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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
bhave become an important. issue in déveldping countrieg,
especially in industrial sector in Turkey;

In this study an algdrithm is developed to estimate
unit prqduction costs 1in a glass manufacturing plant, and
some sensitivity analysis are made. The approach is a
vcombination of the acéounting approach, étatistical‘approach,
and engineering approach. The results of this study may be
used in budgeting, pricing,‘cost control analysis, production

~

- planning, and investment planning.



CAM URETEN KURULUSTA URON BAZINDA

BIRIM MALIYET BELIRLENMESI

OZET

Gelismekte olan iilkelerde, 8zellikle tlkemizde
endiistri sektdriinde son yillarda maliyet belirlemesi ve
maliyet kontrolunun Onemi giderek artmaktadir.

Bu Galismada aam Ureten bir kurulus icin uUrtn bazinda
‘birim maliyet belirleyen ve duyarlilaik analizleri vapan bir
algoritma'gelistirilmigtir. Kullanilan yaklasim muhasebe,
.istatistik, wve mithendislik yaklasimlarinin bilesiminden
olusmaktadir. Elde edilen sonuclar bﬁtge'hazirlanmasinda,
satis fiat1 belirlenmesinde, maliyet kontrolunda, Uretim ve

~

. yatir{h planlamalarinda kullan;labilir;
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1. INTRODUCTION

1.1. Production Process in a Glass Manufacturing Plant

Basically, the manufacture of glass is the
high-temperature conversion ofiraw materials into a
homogeneous melt to be fabricated into usefﬁl articles. Some
of the réw matgrials used in production are glass sand,
feldspars, soda ash, and dolomitic limestone. Some of the
details in the bverall process afg shgﬁn in the flow chart
given in Figure 1. Raw‘materials are mixed in the batch house
‘and then sent into the furnace. After the glaés!is.melted
down and conditioned in the furnace,'it is drawn from the
furnace, where the tempéraﬁure is about 1500 °C; in desired
thickpess. Then the glass 1is entered'into baﬁh for‘cooliﬁg
proéegé. The temperature in‘the bath 1is aﬁproximately 1300°C.
After béth, the annealing process starts. In this process,
the glass is passed along a continuous belt tunnelvfor 60-90
minutes at a temperatﬁre of approximately 500 °C; After

annealing the glass is ready for cutting. The glass 1is
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first cut and separated on the main cutting line
automatically in etandard machine—-size. At this pointvﬁhe
machine-size glass may be sent directly to warehouse, or to
special cetting in order to meet special-size glass orders.
The special cutting proeess basically consists of re—eutting,
separating and picking operations. Machine-size glass
produced in past periods may also be senﬁ to the special
cutting department from the warehouse.

In both mainbeutting.and special cutting processes
some losses occur, and the production efficiencies are
defined in terms of these losses. Forvexample, the production
efficiency ef three millimeters machine-size glass 1is defined
as the ratio of total net output obtained from main cutting
line iﬁ the thickness of three ﬁillimeters to tﬁe anount. of

total glass drawn from the furnace in the thickness of three

millimeters.

1.2. Product Types in the Selected Factory

R
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



millimeters and twelve millimeters. Thus in this study the
glass production is classified into one of these seven
groups. On the other h;nd, two main éroups arise as a result
of the aﬁtempt to classify glass according to its size. One
is the machiné—size glass and’tﬁe other is. the spé;ial—size
glass. Although it may be thought‘of.further cl;ssifying the
speciél_sizé gl;sseé into,diffe:entkéizes, such a.
vsubclassification 1s not undértaken in this study because
relevant dapa are not 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 Problenm

The obgjective of this study is to developAan

aigorithm to estimate unit production costs of products which
-

are introduced in the previous section, and also to
determine the effects of éomé decision variables, such as
total output, product mix, amount of cullet used in
production, and the effects of some exogenous variableé such
.as main cutting line production efficiencies and special
cutting line produﬁtion efficiencies on unit production
costs. The unit productioﬁ cost in this study is,defined as

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

cost controi analysis.



I1. EVALUATION OF THE SOLUTION PROCEDURE

2.1. A Review of the Available Approaches in Literature

Most of the studies carried out so far utilize one of
the three basic approaches encouhtered in literature to
estimﬁte costs; these are namely the engineering approach,
the accounting approacﬂ; and the statistical approéchi These‘
approaéhes need not be mutually exclusive. Two‘or more of
them may supplement each other. For example, whilg using the
statistical approach, data can ﬁe derived from accounting
records and the results can be projected into future by means
'of engineering estimates.

2.1.1. Engineering Approach

The engineerihg method consists.of systematic guesses
about what cost behavior ought to be'iﬁ 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 usualiy makes use of
whatever analysis of historicallcost 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 pdtential output range.

The engineering approach ie the only feasible one
when experience.and records do not provide a sufficient
historical basis for measufing cost behavior. Engineering
approach is also a needed supplement to statistical or
accounting analysis Qhen it is desired to projeet cost

*
behavior beyond the range of past output experience.(1)

2.1.2. Accounting Approach

The accounting approach is basically the
classificetion of expehses as fixed, variable, and
,semi—variable on the basis ofkinspectionband experience. This
apérbach is the simplest and least expensive of the three
approaches. Thus it should normally be used whenever
feasible as a supplement to the oﬁher methods, if it is not
used as thevprincipal.method.(l)

% Paranthetical references placed superlor to the line of
text refer to the blbllography _



Fixed costs are those in which ﬁotal caost takes a
constant value over a relevantbrange of output, while the
cost pér unit varies with output.

Variable costs are those in which the total cost
changes invdirect proportion to the changes in volume, or
outpu@, while the unit cost remains constant.

Semi-variable costs have both fixed and variable
characteristics; They are therefore also called as mixed
costs. Semi-variable costé are neither wholly fixed nor
wholly Variable. They must be separated_inio fixed and
variable components for purposes of planning, estimating and
control.(2)

Costs are gccumulated b; cost centers, which may or
imay not coincide with operating departments. Cost centers are
placed at poinﬁs.in the production process'where costs can be
measured and recorded as conveniently aﬁd,accurately as
possible. A department may be broken down into several cost
centers to obtain more detailed cost data, or éeveral
departments may be combined.iEach cost center has several
nuﬁbéré aof cost components like materials, labor, etc. Each
cos£ component‘in a cost center is estimated independently
and diviaed into fixed, variable and semi—yariable parts.

Since the accounting approach‘pfovides no vay to
correct data explicitly for changes in cost prices or for
changes in other conditionsvthat‘affect cést behavior, a

constancy of these cost conditions is essential if accurate



results are to be obtained. The statistiﬁal method‘can
tolerate more variation in underlying conditions Bécause it
possesses a means of dealing with tﬂese variations. The
accounting method isolates cbnstant cost easily by
inspection. It identifies variahle cost easily,but determines
less accurately the pattern of variation of thesé and of
semi-variable costs. This approach needs to be supplemented
by graphical statistical analysis to sepdrate’the yariable
and fixed components of semi-variable cost and to determine
the linearity of odtput relationship for semi-variable and
variable costs.

2.1.3. Statistical Approach-

Statistical analjsis of past_behaQior of costs deals
explicitly Qith each major problem of determining the cost
relationships emprically. The engineéring and accounting
approaches meet these‘problems but cope with them. less
consciqusly and therefore perhaps less succesfully!(l)

:_Statistical cost estimation includes sequential
observation of costs of the plant over a period of time when>
it operates at different rates of 6utput.,Whén conditions are
vfavoréble, the statistical'approéch is'likely to achieve mdre
reliable measurement of short-run coét relationships than the

alternative methods. It is however, more time consuming and

expensive. It uses multiple regression analysis to determine



a' functional relationship between cost'énd independent
variabl?s such as cutput rate, manufacturing size, and
direction of change in oﬁtput.

At first, statistical approach requires a iime unit
of observation and time periodAfor collectingvdata. The time
period for collecting daia éhould héve the following
characteristics. -

(a)wide range of output variability and ﬁniform data
coverage for the range;

- {(b)constant sizevbf plant;

(c)little change in ;echnoiogy;

(d)stable managerial methods;

(eduniform cost records covering changes in vqlume,
cost, and other operating conditions;

(finumber of oﬁservatiohs léfge enough tp permit
.generalization_and yet small enough to bhe manageable in
correlation analysis;

Measurement of output‘is usually.the hardest‘p}oblem
_in»statistical determination of cosﬂ. Theoretical cost
functions assume that output consists of homogeneocus units of
a single product. Actually, howefer, almost all modern pLants
produce a number of varied products. There 'are three ways to
soive.the problem of measuring heﬁerogenéous output. The
first solution is to determine the cost—ouﬁput relationship
sepafately for each product. This approach is available only

when products are few, when processing is separable, when



10
records of cost and output fof each individual product are
available, and when observations of each product are spread
over a wide enough range to permit f;tting of cost
regressions and computing of coefficients of variétién. The
second way to measure the heterogeneous pfoduction is to
iﬁtroduce each significant aspect or'dimension of
multiproduct outpuf as a separate independent variable‘in the
multiple regression analysis. This soclution is particularly
useful vhen different dimensions of output have distinctive
cqst influences. The third solution for measurement of
heterogeneous production is to develop an index of .
multiproduct output. Although this solution is inherently
inadequate because no.scheme of product weighting ;s fully
-satisfactory, nevertheless it is the ﬁnly workable solution
wvhen the number of products 1is large, théir mix is
rflqctuaiing, and their individual costs nonseparable.

Another problem in statistical cost determination is
to decide whether the separable components of combined cost
shquid‘be studied statistically. Analysis of individual
eléﬁéhts of expense has several advantages. In the first
place individual accpunts‘may require different éorrectivé
devices, corresponding to the varying influences which give
rise to.the need for rectification. Ifrelevant influences may
differ in kind for différent expenses and may also operate
with varying intensity on the various categories of cost. The

same considerations apply also to the influence of.
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independent variables. An independsht variable may affect
~»only certain components of cost.

To obtain emp;rical cost funciions, it‘is necessary
to hold»the prices of input factors constant. Two assumptions
are made.

(a)Substitution among the inpﬁt factsrs does not take
place. as a result oflchanges ih their relative prises.

(b)Changes in the output rats exert no influence on
the prices paid for materials, labof and services.

Bécause factor prices and other cost distortants affect the
individual elements»of combined cost differently, elements
‘must be rectified separately.

Once the decision is made to use multiple regression
techniques for analyzing the cost items, it is necessaby
first to choose independent variables as those factors which
play the most important role in influencing‘the cost behavior
and secondly to select the most suitable statistical series
with which ﬁo representfthe>relationship between these
factors..Ihe choice of cos£ factors’is made on‘thé basis of
the following criteria.

(a)The factor should have a significant influencé
‘upon cost.

(b)>The factor shoula represent a cost,influénce which
Vis distinct, that is, which is not to any importanf degree
already inciuﬁed in some other independent variable. .

(¢c)The factbr should be suspectible to statistical



measurement .

Statistical cost estimation applications in some
special and small size plapts_are published by Déan j. in
1976.(1) |

An important criticism 6n statistical cost estimation
is that réctifitation of cost data for thangeé in wage ra£95
and ﬁaterial price; b;ases the results of statistical studiés
toward a linear total cost function. Price-motivated
substitution of factorsbof prqduction, which 1s an important

ingredient in the operation of the law of diminishing

returns, is deflated away in the rectification process.

2.2. Analysis of the Studied Approach

'

The approach used in this study is a combinaﬁion of

. the three approachés discussed in the previoué section. The
cost~éentersbénd the cost compdnén@s are selected and
classifiedhas fixed and variable based on accounting records.
. Accordingly, an algorithm conéisting of two main steps is
develdbed to estimate unit production costs of ‘products. The
first step 1is thevegtimation of total costs fqr all cost
centers indepeﬁdently using statistical analysis of variable
input consqmptions. The second step is the disﬂribution of

these costs to products through an engineering approach.
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Each cost‘cdmponent in each cost center is classified
as fixed and variable. The fixed Eost components are
estimated when the annual budget is being preparéd and  show
véry small variations during a year. However the variable
~costs arevrélated to some decision variableS'such:as
total output, product mix, and the émouht of cullet usea»
in production. Thus each variable cost component must
independently be estimated in order ﬂo haye 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 maéhine—sizé products are .
calculated considering the quantity of each product produced,
main cutting line efficiencies, and the price of the culletbt.
In the second stage, the unit costs of special—size éroducts
Care calculated where the’quantities, spécial cutting line
efficienciés, ahd the price of cullét are taken into account.
In addition to these, the f;ows from main cutting line to
special cutting, the flows from wapehquse to special cutting,
and the work—in—procéss inventories for special cuﬁting are

also considered.



I11. ANALYSIS OF THE GENERATED MODEL
3.1. Statistical Estimation of Total Cost

In the process of estimating total cost, as a first
) g
step cost centers are identified and cost components are
explicitly defined. Then‘variable_cost conponents are

~estimated using multiple regression analysis.

3.1.1. Identification of Cost Centers and Cost Components

Six coét centers used in the>study are determined
from the accounting records kept in the factory. These cost
centers where costs are recorded are listed below in the
sequential order of the prodﬁbtion process.

(i) Batch house
(ii) Furnace
" ¢iii) Bath
| (iv) Annealing_
(v) Main cutting (Primary cutting)

(vi) Special cutting

14
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Eacﬂ cost center has several’numbers of -cost
combonents classified as either fixed or variable. A greﬁt
portion of fixed costs arises from‘depreciation expenses.
Variable cost components consist of raw materials and\energyv
expenses. Rav matérial expenses constitute larger portion in
variable costs, and consequently in total cost. In the first
cost center the variable cost components are raw materials
and electric energy expenses. In the seﬁond cost center, the
Variable cost components are fuel-oil expenses in the
furnace, and the electric energy expenseé. In all other cést
centers the variable cost components arise from the electric
energy consumptions. The variable cost components are
étrictly dependent on some decision variables such as total
output, product ﬁix, 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
changes in production iﬁto the model. Instead of expressing
cost as.a function of variable inputs.and,thus directly
estimating variable costs, it is preferred to estimate the
qﬁantity of variable inputs required. This has the advantage

of bheing able to handleiwith various input prices and prevent



one from predicting the price changes in inputs and
furthecmore rectifying past cost data.

A number of multiple regreséion models are generated
in order to estimate quantities of variableAinputs. ;n total
13 mualtiple regression models arevgenerated; six of thém are
for each raw material type, one is for fuel-oil consumption,
and the rest are for electricél enerqy consumptiong at each
cost center.

In generating each multiple regression model, first,
the independent decision variables that affect cohsumption of
the corresponding variable input.aré ten£atively chosen.These
independent variables are chosen based upon the experience of
personnel in the factory, then statistically tested for theic
degree of significance upon variable inputs.and thus’the
strong degree of relationship between each indépendent
variable and-the chosen variable input.is verified. These
variables are also tested for independence among themselves.
Appropriate independent variables are selected for each
variible 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, Lhe
coefficients of these multiple regression models are not to
remain fiwxed. Because the number of past dbservatioﬁs is not
large enough, aﬁd newvtechnological changes may change the
optimalvcoefficients, as new observations are made, they are

‘added to the existing list of observations stored and the
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estimates of coefficients are updated including current data
and using Least-squares technique.

Once the gquantities of variable inputs are estimated,
these are mualtiplied by current priceé, and thus the wvariable
costs are obtained. The estimated total costs for all cost

centers become readily available by the inclusion of [iwed

cost components.

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—éize products
(11) Special-size products
Special-size products can only be produced from
machine-size products by applying a second cutting procedu;e-
Therefore, Lhe cost of special-size products at any thickness
includes the cost of méchine—size products at the same
thickness and some additional cost of the special cutting
" procedure. Thus, it is found appropriate to apply a tvo-stage
cost model in order io distribute costs to producps. In the
first stége, unit production costs of machine-size products
are calcuiéted to be used as input fof the second stagé?ln

the second stage, where unit production costs of special-size



products are calculated,_the work-in—-process inventory for

special cutting at the beginning of periocd and the flowe from

warehouse to special cutting are alsoc used as input.

w

.2.1. Unit Production Costs of Machine-size Products

Considering the production'process given in 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 td total output of main
cutting line because there are some losses during the main
cutting procedure. If glass were drawn in only one thickness,
unit cost of this product could be calculated easily by
subtracting the value of these losses(cullet) from total
costs incurred in the first five cost centers and dividing by
total net output. On the other hand, when the number of
products is more than one, the losses or efficiencies of
préducts differ and their unit production costs also differ.
In this case the value of cullet for each product nust be
consideréd separately and ﬁnit prodﬁction costs nmust be
.calculéied separately cqnsidering.different‘production
efficiencies. Thé fo:mulae for calculating unit production

costs of machine-size products are given in Appendix B.
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3.2.2. Unit Production Costs of Special-size Products

In the second stage one can think of ihe speciél
cutting process as a system with three different types of
inputs, and cne tyge of output. The inpdts are éll machine—
size products coming from main cutting line, warehouse, and
the work~in—process inventory. These inputs may have bgen
produced in different periods, and thus they have different
costs while their quantities also differ. All of these inputs
are not necessarily procéséed 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 producté; the weighted average of the costs of
_these inputs are used. The values of losses which occcur in
the spécial cutting process and the efficiencies of products
are considered separately. The formulae giving unit
production costs of special-size pfcducts 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



[
e

decision variables, and of the production efficiencies on

unnit production costs. Five types of sensitivity analysis are

made available.

(i) Sensitivity analysis for

production

(11) Sensitivity analysis for

(ii1) Sensitivity analysis for

in production.

(iv)

Sensitivity analysis for

on main cutting line

(v
on special
It

these five

Sensitivity analysis for

cutting line.

(R

s als

[w]

the total amount of

product mix

the amount of cullet used

production efficiencies

production efficiencies

possible to carry out any combination of

types of sensitivity analysis simultaneously.
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IV. EVALUATION AND FUTURE SUGGESTIONS

It can be said thai the algorithm is succesfull in
estimaiing costs in the selected factory. The multiple
regression models f;r raw material consumﬁtioné explain
about 95 per cent of the variations in raw material
consumptions. Other variable costs are estimated less
accurately but, since the raw material cosgs are about 60-65
pef cent of the total variable costs, the overall accuracy
becomes high. Furthermore, the accuracy will become higher
when number of observations become higher.

One impprtént advantage of the algotitﬁm is that it
makes possible to see the net effects of(the'decision
Qa;iables total output, product mix, and the amount of cullet
used in produﬁtion onn unit production costs. Thus—it provides
the chance to design a production planning algorithm
chside;ing also the sales costs,‘the.demands, ana sales
prices of products. Besides, further studies may be carried
out fbr cost control, since the algorithm alsc makes possible
to see\the'net effects of production efficiencies on unit
production costs. That gives the chance of making an
investmeng ﬁlanning analysis so as to decide how much money

can be invested to improve production efficiencies.



On the other hand, one imporLant 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 which produces bottles or other articles made frpm
glass because of the differences bgtween the production

processes of the plants.

[x8)
[\



APPENDIX A

Numerical Resulits for Tésts of Multiple Regression Models

All of the multiple regression models below are

linear in terms of parameters and also in terms of variables.

Xlz Total amount of melted glass (tons)

Xq: Anmount of cullet used in production (tons)

[

>

Xg: Average thickness of melted glass (m“lton)

X X X
1 2 3
X 1.00 .003 .007
1
X .003 1.00 .050
X .007 . 050 1.00
3

Number of observations used is 24, and the critical F.

and t values are listed below.

1-xXx F F t t
1-,2,21 1-«,3,20 1-«,21 1-x, 20
.900 2.57 2.38 1.32 1.33

.950 3.47 3.10 1.72 1.73

w

. 975 4.43 .86 _ 2.08 2.08



Notation :

T

l: t statistic calculated for independent variable X

s

.Tq: t s@atistic cglculated_for independent wvariable X

Tﬂ: t statistic calculated for independent variable X
] . .

3
F' . F statistic galculatéd for overall significance

3
o

R : Adjusted R-square value of Lhe model

Multiple Regression Models for Estimating Variable Inputs_in

Variable inputs in batch house are:

le Dolomite

Y : Lime stone
2 )

Y3: Glass sand type 1

Y : Glass sand type 2
4

Y : Kalker
5

Y : Soda-ash

- B

Y : Electric consumption in batch house
7

The models tested for estimating the above variables,
and the statistical ;esults are given in the next page. The =
sign shows that ﬂhe corresponding model is selected to use in
éstimating‘the corresponding variable input. All of the

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

variables.



Tested Model
1 1
! 2

*Y =f‘(x ,X )

Y =f(X.)
2 1

[~

Y =f(X )
2 )

*Y :f(x ,X )
2 1

2.
Y =f(X )
3 1
Y =f(X )
3 2
*Y Zf(x ;X )
3 RS
4 1
Y =£3{ )
4 2
XY =f(X ,X )
4 17
5 1
Y =f(X )

xY =f(X ,X )
5 1° 72

Y =f(X )
6 - 1

Y =f(X )
6 2

*Y =f(X ,X
6 1’2
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81

247.

71

.84

43

87

.22

-70

36

65

.70

45

09

.83

75

.80

19

[3%)

.74

26

.99
.51
.19
a9

.74

.99

.74

.99

.74

.99
.79
.18

.97

46,

38.

64.

43.

pOGATIC

2 3

.03

-2.79
85 -27.80
.?g

-2.28
.91 ~3.60
.02

-2.77
74 -22.64
.99

-2.77
64  -37.88
.95

-2.79
62 -25.73
.06

-2.20
.13 "_9.51

I IVERSHTES! KUTUPHANER
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Tested Model
Y =f(X >
7 1
Y =f(X )
7 2
Y =f(X )
7 3
*Y =f(X ,X )
7 1 2
Y =f(X ,X >
7 1 3
Y =f(X ,X )
7 2 3

Y =f(X ,X ,X
7 1 2 3

.23

.18

K

.28

.12

.01

.40

.28

b

-1.77

-2.07

-1.66

-1.66

.48

.31

.10

.10



Variable inputs in furnace are:

Y1 Electric consumption in furnace
Y

Fuel-oil consumption in furnace
2

The statistical results of the models tested for

thiese variable inputs are summarized below.

Tested Model F R T T T
1 2 3
Y =f(X ) . 3.97 .15  -2.00
1
Y =f(X ) .35 .02 -.60
1 2
Y =f(X ) 22.80 ° .51 4.78
1 3
Y =f(X ,X ) 2.16 .17 -1.98 -.64
1 1772
XY =f(X ,X ) 26.18 .71 -3.90 - © 8.42
1 173
Y =f(X ,X 10.85 .51 .28  4.60
1 2’73 _
Y =f(X ,X ,X 17.21 .72 -3.86 .42 6.27
1 1772773 :
Y =f(X ) 6.25 .22 2.55
2 1
Y =f(X ) .49 .02 .68
2 2
Y =£¢X ) 05 002 -.29
2 3
Y =f(X ,X ) 3.44 .25 2.54 . .77
2 12
v =£(X ,X ) 3.29 .24 2.56 -.54
2 1773 .
Y =f(X ,X ) 123 .02 .61 ~-.13

v o=f(X X X 2.23 .25 2.51 64  -.36
2 1772 3

[+



Y Electric consumption in bath

The statistical results of the multiple regression

models tested are summarized below.

Tested Model F R T T T
1 2 3
Y=f(X1) .45 .02 .67
Y=£(X ) 12.86 .37  -3.59
Y=f(X3) 28.17 .56 5.31
Y=f(X1,Xq) . &.66 .39 .81 -3.55
Y=f(X ,X ) 13.75 .57 .54 5.15
1’73
CY=F(X ,X ) 32.87 .76 —4.13 .81
2’73 -
%Y=F(X ,X ,X ) 21.70 .77 .78 -4.10 5.67
177273 : :

Y : Electric consumption in annealing
The statistical results of the multiple regression

models are on the next page.



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 )
1772773

14.60

13.27

9.75

[\

.06

.08

.40

.11

.41

.56

.59

1

.17

.28

o8]

1.17

2.80

4.84

Y : Electric consumption in main cutting

The statistical results are listed below.

Tested Model
Y=Ff(X )
1
Y=f(X
2
Y=f(X 3>
3
Y=£f(X ,X
R | 2
Y=f(X ,X )
1 3
Y=f(X ,X )
2 3

®Y=f(X ,X ,X )
1 2 3

F

18.37

11.94

R
.01
.38
.41

.38

o .41

- .64

.64

T

1

.08

.43

.48

-3.87

~3.60

-3.65

-3.60
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AFPENDIX B

Equations Develaped to Diétribute Total Cost to Products

C :Total cost for cost center i'(TL);
i

ME  :Main cutting line efficiency for thickness 3j;
J .

SE  :Special cutting line efficiency for thicknesss J;
3 .

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

TMG :Amocunt of melted glass for thickness j (tons);
N : '

TMG :Total amount of melted glass (tons);

TMG= ZTMG . | S
-3

TSC | :Amount of special cut glass for thickness Jj (tons);
J

TSC :Total amoun§ of special cut glass (tons);

TSC=ZTSC_ (2)
J

INS :Amount of work—-in-process inventory for special cut,
3.

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

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

for thickness J, at thevbeginning of the period (TL);

MS :Amount of flow from main cutting line to special
3j _

cutting, in thickness J (tons);
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WSj :Amount of flow from warehouse to special cutting, in

thickness j (tons);

VWS

P :Value of flow from warehouse to special cutting, in

thickness j (tons);

UCMSJ:Unit production cost of machine—éize product in

thickness 3 (TL/ton);

AVC\j :Average unit cost of machine-size products processed
in special cutting for thickness j (TL/ton);

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

cutting (TL);

Tvsc=z AVC #TSC o
J J

UCSS :Unit production cost of special-size product in-
5 :

thickness 3 (TL/ton);

’

The cost to melt .total glass is the summation of
total cbsts for the first five cost centers. The ammount of

losses in main cutting process for any thickness j is given

by (1-ME )*TMG , and the return of this loss for the
'3 J .

plant ié just the multiplication of this amount by unit price
of cullet. Then the unit production cost of machine-size

product j can be calculated as




w
ro

(C +C +C +C +C ) (1-ME )*CUL
1 2 3 4 5 3

- : 4)

TMG * ME ME
J J

The average unit costs of machine-size products
processed 1in special cutting for each thickness are the ratioc

of total values to total quantities.

VINS +MS %UCMS +VWS
3J J J N]

AvC = A(5)

INS +MS +WS
3J J J

.The total cost of special-size products is TVSC+C6,~

and the ammount of losses in special cutting process for any

thickness j is given by (1~SE )*¥TSC . Then the unit
. ) J J

production cost of special-size product Jj can be calculated

as

TVSC+C6 (1-SE )*CUL
’ J

ucss = — ‘ (8>

TSC*SE SE



AFPPENDIX C

A. Inputs of Computer Modei
1. Inputs from filesl
a. Quantities of variable inputs and production
characteristics for past observatibns;

b. Allocated fixed costs for»cost centers;

[x8)

Inputs from keyboafd
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 printer
a. Values of past observations;
‘b. Values of unit production costs;

c. Values of unit production costs after sensitivity

analysis;

5. Qutputs to screen

a. Est;;ated quantities of variable input consumptions;
. b. Allocated fixed costs for cost centers;

c. Values of unit production casts;

d. Values of unit production costs after sensitivity

analysis;
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START

Distribution

Estimation

A B
Add Delete Change " List Estimate Quit
New Observation Observation Past Unit
Observation ' Observations Costs -

On Printer

m(%—;



Read wvalues of‘paét'observations

from data files

Check whether ho.of cbservations

are equal to 50

If so, delete first observation and

shift the rest one period backward

Input values for new observation

from keyboard

Write new set of observations into

‘data files

Return to A
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L’

Read values of past observations

from data files

Input nb.of ocbservation to

be deleted from keyboard

Shift the later obhservations

one period backward

Write new set of observations into

data files

Return to A

36



.

Read values of past observations

from data files

Input no.of observation

to be changed

Input new values for that

ocbservation from keyboard

Write new set of observations into

data files

l

Return to A

37



Read wvalues of .
past cbservations

from data files

I

Print values of
past ochbservations

on printer

Return

to A




Input current production characteristics

from keyboard

l |

Input past data of wvariable input
consumption, and production characteristics

from data files

Calculate multiple linear regression
coefficients for each variable input.
Calculate quantities by using cﬁrrent

production characteristics

Input current values of prices for variable
inputs estimated, and calculate variable costs

for each cost center.

l
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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 production 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.

l

Ask for sensitivity analysis,if no

return to A, if yes continue.

)

440



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.

Ve

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 .

41
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