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Summary

Most of the formal methods using mathematicalmodelling to analyze

socioeconomic phenomenaare based on the assumption that the models

describethesephenomenawith sufflcient accuracyandcompleteness.However,

in many casesit is not possibleto build mathematicalmodelswith the required

propertiesand the usermust spenda lot of effort verifying the practicalappli-

cability of the solutionsobtainedby standardschemes.This report describes

an approachwherebyit is possible to use incompletemathematicalmodels to

produce logically correct results. But this is achievedat the expenseof the

insolubility of standardstatementsof the problemsandthe developmentof spe-

cial software.
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PROBLEM USER' :MANUAL
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Introduction

The chief measureof the quality of a mathematicalmodel is its degreeof

correspondenceto the modelledobject, Le. how accuratelythe model reftects

all the featureswhich essentiallydeterminethe behaviorof the object. There

are two reasonswhy a model may not be consideredacceptableby the users.

Firstly, the mathematicaldescription may have been made in the absenceof

adequateinformation. Secondly,it might not be possibleto formalize all of the

essentialfeaturesof the object by mathematicalmeans,or thesefeaturesmay

not be known at all. Thereforewe may call a mathematicalmodel containinga

formal description( with an acceptablelevel of accuracy)01 not all the essen-

tial features of the object under consideration an

incomplete mathematical model.

It is clear that any developerof mathematicalmodelswants to make them

as complete as possible. And most of the mathematical tools developedto

analyze these models are basedon the assumptionthat they are complete.
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Nevertheless.in practice this assumption of completenessis often invalid.

which meansthat suchmodelscannotbe usedto generatea forecastor to find

an optimal solution. The userof an incompletemathematicalmodel shouldtry

to improve it by increasingthe level of completeness;otherwise.he/sheshould

restatethe problem to be solved to avoid contradictionswhich arise from the

incompletenessof the modeL

This paperis concernedwith the correct use of incompletemathematical

models.

Statementof Problems for Incomplete Mathematical Models

We definean incompletemathematicalmodel as a setof formalizeddescrip-

tions which havebeenmadewith an acceptablelevel of accuracy.but which do

not reflect all essentialfeatures( suchas links, constraints.etc. ) influencing

the behaviorof the modeledobject.*

To obtain results of practical value it is necessaryto take into considera-

tion both formalized and nonformalizedfeaturesof the object. The formalized

featuresmay be presentedin the form of an incompletemathematicalmodel,

but for the latterwe mustengagethe model userin the processof decisionmak-

ing. The main aim of this approachis to combine the ability of the user to

extractacceptablestatesof the modelfrom the setoffeasiblesolutionswith the

computer'sability to generatethis setfor a givenincompletemodel.

*An incompletemodel may be augmentedby including new variables,constraintsand so on,
but not by changingthe existing ones, otherwiseit shouldbe considereda different incom-
pletemodel.
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Two definitions shouldbe given here. A state of the model is feasible if it

satisfiesall formalizedconstraintsincludedin the descriptionof the incomplete

model; anda stateof the model is acceptableif the userhasno objectionto this

state.It is obvious that the setof feasiblestatesof the model includesthe setof

acceptablesolutions, but not vice versa. As there is no formalized way to

extract acceptablesolutions from the set of feasible ones, the decisionmaker

cannotusethe computerto verify sufficient conditionsof acceptability.He/she

can only check( by meansof formal tools) whetherthe necessaryconditionsof

acceptabilityare valid, Le. whetherfeasiblesolutionsexist or not. This is why

no optimization or forecasting problems can be solved using incomplete

mathematicalmodels. Thesemodels may help us to find out 'what will not hap-

pen',but not 'whatwill happen'.

The following schemeis suggestedfor seekingacceptablesolutions, com-

bining the abilities of humandecisionmakingandformal computeranalysis. As

a first step the computergeneratesthe set of feasible solutions for a given

incompletemodel, or determinesthat suchsolutionsdo not exist. Becauseit is

practically impossiblefor the user to manipulatea whole set of solutions. the

decisionmakeranalyzesonly one of them. If the solution is not acceptable,the

user introduces additional constraintsinto the incomplete model, trying to

eliminate unacceptablefeatures of the solution. The computer corrects the

feasible set of solutions in accordancewith these new constraintsand gen-

eratesa new solution. the acceptabilityof which is to be testedby the user.

The processis repeateduntil an acceptablesolution is found.

This schemeis not concreteenoughfor one to make conclusionsaboutits

convergencyfrom a purely formal viewpoint. In practicea decisionmakerwill

usually find a solution. The existenceof the solution ( or set of solutions )

dependson the problem,but is not a propertyof the describedscheme.
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In spite of the theoreticalsimplicity of the approach.its practical use has

beenfound to be difficult. In the next sectionswe will discussin detail the prob-

lems that arize in the caseof finite-dimensionalmathematicalmodels,dwscribe

the softwarefor linear fiow models.andgive an exampleof the practicalapplica-

tion of the approach.

The Caseof Ji1nite-DimensionalModels

Let a state of the mathematicalmodel consideredbe describedby an n-

dimensional vector x. the componentsof which are x 1,x2" .. •x n . We will

assumethat the relations

r ｾ 1
Ys(x) ｬ ｾ ｬ O. s=[l,m]. ( 1)

are expressionsof the only essentialfeaturesof the modelledobjectwhich can

be formalizedat an acceptablelevel of accuracy. We will also assumethat all

Ys(x) are convex functions of componentsof x defined for a nonempty

domainacE".

Supposenow that the setof all x satisfyingthe system(1) is not empty, Le.

that there exists at least one x· which is a feasible state of the model. The

decisionmakerverifies whether x· is an acceptablesolution as well. If it is

found to be acceptable.the procedureis finished. Otherwise, the user can

insertadditional constraints

r ｾ 1
9c(x) ｬ ｾ ｊ o. t=[l,L]. (2)
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wherefunctions9t (:z: ) have the samepropertiesasthe functionsY:r( :z: ).

The main purposeof thesenew constraintsis to convert the feasible solu-

tion x - to an acceptablesolution. The differencebetweenfunctions 9t ( x ) and

Y:r( x ) is that the first onesmay be unknown to the userbefore analysisof the

feasible solution :z: -, whereasY.( x ) are known a priori. Togethersystems(1)

and(2) are the conditions of feasibility.

'Ibis correctingproceduremay be repeatedseveraltimes until an accept-

able solution is found. At eachstepnew constraintsare includedin the system

(1)-(2) which, generallyspeaking,makethe domain0 morenarrow.

A difficulty which may ariseat somestepof the procedureis the infeasibil-

ity of the system(1)-(2). It is suggestedthat the following specialprocedureis

usedto avoid this situation. Let the setof constraints

g" ( " ) ｛ｾ I0, tT=[1,1T] (3)

causethe state of infeasibility. This meansthat the system(1)-(2)-(3) has an

internal contradiction and all the conditions cannot be satisfied simultane-

ously. In this caseit is possibleto removeconditions(3) from the setof neces-

sary conditions of the model and to start consideringthem only as 'desirable'

conditions. But, on the other hand, this 'desirability' means that these con-

straints should be satisfied as exactly as possible. We can use the lack of

uniquenessof the solution of the system(1)-{2) by choosingthat solutionwhich

satisfiesthe newconstraints(3) in the bestway.

We may, for example,introducea metric

(4)
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where ｧ Ｌ ｾ are referencevalues· for the 'desirable' constraintsand ｎ Ｌ ｾ are

suitablenormalizations.

The metric (4) has a disadvantage,namelythat the minimization of p( % )

may not uniquely define all componentsof %. To avoid this we may repeatthe

minimization severaltimes, fixing all the componentsof % which were defined

uniquely during the previoussteps.Technical details of this procedure,called

sequentialfixa.tion, as well as choosing the referencevalues and normaliza-

tion, will be discussedin the next section.

The last problem to be mentionedhere is the possible infeasibility of the

original system(1). If this is the case,parametricanalysisis recommendedto

reconstructthe initial descriptionof the incompletemodel. A numberof suit-

able algorithms and methods are known. One of them, called the compa.ct

modelling a.pproa.ch,was sucessfullytestedin practice[ Umnov, 1984].

Linear Flow Models

The ideas describedin the previous sectionsare too generalfor a conclu-

sion to be madeabout their practical effectiveness.Thereforeit seemsreason-

able to move to a more concretecase:that of standardlinear flow models.

Let us considera mathematicalmodel consistingof a networkconsistingof

N nodeswhich may be linked by meansof K componentflows. Eachof the nodes

• We use the term'referencevalue' following Wierz"bicki at al. [ 1984J, becauseof thetechn-
ical similarity, but the describedapproachis oppositeto optimizationin general( and to
multiobjective optimization in particular) owing to the main assumptionabout the incom-
pletenessof the consideredmathematicalmodel. The referencevaluesare formal parame-
tersof the procedureandhaveno practicalinterpretation.
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may be a source,a sink, or both. Generallyspeaking.the graph of the network

maynot be connected.

Let the value of the flow from the ith nodeto the jth of the kth type be ｘ ｩ ｾ Ｇ

A state of the model is described by the set of variables

ｻ ｘ ｾ Ｌ itj = [l,N], k =[LK] ｾ .• For the convenienceof the decisionmakeraddi-

tional variablesare introducedwhich makeit possibleto operatewith the sums

of the original variablesover different groupsof indices.For example,the addi-

tional variable .st+ is definedas

.st+ N I: I:
= }:PijXij ,

J=l

whereplj are coefficientspermitting summationof the different kinds of flows in

commonunits. Variables8';.j' Sti. 8';.+. St"t. stj' st+ aredefinedin an analogous

way.

The conditionsof feasibility (1) are describedin terms of a systemof con-

straints, each of which is an equality or inequality imposedon both absolute

and relative values of the variables. The decisionmakermay use the con-

straints

I: I: -I:
!1:i.j ｾ Xij ｾ O-ij

At ｾ Sf+
..,.1: - bl:S+
""ij - ij +j'

(5)

andthe like. The valuesof the parametersｦ Ｑ Ｚ Ｆ ｾ Ｎ iifj. At. ｢ｾＮＬ ... are to be defined

by the user.

To simplify the procedureof decisionmaking,a specialsubsetof the 'soft'

constraints(3) was usedfor the linear flow model. Theseconstraintsare to be

• Here we give a short descriptionof the 'Ima.. 12'-softwaresystemdevelopedby the Re-
gional IssuesGroupof IIASA in 1963.[ Lenko, 1985].
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equalities defining values of the primary variablesxt. This meansthat the

metric (4) shouldhavethe following form:

p(x) (6)

where nonnegativenumberswt are weight coefficients and xf/ are the com-

ponentsof the referencepoint expressedin termsof primary variables.

The procedureof sequentialfixation is essentialhere becausethe metric

(6) may not define uniquely all componentsof the vector X. which is the

minimum point for the function (6). For eachstepof theprocedureall the com-

ponents of x which have nonzero dual values are fixed. The procedureis

finished when all the componentshave been fixed or the minimum of (6)

becomeszero. The obtainedsequenceof optimal valuesp ｾ PI,P2' ... ,pp j may

be very useful for the decisionmakerbecausethey rank the set of components

of vector x, measuringthe minimal relative changenecessaryto transferthe

referencepoint x· to a feasiblesolution.

The importanceof sequentialfixation is also demonstratedby the fact that

in the caseof a complexsystem(1) the maximumelementfrom the set

f Pt,t = [l,P] j may not give the correct description of model properties.For

example,Table 1 and the correspondingFigure 1 presentthe dependencesof

the maximal P and an averagep on the value of a parameterof the model

describedin Umnov [ 1984]. The averagepwas calculatedusing
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where at is the ratio of the sum of the flows fixed on the t th stepof the sequen-

tial fixation to the sum of all the flows, andP is the numberof stepsof the pro-

cedure.

Finally, it shouldbe notedthat the weight coefficientsWi; may be usedfor

the following purposes.Firstly, the decisionmakercangive zeroweight to those

flows which do not exist or are zeroat the referencepoint. Sometimesthis trick

permits one to avoid an infeasibility a priori. Secondly, using very large

weights, it is possibleto find maximumor minimum valuesof the corresponding

componentsof vectorx. The decisionmakershouldbe careful to havemaximum

or minimum values for thesecomponentsonly at the referencepoint. If the

decisionmakerintroducessimultaneouslya set of criteria and their trendsare

contradictory, then. as can be easily checked,a semi-effectiveequilibrium on

the Paretoset is achieved.
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Figure 1.

Necessarystructuralchange
Price for balancing
level the stateof the world trademarketin 1990

for energyproducts (in %)
( in % of 1970 )

Maximal p Averagep
100 62.00 18.01
150 60.99 15.43
200 59.98 13.90
250 59.00 12.86

I

300 58.03 12.58
350 57.08 13.97
400 56.14 15.72
4·50 55.21 17.18
500 54.30 18.44

Table 1.
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GENERAL INFORMATION

Mathematicaldescriptionof this problem can be found in the first part of

the document. This part contains the formal description of the relevant

software.

Sourceprogramsare in: /uc/lenko/FMA

Working version:FMA12 - with shortenedMINOS, automaticfixation

MINOS subroutinesare in /uc/lenko/short in compact form (shortened

version) andin /tmp/lenko/short- objectfiles after compilation

List of sourcetiles:

tma12.f bdata12.f routine12.f

vypoc12.f vystup12.f min12.f

podprog12.f mlw.f m2w.f

ogrbas12.f

vstup12.f gener12.f

restr12.f equat12.f

m3w.f m4w.f

Link file is: link.fma

Executabletaskwill be in: /tmp/lenko

If the task has once beensolved. the userhas a possibility to choosesome

otheroutputtablesaccordingto specificationsin the file for outputdescription

(des.out)without resolving the problem again. For this purposeuse a program

OMA12. All input and outputfiles have the sameformat. To get this programuse

tile link.oma to link all necessarysubroutinestogether. Use tile oma12.f

insteadof vypoc12.ffrom the list of sourcetiles anddo not usefiles m1w.f m2w.f
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m3w.f m4w.fmin12.f ogrbas12.fandgener12.f.
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FILES

All input information must be preparedon input files. Programreadsthis

information. check data to some extent and preparesinput file (mpsfile) for

standardoptimizationprocess( whereMINOS is used).After optimizationoutput

tablesare preparedaccordingto user'sdefinitions. Processof optimizationcan

be done as a simple process,or as a so called "automatic fixation process".

where all the flows which are on the boarderare fixed andslightly modified pro-

cessis solved until all ft.ows are fixed, or the objective function is less then a

given limit.

INPUTm.ES:

spec tile:
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: FLOW MODEL ANALYSIS

inp.f. database : database

inp.f. nodes : nodes

inp.f. flow. types : flow.types

inp.f. flow.equiv : flow.equiv

inp.f. restrictions:restr

inp.f. structure : struct

inp.f. descr.output: des.out

out.f. database : newbase

out.f. graph : graph

tolleranceepstol 1.00000e-4

tolleranceepsil1 1.0000e-ll

old mps file? : no

Input specificationfile has always name'spec'.Here the userwrites names

of input and output files and other parametersof task (name of task etc).

Filenameson lines 2.3.4,5 and 9 are necesssary.all other are optional. If the

user do not want to have some input or output files (concerning the lines

6.7,8.10) he writes the keyword 'no' insteadof nameof fiLe. Filenamecan be 12

characterslong. Name of task can be 40 characterslong. All theselines are

readwith format: (22x,10a4)except the lines with tollerances,where the for-

mat is : (22x,e12.5). Here the tollerance epstol is used at preparingoutput

graph table as a minimum relative distanceto optimal value of eachflow and

also as a limit for objective function at automatic fixation. This parameter

servesalso as a criterium for the end of automaticfixation process.When the

objective function is less then this parameter,the processis finished. Next

parameterepsil1 serves as a criterium which flows are to be fixed. For the

usageof old or new mpsfile keyword 'yes' or 'no' shouldbe used.The keyword
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'yes' can be usedin the casewhen the userwantsto restartthe processandthe

mpsfile is ready.

nodes

There is an identifier ( 2 characters)anda name (20 chars)for eachnode

here. The format is (a2,lx,5a4).The sequenceof nodesdefines the sequenceof

datain all output tables,indexesof flows etc.

flow. types

Eachflow. type hasits own name(20 characters),which is readwith format

(5a4). The sequenceof fiow. typesdefinestheir index.

database

Here the user gives the values of all flows in the system. Flows are

separatedin blocks where one block meansall flows from one node to another.

Each block has header,body and tail. The headerhas form: block OUIN with

format(6x,2a2)where OU is identifler of outcomingnode and IN is identifier of

incoming node. Body has a form: flow. type index, value of flow with format

(2x,i3,g22.14).The flow should be greaterthen zero. The zero flow meansthat

the fiow does not exist now but shouldoccur later. This flow must be declared

in restriction file as 'free' (it does not take part in computing the objective

function) The tail has form: 0 O. with format (i5,e12.5) It is not allowed to

have2 blockswith the sameheaderin the database.

equivalent coefficientstile

The user gives the values for equivalent coefficients in this file, which

meansthe valueswith which you mul.tiply the value of flow and so you get the

flow in comparativeequivalents.(You can make a sum of flows with different

flow. types only in their equivalents.)This file can be one of three different
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types. which is written as a numberin first row of the file. The rest of the file

has the samestructureas databasefile. If type=1 then equivalentdependson

flow types only. The contentof file is one block with blanksas namesfor header

block . Then for each flow type you can give the value of coefficient.

Default value is 1. If type=2then the equivalentdependson the outputingnode

and on the flow type. so the file can have maximal so many blocks how many

nodesyou have, one block for eachnode. In headeryou mustgive the identifier

of the outputing node only. If type=3 the equivalentcoefficients are for each

flow. In headeryou must specify outputing and inputing node and in body you

give valuesfor correspondingflow types.You cangive the valuesdifferent from

1. which is the defaultvalue.

restr

The usercan give restrictionsto simple flows. to the sum of flows or to the

differencebetweenoutcomingand incoming flow or sum of flows, which will be

later marked as imbalance. Format of file is: (a2,1x.3a2,1x,a1,1x,e12.5).

Sequenceof items on eachline is:



where itemsVAR, INDl, IND2, IND3 form so

- 21 -

VAR,IND1,IND2,IND3,OP,VALUE

calledvariable

VAR denotestype of restrictedvariable.This canbe keyword:

VA - wherevariable is asvalue

EQ - wherevariableis as in a form of equivalent

1M - wherevariableis of type imbalance

IND1 denotesidentifier of outputingnode

IND2 denotesidentifier of inputing node

IND3 denotesindex of flow type

For all this threeparameterswe canusealso keywords+ + or **

with the following meaning:

++ meansthe sum of all flows

** meansthat this item is substitutedfor all possibleidentifiers

of nodesresp. indexesof flow types(in the placeof IND3).

It means,that thereare restrictionsto the whole setof variables

in one row.

OP can be:

> for biggerthen

< for lessthen

= for equalto

W for weight for single flow

VALUE is restrictedvalue.

In the caseof weight it meanstheweight factor. If this parameteris missingthe

default value is O. which meansthat variable is free (has no weight). In other

casesif the value is missing it is substitutesby the value taken from source

data.It meanse.g. if the variableis simple flow, it will be valueof the flow taken

from the database. If the variable is sum of flows, the sum of corresponding
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flows taken from the databasewill be computedand this will be the default

value.

Someexamples:

VA EUSU02> 10.3

VA EUSU02 < 11.2 - simpleflow will be in the range 10.3<flow<11.2

EQ EUSU02= 14. - simpleflow will havethe equivalentvalue of 14.

1M SU++++ > 140. - imbalanceof total outputfrom nodeSU to all nodes

andall flow typeswill be greaterthen 140.

EQ EU++02 = 4. - total outputfrom EU to all nodesfor flow type nro.2 = 4.

EQ ++US++ < 99. - full input to US will be < 99.

EQ SUUS"> - flows from SU to US of all flow typesmustbe greaterthen

their given values

EQ *..*** < - all flows in the systemmustget lower value thenthey have

EQ ++++++ > 1999. - total sum of all flow typesin the marketshouldbe > 1999.

The useris responsibleto give consistentrestrictions.

struct

The usercan define anotherconstraintsfor the variablesalso. Thesecon-

straintscan be of following type:
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varl $ coefl • var2 + coef2

where:

varl or var2 - are variablesusedin system.All possiblevariablesaccording

to specific"ationfor restrfile canbe used,e.g. simple flows, total output, input

imbalance,sum of outputingflow typesetc.

coefl or coef2- arevaluesfor coefficients,coefl shouldnot be zero

$ - is type of constraint, it canbe <, > or =

Formatof file is: (a2,lx,3a2,lx,al,lx,e12.5,a2,lx,3a2,e12.5)

varl, var2 andcoefl cannotbe missing.If coef2 is missing (blank)

its defaultvalue is O.

des.out

This is a file with descriptionof output tables. File consistsof 3 parts,first

part is for output table 1, secondfor output table 2 andthird for output table 3.

In first row of eachpart the usergives the nameof output file. If thereis a key-

word 'no' hereit meansthat no output file will be producedandusercontinues

directly with next line. Do not put empty lines betweentheseparts if keyword

was 'no'. In next lines after the filename the usergives parametersabout type

of output tables.You have severalpossibilitiesto chooseoutput. Your descrip-

tion consistsof 4 parts.
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NO ICR ACRW VE

where NO is identifier of node.The usercanput in this placealso

identifiers **, which meansall nodes,or ++ which meanssum of all flows.

For the secondoutput table this parameteris index of flow type

(here++ ** canalsobe used).For the third outputtable it is also identifier of node.

For all otheroption useletterY (for yes) or N (for no) insteadof

letter above.

ICR option: hereyou can chooseinput{I=Y). correction(C=Y) or output

table (O=Y).

ACRW option: hereyou canchooseif datain the tablewill be as absolute

value (A=Y). or they will be printedrelatively to the sum of the

column(C=Y). relatively to the sumof the row (R=Y). or relatively to the

whole sum (W=Y).

VE option: hereyou canchooseif the datawill be printed

as flow (values.V=Y). or as their equivalents(E=Y).

For eachof this threeoptionsminimally oneY in eachoption must be chosed,

but it is possibleto usemoreY in eachoption. then for eachline with

descriptionyou canget more outputtables.

For the third outputtablesonly ICR option is valid. no more optionsare

possible.

spectile

This is an exampleof specfile:
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beginspecs for priklad

minimize

objective obj

rhs rhs

bounds bnd

rows 1000

columns 1000

elements 10000

nonlinearvariables 0

mpsfile 2

old basisfile 0

newbasisfile 4

solutionfile 0

solution no

cycle limit 1000

cycle print 0

crashoption 1

iterations 3000

log frequency 100

lu row tollerance 50.0

factorizefrequency 100

partial price 1

feasibility tol 1.Oe-8

problemnumber 0

end

NOTE: cycle limit - defines maximal numberwhen minos is called. If we do not

want to use automatic fixation. we must used value 1. if we want to use
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automaticfixation, we must set the maximum possiblenumberhere (theoreti-

cally it is numberof fiows, when 1 flow will be fixed in onecycle). old basisfile -

if we want to use reastartfrom previoussolution, we can usefile with number3

here.At first copy fort.4 to fort.3 andset old basisfile 3.

NOTE: It is possibleto use commentline in any place of files database,restr or

struct. Commentlines must have == in first two columns, the rest of line is

comment.
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OUTPUT FILES:

out1ile

This file is shortenedversion of standardoutfile for MINOS. The necessary

information about optimization processare written here. Here you can flnd

standardoutputfrom MINOS if the solutionwas infeasible.

fort.9

There is an information about automaticfixation (value of objective func-

tion fixated flows, fixed valuesetc) storedhere. All errorsare printedherealso.

output table 1

This is a table of flows according to flow types. The user can specify the

outcoming flows, type of table (input, corrections,output, absolute, relative,

valuesor equivalents)in file des.out.

output table 2

This file has the samestructureas file output table 1 insteadof that each

table is for one particularflow type which is specifledas item NO in file des.out.

output table 3

For each outputing node (NO item) the following table can be printed:

(accordingto specificationsof ICR optionsin file des.out) valuesfor input flows.

corrections,resultingflows in valuesandequivalences.
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graph

Resultsare producedin a so calledgraphical form here. For eachft.ow in

the model the correspondingcharacterwill be printed. The meaningof charac-

ters is asfollowing:

+ meansthat the ft.ow is on upperborder.

- menasthat the ft.ow is on lower border.

meansthat the ft.ow haszerovalue

e meansthat the ft.ow was fixed at the beginningof task.

# meansthat the ft.ow was markedas free.

o meansthat the ft.ow hasnothing from uppergiven property(e.g. it is

betweenmax. andmin. etc.)

NOTE: it is not interestingto preparegraph file after automatic fixation.

becauseall ft.ows will be fixed at the end of task. It is not possibleto prepare

the graph file if the number of ft.ow types multiplied by number of nodes is

greaterthan 128 becauseof the numberof columnsin one line of line printer.
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WORKING FILES:

mpsfile

Standardmps file for MINOS solution is preparedwithin the program. The

whole problemis tranformedto the following linearprogrammingproblem:

minimize uu with respectto:

xxiijjkk + AAiijjkk * uu >= O. (rows rliijjkk)

-xxiijjkk + AAiijjkk * uu >= O. (rows ruiijjkk)

sumjj sumkkxxiijjkk exii = - sumjj sumkkAAiijjkk (rows reii)

sumii sumkkxxiijjkk - imjj = - sumii sumkkAAiijjkk (rows rijj)

exii - imii - saii = O. (rows rsii)

sumii sumjj xxiijjkk - xgkk = - sumii sumjj AAiijjkk (rows rgkk)

sumjj xxiijjkk - xoii99kk = - sumjj AAiijjkk (rows roii99kk)

sumii xxiijjkk xd99jjkk = - sumii AAiijjkk (rows rd99jjkk)

sumkkxxiijjkk - xqiijj99 = - sumkkAAiijjkk (rows rqiijj99)

xoii99kk - xd99iikk - soii99kk = O. (rows rrii99kk)

xqiijj99 - xqjjii99 - sgiijj99 = O. (rows rviijj99)

sumii exii - xt = O. (row rt)

sumjj xxiijjkk / piijjkk - xbii99kk = -sumjj AAiijjkk / piijjkk (rows rbii99kk)

sumjj sumii xxiijjkk / piijjkk - xc9999kk= -sumjj sumii AAiijjkk / piijjkk

(rows rc9999kk)

-xaiijjkk + xxiijjkk - xxjjiikk = AAjjiikk - AAiijjkk (rows raiijjkk)

Here everyrow andcolumn hasits own meaning.Namesconsistmainly in a
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form yyiijjkk: whereyy are2 charactersdenotingtype of variable

ii is index of outputingnode.

jj is index of inputing node.

kk: is index of !low types.

When index is equal to 99 it meansthe sum. Here rows rliijjkk ruiijjkk: reii

rijj rsii are alwaygenerated.other rows aregeneratedonly when it is neces-

sary(usergives requestin restr or struct file). Besidesthat for eachrow from

struct file corespopndingeniiii row is generatedwith variableswhich names

can be any of above. Here iiii is numberof row in struct file (except** option

which makesthe addedgenerationof rows and.so the shift with numberingrows

in mpsfile).

basistiles fort.3. fort.4

Theseare basisfiles which canbe usedfor restartpurposes.

scratch file nro 6

It is working file for minoswhich is scratchedafter solution.
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ERROR MESSAGES:

The structureof eachmessageis :

nro - subroutine - concerningfile - description - how correct
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l,line - vstup - spec - file too shortor error at readingfile - correct

data

2,line - vstup - nodes- such a nodealreadyexists- correctdata

3,line - vstup - nodes- too manynodes- changesize of arraysand

parametermxp

4,line - vstup - nodes- no node- correctdata

5,line - vstup - flow types - too many flow types- changesize of arraysand

parametermxg

6,line - vstup - flow types - file too shortor errorat readingnumericvalue -

correctdata

7,line - vstup - database- wrong identifier of nodein the header- correctdata

B,line - vstup - database- wrong index of ft.ow type - correctdata

9,line - vstup - database- value is lessthen O. - correctdata

lO,line - vstup - database- too manyflows - changesize of arraysandpara-

metermxv

ll,line - vstup - database- error at readingnumericvalue, block not closed

or shortfile - correctdata

l2,line - vstup - database- zeronumberof ft.ows - correctdata

l3,line - restr - restr - wrong type of restrictedvariable(not VA,EQ,IM) - correctdata

l4,line - restr - restr - wrong type of constraint(not < > =W) - correctdata

l5,line - restr - restr - negativevalue of flow - correctdata

l6,line - getvar- restr/struct- type of restrictedvariablecannotbe 1M - correctdata

l7,line - getvar- restr/struct- wrong identifier of outputingnode- correctdata

lB,line - getvar- restr/struct- wrong identifier of inputing node- correctdata

19,1ine- getvar- restr/struct- wrong index of ft.ow type - correctdata

20,line - getvar- restr/struct- type of restrictedvariablecannotbe FL - correctdata

2l,line - restr - restr- constraintfor nonexistingflow - correctdata
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22.line - addr - restr/struct- too manyconstraints- changesize of arrays

andparametermxr

2B,error- vypoc - 0 - error at minossolution- changedefinition of task

29,0 - vstup - 0 - flow(s) is zero andis not fixed or free

31,line - getvar- restr-wrong numericvalue for index of flow type - correctdata

32,line - restr - restr-wrong numericvalue for flow - correctdata

33,0 - open - 0 - errorat openingfile - consultwith systemprogrammer

34,line - restr - restr-errorat readingfile - correctdata

3B,index- outgr - outgraph- flow haszerovalue andis not free - declare

variable as free in database

39,0 - outgr - outgraph- it is not possibleto makegraph(too big) - put

'no' parameterasgraphicaloutputfile

40,line - vstup - nodes- error at readingfile - correctdata

41,0 - matmod- 0 - cannotfind flow (error in program)- consultwith author

of program

42,0 - tma - 0 - small arraysfor lngpg - changesize of arraysand

parameterlngpg

43,line - equat - struct- badtype for variable1 - correctdata

44,line - equat - struct- badtype of structure- correctdata

45,line - equat - struct- missingcoefficient for structure- correctdata

46,line - equat - struct- error at readingcoeffor structure- correctdata

47,line - equat - struct- both typesare simple flows for" option - correct

data

4B.line - addone- struct- too manystructures(shortarrays)- changesize of

arraysandparametermxr

49,line - equat - struct- .. doesnot match- correctdata

51,line - equat - struct- baddataon structfile - correctdata
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52.line - equat - struct- badtype for variable2 - correctdata

53,line - equat - struct- not sucha flow - correctdata

54.line - addr - restr/struct- imbalancefor the samenode- correctdata

55,line - matmod- 0 - nro of cycle is greaterthensize of arraysfor storing

results- changesizeof arraysor reducenumberof cycles

56,0 - tma - 0 - small arraysfor outputtable 2 (ares.bres)- changesize

of arraysandparametermxp

57,line - restr- restr- weight cannodbe for flows of type ++

59.line - restr- restr- weight can be for simple flow only

60.0 - restr - restr- lower> upperboundfor total - correctdata

61.index- restr- restr- lower> upperboundfor imbalance- correctdata

62,index- restr- restr- lower> upperboundfor total output- correctdata

63,index- restr- restr- lower> upperboundfor total input - correctdata

64,index- restr- restr- lower> upperboundfor sum of all flow types- correc

data

70,0 - tma - 0 - more than 2000flows or 25 nodesin common/trans/-

changecommonin all subroutines

71.0 - vstup- spec- missingfilenamefor database- correctdata

72.0 - vstup- spec- missingfilenamefor nodes- correctdata

73.0 - vstup - spec- missingfilenamefor flow types- correctdata

74.0 - vstup- spec- missingfilenamefor flow equivalences- correctdata

75,0 - vstup- spec- missingfilenamefor new database- correctdata

76.line - vystup- des.out- wrong numericvalue or file too short- correctdata

77.line - vstup- flow.equiv - error at readingnumericvalue or file too short

or block not closed- correctdata

\78,lngg - vstup- flow types- no flow types(file empty) - correctdata

179.0- vystup- 0 - changedimensionof poleO
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Bl,line - vystup- des.out- wrong identifier for outputingnode

B2,line - vystup- des.out- wrong identifier for inputing node

B5.line - oma- newbase- error at readingblock. block too shortor not closed

- correctdata

B6.line - oma- newbase- fiow was not found - correctdata

B7,line - oma- newbase- wrong identifier for outputingor inputing node- correctdata

BB,line - oma- newbase- negativeft.ow - correctdata

90,jfound- matmod- 0 - wrong index for fixed variable(askprogrammer)

91,itypp - vstup- ft.ow.equiv - type of ft.ow equivalentis not 1,2 or 3 -

correctdata

92.line- vstup- ft.ow.equiv - wrong identifier for outputingor inputing node - correctdata

93,line- vstup- ft.ow.equiv - wrong fiow type index- correctdata

94,line - vstup- ft.ow.equiv - ft.ow equivalentcannotbe <= O. - correctdata

NOTE : all error messagesare displayed to file 'fort.9'. All errors cause

finishing the program at the moment and place when they occur (generally

when error is at reading input files or at minos solution, no output files will be

prepared.)There is also one warning messagewhich doesnot causedthe finish

of program andwhich occurswhen the usergives inconsistentconstraintsfor

somevariable.In this casethe last constraintwill be takeninto consideration.
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PART THREE: AN ll.LUSTRATNE EXAMPLE
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Analysis of the Dynamics of the Energy Production-Consumption Structure

for CMEA Countries

The approachdescribedwas appliedto investigatetrendsof developmentof

the energyproductionandconsumptionstructuresof the membercountriesof

the Council for Mutual EconomicAssistance( CMEA) up to the year 2000. The

basic, incompletemodel was developedby the EnergysystemsGroup of IIASA in

1983/84;see,for example.Golovin [ 1985 ].

The main purpose of this investigation was to analyze the feasibility of

different versions of consumptionstructuresand evaluationsof the potential

growth of energyproduction.The following were takeninto consideration:

- rangesof consumptionlevels consistentwith the

plannedratesof generaleconomicgrowth;

- rangesof possiblecapacitiesfor energyproduction;

- the requirementto achievethe targetlevelswith

the minimal structuralchangesin energetics.

The first two conditionsare the conditionsof feasibility. The third condi-

tion is an informal definition of metric (6). The referencestate of the model is

the initial situation. Roughly speaking, we would like to change nothing to

achievethe desiredtargets.

In termsof the linearflow model the problemmay be formulatedas follows.

We have a systemof eight nodes( Table 2 ) linked by a set of four component
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flows ( Table 3 ) .

Identifier Country

BG Bulgaria

HU Hungary

GR GDR

PL Poland

RO Romania

SU USSR

CS Czechoslovakia

RW Restof the World ( as a supplier-consumerfor CMEA)

Table 2.

No. Energy Unit of Coefficientof

product measurement equivalence

1 Coal mill. tce 1.000

2 PrimaryElectricity bill. kWth 0.326

3 CrudeOil mill. tons 1.454

4 NaturalGas bill. cu. m. 1.188

Table 3.

The state of the production-consumptionmarket for CMEA countries in

1980 was taken as the initial state. The description of the state is given in

Tables4, 5, 6, and 7 for coal, electricity, oil andgas, respectively. Eachrow of

thesetablesdescribesthe productionandeachcolumnshowsthe consumption.
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BG HU GR PL RO SU cs RW Total production

BG 15.2 15.2

HU 10.0 0.1 10.1

GR 0.4 76.4 0.2 0.3 1.0 78.3

PL 0.1 0.7 2.3 143.5 0.3 5.4 1.6 13.6 167.5

RO 17.0 17.0

SU 5.6 1.1 4.4 0.6 1.2 487.1 2.9 2.6 505.5

CS 0.7 1.7 0.4 59.0 2.6 64.4

RW 0.1 1.2 4.6 0.3 0.1 6.3

Total consumption 20.9 13.0 86.0 144.3 23.5 492.8 63.9 19.9 864.3

Table 4. Production-consumptionof coal in 1980 (mill. tce )

BG HU GR PL RO SU CS RW Total production

BG 9.0 0.2 0.7 9.9

HU 0.13 0.13

GR 9.8 2.3 0.3 12.4

PL 0.5 1.0 1.0 2.5

RO 0.9 11.2 12.1

SU 4.6 8.3 1.5 0.5 220.8 1.2 3.1 240.0

CS 0.5 2.9 0.3 3.4 1.7 8.8

RW 0.1 0.3 0.3 0.7

Total consumption 13.7 10.13 13.2 5.1 11.7 221.0 6.2 5.5 286.53

Table 5. Production-consumptionof electricity in 1980( bill. kWth )
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BG HU GR PL RO SU CS RW Total production

BG 0.3 0.3

HU 1.0 1.0 2.0

GR

PL 0.3 0.3

RO 11.5 11.5

SU 12.0 8.0 19.0 13.1 0.4 481.2 18.3 51.5 603.5

CS

RW 1.0 0.3 2.9 3.2 15.5 7.0 1.0 30.9

Total consumption 13.3 9.3 21.9 16.6 27.4 488.2 19.3 52.5 648.5

Table 6. Production-consumptionof oil in 1980( mill. tons)

BG HU GR PL RO SU CS RW Total production

BG 0.2 0.2

HU 6.1 6.1

GR 2.8 2.8

PL 6.3 6.3

RO 0.2 35.0 35.2

SU 4.6 3.8 6.8 5.3 1.3 375.5 8.7 29.0 435.0

CS 0.5 0.5

RW 2.5 2.5

Total consumption 4.8 10.1 9.6 11.6 36.3 378.0 9.2 29.0 488.6

Table 7. Production-consumptionof gasin 1980( bill. cu. m.)



- 41 -

The necessaryconditionsfor feasibility were definednot only for the final

point ( year2000 ) but also for intermediatepoints: 1985, 1990 and 1995. These

conditions are inequalities for absolute and relative values of production-

consumptionvolumes for different countriesand different kinds of products

(Tables 8, 9, 10 and 11 ). The hypothesisabout the dynamics of the energy

potentialfor CMEA countriespredictsmoderategrowth of the coal industry, sta-

bilization of crude oil production, and intensive developmentof both nuclear

energyandnaturalgasproduction. The sourcesof informationusedto evaluate

the potentialvolumesof energyproductionwere the World EnergyConference

[1983 J, Wilson [ 1983 J. the British InstitutesJoint EnergyPolicy Programme

[1983 J, Stern [ 1982 J, and the official statisticalCMEA reports [ 1982, 1983 ].

Becauseof the essentialdifferencesbetweenthe forecastlevels of energycon-

sumption, two independentscenarioswere considered.The first, called 'high

consumption' scenario ( Table 9 ), suggeststhat the planned 3% economic

growth will be providedby an energyelasticity ( relative to GNP) for the USSR

ranging from 0.85 in 1985to 0.65 in 2000, andfor the otherCMEA countriesfrom

0.75 to 0.50, respectively. The 'low consumption'scenario( Table 10 ) is based

on the assumptionthat the energyelasticity rangesfrom 0.50 to 0.25 for the

USSRandfrom 0.30 to 0.10 for the otherCMEA countries.

Table 11 contains the description of three possible structuresof energy

consumption.StructureA correspondsto the statejust after 1980 and permits

relatively narrow variations. StructureC differs essentiallyfrom A. The main

differences are: a reduction in the share of crude oil and increasesin the

sharesof primary electricity andnaturalgas. The coal dynamicsdependon the

policy of the individual country, but the averageshareis slightly decreased.

StructureB is an intermediatevariantbetweenA andC.
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Reachablemaximum
levels of production

Exporter Energy
Product 1985 1990 1995 2000

BG Coal 17.2 18.0 19.0 20.0
Electr. 13.8 19.4 35.0 54.0

Oil 0.2 0.2 0.2 0.3
Gas 0.2 0.2 0.2 0.2

HU Coal 11.0 11.0 13.0 14.0
Electr. 0.13 9.1 22.0 36.0

Oil 2.0 1.8 1.6 1.5
Gas 6.5 7.5 9.0 6.0

GR Coal 80.0 80.0 80.0 80.0
Electr. 14.6 20.6 39.0 58.0

Oil .
Gas 2.8 2.8 2.9 3.0

PL Coal 180.0 200.0 210.0 220.0
Electr. 2.5 6.6 18.0 36.0

Oil 0.3 0.2 0.1 0.3
Gas 6.5 7.5 9.0 6.0

RO Coal 22.0 30.0 40.0 55.0
Electr. 12.5 16.6 23.0 33.0

Oil 11.5 11.0 10.5 10.0
Gas 30.0 30.0 30.0 33.0

SU Coal 540.0 590.0 660.0 780.0
Electr. 440.0 705.0 940.0 1200.0

Oil 630.0 64-0.0 650.0 630.0
Gas 630.0 780.0 880.0 1100.0

CS Coal 65.0 65.0 65.0 65.0
Electr. 18.9 23.6 31.0 4-8.0

Oil .
Gas 0.5 0.5 0.5 0.5

Table 8. Reachablemaximumlevels of energyproduction
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Necessaryminimum levels

of energyconsumption

Importer

1985 1990 1995 2000

BG 57.5 66.0 74.0 80.9

HU 44.0 50.0 57.0 62.0

GR 138.0 145.0 148.0 152.0

PL 200.0 220.0 240.0 260.0

RO 125.0 143.0 161.0 176.0

SU 1985.0 2300.0 2600.0 2900.0

CS 115.5 132.0 149.0 162.0

Table9. Necessaryminimum levels of energyconsumption:'High' scenario
( mill. tce )

Necessaryminimum levels

of energyconsumption

Importer

1985 1990 1995 2000

BG 57.5 60.0 62.0 63.9

HU 44.0 46.0 48.0 50.0

GR 138.0 144.0 148.0 150.0

PL 200.0 209.0 220.0 230.0

RO 125.0 133.0 137.0 140.0

SU 1985.8 2150.0 2300.0 2400.0

CS 115.5 122.0 127.0 130.0

Table 10. Necessaryminimum levels of energyconsumption:'Low' scenario
( mill. tce )
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Possiblestructuresof energyconsumption
( in % of total consumption)

Importer Energyproduct
VariantA Variant B Variant C

min max min max min max

BG Coal 39 41 36 40 34 38
Electr. 8 12 10 16 20 24

Oil 34 39 30 36 20 24
Gas 10 14 13 19 18 22

HU Coal 30 33 30 34 33 35
Electr. 8 12 10 15 20 25

Oil 30 33 26 30 20 25
Gas 26 29 24 28 22 27

GR Coal 62 65 58 62 54 56
Electr. 3 5 5 10 11 14

Oil 22 24 20 23 19 22
Gas 8 10 8 12 9 14

PL Coal 76 79 65 77 62 65
Electr. 0.5 2 1 4 3 5

Oil 11 14 12 15 14 17
Gas 7 9 9 15 16 19

RO Coal 21 26 25 30 36 38
Electr. 3 4 4 8 5 7

Oil 30 36 26 32 17 21
Gas 37 40 36 40 35 39

SU Coal 26 29 25 28 24 27
Electr. 4 6 6 10 10 13

Oil 37 40 32 38 25 30
Gas 26 28 28 33 30 35

CS Coal 57 60 50 55 46 48
Electr. 2 5 4 9 10 14

Oil 23 26 21 25 10 13
Gas 11 16 16 24 30 36

Table 11. Possiblestructuresof energyconsumptionfor CMEA countries.
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Analysis of Results

For the model describedabove two series of calculationshave been per-

formed. The first serieswas performedto investigatethe feasibility of different

combinationsof consumptionstructuresfor the 'high' scenarioand the second

onefor the 'low' scenario.

The calculationswere madein the following way. As a first step a solution

satisfyingall necessaryconditionsof feasibility for 1985 was found, minimizing

the 'distance'(6) betweenthe statesof 1980 and 1985. In the next step a solu-

tion was built which satisfiedall constraintsfor 1990 and minimized the 'dis-

tance'betweenthe statesof 1985 and1990, andso on, until the final point 2000

was reachedor an infeasibility appeared.

Someadditionalconstraintswere introducedduring the process.Theseare

a constantor increasingthe total consumptionof primary electricity, maximi-

zation of crude oil exports, and so on. Sequentialfixation was usedduring all

calculations.

On the basis of the resultsobtainedwe may concludethat the up-to-date

evaluationsof the energypotentialof the CMEA countriesdo not contradictthe

plannedeconomictargetup to the endof the century.Thereare enoughenergy

resourcesnot only to provide the 3% economicgrowth, but also to permit the

sale of a considerableamountof energyoutsidethe CMEA. But this can happen

only if somechangesare madein the structureof the energyconsumption.

StructureA ( Table 11 ) will be in contradictionwith the plansfor economic

growth after 1990 for the 'high' scenarioor after 1995 for the 'low' scenario.A

condition for keepingstructureA until the year 2000 is to increaseimports of
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oil after 1995 ( 'low' scenario)or to increaseimports of oil after 1990 andcoal

after 1995 ( 'high' scenario). Evaluationsof the relevantimport levels are given

in Tables12 and13.

On the other hand, the combinationof structuresA A B B (for the years

1985, 1990, 1995 and 2000, respectively)would avoid the contradictionand,

hence, an increasein energy imports for the 'low' scenario. For the 'high'

scenariothe combinationA B B C is found to be necessary.Theseresultsare

presentedin Table 14.

Year Oil import from RW Coal import from RW

( mill. tons ) ( mill. tons)

1985 30.9 6.3

1990 101.0 15.2

1995 187.4 41.5

2000 274.7 58.1

Table 12. Dynamics of imports assuring feasibility for structure A 'High'
scenario

I Year Oil import from RW

( mill. tons )

1985 30.9

1990 30.9

1995 34.7

2000 83.2

Table 13. Dynamics of imports assuring feasibility for structure A 'Low'
scenario
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Combinationsof the

structuresused

Variant

1985 1990 1995 2000 Solution Possible

found alternative

1 A A A A Infeasibleafter 1990 Increaseof imports

of oil andcoal

2 A B B B Infeasibleafter 1995 Increaseof imports

of oil

3 A B B C Feasiblestate -

Table 14. Resultsof the analysis:'High' scenario

Tables 15 - 30 in AppendixA containa descriptionof a feasible stateof the

consideredmodel for the structuralset A B B C ( 'high' scenario). For com-

parisonthe analogoussolutionA A B B ( 'low' scenario)is given in AppendixB.

Finally, we would like to emphasizeonceagainthat thesesolutionsmay be

unacceptablefrom the viewpoint of the decisionmaker.becausethe actualsolv-

ing processhas not been finished here. Our purposehere was only to demon-

strate all the main principles of incomplete modelling, consideringboth the

positiveandthe negativeaspectsof the approach.
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AppendixA.
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BG HU GR PL RO SU CS RW Total produ(

BG 17.2 17.2

HU 10.95 0.05 11.0

GR 0.25 78.83 0.1 0.35 0.47 60.0

PL 0.15 1.05 3.44 157.6 0.93 8.08 2.4 6.35 180.0

RO 22.0 22.0

SU 5.08 0.7 3.63 0.3 3.73 522.75 2.61 1.21 540.0

CS 0.45 1.4 1.24 60.7 1.21 65.0

RW 0.1 1.2 4.6 0.3 0.1 6.3

Total consumption 22.43 13.5 88.5 158.0 32.5 531.13 66.16 9.29 921.5

Table 15. Production-consumptionof coal by CMEA countries in 1985 : 'High'
scenario( mill. tce )

BG HU GR PL RO SU CS RW Total produ

BG 18.0 18.0

HU 10.98 0.02 11.0

GR 0.41 78.73 0.06 0.52 0.28 80.0

PL 0.21 1.68 4.84 169.16 1.38 11.36 3.56 6.35 198.54

RO 30.0 30.0

SU 5.55 1.12 3.95 0.18 5.53 569.08 3.87 0.72 590.0

CS 0.71 0.72 1.39 61.55 0.63 65.0

RW 0.1 1.2 4.6 0.3 0.1 6.3

Total consumption 23.76 15.0 89.44 169.4 42.9 580.74 69.61 7.99 998.84

Table 16. Production-consumptionof coal by CMEA countries in 1990 : 'High'
scenario( mill. tce )

;ion

:tion
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BG HU GR PL RO SU CS RW Total produ

BG 19.0 19.C

HU 12.99 0.01 13.0

GR 0.6 78.47 0.04 0.78 0.11 80.0

PL 0.31 2.49 6.4 175.64 0.62 16.85 5.27 2.43 210.0

RO 40.0 40.0

SU 7.33 0.99 2.04 0.09 2.47 641.73 5.07 0.28 660.0

CS 0.49 0.37 0.62 63.28 0.24 65.0

RW 0.1 1.2 4.6 0.3 0.1 6.3

Total consumption 26.64 17.67 88.49 175.77 48.3 658.88 74.5 3.05 1093.3

Table 17. Production-consumptionof coal by CMEA countries in 1995 : 'High'
scenario( mill. tce )

BG HU GR PL RO SU CS RW Total produ tion

=
BG 20.0 20.0

HU 14.0 14.0

GR 0.84 75.82 0.04 0.92 0.11 77.72

PL 0.37 3.46 6.18 168.89 0.83 20.03 6.27 2.43 208.45

RO 53.79 53.79

SU 8.67 1.38 1.66 0.08 3.32 758.82 5.86 0.22 780.0

CS 0.68 0.3 0.83 62.99 0.19 65.0

RW 0.1 1.16 4.6 0.3 0.1 6.26

Total consumption 29.04 20.46 85.12 169.0 63.36 779.15 76.14 2.95 1225.2

-
Table 18. Production-consumptionof coal by CMEA countriesin 2000 : 'High'
scenario( mill. tce )
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BG HU GR PL RO SU CS RW Total producti(

BG 13.18 0.29 0.33 13.8

HU 0.13 0.13

GR 11.54 2.71 0.35 14.6

PL 0.41 0.98 1.11 2.5

RO 12.5 12.5

SU 7.05 12.73 2.3 1.96 338.51 1.84 3.34 367.73

CS 0.77 4.45 0.46 5.21 1.83 12.72

RW 0.1 0.3 0.3 0.7

Total consumption 20.33 13.92 16.4 6.44 14.5 338.8 8.82 5.5 424.68.
Table 19. Production-consumptionof primary electricity by CMEA countriesin
1985: 'High' scenario (bill. kWth )

BG HU GR PL RO SU CS RW Total producti >n

=
BG 18.52 0.41 0.33 19.26

HU 0.18 0.18

GR 16.21 3.52 0.66 20.4

PL 0.58 1.27 2.07 3.92

RO 16.6 16.6

SU 9.91 17.88 2.99 2.97 475.67 3.43 3.34 516.2

CS 1.08 6.25 0.6 9.73 1.83 19.48

RW 0.1 0.3 0.3 0.7

Total consumption 28.53 19.44 23.04 8.38 19.57 476.08 16.2 5.5 596.75

-

Table 20. Production-consumptionof primary electricity by CMEA countriesin
1990 : 'High' scenario( bilL kWth )
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BG HU GR PL RO SU CS RW Total produc;ion

BG 22.77 0.67 0.33 23.76

HU 0.25 0.25

GR 26.23 5.7 0.98 32.91

PL 0.94 2.06 3.07 6.07

RO 23.0 23.0

SU 12.18 24.22 4.84 4.82 769.64 5.09 3.34 824.13

CS 1,46 10.11 0.97 14.41 1.83 28.78

RW 0.1 0.3 0.3 0.7

]Total consumption 35.05 26.23 37.28 13.56 27.82 770.3 23.85 5.5 939.6

Table 21. Production-consumptionof primary electricity by CMEA countriesin
1995 : 'High' scenario( bill. kWth )

--
BG HU GR PL RO SU CS RW Total produc'ion

:=

BG 32.27 0.79 0.38 33.44

HU 0.28 0.28

GR 36.09 10.05 2.05 48.2

PL 1.29 3.63 6.44 11.36

RO 9.3 23.7 33.0

SU 17.27 27.3 8.54 5.44 914.89 10.67 3.92 988.02

CS 0.96 13.91 1.71 30.23 1.2 48.0

RW 0.1 0.3 0.3 0.7

Total consumption 49.63 38.14 51.29 23.93 29.14 915.68 49.69 5.5 1163.0

Table 22. Production-consumptionof primary electricity by CMEA countriesin
2000 : 'High' scenario( bill. kWth)
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--
BG HU GR PL RO SU CS RW Total production

BG 0.2 0.2

HU 1.53 0.47 2.0

GR

PL . 0.3 0.3

RO 11.5 11.5

SU 12.83 7.25 17.98 11.99 1.57 534.69 19.53 24.05 630.0

CS

RW 1.0 0.3 2.9 3.2 15.5 7.0 1.0 30.9

Total consumption 14.03 9.08 20.88 15.49 28.57 541.69 20.65 24.51 674.9

Table 23. Production-consumptionof oil by CMEA countries in 1985 :High'
scenario( mill. tons)

BG HU GR PL RO SU CS RW Tolal produ,lion I

BG 0.2 0.2

HU 1.52 0.28 1.80

GR

PL 0.2 0.2

RO 11.0 11.0

SU 13.74 8.26 18.18 14.76 2.38 546.69 21.7 14.3 640.0

CS

RW 1.0 0.3 2.9 3.2 15.5 7.0 1.0 30.9

,-

Total consumption 14.94 10.08 21.08 18.16 28.88 553.69 22.7 14.58 684.1

Table 24. Production-consumptionof oil by CMEA countries in 1990 'High'
scenario( mill. tons)
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BG HU GR PL RO SU CS RW Total prodll( tion

BG 0.2 0.2

HU 1.5 0.1 1.6

GR

PL 0.1 0.1

RO 10.5 10.5

SU 14.07 8.39 17.46 16.51 2.79 565.21 20.52 5.05 650.0

CS

RW 1.0 0.3 2.9 3.2 15.5 7.0 1.0 30.9

Total consumption 15.27 10.19 20.36 19.81 28.79 572.21 21.52 5.15 693.3

Table 25. Production-consumptionof oil by CMEA countries in 1995 'High'
scenario( mill. tons)

BG HU GR PL RO SU CS RW Total production

BG 0.24 0.24

HU 1.42 0.08 1.5

GR

PL 0.15 0.15

RO 9.35 9.35

SU 12.11 6.81 17.4 25.26 2.26 548.25 13.81 4.1 630.0

CS

RW 1.0 0.3 2.9 3.2 13.81 7.0 0.67 28.88

Total consumption 13.35 8.53 20.3 28.61 25.42 555.25 14.48 4.18 670.12

Table 26. Production-consumptionof oil by CMEA countries in 2000 'High'
scenario( mill. tons)
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BG HU GR PL RO SU CS RW Total product!on

BG 0.2 0.2

HU 6.5 6.5

GR 2.6 2.6

PL 6.5 6.5

RO 30.0 30.0

SU 6.56 4.24 6.62 6.13 6.93 465.35 13.34 29.0 544.37

CS 0.5 0.5

RW 2.5 2.5

]Total consumption 6.77 10.74 11.62 14.63 36.93 467.65 13.64 29.0 593.37

.
Table 27. Production-consumptionof gas by CMEA countries in 1965 'High'
scenario( bill. cu. m )

BG HU GR PL RO SU CS RW Total productlj
BG 0.2 0.2

HU 7.13 7.13

GR 2.6 2.6

PL 7.5 7.5

RO 30.0 30.0

SU 9.24 4.65 11.85 10.57 13.55 636.39 19.60 29.0 735.04

CS 0.5 0.5

RW 2.5 2.5

lTotal consumption 9.44 11.79 14.65 16.07 43.55 636.69 20.3 29.0 785.67

Table 26. Production-consumptionof gas by CMEA countries in 1990 'High'
scenario( bill. cu. m )
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BG HU GR PL RO SU CS RW Total production

=
BG 0.2 0.2

HU 8.13 8.13

GR 2.86 2.86

PL 9.0 9.0

RO 30.0 30.0

SU 11.36 5.3 12.09 17.1 21.99 719.72 29.33 29.0 845.9

CS 0.5 0.5

RW 2.5 2.5

Total consumption 11.56 13.43 14.95 26.1 51.99 722.22 29.83 29.0 899.09

Table 29. Production-consumptionof gas by CMEA countries in 1995 'High'
scenario( bill. cu. m )

-
BG HU GR PL RO SU CS RW Total productiIn

BG 0.2 0.2

HU 6.0 6.0

GR 3.0 3.0

PL 6.0 6.0

RO 2.09 30.91 33.0

SU 13.5 5.98 14.37 29.02 24.79 851.88 40.41 29.0 1009.0

CS 0.5 0.5

RW 2.5 2.5

Total consumption 13.7 14.06 17.37 35.02 55.71 854.38 40.91 29.0 1060.2

.-
Table 30. Production-consumptionof gas by CMEA countries in 2000 : 'High'
scenario(bill. cu. m )
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BG HU GR PL RO SU CS RW Total produc

BG 17.2 17.2

HU 10.95 0.05 11.0

GR 0.25 78.83 0.1 0.35 0.47 80.0

PL 0.15 1.05 3.44 157.6 0.93 8.08 2.4 6.35 180.0

RO 22.0 22.0

SU 5.08 0.7 3.63 0.3 3.73 522.75 2.61 1.21 540.0

CS 0.45 1.4 1.24 60.7 1.21 65.0

RW 0.1 1.2 4.6 0.3 0.1 6.3

Total consumption 22.43 13.5 88.5 158.0 32.5 531.13 66.16 9.29 921.5

Table 31. Production-consumptionof coal by CMEA countries in 1985 'Low'
scenario( mill. tce )

BG HU GR PL RO SU CS RW Total produ

BG 18.0 18.0

HU 10.99 0.01 11.0

GR 0.17 79.29 0.03 0.39 0.13 80.0

PL 0.26 1.8 5.91 165.0 1.16 13.88 4.11 6.35 198.47

RO 27.41 27.41

SU 5.6 0.46 3.06 0.09 1.05 577.19 2.2 0.34 590.0

CS 0.29 1.26 0.35 62.75 0.34 65.0

RW 0.1 1.2 4.6 0.3 0.1 6.3

Total consumption 23.86 13.8 90.72 165.11 34.58 591.37 69.56 7.18 996.18

Table 32. Production-consumptionof coal by CMEA countries in 1990 : 'Low'
scenario( mill. tce )

.ion

J
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BG HU GR PL RO SU CS RW Total produ:tion

=
BG 19.0 19.0

HU 12.99 0.01 13.0

GR O.OB 79.3B 0.02 0.46 0.06 BO.O

PL 0.35 0.B7 B.16 172.43 0.52 19.15 5.67 2.B5 210.0

RO 29.B7 29.B7

SU 5.45 0.22 3.4B 0.05 0.47 647.55 2.63 0.15 660.0

CS 0.14 1.02 0.16 63.53 0.15 65.0

RW 0.1 1.2 4.6 0.3 0.1 6.3

Total consumption 24.8 14.4 93.24 172.5 35.62 667.0 72.39 3.22 lOB3.2

ｾ
Table 33. Production-consumptionof coal by CMEA countries in 1995 'Low'
scenario( mill. tce )

BG HU GR PL RO SU CS RW Total produ' tion

=
BG 19.33 19.33

HU 13.65 0.01 13.66

GR 0.07 79.32 0.02 0.54 0.05 77.73

PL 0.34 0.83 9.2 181.63 0.49 IB.IB 6.62 2.7 220.0

RO 30.69 30.69

SU 5.54 0.23 3.93 0.06 0.49 677.52 3.06 0.15 690.97

CS 0.12 0.85 0.13 63.77 0.13 65.0

RW 0.1 1.2 4.6 0.3 0.1 6.3

Total consumption 25.2 15.0 94.5 181.7 36.4 696.0 74.1 3.04 1225.9

-
Table 34. Production-consumptionof coal by CMEA countries in 2000 : 'Low'
scenario( mill. tce )
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BG HU GR PL RO SU CS RW Total productic

BG 13.18 0.29 0.33 13.8

HU 0.13 0.13

GR 11.54 2.71 0.35 14.6

PL 0.41 0.98 1.11 2.5

RO 12.5 12.5

SU 7.05 12.73 2.3 1.96 338.51 1.84 3.34 367.73

CS 0.77 4.45 0.46 5.21 1.83 12.72

RW 0.1 0.3 0.3 0.7

Total consumption 20.33 13.92 16.4 6.44 14.5 338.8 8.82 5.5 424.68

Table 35. Production-consumptionof primary electricity by CMEA countriesin
1985: 'Low' scenario( bill. kWth )

BG HU GR PL RO SU CS RW Total producti

BG 14.32 0.34 0.33 14.99

HU 0.13 . 0.13

GR 15.54 2.91 0.61 19.06

PL 0.55 1.05 1.91 3.51

RO 2.49 14.11 16.6

SU 7.66 12.94 2.47 2.21 395.36 3.16 3.34 427.14

CS 0.78 5.99 0.49 8.95 1.83 18.04

RW 0.1 0.3 . . 0.3 0.7

Total consumption 22.09 16.64 22.09 6.92 16.32 395.71 14.92 5.5 500.18

Table 36. Production-consumptionof primary electricity by CMEA countriesin
1990 : 'Low' scenario( bill. kWth )

n
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BG HU GR PL RO SU CS RW Total produc'ion

BG 14.8 0.37 0.33 15.5

HU 0.13 0.13

GR 15.97 4.51 0.63 21.12

PL 0.57 1.63 1.99 4.19

RO 3.52 14.53 18.05

SU 7.92 12.94 3.83 2.28 422.95 3.3 3.34 456.56

CS 0.78 6.16 0.77 9.35 1.83 18.89

RW 0.1 0.3 0.3 0.7

Total consumption 22.82 17.67 22.7 10.73 16.81 423.31 15.58 5.5 535.13

.
Table 37. Production-consumptionof primary electricity by CMEA countriesin
1995 : 'Low' scenario( bill. kWth )

BG HU GR PL RO SU CS RW Total production

BG 15.04 0.38 0.33 15.75

HU 0.13 0.13

GR 16.19 4.94 0.65 21.78

PL 0.58 1.78 2.04 4.4

RO 3.52 14.85 18.37

SU 8.05 12.94 4.19 2.33 441.34 3.38 3.34 475.57

CS 0.78 6.24 0.84 9.58 1.83 19.27

RW 0.1 0.3 0.3 0.7

Total consumption 23.19 17.67 23.0 11.75 17.18 441.72 15.95 5.5 555.96

Table 38. Production-consumptionof primary electricity by CMEA countriesin
2000: 'Low' scenario( bill. kWth )
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BG HU GR PL RO SU CS RW Tolal produclion

BG 0.2 0.2

HU 1.53 0.47 2.0

GR

PL 0.3 0.3

RO 11.5 11.5

SU 12.83 7.25 17.98 11.99 1.57 534.69 19.65 24.05 630.0

CS

RW 1.0 0.3 2.9 3.2 15.5 7.0 1.0 30.9

Tolal consumption 14.03 9.08 20.88 15.49 28.57 541.69 20.65 24.51 674.9

Table 39. Produclion-consumptionof oil by CMEA counlries in 1985 'Low'
scenario( mill. lons )

BG HU GR PL RO SU CS RW Tolal productic,n

BG 0.2 0.2

HU 1.67 0.13 1.80

GR

PL 0.2 0.2

RO 11.0 11.0

SU 12.93 7.52 18.89 12.41 0.94 562.21 18.3 6.B1 640.0

CS

RW 1.0 0.3 2.9 3.2 15.5 7.0 1.0 30.9

Tolal consumplion 14.13 9.49 21.79 15.B1 27.44 569.21 19.3 6.94 684.1

Table 40. Produclion-consumplionof oil by CMEA counlries in 1990 'Low'
scenario( mill. lons )
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BG HU GR PL RO SU CS RW Total production

BG 0.2 0.2

HU 1.6 1.6

GR

PL 0.1 0.1

RO 10.5 10.5

SU 12.34 6.85 18.49 12.09 7.76 574.38 18.09 650.0

CS

RW 1.95 1.45 3.9 4.45 10.0 10.9 2. 34.68

Total consumption 14.5 9.9 22.39 16.64 28.27 585.28 20.09 697.08

Table 41. Production-consumptionof oil by CMEA countries in 1995 'Low'
scenario( mill. tons)

BG HU GR PL RO SU CS RW Total productio1

BG 0.3 0.3

HU 1.5 1.5

GR

PL 0.3 0.3

RO 10.0 10.0

SU 4.3 3.0 17.2 11.11 6.89 571.43 16.07 630.0

CS

RW 10.13 5.82 5.5 6.0 11.99 39.3 4.5 83.23

Total consumption 14.73 10.32 22.7 17.4 28.89 610.73 20.56 725.32

.-

Table 42. Production-consumptionof oil by CMEA countries in 2000 'Low'
scenario( mill. tons)
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I

BG HU GR PL RO SU CS RW Total product.

BG 0.2 0.2

HU 6.5 6.5

GR 2.8 2.8

PL 6.5 6.5

RO 30.0 30.0

SU 6.58 4.24 8.82 8.13 8.93 465.35 13.34 29.0 544.37

CS 0.5 0.5

RW 2.5 2.5

Total consumption 6.77 10.74 11.62 14.63 38.93 467.85 13.84 29.0 593.37

Table 43. Production-consumptionof gas by CMEA countries in 1985 'Low'
scenario( bill. cu. m )

on

I BG HU GR PL RO SU CS RW Total producti)n

:=
BG 0.2 0.2

HU 6.61 6.61

GR 2.8 2.8

PL 6.98 6.98

RO 30.0 30.0

SU 6.87 4.31 9.32 8.72 14.78 504.23 15.93 29.0 593.17

CS 0.5 0.5

RW 2.5 2.5

Total consumption 7.07 10.92 12.12 15.7 44.78 506.73 16.43 29.0 642.75

-
Table 44. Production-consumptionof gas by CMEA countries in 1990 'Low'
scenario( bill. cu. m )
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-
BG HU GR PL RO SU CS RW Total producticn

BG 0.2 0.2

HU 6.85 6.85

GR 2.88 2.88

PL 7.41 7.41

RO 30.0 30.0

SU 7.11 4.47 9.58 9.26 16.13 539.59 16.6 29.0 631.73

CS 0.5 0.5

RW 2.5 2.5

Total consumption 7.31 11.31 12.46 16.67 46.13 542.09 17.1 29.0 682.06

Table 45. Production-consumptionof gas by CMEA countries in 1995 'Low'
scenario( bill. cu. m )

I

BG HU GR PL RO SU CS RW Total producti)n

BG 0.2 0.2

HU 6.0 6.0

GR 2.92 2.92

PL 6.0 6.0

RO 1.52 30.66 32.18

SU 7.22 4.47 9.71 10.14 16.48 563.16 17.01 29.0 657.18

CS 0.5 0.5

RW 2.5 2.5

Total consumption 7.42 11.99 12.63 16.14 47.14 565.66 17.51 29.0 707.48

Table 46. Production-consumptionof gas by CMEA countries in 2000 'Low'
scenario( bill. cu. m )


