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Abst r act

Starting fromthe inportance and role of the information regarding the
costs that characterize the decisional process, the purpose of this
paper is to present the main tendencies registered in the evolution of
the information technology in order to create the information systens
that represent the support for the assistance of the nanageria

deci si on regardi ng the costs.

The authors of this paper want to enphasize the moul ding instrunments,
which are an essential part of the managerial process, know ng that
noul di ness supposes problem conceptualization and abstraction into
quantitative and/or qualitative shapes.

In the case of the nmathematical nodel suggested by the actual paper
the variables have been identified and the connections existing
bet ween t hem

In what concerns the use of information technology we'll enphasize the
idea of direct nmouldiness into the spreadsheets, regarded as being the
nost popular information instruments of nouldiness for the fina

users.

At the end of our work we are going to present the results that we got
by using Mcrosoft Excel Solver as an instrument in those problens
regarding costs optimzation. W have chosen this information
instrument of optimzation that generalizes the technique of value as
a goal and offers nore possibilities of sinulation of sone paraneters
that create an optimum situation

As a principle a problem of cost optimzation worked out by Excel
endorses the atom zation of a |inear programme application and that is
to reach an optimal solution having the purpose to naximze sone
results, mnimze sone effort or of reaching a goal-value desired by
the user. Reaching the optimal situation can be done by the automat
nodi ficati on of sonme paraneters which lead to the goal that we wanted

under the conditions of nentioning sone restrictions inposed to the
nodel, so that the optinmal situation nust take into consideration
these constraints or restrictions.

Keywor ds: cost managenent, information technologies, nodel, I|inear
progr amm ng

JEL O assification Codes: M5

| nformati on technol ogi es used in cost managenent

Cost is one of the npst inportant synthetic indicators that
characterizes economc activity and has a crucial role in ensuring the
organi zations’ efficiency and conpetitiveness. Al'so, information on

costs is an inportant tool for adjusting, orientation and optim zation
of the current and further activity and this happens because it occurs
inall the activities of an organi zation
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In these circunstances, cost nmanagenment plays an essential role in the
managenment system of an organization because, through the cost
calculation and results analysis, prepares the forecasts and the
control of their achievenent, analyzes and explains the irregularities
and on this basis provides information and solutions for the board.

Due to the essential role of information on costs in the managenent
process, we believe that nodeling is a part of the design of the
i nformation - deci sion-nmaki ng system

The success of this activity and the application into production of
the devel oped nodels decisively depend upon the frame in which it
takes place, nanely the system analysis. This involves, first, a set
of preparatory operations for carrying out the nodeling work, and on
the other hand sone further operations. Only when the nathemati cal
nodel i ng of the econom ¢ phenonena, generally speaking, and of costs,
in particular, is preceded by a thorough system analysis, and the
obtained results are going to be a thorough basis for the decisions

substanti ati on.

The term "nodel" is an isonorphic representation of reality to which
it creates an intuitive picture, but rigorous too, to show the |ogica
structure of the studied phenonmenon.

The purpose of nodeling econonmic processes is the discovery of sone
links that should legitimate and which, by other nmeans would be very
hard to find, or even inpossible.

The nodels used to solve some econonic problens, which have taken a
mat hemati cal fornulation, suppose fallowing the steps of a coherent
successi on of |ogical operations called algorithmns.

Using the specific algorithms of the constructed nodel leads to the
obtaining of a solution, which will be analyzed in econonmic ternms and
will serve as the basis for decisions’ substantiation. For this an
al gorithm nust have the foll owi ng properties:

Coherent instructions - assumes that the result of an instruction to
be retrieved by the follow ng instructions;

Universality — requires the algorithmto ensure the processing of a
| arge nunber of t he types of pr obl ens;
- Tinmeness - refers to the time of obtaining the results that should
be as snmall as possible;

Determinism - requires obtaining a solution with the exception of
probabilistic algorithms and the fuzzy (vague) ones;

Economic theory and practice have resulted in econonmic need for
extrenmely varied nodels. They can be systematized and analyzed by
several criteria.

Thus, mat hematical nodels that are part of the abstract nodels, nanely
abstract quantitative nodels are exclusively based upon customn zed
mat hemati cal functions (econonmi c nodel s). They nay be:

Determ nistic nodels, based on the application of general |aws
(postulated that characterize that field in a very general way)
| eadi ng custom zed mathenmatical functions. In these cases random
vari abl es are not i nvol ved;

- Statistical npdels that assune the existence of at Ileast a
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rel ationship derived fromthe statistical processing of experinenta
dat a;

Stochastic nodels, neaning the use of random variables in order to
descri be how the system works. They seek to determ ne the paraneters
of static output quantities. Relations thus obtained are considered
probabi | i sti c;

Fuzzy (vague) nodels, wusually reflect a certain property of the
studied system allowing the establishnent of the degree of
bel onging to a certain property;

M xed nodels when we want to notice the use of random variables in
order to describe the relations of that system aimng, on the one
hand, determi nation of stochastic paraneters of the output
gquantities and on the other hand, the nmathematical functions.

After the nature of mathenmatical relations which describe the systenis
links, nodels can be |inear and nonli near

Linear nodels are the easiest way of approximation of the economc
relations due to the fact that both the restrictions and duties are of
the Ist degree. The nobst often used exanple concerns the |inear
programm ng because onto the nodels which are resolved we can find
those relating to costs, that's the reason why we give it our entire
attention.

Nonlinear nmnodels have as characteristic the fact that both the
restrictions and the object function have a higher degree. For
exanpl e, the square patterns in which the constraints or the object
function are of the IInd degree.

Depending on how the tine factor is or not taken into account, there
are static and dynam ¢ nodel s.

Static nodels are based on functions whose paraneters are independent
of the time factor. Decisions based on the solutions offered by these
nodels are valid for a short period of tine, but they nay be
subsequent | y updat ed.

Dynamic nodels are better suited for the nobst econom c phenonena,
approximating in a better way reality. They are characterized by tine
functi ons.

These patterns can be stable when after a disturbance, the response
of a systemtends to be either to the initial condition, either to a
defined state (for exanmple - to adjust prices to neet the conditions
of profit) or unstable when successive states of an elenent, at |east,
are represented by a string of nunbers that grows unbounded.

Cost nmanagenment nodels and records econonmic flows, but these
operations matter only when they address to the nanagers and they use
them in their decision nmaking process. Once we've identified cost
flows there nust be a network analysis of the expenses contained
within the structure, describing the relations which exist between
themand finality.

The first step in the network analysis is the distribution of costs
between the incorporated entities, after which it wll seek the
allocation of their activities and products.
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These steps are not difficult to be fallowed if several conditions are
fulfilled nanely:

entities have their own neans;
each entity pursues only one activity;

any of these activities provided by each entity, also has its own
nmeans;

an activity concerns only one product;

accounting system for recording consunption expenditure allows costs
know edge wi t hout anbiguity.

If a certain entity E provides only one activity A the cost of such
activity within the entity is known as soon as the entity's cost is
unknown. But it is possible that this activity A results sone other
costs in other entities too, which energes fromthe figure 1

In this case we nust nodel the cost of A activity, the distributed
between the firs and second product, due to which it can be acted upon
it.

Cost of E
entity
Cost of A Sone ot her costs
activity in E of Ain other
entity entities
Product 1 Pr oduct 2

Figure: 1 First graph

If an entity provides nore activities, the first problem that appears
is to identify the cost of each of them Wen each activity can be
driven by its own neans (personnel or specialized equiprent for the A
or B activity) knowing the cost is basically sinple. Wen such neans
are common (e.g. staff attendance of several activities of the entity)
we encounter the nodeling problem having the sane nature as the
previous one, but which involves two steps: nodeling the cost of the E
entity in order that this should be attributable to the activities,
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and the nodeling of weach activity’s cost. The figure 2 shows

schematically the foll ow ng 4
Cost of
E entity
Cost of A Cost of B
Some ot her activity in E activity in E Some ot her
costs of A's entity entity costs of
B's
A 5 Y
Product 1 Product 2

Fi gure 2: The second graph

Therefore, to nodel the entities’ <costs, the first phase is the
all ocation of consunption that they generate, after which it can be
sought for the identification of economic laws which are followed by
the costs of the activities produced by the entities. It should be
noted that this crucial phase for costs know edge and mastery raise
certain risks. In the attenpt to identify them we encounter the issue
of costs treatnent by grouping theminto fixed and variabl e ones.

In this context, in order to develop a mathenatical nodel applicable
in the field of econom ¢ managenent, we nust fallow the next steps.

1 Knowing the depth of the body is a preparatory nature, dom nated by
i nformation-specific decision-making nethodology, which involves
first of all the know edge of the system objectives and the
description of the | ogic decisional processes.

2 Devel op proper application of the nodel assumes the use of a classic
nodel ing tool that should be in a maximum correlation with reality.
If this correlation can not be achieved, it can be used either a
conbi nation of classical nobdels, or a new nodel

3 The nodel that has been devel oped facing practice reality and being
experinented too;

4 Use of the devel oped nodel s.

Mat hemati cal nodeling seeks, in fact, the determnation of certain
solutions as nuch as close to optinal level or even of optinal
sol utions using:

Optim zation process which involves obtaining the best solution in
terms of a specific criterion precisely fornulated. In this case,
the lack of a better solution, nmeans that the error is zero;
Heuristic nethods which involve the obtaining of some good sol utions
without claimng that these are the optimum |In these situations it
can not be estimated the deviation from the optinum and therefore
the error can not be controll ed;
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Approxi mati ve processes which involve obtaining some solutions close
to the optinmal solution by nmeans of some successive iteration. In
this case the error can be controlled.

Economi ¢ and mathenatical nodels applied in the conpany's activity
have as an object the reproduction of sonme properties of the nodel ed
system (descriptive nodels) or are nodels that are to be used for the
i mpl ement ation of some efficient decision rules (normative nodels). In
the nost econonic-nmathematical nodels descriptive side conmbines wth
the normative one.

Model i ng t hrough |inear progranm ng
Li near programi ng includes those nethods used to solve probl ens whose

nodel is conposed of a system of linear restrictions and an objective
function, also |linear

Li near programming problem takes the form of a system of |inear
equations that characterize an econom c process or phenonmenon.

Suppose that a conpany nmanufactures m products P1, P2, .. Pm for
which n resources are used Rl, R2,.. Rn (raw materials, fuel, energy,

| abor, etc.).
Producing a unit of Pi product inplies a consunption

aij of RJ

resource (i:Lm,j:Ln). These consunpti ons are known in the

literature as technical factors.

aij

Prices for a wunit from the resource RJ Prj P j::Ln).
The conpany has planned to produce from each product quantities

qdi =1,m), corresponding to the order received.
Data presented can be systenmatized in a table form (Table 1):

Table 1
P/ R R R .. .. R .. .. R, Quanti
ties
pl anned
accordi
ng to
t he
or der
P; ail aio L . ajj C C Ain (o1
P, ao1 aoo L . dyj C C aAon (o)
P, a1 a2 L . aij C C Qi n (o]
Pm am anp .. .. Anj .. .. am Om
The price of | pr; pr2 .. .. pr; - - prn
Rj resources

By using the dot-matrix technol ogy, the conpany’ s managers can express
the following matrix el ements:

technical coefficients (in line with the products and resources in
col ums);
price of consunmed resources;
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unit cost of products;

total consunption for the issued order (for the quantities planned
to be produced);

total cost for each product fromthe issued order

overal |l cost analysis
The following matrices are going to be used:

technical coefficients matrix

Tabl e 2
R R . . R . . R,
ail aio L . ayj . L aA1n P,
ao1 aoo L . ayj . L Aon P,
A= : : : : : : : : :
a1 a2 L . aij . L ain P
An Anp .. .. Apj .. .. Am Pm

vector (matrix colum) unit price of each resource

Wth these two matrices can be calculated the unit vector cost of the
products Pm Note:

eCur U
q: u
Cu =§ v l,Jt hen
e . u
€~ U
écwwu
g,culliJ éail a12 " ainliJ éprlliJ
Et: u e u u
Al Ve A a. e Ve A Ve
Cu —é u2 U= AXP= eaZl 22 a2n uX r2u
e . u e .. .ue:. u
€~ U € ue u
un U A A - A0 éPnl

The matrix contained into the order (quantities planned to be produced
from each product Pi):

Q=[a, d, - 0]
By the help of this matrix and of the matrix of technical coefficients

We can express resource consunption matrix for order execution. Noting
this matrix M we have:

M BES 2009 - Poster 436



Pi rvu- Mehedi ntu, 430-445

, N
emrlu
u
M, =€ "?U t hen
e . u
€n Y
emn, i
p .t p N
em,u ea; &, . U
e u e u
aMo Bor B - By
M =€ U=QxA= x€ u
"é: QA=[a o qm]é.. . .U
e, U e u
N0 @ S - anQ
Starting fromthe matrix Q we build square matrix Q (which is
diagonally ql, g2, .. gm and the remaining elenents are 0):
&, 0 .. 0y
eo OU
Q=6 % -+ "
e.. .- . u
€ U
éo -« U0

Mul tiplying this matrix by the unit costs’ matrix we get the total
costs’ matrix for each product fromthe order.

Not e:
€Cpy U
eC u
C =§ pzl,J the total cost matrix of each product.
P é:
(S u
&Coni
Then:
6Cpll &, 0 . 0u &y
eC u eo u eC u
C.,- X0 q 0- X,
c,=¢€ u=e" " Ux € Uor c=qxa,
g:ge.. e e LU e u
&~ u & 0 é. u
éCme eo 0 . qmu ec:unu

Knowi ng the total cost of each product we can deternine the total cost
of the order which we note with Ctc. So,

€Cpn U
o
C.=[1 1 1. 1]xg P*dor Co=[l 1 1.. 1xC,
é. u
&l
W get to the sane result if we multiply the unit resources’ prices by
the quantities of the resources used for the order, i.e. matrixes
product :
P(Q*A) =C..

In the previous exanples unit and total costs have been determ ned and
without inposing restrictions on the resources needed (i.e. it was
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assuned that the conpany has unlimted resources whose cost they can
pay) and it was also considered that there is a firm comand of
products of the type of P1, P2, Pm..

These cases are ideal but rarely encountered. Conpanies are often
faced with situations in which their resources are limted, the market
study shows that the demand for certain products is limted or the
mai ntai ning business relations with certain partners requires the
production of sonme products which, although they are not very
profitable, it’'s necessary.

If the conpany can get the sane products with the sane resources and
the same technical coefficients (the above exanples) but wthout a
firm command and has limted resources (in whole or just in part) we
encounter the issue of determ ning an optimal production plan for the
purposes of determining the quantities that are to be made of each
product, based upon the available resources so that the production
costs should be m nimal.

Under these conditions, the nodel presented in Section 2, the
quantities g (isz) from the products P, (isz) are no |onger

aprioristic determned, but they are to be determned so that
manuf acturing costs should be mninal.

Bei ng unknown to us we will note themthis tinme with x; (isz) and
mat ri x Q=(ql q, .. q, .. qm) is replaced by matrix
X:(Xl X, X . Xm) which is the size of a series of
product s i ntroduced into manuf act uri ng at a time.

Matrix costs of each product is going to be:

£p1¢ %1 O " O " OO £u1¢ $X1Culb

gcpzj go X, . 0 .. o:gcu; $X:Coa s
Cg:—(;.. e ...+Xg:*g.+
0 = +=C + += +
gcpi% 0 0 .ox . 0I¢C,:i ¢xC, i
¢G:* G. A A
&,z €0 0 . 0 . X,p&Cpp &,Cunp
and the total cost of a series forned by the quantities Xx;, X, .. X;
Xm fromthe products Py, P, .. P .. Py s

m
lo) ~
Cts - a XiCui U Cts - XCu
i=1
This cost should be minim zed.
Al'so, resources being linmted, it follows that the matrix's elenents

that nean their consunption for each series is linmted.
| f bl, b2 .. bj .. bn is the maxi num |l evel allowed to be

avail abl e from each resource and R and we not e:
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and the calculation in place of M Qs introduce the matrix X, then we
obtain the restriction system

M.£B
where M;= XA (A being the matrix of the technical coefficients)

As the quantities x; (isz) can not be negated P X230 (isz)
i.e. for matrix X we have the condition X30
Theref ore we have the foll ow ng probl em

iminf(x) = XC,
(P XA£B
Ixs0
which is a problem of |inear programing.

Problem (P) dot-matrix witten above can be presented analytically as
fol | ows:

minf =x,C, + x,C,,+..+x,C,,
ja, X, +a,x,+.+a X £Db,
: a,X, + a,X,+.+a ,X. £b,

(P)T

i
jauXy Ty X, tora, X, £ o}

I
T X+, X, tota X £b,
X;30,i=1m

I nformati on technol ogi es used for nodeling

Currently, information technologies used for nodeling enjoy mgjor
changes regarding the way in which nmanagers can use conputer systens
as the support for decision-nmaking process: nmore and nore conputers
are connected on the network, so that decision support systems can
qui ckly becone used goods jointly by the entire organization,
organi zations can now easily use the Intranet and |nternet networks
of fering hi gh-performance applications to the makers from any point on
earth, many organizations develop distributed systens, intranets and
extranets, which allow both easy access to data stored in nultiple
pl aces, and collaboration and cooperation wth the whole world;
integrated systens are nmade which exceed even then organization's
frame. Managers can nake better decisions because they have nore
precise information.
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The type of decision support systens can create interactive interfaces
that allow the users to view and process data and nodels with standard
Web browsers by great flexibility, efficiency and ease. Conmunication
bet ween nmanagers and conputer and Wb can be achi eved through a great
variety of tools, including cell phones. Wth these tools, nanagers
can use information and inportant systens and can cooperate one to the
ot her.

Data Warehouses - and their analytical tools such as Data Mning and
Online Analytical Processing (OLAP) have substantially inproved access
to information within organizations. Support for group decisions
continues to inprove due to great developnent and in this way they
allow group work at any time and any place. Methods of artificial
intelligence help to inprove the quality of the decision and they are
enbedded in many applications: from household appliances to the Wb's
search engines. Intelligent agents can be used for routine activities,
which allows to the nakers to devote nore time to inportant
activities.

The devel opnent of the organizations that Ilearn and know edge
managenent provide the expertise of the entire organization in order
to sol ve problens anytime and from any pl ace.

A major feature of decision support systenms is that they contain at
| east one nodel. The basic idea is that the analysis of decision
nmaking for the selection of decisional alternatives should be
performed on a real nodel and not on a real system

Trends in the evolution of information technol ogies for nodeling

W will now present the nmain trends in the evolution of information
technologies for the systens’ acconplishment for the managenment
decision support by pointing out the nodeling tools that is an
essential part of nmanagerial decision-naking process.

There are several software products that create and update charts of
influence, i.e. a graphic representation of a nodel which can be used
for a nodel’s design, developnent and understanding. They serve as a
framework for expressing the precise nature of the nodel’s
relationship and so they help to elimnating elenments that are not
needed or are not inportant to be included in the «calculation
rel ati ons.

The nost representative are considered to be the follow ng:

Anal ytics perfornmed by Lumina Decision Systenms, Los Altos, CA
Analytics allows the user to describe the nodel by |arge blocks
representing sub-nodels of the original mobdel and shows how these
bl ocks affect the nodel’s inportant outcones. Each bl ock can then be
di saggregated to obtain a nore detailed nodel. Finally, at the |ast
| evel of deconposition, the variables are assigned values and the
problemis sol ved

DecisionPro made by Vanguard Software Corporation, Cary, NC
DecisionPro incorporates multiple nodeling techniques: l'i near
programmng, Mnte Carlo sinulation, decision trees. After one
i nfluence diagram nodel develop, the nodel can be solved directly
wi thout the need to convert it by a special tool
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DATA Deci sion Analysis Software devel oped by TreeAgc Software |nc.,

Wlianstown, MA. DATA include influence diagrans, decision trees,

simul ati on nodel s etc.

Definitive Scenario of the Definitive Software Inc., Broonfield.

CS conpany. Scenario creates influence diagrans that can be
integrated into Excel spreadsheets. Also, these charts allow the
direct application of the Monte Carlo nmethod to generate the random
vari abl es val ues.

PrecisionTree nmade by Palisades Corporation., Newf i el d, NY.

PrecisionTree create influence diagrans and decision trees directly
into Excel spreadsheets.

For the nodels’ construction and inplenentation there are available
many other systens from software programm ng |anguages for the third
generation, fourth and fifth to the CASE systens (conputer - aided
systens engineering) that can autonatically generate software. Next we
are going to refer to the type of spreadsheet (spreadsheets)systens
whi ch are the nost popul ar nodeling tools for the final users.

Due to the ease that can be used, nany applications in economcs,
technical, mathematics and other sciences are built on systens of
spreadsheets. The best known systens of this type are Mcrosoft Excel
and Lotus 1-2-3.

The current trend is to extend as nany applications as possible that
can be achieved with the type spreadsheets systems. Thus, to solve
specific classes of nobdels instruments of "add-ins" were created, such
as for exanpl e:

Sol ver devel oped by Frontline Systens Inc.., Incline Village, NV,
for linear and non-linear optimzation;

@ Risk performed by Palisades Corporation, Newfield. Ny, for risk
anal ysi s by sinulation.

Due to intense conpetition in the software market, the best "add-ins"
have been directly incorporated into the |latest versions of
spreadsheets. That happened to Solver, which was incorporated in
Excel .

The spreadsheets system types have becone inportant analysis, planning
and nodeling tools, because they incorporate a range of financial,
statistical, mathenmatical, functions generating random nunbers, etc..

Most systens have interfaces which assure the connection with various
dat abases and other nodeling techniques: expert systens, optimzation
and sinul ation systens etc..

The spreadsheets system types were developed primarily for personal
conputers, but they can be executed on large conputing systens too.
The spreadsheets system types underlying multidi mensional spreadsheets
systens and CLAP tools.

W wll now present the Solver conponent of the Mcrosoft Excel
program that allows the inplenmentation of sone nmathematical nodels
used to optim ze costs. This conponent is launched fromthe Tools sub-
nenu. If it does not appear in Tools, then to install the Add-Ins
sel ect Sol ver Add-in and then click OK button.
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This very strong analysis elenment wuses nultiple variables and
restrictions which are adjusted to find the optinmal solution to solve
a problem Also one can sol ve:

probl ems with obtaining extrenme val ues of sonme functions.
probl ems of |inear and non-linear progranm ng.
problens in programming into the nmultitude of whol e nunbers.

The nost fanobus problens in the econony are those that regard
optim zati on.

They consist of an objective function that should reach an optimm
(m ni mum or maxi mun) and of sone restrictions (natural limtations of
the existing resources: for exanple, buying products at a tine is
limted by the amount considered avail able, manufacturing products is
limted by the anmbunt of raw nmaterials held). Al the variables
i nvol ved nmust be nunerically quantified.

This very strong analysis elenent wuses nmultiple variables and
restrictions which are adjusted to find the optinmal solution to solve
this problem

Case study: Problem of cost optim zation

The problems goal is to mnimze production costs into a conpany wth
productive activity, so as not to exceed the budget given for a
pl anned production
Data can be structured in an Excel spreadsheet with the follow ng
structure (Fig. 3):

A B & D E F G H | J
1 R1 R2 R3 R4 RS |CuP Budget |0 Ct
2 [P1 0.01 16.00 0.32 3.80 2100] 164588975 0.00 0.00 0.00
3 |P2 0.0z 12.00 0.50 3.00 30.00 1398009.00 0.00 0.00 0.oa
4 |pr 95000.00| 85000.00| 41218.00] 158500.00{ 10000.00 0.00
Fi gure: 3 Spreadsheet with optim zation cal cul ation
wher e:

Tabl e 3: The neani ng of the spreadsheet’s el ements

P Products that are bei ng made
R Resources used according to the fabrication technol ogi es
pr Resources’ price

Cu/ P Unit cost of each product (e.g. for P; product

=B2* B4+C2* CA+D2* DA+E2* E4+F2* F4)

Budget | budget per product depending on the quantities planned to be
produced (e.g. for P; product

=B2*| 2+C2* | 2+D2* | 2+E2* | 2+F2* | 2)

Q Quantities planned to be nade

a Total cost per product (e.g. for P, =@*12)

nj ective function is placed in J4 cell and represents the optinal
cost of production for a pl anned producti on.
In addition the following restrictions are known:

t he budget for P1 is of 120,000 for a planned quantity.
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t he budget for P2 is of 130,000 for a planned quantity.
t he anount planned for P1 03.
t he anount planned for P2 03.

To determine the optimal total cost, the variables that nust be
determned are the planned quantities that should be nmade of each
pr oduct .

W will use from the TOOLS nmenu the option Sol ver. The wi ndow with
the nane Sol ver Paraneters will open (Figure: 4).

veoh

Set Targek Cell: b 144 | ﬁ
E qual To @ rax © rin @ value of: Close
[$1%2:4142 B [ Guess
3 options
$H$z <= 1700000 | 1 add
FHES <= 1250000
$I£2 ==10 ! Chan
L g
$I£3 =10 | Reset All
| ! Delete
Help

Fi gure: 4 Solver Paranmeters w ndow

Cell target (Set Target cell) is the total cost, on the mn. option.
Speci fying variables (By changing cells) are the anount planned to be
produced (Q.

Specifying restrictions: One push the button Add from Solver
Par aneters and the w ndow Add constraint is obtained.

Restrictions will be witten and click Add in order to wite the next
restriction or OKto return to the Sol ver Paraneters.

After creating all the restrictions, they appear al phabetically in the
Sol ver Paraneters w ndow.
Figure 5. Wrk Options

Solver Dptions 22Xl The user can use the fol |l owi ng work
options (Fig.5):

Max Tme: [io0 seconds 1. Max Ti me and lterations:
Tterations: 100 cancel | establish working conditions. If

one of t hem is r eached,
Biraasen [0,000001 Load Model. . | iteration stops. For routine
Tl E = Save Madel... | cases,  default val ues are
sufficient.

Conyergence:  [0,001 Help | 2. |If accuracy increases over the

default, working time increases

™ Assume Linear Model [™ Use Automatic Scaling t 00

[ Assume Non-MNegative [ Show Iteration Resulks 3. Tol er ance appl i es onl y to full
if'_mates ?_r_'“at"’es ':fr‘h nunmerical solutions and the it
* Tangent * Borward * blewton represents the error percentage
" guadratic " Central " Conjugats which is wupheld against the

exact sol ution.
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Estimates, Derivates, Search - using default fornmns. It refers to
i near optim zation techniques.

Assune Linear Model — allows a faster solving of |inear problens.
Show Iteration Results - allows the operation of several

conbi nations of variables, not only to that one leading to the
opti mal sol ution.

By pressing Solve from the Solver Paraneters wi ndow we obtain Sol ver
Results wi ndow (Fig. 6).

| S MR GO )

Saolver found a solution, All constraints and optimaliky
conditions are satisfied, Reports

Answer |
Sensitivity

Lirnits

@ Restore Criginal Values |

ﬁ Cancel Save Scenario. .. Help

Figure 6: Solver Results W ndow

@ keep Solver Solution:

From the Sol ver Results wi ndow the user must specify if he wants all
those three reports that the solver provides to solve.

The significance of the information of those three reports is:

1 Answer Report shows:

| f
7

the initial and final value, for the current values of variables for
t he obj ective obtained function;

initial and final values for variables (the problems unknowns);
restrictions’ values for the final values of the variables.
Sensitivity Report presents the final values of the unknowns and of
Lagrange’'s multipliers.

Limts Report presents the objective function's value and the
interval in which an unknown can vary; the other ones renain
unchanged, without changing the value of the objective function.

the case of the analyzed problem Limts Reports wi ndow is (Figue:

AlB] ¢ [ D JE[ F [ G [H] | J |
1 |Microsoft Excel 11.0 Limits Report
2 |Worksheet: [costuril.xls]Limits Report 1
3 |Report Created: 26/04/2009 01:42:26
4
5
B Target
7 Cell Name Value
a 5154 pr Ct 0.00
9
10
11 Adjustable Lower Target Upper Target
12 Cell Name Value Limit Result Limit Result
13 5152 P10 0.00 0.00 0.00 29390 48,461,124 467
14 5153 P20 0.00 0.00 0.00 27 B0 38,389 965 949

Figure 7: Limts Reports w ndow

M
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The result is:

29,390 (the amount to be produced from P1)
27,460 (the amount to be produced from P2)
or P1 = 48461124467 (total cost P1)
38389965949 for P2 (P2 total cost).

QogQR

In conclusion, the optimal total cost will be 86851090416.
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