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ABSTRACT

This wark presents an  attempt towards unstruchbured
interactive methods to Ffind solution to multicriteria real life
problems.

The text consists of two parts. In the First part
modelling in DR and  its  inherent gaps, the development in
computer technology and solution  tools  and  their ftimitations
including interactive approaches are discussed, The proposed
appreach, Judaemental Programming GIP), ds briefly presented and
the expected advantages are stated. P approach  can be
summarized as using  the computer as  a  fast wark sheet in
decision making getting answer to "what iF2?" Lype of guestions,

In the second part, the e¢lectricity tmsent porob Tem
of Turkish Elektricity Authority (TEE) is analyzed and potential
approaches are discussed. The JP approach  and  Formulation are-
presented and discussed in detail within the example. Results aof
edperiments and oritiques on the  experimental  software of
Industrial Engineering graduate sudents  whoe  performed ard
reported experiments are also included in the text.

In the experiments, to schedule some projects,  Knowing
specification and warginal contributions of  each, to  satisty
power and energy "dargets" wusing lecal and  foreign  currency
investment and operation budgets, over a planning horizon  10-30
years is aimed., The "decision ariteria" presented in  the textb,
such as unit cost of energy, valug of non dJepreciated assets  at
the end of planning herizen  and revision wmodules  which o were
amitted in the 1783 experimental version are inciuded in the
final version of the software. Uata, program  sources  and  all
retevant information with respect to  the example and  the
software are presented in Appendices.




CEEET

X

Gu  galigma, gerce hayatta hkarsilasilan gok  amagly
problemlere gdzdm bulmak deere gelistivilen, yapisal  olnaygan

ethkilesimli bir ydntem denemesidir.

Fornug iki bdtirn  halinde sunulwugtur. Birinci  béldmde,
ydneylem arastirmas: moede 1 lerinin yaprsal eksiklikleri,
bilgisayardaki ve etkilesimii yaklasaimlar da dahil otwak dzere
czdm  araclaripdaki  geligsmeler ve getirdikleri sinarlamalar
tartisiimistar. Dnerilen yaklasim, muhakems ye dayala
proaramlama,  Kisaca anlatailmis Ve umu tan  dstdnlidkleri
belirtilmistir, Muhakemeye dayali bu  programlama  yaklasima,
bilgisayarin karar verme sdrecipnde, "eder sdyle clursa ne. olur?”
seklindeki sorulara cevap aramads hizlay birc mwisvedde Kadada
glarak kullanilmasy seklinde dretlenetilir., '

Ikinci kasaimida ise Tirkiye Elektrik  FEurumunun  elektrik
yatirim planlams problemi  incelenmis  ve muhtemel  yaklasimlar
tartrsilwastar, Sunulan drnedin cergevesl igerisinde, muhakemeys
dayaly programlama  yaklasiwy  ve  Formiilasyonu  debayly  olarak
sunuimus ve tartisiimistar, Ayny bETomde Endidstri  Mohendistigi
fisang dstd ddrencilerinin deéeneme  yazilami ile yaptikiara
calismalarin sanuglary ve eleghirileri de gér‘a]maktad1r¢

By deneylerds, dzetlikleri ve marjinal katkilary bilinen
projelerin, hedeflenen gig ve enerjiye ulasmak amaciyls, TL ve
déviz yatirim ve igletme bitgelerini kKullanarak, 1o-30 yillik
bir planlama ufku icerisinde projelerin segimi ve zamanlamasinin
teshitine ¢aligatmistir. Tez Kapsamindaki, 1782 te gelistirilen
deneme  yaziliminda  yer almayan  enerjinin birim maliyeti,
planltama dénemi sonunda tamamt amorti etmemis tesislerin dederd
qibi karar kriterleri ile revizyon modidlleri de  son yazmilima
dahil edilmistir. Kullanailan data, proegramlar  ve drnekle ve
yazilimla ilgili gerekebilecek her tarld  bilgi  ekler halinde
calismanin sonunda yer almaktadaie, ‘ )
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T INTRODULCTYION

It seems bthat, especially following the Second Worild
War, Bbusinessmen, govermments and other adminstrators are more
concentrated on computers and on wathematical tools te salve
their problems.

DBuring the recent years the dmpressive progress in this
tield reached to such a level that for most people it became
very difficult to  Ffollow anpd understand the developments.
Despite the knowledge, effort and experience  accumulated every
day, wtilization of these tools did not mwmatch the advances.
Begsides the technical ones, one of  the major ditfficulties in
their use has been in communicating with and in gaining
confidence of decision maker (dwm) and his  staff which may be
unfamiliar toe the presented sophisticated approaches which  may
reduce  their contribubtion  anad the chanae for rair
implementation of solutions.

Bercause of the sgophistication and diversification in
solution tools, by the time, even specialists in this Tield
faced with communication problewns. Learning, undeérstanding and
especially adapting and using a sophisticated tool became very
diftficult for most of the time even for thaese with necessary
backaround. ' :

. The reasaon behind this situation seewms that by the
progress in computer field people are more concentrated on
algorithms, mathematical proofs and creation of artificial
intelligence while largely amitting the Lremendous judgemental
ability of the human being and the need for simplicity, accuracy
and the absolute necessity of gaining the dm’s confidenced :

Taking . into  consideration  the inverse relationship
between the mathematical and algorihmic deve lnpment and
practicability of  the provided tools, new user-friendly
approaches seems to be necessary. In The past, the develapment
in solution toolts had to Follew the path of the developments - in
computer technology and naturally timited and oriented within
this path. (ndeed at early stages today’'s cowputer technoloay
was not expectable, Solution teols created for  early computers



are largely revased and dimensions are enlarged wup  today, but
the appreoach remained mainly the same as being the structuring
of the decision making process. -

A Today, it seems that, instead of using the computer as a
decision machine and instead of the effort of structuring the
decision making process and trasferring the human judgement and
abilities to. the computer as made up-today, there is room to use
the computer as a work sheet to gmphasize the direct use of the
human abilities. ‘ ‘

Such an approach is tentatively called in this thesis as
dudgemental Programming GJIF) .

JP daes  not refuse  the wse and utility of  other
available techniques but presents itself as a user-friendly tool
in decision making giving emphasis  to  human  judgement. Once
supported with a reliable data-base, author's belief is towards
that the dm won't he afraid to use it and such an approeach would
be at least a bridge between dm and analysts. This way both dm
and analysts would have the occasion to foocus  their effort  on
hases for decision maKing and on  reliable information systems
rather than on sophisticated solution tools.



Pl MHIGEMENTAL FPROGRAMM NG

IT.1. Zearch for Solution in OR via Modelling

Most of the time, Modelling constitutes the core af  the
Operational Research (OR) practice. An OR model can  be  defined
as an idealized representation of a real 1ife system. In all
modelling  attempts  the real world system is  analyzed for
definition of problem and at this stage the real world system is
wsually transformed to an assumed real world to form a base  tor
the model (1). ‘

The complexity of a real system results FTrom  the very
large number  of  elements oontroelling the behaviour of. the
system. However, although a real situation may involve a
substantial rnumber of factors, a small fFraction of these
¢lements assumed to mainly dominate the behaviour of the suystem.
Betermination of these ‘elements and  Formulation of their
interrelations constitute the core of the modelliing practice.

This stage is quite critical because the mndel developed
according to the determined elements and interrelations way not
fairly present the real world system. Because of that risk, the
model is  usually tested to ensure that there exist @ no
significant deviations  hetween the real Tife results and
behaviour presented by the model, so that the model can be used
to achieve certain objectives in the real life., The  betber is
the model, more the results obtained from the model and in the
real 1ife are similar. '

Ueually the elements, which way be controellable or  not,
and the dinterrelations bebtween Lhem are expraessed as
mathematical variables and Ffunctions Lo present the real world,
which is called mathematical modelling. ”

Mathematical modelling assumes  that all retevant
variables are quantitfiable. The variables way he represented by
symbhols and then related by the appropriate wathematical
functions toe describe the hehaviour of the system. Such models
wsually permit to  reach  "kest" results  through mathematical



teols  and  algoarithms.  Towards  the develoapmaent ofF LI,
mathematically proven "hest" results focused the attention of
people in this ftield, on the development of these tools.,  The
development in computer technalogy providing haigher
computational speed and  storage-retrieval facility encouraged
the concentration of people on mathematical modelling and
optimization.

Despite the availability of modern computers, more often
mathematical formulations are too complex  to allow an  exact
solution or the computations to achieve proven "best" results,
that is aptimum solutions, are unsuppoertable or  dntfeasible. In
these «cases heuristics appeared to bring acceptable Qoeod
scelutions tor most of the time. The heuristic approach relies an
the intuitive or emprical rules that, agiven a  current solution
to the model, allow the determination of an  improved  solution.
Also in most of the cases simulation wodels  are to be used,
which are not Timited with a2 range of wmathematical functions  ta
relate variables. This usually provides the possibility of a
more accurate representation of the real Tife (1), However it
seems that, heuristics and simulation received Jess credit  with
respect to analytical techniques and optimization btools, in the
OR world, as they required most of Tthe time special desians  and
gsigniticant efforts ta obbtain mathematically unproven results.

Returning back to mathematical moedelling, once A
mathematical model dis  constructed, which already brings a
modification of the real life, it is often necessary to simplify
it by copnverting discrete variables inte continuous ones,
Timearizing the nonltinear furnctions,  eliminating some of  the
elements affecting the system behaviour, inteqrating all
objectives in a single criterion and so  ony, wuntil it hecomes
analitycally salvable or computable. , )

By nature, in any case modelling deforms the real life
situation and mathematically proven "hest” result, the optimum
solution, remains the hest solution For the model but  not
necessarily for the real life situation. In practice it is very
difficult to include all abjectives and all elements affecting
the system behaviour in a model more often because no  solution
technique is available for such formuilations which could more
fairly represent the problem. UWsually OR analysts teel
themse lves restricted by available toolse and the real life
problems are deformed until  they bedome "eolvable" by the
available tools. More deformation of the problem results with
lesser confidence on the results abtained. An opbtimum Found  For
the model may not be the best solution even for  the wmodel
according the din's ocriteria. Besides this,  one of  the major
problems  inherent. to wode! building is  that wusing most
mathematical tools same real life objectives are too dintangible
to allow acceptahle gquantifications.



Models, regardiess of their sophistication and success
to reflect the real 1ife situation, -are fed with data. Sog
ohviously, the success in the solutions completely depends  on
data as the best solution is only the hest Ffor the data fed. In
most cases providing sufficient and reliable data may not  be
easy or even possible. Besides that, regardless how accurate and
sophisticated is the model, data prepared or found for a  model
are often aproximate solutions of other models. For  example, a
unit cost generally includes part of figed costs anpd overheads
according to the applied cost accounting procedures  or a
forecasted price Ffor a planning period is  the solution of  a
forecasting madel. These data are then used to find for example
the optimum product-mix using a mathematical optimization model.
In solution models output of various models are used as data Tor
the solution models as in these examples.

Then, the best solution is  the solution TFor solution
models plus rfor the data models anpd obviously there is  no
guarantee to  prevent occurance of sigrificant qaps between
desired and actual results upon application of  the model’s
solutions. More sophisticated the models and  the related
suppoerting anes are, one may end up with more uncertainty and
bias on the scolution found and more risk to fall Ffar away Fromw
desirable solutions with respect o the real lTite  situation.
Taking the whole problem solving process intoe consideration,
concentration ocoured on scolution tools, and moedels are
developed under the assumption that data can be oktained and the
model’s results are discussed under +the assumption that both
model and data fairly represent the real life. Although many
algoarithms an solution tools are developed no rules suggested
for data collection and feed while the e¢nd results badly depends
on these steps and where the solution model ds relatively a
small part (2). '

I11.2. The Gap Between Models and Decision Makers

Because of the approdimations and deformations.  in
problem solving and decision process due  to complexity  of
problems in reals life situation, it is difficult to explain  and
gain the confidence of dm and his staff on  the models and on
selutinons unless they are specialized on the proposed tools  and
approaches. Actually most real Tife situations do not  dnvelve
single dom.

Uniless the dm  and analyst are  the same peosple, in
classical teols, usually the analyst has to switoh. between  the
tool, ie. the model, and the dm  just similar to a mediator
between two people never met and  speaking  different languages
can not communicate. Most of the time, search for a selution to
most of the real problems beoimes a coardinated team's problem,
an OR team, inctuding experts on the systewm and facts about  the



syshem and experts on apprcaches and solution  tools,  Foarmatlon
aof such a team way not be  always easy and possible.  The
and/or those responsible fFor aperations, as well as the analysts
may not be available as nuch as necessary and willing enough  te
contribubte o such a team in wost real life situations.

More often  people  dnvoelved in creating  mathematical
tonls and develaping analysis and solution techniques are thase
coutside of organization and have 1ittle information o
erganizational and  environmental facts and value system of
dm(s). Vice versa dm and his experts may have little information
on proposed tools, Tittle time or little desire to  learn  them.
They may probably have also little confidence on tools  strange
to them. Scientist and analyst have uwsually to  invest time to
learn about organizational, operational and environmental facts
as well as about the dm's value system, dwm and his staff has to
tearn what's going on  to  he o able to  evaluate the obtained
results. However usually the investment is expected one way from
analysts and scientists.

(nce the obtained solution is accepted and approved by
the dm, implementation of models usually requires “"transiation"
of model’s results into operational instructions understandable
by the people in  the organization, This step also requires
cooperation and coordination of analyst and executives, whers
analyst has te be again a bridge between the solubion towls and
the execuytives, As especially potential implementation problens
are usually opagque to the amalyst, amd as usually he does ot
have enough understanding and  Knowledge on the system  and
implementation patential of  the jorrespective  solutioens, this
coaperation and participation- should ke carried out  dinfact
during the whaole process, : ’

RBesides the other factors inherent to model building, it
seems that many solutions found via olassical  solution  bools
remain unimplemented due to lack of sufficient wperation  of
the people who have authority and responsibility for  operations
and implementation of the results. Usually both  the tools  and
approaches remain opagque Lo thewm., Approaching fto de's value
system, organizational and enviromental Tfacts results with
higher complexity and sophistication in medels. Trying to  get
experience and especially value system of din is wusuwally very
hard more often because stated and unstated Tactors may be
different and even conflicting. Classical approaches in the
search of solution do not permit the analyst to withdraw himself
between the dw and the solution to the probtew  and usually - do
not permit the dm to be able to reach, understand  and  detend
solutions to the problem himself.




IT.%. Gaps in Basic Solution Tools

When the well Known simplex method was developed in 1947
by the American mathematician George B. Dantziq, this has heen a
huge step in OR and has been the base for most of mathematical
Fformulations (3. Lingar  Frogramming (L), as a olass of
mathematical programming models, iz concerned  with efficient
allocation of limited resources to  Kkpnown activities with the
objective of meeting a desired goal such as wmaximizing profit or
minimizing cost. The distinct characteristic of P models is
that both the Ffunctions representing the objective and  the
constraints are linear (4), '

In the strict sense, Integer Programming (), another
we 1l Known mathematical programming class, defines a  nonlinear
problem ,since the ditferent Functions of the problem are
defined only at discrete values of the variables., However a
problem is considered linear, if dropping  integer restriction
the equivalent continuous problewm is lingar. Then, it may be
observed that currently all Known  integer algorithms are
directly or indirectly based on the continuous version of  the
integer problem (5).

Although very large LP models  have been successtully
solved in a reasonable amount of  tiwe TP computational time
drasticaliy increase and becomes pracktaically unsceivahie by the
current hardwares Tfor many real life problems. Many successtul
attempts made in this area to develop specialized algorithms for
gpecific problems such as btranspoartation, allocation problems to
overcome computational  dinfeasibitities. These computational
infeasibilities forced the users to Ffind alternative ways to
achieve desirable solutions Ffor integer problems. One of  the
Targely wused approach is to solve the coanbinuous version of  the
problem and then round-aoff the vardables to oclosest feasible
integers., However for many integer and binary problems . rounding
approach does not bring a meaningful soelution. For example, for
an investment problem where variahles are fera ar one meaning to
realtize or not a project, dealing with Fractional values, and
the wuse of rounding as  an  approximation is Tagically
unacceptabie. '

Dividing the problems into subproblems and  hbranch  and
bound technigues are generally proven superior  and nearly all
available cowmmercial codes are kased on this o approach.  However
dimensional infeagsibility still remains for wmany real life
probiems . for available hardwares. :

Dynamic  Frogramming  (OF)  is another mathematical
technigque desiagned primarily to improve computational efficiency
of certain optimization problems. The ddea hehind it is  to
decompose the problem  into  subkproblems or stages which  are



computational ly mere manageable  and apbimize  each  subproblemn
aver its alternatives only so that it is never necessary to
enumerate  all  combinations in  advance. Al more-apek imal
combinations are discarded as optimization applied o  each
subiproblem. Then subproblems are  linked together aveiding tea
optimize over infeasihle combinations. But there is no gquarantee
that such subproblems are easily solvable. In UOF an increase in
the state wvariables results an  dincrease in  the  number  of
evaluations for the different alternatives at each stage. This
presents a serious obstacle in  solving even medium size OR
problems. This abstacle is Knownn as “curse of dimensionality”
as called by R Bellmann, or as dimensiornality problem (&).

IT. 4, Recogqnition of Multicriteria

Im {OR mast of the specialized models such  as  CPFM-PERT,
inventory models, siwulation o gueveing models or decision
models usually deal with one gual at a time.

However the goal representing the "major® portion of the
system may not be meaningtful or suitable for the entire system.
It way not be possible to fit wodels presenting the entire
system compatible with the <complex nature of bthe decision
process. Most real decision situations are characterized hy
multiple objectives ar goals rather than by single objective.
Organizational objectives may vary according to  the character,
type, phylosophy of the management as well as the environmental
conditions which are all time-variant. Profit maximization which
is regarded as the sole objective of the business Firm in  the
classical economic theory is one of  the most widely accepted
objectives but in  fact a wide range of political, social,
economic and ethical aspects have Ikeen quite often received
higher priorities as arganizational geals by business firms and
other organizations., Then it appears that in fact, the rational
dm tries to achieve a set of wmultiobjectives o the fullest

wtent in an  environment of conflicting dinterests, Timited

resources, incomplete information and Timited time and ability
to analyze the probiem and the environment, in order to hring a
"good” solution. '

In recent years UR activities tended towards recognition

of multicriteria. However few of them are generally accepted and
intreduced into text books.

Returning to the single ohjective mathematical wmodel, it
is consisted of Lwo parbts; an abjective Function to be minimized
or maximized and a set of constraints Tor the technological  and
mathematical limitations. In a feasible problem these
coenstraints form a wmultidimensional space, or in scientiftic
terms a convex polyhedron where achievement to an extreme point



is aimed to obtain the "optimum” while waximizing or mintmizing
the objective Function, o

- Considering what may be done if there exist in fact wore
than one objective and if these objectives are conflicting, one
way may be to solve the problem for each different objective and
present a set of solutions to the dwm. These generated efficient
extreme points may not make sense for  the dm  iF he may not
neglect the solutions achieved for the objectives other than the
most important.

Choosing  only  the solution for one. extreme point,
neglecting all ather objectives seems very much like to single
objective approach, and in fact in this case single ohjective
medels as much as the number of objectives have béen solved. So
in this approach the dm has a set of solutions and can  choose
aone of them by means of clasgical ukility theory, as maximize
the maximum or minimize the minimwum achievement, mwinimize the
maximum reqret or others.

Actually, in real life problems seltection of a single
evtreme point achieved by only one of the conflicting objectives
is rather a rare case and the dm would prefer to have one
solution rather than a set of solubions.

(pe interesting approach may ke to Find the  center of
aravity of the achieved extreme points according to the weights
of conflicting ohjectives where none of them will be neglected.
In such an appoach the total regret of not being achieved to any
af the objectives will ke minimized and at such a point  the dm
may Teel himself disagreable to shift towards any one of the
ohjectives if the weights are well chosen.

_ Instead of taking the problem as  a set of nobjectives
plus a set of constraints, amn implication of Euhn-Tucker
approach (7)), is that one of the objectives can be taken as  the
primary one and the others can be treated as  constraints  where
for each of these constraint-objectives, minimum satistfactien
levels may be set. Thus the total distance within efficient
extreme points will he decreased and to decide on a single
sofution in this decreased solution space will be e¢asier.

In real lite problems the constraints are not as  strict
as mathematically expressed in constraint sets. That is, a
tudget constraint in the oonstraint set  for  example may be
increased or decreased according to the degree  of  satisfaction
of the primary abjectives: The usually proposed wme bhoedalagy  is
to set the preferences of the dw in the constraint set and then
sequentially alternate preferences in  this selb  squeezing  the
convex polyhedron. ' ' '
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- Different approaches and solutions are developed since
1750 s o obbtain a solubtien te multiohjective problems  and
researches  on this area are stil1 in  progress. Several
approaches are categorized by Cohon and Marks (8) as follows:

i) A priori articulation of preferences and
generating  a  single relevant solution,

iil) Generating efficient solutians and then selecting
the prefered solution amonyg  these by subjective
evaluation,

iii) Progressive articulation of preferences and
arriving at the preferen solution in an
interactive manner.

One of tthe popular appreaches in the multicriteria field
is directed towards the search for the non dominated soiution
set or the most efficient set. Such an approach  brings into a
model with m constraints and & objectives. Summarizing this
approach taken in salving the prohblem, is Ffirst to determine the
tatal set of all non-dominated khasic solutions, The set of all
non—~dominated solutiens is then a convex combination of the
nor-dominated solutions,

Settings

Zay (9= 1, 2, «ewy, © ) to be the achievement value aof
the gqth aobjective for any solukion that satisfiess all m
constraints;

Tr=ml Z1, E2, away Z0) vector valued achievement Tunction
ordered only according te Z1, 22, ..., Z@ wherein no pricorities
have heen assigned to any of the associated ohjectives.

Thus, i¥:
L1y = | 21(1), 2Ly, wwwy ZRCLY ) dis oA given solution
satisfying all the absolute objectives, andj

FTEARY = ZIC2), CERCE),  weey ZE) ) dis  any  other
snlution satistying all absolube whjectives, then it is sald
that Z'(1) is dominated by Z9(2) if Z02) < ZE(1) Far  all
g = 1,2, wan, @ otherwise Z°(1) is a non-dominated solubicen (7).

However little suooess reported for cases exceeding two
criteria (160). '



11

I1.5%. The Goal Proegrameing Approach

An dmportant technique for solving multiple objective
problems invelving the multiple allocation of scarce resources
is aoal programming (GP), which was developed by Charnes  and
Cooper  (11) as  a means of resalving infeasihie tinear
prograaming problems and then extended and refined by Yjiri
(12), Jaaskelainen (13), Lee (14) and lanizico (15).

GF method is  based on the minimization of weighted
absolute deviations from targets for each objective specified by
the dm. These objectives are called as goals and these goals set
by the mar@gement are often achievable only at the expense of

other geals. Furthermore these goals are incommensurable, in

other words, non-measurable on the same unit hasis. There 1is
alse a need to establish a hierarchy of importance  among  these
canflicting goals so that lower priority goals are considered
anly after the higher priority goals are satisfied or have
reached the point beyond which ne  further improvements are
desirable.

GP models seem very much tike LP models but  the idea
behind it and the selection of techniques are different From bthe
LP.In GP, instead of tryging o maximize or minimize the
objective criterion like in LP, positive and negative deviations
from the GP objectives are tried to be miniwmized as follows:

LF expression : TGP equivalent

- s10 St o S sen vwm s e sie dort tame A00e s e S 80 Pt $m e 500 (it St 4 S b St Sia sre

alul + adwd = b iwin  Trkp
’ alxl + adx2 +n - p = b

alul + azx2 * b min  n
alul 4+ axd +n - p = b

alul + a2x2 < b win p
alxl 4 a2x2 + n — p

il

b

where n's are negative and p's are positive
deviatians. -

Then the objective function becwones the minimization of
these deviations based on the relative dmportance aop priority
assigned to them. What differs GF from LP is that the targets
are sequentially achieved accerding %o these pricrities without
losing the targets already achieved. : :

In the presence of incompatible multiple goeals  the dm
needs to exercice his judgement about  the iwmportance of  the
individual geals. In other words, the most impﬁrtant‘ goa’l musth
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be achieved to the extent desired hbefore the next goal is
consideraed. The most widely used metbod. which dis  an  approach
that may be used when a single decision maker is asked to  rank
objectives is paired comparison., The essence of the procedure is
to compare objectives, two at a time, until all possible pairs
of abjentives have been investigated (195). '

The paired comparison test will only work if the dm  is
consistent in his judgements. If an inconsistency exists as
G2 > Gl (that is, second goal is more important than the Ffirst),
and Gl > &3 bot G > G532, the praoblem has to be reviewed by the
apalyst and dm so as to clarity the situation. Another approach
may ke to divide the geals dnto  sub-goals or  regenerate new
goals until all inconsistencies are clarified.

Onece the objectives have been ranked, they have %o be
grouped into a minimum number of priority levels.  Again  except
for the First priority level where all these objectives should
strictly ke satisfied, all objectives within a agiven level must
be commensurable., As stated by Jdeffery L. Ringuest and Thomas R
Guliedge, . (14), this restriction may lead to prioerity
assigoments that are purely artificial. That is geals that are
of equal iwmportance may be placed in different priority levels
anly because they are incommensurable. In addition, it may be
dificult in practice to assess the goal weights within pricrity
levels., Researches %o overoome such restrictions are still  in
progress and significant improvements have been realized (16).

I1T.6. Impact of Computer Techrnology on OR

The progress in the field of QR Ffollowing the Second
Wor-ld War has been due in large part to the parallel development
of the digital computers, The tramendous capabilities in
computational speed and information storage and retrival of
coamputers have been the major source of  endouragement  for  OR
Cpractice.

Remembering the development curve of computer technology
since 1990's starting with Erndac, the first computer generation
with size of a large room and a power requirement of around pelL4)
kW is replaced by the first half of 1989@0's by microprocessors
with same capacity and with tramendousiy higher spegds. The
operation speed increased from two or three, te over 10 millian
aperations per second. Trying to  compare  the development of
computer industry te anather one is very difficult. However if
it would ke possikble to compare to the otomotive dndustry  For
example, it seems that if the development was similar  Jduring
this perioed, it would he possible to buy a Rolls-Rogoe to %1 or
2 and this car would go  three million wmiles with only 4.5
liters, the power would ke equal to that of BQueen Elizabeth 11
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and 1t would be possible to reduce the size less than ©.0) mm
square. This comparison is made in terms of size, cost, power
requirement and so on to give an didea  For  the  development. of
computers which is often underexpected.

The development in  computer technology ig very
prospective. By the second half of 1970'35 the elements installed
ina single chip increased 100 times and by the end of 1780°'s a
performance over 10 000 times is edpected for  same . casts. The
cost of a compuber circuit arond 1 Million at 199% decreased by
the beginning of 1980°'s to  Tower of $2000 and the decrease
expected tor better circuits to lower than $10 hefare 2000°s.
The size of today’'s microprocessors is expected to  decrease to
the size of a salt crystal and 13 picoseconds circuits seemsg to
be available in the near future (17). 4 seems that in  a very
near future this expected developments may be considered as
underestimated.

Starting frow 1979 especially aftter 1977 the qreat
development observed in  microcomputers made available the
capacity and speed of mainframes to scientists and businessmen
at affordable costs., This development may recall to woest of  the
readers the innovation of the printing machine by Gutenberg
which made availahle and affordable books to a very wide range
of people.

Uhserving the development of computers and the OR
practice, at the very beginming stage it was the computer being
hardly available and very expensive with respect to human  time.
Hence algorithms had o bhe develaoped to efficiently and
eTfectively use the Timited and very precious time of computers.,

At this stage it was not reasonable and acceptable  for
people to use atone the very precious time of one af the hardly
available wainframes on the World for hours or days to solve  a
problem by trial and error or oa similar approach. That has  heen
the main reason of the development of  the batch oriented
decision systems and approeaches and  the emphbasis  on solution
algorithms . The dmportant thing was toe achieve the solution  at
once  as  quickly as possible without wasting  the precious
computer time.lespite the development with respect o computers,
batch oriented mathematical approaches have nob been able o
show a parallel development to  Ehe computer  technology. Even
today most people First remember the simplex algorithin and batch
oriented Formulations while speaking on OR.

By the time, tramendous development of  computers wmade
irreasonable the development of algorithms Lo save the computer
time. Today, cnmputer'is Targely available to mast  people  Tike
baoks have hecame available once atfer fubenberg. They may be
wsed as an interactive tool for decision production. In today's
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technotoqy,  feasibility studies have to  be  wade G bwesn
scientist time to develop algorithws and sofution tools to solve
a specific Kind of praoblem, analyst time Lo arbapt the soientific
tool to the real lite situation and dw's time For understanding
and satistacltion on process and results for final decisions.

IT.7. Interactive Optimization Trials

, Development and availability of computers and
development of mathematicsl tools towarded attention of OR
scientist on the development of ipteractive decision and
optimization tonle,

First attempts were made mainly to make easier the
process of running batoch programs, obbtaining results, changing
parameters and running them again and again via on line devices.
These attempts were very little Jdifferent Ffrom batoh  problem
solving, however by these attempds emphasis on human  Factor is
introduced Tike the design of  soreens, interactive messages,
emphasis on response time and so on.  Other attempte are more
often made hbecause of dimensionality problems. YInstead of trying
to get results at once, problems are tried to he decomposed and
¢ach subproblem is tried to be solved interactively before being
integrated. This way the data are fed whers and when necessary.
These Kind of interactive aoptimization attewmpts mainly almed
better utiltization of computer Facility.

Sophistication, diwmensionality and lack of dm' s
confidence while approaching %o real life in wodels still
remained for wmost problews.  Throuwghout  this development, in
approaching te real Tife in modelling and solution  techniques,
major steps has bheen the recognition of wmulbicriteria in
interactive decision making and optimization (18). This way the
task of interoaction between dm and aralyst to get the” value
system of dm has been significantly transfered to  computer. LM
has been able %o obtain results according o his  value system
interactively uwsing the computer.

A class of methods Known as interactive methods rely on
the dm's preferences along with the exploration of the ohjective
space. The progressive definition bakes place through dm-analyst
or dm—computer dialogue at each iteration. At each such dialogue
the dm is asked about some trade-off or preference information
based upon the current soltution or  the set of solutions, in
arder  to  deterwmine a new solution, The advantage of an
interactive approach is that it provides for the dwm  a  learning
process about the system and make allowance tor  psychological
convergence for the dm. Some of these . interactive methods
however are timited by their applicahility te specific types of
problems o by the difficulty that  the dm  has in  dindicating
trade—oft rates in an iteratinn,
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Among  general  purposse  dnteractive  methods  Geoffrian
methaod and the STEF wethod may be cited, The methods represent
different types of approaches For interactive mulbticriteria
optimization (18). In the Geaftrian wmethod (19, the dwm is
expected to provide at each oycle dinformation concerning his
Cpreferances. He should provide an estimate of his marginal rates
of substitution bebween presented criteria and resolve step size
problem via direct choice of a numerical display (20). In  the
SFTEF method the dm is  asked to react  te certain cowpromise
solutions obtained by minimizing the distance from an  ideal
solution. At e¢ach cycle the dm is asked to choose the ocriteria,
if any, which he would be willing to worsen  to allew  the
improvement in the unsatisfactory ones, and also to specify the
maximal amount of relaxation in their values (21). '

Another interesting approach developed by the beginning
of 1786G°s by Masud & Hwang (22), is Interactive Sequential Goal
Frogramming (I2GP). This method combines and extends the
attractive fteatures of both Goeal Frogramming and  interactive
setution approaches  for multichjective decision wmakina. The
disadvantage with TSGF is that dm has to choose the goals in an
inTformation void, Zeleny and Cochrane (22), show  that the "a
priori® specification of goals and their ranks can result in  a
salution which may not be "nop-dominated”, that 1is a solution
which is at least as qood as any other solubtion in terwms of  the
achievement of objectives.

By ISGP non~dominance of the “best-compromise" solution
is assured. Although no mathematical convergence can be  proved,
it is expected that if the dw 48 rational and consistent in
providing the information required from  him, the TEGF
termination would take place in a8 reasonpable  number of
iterations with pesychological satisfaction of dm.

Nearly a1l reported multicriteria  solution  techniques
require a  strict coaperation  of  dm, clear and sincere
communication between dwm  and analyst. The interactive modes
considerably shift the communication need From solution phase to
design phase. However dimensionality problem still  remains  for
mest of decision problems. Deformation of  real  life situatien
hecause of simplifications and modelling, risk of doctrinization
of dim and/or need for training of the dm are also the remaining
gaps to  he considered. Even in  interactive sptimization,
especially the risk of not being able to gain confidence of  dm,
because of the opaqueness of what's goina on for hiwm, dis  stil]
an important problem,
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Ites, Structured Interactive Approaches versus Trial and
Erronr

Actually, today’'s computer technology made available to
each dm hardwares to perform interactive trials and see the
potential results of his actions taken. Trial-and-error does not
require extensive knowmledge on mathematics and sophisticated
techniques, then allows direct wse of human judgement. Data
generation  and manipulation in  interactive trial-and-erraor
usually do not require complex formulations and may easily he
pertformed by dw's staff or himself, Formwlations heing oreated
by them the results achieved may he wore meaningful and clear to
the dm so that he may easily evaluate results obtained in
interactive work., It seems that opaqueness of what's guing on in
problem solving process may be  best overcome via siwmplicity,
accuracy and directly providing the dm with the results of his
actions taken. ' '

In 1975, Wallenius performed experimnents an 18
students and 18 managers from industry to  compare the
performance of interactive methods of Geoffrion (19)  (20),
Benayoun's STEP-method (21) and wuwnstructured appreoach, Csimple
trial-and-error, frowm a human decision maker's point of view in
terms of dm's confidence in the solution obtained, e¢ase of  use
and understanding of the method, usefulness of the information
praevided and rapidity of convergence (24)., Some experimental
research in this field has been done also by Agarwal (25), Dyer
(2&) and Feinberg (27). ‘

Fer Watlenius® repart, analysis of results showed that
the mananers gave an  overall preference on the unstructured
apprnach—ﬁvar the more sophisticated methods. for a  variety of
reasnns, but especially because the mebthod was easy to use, and
did not constraint the dm din . his search in  any way.. The
students’ responses were much moere  randomly  distributed.  In
averall the unstructured approach, a simple trial-and-error
procedure, ocompeted with the wmore sophisticated methods in herms
of most measures. Training and guidance of managers could change
preferance of managers. However no guch  edperiments are
reported. ’ -

11.%9. The Judgemental Programming Approach

Judgemental Progranming GJIF) approach  assumes that . in
all real life decision problems there exist outcomes ta  which
the decision maker alwuws  or expects o achieve via soarce
resources expected to be available.
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Even in equal deqree of reseurces uge, while equally
acthieving the desired outcomes via Jdifferent path  of  actians,
there may exist preference oriteria that bthe dw may  choose ane
action instead ot another, V

First step in P is to select the main desired outcomes,
called as "targets", main resources called as "limits" and other
criteria that mway affect the preference of a decision, called in
JPoas "dewoisieon oriteria®, This  step requires 0 a qood
understanding of the probilem and of the decision environment.

The next shtep is bto find answer to the question of  how
an action will affect tarqets, Timits and decision criteria. In
this step all passible courses of action should be analyzed to
reflect contributions of actions to targets, Tiwits and decision
criteria,

The remaining work is o design‘ a monitoring  system
which will show contribution to ar deviations from limits and
targets and affects on decision criteria of each action taken.

Finding the desired solutions is  left to dm and his
experts, The dm will try to achieve targets using available or
enpected sources according his  oriteria, his  experience, his
Judgement and the dominant facts that way ke gquantifiable wor
not.,

The approeach and the details would be better understnud
throughout the example provided. -

11,10, Expected Advantages of Judgemental Programming

. The most mathematical  Fformulations need  that all
statements, sequences, Togical and  judgemental processes be
complete and ervor proof. Additienally, Ffor the problem  to  he
adequately solved all potential shortoomings of the model. have
to be anbticipated in  advance  so  that illegical results  are
eliminated,

The M saves the analyst time particutarly by reducing
the time spent in formulation, data collection and test phases.
The JP Formulation simply transforms data into the Form required
for decision making. Thus .even the conceptualization and
interpretation phases -are merged into  an  evaluation phase,
leading to further savings in time and effort. The translation
of obtained results into dimplementation instructions is  easier
thereatter.
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Despite to most of the approaches J°  does  not regquire
precise and specific structures or commands and dees not tend ta
malke expertise or  judgement of experts as a part of an
algorithm. Instead provides a  less Formal and wore Flexible
evaluation medium which makes such  human abilities Y R=)
utilizable. At the extreme, JF would simply invelve ways aof
remoulding and evaluating the eXisting data in  order that ald
relevant decision alternatives be brought to  the suitface
bringing also  highest flexibility for consideration of
non—-quantifiable aspects. ~

The JP formulation does not bring limitations to reflect
all relevant facturs in the real life situation if a top to down
monitoring is provided fo prevent information void and actually
there dis no Timit in formulations to convert actions taken into
contributions to limits, targets and decision criteria. The loss
of information due Ho integqration, simplitfications is expected
to be prevented without bringing complexity and dimensian
problems., Also developed softwares are expected not to need
extensive computer memory allocatians.,

Uespite many others, as a solution teool It is  expected

to be not a black-hox for the users but to be easily openahle,
analyzable and understandable by  them. Being an unstructured
problem solving process, parallel  to  the natural decision
making, the risk to doctrine or constraint the dw and the need to
train him would be at minimun, Sotution teol being aimed as
simple as possible, W approach emphasizes data  and data
manipulation via simple formulations. Due to inherent simplicity
of the approach, it data provided is  reliable, no significant
deviations should be expected hetween results  obtained in  the
real V1ife anmd per results of the formulations.

The work of the amalyst is concentrated o the design
phase. The task of interaction bebtween analyst and dm %o get the
wvalue system of dm is transfered to computer and the task of
obtaining and evaluation of the results to the dm and his
experts. User may reach to his best solution per his criteria
himse ¥ while obtaining answers to  his  "what if?" {ype of
questions. M or his expert can see  marginal contributions  of
his actions to the overall results which provides a  learning
process. Hespite most of the solution tools, analyst has not  ta
be a bhridge bebween the problem cwner and the solution o the
problem. The user can reach, understand and may be able to
defend logically his seolution to the problem himself. If  the
user is the dw, this brings areater chance against solutions
obtained remaining unimplemented due to lack of  confidence on
the results of sophisticated solution tools.
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ITL. AN EXAMPLE FOR INVESTMENT PLANNIMG

IXI.1, The Selected Praoblem

In view of the difficulties inherent to model Building
and implementation, JF is a purely descriptive approach apart
from prescriptive mathematical toals. The selected example is
the investment planning problem of the Turkish Electricity
Authority (TEK).

Actually the TEK information system was not claimed to
ke suitable to provide reliable data and the author prefered not
to spend too much effort to form a better database. However .
synthetic data provided are cleser to the actual and meaningful
enough to support the example. Sa, the scope has not included to
establish a reliable data system and generate information
through this system to feed the example as such a trial would he
infeasible in the situation,

ITI. 1.1, Background Information on the Turkish
Electricity Systam

TEK  is primarily responsible  for  the qeneratiaon,
transmission and distribution of electricity in Turkey, whereas
all the distribution utilities are under the responsibility of
TEK. Approximately 27 percent of tobtal electricity generation is
being provided by TEK and the rest by oto-producers and private
caompanies. Prices are set by government.

Far the /gear 1923 together with 59726 MW installed
capacity of TEK, tetal installed capacity of Turkey is &935 MW,
in wmhichy 3237 MW is hydro and 34696 MW is thermal.

Tatal domestic generation is 27320 Gub, daported energy
is 2223 Guwh, percapita gross energy is &80 kwh/capita, and  peak
toad is 47321 MW.

75 percent of electricity is <onsumed by industrial
establishments and 14 percent by domestic applications,
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Turkey has 1190 000 Guwh/year hydro generation capacity of
which 11 percent is developed., Although  the major bryddro
resources are generally located in the eastern regions, wajor
consunption centers are in the westérn regions of  country.
Liaganite Based power plants  are distributed throughout the
country., Other production types are not actually signiticant.

Electricity distribution losses are about 13 percent and
exceads 20 percent in some province centers. Power cuts  and
restriction because of shortages is 927 Gwh  which directly
affects the daily life (28). During last years, people have
became more sensitive to pollution and as most of the villages
are near to rivers construction  of  hydropower plants  require
large expropriations.

I11.2, Statement of the Problem

The decision wmaking proecess in electrical  power  system
investwents bhas become more complex in the world and in  Turkey
in comparison with recent years, The number of aoftficial and
non-official organizations and aroups that influence © power
systems decisions has become considerable. That is, the decision
making process has hecome more political. The number of models
and number  of people invelved dn modelling  have ingreased
considerably however formal models are nobt  much  helpful  for
today's decision environments and wodel results do fnoh
significantly influence the decisions (23).

Presently several tacters influence project selection,
choice of plant-mix and timing, concerning social Factors which
appear to be dominant criteria while costs are alse considered
important, RBut the primary objective seems not to b
minimization of cost or maximization of rate of return as in the
near past. The price of electricity is not Ffurther determined
only by costs but also by the demand/cost  structure of  other
enerqgy sources. The electricity producing is more considered as
a . vital part of economy. Uncertainty in change of  production
cost which is reflected to prices significantly affect  the
demand and leads to uncertainty in load forecasting. The subject
is closely related to forecasting and incorporated with national
and wor ldwide economical parameters.

Electrical power system planning has some-unique aspects
with respect to other infrastructural systems. UOne  of  them is
the need for long planning horizons usually 10 toe 20 years which
is mainly due to long  construction pericds of  power  plants.
Because of Tong lead times considerable wncertainties may  exist
in a number of system elements,
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Electrical investment decisions, dinvelving choice of
plants, lTocations, timing, plant-mix  and operatiwﬁ/maintenance
strateqies, are wmwainly hbased on  demand Forecasting. The
stochastic component of electricity clerma.rnd is higlily
significant. Besides that, electricity demand may vary per
years, seasons and even per howrs, In certain  perieds it may
reach to peak and in certain pericds, for example during nights,
to very 1ow levels. The fluctuations between peek and lowest
Tevels are by nature very significant. Considering technical
infeasibility of energy accumulation in  Fform of eleckricity,
power plants’ productions have to follow a path parallel to  the
Toad duration curve. Basically econemical power plants, that is
those with lower operational wunit costs, are expected. to
continucusty satisfy the base load and other plants  to  operate
during pealk lToad periods.,

In a Targe interconnected network, load forecasting and
decisions based on  these forecasts become more complex  and
difficult. Because of transmission losses hetween production and
consumption nodes, enerqgy production requirement to satisfy peak
or base lead Tor far and near consumption centers are different.
Besides uncertainties in the determination of Joad curves -over
the electrical network in the demand site, stochastic events may
alter the supply and the dincorperation of supply and  demand
interacticen through energy cost and price, bring further
complexity to the investment planning problem.

The decision on selection and timing of praojects does
not  depend only on  the decision and timing of resource
consumption such as coal or nuclear reserves, land, foreign
currency and so on, but alse interconnection timing and costs,
availability of skilled man power, environmental poliution,
apparﬁuniti@s for irrigation or use of by-product heat to serve
other demands for thermal energy and other factors, .

In the selection aof power plant-mix, timing, and
distribution over the network, each power plant has  to hbe
individually considered with respect to the whole system. Home
power plant projects may be interrelated and may not be reatized
simultanecusly because of using same woal reserves or o water
resources, some projects may not he realized in some regions  or
in some circumstances due to - military, gocial, economical or
other reasons. Also dependence and concentration on a single
type of power plant are usually not desired for load wanagement,
resource limitations, risk of dwport unavailability or  for
similar reasons. :

Then, electrical dinvestment ok Tem consist of
incorparated investment and aperational subproblems. In the
tight of some of the characteristics stated above, the
electrical investment problem of a wceuntry dis in fact a
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"super—prablen”. However, current practice is  the wuse of LP
models or some simulation technigues to golve it as  simplified
subprobslems where  certain  elements are excluded from these
models simply because they are not compatible with the
analytical approach while, in other instances, they are left out
because they are not sufficiently quantifiable.

For- the «case in Turkey, the electricity investment
planning problem is mainly satisfying demand with " available
sources. However matching supply and demand  within very close
limits is the major difficulty. Deficiencies in supply lead fHo
highly undesirable social and economical consequences while a
surplus leads to  economic dnefficiency, high costs and  bad
allocation of scarce resources,

Eesides satisfying demands both in terwms of energy and
power with available or expected budgets, other factors as
expropriations, pollution, system reliability, «cost of energy
generation and use of investments for longer horizons should
also be considered.

111,30 Possihle Formulations for the Problem

Forgetting many of the stated factors above, a classical
electricity investment planning problenm wmay be basically stated
as given I power plant projects, witl all their characteristbics,
how should he sequenced from present to  year T such  that a
certain objective is attained

This is a typical optimization problem, usually referred
as a -1 Integer Programming (IF), where each variable x takes
on a value either © (do not  carry out  the project), or 1
(undertake the project). In such a problem assuming  that the
cost of the projects x(i) are presented by o(id), and that the
objective is usually to minimize tobal cost  over the planning
horizon.

= min {

rd

<

Todt).eiduenti,b) )t 4 ot 4 Ty i e d
t .

=

Sa.tia ~ Physical
- Technological
~ Enviromiental
- Financial
- (ther oconstraints,

where d(t) is the appropriate discount Tactor and I the
set of projects. :
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‘ This discrete optimization problem is combinatoric, and
may have, in the unconstrained case as many as  (I.T)!  feasible
solutions. Fresent computer codes for this probtem are unabkle to
find a “"proven' aptimal selution for I.T > 106, which severaely
restricts realistic planning that usuaily requires  simultaneous
consideration of doxens of projects within a  fime horizon  of
about 10 to 260 years (30), :

The problem of dimensionality can  be circumvented |y
several means, all of which lead to a certain degree of
approdimation.

i) The Linear Frogramming (L) formulation:

For 1.7 sufficiently large, the salution for
continuous variables can he "rounded—-off"  to  the
integer solution., For larger 1.7 the degree of
errar is relatively small.

ii) The Mixed Integer Frogramming (MIF) formulation:

By "grouping” similar projects and expressing them
as continuous variables, it is possible to reduce
the number of variables considerably, so that a
solution can be Ffound within a reasconable periad
of Fime.

ii1i) The Dynmamic Programming (P Formulation:

As  a "dymamic" aoptimization problem, the P
formulation is quite 3 natural one.  However  the
dimensionality  problem still renalns and
succasstul experiments bave not been reported.

A widely used approach seems to be  the "grouping' of
Erojects which leads to significant loss  of information.
Actually in  an  investment problewm  the dm  should be more
concerned with the marginal contribution of each project to  the
whole planning procass.

However in fact cost minimization can not he considered
as the primary and single aobjective for such a problem.  As
involved a number of social and economical  factor, electrical
enerqy investment planning problem by nature is a multiobjective
one as stated in the problem definition (E1).

Taking the multiebjective nature of the problem into
consideration, it would he possible, For  example, to  find
feasible and desirable trade-ofis bebween contflicting geals such
as minimizing costs, waximizing reliability, minimizing resource
depletion, polluticon and so tarbh, proavided  that one had  a
convenient and efficient "multi-criterion decision mode 1"
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(MCDM) . Experience to date shows, however, that such  general
purpose MUDM packadges will not be available in the near future

(32).

Even assuming that such tools did evist, it is not at.
all guaranteed that they would pecessarily be adopted by  actual
planners and decisjon makers. In other words, the fact that such
models necessarily invelve implicit decision rules which  are
npaque te the dm discourages their utitizatinn.

Even in the case of single objective, say minimization
of the unit cost, obtaining the optimal solution of such a model
is exbremely difficult (22). Resides the dimensionality problem
the solution space is nonconvex. The non lingarity may  hbe
aovercaome by piecewise linearization which will result in further
increase in dimension., Recognizing multiobjective mature of the
prablem, the problem is practically unsolvable with available

“mathematical taols.

Actually all batch oriented decision tools has  to
consider all factors and alternatives at once which discourages
consideration of several factors in model building. Increase  in
size and content of models, bhesides dimensionality, brings  also
lesser confidence on results due to complexity. Involvement of
social facters alse reduce the time invariance of problems which
reduces accumulation of Knowledge and experience as in the case
of a chess problem for o example. Alsoe gsome of the Factors
involved may not be quantifiable. Even it such difficulties may
be overcame, buit wup of super-models may  not be feasible and
acceptable by dm.

I1T1.4. The dudéementa] Programming Formulation

JP Formatation requires modelling  for computation  andl
menitoring of contributions of  each action  taken to  Timits,
targets and other decision criteria. However modelling in  JF
requires by nature simple mathematical operations, wmore often
gimple additions which should net be opaque to the uwser. Such a
modelTing minimize the deformation of the real life situation as
well as Ermvides the dm with a transparent bax  dinstead of a
black one. That is, what's goeing on is easily understandable by
the dm. There is alse no  need to consider all alternatives,
infeasibilities, undesired results and all combinations Jduring
formatation, ‘

In JP Formwlation it is assumed that, the dm dis  wore
interested on marqginal Sontribution of  each individua1 action
taken to his primary objectives and other oriteria, and_ bkecause
of this, artificial integration apd artificial simplifications
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have  to  he prevented to  the highest extent. Despite the
classical approaches, inherently JF never attempt to provide the
dm with a "decision machine" to replace him but an "avaluation
system” or an effective electronic woerk sheet to assist him  in
his decision making., Posing the decision—aid probeiem  as  such,
using M, dmocan communicate with computer o answer his  "what
if 2" type of questions.

Trying te capture the essential factars involved in  the
Turkish electricity system the coriteria  found o be most
pertinent in Turkey appeared to he:

i) Meeting the electricity demand in terms of pawver
and eénergy with budgets in terms of Turkish Lira
and foreign currency.

-

ii ) To provide electricity at lower costs.

iidi ) Te benefit from investmenbts for langer horizons.

-

iv ) T

o prevent electricity short-cuts.

v ) To minimize social effects due  to pollution and
land expropriations,

It appears that ne scolubien tool is available far  taday
to solve such a multicriteria, multidimensional problem  Ffor  a
planpning horizon of 10 to 30 years. To decide on  whether to
start or not a project in a certain year considering all
relevant factors related to the project and considering  each
project as a part of the whole scheduling process requires
extensive knowledge on facts about each project, the envipronment
and interdependence of these projects.

Using computer as a decision machine requires transfer
of all Knowledae, experience, understanding, preferences and
dudgemental ability of experts and the dm to the computer which
is not realizable even in the case of owmitted dimensicnality
problems. JF approach considering computer as a work sheet  with -
a very hiagh response speed, permit the dm and bis e¢xperts use of
their oqualifications te the highest extent wminimizing the
deformation of the real life situation, preventing loss of
knowledge and mislead of the user.d ’

The formulation assumes that reliable deterministic data
exist For each project about the following faclors:

i) power gengrating capacity, (PO - Ml

ii ) average availability tactoer, (AF) yA

BOGAZICH HINIVERSITEST KETUPHAN
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i) unit cost of investment, (1) EVANY
iv ) foreign cost of investment, (IF) 7
v o) ounit cost of energy generation, (W) TL./ Kb
vi ) lecal part of energy generation cost, (LF) A
vii ) project construction duration, (OT) _ years
viii ) Tife time of investment, (LT) years

ix ) tand used For the project, (L) K. soqquares

apm
-n
~

annal pollution due tao
operation, () leooms S22 / year

Synthetic data are produced Lo support the example based
on the ranges specified in Appendix VI, including several types
of projects.

Each of the above characteristics of a project will have
a marginal contribution o the stated oriteria for the whole
electricity system. ’

The developed Gt b e simply transtorms the
characteristics of each project dnte marginal  conbributions to
timits, targets and other decision criteria, updates ard
monitors these information to LThe user.

The M formulation clasgifies the criteria for decision
making into bwoe gqroupss: ‘

i) Targets and lTimits, where there exist for din some
expected or detinite values which shouwld oot be
grcesded or which should he achieved.

ii ) Obher decision oriteria, where  different Tactors
wiil affect preference of the dm but  where there
is no desired or definite value For them.

When limits and  ftargets are  introduced these values
should usually be  forecasted. For this problem  Timits  and
tarqets consisted of, ftor the case dn Turkey, three main
cateqgories. These are fFubure demands, prvestnent budgets,
aperétions and maintenance budpets. More precisely

i) FPower demarnd - POt

i1 ) Eneray demand Ede)
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iii ) Ynvestment budget, TL TTL ()

~

iv Imvestment budget, fﬂreigh“currﬁncg YIFC(t)

v ) peration maintenance budget, TL OTLaE)

~—

vi Operation maintenance budget,

foreiqn currancy OFCCE)

_ Limits and targets appear on the camputer  screen  as
follows:

DEVYSF  TaTal 1934 1945 1986 1947 1938 1989 193 1991 139¢ 1393
FE TN Xapbp ¥ ey g AR EL R T t.y* k% LR 2 xg ry st ¥ Xane ae Ny
POWFR —2688e¢ =51l =ble =72, =75, =77e =85¢ =95, =100¢ =115, =117,
EN:RG  =0"8Bls  =50s =88s =92¢ =120, =140, =130, 20", =2.0¢ =235, =23",
iNTLS 0657, 139, 153s 175, 2LV 227 235, 2060, 275 &7, 342
LHFCS  1.610, 13)e 23906 330, 410, 4d"e 540, 620, 750, 7ie 737,
OMTLb 96620 21l 31, 43, 554 85« 115« 150, 180, 220, 23",
OMKFC@ 3722, 21, 31, 524 63, 75 80, 90, 120, 135, 157,

where abbreviations correspond tos

FOWER
ENERC

1oa%kHMil
1Bl

s =
< {11
i o~

o o

—

3
3
INTLE & 3 T Bildion
IMFCE s s 0% Mitlion
: 5 T Bidtian .
8 3

o OMilTion

The above data are also  produced  based  on raugh
estimates to support the example.

Estimated amounts appear for each year  throughe the
planning hordizon with a reversed sign. That dis  indtially all
targets have negative and all limits positive values., DIEVEF s
the abhreviatiaon of "deviations from". Tetal deviations also

appear for the whole planning horizeon wnder the TOTAL column.

A space is praovided far the scheduling of projects. Each
scheduled project will have a positive contribution %o  the
targets and a negative caontribution te the liwmits., That is, as
all targets are initially negative and 211 limits are positive,
each scheduled project will tend liwmits and targets’ values of
related years o nill and after a certain point will  tend tao
reverse bheam., ' )

This presentation provides information on  how actions
taken dao copnbribute to the criterion of meebting the  electricity

demand in terms of power and energy with  budgets in terms  of
Tuwrkish Lira and foareiqn currenacy. .
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The screen desiagn alse  pravides information on other
relevant factors stated belows
i) Unit cast  of  enerqy  generation aizyy  forr  the
criterion to provide electricity at lower costs.

ii ) Non-depreciated assets Ffollowing the end of
planning  haorizon  (MOAY;  for the oriterion  to
beénetit from investments for longer horizons,

iii ) Reliability facter (REL); for the criterion to
prevent e¢lectricity short cuts.

iv ) Land used for the investments (LAND) and pollution
factor (PE)3 for the ariteria to minimize social

effects due to land expropriations and pollution.

The values are presented in the follewing units:

LI d TL./KWh

NDA . 1000 Billion Turkish lLiras

REL. 5 percentage

LAND Kim squares

PF b 1006 metercubes of sultfure dioxide

LAND could also ke expressed in wmonetary terms  or
population affected and PF in terms of other units expressing
also nuctiear pallution etc. Such alternative presentations dao
not affect the J° formulation and de net  require meditfications
in the software.

The final version of the screen 18 as helow, where (E2)
presents the screen numhber. The sofbware enables  the user
sliding the screen in terms of multiples of five periods and the
fast two lines are used for  the soflware’s wmessages and  the

input commards.

. ._...: - e e [ - N o _\

uc: 4Qe . ' S:1
NDA : Qe RELS Oe LAND: D, - PF2 Cs

DEVSF TaTaL 1934 1945 1386 1947 1988 19489 193, 1991 1392 1993
»leF¥yr  Hpésw TR NEER  FeEzx s ks  Rodmx Mg ki LENE BRI AL Xahs  sewy
POWER =26838. =51 =61, =72, =75, =77 -85, =95¢ =107 =1({5. =117,
ENERG -378 1, =504 =34, =92¢ =LV =V4y =130, =2uN, =220, =234, “-r3%,
INTLY 0657, 130, 153 175, 20Ny 22N, 235, 26N, 27% 3ele 332.
LNFC8 16l 133. 239. 330 410, 447 547, 627 7076 7i%e 737
OnTLE 3622, 2le 3l. 43, 554 B85« 115« 15", 150, 220, 230,
onrca 3722, 2la 31, 524 EN 75 sl 9N, 127, 138, 150,
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IT0.5. Models Ueed Within the 7 Formulation

The JF Fformulation processes data  for  each project
transforming  characteristics of projects into marginal
contributions %o limits, targets and decision criteria. PFroject
data is presented in a FTile in the following formats )

Caode P AF I IF ] . L ) LT L F
MW % E/KW 4 TL/KWh % years years knd km3/y

Ho @4 . " . .

Coos “ " .

Mi@il “ "

In this example time variations of all factors between
periods  related to projects such as diminishing in  power
capacity, increase in operation and maintenance costs etoc. are
omitbted For simplicity and bebter understanding of  the reader.
If such an information could he provided, a time dimensicon can
e¢asily be added toe the Jdata and Lo the arrays in the program for
lesser defdirmation of the real life. This practice would
increase bath dimension of the data and the program. However the
JPoappreach  allows  approaching o the real Tife situation
further improving the data manipulation and permits  Further
compler computations without disturbing the understanding and
Judagemental ability of the user and without providing him  with
additional load.

The data presenting the characteristics of projects are
presented toe the dm in a fully sorted Tist format according  to
each characteristics via a S0RT program presented in Appendix V
together with a sanple list, ’

Project data are directly read by the MAIN  program and
then converted into mardginal contribution amounts to limits and
targets for corresponding years as Follows:

it

dFOWER P/ 106

H

A ENERI Pozo% ( AF / loe ) % (RS R 24 ) / 10060 /100 .

dINTLE = PO % I 3 FO# ( ( Loe — IF ) /7 106 ) /T
/ 1006 00

AINFCE = PO 1% (IF /7 100 ) / CT / 1000

JUMTLE = PCo% ( AF /7 106 ) % ( 265 3% 24 ) * U
#(LF /7 100 ) / 16066 0o

dOMFCE = PC % ( AF /7 1600 ) % ( 245 % 24 ) #* 1)
# ( (tee -~ LF ) / 1o ) / FQ / 1000
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where, FC is the foreign currency ($) exchange rate read
by the program and some of  the divisions ta hundreds  and
thousands are made to Epecity number of digits that will appaear
afs the scoreen.

If change of characteristics per time waould e
introduced, it would be mare effective  be pra Farm these
conversions out of the program and already have in  the time
dimensioned data set as first year  powar  generating  capacity,
serond  year power generating capacity, first year faraiqn
currency requirement for investment, second year requirement and
so on. For & deviations, 100 projects and a 320 years  planning
horizon this would require anly a 10 Ebyte additional an line
memory which may be available even in today’s home computers.

Deviations from Timits and targets for a specific periad
(year) is the summation of the stated coptributions of all
projects affecting the perinadg,

To facilitate the dw's scheduling work, the projects are
alse  converted and sorted acoording ta their yearly
contributions to each limit and target on the same unit scale as
it appears on the screen. The conversion program and a  -sample
list is provided in Appendix V.

Each preject has contribution e  investment budgets
during project construction period and to  power/eneragy  targets
and aperation/maintenance  budgets during  the life time of
investment. In the program the contribution values are simply
added to Timits and targets when a project is started at a - year
or subtracted from when a scheduled project is omitted.

If a time dimension was included to  the projects data
set the procedure would be the same. In this case, First year
investment cost weuld affect fFirst year investment budget,

following the investment pericod, first year power capacity would

atfect first year power demand apd so an, even varying according
to the period started .

Screening the affects of projects 4o the tarqets and
limits according to  the starting periosds constitutes the
mainframe of the JP Fformulation for this problem.

In this example other desision ariteria are,preseptwdras
sinagle values on the soreen. Some of these va]qe§ cuulq alsq b
Pre;ented tor each period o provide furth&r-'1prﬂpmatlmn in  a
similar format as presented deviations Trom 11m1t§ and  targets.
In this case as in JP formulation decisiaon mritarlﬁ is  defined
as different factors that will affect preference of the dm bt
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‘where there is no desired or definite value Tor Chem, instead of
a Torm of negative and positive deviations they would appear  on
the scoreen  for  each year as  they are computed. By this
presentation actual unit costs and other facters woyld Appear
for- each year on the soreen. However ftrom ergonomical  point o of
view screening excessive information should he prevented in such’
Formulations.,

In this example the five decision criteria are computed
as follows (34) (35):

WC = 2 ali,t) + dii, %) / Edi,t)
it '

NDA = 2 TCi,t) -~ d¢i,t) )
ik ‘ ‘
; S 0pdE) ~ E P, \n
REL = | b . A
\ E Dple) }
\ 1 !

wheres

sum of TL and foreian currency op. maintenance costs
acarged Jdepreciation by project i at period t

E energy produced by project 4 at perind t

1 investment costs of project 1 at period t

P oo power generated by project 4 at period t

Dy power demand at period t

PR ]
e sz

bk =P

LANMD and PF oare direct summatinﬁs Trom data.

In WP formulation  bwe | points  should  he considered.
Altough values set as Timite and fargets are simply values %o
guide the dm, the designer should remind that these are usualily
estimates and are not deterministic values., Then the variances
of these estimates should bhe considered. Alse these values are
usually subject to change by the actions taken, throuwgh  the
decision process which should alse be considered.

In this example hesides the point estimates of  demands
and budgets determined as the nomipal values, pessimistic  and
opbimistic Timits are also included in the Tormulation enabling
the dm to review the results «of his acktions taken as the
deviations from limits and targets, Trom pessimistic and
optimistic point of views., That is, the deviations are monitored
according to optimistic and pessimistic demands and budgets for
the whole planning horizen when asked,

Aonsidering the fact that each scheduled project  will
atfect enerqy produced, the upit cost  and price of energy
throughout the planning horizon the demand and budaets will alsa
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be gff@cted;"(ﬂh) (Z7).  Energy p1anhing of  a  aountry will
obviously affect the whole economy of that countiry et (27).
Energy planning and the economy interface is not within  the

scope of this work, however as an example for consideration  of

the fact that wsually Timits and targets are affected by the

previcus actions taken, enerqy demands (targets) are revised
accaording to a preset price elasticity within the praogram alone
or together with optimistic and pessimistic deviations review.
Such reviews will provide the dm with valuable intformation
through his decision wmaking process. '

Forr optimistic and pessimistic review, simply
differences between nominal  and optimistic/pessimistic values
are read From Files and added o nominal values when asked.

Far price e¢lasticity the helow Fformulations are used:

(@) -+ E ()
ue(t) =

E(a) +

i

FPOEY = m it L)
Dr(g) = D(E) ¥ eup (e (adP(t-1)rh¥P (H-2)+o#P (5-2) 0w )

wherés

(I DI unit enerqy generating cost at t
Fotd g unit price of energy at t

o) 5 enerqgy demand at time €

JDedk) revised enerqy demand at time t
E(D) H initial availabhle enerqgy

E() 3 energy generation at time

(o) H initial energy generating cost
c(h) i energy generating cost at Hime €
] H profit margin

@ H price elasticity

G, b, H parameters

111 .te Softwars Developed to Support the Example

Being a widely known and  used standard high level
language, FORTRAN [V is prefered in the development of  the
programns. Frograms are run both in LUNIVAL and Q00 wainframes at
Bl with small conversion changes. Taking intoe consitderation that
one mway be willing to  experiment  bthe sofbware  in o any ohhear
computer, the statements that way Fequire ohanges acoording  to
the available compilers and computers are marked within the
programs. With the aim that the programs  may b run din any
computer, standard statements are waed b the highest possible
erxtent.
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The last state of the program sources are presented  in
the Appendices 11 to Y. Read-only programs and data files are
presently available under the user name on=ULUSOY  in the I
mainframe at DY for  free access of users. Alse a diskette
back-up copy of all files is submitted to the Institute For
Graduate Studies in Soience and Engineering together with formal
copies of the thesis,

Besides the MAIN proaram, twe asuxillary  programs  have
baeen used Tfor the manipulation of the projects fFile: S0ORT  and
CONVERT.

SORT program simply sorts the input File with respect to
each column  covering all  dinformation  for each row,  During
scheduling process to have all projects sorted with respect to
their power capacities, average lead factors, wunit investment
costs etocy is very usetul for preferences within projects.

The COMVERT program transforms  the characteristics of
projects into direct contributions to limits and  targets. The
direct contributions of projects are then sorted by the SORT
progaram. This way the user is able to schedule a project or a
group of projects at each stage acoording te the deviations from
limits and targets, that is according to the unsatisfied demands
and available budgets.

At the beginning of scheduling process the sorted lists
produced by these programs should be available on paper if  two
terminals are not available to  the wuser. In  the case of
availability of twoe terminals it is advisable to develop simple
search and Tist programs to facilitate the user’'s mark.

Al programs  are presently available in the Torno
mainframe at B, A HELP program is provided to the user which.
presents names of all files, the necessary commands Lo start the
programs as well as the description and use of the commands and
all other necessary information tegether with print Facility.
The screens presented by this program is provided in Appendix 1,
T use the program following log-on just enters

/aat, help/un=LILEnY
/help

111.7. Experience With the Forwuwlation

As an experiment to test the Tformulation a  number  of
graduate students in the IE dept. at ElU, they were actually 14
Cand worked in groups of two, were asked to pertTorm  experiments,
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coatter about twmo hougrs af @xplarntinns o the  problem  and
Csoftware. In the experimental version decision criteria  and
review module were not included in arder rot  to  confuse  them.
However they were provided with all other information and data,
including the sorted and converted Files. They were asked to
submit their reports following a three weeks periad, By the @nd
ot this period they submitted their reports in May 1984 and they
are interviewed during and follawing this time besides analyzing
their work performed. )

From the reports sutmitted by the students, which are
faced Ffor  the Ffirst tiwme with the prablem and  the JF
formutation, it was ohvious that none of  them experienced . any
difficulty wsing the software. It appeared homever that at least
four %o five hours of dinteractive euperimenting session  was
required to arrive al “desirable" sojukions.

Per dinterviews and per the submitted reports, the
students understood the problem mainly satisfying demands and
aveiding budget deficits. However a small ahservation of data
and same trial runs showed them that the objectives, achieving
the targets and not exceeding limits, were conflicting and  that
the problem was “infeasible", They also noted that a  hemogenaus
sacrifice from objectives in scheduling process was not su easy
as it was appeared them First.,

Noting +the infeasikility they Tfirst tried to sat
priorities among objectives and acceptable tolerance levels for
them. A group of students gave highest priority to eneragy demand
satisfaction only or together with  power  demands caonsidering
budgets as subordinate levels assuming that sources can he Ffound
as enerqgy is a leading factoer in  the economy. Other students
considered demand at subordinate levels assuming that budgets
present the maximum amounts of resources that may ke available
and exceeding them may result with delayed or unrealized
projects.,

The priorities set by the groups vardied from gach other.
Some of them gave emphasis fo short run o or long  run o periods
within the planning horizon, some. of  them gave priorities o
same group of projgects as  hydrelic  or onal  with acceptable
reasons and some introduced also  other  objectives as  using
different type of projects From a reliability point of view aor
trying te install least number of projects o minimize
managerial difficulties and 80 on.

Most of the groups obtained “desirable” results not
conflicting with their objectives. Fer interviews some of  them
stated their feelings on  possibility of achievement to more
preferable results per their ubilities which  should be muost
probably true. Because it should bhe noted that the students were
under time pressure Lo complete their work, '
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, Reports and comments of students pointed aut an
interesting concept in JP which is not always true in many
approaches. This was the inherent learning process. That is, at
each interactive session understanding of students an prmiects 
and facts were developed and so their solutions. Thrnuqhaut“ the
whale process they reached to  better selubtions Eer their
Judgements and seing the results of their trials they were alle
to explain reasons of all of their individual actions. Per their
comments, at the end of each session they had more command  on
the problem and were more able to wmanage the projectz.At the end
of each session both the user and results obtained reached to
more mature levels which would have not oooured if they modelled
the problem say with LFP and analyzed their solutions. In such a
case most of their results and comments would he missed.

Although JP Fformulation provided a learning process it
should be remembered that all students played with numbers with
lTittle Kknowledge about facts on projects and  the electricity
system, as they were not experts in this field. Zuch an approach
would be most probably more meaningful  for an edpert  with
extensive knowledge on real projects and the real system, and
his "desired” solution would e more strongly supported with
facts and he would be wore able  to explain and report  the
reasons of each individual action taken.

T11.82. Critiques on bhe Software

Fallowing their experiments critiques and propoesals  of
the students are also collected via interviews. Most of  them
complained From lack of a recovery file. They had te use the
software usually in one or half an hour sessions and they wanted
to restart as they leaved. The PRIMT facility of the software
provided them the ability to see also the last stage when  they
leaved, To reset the sotftware say, to reschedule 3@ projects,
costed them to spend two to  four minutes. Considering the
remembering effect of this rescheduling and wminority of  this
time spent a recovery file is not considered as necessary by the
author in the final version.,

Brother interesting proposal was related with the desian
af the software. A group proposed a better command on the soreen
for add and delete commands. Instead of these commands, they
proposed to add and delete the projects using the curser and  ta
prevent scralling of the screen. This was exactly what should he
done from interactive programming peint of view, However this
would require desian of the software for a  specific hardware
which was in  conflict “with aubhors wobjective, the example
program to be run o in any computer with a FORTRAM compiler with a
minimum adaptation fime.
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Another critique by a group was related to the lack of a
manual te refer while running  the program. A help  file was
presented to the students to refer how to run  the progran and
the HELF screen within the program  was  there. However they
stated that they prefer all these printed on hand and alse to
see the units of scoreened values. This is obviously beneficial
for better command on the software. According to this proposals
all units are included in the HELP screen providing a  facility
to have this soreen and other relevant dinformation printed on
hand via a HELF program as presented in  Appendix  I. Besides
this, all information for better understanding and  command  on
the saftware are presented in  bthe Appendices which may be
referred as a manual.

In this example inflation At i hamogenaeoaus
distribution of deviations were not considered. DbQiuUslg
investment in the First and the following years as well as other
factoers such as energy prodoction won't be  the same. Currenoy
requirement in the short and long runs won't be  equal  due to
inflaticon or change in technology. The omitted time dimension
has hkeen noted by most of the students. However the software was
noet intended to he directly used by TEE planners but to be a
relevant example for JP. As mentioned eariier this may hbe  made
by adding a time dimension to data and  cowmputations. The time
dimension was omitted for simplicity and better understanding of
the reader. Meanwhile the inflation may be considered while
setting up  initial deviations din  terms of todays currency
values., That is one million appearing at the 12th  year wmay be
considered as one million in todays valwes.

" Most of the students were disturbed from surplus  and
deficit in demands and budgets in their solutions. They proposed
reflection of import and export possibilities and a facility to
better handle the budgets. According to this proposal export and
import projects are included as example in the data et hbut  the
use of previous years® surplus budgets, shifts and combinations
of some budgets eto. are left o the visual and  judgemental
consideration of the wuser. In a real 1ife JF  trial, such
monitoring or formulation changes would be  pertformed per  dm's
requests wuntitl he would he satisfied by  the information
providedd, :

These were all reported or discussed oritigques of  the
qraduate students. If the experiments wers alse carried out by
TEE planners the critiques would be most probably more numerous.
OFf course there is no end if  the software would be used in
actual planning process. But including all possible improvements
would lead the example to be too crowded that could result by
the missing of the maintrame and main idea of N7 in the example.
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‘III"?u Alternative Solution Paths for the FProblem

Al of the araduate students tried to tind a systematbtic .

for trial and error in their experiments where in fact there is
not a proven ane for the time being.

They primarily set their priorities and their  tolerance
Timits for the wminimization of deviations From Timiks  and
targets. They did not bothered too much about providing  surplus
energy or budget, as the problem was "infeasible" for the data
provided. ' ’ :

The systematic used, mainly consisted of forward and
backward scheduling processes. It seems that those conserning
more  with budgets prefered forward scheduling  and thuse
conserning with demands hackward scheduling. :

Forward and backward scheduling and variations of  them
usually require a  tableauw. of dncrements of deviations by
periods. That is, if the deviations are say, 106, 120 and 135,
the tableau of increments will be 106, 26 and 15 respectively.

For scheduling process the qroups were provided with
printed ligts., The fFfirst list consisted ot project
characteristics, and the other marginal contribution of each
project to each lTimit and target in terms of deviation units.
Both lists were fully sorted, according td each characteristic
and contribution te each target and Timit, o facilitate the
scheduling process. -

Besides the tableau of increments, analysis of  demands

and budgets trends may provide very uwseful  information for
strateqy setting. For example, power energy ratic trends may
qive idea about suitability of projects scheduling from  high
Toad to Tower lead factor projects or a decreasing  trend in
eperating costs about scheduling long consbruction period  low
operating costs projects throuahout the planning horizon.

In forward scheduling the user searches a project or
aroup of projects that will satisfy future demands. At this
stage the user should alse censider the operating costs and
budgets for the periods where demands are satisfied, Usually it
may be preferable to coansider first nearest pericds, as  the
first coming period is directly affected by the projects
scheduled in the first period but the second by the projects
scheduled in the first and second periods ftogether, and so  on.
This way the user wmay go up Lo the end of the planning  hordlzon
according to his preferences.
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‘ In wmany cases backward scheduling may he preferable.
Considering the incremental tableau example againg, that for
deviations say, 100, 120 anpd 135 the increments were 160, 24 and
15, it is ohvious that the last dincrement will most probakly .
invelve less number of projects, which will signitficantly reduce
number of alternatives and combinations to ;atisfg the last
pericod demand while considering the last period aperating
budgets. The user starting from the Jast period searches fo;
projects that may be suitable for available investment budgets.
Although backward scheduling is prefered by some  groups qivinq
higher pricrity to demand aspect it may always he ﬁreferahie in
most cases as it decreases the number of alternatives during
scheduling., )

During scheduling, hbesides giving priorities to  some
targets or limits there is always raosm to consider for  example
some or all budgets together, in terws of Kind and period, as
reported alsoe by some of the students. The satisfaction of user
on results, besides performing a  reasonable approach, wainly
depends on time spent during the "tuning" of the results. During
this stage projects are changed with "preferable® projects
acocording to the trade-ofts hetween the deviations,

The reader may find sample results in Appendix VI.

ITf.10. Brief Discussion of the Example

The planning of the electricity investment of Turkey is
a real life problem involving multicriterda and multidimension.
As discussed before, in today’'s computer bechnology there is  ne
way to consider all factors involved and to transfer Knowledge,
expertise and human abilities to  computer via classical
optimization and scolution tools. Design of super-models to
solve such a preblem appear to he infeasible with respect  to
most criteria.

To provide the cooperation of actual TEK planners . has,
not been possible during and after the design of  the saftware.
The design is fargely based on reported facts, literature and
the experience in this field of the thesis adviser. Indeed,
in real tife, although the designer can  escape from being a
bridge hetween the dm or his experts and gonlution to the problem
his work would continue in revising the JWP formulation and  the
software. If the software was used by actual planners, TER
experts would ask for the o monitering of  further factors in
different formats besides ways of providing actual and reliable
data.
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Although the students have not  kheen able to  bring
recanmendations that TEE plasners waould  probably  could,  they
reached to solutions where +they are "satisfied" per their
criteria thot they wan't be able to reach wvia other toeols

without Taragely omitting some of the factors they considered.

1t seems that neither they won't he able to  defend their
solutions as mich as  when they reached via JP.
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IV. CONCLUSETON

In general real life decision making problems are
complex, multicriterial and multidimensional. Approaching  to
real  life via oclassical OR solubion tools results with
difficulties in mathewmatical manipulations as well as usually
needs allecation of expensive resources due to requirement  of
special desians, wore time span to get the solutions, wmore
invalvement of people and so on. :

Complex mathematical approaches usually bring wmore hias
and uncertainty with respect to real life behaviour and results
obtained from tools and bring lesser confidence of problem
owners on techniques strange to them.

Because of the difficulties in reflecting the real life,
Judgemental  Programming is oo trial o unsbructured
approaches  giving  emphasis  to the  jjudgemental ability and
eupertise of the human being, in a simple and friendly manner
easy to Tormulate, understand and vwse for real life problems.
Indeed today's computer technology enables further unstructured
human involvement.

Judgemental Programming is  primarily an approach . for
tformulation and solution. Tt may be henetficial for a variety of
problems alone or together with other tools especially in higher
level decision mwaking Ffor  unstructured problems  invelving
qualitative dimensions. The major developments shauld be
observed in large scale noen—linear or integer pragramming type
of problems, especially Cdnvelving multicriteria whee e
approaching te real life via cther tools do Fall. A reduced
emphasis on classical wmodel building but a greater emphasis on
data wanipulation and evaluation should  be expected in  this
development.

Ma_jor advances din  software, particularly in the
development of dinteractive programming  languages specificly
designed for this purpose seems to take place in the near future
parallel to the Judgemental Programming approach with respect to
classical aptimization tools in the search of solution to real
life problems.
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HELF PRCCRAM HENU:

T1a LIST CF FILES

2« EXECUTION INSTRUCTIONS

3. FAIN FRCGRAK INPUT COKMANDS

4o FAIN FROGRAN SCKEEN AESREVIATICNS
5« PJ FILE EXFLANATIONS

6o INFO FILE EXFLAHATIONS

7« TO PRINT ALL SCRELNS

8. EXIT :

FOR PRINTCUT ENTER /ROQUTE,OUT,OC=PR AFTER EXIT

PLLASE REFER TC THE THESIS ENTITLED

“"JUDGEMENTAL FRCGRAMMING AND AN EXANPLE FCR INVESTMENT FLANNING"

SUBKITTEL TC THE INSTITUTE FOR GRADUATE STUDLES Ik SCIENCE ARD ENGINEERING
OF EOSPHCRUS UNIVERSITY IN ISTAANBUL

IN 19385

+



43

NAWE EXPLANATION TYPE SECURITY
FAIN #AIN PROGR Ak FCKTRAN  READ
B MAIN PROGRAN COLE CGDE EXECUTE
oR CIRECTORY FILE DATA RELD

PR FERICDS OEVIATICNS DATA READ

o OPTIMISTIC DEVIATIONS DATA READ

PO . FESSIMISTIC DEVIATIONS DATA READ
out QUTPUT FILE TEMPORARY USER

PJ PRCJECTS FILE DATA READ
SCRT SORT FROGKA# FCKTRAN  RERD

S SCRJ PRCGRAN COCE CCPE . EXECUTE
SCRTIN  SGRT INPUT FILE TEMPORARY USER
SCRTOUT SORT OLTPUT FILE TENPORARY USER
CONVERT CONVERT PRCGRAK FORTRAN  READ

c CONVEKT FKCGRA¥ CODE  CODE EXECUTE
INFO COVERT OUTPUT FILE TENPORARY USER
HEL PS HELP PROGR AK FORTRAN  RFAD
HEL P HELP PROGRAR COLE CODE EXECUTE

“= PLEASE ENTER =GC~ TGO RLTURN ==



1. TO GET MAIN FRCGRA® FILES
/GET,¥,DR,PRsFJ G0, FD/LN=ULUSOY

e TO RUMN THE MAIN FROGRAM
A H

3. TO GE1 SCREENS AND RMESSAGES
/ ROUTL,CUT,DC=PR '

L. TO SCRT FILE PJ FER CCLUYNS
/GET,S,FJ /UNSULUSCY '

/ SAVE ,FJ=SGRTIN
/s
/ SAVE ,SCRTGUT=FILENARE _

5. TO CCAVERT FILE PJ INTC CONTRIEUTICNS TO LIMITS AND TARGETS
/GET,C,Fd JUN=LLLS Y ‘
/c
/ SAVE S INFC=FILENANE

6o TO SCFT FILE INFC PER COLUNNS
/GET,S,INFO/UN=LLUS QY
/ SAVE , INFC=SCRTIN
/5
/ SAVE »SCRTOUT=F ILENANE

7. TO CHANGE CONTENTS CF ANY FILE
/GET/,FILENAME
/ FSE,FILENAME .SS721

8. T0 PRINTOUT ANY FILE
/ COPYSEF,FILENAML L0
/ ROUTE,C,CC=P&

-== PLEASE ENTER =GC~ TC RETURN ==
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INPUT COMMENDS

A
B
c
D

H

Jtet t]om==-
Ok LEFORE
OR CLEAR’

IEXZ R FELE T
CR HELP
CR HESSACE
OR PRINT
UR REVIEM
CR STCP

1,2,3,4,5

45

ADD PRUJECT 44+¢+ TC YEAR ==== TO START THE FROJFCT AT ====

SHOW Tde SCREEN BEFCRE THE LAST ONE

CLEAR ALL SCHEDULED PROJECTS AnD REINITIALIZE THE pkocaﬁé

DELETE FROJECT ++++ FRON YEAR —=~== TG RETURN TO THE STATE SFFCRE
DISFLAY THIS SCREEN

PRINT CACH YTIME A FESSAGE OF 20 CHARACTERS CN FAPER

PRINT THE CURRENT SCREEN CN PAPFK

REVIEW DEVIATIONS FROW¥ LIWITS ARD TARCGETS

STOF THE PKCCRAM

SLICE THE SCREEN

“~ PLEASE ENTER ~GC~ TC RETURN ==
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SCREEN ABEREVIATICONS :

c
“

uc
WCA
REL
LAND
PF

e s S5 00 Be s

DEVSF
TCTAL

PCYW IR
ENERG
INTLB
INFCE
GriLs
OFFC3 :

SCH.PROJECTS:

SCRELN NUMBEFR

UNIT CGST OF CNERGY GENERATION (TL/KWH)
NON DEPRECIATED ASSETS (1CCTB TL)
AVERAGE SYSTEM RELIASILITY (%)

LAND USED FCHR INVESTHENTS (KRZ)
PCLLUTICH FACTOR (Kt CUBES S02)

DEVIATIONS FROM LIMITS AND TARGETS
DEVIATIONS TCTAL

CDEVIATICHS F&CM PCWER TARGLTS (107AW)

DEVIATIONS FRO¥ ENERGY TARGETS (100GwH)

DEVIATICHS FROM INVESTHENT TL 3UDGET LIFITS (TL &)
DEVIATIONS FAOM INVESTHENT FOR, CUKe BUDGET LIMITS (£ ¥)
DEVIATICNS FRON OF /MAINTENANCE TL BUDCGET LISITS (TL E)

DEVIATIONS FROM OP./MAINTENANCE FORL.CUR, SUDGET LIKITS (3 &)

SCHEDULGED PRCJECTS STARTED AT THE BEGINNING OF EACH PERIGD

=~ PLEASC LWTER =~GC~ TC RUTURK



COLUKN EXFLARATICN

t
]
1
]
]
]
3
]
t
!
1
1
]
)
]
1
]
]
i
i
3
]
]
1
t
1
]
1
1
1
1
!
1
1
]
]
1
)
1
1
]
]
i

FRCJECT CODE

FCWER GENERATION (100Mw/YEAR)
ENRERGY GENERATION (1CUGHH/YEAR)
INVESTNENT ZUDGET USED (BTL/YEAR)
INVESTMENRT BUDSET USED (¥3/YLAR)
CFERATION GUDGET LSED (BTL/YZAR)
CFCRATION BUDGET LSED (kE/YEAR)
DEPRECIATION (3TL/YEARS)

L1fFL TINKE CF IWGVESTMENT (YLARS)
LAND USED FOR THE PRCJECT (KHK3)
ANNUAL PCLLUTLIIN (1000F¥3 SC2)

(S N v VRN I s SR, I SRV N I

-y

== PLEASE ENTER =GC~ TC ReETUKRN




CCLUMN EXPLANATION

PRCJFCT (GLL

PCwWER GENEFARTING CAPACITY (%)
AVAILACILITY FACTCE (PERCENT)

UNIT CCST CF LIuvFESTMINT (2/KK)
FCRLIGH COST OF IANVESTNLRT (FCRCENT)
UNIT CCST CfF GERERATICH (TL/KWE)
LCCAL FARY OF SENRECRATICN CCST (PERCEHT)
PRCJECT CONSTRUCTICN DURATICN (YEARS)
LIFE TIwE CF INVFSTMERT (YFARS)

LAND USED FGR THE PRCOJECT (KK3)
ANGUAL PCLLUTICKR (1LCENZ S5C2)

e T NO R W -

-

~= PLEASE ENTER =GC~ TG RLOTURN
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PROGRAM MAINC INPUT , QUTPUT , OD , PC , DR » PR » PY , CUT

TAPES=INPUTY » TAPEG=OUTPUT )

KAK AR AR RN R A AR AR AR AR KRR AR AR AR AT AR AR AR AR AR AR R A RN R A AR AR NN ARR KRR AR R AR ATRARR LR

KRKRARRK AR RR AR AR AR AR AR AR AN AR AR AR AR AR AN R AR A AR AR RAAR RN RARARN AN NANRARRNAR NN

* A
* *
* %
* K
%

TAHIR ULUSOY © FILE: MRAIN VERSION: X¥AY 1G&S

PRCOGRAKRS USED FCR THLE MASTEFR THESIS

*w
LR 4
E 3
LR
L2

KARRKRAK AR AR ARNARN AR AN AR AR AR AA AR SRR RN R AR AN ARNAN RN AR R R AR AR AR AR AR A AAR AT AN RN RN
AR ARAX AR AN RR AR AR AR KRR AR RARK AR A A AR KR AR RN AR N R RN AN AR AANR RS AR AARRANARASARAN

ASK
CEGC

ITDEV

LAND
LANDE
LE&D
LIFE
LoP
LTN
KSG
NDA
HOAE
NP
KPR
0DCVY

KAR KA RA AN KA RARK AR AR R AR R AR AR R KR AN AANN AR AN AR AR NN AKX AR AN

L4 *
o DESCRIPTICN CF VARIAELES *
* *

KARRNA AKX AR R AR K AR KRR R AR R AR AN KRR A A AARA AR AR AR AR AN AN AR R R AR

ASKING FOR CONTINUATION MESSAGE

CUMULATIF ENERGY GERERATICK CCST IWCLUDING DEPKECIATIONS
CUMULATIF GENFRATED ENERGY

DEVIATIONS FRCM LIWITS AKD TARGETS

DEVIATIONS FRCM LIKITS AND TARGETS EEFCRE THE LAST CHANGE
DUKIY VARTAELE

FCREIGN CURRENCY RATE.

INITIAL AVAILABLE ENERGY

CCLUAN INNDEX

IAITIAL DEVIATIONS

INITIAL ENERGY GENLRATION COST

INPUT COBXAND

PROJECT FILE INDEX

RCW INDEX .

SCREEN INDEX ,

INITIAL TCTAL DEVIATICNS .
STARTING COLUFN INDEX FGI THE SCREEN

ENDING COLUNN INDEX FOR THE SCREEN

LAND USED FOR INVESTPENTS

LAND USED FGF INVESTRENTS BEFCRE THE LAST CHANGE
LEAD TIME FCR THE PRGJECT

PROJECT LIFC TIPE

LAST OPERATING FERIOD OF THE FROJECT

LINTT=TARGET NAFE

MESSAGE TC FRINT

NCN-DEPRECIATED ASSETS

NCN DEPRECIATED ASSETS BEFCRL THE LAST CHANGE
NUMSER OF PROJECT

KUKBER CF PERIODS:

OPTIKISTIC DEVIATIONS



56
57
58
59
6¢
61
62
63
64
45

A
67
68
695
7C
71
72
?3
74
75

76 .

77
78
79
8¢
81
82
83

35
36
87
83
8%
9C
91
92
93
94
95
9¢é
97
93

96.

106
191
102
103
104

105 .

106
107
1038
109
11C
111
112

OO OO OO OO OO IO OO

CCHMON
CCHMEN
CCHpCie

CEARACTLR

CRARACTER*Z
CHARACTER=4
CHARACTER™ 4
CHARACTLR*S

REAL
REAL ‘
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

CFEN
CEEN
CFEN
GFEN
CFEN
CFEN

e lalalalel
- N3N =i =
NN S N NN
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ENERGY PRICE

PROJECT COOE

PESSIMISTIC DEVIATIONS

PRICE ELASTICITY

PCLLUTICH FACTCR

PCLLUTION FACTOR BEFORE THE LAST CHANGE
PROJECT DATA INFUT

PROJECT INFCRMATICK

PROFIT X®ARGIN

PRGJECT NAKE INFUT

PRCJECT PERIOD

PROJECT PERIOD INFUT

REVISED DEMAND ARRAY

REVISED OEVIATICHS

AVERAGE SYSTE# RELIABILITY

AVERAGE SYSTEX RELIABILITY GEFORE THE LAST CHANGE
SCHEDULED PROJECTS

SCHEDULED PRGJECTS BLFORE THL LAST CHANGE
TCTAL DEPRECIZTION

TCTAL DEVIATICNS FRCr LIFITS ANC TARGETS
TCTAL DEVIATICKHS FROK LIKITS AND TARGETS EEFORE THE LAST CHAMNG
UNLT CGST OF ENERGY GENEFATION

UNIT COST OF ENERCGY GENERATION EBLFORL

EARAN AR AR NN AR AR AR AN KRR RS R A KA AR AR R RN R AR AR AR RN R ARAR RS

* *
* VARTAGLES DECLARATICH *
* =

KAKAN RN AN AR AN AN RA AR AN AR R A RR AR KA A AR NN AR AR AN KA AN AR PR A i

/CHAR/S PP , SP , LTN
1S » J1 » Jd2 » TDEV , DEY
Ut » NDA » LAKD ,» PF , REL

-

INC , %56(8C)

ASK » DURRY

PF(3G) » SPCIC,20)

PCGOE(120) + sSPE(IC,30) , PNl , PF1
LTH(6) .

-

-

TOEV(E) » DEV(6,30) i
ITDEV(6) » IDFV(6,30)
ROEV(6,3L) » COEV(6,3C) , FDEV(E,Z) i
£C » TOEP
UC » HDA , LAND , PF » RLL i
UC3 » NDAB » LANDE ,» PF3 » RLLED i
PIDATACIZL,1C) » FIIRFOC12C,10) 1
TeoviBCe) » DEVB(6,30) ) |
CEC(20) » CLGC(3C) , CGEC3L) » RD(3C) », P(Z0H : i
PE » PK .

00" )
"o’ )
PR )
'OUT* )
Pyt )
"R )

FILE
FILE
FILE
FILE
FILE
FILE

LTI L T T I TR 1}

a0 W) P 0 ) e
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113 C

114 ¢ RARAR AR AR RN R A AR AR AA AN AN AR kA N A RN AN A A AN AR KRR A A RN ARAR AN
115 o * ' *
11¢ C * INITIALIZATICN ¥ODULE *
117 C * *
118 C *ntt*‘ttittunt‘tntiyaat-ta*n‘ta-ttit-unga:ttiaat-ta:
119 C '

12C 14 CCNTINUE

121 WRITE (6,100)

122 WRITE(G,1C1)

123 ASK = 'ax?

124 READ(5,1GC0) ASK

125 IF(ASKLNEL'GC') : GG TO 14

12¢ 15 CCHT INUE

127 <

122 REwIND 1 ?
129 REWIND 3 ?
13¢C REWIND 7 ?
131 REWIND G ?
132 REWwIND 11 ?
133 [

134 ASK = twal

135 IS =1

13¢ 31 =1

137 42 = 10

132 1c = C

136 ) IR = C

140 : IP = (

141 ING = Pt

142 PNI = ° '

143 ‘ PPI. = ' ¢

144 NPJ = L

145 LEAD = C

146 NPR =

147 c

1438 TOEF = Ca0

146 uc = (.0

150 uts = (.C

151 ) nDA = C.C

152 . NpAE = €0 .
153 LAND = [.C

154 LANDB= a0

155 - PF = C.0C

156 . . PFB = C.6

157 REL = C.C

153 RELE = Q.0

159 o

160 oo 1 1 =1, &0

161 . : #se(ry = * !

162 1 CCNTINLE

162 C . :

164 50 2 1 =1, 1206

165 PCOBE(CI) = ¢ !

166 pc- 2 3 =1, 10

167 PIINFOCILN) = (.(

168 2 CONTINUE

165 C



173
“171
172
1732
174
175
176
177
178
175
133
1381
182
183
184
185
136
137
182
186
19C
191
192
193
194
165
1%6
197
198
199
204G

202
233

4
C
17

(X RS

Cwan an

Chaxnn

t0 3 I =1 ,¢
LTIKNCL) =
TOFEV(I ) =
ITPEV(I) =
TeEva(l) =
pe L
IcEv(l
opeEv(l
PoCv(l
RDEV (L
DEVC(I,
prvi (1
CONTINLE
oo 4 1 =1,
R3CJ) = (.0
PE(S) =1
e 4 1 =
SP(1,J
spacl,
CONTINUE
CCNTINUE
WRITL (6,1C2)
ASK = Pxxt

READ(5,1009) ASk
TFOASK NEL"GC!)

INPUT DIRECTICRY FILE

REAC(11,9C0H0) Cumsty
READ(11,4C0C) FC » P
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MmO -
a9

Lan Baor B |

~
in
=

sd)
’d)
’$)
73)
J)

2d)

~
nonsN

GC TO0 17

s PE , IEGC. ., 1AL

INPUT TARGETS AND LINITS FILES
READ(7,50GG) DuUrsY
READ(7,11C0) HPR » C LTIN(I) , 1 = 1,¢€ )
READ(T,1200) CPPCd)Y - CIBEVCILY) +» 1 = 1,6 ) » 3 = 1,HPR )
REACCI,GUCH)  DUNY .
READ(CT1,5000) dUmRaY )
REAC(I,15C0) C C ODEV(ILN) » I = 1,6 ) » 4 = 1,hFR ) i
READ(3,50C0) ©SumMy
READCZ,5000) DUKAY
READCZ,1500) € C POEVCILY) » I = 1,6 ) » 3 = 1/kFE )

30 5 I =1, ¢

coe 5 4 =1, NPK

DEV(I,J) = IDEV(L,J)
ToEv(I) = TDEV(I) + DEV(ILN)
: ITCEV(I) = TDEV(ID)

CONTINUL
INPUT PROJECT FILSZ .
RCADCS5,5Q00). DUmnY
REAC(G,1300) HPJ
READ(S,1400) ( FCODECI),C PUCATACL, Y)Y +» 4 = 1,10 )s 1 = 1,hPJ )

= 1 , hWPJ

] 6 I




ee? PJINFCCILT) PIGATA(L,Y) / 100

328 PIIRFOCI,2) = PIDATACL,T) » PIDATACL,2) » La(CUETS
f29 ’ PJINFOCL,3) = PIDATACILT) * PUDATACI,3) *» FC =

233 * C 100 = PIDATACLL4) ) /7  1CCCCTCUN = PIDATA(ILT) )
- - d ’ : UL ’,
231 PIINFC(I,4) = PIDATACILT) *» PUDATA(I,3) =

é32 * FIDATA(IL4) 7 ( 1LCCCD » PUDATA(IL?) )

233 . PJINFOCILS) = PUDATACLILY) » PULATA(L,2) « &,70U »
334 * PIDATACLI,S) » FICATAC(I,¢) /7 160 / 1GGL 717G

525 PJINFCCILG) = PJIDATACIL1) * PJUDATACL,2) » &.760 »
<3¢ * FJCATALLI,S) » ( 1GC = PIDATACILE) ) / 100 /1 FC ¢
237 * 1cn

338 PIINFCC(IL7) = PUDATACI,?7)

539 PIIKFC(I,3) = PIDATAC(I,1) » PUDATA(I,Z) » FC /

fgg _ * 1CC0COC /7 PIDATAL(L,E)

241 PJINFC(I,S) = PIDATACI,O)

242 PJINFOCIL10) = FICATACI M)

2432 & CONT IRUT

244 c

c45 1s CONTINUE

24¢ WRITE(6,10:3)

24 ASK = s

248 READ(5,1000) ASK

?49 IFCASKLWEL'CO®) cCc 10 1¢

es5¢C CALL SCREEN

251 WRITECE,104)

252 o

252 ¢ AARANNA KRR AN R E AR AR AAAR AR AN AR AR AR SR AR AN AR AN RARR RN AR AR
254 C * *
255 C * THE INPUT RECOGNITICH #ODULE - *
25¢ 4 * *
257 C KARARRNA AR RA AN AR RA AR AR R R AA AR AN R A AR R R ANAR AR AR AR AR RR RN
258 ¢ ’

55 ¢t CCNTINUL

26C INC = *

c61 PND = 08 !

262 PP1I = ¢ !

263 - READ(5,2000) 1INC , Phl , PFI

264 C B

265 IF(IhC.FQ.'1'.ANG.FNI.EG.' ") 6C To 27

26¢€ : IF(INCSECL "2 aAND FHILEGL" ') 6C TO 27

267 IFCINC UL "3 ANDLFPNT EUL" ") GC TO 27 v
263 TFCINCLEQL'A W ANDLPNTLEGL! ') GC TO ¢7

269 IFCINCLEG. 'S o AND FHILFGa" ] LC TG 27

2746 ¢

271 IFCINCLEGL "A L ANDLPNLLNG, ! 'WANCLFPILNES! ') ¢Cica
272 IF(INCaEG. 'D'aAKCLPLTWRESL" 'WANDLPPILNE,"! ') GCTO 22
€73 C

274 IF(PNL.FGL" ') ) GG T0 12

275 C : ‘

27¢ IFCINCLEG, 'S W ANDLFIHILNEL'FORE") GC T3 11

277 IF(INCLEQ, "H s ANCLPNILKEL'LP ") GC TO 11

278 IF(INCLEQa "PaANCLFNISNELPINT %) GC 10 11

2769 IFCINCLE G " W ANDLFHILNEL'SSAC!) GO TG 11

230 IFCINCEQa 'RYaAND PRILHE S VIEY®) 6o 710 11

281 IFCINCLEUL'C aANDLFRILNE L EAR 1) cC TO 11

232 IFCINCLEGL"S o ANDLFHILNE L' CP ") GC TO 11



234
235
28¢
287
238
289

291

12

11

LB R B A4

PO MO OO OO OO0

21

71
¢

Craxxx

C

-
28]

CCHTINRYE

CONTINLE

CALL SCREEN
kRITECE,2(O)
6C T 2C

CHECK WHETHER THE PROJECT 1S ALKEADY SCHECULED

IFCINCLECL'E")
IFCINCLEUL ' HY)
TFCINC. EG ' PY)
IFCINCLEUL'Y)
IFCINCaEUL"R")

IF(InC FQL'C')
TFCINCLECL'CY)
IFCInC.EQL"CY)

cC
GC
co
GG
GC

IFCINC. PG "C ' JANDLASK.NEL 'CK)
TFCOINCLEWa' €' WAND ASKLNEL "CKRY)
IFCINCLEGL ' C' uANDLASKJNIL'CK"Y)

IFCINCLEQL'C')

TFCINC.EGL"'S")
IFCINC.FGL"S")
TFCINCLEGL"SY)

GC

IFCINCLEQL S ' CANDLASKLREL'CK')
IFCINCLEQu S ' uANDLASKLNEL 'CKY)
IFCINCWEUL"S " cANDaASKLNT, "CK?)

IFCINCLEG,'S?)
IFCINCLEGL"SY)

790

STCP

é3
ch
25
26
2é

CALL SCREL A
WRITEC(E,8L0)
EEAD(5,1C00)
CALL SCREEMN
WRITECE,1ET)
50 10 2¢
15

CALL SCPEEN
WRITEC6,500)
PEAD(E,1020)
CALL SCREFN
WRITECE,1ET)
€0 16 2v

WRITEC(E,5LT)

ARECT A AKX KR IARRNRAR AN A AR A R AR AR AT ANRRNARARANRARNARRE RN

*
*
*

THE ADD PCOULLE

x*

"
*

AARARRARRRARRARNANRR AR AR ANNR AKX AAANAARKA B A AR AR ANAN RARL

CCHTINUE
06 71 I =1,
80 71 3 = 1 , KPK
1f (. SP(I,J) oNE& PHI ) GC 10 71
CALL SCRECH
WRITE(6,210)
GG 10 27
CONTINUL
CHECK EXISTANCE OF INFUT FROJECT
co 72 I = 1 ., NPJ
1F ( PCODECIY wEQ, PR1 ) GG To 31
CONTINUE : '

CALL SCREDN
WRITECE, 21T
GC TO 2l
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241
<342
343
344
345
346
247
248
349
350
351
252
253
354
355
35¢€
157
358
359

T161

263

Cranxa CHECK UXISTANCE OF PLFRICD

C
31 ‘CCHTINUE
Ip =1
80 73 I =1 , KPR
IfF C PP(I) LG, PF1 ) GC TO 32
72 CORT INLE
CALL SCRELCHK
WRITECE,212)
GC 70 20
C

Cxraxnn STORE THE INFORKATICN FCR BCFORYE CC"KﬁND
¢

3e CONTINLE

1I¢C = 1
o0 77 I =1, ¢
TOEVE(I) = YOOV (1)
e 7?7 J =1 , NFK
ceva(l, gy = 0Ev(1,J)
77 CONTINLE
C
cO 78 I =1, 1C
DC 786 4 = 1 , NFR
SPUCI,g) = SF(L1,4)
78 CONTINUE
C
NDAE = NDA
uce = U
LANDE = LAND
PFS = PF
KELE = REL
o .
Crasnx SCHEDULET THE FRGJIECT Nev(
C
°5¢ 79 I =1 , 10
IF C SPCI,IC) ohEa ¢ 0 ') GO T0 76
SPF(I,IC) = FCCOECIP)
GC 10 332 -
75 CONTIHUE
CALL SCRECN
WRITECE,213)
6C TC 2C
C

SR 2L ADJUST DEVIATIOHS FROF IRVESTMENT LUDCETS
C
33 CCNTINUE
LEAD = PJINFC(LIF,7)
1F ¢ IC + LEAD = 1 .GE. MNPFR ) LEAD = KFR = IC ¢t 1
50 83 J oz IC , IC + LEAD =~ 1

DEVIZ,J) = DEV(2,J) = PIINFC(IP,3)
TOLV(3) = TGEV(3) =~ PILHFC(IP,3)
DEV(4,0) = DEVC4,J) = PJIINFCLIPL4)
TOEV(A) = TOIV(4) ‘= PULNFCCIP,6)
88 CONTINGE
IF ¢ IC + LCAD =~ 1 «EQ. NPR ) ¢ TO I4
c

Caaxan ADJUST DEVIATIONS FROP CTHER L1MITS #ND TARGETS

56




3198 C

- 399 LIFE = FIDATA(IF,R)
400 : IF € IC + LEED + LIFE oLTa HPR ) L3P = 1C ¢ LEAD + LIFF
401 IF C IC + LEAC + LIFE .GE. NPR ) LOP = NFR ’
492 C
403 : 20 89 J = IC + LEAD , LCF
404 . DEV(1,4) = DEV(1,3) + PJIKFCCIP,1)
405 TCEV(Y) = TDEVC(1) + PJUINFCCIP,1)
406 DEV(Z,J) = DEV(Z,Jd) + PJINFCUIP,2)
407 TOCV(2) = TDEV(2) + PJINFCCIP,2)
408 BEV(S5,3) = DEV(S,J) = PJIKFCCIF,S)
406 TOEV(5) = TDEV(S) =~ PJINFOC(IP,S)
41G DEV(6,d) = DEVC(E,S) = PIIKFCCIR,G)
411 TOEV(E) = TDEV(6) =~ PJINFC(IP,&)
412 ¢
413 Cxannx ADJUST CTHER VARIABLES
414 C ' .
415 ECC ) = £GC(Y) + PIINFCUIP,E) + FUINFOCIP,S) +
41¢ * PIIHFOCIP,€) » FC / GGy
417 ToLe = TDEP + PJINFCCIP,B)
413 £9 CORTINUE
416 ¢ _
42¢ NDA = ( ITDEV(3) =~ TOEV(2) + ( ITPEV(4) = TDEV(L) ) »
421 * FC / 1C3C -~ TDEP ) / 1CLC
422 uc = C ITDEV(S) = TOEV(S) + ( ITobv(eE) =~ TLEV(L) ) »
423 * £C / 1002 + TDEP ) / ( TLEV(2) = ITDEV(Z) ) = 1b
424 . LAND = LAND + PSINFOCIP,9) :
425 PF = PF ¢ PJINFCCIP,IC) .
426 REL = (€ ToEW(1) = ITOEVCI)) / C(ITDEV(CT) * (=1))) & 10 » 1uC
427 C
423 Corxax SCRELN THL AESULTS
429 ¢
43¢ 4 CCRTINUE
431 CALL SCRELNK
432 WRITECEL,Z0C) FRI , PPI
433 GC TC 2C
434 c
1‘35 c XAZRR AR AR AN AR AN AKX AKN AR AA AL F A AR AN AR KRE AR ARARANAACR R A N K
43¢ 4 * B *
437 c * . THE DELETE ®ODULE -
438 C * . *
[.39 C RAARAANAR NN AKX ARNAN AN AR A A RN KK AR AR RN AN AANA RN EN AN RAAAR AW
44¢ [
441 Caxann CHECK FCR INPUT VALIDITY
442 ¢
443 22 CCNTINUL
44,4 0O 74 I = 1 , NPR
445 IF ( PP(I) 4 ME. PFI ) GC TO 74
448 1¢ = 1 '
447 pe 74 4 =1, A€
448 IF ( SPQJAIC) LKEL PNI ) GC TO 74
445 IR =
450 GC 1O 40
451 74 CONT INLE
452 CALL SCREEN
453 WRITECE,230)

454 GC TC 2C



455
Y
457
45¢
456
460
461
462
463
464
465
466
467
468
4665
470
471
472
473
474
475
47¢
477
478
476
480
481
432
483
484
485
43¢
437
488
489
49C
491
492
493
494

496
497

498

495
sot
501

503
504
505
5Q¢
507
5¢8
506
51C
511

GO T0 %1

C
Ew*:*y STORL THE INFORMATION FCOR STFCKE COMBAND
4¢C CCNT INUE
' £¢ 75 I =1, ¢
Totve(I) = IpEV(])
DC 75 4 =1 , HFk
DEVE(I,d) = BLV(I, )
75 CONTINUE
¢
50 76 1 =1, 1L
0C 76 3 = 1 , NPR
SPECI, ) = SF(ILY)
78 CONTINUE
NCAE = MDA
ucs = uc
LANDE = LAND
PFB = PF
RELE = REL
¢
Crxxan FIND PFCJECT FILE INDEX
C
CO S1 I =1 , hpPy
IF C PCCDECI) NEL. FNI )
1F = 1
GC 70 41
91 CONTINUE
CALL SCREEN
WRITECE,SU0)
GC TC 2C
C

Cxmnxk UPDATE THEL SCHEDULY TABLE
o
41 CCnTINUE

1IF ¢ SFQ1G,1C0) ofa. ! ')
SPCIRLIC) = SP(I0,I0)
SPCIC,IC) = ° '

GO TC 43 )

C
Le CORTINUE
DG ¢ T =1,
If C sP(11-
SF(Ir,IC) =
SE(I1~1,10)

1

1,1C) .Ed.

FO11=-1,10)
L]

K s C

LEAD = FJINFOCIP,T7)
[F ¢ IC + LEAD = 1 .GL. NPFR ) LEAD
20 $3 4 = IC » IC + LEAD - 1

BEV(3,J) =
ToEV(3) = TDEV(3)
DEVCL,I) =
TDEV(4L) = TDLV(4A)

GG TO 4¢

') €0 TO Yz

GC TC 43
92 CONTIHUL
¢
Coanxx  ADJUST DEVIATIONS FRPOF IWVESTFINT CUDELTS -
; ;
43 CONTINUE

NPR = 1C +

DEV(Z,4) + PJINFTCUIP,Z)
+ PIINFCUIP,3)
DEVC(4,J) + PILKFCCIP,4)
+ PIINFGCUIF,4)

1
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512
513
514
515
51¢
517
518
519
52¢
521
522
523
524
525
526
527
522
525
53C
531
53¢
533
534
535
536
537
538
53¢
549
541
542
543
544
545
546
547
543
546
550
551
552
553
554
555
556
557
558
SS56
56Q
561
562
563
$64
565
566
567
568

OO OO OO

e
(7

* % % »

59

CONTINUE
IF C IC + LEED = 1 .0W. NFR ) GC TO 44

ADJUST DEVIATIONS FROF CTHER LIAITS AND TARGETS
LIFE = FJOATAC(I,8)

IF C IC + LEAD + LIFE JLTe NPR D LOP = IC + LEAD + LIFF
IF ¢ IC + LEAC + LIFE LCE. NPR ) LCP = KPP

20 G4 4 = IC + LTAD » LOF

DEV(1,d) = DEV(1,4) = PIILFC(IP,1)
TCCV(1) = TDEV(1) =~ PJIKFLCIP,1)
DEV(Z,d) = CEV(Z,Jd) = PIINFCCIP,E)
TCEV(Z) = TDEV(Z) = PJINFC(IP,Z)
OEV(S,J) = DEV(S,J4) + PJINFCCIP,S)
TOEV(S) = TDEV(5S) + PIINFG(IP,5)
DEV(E,I) = GEVCEL D) + PIINFCCIP,6)
TCEV(E) = TDEV(E) + PUINFCCIP,b)

ADJUST CTHER VARIABLES

EGCW) = E6C(J) = PJINFCCIP,&) = FIINFG(LIP,S) =~
PJINFC(IP,6) = FC / 1UCUL
TDEF = JbEP ~ PJINFCUIP,E)
CONTINUE
NBA = ( ITCEV(3) = TCEV(3) + ( ITLEV(4) = TOEV(4) ) =
FC ¢ 1CG3C - TCEP ) / 1COC
uc = LTCEV(S) =~ TOEV(S) + C ITOEV(E) - TCEV(G) ) =
FC / 120G « TOEP ) /7 C TOEV(2) - ITDEV(R) ) = 1L
LAND = LAND = PJINFOCIP,9)
PF s FF = PJINFCCIP,1()
REL = (C TREV(1) = IT0EV(1)) / (IT0EV(1) » (=1))) *= 1C = 100

SCRELN THE RESULTS

CCHT INUL
CrLL SCREEN
wRITECE,40C) PRI » PPI

GC TO 2C )
AARRARARNN AR RA RN AR KRR AN R A RA N R AR AP AN RAARAR AR N A RN RN AR AN
* ! 1 4
s THE LAST SCRLEN rCOULE .
* x
A AR ANRR AR AR AR A A AR AR AR ANRNA AR A A AN ARRN AR RN AR AT AT AT AR A
CCNTINUL

WRITL(6,150) yce » I3

NDKE » RELE » LARDS .
¢ LTRCQL) » YDEVSCI) »
C PFCIY » 3 = 31,32 /.
C L, CSPRCIAY) » 3 = 41,02 ) 7T = 1,10 )

s CPPCIY » 39 = 31038 ) »

,
PF .
DEVE(ILY) » 4 =2 41,02 ) + 1 = 1s6 ) o

WiITE (6, 1ED)
ASK = VYaw!

READ(3,1000) 25K




569 IF ( ASK ,NE, 'GO' ) G0 YO £2
- 570 C “

571 CAtL SCRELN
572 WRITECE,181)
573 GC T0 20
574 c .
575 [ AAX AKX R AT AN AR SR AR RN AR AN A A AR AR AR A A RN AR AR AR NS AN RN RO AR
57¢ C * *
577 [ * THE HLLP KCGOULE *
573 C * *
576 C KA KRR AN AR AR AR KA R A AR AR RN AR R A AR R A AN AR AR AR R ARSI AR O AN
58C C '
581 24 CONTINUL
582 WRITE(6,150)
583 ASK = ®ax!
S84 KIAD(5,1600) ASK
585 IF ( ASK & NE. 'GO' ) GC TG z4

58¢ ¢

537 WRITE(E,151)

£88 WRITE(6,152)

586 - ASK = tax?

590 READ(5,1GC0) ASK

591 IF ( ASK .HNE, 'GO' ) GG 10 24

592 C
593 CHLL SCKEEN .
594 KRITECE,152)

595 . 6C TC 26

596 C

597 C KAKRARR AR KA AR AKX AN RA AR KR AR AR AR AR AR AR RN KR AR KR NA KR AR RN
592 C * ! *
599 [ * THE PRINT MOCULE »
600 C * . x ' *
&01 C KA RN RRA AR AA AR AR AR AR AR AR AR AR AN AR A RAXNRR R AR AR AR RR KW
Q2 c
603 25 CCRTINUE
&04 WRITE(8,190) vl , 1S
£05 * HDh » REL » LAND » FF » C PFCJ) » J = 41,32 )
€06 * C LTNCL) » TDEV(LI) , ( DEV(I;J) s d = 31,02 ) 21 0= 1.6 )
€07 * CPPCI) 4 = 31,02 ) » .
€08 * CI » CSPCI ) » 0 = 31,32 ) +» 1 = 1,10
€05 o )
€14 CALL SCRETLN
€11 WRITE(E,170)
€12 - GC TO ZuL
€13 [
614 [ AARNAKRAN AR R R R A AR R A AA R R AR RARNA R A AR AR AR AR AR AR AR AN AN AN & &
€15 ¢ * *
€106 c * Tht PMESSAGL MCOULE *
e1? ¢ * *
£13 [ KAKAR AR KA AN RN R R AN AN AN AN R ARSI AT AP AR AN R R AA KRR NN RN AN RR N
€15 [
¢2G 2¢ CONTINUE
€21 CALL SCREEN
622 URITECO6,100)° :

623 READ(5,3C00Y € +56G6UI) » 1 = 1,80

2 = 1,0 )

624 ARITFC8,161)  C BSECD) » !
€25 CALL SCREEA _



62¢
€27
628
€25
€30
631
€32
£33
634
€35
¢3¢
€37
£38
€365
€40
¢h1
642
&43
c44
€45
[1X4
€47
64 8
€4S
€5C
651
€52
653
€54
€55
€56
€57
658
€56
660
661
662
€612
£64
€65
€66
667
€68

669

74
671
€72
€73
674
€75
E76
€77
€78
676
630
. 6381
€82

61

WhITECE,1028)

CC TO 20 .
C
C KRN AR RN AR AN AN A AR R AN AR KR AR AR R AR AN AR ARRKARAR AR AR AR RA
C * *
g * ToE GEVIATIONS FEVIEW #CBULL *
* ”
c KK AR AK AR KR AR AN AR AR AR AR KRR A A AR AR R R AN R A AR KR ANRRRARK RN
[
23 CCHTINUE
CALL SCREEN
URITEC6,7L0)
ASK = Vax?
REAC(S5,100C) ASK
IF C ASK «K3. 'CF' ) G0 TC 51
IF € BSK JEG. 'PL' ) GG TC Sc
IF ¢ ASK LEG, 'HC' ) GC TC &2
GO 10 28
o
Cranns OPTI*TSYIC REVIEW OF CEVIATIONS
C
51 CCNTINUE
0 55 I =1, 6
2¢ 53 4 = 1 , HPR
DEV(I,J) = DEV(I,J) + OSEV(I,J)
ROEV(I,J) = ODEV(ILY)
55 CONTINUE
C
CALL SCREEN
WRITE(6,701)
ASK = Vax?
READ(5,1000) ASK g
I1F ( ASK JEu, '®HE' ) GC TO &0
IF ( ASK JEU. 'GO' ) . GC TO 56
GC TO S1
o
Craxxx PESS1AISTIC REVIEW OF DEVIATICHS
o
Se CONTINUL
DO S5¢ I =1, 0 . ]
DG S€ 4 =1 , NPR
prv(Isg) = DEV(I,J) ¢+ POLVIL, )
ADEVCI,I) = PFOEV(ILI)
5¢ CONTINUE
o
CALL SCREER
WRITE(6,7C2)
ASK = VYax?
REAG(5,1000) ASK
" IF ( ASK GEd. "NE' ) GC TC &
IF ( ASK JLue "GO0 ) GC TO 56
GC T0 52
C .
Cruxxx OCMANS REVISICH FER PRICD ELASTICITY
C

52 CCHTINUE
pg 54 I =1, 6



633

. €84

€85
¢3¢
€387
€38
€35
690
€91
€92
693
€94
€95
69¢
€97
€98
£96
70C
701
702

703

704
705
106
07
708
07
71C
711
712
713
714
715
716
717
7128
1S
20
721
722
723
724
725
72¢
27
23
129
73C
31
732
733
734
735
3¢
37
732
739

54

¢
6C
¢

61

62

QOO OO0O0

27

IDEV(2,1)

+ DEV(Z2,0) ~ IDEV(2,0) —- ROEV(2,))

0O 54 J =1, &FR
ROEV(I,J) = (o0
CCNTINUE
CCHTINUE
CEGCCD) = €GCC1) + IEGC
CGE(1) = IAE + DEV(2,1) =
P (1) = P¥ a CEGCCT) / CGE(D)
00 SE 4 = 2, HPR
CEECCI) = CEGLULI=1) + £6C(D)
CGECJ) = C6ECI-1)
FCJ) =

If C 4 LLTa 4 )

PH = CEGCCJ) / CCECY)

GC TO 5@

RDCI) = EXPC =1 * PE x  ( 2,¢GES * P(I=1) +
02699 * P(J-2) + P (256 = P(y=3) ) ) =
CI0EV(Z2,0) ¢+ ROEV(Z,4) )

CCHNTINUE
DO 1y =1 , KPR
ROEV(Z2,4) = RDEV(Z2,J) + KU(Y)
CONTIRUE
CCRTINLUE
CALL SCREEN
WARITECS,703)
ASK = 'ax!
READ(S5,1000) AsK
IF ( ASK NE, '50°' ) GC TO &2
CCNTINUE
b6 57 I =1, %6
pbOo 57 J =1 , KPR
SEV(ILJ) = DEV(ILI) = ROEV(ILI)

CCHNTINUE

CALL SCREECN
WhITEC6,161)

KAR AR AR AR AR AR AR KA KRR AR RN AN AR AN R A AR AR AR RN A AR AR AR AN RN

* THE SCRLEM SLICE mCDULE

*
*

HARNAN AR AR KRR RN AN AF AR RR AR AR KR RKA AR AN AR ARARAA RN AR AN AR KK

GG YO 2C
*
*
CCNTINUE
IF C INC WEG, *1* ) 15 =
If ( INC .FCa. '2' ) 1S =
IF ¢ INC ,EC. '3 ) 1§ =
IF ( INC JEuU. "4' ) 1S =
IF ( IRC ,EQ. *S*' ) IS =
4 = 1§ » 5 = 4
32 = 41 + 9

CALL SCREDH
WRITEC(ELEGL)

WIS e A =

62




740
- 741
742
743
744
745
746
747
748
746G
?75C
751
752
753
754
755
?75¢
757
758
759
760
761
762
763
764
765
166
167
768

769

770
771
172
73
174
75
76
77
778
176
78C
781
782

783,

734
85
8¢
737
788

789 .

?75C
191
792
793
794
795
796

aNaEaNaNaNalel

1€0¢
1106
1200
1300
1400
1508
2C04
3CCa
406
ANV

s Xa ks XaRa ke

16C

C
1401

GC TO 2C

FCRMAT (
FCRIHAT
FCRMAT(
FCRMAT (
FCRHATC
FCREAT(
FCRMAT(
FCRMATC
FCRMAT(
FCRMAT (

FCREAT(
* /11111

FCRRAT(
117

X
1
1

1
1/

1
111
1
11111

* % ¥ * % % * ¥ % ¥ % % ¥

FCREAT(
* 11111
= 1111y
* 1111

FCRMAT(
11111
11t
11
1/

/
/

* % % ¥ % ¥ * »

/

AR AR AN AR AR A A AT AR KA AR A A AR R AR R AR KA AN AR AR R AR A AS TN AR AR
* *
* INPUT FCRFATS *
* *
AR R K AN NI AR N KRR AR AR R A AR AR AN AR RN AR AN AN AR A AR AN R W R

A )

14 » 6C1x » A5 ) )

A s 6F0LC )

14 )

Ab , 1CF5.0 )

GX » GF6LG )

LR I I S Y AR B S YA |

20A1 )

56X, F1I.6 )

AZ )
AAR AR AR AR AN R R A S AR KA AR A KA KR KA KA R AN R AN NS AR R RSN ANN R AR
* »
* OUTFUT FCEMPTS »
* "
AR AAN R AANA R A AR AR R A AR AR RN AR A A AR R A NN AR AN R R AT SR AN A RS

Y LN i i irel 24x 4 Ve - F L NMANMNINE -,

1ttt

10 1111 X » 77C *2* ),

X o "THIS PBOGRAM 1S PREFLRED IN 1583 ,

16 , YANC REVISED IN 1GES'

ax ,» '€Y TAHIR utusay' ,

3X , 'AS5 A PART CF HIS FASTER THISIS :* »

SX » = JUDGEMFLTAL FROGRR¥MING AND AN EXAVPLE FCKR®
1X » VINVESTACNT PLANNING ='

EX , 'SUPERVISED 8Y FRCFaDR. 1EKAHIN KAVRAXKCGLU'
X , IR THE I4DUSTRIAL ERNGINLEIFING DEPARTHFENT® o
1X , *CF SCSPHORUS UNIVERSITY' o

EX » YIN ISTANBUL'

1x , 7720 =t ) ,

22X , 'PRGGRAM IS YN INITIALIZETICL STHGE' o
29X » == PLEASE ENTFR =CU= TU CCRTIRUE ==* )

Y1l

26X » 'INITLALIZATION CORPLETED'

25X , ‘PROGRAM IS IN INPUT STAGL® .

Z0X » '~= PLEASE EMTER —GC~ YO CCNTINLUE ==* [// )

1t 111

12K » 'INPUT STAGE COFPLETED'

35x » 'PROGR&% 1S GEADY'

X o, 660 ')

EX , YPLTASE REREPEER '

AX , 'YOU CAdY USE RESCRVED WORDS =H= OR ~HILP=' ,

Ex » '10 HAVI THE MEANINGS OF ALL RESERVER wlRDS '
VAND AEBREVIATIONS' »

ax , 'AT ANY TI®D DURING THE PRUGFR#r LXECUTION' .

’

63




64

7917 * /7 3, 650 ey, ,
. ;Zg . * A1 25 4 == PLEASL EATER =GO= TC CCKTINUE ~=* )
Eh]e 104 FCRMAT( 28Xx 4 "= = R E A DY = =t)
£01 ¢
&02 1500 FCRMATC "1°* 7/
8913 * [/ 14 » "INPUT CCMHMANDS z'
804 * [I1X » *Alttv4]eeme 1 LDD PROJECT #+4+ TC YEAR ===e ¥
335 * 'TC START THE PROJECT AT =em=' ,
&06 * //1%x » "B OR EEFORE : SHOW THE SCRELN LEFCRE THT LAST ONE' o
&07 * //1X » 'C OR CLEAR : CLEAR ALL SCHSDULID PRGJECTS 44D ° o
g0e B 'REINITIALIZE THE FRCGRA®' ,
209 * J/UX s 'D/ttet)m==e 3 DELETE PRCJIFCT +4++ FROF YEpk —mm= ¢ ,
810 * 'TC RETURN TO THE STATE SLfoe ' o
811 * //1% 5 'H OR HELP  : DISPLAY THIS SCREEN' ,
812 * //1% » ' OR MESSAGE: PRINT  CACH TIML ' ,
813 * ‘A MESSAGE OF 30 CHARACTEKS GA PAPER® ,
814 * //1x » 'P OR FRINT : PRINT THE CURRENT SCREEN CN PAPER® ,
£15 * /11K, PR OGR REVIEW : REVIEW CEVIATICHS FRGNM *
81¢ * "WINITS AND TARGETS '
&17 * //1K » 'S OF STCP - : STOF THE FROGRAM' ,
&18 * J11X 2 ' 12,232,405 s SLICE THE SCRELN *
816 s 1111
282G * f122%, '== PLEASE ENTFR ~GU= FOR THE NEXT PAGE ==' )
&21 ¢
g2z 151 FORUATC %1/
323 * J/1X , 'SCREEN PB2KIVIATICHS :* .
2824 * 1% s 'S ',6Xs ' i SCFEFN NUPEER *
225 * /4%, 'UC Y,EX, Y 3 UNIT CGST OF ENLRGY GENZSATICK (TL/KWH)',
826 * f 1% » "NDA - ',6X, ' i NOW OEPRECIATED ASSETS (1GCué TLY *
£27 * /1% » 'REL “,EXs ' i AVERAGS SYSTTM FELTAEBILITY (#) *
323 * /A% » CLAND ',€x, ' : LAND USER FOR INVESTFERTS (KEEZ)',
829 * /1% 4 'PF Y,6X, ' i FOLLUTICM FACTOR (kP CUEES Sc2) '
£30 * f/1% » 'DEVSF',€X, * : DEVIATIORS FRGH LIKFITS AND TAKGETS® ,
&31 * /41X, TCTAL',EXs * 3 DEVIATIGNS TGTAL *)

832 ] 152 FORMATC /

233 * 1X » "PCHER',6X, ' 3 DEVIATIONS FRG¥ PCWER TASGETS (10UrW)'
834 * / 1K » 'ENERG',6X, ' 1 DEVIATIONS FRCN ENFRGY TARGLTS (10rGWH)*,
235 x /1K 2 "INTLO',€x , ' : CEVIATICRS FROE IAVESTAMENT *

&3¢ * STL BUDGET LINITS (TL £)°*

£37 2/ 1X » PLINFCR', 5X »* : DEVIATICHS FRCH INVESTREINT * o, ,
&3z * 'FCia CURw GUDGET LILITS (3 ) ,

839 * / 1X , “OFTLE', 6% » ' 2 ODLVIATIOKS FROF CP,/MAINTERANCE®',

&40 * * TL DUDEGET LINITS (TL B)'

841 x / 41X » 'CFFC3', 6X » ' : DEVIATIOKS FRCY CP./¥AIMWTEWANCF',

842 * * FOR,CUR. BUDGET LINITS (8 #)'

£43 * //1X + 'SCH.PROJECTS: SCHIDULED PROUJELTS STARTED * o

EbL4 * AT THE SEGINNING CF EACH FLRICDY

E45 LNy '

346 * /10X , ‘== PLEASE ENTEEK =~GC- TC RETURPR ' .,

£47 * 'TC THE CURRENT SCRECN ==' )

g4e ¢ '

&46 153  FCRMAT(C 8X 5 'e= YOU CAN REENTER ~HCLP= TC HAVE AGAIN * o

&50- ® 'THE HELF SCREEN ==*' )

351 ¢

852 160 FCRMATC 7X » "== PLEASE TATUR YCLR #rSSAGL UP TO &f CHARACTE®S ' o

2853 * 'TC 3L PRIANTELD ==' )



854

. 855

&5¢
&57
e52
859
E60
&61
g62
863
E64
£65
£66
867
g6
E69
37¢
871
&72

o

C

C

c

c

2Ce

216

ra N

212

213

4CQ

500

*

* % % % B % * * *

*

x

*

[

*

*

*

*

*

*

FCRMAT(C
FCRMAT (
FCRMAT (.
FCREHATC
FCRNAT(C
FCRMAT(

/1
1t

111
/

7

I.
FCRMAT (
FCRMAT C

FORKAT (

FCRUAT(

FCRMAT(
FCRIAAT C
FCRHAT(C
FCRMAT(C
FCREATC

FCRKAT (

FCREAT(C

FCRIATC

1X » 8Ca1 1

16% » "=~ THE MESSAGE LINC 1S PRINTED CN THE PAPER =-' )

16x » == THE ABCVE SCREEN 1S PKINTED CH THE PAPER ==' )

1X » '== THL LAST SCRECH WAS AS AGCVE, ' .
'PLEASE ENTER =GC= FOR THE CURRENT SCRECN ==

200k, *== RETURNCD TC THE CURRCNT SCREEN ==

1,7

1X » 'UC:'y F9.0 » 57X » 'S:* 4 It

X 7 'NDA ', F13.0 4, Sk » 'RELIY 4 FELT
PLAND:' , F1040 +» 5% » *PF:' , F12.C

1 » "DOVSF' , Z2x » 'TOTAL' ,» 1X » 1CC €%
1X , Pasren wawaw? , X , 100 2Kk , Pxaaxt )
€C 11X » kS5 , FEul » 1UF6LL )

1X » "SCHe PROJECTS' 100 2x » 24 ) ,

X 2 120 "% ) , 160 24 4 'wxnxt ),

WO SX 12 4 *==>' , 100 2% , A6 ) ) 1)

SX » “Akx UNRECCGGNIZED INPUT, '
*PLEASE WRITE ~HFLF- GR REENTER CAREFULLY wx

IX , Yaxx THE PROJECT IS ALKREADY SCHEDULED/
'IKPUT IS IGHORED #xx' )

14X , *sxax UNRECCGNIZED FROJECT NANE, * o
'PLEASE REENTER »4x' )

f4x » '*xx UHNRECCGNIZED FEFIQb NARE; PLEASE REERTER wx»' )

1X » "awx THERE IS5 NO PLACE TG -SCHEDULF Tuf
'PLEASE REVIEW THE PERIOD sx+' )

13X » %% UNRECCGHIZED CELETL COMNMAND, ' o
'PLEASE REENTER #xx' )

11X » ‘== PRGJFCT ' » 84, ' )5S STARTLD *
AT THE EBLGINNING CF ' » A& , * ==')

7X + ‘== PROGILCT * » A4 , ' IS DELETED ' .,
VFCE PERICDS BLEGINNING FROY * , 44 , ' ==t )

14X » ' &« » Yk CCGHTZIOOD to

'E R KGR Oxox xt )
24% , 'e= YOU CHANGED THE SCREEN =<' )

43x , '~= PLEASE ENTER =CPT= , —FES- CR =NCt
TFCR OEVIATICHS REVISW =<' )

1X 5 V== OPTINISTIC FEVIEW PERFUFKED, ' ,

'“NEXT= FOR PRICE ELASTICITY, =GC~ TC RUTURK

')

)

SX »

A4 ),

’

! )

'

PRQJECT,

-,

-t

’
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*

n
R ]

*

*

*

* % %

* % * ¥ % % B ¥ %

FCR
1
X

1/
/

1
/

RET
END

WRITE(6,190) uC , 15 ,

1X » '=~ PESSIMISTIC REVILW PLPFCFMED, * o

NOA » REL » LAMD » FF » CPFCS) » 4 = 31,02 ),
C LINCI) » TOEVCL)Y » C DEV(I, Y » 3 = 101,32 ) » 1
C PFQJ) » 4 = 31,42 ) »
(1, CSPCIA) 23 = 01,020 +» 1 = 1,1C)
HATC "1,/
18 » *UCz', F9.0 » 57X » 'S , 11
/ 1x , 'NDA ', F1Z.U » 54 » 'RELZ? Fé6all »
VLAND:' , F10.C » 5K, 'PF:' , F12.C 4
/ 1% , 'YOEVSFY , 2X » “TOTAL' , 1x , 1C0C 2%
IX o Vawaxx owxaxaxt , 1x L, 100 2x 4 Yrxxw! )
6C 11X +» AS » FZul » 10F6LL ) o
1X , 'SChe PROIECTS' - 10C 22X » F6 )
1, 13C '« ) , 12C 2% trwnwt ),
WO/ 5K » 12 4 t==>% , L0 2x » 24 ) ) 1)
URN

= 1,6 )

[+
2K,

AL ) o

’

YGU STCPPED THE PROGRAK ==!

rd

4

*
*
*

FCRIMAT (
'=NEXT= FOR PRICE FLASTICLTY, =GC- 10 FETURL ==' )
FCRAATC 41X , ‘== GEMAND REVIESFD ' o ‘
*ACCGROING TC THE PRICE ELASTICITY, *
'EATER ~GG= T0 RETURN ==% )
FCREATC 4X , '== YOU WILL CLEAA ALL YGUR WCEk, ' +
'PLEAST ENTLR =0K- FCR CCNFIRFATICK ==' )
FCRAATC 5X » *== YOU WILL STCP THE PROGRAN, * o
'FLEASE ENTCR ~0K~ FCR CCNFIRIATIGH ==' )
FCRMATC 1% S710110100110 2GK 5 ‘==
e
END
KAS ARk AR AKX TN AR AR KR AA XA .‘ﬁ"““"'ﬁ'.‘k‘...*t""'.*.}"
* .
* THE SCREEN SUERCUTING
*
AT Rk kAR ’**._'*.""‘**'ﬂ.'.ﬁ““-"“I.t.i’.'.‘ﬁ.“'
SLEROUTIAE SCRELA
CCHAON ICHEK! PP , €SP , LIN
CCH*¥CN 1s » 41 » 32 » TOEY ,» DEV
CCRMON UC » Kbh » LAND » PF » REL
CHARACTER®4 PF(3D) , SPU1L,30)
CHARACTER®S LINCE)
KEAL TOEVCE) » SEV(6,3L)
REAL UC » WDA » LAND » PF » REL
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Input
recognition

(Module 4)

Slide screen

(Module 12)

Schedule the
project

(Module 5)

{Module 6)

(Message 3)

(Message8)




Print screen
into OUT file (Message 14)
(Mdule 9)

=

Print message
into OUT file ' (Message 16) |
(Module 10)

70



Optimistic
deviations

(Module 11) !

Pessimistic

deviations
review

Review demand

according
price elasticity

1
1
!
|
|
]
1
1
|
)
1
!
{
|
!
!
]
1
)
1
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MATN FROGRAM MODULES AND WoRe FERFORMEYD

Nescription of variables

o Explain weanings of all variahles used in the program

Variables Yeolaration

- Describe nature of all variahles excluding integers
« Bpecity dimensions and commen blocks
« Dpen Files

Initialization Madule

« Present the program

e Initiatize all variables, reset files and prepare  the
precgram for inpuk stage

o Input all files

o Perfoarm initial computations

The Input Recognition Madule

o Read input, cheok input validity and assign  the proper
mode e o -

The Add Module

« Check whether the project is already scheduled
« Eheock for validity of project name and period
o Store the actual screen For BEFORE command
. Theck whether there is place For screening the name
e Hochedule the project name on the scheduling area
v Adjust pericdical and tetal deviations from investment
budgets without exceeding the planning horizon
« For npw;ating period adjust ether pericdical and total
deviations as well as  total electricity ogenerating
cost  and  total acouwaulated depreciation withaout
exceeding the 1ife time of the project and  the
planning horizon _ ; )
Computes non depreciated assets remaining atter the eond
of the planning horizon ;
. Computes unit  cost of Tenerny generatlnni, gsgd land,
poliution Factar and averall system reliability
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6. The Deleté Modu e .

o Check whether the stated project exist at the stated

_ pericd

« Store the actual screen for BEFORE command

« Remove the project name from the scheduling area  pushing
up other names hbelow

« Adjust all deviations reversing work performed by the add
module and recompute other variables ‘

7. The lLast Soreen Module

» Show the screen before the last add or delete command

2. The Help Module

- Show the meaning and use of all input commands and  all
goreen abbreviations excluding  interfactively explained
input requests

7. The Print Module
Frint the actual screen dintoe T file to  he output via

printer or stored inte magnetic media  tfor further
analysis or referance

1@, The Message Module

« Print each time a full lipe message intoe WIT File to  he
cutput via printer or  stored dinte magrnetic media
together with the printed screens for comments and
explanaticons :

11. The Deviations Review Module

« Ask for pominal, eptimistic or pessimistic review

« Adjust the actual deviations according optimistic  or
pessimisbic variances, show results, ask for price
elasticity adjustment

o XF nmominal review énbered or price elasticity adjustment
is required together with pessimistic o aptimistic
review; compube actual price at each period accarding
initial conditions and projects  scheduled, then
revise the energy demands according to  the preset
price eltasticity.

+ Show results

. Reverse deviations review adjustments to return to the
current shatus.
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THIS PRUGKAN IS5 PREPARED 1IN 1983 AnD REVISED To 1985

BY TaHIR ULUSOY
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Ready

ADRDS AND ABERIVIATIUNS
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Al vttd [
s UP BEFURL
C OR CLFaR
DI/t r e[ ram—a
H UR HZLP

4 DR HESSAGE
[ QR PRINT
R UK REVIEfA
5 Ok STOP

1,2","’5

( LHPUT CORSANDS 3 ' w

P OADD PROJECT ++++ T YFAR meww TO START THE 2F0JFCT 2T ==--—

2 OSHUA TAk SCRLEN SFFOKE THE LiST Ut

¢ CLEAK ALL SCHEDULID PRUJECTS AND REINITI4LIZ: ThE PRUGANS

! DELETE PRUJECT ++++ FRUM YEAF === T0 KETURN T3 THr STaTe oFFIRF
2 UISPLAY THiIS SCPicH

t PRINT ZaCH TI'WE A 4ESSAGE UF 8¢ CHARLCTERS O PAPthk

1 PRINT THE CURRENT SCRELN On PAPER

: RFVIEM DEVIATIONS FRUM LIPITS AHO TARGETS
: STOP T PROGRAT

$oSLIve THE SCRELH

== PLUASE ENTLR =G0~ FOx THL pEAY Py GL ==

( SCREEN ASBRIVIATIUNS
5 : SCRELN NUSBER
(Vo :oullir casr UF CHfkGY GFHFERITIUN (TL/KeH)
NDn s onlN DEPRECIATRD 453ETS (1707 TL)
REL tOAVERAGE SYSTUM PELYABILITY (%)
LAND DOLAND USED FOR LHVESTAENTS (Ku2)
PF T POLLUTLIUN FACTOR (K CUBikS Su?)
UEVSF S OFVIATIONS FROG LINITS AND TARGTIS
[OTAL SODFVIATIONS TUTaL
POnEKR 2 DFEVIATIONS FROK PﬂJER.TARGLTS (1, 70)
2HoRO t DEVIATIONS ERdn ENEPRGY TaFGFTS (100 GUH)
INTLS S DFVIATIGNS FROM TNVESTEMMT TL S5UuGeT LINITS (TL &)
LirCe t DEVIATIOHS PR IRVESTRENT FURe CURe RUDGHET LILITS (% ..}
JHiLs ¢ DEVIATLONS FROO UPo/rALNHTFNANCE TL EUDRGET LIBITS (1L &)
JIFCh s DEVIATIONS £RO4 0P ZHAINTENANCE FORGCUK e 3UBGFT LIAITS (b 1}
SCHe PPJIJECTS: SCALDULED PRUJIECTS STALTCD AT THL sFf6TINNIAC OF TACK PEATIN
—— PLUASE ENTEK =G0= T ReTURN 10 THE CURLTHT SCREEN e
\_




- Y fTLL CLiak ALL YOUR HakKy PLu2ST TATef =UK= FOF COtFid IT10n ==

= YUU UELL STU? it PrGRe Tty PLLAST CLTo® —dKe e O FIse A0 ==

79
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MESSAGES

- = RUMNIMG ==
-—- READY ==
== YOU CHAHGED THE SCRELN =
wi% THE PRUOJECT I5 ALKLADY SCHEQULLED; 1NPUT IS IGHURED »as

Fd UNRECOGNTZED PROJECT NANE; PLEASE REENTER %%%

©®©® ©® © ® 0

#xd UNRECOGNTZED PERTUD NA™L; PLEASE FEENIEF %%s
() #s+ THERE IS NO PLACE TJ SCHEDULE VH: PRUJLCT; PLFZSE REVIEW THT PuRIND »¢%
== PROJECT G0l IS STARTED A1 THE BEGINNLNG OF 1964 w-

k% UNRECUGNIZED DELETE CORMAND; PLEASL RYENTER #=z=

®©e

~~ PROJECT dul5 IS DLLETED FOR PERIODS BeGlHNTNG FFOn 1934 —-

Hp= THE LAST SCREEN WAS AS AB0OVEs PLEASE ENTER =G0= FUR THS CURREKRT SCRET M ==

-~ RETUKNED TO THL CURRLRT SCREEM =
~= YOU CAN REENTER —HELP= TO HAVE AGALS THE HELP SCREEHN —m
.' == THE ABOVE SCREEN Tt PRINTED UGN THF PAPLR wm
== PLEASL ERNTER YUUR MESSAGE UP TH 8u CHaRACTFRS TG &% PRINILD ==
—— Tt ESSAGE LINE IS PRINTED UM THE PRPER —-

== PLEASE EWTER =0PT= 5 =PiuSe~ UR =HUOl.= FOR DEVIATIONS fLVIEL o=

® OO

= OPTIHISTIC REVIEW PERFORAEDy =NeXT—= FGR PRICE FLASTICITYy =G0= TO RZTURY ==
(3)== PESSTAISTIC REVIEW PLRFURHED, =NEXT= FOR PRICE ELASTICTTY, =GL= T{ RETURH --
() == DEGAND RFVIcHED ACCORDING TU THE: PRICE CLASTICITY, ENTER =Glm TU KFTURN ~m

@ . #%e UNRECGONIZEU INPUT; PLEASE URITE =HELP= UR REENTER CoSiFULLY 4%
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LS QS QT N N QT N QY
N VIS =S OV NONWU IS WWA =

NN DN -
N0 0

o

[}
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c .
PROGRAN HELFC INPUT , OUTPUT » TAFLE=INFUT » TrFEL=CUTFRUT » ?
S« ouT ) 2
C
C AANRR AR AR AR AN KR AN AR AR AN AR AN AR AR RN AR AR AR AR P A RN R AR R AR AR R AR AR KR AR RS AR I AN
C AEARRRA AN AR AR AR AR R A S A RN RN ARABS N DN A A AR AR KT AR SN RA AN AR RA NN AR RN RN RN AS AN A k&
¢ xR "
o ** . TAHIR ULuSQY FILT: HELF . VERSICN: MpY 1665 aw
C * % X
c *x PROGRAI'S USED FOR THL NASTLR THESTS . R
C x* an
C ARKRRAR AR AKX AR AN KRR AN AR AR RARE AR AR A A N A KRR AR AR AR AR AT AR A AN AR AR R AN ARSI N AR AR R o
C AXKRKAAR AR AN AR AR RN AR IR RA RN AR AN itﬁ"ti‘ititt!ltﬁtnttﬁittt‘tititﬂtﬂ'ttlt,tﬁ
o
C
CFRARACTER A
CFENC & , FILT='CUTY)
REWIND &
C
1. WRITL(6,1C0)

WwRITE (6r101)
REAC(S,IC0L) A
IFCALENL"1Y) wRITECSH,10D)

NN N
~N O

X

N
L

r

[V N RV
N =)

{ 3% »
! 3X o,
/ 3X » '"le LIST

IFCALEGL' 1Y)
IFCATGL"2")
IFCALFaL'2Y)
IF(ALEG.'IY)
IFCALEQL'4")
IFCALEGL"4")
IFCALEGL'S")
IFCALEGL"6')

IFCALEQ.'7Y)
IFCALFEGL'T7Y)
IF(ALEGL"7")
1F(ALBQ.'7Y)
IF(ALEUL"7Y)
IF(ALEQ.'7")
IFCALEGL'7Y)
TFCALEGL'TY)
IFCALEG.'?Y)
TFCALTC,. 7))
IFCALEGL'?")
IFCALEQL*T7Y)

IFCALEQLTEY)
1FCALCT,.'8Y)
READ(S,1060)
GC TG 1

FORWAT(AT)
FORKATC "4 /7111
YHELF FREGRA™ HIKU:',

L L e L T R Y Lt R

WRITIC6,107)
WRITF(E,104)
WRITE(E,1L5

WRITECS,T0E)
WRITEC6,107)
WRITECE,10%)
RRITEC(S,109)
wWRITEGS,1160D)

WRITC(3,100)
WRITE(Z,101)
WRITEC2,187)
WRITE(3,902)
KRITE(E,104)
WRITE(3,105)
WRITC(R,10¢)
wkITEC(E,107)
WRITZC2,108)
WRITEC2,106%5)
WRITIC(Z,110)

G0 TO 1
STOP

GO TO 1
A

OF FILERS',



162

123

R TR R R R

*» % X % OB ¥ B W ¥

* % % B % B» B N =

* % % % F B % X % % X N * ¥

LA A SR TR N SN 4

L L N

/
/

FORNATC

/
/
/
/
/
/
/
/
/
/
/
/
F

AN N N~

1riris

3X
3x

Ix
3X
2x
3x
3x
3x
2X
3X
3X
3X
3X
3X

ORNMA

3X
3X
3X
ix
2x
£
3x

N N

~

’

A T N N B A T N L N N N N S )

’

1122X»

FORFAT(

P R N N T

~

3X
S5Xx
3X
5X
3X
5%
3X
5X
5X
5X
5Xx
3X

5X

’

LY T N W N L U SR A

'2. TXECUTICN INSTRUCTIONS',

'3 MAIN PROGRAV INPUT CCmFAKDS',

'4o MAIN PROGRAN SCREEN AeREVIATICRS'S

'S. P FILE FXPLANATIONS'

'oo INFC FILE EXFLANATIONKS!

*7« TO PRINT ALL SCRELNS',

‘8. EXIT!

U o s o e o O e 0 e e T e P S T B P = A T - e S . L] )

11/

'"FCR PRINTOUT ENMTER /RCUTE,OUTADC=FR AFTEIR EXIT °*,

'PLEASE REFER TO THE THESIS ENTITLED'Y,
'"MJUCGEKENTAL PRCGRAMMING *,

YAND AN CXAMPLE FOR TNVESTNENT PLAMNING"®,
'SUBMITTED TC THE INSTITUTF FCR ',

'GRADUATE STUDIES YN SCIENCE AKRD ENGINEERING',
'0F BOSPHORUS UNIVERSITY 1IN ISTANELL',

'IN 1985 /1)

1Y 4y
INALTE EXPLANATICN TYPE SECURITY',
| [P S e e v e . D e A - - e s . e - - - - !,
fMALN NAIN PROCREM FCRTRAN READ ',
'H HAIN PROGRA® CODE CCDE EXLCUTE ',
'Ok DIRECTCRY FILE DATS FERE '
‘PR PERICDS DEVIATIONS DATA KERD ',
‘op CPTINISTIC DEVIATICHS CDATA KEAD 'y
Po PESSIFISTIC DPLVIATIONS DATA KEAD 'y
oLuT GUTPUT FILF TEVFCRARY USEr 'y
Py PRIJECTS FILE CATR READ ',
'SCRT SORT PROUGRA™ FCRTRAR KELD ',
‘e " SORT PROGRA® CCLCT cCcoe EXCCUTE ')
'SORTIN SORT IKPUT FILF TEMPORARY USER ‘Y
YSCRTOUT SCRT CUTFUT FILE TrMPORARY USER ',
SCONVERT CCNVPERT. FRCGRAY FCRYRAN KEAD ',
'C CONVERT FRCGRA¥ CGOE CCOE EXLCUTE ‘.,
'INFO COVERT QUTPUT FILL TENPORARY USCR ',
THELPS HELP PROGRAN FCRTRAN READ ',
LXECUTE *,

THELP HELP PROGKAM CCDE ceoe

feeee PLEASE ENTEFR ~50= TO RETURN =="' )
tq

"o TO GCT WKAIN FRCGFAM FILES',
Y/GLT,N,DR,PR,PILOC,FD/UN=ULUSOY ',
'2. TO RUK THL ®AIN FROGRAR ',

e,

'3, TO GET SCREENS AMND MESSAGLS',
YJROUT S, CUT, CC=PF",

Y4, TO SGRT FILE PJ FLR CCLUMNS® ,
V/GET,S,PI/UNSULUSCY .
V/SAVELPI=SORTIN',

18, .

V/SAVE 2SORTOUT=FILTNAME?,

15, TO CChVERT FILE FJ IKTGC CONTFIEUTICRHS TG,
COLIMITS AND TARGLTS®,
Y/GET/C,PI/UNSULUSCY !,

&5



11z
14
115
1é
117

11E.

115
12C
121
-122
123
124
125
126
127
Q&
129
134
131
132
132
134
135
13¢
137
138
136
140
141

142 .

143
144
145
146
147
143
149
150
151
152
1532
154
155
15¢
157
158
156
1560
161
102
162
164
165
16¢
167
168
16%

1425

149€

* % F B % » F B % % B »

*
~
~
~
~n

8]

% % % % % ¥ % % B B % % B F ¥ ¥ B

* A % B B ¥ % % B

* % % O % ¥ % B ¥ % *

/ SX
59X

/
FORPAT(

3x
51
5%
5%
5%
3X
5X
5%
2X
5%
5%

-

N N W N N N NN

~

71X
171 %

111X
171X

171x%

171X
111X

171X
171X

1/1x
171X
111/

’
’

’

NN N Y N NN N NN

o=
~

FCRMAT (

’
’

I'd
’

1122X,

FORMAT(C

171X
111X
/71X
TARRS
71X
/71X
/! 1X
111X
!/ 1X

’

N N NN NN

’

54

/¢,
PISAVELINFOSFILONANE®)

'¢o TC SCRT FILLE INFC PER CCLUYNS',
YICLT,S,AINFO/UN=ULLSCY Y,

'/SAVE,INFO=SORTIN,

75,

YISAVELSCRTOUT=FILINAKE®,

'7« TO CHANGE COKTTNTS OF ANY FflLE',
'/CET,FILENABE?Y,

Y/FST,FILENANELSCST2YY,

'¢e TO PRINTCUT ANY FILL',

YYCOPYSCF,FILENANLELG',

*IROUTE,C,DC=PRY,

Ymw PLZASE ENTOR =GO= TC RETURN ==* )

1 4/

FINPULT COMKANDS '

"Altte 4 == 3 ACD PROJECT t4rt TL YTAR =e== ' ,
'TQ START THE PRCIICT AT ====' ,

'B OR EEFORE : SHOW THE SCFEFN SEFGRE THE LAST GHE' o
'C Ok CLEAR & CLEAR ALL SCHECULEC PRCJIECTS and ' »
'RCINITIALIZM THE PRCGRAN'

S0/ttt 4/ === : DELLTE PRCJISCT trtt FRCY YERAR =me= ' ,
'TC RETURK TO THE STATE EBEFORE *

'H OF HLLP : DISPLAY THIS SCPELN'

‘¥ OF MESSAGI: PRINT EACH TI®: * o

'Aa MESSACGE OF 2C CHARACTERS Ok FRPER'

'P OR FRINT : PRINT THE CURRLHT SCREEN Ch PAFER' .
'POOR REVIEW : REVICW DEVIATICNS FPC% ' ,

SLIMITS AND TARGETS *

'S CR STOP : STOP THE FRCGREF*

' ' 1,2,3,4,5 & SLIDL THi SCREEN ' &

‘e PLEASE ENTTR =~CC= TC KETURA ==' )

140y
'SCREEN ABOR

'S

‘uc

|3

L] []

L] L]

MDA Y,EX, !
1] L]

' '

L]

4

4

VIATICRS ' o~

T SCFREFH NUBEBLER ' o

3 URIT CCST CF ENERGY GENERATICK C(TL/KWHI®,
: NON DEPRECIATED ASSETS C(1LCLE TLY '

: AVERAGE SYSTAR FELIABILITY (%) ' ,

s LAKD USED FGR IKVESTFENTS (KM2)Y,

s FOLLLTTON FACTOR (kb CUBES SOU2) o

: DEVIATIONS FRCY LIKFITS AND TARGETS'

3 DEVIATIONS TCTAL %)

'REL
'LAND
'PF 'sEX,
'DEVSF',6X%X,
'TCTEL',EX,

FORWATC /

1X
! 1X
/71X
11X
/X
/11X

171X

’
’
’

PCUER',6X, ! CEVIATIUAS FRGY FOWER TARGETS (10CkW)*
"ENERG'sEX, ! DEVIATIONS FRUY ENTRGY TAKGETS (1GLGWH)I',
CINTLE',4X » ' = DEVIATIONS FECH LAVESTHELT *

'TL GUCGET LINITS (TL 2)' .

VINFCR') 66X »' : DEVIATICKS FRCF INVESTHOINT *

TFCR. CUR, BUDGET LIVITS (3 w)* ,

OFTLE Y, 6K 'z DEVIATIONS FRCF CPL/YAIRTEINANCE',

' OTL SUDGET LIMITS (TL &)°

YOFFCO', 04 » 'z DEVIATIUNS FEGE GPG/MATRTEMANCE',

' FOR,CUR. BUDGLT LISITS (3 #)*' .,

'SCH.PRGJECTS: SCHIDULEE FROJLOTS STARTEL ' o

.
.



178G
171
172
1732
174
1?5
176
177
1738
176
138
131
132
183
134
135
186
187
13¢
139
190
191
192
193
194
195
19¢
197
198
19¢%
28C
201
262
203
204
205

116

*

* % B B ¥ B % % ¥ W B A % % ¥

% % M ¥ % % ¥ 3 ¥ % % % ¥ B *»

AT THE EBEGINNING CF CACH FLRICL'

14111

(722X , '== PLEASE ENTLR =GC= TC FETURK * )

FORMATC 1 [11111

/ 3K » "CCLUNMN EXPLANATION 'y

! 3X 5 ‘emsene aew e o o 0 e o e s e — 'y
1 3% . 1 PROJKCT CCoE 'y

1 3% 0 2 FOWER GENERATING CAPACITY (i) 'y

/1 3x » v 3 AVAILABILITY FACTCR (FFFCENT)',

! 3X ' 4 UNIT CCST CF INVESTSTRT (3/KW) 'y

1 3%, ' 5 FCREIGH COST OF IWVeSTHERNT (FERCENT) ',
/1 3% ' 6 UNIT COST CF GFHERATICN (TL/KWH) ',

7 3x 7 LOCAL CART CF GUNLPATIOH CCST (PERCLHT)',
! 3%, 8 PRCJITCT CONSTRUCTICGH DURATICN (YEAFS)',
/1 3IX , 9 LIFL TIME CF IMVESTSTHT (YEAFRS)',
/33X, ¢ 1C LAND USED FOR THE PRCJECT (KN3)',

/13X . N ANHUEL PCLLUTICN (140¥3 sCz)'y,
111111111

1/22% Yom PLLASE ENTLR =-GO- TC FETURH * )

FORHATC *1* 171111/

/ 3X », 'CCOLUNMN EXPLANATION ',

/| 3X 5 'memmmeme dmcmce e cerm e ce e r et n e e e a s s s an=
/ 33X » ' 1 PRAJFCT COSE ‘s,

13X ' 2 FOWER GEMEFATICN (1L7FW&/YLAR)',
/13K 03 ENERGY GFHNTRATIOR (1C0CGCWH/IYEER)' S

/1 IX ' s INVLSTHEHT CUOGET USTL (BTL/YE2R)',
t EX .5 INVESTMENT CUOGET USED (PI/YFRF) ',
/3% ' 6 CPERATICN EZUDGET USED (ETL/YEAR)',
Y SV 4 CPERATION ZUDGFT USED (m3/YLAP)',

/1 IXx » ' 8 CEPRECIATICN (ETL/YEARS)',

! 3X " 9 LIFE TINME CF INVESTMENT (YCARS)',

/1 3x » ' aC LAND USED FOR THE PRCJECT. (KMI)',
JY SV ANNUAL PCLLUTICN (1U00L#3 SC2)',
1HHrihreet . '

17122 » '== PLLASE ENTERK =GC= TC KzTURK ' )

END
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46
47
43

4%
91
>
23
5%
25

e .
PRUGR Al CONVERTE 1iFU 9 UF s PJ s (UIPUT s TAPE6=0UTPUT ) ?
C
c
(8
¢ .
& PERUYRROS B PSS PR TEL R TR L LR R R A L S8 Al é*vﬁ(\-v“k‘#O“iv‘v#‘ﬂv‘t-!“*!'b.“"
C -V \'v~»?~'k»pl\n-‘i'q'?irf-f“v"‘v‘)\““-"&-\'\r‘f'}‘*ﬁ'\-f“"b*#*#\’ov‘v'i‘."« 3-9‘.‘!0'\»‘4‘.‘.‘
9 a e
C Lk ianTx ULUSLY FILE: CONVERT VERSEON MEY 4985 *s
¥4 o~ e
C L2 PRUGKAAS USFD FOR THL (HASTLR THFSIS LR
C o e
04 A XD N B RN RERRBNTR BT DA W PR Ty e L A LR R PR R
£ G R Ayt R R e bk Hﬁ-.-ﬁ-#¢+&~ﬂwi:wﬁ&tv#»tb%vt!#i#b##‘v&tto-ﬁoto
C
L
Coenia UTSCRIPTLION UF VARLABLLS
L
C Dy Y JUNAY VARTRBLFE
L FC Filr T16H CURRLUCY R TE
G NPJ NUGBLR OF PRUGJECT
9 P PRUIECT CODRE
C PJUATA PRUIECT DATA InPUT
C P Jdliesd PROJLCT AHFDR¥ATION
£
C*A RNy Var TaBLid DFCLARATL DN
C
CHARACTe RK» 4 PCulL i) ?
CHARACTLR® 2 Ut NY ?
10 PORATACIR Y00 BRPIIREDLIZ2C 1€Y'y FC
I4TEGLR HPJ
C L
PREN T By BT w SEHEGE ) 2
TR et e VR U VR T e H
RN L S T D 7
C
EMIND 8 2
PSR U VY 2
Rk 1) 2
L
Coxnve puPul pTurCTurY FILS
L
RELDELLYOUBF DULRY
KN LLe4ann) FC
C
(S TP ul, PRULCD E LR
¢

87

(0 B2 ) udal Y
KEADL Ty 130000 HPY
KPS DL 9sLasil) € PLUVELT Il PIRATAUEN IN (9 9 & Lok Yy "Rrsi) el D
LA 154 (5 Jos ko alo NP
PALNEOUT L) = gAY AT 3] 4118
PULLEDI Y 92) = PILEVALLYY) % ¢JOATALL2) & CotOuLBTE
P-JLNED T3 = PIOET L CTA L) % PJUATA(T93) & FC *



56
2 F
20

59

SR

ol

343
39

91

¥3
9

L gl @ ol

ST 4
wal T
A5 1 T
winl Ti
1P Ul

g ) o PITATACL Y ) 276 AT I0EDT ¥ PIDKTACL e T
PJINFO(T94) = PJUOATALLS1) ¥ PJDATALTS3) #
Pansln bl eqd ofed YOG € PIDETAL Y 47 )
PUINFILT95) = PUDRYACTIy 1) 'Y 'PJDRTL(T92) * Be76L &
PIDaTAll 9Bk % PIDATFA A 296) . ADD Hdli@0 ALl
PJLOFOLY96) = PJOATALL1) % PJOATA(I2) # belby *
CPIDATRR T oSS B0 T T e PATRT A RS 3 O YO R
iy

PRIRE LT Y (& PR KL Y300

PILUFOLT98) = PILATALLs1) & PIUATALE3) = FC  /

L e RS DATAL L sD )

PALHFOCT 90 = P SONTAL T W)

PILEFOLTNTV) = PIODATAEY 91 )
CONT Tt

{a9s9N0])  DURMY
(Be30i) KPJ

(uebhiv)

FORPATS

BUTPUT FLRGETS

FUufam
FirPiia
Firs

L
Tt
v
FORKAT(

STue

Ra ! 1 OF S
FLTL L84 LSy wmm - COMVERSTONG TERMENATE O imeesm@ iy Yy iy
he )

8¢&

E48yatd) (U PCOUEL R ol 'PIIRFOUTIS 310 ® R Sy ol o LgiPd )

)



CONVERT

FROGRAM

SAMPLIE
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11¢
ccot
cCoz
ccoz
CCO4
cces
ccoe
cco?
E
€eos
CC1¢
€011
cc12
cC13
CCl4
cC1s
cl1e¢
cc17
ciie
€016
ccac
FCO1
FCO2
FCC3
FCC4
FCGS5
FCCé
FCG7
Feee
FCCS
FC10
L1
F12
FC13
FC14
FE15
FC16
FC17
FC18
FC1S
FC2c
6C01
qOF:
6C02
6CC4
LG5
GCCée
6CC7
6LCe
GCGY
6C1cC
GC11
cl1z
613
GC14
6C15
GC1¢
6C17
6018
. 6C16
cC2e
6C21
6C22
GC22

10a
1.
1t.
10
124
13a
cla
224
9
i9.
41.
5L
49 .
50
514
50.
47.
52
57
10

il
22a
14,
49 .
40
1.
57
€h o
5ha
424
50.

7. .

57
€2
18
1.
éla
27.
33-
28.
42 .
45,
51
42.
57
6.
58.
51a
42 .
é6a
48 o
54,
57«
1.

19.

2.

12.
124

9.

42.
53.
5C.

S N e S S N e
(VRPN LU, I N FYR NS I oS AN SN S I AN N}

P S L W R P W P S

[ BV
s =

Ving o= ndS ==

3



GC24
GC25
GC26
GC27
GC2&
GC29
GC30
HTC1
HCOE
HCG2
HCO4
HCCS
HCQ¢
HOL?
HCCE&
HCOG
HC1G
HC11
HC12
HC132
HC14
HC15
HG1¢€
HC17
HQ1¢&
HC1¢
HC2C
HQ21
HG2z2
H(232
HC24
HC25
HOzé
HC27
HCZ &
KCO01
NCC 2
NCO2
nNCO4
rRCCS
NCC6
NCO7?
NCOE
KC(9
NC1C
1C01
ECC1

36

OO N DN R

O VIR = b e =) b

-
- 0
® 8 a &

o )
-t NN
L]

-t
ra
L I

-— =
v
L

13.

- wd e} wd el b wd b wd
(¢ NS I » AR e B N
» & 2 B B B R W B

[ QN Y
-~~~
L I I )

12

-
- OO
= a &

MNMNO=2NIENNOD=-ANN D00
a

e N G N N T QR S S e A e

N
s

14.

4,

60a
73

45,

91



HORT PROGRAM S0URCE



wro o~

KS1 -

L6

L3
19

!

2
<

2

25
20
27
23
29
ETs:
31
32
373
34

35.

36
37
34
39
4
41
42
473
44
45
46
47
48
4%
24
a1
52
91
54
25

(]

Fhwwy

EE R

IzEslsEeNoNelsloNoNaNalaNoN ol ol ol ol T ol Su i ot B or I o 3 o

C
C
Cosavw
C

C

Crprwy

. €

C

UPERL 9 4 FILE
PTHC Le oy FILE

93

PRUGR AN SURTL S0RTIN o SURTGUY 5 UUTPUT o TarFb=uuTPuUY )

B R I RO O N R I R e e L L T I R T N e P P T TR 2
L R R R A A R Ly T R R N R Y I I R AT I A I TS T T

L . ¥
L TAHIR ULUSGLY FILES SORT VERSTUN HaY 196> #+
@ % : . EYS
w& PRUGKEHS USFD FOR THE AASTLK THFSIS ¥¥
%X ¥

B R T I N B R R N A T Ll ISy
R O R g R N N S 2 2 AL R TR T PR NN S TS P NY ZVE

DESCRIPTION UF VARIABLLS

DUAY DUHLY VARLARLL

IH IHPUT ARKKaY

Téng Te#PAORKARY STORAGF AKRAY

Hitd NUTB R JF PROYECT

VAR TRBLES DFCLARATION .

CALRACTER+2  DURSY
Ca o ACTUERYS  1THE L5y129 Yy TERPC 15 )

SORTINY )
YSOKTOUT ! )

LIS R Y] hd
Ridl i L0

AR ITE(Oy au)

HPUT DATA TL BE SURTTU

Ead9y1u80) e d ) v
CLDEF22000) O U Thllsd) o I = 14519 ) 5 J = LeHPJ )

SOKT Tutt DaTs
titt = HPJd o~ 1

Py L 11 = 1, 15 .
CTFC THOITs 1) o Fus ! 'ty (€11 I FUSEINT
URTTE (3 uea3a) 11

[P I AVR SR P
J = 1
g o= 1 v L



3t
87
34

mn

g 2 K

94

TEC TR0 Tiak ) oGle INC T1sd ) ) J = &

ConyTaul
0o EH L
TLR (L) =
il s 1) =
Taluad) =
CUnMT U
CLdit Yo
HETEE (I 0 )
ComTIngs
arl T o ssnl)

PRI YN B R N TN Y

FETREE

FuisaT

GUTPUT Fupby s

F i
Fiio

= 1 49 1y
(L o1
Tinll + )
TLAP (L)

CC I d) y 0 = 0915 ) 9 4 = Vanrd )

SE AT L Ay Y SR TLD HITH RRESeeCT TO CUlusin v oy 12 7))
T L0 X oy 2
T 777 L85y === Flle S0iT1n SUZ

y o)
ECINID Flle SORTUUT =-=="')

Fiiw LT 74/ Lixg === SLET PRUGRAT HUNKING ===')

STue
ki



CORORT PROGRAM SAMIPLE OLTPUT



SCRTED WITH RESPECT YO CCLUKN - €

cr1s 9. 5z 2¢. 57. 26, 31, 9. 17. 12.  1eC.
ccac 9e 574 21, ¢z, 19, 27. 9. 15. 15.  14C.
€015 g. 5Ca 24, S4. 19. 36, Ba 14, L. 1€,
cC17? 8. 5¢C. 25, 50, 9. 30, 8. 14, 1. 115,
HC1 6 7 2€. 1. z7. 19. 3. 10. 5. €5. = C.
HC17? & 28 174 21. 19. 7. 12. 5. €Ca €.
ccie 9. S1.  27. 42, 1&. 31, 9. 16 12.  13C.
HO1Z 6. 24a 31, 37. 18. 7. 7e ée 564 r.
HC1S 6. 2¢. ze. 27. 15. 5. 9 5e 55, C.
G4 &u 4. 22, ch. 17. 3. 7. 14, 15.  12€.
HGZ S 14. 26a ;. 1s. 17. 7. 10. é. £5.a C.
HC23 124 25. 2z, 25. 17. 6. 12. 5. 8s5. 0.
€z E. 5C. 2Z. 57. 1o. 25, 8. 164 13. 105,
HC1 4 7. 24. 25, 3z, 16. 7. 9. 6o cte G
HE1S Ba 25, 2Ca  24s 16w $. 1. 5.  75. c.
W2z 1G.  25. 20, 22. 16. 6. 13, 5. 75. C.
C61& &, 47, 2¢. 674 15. 25. §a 17. 14«  13C.
HC1 2 5. 22. 25. 33, 15. 5. 8. 5. 524 C.
HE1 1 5e 15. 2z. 28 15, 4a e b S6.  Ca
HO2 4 12. 24. 2¢. 30, 14. 5.  11. 6o £8. C.
HG20 9. 25. 25. . 27. e 6. 10. 5. . 0.
Hele 8. 27. ZC. 24, 14. 4. 12. 5. 7G. .
HOO & 4e 17 26, 36. 13, 5. b 5. 4l c.
HC2 ¢ 16 27. 27. 2z, 13. 5 12. a SUe N.
co12 7a 41a 21, 51. 12. 25. 7. 13, 14 1US,
HEO 7 4e 154 e, 51, 12. 5a 4e 5. g, Ca
HGU & 3. 14, 25. 43, 12. S 4, 4, 15, C.
HC10 Se 15 2%, 31. 12. 5.  7a Se ‘ 4 Ca
HEO'S 3. 14, 2i. 1 TS 4e 6e 4. 1z, Cu
Hez 1 9. 22. 2¢. 23, 12. 5. 12. 5. Sl C.
el 6. 35. 20 40a M. 25. 8.  13.  12.  10C.
HCO S 5. zC. 25. 35, 11. 5. 7. Ga 45. C.
HC2 3 20. 26, z&. 33, 11. 4a 14. 6o 1CL. C.
HCO 4 3. ' 13, 24 12, 1. 5. 5. 4. 20, C.
FC1$ 9. 58. 25. 57« 10. 183, e 11. 2. Se
FC20 10. 63, (. 61. 16.  195. € 13. 15. 1C.

FG11 6, 36 2%« 57 1. 155, 4. S 0. 10



Data

(units)

P
(MW

AF

(%)

1
(£/KkW)

Ir
(%)

L
(TL./kWh)
LF

(%)

cT
(years)

LT
{years)

L.
CRmz)

15
(km/y)

R
160-2000
15

S50~ 1500

o405

412

So-100

Se-106

DATA GEMERATION TARLE

Ceal

15O~ T00
LO-T5
F06- 1200
H5-60

il 9
4
Gy

A T30
16050

2140

Fraojects

Muclear

SO0 1500

BT 0

10002000

AR E

45155

Ge-14

2030

2050

So—100

E-1%

500600

£ G120

-
Ch

=
SO

e l l

-3

1615

E-10

Fuel

1501060

7D

*

97

709200

bl Rl

18-

911

]

b



DATA FILED
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FILE: DR = DIRECTCRY FILE

FCREIGN CUFR["CY RAT[ II.I.‘.-IIl.l‘IIIIIIICIII..
PROFIT HARGIN " ESs NS WS NS AGESEENRARAULESRSANSNASRUE S

PRlCE ELAS.‘ICITY (TN Y NIEEERE NN E R FE LN ENEETERILLERLREREMJ

INITIAL ENERGY GENERATION COST (TL E)
INITIAL AVAILASBLE ENMERGY (100GWH) snanusascssseanna

FILE:

20
1584
1585
198¢
1587
1688
1589
199C
1691
1692
1993
1594
1695
159¢
1597
199¢&
1699
2CGC
2¢01
2C¢02
203

PR =

FERIODS NCMINAL CEVIATICNS FILE

POWER ENERG INTLE INFCB CMTLE CMFCE

-51
=61
=72
-75
-77
-85
~-95
-10€
~-105
-117
-13C
-145
-155
-165
-185
-19C
-200
-215
-22C
=245

~-56
-g8
~-92
~12¢
-14C
~18C
=260

=220

=235
=230
=350
=41C
=55C
-¢dd
-&50C
=¢5¢C

=760

~78C
-220
=560

130
15C
175
2GC
22C
235
2638
275
350
183
235
19¢
192
197
408
425
44
460
480
51¢

.130

210
330
41C
4LEQ
548
¢z0
7C0
710
720
75C
755
7¢0
7¢5
77C
7¢5
7E&C
785
750
gce

21
31
42
55

g5

115
153
18l
22C
28cC
3ez
550
680
72C
geC
G&c
1060
1C3¢
1C09C
11ce

21
31
52
62
75
&
9C
12¢
135
st
165

176

18¢C
225
261
é9C
31c
37¢C
43¢
50¢

53C.
1.C8

106228ccC
272.20

99



FILE: 0D = QPTIKISTIC DEVIATIONS FILE

20 FOWLR

1684 5
1585
168¢
19867
1688
15E9
169¢C 1
1561 1
1602 1
1663 1
1594 1
1695 1
169¢ 1
1697 1
159& 2
1666 2
cCigo 22
2C 24
2 26
iz 24a
FILE: PD =
2C FNWER
16&4 -5
1665 -4
1686 -7
1587 -7
1682 -
1689 -5
166¢ =1L
1591 -11
1692 -12
1962 =12
594 -1
565 -1¢
GGc -17
567 -1y
594 -20
566 -21
cee -22
a6t -24
cce - =~2¢
CC3 =223

PO MY [ P wd =b ok 2 oh a3

S NN O N N =YD SN

ENERG

[ AN S I oV I e
(BP0 22000 MO

35

FESSIM

ENEKE
-5
-5

-5

-12.

=14
=12
-2C
-22
=24
-z
-35

-4

INTLE

AN W LI A IR N R e
2N O U S ON B T 00 A WK

PN
008 DN ) =2

v
-

~

[}

v
v

1STIC
INTLE
=11
=15
-12
-26
22

INFEE CHTLZ CRFCS
12 2 2
2 2 2
23 5 5
41 i ¢
48 11 g
‘54 153 ic
€2 12 12
70 22 13
"1 23 15
7l 32 17
78 55 17
74 62 13
77 72 22
78 g6 2¢
79 68 26
&n 1Cé 31
£2° 103 37
£5 1C5 42
50 117 45
65 120 5¢

DEVIATIONS FILE

INFCS CMTLE CMFCE

-13 -2 -z
-23 -3 -2
-13 -3 -5
-41 -2 ~-¢
48 -11 g
~54 -15  ~11%
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