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DEVELOPING AN ALGORITHM TO ESTIMATE UNIT PRODUCTION 

COSTS IN A GLASS MANUFACTURING COMPANY 

ABSTRACT 

In recent years, cost estimation and cost control 

have become an important issue in developing countries, 

especially in industrial sector in Turkey. 

~v 

In this study an algorithm is developed to estimate 

unit production costs in a glass manufacturing plant, and 

some sensitivity analysis are made. The approach is a 

combination of the accounting approach, statistical approach, 

and engineering approach. The results of this study may be 

used in budgeting, pricing, cost control analysis, production 

planning, and investment planning. 
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CAM URETEN KURULU$TA URUN BAZINDA 

BIRIM, MAL i YET BELIRLENMEsi 

.. 
OZET 

Geli~mekle olan tilkelerde, 6zellikle Ulkemizde 

endlistri sektBrUnde son Ylilarda maliyet belirlemesi ve 

maliyet konlrolunun 5nemi giderek arlmaktadir. 

Bu ~aI1~mada cam Greten bir kurulu~ isin ~rtin bazlnda 

birim maliyet belirleyen ve duyarlillk analizleri yapan bie 

algoritma geli~tirilmi~tir. Kullanllan yakla~im muhasebe, 

.istatistik, ve mGhendislik yakla~lmlarlnln bile~iminden 

olu~maktadlr. Elde edilen sonu~lar btit~e haz;rlanmas~nda, 

satl~ fiati belirlenmesinde, maliyet kontrolunda, liretim ve 

yatiri~ planlamalarinda kullanilab~llr. 
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I. INTRODUCTION 

1.1. Production Process in a Glass Manufacturing Plant 

Basically, the manufacture of glass is the 

high-temperature conversion of raw materials into a 

homogeneous melt to be fabricated into useful articles. Some 

of the raw materials used in production are glass sand, 

feldspars, soda ash, and dolomitic limestone. Some of the 

details in the overall process are shown in the flow chart 
/ 

1 

given in Figure 1. Raw materials are mixed in the batch house 

and then sent into the furnace. After the glass is melted 

down and conditioned in the furnace, it is drawn from the 

furnace, where the temp~rature is about 1500 °c, in desired 

thickness. Then the glass is entered into bath for cooling 

process. The temperature in the bath is approximately 1300°C. 

After bath, the annealing process starts. In this process, 

the g~ass is passed along a continuous belt tunnel for 60-90 

minutes at a temperature of approximately 500°C. After 

annealing the glass is ready for cutting. The glass is 



Ra"\', Mater ial s 

Batch Mixing 

Melting and Conditioning 

Annealing 

60-90 minutes in 

continuous belt tunnel 

Main Cutting 

WIP 

invent.ory 

Special 
for 

Cutting 
special 

cutting 

~varehouse 

Figure 1. Production Process 



first cut and separated on the main cutting line 

automatically in standard machine-size. At this point the 

machine-size glass may be sent directly to warehouse, or to 

special cutting in order to meet special-size glass orders. 

The special cutting process basically consists of re-cutting, 

separating and picking operations. Machine-size glass 

produced in past periods may also be sent to the special 

cutting department from the warehouse. 

3 

In both main cutting and special cutting processes 

some losses occur, and the production efficiencies are 

de£ined in terms of these losses. For example, the production 

efficiency of three millimeters machine-size glass is defined 

as the ratio of total net output obtained from main cutting 

line in the thickness of three millimeters to the amount. of 

total glass drawn from the furnace in the thickness of three 

millimeters. 

1 .2. Product Types in the Selected Factory 

Glass can be classified either according to its 

thickness or according to its size. In the selected factory 

glass is produced -in seven different thicknesses which are 

specifically three millimeters, four millimeters, five 

millimeters, six millimeters, eight millimeters, ten 
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millimeters and twelve millimeters. Thus in this study the 

glass production is classified into one of these seven 

groups. On the other hand, two main groups arise as a result 

of the attempt to classify glass according to its size. One 

is the machine-size glass and the other is the special-size 

glass. Although it may be thought of further classifying the 

special size glasses into different sizes, such a 

subclassification is not undertaken in this study because 

relevant data are nol available. Thus in this study we have 

14 different products in total, at seven different 

thicknesses and two different sizes. 

1. 3. Statement of the Probiem 

The objective of this study is to develop an 

algorithm to estimate unit production costs of products which 

are introduced in the previous section, and also to 

determine the effects of some decision variables, such as 

total output, product mix, amount of cullet used in 

production, and the effects of some exogenous variables such 

as main cutting line production efficiencies and special . , 

cutting line production efficiencies on unit production 

costs. The unit pcoduction cost in this study is defined as 

TL/ton. The results obtained may then be used in pricing and 

cost control analysis. 
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II. EVALUATION OF THE SOLUTION PROCEDURE 

2.1. A Revieu of the Available Approaches in Literature 

Most of the studies carried out 50 far utilize one of 

the three basic approaches encountered in literature to 

estimate costs; these ~re namely the engineering approach, 

the accounting approach, and the statistical approach. These 

approaches need not be mutually exclusive. Two or more of 

them may supplement each other. For example, llhile using the 

statistical approach, data can be derived from accounting 

records and the results can be projected into future by means 

of engineering estimates. 

2.1.1. Engineering Approach 

The engineering method consists of systematic guesses 

about what cost behavior ought to be in the future on the 

basis of what is known about the rated capacity of equipment, 

modified by experience with manpower requirements, efficiency 

factors, and with past cost behavior. Thus it depends upon 

knowledge of physical relationships, supplemented by pooled 



judgements of practical operators. It usually makes use of 

whatever analysis of historical cost behavior are appropriate 

and available as a means of making the judgement better. 

Typically the engineering estimate is built up in 

terms of physical units and the cost estimates are usually 

developed at a series of peg points that cover the 

contemplated or potential output range. 

The engineering approach is the only feasible one 

when experience and records do not provide a sufficient 

historical basis for measuring cost behavior. Engineering 

approach is also a needed supplement to statistical or 

accounting analysis '\Ihen it is desired to project cost 

* behavior beyond the range of past output experience.Cl) 

2.1.2. Accounting Approach 

The accounting approach is basically the 

classification of expenses as fixed, variable, and 

6 

semi-variable on the basis of inspection and experience. This 

approach is the simplest and lea~t expensive of the three 

approaches. Thus it should normally be used whenever 

f~asible as a supplement to the other methods, if it is not 

used as the principal .method.Cl) 

* Paranthetical references placed superior to the line of 
text refer to the bibliography. 



Fixed costs are those in which total cost takes a 

constant value avera relevant range of output, while the 

cost per unit varies with output. 

Variable costs are those in \',hich the total cost 

changes in direct proportion to the changes in volume, or 

output, \'Ihile the unit cost remains ·constant. 

Semi-variable costs have both fixed and variable 

characteristics. They are therefore also called as mixed 

costs. Semi-variable costs are neither wholly fixed nor 

wholly variable. They must be separated into fixed and 

variable components for purposes of planning, estimating and 

control.(2) 

7 

Costs are accumulated by cost centers, which mayor 

~ay not coincide with operating departments. Cost centers are 

placed at points in the production process where costs can be 

measured and recorded as conveniently and accurately as 

possible. A department may be broken down into several cost 

centers to obtain more detailed cost data, or several 

departments may be combined. Each cost center h~s several 

numbers of cost components like materials, labor, etc. Each 

cost component in a cost center is estimated independently 

and dLvided into fixed, variable and semi-variable parts. 

Since the accounting approach provides noway to 

correct data explicitly for changes in cost prices or for 

changes in other conditions that affect cost behavior, a 

constancy of these cost conditions is essential if accurate 



results are to be obtained. The st.at.istical method can 

tolerat.e more variation in underlying condit.ions because it. 

possesses a means of dealing with t.hese variations. The 

accounting method isolates constant cost easily by 

inspection. It. ident.ifies variable cost easily, but determines 

less accurately the patt.ern of vari~t.ion of these and "of 

semi-variable costs. This approach needs to be supplement.ed 

by graphical statistical analysis to separate the variable 

and fixed components of semi-variable cost and to determine 

the linearity of output. relationship for semi-variable and 

variable costs. 

2.1.3. Stat.istical Approach 

Statistical analysis of past behavior of costs deals 

explicitly with each major problem of determining the cost. 

relationships emprically. The engineering and accounting 

approaches meet these problems but cope with them" less 

consciously and t.herefore perhaps less succesfully.(l) 

8 

St.at.ist.ical cost. est.imation includes sequential 

observation of costs of the plant over a period of time when 

it. operates at. different rates of output.Wh"en conditions are 

favorable, the st.atistical approach is likely to achieve more 

reliable measd~e~ent. of short-run cost relationships than the 

alternative methods. It is however, more time consuming and 

expensive. It uses multiple regression analysis to determine 



~ functional relationship between cost and independent 

variables such as output rate. manufacturing size. and 

direction of change in output. 

At first. statistical approach requires a time unit 

of observation and time period for collecting data. The time 

period for collecting data should have the following 

characteristics. 

(a)wide range of output variability and uniform data 

coverage for the range; 

(b) constant size of plant; 

(c) little change in technology; 

(d)stable managerial methods; 

(e)uniform cost records covering changes in volume. 

cost. and other operating conditions; 

(f)number of observatio~s large enough to permit 

generalization and yet small enough to be manageable in 

correlation analysis; 

9 

Measurement of output is usually the hardest problem 

in statistical determination of cost. Theoretical cost 

functions assume that output consists of hom6geneous units of 

a single product. Actually. however. almost all modern plants 

produ~e a number of varied products. There are three ways to 

solve. the problem of measuring heterogeneous output. The 

first solution is to determine the cost-output relationship 

separately for each product. This approach is available only 

when pcoducts ace few, wlv.?n processing is separable, v/hen 
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records of cost and output for each individual product ace 

available, and when observations of each product are spread 

over a wide enough range to pecmit fitting of cost 

regressions and computing of coefficients of variation. The 

second way to measure the heterogeneous production is to 

introduce each significant aspect or dimension of 

multipc~duct outpu~ as a separate independent variable in the 

multiple regression analysis. This solution is particularly 

useful \>lhen different dimensions of output have distinctive 

cos t inf luences·. The third solution for measurement of 

heterogeneous production is to develop an index of . 

multiproduct oUlpul. Allhough this solution is inherently 

inadequate because no scheme of product weighting is fully 

satisfactory, nevertheless it is the only workable solution 

\'lhen the number of products is large, their mix is 

fluctuating, and their individual costs nonseparable. 

Another problem in statistical cost.determination is 

to decide whether the separable components of combined cost 

should be studied statistically. Analysis of individual 

elements of expense has several advantages. In the first 

place individual accounts may require different corrective 

devic~s. corresponding to the varying influences which give 

rise to the need for rectification. Irrelevant influences may 

differ in kind for different expenses and may also operate 

wilh varying intensity on the various categories of cost. The 

same considerations apply also to the influence of 



independent. val"iables. An independent. variable may affect 

only certain component.s of cost. 
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To obt.ain empirical cost funct.ions, it. is necessary 

t.o hold the prices of input factors const.ant. Two assumptions 

are made. 

{a)Substitution among the input. factors does not take 

place. as a restilt of changes in their relative prices. 

{b)Changes in the output rate exert no influence on 

the prices paid for materials, labor and services. 

Because factor prices and ot.her cost. dist.ortant.s affect the 

individual elements of combined cost differently, elements 

-must. be rectif~ed separately. 

Once the decision is made to use multiple regression 

techniques for analyzing the cost items, it is necessary 

first to choose independent variables as those factors which 

play the most important role in influencing t.he cost. behavior 

and secondly t.o select the most. suitable stat.istical series 

'rli th which to represent the relat ionship between t.hese 

factors. The choice of cost. factors is made on the basis of 

the following criteria. 

(a)Tha factor should have a significant influence 

upon cost. 

{b)The factor should represent a cost influence \/hich 

is distinct, that is, which is not to any important degree 

already included in some other independent variable, 

(c)The factor should be suspectible to statistical 



measurement.. 

St.at.ist.ical cost. est.imation applications in some 

special and small size plants are published by Dean J. in 

1976.(1) 
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An important criticism on statist.ical cost estimat.ion 

is that rectificat.ion of cost. data for changes in wage rates 

and material prices biases the results of statistical studies 

toward a linear total cost function. Price-motivated 

substitut.ion of fact.ors of production, which is an import.ant 

ingredient. in the operation of t.he law of diminishing 

returns, is deflated away in t.he rectification process. 

2.2. Analysis of the Studied Approach 

The approach used in this study is a combination of 

the three approaches discussed in t.he previous sect.ion. The 

cost centers and ·the cost components are selected and 

classified as fixed and variable based on accounting records. 

Accordingly. an algorit.hm consisting of two main steps is 

developed to estimate unit production costs of products. The 

first step is the est.imation of total costs for all cost 

centers independently using statistical analysis of variable 

input consumptions. The second step is the distribution of 

these costs to products through an engineering approach. 



Each cost c6mponent in each cost center is classified 

as fixed and variable. The fixed cost components are 

estimated when the annual budget is being prepared and show 

very small variations during a year. However the variable 

costs are related to some decision vari~bles such as 

total output, product mix, and the ~mount of cullet used 

in production. Thus each variable cost COIrlpOnent must 

independently be estimated in order to have an estimation of 

total costs for cost centers. 

A two-stage algorithm is applied in order to 

calculate unit production costs of each product type. In the 

first stage, the costs of machine-size products are 

13 

\ 

calculated considering the quantity of each product produced, 

main cutting line efficiencies, and the .price of the cullel. 

In the second stage, the unit costs of special-size products 

are calculated where the quantities, special cutting line 

efficiencies, and the price of cullet are taken into account. 

In addition to these, the flows from main cutting line to 

special cutting, the flows from warehouse to special cutting, 

and the work-in-process inventories for special cutting are 

also considered. 
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III. ANALYSIS OF THE GENERATED HODEL 

3.1. Statistical Estimation of Total Cost 

-In the process of estimating total cost, as a first 

step cost centers are identified and cost comp~nents ace 

explicitly defined. Then vaL-iable cost components are 

estimated using multiple regression analysis. 

3.1.1. Identification of Cost Centers and Cost Components 

Six cosl centers used in the study are determined 

from the accounling records kept in the factory. These cosl 

centers where costs are recorded are li~ted below in the 

sequential order of the production process. 

(i) Batch house 

(ii) Furnace 

(iii) Bath 

(iv) Annealing 

(v) Hain cutting (Primary cutting) 

(vi) Special cutting 
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Each cost center has several numbers of cost 

components classified as either fixed or variable. A great 

portion of fixed costs arises from depreciation expenses. 

Variable cost components consist of raw materials and energy 

expenses. Raw mat~rial expenses constit~te larger portion in 

variable costs, and consequently in total cost. In the first 

cost center the variable cost cOIflponents are raw materials 

and electric energy expenses. In the second cost center, the 

variable cost components are fuel-oil expenses in the 

furnace, and the electric energy expenses. In all other cost 

centers the variable cost components arise from the electric 

energy consumptions. The variable cost components are 

strictly dependent on some decision variables such as total 

output, product mix, and the amount of cullet used in 

production. Thus, they need to be estimated for any specific 

period to estimate total cost. 

3.1.2. Estimation of Variable Cost Components 

The statistical estimation method developed to 

estimate variable costs also incorporates the technological 

chan~es in production into the model. Instead of expressing 

cost as a function of variable inputs and ,thus directly 

estimating variable costs, it is preferred to estimate the 

quantity of variable inputs required. This h~s the advantage 

of being able to handle with various input prices and prevent 



one from predicting the price changes in inputs and 

furthermore rectifying past cost data. 

A number of multiple regre5~ion models are generated 

in order to estimate qbantities of variable inputs. In total 

13 multiple regression models are generated; six of them are 

for each raw material type, one is tor fuel-oil consumption, 

and the rest are f~r electrical energy consumptions at each 

cost center. 
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In generating each multiple regression model, first, 

the independent decision variables that affect consumption of 

the corresponding variable input are tentatively chosen.These 

independent variables are chosen based upon the experience of 

personnel in the factory, then statistically tested for their 

degree of significance upon variable inputs and thus the 

strong degree of relationship between each independent 

val'iable and the chosen variable input is verified. These 

variables are also tested for independence among themselves. 

Appropriate independent variables are selected for each 

vatiable input using 24 available past observations. The 

results of these tests can be seen in Appendix A. 

In the computer model developed for this study, the 

coerficients of these multiple regression models are not to 

remain fixed. Because the number of past observations is not 

large enough, and new technological changes may change the 

optimal coefficients, as new observations are made, they are 

added to the existing list of observations stored and the 



estimates of coefficients are updated including curr~nt data 

and using Least-squares technique. 
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Once the quantities of variable inputs are estimated, 

these are multiplied by current prices, and thus the variable 

costs are obtained. The estimated total costs for all cost 

centers become readily available by the inclusion of fixed 

cost cornponents. 

3 . 2 . Distribution of Costs to Products 

The products in the factory can be classified into 

two main groups according to their sizes. 

(i) Machine-size products 

(ii) Special-size products 

Special-size products can only be produced from 

machine-size products by applying a second cutting procedure. 

Therefore, the cost of special-size products at any thickness 

includes the cost of machine-size products at the same 

thickness and some additional cost of the special cutting 

procedure. Thus, it is found appropriate to apply a tuo-stage 

cost model in order to distribute costs to products. In the 

first stage, unit production costs cif machine-size products 

are calculated to be used as input for the second stage.In 

the second stage, where unit production costs of s~ecial-size 
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produc t 5 ace cal cuI at ed, the HOl'1<;.- in-proces 5 inven tory foe 

special cutling al the beginning of period and the flov~ fcoru 

warehouse to special cutting are also used as input. 

3.2.1. Unit Production Costs of Machine-size Products 

Considering the production process given 1n Figure 1, 

it can be seen that the costs estimated for the first five 

cost centers are the costs of total glass drawn from the 

furnace in the corresponding period. However the total glass 

drawn from the furnace is not equal to lolal output of main 

cutting line because there are some losses during the mai~ 

cutting procedure. If glass Here drawn in only one thickness, 

unit cost of this product could be calculaled easily by 

subtracting the value of these losses(cullel) from total 

costs incurred in the first five cost centers and dividing by 

lotal net output. On the other hand, when the number of 

products is more than one, the losses or efficiencies of 

products differ and their uriit production costs also differ. 

In this case the value of cullet for each product must be 

considered separately and unit prod~ction costs musl be 

calculated separately considering different produclion 

ef f i c ienc ies. The formulae fOl' cal culat ing uni t produc t ion 

costs of machine-size products are given in Appendix B. 



3 . 2 . 2 . Unit Production Costs of Special-size Pr6ducts 

In the second stage one can think of the special 

cutting process as a system with three different types of 

inputs, and one type of output. The inputs are all machine-

19 

size products coming from main cutting line, warehouse, and 

the work-in-pcocess inventory. These inputs .ay have been 

produced in different periods, and thus they have different 

costs ,'!hile their quantities also differ. All of these inputs 

are not necessarily processed in that period, and at the end 

'of the period, there may be still some work-in-process 

inventory remaining. In calculating unit production costs of 

special- size products~ the weighted average of the costs of 

these inputs are used. The values of losses uhich occur in 

the special cutting process and the efficiencies of products 

are considered separately. The formulae giving unit 

production costs of special-size products are given in 

Appendix. B. 

3.3. Sensitivity Analysis 

In the computer model developed, it is possible to 

make sensitivity analysis in order to see the net effects of 
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decision varIables, and of the production efficiencies on 

unit production costs. Five types of sensitivity analysis ace 

made available. 

ei) Sensitivity analysis for the total amount of 

production 

(ii) Sensitivity analysis for product mix 

(iii) Sensitivity analysis for the amount of cullet used 

in pcoduction. 

eiv) Sensitivity analysis for production efficiencies 

on main cutting line 

(v) Sensitivity analysis for production efficiencies 

on special cutting line. 

It is also possible to carry out any combination of 

these five types of sensitivity analysis simultaneously. 



IV. EVALUATION AND FUTURE SUGGESTIONS 

It can be said that the algorithm is succesfull in 

estimating costs in the selected factory. The multiple 

regression models for raw material consumption~ explain 

about 95 per cent of the variations in raw material 

consumptions. Other variable cosls are estimated less 

accurately but, since the raw malerial costs are about 60-65 

per cent of lhe lotal variable costs, the overall accuracy 

becomes high. Furthermore, the accuracy will become higher 

when number of observations become higher. 

One important advantage of the algorithm is that it 

makes possible to see the net effects of the decision 

21 

variables total output, product mix, and the amount of cullet 

used in production on unit production costs. Thus it provides 

the chance to design a production planning algorithm 

considering also the sales costs, the.demands, and sales 

prices of products. Besides, further studies may be carried 

out for cost control, since the algorithm also makes possible 

to see the net effects of production efficiencies on unit 

production costs. That gives the chance of making an 

investment planning analysis so as to decide how much money 

can be invested to improve production efficiencies. 



On the other hand, one important criticism of the 

algorithm is that it can be'applied only in a sheet glass 

manufacturing plant. This approach cannot be used even in a 

plant \-Thich produces bot.tles or other articles made from 

glass because of t.he differences between the production 

processes of the plants. 
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APPENDIX .A 

Numerical Results for Tests of Multiple Regression Models 

All of the multiple regress~on models below ace 

linear in terms of parameters and also in terms of v~ciables. 

X : Total amount of melted glass (tons) 
1 

X : Amount of cullet used in production (tons) 
') 

'" 
2 

X : Average thickness of melted glass (m Iton) 
3 

x X X 
1 2 3 

X 1. 00 .003 .007 
1 

X .003 1. 00 .050 r, ... 

X .007 .050 1. 00 
3 

Number of observations used is 24, and the critical F 

and t values are listed below. 

1- ex F F t t 
1-0(,2,21 1-0(,3,20 1-0(,21 1-0(,20 

.900 2.57 2;38 1. 32 1. 33 

.950 3.47 3.10 1. 72 1. 73 

.975 4.43 3.86 2.08 2.09 



T : 
1 

T : 
2 

T : 
3 

F 

') ... 

t statistic calculated for independent variable X 
1 

t statistic calculated for independent variable X 
2 

t statistic calculated for independent variable X 
3 

F statistic ~alculated for overall significance 

R : Adjusted R-square value of the model 

Variable inputs in batch house are: 

Y : Dolomite 
1 

Y : Lime stone 
2 

Y : Glass sand type 1 
3 

Y : Glass sand type 2 
4 

Y : Kalker 
5 

Y : Soda-ash 
6 

Y : Electric consumption in batch house 
7 

24 

The models tested for estimating the above variables, 

and the statistical results are given in the next page. The *. 

sign shows that the corresponding model is selected to use in 

~stimating the corresponding variable input. All of the 

models are linear in terms of parameters and also in terms of 

val-iables. 
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Tested Model 2 
F R T T T 

1 2 3 

Y =f{X ) 64.71 .74 8.03 1 1 

Y =f(X ) 7.84 .26 -2.79 1 2 

*Y =f(X ,X ) 1475.43 .99 46,.85 -27.60 1 1 2 

Y =f(X ) - 22.87 .51 4.79 .., 1 '"' 

Y =f(X ) 5.22 .19 -2.28 
2 .., ... 

*Y =f (X ,X ) 23.92 .69 5.91 -3.60 
2 1 .., ... 

Y =f(X ) 64.42 .74 8.02 
3 1 

Y =f(X ) 7.70 .26 -2.77 
3 2 

*Y =f(X ,X ) 1003.36 .99 38.74 -22.64 
3 1 2 

Y =f(X ) 63.65 .74 7.99 
4 1 

Y =f(X ) 7.70 .26 -2.77 
4 2 

*Y =f(X ,X 2814.45 .99 64.64 -37.88 
4 1 ..., 

'"' 

Y =f(X ) 63.09 .74 7.95 
5 1 

Y =f(X ) 7.83 .26 -2.79 
5 2 

*Y =f(X ,X ) 1278.75 .99 43.62 -25.73 
512 

Y =f(X ) 81.80 .79 9.06 
.6 1 

Y =f(X ) 4.92 .18 -2.20 
6 2 

*Y =f(X ,X ) 247.19 .97 20.13 -9.51 
6 1 2 

~ liC\ Ut\WERS\1ES\ KU1Ur\-\M11:'?\ 
BOGA. . 
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Tested Model F R 
~J 

"-
T T T 

1 ") 3 <.. 

-
Y =f(X ) 8.58 .28 2.93 

7 1 

Y =f(X ) 3.12 .12 -1.77 
7 ") .. 

Y =f(X ) .23 .01 .48 
7 3 

*Y =f (X ,X ) 7.08 .40 3.13 -2.07 
7 1 ") 

L. 

Y =f(X ,X ) 4.16 .28 2.83 .31 
7 1 3 

Y =f (X ,X ) 1.49 .12 -1.66 .10 
7 2 3 

Y =f(X ,X ,X ) 1.49 .12 -1.66 .10 
7 1 2 3 



Variable. inputs in furnace are: 

y : Electric consumption in furnace 
1 

y : Fuel-oil consumption in furnace 
2 

The statistical results of the models tested for 

these variable input.s are summarized belm/. 



Y : Electric consumption in bath 

The stat.istical results of the multiple regression 

models tested are summarized below~ 

Tested Model 

Y=feX ) 

1 

Y=f(X ) 
~, .... 

Y=f(X ) 
3 

Y=feX ,X ) 

1 2 

Y=f(X ,X ) 

1 3 

Y=feX ,X ) 

2 3 

*Y=feX X 
l' 2 

,X 

F 

.45 

12.86 

28.17 

6.66 

13.75 

32.87 

) 21.70 
3 

') 
L. 

R 

.02 

.37 

.56 

.39 

.57 

.76 

.77 

T 
1 

.67 

.81 

.54 

.78 

T 
2 

-3.59 

-3.55 

-4.13 

-4.10 

Y : Electric consumpt.ion in annealing 

T 
3 

5.31 

5.15 

5.81 

5.67 

The stat.istical results of the multiple regression 

mod~ls are on t.he next page. 
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Tested Model 

Y=f(X ) 
1 

Y=f(X ) 
2 

Y=f(X ) 
3 

Y=f(X ,X 
1 2 

Y=f(X ,X ) 
1 3 

Y=f(X ,X ) 
2 3 

*Y=f(X ,X ,X ) 
123 

F 

1. 39 

1.36 

14.60 

1. 32 

8.12 

13.27 

9.75 

2 
R 

.06 

.06 

.40 

.11 

.41 

.56 

.59 

T 
1 

~ 

1. 17 

1.18 

1.15 

1. 28 

T 
2 

1.17 

1.18 

2.77 

2.80 

Y : Electric consumption in main cutting 

T 
3 

3.82 

3.74 

4.88 

4.84 

The statistical results are listed below. 

Tested Model 

¥=f(X ) 
1 

Y=f(X ) 
2 

Y=f(X ) 
3 

Y=f(X ,X ) 
,1 2 

Y=f(X ,X ) 
1 3 

Y=f(X ,X ) 
2 3 

*Y=f(X ,X ,X ) 
123 

F 

.04 

13.48 

15.08 

6.33 

7.27 

18.37 

11. 94 

2 
R 

.01 

.38 

.41 

.38 

.41 

.64 

.64 

T 
1 

.08 

.12 

.43 

.48 

T 
2 

-3.67 

-3.60 

-3.65 

-3.60 

T 
3 

3.88 

3.83 

3.85 

3.80 
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APPENDIX B 

Equations Developed to Distribute Total Cost to Products 

C 
i 

:Total cost for cost center i (TL); 

ME 
j 

:Main cutting line efficiency for thickness j; 

SE 
j 

:Special cutting line efficiency for thicknesss j; 

CUL :Unit price of cullet (TL/ton); 

TMG :Amount of melted glass foc thickness j (tons); 

TMG :Total amount of melted glass (tons); 

TMG= LTMG j (1 ) 

TSC :Amount of special cut glass for thickness j (tons); 
j 

TSC :Total amount of special cut glass (tons); 

TSC= ~ TSC. 
J 

( 2 ) 

INS :Amount of wock-in-pcocess inventory for special cut, 
j 

for thickness j, at the beginning of the period (tons); 

VINS :Value of work-in-pcocess inventory for special cut, 
j , 

foc thickness j, at the beginning of the peciod (TL); 

MS :Amount of flow from main cutting line to special 
j 

cutting, in thickness J (tons); 
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WS 
j :Amount of flovl from warehouse to special cutting, in 

thickness j (tons); 

VWS j :'Val ue of f 10\/ from \/arehouse to spec ial cut t ing, in 

thickness j (tons); 

ueMS :Unit product~on c6st of machine-size product 
j 

thickness j (TL/ton); 

J.n 

Ave :Average unit cost of machine-size products processed 
j 

in special cutting for thickness j (TL/ton); 

Tvse :Total value of machine-size glass processed in special 

cut t ing (TL) i 

TVSC= , AVC .*TSC . (3) 
L J J 

uess :Unit production cost of special-size product in' 
j 

thickness j (TL/ton); 

Q~1£gl~li~g_Q~i1_~£Q~g£liQ~_QQ~1~_Qf~M~£hi~g=~i~g_~£Q~g£l~· . . 
The cost to melt .total glass is the summation of 

total costs for the first five cost centers. The ammount of 

losses in main cutting process for any thickness j is given 

by (l~ME )*TMG , and the return of this 10s5 for the 
j j 

31 

plant is j~st the multiplication of this amount by unit price 

of cullet. Then the unit production cost of machine-size 

product j can be calculated as 



UCMS = 
j 

(C -t-C +C +C +C ) 
1 2 345 

TMG *" ME 
j 

(l-HE )*"CUL 
j 

ME 
j 

(4) 

Q~l£~l~ling_gnil_Production Costs of SEecial-size Products --------------------- -------------------

The avera~e unit costs of machine-size products 

32 

processed in special cutting for each thickness are the ralio 

of lolal values to lolal quanlities. 

AVC = 
j 

VINS +MS *UCHS +VWS 
j j j j 

INS +MS +WS 
j j j 

,The tolal cost of special-size products 

( 5 ) 

is TVSC+C , 
6 

and the ammount of losses in special cutting process for any 

thickness j is given by (l-SE )*TSC . Then the unit 
j j 

production cost of special-size product j can be calculated 

as 

UCSS = 
j 

TVSC+C 
6 

TSC*SE 
j 

(6) 

SE 
j 



APPENDIX C 

A. Inputs of Computer Model 

1. Inputs from files 

a. Quantities of variable inputs and production 

characteristics for past observations; 

b. Allocated fixed costs for cost centers; 

2. Inputs from keyboard 

a. Production characteristics; 

b. Current prices for variable inputs estimated; 

B. Outputs of Computer Model 

1. Outputs to files 

a. New set of past observations if changed; 

b. New allocated fixed costs for cost centers if changed; 

2. Outputs to print~r 

a. Values of past observations; 

b. Values of unit production 

c . Values of unit production 

analysis; 

3. Outputs to screen 
~ 

costs; 

costs after sensitivity 

a. Estimated quantities of variable input consumptions; 

·b. Allocated fixed costs for cost centers; 

c. Values of unit production costs; 

d. Values of unit production costs after sensitivity 

analysis; 
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~ __ Distribution 

Estimation 

A 

Add Delete Change Estimate Quit 

New Observation Observation 

List 

Past Unit 

Costs Observation Observations 

On Printer 

1 2 3 4 5 
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1 

" -

Read values of past observations 

from data files 

Check whether no.of observations 

are equal to 50 

I, 

If so, delete first observation and 

shi ft the rest one period backward 

Input values for neu observation 

from keyboard 

Write new set of observations into 

dat.a f i 1 es' 

J 
Return to A 
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2 

-

Read values of past observations 

from data files 

'" 
Input no.of observation to 

be deleted from keyboard 

I 
J, 

Shift the later observations 

one period backward 

\';1' i te nevI set of observat.ions into 

data files 

,1/ 

Return to A 
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3 

-

It 

Read values of past observations 

'from data files 

Input no.of observation 

to be changed 

Input. ne\-I values for that 

observation from keyboard 

Writ.e new set of observations into 

data files 

Return to A 



4 

Read values of 

past observations 

from data files 

Print values of 

past observations 

on printer 

1 
Return 

to A 
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5 

\ 

Input current production characteristics 

from keyboard 

Input past data of variable input 

consumption, and production characteristics 

from data files 

Calculate multiple linear regression 

coefficients for each variable input. 

Calculate quantities by using current 

production characteristics 

Input current values of prices for variable 

inputs estimated,and calculate variable costs 

for each cost center. 

\1 

B 
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B 

IL 

Input fixed cost components from file. Display 

these values and ask for any change. 

-

If variable cost components not 

estimated. input them from keyboard 

Input the amounts and main cutting line 

efficiencies for each thickness. Calculate 

unit pl"oduc t ion costs of machine-size products. 

Input production characteristics for special 

cutting procedure. Calculate unit production 

costs of special-size products. Display results 

on screen and ask for printing on paper-. 

Ask for sensitivity analysis.if no 

, 
return to A. if yes continue. 

'if 
C 



C 

Ask for changes in melted glass, 

product mix, and production 

efficiencies. Update values. 

Calculate new variable cost components 

with updated values. Calculate new 

estimated total costs for cost centers. 

Calculate new unit production costs, 

display values on screen and ask for 

printing on paper. 

Ask for new sensitivity analysis. If 

no, return to A ; if yes, initialize the 

values changed in the last sensitivity 

analysis and go to C . 
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