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ABSTRACT 

study analyzes a multi-product ,single-

objective case in sanitary tissue sector and 

solves twa linear programming 

paper 

models for it. 

determine 

production 

production 

and safe 

in the 

estimated 

Main 

a 

objectives 

model that 

of 

will 

policy of 

sales and 

the company 

profit and 

future 

Linear 

for the company. 

programming models 

the research are to 

define the short term 

in order to optimize 

maintain a consistent 

are used as a 

optimization process. D.emand data have 

tool 

been 

by double exponential smoothing method 

for linear 

using 

trend and Winter's method for seasonal 

trend. 

A package program has been 

programming 

and run 

wlnter s 

and 

for 

computer 

double 

method.Results 

been interpreted by using 

programs 

exponential 

of linear 

sensitivity 

used for 

have been 

smoothing 

programming 

analysis. 

l.lnear 

wrj tteil 

and 

have 
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Bu <;:a 1 ~sm.;da temizlik sektb ... u ile 

ilgili <;:ok-u ... unlu tek-ama<;:l~ bi ... du ... um incelenmekte ve 

ilgili iki model haz~ ... lanmaktad~ .... 

Bu ana fi ... man~n 

beli ... leyip u ... etimi , sat~sla ... ~ 

ve optimum noktaya geti ... mek ve bbylece firma 

icin isl:ik ... a ... l~ ve emin bi... gelecek sat;Jlamakt~ .... 

Bu ama<;:la uretim fir-mas~nl.n hedefini ve 

klsltlamalarlnl gbste ... en model Ie ... kurulmus ve lineer 

pr-ogram ~_ aman In "Simplex Metodu" uygulanm~st~ .... Gelecek 

talep miktarlar~n~ tahmin etmek icin ge<;:mis 

miktal'"lal'"~na det;Jisik bn tahmin metodlal'"l 

Lineel'" p ... og ... amlama i<;:in paket 

bntahmin metodla ... ~ i<;:in ise Pascal dilinde 

i~i -------r" '-"~ I I0Il'" i"lode 11 er in sonuC;larl. 

duya ... l~l~k analizi de uygulanal'"ak incelenmisti .... 
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that 

This 

defines 

is 

the 

CHAPTER I 

INTRODUCTION 

a study of 

pr-oduction poL.cy 

1 

pr-oduct-mix pr-oblem 

of a multi-pr-oduct 

company in the sanitar-y paper- SE?C tor- of Tur-key. 

For- a company to be safe in the long-r-un 

to maintain inc I ..... eas ing pr-ofit mar-gins in the long and 

ter-m 

with 

it 

high 

is not sufficient to keep mar-ket dominance 

optimal 

seasonal 

sales 

pr-oduction 

pr-oduction 

but the company must also have an 

policy with which it can deter-mine 

and amounts • notice all 

bottlenecks and thus 

inventor-y 

minimize holding and shor-tage 

costs and loss of 

In "Ipek 

po 1 icy is r-equir-ed 

various types of 

goodwill. 

I<a~~t" 

because 

cleaning 

deter-mination of an optima} 

the pr-oduction consists of 

paper- with var-ying demands 

thr-oughout a year-.Demand patter-ns of some pr-oducts show 

r-est =c>asonai vat'""latlons w~thin a year- wher-eas the 

have a continuous linear- patter-no 

In a multi-pr-oduct company with var-ying 

str-uctures, it's impor- tan t that the pr-oduction 

demand 

policy 

should be chosen wi th car-e and be the optimum one 

in or-der- to maximize pr-ofit. 
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In deter-mining the po 1 icy it is known that 

ther-e ar-e specific pr-ofit mar-gins of each pr-oduct and 

ther-e ar-e cer-tain constr-aints like machine capacities, 

time 

able 

and 

to 

demand 

join them 

capacities for- the pr-oducts.To be 

optimally, we need a 

tool.Linear- pr-ogr-amming can be applied for-

pr-ogr-amminq 

allocation 

of these 

pr-ovide 

maXlmlze 

us 

limited 

with 

pr-ofit: 

r-esour-ces.The 

the optimal 

simplex 

solution 

method 

that 

will 

wi 1 1 

In the next chapter- of this thesis , sanitar-y 

paper- sector 

company in the 

In 

in Tur-key 

sector ar-e 

the thir-d 

and "Ipek Ka~lt" which is a 

analyzed. 

chapter- informa.tion is given 

about 

"I pek 

pr-oducts 

Ka~lt". 

and pr-oduction technology r-elated to 

In chapter- four- for-mulation of the pr-oduct-

mix is discussed by defining two models.The 

fir-st 

pr-oblem 

model is an aggr-egate pr-oduction plan model 

that gives an over-all idea about the annual pr-oduction 

policy.The second model is a seasonal model that also 

considers inventory costs. 



methods 

The 

and 

fifth 

uses 

chaptel'" 

of 

3 

studies the ':ol'"ecasting 

these in to make 

pl'"ojections fl'"om 

two 

past demand data and to estimate 

the necessary demand figul'"es in an 

simulating pal'"ametel'"s. 

In the sixth chap tel'" the output 

linear 

analysis 

chapter-

pl'"ogr-amming models al'"e 

The seventh chaptel'" 

analyzed. 

performs a 

on the I'"esults of thE two models. 

Finally ,the eighth chapter- is 

that evaluates a 11 the r-esults 

a 

in 

provide alter-native policies. 

way by 

fl'"om the 

sensitivity 

conclusion 

order to 
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CHAPTER II 

SANITARY PAPER SECTOR 

2.1 Sanita~y Tissue Secto~ in Tu~key 

that 

Fi~st 

sanita~y 

of all ,it 

tissue 

is 

a~e 

impo~tant to point out 

seconda~y consumption 

goods.Since they a~e not among necessity goods, it 

is ~easonable to find a ve~y high co~elation between 

GNP (G~oss National P~oduct) and tissue consumption. 

U~banisation and developments in standa~ts of living 

a~e among impo~tant facto~s which inc~ease demand.Fo~ 

someone to pu~chase cleaning tissues , he must be 

able to affo~d his highe~ p~io~ity needs which is a 

p~oblem of economy. A second condition is that people 

must be educated enough to feel the need to Use 

sanita~y tissue • which is a p~oblem of education and 

standa~d of living. 

The above stated facts a~e also p~oblems of 

Tu~key.GNP • standa~ds of living and education level in 

Tu~key have not been able to ~each those of developed 

countries however , it is hopeful to see increasing 

t~ends. 
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With a per capita income of $ 1,000 per year, 

Turkey's consumption of tissue produc ts is only a 

few hundred grams per 

in principal cities 

person.Most of 

Istanbul , Ankara 

it is consumed 

Izmir.In fact 

of population are located in many 

and consume practically no paper at 

program 

produc ts 

is 

into 

required 

their 

to introduce 

homes. 

isolated regions 

a 11. A long-term 

household paper 

So we can say that Turkey has and will 

have incre~sing demand for sanitary tissue however 

it wi 11 take a long time to reach a consumption 

level proportional to its population. 

company 

creped 

years 

Ipek 

built 

sanitary 

it has 

Kagit , the Eczacibasi 

the country's first 

tissue at Karamur-sel 

Group's 

mill to 

in 1970.For 

paper 

m.ake 

long 

been monopole in the sector however 

in recent years other companies have also started 

venturing in this sector.Besides these , some imported 

brands have also entered the market along with t~e 

liberali.zation of Turkish economy. 
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2 • 2 .!oI .l:p",ec.:k,---"K",a"g",lo..· .::.t_-,i:.:n-,--"tc:.h:.!e,---,-,M",a:.:.r...:k",e:..=.t 

the sanitary tissue company of 

the 

Ipek 

Ec zaci.basi 

Kagit. 

group is the 

its 

first company of Turkey 

in this sector.It has center in Istanbul but 

maintains production in its plants in Izmit-Karamursel. 

The plant was founded in 1969 and started production 

in 1970 with a single machine making 6,000 tons per 

year of various grades of household tissue.The machine 

has since been 

and there are 

expanded to make 

further expansion 

10,000 tons 

plans. 

per year 

consist of 

different 

The manufacturing programs 

various types of cleaning 

qualities of paper napkin 

of Kagit 

paper , such as 

toilet paper 

paper handkerchief , woman and baby pad.Apart from these 

tissue processed tissues , exports of parent rools of 

form also an important part of company's sales strategy. 

Of the 10,000 tons of annual capacity 2,000 tons are 

separated for export purposes.Expansion of capacity will 

also brinq hiqher eXDort 

build a 

The 

solid 

company planned 

long-term base 

from its inception to 

in Turkey.A management 

team was set up to learn about 

tissue. Therefore it is important for the company to have 

long-term or annual plans. 
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CHAPTER III 

PRODUCTION OF IPEK KAGIT 

3. 1 Pr-oduc ts 

block 

plants 

The tissue paper- • which is the buildinq 

of 

of 

the pr-oducts, is being pr-oduced within the 

Ipek Kagit and tr-ansfor-med into the four-

types of pr-oducts.(Appendix A) 

The pr-oducts consist of various types of 

tissue paper-

are measured 

absor-ption of 

having 

in ter-ms 

differ-ent weights.These weights 

of gr-/m2 .The quality and 

the paper- varies inversely with its 

weights.As the weight in gr-/m2 decreases the 

softness 

quality 

machine 

and 

of the 

main 

absor-ption ability 

paper- increases.The 

machine of Ipek 

increases ; thus the 

paper

Kagit 

pr-oduction 

has the 

technological capacity to pr-oduce tissue paper- down 

14 g,.-/m2 .The following is the data r-elated to to 

the weights and laye,.-s of tissue pape,.- used in toilet 

paper , 

Among 

napkin , handke,.-chief • baby pad and woman 

these , woman and baby pads a,.-e pr-oduced 

pad. 

in 

the same p,.-oduction line and which one to p,.-oduce 

is UP to the decision maker. Therefore , they a,.-e 

handled as one var-iable in the model. 
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PRODUCTS AND CHARACTERISTICS 

i Product X[i) Weight (gr/m2) No of layers 
----- ------------ ...:.------------- ------------

1 Handkerchief 15 4 

2 Napkin:Selpak 15 1 

3 Napkin:Sedef 17 2 

4 Napkin:Solo 23 4 

5 Toilet p. : Se 1 pak 15 2 

6 Toilet p. :Solo 17.5 2 

7 Toilet p. :Silen 32 1 

8 Woman and Baby Pad 17.5 2 
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3.2 Technology 

Main features of technology used ar-e as 
below : 

1.Pr-oduction Depar-tment 

-Pr-epar-ation of pulp 

This is the depar-tment wher-e the pulp is 

pr-epar-ed for- use in the manufacturing pr-ocess of 

pl'"oducts.This pulp serves as an to the four-

of pr-oduc ts; Tha t is this depar-tment. is the types 

initial stage of all pl'"oducts.Thel'"e is no alter-native 

of the process done in this depal'"tment.Only the dosing 

of paint and othel'" chemicals can eithel'" be done 

manually or- automatically.A combination of thesE' two 

has 

this 

each 

been chosen. 

It must 

depal'"tment 

pl'"oduct. 

be emphasized that 

detel'"mine.s limit 

-Paper

In 

pr-oduction machine 

this depar-tment , thel'"e 

pl'"oduc tion ma.c hines , one for- each 

machines opel'"ate independently 

the capacity 

for- pr-oduction 

of 

of 

ar-e foul'" paper 

type of pr-oduct. 

fr-om eachother-These 

and have diffel'"ent capacities.Also ,each machine is 

specialized in a specific product ther-efor-e each 

machine can pr-oduce only one type of a pr-oduc t. 
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The most impo~tant pa~t of this depa~tment 

is called the wetting ope~ation.This pa~t consists of 

the fo~mation of the pape~ laye~. 

2.P~ocessing and packaging depa~tment 

The pulps coming f~om the main machine a~e 

p~ocessed in the fou~ diffe~ent machines and then 

packaged as the finished p~oducts. 
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HANDKERCHIEF 

> S E L P A K 

NAPKINS 

M A I N 
> I SELPAK I SEDEF I SOLOI 

TOILET PAPER 

MAC H I N E > ISELPAK ISOLO ISILEN 

BABY & WOMAN PAD 

. > I COCUK BEZ I I ORK JD 

EXPORTS 



12 

CHAPTER IV 

FORMULATION 

4. 1 Definition of Mode I 1 

The product-mix problem is formulated in two 

diFferent models.The first model uses a mor-e general 

approach and provides an overall annual production plan 

for each product considered.The total annual production 

level of each product is obtained from this model.A year 

is taken 

variations 

to 

of 

considered.Lower 

be a single 

the 

and 

demands 

upper 

period 

during 

bounds 

thus 

the 

are 

the seasonal 

year are not 

estimated for 

the 

the 

demand of each product during the year using 

demands which are discussed in the 

following forecasting section.Since the whole year is 

taken to be a single period and inventory from 

previous year and inventory to be transferred to the 

next year is not taken into account the model does 

not consider inventory holding costs.In addition to the 

demand constraints the capacity of the main machine 

constitutes another constraint. 
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The main machine pr-ovides to all of 

the pr-oduction lir{es r-elated to 

pulp 

the differ-ent 

pr-oduc ts toi let paper- paper- handker-chief paper- napkin 

and pad gr-oup.Ther-efor-e the sum of the pr-oduction 

I eve I, 

exceed 

of all the pr-oducts dur-ing the year

the 

can not 

maximum thlS 

limit 

machine's capacity.Mor-eover-

of each pr-oduction line r-elated to a time 

pr-oduct 

a pa r- t 

also affects the pr-oduction levels. Ther-e'for-e 

fr-om 

sum of the 

const~alnt for-

in model 2 

pr-Oflt. 

having a pr-oduction constraint for-

pr-oduction lines 

each pr-oduction 

the objective is 

ther-e 

llne.ln 

the 

is also a 

this model 

maximization 

the 

time 

as 

of 



4.2 Formulation of Modell 

(1) Objective function 

S. T. 

(2 ) Capacity 

max z = ~ P 
I 

constraints 

* X 
I 

(2a) of the main mac hine ' 

(2b) 

(3 ) Demand 

~ 1 + F * X (= 

I I 

of the processing 

~ S * X <= 
I ,J I 

forecasts 

A· 
I 

<= X 
I 

(= B 
I 

MT 
J 

(4) Non-negativity constraints 

X )= 0 
I 

AKAP 

machines 

j = 1,2, .... ,m 

i = 1,2, ..... ,n 

14 
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4.3 Definition of Model 2 

In the second model a more detai led 

approach 

divided 

is used as compared with model 1.A year is 

for into four periods and a produc tion plan 

each period is obtained.Model 2 also considers inventory 

holding cost.For each 

is an amount to be 

produc t 

produced 

in 

an 

each period, there 

amount available 

for sale and an amount of inventory at hand. The 

planning reason for using 

that 

such a dynamic production 

model is the demands of 

seasonal variations.As an example , 

sold more during summer , whereas 

the winter. is sold mor-e durinq 

An impor tan t poin t of the 

the produc ts show 

paper napkin is 

paper handkerchief 

model is that 

it is conceived as a cyclic model.That is the 

inventory at 

transferred 

this way 

are 

hand at the end 

to period one of 

optimal beginning 

the 

and 

obtained.Like in model 

of 

amounts 

bounds are derived for the demand 

1 

of 

period four- is 

following year.In 

ending inventory 

lower and upper 

each product in 

a period using the forecasted demand figures. These 

bounds constitute constraints for the amount available 

for sale in each period.In addition to this a 

material balance equation for each product in each 

period is constructed. 



inventor-y 

By 

at 

this 

the 

for-mula 

beginning 

of. pr-oduc tion equals 

the amount of on 

of the period ~ and 

the amount available 

l,;;a 1 e and the amount of inventor-y tr-ansfer-r-ed to 

':ollowing per-iod.The main machine capacity is 

constraint on the total amount of all types 

16 

hand 

the 

for-

the 

a 

of 

pr-oducts pr-oduced in a given per-iod.Another- constr-aint 

.lS the time constr-aint for- each pr-oduction line in 

a per-iod.As a management policy because of the 

dynamic str-uctur-e of demand ~ minimum 10 per- cen t of 

the amount available for- sale of a pr-oduct in a 

per-iod must be kept in inventor-y.This can be thought 

of as a safety stock constr-aint. 

Pr-ofit maximization objective is also pr-esent in this 

model.However-.the equation involves holding and inventory 

costs.Shor-tage cost is also pr-esent but it's not included in 

the objective function since it is r-ather- hard to estimate 

quantitavely.Since the model 1S a seasonal one~sales have 

the 

pr-oduction might change fr-om one season to another-.This 

cr-eates also the cost of changing pr-oduction rate.Ther-e 

might be overtime cost or extr-a machine set up costs. This is 

also ignored in the model. 
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4.4 Formulation of Model 2 

(1) Objective function 

~ ~ P * T - ~ ~ E * SM 
I I,K I,K I,K 

S.T. 

(2 ) Material balance equation 

SM + X - T - SM = 0 
I,K-l I,K I,K I,K 

i = 1,2, ..... ,n 
k = 1,2, ...... ,1 

(3) Capacity constraints 

(3a) of the main machine 

<= AKAP 
K 

k = 1,2, ...... ,1 

Db) of the processing machines 

~ S * X <= MT 
I,J I,K J,K 

j ;::;; 1,2, ...... ,m 
k ;::;; 1,2, ...... ,1 

( 4 ) Demand forecasts 

A <= T <= 8 
I,K I,K I,K 

i = 1,2, ...... ,1 
k = i,2, ...... ,1 



(5) Safety stock const~aints 

SM )= 0.10 * T 
I,K-l I,K 

(6) Non-negativity const~aints 

x )= 0 
I ,K 

T )= 0 
I ,K 

SM )= 0 
I ,K 

i = 1,2, ..... -.. ,n 
k = 1.2, •..•••• ~1 

i = 1,2, ....... ,n 
k = 1,2, ....... ,n 

18 



5.1 Methodology 

Forecasting 

inferences about the 

Forecasting 

projecting it 

involves 

into 

CHAPTER V 

FORECASTING 

is the 

future from 

process of 

analyzing 

historical 

past 

the future, usually by 

19 

drawing 

data. 

data and 

employing 

some appropriate mathematical mode I . 

Forecasting is an. estimate of a future 

assuming that the underlying time series observation 

continues as it has in the 

the 

r-ecen t past.When 

nature of 

some 

factor causes changes in basic the 

time series and the decision maker underlying 

knowledge of that change , this information can 

has 

be 

incorporated 

In 

limited by 

into the 

general 

the lead 

forecast. 

the uses of 

time over-

a forecast are 

which forecasting is 

made.<>hort-range torecastlng methods proviae forecasts 

that are at 

range forecasts 

most 

may 

for a year into 

project up to 10 

the future.Long 

years into the 

future. For this study we shall be de.a ling with 

methods for generating short-term forecasts. 
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Time series may show one or more of three 

basic 

and 

characteristics which are constant process,llnear 

trends and cyclic or periodic 

variation. 

When observing demand data related to the 

eight 

that 

different 

data show 

different meth()ds 

For-

produc ts of the the~;is ,it is seen 

lineal'" trend and cyclic variation.So 

for these are analyzed in detai I. 

fOl'"ecasting linear trends linear-

re:;Jr-ession 

smc)othing 

double average • double exponential 

are the major methods that can be used. 

1 ) Among these methods the easiest-to-apply 

method is linear regr-ession. It has no 

is e'5tima te. Method 

pa.rameters a 

ac: tua I data.The 

However 

equal weight to 

the deviations 

can't make any 

least squares of 

and , b' al'"e calculated 

forecast fol'"' some future 

X ( T+Z ) = A + B( T+Z 

the disadvantages are 

older and newer data.It 

of data from the linear 

corr-ections to minimize 

each observation. 

parameters to 

two used and 

by usinq the 

time is 

that it gives 

also ignores 

function and 

errors after 
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2 ) Double moving average method r-esults fr-om 

applying the least-squar-es criterion to a data of 

fixed length. This technique chooses a value of Nand 

only the most r-ecent N per-iods of data used 

for- the second for-ecast.After- taking an average of N 

values a second aver-age of N fir-st averages must 

be taken to obtain only the fir-st estimate.Estimates 

of futur-e per-iods depend on a r-ecursive for-mula 

which uses old actual figur-es • so it's pr-obable to 

get erroneous r-esults. 

The main disadvan tages with this method is 

that it requires too many data and it gives equal 

weiqht to a I I data points. 

3 ) Double exponential smoothing method the 

most widely used class because it's r-easonably 

accurate and computationally- efficient.The technique is 

developed fr-om the weighted least-squares crlterion.One 

of the most impor-tant things about the method is 

that it gives mor-e weight to newer data.To for-ecast 

Z per-iods into the futur-e , the equation 1S 

XI T"Z ) = I 2+ Z * AliI-A) ) * SIT) 
-II + Z * AliI-A) * S2IT) 

where 

SIT) = .~ * XIT) + II-A) * SIT-I) 

S2IT) = A * SIT) + II-A) * S2IT-l) 

A = smoothing constant o (= A (= 1 
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A' widely used technique for the choice of 

A is a sequence of trials on a set of ac tua I 

historical data using several different values for 

the smooth.lng constant • and to select the value that 

optimizes some measure of effect:veness such as 

minimum sum of squares er-ror.For example if three 

years of 

flrst 

historical data 

tb 

are available. one might 

~se 

constant 

of the 

constant 

4 ) 

efficient 

seasonal 

where A 

two years optimIze the smoothing 

anc: then simulate a forecast for each month 

year to see how 'optimum' smoothing 

WIll react to fresh data. 

Winter's method is the 

and easy-to-use method 

va,- ia tion. The time se,.-ies 

most 

for 

model is 

XIT) = I A + B * T ) * CIT) + elT) 

is the oermanent rnmrnn~nt E 

accepted 

data with 

is line.;" 

trend 

period 

model 

component C Il) is the seasonal factor for 

T and Ell) 

inco,.-porates 

seasonal ef fec t. At 

observing 

is the 

both 

the 

random err-or component. This 

a linear trend 

period 

and a 

end of any T after-

X Il) 
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estimates of the model parameters A,B,C(T) are 

revised.Forecast for any future period T+Z is 

X(T+Z) ~ [A(T) + Z * B(T)] * C(T+Z) (T+Z-L) 

where L shows the number of periods in a season. 

Revision for components are as follows 

A (n = K * [X (T )/ C (T )( T -l)] + (1 -K) * [A (T- 1) + B (T - 1 ) ] 

E(T) = L * [A(T) - A(T-l)] + (l-l) * B(T-l) 

c(n(n = M * [X(T)/A(T)] + (l-M) * C(T)(T-l) 

where K , L • M are smoothing constants. 

Main problem with the method is the 

estimation of three different smoothina constants used 

in calculations of A,B and C. 

Simulation may be used for the smoothing 

constant A of double exponential smoothin9 method and 

the three constants of Winter's method .Dlfferent runs 

can be obtained for different smoothlng constant 

values varying from zero to one.By using MSE (minimum 

squares errol'"" the run which minimizes the 

nl1;ntc:. 

will be chosen for eac h produc t. 
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5.2 Choice and Use of Forecasting Methods 

In linear programming model that is used 

for production plan~ing of Ipek Kagit there are a group 

of demand constraints. These constraints give the upper 

eight and lower bound limits 

different products.However , 

of the 

since 

demand 

this is 

for 

a plan for 

future, there is no actual data available.So one has to 

make use of actual sales of past data and by certain 

methods project them to the future to get the demand 

estimates.To be able to do this in the best way 

forecasting process and the different methods that can 

be used have been 

In the linear 

analyzed. 

programming model that is 

there are four different types of products 

studied 

available 

data of Wh1Ch show different trends. (Appendix B! Among 

these , data of paper napkins and handkerchief show a 

seasonal trend along with a linear trend ; whereas 

toilet 

only 

paper group woman and baby pads group show 

a linear trend.As for handkerchief , demand 1S 

more in winter and the least in summer mainly 

because of incr-easing flu and cold in winter 

season.On the other hand , demand for napkin is the 

least in winter and the most in summer , wh1Ch is a 

result of increasing touristic activities in summer. 
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Fol'" the toilet papel'" and pads gl'"ouP which 

show only lineal'" tl'"end • double exponential smoothing 

method has been chosen based on the reasons stated 

in the pr-evious section. 

To apply the model to the four diffel'"ent 

products i've pl'"epared a computer in Pascal 

language. (Appendix C) The program I'"eading 

in actual values of p~st data. In second section 

method is initiated by calculating values fol'" 5[OJ 

and 52[OJ.These are obtainFd from estimates of A(O) 

B(O) which are estimated fl'"om historical data using 

Linear regression ~ In the next section by using 

recursive fOl'"mulas of S[ TJ 52[TJ demand value is 

estimated for- each perlod.By using the calculated 

estimate and real values is calculated for 

each pel'"iod using MSE measure. 

2 
M5E = E x [ I J -x [I J ) I N 

This procedure is I'"epeated fol'" each p..-oduct. 

The 

A(alfa) ranging f..-om 0.1 to t incremented by o. 1 in 

each run. The optimum A value has been simulated in 

a way to minimize the e..-ro..-. 

For- each product the p..-ogr-am has been run 

again with A(opt> to forecast the future demand. 

For handkel'"chief and napkins group which 

have past data showing both seasonal and linear tl'"end 

Winter's method has been used to 
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To apply the model to four different 

products i.e. handkerchief and thr-ee br-ands.of napkin 

a computer- program has been pr-epar-ed Pascal 

language. (Appendix D) 

In the pr-ogram , oldest year's data is used to 

initialize A(4) , B(4) , C( 1> ,C(2) ,C(3) ,C(4) .C's give the 

seasonality parameters. 

Later- year-s ar-e used r-ecursively to find 

optimal K,L,M values.The values of constants star-t with 

0.1 and ar-e incremented by 0.1 up to I.The values of K,L,M 

that minimize M5E are chosen as the optimal values. The 

p~ogram is rerun with optimal K,L,M tc calculate the 

forecasted values. 

By Llsing the calculated demand estimate and 

r-eal data available. error for- each period is 

calculated uSlng the MSE measure as in double 

exponential smoothing method. 

For each pr-oduc t , the program is run for 

wf t< , L ,M each r-anging fr-om 0.1 

to 1 with 0.1 increments. 

Choosing the optimum K L M values which 

minimize the error , the pr-ogr-am has been run aga.in 

to get for-ecasted demand data. 
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The demand estimates obtained by Exponential 

Smoothing and Winte~'s methods a~e tested to confi~m 

the method used.To be on the safe side the allowable 

uppe~ and lowe~ limits of estimated demands calculated 

have to be. g~eate~ o~ equal to (3*standa~d deviation).This 

p~ocedure has been repeated fo~ each p~oduct and chosen 

forecasting methods have been confirmed.(Appendix E) 



CHAPTER VI 

OUTPUT ANALYSIS 

6.1 Mode 1 1 

6. 1 • 1 ~~~~~g no Lower Bound for Demand -"-----

In this run (Appendix F), profit for the year 

obtained is 2,611,441,OOO.One of the most irnpor-tan t 

results is zero production level of P7 which is one 

of the toO et ·paper products.Since 1S 

maximization of prof:,t , this result is expected 

because P7 has the least profit margin.Among other 

seven products , the first five, Pl,P2,P3,P4,P5 are 

produced at their upper bounds.P2 P3 ,which are two 

kinds of napkins have the highest profit margins and 

capacity constraints don't hinder their production at 

upper bounds.PB , baby pad have the third 

highest profit margin.Although capacity of main 

machine is su f fic ien t for PB to be produced at 

higher bound capacity of pad secondary machine forms 

a noticable boottleneck.So it is forced to be 

produced below upper bound.P4 which is a napkin 

brand and PI which is paper handkerchief are the 

next two products in terms of profit margins. Since 

capacities allow, they're also produced at demand upper 

bounds. P5,P6,P7 ,which are different brands in toilet 



33 

paper- gr-oup have consider-ably lower- pr-ofit 

mar-gins.Among these P5 is also pr-oduced at upper-

bound not to leave any idle capacity of main 

machine and P6 is pr-oduced only about one four-th of 

demand upper- bound. 

6.1.2 Assig~ing Lower- Bound Values for- Demand -_ ... _-----------,-----

When no lower- bounds ar-e given for- demand 

constr-aints as in fir-st r-un of modell, seventh 

pr-oduc t, P7 the one with the lowest pr-ofit mar-gin 

isn't pr-oduced at all.AI though this seems more 

pr-ofitable at fir-st glance it's indeed a cause to 

incur- shor-tage cost and a cause to have a loss of 

good-will in the mar-ket in which it is dominant. 

Besides it's the pr-oduct with thir-d highest demand 

which is 1,541,400 out of 10,380,000. 

For- the above stated reasons ,a second r-un 

is taken with ..:::Ie<::; .... ~ ..... .... ----':}' ' .... .... 

values(Appendix G). These lower- bounds have been 

calculated by a r-ather- heur- istic appr-oach , namely 

lower bounds have been taken as fifty per-cent of 

the expected demands found by for-ecasting methods. 
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this run profit has decr-eased from In 

2,611 ,441 ,000 to 2,563,145,000 TL.Compar-ing the results 

of first and second runs, it's observed that the 

production levels of the products P2 .P3 ,P4 and PB 

aren't changed eventhough they're abovE? their lower 

bounds.This is due to their having the highest 

pr-ofit mar-gins. In or-der to maximize pnJf i t 

of the runs these products were pr-oduced 

bounds.Because of the lower- bound constr-aints 

in 

at 

P7 

both 

upper

the 

one with lowest 

bound ; 

pr-ofit mar-gin had to be pr-oduced 

at lower 

and 

and 

capacity 

P6 had 

because of 

the r-est of 

and in or-del'" to satlsfy the 

const~aints • the pr-oduction levels 

lower-to be decreased to 

their having lower 

the pr-oducts. 

their

profit margins 

time 

of F'5 

bounds 

than 
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6.2 Model 2 

6.2. 1 Giving no Lower Bound Constraints for Demand 

For the first run (Appendix K) all lower 

bounds o·f the amount available for sale are taken to be 

zero. This 

of the mciin 

imp lies that 

mac hine , time 

the constraints are the capacity 

limit of the production lines, 

material balance and the safety stock constraints. 

In the results obtained profit for the year 

is 2,504,709,000 TL.As in modell, P7 lsn' t 

has 

produced 

sold nor held in 

profit margin.Among 

inventory 

rest of 

since it 

the pr-oducts 

the 

the 

profitable pr-oducts 2 and 3 ar-e pr-oduced at upper-

lowest 

most 

bounds 

and amount available for- sale are at upper limlt of 

demand dur-ing all the four- per-iods.Thir-d pr-ofltable 

one , P4 ,has to be produced .below upper bound for- two 

periods again because of secondary machine constraint 

and r-eaches upper- bound in other- two periods. This 

mac hine processes thp 

the pr-ofit mar-gin 

sales 

lowest 

reach maximum in 

capacity can·t meet all the 

demand upper- bound level 

produc t which is P 1 is 

demand for thr-ee per-iod 

P4 has 

within the group and 

second and third periods 

demand so P4 falls below 

in these per-iods.The ne"t 

at upper- bound level of 

but machine capacity isn't 



enough for 

handkerchief 

the 

and 

first 

since 

winter period , production 

belongs to profitable P5 

36 

period.This product is 

it reaches maximum sales in 

isn't enough.The next 

toilet paper group.Although 

it's less profitable than previously stated products. 

it's produced and presented for sale at upper bound of 

its demand.Secondary machine used 

production doesn't hinder production 

for t01let paper 

for this product 

since other brands of this group are less profitable.P6 

is therefore produced and presented for sale much 

below demand upper bound value and P7 isn't produced 

at all. 
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6.2.2 Assigning Lower Bound Values for Demand 

Assigning no lower bounds for dema.nd 

constraints reslJlts in 

le'lel of 

zer-o or very low production and 

thus sales low profit marglned products as 

seen in previous models.Not to lose good will and market 

dominancy 

profi table 

(Appendix L) 

bounds are assigned to least 

threl? products in this run of Model 2. 

has shown a relatively low deer-ease 

from 2,504,709,000 to 2,464,513,000.Lower bounds have 

fo,-c:ed 

bran::Js 

bound 

period 

not to 

maciline 

resu 1 t • 

the 

to 

least profitable P7 , one of the napkin 

be produced and planned to be 

values. Producing it above zero 

resulted in a decrease level for 

exceed main machine capacity 

sold at lower 

level 

other 

and 

in eac h 

products 

secondary 

capacity 

within 

which processed 

-paper 

tOllet paper.As a 

toi let group the 

projitable product that was 

decreased 

produced at upper 

most 

bound 

the in previous run 

second toilet paper 

below 

brand that was 

this 

above 

amount 

lower bound 

level decreased to this level in all of the 

periods.The overa 11 most profitable napkin brands 

weren't effected.However , for all periods except for 

the last one , there has been a considerable decrease in 

handkerchief production level which had a moderate 

profit margin. 
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CHAPTER VI I 

SENSITIVITY ANALYSIS 

In an oper-ating fir-m ther-e can be changes 

in sales volume because of factor-s li~e new fir-ms 

enter-ing the mar-ket changing r-egulations in 

cammer-cial system like new expor-t and impor-t la.ws or-

changes in capacities due to revisions in the 

plant.Ther-efor-e , it is of much value to apply 

sensitivity analysis to linear- pr-ogr-amming r-esults. 

The analysis gives the changes in pr-Ofit 

r-elated to the changes in capacities or- in 

demands.ln the thesis the capacities ar-e r-elated to 

the time limits for- the pr-oduction Ilnes and the 

main machine. 

The r-educed cost of an activi tv is the 

amount by which pr-ofit will deer-ease if one unit 

of that activity is for-ced into the solution.On the 

other- hand the dual pr-ice is the shadow pr-ice of 

a given constr-aint.lt is the amount by whic h pr-ofit 

will increase if thE' .-=tv.-=t;'.:::Ibi!t~1 

associated with this constr-aint is increased by one 

uni t. 
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7.1 Modell 

7.1.1 Giving Lower Bound Constraints for Demand 

For this run (Appendix F) taking a look at 

production values and the reduced costs of eight 

different products it is seen that seven of the 

products have reduced cost value of zero ; whereas P7 • 

the product with lowest profit margin has a reduced 

cost of 20.In the output P7 has a production level 

of zero.This means that if the firm produces this 

toilet paper brand by selected minimum quantities for 

the r-eason of keeping the market share on the 

desired level the profit will decrease by 

added production level * reduced cost of product) 

The reduced cost of P7 comes out to be 20 

because P7 and P6 are the two products with lowest 

profit margins 255 and 275 respectively.P6 is produced 

much below its upper bound • P7 isn't produced at 

all. P8 can not be produced at upper bound because of 

machine capacity constraint.All the other products are 

produced at their upper bounds.So one unit production 

of P7 wi 1 1 force the next low profit margined 

product to be produced one unit less not to violate 

ma.in capacity constraint. Production of one 

unit P7 instead of P6 will decrease total profit 20 

units since they have profit margins of 255 and 275 

respectively. 



40 

Obsel'"ving the slack values and dual prices 

of the constl'"aints ,one can detect a few impol'"tant 

points.Right 

availability 

hand 

of 

side of the constl'"aints shows the 

that l'"esoul'"ce.If thel'"e is certain 

sUl'"plus associated with that r-esource then the dual 

pl'"ice is zel'"o.In other words • increasing the resourcE' 

by one unit will not cause pl'"ofit inc rease since the 

total I'"esoul'"ce is not consumed. Howevel'" if the slack is 

zel'"o ,this designates that the cOl'"l'"esponding dual val'"iable 

is nonZE't'"o. Since the total resource is consumed 

increasing it by one unit will also increase pl'"ofit 

by the amount of the dual pl'"ice. 

In 

constl'"aints 

the 

that 

output 

do not 

obsel'"ved 

use the 

there al'"e some 

avall able resourcE' 

completely.The first group of these is the secondary 

machine constl'"aints fol'" the fil'"st seven pl'"oducts.These 

mac hines can not be 

main machine capacity 

fully used 

limits 

either because of the 

01'" because of demand 

constl'"aints.Among these , handkel'"chief 

have 

they 

bound 

slack 

is 

little slack 339 and 552 

have high PI'"Oflt margin and 

demand values.The toilet of 

0+ 3065.9 out of 5200 which 

because they have low 

and napkin gl'"oups 

I'"espectively since 

pl'"oduced at uppel'" 

papel'" gl'"ouP has a 

is hlgh.ThlS 

margins and 

thel'"efol'"e pl'"oduced much below demand.For this reason 

the demand constl'"aints of this gl'"oup also have high 
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The ~emaining slack values belong to demand 

const~aints and the p~oducts that a~e p~oduced below 
thei~ d.emand uppe~ bounds have slack values equal 

to the diffe~ence between demand and p~oduction. 

Obse~ving the dual pr-ices , it is noticed 

that the highest p~ice belongs to the seconda~y 

machine const~aint of P8, the pads g~oup.Although the 

uppe~ bound demand value of pads is 628130 , machine 

const~aint limits production to 525252.5 , given by 

0.0099 * X8 <= 5200 

In sp1te of the high p~ofit ma~gin of P8, 102,878 kg 

can not be p~oduced.So fo~ eve~v unit of incr-ease in 

the ~esou~ce , the p~ofit will be incr-eased by 11111.1 

which is the dual p~ice. 

The second highest dual p~ice 1S 261.9 and 

belongs to the main ~ac:hine capacity const~aint. 

Because of the 8,000,000 kg capac1ty , all of the 

product demands can not be satisfied.The~efore the lowest 

_ _ _ r .• 
I-JI U'T.J,. L IHdrg~n p~ooucc ~6 is fo~ced to be produced 

much below its uppe~ bound and P7 isn't p~oduced at 

all.lf capacity increases by one unit P6 can be 

produced (1/1.05) units more wher-e five percent is the 

defective ~ate. 0.9524 units of extra production will 

inc~ease profit by 261.9 calculated by 

( 0.9524 units of P6 * p~ofit margin of P6 ) 
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There are also nonzero dual prices associated 

with the group of demand constraints. Dual prices 

decrease with decreasing profit margin of products.P2 

which has the highest profit margin also has the 

highest dual price within this group.The products 

with six highest profit mar-gins are produced at 

their demand upper bounds.So if P2 decreases by one 

uni t , seventh high ma~gined P P6 can be produced.So 

dual Dr-ice of P2 • 135 • c a.n be calculated by 

1 less unit P2 produced) * ( profit margin of P2 ) 
- ( 1 extra unit P6 produced ) * ( profit margin of P6 ) 

In the same way. dual price of the second highest 

profit margined product P3 is 125. P4 • P1 P5 have 

dual prices of 100 • 55 and 20 respectively. 
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7.1.2 Assigninq Lower Bound Values for Demand 

In this run (Appendix G) taking a look at the 

production 

different 

values and the reduced 

products. it's seen that 

costs of the eight 

there is a cet""ta~n 

amount 

reduced 

run 

P7 

cost 

of 

to 

to 

of the 

s till 

of produc tion for all products and all 

cost of zero.So as in COmpaF"1S0n w~th 

have 

first 

forced mode 1 • add ing lower bound constraints 

be produced also, thus driving its r-educed 

zero. 

Obsel'"ving 

constraints 

the slack 

it can 

values 

be seen 

and dual prices 

that thel'"e al'"e 

some constraints with unused resources.These 

have zero dual pr-ices because of having 

all 

~d Ie 

capacity.The first gl'"ouP of these is the secondary 

machine 

compared 

constl'"aint 

with the 

fol'" the 

first 

fil'"st 

run the 

seven p.-oducts. As 

slack amount fol'" 

handkerchief has increased from 339 to 1116 For napkin 

group 

paper 

it has stayed the same with 

group 

2744.S.These are 

it has 

expected 

decreased 

because 

production 

p.-oduction 

group.This 

at demand lower bounds 

margined 

vio"late 

of low profit margined 

causes p.-oduction of 

handkl?rchief 

main 

to dec t~ease 

machine 

552 and for toilet 

from 3065.9 to 

forcinq a minimum 

increases the 

to~let 

moderate 

in orde.-

paper 

prof~t 

not to 

capacity 
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const~aint.P~oduction level of napkin g~oup doesn't 

change since it's the g~oup with highest p~ofit 

ma~gin and p~oduced at upper bound of demand in 

both, runs of model.. 

The remaining nonzero slack values belong to 

the demand constraints. The products p,-oduced below their 

demand upper bounds or above the lower bounds have 

slacks equal to the diffe~ence between demand and 

production. 

Obse~ving the dual prices the 'highest price 

belongs to the seconda~y machine constraint of pads 

group as in first run.Although the pads group has h1qh 

profit margin • demand of 628,130 can not be met since 

capac1ty is 525252.5.The dual prlce which was 11111.1 in 

previous ~un has decreased to 5555.5 1n this run.If 

capacity of secondary machine 1S increased bv one unit 

total will increase by the amount of the dual 

pr-ice , 5555.5 This increase will be possible since 

one unit of capacity increase will make production of 

101.01 more kg feasible Not to exceed main machine 

capacity production of PI will decrease by 101.01 

kg.Pl is the lowest profit margined product among 

those that have production above lower bounds. This 

wi I I give an extr-a profit of 5555.5 by 

(profit margin of P8 * extra amount produced)-(profit 
ma~gin of PI * amount of decrease) 

Although products 5 .6 ,7 (P5,P6,P7) have lower profit 

margi-ns than PI its production wi 11 
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have 

lower 

to decrease since others are already at their 

bounds. 

The second highest dual price belongs to the 

main machine capacity constraint.Dual price which was 

261.9 in previous run has increased to 314.28 in this 

run.If capacity increases by one uni t the total profit 

will increase by 314.28 since this will cause 1/1 .05 

units nondefective PI to be which is the 

relatively 

below upper 

highest margined 

produced 

product that is produced 

bound.Profit increases by 

(1/1.05 units of PI) * (profit margin of PI) 

Another gr-oup of dual pr-ices ar-e associated 

with the demand constraints of pr-oducts.The ones 

produced at upper- bounds of demand • namely P2 P3 P4 

have positive 

pr-oduced 

dual 

at 

price; whereas, P5 • P6 • P7, the 

ones lower- bound have negative 

price. Because of the greater than or equal 

dual 

to 

dual constr-aint in the model 

hence 

pr-ofit 

if it's 

h;;lVP tn 

dual variable can 

mar-gin the more is 

decr-eased by pne 

the cor-r-esponding 

t hFln nr to 

be negative. The higher-

the dual pr-ice.As for-

zer-o 

the 

P2 

unit • PI will be produced 

instead to fill the idle capacity of main machine.So 

dual price of P2 • which is 

(one less unit of P2) 

80 , is calculated by 

* (profit margin of P2) 
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In the same way , dual p~ices of P3 and P4 a~e 70 

and 45 ~espectively. 

P5 ,P6 ,P7 which have the th~ee lowest profit 

margins ar"e forced to be p~oduced as much as their 

lowe~ bound demand values.As fo~ P5, a dual p~ice of 

-35 means that if it's produced one unit less , p~ofit 

inc~eases by 35.This is calculated by 

lone less unit of P5 * profit ma~gin of P5) - (one extra 
unit of PI * p~ofit ma~gin of PI) 

In the same way , P6 and P7 have dual prices of 

and -75 ~espectively. 

-55 
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7.1.3 Runs of Modell with Revised Constraints 

The highest dual price in all runs of Model 1 

shows th~t there is an important capacity restriction in 

secondary machine of woman-babv pad group. P8.Although P8 

is one of the most profitable products , it has to be 

produced much below upper bound because of this 

bottleneck.In one of the runs of Model 1 (Appendix I) 

processing time is reduced from 0.0099 to 0.00828 hr/kg. 

This can be possible by improving technology either by 

new methods or by purchasing a new processing machine .. 

0.00828 is calculated by distributing whole demand 

through tota I annual tlme.This enables production of 

628,130 units with no idle capacity.ln the output 

obtained dual price is zero whereas , 1 twas 11111. 1 in 

first run of Model I.Profit has increased 11,316,470 TL 

from 2,611,441,000 TL to 2,622,757,000 TL.This is expected 

because increasing capacity has allowed 102,877 kg more 

production of P8.Not to exceed main machine capacity. 

production of the lowest profit margined P6 has decreased 

this much giving extra profit of 11,316,470 TL by 

(profit margin of P8-profit margln of P6) * (102,877 kg) 
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After eliminating the bottleneck in production of P8 

the highest dual pr-ice 261.9 belongs to the main 

ma.chine 

produced 

much as 

profit 

result of 

and P7. 

capacity.Because of unavailable capacity P6 is 

very little and P7 can't be produced at all. 

When main machine capacity is inc..-eased as 

capacity lack from 8,000,000 to 11,176,595 

increases by 801,138,OOOTL.(Appendix J)This is the 

profit obtained from extra production of p6 

Another run regarding main machine capacity 

constraint is taken for the case that both demand 

lower and bounds are assigned and capacity IS 

incr-eased 

upper 

from 8,000,000 to 10,OOO,OOO.This has caused 

556,691,000 TL or 18 percent 

(Appendix H) 

increase in total profit. 

These two runs point out the important 

incr-ease in profit by increasing main machine capacity. 

It emphasizes how vital it is to enlarge capacity in 

nearest time possible. 
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7.2 Model 2 

7.2.1 §ivin~_ no Lower Bound Constraints 

In this run (Appendix K) , analyzing the reduced 

cost values it's seen that for each period there is 

a cost associated with only product 7 and the rest has 

zero cost.P7 isn't produced nor held in inventory.lf the 

firm produces this toilet paper by selected minimum 

quantities to keep market share on desired level profit 

will decrease by 

(added inven. * reduced cost of inven.) 
+ (added prodcn.level * reduced cost of prodcn level) 

However , analytically the effect of additional 

production on the inventory level cant be determined by 

reduced cost since there is no constant relationship 

between production and inventories. Thus to get the 

profit figure when P7 is produced a new run with 

lower limits should be obtained.This ,s the second run of 

Model 2 which will be analyzed in next part. 

Analyzing the slacks and dual prices part of 

the output it's seen that the highest slack belongs 

to the demand constr-aint right hand side values of P7 

and P6 respectively which are two brands of to,let 

paper.The amount presented for sale is much below 

bound of demand.So their processing machine 
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capacities also have slack values since they stay 

idle.This is because 

thus' 

they 

lowest 

have the lowest pr-ofit 

mar-g i',s 

highest 

and 

slack values 

production levels.The next 

go for handkerchief 

constr-aint in fir-st period and thir-d napkin 

demand 

br-and in 

thirc 

they 

period.Although they have high profit margins. 

have to be sold below upper bound demand values 

because of the lack of capacity in processing. 

Analyzing the dual pr-ices , it's seen that 

highest two dual prices which are 65359.5 and 58097.3 

TL/unit cap. , belong to secondary processing machine of 

napkins gr-oup for the second and third periods 

respectively.Napkin group is the most profitable oroup 

and both of the dual prices are Quite high 

figures.Since napkin sales are highest in second and 

third 

Another 

first 

case , 

periods 

high 

per-iod 

highest 

production and inventory lag demand. 

dual 

with 

pr-ice belongs to handker-chief in 

26570 TL/unit capc.Like in napkins 

demand in this period can't be met by 

production capacity. So for- napkins and handker-chief , 

it is quite essential to increase capacities or keep 

inventory level higher in these cr-itical per-iods.The 

next high dual price goes for woman-baby pad.It has a 
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dual price of 11111.1 TL/unit capc. for all four periods. 

Demand doesn't show a seasonal trend and production 

capacity of pad processing machine can't meet estimated 

demand in any of the periods in spite of the high 

profit margin. 

capacity 

enough 

products 

hinder 

There is also a dual price associated with the 

constraint of main machine.It can't provide 

pulp to meet demand of all the different 

and if secondary machine capacities didn't 

production at certain periods , need for more pulp 

would be unavoidable. 

Comparing the first runs of Modell and Model 2, 

it's seen tha t profit which was 2,611,441,000 in Modell 

decreased to 2,504,709,000.This isnt an important chanqe 

however one of the important causes is the lnvolvement 

of inventory holding cost in the second model.Another 

cause is the lack of capacity of processinq machines 

during peak periods of demand in Model 2. In Model 1 

since the year was taken as a whole fluctuations in 

demand compensated the total annual production.So in 

Model 2 pulp that was produced by main machlne had to 

be converted to products with lower marqlns. 
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7.2.2 Assigning Lower Bound Values for Demand 

Both for r-easons stated in prevl.OUS section 

and in sec tion 7.1.2 lowest profit marqined products 

should also have a production level eventhough this 

might cause a decrease in overa 11 profiLSo as in Model 

a second run is obtained by giving lower bound values 

for d,.mand. In this case product has to be 

produced above a minimum 

each 

level for each period. 

(Appendix L) 

Comparing the results of this run with results 

of first 

dec reased 

expected 

run of Model 2 , it's seen that profit has 

from 2,504,709,000 TL to 2,464.513.000 TL.ThlS is 

because assigning lower bounds for demand 

has caused less profitable products to be produced at a 

minimum level.Not to exceed main machine capcity more 

profitable products had to be produced less. 

Analyzing the reduced cost values it's seen 

that for each product in each period reduced cost 

value is zero.Reduced cost of P7 has also decreased to 

zer-o since the,.-e is a minimum amount of pr-oduction in 

each pe,.-iod. 

Observing the su,.-plus values of the constraints 

it· S c: 1 ear- that hiyhest slac:k values 

const,.-aints of the b,.-ands of toilet pape,.-

belong to demand 

g,.-oup , namely 

those of p,.-evious 
P6 • P7 and P5.These results ,.-esemble 
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r-un of Model 2.However- in this r-un sur-pluses of P6 and 

P7 have decr-eased r-elatively since they must be 

pr-oduced above a minimum level.This has caused sur-plus 

of P5 to increase r-elatively for- each per-iod not to 

exceed seasonal machine capacities .• 

As for- the dual prices constraints with 

highest prices go in the same r-ank as of previous r-un of 

Model 2.However- ther-e is a r-elative decrease in a I I of 

these pr-ices as compar-ed with previous run.As an 

example highest dual pt:"'ice , which belonged to secondar-y 

pr-ocessing mac.hine of napkin group for- the second 

period has decr-eased fr-om 65,358 to 31,893 TL/unit cap. 

These r-elative decr-eases ar-e due to the lower bounds of 

demand given.If one unit of resource decreases another 

high profit .marg ined produc t can be produced :nstead 

since most of them ar-e produced below upper limit of 

demand.However in fir-st r-un without any lower bounds 

given six of the pr-oduc t types had the chance to be 

pr-oduced at demand upper- bound. 

Compar-ing the r-esults with second run of 

hode 1 1 ,whl.c:h Wd,S elil dll!IUdl IlluuC'l dl~u "".I. L I I 

bounds assigned for- demand, it's seen that profit 

which waS 2,563,145,000 TL in Model 1 has decreased to 

2,464,513,000 TL in Model 2.This is mainly a consequence of 

inventory holding cost incurred in Model 2.5ince year is 

divided into periods, capacities isn't enough at peak 

periods of demand. This forms the other cause of 

decrease. 
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from the 

reviewed and 

compar-ed.Model 1 pray idE'S an over-a II annual pr-oduction 

fo," each pr-oduct.Model 2 divides the year-plan 

four- pe," iods and a plan is obtained for-

into 

each 

per-iod.This model also considers inventory holding 

mode!. In costs.Two differ-ent r-uns are taken for- each 

the fir-st r-uns of models lower- bounds of demand ar-e 

r-estr-icted whereas in the second t""uns a minimum 

lower bound is assigned for- demand. 

A comparison of the models is given below 

in ter-ms of the total pr-ofit 

Mode I 1 

Model 2 

TOTAL 

Fir-st Run 

(Unr-estr-icted demand) 

--------------------

2,611 ,441 ,000 TL 

2,504,709,000 TL 

obtained in a year-. 

PROFIT 

(Demand With Lower- Bounds) 

2,563,145,000 

2,464,513,000 

TL 

TL 
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Total pr-ofit values of Model 1 ar-e higher- than 

those of Model 2 for- both fir-st and second runs.One 

of the main causes for- the decrease is the 

involvement of inventory cost in Model 2.Another- cause 

is the 

dur-ing 

Mode 1 1 

capacity 

lack 

peak 

of capacity of 

per-iods of demand 

the pr-ocessing machines 

in Model 2.However- in 

seasonal changes in demand did not cause any 

pr-oblems since the year- was taken as a 

single per-iod. 

Another- conclusion to dr-aw from comparison is 

the fir-st r-uns of both models r-esult in hlgher-that 

total pr-ofit values than the second runs.Profit 

decrease is expected because assigning lower- bounds 

forces even the least pr-ofitable 

level.This 

pr-oducts to be 

pr-oduced at a minimum causes more 

pr-ofitable pr-oducts to be pr-oduced less in order not 

to exceed main machine capacity. 

The fir-st concluSlon to der-ive fr-om the r-esults of 

differ-ent r-uns of the two Linear- Pr-ogr-amming models is 

that pr-oduct seven shouldn't be pr-oduced at all in order 

to maximize pr-ofit.This pr-oduct is a toilet paper- br-and 

and has the lowest pr-ofit mar-gin.Because of the main 

pr-events machine capacity 

pr-oduction of mor-e 

limits 

pr-ofitable 

pr-oduction of P7 

br-ands.On th~ other hand 
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demand fo~ P7 is 1,500,000 kg/yea~.This is the second 

highest demand in the mar"ket. Since it is the least 

expensive available the~e is a ce~tain demand in 

the ma~ket fo~ this p~oduct.The~efo~e the company must 

make a t~ade--of f between meeting the demand of this 

ma~ket segment and maximizing p~ofits.If 

alte~native is chosen the company should 

the 

take 

fi~st 

into 

account that fo~ the additional unit p~oduced total 

:>~ofit will dec~ease by 20 TL. 

capacity 

Analysis 

processing 

p~ice.This 

capacity 

inc r-ease 

adv21nced 

minimize 

capacity 

must 

of 

be 

total 

p~oduct. 

The 

of 

of 

second 

the 

the 

impo~tant conclusion is 

machines du~ing certain 

annual model designated 

lac ~ of 

De~-iods. 

that 

machine of woman-baby pad has the highest 

the 

dual 

the indicates that a unit increase in 

of this machine will p~oduce the maXl.mum 

in p~ofits.As a solution 

technology 

p~ocessing 

should 

time o~ 

~epl ace 

a new 

eithe~ a more 

the old one to 

machine with hiqhe~ 

must be acqui~ed.Howeve~ the acquisltion cost 

less than the discounted 

loss of p~ofit due to 

value of 

p~oduction 

the 

of 

sum 

this 
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The I'"emaining sign i fican t dual prices are seen in 

the processing machines of the napkin group dur-ing 

the second and thir-d per-iods of peak. The thr-ee br-ands 

of napkin have the highest pl'"ofitability among all the 

pl'"oducts.Although annual capacity can meet over-all demand 

, when analyzed seasonally produc·tion and inventory can 

not meet demand of peak per-iods.So as a solutlon eithel'" 

capacity must be incr-eased with a new machine 01'" advanced 

technology 

time.Another-

the second 

higher- than 

inventory can 

must 

solution 

be used to decr-ease processing 

and 

demand 

thir-d 

in 

might be inventory allocatlon for 

periods. Production will be kept 

per-iods of low demand so that mOl'"e 

be tl'"ansfer-r-ed to critical per-iods.This will 

increase inventor-y holding cost, which is 40 TL/kg.month 

whereas an increase of production will br-ing around 400 

TL/kg extra profit. 

There is also the 

capacity in the case of 

pl'"oblem 

the main 

of insufficient 

machine.For this 

reason all pr-oducts can not be produced at desir-ed 

levels.Ther-efor-e a capacity increase of the main 

machine is r-equil'"ed and the optimum level of capacity 

will be ar-ound 12,000,000 fol'" domestic demand 

2,000,000 for- expol'"t purposes. All together 

necesslates a capacity of 14,000,000 kg/year-. 

and 

this 
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Another significant result is the fact that 

the most profitable three products have the lo .... est 

annual .demand figures.This designates a need for 

effective 

objective 

advertising in this product group .... ith the 

of inc~easing sales. hence company profits 

in the future. 
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APPENDIX 
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PRODUCTION AND PROFITABILTY DATA 

PRODUCT PROCESS TIME, PROFIT MARGIN 
--------- -------------- ---------------

1 Handke r ch i .,f 0,0023 330 

2 Napkin - Selp"k 0,0017 410 
3 - Sede!' 0,0017 400 
4 - Solo 0,0017 375 

5 T,Paper- Se Ip.,k 0,00(!95 295 
6 - Solo 0,00095 275 
7 - Si len 0,00095 255 

8 Woman-Baby Pad 0,0099 385 

Holding Cost = 40 tl/kg,month 
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AEE§:l::!Q!L_~ 

SALES DATA 

NAPKIN 
(1000 * KG) 

Year SELPAK SEDEF SOLO 
----- -------- ---- --- ------
1982-1 137 35 218 
1982-2 205 57 338 
1982-3 246 64 395 
1982-4 170 46 277 

1983-1 147 38 235 
1983-2 235 60 375 
1983-3 265 68 425 
1983-4 178 47 285 

1984-1 158 40 252 
1984-2 244 63 395 
1984-3 284 73 455 
1984-4 194 54 311 

1985-1 163 42 261 
1985-2 256 66 405 
1985-3 297 78 470 

1985-4 202 59 320 
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TOILET PAPER 
(1000 * KG) 

Year SELPAK SOLO SILEN 
------ -------- ------ -------

1980-1 224 456 230 
1980-2 235 465 230 
1980-3 233 468 224 
1980-4 238 469 228 

1981-1 241 470 231 
1981-2 245 473 240 
1981-3 250 475 238 
1981-4 247 477 241 

1982-1 257 485 263 
1982-2 254 483 260 
1982-3 263 497 268 
1982-4 270 500 275 

1983-1 284 497 295 
1983-2 296 510 310 
1983-3 309 516 316 
1983-4 316 522 323 

1984-1 319 525 335 
1984-2 329 530 346 
1984-3 338 534 358 
1984-4 342 537 369 

1985-1 344 540 372 
1985-2 347 542 375 
1985-3 349 544 377 
1985-4 351 545 378 
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HANDKERCHIEF AND WOMAN-BABY PAD 
(1000 * KG) 

Year HANDKERCHIEF WOMAN-BABY PAD 
------ -------------- ----------------

1982-1 575 68 
1982-2 435 60 
1982-3 360 76 
1982-4 450 81 

1983-1 610 76 
1983-2 485 89 
1983-3 395 98 
1983-4 480 103 

1984-1 651 113 
1984-2 503 118 
1984-3 405 124 
1984-4 501 129 

1985-1 658 133 
1985-2 507 137 
1985-3 408 141 
1985-4 508 144 
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Computer Program for Double Exponential Smoothlng Method 

Program Expad1 (Input,Outputl; 

Const 
N=S; 

Var 
I,SUM1,5UM2,SUM3,SUM4 
XF,S,S2 
X 
DIFF,5UM,MSE,K,A,B 

Begin 
. X[1J:=6S; 

XCZJ:=60; 
XC3J:=76; 
XC4J:=S1; 
X[SJ:=76; 
XC6J:=S9; 
XC7J:=98; 
XCSJ: =103; 
XC9J:=113; 
XC10J:=11S; 
XC11l:=124; 
XC12J:=129; 
XC13J:=133; 
XC14J:=137; 
X[lSJ:=141; 
XC16J :=144; 

.... ~.~. . . .... 
~U1V.l.L; -u J 

SUM2:=0; 
SUM3:=0; 
SUM4:=0; 

Readln; 
For 1:=1 to S do 

begln 

: Integer; 
:Array C 1.. 20J of real ; 
:Array C1 . . 20J of integer 
: Rea I ; 

SUM1: =SUM1+I; 
SUM2:=SUM2+XCIJ; 
SUM3:=SUM3+I*XCIJ; 
SUM4:=SUM4+I*I 

end; 
B:=(N*SUM3-SUM1 *SUM2l/(N*SUM4-SUM1*SUMll; 
A:=SUM2/N-B*SUM1/N; 
K:=O.l; 

While K<1.1 do 



end. 

S(8J:=A-KJ(1-Kl"B; 
S2(8J:=A-2"K/(1-Kl"B; 
SUM: =0; 
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For 1:=9 to 16 do 

end 

begin 
S(1J:=(1-Kl"X(1J+K"S[1-1J; 
S2[1J:=(1-Kl"S[1J+K"S2(1-1J; 
XF [ 1 J : = ( 2 + ( 1 - K l J K l "S [ 1 -1 J - ( 1 + ( 1 -K l J K l "S 2 [ 1 -1 J ; 
D1FF:=(X[1J-XF(1Jl"(X[1J-XF[1Jl; 
SUM:=SUM+D1FF 

end; 
MSE:=SUMJ8; 
VI r i tel n (' '.' K: ' • K : 4 : 1 .' '.' MSE: ' • MSE : 6 : 2 ) ; 
K:=K+O.1 



Program Expad2 (Input,Output); 

Const 
N=8; 

Var 
I,SUM1,SUM2,SUM3,SUM4 
XF,S,S2 
X 
DIFF,SUM,MSE,MIN,SDEV,K,A,B 

Begin 
X[lJ:=68; 
X[2J:=60; 
X[3J:= 76 i 
X[4l:=81; 
X[SJ:=76'i 
X[6J:=89; 
X[7J:=98; 
X[8J:=103; 
X[9J :=113; 
X[10J:=118; 
X[11J:=124; 
X[12J:=1 29 i 
X[13l:=133; 
X[ 14l: =137; 
X[lSJ:=141; 
X[16J:=144; 

SUM1:=0; 
SUM2:=0; 
SUM3:=Oi 
SUM4: =0; 

Readln; 
For 1:=1 to 8 do 

begln 
SUM1 : =SUM1 + 1 ; 
SUM2:=SUM2+X[IJ; 
SUM3:=SUM3+I*X[IJ; 
SUM4:=SUM4+I*1 

: Integer; 
:Array [1 .. 20J of real; 
:Array[l .. 20J of integer 
:Real ; 

end; 
B:=<N*SUM3-SUM1*SUM2)/(N*SUM4-SUM1*SUM1); 
A:=SUM2/N-B*SUM1/Ni 
K: =0.5; 

S[8J:=A-K/(1-K)*B; 
S2[8J:=A-2*K/(1-K)*B; 
SUM:=O; 

66 



End. 
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For 1:=9 to 16 do 
begin 

S[IJ:=(1-K)*X[IJ+K*S[I-1J; 
S2[IJ:=(1-K)*S[IJ+K*S2[I-1J; 
XF[IJ:=(2+(1-K)/K)*S[I-1J-(1+(1-K)/K)*S2[I-1J; 
DIFF:=(X[IJ-XF[IJ)*(X[IJ-XF[IJ); 
SUM: =SUM+DIFF 
Writeln(X[IJ:6,' ',XF[IJ:6:3) 

end; 
MSE:=SUM/8; 
SDEV: =,sqr t< MSE) ; 

Wrlteln('K:' ,K:4:1, 'MSE:' ,MSE:6:2,'SDEV' ,SDEV:6:3); 



Computer Progra~ for Winter's Method 

Program Winhanl{lnput,Outputl; 

Const 
L=4; 

Var 
SUM, DI FF ,MSE, CSUM 
Yl, Y2 ,O,E,F 
I, T, Y 
Cl,A,B,C,FF 
X 

Begin 
X(1):=610; 
X(2):=485; 
X(3):=395; 
X(4):=480; 
X(5):=651; 
X(S):=503; 
X(7):=405; 
X(8): =501; 
X(9):=658; 
X(10):=507; 
X(II):=408; 
X(12):=508; 

:Real; 
:Real; 
:Integer; 
:Array [1 .. 25) of real; 
:Array (1 .. 25) of integer; 

Yl:={X(I)+X(2)+X(3)+X(4)1/4; 
Y2:={X(5)+X(6)+X(7)+X(8)1/4; 

B(4):={Y2-YlI/L; 
A(4l:=Y2-L/2*B(4); 

For T:=1 to 4 do 
Cl(T):=1/2*{X(TJ/{A(4)-{2*L-TI*B(4) 

+X(T+LJ/{A(4J-(L-T)*B(4)); 
CSUM:=Cl(I)+Cl(2)+Cl(3)+Cl(4); 

For 1:=1 to 4 do 
C( I): =L*Cl (I J ICSUM; 

Readln{O,E,F); 

While 0<0.5 do begin 
Wh,le E<0.5 do begin 

While F<0.5 do begin 
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Y:=T-L; 
ACTJ:=D*XCTJ/CCYJ+{1-D)*{ACT-1J+BCT-1J); 
BCTJ:=E*{ACTJ-ACT-1J)+91-E)*BCT-1J; 
C[TJ:=F*{XCTJ/A[TJ)+{l-F)*C[YJ; 
FFCTJ:={ACT-1J+BCT-1J)*C[YJ 

endj 
SUM:=O; 
For 1:=5 to 12 do 

begin 
DI FF: = (X C 1 J -FFr 1 J ) * (X[ 1 J -FF[ J J ) ; 
SUM:=SUM+DIFF; 

end; 
MSE: =SUM/8; 

Writeln{'D=' ,D:3:1,'E=' ,E:3:1,'F=' ,F:3:1,'MSE' ,MSE:6:2); 
F:=F+O.l; 
end; 

F:=O.l; 
E: =E+O.l; 

end' 
F:=~.l; 
E:=O.l; 
D:=D+0.1 

end 
End. 



Program Winhan2(!nput.Output); 

Const 
L=4; 

Var 
SUM.D!FF.MSE.SDEV.CSUM 
Y1. Y2 .D.E.F 
!. T, Y 
C1,A,B,C,FF 
X 

Begln 
X[1J:=610; 
X[2J:=48S; 
X[3J:=39S; 
X[4J:=480; 
X[SJ:=651; 
X[6J:=503; 
X[7J:=405; 
X[8J:=501; 
X[9J:=658; 
X[10J:=507; 
X[11J:=408; 
X[12J:=508; 

:Real; 
:Real; 
:Integer; 
:Array [1..2SJ of real; 
:Array [1 .. 2SJ of integer; 

Y1:=(X[1J+X[2J+X[3J+X[4J)/4; 
Y2:=(X[SJ+X[6J+X[7J+X[8J)/4; 

B[4J:=(Y2-Y1)/L; 
A[4J:=Y2-L/2*B[4J; 

For T:=l to 4 do 
C1[TJ:=1/2*(X[TJ/(A[4J-(2*L-T)*B[4J) 

+X[T+LJ/(A[4J-(L-T)*B[4J»; 
CSUM:=C1[lJ+C1[2J+C1[3J+C1[4J; 

For 1:=1 to 4 do 
C[!J:=L*C1[!J/CSUM; 

Readln(D,E,F) ; 

For T:=S to 12 do 
begin 
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Y:=T-L; 
A[TJ:=D*X[TJ/C[YJ+(1-D)*(A[T-1J+B[T-1J); 
B[TJ:=E*(A[TJ-A[T-IJ)+91-E)*B[T-1J; 
C[TJ:=F*(X[TJ/A[TJ)+(l-F)*C[YJ; 
FF[TJ:=(A[T-1J+B[T-IJ)*C[YJ; 
Wrlteln(X[TJ:4,FF[TJ:6:2) 

endj 



SUM: =0; 
For 1:=5 to 12 do 

begin 
D1FF: =(X[ I ]-FF[ I] )*(X[ I ]-FF[ I]); 
SUM:=SUM+D1FF; 

end; 
MSE:=SUM/8; 
SDEV:=Sqrt(MSE); 
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Wr i tel n ( 'D= ' ,D: 3 : 1 , 'E=' ,E: 3 : 1 , 'F= ',F: 3 : 1 , 'MSE' ,MSE: 6 : 2 ) 
End. 
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Product St.Dev Demand Allow.lnc Allow.Dec. 
--------- -------- -------- ----------- ------------

P1 13,410 2,113,472 147,397 1,381,050 

P2 3,162 961,365 324,919 961,365 

P3 1,503 262,564 324,919 262,564 

P4 11,759 1,509,975 324,919 1,381,050 

P5 15,704 1,429,090 817,329 1,381,050 

P6 12,850 2,198,380 INFINITY 1,381,050 

P7 21,855 1,541,400 INFINITY 1,541,400 

P8 22,395 628,130 INFINITY 102,877 



APPENDIX F 

.1 1 Fir-st Run 

330 Xl + 410 X2 + 400 X3 + 375 X4 + 295 X5 + 275 X6 
+ 255 X7 + 385 X8 

ECT TO 
1.05 Xl + 1.05 X2 + 1.05 X3 + 1.05 X4 + 1.05 X5 + 1.05 X6 

+ 1.05 X7 + 1.05 X8 ~~= 8(10(1000 
(1.0023 Xl <~ 520() 
0.0017 X2 + 0.0017 X3 + 0.0017 X4 (= 5200 
0.00095 X5 + 0.00095 X6 + 0.00095 X7 (; 5200 
0.0099 X8 (= 5200 

X 1 
X '" ..:~ 

X :3 
X 4 
X 5 
X6 
X 7 
X 8 

_. 
<: .-
';" 

_ .. 

(::::: 

':" .~ .. 

<: --
<: --
<: = 

~~11:3472 

9,~..) 1 :~,65 
26:2:564 
150cjJ{i'l5 
14~~9090 

2198:,,80 
1541400 
628130 

_P OPTIMUM FOUND AT STEP 7 

OBJECTIVE FUNCTION VALUE 

.261144100E.+l0 

;BLE VALUE 
: 2].13472~O(IO()OC) 

961 :36~.5. 000000 
~ 262564.00lI0(IO 
4 1509975.001:'0(10 
5 1429090rtOOOOOO 
b 817329.7()(:)(IOO 
7 .OOC)QOO 
8 525252.500()IJO 

""I.' 
'.J I"~ 

i 

1""'1 A(··'·," ,','''', /,,""'., , ........... ",-. 
"' ... L.r' ..... ·I·· WI\ __ ,UI'\r' LW';:;I 

.oooouo 
::;:,:39.014200 
~552 • ~~;6~~OOO 

~':;;065 ~ 90 1 000 
.OOO(JUO 
~OOOOOO 

.OOUUOO 

.OOU()()O 

.ouoooo 
• UO(iOOO 

1381050.000000 
1541400.000000 

102877.500000 

ITERATIONS- 7 

REDUCED COST 
.00<>000 
.oooouo 
.000000 
.000000 
.000000 
.000000 

:;~o • 00001. 0 
.000000 

261 .904800 
.000000 
.000000 
.000000 

11111 . 110000 
54.999990 

1 :~:5 . 000000 
1 :~~:j . 000000 
("19.999980 
19. 99S.IC"7'C?O 

.000000 

.000000 
- .000000 
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ABLE 

'OW 

2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 

RANGES IN WHICH THE BASIS IS UNCHANGED 

CURRENT 
COEF 

330.000000 
410.000000 
400.(1000(10 
375.0()()OOO 
295.0000()O 
275.000000 
255.0000()O 
385.01)()()()O 

CURRENT 
RHS 

8000000.000000 
5200.000000 
52(10.0(10000 
5200.000000 
52()(I.OO()('OO 

2113472.000000 
961365.1:)O()(IOO 
262564.0001)()() 

1509975.0000()() 
1429(190.00(1001) 
2198380.()()(JI)O(1 
154·14(10.(100000 

62813().()I:)()(:)OO 

OBJ COEFFICIENT RANGES 

ALLOWABLE ALLOWABLE 
INCREASE DECREASE 

INFINITY 54.999990 
INFINITY 135.000000 
INFINITY 125.000000 
INFINITY 99.999980 
INFINITY 19.999990 
19.999990 20.000010 
20.000010 INFINITY 
INFINITY 110.000000 

RIGHTHAND SIDE RANGES 

ALLOWABLE 
INCREASE 

1450103.000000 
INFINITY 
INFINITY 
INFINITY 

1018.487000 
147397.50(1(1(10 
324919.400000 
324919.400000 
324919.4()()OOO 
817329.700000 

INFINITY 
INFINITY 
INFINITY 

ALLOWABLE 
DECREASE 

858196.100000 
339.014200 
552.363000 

3065.9(11(100 
52()O.OOC)OOO 

1381050.000000 
961365.001)000 
262564.0000()O 

13811)5(J.I)OI)OCI(! 
138105(I.OO(IOO() 
1381()51).()()I)OO() 
154140().O()(IO()() 

l02877.5(IO()OO 



~odel 1 
AF'F'END I X G 

Second RLtn 

1AX 330 Xl + 410 X2 + 400 X3 + 375 X4 + 295 X5 + 275 X6 
+ 255 X7 + 385 X8 

,UBJECT TO 

2) 1.05 Xl + 1.05 X2 + 1.05.X3 + 1.05 X4 + 1.05 X5 + 1.05 X6 
+ 1.05 X7 + 1.05 X8 <= 8C)OC)OOO "' l (>. nn'n x 1 .,.,~ ~"O(· 

~ 0.00t1 x~ + o.odt,JX3 + 0.0017 X4 <= 5200 
5) 
6) 
7) 

8) 
9) 

10) 
11 ) 
12) 
D) 

14 ) 
15 ) 
16 ) 
17) 
18 ) 
19 ) 
20) 
21 ) 
22) 

ND 

0.00095 X5 + O.O(l095 
0.0099 X8 (= 52()O 

Xl:>= 10~i6736 

X 1 <= 
X2 >::;: 
X:2 <::: 
X:C: :> 0" 

X:::; <,= 
XLI- >= 
X4 <= 
X5 ,,:'=: 

X5 <= 
X6 >= 
X6 
X7 >=, 
X7 "
XF"J ,,:'= 

X8 <:::= 

211:5472 
Lj·8()('..,b2 

961 ::l6~j 
1.:;: 1 ::8:: 
262~S64 

754987 
1509975 
714545 
1429090 
1099190 
219B380 
770700 
1 ~'54140(l 
.:; j .it(j6:5 

62B130 

X6 + O.OO()95 X7 <= 

LP OPTIMUM FOUND AT STEP 14 

iiR IABLE 
Xl 
X2 
X3 
X4 
X5 
X6 
X7 
X8 

ROW 
2 ) 
:"" ) 
4 ) 
5) 
6) 
7 ) 
8) 
9) 

1 0) 

OBJECTIVE FUNC1ION VALUE 

• :~~.;6::; 1/~·~)OOE + 1 (1 

~IALUE 

1775457.000000 
961 :~;65 . 000000 
26:..12564 ~ 000000 

1 ~:;09{r75 • 000000 
7145.:.1·::i" 000000 

1 099190. OO(!OOO 
770700.000000 
52~'S252. 500000 

SLACK OR SURPLUS 
.000000 

1116.4-49000 
5~)2 a :::::63(.100 

::~7 44.7[47000 
.000000 

718721.000000 
3::;,8015 .0-00000 
·4806El:~,. 000000 

.000000 

REDUCED COST 
.000000 
.000000 
.000000 
.000000 
.onnonn 
.000000 
.000000 
.000000 

DUAL PRICES 
314.285700 

.000000 

.O()(lOOO 

.000000 
5555.555000 

.000000 

.000000 

.OOOO()(j 
79.999990 



11) 
12) 
1 :3; ) 
14) 
15) 
16) 
1"1) 
18) 
19) 
20) 
21) 
22) 

131282.000000 
.000000 

754988.000000 
.000000 
.000000 

714545.000000 
.000000 

1 O'?9190 . 000000 
.000000 

770700.000000 
211187.500000 
102877.500000 

NO. ITERATIDNS= 14 

.000000 
69.999990 

.000000 
44.999990 

-35.000010 
.000000 

-55.000010 
.000000 

-75.000010 
.000000 
.000000 
.000000 

RANGES IN WHICH THE BASIS IS UNCHANGED 

VARIABLE 

Xl 
X2 
x:~\ 

X4 
X5 
X6 
X7 
X8 

Fmw 

'0 ..::. 

3 
4· 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1. [Oi 

19 
20 
21 
22 

CURRENT 
COEF 

3.30.000000 
410.000000 
400.000000 
37~; . 000000 
295.000000 
27:.';.000000 
25~! • (100000 
:38~5 . 000000 

OBJ COEFFICIENT RANGES 

ALLOWABLE 
INCREASE 

44.999990 
INFINITY 
INFINITY 
INFINITY 
35.000010 
55.000010 
75.000010 
INFINITY 

ALLClWiBU=. 
DECREASE 

.35. 000010 
79 .. 9<"i9990 
69.999''190 
44.999990 
INFINITY 
I~WINITY 

IM'INITY 
54.999'7'90 

RIGHTHAND SIDE RANGE" 

CURRENT 
RH" 

aoooooo.oooooo 
5200.000000 
5200.000000 
5200.000000 
5200.000000 

1056736.000000 
211 ::::,472.000000 

480682.000000 
961-365.000000 
1 ~51 282 . 000000 
262564.000000 
754987.000000 

150f;'1C,'7::; • 000000 
}14545.0UOOOO 

1429090.000000 
10(';)9190.000000 

219El:3:S0 • 000000 
770700.000000 

1541400.000000 
314065.000000 
628130.000000 

ALLClWIWLE 
INCREA5[ 

:3",5491 ~j. 70UOOO 
INFINITY 
INFINITY 
INf'HHTY 

1018.487000 
718721.000000 

INFINITY 
480683. 1:100000 
"~~:::4 91 '-I .. 4UUUuU 
131282.000000 
324919.' 400000 
754988.000000 
324919.4(!t)OOO 
714545 .. 000000 

INF IN11Y 
718721.(iUUOOO 

INF lNITY 
718721.000000 

I Nrc' UH TY 
211187.500000 

INFINITY 

PiL.L. OW!~BL. E 
DECF:EASf~ 

754657. (J(lOOOO 
1116.449000 
552 .. :2:b:~:'O('!() 

2744.787000 
2090.756000 

INFINITY 
3:::5'0 1 ~~i ,,000000 

INFINITY 

INFINITY 
1:,1282" 000000 

3:3",80) ~..:; .. 000000 
338015.000000 
71 f.j.::j4~'::i" UOUu\ .. )() 
:,~.8() 1 ~:':'I "OUUOuu 

10991 S· ) " ClOC!OOO 
.3·380 1 ~j • 000000 
77070(,) . 000000 

HWINITY 
102877.500000 



APPENDIX H 

Model 1 Third Run 

MAX 330 Xl + 410 X2 + 400 X3 + 375 X4 + 295 X5 + 275 X6 
+ 255 X7 + 385 X8 

SU8JECT TO 
2) 1.05 Xl + 1.05 X2 + 1.05 X3 + 1.05 X4 + 1.05 X5 + 1.05 X6 

+ 1.05 X7 + 1.05 X8 <= 10000000 
3) 0.0023 Xl <= 5200 
4) 0.0017 X2 + 0.00:.7 X3"~ 0.0017 X4 (= 5200 
5) 0.00095 X5 '+ O.OU095 X6 + 0.00095 X7 <= 5200 
6) 0.0099 X8 <= 5:200 
7) 

8) 
9 ) 

10) 
11) 
12 ) 
1 ;::; ) 

14) 
15 ) 
16 ) 
17) 
18 ). 
19 ) 
20) 
~: 1 ) 
'22) 

END 

Xl .... :;:: 
X"} /::::' 

X2 <= 
X :~: ::: .~. 

X:" <:= 
X~ >= 
X4 <= 
X:: >== 
Xr.::, <= 
Xt )=" 

;(7 >= 
'< '/ <: :::: 
/F >::::: 

1 OC}6 7~,6 
211547:,2 
480(~.J82 

961365 
13128::~ 
26~~564 

754987 
1509975 
714545 
1429090 
1099190 
2198:380 
170700 
1~S41400 

:~~; 14065 
6281 ~.:;.O 

LP OPTIMUM FOUND AT STEP 15 

OBJECTIVE FUNCTION VALUE 

1) .311983600E+10 
VARIABLE VALUE 

Xl 211'3472.()()('(IOO 
X2 961365.000()OI) 
X3 262564.000000 
X4 1509975.C)OO()O() 
X~ 14L~I:!~\:!.0(lu~!00 

X6 1951392.000000 
X7 770700.0(IOOO() 
X8 525252.50()OOO 

ROW SLAC~ OR SURPLUS 
2) .001)000 
3) 339.C114200 
4) 552.363()OO 
5) 1256.377000 
6) .000000 
7) 1056736.000000 
8) .000000 
9) 480683.000000 

10) .000000 
11) 131282.000000 

REDUCED COST 
.000000 
.000000 
.000000 
.000000 
.uuuuuu 
.000000 
.000000 
.000000 

DUAL PRICES 
261.904800 

.000000 

.000000 

.000000 
11111.110000 

.000000 
54.999''190 

.000000 
135.000000 

.000000 



12) .000000 125.000000 
13 ) 754988.000000 .000000 
14) .000000 99 .99':'980 
15 ) 714545.000000 .. OOUOOO 
16) .000000 19.999990 
1ll 852202.000000 ~OOOOOO 
18 ) 246988.000000 .000000 
19 ) .000000 -20.000010 
20) 770700.000000 .000000 
21 ) 211187.500000 .OO()()OO 
22) 102877.500000 .000000 

NO. ITERATIONS~ 15 

RANGES IN WHICH THE BASIS IS UNCHANGED 

~'AR I ABLE 

Xl 
X') 

X ~,: 

X4 
X5 
X6 
Xi 
X8 

3 
4 

6 
7 
8 
9 

1 1 
12 
13 
14 
15 
16 
17 
18 
19 

21 

CURRan 
COEF 

330.000000 
410.000000 
!.! (~IO • O(iOUO(~1 
·:~,75. OOOO()()· 
29::'.O(,()I)OO 
275. o (l(li)OO 
255.000000 
-:::·8:.; .. 000000 

OBJ COEFFICIENT RANGES 

ALLOWABLE 
INCREASE 

INFINITY 
INFINITY 
INFINITY 
INF Ir,IITY 
INFINITY 
19.99{)"i990 
20.0()O()10 
INFHHTY 

ALLOWABLE 
DECREAm, 

~54. 999990 
1 :;::::! " OO()OOO 
1 ',::';;,:! • 000000 
99. r:;9 r;:'980 
't,9 • 999990 
~::"(j • 000010 
T I"·:: IN I TY 

1 j !.) • 000000 

RIGHTHAND SIDE RANGES 

CURF,ENT 
RHS 

1 OOOI)O(I(i. 000000 
5200.000000 
52("10.000000 
52(,'0.000000 
5200.000000 

1056736.000000 
211:.4 72.000000 
. 480682.000000 

I""'! ~ "':'" ,c:- ,-, ,v, ,-, ,v, ,-, ,", 
j '-I .I. "_, '-'~' u '.' '.' "'.' 'v' '.' '.' 

131282.000000 
262564.000000 
754987.000()OO 

1509975.000000 
714545.000000 

1429090.00(l(iO(J 
1099190.000000 
2192-?·80.00(\000 

7'70-;:-00.000(,!00 

1 :-~!414i)O. ouuooo 
314065.000000 
6281 ~,O • 000000 

ALLiJWI-\PL.~. 

I Ncr~I':f;SE 

25r:':·::;7 • 400000 
INF· IN I r, 
INfINITY 
INFINITY 

1018.41:l7000 
1056736.000000 

147:::97 . ~;ooooo 
48(i68~~ . 000000 
~;r'-, .., r\ 1 ('", /1 ,-, ,' .. ,., ,", ,0" 
_,,;,, O'r i ... I • " ,,' '<-' ,_, '0' ',' 

131282.000000 
32491 (1 •. 400000 
754988.000000 
32·l,919.400000 
71454~j • 000000 
8~2:'02» O(lOOOO 
852202.000000 

INF HEry 
770700.000000 

INFINITY 
211187.500000 

INFINITY 

!'lLLCll-J"FlL[ 
Dl7. C F: E: ,;'3E 

l~':.i·lEi 12 ~ 100000 
::-:'~'::'9. 014200 
:.;!~i2 . 36~~;\)OO 

1 ::;:~5,S. 37700() 
:~090" 7:-;6000 

2Lj 6988» 000000 
INFINITY 

.. ., !I t. C' C' 1':\ ,", (', (0, 1"'.1
0

, {'I 
~ ".-/ ,< . .J....., .. """""'0""" 

INFINITY 
13128:2. ()OOOOO 

INFINITY 
2469El8 • OOOOOU 

INFHHTY 

INF'UHTY 
::::,{.j.f:::,r:.?F:i'd ~ i)OOOOU 
2469~3t3 . 000000 
7}()70() .. OI,~}i)i)OO 

lNFlNITY 



, 

APPENDIX I 

Model 1 with Revised Constraints 

MAX 330 Xl + 410 X2 + 400 X3 + 375 X4 + 295 X5 + 275 X6 
+ 255 X7 + 385 X8 

SUBJECT TO 
2) 1.05 Xl + 1.05 X2 + 1.05 X3 + 1.05 X4 + 1.05 X5 + 1.05 Xb 

+ :3 ) 1.Q5_~~7+Xl.9~ X8~~~_ 80000()() 
U.UU~~ 1 '.- ~~uu 

4) 
5) 
6) 

0.0017 X2. + 0.0017 X3 + 0.0017 X4'~ 5200 
0.00095 X5 + 0.00095 X6 + 0.00095 X7 <= 5200 
O.O()828 X8 <= 5200 

7) X 1 
8) X "', ~:~ 

9) X:3: 
1 (» X 4 

Hl 
* 

1:::' 

;5 
1:::; ) X 7 
14) X 8 

END 

., .-
<: .-
<: -
<: --
.... :;:; 

< -
.:;:::::: 

<: = 

211347:' 
961:,65 
:';:':62~}64 

1 ~509975 

H~~9.~EI 
1541400 
6281:30 

LP OPTIMUM FOUND AT STEP 7 

OBJECTIVE FUNCTION VALUE 

1 ) • 2t.)227::i700E+ 1 0 

VARIABLE VALUE 
Xl 2113472.0000(10 
X2 961365.000('(\0 
X3 262564~OO(IOOO 

X4 1509975.CII)()O(I() 
X5 142909(I.OO(I()O() 
X6 714452. 1 ()OC)O() 
X7 .OO(:)()OO 
X8 62813(J.O()OOOO 

~~~~:)i/,I :~!... ~~C"'~;:' np ~t Ih'Fl liS 

2) .OOC)OOO 
3) 339.014200 
4) 552.363()OO 
5) 3163.635000 
6) .339844 

•. / ) .O()(JOOO 
8) .OOI)()(IO 
9) .cj(:)(jl.)01) 

10) .OljC)OI~)(1 

11 ) • CJI)(IOOO 
12) 1483928.00()I)O() 
13) 1541400.0000()0 
14) .000000 

NO. ITERATIONS= 7 

RE:DUCEC' CDST 
.O()UUf)O 

.OOUOOO 
" UU")(lOO 
.OOOOO() 
.000000 
.000000 

20·. OO()O:l. 0 
.000000 

DUAL. F'R ICES 
261 • '104·800 

.000000 
.• OOO(lOO 
.000000 
.OOUOOO 

::.14. 99 c/{.j''::'';O 
1 ~~·5 • 00("1(100 
1.25.00()UO(J 
99.999980 
19.9999ciO 

.OOI)f)OO 

.OOUUOO 
110.0UOOOO 



RANGES IN WHICH THE BASIS IS UNCHANGED 

VARIABLE 

Xl 
X2 
X3 
X4 
X5 
X6 
X7 
X8 

ROW 

2 
3 
4 
5 
6 
7 
8 
9 

1 (! 

1 1 
1'::: 
1:: 
14 

CURPENT 
COEF 

.330.000000 
410.000000 
400.000000 
375.000000 
295.000000 
275.000000 
255.000000 
385.000000 

CLlf:(f,ENT 
RHS 

8000000 .. 000000 
5200.000000 
5200~OOOOOO 

5200.000000 
S:?OO.OOOOOO 

211."5472.000000 
9t 1 ~:;6::! • 000000 
262:564. ()()f)O,OO 

1 5')'7,r7;7~::.i. 000000 
14:2900:]0.OO(H)I)O 

21 S't.i~~:,E.iO .. 00\)000 
1 =:,41400 .. 000000 

b2FJ 130 u 000000 

OBJ COEFFICIENT RANGES 

ALLOWABLE 
INCREASE 

INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
19.999990 
20.000010 
INFINITY 

ALLOWI-\BLE 
DECREASE 

54.999990 
1 ::;~j • 000000 
125.000000 

99.';-99980 
19.91::;1;,9 1::;0 
20.000010 
INFINITY 

110.000000 

RIGHTHAND SIDE RANGES 

ALLCJWliBL.E 
INCPEASE 

1558124.000000 
INFINITY 
INFINITY 
INFINITY 
INFINITY 

147397.500000 
3::4919 .. 40()OOO 
324919.400000 
:3:24919 ~ 400000 
"7144':,2. 100000 

INFINI TV 
INFINITY 

41 • O:;::;8~SO 

ALLOWABLE 
DECRE(,SE 

7501:; 4 " n(H iOOO 
339. (! 1 /:,200 
552 ~ :~':6~:OOO 

316:::;; • ,~,3.~JOOO 
. .:::: 3 c.'Ei44 

148.392~~ . (,(kil)OO 
96136:"). (',(:10000 
26:2 r::i,S 4 " 0:),,')000 

14f3~~,9:~t:). O'~\('+OOO 

14::70'7'1.). (i'-~,(!;)OO 
14f3::~,9:2H " 0 1 )()i)OO 

1 ~:,4140() . ('1:' "(';00') 

6~2b 1. :~~;O "O(JOOCI() 



APPENDIX J 

~del 1 with Revised Const~aints 

;x 330 Xl + 410 X2 + 400 X3 + 375 X4 + 295 X5 + 275 X6 
+ 255 X7 + 385 X8 

TEJECT TO 
2) 1.05 Xl + 1~05 X2 + 1.05 X3 + 1.05 X4 + 1.05 X5 + 1.05 X6 

+ 1.05 X7 + 1.05 X8 (= 11176595 
3) O~0023 Xl <= 5200 
4) 0.0017 X2 + 0.0017 X3 + b.0017 X4 (= 5200 
5) 0.00095 X5 + 6.00095 X6 + 0.00095 X7 <= 5200 
6) 0.00828 X8 (- 5200 
7) Xl (=, 211::'A72 
8) 961365 X 2 <: _.-

9) 
10) 
11) 

12) 
13 ) 
14 ) 

JD 

X3 
X 4 
X c::-

_I 

X6 
X 7 
X 8 

<= 
<: = 
<: -
<: -
<::::: 
~" -

262561.1· 
1509975 
1429090 
2198-380 
154j400 
628130 

LP OPTIMUM FOUND AT STEP 8 

, ) 

,RH;EU~ 

Xl 
X2 
XC; 

XLI 
X~.::; 
Y' ,,0 

X7 
X8 

ROW 
:.: ) 

~; ) 

4) 
5) 
6) 
7 ) 
8 ) 
9) 

10 ) 
11 ) 
12 ) 
13 ) 
14 ) 

08JECTIVE FUNCTION VALUE 

V~\I._UE 

211 :~,4·}"::;~. 000000 
961 :::~S~:; . 000000 
262:=,;64" 000000 

1 ~S0997:S . 000000 
1. 4:~·~ciO'iO. 000000 
21 Cf8~~80 . 000000 
1541400.000000 
628130.000000 

SLAG:: OR SCJRPLUS 
.500000 

~5~59. 0 14:~OO 
552. :56:3000 
289.573600 

.3::8844 

.000000 

.000000 

.000000 

.000000 
• OO~)OOO 
.00(1)00 
.00000(1 
.000000 

REDUCED COST 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 

DUAL PRICES 
.000000 
.000000 
• (lO(IOOO 
.000000 
.000000 

:,~.::;O • 000000 
410.000000 
400.000(JOO 

2i7~.! .ouc1uno 
:"27::i .OOiJOOO 

38~") • 000000 

10. ITERATIONS- 8 

7 



RANGES IN WHICH THE BASIS IS UNCHANGED 

OBJ COEFFICIENT RANGES 

VARIABLE CURRENT ALLOWABLE ALLOWABLE 
COEF 

Xl 3:::;0.000000 
X2 4·10.000000 
X'":!' 0_' 400.000000 
X4 ~;7~;. 000000 
X5 295.000000 
X6 275.000000 
X7 255.000000 
XB 3El5.000000 

ROW CURRENT 
RHS 

2 11176600.000000 
3 5200.000000 
4 5200.000000 
5 5200.00()OOO 
6 5200.000000 
7 2113472.()OOOOO 
8 961365.(01)001) 
9 262564.000000 

10 lS()9975.000000 
11 1429(!9(j.OO()OOI) 
I? 21983BC).OI)(IO()O 
13 15414(jlj.OOOOOO 
14 6281:3(:).000000 

INCREASE DECREASE 

INFINITY 330.000000 
INFINITY 410.000000 
INFINITY 400.000000 
INFINITY 375.000000 
INFINITY 295.000000 
INFINITY 275.000000 
INFINITY 255.000000 
INFINITY 385.000000 

RIGHTHAND SIDE RANGES 

ALLOWABLE 
INCREASE 

INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 

.476191 

.476191 

.476191 

.476191 

.47b191 

.476191 

.476191 

.476191 

ALLOWABLE 
DECREASE 

.500000 
339.014200 
552.363000 
289.5T3600 

• 3;;<t[~44 
2113472.00UOOI.) 
961.36~5. 000000 
262564.0GOOOO 

150997.5. (/i)OOOO 
14290<'7'0. UOOUUO 
:;~ 198:380. OOUOOO 
1 t:341400 . 000000 
6:·~8130. 000000 



APPENDIX K 

Model 2 First Run 

MAX .. : 330 Tll + 330 T12 + 330 T13 + 330 T14 + 410 T21 + 410 T22 
+ 410 T23 + 410 T24 + 400 T31 + 400 T32 + 400 T33 + 400 T34 
+ 375 T41 + 375 T42 + 375 T43 + 375 T44 + 295 T51 + 295 T52 
+ 295 T53 + 295 T54 + 275 TS1 + 275 TS2 + 275 TS3 + 275 TS4 
+ 255 T71 + 255 T72 + 255 T73 + 255 T74 + 385 T8l + 385 T82 
+ 385 T83 + 385 T84 - 120 SM11 - 120 SM21 - 120 SM31 
- 120 SM41 - 120 SM51 - 120 SMS1 - 120 SM71 - 120 SM81 
- 120 SM12 - 120 SM22 - 120 SM32 - 120 SM42 - 120 SM52 
- 120 SMS2 - 120 SM72 - 120 SM82 - 120 SM13 - 120 SM23 
- 120 SM33 - 120 SM43 -120 SM53 - 120 SMS3 - 120 SM73 
- 120 SM83 - 120 SM14 - 120 SM24 - 120 SM34 - 120 SM44 
- 120 SM54 - 120 SMS4 - 120 SM74 - 120 SM84 

SUBJECT TO: 

2) Tl1 - SMll + SM14 + X11 = 0 
3) T21 - SM21 + SM24 + X21 = 0 
4) T31 - SM31 + SM34 + X31 = 0 
5) T41 - SM41 + SM44 + X41 = 0 
S) T51 - SM51 + SM54 + X51 = 0 
7) TS1 - SMS1 + SMS4 + XS1 = 0 
8) T71 - SM71 + SM74 + X71 = 0 
9) T81 - SM81 + SM84 + X8l = 0 

10) T12 + SM11 - SM12 + X12 = 0 
11) T22 + SM21 - SM22 + X22 = 0 
12 ) T32 + SM31 - SM32 + X32 = 0 
13) T42 + SM41 - SM42 + X42 = 0 
14) T52 + SM51 - SM52 + X52 = 0 
15 ) TS2 + SMS1 - SMS2 + XS2 = 0 
1S) T72 + SM71 - SM72 + X72 = 0 
17) T82 + SM81 - SM82 + X82 = 0 
18) T13 + SM12 - SM13 + X13 = 0 
19) T23 + SM22 - SM23 + X23 = 0 
20) T33 + SM32 - SM33 + X33 = 0 
21) T43 + SM42 - SM43 + X43 = 0 
22) T53 + SM52 - SM53 + X53 = 0 
23) TS3 + SMS2 - SMS3 + XS3 = 0 
24) T73 + SM72 - SM73 + X73 = 0 
25) T83 + SM82 - SM83 + X83 = 0 
2S) Tl4 + SM13 - SM14 + X14 = 0 
27) T24 + SM23 - SM24 + X24 = 0 
28) T34 + SM33 - SM34 + X34 = 0 
.29) T44 ... SM43 - bM44 + X44 = 0 
30) T54 + SM53 - SM54 + X54 = 0 
31) TS4 + SMS3 - SMS4 + XS4 = 0 
32) T74 + SM73 - SM74 + X74 = 0 
33) T84 + SM83 SM84 + X84 = 0 
34) 1 .05 X11 + 1.05 X21 + 1. 05 X31 + 1. 05 X41 + 1. 05 X51 

+ 1 .05 XS'l + 1. 05 X71 + 1 .05 X8l <= 2,000,000 
35) 1. 05 X12 + 1. 05 X22 + 1.05 X32 + 1. 05 X42 + 1.05 X52 

+ 1.05 XS2 + 1.05 X72 + 1.05 X82 <= 2,000,000 
3S) 1.05 X13 + 1 .05 X23 + 1 .05 X33 + 1. 05 X43 + 1. 05 X53 

+ 1. 05 XS3 + 1.05 X73 + 1.05 X83 <= 2,000,000 
37) 1. 05 X14 + 1.05 X24 + 1. 05 X34 + 1. 05 X44 + 1. 05 X54 

+ 1. 05 XS4 + 1. 05 X74 + 1. 05 X84 <= 2,000,000 

7e 



38) 0.0023 Xll <= 1,300 
39) 0.0023 X12 <= 1,300 
40) 0.0023 X13 <= 1,300 
41> 0.0023 X14 <= 1,300 
42) 0.0017 X21 + 0.0017 X31 + 0.0017 X41 <= 1,300 
43) 0.0017 X22 + 0.0017 X32 + 0.0017 X42 <= 1,300 
44) 0.0017 X23 + 0.0017 X33 + 0.0017 X43 <= 1,300 
45) 0.0017 X24 + 0.0017 X34 + 0.0017 X44 <= 1,300 
46) 0.0099 X84 <= 1,300 
47) Ttl <= 669,333 
48) T12 <= 518,411 
49) T13 <= 414,139 
50) T14 <= 511,590 
51> T21 <= 171,915 
52) T22 <= ·268,715 
53) T23 <= 310,381 
54) T24 <= 210,354 
55) T31 <= 45,585 
56) T32 <= 71,765 
57) T33 <= 83,531 
58) T34 <= 61,683 
59) T41 <= 271,024 
60) T42 <= 423,106 
61> T43 <= 486,697 
62) T44 <= 329,148 
63) T51 <= 353,605 
64) T52 <= 356,050 
65) T53 <= 350,495 
66) . T54 <= 360,940 
67) T61 <= 546,940 
68) T62 <= 548,710 
69) T63 <= 550,480 
70) T64 <= 552,250 
71) T71 <= 381,300 
72) T72 <= 384,000 
73) T73 <= 386,700 
74) T74 <= 389,400 
75) T81 <= 149,830 
76) T82 <= 154,630 
77) T83 <= 159,430 
78) T84 <= 164,240 
79) 0.00095 X51 + 0.00095 X61 + 0.00095 X71 <= 1,300 
80) 0.00095 X52 + 0.00095 X62 + 0.00095 X72 <= 1 ,300 
81> 0.00095 X53 + 0.00095 X63 + 0.00095 X73 <= 1,300 
82) 0.00095 X54 + 0.00095 X64 + 0.00095 X74 <= 1,300 
83) 0.0099 X81 <= 1.,300 
64) O.OOGS ~,. ........ .' - . O~~ 

AU~ ,- J. ..... u\,.J 

85) 0.0099 X83 <= 1,300 
86) - O. 1 T12 + 5M11 >= 0 
87) - 0.1 T22 + 5M21 >= 0 
88) - O. 1 T32 + 5M31 >= 0 
89) - O. 1 T42 + 5M41 >= 0 
90) - 0.1 T52 + SM51 >= 0 
91> - 0.1 T62 + 5M61 >= 0 
92) - O. 1 T72 + 5M71 >= 0 
93) - 0.1 T82 + 5M81 >= 0 
94) - 0.1 T13 + 5M12 >= 0 
95) - 0.1 T23 + 5M22 >= 0 
96) - 0.1 T33 + 5M32 >= 0 
97) - 0.1 T43 + 5M42 >= 0 



98) - 0.1 T53 + SM52 >= a 
99) - O. 1 T63 + SM62 >= a 

100) - 0.1 T73 + SM72 >= a 
lOll - 0.1 T83 + SM82 >= a 
102) - 0.1 T14 + SM13 >= a 
103) - 0.1 T24 + SM23 >= a 
104) - 0.1 T34 + SM33 >= a 
105) - 0.1 T44 + SM43 >= a 
106) - 0.1 T54 + SM53 >= a 
107) - 0.1 T64 + SM63 >= a 
108) - 0.1 T74 + SM73 >= a 
109) - 0.1 T84 + SM83 >= a 
110) - 0.1 T11 + SM14 >= a 
11ll - 0.1 T21 + SM24 >= a 
112) - O. 1 T31 + SM34 >= a 
113) - 0.1 T41 +. SM44 >= a 
114 ) - 0.1 T51 + SM54 >= a 
115) - 0.1 T61 + SM64 >= a 
116 ) - O. 1 T71 + SM74 >= a 
117) - 0.1 T81 + SM84 >= a 

END 

LP OPTIMUM FOUND AT STEP 123 

OBJECTIVE FUNCTION VALUE 
-~----------------------

.250470900E+10 

VARIABLE VALUE REDUCED COST 
-------- ------------- ------------
Tl1 570,418.100000 .000000 
T12 518,411.000000 .000000 
T13 414,139.000000 .000000 
T14 511,590.000000 .000000 
T21 171,915.000000 .000000 
T22 268,715.000000 .000000 
T23 310,381.000000 .000000 
T24 210,354.000000 .000000 
T31 45,585.000000 .000000 
T32 71,765.000000 .000000 
T33 83,531.000000 .000000 
T34 61,683.000000 .000000 
T41 271,024.000000 .000000 
T42 422,207.100000 .000000 
743 .-,.-, .... .-, ........ ~ ....... ,. ........ .-,,,,,. ............. 

~oo,,=,o~.,=,uuuuu .uuuuuu 

T44 329,148.000000 .000000 
T51 353,605.000000 .000000 
T52 356,050.000000 .000000 
T53 358,495.000000 .000000 
T54 360,940.000000 .000000 
T61 :,60, 90~. 000000 .000000 
T62 136,300.700000 .000000 
T63 217,939.900000 .000000 
T64 299,734.000000 .000000 
T71 .000000 20.000000 
T72 .000000 8.000000 
T73 .000000 20.000000 



T74 .000000 8.000000 
T81 131,313.000000 .000000 
T82 131,313.100000 .000000 
T83 131,313.100000 .000000 
T84 131,313.000000 .000000 

8Ml1 51,841.100000 .000000 
8M21 26,871.500000 .000000 
8M31 7,176.500000 .000000 
8M41 42,220.710000 .000000 
8M51 35,605.000000 .000000 
8M61 13,630.070000 .000000 
8M71 .000000 120.000000 
SM81 13,131.310000 .000000 
8M12 41,413.900000 .000000 
SM22 31,038.1.00000 .000000 
8M32 8,353.101000 .000000 
SM42 38,896.310000 .000000 
SM52 35,849.500000 .000000 
SM62 21,794.000000 .000000 
SM72 .000000 .000000 
SM82 13,131.310000 .000000 
SM13 51,159.000000 .000000 
SM23 21,035.400000 .000000 
SM33 6,168.300000 .000000 
8M43 32,914.800000 .000000 
SM53 36,094.000000 .000000 
SM63 29,9.73.380000 .000000 
SM73 .000000 120.000000 
SM83 .13.,131.250000 .000000 
SM14 57,041.810000 .000000 
SM24 17,191. 500000 .000000 
SM34 4,558.500000 .000000 
SM44 27,102.400000 .000000 
SM54 35,360.500000 .000000 
SM64 36,090.000000 .000000 
SM74 .000000 .000000 
SM84 13,131.000000 .000000 

XII 565,217.400000 .000000 
X21 181,595.000000 .000000 
X31 48,203.000000 .000000 
X41 286,142.300000 .000000 
X51 353,849.500000 .000000 
X61 338,441.700000 .000000 
X71 .000000 .000000 
X81 131,313.100000 .000000 
X12 507,983.800000 .000000 
)[~~ 272,881.600000 .000000 
X32 72,941.600000 .000000 
X42 418,882.700000 .000000 
X52 356,294.500000 .000000 
X62 144,464.700000 .000000 
X72 .000000 .000000 
X82 131,313.100000 .000000 
X13 423,884.100000 .000000 
X23 300,378.300000 .000000 

X33 81,346.200000 .000000 

X43 382,981.300000 .000000 

X53 358,739.500000 .000000 

X63 226,119.400000 .000000 

X73 .000000 .000000 



X83 
X14 
X24 
X34 
X44 
X54 
X64 
X74 
X84 

ROW 

2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 

10) 
11 ) 
12) 
13) 
14) 
15) 
16) 
17) 
18) 
19) 
20) 
21) 
22) 
23) 
24) 
25) 
26) 
27) 
28) 
29) 
30) 
31) 
32) 
33) 
34) 
~S) 

36) 
37) 
38) 
39) 
40) 
41) 
42) 
43) 
44) 
45) 
46) 
47) 
48) 

131,313.100000 
517,472.800000 
206,510.100000 
60,073.200000 

323,335.600000 
360,206.500000 
305,850.700000 

.000000 
131,313.100000 

SLACK OR SURPLUS 
----------------

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 
131.637200 
325.066600 
109.812500 
422.901500 

.000000 

.000000 
297.137900 

.000000 
98314.910000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

DUAL PRICES 
-----------
-324.111100 
-263.000000 
-263.000000 
-263.000000 
-263.000000 
-263.000000 
-263.000000 
-373.000000 
-263.000000 
-374.111100 
-374.111100 
-374.111100 
-263.000000 
-263.000000 
-263.000000 
-373.000000 
-263.000000 
-361.765400 
-361.765400 
-361.765400 
-263.000000 
-263.000000 
-263.000000 
-373.000000 
-263.000000 
-263.000000 
-263.000000 
-263.000000 
-263.000000 
-263.000000 
-263.000000 
-373.000000 

250.476200 
?or. ""71:'''''''''''' 
~>JV."'/V"'VV 

250.476200 
250.476200 

26570.050000 
.000000 
.000000 
.000000 
.000000 

65359.480000 
58097.320000 

.000000 
11111.110000 

.000000 
48.888890 



49) .000000 55.000000 
50) .000000 55.000000 
51) .000000 135.000000 
52) .000000 35.000000 
53) .000000 34.999990 
54) .000000 125.123500 
55) .000000 125.000000 
56) .000000 25.000000 
57) .000000 24.999990 
58) .000000 115.123500 
59) .000000 100.000000 
60) 898.937500 .000000 
61) 97734.130000 .000000 
62) .000000 90.123460 
63) . ·.000000 20.000000 
64) .000000 20.000000 
65) .000000 20.000000 
66) .000000 20.000000 
67) 186038.000000 .000000 
68) 412409.300000 .000000 
69) 332540.100000 .000000 
70) 252516.000000 .000000 
71) 381300.000000 .000000 
72) 384000.000000 .000000 
73) 386700.000000 .000000 
74) 389400.000000 .000000 
75) 18517.000000 .000000 
76) 23316.880000 .000000 
77 ) 28116.880000 .000000 
78) 32927.000000 .000000 
79) 642.323400 .000000 
80) 824.278800 .000000 
81) 744.384100 .000000 
82) 667.245700 .000000 
83) .000000 11111.110000 
84) .000000 11111.110000 
85) .000000 11111.110000 
86) .000000 -181.111100 
87) .000000 -8.888885 
88) .000000 -8.888885 
89) .000000 -8.888855 
90) .000000 -120.000000 
91) .000000 -120.000000 
92) .000000 .000000 
93) .000000 -120.000000 
94) .000000 -120.000000 
85) .000000 -132.345700 
96) .000000 -132.345700 
97) .000000 -132.345700 
98) .000000 -120.000000 
99) .000000 -120.000000 

100) .000000 -120.000000 
101) .000000 -120.000000 
102) .000000 -120.000000 
103) .000000 -218.765400 
104) .000000 -218.765400 

105) .000000 -218.765400 

106) .000000 -120.000000 

107) .000000 -120.000000 

108) .000000 .000000 



109) 
110 ) 
111> 
112) 
113) 
114) 
115 ) 
116) 
117) 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

-120.000000 
-58.888890 

-120.000000 
-120.000000 
-120.000000 
-120.000000 
-120.000000 
-120.000000 
-120.000000 

NO. ITERATIONS = 123 

VARIABLE 

Til 
T12 
T13 
T14 
T21 
T22 
T23 
T24 
T31 
T32 
T33 
T34 
T41 
T42 
T43 
T44 
T51 
T52 
T53 
T54 
T61 
T62 
T63 
T64 
T71 
T72 
T73 
T74 
T81 
T82 
T83 
T84 

SMll 
SM21 
SM3l 
SM41 
SM51 
SM61 

RANGES IN WHICH THE BASIS IS UNCHANGED 
-------------------------------------

OBJ COEFFICIENT RANGES 
*~******************** 

CURRENT 
COEF 

330.000000 
330.000000 
330.000000 
330.000000 
410.000000 
410.000000 
410.000000 
410.000000 
400.000000 
400.000000 
400.000000 
400.000000 
375.000000 
375.000000 
375.000000 
375.000000 
295.000000 
295.000000 
295.000000 
295.000000 
275.000000 
275.000000 
275.000000 
275.000000 
255.000000 
255.000000 
255.000000 
255.000000 
385.000000 
385.000000 
385.000(100 
385.000000 

-120.000000 
-120.000000 
-120.000000 
-120.0000,)0 
-120.000000 
-120.000000 

ALLOWABLE 
INCREASE 

53.000000 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 

7.999974 
24.999990 

INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
20.000000 
20.000000 
20.000000 
20.000000 
20.000000 
8.000000 

20.000000 
8.000000 

107.835600 
107.835700 
107.835700 
107.835700 
181.111100 

8.888885 
8.888885 
7.999970 

120.000000 
107.983500 

ALLOWABLE 
DECREASE 

55.000010 
48.888890 
55.COOOOO 
55.000000 

135.000000 
35.000000 
34.999990 

125.123500 
125.000(100 

25.000000 
24.999990 

115.123500 
100.000000 
100.000000 
88.888900 
90.123460 
20.000000 
20.000000 
20.000000 
20.000000 

7.198876 
7.198903 

20.000000 
7.198903 

INFINITY 
INFINITY 
INFINITY 
INFINITY 
97.181480 
97.185180 
97.185180 
97.185180 

488.888900 
350.000000 
250.000000 

1000.000000 
200.000000 
71.989030 



5M71 -120.000000 120.000000 INFINITY 
51'181 -120.000000 107.983500 971.851900 
51'112 -120.000000 120.000000 550.000000 
51'122 -120.000000 132.345700 349.999900 
5M32 -120.000000 132.345700 249.999900 
51'142 -120.000000 119.111100 888.889100 
51'152 -120.000000 120.000000 200.000000 
51'162 -120.000000 107.983500 200.000000 
51'172 -120.000000 120.000000 INFINITY 
51'182 -120.000000 107.983500 971.851900 
51'113 -120.000000 120.000000 550.000000 
5M23 -120.000000 218.765400 1251.235000 
5M33 -120.0000D-Q 218.765400 1151.235000 
5M43 -120.000000 218.765400 901.234600 
5M53 -120.000000 120.000000 200.000000 
5M63 -120.000000 107.983500 71.989030 
5M73 -120.000000 120.000000 INFINITY 
5M83 -120.000000 107.983500 971.851900 
5M14 -120.000000 53.000000 550.000100 
5M24 -120.000000 120.000000 1350.000000 
51'134 -120.000000 120.000000 1250.000000 
51'144 -120.000000 120.000000 1000.000000 
51'154 -120.000000 120.000000 200.000000 
5M64 -120.000000 107.983500 71.988750 
51'174 -120.000000 120.000000 INFINITY 
51'184 -12U.000000 107.983500 972.423100 

XII .000000' INFINITY 61.111120 
X21 .000000 8.888885 120.000000 
X31 .000000 8.888885 120.000000 
X41 .000000 7.999970 111.111100 
X51 .000000 120.000000 22.222220 
X61 .000000 22.222220 7.999970 
X71 .000000 22.222220 120.000000 
X81 .000000 INFINITY 110.000000 
X12 .000000 120.000000 54.320990 
X22 .000000 132.345700 8.888885 
X32 .000000 132.345700 8.888885 
X42 .000000 8.888885 111.111100 
X52 .000000 120.000000 22.222220 
X62 .000000 22.222220 8.000000 
X72 .000000 8.000000 120.000000 
X82 .000000 INFINITY 110.000000 
X13 .000000 120.000000 61.111110 
X23 .000000 218.765400 38.888880 
X3::l .uOOOOO 216.765400 .... ~ ................ ,.., 

"1.IfffIU 

X43 .000000 27.777770 98.765450 
X53 .000000 120.000000 22.222220 
X63 .000000 22.222220 22.222220 
X73 .000000 22.222220 120.000000 
X83 .000000 INFINITY 110.000000 
X14 .000000 53.000000 61.111110 
X24 .000000 120.000000 139.026100 
X34 .000000 120.000000 127.915000 
X44 .000000 120.000000 100.137200 
X54 .000000 120.000000 22.222220 
X64 .000000 22.222220 8.000000 
X74 .000000 8.000000 120.000000 
X84 .000000 INFINITY 110.000000 



RIGHTHAND SIDE RANGES 
********************* 

ROW CURRENT ALLOWABLE ALLOWABLE 
RHS INCREASE DECREASE 

-------- ------------- --------------
2 .000000 513.376.300000 89.023.410000 
3 .000000 248.765.600000 167.408.700000 
4 .000000 248.765.600000 48.203.000000 
5 .000000 248.765.600000 167.408.700000 
6 .000000 324.760.500000 167.408.700000 
7 .000000 324.760.500000 167.408.700000 
8 .000000 324.760.500000 .000000 
9 ; 000000 118.161.000000 16.662.760000 

10 .000000 57.233.570000 371.111. 700000 
11 .000000 379.986.400000 809.043800 
12 .000000 379.986.400000 809.043800 
13 .000000 379.986.400000 809.043800 
14 .000000 122.652.000000 356.294.500000 
15 .000000 122.652.000000 371.111.700000 
16 .000000 122.652.000000 .000000 
17 .000000 118.163.800000 20.981.990000 
18 .000000 141.333.300000 299.240.500000 
19 .000000 7.281.394000 87.960.710000 
20 .000000 7.281.394000 81.346.200000 
21 .000000 7.281.394000 87.960.710000 
22 .000000 196.116.000000 299.240.500000 
23 .000000 196.116.000000 299.240.500000 
24 .000000 196.116.000000 .000000 
25 .000000 118.163.800000 25.301.330000 
26 .000000 47.744.560000 227.229.800000 
27 .000000 174.787.000000 206.510.100000 
28 .000000 174.787.000000 60.073.200000 
29 .000000 174.787.000000 227.229.800000 
30 .000000 269.719.300000 227.229.800000 
31 .000000 269.719.300000 227.229.800000 
32 .000000 269.719.300000 .00[1000 
33 .000000 118.163.200000 29.629.790000 
34 2.000.000.000000 175.779.100000 340.998.500000 
35 2.000.000.000000 389.667.300000 128.784.500000 
36 2.000.000.000000 314.202.500000 205.921.800000 
37 2.000.000.000000 238.591.200000 283.205.200000 
38 1.300.000000 204.753900 385.098700 
39 1.300.000000 INFINITY 131.637200 
40 1.300.000000 INFINITY 325.066600 
41 1.300.000000 INFINITY 109.812500 
42 1.300.000000 INFINITY 422.901500 
43 1.300.000000 1.375374 630.986200 
44 1.300.000000 149.533200 12.378370 
45 1.300.000000 INFINITY 297.137900 
46 1.300.000000 293.334800 1.169.816000 
47 669.333.000000 INFINITY 98.914.910000 
48 518.411.000000 63.592.860000 412.409.300000 
49 414.139.000000 157.037.000000 332.540.100000 
50 511.590.000000 53.049.520000 252.516.000000 
51 171.915.000000 276.406.200000 171.915.000000 
52 268.715.000000 422.207.100000 898.937600 
53 310.381.000000 388.962.900000 97.734.130000 
54 210.354.000000 72.813.940000 210.354.000000 



55 45,585.000000 276,406.200000 45,585.000000 
56 71,765.000000 422,207.100000 898.937600 
57 83,531.000000 388,962.900000 83,531.000000 
58 61,683.000000 72,813.940000 61,683.000000 
59 271,024.000000 276,406.200000 186,038.000000 
60 423,106.000000 INFINITY 898.937500 
61 486,697.000000 INFINITY 97,734.130000 
62 329,148.000000 72,813.940000 252,516.000000 
63 353,605.000000 360,900.000000 186,038.000000 
64 356,050.000000 136,300.700000 356,050.000000 
65 358,495.000000 217,939.900000 332,540.100000 
66 360,940.000000 299,733.800000 252,516.000000 
67 546,940.000000 INFINITY 186,038.000000 
68 548,710.000000 INFINITY 412,409.300000 
69 550,480.000000 INFINITY 332,540.100000 
70 552,250.000000 INFINITY 252,516.000000 
71 381,300.000000 INFINITY 381,300.000000 
72 384,000.000000 INFINITY 384,000.000000 
73 386,700.000000 INFINITY 386,700.000000 
74 389,400.000000 INFINITY 389,400.000000 
75 149,830.000000 INFINITY 18,517.000000 
76 154,630.000000 INFINITY 23,316.880000 
77 159,430.000000 INFINITY 28,116.880000 
78 164,240.000000 INFINITY 32,927.000000 
79 1,300.000000 INFINITY 642.323400 
80 1,300.000000 INFINITY 824.278800 
81 1,300.000000 INFI NITY 744.384100 
82 1,300.000000 INFINITY 667.245700 
83 l,300.000uOO 164.961300 1,169.794000 
84 1,300.000000 207.721700 1,169.822000 
85 1,300.000000 250.483200 1,169.822000 
86 .000000 370,603.400000 51,841.100000 
87 .000000 809.043800 26,8"11.500000 
88 .000000 809.043800 7,176.500(100 
89 .000000 809.044100 37,998.640000 
90 .000000 292,286.000000 35,605.000000 
91 .000000 292,289.600000 12,265.200000 
92 .000000 .000000 INFINITY 
93 .000000 20,953.260000 11,816.380000 
94 .000000 57,233.570000 41,413.900000 
95 .000000 87,960.720000 728.139400 
96 .000000 81,346.200000 728.139400 
97 .000000 87,960.720000 728.139400 
98 .000000 110,386.800000 35,849.500000 
99 .000000 110,386.800000 19,611.610000 

100 . OOOOOU ,." ~,.,,.., ..... . OOOCI OO .uuuuvu 

101 .000000 25,266.660000 11,816.380000 
102 .000000 141,333.300000 47,744.560000 
103 .000000 7,281.394000 21,035.400000 
104 .000000 7,281.394000 6,168.300000 
105 .000000 7,281. 394000 32,914.800000 
106 .000000 176,504.400000 36,094.000000 
107 .000000 176,504.400000 26,971.930000 
108 .000000 .000000 INFINITY 
109 .000000 29,589.210000 11,816.320000 
110 .000000 42,970.110000 51,337.630000 
111 .000000 167,179.400000 17,191. 500000 
112 .000000 48,203.000000 4,558.500000 
113 .000000 167,179.400000 ·27,102.400000 



114 
115 
116 
117 

.000000 

.000000 

.000000 

.000000 

167,179.400000 
167,179.400000 

.000000 
16,639.930000 

35,360.500000 
32,476.050000 

.000000 
11,816.100000 



APPENDIX L 

Model 2 Second Run 

MAX ... : 330 Tll + 330 T12 + 330 T13 + 330 T14 + 410 T21 + 410 T22 
+ 410 T23 + 410 T24 + 400 T31 + 400 T32 + 400 T33 + 400 T34 
+ 375 T41 + 375 T42 + 375 T43 + 375 T44 + 295 T51 + 295 T52 
+ 295 T53 + 295 T54 + 275 T61 + 275 T62 + 275 T63 + 275 T64 
+ 255 T71 + 255 T72 + 255 T73 + 255 T74 + 385 T81 + 385 T82 
+ 385 T83 + 385 T84 - 120 5Mll - 120 5M21 - 120 5M31 
- 120 5M41 - 120 5M51 - 120 5M61 - 120 SM71 120 SM81 
- 120 SM12 - 120 SM22 - 120 SM32 - 120 SM42 - 120 SM52 
- 120 SM62 - 120 SM72 - 120 SM82 - 120 SM13 - 120 SM23 
- 120 SM33 - 120 SM43 - 120 SM53 - 120 SM63 - 120 SM73 
- 120 SM83 - 120 SM14 - 120 SM24 - 120 SM34 - 120 SM44 
- 120 SM54 - 120 SM64 - 120 SM74 - 120 SM84 

SUBJECT TO : 

2) Tl1 - SMll + SM14 + Xl1 = 0 
3) T21 - SM21 + SM24 + X21 = 0 
4) T31 - SM31 + SM34 + X31 = 0 
5) T41 - SM41 + SM44 + X41 = 0 
6) T51 SM51 + SM54 + X51 = 0 
7) T61 - SM61 + SM64 + X61 = 0 
8) T71 - SM71 + SM74 + X71 = 0 
9) T81 SM81 + SM84 + X81 = 0 

10) T12 + SM11 - SM12 + X12 = 0 
11) T22 + SM21 - SM22 + X22' = 0 
12) Tn + SM31 - SM32 + X32 = 0 
13) T42 + SM41 - SM42 + X42 = 0 
14) T52 + SM51 SM52 + X52 = 0 
15) T62 + SM61 SM62 + X62 = 0 
16) T72 + SM71 SM72 + X72 = 0 
17) T82 + SM81 SM82 + X82 = 0 
18) T13 + SM12 SM13 + X13 = 0 
19) T23 + SM22 SM23 + X23 = 0 
20) T33 + SM32 SM33 + X33 = 0 
21) T43 + SM42 SM43 + X43 = 0 
22) T53 + SM52 SM53 + X53 = 0 
23) T63 + SM62 SM63 + X63 = 0 
24) T73 + SM72 SM73 + X73 = 0 
25) T83 + SM82 SM83 + X83 = 0 
26) T14 + SM13 SM14 + X14 = 0 
27) T24 + SM23 5M24 + X24 = 0 
28) T34 + SM33 SM34 + X34 = 0 
29) T44 ... 5M43 - 5M44 ... X4l,l = U 
30) T54 + SM53 SM54 + X54 = 0 
31) T64 + SM63 SM64 + X64 = 0 
32) T74 + SM73 SM74 + X74 = 0 
33) T84 + SM83 SM84 + X84 = 0 
34) 1 .05 Xll + 1.05 X21 + 1 .05 X31 + 1 .05 X41 + 1 .05 X51 

+ 1 .05 X61 + 1 .05 X71 + 1 .05 X81 <= 2,000,000 
35) 1.05 X12 + 1. 05 X22 + 1. 05 X32 + 1. 05 X42 + 1.05 X52 

+ 1.05 X62 + 1. 05 X72 + 1.05 X82 <= 2,000,000 
36) 1.05 X13 + 1 .05 X23 + 1. 05 X33 + 1.05 X43 + 1.05 X53 

+ 1.05 X63 + 1. 05 X73 + 1. 05 X83 <= 2,000,000 
37) 1. 05 X14 + 1. 05 X24 + 1.05 X34 + 1 .05 X44 + 1.05 X54 

+ 1. 05 X64 + 1. 05 X74 + 1. 05 X84 <= 2,000,000 

79 



38) Tll <= 669,333 
39) Tl2 <= 518,411 
40) T13 <= 414,139 
41> T14 <= 511,590 
42) T21 <= 171,915 
43) T22 <= 268,715 
44) T23 <= 310,381 
45) T24 <= 210,354 
46) T31 <= 45,585 
47) T32 <= 71,765 
48) T33 <= 83,531 
49) T34 <= 61,683 
50) T41 <= 271,024 
51 ) T42 <= 423,106 
52) T43 <= 486,697 
53) T44 <= 329,148 
54) T51 <= 353,605 
55) T52 <= 356,050 
56) T53 <= 358,495 
57> T54 <= 360,940 
58) T61 <= 546,940 
59) T62 <= 548,710 
60) T63 <= 550,480 
61) T64 <= 552,250 
62) T8l <= 149,830 
63) T82 <= 154,630 
64) T83 <= 159,430 
65) T84 <= 164.240 
66) - 0.1 T12 + SM11 >= 0 
67) - 0.1 T22 + SM21 >= 0 
68) - 0.1 T32 + SM31 >= 0 
69) - O. 1 T42 + SM41 >= 0 
70) - 0.1 T52 + SM51 >= 0 
71> - 0.1 T62 + SM61 >= 0 
72) - O. 1 T72 + SM71 >= 0 
73) - 0.1 T82 + SM81 >= 0 
74) - 0.1 T13 + SM12 >= 0 
75) - 0.1 T23 + SM22 >= 0 
76) - 0.1 T33 + SM32 >= 0 
77> - 0.1 T43 + SM42 >= 0 
78) - 0.1 T53 + SM52 >= 0 
79) - 0.1 T63 + SM62 >= 0 
80) - O. 1 T73 + SM72 >= . 0 
81> - 0.1 T83 + SM82 >= 0 
82) - 0.1 T14 + SM13 >= 0 
83) - 0.1 T24 + SM23 >= 0 
Ad) - n 1 T~d + SM~3 >= 0 
85) - 0.1 T44 + SM43 >= 0 
86) - 0.1 T54 + SM53 >= 0 
87) - 0.1 T64 + SM63 >= 0 
88) - 0.1 T74 + SM73 >= 0 
89) - 0.1 T84 + SM83 >= 0 
90) - 0.1 Tl1 + SM14 >= 0 
91> - O. 1 T21 + SM24 >= 0 
92) - 0.1 T31 + SM34 >= 0 
93) - O. 1 T41 + SM44 >= 0 
94) - 0.1 T51 + SM54 >= 0 
95) - 0.1 T61 + SM64 >= 0 
96) - 0.1 T71 + SM74 >= 0 
97) - 0.1 T81 + SM84 >= 0 



98) 
99) 

100) 
101 ) 
102) 
103) 
104) 
105) 
106) 
107) 
108) 
109) 
110) 
111> 
112 ) 
113) 
114) 
115 ) 
116) 
117) 
118) 
119) 

END 

VARIABLE 
--------

T11 
T12 
T13 
T14 
T21 
T22 
T23 
T24 
T31 
Tn 
T33 
T34 
T41 
T42 
T43 
T44 
T51 
T52 
T53 
T54 
T61 
T62 
T63 
T64 
T71 

0.0099 X81 <= 1,300 
0.0099 X82 <= 1,300 
0.0099 X83 <= 1,300 
0.0099 X84 <= 1,300 
0.0023 Xll <= 1,300 
0.0017 X22 + 0.0017 X32 + 0.0017 X42 <= 
0.0017 X23 + 0.0017 X33 + 0.0017 X43 <= 
0.00095 X52 + 0.00095 X62 + 0.00095 X72 
0.00095 X53 + 0.00095 X63 + 0.00095 X73 
0.00095 X54 + 0.00095 X64 + 0.00095 X74 

T61 >= 273,470 
T62 >= 274,355 
T63 >= 277,400 
T64 >= 276,125 
T51 >= 176,802 
T52 >= i"78,025 
T53 >= 179,247 
T54 >= 180,470 
T71 >= 190,650 
T72 >= 192,000 
T73 >= 193,350 
T74 >= 194,700 

LP OPTIMUM FOUND AT STEP 149 

OBJECTIVE FUNCTION VALUE 

.246451300E+l0 

VALUE REDUCED COST 
------------- ------------

587,310.100000 .000000 
366,382.500000 .000000 
340,572.000000 .000000 
511,590.000000 .000000 
171,915.000000 .000000 
268,715.000000 .000000 
310,381.000000 .000000 
210,354.000000 .000000 

45,585.000000 .000000 
71,765.000000 .000000 
83,531.000000 .000000 
61,683.000000 .000000 

271,024.000000 .000000 
421,888.000000 .000000 
389,120.000000 .000000 
329,148.000000 .000000 
233,728.000000 .000000 
178,025.000000 .000000 
1'79,247.000000 .000000 
189,824.000000 .000000 
273,470.000000 .000000 
274,355.000000 .000000 
277,400.000000 .000000 
276,125.000000 .000000 
190,650.000000 .000000 

1,300 
1,300 

<= 1,300 
<= 1,300 
(= 1,300 



T72 
T73 
T74 
T81 
T82 
T83 
T84 

51'111 
51'121 
51'131 
51'141 
51'151 
51'161 
51'171 
51'181 
51'112 
51'122 
51'132 
51'142 
51'152 
51'162 
51'172 
51'182 
51'113 
51'123 
51'133 
51'143 
51'153 
51'163 
51'173 
51'183 
51'114 
51'124 
51'134 
51'144 
51'154 
51'164 
51'174 
51'184 

X11 
X21 
X31 
X41 
X51 
X61 
X71 
X81 
X12 
X22 
X32 
X42 
X52 
X62 
X72 
X82 
X13 
X23 
X33 
X43 

192,000.000000 
193,350.000000 
194,700.000000 
131,313.100000 
131,313.100000 
131,313.000000 
131,313.000000 

36,638.250000 
26,871.500000 
7,176.500000 

42,240.000000 
17,802.500000 
27,435.500000 
19,200.000000 
13,131. 310000 
34,057.000000 
31,038.100000 
8,353.101000 

38,912.000000 
17,924.700000 
27,740.000000 
19,335.000000 
13,131.250000 
51,159.000000 
21,035.400000 
6,168.300000 

32,914.800000 
18,984.000000 
27,612.500000 
19,470.000000 
13,131.000000 
58,731.010000 
17,191.500000 
4,558.500000 

27,102.400000 
23,360.000000 
27,347.000000 
19,065.000000 
13,131.310000 

565,217.400000 
181,595.000000 
48,203.000000 

286,208.000000 
228,096.000000 
273,558.500000 
190,785.000000 
131,313.100000 
363,801.300000 
272,881.600000 

72,941.600000 
418,882.700000 
178,147.200000 
274,659.500000 
192,135.000000 
131,313.100000 
357,676.000000 
300,378.300000 
81,346.200000 

382,981.300000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 



X53 180,308.000000 .000000 
X63 277,272.500000 .000000 
X73 193,485.000000 .000000 
X83 131,313.100000 .000000 
X14 519,162.000000 .000000 
X24 206,510.100000 .000000 
X34 60,073.200000 .000000 
X44 323,335.600000 .000000 
X54 194,213.400000 .000000 
X64 275,859.500000 .000000 
X74 194,295.000000 .000000 
X84 131,313.100000 .000000 

ROW SLACK OR SURPLUS DUAL PRICES 
---------------- -----------

2) .000000 -321.401400 
3) .000000 -283.432600 
4) .000000 -283.432600 
5) .000000 -283.432600 
6) .000000 -283.432600 
7) .000000 -283.432600 
8) .000000 -283.432600 
9) .000000 -373.000000 

10) .000000 -317.622100 
11) .000000 -371. 840800 
12) .000000 -371.840800 
13) .000000 -371.840800 
14) .000000 -317.622100 
15) .000000 -317.622100 
16) .000000 -317.62210U 
17) .000000 -373.000000 
18) .000000 -318.042000 
19) .000000 -362.017700 
20) .000000 -362.017700 
21> .000000 -362.017700 
22) .000000 -318.042000 
23) .000000 -318.042000 
24) .000000 -318.042000 
25) .000000 -373.000000 
26) .000000 -279.106400 
27) .000000 -279.106400 
28) .000000 -279.106400 
29) .000000 -279.106400 
30) .000000 -279.106400 
31> .000000 -279.106400 
32) .000000 -279.106400 
33) .000000 -373.000000 
34) .000000 269.935900 
35) .000000 302.497200 
36) .000000 302.897200 
37> .000000 265.815700 
38) 82,022.880000 .000000 
39) 15,028.500000 .000000 
40) 73,568.000000 .000000 
41> .000000 35.000000 
42) .000000 115.000000 
43) .000000 35.000000 
44) .000000 34.999990 



45) 
46) 
47) 
48) 
49) 
50) 
5ll 
52) 
53) 
54) 
55) 
56) 
57) 
58) 
59) 
60) 
6ll 
62) 
63) 
64) 
65) 
66) 
67) 
68) 
69) 
70) 
7ll 
72) 
73) 
74) 
75) 
76) 
77) 
78) 
79) 
80) 
81) 
82) 
83) 
84) 
85) 
86) 
87) 
88) 
89) 
90) 
91) 
92) 
93) 
94) 
95) 
96) 
97) 
98) 
99) 

100) 
lOll 
102) 
103) 
104) 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 
98,304.000000 

.000000 
119,808.000000 
178,025.000000 
179,248.000000 
171,104.000000 
273,470.000000 
274,355.000000 
273,080.000000 
276,125.000000 

18,516.880000 
23,316.880000 
28,117.000000 
32,927.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

110.602400 
105.000000 

25.000000 
24.999990 

100.602400 
80.000000 

.000000 

.000000 
75.602430 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 
-123.779300 
-31. 591800 
-31. 591800 
-31.591800 
-85.810550 
-85.810550 
-85.810550 

-120.000000 
-119.580100 
-129.823100 
-129.823100 
-129.823100 
-119.580100 
-119.580100 
-119.580100 
-120.000000 
-158.935500 
-202.911300 
-202.911300 
-202.911300 
-158.935500 
-158.935500 
-158.935500 
-120.000000 
-85.986330 

-115.673800 
-115.673800 
-115.673800 
-115.673800 
-115.673800 
-115.673800 
-120.000000 
9047.209000 
5593.730000 
5551.313000 
9484.197000 

16508.140000 
31893.380000 
25868.060000 



105) 

106) 
107) 
108) 
109) 
110) 
111> 
112) 
113) 
114 ) 
115) 
116) 
117) 
118) 
119) 

687.305400 

681.488300 
668.850500 

.000000 

.000000 

.000000 

.000000 
56,832.000000 

.000000 

.000000 
9,344.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 
-20.000000 
-51.203130 
-55.000000 
-20.000000 

.000000 
-31.203130 
-35.000000 

.000000 
-40.000000 
-71. 203130 
-75.000000 
-40.000000 

NO. ITERATIONS= 149 

VARIABLE 

Tll 
T12 
T13 
T14 
T21 
T22 
T23 
T24 
T31 
T32 
T33 
T34 
T41 
T42 
T43 
T44 
T51 
T52 
lbj 
T54 
T61 
T62 
T63 
1"64 
T71 
T72 
T73 
T74 
T81 
T82 
T83 

RANGES IN WHICH THE BASIS IS UNCHANGED 
--------------------------------------

CURRENT 
COEF 

330.000000 
330.000000 
330.000000 
330.000000 
410.000000 
410.000000 
410.000000 
410.000000 
400.000000 
400.000000 
400.000000 
400.000000 
375.000000 
375.000000 
375.000000 
375.000000 
295.000000 
295.000000 
~8b.UUUUUU 

295.000000 
275.000000 
275.000000 
275.000000 
275.000000 
:,55.000000 
;~55. 000000 
255.000000 
255.000000 
385.000000 
385.000000 
385.000000 

OBJ COEFFICIENT RANGES 
********************** 

ALLOWABLE 
INCREASE DECREASE 

77.269940 
48.796880 
39.578130 

INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 

25.000000 
24.999990 

INFINITY 
34.134490 
31.203130 
jb.UUUUUU 
35.000000 
20.000000 
51.203130 
55.000000 
20.000000 
40.000000 
71.203130 
75.000000 
40.000000 

107.835700 
107.835700 
107.835700 

34.171860 
31.203130 
35.000000 
35.000000 

115.000000 
35.000000 
34.999990 

110.602400 
105.000000 
25.000000 
24.999890 

100.602400 
80.000000 
48.777800 
39.578130 
75.G02430 
20.000000 

INFINITY 
lNI'JNJTY 
20.000000 

INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
80.598350 
49.832540 
49.454660 



T84 385.000000 107.835600 84.491330 
SMII -120.000000 111.384400 312.031300 
SM21 -120.000000 31.591800 350.000000 
SM31 -120.000000 31. 591800 250.000000 
SM41 -120.000000 28.432620 487.587400 
SM51 -120.000000 85.810550 INFINITY 
SM61 -120.000000 85.810550 INFINITY 
SM71 -120.000000 85.810550 INFINITY 
SM81 -120.000000 107.983500 498.325400 
SM12 -120.000000 107.605700 350.000000 
SM22 -120.000000 129.823100 349.999900 
SM32 -120.000000 129.823100 249.999900 
SM42 -120.000000 116.840800 395.781300 
SM52 -120.000000 119.580100 INFINITY 
SM62 -120.000000 119.580100 INFINITY 
SM72 -120.000000 119.580100 INFINITY 
SM82 -120.000000 107.983500 494.546600 
SM13 -120.000000 158.935500 350.000000 
SM23 -120.000000 202.911300 1106.024000 
SM33 -120.000000 202.911300 1006 024000 
SM43 -120.000000 202.911300 756.024300 
SM53 -120.000000 143.020200 200.000000 
SM63 -120.0000UO 158.935500 INFINITY 
SM73 -120.000000 158.935500 INFINITY 
SM83 -120.000000 107.983500 844.913100 
SM14 -120.000000 77.375920 341.718600 
SM24 -120.000000 115.673800 1150.000000 
SM34 -120.000000 115.673800 1050.000000 
SM44 -120.000000 115.673800 800.000000 
SM54 -120.000000 104.106500 200.000000 
SM64 -120.000000 115.673800 INFINITY 
SM74 -120.000000 115.673800 INFINITY 
SM84 -120.000000 107.983500 805.983500 

XII .000000 INFINITY 37.968730 
X21 .000000 31.591800 115.673800 
X31 .000000 31.591800 115.673800 
X41 .000000 28.432620 88.888890 
X51 .000000 37.958170 22.222220 
X61 .000000 22.222220 115.673800 
X.71 .000000 44.444450 115.673800 
X81 .000000 INFINITY 89.567370 
X12 .000000 54.218750 34.670140 
X22 .000000 129.823100 31. 591800 
X32 .000000 129.823100 27.777780 
X42 .000000 27.777780 54.218750 
X52 .000000 34.670140 85.810550 
X62 .000000 56.892360 85.810550 
X72 .000000 79.114590 85.810550 
X82 .000000 INFINITY 55.377930 
X13 .000000 43.975700 38.888890 
X23 .000000 202.911300 38.888880 
X33 .000000 202.911300 27.777760 
X43 .000000 27.777760 43.975700 
X53 .000000 38.888890 119.398200 
X63 .000000 61.111110 119.580100 
X73 .000000 83.333340 119.580100 
X83 .000000 INFINITY 54.9580JO 
X14 .000000 77.375920 38.888890 
X24 .000000 115.673800 122.89161l0 

X34 .000000 115.673800 111. 780500 



X44 .000000 115.673800 84.002710 
X54 .000000 38.888890 22.222220 
X64 .000000 22.222220 158.935500 
X74 .000000 44.444450 158.935500 
X84 .000000 INFINITY 93.893550 

RIGHTHAND SIDE RANGES 
********************* 

ROW CURRENT ALLOWABLE 
RHS INCREASE DECREASE 

------- ------------- ------------
2 .000000 528,498.500000 73,809.330000 
3 .000000 51,148.800000 75,674.860000 
4 .000000 51,148.800000 48,203.000000 
5 .000000 51,148.800000 75,674.860000 
6 .000000 51,148.800000 75,674.860000 
7 .000000 51,148.800000 75,674.860000 
8 .000000 51,148.800000 75,674.860000 
9 .000000 118,163.800000 16,662.650000 

10 .000000 .000000 136,804.800000 
11 .000000 379,699.200000 .000000 
12 .000000 379,699.200000 .000000 
13 .000000 379,699.200000 .000000 
14 .000000 .000000 136,804.800000 
15 .000000 .000000 136,804.800000 
16 .000000 .000000 136,804.800000 
17 .000000 118,163.800000 20,981.990000 
18 .000000 306,466.300000 66,201. 110000 
19 .000000 .000000 88,473.590000 
20 .000000 .000000 81.346.200000 
21 .000000 .000000 88,473.590000 
22 .000000 306,466.300000 66,201. 110000 
23 .000000 306,466.300000 66,201. 110000 
24 .000000 306,466.300000 66,201. 110000 
25 .000000 118,163.200000 25,301.440000 
26 .000000 8,408.318000 153,970.100000 
27 .000000 8,408.318000 153,970.100000 
28 .000000 8,408.318000 60,073.200000 
29 .000000 8,408.318000 153,970.100000 
30 .000000 8,408.318000 153,970.100000 
31 .000000 8,408.318000 153,970.100000 
32 .000000 8,408.318000 153,970.100000 
33 .000000 118,161. 000000 29,629.790000 
34 2000000.000000 79,458.610000 53,706.240000 
35 2000000.000000 .000000 346,178.700000 
36 2000000.000000 69,511.160000 321,789.600000 
37 2000000.000000 .000000 8.828.732000 
38 669333.000000 INFINITY 82,022.880000 
39 518411.000000 INFINITY 152,028.500000 
40 414139.000000 INFINITY 73,568.000000 
41 511590.000000 9,344.000000 171,104.000000 
42 171915.000000 56,832.000000 119,808.000000 
43 268715.000.0 0 0 421,888.000000 .000000 
44 3103,31.000000 389,120.000000 98,304.000000 
45 2103~;4. 000000 .000000 171,104.000000 
46 45585.000000 56,832.000000 45,585.000000 
47 717E5.000000 421,888.000000 .000000 
48 83531.000000 389,120.000000 83,531.000000 
49 61683.000000 .000000 61,683.000000 



50 
51 
52 
53 
54 
55 
56 
57 
58· 
59 
60 
61 
62 
63. 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 

271024.000000 
423106.000000 
486697.000000 
329148.000000 
353605.000000 
356050.000000 
358495.000000 
360940.000000 
546940.000000 
548710.000000 
550480.000000 
552250.000000 
149830.000000 
154630.000000 
159430.000000 
164240.00·0000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 
1300.000000 
1300.000000 
1300.000000 
1300.000000 
1300.000000 
1300.000000 
1300.000000 
1300.000000 
1300.000000 
1300.000000 

273470.000000 

56,832.000000 
INFINITY 
INFIlHTY 

.000000 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 
INFINITY 

136,617.300000 
.000000 
.000000 
.000000 

51,150.050000 
51,150.050000 
51,150.050000 
20,953.240000 
66,110.450000 
88,473.600000 
81,346.200000 
88,473.600000 
66,110.450000 
66,110.450000 
66,110.450000 
25,266.790000 

153,759.300000 
.000000 
.000000 
.000000 

153,759.300000 
153,759.300000 
153,759.300000 

29,589.190000 
7,569.823000 
7,567.486000 
7,567.486000 
7,567.486000 
7,567.486000 
7,567.486000 
7,567.486000 

16,639.830000 
164.960200 
207.721700 

.000000 
83.242350 

117.664600 
.000000 

150.398200 
INFINITY 
INFINITY 
INFINITY 

56,832.000000 

119,808.000000 
.000000 

98,304.000000 
171,104.000000 
119,808.000000 
178,025.000000 
179,248.000000 
171,104.000000 
273,470.000000 
274,355.000000 
273,080.000000 
276,125.000000 

18,516.880000 
23,316.880000 
28,117.000000 
32,927.000000 
32,969.400000 
26,871.500000 
7,176.500000 

38,016.000000 
17,802.500000 
27,435.500000 
19,200.000000 
11,816.380000 
30,646.630000 

.000000 

.000000 

.000000 
17,924.700000 
27,740.000000 
19,335.000000 
11,816.320000 

.000000 
8,396.800000 
6,168.300000 
8,396.800000 

.000000 

.000000 

.000000 
11,816.100000 
52,849.860000 
17,191. 500000 
4,558.500000 

27,102.400000 
21,024.000000 
27,347.000000 
19,065.000000 
11,816.380000 

749.181200 
1,169.822000 

655.390900 
1,169.794000 

248.049700 
232.603600 

.000000 
687.305400 
681.488300 
668.850500 

119,808.000000 



109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 

274355.000000 
277400.000000 
276125.000000 
176802.000000 
178025.000000 
179247.000000 
180470.000000 
190650.000000 
192000.000000 
193350.000000 
194700.000000 

274,355.000000 
273,080.000000 

9,344.000000 
56,832.000000 

178,025.000000 
179,248.000000 

9,344.000000 
56,832.000000 

366,382.500000 
340,570.000000 

9,344.000000 

152,028.500000 
73,568.000000 

171,104.000000 
INFINITY 

152,028.500000 
73,568.000000 

INFINITY 
119,808.000000 
152,028.500000 

73,568.000000 
171,104.000000 
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