nature, no

specific models were discussed in any depth. However, there was general

agreement on ordering only quantities of food required to meet fore-

casted demand. Furthermore, food prices were recognized as fluctuating

from time to time, although no specific examples were given. The

price fluctuations were generally described as a function of supply

and demand. A second body of literature relating to food service oper-

ations will now be discussed. Again, it only tangentially relates to

the current research.

Computer Applications

Miller (27) states that economics is causing many food service

directors to look at electronic data processing as a method for

accounting and controlling food service operations. Some specific

. . ... . . .. . 1 r ' i' l - -- . ,'
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computer applications discussed are recipe sizing, materials management,

forecasting production, and simulation of costs for menus subject to

increased food costs. Johnson (23) augments the list to include main-

taining perpetual inventory, writing purchase orders, and producing

status reports. Andrews (1) and (2) agrees that the computer can be

extremely useful in estimating food costs, but points out that the data

base must be designed before implementation can occur. An economic

order quantity (EOQ) model is discussed briefly. Brown (12) also dis-

cusses inventory and cost control; she emphasizes the need for historical

cost data as well as up-to-date realistic costs far enough in advance

to enable selection of alternatives. Although Horton (22) acknowledges

the many applications of computers, he states that not everyone should

use a computer; however, he further states that all food service oper-

ations should prepare f or use of a computer, in case it should become

feasible at a later date. Willet (39) feels the best uses of the com-

puter in food service are in inventory, record-keeping, ordering,

warehousing, costing, and after-the-fact nutritional analysis.

Although there are many potential computer applications, Balintfy (5)

discusses the general evolution of computer uses in food service. The

first uses should involve data processing; this will point out the

tremendous potential of computers. Secondly, experts should develop a

mngement information system consisting of data banks, cross references,

and reports. Standardized recipes are the key elements of this system.

1 They provide information which controls many aspects of food service.

The most advanced stage of computerization, as seen by Balintfy, involves

menu planning by computers in order to satisfy customer preference.



I This evolution of computer use will hopefully permit managers to use

their time on other aspects of food service such as purchasing foods.

Sager (31) also discusses the purpose of this computer evolution in

food service. She feels the evolution will make cost savings possible

in food ordering; it will permit the performance of services not other-

wise possible; and, it will allow more effective utilization of the

dietician's professional services.

Some of the more specific mathematical programming applications are

discussed by Gelpi (19). Mathematical programming is a collective term

used to describe a section of mathematics which includes linear, integer,

nonlinear, and stochastic programming. Furthermore, mathematical program-

ming problems of realistic size generally require the use of a high

speed computer.

Smith (32) has utilized linear programming techniques to calculate

minim-m cost menus. His approach specifies the quantities of foods

which should be consumed during a period of time in order to satisfy

I certain nutrient requirements. Palatability is accounted for by placing

restrictions on the quantities of foods to be consumed. Baust (9)

~1 reported that some of the earlier work in the field of mathematical

menu planning was also attempted by Stigler. Stigler used the simplex

I method of programilng to minimize cost, subject to nutritional constraints;

J the results were limited, however, in that many menu plans were not

palatable.

Building on the work of Stigler, Balintfy (6) developed an integer pro-

graming algorithm to plan minimum cost combinations of menu items such

I that nutrition, variety, and palatability were not violated over a sequence



I of days. Balintfy's earliest work was limited to nonselective menus,

menus which offer no alternative choices. Preference and desired frequency

of serving of menu items were considered to be correlated closely enough

to arrive at palatable menus based only on frequency. Balintfy stated

that human taste defied computer logic and that dietary authorities might

not like the generated menus even though the menus satisfied nutrient

requirements at cheaper costs than manually planned menus. The costs

utilized in the model were simply the last purchase prices.

Gue and Liggett (20) extended the work of Balintfy, in a hospital

context, by formulating selective menu planning as an integer program

with stochastic parameters. Their approach was based on the assumption

that choices made by patients on a given diet were random in nature.

Selection frequency distributions were calculated for groups of menu

items, and estimates of expected values and variances of the model

parameters were obtained from the respective distributions. The solution

values for cost and nutrients were linear combinations of expected

values. The resultant menus were suboptimal, however, in that they were

planned on a multistage, or daily basis. In order to guarantee optimal-

ity, all menus must be planned simultaneously, or in a single stage.

Ligget (26) reported that the multistage approach was used because many

hospital patients change diets frequently, or leave the hospital;

therefore, in order to insure nutritional requirements were met daily, a

daily approach was used. According to Gue and Liggett (20), the estimated

savings of their selective menu system at the University of Florida was

approximately six cents per patient day. This is less than the amount of

savings in nonselective computerized systems, but the selective menu
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planning problem is more difficult to formulate precisely, because of

the uncertainties caused by random variation.

Balintfy (7) discusses an alternate linear programming model where

cost is a constraint and preference becomes the objective function. In

other words, preference coefficients are generated for the objective

function and the cost equation, formerly the objective function, is

regarded as a constraint subject to some budgetary limitation. In this

type of model, providing a pleasing combination of menu items is the

most important objective. Also discussed was Balintfy's Computer Assisted

Menu Planning (CAMP) formulation. This formulation is an optimal cost

model, constrained by nutrition and serving frequency, which is available

to the general public.

Nutrition appears to be the key thread in all the mathematical models

discussed thus far. Since most of the research has been done in a

hospital context, this is not surprising. However, Gelpi (19) reports

that computer assisted menu planning systems are operational in not only

7 hospitals, but also schools, nursing homes, and prisons thoughout the

United States, Canada, Great Britain, and Western Europe. Bowman (11)

reports a raw food cost saving of $7,000 a month at the Kansas City Center

Hospital using Balintfy's CAMP formulation. Balintfy (6) reports savings

of between 13% and 34% in food costs over traditional menu planning by

hand. The savings are attributed to serving the least expensive food

items subject ot the nutrition and frequency constraints. Andrews (3)

notes, however, that a major limitation of the models is the necessity

of accurate and up-to-date nutrient and cost data. Furthermore,

Stinson (34) points out that although the use of mathematical menu plan-

ning models has resulted in cost savings, the savings alone are not



I impressive. The savings may well have occurred even without the use of

computer planned menus, if the dietary process were to be carefully

studied.

other models concerning menu planning have also been formulated. Gue

(21) modified an earlier nonselective menu planning model to include

color and texture constraints. The formulation is a zero-one type such

that an item either appears on the menu (one) or does not (zero).

Because no method existed for determining changes in cost from period

to period in maintaining a constant level of utility with respect to

menu items, Balintfy (8) suggested using a linear programming index to

determine if food prices were rising or if seasonality was accounting for

changes in solution variables from period to period. In other words, an

index could be developed by fixing the set of available menu items and

constraints of the menu model and using the varying prices charged by

* the suppliers for all food items included in the model. Each period a

linear programming menu solution could be obtained for each period's

prices. The linear programming index is then developed by expressing the

minimum cost solution for the given period relative to the minimum cost

solution for some base period selected previously. If the index increases,

the change can be attributed to average food prices changing. On the

other hand, if the index remains fairly constant, but the menu items

change in the solution, the change can be attributed to seasonal price

fluctuations.

The most advanced stage in computerization of menu planning, as seen

by Balintfy (5), involves satisfying customer preference or utility.

According to Balintfy, past treatment of the subject was oversimplified;
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preference should be described as a function of the time since the last

exposure to a particular food item, as opposed to being a constant

attribute. Although different individuals may have differing preference

functions, for a fairly homogeneous group such as a college student body,

a considerable amount of data clustering should occur. The data

clustering should permit a collective utility function to represent a

group's preference-frequency function. No actual model was detailed,

and Balintfy noted the task would involve a tremendous amount of work.

The preceding discussion briefly summarizes the body of literature

tangential to the research attempted by the current author. It has been

noted that mathematical modeling and the computer have played an impor-

tant role in the development of menu planning and the subsequent ordering

of the necessary food items. However, the current author is more inter-

ested in the ordering of food items to reduce cost. Models currently

utilized plan menus based on the most recent food prices paid, as

opposed to the more significant problem of food ordering based on

potentially low seasonal prices.

I
';a'~
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III. GENERAL MODEL DEVELOPMENT

General Discussion

The problem to be investigated is developing a minimum cost

ordering scheme, subject to warehouse space limitations, for seasonal

food items. In accomplishing this task, a general model will be developed,

and then all related assumptions will be discussed. Specific appli-

cations of the general model will be reserved for a later chapter.

Once the quantity of food necessary is determined, the problem

simply becomes one of determining how to order food at minimum cost so

that food is available when necessary, and the available warehouse space

is not exceeded.

General Model

The model is stated as follows.
m n

Minimize Z- E c(i,j) * x(i,j) (1)

i=1 j=l

subject to

m
Z b(i) * [x(i,j) + y(i,j-l)] < s, J-1,2,. .. ,n (2)
i-l

and

x(ij) + y(i,j-l) -y(i,j) - u(i,J) (3)

for i 1 1,2,...,m and j 1,2,...,n

I
13
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where m = number of food items

n = number of periods

c(i,j) = price per unit of product i purchased in period J

x(i,j) = quantity of product i purchased in period j

b(i) = cubic feet per unit of product i

y(i,j) = quantity of product i in storage at the end of period j

y(i,j-l) - quantity of product i in storage at the end of period

j-1 where y(i,O) is the quantity of product i in storage

at the end of the last period of the preceding cycle

s = cubic feet of storage space available

u(i,j) - forecasted usage of product i in period j

Objective Function

Since the objective of the study is to minimize the cost of food

items, a minimization function was chosen. Equation (1) expresses the

condition that the cost of all the "m" food items ordered during a cycle

(n periods) must be minimized. Therefore, a cost c(i,j) for every product

"i" must be determined for every "J" period. These costs will be multi-

plied by the quantities of food purchased x(i,j) in the corresponding

periods.

Constraints

Equation (2) is a space constraint. Since the warehouse space

available is a major limitation, it was necessary to include the restric-

tion in the model. Equation (2) basically states that the amount of

space required by all"m" products purchased in period "J" plus the space

required by the inventory left over from the previous period "J-l" must be

!t
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no greater than the available space "s. For example, if months are

used as the time periods, twelve such space constraints are necessary

since there are twelve months in a year. In each equation the upper

limit on the space available, s, will be constant. However, because

the inventory on hand may vary from period to period, the actual space

available for additional purchases may differ considerably from period

to period.

Since the usage of food products affects the available storage

space, Equation (3) was included in the model. Equation (3) states that

the quantity of product "i" purchased in the current period "Ji', plus

the inventory of product "i" at the end of the previous period "~J-1"lt,

minus the inventory on hand of product "i" at the end of the current

period "j", must equal the usage of product "i" in the period "J." In

other words, purchases plus beginning inventory minus ending inventory

must equal usage. The usage of each product can vary from period to

period; therefore, one usage equation is required for every "i" product

every "J" period. This means that there will be (m * n) equations such

as Equation (3). Now that the general model has been explained, a list

and subsequent discussion of the underlying assumptions is in order.

Assumptions

The following key assumptions were made in developing the general

* model above:

* 1 1. Quantity discounts do not need to be explicitly considered

in the model.

2. Additional carrying charges would not be a significant factor

in any ordering scheme suggested by the results of the model.



16

3. Shelf-life considerations are not critical.

4. The model is "quasi-cyclical."

5. Beginning inventory for all model food items is zero.

6. Any quantity of food ordered is available at the start of

the period.

7. The solution variables do not have to be restricted to integer

values.

8. A reasonably stable environment exists.

Quantity discounts are not directly considered in the model.

Because of the nature of captive feeding environments, large quantities

of food must normally be ordered. In other words, since large quantities

of food are served in short periods of time, captive food service insti-

tutions are normally forced into ordering sufficiently large quantities

of food which in turn permits the realization of quantity discounts.

Therefore, the model developed above will still order large quantities of

food because of the demand or usage constraints. Additionally, the model

will attempt to order maximum required quantities of food items at the

minimum cost. Therefore, any quantity discounts that are available

should be realized. However, the model will compute potential cost

savings based only on seasonal prices, and it is assumed that no signifi-

cant potential quantity discounts will be lost due to any new ordering

scheme suggested by the model.

A second consideration in developing the model was that of carry-

ing charges or warehousing costs. Although these costs are significant,

it appears that there are no significant marginal costs involved,

IA
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because the warehouse space available in this research is assumed to

be limited and fixed. According to Kahnl (24), most captive institu-

tions can not expand existing facilities, due to a limited supply of

funds, even though more warehousing space might be beneficial. There-

fore, all available warehousing space must normally be fully utilized,

and it is considered a major limiting factor in the model. For that

reason, it is assumed that warehousing personnel requirements are the

same, and the overall level of activity is constant. Consequently,

any change in ordering scheme suggested by the model is mainly a change

in timing, due to seasonal price fluctuations; the same quantity of

food will be ordered over a period of time, such as one year, but each

food item will be ordered at its minimum cost subject to the limited

space available. Because storage space is limited, any possible increase

in the storage of food items would be minimal, and any marginal carrying

charges are assumed negligible. Furthermore, in the case of frozen

foods, it is more efficient to fully utilize storage space.

Shelf-life was another aspect of the model initially considered.

However, since the largest amount of food ever on hand in most food

service operations is no greater than a year's supply, and Pedderson (29)

indicates that this is within shelf-life tolerances, if proper tempera-

tures are maintained in all areas of the warehouse, no shelf-life con-

straints were deemed necessary. The temperatures required are standard

and should pose no problem. It is possible, however, to easily include

shelf-life requirements. The amount of inventory for any product could

be constrained to be no greater than the requirement for a specified

period of time. Even though this could increase computation time and

increase food cost, it is possible to model.
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* The model which has been developed is also assumed to be "quasi-

cyclical." In other words, the model is deterministic and based on the
assumption that demand is constant for the same period in different

years. For example, assuming months are used as the periods, if month

twelve turns out to be the optimum time to order a food item, and

sufficient space is available, a year's supply of the food item will

be ordered in month twelve, based on the previous year's demand for

the twelve mouths. Additionally, the quantity stored at the end of

month twelve becomes the beginning inventory for month one. This does

not Imply, however, that the model is completely static and only useful

one time. As prices change, the model should be updated accordingly.

Furthermore, if demand forecasts for individual products do change,

these quantities should be adjusted in the model too.

Related to the cyclical nature of the model is the assumption that

the beginning inventory of all products to be considered by the model

is zero. This assumption, while not a necessity, was made for simplicity

it enables one to determine the theoretical equilibrium ordering scheme in

the first year. If in fact the initial inventory is not zero, any order

quantities initially required by the model should be adjusted by subtrac-

ting the on-hand inventory from the quantity the model indicates should be

ordered. Accordingly, if the initial inventory is zero, and the model

does not begin ordering an item until a later month, then enough of

the itema must be manually ordered to meet demand until equilibrium

occurs.
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Another assumption is that all food ordered is available at the

start of the period. This prevents an early arrival of food from

7 overfilling the warehouse. In other words, it is a more conservative

estimate of how much space is available. However, this assumption

also means that if a food item is necessary during a period and it is

not on hand, it will be ordered and received prior to being needed.

This should pose no serious problem since food substitutions are

always possible. Furthermore, where management feels the problem is

significant, the previous period's requirement could be increased in

the model to insure a sufficient quantity is available to meet any

demand at the start of a period. In other words, a safety stock could

be incorporated in the period demand forecasts to take care of lead

time requirements.

The model does not restrict the solution variables to integer

values. This means that, theoretically, partial units of food items

may have to be ordered to guarantee optimality and feasibility.

However, there are two practical solutions to the problem. First of

all, it is possible to restrict solution variables to integer quanti-

ties. This will result, however, in a greater amount of time required

for solution. A second possibility is to round off the fractional

values of the optimal continuous solution to get an integer solution.

Phillips (30) points out that this is often done in practice. However,

one must be careful that the resulting solution is still feasible. If

the solution is still feasible, according to Phillips, rounding causes

little change as long as the values of the variables are large.
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A final assumption about the general model concerns the operating

environment. The model is only applicable in a fairly stable envir-

onment where patterns of prices do not change significantly. Prices

* can change with time, however, the relationship of prices from period

to period for a given food item must not change significantly.

Naturally abnormal weather conditions can account for unusual food

prices and cannot be predicted. Furthermore, it should be emphasized

that the model is only intended as a guide to management. The model

does not make decisions, but rather suggests an ordering scheme based

on the assumptions made and the available data. Specific applications

of the model anid related assumptions will be discussed in the following

chapter.

-A



IV. MODEL APPLICATIONS

In order to demonstrate the use of the general model, specific data

were necessary. The Auburn University Food Service Department is an

example of the type of captive food service institution described by

the model: it is a nonprofit organization; it serves large quantities of

food daily to a relatively stable population; it operates a central

warehouse of limited capacity which stores food items for five cafeterias;

and, it is plagued with the problem of high food costs and a low budget.

Therefore, the Auburn University Food Service Department was selected

for the application of the model. The food service department's

personnel requirements include a director and staff, consisting of a

dietician, accountant, and marketing advisor. Various other personnel

are also employed to conduct daily food service operations. All

necessary data were obtained from food service employees and 1977 records,

unless otherwise indicated. The available data suggested the need for

two models: dry goods and frozen goods. The dry goods model applies

to those canned food items that require no special storage requirements.

The frozen goods model, however, applies to those food items which must

be kept in walk-in freezers. The resulting discussion will be broken

down into the following sections:

* 1. Determination of Food Items to Include in Models.

2. Procedures for Determining Seasonality.

3. Consideration of Equivalent Food Substitutions.

21
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4. Determination of Cost Coefficients.

5. Storage of Food Items.

6. Demand for Selected Food Items.

7. Resultant Dry Goods and Frozen Goods Models.

Determination of Food Items to Include in Models

The initial problem encountered was determining the food items

that should be included in the models. The primary constraints were

that the items must be seasonal to some extent; the items could be

increased in usage without eliminating variety; and, any increased

usage must be at the expense of more costly food items. By including

only those items that could be increased in usage, an estimate of

savings as a result of planning menus specifically around seasonal items

could be obtained. Since the food service department employs a qual-

if ied dietician to plan menus, her assistance was considered essential

in determining what food items should be considered.

With the assistance of the dietician, the following basic procedure

was utilized. First, the cycle menus for the fall of 1977 were in-

spected to insure they were representative of yearly menus. Then a list

of the number of times various food items were served was tabulated for

lunches and dinners. Since breakfast menus were identical every day,

they were not considered. The list of serving frequencies was then

given to the dietician to determine what items could possibly be increased

in usage. The dietician's knowledge of student preferences, obtained

from surveys, and the relative prices of food items permitted her to

analyze the tabulations of serving frequencies and estimate increased
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usages. Furthermore, which food items could be decreased in usage

were determined. At this point, a list of nine dry goods and twelve

frozen goods was established. Once this information was available, it was

necessary to determine if the potentially higher use food items were

seasonal.

Procedures for Determining Seasonality

Determining whether or not a product is seasonal was accomplished

by graphic procedures. According to Foote (18), this is an acceptable

procedure and much less cumbersome than analytical procedures. There-

fore, graphs of the twenty-one products selected by the dietician were

constructed using wholesale price information from the Federal-State Market

News Service (14), (15), and (16), U.S. Department of Agriculture (35)

and (36), and National Marine Fisheries Service (28). The data for the

fruits and vegetables was in an awkward format, such as price per bushel,

but the data was converted to price per pound using net container weight

information from the Federal-State Market News Service (17).

Wholesale price information was used primarily because the Auburn

Food Service Director felt that wholesale prices were most representative

of the prices paid by the foodservice department. Furthermore, monthly

price periods were considered to be acceptable period lengths since they

do not obscure recognition of price trends. The food service department

does not order strictly retail or wholesale, but the director felt that

wholesale prices would be more representative of price fluctuations

which seemed to occur. However, because the food service department

typically orders large quantities of food items as few times a year as

possible, and sometimes as infrequently as once a year, insufficient
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data was available to completely justify the use of wholesale prices.

Additionally, in the case of fruits and vegetables, the only wholesale

* data available was for raw or fresh fruits and vegetables. It is recog-

nized that wholesale price fluctuations for raw food items may fluctuate

considerably more than the corresponding canned or processed food items;

however, according to Zaccarelli (40), seasons directly affect canned

and frozen food prices too. In other words, whei- The prices of fresh

or raw food products are lowest, prices of the corresponding canned

stocks should be lower. Furthermore, it should be noted that the model

does not depend on using either retail or wholesale food prices, but

whatever prices seem to most closely resemble the particular situation

being studied.

As a result, it was assumed that raw fruit and vegetable prices

can be used to determine if the corresponding processed foods are sea-

sonal. This assumption seems reasonable, since processing costs should

remain fairly constant in any given year. The processing costs have

the effect of adding a constant cost to the seasonal costs of the raw

food. Although the meat and fish prices used were processed prices,

the prices were not always for the product in the final form desired.

For example, the food service department uses boneless turkey breasts,

but the available data is not for boneless turkey. Consequently, it

was assumed that the meat and fish prices were representative of the

actual products used. The assumption was based on the same reasoning

used in the cases of raw fruit and vegetable prices: constant proces-

sing costs. Therefore, the available prices were considered acceptable

indicators of seasonality.
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The data on fruits and vegetables was available on a weekly basis;

consequently, an arithmetic average was used to obtain monthly price
estimates. Prices were available on a monthly basis, in a price per

pound format, for meat and fish products.

The data f or the three most recent years available (1975-1977)

were plotted. Three years of data were assumed adequate, since a longer

length of time would clutter the graphs, making trend recognition more

difficult. The graphs were inspected to determine if the products

showed any signs of seasonality. For example, the graph of apples is

shown in Figure 1. Note that the plot of each year's data does not

follow the same exact pattern from year to year; however, this was

anticipated. Therefore, the following criterion was used to determine

if a food item is seasonal: "Can a reasonably good time to order be

predicted from year to year based on the graphs?" A "reasonably good

time" is defined as a time period when prices are normally low from

year to year relative to the other months. Referring to Figure 1, note

that July represents the highest price of apples in 1975, but not for

1976 or 1977. However, the price of apples is high in July, relative

to June in 1976 and 1977. Furthermore, the general curves are similar

in trend of prices. Note the generally rising prices in the first

half of the year and the general decline of prices in the latter

portion of the year. Therefore, a reasonably good time to order apples

appears to be early in the year or at the end of a year.

Of the original twenty-one products considered, under the criterion

stated above, a list of twenty products was retained f or study. The

remaining price graphs representing the other products considered are
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included in Appendix A. Nine of the products require dry storage:

sliced apples, applesauce, peaches, instant potatoes, hash browns,

sweet potatoes, green beans, carrots, and peas. The remaining eleven

products requiring frozen storage are strawberries, mustard greens,

squash, turnip greens, chicken, turkey breasts, hamburger, ham, cod

fillets, perch, and pollack.

Consideration of Equivalent Food Substitutions

Since only food items that could be increased in usage were being

considered, it was necessary to determine what quantity of a food item

could be increased in usage as a result of the corresponding decrease

in usage of some food item. If all food items were purchased in the

same unit size, and each unit yielded an equivalent number of servings,

there would be no problem in determining equivalent substitutions. How-

ever, this was not true in every instance; therefore, determination of

what quantity of an increased item would replace a decreased usage item

was based on equivalent portions. This information was determined from

Birchfield (10), Pedderson (29), and the dietician employed by the

food service department.

A one-case to one-case correspondence was acceptable, according

to the dietician, for all canned items replacing other canned items,

except for instant potatoes and hash browns. For these items equivalency

was based on equivalent portions. For example, one case of hash browns

serves 150 portions, but one case of lima beans only serves 138 portions;

therefore, increasing hash brown 21 cases requires a reduction of (21)*

(150/138) cases of lima beans, or 22.83 cases. A similar calculation

4'
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was performed for instant potatoes. In those instances where canned

items replace frozen food or vice-versa, one drained pound of canned

food was assumed equivalent to one net pound of frozen food in terms of

serving portions. It should be noted that this assumption was accep-

table to the dietician. Since the same frozen item is often received

in different size packages, no attempt was made to convert increased

or decreased pounds of frozen items into cases. Where frozen items

replaced other frozen items, an equivalent portion was based on an equal

weight basis. For example, one pound of frozen squash was considered

equivalent to one pound of broccoli. Furthermore, one pound of meat was

considered equivalent to one pound of another meat, except in the case

of pork. All the meats considered for increased or decreased usage,
.S

except pork, were boneless. Therefore, a positive correction factor

from Pedderson (29) was applied to the pounds of pork decreased to take

into account the average weight of bones in pork. Summaries of the

calculations and substitution amounts are included in Table I and Table 2

for the dry goods model and frozen goods model respectively.

Determination of Cost Coefficients

In order to minimize the effect of unusually low or high prices, a

three year arithmetic average (1975-1977) of food prices was used in the

model. While the average price does not necessarily reflect current

costs, since costs may change each year, the relative price from month

to month should still follow the general pattern of the seasonal costs

plotted earlier. Furthermore, since some raw food and intermediate pro-

cessed prices were used to determine cost coefficients, the averaging
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TABLE 1

SUBSTITUTION EQUIVALENCES FOR DRY STORAGE FOOD ITEMS

Items Increased Items Decreased Cases Increased Amount Decreased

Sliced apples [Blueberries 38 20 cases1

- Cherries 18 casesD

Applesauce Cherries 15 15 cases

Peaches Pears 100 100 cases

Instant Potatoes Lima Beans 4 22 cases

Hash browns Lima Beans 21 23 cases*

Sweet potatoes Lima Beans 43 43 cases

Green beans Frozen Brussel 95 2131 pounds*
Sprouts

Carrots Frozen Cauliflower 55 1423 pounds*

Peas Frozen Okra 141 3807 pounds*

* Rounded to nearest integer value

I
I
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* I TABLE 2

SUBSTITUTION EQUIVALENCES FOR FROZEN STORAGE FOOD ITEMS

Items Increased Items Decreased Pounds Increased Amount Decreased

Strawberries Canned blackberries 688.5 18 cases

Mustard greens Broccoli 3963 3963 pounds

Squash Broccoli 3963 3963 pounds

Turnip greens Canned Asparagus 904 38 cases*

Chicken Canadian Bacon 1670 1670 pounds

Turkey breast Veal 3580 358 pounds

Hamburger Rump roast 9648 9648 pounds

Ham Pork 3432 4000 pounds*

Cod fillets Flounder 5670 5670 pounds

Perch Shrimp 5450 5450 pounds

Pollack Shrimp 720 720 pounds

*Rounded to nearest integer value

IA
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method seemed appropriate. The one exception to this situation was

peaches. Since peaches were only available from growers four months

each year, the price the other eight months was considered constant at

approximately seven per cent higher than the highest~ price paid to

growers each year. This seemed reasonable since price is known to vary

with supply.

Storage of Food Items

Equation (2) of the general model requires that some upper limit

on the total space available for the products be determined. Therefore,

the inventory records of the foodservice department were examined to

determine the maximum amount of inventory space utilized at any one time

for the products included in the dry goods and frozen goods models.

For the dry goods model, this procedure required multiplying the cubic

feet per case of each product by the maximum number of cases on hand in

each month of the year. The cubic feet per case was determined for each

product by measuring the dimensions of an actual case of product in

inventory. This procedure resulted in an upper limit of approximately

4500 cubic feet for the month of November. For the frozen goods model,

a slight modification in procedure was necessary. Since the case

size often varies for a particular frozen item, the maximum number of

pounds on hand in each month was determined. For example, one month a

supplier may offer twenty pound cases of a product, but several months

later the product may only be offered in thirty pound cases. This

required the assuwption that twice as many pounds of a product consumed

twice as much space. Therefore, the volume in cubic feet per pound

was determined for each frozen product by noting the dimensions
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and net weight of an actual case of product in inventory. This procedure

a resulted in an upper limit of 1242 cubic feet for the products under

consideration during the month of November. The basic procedure described

was coordinated with the warehouse superintendent to insure nothing

critical was overlooked. The amount of warehouse space to be alloted

for storing a given set of products will vary, however, with the size

warehouse available in a particular situation.

Demand for Selected Food Items

The food service department inventory records summarize food usage

in each quarter of the year for every product. These quarterly figures

had to be broken down into monthly usages in order to be useful in the

model. This was accomplished according to the percentage of serving

days per quarter. However, since the products considered were to be

increased in usage also, a monthly correction term was necessary. The

yearly increment for each product was multiplied by a monthly correction

factor. The correction factor for a particular month was the number

of serving days in the month divided by the number of serving days in

a year. In other words, a weighted averaging technique was used.

Resultant Dry Goods and Frozen Goods Models

The nine dry products modeled, product numbers one through nine

respectively, were sliced apples, applesauce, peaches, instant potatoes,

hash browns, sweet potatoes, green beans, carrots, and peas. These

nine products required one objective function, twelve space constraints

(one for each month of the year), and 108 use constraints (one for each

product every month of the year). Because of the size of the matrix
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involved, 120 rows by 216 columns, a computer assisted solution was

necessary; therefore, an IBM programming package as explained by Libben

(25) was utilized. The data actually used f or the dry goods model is

included in Appendix B. It is in the form required by the computer

program described by Libben. The row names used were R10,Rll,. ..R120.

R10 through R21 were the space constraints; and, R22 though 120 were

the use constraints. For example, R22 through R33 were the use con-

straints for sliced apples, product one, and R109 through 120 were

the use constraints for peas, product nine. The constraint matrix

required 216 columns, named Cl through C216. The first 108 columns

applied to the quantities ordered each month for every product, and

the remaining 108 columns applied to the storage of each product at

the end of every month. For examples, columns C1. through C12 applied

to the quantities ordered of product 1, sliced apples; columns C109

through C120 applied to the storage of product 1 at the end of months

one through twelve, respectively.

The frozen goods model consisted of the objective function and the

space and use constraints for eleven products: strawberries, mustard

greens, squash, turnip greens, chicken, turkey breasts, hamburger, ham,

cod fillets, perch, and pollack. These were product numbers one through

eleven, respectively. Since the constraint matrix was rather large,

144 rows by 264 columns, the computer program described by Libben (25)

was utilized again. The actual data used for the frozen goods model

is included in Appendix C. Similar to the dry goods model, there were

twelve space constraints (one for each month of the year); and, there

were 132 use constraints (one for each product every month of the year).
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The row names were Rl2 through R155, and the column names were C1

through C264. Again, the first half of the columns applied to the

ordered quantities of each food item every month, and the last half

of the columns applied to the storage of the items at the end of every

month.

I

II

I



V. RESULTS AND DISCUSSION OF RESULTS

Since one model was developed for the dry goods, and a separate

model was developed for the frozen goods, the results will be discussed

separately for each model.

Dry Goods Model Results

The ordering periods, order quantities, and unused alloted space

for the nine dry products considered are listed in Table 3. The nine

canned products, x(l) through x(9), are sliced apples, applesauce,

peaches, instant potatoes, hash browns, sweet potatoes, green beans,

carrots, and peas, respectively. Months one through twelve represent

January through December, respectively. The resultant ordering scheme

never requires more than four orders per year for any product. How-

ever, as few as one order per year resulted for three products:

sliced apples, applesauce, and peaches. Therefore, the resultant

ordering scheme should permit at least some potential quantity discounts

to be realized in addition to the minimum seasonal food costs achieved

by the model. The smallest order quantity was 23 cases for x(9), peas,

in August. The break points for quantity discounts are subject to

change and are, therefore, not known, but reasonable criteria for

minimum ordering quantities, according to the food service department's

ordering clerk are 10 or 15 cases. A review of food service records

indicated that orders of 25 cases of canned products are common. Of

35
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TABLE 3

ORDER QUANTITIES IN CASES AND CUBIC FEET OF UNUSED SPACE BY MONTH

PRODUCT

Month x(1) x(2) x(3) x(4) x(5) x(6) x(7) x(8) x(9) Unused space*

1 556 137 - - - 134 - - - 642

2 .- - - 1360

3 - 35 - 2047

4 - 197 134 - 2227

5 - - - - 2880

6 - - - - 3553

7 - - 643 - - - 3334 - - -

8 - - - 182 105 - - 113 23 78

9 - - - - - - 40 453

10 - - - - - 30 - - 784 -

11 - - - 58 54 37 - 184 - 731

12 - - - 364 252 - - - 1152

*rounded to nearest integer

I
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the 21 orders suggested by the model, only seven are for less than 100

cases; however, it is possible to modify ordering in each of those

seven instances if management would like larger purchase quantities.

Notice that whenever fewer than 100 cases are ordered, another order

is placed within one or two months. In those instances, if management

ascertains that a potential quantity discount would override seasonal

price fluctuations, then the individual orders suggested by the model

could be combined. The combining of orders is possible only to the

extent that there is some unused space available. In the case of

x(6) or sweet potatoes, ordered in the first, tenth, and eleventh months,

it is not possible to combine orders due to the space restriction.

The total projected cost for the nine products ordered as a result

of the model was $34,692.26. This compares with $34,691.47 for the

continuous optimum solution which the computer program also yielded.

The minor difference was due to a fraction of a case more of x(7)

being ordered in month seven instead of month four. Since monthly

usages were expressed in terms of integer cases in the model, this had

the effect of making all nonoptimal purchases integer. In other words,

when an order quantity resulted only to meet a monthly demand, and it

was not the best time to order, only the integer quantity specified in

the usage constraint was ordered. Therefore, many of the solution

variables were integer even in the continuous model. This seems

reasonable, since only whole cases of food items are delivered to the

cafeterias, even if only a partial case is needed. The remainder is

simply shelved in the cafeteria until required.
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I
The $34,692.26 total raw food cost resulting from the model did not

permit a direct measure of savings in itself, since the prices used

were not the prices that the food service department would actually pay

for the products in processed form. Therefore, the total raw food cost

was actually an estimate of the best or minimum cost of the products

before being processed. Consequently, if the maximum total cost could

be determined for the same products ordered at the worst possible time,

a measure of maximum potential savings could be estimated, since the

processing costs should not be affected by whether or not the minimum

or maximum prices were paid for the raw food items. Therefore, the

resultant dollar amount could then be compared with the $34,692.26

food cost obtained earlier and the difference used as an estimate of

the maximum potential saving. The procedure described above was accom-

plished by maximizing the model objective function with all constraints

unchanged in the original model. The solution yielded a total cost of

$55,190.44. The difference between the maximum and minimum solution

was $20,498.12; this was considered an estimate of the maximum potential

saving due to seasonal ordering.

It should be emphasized, however, that the saving listed above is

an estimate of the potential saving that could be realized as a result

of changing from the worst possible seasonal ordering scheme to the

f best possible seasonal ordering scheme. It is not known where on the

continuum the Auburn University Food Service Department is currently

operating, but as a result of a study by Dunn, Lawman, and Millican

(13), a group of industrial engineering students at Auburn University,

the food service department is attempting to order large quantities ofI
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selected food items during what is believed to be the optimum seasons.

Furthermore, food processors are probably pessimistic in anticipating

their costs, so they are normally unwilling to pass on all the

savings which might occur due to seasonal price fluctuations.

The $20,498.12 saving listed earlier does not give an indication

of how much of the saving is attributable, at least in part, to using

less expensive food items. The saving is dependent upon the increased

usage of the nine model food items; therefore, the effect of using less

expensive food items is not readily apparent. For this reason, a rough

estimate of the effect of food substitutions was obtained separately.

The lowest 1977 price that the food service department paid for each

item to be increased was subtracted from the lowest price paid for the

respective item to be decreased in usage. This saving per case was

multiplied by the amount the product was to be increased in usage.

For example, referring to Table 1, note peaches are to replace pears

on a one for one basis. Food service records indicate the lowest prices

paid for each were $8.80 per case and $11.47 per case, respectively.

The difference of $2.67 was multiplied by the 100 cases of increased

usage for a saving of $267. This procedure was used for each of the

nine model products, and the total saving was $1137.64. This saving,

as a result of using less expensive food items, is not nearly as signif-

icant as the potential saving from following a seasonal ordering scheme.

A final consideration was the sensitivity of the model to the

available space. Therefore, the food cost determined for various space

constraints, and the results are listed in Table 4. The marginal savings

per cubic foot of space increased are also listed. They give someI
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TABLE 4

SENSITIVITY OF DRY GOODS FOOD COST TO AVAILABLE SPACE

Cubic feet of space Total food cost Marginal saving in dollars
available in dollars per cubic foot

3000 36,233.59 --

3500 35,528.49 1.41

4000 34,974.26 0.98

4500* 34,692.26 0.69

5000 34,437.75 0.51

5500 34,327.80 0.22

6000 34,293.78 0.07

6500 34,293.78 0.00

* original solution
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Iindication of the value of any additional storage space that might be
made available, as well as an idea of the increased costs that could

result from restricting available space. For instance, if 5000 cubic

feet were available instead of 4500 cubic feet, the total food cost drops

from $34,692.26 to $34,437.75. Therefore, the marginal saving is

($34,692.26-$34,437.75)/(500 cubic feet) or $0.51 per cubic foot. If

all the products in the model were received at once, they would require

approximately 7200 cubic feet of storage space. However, since mar!

products have different seasonal periods, 7200 cubic feet are not neces-

sary in order to minimize seasonal food costs. In fact, any space

greater than approximately 6000 cubic feet does not decrease the total

seasonal food cost.

Frozen Goods Model Results

The results of the frozen goods model are listed in Table 5. The

eleven products, x(l) through x(ll), were strawberries, mustard greens,

squash, turnip greens, chicken, turkey breasts, hamburger, ham, cod

fillets, perch, and pollack, respectively. Months one through twelve

represent January through December, respectively. Because the frozen

storage space available is considerably less than the dry storage space,

relative to the quantity of food required, more orders have to be placed.

The order quantities suggested by the model are not atypical of those

experienced by the food service department. Furthermore, in those

instances where order quantities are indicated in succeeding months, it

may be possible to combine the orders economically if the supplier is

willing to withhold part of the shipment until desired. For example,
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referring to Table 5 and the input data for the frozen foods in Appendix

C, it can be seen that the price of product x(9) is lower in month seven

than in month eight. Therefore, if the orders for month seven and eight

can be combined into one order with deliveries spaced as desired, some

saving in food cost could result.

The total projected cost for the eleven products ordered as a result

of the frozen goods model was $165,852.27. As in the case of the dry

goods, the maximum total cost for the frozen goods was determined by

maximizing the model objective function. The resultant solution was

$179,777.22 indicating a maximum potential saving of $13,924.95. It

seems reasonable that the potential frozen goods saving would be less

than the potential dry goods saving, since the storage space is more

severely restricted for the frozen goods.

As in the dry goods model, the $13,924.95 saving does not give an

indication of how much of the saving is attributable, at least in part,

to using less expensive food items as substitutes for more costly food

items. Therefore, the same procedure that was utilized in the dry goods

analysis to estimate the effect of food substitutions was applied to

the frozen goods. The increased usage of the eleven products resulted

in a total saving of $16,148.30. This saving, when compared to the total

estimated frozen food cost for the products considered, appears significant.

Again, a final consideration was the sensitivity of the model to

the available space. Therefore, the sensitivity analysis summarized

in Table 6 was conducted. The marginal saving decreases as more space

is made available up until approximately 5300 cubic feet of space.

Any space beyond that does not decrease total food cost at all. If all

t'
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TABLE 6

SENSITIVITY OF FROZEN GOODS FOOD COST TO AVAILABLE SPACE

Cubic Feet of Total Food Cost Marginal Saving in
Space Available in Dollars Dollars per Cubic Foot

1000 167,080.27

1100 166,463.24 6.17

1200 166,012.52 4.51

1242* 165,852.27 3.82

1400 165,301.09 3.49

1521 164,907.65 3.25

1800 164,197.44 2.55

2000 163,855.42 1.71

3000 162,447.42 1.41

4000 161,725.92 0.72

5000 161,590.34 0.14

5250 161,585.80 0.02

5500 161,585.80 0.00

*original solution
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the products in the model were ordered at once, 6046 cubic feet of

space would be required. 1521 cubic feet were specifically chosen

as one space constraint in Table 6. If one incorporates 50% of the

space made available by decreasing usage and subsequent storage of

frozen food items, an additional 279 cubic feet are available for

storage. Therefore, the original 1242 cubic feet plus the additional

279 cubic feet result in 1521 cubic feet. The model definitely appears

sensitive to the space available, and savings as a result of seasonal

ordering appear to be directly affected by the space available.



VI. CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Although some of the assumptions of the current research may

violate reality to a certain degree, when the inaccuracy of the

available data is considered, the general model appears to be a useful

tool in determining an optimal ordering scheme. It appears that sig-

nificant food cost savings can be realized by attempting to order

selected food items during their optimal seasons. Although the optimal

ordering time may vary somewhat from year to year and location to

location, price trends seem to exist which permit isolation of certain

months as generally good ordering periods. Furthermore, it appears

that unfavorable times to order can also be isolated for many products.

Although only twenty products were studied in depth, it is possible

that many other products also exhibit seasonal price fluctuations.

However, the savings which seasonal ordering could generate are

dependent upon available storage space and fairly accurate demand

forecasts. If food is ordered which can not be consumed within shelf-

life tolerances, no ultimate savings are realized. Nevertheless, many

food items are used in fairly constant quantities from year to year,

and accurate usage forecasts are possible. Although the general model

of seasonal ordering has general applicability for many food service

institutions, the specific results of this study are only applicable

to the Auburn University Food Service Department.

46
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It does not appear that the Auburn University Food Service Depart-

ment can increase its usage of seasonal items very much. Therefore,

any significant savings would largely be the result of seasonal ordering

for those quantities of food items which it already uses. However,

where seasonal food substitutions are possible and will not be met by

customer resistance, the substitutions can result in some food cost

savings. The potential savings appear greatest for meat and fish

substitutions.

Although suppliers may offer quantity discounts, it is the author's

opinion that the discounts result largely from the seasonal price

fluctuations to the supplier. Large order quantities do reduce

expenses for the supplier, and large volume can justify reducing

prices somewhat, but the large discounts often received indicate that

some other factor may be involved. In other words, quantity discounts

really seem to be the result of anticipated low seasonal costs, at

least to some extent. Therefore, those food service institutions that

only order sufficient quantities to meet weekly or monthly demands may

not be able to realize the full benefits of seasonal price fluctuations.

Prices will still be less expensive at certain times of the year, but

not as much as they should be for the supplier to realize a constant

percentage profit. It was implied in the previous chapter that a

supplier's desire for profit is not the only factor involved in pricing

food items to his customers. The supplier sets his prices based on

anticipated supply or costs, and supply forecasts are normally made

on the conservative side. Furthermore, seasonal ordering is

not a readily accepted concept by food service institutions. If
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suppliers knew that customers were trying to order only at optimal

periods, large quantity discounts might not be offered as frequently.

Recommendations

As is the case in most research, some related areas were uncovered

which can be further investigated. Therefore, som~e recommendations will

be made as to which of these areas warrant further research.

A major problem was the availability of data. Data for products in

intermediate form were utilized for reasons which were discussed earlier.

However, in hindsight, prices which the Auburn University Food Service

Department paid during 1977 for the products considered in the model

were compared with the model prices to see if the price trends were

similar. The prices actually paid for the dry goods and frozen goods

model products are listed in Table 7 and Table 8, respectively. Only

those products which were ordered more than once in the year are listed.

In comparing Figure 1 and the other figures included in Appendix A

with the limited data available in Table 7 and Table 8, it was noted

that the price trends were not as similar in shape to the seasonality

graphs as anticipated. However, in general, the s~ailarity of trendsI seems stronger for the frozen goods than for the dry goods. Moreover,

the similarity seems greatest for the meat items considered. For example,

comparing the data for ham in Figure 15 with the data in Table 8,

one can see the prices are generally low in April and high at the end of

the year. Moreover, it should be emphasized that it is not known

what, if any, quantity discounts are confounded within the prices

indicated in Table 7 and Table 8. If quantity discounts were received

on some orders, but not for all orders, the comparison of prices actually
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paid with model prices is not as meaningful. As a result, if price

quotes could have been obtained from food suppie_. on a monthly

basis over a period of two or three years, more realistic cost coef-

ficients could have been generated in the model. Perhaps that would

have obviated the need for maximizing the model objective function,

and a more direct estimate of potential food cost savings would have

been possible because actual purchase prices would have been more

accurately represented.

This research definitely lends itself to further development.

Many other food products are thought to be seasonal. Although the

dietician only felt that twenty food products could be increased in

usage, many of the other food products utilized could still be ordered

on a seasonal basis once appropriate cost coefficients were developed.

Although increasing the number of products to model increases the size

of the problem, the potential savings would appear to justify the

effort. Furthermore, in any particular application of the general

model, the optimum size warehouse for all required products is a

related problem not fully considered in the current research. The

analysis could incorporate the time value of money considerations as

they relate to alternate short term investments. In other words,

could short term investments prove more beneficial than ordering large

quantities of foods before necessary in order to achieve seasonal

savings? Therefore, this research should be regarded as a possible

new direction in food ordering for captive food service operations.
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A. Price Graphs of Model Food Items
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//*rus 1i") 4px5: MIN4 INrH.;L11 SOLrIVI'JN OF DFY GOODS
/1 XFC MP-

//iPS::V'P.SYS~I DD
p F 1-)1F Am
f T rL t 'A. IJ F)D 6itRVICFS)

M -)V F( XDA7 k, IDATh 1')
iiJV F(K PBNA F, IES- B UY)

Z VFi( ' S1IMARY ')
3 C'-fl MTN 001 iO~ N DS'' BOND'

B1 rj U T

I I V R XR HS ' C'AS ES
M I V 7 3' 9 CB J F U N
P -R 1 M A L
S2 L U rTO I

E XT T
P F N D

//MPSFYL'C.3TA I D 5 P A L(C 7L,(1 1)
f//%PSEYLC-. 4T 2 DO DqP A Ci"= (C YL, (1,1))

//MPSFXF2. MA'r F 1X 1 DOD S PA C E Y L,(,
//MPSEvEC. SCR A r M11 D r) PAC;-'(CYL,( 1, 1)

S F'1 C .SCAM2 D 1 .Ph Cl= (C YL ,( I, 1))
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//MnSP'F.IXWlRK DD SPAC-=(CYL,(1,1)),(NT=SYSDA
//%IP PEC. S Y(iI DO D
NAMF D

N OBJF P -
L R 11
L P 11
L R 12
L R 1
L R 1L
L R 15
L R 1
1. R 17
L P lk
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E P1!'s

E P125
F P 127
F R127
E* P12 ]

1NMTE F INT3PG'
C3 BJ FU4 7.392

0 0.9369 F22 1.2 JBJFr!N 7. 128C2 11 0. 9365 P 231
i C '8 ,1 F 11 N 7 . 4 1 6

C 12 .93b9 P2 1 .C4 IDJP11 N 36L4C41 .9R6R P25 2.
CS IBJ FIUN 3. 634C 14 .3 6 R26 1.C S ')BJ Ff N 9. 181C6 1' 1r . 4369 P27 1.c 7 1BJ F I N .864
C7 R16 .93b ,92 1.CP 29JFU N 9 .1.2
C8 Q17 .9369 29 1.
C9 ,)TJ FUN 9. 072":
C9 I q .9 36 R 30 1
C I B JF 'f1N 8.67.6
CIO 919 •9369 R3 1.
C I I RJFTIN .9 28
C 1 1 R .209369 P 321.
C12 )3J FI N 7 .8 12
C12 2 1 .9369 P 3 .C1I 3 JFUN 7.90.
C 3 10 .9368 37 1.C14 DRJFUIN 7.945

C14 l' .436 9 381

C15 ?)BJFI)N 6. 266
CP3 P12 .9369 R 36 1C16 ')DJFU N 1.988
C16 R 16 .9368 RO 1.C17 )13JFIN 9.59
C17 9 14 .9369 P 39 .Ci 3BJpFUN 13.232
C21 P18 .936B R42 1.C 1,4 ") i F fyN 10 99 4C I1 r16 .9368 R40
C 23 ' ,TFr N 13.5q 4
C 2 0 R 1 7 . 3 [ II

c'21')B,1 FTIN 1 .112
C 2 1 RI 99 3 6 4
C22 FB JfyN 9.670
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C22 j .368 P4L 1.
C23 )BJ FJ N 9. 948
223 R21) .9368 PO4 1.
C24 JBJFJ N 8. 707
C24 R 21 . 9 3b1 P45 1.
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C27 'i12 .9368 81*8 1.
C 2H 0)BJFrj N 7.000
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C179 R20 0.9703 R91 "1.
C178 R92 1.0
C179 R21 0.9703 P92 -1.
C179 R93 1.0I C180 RIO 0.9703 R82 1.
C180 R93 -1.0
Cl! R11 1.0040 R94 -1.
C181 R95 1.0
C132 R12 1.0040 R95 -1.
C182 R96 1.0
C183 R 13 1.0040 R96 -1.
C183 R97 1.0
C1 4 R14 1.0040 R97 -1.
C184 R98 1 .0
C195 RIS 1.0040 R98 -1.
C185 R99 1.0
C16 R16 1.0040 R99 -1.
C186 RIO) 1.0
C197 R17 1.0040 R100 -1.
c187 R131 1.0
CIRS RI 1.0040 R101 -1.
C13 R102 1.0
C199 R19 1.0040 R102 -1.
C189 R103 1.0
C190 R20 1.0040 R103 -1.
Cl9O R104 1.0
C191 R21 1.0040 R104 -1.
C191 R135 1.0
C192 RIO 1.0040 R94 1.
C192 R105 -1.0
C193 R11 0.9057 R106 -1.
C193 R107 1.0
C194 R12 0.9057 R107 -1.

-. C194 R 138 1 .0
C195 R 13 0.9057 R108 -1.
C199 R119 1.0
C196 R14 0.9057 R 109 -1.
C196 Rl10 1.0
C197 R15 0.9057 RP10 -1.
C197 Rlll 1.0
C199 R16 0.9057 RiI1 -1.
clq, R112 1.0
C199 R17 0.9057 B112 -.
C199 R113 1.0
C200 R18 0.9057 R113 -1.
C20 R114 1.0
C201 R 19 0.9057 R14 -1.
C2,1 R115 1.0

C202 R20 0.9057 9115 -1.
C232 R116 1.0
C203 R21 0.9057 R116 -1
C233 R117 1.0

A
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C234 RIO 0.9057 R106 1."C214 R{117 -1.0

C205 Rh1 0.9703 R18 -1.
C205 R119 1.0
C206 R12 0.9703 R119 -1.
C206 R120 1.0
C207 R13 0.9703 R120 -1.
C207 R121 1.0
C208 R14 0.9703 R121 -1.
C208 R122 1.0
C209 R15 0.9703 R122
C209 R123 1.0C210 R16 0.970.3 R123-1C210 R124 1.0 2
C211 R17 3.9703 R124 -1.
C211 R125 1.0

C212 R18 0.9703 R125 -1.
C212 R126 1.0
C213 R19 0.9703 R126 -1.
C213 R127 1.0
C214 R20 0.9703 R127 -1.
C214 R128 1.0C2 15 R 2 1 0.9703 R 128 -I

iC215 R 12 1.00

C216 RIO 0.9703 R118 1.
C216 R129 -1.0

RHS
CASES RIO 4500.
CASES Ri 4503. R12 4500.
CASES R13 4500. R14 4500.
CASES q 145 4500. R16 4500.

CASES R17 4500. R18 4500.
CASES Rig 4533. R20 R600.
CASES R21 4500. R22 27.
CASES R23 27. R24 214.
CASES R25 65. R26 68.
CASES R27 48. R28 63.3 CASES R29 55. R30 23.

-\•CASES R 31 70. R32 68.
CASES R33 18. R34 13.
CASES R35 14. R36 10.j CASES R37 15. R 38 15.
CASFS R39 7. R40 7.
CASES R41 7. R42 6.
CASES R43 19. R44 19.CASES R45 s. R146 57.
CASES R47 57. R48 39.
CASES R149 48. RSO 49.CASES R5I 36. R52 4.CASES R53 42. R 54 34.

CASES R55 105. B56 101.
CASES R57 27. RSB 59.

l ; : I .
_ _ _ _ _ _ _-.. 

...- . ... . . .. •
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CASES R59 59. R60 11.
CASES R61 52. R62 5#.
CASES R63 34. R64 42.
CASES R65 36. R66 29.
CASES R67 89. R68 86.
CASES R69 23. R70 39.
CASES R71 38. R72 27.
CASES R73 35. R71 36.
CASES R 75 27. R76 36.
CASES R77 31. R78 18.
CASES R79 56. R90 51.
CASES R81 l4. R82 23.
CASES R93 23. R14 15.
CASES R85 18. R86 18.
CASES R47 9. R88 10.
CASES R89 8. R90 10.
CASES R9 1 30. R92 29.
CASES R93 8. R94 379.
CASES R95 379. R96 261.
CASES R97 330. R98 3140.
CASES R99 179. 11100 191.
CASES 11101 172. R102 164.
CASES R103 507. R1014 491.
CASES R 109 131. 11106 50.
CASES R107 50. R1O 35.
CASES RIOQ 42. B110 #3.
CASES Rlll 23. R112 26.
CASES R113 23. R1114 22.
CASES Rl15 68. R116 66.
CASES R117 18. Bi18 89.
CASES R119 99. R120 60.
CASFS R121 65. R122 68.
CASES R123 46. R1124 61.
CASPS P125 53. R126 140.
CASES R127 124. R128 120.
CASES R12q 32.

BOUNDS
UP BOND Cl 556.
UP BON) C2 b.
rP, BOND C3 556.
UP BOND C4 556.
UP BOND C5 556.
UP BOND C6 556.

UP BOND C7 556.
UP B)ND Cq S56.
UP BOND C9 556.
UP BOND CIO 556.
UP POND Cl 556.
UP BOND C12 556.
UP BOND Cl1 117.
UP BOND C14 137.
UP BOND Cis 1I7.

I



87

UP BOND C16 137.
UP BOND C17 137.
UP BOND C18 137.
UP BOND C19 137.
UP BOND C20 137.
UiP BOND C21 137.
UP BOND C22 137.I UP BOND C23 137.
UP BOND C24 137.
UP BOND C25 643.
UP BOND C26 643.
UP BOND C27 643.
UP BOND C28 643.
UP BOND C29 643.K IUP BOND C30 643.
UP BOND C31 643.
UP BOND C32 643.
UP BOND C33 643.
UP BOND C34 643.
UP BOND C35 643.
TIUP BOND C36 643.

U UP BOND C37 604.
UP BOND C38 604.
UP BOND C39 604.
UP BOND C40 604.
UP BOND C41 604.
UP BOND C42 604.
UP BOND C43 604.
UP BOND C44 604.
UP BOND C45 604.
UP BOND C46 614.
U rP BOND C47 604.
TIP BOND C48 604.
UP BOND C49 411.

I UP BOND C53 411.UP BOND C51 411.
UP BOND C52 411.
TUP BOND C53 411.

I
UP BOND C55 411.
UP BOND C56 411.
UP BOND C56 411.
UP BOND C58 411.
UiP BOND C59 411.

UP BOND C60 411.
UP BOND C61 201.
UP BOND C62 201.
tip BOND C63 201.

i UP BOND C64 201.
UP BOND C65 201.
UP BOND '66 201.IUP BOND C67 201.
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3 UP BOND C68 201.
UP BOND C69 201.
UP BOND C70 201.
UP BOND C71 201.
UP BOND C72 201.
UP BOND C73 3531.
UP BOND C7l4 3531.
UP BOND C75 3531.
UP BOND C76 3531.
UP BOND C77 3531.
UP BOND C78 3531.
UP BOND C79 3531.
UP BOND C90 3531.
UP BOND C81 3531.

UP BOND CB2 3531.
UP BOND C83 3531.
UP BOND C814 3531.
UP BOND C85 466.
UP BOND C96 466.
UP BOND C87 466.
UP BOND CB8 466.

- UP BOND C89 466.
UP BOND C9O 466.
UP BOND C91 466.
UP BOND C92 466.
UP BOND C93 466.
UP BOND C94 466.
UP BOND C95 466.
UP BOND C96 466.
UP BOND C97 8147.
UP BOND C99 847.IUP BOND C99 847.
UP BOND ClOo 8147.

iUP BIND CJ13 847.
UP BOND C102 847.
UP BOND C133 847.
UP BOND C1O4 47.
UP BOND C115 847.
UP BOND C106 8147.
UP BOND C107 847.
UP BOND C10 847.
ENDATA

//

II

II

I'



C. COMPUTER DATA FOR~ FROZEN GOODS MODEL

//RAT JOB (IE239,7R),'aiAYDRO3ANS,NSGLEVEL1 9 NOTIFYIE9239RD
/*JOBPARM TIMF=19,LINES=1OK
/*ROUTE PRINT RMT9

/*THIS IS MPSX3: CONTINUOUS FROZEN MlODEL
//EXEC MPSX

//N4PSCOMP.SYSIN DD
PR03RAM
iNiriIALZ
rTTLE('A.U.FOOD SERVICES*)
t 9VE(XDArA, 'DATA 1')
4OVE(XPBNAME,'$BEST BUY')
13VE(XRHS,'LBS')
MOVE(XOBJ, 'OBJFUN')
ZONVERT ('SUMMARY'1)

PICTURE
rRANCOL
opTIMIZE
SOLuTION
EXIT
PPND

//MPSEXEC.SYSIN DD*
NAME DATkl
ROWS

TIOBJFUN
L R12
L P13
L R114
L R15

-L B16
L R17

T L P193
L R19
L R20

L R21TL R22
L R23
E P214

E P26
E R27



j '90

E R28
E R29
E R30
E P31

. E R32
E R33
E R34
E R35

E P36
E P37
E R39E R39

E P41

E R42
E P43

E P42
E R45
E P46
F P47
E R48
E R49
E R50

E P52
E R53

E P94
E R55
E R56
F R57
E R5R
E R59
F R6 1
E P61
F R62

E P63

E R64

E R65
E 866
E R67

F R68U F R69
E R73
E R71

KP72
IE R73

'-"E R17 4

IP R75
E R76
F R77I
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E R78
E R79
E RO
E R81
E R82
E B83
E R985
E R 815

E R86
E R87
E R88
E R89
E R90
F R91
E B92
E R93
E R94
E R95
E R96

E R97
,E R99

E R99l
E RIO0

SE RI01

E R102
E R103
E R104
E R105

E RI08
E R139E R lI10 -

E R112
E R113
E R114
E R115
E R116

iE R 117SE RlI18

E R119
E R120
E R121
E R 122
E R123
E R124

IE R125
ER 126
E R127

I E R128
E R129

I
7-
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IE F130
E R131
E R13 2

I E P133
E R134
E P135

E R136
E R137
E R138
E B139

E R141
E R142
E R 6143
E.. R144

E R145
ER145
E R147E RP14B
E R149
E R153
E R151
F R152
E R153jF P194
E R195

CL 3BJFJN 0.559
R 12 0.02538 R24 1.

C2 OBJF'IN 0.499
C2 13 3.02538 R25 1.1 C3 BJFURJ 0.490
C3 R14 0.02538 R26 1.
C4 OBJFUN 0.572
C4 RIS 0.02538 R27 1.
cS )BJFUN 0.450
::5 R16 3.02538 P28 1.

C6 OBJF UN 0.496
C6 R17 0.0253 R29
C7 OBJFUN 0.539
C7 R18 3.02538 R30 1.
C8 OBJFUN 0.556
Cs R19 0.02538 R31 1.

C9 OBJFilN 0.588
C9 R20 0.02538 R32
CIO OBJFtN 0.567

4 C10 R21 3.02538 R33 1.
Cll BJFoN 0.658
Cl1 R22 0.02538 P34 1.
C12 OJFUN 0.520

" C12 R23 0.02538 R35 1.

* C13 IBJFUN 0.082

- , . .. .... . . .. . . . . .. . .. . . . . , --. ,.
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T C13 R12 0.03013 R36 1.
C14 ,BJPU N 3.087
C14 R13 0.03013 R37 1.
C15 IBJFUN 0.066
C15 R{7 0.03013 R31 1.
C16 OBJFUN 0.068
C16 R15 0.03013 R39 1.
C17 I)BJFUN 0.071
C17 R16 0.03013 R40 1.
C18 OBJFUJN 0.069
Cis R21 0.03013 R41 1.
C19 OBJFUN 0.075
C19 R19 0.03013 R42 1.
C23 OBJFUN 0.091

C20 R19 0.03013 R43 1.
C21 ')BJFU N 0.087
C21 R20 0.03013 R44 1.
C22 OBJFUN 0.072
C22 R21 0.03013 R45 1.
C23 OBJFfIN 0.064
C23 R22 0.03013 R46 1.
C24 OBJF[JN 0.373
C24 R23 0.03013 R47 1.
C25 OBJFTJN 0.256
C25 R12 0.03629 R48 1.
C26 OBJFUN 0.235
C26 R13 0.03629 R49 1.
C27 OBJFITN 0.321
C27 R14 0.03629 R50 1.
C28 OBJFUIN 0.194
C29 R15 0.03629 R51 1.
C29 )BJFUN 0.148
C29 R16 0.03629 R52 1.
C33 OBJFTYN 0.155
C30 R17 0.03629 R53 1.
C31 3BJPUN 0.160
C31 R1 0.03629 R54 1.
C32 OBJFUN 0.177

C32 R19 0.03629 R55 1.
C33 )BJPUN 0.174
C33 R20 0.03629 R56 1.I C34 OBJFUN 0.222
C34 R21 0.03629 R50 1.
C35 DBJP[JN 0.214
C35 R22 0.03629 R58 1
C36 UBJFIJN 0.224
C36 R23 0.03629 R 59 1
C37 OBJEJN 0.105IC37 R12 0.03013 R60 1
C38 OBJFUN 0.114

3 C39 R13 0.03013 R61 1.
5 C39 OBIFtYN 0.101I'

h-
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C39 R14 0.03013 R62 1.
C40 0 RJFUN 0.099
C43 P15 0.03013 R63 1.
C41 OBJFUN 0.093
C41 R16 0.03013 R64 1.
C42 OBJFUN 0.095
C42 R17 0.03313 R65 1.
C43 OBJ Fr N 0.105
C43 R19 3.03013 P66 1.
C44 OBJFUN 0.140
C44 .I 0.03013 R67 I.
C45 OBJFUN 0.130
C45 R23 0.03013 R68 1.
C46 OBJPrN 0.118
C46 R21 3.03013 R69 1.
C47 OBJF(JN 0.100
C47 R22 0.03013 R73 1.
C4q9 BJFUJN 0.094
C48 P23 0.03013 B71 1.
C49 OBJFITN 0.408
C49 q12 0.01793 R72 1.
C50 OBJFITN 0.421
C5' R13 0.01790 R73 1.
C51 OBJF[IN 0.415
C51 R14 0.01790 R74 I.
C52 0BJFrIN 0.408
C52 R15 0.01790 R75 1.
C53 OBJFUJN 0.424
C53 T16 0.01790 R76 1.
C54 I BJFtN 0.445
C54 17 0.01790 R77 1.
c5r OBJFUN 0.462
C55 R18 3.01793 R78 1.
C56 93JFUN 0.445
C56 R19 3.01790 R79 1.
C57 OBJFTIN 0.434
C57 R20 0.01790 R83 1.
C54 OBJFrIN 0.411
CSq R 21 3.01791 P81 1.
C59 09JFIN 0.393
C59 R22 0.01790 R82 1.
C60 JBJFUN 0.377
C60 R23 3.01790 R83 I.
C61 OBJFUN 0.535
C61 1112 .02976 R84 1.3
C62 3BJF'UN 0.509
C62 R13 0.02976 R85 1.0
c63 OBJF[JN 0.526
C63 R14 0.02976 R86 1.0
C64 0BJP1IiN 0.523
C64 R15 0.02976 R87 1.0
C65 OBJFUN 0.525

,Jr&
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C65 R16 0.02976 R88 1.0
C66 ')JFUN 0.523
C66 R17 0.02976 R89 1.)
C67 OBJFUN 3.535
C67 l18 0.02976 R90 1 .0
C6i 3BJF[1N 0.548
C68 R19 0.02976 R91 1.3
C6q OBJFUN 0.550
C69 R20 0.02976 R92 1.0
C70 JB,1FU N 3.563
C70 R21 0.02976 R93 1.3
C71 URJFUN 0.583
C71 R22 0.02976 R94 1.0
C72 OBJFUJN 3.594
C72 R23 0.02976 R95 1.0
C73 IBJF UN 3.867
C73 R12 0.02110 R96 1.0
c74 3)9JPI N 0.853
c74 R13 0.02110 R97 1.1
Z:7S 3BJF1N 3.839
C75 114 0.02110 R98 1.0
C71 1BJFUN 0.837
c7 R15 0.02110 R99 1.3
277 ")BJFUN 5.879
C77 R16 0.02110 R100 1.0
C73 3SJPTN 3.888
C79 '417 0.02110 RI01 1.3
C7q 9BJFTN 3.894
C7- R18 0.02110 R102 1 .3
C9 317F!IN 3.889
C90 819 0.02110 8103 1.3

C81 DBJFTN 3.871
C91 R20 0.02110 R104 1.0
C92 r)BJFI1N 3.872
C82 221 0.02110 8105 1.0
C83 3BJFtIN 3.873
CRI R22 0.02110 R106 1.0
C84 3BJFN 3.869
C94 R23 0.02110 P107 1.0

C85 OBJFTJN 1.343
C95 412 0.01932 RI08 1.0I C86 OBJFUN 1.272

8C6 R13 0.01932 8109 1.3
C87 OBJFr7N 1.267
C97 R14 0.01932 R110 1.0
C88 OBJFUN 1.241
C99 R15 0.01932 R111 1.0
C89 OBJFtJN 1.239
C99 R16 0.01932 R112 1.0
C90 JBJFUIN 1.257
C90 R17 0.01932 R113 1.)
C91 ORJFN 1.287

A-A__
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C9 118 0.01932 R114 1.3I.
C92 OBJF!IN 1.299
C92 q19 3.01932 R115 1.0
C93 OBJFTN 1.307
C93 R20 0.31912 P116 1.3
C94 OBJFUJN 1.351
C94 R 21 0.01932 R117 1.0
C95 OBJFUN 1.359
C95 R22 3.01932 R118 1.0
C46 OBJF!JN 1.406
C96 R23 3.31932 R119 1.0
C97 3BJ FU N 0. 734
c-7 R12 0.02109 R120 1.3
C98 OBJFUN U. 756
C91 R13 0.0210q P 121 1.
C3BJFON U. 745
C99 R14 0.021lq R122 1.3
C 10 OBJFIYN 0.744
C1JO R15 0.02109 P123 1.3
Clol 9BJF[TN 0.754
CI I P16 0.02139 R124 1.3
C1')2 OBJFJN 0.742
C102 R17 3.02109 P125 1.3
C103 9BJFrUN 0.737
C103 R18 3.02109 R126 1.3
C1094 OBJFTIN 0.739
C104 R19 3.0210q R127 1.3
C105 OBJFUN 0.737
C195 R20 0.02104 P12A 1.3
C106 OBJFUIN 0.749
C106 R21 3.02109 R129 1.0
C107 3BJF[JN 0.773
C17 R22 0.0210q PIP3 1.3
C 10 OBJFUN .804
C113 723 3.02109 R131 1.0
C109 C)BJFFJN 0.712
C139 R12 0.01951 R132 1.3
Cio OBJFUIN 0.716
Cl1 P13 0.01953 R13 1.0
Cill )BJFTIN 0.735
Cill R14 3.01953 R134 1.3
C112 ORJF[TN n.751
.C112 R15 0.01953 R135 1.0
C113 3BJFUN 0.775
C113 R16 0.01953 R136 1.0
C114 BJFT1N 0.804
C114 R17 0.01953 I137 1.0
C115 OBJFUN 0.829
C115 Rig 3.01953 R138 1.0
C116 OBJPEN 0.833

- C115 R19 3.01953 R139 1.0
C117 OBJFTIN 0.829
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3l 17I R20 0.01953 R 140 1.3
C118 OBJFUN 0.841
C119 R21 0.01953 R141 1.0
C119 0BJPFJN 0.851
C119 R22 0.01953 P142 1.3
C123 OBJFTTN 3.857
C120 R23 0.01953 R143 1.0

jC121 OBJP(JN 0.385
C121 R12 0.08051 R144 1.0
C122 0BJFUN 0.388
C £122 R13 0.08051 R145 1.0
C £123 OBJFUN 0.405
C123 R14 0.08051 R146 1.3
C124 OBJFUN 3.421
C £124 R15 0.0051 R147 1.0
C125 OBJFUN 0.441

C125 R16 0.08051 R141 1.0I C126 OBJFUN 0.450
C126 R17 0.08051 R14 1.0
C127 uBJFrIN 0.471
C127 R19 0.08051 R150 1.3

C128 OBJFTN 0.492
C128 R 19 0.02051 R15 -1.0
C129 BJFUN 0.505
C 129 R20 0.08051 R152 1.0
£ 1303 OBJFTIN 0.5135
C130 R21 0.08051 R153 1.0
C13 1 )B J FUN 0.506

l C131 R22 0.08051 R154 1.3
£132 OBJFtiN 0.537
C132 R23 0.08051 R155 1.0
C133 R13 3.02538 R24 -1.0
C133 R25 1.0
C134 R14 3.02058 R25 -1.3
C134 R26 1.0
C135 R15 0.02058 R26 -1.0
C135 R21 1.0
C136 R16 0.02058 R27 -1.0

C136 R28 1.0
C137 R21 3.02058 R24 -1.0
C137 R29 1.0
C138 R18 3.02058 329 -1.3
C138 R30 1.0
£139 R 19 0.3058 R 30 -1.0
C 139 R 31 1.0
C1403 R20 3.02058 R31 -1.3
£140 R32 1.0
C141 R 21 0.02058 R32 -1.0IC141 R33 1.0
£142 R22 0.02058 R33 -1.0
C142 R34 1.0
C 143 2 3 3.02058 R834 -1.0



J C143 R35 1.0
C144 R12 0.02059 R24 1.

4Cl~144 P35 -1.0
C145 R13 0.03011 R36 -1.
CI45 R 37 1.0
C146 R14 0.03013 R37 -1.
C 146 R38 1.0
Cl47 RIS 0.03013 R38 -1.
CI7 R39 1.0
Cl4 R16 0.03013 R39 -1.
C148 R43 1.0
C149 R17 0.03013 R40 -1.
C149 R41 1.0
C150 R14 0.03013 141 -1.
c1so R42 1.0

C51 119 0.03013 R42 -1.cis I R43 I .0
C52 R20 0.03013 R43 -1.
C152 R4(4 1.0
C153 R21 0.03013 R44 -1.
C153 R45 1.0
C15 R22 0.03013 R45 -1.
C154 R46 1.0
C155 R23 0.03013 R46 -1.
C155 R47 1.0
C156 R12 0.03013 R36 1.C156 1,7 -1.0
C15713 0.03629 R49 -1.0C11.0C197 R49 I .0

C159 R14 0.03629 8149 -1.0
C158 R93 1.0
C!S9 R15 0.03629 R50 -1.0
C159 R51 1 .0C160 R16 0.03629 E51 -1.0

C160 R52 1.0
C161 117 0.03629 R52 -1.0
C16 1 R53 1.0
C162 RI q 0.03629 R53 -1.0
C162 R54 1.0
C163 R19 0.03629 R54 -1.0

i C163 R55 1.0
C164 R20 0.03629 R55 -1.0
C164 R56 1.0
C165 R21 0.03629 R56 -1.0
C165 R57 1.0
C166 R22 0.03629 R57 -1.0
C166 R58 1.0
C167 R23 0.03629 R59 -1.0
C157 R59 1.0
C169 R12 0.03629 R18 1.3
C 168 R59 -1.0
C169 R13 0.03011 R60 -1.

i
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Clh9 R61 1.0
C170 R14 0.03011 R61 -1.
C170 R62 1.0
C171 R15 3.33313 R62 - .
C171 R63 1.0
C172 R16 3.03013 R63 -1.
C172 R64 1.0
C173 RI? 3.03313 P64, -1.
C173 R65 1.0
C174 R18 3.03013 R65 -.
C174 R66 1.0
C175 R19 3.03013 R66 -1.
C175 R67 1.0
C176 R20 0.03313 R67 -1.
C176 R69 1.0
C177 R21 3.03013 R68 -1.
C177 R69 1.0
C178 R22 0.03013 R69 -1.

C178 R70 1.0
C179 R23 3.03013 R70 -1.
C179 R71 1.0
C190 R12 3.03313 R63 .
C1'0 R71 -1.0
C1R1 R13 3.01790 R72 -1.3
C191 R73 1.0
C182 R14 3.01793 B73 -1.0
C132 R74 1.0
C183 R15 0.01793 R74 -1.3
C133 R79 1.0
C1114 R16 0.01790 R75 -1.0
C194 R76 1.0
C1ld5 q17 0.31790 R76 -1.,'
C195 R77 1.0
C1B6 R1 0.01790 R77 -1.0
C16 R79 1.0
C1837 R19 0.01790 B78 -1.3
C1137 R79 1.0
C19B 120 0.01793 B79 -1.0
C199 R90 1.0
C189 R21 0.0179n RBO -1.3
C199 R91 1.0
C 141, R22 3.01793 R81 -1.0
C190 R92 1.0
C1ql R23 0.01790 R82 -1.3
C141 R83 1.0
C192 R 12 0.01790 B72 1.0
C192 R93 -1.0
C193 R13 3.02976 R84 -1.
C193 R95 1.0
c194 R14 0.02976 R85 -

- C191 R96 1.0
C195 R15 0.02976 R86 -

~Ii
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c1 4 5 8 7 1.0
C 1'1, 416 0.02976 3R7 -1.
Cl,4b I04 1.0
c147 R 17 U. 02976 Rqq -1.
C147 q49 1.0
ctI)9 419 0.02976 Rq9 -1.

919f r9q0 1.0
C19q RI' O. 0217b B90 -1.
C149 R91 1.3
C230 120 0.02976 191 -1.
C?0 492 1.0
C201 R 21 0. 0276 R92 -1.
C211 Rq 1.3
C22 R22 O.02476 BQ3 -1.

C202 394 1.0
C2)1 R2J 0.02476 !194 -1.
7211 495 1.0
C214 R12 0.02976 R(94 I.
C23' 4 99 -1.3
C2,)'; 1.02110 R1. -I.0
C205 R97 1.0
C216 R14 0.02110 R97 -1.0
C2,16 R 98 I.0o
C207 1115 0.U2 110 p 40t -1.3)

C217 R99 1.1
C219 916 0.02110 R99 -1.0
C21 R1ll 1.0
C209 R17 0.02110 R10 -1.0

C219 9101 1.0
C210 R1ig 0.02110 R101 -1.0
C210 R112 1.0
C211 19 0.02110 11102 -1.3
C211 R1"10 1.3
C212 Rl20 0.02110 R101 -1.0
C212 9114 1.0
C213 R21 0.02110 R104 -1.0

C213 R135 1.0
C214 922 0.02110 R105 -1.0
C214 R106 1.3
C215 923 0.02110 R106 -1.0
C215 R137 1.,

C216 R12 0.02110 R96 1.0
C216 917 -1.0
C217 R 13 0.01932 R109 -1.

C217 R109 1.0
C213 R14 0.01932 R109 -1.

C2119 9110 1.0
C21) R15 0.01932 Rl1O -1.

'I C21q R111 1.0
C220 R16 0.01932 R1111 -1.

I C22,) R112 1.0

C221 R17 0.01932 R112 -1.

I
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C22 1 RIll 1.0
C222 R18 3.31932 R113 -1.

C222 R114 1.0
I C?23 R1Q 0.31932 R114 -1.

C223 R1n 1.0
C224 R20 3.31932 RIIS -1.

C224 R116 1.0
C225 P21 0.31932 p116 -1.
C2?S R117 1.0
C226 P22 3.31937 9117 -1.

C226 R114 1.0
C277 R?3 0.31932 RiI -1.

C227 Rill 1.0
C22 R12 3.01432 R138 1.
C224 H II -1.0
C22 11 3.02109 R123 -1.0
C229 R121 1.0

C2 0 1il& 0.0210Q B121 -1.3
C2Ln .4122 1.0
C2f I15 4 I's 3.021' B122 -1.0
C211 R12 3 1.

C232 w16 3.02109 P12f -1.0
C2M2 R124 1.0
C23 917 0.02109 P124 -1.0
C213 q125 1.0
214 Rig 3.32109 t125 -1.0

C234 R126 1.0
C2 35 R19 3.32104 P126 -1.0
C235 r127 1.0
C21, R20 3.32109 R127 -1.0
C246 3 124 1.0
C217 '?21 0.02109 R128 -1.0
C2 37 129 1.0
C23M R22 3.,2l0q R124 -1.0
C2 N R 130 1.0
C239 R21 3.12139 R1130 -1.0
C234 RII1 1.0

C241) R12 3.32139 R123 1.3
C2*40 R111 -1.0
C241 R13 3.31951 P132 -1.
C241 Rill 1.0

Z242 R14 0.01953 RMI -1.
C242 R134 1.0
C243 415 3.31953 R134 -1.
C243 R135 1.0

C24*4 R16 3.01953 B135 -1.
C2414 4136 1.0

3 C245 R17 0.01953 R136 -1.
C2(45 R137 1.0
C246 R1I ).01951 R137 -1.
C2'46 RI13 1.0
C247 R19 0.01951 P139 -1.
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C247 P 139 1 .0
C24q R20 0.01953 p119 -1.
C248 R1IO 1.0
C24q H21 0.01953 R1140 -1.
C249 R 141 1.0
C250 R22 0.01953 R141 -1.

I C250 R142 1.0
C21 R23 0.01951 R1l42 -1.
C251 R143 1 .0

C252 P12 0.01953 R132 I.
C252 R143 -1.0
C2)3 R13 0.08051 R144 -1.0
C29) RlS 1.0
C25S4 q14 0.090s1 R14'5 -1.3
C254 R116 1.0
C25 RIS 0.0051 R146 -1.0
C259 R147 1.0
C256 H16 0.04051 P147 -1.0
C296 R148 1.0
C257 R17 U.08051 R14R -1.0
C2S 7 R1491 1.0
C2S4 R19 0.08051 R149 -1.3
C2S4 R150 1.0
C259 RII 0.08051 RI50 -1.0
C259 P151 1.3
C260 q20 0.09051 R151 -1.0
C2hY) 9152 1.0
C261 R21 0.09051 R152 -1.0
C261 R153 1.3
C262 R22 0.08051 R153 -1.0
C262 R154 1.3
C263 R23 0.08091 R154 -1.0
C261 q155 1.0
C264 R12 0.08051 P1144 1.0
C264 p155 -1.0A R S1
LBS R 12 242.0246
LBS R13 1242.0246 R1i 1242.02145
LBS RS 15242.3246 P 16 1242.02416
LBS R 17 1242. 0246 R 19 1242.0246

LBS R19 1242.0246 R20 12142.32146
LBS R2 1 1242.0246 R22 1242.02146
LBS R23 1242.0246 R214 884.
LBS R25 J34. R 26 634.
LBS R27 966. R28 998.
LBS R24 618. P30 761.
LBS R31 662.5 R32 336.
LBS R33 1041.5 R34 1008.
LBS R35 268.5 R36 3714.
LBS R17 373. R38 267.
LBS R39 400. R40 4111.
LBS R41 307. R42 414.

-
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LOS R43 160. R 44 133.ILBS 4415 4141. R416 400.
!.B- RI47 107. R148 1739.
L BS R149 1739. P 5 0 12745.
LBS R51 2105. R52 2175.
LBS R53 1253. RS4 1469.

LBS R55 1280. R56 891.
LBS R57 273f. R58 2642.
LBS R59 705. R60 1513.
LRS R61 1513. R62 1351.

1 LBS R63 139b. R64 1113.
£ LBS R65 9015. R66 1120.

LBS H67 476. R64 641.
LBS R69 1987. R73 1923.
LBS R71 513. P72 255.
LBS P73 255. R74 193.
LBS R75 333. R76 344.
LBS R77 168. p7s 174.
LBS R79 152. R90 223.
LBS R81 692. R82 670.
LBS R93 179. R94 5779.
LBS R85 5779. 396 4129.5
1. 8 R97 6199. P8 6404.
L9S R89 283. 393 2639.

LBS R91 2298.5 R92 2649.
LBS R93 8211. R94 7946.5
LBS 95 2119. R96 7739.
LBS R97 7739. 398 5334.
LBS R99 68143. R 100 7071.
LBS R131 4014. P132 4684.
LBS R 103 4080. R 104 2941.

LBS R13)5 8338. R 136 8524.
LBS RI07 2273. R109 3879.5
LBS R139 3879.5 P11l 2712.
LBS R111 3716. R112 3939.
LOS R 11 2239.5 3111 2659.
LBS Rl15 231b. R116 1602.
LBS 1117 4967. R118 4807.
LBS R 119 1282. R120 993.
LBS R121 993. R122 703.
LBS R123 1028. R124 1062.
LBS R 125 735. R126 959.
LBS R127 435. 8129 272.
LBS R129 813. R130 916.

1 LBS R131 217. R132 1525.

LBS R 133 1525. R13 1056.
LBS R15 1394. R136 1130.

1 LBS R137 997. R138 1113.
LBS R 139 470. R140 168.
LBS R141 1452. P142 1405.
LOS R 143 375. R151 66.
LBS R1155 68. B1146 58.I'



II 1014

LBS R147? 73. R1148 7S.
L 9 R1I49 69. 31IS0 100.
LO~S RISI 87. R152 62.
LBS R153 193. 31514 t
LBS R1IS 50.

FN DATA
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