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Al3STF<ACT 

This l~lor'~\ pr'es\!:onts "HI att"'~rllpt ·b:'I.'F:lr·o:!S uns"!;r·ucl;l.Ir·ed 
inter'active IIH:thods to find sco"illt::ion to rfll.I"I"t;:icr·it':!r·ia r'eal '1 iff! 
pr-ob'l E~ms. 

The text consists of two parts. In the fir-st part 
modelling in OR and its inherent gaps, the development in 
': 0 rfI ro 1.1 t e r' t f: ': h n (, '1 (0 9 Y ;:'1. n d S (0 'I 1.1 t i (0 n t (0 (, ., !; ~ n d t h <if i r' '1 :i I'll i t,3 t i (, n !; 

including inter-active approaches are discussed. The proposed 
a.ppr·oi:1.ch, ... h.ld9vHll<i~nta·1 Pr·o~jI""al ... min9 ( . ..IF'), is br'i~d:'ly pr'<2sented ;:.tnd 
t he \~ x p"'~ ': '1;02 d .;l.d 'Ian ta.gf.·:; .;l.I" \O~ 5 t;':l t;\O~ d.. ...IF-' ':.l.p P r- oao:: h 0::;:].1) b~· 
sl.Imrna.r·izf!d a.s lJ!;if'l9 the C(H",pl.lt~=:r ;3.S ;3, f;?J.st l'.I0r·~, sh,':td; in 
decision rllal·\in9 get;-t;il'lg ;;l.f"lSI.'.I0r· to "I.'.Ih"l.t if'?" 'l;YP<i~ ,)t' ql.lf!s·t;io::ons .• 

In th<:: 54:0::0:-01'10:1 P':'ll'·'t;, tht~ ~:1<i1ctr':iO:::lty :lIH'<i!sttl"l<i!nt pr·ol.,·li:1fI 
of TI.lr-~d5h El~,!~\t;r'io::ity {-)l.Ithor·ity (TE~<) is .:J.na·lyzt~d ';tl'ld po::ol;('!ntial 
a.ppr·o i3.ches ;,1r'o2 dil;CUSs<i:d •. The . ..IF' appr'oacl'l a,nd for-I .... I.I·I;.1.t:ion ar-t:-
presented and discussed ill detail within the example. Results of 
<i!xper-imer.t;s a.nd cr·itiql.l<.':s. on th,~ ,:::qH!r·illl<i.:'nta"t softl.\I'H·e (of 
Industrial En9in<i~er'in~~ 9r-~ldua'l;e sl.lo:l<i.~n'~s l.o.lh,) P01"'f'oPfII<i!d and 
r-epor-ted exper-iments are also included in the text. 

In thE: E::·:per·iments~ to ~;o::hf:dl.lle SOfl'l0 pr·oj\~o:t;s.) 1'\1'1,)1.1.111'19 
speo::i"ficati(,n a .... 0:1 l .... ar·gi ... ii!.·1 contr-:ibl.lt:ic'ns (of <.':a.o::h~ t,:, s8.tisty 
pOI_\ler' and ""n0r'9!J "t~).f'-get;s" '.lsin~1 'Io,::a 1 ;:l.nd 'f,:,r'\=:i9n O::I.Jr·r·011':Y 
investment and operation budgets, (over- a planning horizon 10-30 
y\,,:ars is a.in)E!d .. Th ... · "d(~o::isio)n O:f'·it;\~r':i.03." pr'lF~s"'~nt;<i:d in t;he t;0:-:!;~ 

such i:3.5 unit cost ot <.':n<.'~r-9Y; va.hli': of 1"1':)1"1 depr-'aciat<.'Hi .3.SSf.'t:s a.t 
the end 0'" planning hor'i;;:ol"l ~l.l-ld .r·e'/15i,:on l"'lodul .. ::~~ l.o.lhio::h. 1).lel'·~ 
(,mitt('?d in th<.': 1'1:'::::) e:.:p<.'~r·illH!I·lt':1.·1 v{::I'-~d(on ,·H·"'· inc'ludf1d in the 
fin"l·1 v0r'sio:on of th'l:'! softl.o.I").r·{'! .. 0,'.1.'1;,'1, pr'o£(f'"~lm ~i('I.If'(:\~S ';).nd ;:1.11 
r-e-lf.'vi:3,I"'~ :infor'mation 1.'.Iith r·<.':5pf.:ct t(, the \~·:<':Wq:'·li: ii1nd lh~: 

softwar-e ar-e pr-esented in App0ndio::es. 



I, 

Btl 
r)p(lb l<i!m 1 ,,~r'f! 
o t ~dl 0 ;d. ml i 

~all~ma, ger~ek hayatta kar~lla'llan ~ok 
.:;.)z':im blJ"lrnal, l:iz\,:r'~1 ~l<:?·li!f.-tir·i 1~?n7 Y.3,pIS.3l 
bir y6ntem denemesidir. 

v 

.:lff,.:.l.o; 'I 1 

(0 '1 II',a ~F.~ n 

l(ol"llJ ild bo'IOrfl ha,"lindt? StJnU·llf".q;tur·. Bir'inci bl;:i'II~lf,d,,:, 
ytiney'II<HII ar·a~;tlr'rfl~lSJ. 1'I)00;l,':1'lel"'inin yap 3. S·:l.I «·~\si!'\lihler'i, 
b i 1 9 i sa !Jar' d;:'lJd v\,,: e t Id '1 1':!1 i 11'1 'I:i y;!l.I,·1 a !? 1 If, '1 <1,1"' da dah i '1 (I hfla.J, (i Z\::'I"'\~ 
~tizam ara~larlndaki ge1i~m0ler ve getirdikleri Slnlrlamalar 
tar·t I? 1 'Inn!? t :1I-'. elne r- i '1 <i~ n ya,l..; '1 a!? lIfl, ml.l hahelfl~: y\~ d;:'l !Fi. 'I :L 

IH' 0;0 9r<3.ud am.':)., ~\ 3. 5·:1ca a.n 'I at; 1 '11"1'11 ~ v.::: urf".ll·:tn ih; t i."I 1"11 ('11-,1;.;: I' i 
belir·ti1mi!?tir·" 11~lhO;l,I'<iHfI<i!!Je d;.) !l .. l 'I 1 bu pr'ogr'am'larfla !J"ll\la~llfll, 
t:d.19isaya,r'ln 1..;.:>,I"r.U" Vl'::r'rfl'~: s,:ir·<i:o::ind;.;:, "\::~jc:::I" f;;i~y"e ohll"sa ne,o lul"''?'' 
?el"lindel,i 50r'u'la,("a, CI':V;:l.P r.lr·aJfI;,),d':i, hlZl! bir' m(isveddt! I\a,gldl 
olarak kul1anllmasl $ek1inde ~zet1enebi1il". 

11,inci 1,:lSllild;:"t iSI~ T':ir'I,:iy<,: E'II:::I,"t;r':iI, Kl.lr"ulflUnlJn e"<al,1:r'il, 
!j':l.tlJ'lI'll p'I;U'll''3,ma pl"\)b'lt~mi inceIE:l'lmi!? '/8 1,(,1.1 h t<2rfll.": 1 yaJ\la;;lmlar 
tartl$llml$tlr- .. SUI'Illlan brne~in ~~rcevesi icel"isinde, liIuhakemeye 
daya1l programlalil03. yak1a~lml V0 tOJ'mQlasyonu detayll o1arak 
sun'Jlrf1lJ!? ve t~,r'tl!7:l'ln'l1$tlr'. (.~yn:L bi::i'I i.imdf! End(istr':i l"IOhendj,sligi 
"isans (istO i:'gr'enci ]\:;Ol"in:in di!nernf: ya;:~11 UIll ill': yaptll','la,r'l 
~al1$malaI"11'l sonutlal"l ve eleijtiJ'ileJ'i de Y0ralmaktadlr~ 

1::u deney'jt:r'dt!i 021',,'1 111,"t:l",i \I~~ mdr,j:in.3," 1'.3,tlu "a,r'l bi lin~,,:n 
pr·o.J0'ler'in~ hedEd'lenE:1'I gl].;: '/0 enE:r',.iiy.::: 1.ll;:l.?I .... ;;J.!-' a,n'I.;lcly'la, TL 'Ie 

doviz ya,tH'lfll ve i!?'letlfll'~ bO't;O:;I'!ler'ini ~\u"'la,n;;lr·al..;, HI'-~::QI ylllll\ 
hir plan lama ufku i~eri5inde prOje101"in 5e~ilili ve z03.liIanlamaslnln 
tesl:oitinl'! ~:ah!71 'Ir.'I1%>tH'. Tez l,a,pSa.lnln(i;.ild, 1983 te geli!?tir'i h~n 
deneme yazlllminda yer a11i1ayan en01"jinin bil"im liIa1iyeti t 

planlama d6nemi sonunda tamalfll amorti etmem:i~.tesislerin de§er-i 
gibi karar kriterlel"i i1e I"evizyon liIodGl1eri de son yazll1ma 
dahil edilmi~tiro Kullanl'1an data, pr-ogr-amlar ve &r-nekle ve 
ya.zll1ml~l i 'lg1"1i g\":('·,,·I,\\:.-t:d, 'Ieo::e~\ her' t':ir-Hi bi'lgi el,\ 'I el" h.:>,1ind0 
.:.:a·1 l~rfla,nln sonundr.:l, uer' a: '1I"fI<1,I,-['<30:11r' 0 
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I" I I\ITF~ODUCT 1 01\1 

It s~::oems t;hat:~ espI.'H:ia.l·1 ~ 
War, businessmen, governments and 
concentr·"-:I.'t;.;:d on COI'flpl.ltf:r·~:i .:.tnd on 
their' pr'ob ·Iems.· 

following the Second 
other adminstrators are 
rlla'l;hel'(latica'l to::II) 1 5 to 

1 

W')f' 'I d 
mor'e 

solve 

During the recent years the impressive progress in ttlis 
1:ie'ld r'ea,:h<2d '1;0:0 stlch';l h~v~::·'1 th';tt for' rl,ost pE:':0 PIe it beC'::Hfle 
very difficult to follow and understand the developments. 
De s pi t;E: t hI.": kn (0').11 e oj flc;., ,) ii: ft: 0) r"l; .:),1'1 d o.~ :.: PI'::: r- i c:: n ce .:1.0:: cl.lml.ll a to.::- oj eve r' y 
day, utilization of these tools did not match the advances. 
Be5idc~s th.-.:: technic::!. 'I (on(:os~ ;:onE: of thE: m.:l.jOr· di'ft'iculties in 
their IJse h.:l,s I:o,=:~!n in cOffllf,unicat;ing 1).lith a.nd in g.:l.ining 
confidence of decision maker (dm) and his staff which ~ay be 
unfamiliar to the presented sophisticated approaches which may 
r·E:dI.lCE: thE:i£" ,::ontr'ibutiol'l a.no:! the cha.nce fo£" t''::lir 
imp'lerfienta,ti(,n of sol'.ltion!;" 

B .. ~ C .;).1.1 S (': ,yf 't; h 1.": 50) phi s t i O:<:l. "I; i 0) nan d d i V (H' Ei i f i ':: <1 i; i (0 n i n 
solution tools~ by the time~ even specialists in this field 
faced with co:ommunication problems. Learning~ understanding and 
€!sp~~cia.l·ly ada,pti'ng and using a, !~ophistiO::':'lt~=:d too'j beo:: .. ul'l\~ ver'U 
dif'l'i'::I.I'lt 'for' most ot: 1;IH: time -(:oven for' thos.;: I.'.lith necessr.lr'y 
bad,gr·ound. 

Th~'!' r·~=:'il.!;on bf.'h:ind this !;:ltu.3.t:ion se~=:lI'Is tha.t by ttH=: 
pf'ogr .. ::-ss in ,::ompl.lt(:of'· fie'leI Pt-:-')p'le arE! fiI':'f"e 0::0 nco.::: ntr·a.t;f:d on 
algorithms, mathematical proofs and creation of artificial 
intel'ligence t,.lhile ·la.r·g<i:'1y o:ornit;til'l~1 I;h<i: tr·<i:filo."!ndol.ls .jl.Jdg(~rnl.":nt;al 

<l,bi 1ity of the hl.Jm~'l.n b,=::i.ng r.:J,nd t;h~=: need for' 5:ilnplicity~ accur'acy 
and the absollJt;e n(~c«~ssi't;y of 9::1.inin9 thE! dm"s ,::o::cnfiden'::E': 

Taking into consideration the inverse relationship 
between thE! mathematical and algorihmic d~velopment and 
practicability of the provided tools, new user-friendly 
appr·o03.,::h.-.::s' s~~er ... s to be necf:s~;.:lr·~J ... In 1;h~! p0.st" fhl!.· d\."!v(~ 'I o;oprf,<2nt 
in solution tools had to follow the path of the developments in 
': ,) m p IJ t e r' t \"! ':: h n 0 1 (c 9 Y 'i:l. n oj n ':11; IJ r·.::1. 1 I ~JI i I'll i 'r, e d .:J. n d, '-:1 £'. i (~ n ted 1.\1 i t h i n 
this !=,i.ith. Indeed 'd,t ea.!"·'I!) stages tod'il,Y·'!; COlfIPUt\::·I'· technology 
1.'.la.s not; E!}:pe,::t.:lbl<i:,. !::;oluti':'n too'ls o::r·(:Oi:'l.tE:d t"or' (~ar'l U ,::orilpl.lters 



2 

ar'€" lar'gely r'eV1SE'.:1 a.nel cilifiensions a.r'e I:;.rda.r-ged up 
the appr-oach remained mainly the s~me as being the 
of the decision making process. 

today ~but; 
5 'l;r- IJC tl.lr' i n~1 

TodaYi it seems that, instead of using the computer­
decision machine and instead of the effort of structur-ing 
decision making process and trasfarring the human judgement 
abi liti€.'s to.the computer' as ma.de up,--tod~.~J~ ther'e is r'oorn to 
the .:omput'''I' as a 1,'.Ior'l", st'leE't to emph~si;;:e the dir'ect use I)'f 
human a~ilities. 

as a 
the 
~l.rl d 
use 
the 

Such an appr6ach is tentatively called in this thesis as 
Judgemental Programming (JP>. 

JP does not refuse the use and utility of other 
available techniques but presents itself as a user-friendly tool 
in decision 1'fIi.'tI",ing giving elflpha~:;is 1;.;-. hWII',ln ... iudg\':'I .... ent. Orlc\,:, 
s'.lppor·t<"d I.'.ai,th .:1, !"'eli;;lb1e da .. l;a.· .. b;;).sE~, o"ll.l'I;hor·'s be1ie'(: is tOI_~I';l.f'ds 
that the dm won~t be afr-aid to use it and such an approach would 
be at least a bridge between dm and analysts. This way botl) dm 
and analysts would have the occasion to focus thei!"' effort on 
bases for decision making and on reliable information systems 
rather than on sophisticated solution tools. 
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11.1. S~arch fo~ Solution in OR via Modelling 

Most of the time, Modelling constitutes the core of the 
Operational Research (OR) practice. An OR model can be defined 
as an idealized rep~esentation of a real life system. In all 
modelling att~mpt5 the real world system is analyzed fQ~ 
definition of problem and at this stage the real world system is 
1.lsua'l 'I y tr·':lnsfor·r"10d to .,1.1'1 0.ssl.Imed r·I:::::!. 'I 1.'.I.)r· 'I oj to for· ... ·' ;;1 b.;lse 'I'or­
the m.;-.(h~·1 (1). 

'rhiiJ cOI .... pl~~:-:j.t~j of a, r'e;3,l systl":li'I r·;::sl.I'lts fr'orn t;he ver-y 
lar-ge number- of elements contr-olling the behaviour of· the 
system. H':\VH~\ler-t a·lthol..l£lh a, r'\~al situa,tion ma,!J :invo'ive a 
substantial 1'1 1.1""1 b <:.. 1"' of t'i3.o::"t;or·s, '::1 Srf/;;l'I'1 -r'r'a.::tJ.on of these 
e'lements assl.HIHHi to 1"f1;".:in'ly d.:.rfl:inat\~ thE' IH:tH'lv:lour' of tth~ 5y!;t~!lil. 
D€:tf: r-m i 1~la t; ion (I'f t 1"11;: St: 'f: 'I eril\:~ I'It 5 ::1,1'1 df • H"1'1"'" 1 at i (0 n () f t; he i r· 
inter-r-elations constitute the cor-e of, the modelling practice. 

This !:it;;:I.~I":: i~; (1'.lil;e O:-:!"'itic.'l.l tH:·Cd.I.ISI': tIH:' I'ilodel de'J..::'loIH,:d 
acc()r'ding to the d~t\"'r'lniIH",d to'ltolilt'nts <lnd int,~r·r·~·I;,l.ti(ln5 lil\'l.y not 
fairly present the real world system. Because of that risk, the 
model is usually tested to ~n5ure that ther-0 ~xist no 
s'i9nifi.:ant df:vi::.l."t:iont; bet~l.let,,:n the r' (,: a 'I life l'esl.lH;s ,",no:! 
behaviour- pr-~5ent~d by the model, 50 that th~ model can b~ used 
to ax:hiev0 O::E:r·ta.in Ob.jf:ct;i'les in thE: I"t:::al 'lit:e .. The better is 
the ulod\~'I, I .... or·e t~I\~ r'~3!sl,Jlts obt."lined fr'(.m thf: model .'3.1'10:1 in the 
real life are similar~ 

Usually the elements l which may 
and the inter-r-elations between them 
mathematical var-iables and functions to 
which is called mathematical modelling. 

b;:: contr-ollable or not~ 
ar-e expressed as 

pr'e5<i~nt the r'~~a, 'I ~'.I(tr·l d I 

Mathematical modelling a5surn~s that all relevant 
variables are quantifiable .. The 'Jar-iables may be repl"0sented by 
symbols and then related by the appropriate mathe~atical 
functions t;o df:scr·ibe th~'1 t:"2h·-a.viol.lr· o:d: the s~st~m .. !3uch models 
usua'I'ly per'mit to r·ea.ch "be!;t;" r·\~sl.l·lts thr·ol.lgh 1"latl·"~1J'1.3,tica·1 
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'-;00 IS ar"j a'~~liH··itl"lm5. Ti;.I.\Ii::l.r·o:1s 'I; he •. :I\'?VE··I()pnH~nt O'r 1..11'" 

math\:;orn"ltica'I', ~l pr-,;!vf.on "b'2!;t" r·E.'~;u·lts fOC1J5E.'d the .3.tt\,:ntion (.f 
people in this '1:1e'10:1, on tl'H'! de'!ii:'loprllt~nt; ol:l;ht~:;<.:': t(l(d~~. Th.,;! 
development in computer- technology pr-oviding high~r-
.:omplJtationa 1 spt,,:ed and stiH'.:l.~I'::·-·r·<2t;r·i,::I}.::.J.l "I':a . .::1·1 i ty enco~lf"a~10d 
t;he concentr·.:'l.tion of p,,,"op·If.' on rll':ithE.'rl'l':J.tica·j Illodt,)'ling <'I.nd 
optimization. 

fJ E.' S pit <2 the 03. v ·3. i 'j a. b i 1 i t ~l (I f In (I d \': r· n C (1 .... 1 put E.' r' 5 ~ m I) r' <2 (I f t \~. n 
math<2matical form~llations are too complex to allow an exact 
so'jution ')r- th~ .;:ompl.lt8.ti(.n!; to "'l.chif~V€: pr·(.v'?n "bf1St" r·i.~!;'.Jlts, 
tha.t is optim'.lrll solutions, 8.r·0 I.lnsuppor·tabl<:: or· inf(::a~~ib·IE:. In 
these caS<2S hE.'l.Ir-istics appearf.od to bring acceptablE.' good 
so IIJtions t:OI" rll05t 0'1' thE' tim\,::, .. ThE! h<iil.ll'·if;tic ;:l.PPf"o.::l.ch 1'1.':1 :l(,:5 on 
the i n t; u i t i ve (I r' e rl' pil" i c '3.'1 r' 1.1 '1 \'? s t h ,,1 t , 9 iv,'? 1'1 03. cur' r' f: n t; 5 (I '1 I.) t; ion 
to the model~ allow the determination of an improved s0lution. 
('~lso in most (If thf:! C;'-l.S("!S s:lfl'll.ll;:'I.tion Iflod,':.'·ls <'1.1"<2 to be IJs("?d, 
~ •. Ihich are not 'Iimited 1.'.Iith .:1. f'.3.n9":) of I .... a l;hem;1ti c';l.·1 -rl.lnctions tel 
r'elat,:;o var·iab·les. This 'J!;u;::,d'ly pr'ov:id~!> thi.'! poss:lbi'lity (If ::i. 

more a':CIJf"H.t;E! r·("!pr ... ~senta.tiof) o'f theE! I"ea I ·I·i. ·I:I.'! (1).. HOI.~'\O~lJer· it 
seel .... s tha.t, hel.lr-istics ... lnd sirnu'l::1tion r'{'?cfdV<i:d h'?ss .:r·~dit t'.Iith 
r·espect to ana.·IHti.::a·1 tf:chniql.le5 'J.nd optimj.:<':,:J.tion I.:oo·ls, j.n th\~· 

OR I.~'''-Jr-·Id~ a.s th,~·y r·eq,.Jir·<2d I(lOst of thf.· t:im",", £,p\~·c:i''l.l d~~!;:l9"'S 03.nd 
signi1:icant e1='/:or-ts to obl;ilin ma.them::'l.ti.::al·ly Ul'lpro')en I"t~SI.1"\tS. 

Retl.lr-ning back to mathematical model1ing~ once a 
mathematical model is constr-ucted, which already brings a 
mod i fie a til) n (I f t tH:;O r' ,,? 03.'1 '1 if,,! ') i t;" i s (. of ten n <2 C ~ 5 ~; a r' y t (. S i .... P 1 i f !J 
it by converting discrete .variables into continuous ones, 
·Iinea.r·izing the non·lil"l<':::.3.r· fl.JI"I(:tions, elirnin;:ltin9 SOIl'l\,," (.f th\~ 

elements ':i.t't:(~c'l;in£1 the 5y~;t;er"l b",·havi(;.I.If", int0~lrating .:.1.1'1 
a:.b.j\:-ctives in a. 5in9'1(.:: cr·it<.~r·i(ln. a.nd 5':. on., unti 1 it bt'(:(II"I~S 

a n a '1 i t; yca.·1 'I!J 5 (. '1 'Nt b '1 E: I) r' C I) I"fI fHI t .:1. b '1 ii: .. 

B 11 n a 1; 1.1 r' "'.' " i n .:\ nyc <"I. S E.' II'I (. d e '1 '1 i n 9 d ~ for· .... I!; t h ,,,! r' E' ;:'1. '1 '1 :i f e 
situation and m,;}.tIH~nH3.ti.::;).·I·IH pr'oV0f1 "b(~s"l;" r·(~sl.llt;, the optin'll.lm 
S(l'I~lti(ln, r·e .... e.ins i;tH':' b,'?s'b S(!'jution for' tht? rn(.d,'?·1 but riot 
nea::essa.r·i·ly 'for- the,: r-e;:I.·1 li·fl.'! situ8.tion. In pr,.c1cticf: it is I}t-:ory 
difficult to incll.Jde all objectiv<2s and all elem<2nts atf",",cting 
the system beh~violJr- in a model more often b0caus0 no soluti~n 
techniql.Je is available for such for-mulations which could more 
fa. i r' ., y . f' ('~ P (,'1.': ~i (~n t the p ('. (I b I,~ m., Us 1.1,,1 '1 1 Y OR an ;,1 1 y s t 5 l' eel 
themselves r-estr-ict<2d by available tool~ and the real lif<2 
pr'ob'I~HI)S ar'e dt':t:.) ("nHH1 !.Inti J -t;ht?~J \:".::":;1')1'11,,: "sol'/ab'le" by tl-ll.') 
available tools. Mor-e defor-mation of the pr-(lblem- results with 
'Iesser- confid<.:':nce on the r'esu'lts ob·l;a.in(~d .. An optirll'Jm. "l'ol.lnd f')I' 

the model rna.y not \:If;' thE.' Ih~St so·ll.lti()n ev",!n for' th..:.- Illod,~l 
accor·dinq th~: dr(I"s cl"'i-t;":f'·ia. B\;:o5id,~s 'I;his, .)·n..::' cd' the rna.jo('· 
pr-oblems- inher-ent. to' model building is that using most 
ma.thematica·1 to(~'ls s.: ..... le r·(~.;l.·1 1i'f:0 ob.j<2ctives ·~tl'·e too intangible 
to al·loll.l accepta.ble ql.l;3.ntif:ications" 
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Models~ regardless of their sQphistication and success 
to reflect the real life situation, -are fed with data. S~, 
obviously, the success in the solutions completely depends on 
da,ta, as th~~ best !HI'lut:ion is on'ly th\~ best for the data, fed. In 
most cases providing sufficient and rel~able data may not be 
easy or even possible. Besides that, regardless how accurate and 
s(lphistic.'3.ted is thl2 m()d(~'I, 0:1.,1,1;,,1 pr'ep.:.l,r'ed I)r- fOl,lnd for' a 1'(10 de 1 
are often aproximate solutions of other models. For example, a 
unit cost generally includes part of fixed CQsts and overheads 
according to the applied c~st accounting proc~dure5 or a 
for\,,"casted pr'ice -for'.:.1, p'I.;.).nnil'I~1 pf!r'iod is thii! s.)-IIJtion o-f ;:\. 
forecasting model. 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 for 
the solution models as in these examples. 

Tht!n, the bf~st !;o'\Ut::iOI'1 i!; thE' so '\ l.Jtj, (In for' !;o'II,ltion 
models plus for the data models and Qbviously there is no 
9uar'a,n'~{~(~ to pr'eveni'; occur'anCf? (If si~lnifica_nt 9·3.p5 b\"1tt~I("1en 

desired and actual results upon application of the model's 
solutions. More sophisticated the 1110 de 1 5 and the related 
supporting ones are, one may end up with mQre uncertainty and 
bia,s on 't;he solution 'found :and rilor'("1 r'isl, to f.;)'f'l far' <-l1.I,Io3.H fr'olll 
d (~ 5 i r' a b 'f e 5011,1 i; :i. 0') 1'1 t~ 1,I,I.i t h r' (;: H p t:' c -t; t; (0 1; he/,' e -,l. -I 'I i 'I: i::: 5 i t 1.1 a, ~ i l) 1'1 .. 

Taking the whole problem solving process into con5id~ration~ 
concentration occured Qn solution tools~ and models are 
developed under the assumption that data can be obtained and the 
modells reslJ'lts a.r'e o:1isl:I.lsseo:1 1,lnder' thii! ass'.ll'nption that both 
model and data fairly represent the real life. Although many 
algorithms an solution tools are developed no rules suggested 
for' da,ta co'llection and f\~\~d 1,~lh:i'le the \,:nd r'esl.l'lts ba_dly d\~p"!nds 
on these steps and where the solution model is relatively a 
small par·t (2)" 

11.2. The Gap Between Models and Decision Makers 

Because of the approximations and deformations in 
problem solving and decision process due to complexity of 
pr'ob'lems in r'(;!';l.'l· li'f,,: situ::l'I;ioI'l1 :i.t is dirt:io::ul-1; to ii!:-(p'la,i.n ::l.nd 
gain the contidf!nCf! oi dm .3nd his sta,'ff on ttle mClde'ls a,nd ,on 
solutions unless they are specialized on the proposed tools and 
appr·o.3.ch~Js. Actu::l.'f'fy rnO:lst r'(~'::l,l 'fife sitl,I::l,t;ions do not invo 'I \1\"1 
sin9"1c?! dr(l .. 

Un,less the dm and analyst are the S::l~e people, in 
1 . 'I t;"1 -1'1 tt'l c,' rarl~lyst has to switch- between the .: aSSlca ',1)0 5,) U~;U;:J, Y " ':.I. 

tool. ie. the model, and the dm just similar to a mediator 
b <:: t IJh"l \:"1 n t I,~I t;o p \": 0 p 1 (:',' 1'1 \,': II f! f" nh::' t ·:l,n d S P l': .:J, h J 1'1 q , d t' 'r: t't':' I' ~'! nt-I ':1. n 9 1,1 <:I, ~I (''I 5 

C.3,n ned; c(H"'lI'Il.Inic::l_t~:. 11o~;t (If tht! t;if(I\"'~ !;,':'ar'ch for' ::) so'll.Jti.: .... -\;(1 

most ot: the r'eal pr·(obl\~( ... s becofl'lii!5 a coor'dil'lato::d 'l;f!';'lr(I'·s pr'ob"l(~m) 
an OF< teal'(l~ inc'jl.ld:ing e:q:oer'ts (In ttl\~ !~y5'h"'I'" ::'l_nd f::'l,cts ::J,bOI.lt th~ 
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s ~ s t ~=:m .l,n d \=! :.: JH::' ",1; s () n ':1I:'I) ,,'.).3,':: h \~! ~~ "J.n d so 11./'1;.1.01'11.: (I I) I !:; '. I··' (I r'm;'J,I; 1 ,;q) 

of such <'l, t''?'::J.f(J r .... ::l.\J IH·,t b\:- <-1 'I \',1·:1 tJS ,~·;,).SU .:1.1'10:1 p,)ss:iL,l0.·. Th~! dOl 
and/()r' those r,,,~:;ponsib"l«! t:Of" opl!!I"ations, <-1,5 1",1e"l"l .:l,S "l;h(;! ';l.n';1·I~Jst5 
may not be available as much as necessary and willing enough to 
.::ontr'ibl,lt;E! t,:, sl.lch.:I. to:,~;:ll'n in I'IIOS"l; r'<,;!.:11 life.::· si·l;l.la,tions. 

11(.r-e o)ft~HI IH!o::,p'I~! invo'lv<ad in cr',:;O;:l.tinq math,:;OI(latical 
to') 'I 5 and dE! \1 I!! lop i n 9 ;:1. 1'1 .,1 '1 Y 5 i 5 a, n d S Co 'I 1.1 t ion t (~ 0:: h n i (1 1.1 E! S .;). ,.' 0 'I; h 0 s e 
outside of organization and have little information on 
organizational and environmental facts and va"lue system of 
dm(s). Vic~ versa dm and his experts may have little information 
on p,,'opoSE!d t;00:0'I5, 'litt'lE! til'(I'~! or' 'Ii'l;tle desil"e to 'IE!ar'n them. 
They may probably have also little confidence on tools strange 
to them. Scientist and ana"lyst haVE! usua"lly to invest time to 
learn about organizational, operational and environmental facts 
as well as about the dm's value system j dm and his staff has to 
'Iea.r'n 1,~lhat"s 90in9 on to bf! a,bl\~ to eva,'lu,'1te thf~ obta,ined 
,.'esu'I'(;s. HOI.~leve,., U5 I.1.:J,·I·ly the.::· investmo:,:·nt is ,,;:·;,:pecl:;i:.·oj one 1,~lay t:,.'orll 
analysts and scientists. 

Onc~~ th~ obt;:'I.in\~d 5(,'ll.Jtiol"l is acc\~ptf:d r,ll"ld ;a,ppr'(ov.-&d b!J 
thE! dm, imp·IE!mE!nt':.J,tion ,::of rooo:i01s ',ISIJ;:I,'I1y r'~"!ql.lir'0S "tr';'lnslation l

' 

(I f m (J del " & r'~"! !; u 'I t sin too per- a. t i (0 1'1 ;'), 'I in!; t; r' 1.1 0:: '\; :i (I n 5 1.1 n d v! r' 5 tan dab 1 r. 
by the pt"!,:oph,:· in thE! o)r'9;;H'd~!at;i':or ... Tl'ds step also ,,·eql.li,.'05 
c('oper'0'3.tion and coor'din;:'l.tiol"l o'f .;:).n.3,'1~Jst; <'I,no:! '!X,~c',ltivf:·51 1.~lh\~N1 
analyst has to be ag~in a bridge between the solution tOI)15 and 
't;he ~:::,:eCI.lt:ives. (..\& espec:ia,'I'ly potf.'ntia'l illlp·I,~·mf.'nt;'1.t:i.(on pr'(obl~rl6 

o'3,r-e I.JSI.la 11 y opa,ql.le to thE! ;:I,na I yst1 and ~.I,S 1.151.103. I I Y h..:! does not; 
ha,ve enol.Jgh l.Jl'ldf~r-5t.;:).nding ~.nd l~n('I",I·(.!d~lf! on thf.· Sy5t~11'" a.nd 
imp·I('~ment~.lt;i,:,n p(01;('~nt;i;'11 0)'1" 'l;h..:! pr'Qsp .. :·,::tiv<i:! so Iution~;, thi~ 

cooperation and participation- sho~J1d be carried out infact 
during the who"le pro~ess. 

Besides the other factor-s inherent to m(ld~l building, it 
seems that ma,ny 5o)·ll.Jtion~i 1"0l,Ind via o::l';~,5fiica·1 soll.ltior. tool,5 
remain unimplemented due to lack of sufficient cooperation ~f 
the p t"! 0 P 'I E! I,~I h 0) h 03, 'I E! aut h 0) r' i t Y a, n d [" ':i! 5 P 0) n 5 i b 11 i .(; y t: 0) f" 0 per' a t i (0 n 5 

a,nd impl~~menta,tion (of t;h~! 1"'~!sl,J·lts •. Us ... a.l'ly both th~", -1';('0'15 and 
.:l,ppr-oaches f"em.;l,in (opa,quE! 1;0 them,. Plppr'(o';lI::hin9 to dm"s'va'lue 
system, organizational and envir-onmental facts results with 
higher complexity and S9phistication in models. Trying to get 
e:·:r.oer-i,:;once a.nd ~~specia.'I'(!.I v;:l'II.le SySt~I"'1 o:d dill i!; l.ls l.Ja.'1'ly v,~r'!.I 
har-'d mor'e co1:ten beca,l.Ise st:at\"!d ':-:l.nd I.lns'l;:atf.·d factor's rllay to..:: 
different and ~ven conflicting. Classical appr-oaches in the 
search of solution do not permit the analyst to ~ithdraw himself 
between the dm and the so'lution to the problfiln and usually do 
not permit I:;he dm to be ab"le to re~o::h, understand and defend 
solutions to the prob'lem himse'lf. 
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11.3. Gaps in Basic Solution Tools 

When the well known simplex meth0d was d~velQped in 1947 
by the American mathematician George B. Dantzig, this has been_ a 
huge step in OR and has been the base for most of mathematical 
formulations (3). Linear Programming (LP)~ as a class of 
mathematical programming models,~ concerned with efficient 
allocation of limited resources to known activities with the 
Ob.jf!ctive of m<:lflting a d .. :"lsir·ed goal si-lch a.s r"la:-:irflizil'I~1 pr'ot'it or­
minimizing co~t. The distinct characteristic of LP models is 
-t; h a -I; b 0 1; h t h <:1 '1: 1.1 net i (I n s r' .. ~ p r' fl ~j ":1 n tin 9 the I) b.j ('! C t i V <:1 and the 
constraints are linear (4). 

In the str'iet sf!n~; ... 17 Int\':~H:r' Pr·o~tr"a.lilfiti.-.g (IF'), an.:d;her· 
well known mathematical programming clas5 i defines a nonlinear 
problem ,since the different functions of the problem are 
de-fined only <-1.t dis(:r .. =..-t;e V·!:I.-IUEIS ot: th0 v"lr-i;;>.b-Ic::·s. ~-kl~l .. e'/~·r- a 
p r' 0 b ., e Iii i 5 C (I n s :i d f: r' ij d -I i 1"1 .. ::: .:1. r' j :l f d r- ("I P pin 9 :i_ n t f..' ~) f~ r- r' f..' !; t 1"' i c t; i (I n 
-Ii h EI e q 1.1 i v <'11 EI n t I:: () n tin 1.11) 1.1 S P r' I) bl (~m i s lin.~ a, r- " T h (~ n , i I; "'-1,1 Y b i:! 
obser'ved that cur'r'en"t;'ly a_'I', I'nol.' .. n int€·~lE.·r- algor'ithm!; al"'e 
directly 01' indi~ectly based on the continuous version of the 
integer problem (5). 

Although very large LP models have been successfully 
solved in a reasonable amount of time IP computational time 
drastically increase and becomes practically unsolvable by th~ 
CI_Ir-/"'ent har'd~l .. ar·fI5 'f:or' fil8.ny r·<:I.;).l -li'l'e pr·obl\"lrils,. I'"\.:l.ny 5IH:C~~5Sfu-' 

attempts made in this area to develop specialized algorithms for 
specific problems such as transportation, a)location problems to 
over-come computational infeasibilities. These computational 
infeasibilities forced the users to find alternative ways to 
achieve desirable solutions fo~ integer pr-oblems. One of the 
-iar-ge'l y IJsed appr'oal::h- is to_ SO-11/-0 th~~ cl)ntinl.lol.15 vElr'sion o-f th":l 
pf' (0 b 1 em an d then r'oun d···off the va,r' i.;:lb ·I~.' s to C -'0 se 5 t fea_ sib 1<.:.:­
inte~I ... "!rs. Hl)l~I(~lJf!f" -for' nh1.ny in1;ege,.- a.nd bin.:lf'·y pr·oblflrils. r',nJnding 
a_ppr'oach do .. :::s not b"'1ng ;;J_ me':J.ningfl.ll 50·lut1';)I"I. For' e)-:a_mr-,lf.·~ for 
an investment problem where variables are ~erl) or one mealling to 
realize or not a project~ dealing with fractional values, and 
the IJse o'f rounding a.s <-.I,n 8.ppr'i:,:-:irilatil)n i~;logica-lly 
UnaCCf..'I:.t.a_b le._ 

Divid:in~J th\,: pr',:)b-'emH :i.nt() sl.Ibpr-(II',.-"'tlill; and b"·\,ln.;:h ;~_nd 

bl,)I.lnd 1;(:,.chniql.Ii::·s ;:.tr·c2,· ~Jf~r-.":lr·':l.l-1 y pl"I)\/(~n SI,lp(~r-ior- ,:l.nd n(~'3,/"'1 y ~11-1 

available comm~rcial codes are based on this appr-oach. Howeve~ 
dimc..:.·nsion.;l'1 :i,nfe,:Jsibi'li"ti!J sti-I'I r·':lfI'I.:lins for' rila,ny r·(~r..1.1 -life 
problems for available hardwares. 

Dynamic P"")9r'?,mmin~1 (OP) is 
te(:hniql.le d~~5:i9n<~d pr·:Llil.3,r,;t', y to ilflpr'(IVe 
of cer-tain optimiza.tion pr· l)b'I\:::riI5. The 
dec 0 riI P (I set h f..' P r· (I b '1 f! ril i n t (I sub p 1" (I b 1 f! riI S 

;:'),1'1 \) t; hE,' r' ri'~ll; h Ii! ma i; i c ~1 1 
C Ol'i, pi_I ta t :i (I n':). -, t~ t' t :1. C 1 \~ n c y 
idea b~hind it is to 

or stages which are 
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(:01'1",,)1.l1;o';1'li10na II!J fil'H'E! 1'1'1:,J,na,qt:;,lb 10 ·::UHI opl;irflizE: f!03,ch subpr'ob ] (:!m 
over its alternatives onl~ 50 that it -is never necessary to 
enumerate all combinations in advance. All non-optimal 
cOMbinations are discarded as optimization applied to each 
subproblem. Th0n subproblems ar0 linked toqether avoiding to 
('ptimize over- in1'~!a5ib'I~:~ combina,t;ions. But. '~her'{.;.· :is n.:1 ql,lal"'a,ntee 
that such subproblems are easily solvable. In DP an inc~ease in 
the state val"'iables results an incr-ease in the number of 
evaluations for th0 different alternatives at each stag0. This 
present~ a serious obstacle in solving even mediu~ size OR 
pr·oblefl)s. This obsta.elE! is ki.nOI.I.IIHI ';).5 "cur'sE: of dim..::nsionality" 
as ca'I'led by H Bellln:3.,nn~ or' a,s dih .... :fnsi ,)n:3.,·I:ity pr'ob'ltHfi «(:.) .. 

11.4. Recognition of Multicriteria 

In OH most o'f the speci"t'IL,:0d mode'ls such 
inventor·y m(.o:if!'ls, Silfll.l·l::l.tion clr' qu~!ut~ing Ifl(od~:!'15 
modElls I.IsI.Ial1y d0·3.1 1.I.lith 01'10 £10:003,'1 .3.t .,1 1;1rl'le .. 

or' 
CPI"I"pf.Jn, 

df.·c:i!;:i on 

HOI.'Jever· th~'! 908'1 r'\~·pr·~s~ntin~t thf~ "In~.jor·" por·tion of th~~ 
system m.3.Y ned; be m<:!a.nin~rhll or' sl.lit"lb'le f'r:,I" the <.:'Intil'e systefl'l. 
It may not be possible to tit mod~15 presentin9 the entire 
system compatible with the complex nature of the decision 
process. Most real decision situations are charact~rized by 
multiple objectives or goals rather than by single objective. 
Organizational obj~ctive5 may vary according to th~ chal"'acter, 
type, phylosophy of the management a~ well as the environmental 
conditions which are al'l time-variant. PI'ofit maximization which 
is r·eg.3.rdeo:l a.s the sole Qb.JE!ct;iv~~ of: the bl.lsinE!ss 'fir-'m in the 
classical economic theory is one of the most widely accepted 
objectives but in fact a wide- range Qf political, sQcial, 
economic and ethical a~pect5 have been quite often received 
higher prior-itili!s a,s r:lr·g"ln:i.7..;.l.tion~ll gO)~lls by tHlsin'?5S firms and 
other organizations. Then it appears that in fact, the rational 
dm tries to achieve a set of multiobjectives to the ful lest 
extent in an environment of conflicting interests, limited 
r·es.)ur·o::es i ino::omp'let<:! infor'm;:l,tion .3.nd 'I imit ... "!d tim.:! 03.1'10:1 abiJ ity 
to analyze the problem and the environment, in order to bring a 
"gocoo:l" solIJtion .. 

In recent years OR activities tended towards recoqnition 
of multicriteria. However few of them are general Iy accep~ed and 
introduced into text books. 

Returning to the sin9le objective mathematical model, it 
i 5 ': (I n 5 i s t; e d (0 ,(: I; ttl 0 P .;1 r' t ~.; ; an 0) b j ':: c t; i "iii f: 1.11'1 C t; i 0) n -t; Co be min i fiI 1 zed 
or maximized and a set of constraints for the technological and 
mathematical limitations. In a feasible problem these 
constraints form a multio:limensi0nal space, or in scientific 
terms a convex polyhedron where achi0vement to an extreme pcoint 
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i 5 a i me d "t (I (I b t a :i 1'1 t h ("! II (11'.' t :i fill.l fil" 1.1.1 hi', f..' Ilk), >: :i ril i Z :l 1'1 9 (0 r' m 1 n lin 1 ::: 1 n 9 
t h Ii! (I b .j Ii! C t i V'i! t: 1.1 n 0:: t ion. 

·C(.ns:id~!r·ing 1.I.lha.t m;,llJ b~~ d(.n(~ if thl'O'r-e e)·:ist in 'f;:}ct Iilor'e 
t han \) n (."! 0 b j 'i! C t :i. ve a. n d i 'f: t ~I\'! 5 \~ 0:. b.j \"! C ti') f! S a. /'. 10' con t: I i I: tin ~, , I) n Ii! 
way may be to solve the pr-oblem for each differ-ent objective and 
present a set of solutions to the dm. These generated efficient 

"extreme points ma~ not make sense for the dm if he. may not 
neglect the solutions achieved for the objectives other than the 
ml)st imp("r-ta.nt .. 

Choosing only the solution for one extreme point, 
neglecting all other objectives seems very mucll like to single 
objective approach, and in fact in this case single objective 
models as much as the number of objectives have been solved. So 
in this apf..r-oa.ch the dffl has a. s\"!t of s(I'lutions and can choose 
one of them by me~Hl5 of c·10.55io::a1 l.d;i·lity l:IH~O/"Y, ~).s ma>:imi~e 
the ma.ximl.Jm or' miniln:i;?:e th,'"! minillruln achi~::velflf.'nti lilinimize t;h,-:: 
maximum regret or others. 

Actually? in real life problems selection of 
extreme point achieved by only one of the conflicting 
is r-ather a rare case and the dm would prefer to 
solution rather than a set of solutions. 

a singl,,: 
o b . .i 10' cl;J 'Ie s 

have on,'"! 

One interesting approach may be to find the center 0f 
gravity of the achieved extreme points according to the weights 
of conflicting objectives where none of them will be neglected. 
In such an appoach the total regret of not being achieved to any 
of the objectives will be minimized and at such a point the dm 
may feel himself disagreable to shift towards anyone of the 
objectives if the weights are well thosen .. 

Instead of taking the problem as a set of objectives 
plus a set f)f constr'aints, ::J.n imp'l:icat;ion of 1<l.Ihn···TI.lcl~\::·r· 

approach (7), is that one of the objectives can be taken as the 
primary one and the others can be treated as constraints where 
f.)r· each ot: th(."!se co')nstr'aint--ob,j'i!o::tilJes~ f .. l:tniml.I .... , satisfaction 
levels may be set. Thus the total distance within effici~nt 
extreme points will be decreased and to decide on a single 
s(.'ir.Jtion in this decr-eas,,,,d .50'11.11;101'1 spa.c\:: ~IJi '1'1 be tJlilsier- .. 

In real life problems the constraints are no~ as strict 
as mathematica.·I·1 y e:·:pr·el;!;t:d in corlstr'a:int; seb;. Tha.t is, a 
budget constraint in the constraint set for example may be 
inc~eased or decreased accor-ding to the degr-ee of satisfaction 
of the primary objective5~ The u5u~11y proposed methodology is 
t 0 !Hi' t the p r' e h:: r' e n c \:,. !; I) 'f t; he d \(f i rr t; h ti! C 0 rl!; t J"' ;~. :i n t s to t ,1. n d the rr 
seq'Jentia11y a.l'l;(."!r·nate JH'\.~f"'!r·~~no;;t~s in this Sf.·t sql.lE!f!zing the 
convex polyhedr-on~ 
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Di'fff~r-x~nt ;;J.ppr'o;.'lChf~H O:1.nd s(llution!~ '~.r·t: df~v .. ::lopi~d since 
1951!>"s to l)bt~}.J.n a 50·II.ltiol'l '1;0 fil'.lltiob,jt"!(:ti'lf! pr'ob'I';!r(aS 0,1'1<:1 

researches on this ar-ea ~re still in pr-ogress. Several 
approaches are categorized by Cohonal'ld Marks (8) as follows: 

i) A pr'ior'i 
~Ie nt'! r'0. t; in g 

articulation of 
a single relev~nt 

p r'f.:f'2 r'e n ce 5 
S(I'lution, 

a.nd 

U) Generating efficient solutions and 
the prefered solution ~mong these 
e V;3. 1 u a. t i (I n , 

then 
by 

s,::'I,':cting 
sub "i e c t; i I, <:..' 

i i :i ) Progressive ar-ticulation of 
arriving at the prefered 
interactive menne .... 

pr·eff.' ",'ence 5 

solution ira 
and 

an 

One of the popular approaches in the mlilticriteria field 
is directed towards the search for the non dominated solution 
set or the most efficient set. Such an appr6ach brings into a 
model with m constraints and Q objectives. Summari~ing this 
appr'o.~,ch t;a.~\f:n in 50'II'in~~1 the pr,ob'I\"!fil, isfir'st t;o det.::rriline the 
total set of all non-dominated basic solutions. The set of all 
non-dominated solutions is then a convex combination of the 
non-dominated solutions. 

Setting: 

2q; ( q::: 1~ 

the qth objective 
cons tra.i n t 5; 

::::~1 Pr.'t~ I:;~ 

for' any 
) to be the achievement value 
solution that satisfies all 

of 
m 

II I' fI i 

ordered only according to 
have been assigned to any 

zr~) v .. ::ctor' v8.1lJed a.chievem~~nt 'fUflction 
21) Z2 t ••• ~ ZQ wherein no priorities 
of t:1'1~! ;:l.ss(lcia.ted .:.b,j(':ctives. 

Th ~IS, i 1" = 

2" ( 1) :::: ( L::l ( 1 ) t Z2 ( :l ) t , .... , Ze! ( :l ) i s ;:'l, ~1:i" I!! n s (I 1 u t; i (on 
satisfying all the absolute objectives, and; 

2" (2) ::: ( 2:l ( :;;: ) t 22 ( 2) , " ... , zo en i s ~. n !J 
so 11,1i; i I) n 5;30 tis f yin g a.I·1 .:1 b S 0) 11.1 t 1:'.' I;' b..,i I.'! C t; :i. '/~' S , t.: h"" .... 1. tis 
that z" (1) is dor ... ina.t~!d b~1 Z" (2) if ZI::H2) < ZG!( 1) f')r' 
q ::: 1,2, •. , •. ) G! otht':r'I,I,I:i.st'.' Z" (1) is '=l. non'''domin':lt""d soll.ltion 

oth""r' 
s,:dd 

;:1. 1 1 
('1 ), 

H (l1.'H~ V ~"'" 1 i t; t; '1 'i'.' S 1.1 <: C 1';0 S!; r· \''> P (l r' t ~1 d f (0 r' c ,'i!; ~" S \'.' :{ (,' Eo , .. d :i n ~I t ~~I (l 

cr·it<.;-ri,3, (H»" 
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II.!5 .. 'I'he 0(1.3.1 F'r'(.'9r·amming (:'ppr'ol;)ch 

An important technique for solving multiple objective 
problell'ls inv(,,1ving t;ht'" mu'ltipht a1'locat:iO:in of sea,r'c€' r'esO:II.Jr-c€'s 
is goal programming (GP), which was developed by Charnes and 
Cooper' (11) as r.t. mea,ns I:)'f r'~~so'ivil'lg inf\':'la.sible Linea.r: 
programming probl~ms and then extended and refin~d b~ Ijiri 
(12), ,JaasIH!·lla.:iIHHI (l~::)i Lee (lL~) and Igr.:tz:io (15). 

OP method is based on the minimization of weighted 
absolute deviations from tar-gets for each objective specified by 
the dm .. ThE:sE: ... b . ..if:ct;iv~~s .:1I"c,,") calh:·d as £1(,a'ls 'il,nd these gO';115 set 
by the management ar-e often achievable only at the expense of 
other goals. Furthermore these goals are incommensurable, in 
other words, non-measurable on the same tlnit basis. There is 
also a need to establish a hierarchy of importance among these 
conflicting goals so that lower- pr-ior-ity goals ar-e considered 
only after the higher priority goals are satisfied or have 
reached the point beyond which no fur-ther impr-ovements are 
dl?:s i r-':lb 1 e. 

GP mode'ls S~~f.'m vf:r'y much 'Iil,~~ LP ' .... ode·ls but th~! idea. 
behind it and the selection of t~chniques are different from the 
LP.ln GP, instead of trying to maximize or minimize the 
objective criterion like in LP, positive and negative deviations 
from the GP objectives are tried to be minimized as follows: 

L.P I?! ).: p f" I?: S 5 i () n . GP eql.liva l0nt 

min n+p 
alxl + a2x2 + n - p = b 

min n 
alxl + a2x2 + 1'1 - P = b 

min p 
al){ 1 + .'3,2>:2 + n .- p = b 

where n's are negativ0 and p'S are positiv0 
d~: v:i a, t ion s .. 

Then th~~ Ob.jf:ctivf,,· function b~~Cf.IIM~!; thf: n'.:i,niwiz.ati(:,1'1 (,f 
th(.;ose d,,:viatiQns b;'l.sl?:d;;on the r-e'l"d;ivf: imp,)r't;:).no::e or prior-ity 
assigned to them. What; d1ffer-& GP frow LP is that the targets 
are ~e quen'!; :i,';l'1 'I Y 0:1. 1: h if:'/(:: d accor- din g '1;0 t;he s",:· pI" i or i-t i e 5 ~~Ii tho ut 
losing the targets already achieved. 

I nth e p r <.':- !j ... ::: rH: I!': cd: i n 0: 'HI'! P Oil. t i b 1 f: ....... '1 t; i p 1 \'i: 9 I) ~l 1 5 '1; h €. 

needs to exer-c:ice his jlJdger(I~,::,nt <It.,out th~~· imp('lr''\;anc\~ of 
individual goals. In other words~ the most important goal 

dm 
the 

mllS'!; 
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be achieved to the extent desired before the next Qoal is 
con51dElr'(~d,. Thfl m')~;~ 1,.,lidEI'I!J I.Is<.:"1d mo:!'l;h.).:I- 1,'.11'.10::1'1 is ~\I'I ~l.ppr·.-)ao::h 
tha.t 1'I'1::1Y be 1.lsed 1 .•. lh\::n a, singl~:: decisi('n rna,I,\::r' is a,sl,ed to 1";31'.1, 

() b.j e c t i ve sis p air- e d com par' i 5;:0 n .. T h <:1 <:: 5 S (': n 0:: e I) t: t h <2 P r' () .:: (~ d 1.1 r' e i s 
to compare objectives, two at a time, until all possible pairs 
of objectives have been investigated (15). 

Th~~· p~,ir'ed C('l(lp::l,r'ison tE.·st 1.'.d·I·1 on'ly ~'.Ior·l\ if the din is 
consisten·t; in hi.s jl.ld£lements .. It: ;:11'1 ino::onsistl.!1ncy t!:·:ists a; 
G2 > 01 (that is, second goal is more important than the first), 
and 01 > 03 but 08 > 02, the problem has to be reviewed by the 
analyst and dm so as to clarify the situation. Another approach 
may bEl to divide thE: g":o;;115 into ~;'.lb-'·£I(H:l.'ls or' I'f:gen0r'ate ne~tl 
goals until all inconsistencies are clarified. 

I) n c ii: t h 0 I) b j (~ 0:: t i 'I e s h;;l II e b iiI (:: n r' ~l n ~\ (:: d ,1; h ii: !J h.;). V ii: '1; 0 b f: 
gro'.Jped into a. m:iniml.Jm numt.,::r· of pr·j.or·it;~1 ·1~'·VI:..··15" A~I''l.in 1::){Cf.·pt 
for' '1'; hE: 'f i r- f.d; p C" i (I r' i t; ~J 1 (~ v (:'! l I)" h 0 r°\!.' ;,:t'I'J t; h f: S <.': 0 b j f: cl; i 'I e s s h I) ~I J d 
str-ict'ly be s::l.tisfied$ a'I'1 I)bjectiv~i'!:; 1.~lithin;~ 9:j.v~~·n 'I~i'v,,:,', must 
be commensur-able. As stated by Jeffer-y L. Rillguest and Thomas R. 
Gulledg€'i .Jr'. (1(:.), this r-~:5tr':io::tion I .... ay ·1€'::J.d to pr·:l(.r·ity 
assignments that are pur-ely artificial. That is goals that are 
(I f e q 1.1 a, 1 . i I'fI P (I r' t a, 1'1 c e rn:,l y b <i: p 1 a 0:: ~i' d :i n d i 'f fer'~:: n t p r' :l (I r' i t Y 1 ~ v~:: ., s 
(only b~~ca.us0 th(~y a.r·~· i.nc(lrnril~"!n~p.II-·O:I.b·I\.:::. In addition,. il; ma.y be 
dificl.Jlt in practice to assess the goal weights within priority 
levels. Reseal'ches to ovel'come such r-estr-ictions ar-e still in 
progress and significant improvements have been realized (16). 

11.6 .. 11f1pa,c·t; (of CCOlilpl.ltf:ro TI::chn.:)·logy (In Ol~ 

Th,.:.:' PI'O£(r'tE,055 ih ·t;hf: 1:i€:'Id, of OF~ ·fo·llol.'.Iing th..:: Second 
World War- has been due in lal'ge part to the parallel development 
of the di£lit::l.l cornpl.lter'sl "l'h":l tr·'::l.rilendol.ls cO:I.p.:l.bilitie5 in 
complJta.tion::l.l speed and infor·m::'l.tiorl stor'a9f: and r'f~tr'iva,'1 of 
C· ... filp1.ltf:f·S ha.'/e been thE: major- 5')1.1 I' C';:' 0-(: 0no::o l.lr·<.l.9ii:rilo::nt for· OF~ 

pr·actic\:;o" 

RfHflember'in9 th,:: d<i'::'vI':'!'lopn'll::nt; curVf: (.f c('mpl.lter· tl::o::hnolog,y 
since 1950's startinq with Eniac i the fir-st comput0r gener-ation 
witt. size (of;:), l;:l.roq<i!-r·ool'fl ""nd a pOI .•. If,.·r· r·i' .. q,.lir·eJ(I\~.·nt (of :3.r·(II.lnd l!:,:i(!) 
kW is I'eplaced by ~he fi~yt half of 1980's by micropl'ocessol's 
1).Iitt. S;'UM! cap;:..ci-t;~J and 1 .•. lith tr·nl'fl€,IHiol.ls·ly higher· sp'::''i'ds. Th~,:, 
opel'ation sptE,oed ino::rO::Qsed from two or thl'e0 i to over- 10 million 
oper'atiorls per' second.· Tr'yin9 to c(tI'{lpar-e the <.i-eve·lopr(lent of 
COmpl.lt0r' ind'.lstr·y to .;).no::d;IH::r· on\,:' is \/~H'Y dift'i·::u'lt;. ~k,~ •. leIJE:r' it: 
it would be possible to compare to the otomotive industry tor 
€'xamp 'I ,,:, i 't; Sf:,;::m~i th.,d; ). 'I: th(': d(::OlJii: 'I o fHilE .. rd; ~'Ja.s 5 imi 1 ~\J' .:11.11' i ng 
t his per- i (I d , i t I.lJ (I U 1 d to e P (I S sib '1 I:: 'l; I) buy a, no'I'1 s .. -n (I !J c e t (I .~. 1 (I r' 
2 a Il oj t his 0:: a r' I.~I 0::0 u 'I d 9 (I t h r' (~0 m i,'1 1 i (I n 1'1'1 i 'I e 5 I .... i '1; h (I n 'I y 4 ;. 5 
liters, the p.)I.'Jer· 1.'.lo l.Jld be eql.l;:'l.·1 to tha.t of GHH'H:'n Eli;~a,b<i'::'th 11 



an':l 1'1; 1,',11)1,110:1 be possib'le \;.:. r-(~dI.lCf,· th<i,' ~d2e 

sq~Jar'e" Th:is cOlflp;it,r'ison i1; rn.3.df~ in 't;E,'I"I'f!S of 
requirument and so on to ~ive an idea for 
compute~s which is often ~nde~expected. 

13 

le55 than 0.01 mm 
size~ cost, powe~ 

t hI:: d 0'1 1:: 1 0) P r"I~-~ n 'I;· \) 'I': 

The d f! IJ e lop rIt';;l n tin C 0) m p IJ t t:;< r' t; e c h n .:0 1 Co 9 Y i 5 V 12 r Y 
prospective. By the second half of 1970's the elements installed 
in a sin9l\!! .::hIp :i,r-"::I"f!;;l,5('!.:1 l(~)(t.i tirflc;!s .;>.n.:l by tho::· C;.~I',,:I o't: 1900' s a 
performance ove~ 10 000 times is ~xpected for same costs. The 
cost of a computer circllit arond $1 Million at 1955 decreased by 
the beginning of 1980's to lower of $2000 and the decrease 
expected for better circuits to lower thall $10 before 2000's. 
The size ot today's microprocessors is expected to decrease to 
tl'le size 0'1' O:l, 5:::1.1'1: .;:r'y~.;t~ll ;;l,nd 1.:;:: piO::(;O~i\:I(:(ond~i cil'';:I,lits ~i\.~\~ms t.) 
be available in the nea.r future (1.7). It seems that in a very 
near futur-0 this expected delJelopments may be considered as 
IJnder'e s t i ma,te d., 

Starting from 1975 especially after 1977 the great 
delJelopment observed in microcomputers made available - the 
capacity and speed of mainframes to scientists and businessmen 
at affordable costs. This delJelopment may recall to most of the 
readers the innovation of the printing machine by Gutenberg 
I}Jhi.;:h m'lde ;J.IJ03,i·I03,b'I<:! a,nd ~l'ffi)r'da,ble bQoks to a \/t~r'y ~'.I1de, range 
of pec'ple. 

Obsel"'ving thf.ldf.·v,,~'I()plflent: (.f C(tl'flputer's a.no:! th\~ Ori 
practice i at the very beginning stagf.l it was the computer being 
ha,r'dly ava.i'la,b"le ;:l.nd ver'y \~·}:p\:::n5i\l(;: I,'.lith r' .. ::5p.:~o::t t;o hUrIt'3.n tinh~. 

Hence a 1 £lor i thms ha,d to b<:! deve 'I op\."!d to eft: i c lent 'I ~ and 
effectively use the limited and very preciolJ~ time of computers. 

At this stage it was no~ reasonable and ~cceptable for 
people to IJse alone the very precious time of one of the "hardly 
a'lai 'lab le 1"1)"l.i n'i:r'art'lfls on th<:! 1"')01"1 d r:.:ol" hco1.lps or days to 51) llJ\!: a 
problem by trial and error or a similar approach. That has l:oeen 
the main reason of the development of the batch oriented 
decisiorl 5~p~t':H"'1; a.nd a,ppr'o'3,ch.::s a.nd the elnph;~"5is on solution 
algorithms. Tile important thing was to achieve the solution at 
(I nee as q u :i c I, 'I Y a" s P (I S fi. i b 1 e hl:i t h ('t U t 1",I·Ti, !; tin ~l t h "" p .-. e c i c. U 5 

comp~lter time.Despite the delJelopment with respect to com~uters, 
ba,tch or-if.·nt,,:d rn",i"t;h\';·((I.::J.tio::""l ;:l,PPI"'(O{'1CI'lf!H h"i1,"~ l'I.:d~ b~"f.."'1 ,~bl\c: tc· 

shol,'.1 a. par'allE!'1 d<:!'1~~lopi"'IC;.~nt; '1;0 t;I'I<'::' C'H(IPI,ltt~1" tf~chno'lo9Y. EV\"l11 
tcoda,y mcost p€(Ip'I,~ fir'st; r'\~IfI\:;-r",b\"lr' th~ gi'Ylp'le:': a'ISJor'ithh'1 .:J.nd b;:ltch 
oriented formulations while speaking on OR. 

By thf!' til"'\~, t ... ';:llflendO:ius d~v\:"'l (IPI·t'I~~nt of COlilp~lt-?r's Ifl;;~d~? 
irreasconable the development 0f algorithms to,salJe the computer 
ti'Yle. T(.daYi compl.Jt,~r"is 1::tr'9.::1~l ;3.\I.3,:i'I{'l.bl~" to Irlost people 'Iil,e 
bCt(tI,~s have be(:.;Ufl0 ';l.'/;;d'I.:),b'le I)nc<:1 ai:t;er' OI.lI;t·nb\!-:·r'~I.. The~ may be 
1,1 sed a,s a, n i n t f.. r' a. 0:: t i vet (t 0:.' 'I of 0;\ r" d t: cis :i ('t n p r' 0 d u.;: t i (t n .' I n t:~ .. d a !.I " !; 
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i; \'? c: h I'll) '1 (l 9 ~ ) l' ,~, ';l. sib il i I; ~ ':i .\; II d if.' % h a.v f:1; ':0 b.;: Ifl,,)' '.11::' 
sci ~: n tis t time t (I d f: v,:,,, '1 ('I P 'il. 1 g (I r· i thin san d S (I "1.1 t i (In 
a specific kind of prQblom, analyst tim~ to arlQpt 
to c,'1 t (I the r' e a'l 1 i 'f' f: ~.; i t '.1 ':1. t :i. 0 n ,~). n d d II)" ~ t i 1Ih'! for' 
and 5 a tis 'f a. c t i (I non p ('. I) C \"1 S 5 ·,11'1 d \"' E,' S 1.11 t 5 r I) t· fin ,:11 

I 1 '7 I I- ./. • ". 1'1 '11 e r' ::'I. c \; 1 v 4! Opt i In i z a til.l n T r' i a. 1 5 

too'ls to:, so'lvf: 
i;hli:' sl::ieni;i fie 

unde I"'~; tand i ng 
r.kn:: is i (:ons 4 

Deve'loprilent and av~dlO:l.bilit!J of: computers and 
de 'Ie 11) pme I'd; of ril::l.t h4Hil.3 t; i cal t (, Co ., s t o 1 .• ,10:). r' de d i:'!'!; '(:\'": n til.' n 0 f (IR 

scientist on the development of interactive decision and 
optimization tools. 

Fir' s t; '3.'t; t f.'IYIP t 5 \~If!l""~ Wi:'! de ma in 1 !J ·t; (I 1I'ro::ll,e \~~i S i e r' the 
p r- 0:' C e s 5 o'f 1"1.1 n n i 1'1 ~I b 8. t.:: h pI' () ~11'·.;lfI'IS ~ .) b t;.:1 i f'I i 1'19 r' <:: S 1.1 '1 t; 5 , c han gin 9 
parameters and running theln again and again via on line devices" 
These attempts wer-e very little differ-ent from batch problem 
solving. however by these attempts emphasis on human factor- is 
in t ,,- 0 due e d 1 ikE' the d Ii: 5 i 9 n i) t' S I:: r' t~ IC.' n 5 ~ i n 1; e I"' a c '1; i IJ E' rile 5 5 .:l. ~I \.": 5 ~ 
empha.sis on r'espons€' tim«! "=1.nd s(. on. Ot;h\~r' :3t't:\~I"'lpt!; a.1'€: [llor·f.· 
O'ft<:HI mad,,~ b<.':c~)'l.Ise ~.f dil'ilE!ns:i.oIVl.lity IH'obhHns .. InstE!ad ,yfl;r-ying 
to get r-esults at once s pr'ob'I~:riIS a.r·e tr'ied to IH.' decolilposed' .3.nd 
each sllbpr-oblem is triE!d to 'be 501ved inter-activE!ly befor-e being 
integrated. This way the data are fed where and when nec~ssary. 
These ~\ind (of in-t..::'r-activ<.': t:,s:d;imi:<:ation att(Hnpts m,'3.inly ;;l.imed 
better utilization of computer facility. 

Sophis't;i.;:ation~ dirilensiona'lity and '1 a.: I·, of dm"s 
confidence while approaching to r-eal life in models still 
r-(·':r(I~)_inc.::'d for' J'ilost IH'ob·IE:rils .. Thr'ol.lghout this dE:"E!'II)I:orilent~ in 
approaching to r-eal life in modelling and solution techniques~ 

major stE.'PS has been the recognition (I'f n .... l"lticr·iter·ia in 
inter-active decision making and optimization (18). This way the 
task of int;el'0.ct;ion 1:".~'t"',1eE!n dm and <-l.na 1 yst; to 9E!t the" vahle 
system of dm has been significantly transfered to computer. DM 
h~s been able to obtain results accol"'ding to his value system 
interactively using the computer. 

A class of methods known as inter-active methods rely on 
the dm~5 preferences a10ng with the exploration 0f the objective 
spal::e. The 1:or")~If"E:S~;ivf': de1"in1tlol'l 1;<:lJ\<::s p1:;).0::e thf"I;oI,I~lh drn·"analyst 
or- dm-computer· d:ia.·lo9u~" ':'J.t f!8.ch itf!r·.:.ti.;-on .. (-)'t; '~.::l.ch such diO:i.logue 
the dm is asl·,ed ';l.bout sorile tl',:l.de,o',)·I:f (Ir' pr'e'r:<:H'en'::E: int',:.r'ma-t;i')n 
based upon the current solution or the set of solutions, in 
order to deter-mine a new solution. The advantage of an 
i 1"1 t e r' act :i v f! 0:1. P f.' I"' 0) :;) chi 5 t hat i t P r' (,I v i d ~1 5 'f' 0 r' '\.: h t! d rn u. h~ a f' 1'1 i n 9 
process about the system and make al10wance fQI' psychological 
converQence tor the dm. Some of these interactive methods 
h ol.I.le 'I <"!;-. ,:l.r-I!~ ·Iirnit;e.j by t;h.::ir· app"liGl.bihty to specific tYJ)es of 
proob'lems or' by thfl dH:'ficl,I'lty th':-'l.t the dm has in indica1:ing 
trade-off r-ates in an iteration. 
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(.'mon9 9\'!r!"~r·.;.).·1 pl.Jr·p('~\'" :jrd;\,:,r·;;).;:t;iv,~ IIh:t:hods (i~!o1'fr·i\1.I·1 
method <:I.nd the STEP Irl.:)t;hr:.d rfI.:.l.U bf.' ci \;.:: .. :1. The:: methods r'epr-esent 
different types of appr-oaches for interactive multicpiteri~ 
opti.mizatj..)n (U;;:). In thE! G~)(.f"l',-·i.:u·1 Irl\:'"!"t;h'HI (19), th~! drl'l is 
e:-:pef.:ted to pr'(lvid~~ .3.t i:·:J .• ::h c!Jcl~: intol~m;:).ti(.n concer'nil"l() his 
preferences. He should provide an estimate of his marginal-rates 
of substituti~n between presented criteria and resolve step size 
prc.b1,;.m via dll",,!ct a::hoia::e .)·i' <1. nl.lm..:!r-ic.!l.·1 dit;pl.3.Y (2(!l)~ 1"1 the 
STEP method tlH: dm is ;:i.!;I't!d t(. r·e;.'l..::t to c\'H·t;.~.i ... c('IfIJ:ar'()mis,,~ 
solutions obtained bU minimizing the distance fr-om an ideal 
solution. At each cycle the dm is asked to choose the criteria, 
if any~ I.'Jhich hE! 1.'.Iol.I·ld be 1.'.ll1·Ii.ng to I.'.I,:,,,-·sen tl:. allol.'J th..:! 
improvement in the unsatisfactory ones, and also to specify the 
maxim':ll anHHlri"t; 01: r·",d.'l.:·:.!l.tion in their' ,/.!l.ll.les (21). 

Another interesting approach developed by the beginning 
o'f 1·=t:::~(9J s by 1"18.5Ud ~< HI .•. 18.ng (22) ~ is Int;er··;).a::-t;i'/~· !:k·ql.lenti.;l·1 Goa 1 
Programming (ISGP). This method combines and extends the 
attr":lctive 1'E!a"i;l.u·(:!s (If both Goa·1 Pr-o~II"".;lJnming a.nd ir.i;er·actilJe 
so'Iution a.ppr·oaches for' 1fI1J'ltiobJectiv~:: decision r"laldng" The 
dis~dvantage with ISGP is that dm has to choose the goals in an 
infor'mation void" Zt-:)eny ::1.nd Cochr-ane (23), shol .. .1 that the "a. 
pr-iori" specification of goals and their- r-anks can r-esult in a 
solution I.,)bieh m·:ty not be "n(·.n-·dolfdna.t~·d", th.:!.t is a. so'iution 
which is at least as good as any other solution in ter-ms of the 
achievement of obJectives. 

By If:;13P non·--dor .. dnanc~~ ·01" the Ilh"'st·-C(lmrar·(lI ... .is~:" so'lution 
is assured. Although no mathematical convergence can be p~olJed, 
it is expected that if the dm is rational and consistent in 
p r' 0 II i din 9 'b h <:1 i n t: 0 r' rna t ion r' e q 1.1 i r' <:! d f r'o m h i In , t h I:! I SGP 
t€' r-mi na t ion 1.'.10 I.J '1 d t.:l.I,€.· p'l a.co ina r-~"'·3!; (I n;:1.b 1 ~-: numbe f"' of 
iterations with psychological satisfaction of dm. 

Nearly all repor-ted multicr-iteria 501ution techniques 
requir-e a strict cooperation of dm, clear- and sincere 
communication between dm and analyst. The interactive modes 
c (I n 5 ide r a b ., Y s h i 'f t the 0:: (0 mrtll.l n i ': a t i 0) n n \:0 e d 'i' " 0 m 50 '11.1 til) n ph 03. S e ,1; 0 

design phase. However dimensionality problem still remains tor 
most-of decision problems. Defor-mation of real life situation 
because of S:iHlplification!; a.nd r"lod\~·llin~l, r'isl'; of doctr'inization 
of dm and/or- need for training of the dm are also the r-emaining 
gaps to be considered. Even in interactive optimization~ 
especially the risk of not being able to gain co~fidence of dm, 
because of the Op.::l.qtlf!nes5 OT' I.'.lh;:d;·· s 90il"l9 on for him, is sti 11 
an important problem. 
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II.:). !::tr'uctl.lr'ild Inter';ilct:iv~! (-\r:ipr'o;.~chfIS v(:r'!;I.I!; Tr'ia'! a.nd 
Er'I"or 

Actually, today's computer technology made available to 
each dm hardwar~s to perform interactive trials and see the 
potential r'esu'lts of his actions tal~en" Tria,'I'-a.nd'··err·oP does not 
require extensive knowledge on mathematics and sophisticated 
techniques, then allows dipect use of hUman Judg~ment. Data 
£Ien .. =tr";:lti(;.n .;.),nd m<l.nip'.I·I;:.l,tion in int;Elr';:lo::tivi:~ tr'i·:.tl· .. and .. ··t"!r'rol' 
IJs',Ja,lly do not r'\::q',I:ir'\=t comp'!\~·}: for'ml.llations and may easi'ly b(~ 
performed by dm~5 staff or himself. Formulations beinq created 
by them the r'~:sul·t;s ':'l .• ::hiev~!d h'I'i1.y bt.~ mor\:;o Ifl\:;O':'l.ning"fu·1 O:l.nd elea.r' t(. 
the dm 50 that he may easily evaluate results obtained in 
interactive work. It seems that opaqueness of what's going on in 
problem solving process may be best overcome via simplicity, 
accuracy and directly providing the dm with the results of his 
O3.ctions ta~\en .. 

In 1975~ Wallenius performed experiments on 18 
students and 18 managers from industry to compare the 
performance of interactive methods of Geoffrion (19) (20)t 
Benayoun's STEP'-method (21) and unstructured approach, . simple 
trial-and-error, from a human decision maker~5 point of view in 
terms of dm's confidence in the solution obtained, ease of use 
and understanding of the method t usefulness of the information 
pPolJio:ied r),nd r'.;).pidlty of con'lt'!r'genc(i1 (24). 80m€.' 1i'1:·~~'E.'I~im~=tnta·1 
research in this field has been done also by Agarwal (25), Dyer 
(26) and Feinberg (27). 

Per' Wa.h:;onius·' r't'!popt, a.na,'I!jsis o'f r'esl,llt:s sholt1ed that 
the managers qave an overall preference on the unstructured 
approach-over-the mor~ sophisticated methods for a variety of 
reasons, but especially because the method was ea~y to use, and 
did not constraint the dm in his search in any way., The 
stl.ldents' r'espons(:~s l',ler'':;' flHlch mor'(i! r·;:.l.ndoml y distr'ibut\.=td. In 
overall the unstructured approach, a simple trial-and-error 
procedure, competed with the more sophisticated methods in terms 
of most measures. Training and guidance of managers could change 
preferance of managers. HowelJer no such experiments are 
r'epor'ted" 

11.9. The Judgemental Programming Approach 

JudQemental Pro~ramming (JP) ~pproach assumes that in 
03,11 real 'life deo::isiorl j:.r·o!:o·!ml'ls -t:tH!r't'! ~!>::ist; qutC:(lrM:S t.) I.'.lhieh 
the decision maker aims or expects to achieve via scarce 
resources expected to be available. 
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EVI.'l n i n <? q 1.1 a. '1 d ('I ~H" 01.'"1 0)"/: . r' <:! 5 (.1_1 r· C':! SUS 0) 1.'.1 h i "I 8 0 q I.I.;}. '1 1 Y 
achieving the desi~ed outcomes via different path of actions, 
tlH."!I~E! rfI~l~ f!:·:ist r:or"<:)f:(')r'~"!nc('! o:r·it('!r·i;:t th;;).t 1;1"..,:. d .... 1 m~lY • .:ho.)s('! 01"1(': 

action instead ot another. 

Fir- S t s t {! pin . ..IP i 5 to) s e -I \~c t t: h f: IIF:1. :i. n d tJ 5 :i r-~:: d (0 ute (I lIIe 5 , 

cal'led r.:l_S "-t;~lr-S'f!tslt, m~).in r-<:)SOI.II"-CI£:5 0::;:1'1'180:1 .;}.s "limits" .3.1"10:1 other' 
cr-iter-i:'-l" that IfJ.3.!j ::lffect thy! pr-fdf.or·enC<if of <'l. df:cis:i.on~ ca lled in 
.JP as "d{::oclsi;:.n o::r·iter·i;!l". This s"\;('!P 1'~"!ql_lir-l?ls a gQod 
I.J n de r- s t 03. n din ~I (. f t h ~':! P r· ("I b ., \'~ fI) 03 n d (0 f t. h t! d {! C :i. 5 :i (. n f! 1"1\' i r' (0 n IIH: r.t; • 

Thfl nc,:o:-:t; ~;-t;l?P is 1;0 'find -In 5 I)_Ie r· to t;hl?! ql.ll:!stion of hol.'.1 
an ;:;.ction 1.I)ill ;:1.ffe.::t t.3.r·~lfd;s, 'Iilnits 03.nd d,,;ocis:lon cr·it,::-r-ia .• In 
this step all possible 0:0Ur-505 of action 5hOl.11d b8 ana1yz0d to 
r- e f 1 e etc 0 n t r' i to uti c. n s (0 'f act; i (HI !; t (I t ;:H- g f.' t s , 1 i If! its and d f.' .:: i s i (I n 
crit~~ri03_ .. 

The remaining work is to design a monitor-ing system 
which wi 11 show c0ntribution to or deviations from limits and 
targets and affects on decision criteria of each action taken. 

Findin£1 thf! dii!si"'0o:i solutions is left to dm arid his 
experts. The dm will try to achieve tar-gets using available ar 
e :.: pee 'r, e d S 0::0 1.1 I' C 1"1 S r.:l_ C C \:. r- din g his 0:: 1-' i '1; f! r' i ::1 ~ his E! :.( p f! I' i (;! n .:: {"! , h i 5 

Judgement and the dominant facts that mau be quantifiable or-
n .)'1; '. 

Th\::- app r-(o~c h a.nd the de ta i '1 s wOl.Il d b~~ be tte r' I.J n d\-""! r- stood 
throughout the example provided. 

11.10. Expected Advantages of Judgemental Programming 

The f(lost math\?f(l;;'l.tic8.1 for·n·ll.llo3.tions need that a 11 
sta.tefM.'nts~ s,::-qu,:;>IH:es i 10gic::!.1 <i.nd Jl.Jdgement:a.1 pr-.;\Cf:sses be 
C f) HI P "I ii! t e. .a_ n d ~"! r· r' I) I' P r' 0 0 f <. ?) d d :i. t i (I 1'1 a 1 '1 U , f 0) r- t hi! P r' (I b 1 e fJ) t (. be 
adequately solved all potential shortcomings of the model. have 
t 1;1 b e ,,1 nt; i .: i p .,1 t; 0 din a_ d II .,). neE! S (I -t; h ·,1 t; i .\ .\ 0:0 £1 i ':;;1 1 I' i! 5 1.1 '1 t 5 

elimin.3_ted. 

Th\1~ . ..IP sav\~s th<i~ ;:'1"1;:1.'1 !.1st tirnf: pa.r·tj_cl.I·'a.r-·1 y by r-edl.lc:i.rt9 
the time spent in fo::or-mulation, data collection an~ test phases. 
The.jp for-mul;ation !;ilnply ~;r-<:1nsf(lr-rcls d;:).t,~ ird;(. the-for'lf! r'~~quir'~!d 
for dlJ.·cision m~)_~·\inq .. Thl.l~i .\": 'Ie 1"1 tl'I':" C\)I-Io::eptl.la·lization ;;)_no:l 
interpretation phase~ -ar-~ merged into an ~valuation phase t 

leading to further savings in time and effort. The translation 
of obtained results into implementation instructions is easier 
ther-eaft.:.·p" 
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Despite to most of the app~oache5 JP does not ~eq'li~e 
precise and specific structures or commands alld does not tend to 
ma.l.;e eNper·tisf! or' judg<.;omerd; of ~~·)·:per·ts ;a,!; Oil, part (.f an 
algorithm. Instead provides a leS5 formal and mo~e flexible 
~1va.·luat:ion rtHHiil.lI .... I.·.!hieh l .... al'\~H~ slleh 1"II.lman abi'litif!S £fIor'e 

involve ways of 
or'der' th;a,"t; a'll 

to the 51..11' face 

utilizable. At the extreme~ JP would simply 
remoulding and evaluating the existing data in 
relevant decision alternatives be brouqht 
bringing also highest flexibility for­ tonsideration of 
non-quantifiable aspects. 

T h f~ ,JP of 0) r' rilU '1 at ion d (I e s n (0 t; b r' i n q 1 i mit a, t :l (I n 5 tor' e f '1 e.:: t 
all ~elevant facto~5 in the real life si1uation if a top to down 
monitoring is p~ovided to p~event information void and actually 
ther'\."! is nl) 'Iimit in t'ol'rfll.l'I.:l~ions to conver·t .;).o::tion5 ta~\en into 
contributions to limits? ta~gets and decision criteria. The loss 
of info~mation due to integration, simplifications is expected 
to be pr'evented I,'.lithout br-ing:ing compl~:}:ity ;:j,nd dililensi('fI 
problems. Also developed softwa~es are expected not to need 
<in.: tf: n s i ve c OlflP 1,J"t:f: r' [(Ie Ifl !) r- y a'l'l oO::,:'lt:i (0 n s .. 

D":!Spi.tE! ma.ny (o'~her's~ <'is a 501I.lti.)n tOi:, 1 it is «,~:':pli.·o:ted 
to be not a black-box fo~ the users but to be easily openabla~ 
an03.lyzable 03.nd undel'st·3.nd.;).bll:': by tl"l\'Hn .. r::o::in9 ;'),("1 1.llls'I:r'I.lcct;I.lI""ed 
p r' 0 to 1 ~'H(I S (. 'I v i fI g pro C f! 5 5 ~ par' a 'I 1 f.' 1 t (0 t 1''1\':' rl <}, t II r' a 1 d <i: c:i s ion 
making,the risk to doct~ine or constraint the dm and the need to 
train him would be at minimum. Solution tool being aimed as 
si.mple as possible~ JP approach emphasizes data and data 
manipulation via ~imple to~m'llations. Due to inherent simplicity 
of the approach, if data provided is reli.able, no significant 
deviations should be expf.'cted betwf.'en results ,obtained in the 
I' e a 'I 1 i I' €. and p e (". r' <:: S 1.1 1 t 5 I) f the f.) r 1'1'11.1 ') at ion 5 .. 

The wor-k of the analyst is concent~atad on the design 
phase. The task of interaction between analyst and dm to g~t the 
va llH~ systel'il of dm i s -t;r-a,n5'f~1r'\':d teo computer' ;;l,nd t~H'" t{"!,sl" (If 
obtaining and evaluation of the ~esults to the dm and his 
experts. User- may r-each to his best solution per- his crite~ia 
hirilse'lf ~'.lhi le obtainill.;J .';).05I,'.le("'5 to his "I.' .. hat it~?" type of 
questions. DM or his e;per-t can see ma~ginal contributions of 
h'ls ~lo:.:ti.on5 '1;0 thE: o 'IE: r'·;). 'I 'I r'fZ,'sll'lt5 t • .!hich pl"'ovio:lO::5 .3, 'I\;:-ar'ning 
pr·Cocess .. D~~spite most; (.f the s(.ll.Jtion to:.o·ls~ ;;In';'l,lyst has n'ot to 
be a br'ldqe between the pr-oblem own0~ and the solution to the 
p~oblem. the user can ~tacht unde~stand and may be able to 
defend logically his solution to the pr-oblem himself. If the 
user' is the dm, this /:or'il'lg5 9r'eat~~r' chance a.g':l.inst sc,"luti ... :orls 
obtained ~emaining unimplemented due to l~ck of confidence on 
ttH~ r·esl.llts (of sophisl;ica,ted so·'l.Ition tools. 
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III. AN EXAMPLE FOR INVESTMENT PLANNING 

In VitH·J (of th~: dif"ficulti\~!; :inher'\'!'nt to n-.ode·1 I:oui lding 
and implementation~ JP is a purely descriptive approach apart 
from prescriptive mathematical tools. The selected example is 
the inlt€'stment p'lannin~1 pr'o::ob'I('!rll of thf~ Tur'~d5h Electr'icity 
Authority (TEK). 

Actually the TEK information system was not claimed to 
be suitable to provide reliable data and the author prefered not 
to spend too much effort to form a better database. H0wever 
synthetic data pr·ovid ... :HI are closer' to:. thl?~ ao:-l;l.Ia·1 a.nd meaningt"Jl 
enough to support the example. So~ the scope has not included to 
establish a reliable data system and generate information 
thr'ough this systel"ll to fe~:d th<.'i' ~:}:o':unph: as sl.lch a tr·ia.·' t'J(lu'ld bf! 
infeasi.b1e in the siti.mtion. 

111.1 .. 1 .. B;:-u: I'il r' 0 1.1 IHI I nfor'lfJo',d;i 01'1 on tht: Tur'ldsh 
Electricity System 

TEK is primarily responsible for the generation~ 
tr·ansml.ssion a.nd distr·il:,I.ltion i:'t' «'!lo.':ctr-icil;y in Tur·~,ey, to.lho.''!!'Ii:a5 
all the distribution utilities are under the responsibility of 
TEK. Approximately 87 percent of total electricity generation is 
being provided by TEK and the rest by oto-producers and private 
companies. Prices are set by government. 

For the year 1983 tOQether with 5936 MW 
.:a.pad.ty of TEK~ tota.l insta.'I·led c0.pao:i.ty of Tur·~\ey is 
in which; 3239 MW is hydro and 3696 MW is thermal. 

ins t;;j, 1 1 e'd 
6935 I~IW, 

Tcot':l'1 d(ofllo,;~5tic qf~rH:or"':lti(on is 2r~:2(·:) O'.o.lh~ j,fI'lported o.?ner·~~y 
is 22:2~~ Gt~lh~ per-capita 91"(055 ~Hler'gy is (:. 2 !:i i'hlh/c~,i='ita~ a.nd p{!i3.I, 
load is 47:31 IvIW .. 

75 per- .: <.~ n t () f e '1 e c t r' i c :i t !.I is·: 0) n 5 1.11"1'1<.':" d b !.I i n d Ij s t r' i ·3. 1 
establishments and 16 percent by domestic applications. 
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Turkey has 110 000 Gwh/year hydro generation capacity of 
..... hio::h 1.1 r:o~r'cE)nt if.'; d0\H'do~'1)E)d" '~'lth(01.l9h t;h~:o I"II~).-.i0:or' hHdr'1) 
reSf.HII·'ces "H'e 9\::n{n";:i'I'I~J 'Iocr.i,tedin thf.' ea,st~~r'n r'~)~li(on5~ '11\=I.,jor' 
con5~mption cent01"S are in the west~l"n 1"0gi0ns of country. 
Lignlte based power plants are di5tribut~d throuahout the 
country. Other production typ0S are not actually signi~icant. 

E 1 e .;: t ric :i. t;!.l dis t r' i t.o IJ t :i 0 n 'los s ~~ s a, 1" e a to (0 1,1 t :l ~i ,p e r' c en t a, n d 
exceeds 20 percent in some provinc0 c0nters. pl)wer cuts and 
restriction because of shortages is 927 Gwh which directly 
affE!cl;s the dai'ly 'li1~E! (28) .. Duping ·I::l,st YE!u,I"S, people hav';: 
became more sensitive to pollution and as most of the villaqes 
a J' t": n t: art (0 r' i "e r' s con 5 t r' IJ eli :i. I) n (0 f h Y d r' (0 p ':0 t'h"! r' p 1 ;;.~ n t 5 (" (Hji,l"i J' 0 
large expropriations. 

111.2. Statement of the Problem 

The deci5ion rlla,hing pr-CII:-;o.:)SS in f!'lecl;r'j,cal pOl,oJer' syst\;."!m 
investments has become more complex in the world and in Turkey 
in comparison with ro.:)cent yeal"s. Tho.:) number (of official and 
non -- (. f f i c i .. i.'! (t r' ~F:l, n :i z a, t ion 5 d. n d 9 r' 0 IJ pst h a. "t; i n flu q~ n 0: e ' p (0 ',o.lt.: r' 
sys't;t,,:ms dec:i5ions 1"1<:>,5 I:oe o:orile c:on5j,df!r',~),b'le" Tha,t is, the decision 
mi:lJdng pr'oces!; tF£i5 bf!C(Hn~~ rflt:)r'\'i' po'litical. Th~~' numbt-r' of mode'ls 
and number of people jnvolved in modelling have incro.:)ased 
considf!r·a,b'ly hOI,o.l~='!\le ... fo: .... m;:il "I.o::ode'ls ar'\:! not 11 .... 1 0: h h01pfu'l for' 
tQday's decisiO:on E!nvir'onrnf!n'\;s ,,),nd moo:l\':ol r'eSl' 1'1;5 do) nQ'\; 
significantly influence the decisions (28). 

Pr'<'f!5<'f!ntly H\,:·V\':".:J.I 1:.,),.;:1;0)"·" inl'll.'i'.'nci'.' pr'o'j"!c\: s(~I<i,o:::ti,:.n, 
choice ot' pli:l,nt"-m:i:,: a,nd ti\'(l:in~J') concf:r'nin9 socii:1.1 'f';,H:tOr-S 1,\lhich 
appear- to bo.:) dominanl; criteria while costs are also consjdered 
important. But the primary objective seems not to be 
IT! i n i m i Z -:1 tit) not' .: () 5 t (0 I" rfl-3, Nil .... i ;:: a '\; i (0 1'1 r;o f r' ,3, 't; e 0 'f r' E! t 1.1 r' n a 5 i nth 0.:) 

ne~r past. The price of electr-icity is n(tt further determined 
only by costs b 1,1 t; .'3.150 by 'I;he d{"!rllano:l/cost st 1"1.1 c'\;'.1 re o'f .)ther· 
energy sources. The electricity producing is more considered as 
a vital P~l.l~t of e(:o:onol'l.y_ Uno:::er''\;a,inty in cha,ng<i! of pr'od'.Io::tion 
cost which is reflected to prices significantly affect the 
demand and lo.:)ads to uncertainty in load forecasting. "he 51.1bje2t 
is closely related to forecasting and incorporated with national 
and worldwide economical paramo.:)"t;ers. 

Elf:-ctric.;','1 p()~'.Ier' S!.lS"t;\'-[fI p);:l.nnin~l h;:u; .sollh~·I,Jniql.l'2 ;,'Ispects 
ttlith r-esp\;.,,:ct t(;o ol;her' inf:r'els'l;r'I.I.::tl.lr,.;.J,'1 5ystl:~m5 .. Ono.:) r:.f 'I;he"11 is 
the n €,- e oj f Co r- 'I (t n 9 P 'I ;3. n n i n ~l h (I r' i Z (0 n s 1.11; I.J a 'I 'I y 1 <!) t: 0;) :::J(!) y \~ a, r· 5 1.0.1 h i C h 
is main·ly duo.:) to lo::on9 ,o:t';tf'lstrl.Jction IH~!r'i(od5 ;:of pr;ol,tler' p]ants,. 
Because of long le~d tim~5 considerable uncertainties ma!.l exist 
in a number of system e]ements .. 
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Elect~ical investm~nt decisions, involving choice of 
p'la.ni;s, 'lo(:at10n5, timin£l, p'lan'!;-"m'i:,( ';l.nd op<::r·8.ti(ln/maintenance 
strategies, are mainly based on demand forecasting. The 
si;ocha.sti,: componE:ni; o'i: ~:h:·ctr-io::U;~ derll<3.nd is hi9hly 
significant. Besid~s that. electricity demand may var~ per 
y .. ~ 0":), r s ~ sea son 5 ,J. n d 4i: V <:: n p <:: r' hi) 1.11" 5 , r n c .. =: r' t; ,:J. i n po::: 1" i 0 d 5 i t m':l, y 
reach to peak and in certain periods, for example dur-ing nights. 
t(. "er'~ lot.) 1"~V<::'I5 .. Tho::: ·t:'Il.Ictllo':1.t;ions betl,~I<"HH'1 P<'~'i':~\ 8.nd I (I 1.1.1 e 5'1:; 
levels are b~l n.:l.'t;I.Jr-f~ ver'y s:igni'tic;':l.nt. Consider'ing t~~chnica.·' 
infeasibility of energy accumUlation in for-m of electr-icity, 
P("I),ler- p·I.3.nts'· pr'od'.Jctions h.3. v <I: t(1 fo'l'Iol.l.l a, p'3,th p.:~,r'<'l.'I·le·1 to ttlt'.' 
load duration cur-ve. Basically economical power plant5~ that is 
those with lower operational unit costs. are expected to 
con 't; i n 1.1 0 1.151 ~ 5 "1 t; i s 'f ~J t; he b ;:). sell) a, d ':1 n d (0 i; h ~': r' pi a. n t s t~:o \:0 p <::: I' a. t,,~ 
during pe,:J.I~ lO'3,d per·iods. 

Ina 'Io:l,r'ge inter-connf:ct;f·d IH!tl .• )or·I<~ 10':1d for·eci:l.sting and 
decisions based on these for-ecasts become more complex and 
difficult. Because of transmission losses between production and 
consumption nodes~ ener-QY production requirem~nt to satisfy peak 
or base load for far and near consumption centers are different. 
Besides uncertainties in the deter-mination of load curves over 
th~'! eh::-ctr'ica,l rH'?t~.,lor·~< :in the demand site, stochat: .. l;ic events Iflay 
alter the supply and the incor-poration of supply and ~emand 
i n t e r' a, c t i (I nth r- (I ugh ~:: n e r' ~nl cos t 0:'1. n d p r- i c f~ ~ to r' i n 9 fur' the r 
complexity to the investment planning pr-oblem .. 

The decision on selection and timing of projects does 
not de pen d (I n 'I y I) n t; h..:: de.:: i 5 i 1';1 n .3, n d tim i n 9 Cot: r <.~ SOli f" C e 
consumption such as coal or nuclear reserves t land~ foreign 
currency and so on t but also int..::r~onnection timing and costs~ 
availability of skilled man power, environmental pollution~ 
opportunities for irri~ation or use of by-product; heat to serve 
other demands for thermal ener-gy and other factors~ 

In the selection of power plant-mix~ t;iming~ and 
distribution over the network, each power plant has to be 
individually consid..::red with f"espect to th..:: whole system. Some 
pOI).Ier· plant pr·o.jf:o::ts ma~j b<i~ inter'I"'el,lted a.nd rfI;:1.Y not b<!~ r·e,-j·lizf.·d 
simultaneously because of using same coal f"..::serV"::5 or water 
resources, some proJects may not be realized in some r~gions or 
inSOUlf: .:: i r' c 1,Ims t;a.r .. ::f: 5 dUE: '1;1:. m i 'I i t;.u' y, 5 (,11:: i a 'I i e~: CI n om i ,:a 1 (;I r 
other reasons. Also dependence and concentration on a single 
type o'f P')I))(!:r' p'la.nt .. >'1"'0:: I.Is l.l0J.'11y not 0;1'1:511"1:,,:0:1 1"or' lo;.;td m;').n"lg\~rllenti 
resour-ce limitations, risk of import unavailability or for 
similar reasons. 

Then. electrical investment pr0bl~m' consist 
in.:or·por'at<:~d in\/es'l;men'l; .:).nd oper·atio::on.3,'1 s'.lbpr·ob'I<:Hns. Xn 
light of some of the cha~acteristics stated above t 

ele.:trio::al investmf:n'l; pr'Cob'I~'?m o'f a I:Col.lntr·y is in fa·:t 

of 
the 
th~'i' 

a 



II S ~J pe r'-'p r- () b '1 E'm"" I·-j.:".'.'f! v.? r' , r: u r-r',,:, n t; p r';1C t :i r:,~ :i 5 t hY~ 
models or some simulation techniques to ~olve it as 
sI.Jbpr·r,II:.lf:r.H; I.' .. h~:r·~: c,:;or·t;;il.:in \::·"':I"f.ents ;;~r',,: ~~:{o::ll.ld\'-!d 

models simply because they ar-0 not compatible 
o3.na·1 ytica 1 r.l.ppr·oiil.ch ..... hi "If!~ in othf:r' inst'"l.nc~~!;~ thf~y 
because they are not sufficiently quantifiable. 
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'.Ise of I..F' 
51. mp '1 i '1" i tHI 

fl"' 011"1 th~:-!;e 

'.~.it;h the 
031",':' left out 

For the casE' in Tur-key, the electricity investment 
plannin~, pr'obl\"!rn is r"'::l.inly satist'yin9 d\":mand t'.Iith '3.'Iai·lab1ra 
sources. However matching supply and demand within ver-y close 
limits is the major difficulty. Deficiencies in supply lead to 
highl y undesir·a.blf.' s(.ci8.1 a.nd ,'?conomica', conseq'.HH.C,':'S ..... hi "£0 a 
surplus leads to economic inefficiency~ high costs and bad 
allocation of scarce resources. 

Besides satisfying demands both in terms of ener-gy 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 sholJld 
also be considered. 

Ill.::::. Possible For·lI)u·'~.ti(rr.s for- thf! Pr'(rbl~!m 

For·fIE·ttinfl ma.n~ .)/: th0 stated ·f.:l.ct;ol's at,,:. 'I .. :: , a r::'I~lSHic:al 

electricity investment planning problem may be basically stated 
as given I power l)lant projects, witW all their charact0ri5t;ics~ 
how should be sequenced from present to year T such th~t a 
cE.·r·t':>.in obj<:"r::tiv<!: is at:t.:J.ined ? 

This is a. typical optiwi;:.a·t:ion pr'oblf!lfl, usually r·efer·r-f.',j 
as a 0-1 Integer Programmin9 (rp), where each variable x takes 
o n a. va. '11I e f~ i t h t~ r' <!) ( don 0 tear r- y (r U t t h ,~ P r' ( •.. h~ c t ) , 0 I' 1 
(under·"I;a~\E: tl"l<.:.' pr·o,.i<!:r::t)" In 5'.I.:h;:\. pr·oblf: ..... asslJlr.ing that th<2.· 
cost of the proJects xCi) are presented by c(i), and that the 
o b.J e c t; i ve i s '.15 '.1 a'l 1 H ·t; 0 m i I'd. ..... i <: e tot a 1 .: I) 5 t 0 '1';: r' the p 1 ann i n 9 
hor' i zon_ 

z _. lid n <: J: d: d ( t: ) • c ( i ) .' :.: ( i ~ t):I to <: t < T 
i t; 

s.t. - Physical 
_. T0Chn(ilo£lica.·1 
-- En vir' r:.r1"l1.H:·nta.l 
.- Fin0.nr::ial 

other constr-aints, 

i E I 

where d(t) is the appropriate discount factor and I the 
set of pr·o ... i~!cts .. 
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This discrete (optimization prob10m is combinatoric
i 

and 
may hav0,) in the I.lrn::ons'l;r'r.lirH::·d O::~I,5\':' .:l,smany a,s (LT)! ff:,asiblE! 
so'tl.lticlns. F'r'esf:nt computt:'r- COd~"5 feor' this pr'ob't~wl i3r'\:J lJl'lablf: to 
find a I pr-ov0n" optirll.:t'l so'ltltion 't:or' I.T > lQ.)(~lj 1.1.lhich sli..vl'.~r0ly 
r-estr-icts r-ealistic planning that usually r-equires simultaneous, 
consider'ation of dozElns 01: pr'O.jfIO::'i;s 1.I.lithin 0. time hOf"izon o'f 
about 10 to 30 year-s (30). 

Thf.· pr-oblem o'f 
s0vflr''3,'1 mEla.ns~ ·!I.'I1 of 
a.p pr'o ~·~:i 1'I'1;i!. til) n. 

d i IClf" n s i 0 n;;'I, lit!J 
1.1.11'1 i ch l"'~<HI 

can b0 circumv0nted 
to a c0rtain d0gree 

i) The Linear- Programming (LP) formulation~ 

bU 
of 

For I.T sufficiently large, the solution 'for­
I: on t i f'l1.J OI.JS var i ;:l.b "J~" scan bf! "r' 0 1.lnde d···off" to the 
int0ger solution. For 1arg0r I.T the degree of 
er-r-or- is relative"Jy small. 

ii) The Mixerl Integer Programming (NIP) formulation: 

By "groIJP:ing" simi '(ar' pr·o.jeci:s r.lnd e>:pr'essing thel'fl 
as continuous variables, it is possible to r-educe 
th~~ IHHflb\~r' of v;;1.r·ia.b"L:~s cons:ider·8.to'ly, so that a, 
solution can be found within a reasonable ~er-iod 
of tjme .. 

iii) TtH: Dynamic Pr·(o~1r-·3.1(If(dng (DP) for'mul;;ltion~ 

I~s a "dyn.~,mic" (opt:lmi~:.;).tion pr'ob'I ... "!rn, the DP 
'f (I r' 1'1'11. J 'I a. t; ion :i 5 q 1.1 i t; f~ ;!J n ;:J, '\; U r' a 1 (0 n \'! .. H (I ~IJ (! V f? r' t h t! 
dimElnsion.~llity pl'Cob I (H"I 5'1;1 'I 1'(H .... :lins and 
SI.JCCf.·S!;'fU 'I ,!:q)~,,·r·inH!nt;s I't\~,v\:? n .... ,t; bl'!l':n r·<2por·ted. 

I~ '.o.d.dely I.lsed ~lppr·o.3,o:h S\"!~"'ins to b<:.· th\':' "£If"ol.lplng'} ot' 
projects which leads to significant '1055 of infor-mation .. 
Actually in an investment pr-oblem the rlm should be more 
concer-ned with the marginal contributi0n of each pr-oJect to the 
whole planning pr-ocess .. 

However in fact cost minimization can not be considered 
as the primar-y and single ob.jective for such a pr-oblem. As 
involved a number of socia"J and econ6mical factor-, el~ctrical 
enor-gy investment plannin~ pr-oblem by nature is a ml.lltiobjective 
one as stated in the problem d<2t1n1tion (31). 

Taking the multiob.jective nature of the problem into 
c(lnsider'ation, it 1 .. ,IO:~I.lld be p(.s5:ib·I\~·, for' ,,~:·:a,I"lpl\"!, to find 
1'e.3, 5 i b 10 .. HI d 0;1<::'!:i:i I"~lbl \:~ '1;.1";'10:11::''''(0 r '" s bf.'I;~\'I"I~· n 0:: ',)I'd: Ii.::: t; i n ~I 9 ,)a'l 5 5 ... c: h 
as minimi2ing C05t~5 maximizing reliability, minimizing resource 
deph,~ti(ln, po 1'll.Itiol"l and so for·t;h, pr'ovld.::d tha.t on<:'1 ha.d a. 
conven:ient and f"f'ficif!nt "rCII.I·(t;i···o::r·it;f~r·i(on dE.',::i!;:i.on ff!Odf?·t" 



(MCDM). Experience to date ShOW5~ however, tnat 
purpose MCDM packages will not be available in the 
(32) II 

SI.lCf"l 
nt!o:J.r· 
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gene 1";;), I 

1·'I.Jtl.Jr·e 

Even assuming that such tools did exist, it is not at, 
all gU0.r·a.ntet"ld tl·I.'i.l.1; the~J 1.',I(Hl1d n0c<:~ss';lr·i·IU b..::· adc'I:d;ed bU ;:l.ctl.I''i.l.l 
plannfH's and decis,ion ma.l\~!l"·!; .. In other' ~'.Iord!;t the fact that such 
models necessarily involve implicit decision rules which are 
opaque to the dm discourages their utilization. 

Even in the case of single obJective j say minimization 
of thf'! unit cost1 obta.inin~l tht~ optima.l solution of such;;}. lnod\'!"1 
is extremel~ difficult (32). Besides the dimensionality problem 
the solution space is nonconvex. The non linearity may be 
overcome by piecewise linearization which will result in further 
increase in dimension. Recognizing multiobjective nature of the 
problem, the problem is practically unsolvable with available 
mathematical tools. 

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 contierd; of models, bE!sides dirllf!nsj,ona'li·t;y~ brin£\s, a1s(. 
lesser' c(onfid~:HICf! on r'esu'lt;s du~~ tel comp·lt!,dt;y. Invo'tvem~~rd; of 
social factors also raduce the time invariance of problems which 
reduces accumulation of knowledge and experience as in the case 
of a chess problem for' example, Also some of the factors 
invo'ived may not be ql.l.3.ntifia.bl\~" Ev\~n if such dif'ficu'lti~~s fllay 
be overcame i bllit up of super-models may not be feasible and 
acceptable by dm. 

111.4. The Judgemental Pr6gramming Formulation 

,..tP 'I"or-n .... ll;;l,'I;i.:q·1 I'equir'\:"!s rflod..::·'I'lin£1 ·fr:.r· COrll(Hltat;ion and 
monitoring of contributions of each action taken to limits~ 
targets and other- decision criteria. However- modelling in JP 
~equires by nature simple mathematical operetions t more often 
simp'lf! a.dditions 1 .• ,1hich f..;hol.lld not bc:: 0P;:lqU';:: to, thE: 1J5\'?f", ~31..1ch a 
modelling minimize the deformation of the real life situation as 
1 .•. le1·1 as i':,r·ovid.;::s th.;:: .:1m 1,'.Iith ~l ·t;r',.7:1.f'lsp.:lI'·<i:nt t;.')N il)stC:)8.d ,:;.1' .::\ 
black one. That is~ what's going on is easily understandable by 
the dm. There is also no need to consider all alter-natives~ 
infe;;},sibi litif!s~ IJndesired r'esults a.nd .3,1'1 combin;".tions dur'ing 
for·ml.l·lation" 

In,JP for·lfll,J·la.tion it is a,s5urned that;, the dm is 1'Ilor'e 
interested on marqina1 ~ontribution of eacl) individual action 
taken to his prim~ry objectiv~5 and othe~ criteria i and because 
of this

i 
artificial integration and ~rtificial simplifications 
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have to be prevented to the highest extent. Despite the 
classical approaches~ inherently JP never attempt to provide the 
drn ltdth a. "decision rfla.chine" "\";0 rf:phlce h:ilfl but a.n "~!va.lu>:l.tion 
system" or an effective electronic work sheet to assist him in 
his decision maldn9 .. POSing the decisi('n····;:l.id pr·ob·lem a.~; such, 
llsing ..JF\ dm can (:omml.lnic;:1:t;e 1.llith computer· to .:1.f"lSI.'Hn·· his "I} .. hat 
if ?" type of questions. 

Trying to capture the essential factors involved in the 
Turkish electricity system the criteria found to be most 
pertinent in Turkey appeared to be~ 

i ) Meeting the electricity demand in terms of power 
and ~:nf:r·9Y 1.I.lith b'.ldg~:ts irl tel~II)S of Tur'l,ish Lir·a 
and foreign currency. 

ii To provide electricity at lower costs. 

iv To pr·even·~ \"!·If!ctr·ic:i-t:y shol··t-·cl.Jts. 

v) To minind.ze 50.::i03.1 e·fft-!,:ts due to po·llution and 
land expropriations. 

It appears that no solution bool is available for today 
to solve such a multicriteria, multidimensional problem for a 
planning hor·izon of 1 (i) to :3(!.l y<'!~lr·s. To decid0 on ~ ... h0th0r to 
start or not a project in a certain year considering all 
relevant factors relat0d to th0 proj0ct and considering each 
pro,ject a.s a. pa.r·t of the l'.1holf! sched'.I·ling pr·oc\"!ss r·equir-es 
e:·:tensiv0 ~~r,,), .... l ... ~d~le on fact;s a.tll)I.I't; each pr·o.jEn:t, th0 envir·onril0nt 
and interdependence of these projects. 

" 

Using COmplJtE!r as a decision machint-! r·equir·0s tr·ansfer· 
of 03.11 knowledge~ experience, under-standing, preferences and 
Jlldgementa1 ability of experts and the dm to th0 computer which 
is not rea·lizable ev\~n in the C>:l.se of oliaitted dirilensi(,na.lity 
problems. JP approach considering computer as a work sheet with' 
a very high response speed, permit the dm and his ~xperts usa of 
their qualifications to the ~igh0St extent minimizing. th0 
deformation of the real life situation, preventing loss of 
~~no'.\.I1edg0 ;otnr.l ra-.is lead o·f thE' user·" 

Th~ for·I"(aI.I·lat:i(.n :::i.ssl.llnes th.::l.t; r·\",·lio::l.b·lt~ deter·lia:inistic d<'l.ta 
exist for e~ch project about the following factors: 

i 11W 

ii average availability factor~ (AF) 

BOGAIICl UHIVERS\1ES\ KU1UPHAHI 
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:i i :i unit; CO!:,t; (of iriVf.'shfl~:nt? (1) 

iv for'I?::i9 n cost I)t' inlJq:s·l;m<.O'nt~ (IF) 

v ) unit cost of ~1n~~r·g!.l 9'i!n~:::r·at;iO:ln, (1..1) TI..l hl.Jl"! . 

to 

vii prOject construction duration, (er) 

'Ji i i life time ot' inve5tment~ (L~) 

1· " ,', lUll. S q 1.1 <1. r' e 5 

x ) annual pollution due to 
I) per' 8. t i 0;:1 n , ( P ) 1000m3 802 1 year 

S~nthE:t;io:: da.1;'::l. ';).r·,::: pr,,)dl.lced to SUPP,)["·t th(;: <':::·:o:J.mp 10 b"l.sed 
on t 1'1 f1 r· a. n 9 Ii: SSp f: C i f :i i: d :i n (~p p Ii: n oj i :.: V I ? inc '11.1 d :i n 9 s \~. V'i: r· a.·1 t !.I P~! S 
of pr'oj~~ct;s" 

Each (of th~::· a.I:"~I\I<i! Ch;'H·<:l.ct~.·r·:ist:lCS of ;:\ pr·o.j,:::ct 1.I.d 1'1 t..3\',': 
;:). m~1.rgir.a 1 ,::')rd;r·ibl.d;ion to th0 s'\;,:..\t0d (~I"·iter·i.!l. f,)r' the 1.1.11' .. :. Ie 
electricity system. 

TIH? d'i!\I<i! 'I (,<~H:d ~;o:.ftl.l,I;;lI'·f! s:iriq:o l!J t;r";'ll'lsf(II"h'ls the 
ch03.r·~.ct;..:~r·isi;iO::5 of <::,:\1::1'. pr·(ljo::·o::t ir.-l;o) rila.r'gin;,).1 O::O:lrd;r'ibutions t;.) 

1 i rfI i t; s?, t ar' ~l f: t f; a. n d (0 thE' r' d'iH: i s 10 n . c r' i t E' r' i a ,up d;;) t i: S ;:1, n oj 

monitor·s thes..::· infor·ril.':).tion to the.:: 1.15 .. '':[''" 

Th~1 . .JF' for·IiH,·I''J.tiol'l C'I;;lSFifit!\; tlH! cr'ltt?r':uil, for' dt1Cisiol'l 
ma hi n 9 in!; I) t 1.0.11) 9 r' 0) 1.1 P 5 ~ 

i T;;:).r·gets ':'l.nd '1 iril:( t!:;; 1.I.lhi~r'<~ t;1·I;.:::r·f~ ~1:d st for' d'l'l sOllie 
Ii: :.( p Ii: C t E: d 0) ,.' d (:) 1" :i nit; <:: '/ '=1 'I U E' S 1.0.1 h i 0:: h S h 0) 1.1 'I d n (I t; be 

i i 

exce;.:::ded or which should be achieved. 

Other decision criteria, where different 
1.1.1 i 'j'l ;~ f f;.::: c t P I~' e f 'i' .. r' f: nee (0 'f t; h <i! d Iii but; 1.1.1 h t! J'" 0,:.' 

is no d<.::sir'\"!d ':,1" doz.·finitE' '/;;1'11.10 t'or' th(~rn .. 

factor's 
t hf! r' f! 

Whe n '( i I..-Ii i; s ,HI d 't;':l.r- ~let s ;,u'e i n'~'" (0 d u (:,:;, .. j -t; he se v.;:\. ll.l<i~ S 
should usually be for-ecaste~" For this prob10m limits and 
"t;a,r'g~:ts C("'ISiS~;f:d (If~ for' tht:' cas~! :in Tl.lr·I\{!y~ thr'e,,! fI'I.:dn 
c.3.t;egol'·ies;; Th'2s,.": ;>.r·E:t'l.rl;l.lr·li! o:hHfl.:.nds 1 in'/0s·tn'l<.:::nt bl.ldg<:,:t;s~ 
oper-ations and mainten~l)ce budgets. More precisel~ 

i pet;) 

i i En .. :: r' ~1.!.I dem,".n d [(t) 
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iv 

vi 

I n 'It"! H tl"ll('!'" t; bud ~Ii:! t; ll .. 

Ope~ation maintenance budget; 
t (0 [". <."! :i. q n I:: 1.1 r' r- <":"! n 0:: !J 
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ITL(t) 

1FC(-I;;) 

OTL ( t) 

Of-"C ( t) 

fo 11 OI)JS:: 
c olnp 1.1 t,,,: r' 

DEvSF TJTI>.L Hd'l 1'1<.15 , qab 19!i7 , q 36 H8Q 1990 19'H t'19.: 1 ~q3 
~o.."'~ ,,~~,* 7'1l ... .;,..,. ~. ..... 010.*. ... ~. * ... t* «., )., .~ .~ .~. '#J • 6.."''r 

POwFR -<!bCld. -j L. -61. -72. -75. -77. -R'i. -95. -l.C~. -1\.5. -117. 
En; !lG -o"'·!ll. -50. -13 S. -92. -1.:". -1 't''). -1 t),'. -2l!l'\. -2~ n. -.D;. -~ j". 

i ~HLa I) 6, 7. 13:). 15:). 175. 2" "'I. 2l'l. 7.3 5. 2b('\. H-;. j~"" • 3d.? 
1 :JFC5 1.:61'). \3.1. 23;). 33 .. •• 'Ill). 4d". 54". 62i'. 7':, o. 7 .... '. 7 y'. 
O~'TLil ~ bt.2. ll. 31. 43. 55. a 5. 115. 15~. 1110. ~2r. 7t1~. 

OMt'C~ j 7t.2. 21. :31. 52. b3. 7 ;;. tl r,. qfl. 12 O. l:'~ • "-, ...... 

where abbr-eviations correspond to~ 

POWEH F' 0;) 1 (!)(?H~ I'U.J 
EI\IERO E(t) 1 (~1I!)1~GIAh 
INTI..B ITI..(-t;) TL )3 i 'I ., ion 
I "'F'Cg IFC(t) 't· I'li , .\ i \:0\""1 

CWnLB fflT. ( t; ) TI... F:i I '1 :i (01"1 

I.WIFeD .. OFC( I; ) ~l.. 1'1 i I I i 0) n 

Thi~ a.bovi! da.t;a. 8\""\':' ,3" so pr'(lojl,IC€'d b;3!;~d orl r'ough 
(i.'stim.:.l.tes to Sl,lppor't th0 0:-:;;lf(IP'l(;!!" 

Estimated amounts appear for each year through- the 
pla.nning hor'i.zl)f'1 1.'.Ii.th 0'.'1 r'ii,'IJ,"!!"sE,d sign .. Th;:),,\; is initial'ly all 
tar 9fd; s ha v<~ lH! 9a,t i ve e.n d all 'l:i \'I'd t 5 P (0 sit:i \/\':' \/''l. ',I,H! ~~" DEV!:::F is 
t h 0 a. b b r' ,? II i ':.1 t iCon 0:0 'f' 10 d 0 '/ i at i I) nsf [', Q rn II .. T I) "l; a, 1 d <":~ '/ :i. .::1 t iCon 5 .3. 'I 5 .) 

appear fo~ the whole planning horizon under the TOTAL column. 

A space is pr-o:ovided fl)r the SCh0duling of projects. 'Each 
scheduled project will have a pDsitive contribution to the 
t O:l r 9 \~ t; san d .3. 1'1 Ii! 9 a. t; i '/ E! 0:: 0) n '~ r' i b 1.11; i I) n t; I) 'l; h <:1 '1 i r(1 i t 5 '. T h ;;.1 tis ~ as 
all targets are initially negative and all limits a~e p05itiv~~ 
each scheduled project will tend 'limits and targ0ts' values of 
related years to nil1 and after a certain point will tend to 
r'eve["SE: ttH~r(l. 

Th is pr'f: !:>~,·nta.t:i on pr' (IV:i df.:S :i n f or'rt'I':1.'I; i ('1'1 on 
taken do contribute to the criterion of meeting the 
dema,nd :in ter·rr.s of pOI.~I~!r' ;il.nd i!IHH'gU I.',lith budg\'ftS' 
1'1.\ r' k ish L. i 1"','1 ;:HI d 'f: (I [".,.! i ~11'I 0:: 1,If" "'E'n O::!J .. 

hot,,. actiol'l~ 

o '1 <:! c t [', i cit Y 
i n t e r rll S 0 f 
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T h ~t S C r· <f: ~! ... oJ ,,~ ~; :l 9 "1 •. '1 I U (.1 P , .. 0) v i oJ'i: b :i "1 f (0 r· "·1':1. t i () 'I (I "1 (I t h t! ". 
r· e ., ~! II ant ·t: a. c t Co r· s s 1;; . .1 ted bel Co I.tl ~ 

i Unit cost 
CI' iter 1. eon 

of energy generation (UC); 
to provide electricity at lower 

tor· the 

ii Non-depreciated assets following the end of 
p·'.;lnning hor·izon (NDA); for· thii: O::I"·itel'ion to 
benefit from investments for longer horizons. 

iU. Reliability f~ctor (REL); for the c~iterion 
prevent electricity short cuts. 

iv Land used for the investments ([AND) and pollution 
f':1ctor· (PF); for· the cr·it;~'?r·i'.'i. to rninin-.ize 5 (II:: ia.1 
e"/' f i::' c t s d 1.1 (,' 1; 0 '1 and t:: H p r· 0::0 p r· i at; 1 (0 n::; <:I. n d pol' 1.1 t i () n • 

The V.3."II.H!S arf: pr·es~;~nted in the fcollol.o.ling I.Inits~ 

ue 
'\IDA 
REL 
LAND 
PF 

TL./ ~\~\Jh 
1 (!I@QI 13 i "( 1 ion T I.J r·l~ ish L i I' '1. 5 

pe:r·cent.;).ge 
~Ufl s q u·"il.r·~'? 5 

1 (?')QIIZI r,l':: 1; e r· c 1.1 b..,: s of 51.1 1 1: 1.1 I' e 

LAND could also be expressed in monetary teMns or 
population affected and PF in terms eof othel' llnits expressing 
alsci nIJc·lea.r- po·'lut:ion -i!.·tc .. :;:::uch alter-nativ\'? pr·e5~"'ntations d(1 

not affect the JP formulation and do not require modifications 
in the software. 

The final version of the screen is as below, where (S~) 
presents the 5Cl'een number. The software enables the user 
sliding the screen in terms of multiples of five periods and the 
1;:l.S·t; t;I).lO ·Iin..,:s ar·l?: I.ls..,!d t'iH' th(·~ ~;IO)"I'·I;\I.lar·,,~··s rnf.'SSa£I\:;'5 and the 
inp~lt cOli'llrld.nds .. 

. - -~---.----- -_. 

uc: 40. 

tWA 

OEVSF TJTAL 
.. *.*~ *~ '" , .. 
PO',jER -~ 6d d. 
ENt£RG -d"il1. 
INfLd 06:; 1. 
lIlFC8 1.: 1>1 ro. 
OtlTLtl '16':2. 
OIlI'C13 :Jn2. 

:'CH. PR'1JECT5 
.,C'~* ... #>.;: ... *.:ojr. 

. 1--> 
?--> 
3--> 
'1--> 
5--> 
6--> 
1--> 
6--> 
9--> 

1/'!--> 

o. REL: 

19-3'\ 19d' 
.,.,,,~ ¥V''''. 
-51. -b1. 
-50. -,H. 
13:). 15;). 
1. 3 ). 23·). 
,!l .• :H. 
21. 31. 

1'1" 'I 1'10; 
*~ ... ..... 

o. 

"}lIb 1'1ij7 
1' ..... .,. .... 
-72. -75. 
-'17.. - t,!·,. 
11'>. 7. .. ". 
331'\. 41'). 

'13. 55. 
52. b 3. 

1180 19d7 

"."'. +,* •• 

_ .. __ .... -- .. -----_._ ... _--"\ 
S:l 

LAai): (I. PF: o. 

H8tl H84 199:. 1991 t'I'I, IH3 
I!r,. ~" *¥ .+ .. ~ .~ .. •••• ~. <!O., ••• r,. 

-11. -1\'). -9'5. -IV). -H5. -1.1'7. 
-14f". -1 ti". -?l..n. -22 (1. -.D~. -;! j,.. .• 

22". 7.35. 20"'. H';. l!;r. 3d? 
'1d ro • '5'1~. 6L '. 7" ~ w' • 74~. 13 r • 
85. U5. 15". 1tl~. 7.2r. <,:;1'. 
10;. tl r .• '1". 12 ". 1"!'. ' ." • 7 • 

! <t gil l'l39 19'1t, 19'11 l'l'n 1'/93 . .... . .... ... ~. "~ ... ~ ... *~ •• 

'------_._-_. _.-_ .. -._ .. _._---_._---_.-.. - --- .. _---.. _- .... _---- -.---.--... -... -- ) 



Th..:.-.JF' 'ror'flHJI;:ltion pr'OC0HS,,:S data 
transforming characteristics of projects 
contributions to limits, targ..:.-ts and decision 
dat;il, is prf~sen't.~!d in a. fi h::- in ttl\:~ 't()·ll(.~~'ing 

Cod0 

H1210LJ. 
C~ 12) 12) :::: 
N101 

F'C ('~F 

t-IW 7.. 

I IF 

'$-n"w "/ 
I .. 

U LF CT 
.-._.-_ .... _ .. . ........ _ ... _.-

TL./~\Wh 7.. ~J <':·:1f' S 
.-- ..... - ...... _ ..... . ......... __ ..... 

t:or' <':ach 
into 

cr·iter'ia .. 
t (I r'l'il ,:,d; ~ 

L.T 
._ .. - .. - .......... 

L 
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pr"),je,:t 
1 .... 03. r- ~li 1'1 a. '1 

Pr·o.j0ct 

" f' 
.._-_ ..... -........ 

~{-:)ar's ~\I'i12 ~\I'il:3 / y 
_._._ .. _- ._ ............. -.. 

I nth i s ~! :.: amp 'I~! t i nH! va. r' i a t ion s (I f a'l 1 f 03. C t (\ r' 5 to e t t~le;';.· n 
periods related to projects such as diminishing in power 
capacity, increase in operation and maintenance costs etc. are 
omitted for simplicity and bett0r understanding of th0 reader. 
If SlJch an infor·m;"1.t:lol'l could be pr·ov:id.:d, a. time dilflension ca.n 
easily be added to the data and to the arrays in the program for 
le~ser defdrma.tion of the real life. This practice would 
increase both dimension of the data and the program. Howev0r the 
• ...IP ap IH' oa.c h a .. ( ·IOl'.!S a. p p (". 08.': h:i n 9 1; 0 t ht~ ("·e8. I '1 iff! 5 i t).J;;)' t i (I n 
further improving the data manipulation and permits further 
complex computations without disturbing the understanding and 
jlJdgementa'l <:l.bi lity of thlO.· lIS',:I' ;:l.nd 1.'.Iithol.lt pr·ovidin9 hiI'l'l 1.'.Iith 
.3.dd i t i onr.l .. 1 .( (';:1.d" 

The dato:!. IH'esentin9 th~'? ctl<l.C'·a.ctt!r-:i!;tics of pr'ojects ar'e 
presented to the dm in a fully sorted list format accordin9 to 
each char-acter-istics via a SORT pr-ogram presented in Appendix V 
together with a sample list. 

Pr-Oject data ar-e directly r-ead by th0 MAIN program and 
then .:onve ... t ... ~d into:, m.:.I.r'!.:lin.:.I.·1 .::ontr·ibu·l;iL)f'I amounts to 1 irflits and 
targets for corresponding year-s as follows: 

dPOWER = PC / 100 

dINTLB = PC * 1* Fe * ( 
/ 1 (ol{.)Q,) (!II!1Q) 

/ i (!)(;:)(o /. 10(!) . 

100 - IF ) / 100 ) / (:T 

dINFCB - PC * 1 * ( IF / 100 . / CT / 11i.HZHZ) 

dClI'1TLB - PC 'l~ (-\F / 11{1Ir.) } 'l~ :;:(:.!::i -II- 24 ) * U 
-ll- ( L.F / 1I!1Ii.) ) / 1 (!.I(i)(!) QH?1I21 

dOl1FCB .- PC ·11- ( (.\F / 1 ((II!) ) .J~ ( ::::1::..~5 -I~ 24 ) ·11- I..! 
-It. ( ( 1 (illZ) -- L.F ) / 1 (!)(~) } / r.:·c / lIZlQ)(l) 
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where, Fe is th~ foreign currency ($) exchange rate read 
by th<:! pr·o~H';:).w and 50)1""1<2 o'f thf! divisions to I .... lndr·eds <-11'10:1 
th(HIS0'3.nds ar'e m·:l.d~! to !:"p~~o:::if~J I .... H .. lb~~r· (,f di!):its th;;\'t: '.~Ii l'j appea.r· 
con the sr.:r·o,'.'err. 

If chan9~-: of clv:H'acter'is'l;:ic!; p~"'r' t1I1'1\,' 1.~I('uld be 
l.nt;I"octl.lced~ it l.tll:Hlld b~· rl,OI··\:.' fd:t'(·:o::ti1/f.' t,:, jHHI:tH'lll th<2sli.' 
.;:onver·siorls (11.lt of th~'.! pr·ogr-a.m a.nd a.lr-e,~,dy have in the time 
dimf.'nsionE.'d d~lt;:l St"!t. .1.5 'f'lr'st Yf.'.'lr· PO!.',I..:.'r· g<.!.'n~:''''I'ating c.:1p.:tcity, 
second year- power generating capacity, first year- foreign 
cllrl"en,:y r't"!ql.lir·err)ent foJ" inl/~=..stm,,·nt;) second year' r·E.'ql.lir'(~nh="l'It and 
so on. Fol" 6 deViations, 100 projects and a 20 years planning 
horizon this would require only a 10 Kbyte additional on line 
memory which ffiay be available even in today's home computers. 

Deviati')n5 from limits and targets for a specific period 
(year) is the summation of the stated contributions of all 
pl"ojects affecting the period. 

To fa.ci 1 itati! thi-- drfl" 5 Sd'tHJu'fing 1,'.10 r·l ... ~ t;he pI" oj e c t s ;a.r·e 
a.·1 so conl/"'.o r't(:~ d an d ~.;or·t ... =..d ,"),':0::0['·0:1 i n 9 to their yearly 
contributions to each limit and tarqet on 
it appears on the screen. The conve~sion 
list is provided in Appendix IV. 

the same unit scale as 
p I~ ,) ~If' ~lr"l <l, n d a -s am p '1 e 

Ea,ch pr")jec'l; has contr·j.I:oI,ltiol'l to in'/<.~stm\')n'l; 

dur'ing pr'o,ject constr'l.Jction pffr'iod and to r.o(oI.IH:r·!~!ner-gy 
a.n d (0 pe "'.:l.'I; i 0') n /1'1'1.:3.1 n tE.' n·;),nce t:,I.1 d 9i:'~ t 5 d 1,1 r' i n g t hI?' lifE' 
investment. In the pr'cogr·a.m th~! contr'ibutil~'n va,luffs a.r'f.' 
added to liwits and targets when a project is started at 
o r' s 1,1 to t r' 8. c ted 'f r' 0 If! 1.1.1 tHHI do S c h e d 1.1 'j <.': d p r' co j ... :;. c tis oll'l:i t t <i: d .. 

bl.ld9~ts 

tar'qets 
t ifne - cd: 

5 i rllp 1 y 
;.1 year' 

I'f a t;:ime dirr'lensio':or'1 1.1.":15 inchlded to th.., .... pr'i;'j<2,:ts data 
set the procedur-e would be the same. In this case, first y~ar-
in'I<::'strll€'nt cost !.~I(oU Id r11"'I:ect; fir's'l; y(~<H' inves'l;m<::'n'l; b l,10:I£10t, 
fol1owinQ the investwent period, first year power capacity would 
afff.'ci; fir'st y .. =..ar' pO)~'.Ii:'.'r· o;k~m.'lnd ;:).1'0:1 so) on, 0V0n I/;;U"ying acct)["ding 
to the per-iod 'started .. 

SCl"eeninq the af'fects ofpl"ojects to the targ~ts and 
lim its a. ': C CI ,.. din:; t; Co '1; h Ii.' s t.'3. ['. tin 9 p \'.' ,.. i ,HI s ': Co n s '1; i t 1,It est he 

mainframe of the-JP formulation for this problem. 

In this example other desision criteria ~re presented as 
single Vr:l.ll.lf:S on the so::r·~,:,~,:,rr .. SOllHt (of tlH:5e v;:I.1ue5 c(.ll.Ild ...... 'IS() b~· 
pre;ented for each per~od to pr?vi~e fu~ther .i~formation in a 
similar format as pr-esented devlat10ns trom lImIts ;and tar-gets. 
In this ca.se as in . ..IF' 1:or·ffll.lhltieon o:lf:cisio')l'I o::r'itl!~r-ia, is defined 
as d i ffe r-e n t 'fa.o::t; 0 r' 5 t ha t: 1.o.li·I·1 .,1. of fe 0: t IH·f.· ff: r'~~ n c~'? (0 'f the dr... IHI t 



ll.' h ~ r- e '1; h:: r·t:· i 5 1:11) oJ (;. sir' Ii! d 0 ['. d~"!"I' i n i 1; (;'! 'I ;:1 11.1 ~'.' '1' 0::0 r- \; h ~~ I'll ~ ins t; <;:~.l d 0) t' 
a.,f{ll~r"l of n<j:q.~.tlV<j~ ::l.nd l:oo::os'ltiv~" df'V'i<'l-:-'l'(II'I'~ "'\-1'''111 1111",II'lel "'I'lrl"'-I" ('I' - '. '" . ". . - .. ~ " I ("!J .... • r. .... ~~ -:1. ,I I 

th\.'! SI::r-(H.-n 'fop (~al::h yf~ar' as thf!y ar'e o::ompl.it;f:d. By this 
p r' e s f.' n t a. -t; i 0,') n act 1,1 a.·1 IJ nit C (I S t s ;:~ n oj (0 t h f: r' fa c t (0 ['. !~ 1.1) (0 U '1 d a. p p ~~ a r' 
f I) r· \.::ac h Y~::;;lf" I) n -t; tH) so:: f"liH'! n.. Hr.,I))<;: I)~'r' 1:l"om 0 r' q 0 nom i ca 1 poi n t; 0 t' 
view scr-eening excessive infor-mation should ~f.' pr-evented in 5llch 
·fol··rfjl.11aticlns,. 

In this ffl-:amp'lf: ttH:" 'fiy(:: df:o::ision cr·itv'!r·i8 ,3.r·~:: C(III)PI.ltt'.',j 
as t:01101.1.l5 (::::.l~) (:;::!::i):: 

uc c(i,t;) '1- d(i,t) / EU,t) 

\'.IDA ::: :'E. 
i;t; 

T Lip ( t) -. I: P ( i 'I t) 
HEL '" 

1 
I , __ ._ . ..,t._._ .... _._ .......... _. ~.Ji. ... _ .. _._._._ 
I 
I 

\, 
\ 

2:. Dp (t) 
t 

'.I,Ih\."!pe; 

c .. 
n 

d 
E · · I · .. 
P 
Dp~ 

!HJf(1 of TL and 'for'e:l9n cl,lr'r'ency op. m~lint~::nance C(,lsts 
ao::o::pl.led depl"eciation by ppoject i at per-iod t 
energy ppoduced by project i at period t 
in'Ic;'!stm0nt cCosi;s (If pr·oj\.::ct i at per·io.:od t 
power generated by project i at period t 
powep demand at period t 

LAND and PF are direct summations from data. 

In dP t:or·I'",I.11a'l;ion t~IJ(O points 51'10 1.110:1 be cO:OI'Isidel'ed .. 
Altouqh va'lues 5\::!t as 'limits and .tar·qf:ts a.r·e simp'ly Y.::l.lth1s to 
~I'Jide-the' dm, the d<::s191)\.::r should r-~~r.'lind that tth"!se a.r·e 1.I~IJa,lly 
estima.tes a.nd ar'f: not d~?tf:r'rflinistic va ·ll.Ies .. TIH:n thf: var-ia.nc~::s 
of these estimates should be considered .. Also these values are 
ustial1y subject to change by the actions taken. through the 
de 0:: i 5 i (0 n p I" I) 0:: c:: S 5 1.1,1 h i 0:: h 5 h <:0 1.1 1 d a 'lsi) b 0 con 5 i d <::. r' e d • 

In this example besides the point estimates of demands 
a.nd bl.ldgets d<:)'\;<::-"'''llin(;':d 0.'5 the:! no';lrllina'l va'IUffS, pf:ssirnistlc an'd 
optimistic limits ar-e also included in the formulation enGbling 
the dm t';:l revi\.:!tIJ,1 the r'<"ISul'~5 (oJ: his act;ions '1;;::lJ,en as t;hf: 
deviations from limits and tar-gets, from pessimistic and 
optimistic point of views .. That is, the deviations ape monitol"ed 
accor'ding t(, op·tirn:is,\:;ic and pf:ss:imistic dtHI) .. ulds a.n.d bl.Jd~H!t!; 'for' 
the whole planning hopizon when asked4 

·Considering the 
affect energy ppodl.lced, 
throughout the planning 

f':lC~ th·::-d; ~~ach so::h~dl.l·lf:d pr-o.ject; 1,1.li 11 
the unit cost and ppice of energy 

horizon the demand and budgets will also 
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tIe attel:ted (:36) (:37)" Ener'9Y s:d;~nnif)9 of a 1::ountr'Y 1.1.11 I I 
obviously ::l.ttt:ct; th~ 1 .. .Ih(o"l~! econom!.J of th;;it; count .. ·!.) (::3::::) (::::9). 
Energy planning and the economy interface is not within th0 
scope of this worl(~ however as an example for consideration of 
the fact that usually limits and targets are affected by the 
previous actions taken~ energy demands (targets) are revis~d 
according to a preset price elasticity within the program alone 
or together with optimistic and pessimistic deviations review. 
Suel) reviews will provide the dm with valuable information 
through his decision making process. 

For optimistic and pessimistic review~ simply 
differ'\:Hlc€'s b\'!'ttl.lft€'n nomin;:l't ;d.nd optilili!~-t:ic/p€'55irilistic V.;J·II.H:S 
ar'e read "tr'om filE!s ;;).nd a.dd€'d to l'lomil'lal v;:'llu<:!s ~I.lhen .:lS~"\E!d. 

For price ~lasticity the below formulations are used: 

C(Ii.) + ~::. c(t) 
UC(t) = ________ t ____ _ 

t 

P (t;) 1'(1 .1(. UC ( t ) 

Dr(t) - OCt) * exp (-e*(a*P(t-l)+b*P(t-2)+c*P(t-3} ••• » 

1.1.1 h <;) r' E! ; 

LlC(t) 
pet) 
[I(t;) 

[lr-(1;) 
E (11) 
E (-t; ) 
0::< (2) ) 

c (t) 
In 

e 
a~b~o:: 

n .. 

· · 
· · 
.. .. 

· " · .. 
· n 

unit energy generating cost at t 
unit price of ener-gy at t 
energy d€'mand at time t 
revised energy demand at time t 
initial available energy 
ene~gy generation at time t 
initial energy g~nerating cost 
en<;~r'gy g{!.·no.=.·r·a.·~in9 cost at t;ime t 
p r' 0 fit rira."· 9 i n 
pr·lee E!l.:).sticity 
p.3.r·a.me t\~ r s 

Being a '.t,idely ~\nl:OI.I.ln .;).no:! 1.15<.:)0:1 s"t;andar-d high 'Ievel 
la.ngl.Ja.qf!~ FOHTHAI\I IV is pr'id<?l""fld in thf! d~:Y~!ll::lpllh~rd; of tht! 
pr.o£lr.a.l~·ls" Pr·o~lr·<~.ms ;'l.I'C:! 1'1.11"1 l;o,:oi;h in .. I..II\I~\)('~C .. :1I"Id CDC ,·~,airdr·~.mes at 
au ll.lith SfI"l;:1.·I·1 conver'si(ln Ch;:ln~l\~!;. l;d.I\J.I"I~1 lnt(l c(ln!;ld~:r·a.tl(ln th;a.t 
o rH! ma. y b C:! 1 ... Ii·I·1 i n 9 -t; (0 1.': :.: p \.~ r- irlh::' ... tl; h <.:: r-. 0) t: t;r.'.I';U·· ~:. i.... ·ct n y ,yl; h ('! r 
(;(Jmpl.lt;f!r·, tl"l'1 ~:;t;:lt~!hh'!nt.~.i th;:l.t 111'.1!J r·\:tqu:ir·~~ ch.::lh~J<i!!:, ';'lcc(lr'd:in~1 1.(1 

the ;;).v~).i·la.b·le c(o ... ·lpil~'!f··s rHld CIHflpl.lt<.:"! .. ·S ;,U"Ii! l"'I;:u'hl:~d I .... ithin ·th..::· 
programs. With the aim that the programs may be run in any 
eOrirplJtf!r', str.Hldar·d SI;O:l.t;';Hilents 03.1"0 1.lso,'·!d t,:o th0 hi£lh ... ~st possibl\=! 
e>:tent .. 
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Th~ la5~ state o! the p~ogl"am sources are presented in 
the Appendlces 11 to V. Read-only programs and data files are 
ppesent'ly a,v;~:llal:de I,JIHIf~r' the I,J!;\~'r' IVil.l'M! 'I.Jn:~:UI.J.Jf:;OY in the CDC 
mainfpame at nu f~r free access of users. Also a diskette 
back-~JP copU of a.'I'1 fi'lf!s is sl.Jbm:it;t{~d 1;(. the Instit;ut0 for' 
Graduate !3t;I.ldil."!s in S.;:il:)rH:<:! ~lfHI r:::l'lgin';~I;!rin~1 '1;0ge1;her' 1,I,d,th 'i'O:lrl'l'la 1 
copi0s of the thesis. 

Besides the MAIN program, two 
b~'!(,:n 1.ISE!d t'l)r' th..:·! IYI.:ll'lipl.I·I.3.+;iol'l I)"t' tht'! 
CONVEF<T. 

al.l)·::i'll;:'l·I"U pr'O£lr"-l.Ins 1'.03.\11": 
pr":I,j ect 5 1: i '1 E!:: :~;t]HT ~1.nd 

SORT program siml)lU sopt!; the input file with respect to 
e.:J.ch column cover'ing .:l'll infor'mation for' 1':<-1.0::1'1 r'OI.I.I .. [l1.lring 
s c h ~~ d u 1 i n 9 p I" (0 C it sst .) h .'3, v ~: ;:1.'1'1 p r' (0 ..i <i: c t s s (I r' t '2 d 1,',1 i t h r' t! 5 P e (; t t 0 

their power capacities) average lQad "t'actors, unit investment 
C(,sts ~~tc" is ver-u ~Js(tfu'l for' pr,,:f(1r'l::-nce!; 1,I,Iithin projects. 

Thl:1 CCINVEHT pr:' O£tr'r.HfI tr·r.1l'1s for'ms the I:ha,r'ao:-I;~!r' i s tic: s 01' 
pr·o.jects int'(" dir'ect contr-ibl.Jti(lns to:o lir"lits a.nd ta.r'g~~tsr The 
o:Iipect ,:ontr-ibutions ot' pr'oJ<:lcts ::11'-0 1;hE!n sor''I;ed by the SORT 
program. This way the user- is able t~ schedlile a pr-oJect or a 
gr'ollp of pr'Cojects at ";:'a,ch 5-\;'3,g<:1 accr,,/"ding tl) the deviations. fro .... 1 
limits and targets, that is according to the unsatisfied demands 
and available budgets. 

At the b0ginning of scheduling process the sorted lists 
prod'.l.:ed b~J thEISE! pf"tl~H'ams 5hol.I·ld bE! ;,lv;:d lab'le eon p'3,per' i'f tl).IO 
t e r min a 'I s a, r' e 1'1 (0 t a. v a.:i 1 a, b 1 e t (I t h ~~ I.J 5 e r' • I nth e cas e 0 of 
availability of two terminals it is advisable to develop simple 
sea.r·ch and '1 i st pr-clgr-a.ms to fa.ci 1 i ta.t;f! thl'~ user'" s 1,I.lor·I,. 

?)'I 1 P 1"0) £1 r';;l.ms ~l,r'E! p r'(~ S·.:! n t; 'I Y ';:1'1·"). i '1 ;i).b '1 i!! in t; he "CDC 
ma.infr·amI'1 d.t BU. A HELP pr'ogr'am is pr'(lvidftd to thl'~ user' ~I.lhi(:h 
presents names of all files~ the necessary commands to start the 
progr'a,ms as 1,IJe'I'1 ;,lS th<i~ descr'iption a.no:! I.l!H:' of t;he cl:-omril0'3.nds a.nd 
a, 1 lot h 1:1 r n e I: I."! 5 5 a r' yin ·f.:H· l'IHl. til) n t 0) 9 Ed; h e I' 1),Ii ,t h P r- i n t 'f ;:.1. c: i 'I i t Y • 
The screens presented by this p~(lgram is provided in Appendix I. 
T I) 1.1 S <£1 t; h f.. P ['. (I 9 r' am 'f 0 '1 'I (11.'.1 in gl 0) 9 .... 0) 1'1 ,,i 1.1 ~; t EI n t e f" ~ 

Ig0t,help/un=ULUSOY 

Ihelp 

111.,7 .. E:,:pt!l'·ienCf! With the For'lfll.I'I.':1tion 

As an experiment to test the formulation 
gpaduate students in the IE dept. at BUt they were 

. ~nd l'.lor'ked in £lr·0I.lp5 I)t' t.).I0, V.I<:!r·E! 0,51·,eo:l to per'for'l'(l 

a 1 .... 1I ... lbe r· 0 t' 
actua'l 1 y 14· 
e:,:p0r' iment s, 
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'3, t 1; ~!I.' a t:1 (0 1.1 t 1; 1.1.1 (0 h (0 I.J 1" S (0 f I:: ).: pi ;,) IV,), t i ('I 1'1 S 0) 1'1 t t. t: p r' 0) \:0 1 t! II'I ,'). n d 
softll,lar·E:. Int;hE: E::,:poi':r·in·ll,:nt';l·1 v,,:r'51(ln d<.::cisi,)1'1 c/,·iI;01'·1a ;;}.nd 
r·eVif.'ll.1 rnodu'le I,IH':r'e not; inc'lud("d in or'df!r- not; to confuse thew. 
How0ver they were provided with all oth0r inforwation and data~ 
in<:luding the sor't;f.·d r.:t.nd conv~!r't;~:·d f:i les, They 1.1.lI,:r·I~· "lsl,ed to 
subwit their reports following a three weeks period, By the end 
of this period they submitted their r-epor-ts in May 1984 and they 
ar'E: int\,,:r·v1.t".'I.I.I\::d dl.H"'i.n~1 ;;Hld ·t:ol·II:II.I,I1.n~1 this 'Iiime bf:sid~:s r..\I'I':l.lyzinQ 
their- work per-forwed. -

F r- o::a m .~ h <it 1" \': P (I r' t S 5 1.1 t,l .... itt ,"1 d b Y t h f: s 't: 1.1 d t,' n t 5 i 1.1.1 hie h 8 r- e 
faced for the first time with the problem and the JP 
for-mulation 1 it was obvious that none of them experienced any 
difficulty using the software. It appeared however that at least 
four- to five hOI.lr-5 (of interactive experimenting 5ession was 
r' e q 1,1 i r' f: d ti I) ~ll" r i 'IE: .::1. t II dE: S i ,.. ':1. b 'I 0 II so '11.1 i; i 0:0 1'1 S .. 

Per' inter'vi\::ll,ls a.nd pl'?r' th;;t subl'flitted r·epor·ts~ the 
students understood the pl"oblem mainly satisfying demands and 
avo::aiding budget deficits. However- a small observation of data 
and sowe trial runs showed them that th0 objectiv0s~ achieving 
the targets and n~t exceeding limits~ were conflicting and that 
thf! pr'oblem 1.I,I~lS "in·f<i':as:i.b·IE: II

" TtH:~ a1s(o nl:d;ed that a t· ... H( .. :ogenol.ls 
sacr-ifice fr~m objectives in scheduling proc~s5 was not so' easu 
as it was appeared thew first. 

Noting the infeasibility they first tried t~ set 
priorities Qwong objectives and acceptable to:o10rance levels for 
them. A group of students gave highest priority to energy demand 
satisfaction only or together with power d0mands considering 
budgets ::l.S subor'dinate h"1ve'ls assl.Il'fJing tha:t: sOl.lr·ces C8.1"1 be 'found 
as ener:g y is a 1 t~~}.d i ng fact;ol~ in t;hl:'! ~)o::on ,:or"'y" Othe r' 51:1,1 dents 
consider'ed del .... and at subor'dinate .'levf:·ls a.sslIming tha.t; I)I,Jdg~tts 

present th0 m8.:d.mllm ~}.mol.lnts of r·esOI.lC"CE:5 that 1'(Iay 'b\": avai.1'.1b·10 
and exceeding thew may result with delayed or I.Inr*alized 
pr'o.jeci;s .. 

Th~~ pr'ior'i t:i~~s set; by 't:he grO:.Illps v;;lr·ied fl"(oIfi ea.ch (Ither .. 
Some of thew gave emphasis to short run or long run p0riods 
within the planning horizon~ some of them gave priorities to 
some 9f'OUp o'f pr'oj\::-cts ':l.S hydr'Co'lic or coal I.Vitil·1 accepta.t:.le 
r' e o:l. 5 (I n S o:l, n d 5 0;) I'M~ i 1'1 t r' 0 d 1.1 (', \'? d a 1 S 0 (0 t h t! r' (0 b ...i i: 0:: t i v ~~ 5 ,,1. 5 U 5 i n 9 
diff:0rent type o'f: PI'OJ{'~I::ts fl'I:or(1 Oil r\,,:'Ii;:l.bi·1 ity po')irdiof vi,:?l,l,I 1)1' 
trying to install least number of proJects to minimize 
managerial difficulti0s and so on. 

110st of the £lI"OUpS obtrtin~~d "d~:sira.t.I·lf:" r'esults 
conflictinq with their obJectives. Per interviews ~ome of 
stated their feelings o~ possibility 0f achievement to 
preferable results per their utilities which should be 
prob:3.b 1 y tr'uf.' .. Be ca.l.J 5\': it !)hol.ll d be T'lO-(;f1d th.::l.t th~: stud~!nts 

under time pressure to comp10te their work. 

not 
thel .... 
II'IQr'~! 

most 
ll.ler'f! 
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Reports and comments of students pointed out an 
intf:r-~:s·t;in£1 cono:~O'pt; in ... IP I.'.lhich i~; not alt •. ' • .l.Us tr·I.I\O' in fII03.nu 
approaches. This was the inherent learning process. That is, at 
\O'&ch interactive session understanding of stlldents on projects 
a.nd f'3.cts 1.\I~~r·e de,,~,!'lop~!d a.nd so thfdr' so·luti(.nsn Thr'ouqhout thf.' 
whol\O' process they reached to better soluti0ns ~er their 
Judgements and seing the results of their trials they were able 
to explain reasons of ~ll of their individual actions~ Per their 
cOfllments~ at the end of each session they had more command on 
the problem and were more able to manage the projects.At the end 
of each session both the tlser and results obtained reached to 
more mature levels which would have not occured if they model.led 
the pr"otdem sa.y I ...• ith I..P 8.nd a.n;:l.ly:o'ed th~~:ir' so"li.Jtions .. In such a 
case most of their results and comments wOllld be missed. 

Although JP formulation provided a learning process it 
should be remembered that all students played with numbers with 
little I(nowledge about facts on projects and the electricity 
system, as they were not exper-ts in this field. Such an approach 
would be m05t probably more meaningflll for an expert with 
extensive knowledge on real projects and the real system, and 
his "desir"t:d" !;o"luti(:.n 1" •. lou·ld b('? mor-,'! str'ong'llJ sl.Ippor-ted with 
facts and he would be more able to explain and report the 
reasons of each individual action taken. 

111.8. Critiques on thf.' Software 

FI)'I'lo'"~'ing thf:lr e:·:periments cr·itiq'.les .;).nd P,.·oposals Q'f 
the studen·t;!; a.r"e also collectt:od via. irltf!r·"iel).ls.. \"\ost of thelll 
comp'lained fr"o,..·, ·Ia.::~\ ot' a f'ecovE:('Y fi le" They h~l.d to use the 
software usually in one or half an hour sessions and they w~nted 
to restart as they leaved. The PRINT facility of the software 
provided thf.'m the ability to see also the last stage when they 
leaved" To reset the software 5ay~ to reschedule 30 projects, 
costed them to spend two to four minutes. Considering the 
rememberinQ effect of this rescheduling and minor-ity of this 
tiflle spent-a recove~y file is not considered as necessary by the 
author in the final version. 

Another- interesting proposal was related with the d~5ign 
of the software. A gr-oup proposed a better command on the screen 
for" a.dd .:I.nd d~!'"Ie-t;e comrll.3.nds. Inst;~,?3d (.f t;h4tse cOrfll"'la.nds~ they 
pro p 0 5 e .;1/; 0 .:.1. d d a. n d de'l f: t 10: the pr-o j e c t s 1.1 5 i n £1 the .: u r" s 0 r ;:\ n d t .:. 
prevent scrblling of the screen. This was exactly what should ~e 
done fr-ofll interactive pr-ogramming point of view. However thIS 
1).lol.I"ld reql.lir"e df~sign (If th('! soft;I.'J"'i.r·f! 'for' <>. specific ha.r"d~ •. I::'l.r·f! 
1)"lhich I)Jas in con'flict ·I.'.lith <).I.lthor···s i)b"jective~ thE! ti::<ample 
progr"a.m to be r'un in <:l.ny cOJ(lpl.lter· 1 .•. lith <:l. FClFnnAI'1 c(.mpi 'If"r' 1).lith ::l. 

minimum adaptation time. 
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(.~nottHH· cr·itiql.lt! b!J a f~r'oup 1.'.la.s r·,'!·'a.ted to th,,: ·Iacl·~ ot a 
manual to reter while running the program. A help file was 
presented to the students to refer how to run the program and 
the HEL.P scr·f~..=~n 1.'.Iithin the p,,·ogr·.'1I"'1 1.'.I;;l.S th0,,·e. H()I.~I~~vel' they 
sta.ted that; th0U pr-\'der 03"'1 ttH:!5,'! pr·int€·d on ha.nd a.nd a'lso to 
s E~ e the 1.1 n i .~; s r,. 'f 5 C r' "~ e n t=~ d .) ,:1. '1 1.1 E~ s .. T h :i. 5 i 5 ;:0 1:0 v i (t 1.1 sly ben f~ f i c i.3. 1 
'for better' comm:!Jnd on th,,: S01~tw::J.r·\::'. (.\ccor·dinq t,. th:ls pr-o:op05:3.1s 
a'll 1.lnits are iIH:·II.ld..=~d in the HELP scr'ef~n pl';::.vidin9'3. 'faci I ity 
to ha.ve this scr',':y:n and other' r-f!"I~!Va.nt intor'n'I::lti011 pr-ird:ed on 
hand via a HEL.P program as presented in Appendix I. Besides 
this, a 1" in1~or·m'~.t;:lon tor' bett,'!r' undf·r·sta.ndinq a.nd comm::l.nd on 
the software are presented in bhe Appendi~es which may be 
refer'r-ed a.s a. m'~.nI.l8.·' .. 

In this tn·:a.rftp·I'2 inf'lation ::1.nd non h.;:.r(logt:IH:01l5 
distl'ibu'l;ion cd: d('~vi;:ltii)I"IS l.o.l<.::r·e not o::onsidl:"! ... ·f~d. Obvi')l.lslH 
investment in the first and the fo"llowing !Jears as wel"1 as other 
f::.u::tor·s 5 1.1 d-I a~i ..::n •. :H·9Y pr'oduction l.o.lon··t bi!~ th0 -:;.:l.i'fI":: .• CI.lr· 1'\-:1).:; y 
r-eqlJir-ement in t;ht! shor·t and 101"19 r'uns l.o.lon·' t be f:q'.l.3.·1 dtH! tel 
infl~.tion or' ch';.I.nge in t<-':chnolo9Y. The omit1;..::d 1;i"fI":: dirfll:"!nsion 
has been noted by most of the students. However- the sottwar-e was 
not intended to be directly used by TEK planners but to be a 
relevant examp"le for JP. As mentioned ear-"liar- this ma!J be' made 
b!.) addin9 .:!. -(;il"'lf~ dil"'I..::n5ion t;o da.1;a and o::olrqHJi;,3.ti.)ns. The time 
dimension was omitted tor- simp"licit!J and better under-stallding ot 
th ... '1 1'<..'1ader·,. 11c::.';1J ...... lhi 1('~ the ild·I;.ltion m.3.y b..:~ 0:;01"15 i o:Il<:· ... ·ed t • .!hi "e 
setting up initial deviations in terms of todays cl.lr-rency 
va 11J<..'1s" Th03.t is on..:~ Irli '11 ion ';If:'1:o..:~.3.r·ing at "I; hI<:' 12th y~·a,.. f(lay be 
consider-ed as one mil "lion in toda!J5 values. 

1"J.:)':;;i; (0 l' t; h ':~ s t; 1.1 d,,~ n '1; 5 t • .If.· r'I::' dis t; u r' be d 1": r' .. )((1 s trr- p '11.1 s an d 
deficit in demands and· budgets in. their- solutions. They pr-oposed 
r-eflection of im~ort and export possibilit;ies and a fao:;ili~y to 
bettel' handle the budgets. Accor-ding to ttlis pr-opo:osal expor-t and 
import pr-oJects are i~c1tlded as example in the data set but the 
IJ 5 e 0 'f p r- f: V i 0 IJ S Y t~ ::1 r' s .' s 1.1 r' p 1 tl S bud get 5 ~ s h i f t!; r.1. n d c o 1ft bin a t i (I n s 
of some budgets etc .. are left to the visual and judgemental 
consider-atio:on of the user. In a real "life JP trial, such 
monitor-ing I::'r· for-r(IIJ'lat;ir:on ch;'l.ng..:~s 1.o.lou·ld be p..:~r·ft)r·med per dm"s 
r-eql.lests unti'l he 1.'.lol.11d btl sa.tisfi,,:d by th~: infor·rfl.;ttio~1 

pr-I)vided .. 

Thesf! I.'.I(-:r·e a.·I·1 r·\~p(tr·t\"!d 01" d:iscl.Iss,,~d c:r-itiql.1toS of th,~ 
Qraduate studentsd If the experiments were also carried out by 
'rEI< p·la.nn~!r-s the cr·it:iqu~:s 1.'.lCould b,"! l"'lost pr-ob:3.b·ly mor-,"! nUlM:r·ous. 
Of course there is no end if the software would be used in 
actual planning pr-oces5. But including a"ll p05sih"le ilftprovements 
would lead the example to bl:"! too cr-owded that cO~lld result by 
thf! I .... issinfl of the r(18.:ir..t"r·:3.lflf: and m:3.:in :id,,:a of . ..IP in thto e:·:81(lple. 
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111 .. 9 •. (4·lt~~r·rl.3.tive So'll.Jti(.n Pa,ttl5 for' th~~ Pr·ob·lel .... 

A 1 'I cd: '1;1'1<:.' £Ir'aduate stUdents 'l;r'1ed '1;.) find.:1 syst(~r ... at;ic: 
for trial and error in their experiments where in fact there is 
not a proven one for the time being. 

Thf:y pr-il'ilo:l,r-i l!.) set their- pr·ior·iti,,:s and t;heir' to'ler'anG! 
'I i mit s 1:0 r' t 1'1..:: fid. n i m L,: a t ion 0 'f del/ i at ion 5 of' 1" (I m 'I i mil; s a. n d 
tar-gets. They did not bother-ed too much abol.Jt providing sl.Jrplus 
ener~HJ or bl.llj~I~~t, ".I.5I;h<:) pr'l)bh~m 1.'.1"15 "irdf.·':.1sibh,," f:,)r- thc:) d.:1ta 
provided .. 

The systematic used, mainly consisted of for-ward and 
backwar-d scheduling pr-ocesses. It seems that those conserning 
more with budgets prefered for-war-d schedlllinQ and those 
conser-ning with demands backwar-d schedl.lling. -

Forward and backward schedulinQ and variations of them 
usually requir-e Q tableau of incr-~ment5 of deviations by 
periods. That is, if the deviations ar-e say, 100, 120 and 135 t 
the tableau of increments will be 100, 20 and 15 respectively. 

For' schedu'lirl9 pr'ocf:S!; th~: gr·ol.lps 1.'.Iftr·e pr-ovided l'.Iith 
printed lists. The first 'list consisted of project 
characteristics, and the other- marginal contribl.Jtion ot each 
project to each limit and target in terms of deviation units. 
Both lists were fully sorted~ accor-din9 to each char-acteristic 
and contribution to each target and limit, to facilitate the 
scheduling process. 

Besides the tableal.J of increments, analysis of dem~nds 
o!l.nd bl.ldgE:ts tr'ends rilay r:.r·ovidt~ VE:f'·!.! I.Isef:I.ll inf'H'mai;i(l1'l for' 
stritegy setting. For example, power energy ratio trends rna!.) 
give idea about suitabi'lity of pr-ojects schedl.lling from high 
load to lower- load factor- projects or a decreasing trend in 
ope rat i n 9 C (0 5 t s ;;.1 b (I IJ t S c h,,~ d 1.1 1 i n ~I 'Ion 9 C Co n 5 t; 1"1.1 C 1; i Co 1'1 p..:: r- i 0 d 1 0 ltl 
o P y! r' a, t i 1'19 cos t s pr-o.j ~: c t s t h r' 0 I.J 9 h (I I.J t the p 1 ann i n g h 0 r' i Z (I n " 

In for'I .•. I.:1f'·d ~~ch<.~dl.ll in9 th<:: us ... ~r· se..-.t.I'·(:hes .:1 pr-o.j<::ct or­
~~r'oup r.)f pr'oJf1C1;!; th·3.t ll.l:i·I·1 s;':).tisf!] futl.lr·\~· d<i'tm;;'l.nds. ?\t; this 
5 t a q e t; h <.'! 1.1 510': r' s h .) 1.1 'I d ;:.1. 'I ~; 0 con 5 i oj t) I' 'I; h t) (0 p \0,'1" ~l t i 1'1 g co!'; t 5 and 
bud~ets for ,the periods where demands ar-e satisfied~ Usuall!] it 
may be preferable to consider- fir-st nearest periods, as the 
first coming period is directly affected by the projects 
schedu'led in the fir-st psr-iod but the second ~y the projects 
scheduled in the first and second per-iods together, and so on. 
This IJJ.:J.y the user' i .... ay 90 up to thE: <."11'10:1 01: the p·lo:>.nning h(ll'·i;::on 
according to his preferences. 
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In many cases backward scheduling may b~ preferable. 
Considering the incremental tab~eau example again, that for 
d(;·via.tions s·:lY_) lv.)(~), 1.2(2) 8.nd 1:3~:i thE' j.ncr- .. "":'men·bs 1.'JE·f""t:· lli.)Q)~ 2Q) and 
15, it is obvious that the last increment will most probably 
involve less number of projects, which will significantly reduce 
number of alternatives and combinations to satisfy the last 
period demand while considering the last period operating 
budgets .. The user' star·tin!~ frcoJ"'l t;h~1 l;;u;t I=.\'":r-i.:.d se;il.r·ches for' 
pr-oJects that rfla!J b':l sl.lit.:l.l:ole 'for' ;;l 'Nd labl.:! investr.-Ient b'.ld~lfd;s. 
?\lthough ba.cl"I.'.la.r·,j scheduling is pr·\,?"fer·ed by son .... '? gr·ol.JpS giving 
higher priority to demand aspect it may always be l)referable in 
most cases as it dec~ease5 the number of alternatives during 
sched'Jling .. 

During scheduling, besides giving prior-ities to some 
targets or limits there is always room to ~Qnsider for example 
some (.r- a_'I" budgtJts t;ogethf:r', in ter'ms (of ~dnd ;3.nd p,~r'iod, as 
reported also by some of the stUdents. The satisfaction of user 
on results, besides performing a reasonable approach, mainly 
depends on time spent dl.lPing the Itunin~l" of the rflsl.I1"t;S .. During 
this sta.ge pr·(J.J~"Jcts a.r·,:: changed 1.\lith " pr'e fer-able" pr·c' ... h'?cts 
according to the trade-offs between the deviations. 

The r-eader- may find sample results in Appendix VI. 

111.10. Br-ief Discussion of the Exampl~ 

The planning of the electricity investment of Turkey is 
a. r'eal liff~ pr'obleln inv.:,·lving I'IH.l·~icr·:iter·ia a.nd multidilM!I"Ision. 
(-)s' discl.lssed b(ilt~o)r'e, in' tod.:J.y··s c.)rllp1.Jter' 1;':lchnology ther'fl is nCo 
way to considtJr' :3,'1'1 factor's involved a.nd t() tr-:3.nsf~H· l'I-.c".\'·lt~dg~J, 
expertise and human abilities to computer via classical 
optimization and solution tools. Design of sup~r-models to 
sol~e such a problem appear to be infeasible with respect to 
most cr·iter·ia __ 

To pr'ovidfJ thtJ cCtoper'a_t:ion of ~.ct;I.I;;'I.·1 TEl( planrl\::r's, ha_s, 
. not been p.)ssible dur'ing .,1IHI .:lfter· t;hl:"l dE'si9n of thE! softl.\larfl. 

The design is lar-gely based on r-epor-ted t~~ts, l~teratupe and 
the experience in this field of the theSIS advlsor.. Indeed, 
in r-eal life, although the designer- can escape fr-om being a 
bridge between the dm or his expepts and solution to the ppoblem 
his ~I(tr-I, 1.'JoIJld continlH! in r','i'vis:ing the ,.IP for·I'IH.lation and the 
software .. If the softwBPe was used by actual plBnners~ TEK 
exper-ts would asl, for the, monitor-ing of furt~er factor-s in 
di·t:·rer'('-'lnt -t:or'mats bflsidf!S 1 .•. I.!l.y~.; .)·t: PI"Col/iding \'lo::t l..la] .:I.nd r'f!-liable 
data .• 
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A 1 t h (.1,/ ~~ h t h t1 S t; 1,/ d f~ n t 5 h i:l. V <i: 1'10 t b f1 <i: n <'I b 1 <i: 'I; (0 b r' i n 9 
I'e c: '')/'t'lrne n da"t; i Q n s t h.,d; TL::J::: p '103.1'1 ne r- 5 1,'.101.1 'I d pI' .:d;c';J,b 'I y c:: 0 1.1 'I d , the y 
r' e a c h to d t .) S (0 'f u t; i I) n 5 1,'.1 h ,,1 r- f~ "t; h ~'i' Y :a, r' <i: .. sa, tis f i f.' d .. P f1 r' t h f1 i r' 
cl'it<:!r'i::l, th;'J.t t;heU l',I(./'t,·t; bli! :;~,bl("! to J"'ea,ch 'Ii.:! other' too'is 
withl)ut largf11y omitting some of the factors they considered. 
It S(;!~:'Ht'IS that; nei thf!/" tIH:B 1,'.101'1" t be ab 1 Ii! to defelHI thf!ir' 
solutions as much as when they r-eached via JP. 
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I V • COI\ICI..I..I:::; I ON 

In general ~ea1 life decision making problems are 
comp'lex~ mu1ticr·i't;~~r'iO:"l.'1 8.nd mul't;idirilf!nsion:31 .. Appr'oaching .to 
real life via classical OR soluti0n tOQls results with 
difficulties in mathemO:"ltical manipulations as well 85 usually 
needs a11ocati0n of expensive reS0urces due to requirement of 
special design5~ more time span to get the solutions, more 
invQlvement of people and so 0n. 

Complex mathematical approaches usually bring more bias 
and unce,'tainty with reypect to real life behaviour and results 
obtained from tools and bring lesser confidence of problem 
owners on techniques strange to them. 

Beo::aus\~ .)'f the diffi(u'lt:if:S in r'ef'lectin~1 1;he r'\~.:l.l life, 
. .JI,ld~lerilenta·1 Pr'('gr·0.nHiling. is .:l "I;"·;';'J.I "l.:ol.'.Ia,.,(\s unsl;r'u.:I;ur\:~d 

approach~s giving emphasis to the judgemental ability and 
expertise of the human being, in a simple and friendly manner 
ea.sy to l'or'mul:.3.t\'!, I.Indt"1r'sta.nd .3nd t1Sf! fe.r- r\~':'l'1 life pr-ob'I~~m!;. 

I n d (.;0 \"! d t; () d':1 !I " s c 0 ril p 1.1 t; e ,.. t; ~~ (: h n (I 1 (0 9 Y ii' n ,,), blli! sl~ 1.1 r' t h \"! r' II n 5 t r' U (: "I; 1.1 f" \."! d 
human involvement • 

..Judgerflent::'l,'j Pr'ogr-<Hillrling is pr·im;3,r,i·l!J a.n appr·o.:~.ch 0 for' 
fOf"mulation and solution. It may be beneficial for a variety of 
p r' 0 b 1 ems a 1 0 n e 0 r' t t) ~w the r' ~tti t h cd; h ~~ r' t (I 0 1 s f.' S pee :i a 1 'I yin h i 9 her' 
le'le'l decision rlla~\in£1 f')I' uns"l;r'ul:I;I,lr'ed pr'ob'lf~rfls inl}01'/in 9 
qua.'jitative dil"ilensions .. The ma.jor' d~!Ve'lopflh~nts should be 
observed in large scale Ilon-linear Of" integer programming "l;ype 
of pr-oblems, especially . involving multicriter-ia where 
appf"oaching to ,'ea 1 '1 i fE! vi.;). other- "t;oo 1 s do 'fai 1. {., I'~~d.uced 
emphasis on cla.5sic::'!.1 modf!l b~l:i ld:ing but a gr'f!::lter- emph.3.sis (tn 
data manipulation and evaluation should be expected in this 
deve 1 OprM?nt .. 

11a . .j (I r' a. d v :a. n c ."1 S :i n S (I 'f t 1,1.1:.1. r' \~ , par- tic 1.1 1 :a. r' l'Y i nth v: 
development of interactive pf"ogramming languages specific1y 
designed for this pur-pose seems to take place in the near future 
par'al'lel to thE! ."h.ld9(?men.t;.:1.1 Pr'o!Jr·.;).r"lr"lin~,1 .:>,ppro03.ch ~ttith r'\.~5pet:"1; to 
c 1 ass i c r.l. 'I (t r. tim i Z 0:"1. t i (I n t (I (I 1 sin the 5 e a. r' c h (t f s (t "1.1 t i (I n t (I r' e a. 1 
'1 i f e p r t) b 1 (? rll S .• 
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HEL P F'F\OGn('\I'j OUTPIJT 
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HELF PRCGRA~ ~E~U: 

------------------------------------
1. LIST CF FILES 
? EXECU1IO~ IhSTRuCTIO~~ 
3. ~AI~ FRCGRA~ INPUT CO~~ANDS 
4. ~AIN FROGRA~ SCRE[N ~E5REVIATICNS 
5. PJ FILE EXFLA~ATIONS 
6. IN F 0 F I L£ [X F L Ari AT 10'" S 
7. TO PR1NT ALL SCREl~S 
8. EX!T . 

FOR PRI~lCUT ENTER IROUTt,OUT,DC=FR AFTER EXIT 

PL[ASE RlFER 10 THE THES1S ENTITLED 
"JUDGEMOTAL FRCGRA~r~WG AND AN DAt"PlE FeR INVESTMENT FLA/'jt'i.lNG" 
SU8~ITTEC TC THE I~ST!TUTE FOR GRADUATE STU~lES I~ SCIE"'Cf A~O ENGINEERING 
OF SOSPrlCRUS UNIVERSITY IN ISTA~8UL 
lti 1985 
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N AI-\ f EXPLANnIO~j TYPf SrCURITY -------- ---------------------- ------- --------
~'AI N 14" It. PRO Gf: .~i~ FCRTRAN IHAD 
~ I'A IN P 1<0 GR Mi COCE CODE EX[ CUll 
DR 01 REeT OR Y FILE DATA R [I, D 
Pli FERICDS DEVl,HICNS DnA R tI\ 0 
00 OPTlfllSTIC DEVlnIONS DATA R F.A D 
PO FESSIHISTlC DEVIATIONS D,n ,6, READ 
OUT OUTPUT FILE T O\PC flA RY U S[ fl 
PJ PROJECTS F IL E DATA READ 
S CR T SO I\T FROGk,Ai'! FCRTRAN RU\D 
S SOR:r PRO GR Mi COCE C CD E' E Xl(UT[ 
S OR 1I N SO f\T I r,PUT FILE T [I"PO RARY U ~t r 
S cn TO UT SORT OLTFUT fIL E THlPORARY US£;!1 
CONVERT Cot.VERT PRCGRA~' FOR.TRA,'; Ii tAO 
c COr-VERT FRCGRAI" CODE CODF [Xc CUT[ 
aF 0 CO liE liT OUT PU T FILE TFt,PO RA f\ Y USU? 
H EL PS HE:: lP PROGI\,\K FORTRM-I R Eli 0 
H EL P HelP HOGRM: COCE CCDE f.XECUTF. 

-- PLEASE ENT~R -GC- TO RETURN --



1. TOG E 1 ... AI N F R C G R A'~ FILE S 
I GET,I',DR,PR,FJ ,OD,FD/I.N=ULUSOY 

2. TO RU~ TH~ ~AI~ FkOGR~~ 
1M 

3. TO GEl SCREE~S A~D ~rSSAGES 
IROUTE,CU1,OC=PR 

4. TO SC~T FILE PJ FER CCLU~~S 
I G£T,S,FJ IUf'I=ULIJSCY 
I S,\VE,FJ=SGRTIN 
IS 
I SAVE,~Cf110UT=FILENAi~r 

5. TO CChV~RT FILE FJ 11'110 CO~TRIEUTICNS TO LIMITS !NO lARGETS 
IGET,C,FJ/UJI=l,;LI.S:JY 
I C 
ISAVE,INFC=FILENAFE 

6. TO 5CFT FILE If'lFC PER COLU~NS 

IGET,S,INFO/Uf'I=I.LGSOY 
IS'\VE,INFC=SGRTIN 
15 
I SAVE,~aR10UT=FILEt;A~:E 

7. TO CHftf'lGE COhTE~lS OF ANY FILE 
IGET,FILENAtlE 
I FS E, f !LOP,IIE.S S7 21 

e. TO PRINTOUT ANY fILE 
ICOFYSEF,FILi:/lAi-l,O 
I ROUTE,C,CC=PR 

--- PLEASE ENTER ~GC- TC RE1URN --
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1 "P UT C 01-' ;of Hi D 5 : 

A /i- i-i- i-/---­

B OR ~[fORE 

C OR CLEAR 

O/i-i-i-i-/----

ADO PROJECT i+i-i- TC YEAR ---- TO START THE FROJFCT AT ---­

SHO~ THE SCREEN BEFORE THE LAST UN~ 

CLEftR ALL SC~EDULED P~OJ(CTS AND REINITIALIZl THE PRCG~~~ 

DELETE PRCJECT i-~t+ FRO~ YEAR ---- TO RETUR~ TO THl ST~TE UfFC~E 

H OR HELP DISFLAY THIS SCR[E~ 

V OR ~ESSA(E: PRI~T [~CH TI~E A ~ESSAGE Of au CHARACTERS CN PAPER 

P 011 PRINT 

1\ OR REVIE~ 

S eR STep 

1,2,3,4,5 

PRIhT TH[ CU~RENT SCREEN eN PAPfR 

REVIE~ OEVIATIO~S fRO' LI~ITS AND TARGETS 

STOF THE PRCGRAM 

SLICE 1111: SCREEI-1 

-- PLEASE ENTER -GC- TO RETURN --
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SCHUt A8E~EVIATIC"'S 

s 
UC 
I. ell 
R EL 
LA t.' 0 
PF 

D EV SF 
TCTAL 

PCIo'r-J< 
l f\E fiG 
1111 LU 
11\ F Cd 
o "TLO 
o r~ F C3 

:;CRELII I'IU:<.8[~ 

U~IT COST OF ENERGY GENrRATIO~ (Tl/KWH) 
tj C ~ D E PRE C I ,"1 F. 0 ,\ S SETS (1 Gee [J T L) 

AV~qAG[_SYSTE~ RLLl~~ILITY (t) 

lA~D USED FC~ INVESTMENTS (K~2) 
PCLLUTICN F~(TOR (K~ CU~ES S02) 

DEVIAllCN5 HO:" Ll/<ns {djD TARG::TS 
DEVIAlIC~,S HTAL 

DEVIATIC~S F~C~ PC~ER TtRG[TS (1[~~~) 

DEVIATIONS F~C~ EhERGY TARGETS (180GwH) 
DEVIATIC~S FfiOM INVES1~[NT Tl aUDGET LI~ITS (Tl ~) 

DEVIATIONS FfiO~ INV~ST~ENT FO~. CUk. BUDGET l!~ITS (£ ~) 

DEVIATICNS F~OM OF./hAINTEN~NCl TL BUDGET LI~ITS (Tl E) 
DEVIATIONS f~O~ OP./KAI~T~NANCE FOR.CUR. BUDGET LI~ITS (I K) 

SCH.PROJfC1S: SCHEDULED PRCJECTS START~D AT THE BEGlh~IIIG OF EACH PE~IGD 

-- PL[ftS[ EhTER -GC-.TO ~[TU~N 
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COLUMN E~PLA~ATION 

1 pI-eJECT CODE 
2 FCklFi GEr.E~J..11CN (10Cf';i./YEAR) 
3 HERGY GEtd:RATION (1COGWH/'rE!\R) 
4 1",-,[ST .. "EI1T SlJOGET USED (8TL/YEAR) 
5 I/IV(ST!'[NT 6UDSET USfD ('t$/YfAIl) 
6 CFER~rIO~ cUDGET LSED (BTL/Y~AR) 

7 CHR"TIO/'i 8UDGET LSCD (,"UHliR) 
3 DEPRECIATICN (3Tl/YEARS) 
9 LlFf. TIME CF I!iV[ST~ENT (YCflFS) 
10 UND USEC FOR THE PROJECT (K~3) 
11 At-NUAl PCllUTlOr-. (1000n SC2) 

-- PLEASE E~TE~ -GC- TO RETURN 
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CCLU'!ti [}PLANATJOr-. 

------ --------------------~----------------
1 PF.CJrCT (0(;[ 

2 PC .. ER GEf'lEPAT1% CAPACITY <t~,,1) 
3 ~,""lLAclLlTY F,\C1(!: (P[RClf'.T> 
" UtdT CCST Cf l\jVrST;~[~,T ('!/K\d 
5 FCH!GII (CST OF HvESTllEhT (FERC[~;T) 

6 UldT CCST Cf Gi't'Ht.TICt. (TL/K<lH) 
7 L ( CAL F A ~ T 0 F G Ud: RAT I C r. (C:; T ( P Ef: C E ~n ) 
o Pf.CJECT COr-.STl\UClIC~; ()UR.~TIO'" <Yr:ArlS) 
9 LIFE TII<E CF l~jVfSTl"nn (F"r.S) 
Ie L/>IID USt'.D Fca Till' PRCHeT (~rJ3) 

11 Allf,uAL PCLLUTlC!\ (1(.U; .... 3 sen 

-- PLEASE E~TER -GC- TG RETURN 
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MAIN PROGRAM SOURCE 



C 
2 
3 • 
4 C 
5 C 
C C 
7 C 
Ii C 
9 C 

111 C 
11 c 
12 C 
13 c 
14 c 
1 5 C 
16 C 
17 C 
18 C 

1 " 
C 

20 C 
21 C 
22 C 
23 C 
24 C 
25 C 
26 C 
27 C 
28 C 
29 C 
30 C 
31 C 
32 e 
33 e 
34 C 
35 e 
36 C 
37 C 
33 C 
39 C 
4C C 
41 C 
42 C 
43 C 
44 C 
45 C 
46 C 
47 c 
48 C 
1,9 C 
5C C 
51 C 
52 C 
53 C 
54 e 
55 c 
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PROGRA~ MAIh( INPUT, OUTPUT, 00 , PC , OR , PR , PJ , CUT, 
TAP[S=INPUT , TAPE6=OUTPUT ) 

'? 
'? 

.*****************************************************. __ .*,.t.t."*_'_ 
' __ t*t*t* •• t •••• _ •• _ •• _ •• __ • __ •• __ •• _._ •• __ ,_. ___ •• _._*._.*.*,_.,., ___ _ 
*­
** 
** 
** 
•• 

TAHIR ULUSOY FILE: r.Hfl 

PROGRAhS USED FOR T~E ~AST~P lHESIS 

vERSION: ~AY 1985 
** 
•• 
*. -. 
** ___ .***., ___ * __ .,_,_., •••• ,_., ___ •• _.,., ___ ,_,_._ •• ,., ____ *_a,_.*t.,_,_ 

_'_'t**' _____ ,_, __ , __ """ __ ,,,, ____ ,_, ___ ,_,_,_,_, ______ *_.**t_'_"" 

ASK 
CEGC 
CGE 
OEV 
o fV t3 
DUM I'Y 
Fe 
IAE 
IC 
IDEv 
lEGe 
ac 
IP 
IR 
IS 
ITDr:V 
J1 
J2 
LANO 
LAHOG 
L E.~ 0 
LlF E 
LOP 
L1N 
MSG 
NOA 
NOliE 
NPJ 
NPR 
ODEV 

-_ .. *._***----.-_._. __ . __ ._*_._--,-,-,-,----*----,­
* 

* 
• 

DESCRIP1ION CF V~~IAELES 

ASKING FDR COhTINUA11DN MFS~AGl 

* 
• 

C~~ULATrr lflE~GY GlNEnATICN CCST I~CLUDING OEPk[CIA110~S 

CUMULATlr GENfRATEO ENERGY 
DEVIATIONS fRC~ LIhITS AND TARGfTS 
DEVIATIONS FRCM LI~ITS AND lA~GETS EEFORE THE L'ST CHA~GE 
our.;<Y \jAr,IA5L( 
FC~EIGN CU~REhCY RATE· 
IflITIAL A\jAIL~BLE l~[RGY 

CCLUi'ltj WD[X 
I~ITIAL DEvIATIONS 
IfliTlAL ENEfiGY GE~LRATlON CCST 
1l'<PUT CO~;'''At.D 
P~DJECT FILE INDEX 
RC\o.' I!1DEX 
SCf(EEN INO[)( 
I~lTIAL TCTAL DEVIATIONS 
STARTING COLU~N I~DfX FCk l~E SC~FEN 

E~DING COLU~N INDEx FOR THl SCREEN 
LAND US5D FOR IflVESTrENTS 
LAND USED FOR INV[ST~E"T~ ~EFCRE THE LAST C~AhGE 

LEAO TI"[ FeR THE PROJECT 
PROJfCT LIfE TI~E 
LAST opeRATING FERIOO OF THE FkOJECT 
LIHIT-TAHG[l ~A~E 
MESSAGE TC FRINl 
NeN DEPRECIATfD ASSETS 
NCt. OEPRECIATfO ASSETS BEFORl THl LAST CHANGE 
NU~SER ~F PROJECT 
Nu~eER Cf PERIODS 
OFTI~ISTIC OEVI~TIO~~ 



56 
57 
58 
59 
611 
61 
62 
63 
64 
65 
66 
67 
61! 
69 
7C 
71 
72 
73 
74 
75 
76 
77 
78 
79 
3e 
81 
82 
83 
34 
35 
36 
37 
88 
89 
90 
91 
?2 
93 
94 
95 
96 
97 
98 
99 

1GG 
101 
102 
103 
104 
105 
106 
107 
103 
1tJ9 
11 C 
111 
112 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

c 

C 

P 
P CO C£ 
PDEV 
PE 
PF 
P f8 
PJDAH 
PJIIlfC 
P,", 
PNI 
PP 
PPI 
RO 
R DE V 
REL 
I"!ELi: 
SP 

OERGY FRICE 
PROJECT CODt 
PES!I~ISTIC D[VI~TIONS 
PRICE [LASTICITY 
PCLLUTICN FACTOR 
PCLLuTION FACTOR e~FORE TH~ LAST CHANGE 
PfiOJ[CT DATA INFUT 
PGOJECT INFGRPATICN 
PROFIT "ARGIN 
PROJECT NAME INFUT 
PROJECT PERIOU 
PROJECT P[RIOO INFUT 
REVISED OEfAND ARRAY 
REVISED OEVIATICNS 
AVERAGE SYSTE~ RELIABILITY 
AVERAGE SYSTL~ ~ELIA6ILllY DEfOR£ THE L~ST CHANG~ 
SCHEDULED PROJECTS 
SCHEDULED PRGJECTS ELFORL THe LAST CH~hGe 
TCTAL DEPRfCI'TIO~ 
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S Pi3 
TOE: F 
T O( V 
T DE 'IE 
UC 

TCTAL OEVIATICNS fRC~ LIrITS AhC 
TCT~L DEVIATIC~S fRO~ LI~!TS ftND 
U~lT eCST Of fhERGY GENEPATIO~ 

TARGETS I 
TARGETS SEfOR( TH~ L~ST CH~~GI 

LI CO 

C CHf'I ON 
C C,JMIJN 
C C:<f'\ CI. 

ChlRACHR 
CI-ARIICTER*2 
C""RACH R*4 
C hARAC TE R*4 
CHARACHR*5 

REAL 
~ UL 
r;EAL 
h~AL 

HAL 
Rf. ilL 
PlAL 
RHL 
f< tAL 
R tAL 

U~Il COST OF ENERGY GENE~ATIO~ elFOR[ 

* 
VARIAblES DEtLAAATIC~ 

* 

leHAql PP, SP , LTN 
IS , J1 , J2 , 1DEV , D£V 
U C , IW A , LAt. D , P f , R £ L 

I ~C , ~jSG (50) 
f.SK , 0 urJ,;~Y 
PF(30) , SP(1(,3C) 
PCCDE(12U) i SPE(1Q,3f) , P~I , PPI 
LTN(6) 

TOEV(f) , OEV(6,3C) 
I10EV(0) , IDFV(6,3C) 
RDEV(6,3u) , CDEV(6,3C) , FDEV(t,3Q) 
FC , 1VEP 
ue , NDA , LA~D , PF , RlL 
uca , NDAB , LANDG , Pfa , RtLC 
PJDATA(12G,1C) , PJINFO(12G,1C) 
TCEvu(o) , DEvB(6,3C) 
EGe(3[]), C[GCC!G), CGE(3L), 1<0(3(.), POO 
P E , P~i 

CFF.N ( , FILF. • 0 o· 
CFtN (3 F1LE = 
CFEN ( 7 , FILE 
OFrN ( E , FlU 
CFt,N (<; F Il.E 
CFEN (11 , FILE 

• rD' 
• P R' 
'OUT' ) 
• P J' ) 

• 0 R' ) 

* 
* 
* 

? 

? 
? 
? ! 
? 

?~ 
1 
'/ 
'/ 
? 
? 

I 



113 
114 
115 
116 
117 
118 
119 
12C 
121 
122 
123 
124 
125 
126 
127 
12a 
12'1 
Be 
131· 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
14d 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
16Q 
161 
162 
163 
164 
165 
166 
167 
168 
169 

C 
C 
C 
C 
C 
C 
C 
14 

15 
C 

c 

c 

C 

1 
C 

2 
C 

.. 

.. 

CCNTINlJE 
WRITf (6,1 r.G) 
wRIH«(.,1f.1> 
ASK = ' .... ' 
READ(S,IUCO) AS~ 

IF(ASK.NE. 'GO') 
ceNTINUE 

RE.dND 1 
REO/HID 3 
fiE;;If1D 7 
REwitiD <; 
R EwHiD 11 

ASK 
1 S 
Jl 
J2 
Ie 
IR 
IF = 
1 t1C 
PtH 
P PI 
NPJ 
LEAD 
NPR 

T DE F 
UC 
U C8 
j,DA = 
NDA8 
LAND 
LAllOEl= 
PF 
PFO 
REL 
R ELG 

• * * I 

1 
1 
10 
r 
c 
C , , 

,. 

r. 
c 
r. 

C.O 
0.0 
C.C 
C. r; 
C.O 
C. C 
C.C' 
C. C 
C.fj 
C.C 
O. G 

00 1 I = 
l' SG (I ) 

CCI\TINt;( 

, 00 , , 

00 2 I = 1 , 120 
PCODf.(l) = , 
DC· 2 J = 1,10 

PJ INFO (I,J) = 
COhTIIlU( 

* .. 

GC TO 14 

f.( 
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? 
? 
? 
? 
? 



17J 
171 
172 
173 
174 
175 
176 
177 
178 
179 
13.1 
1031 
182 
1B3 
184 
185 
136 
137 
18e 
18~ 
19C 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 ~ 

2Q2 
203 
204 
205 
20e 
207 
203 
209 
21 G 
211 
212 
213 
214 
215 
216 
217 
218 
21$ 
c20 
221 
222 
223 
224 
225 
226 

3 
C 

00 3 I = 1 ,(; 

LTr.:<I) = , 
Bfv<r ) C.f 
lTD(V (1) = c.r 
TCEv?(I) = C.C 
DC 3 J = 1 

!C::V(l,J) 
o[Jrv(I,J) 
PHV(I,J) 
RD!.'v(I,J) 
DU( I,j) 

DUB(I,J) 
CO /'iT 1'H;[, 

DO 4 J = 1 , .3(J 
RHJ) = 0.0 
PP(J) = ' 

, 3C 
C.r. 
r:.C 
c. C 
C.C 
C.C 
c. e 

DC 4 1 = , 1r 
SP(l,J) 
5PlHI,J) 

4 COr.T INU£ 
C 
17 CCNTHIU£ 

c 
C*·· ** 
C 

C 

c 

wRIH(6,1C2) 
",SK = ' •• ' 
~EAO(5,100~) ASK 
If05~.H.'GG') 

I~PUT OIRfCTCRY FILr. 

REAC(11,9C0C) CUH!Y 
RfAD(11,4COC) Fe , p~ , pr , IEGC, I~( 

INPUT TARGETS AND LIMITS FILES 

RU.o(7,SLlGG) DUI"'Y 
R(AP(7,11CO) NPR, ( LTN(I) , I = 1,(; J 

53 

GC TO 17 

R f f. Il (7, 12 (iI) ) (P P ( J) ,- ( I C to V ( I, J) , I = 1,6 ) , J 1 ,,. p ~ 

C 

C 

RfAD(1,C;OCO) DUt--.:!¥ 
READ(1,900U) DU~~Y 
REAV(1,15CO) « ODEv(I,J) , 1 1,6), J = 1,hFR 
R[A0(3,90GO) CUI"I'( 
REAO(!,90GI1) OUf:;iY 
REAO(!,1500) « PDfv(J,J) , I 1,t), J 1,hPR) 

00 5 I = 1 , C 
co 5 J = 1 , t. P Ii 

O(v<I,J) IOfV(I,J) 
Tnrv<r) Tnv(!) t ~[v(I,J) 

ITCev(IJ TD,V(I) 
5 CONTl~~( 

INPUT PROJECT fILe 

RCAD(~,SOC8)· DU~~Y 

REAC(S,13CO) NPJ 
READ(9,140Q) ( PC~DE(I),( PJCAT_(l,J) , J 

CO 6 I = 1 , :. P J 

1,1( ),1 1,t,PJ ) 



,~7 

2213 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240] 
241 
242 
243 
244 
245 
2 ft t 
247 
24i! 
249 
25C 
251 
252 
253 
254 
255 
256 
257 
25a 
259 
26(; 
261 
262 
263 
264 
265 
26e 
267 
268 
269 
27C 
271 
272 
273 
274 
275 
27C 
277 
278 
27'1 
2ao 
281 
232 
233 

C 

c 
c 
c 
c 
c 
c 
C 

C 

c 

C 

C 

* 

• 

• 
.. 
* 

* 

6 

1 ~ 

2C 

PJr~FC(I,1) = PJD~T'(l,l) 1[~ 

PJI~fO(r,~) FJD~Tft(1,1) * PJ~~lACI,2) • L.Lcue76 
PJlhfOCI,3) PJDATACI,1) * PJD~T~(I,3) • ~c .. 

( 10C - PJDATACI,4) ) I ( 1LCCCCCuC • PJOATA(I,7) 
PJINFO(I,4) = PJDATA(I,1) .. PJDATA(I,3) * 

FJOATA(I,4) I ( 1LCGCD * PJC~T~CI,7) ) 
PJI~F0(1,5) = PJOAT~CI,1) .. PJCftT~(I,2) • c.7~u • 

PJDATACI,S) • PJCATA(I,~) I 1uC I 10[L I 1rc 
PJINfCCI,6) = PJOAT~(I,1) • PJOATA(I,2) • ~.76l • 

FJDATA(I,S) • ( 1GC - PJDATA(I,6) ) I 108 I FC 
1f r; 

PJINfCCI,7) = PJOAT~(I,7) 
PJlhFCCI,8) = PJDATA(I,1) • PJD~TACI,3) .. FC I 

1CCCCGC I PJDATA(l,c) 
PJlhfC(I,9) = PJD'T~(I,q) 
PJINFO{I,1G) = FJDATA(I,1r) 

cor.T ItIlJr 

CC~TINUE 
Io'RIT[.Co,1(3) 
A:K = '**' 
READ(S,1()IJO) ASK 
1 f ( ,\ S ~. r, [ • ' ~ 0 ' ) 

ULL sc~[(r; 

IIf.ITr:(6,1C~) 

* 
* THf INPUT RECOGNITIC~ PODUL£ 
* 

CCNTINUl 
I r.C " 
Pr-.l = ' 
P PI = ' 
R~AC(5,2DOO) INC, PhI, PFI 

I r (I r. C • f ~. ' 1 ' • A to C. F N I. E::: • ' 
If (! r>C • E c. '2 ' • MW. Fli I. EQ • ' 
If(INC.lU.t~'.~NL.FNJ.E~.' 

If<INC.[O.'f,'.MIO.PNI.£r...' 
I f (I It C • ( a. '5 ' • AND. r- ti 1 • r C. • ' 

, ) 
, ) 
, ) 
, ) 
, ) 

C,C TO 27 
GO TO 27 
GC TO 27 
GO TO '(.7 
(,C TO '(.7 

54 

• 
* 
* 

Ir(lNC.(~.'A' •. ~ND.PNI.r-.C.' 
If (I riC • Ea. 'D ' • At, C. P Ii J • N £ • ' 

, 
, .~hG.FPJ.Nl. 
.~NC.PPI.Nf:. 

, 
, ') GC1C·21 

') GeTa 22 

IF (P"I.[(;.· ') GO TO 12 

I f (I N C • E ~. 'S ' • II N C. F i'l. N E • ' fOR f ' ) GC TO 11 
IF (I N C • [Y. 'Ii t • AN C. F '/ I. ~'E. • ' L P , ) GC TO 11 
IF(l/'iC.Eu.'Pt.MiC.FNI.N[.'JNT ' ) GO 10 11 
IF (I ~; C • r Q. 't, ' • nJ 0 • FIll. i'j L • ' s S ,\ G ' ) GO Te 11 
If (I hC .l Q. '1\ ' • AN D. PN I. Ill.' vI fli ' ) GO TO 11 
If ( ! ~ C • E <l. 'C ' • Al1(j. P N I. N E .• ' [It 'l ' ) GO TO , 1 
If (I t< C • ~ (.j. ':; , • AND. F Ii I. r, l • ' c P , ) GO TO 11 



23" 
2.'~ 5 
236 
287 
238 
2B<; 
29G 
291 
292 
293 
29" 
295 
296 
297 
298 
299 
300 
301 
302 
303 
30" 
305 
306 
307 
303 
309 
31C 
311 
312 
313 
314 
315 
316 
317 
318 
31'7 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
3311 
331 
332 
333 
334 
335 
33(; 
337. 
332 
33<; 
3"C 

1 2 

C 

c 

C 
11 

C 

c 
c 
c 
c 
C 
C 
C 
C 
Clit ... ** 
C 

21 

71 
C 

c 

72 

C 

CC;H IIIU[ 
If<INC.C;;;.',,,) 
IF<INC.SU.'H') 
I F ( III C. E (, • ' I' ' ) 
IF(I"C.~(.j.'I') 
IF(II\C.E~.'R') 

IF(lhC.r:Q.'C' ) 
I FCINC. [c;.' C') 
IF<INC.(Q.'C') 

e.C 
GC 
CO 
GO 
GC 

• 'CK' ) 
• 'c K' ) 

TO 
TO 
TO 
10 
TO 

23 
(:4 

25 
26 
~.; 

CALL ~CfiEt" 

"R III (t'~lC) 
FfAO(S,lCGC) ISK 
CAlL 5 C R E tI. 
~F:!TEl6,Hl) 

GG TO h' 

I F ( I ~l C. f. Q • ' C ' • A ~ 0 • ASK. r.. 
IF(INC.E(;.'C'.AI\C.ASK.II 
I F ( I N C • E Q • ' C ' • A I, 0 • ASK .~, 
I F(I~'C.Ea.'C') 

• '( r.' ) 
GC TO .5 

CCNTlrIl:t 

OLL SC~EU. 
I.fITE(t"CC) 
GC TO 2G 

If(INC.EQ.'S') 
If(Irlc.r:a.'s') 
I F(lt'C.Ea.' S') 
IF(INC.EQ.'S'.AND.AS~.NE.'CK') 
I F ( I I, C. EO • ' S' .~. r,D. ASK. Ii r.. 'C r ' ) 
IF(INC.[Q.'S'.A~D.t\SI<.r.r. '01\') 
HU~C.EQ.'S') 

HUI'C.fO.'S') STOP 

CAlL SCP!:[f', 
~f;IT[(I.;,<;Qf) 

Pf-O(:,1r.aC) ASK 
CALL SCHf~. 

I.F.IH(t,H1> 
GO 1 C 20 
.RITE (6,%1) 

*~*,*.*******.*.****.****.*.****** •• ************.** 

* 
• 
* 

ThE ADD ,'COl:U 

CHECK WhETHER THE PROJECT IS ALR(~DY SCHECULED 

CC:.T INlJf 
DO 71 = 1 , 1l: 
~O -{1 J = 1 , r;p f< 

IF (SP (l,J) .NC. PhI) 

ULL SeREr" 
J.lRlTE(6,210) 
GC 10 2" 

CO~T r;,u[ 

CHECK £)(ISTMiC[ Of !t;FUT FROJ~CT 

CO 72 I = 1 , ~PJ 
IF ( rCiJD[(I) ·.Ea. PhI) 

CCit. TI ",liE 
ULL S Cr. EU. 
..F.IH(c,211) 
GC TO 2;:; 

GC 10 71 

GO TO 31 

* 
* 
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341 
~42 
343 
344 
345 
346 
347 
34i! 
349 
350 
351 
352 
353 
354 
355 
35c 
357 
35S 
359 
360 
361 
362 
363 
364 
365 
3C16 
~67 
368 
369 
:!7f1 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
331 
382 
383 
3.14 
385 
386 
337 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 

C* * •• -
C 
31 

C 

C 

73 

"l­-', 

77 
C 

78 
C 

C 

C 

79 

C 

CHfCK [XIST~hCr Of P(~lCO 

CCIlT WUE 
IP = I 

00 73 
! F ( 

cor,T INLl 
OLL SCREet, 
"~IT[(t:,'12) 
GC 70 2(, 

=l,~,PR 

pru) .£c.. P F 1 ) 

STORE THE INfORMATION FC~ BEfORF C0~~{hC 

Cel,TltlLE 
IC = 1 

nc 77 1=1,6 
TDEvB(!) = TorV(l) 
DC 77 J = 1 , /iF" 

CtV8(!,J) = Dr~(I,J) 
COt.TINCl 

c(\ 78 I = 1 , 10 
DC 78 J = 1 , ItPF: 

SP8(I,J) $F(I,J) 
COI'.T INur 

:i DA EliDA 
U Ct! U C 
LAI~Dt LM;O 
PFO PF 
KELG ~EL 

SCHCDULr TH~ FROJECT Nf O [ 

no 79 r = 1 , 1u 
IF (SPCI,IC> .1,(.' .) 
$P(I,zC) FCCDE(lP) 

GC TO 33 
COr.THIU[ 

ULL SCREU, 
knrr(c,213) 
GC TO 2C 

('C TO 32 

GO TO 7<; 

coo... ADJUST OEvIATIOII$ Fno~ INVESTfr~l PUO(rl~ 

C 
33 CCNTINUE 

LEAD PJ INFC <IF, n 
If ( IC • LEAD - 1 .Gf. "Fi) LE~D = r.r~ - IC • 1 

00 DC J = Ie , Ie • LEAD - 1 
o E v <3 , J ) 0 r v ( 3, J) - P Jl ~I F C ( IF'; ) 
TD(v(3) H[V(3) - PJltlFC<IP,3) 
DEV(4,J) OEV(~,J) - PJu,rC<Ip,4) 
Tef V (I,) . TDfV (4)- PJ1!\fC<If',4) 

88 CO~TIN~r 
IF ( IC • Lri'.O - 1 .fO. r-.FR) (,c T() 34 

C 
CO***- ADJUST DEVIATIO~S fRD~ 0ThCQ Ll~ITS IhD T~RGilS 
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39S 
399 
~OO 
401 
402 
403 
404 
405 
406 
407 
4Dc 
~09 
1,10 
1,11 
412 
413 
414 
1,15 
1,16 
417 
41 S 
419 
42C 
421 
422 
423 
424 
~25 
426 
427 
42 i! 
429 
430 
431 
~3 2 
433 
434 
435 
436 
437 
1,30 
439 
I,4C 
441 
~I,2 
443 
I,I,~ 

445 
1,46 
447 
448 
44'1 
1,50 
451 
452 
453 
1,5~ 

C 

C 

C 
C*·* ** 

P.9 
C 

C 

* 

* 

* 

C***** 
C 
34 

C 
C 
C 
C 
C 
C 
C 
C* ** ** 
C 
22 

71, 

LIFE = FJDATA(IF,H) 
IF ( IC + L~AD + LIF[ .LT. ~PR 
IF ( IC + LEAC + LIFE .GE. ~Pr. 

L GP 
LOP 

IC + LEAD + ~IFr 
f'<FR 

DO 69 J = IC + LEAD , LOP 
DoV(l,J) DEv(1,J) ~ PJIHC(}P,1) 
HEv(" TDEV(l ) ~ PJINFC(IP,1) 
DEV(Z,J) DEv(?',J) + PJINFC(IP,Z) 
TDEV('Z) TDEV(2) + PJlI'tFC(IP,Z) 
DEV(5,J) DEv(S,J) P J I !; F C ( IF, 5 ) 
TOEV(S) = TDEV(S) PJI~FO( IP,S) 
DEV(6,J) DEv(t,J) PJll'<FC(IP,I..) 
TDEv(6) TDf.V(6) PJlIlfC( IP,b) 

ADJUST CTItER VHlt\BLCS 

NDA 

UC 

UNO 
PF 
REL 

[GC(J) + PJIl'<FC(IP,t) ~ FJlhFO(IP,5) + 
PJIHFO(IP,t) * Fe I 1LG~ 

T J[ P 
CO(, T wlJr 

TDEP + PJINFC(IP,8) 

= 

( ITD[V(3) -.TDEV(;) ~ ( ITOfV(I,) - TDfV(I,) ) • 
FC I 1eGe - TDEP ) I leGe 
( ITDE~(5) - TDEV(5) + ( ITQL~(f) - TC~V(O) ) * 
FC I 1C02 • leEP ) I ( TDEV(2) - ITDEV(Z) ) * 1~ 
LA~D t PJI~FD(lP,9) 

PF • rJI~FC(IP,lC) 

« TDrv(1) - ITDEV(l» I UlOrv(1) • (-1>)) •• 1'1 * ,~c 

SCREl~ TH[ ~[SULTS 

C erH IItU[ 
OLL SCREI.!, 
~~ITE(f,3DC) FHI, PPI 
Eel C 2C 

* •• ** ••• *.*~~** ••• *****.*.******.*.**.********** •• * 
• 

* T~E DtLElE pOOULE 

" 
*.*.*********************.*********.*.************* 

CHECK FCR l~PUT VALIDITY 

CCNTItiU( 
CO 74 

IF 
1 C 
DC 

= 1 , I\PR 
prO) .!'If. 
I 

P PI 

7/. J=l,1(' 

GC TO 74 

IF 
I:l = J 

( SF(J,IC) .N!. P~l ) GC TO 74 

G C TO I.f! 
cOIn IHCE 

ULL SCr;[fh 
"~IT[(t.,23() 
G( TC 20 
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455 
1,56 
1,57 
1,5c 
45'1 
46e 
461 
462 
463 
464 
465 
466 
467 
468 
46'7 
470 
471 
472 
1,73 
471, 
1,75 
476 
1,77 
478 
479 
4BG 
481 
1,82 
1,83 
I,SI, 
485 
436 
487 
1,88 
489 
49C 
1,91 
492 
493 
494 
495 
496 
497 
1,?8.. 
499 
SOC 
501 
502 
503 
504 
505 
506 
50 7 
51,) S 
509 
51C 
511 

4C 

7) 
C 

76 

c 

c 

91 

c 
c ...... ** 
C 

41 

c 
42 

92 
C 
c .... • ** 

STORl THf Ihfap~ATIC~ fCR 9FfCkf cc~~£~c 

CUlT IrlUE 
CC 75 I = 1 , 6 

TOl·,,,(!) = lDfu(!) 
DC 75 J = 1 , NFh 

D[V8(I,J) = DLV(I,J) 
CCr,TlilUl 

co 76 = 1 , 1C 
DC 76 J = 1 , 11 p" 

SPG( I, J) ~F(I,J) 

C0~TlNUF. 

NellI; r,OA 
U C8 UC 
LMIDE LAND 
Pfll Pf 
Ri:LG I1lL 

FIND PROJECT FIL[ INDEx 

CO 91 I = 1 , r,P J 
IF ( PCODE(I) .N[. FNI ) 
IF = I 
GC TO 41 

cor.TI~U( 

OLL S CF. to 
.. ~ I TE ( t, 511 C> 
GeT c 2C 

U f' D A H 1 H [ sell [ 0 U L t TAb L [ 

CCi'tTINUE 
IF ( SF-(1ll,!C) .[~. • 
SP(!P.lc) ~P(10,ICl 

S r (1(>,1 C) 

GO TO 43 

(CNTINU[ 
DG n ! = 1 , 1 U 

. ) 

If ( SP(11-I,lC) .U •• 
5F(I~,IC) = SP(ll-I,Ie) 
SP<11-I,ICl 
(j C TC 4~ 

CO"T I IJ UC 

GO 10 91 

GC TO 4~ 

.) CC TO '12 

ADJUST DEVIATIOHS FPor IhVEST~lhT ~UD(lT~ 

CCNTINUL 
Li'AD 
If( 

F J I Ilf 0 (l P, 7) 
Ie + LEA 0 - 1 • G t. Ii P fl) U. ,\ll = II PH - 1 C • 1 
00 93 J = Ie , Ie • L[~D - 1 

oEV(3,J) DLv(!,J). PJINFC(IP,3) 
TOlV(3) lDEV(3). PJI~FC(IP,3) 
OEV(4,J} DE..,,(4,J). PJlIiFCCIP,4) 
TDEV(~) TDev(4) 9 PJINFO(IP,4) 
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512 
513 
51 I, 
515 
51 c 
517 
5113 
51 '7 
52': 
521 
522 
523 
52 I, 
525 
526 
527 
528 
52'i 
53C 
531 
53 <: 
533 
534 
535 
536 
537 
538 
53'i 
540 
541 
542 
543 
.544 
545 
546 
547 
548 
54 'i 
550 
551 
552 
553 
554 
555 
556 
557 
558 
55 '1 
560 
561 
562 
563 
564 
565 
566 
567 
568 

93 

C 
C***** 
C 

94 
C 

c 

C 
44 

c 
c 
c 
C 
C 
C 
C 

23 

C 

« 

* 

* 

• 
« 

* 
* 

COt.T HIUF 

IF ( Ie + L5~O - 1 .[U. MFR ) (,0 TO 1..4 

ADJUST D(VI'TIO"S fRO~ eTHER LI~lTS ~~D l~RGETS 

LIFE FJD/,lUI,S) 
If ( IC + L~"D + LIft .LT. r.PR 
If ( Ie + LEAC + LIfE .Gr.. NPR 

LOP 
LCP 

Ie + LEAD + LIFf 
t;PI' 

'i4 J IC + 
DEV(1,J) 
TO[V(1) 
DEV(2,J) 
TeEv,,) 
DEV(S,J) 
HEV(5) 
DEV(t"J) 
TCEV(6) 

L[AO , LOF 
OEv(1,J) 
Torv (1) 
Cf'v(Z.J) 
TOEV(Z) 
DEv(5,J) 
TOEV(5) 
fiE.V(t,J) 
TO£v(6) 

P J I t. f (; ( I P ,1 ) 
- PJIf<rU(Ip,l) 
- PJlr.FC(IP,;:> 
- PJll'fC(IP,'::> 
+ PJU,fCCIP,5) 
+ PJl/.ro( IP,5) 
+ PJINfC(IP,6) 
+ P J 1 I. F C ( I P , (,) 

ADJU~T CTrlER VA~IABL~S 

Ii Ot. 

uC 

L\·'lO 
pr 
REL 

EGC(J) [GC(J) - PJINrC(IP,6) - FJI",fO(IP,S) -
PJI~fC(IP,D) • Fe I 1u r u 

T DE F 
cor.TIl;ur 

ID[P - PJINfC(IP,t) 

= ( ITO[v(3) - TCEV(3) + ( IlCEV(4) - TDrV(4) ) • 
FC I 1 Glle - n EP ) I HOC 
( 11&Ev(5) - TOEV(5) t ( I1D(V(6) - TeE.(6) ) « 
FC I 1COG + TufP ) I ( TOE~(2) - ITDEV(~) ) • 18 
LAND - PJI~FO(IP,9) 

FF - PJINFC(IP,,[) 
« TeE'J(D - lTD£v(1» I (IlD<'V(1) * (-1») *" H • 1G( 

SCREL~ THF Rl~ULTS 

cern wU( 
ULL $Cr~HI\ 

~~ITE(6,40C) FhI, PPJ 
GeT Q 2C 

THE L~ST Sentlh ~CuULF 

* 
*.*~*.*******.*.***'****.**.*.*******.***.***.****. 

ccrn INU[ 
wRITL(6,19u) UC~, 15 , 

NDAE , REL2 , L~Noa , PFe , ( PP(J) , J = J1,J2 ) , 
LT~(l) , TO[v~(I) , ( DEVc(I,J) , J J1,Ji), 1,~ ) , 
PF(J) , J = Jl,J2 ) , 
1, ( SPil<I,J) , J = J1,J2 ) , T = 1,11: ) 

\,id H (6,1 ."l') 
ASK = '*.' 
R£AO(:;,1(1CO) ~SK 
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56 .. 
570 
571 
572 
573 
574 
575 
576 
577 
57.3 
57S 
58G 
581 
582 
583 
584 
535 
586 
537 
588 
58'1 
590 
591 
592 
593 
594 
595 
596 
597 
59a 
59'1 
60a 
601 
602 
603 
604 
605 
606 
607 
608 
60S 
610 
611 
612 
613 
614 
615 
616 
617 
618 
61S 
620 
621 
622 
1123 
624 
t25 

C 

C 
C 
C 
C 
C 
C 
C 

C 

C 

c 
c 
c 
c 
c 
c 
c 

C 

c 
C 
C 
C 
C 
C 
C 

24 

25 

26 

IF ( ~SK .NE. 'GO' ) 

ULL SCRELh 
I.~ITE(6,1t\1> 

GC TO 2L 

* 
* 
* 

CCNTINU( 
WRIH(6,150) 
AS': = ' .. ,.' 
K':II0(5,1GOO) ASK 
If ( ~SK • ~E. 'GO' 

flRl H (6,151) 
tlRI TE<I:,,152) 
ASK = '**' 
RCAO(S,10QO) ASK 
IF ( ASK .NE. 'GO' 

ULL SCREU. 
I<S;ITE(6,153) 
GC TC 2C 

* 
* 

GO TO Z3 

ThE Ht:LP HiCL'LE 

GC 10 ~4 

(;0 TO '(.L 

THE P~I~T ~GCULL 

.. 
* 
* 

* 

* .*.*.-.. _.*_.*.****************_.*.****.*********** 

* .. 
* 

C CtiT IN ur 
wRIT[(8,190) UC , IS , 

tiC/, , REL , LAND, FF , ( PFlJ) 
( LTh(I) , TDEV(I) , ( uEv(!,J) 
( PP(J) , J = J1,J2 ) , " 
( I , ( SP(!,J) , J = J1,J2 ) , 1 

CHL SCRE[11 
IoRIH<c,17C> 
GC TO ,I; 

, J = J1,J2 ) , 
J1,J2 ) , ;: 

1 ,1 C ) 

.. 

.. Tht ~ESS~GL ~CCULF .. 

1 , /:, ) , 

.. 
* 

***.****.******~**** ••• *.*.**.** •• *********.*.***** 

CCNTINUE 
CALL 5C Rn~ 
IIRlH(6,100)" 

"U~(5,~COC> 
.. RIH(E,16 1 ) 

OLL SCH!:/> 

t"~G(I> , 
I'SG(!) 
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61 

62(; 1,f.ITE(c,lt2> 
(;27 H TO 20 
628 C 
(;29 C ** •• ************************************-********** 
c:30 C .. .. 
631 C .. TH[ (j~VIA1l0NS FCVlEIo. I'.evuu .. 
(;32 C 
(;33 C ••••••••• * ••• ** •• - •• **.-.••.•••• **-**._* •• - •• - •• *.* 
634 C 
05 23 CctITHiUl: 
1:36 CALL SC~E~N 
637 WRITf. (6,7CG) 
(;38 ASK = • ** • 
63'1 PE,\C (5, HIOO) 1.51( 
64C If ( ASK • .;-1) • '01' • GO TC 51 
641 If ( 1 ~J • E(.c. • P t I GO TC c-.;Co 

642 IF ( ASK • EO • 'I,e I GC Te ~:! 
643 GO TO 2E 
644 C 
645 C*···- OPTH'r~llC RE VlEli OF DE Vln tOilS 
t.46 c 
647 51 CCrHINU£. 
64 a DU 55 I = 1 , (; 

C49 00 55 J = 1 , r, pt:, 
(;5C ~Ev(1,J) DEVO,J) + OO[v(1,J) 
651 tlDEV(I,J) = OO[v(I,J) 
(;52 55 CONT lliUt 
653 C 
654 CALL SCH.EN 
1:55 wRIH,(6,7G1) 
656 ASK = ,** • 
657 R E.'" 0 ( 5, 10 OC ) (lSI< 
658 If ( AS K • E oJ:. • r~ f. • c.c TO ('r 

65'1 If ( ASK .Eu. ' GO' GC TO 59 
660 GC TO 51 
661 C 
662 c·'**** PESSl,Jl STIC HVIE;'; Of D E V J A Tl C Ii S 
t63 C 
664 ~ -~, CCrHWUC 
(;65 DO 5(; I = 1 , t, 

666 DO ~c J = 1 , I, p" 
667 orv(I,J) DEV(J,;) + POlV(t,J) 

(;603 RDEV(I,J) = I'O(V<I,J) 

669 56 CONTI~UE 

67n C 
671 C,A. L L SCREU; 

672 WRIH «(u7C?> 
673 A $1( = , ** • 
674 R [II 0 (5, 1f.lCiJ) AS t: 
675 IF ( ASi< • E J. ' NE ' GC TO 6r 

(;7(; If ( AS K · [~. I GO. GC TO 5'i 

677 GC TO 52 
678 C 
67<; C****- CH,fI"O ~l'IlS1Crl P[~ P ~ Ie [ [LflSTlCIlY 

680 C 
681 53 CC'iTINU£ 
c82 DO 51, 1 , 6 



683 
tS4 
{;85 
ta{; 
{;37 
t38 
tdr; 
690 
{;91 
692 
693 
694 
t95 
696 
(;.97 
{;ge 
{;99 
70C 
7;)1 
702 
703 
704 
705 
706 
707 
708 
70. 
71C 
711 
712 
713 
714 
715 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
72<: 
727 
72 .~ 
729 
Be 
731 
732 
733 
734 
735 
736 
737 
733 
739 

54 
C 

6(; 

C 

C 

51: 
C 

61 
C 
02 

C 

C 

C 
C 
C 
C 
C 
C 

5'1 

57 

.C 
27 

* 

o 0 5 4 J = 1 , r~ "R 
~DEv<I,J) = C.f' 

celn 1 ~uE 

CCiHINU[ 

CfGC (1) 

C G£ (1 ) 
p (1) 

I,GC (1) ~ IEGC 
rAE ~ DEv(?,,1) - IDEV(;:,1) 
P~ • CEGC(1) I CGE(1) 

DO 52 J = 2 , "PR 
C[GC(J) CEGC(J-1) ~ f.G(J) 
CGE(J) = CG[(J-1) t DEv(Z,J) - IDLv(Z,J) - POEV(2,J) 
P(J) = PM * C£GC(J) I CGE(J) 
If(J.LT.4) GCTOSe 

RD(J) = EXP( -1 • Pl' (~.t(;tS * P(J-ll t 

G.3679 * p(J-2) t r.C250 * P(J-3) ) * 
( IOEV(2,J) • ~C[v(2,J) 

CC~H1I1UE 

DOt 1 = 1 , I; P R 
RDEV(2,J) = ~D(V(2,J) t ku(J) 

CCIOTlliUf 

ceNT 1.'1 I.!!: 
CALL scnff" 
ilRIH(6,7U) 
ASK = '**' 
R~AD(5,10C(') .~SK 

IF ( A S ~ • 1~ E. ':; 0' ) 

CCNTINUE 
DO 57 I = , 6 
DO 57 J = , NPR 

OEV(l,J) oCV(I,J) - i<D£V(I,J) 
C eln I ,\U ( 

CALL SCnE[N 
\<1[<1 H (0',1 c1) 
GO TO ?C 

* 

GC TO 62 

* TH~ SCFlFN ~LICl ~CDULE 

COlT lNUE 
If ( IN C .[ ~. ' l' ) IS 
If ( INC · [c. ' 2' ) IS 2 
If ( IN C • E: II • '3' ) IS 3 
If ( 11; C • ( i.l. '4 ' ) IS 4 
IF ( IN C • ~ J .. '5 ' ) I~ 5 

Jl = IS • - 4 
J2 = J 1 • 'I 

ULL S cn E[" 
IoRIl f(t-tUC) 

62 
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740 
741 
71, 2 
743 
741, 
745 
71,6 
747 
7l,8 
He; 
75C 
751 
752 
753 
751, 
755 
756 
757 
758 
759 
760 
761 
762 
763 
761, 
765 
766 
767 
768 
769 
770 
771 
772 
773 
771, 
775 
H6 
777 
77B 
779 
78C 
781 
782 
783 
734 
785 
786 
737 
788 
789 
790 
791 
792 
793 
794 
795 
796 

c 
c 
c 
c 
c 
c 
c 

C 
C 
C 
C 
C 
C 
C 

C 

C 

C 

HOC 
110() 
12CO 
l3UO 
1400 
1 son 
2 eli;] 
3COO 
I, cor; 
9':0r. 

H(; 

101 

1 C2 

1 ::3 

GC TO 2(' 

• 
HPuT FCR~~lS .. 

.*.****** ••• **** •• *** •• ****_ ••••• **********.******. 

fCR~AT ( A2 
fC~I~AT( II, , 6( 1x , A5 ) ) 
fCRMAT( AI, , 6F6.(; 
fCRI~AT ( 14 
fCRhAT( AI, , 1Cf5.C ) 
FCR~AT( 4x , 6F6.G ) 
FCR~AT( A1, 1x, 1.1" 1x, AI,) 
fCR.",AT ( cOll1 ) 
fC R ~; AT ( 5 (; x , F 1 ': • c ) 
FCRf'\AT( ~z ) 

.. .. .. 

FCR::'AT( '1' 111/11/111//1/ 21,x, '-­
.. 1111/1111111// ) 

- _I , 

FCilHAT< '1 ' /1// Ix , 77( , . , ) , 
/1/ ~x , 'lHIS PHOGRM- IS F[([Fl-.R f~ IN 191: 3' , 

.. 1~ , , M,C REvISED It; HE.S' , 
• /I 2x , , EY TF. HI ~ ULUSOY', , 
.. 1/ ax , • .AS A r.\Rl Cf hIS r.'SlER IHfSIS .' , 
.. /I .=X , '- JUD('[~1rr,1"'L FRr,GR~,~l'IIt.G HH AN [X~~PLE Feli' , 
.. Ix , , IN \IE STI'UIT PlA~NH;G -' , 
.. /I eX , 'SUPf fl.y IS ED llY FRCf.DR. l~r,',I1If K~y "~.~CGLU' , 
.. /I ex , , It: TIll 1 "Hl U:: In IAL EriGI :ll[F II\G o £. P p ,n n: ;, T ' , 
.. 1 x , 'CF r,CSPHOI\U$ U~I\lnSnY' , 
.. /I ,~x ., 'w 1 ST.~NeuL' , 
.. /1/ 1x , 77< ' .. ' ) , 
.. /1/ 22 x , , rnCGRM 1$ It; I N I Tl ~ L !Z q 1 (; I, SP,G£' , 
.. /1//1 21 x , '-- PLU.S[ E hT r-R -Gu- Tli ccrHlhuf --' ) 

fC"t'iAT ( '1 I 111/1111 .. 1//11/ 26 x , 'lNITlALIZATIOrl CO~PUTU' , 
* 1/1/11 25 x , 'PROGRAH IS It; INPUT SHG[ , , 
.. /1111/ ,Ox , '-- PL"ASC E 1<1 E R -Ge- T(, CCIiTHUf --' II/ ) 

F CRI"H ( '1 ' 1/11 

• 1//11 ~2 x , 'I NP UT STAGE co,'.PLr:Tf:; , , 
• 1/11 35 x , 'pnOGfi I,", 1 S r,[~()" , 
.. III/ ?x , 6'i( '. ' ) , 
• /I Ex , 'FL::AS£ RHU",fR :' 

• I ~x , "YOU CPo :~ USE P.E 'j!: IlV EO 1.'1)[< DS -H- OR -HfLP-' , 
• I ex '10 H ~v:: THE l'U,tllIiG:; or ~LL RE so.va \<r;F. OS , , , 
• ' AI.D ~ e t~ REV LIT lOr. S ' , 
.. / ax , , ~l " 'tY T I:', r puUNG lIit. P!WGFn [~tCUTlor, ' , 
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797 
798 
799 
aDG 
e01 
1:02 
E'J 3 
1:04 
BuS 
606 
807 
808 
209 
81 G 
811 
812 
813 
814 
815 
81C 
1:17 
1:18 
1:19 
820 
1:21 
822 
823 
824 
~2 5 
82e 
827 
828 
829 
BO 
1:31 
1:32 
833 
834 
1:35 
1:30 
237 
(138 
239 
1!4G 
841 
1:42 
E43 
1:44 
845 
846 
E.47 
84c 
849 
8SG-
351 
852 
853 

C 
H4 

C 
15(: 

C 
1 51 

152 

C 
153 

C 
16U 

* II~)( , 69 ( '*' ) , 
* 1//1/ 25X, '-- PL£~Sl .'-TEF! -GO- TC; CCN11NUE --' ) 

fCRIIAT ( 28x , '- - R r A 0 Y - -' ) 

FCRrAT( '" 1/ 
* 11'< , 'If'lPUT CCI'li"'AfiDS ., , 
* //1)'. , 'A/++++I---- : ~OD PROJECT +.+t 10 YEAR ---- , , 
* 'TO START TItE Pf<OJECT H ----, , 
* 1/ 1 I , 'B 0 R ;; E fOil E : S H 0 iH THE S C RE ~" LJ f F C R[ T H [ U S T O~, E' , 
* //1X , 'c OR CLEAR : CLEAH ALL 5CHE~UL[D prDJECT~ AhD ' , 
* 'RrINl11ALlz[ THE PRCGRA;I.' , 
* 111x , 'O/+t+t/---- : OELfTF PRCJrCT t+ •• FRC~ Y~A~ ---- , , 
* 'TO RETURt, TO TII[ STHE "lFOill ' , 
* 111 X , 'H OR HHP : DISPLAY 1 HIS SC;,[(I'.' , 
* 111 X , '1'1 OR ~ESSAGE: PRlIiT' cr.c .. 11t'[ , , 
* 'A ~ESSAGE OF d~ CHARACTERS D~ PAPfR' , 
* 1/1x , 'p OR PRINT : PRINT THE CUCRE~T 5CREE~ eN PAPE~' , 
* 111. , 'e OR R[VIE~ : PfVl[~ ~lVI~TIC~5 Fror ' 
* 'LHilTS AND TARGET$ , , 
* /l1x, 's or STep 5TOP THE HOGRf,:-" , 
* 1/11 , '1,2,3,4,5 : SLICE THE SCRru, ' , 
* 1111 
* 1/221, '-- PLEASE E;!,TrR -GO- FO~ THE 'ilXT p/~Gr --' ) 

FCRr't\T( '1'/ 
* 1/1'/.. , ':; C Rf E,., 1!1 ,;r, r. v H Tl C Ij S ., , 
* 111 X , 'S ' , (; X,' S C F E f!; I, ur l'l tl ' 
* I 1 x , 'uc ',ex,' liNIT CCSl OF t!'ilf\GY 6[1;[<;('l1CI. (TL/K~H)', 

* / 1A, '1:01. ',6X,' 1<01, DEPRECHHO f_SS~T~ (1CCLc:: TL> ' , 
* I 1 I , , IH L ' , 6 x,' f. V r: H I G r. s Y S T c~, [-: r L ! H, I Ll H (;0 ' , 
* I 1x , 'LftND ',6x,' U/IO USlC FO;~ HvlSTr£r.TS (KI,(:)', 
* I 1)( , 'PF ',6x,' POllUTIOIl fII.CIC~ (Kr CU£;ES so.:) , , 
* 1/1)( , 'OEvsr',EX,' orVI~TIOhS fRC~ lIPITS AND TARGETS' , 
* I 1 x , , T C T !. l ' , ex " D l~ UTI (; Ii ~ T r.l to l ') 

FORI"i\T( / 
* 1x, 'PC\.IER',6)'.,' O[vlnIOI.S FRO" PC ... lP. TARG£TS (1f01'1I)' , 
* I 1A , 'lh(~G',6X,' DEvIATIO~S FRC~ Et<rRGY T~RG[TS (1urG~H)', 

• I 1 A , 'It; TL n. ' , t X , , : D f: V J A Tl C Ii ~ fRO I' 1 t- V r s n, ( " 1 ' , 
* 'Tl fJU OG~T LIt'IT S <1'l e)' , 
* /1)( , 'IMC!?', b)'. " : DEVIATlCIIS Fr-CI' It-Vr,51t',E;-.T ' 

'FeR. CU~. ~UDGrT lIIITS (S ~)' , 
* I 1X , 'O'TLB', 6X , , : DLVlftTIO~~ FRO~ CP.I'AINT[hANCF', 
* ' TL 8UDGrT LInTS (TL 8)' , 
* / 1)'. , 'OfFca', 6X , , : DEVILTION5 F1Cf CP./~~IhTEhhNC~', 

* ' FOR. CUR. nU(lGET LI~ns (£ n' , 
* 111)( , 'SCH.PROJECTS: SCHiDULEO P[luJECTS SlId(HC ' 
* 'AT THE aEGI"iNlr;G CF UCh F[~ICD' , 
* /11// 
* 1110x , '-- PllA::,r [NHIi -GC- TC k£TUPI: ' 
* 'TO THE CURI\£tiT SCI:Ert, --' ) 

FCR"AT( ex, '-- YOU C~!, ·~[FNH~' -H<:"LP- Tro tiAVE ~G"Ht ' , 
* 'Th[ HeLP SCRUN --' ) 

64 

FCRKAT( 7x , '-- PL[~SE r~lrn Y(LR ~r~5~Gl UP 10 ~r CHARtCTlP::' , , 
* 'Te 3[, PRI!iTcO --' ) 



854 
855 
e56 
1!57 
eSc 
259 
S6C 
861 
862 
863 
c64 
e65 
866 
867 
868 
869 
an 
871 
872 
873 
874 
c75 
87b 
e77 
878 
879 
880 
881 
882 
e83 
834 
S35 
E86 
887 
888 
Eil9 
e9G 
891 
892 
893 
894 
895 
896 
E97 
E98 
899 
SOO 
901 
9J2 
903 
904 
905 
S06 
907 
'iDil 
909 
910 

e 
161 

C 
162 

C 
17L 

C 
1 cO 

C 
121 

e 
190 

c 
2eD 

C 
210 

C 
211 

C 
212 

C 
213 

c 
23(j 

c 
3ClJ 

c 
~C(l 

C 
5 CO 

e 
oeD 

C 
700 

C 
7C1 

C 

fCf/"AT ( 1x , 8CA1 / ) 

feRt~n ( 16x , '-- THE ~ESSftGE LI~[ IS PRINTED CN THE PAPrk --' 

fCRH/,T <. 1c}; , '-- THE ~BCVE SCREEN IS P~lkTED CU THE PAPFR --' 

fCRMAT( 1X , '-- TH( LAST 5eREr~ WAS AS ABCVE, , , 
'PLEASE EhT(~ -GC- FOR THE CURRlNT SC~E[~ --' 

FCRHAT( 211)( , '-- RUURt.t:D TO TUE eURH"T ~CRHN --' ) 

fCRI">AT< 
o 1/ 

'1 I , 

1x , 'UC;', F9.0 , 57x , 'S;' ,11, 
.. /1/ 1X , ''''o~ ., , F13.0 , 5x , 'F~L;' , ft.~ , 5x , 

'LAIID:' , f10.U , 5x , 'Pf;' , f1Z.C , 
* 1/ / 
.. I 

1x , 'O[VSF' , 2x , 'TOTn' , 1x , 1C( iX , ~4 ) , 
1x , ' ...... - 0*._0' , 1x , 1Q( ,X , '0_0.' ) , 

- II 
o I 
• 

t( 1x, A5 , FE.r , 1Uf6.~ ) , 
1X , 'seH. P~OJECTS', 1J.~( ,X , 14 ) , 
1X , 1~( '.' ) , 1C( 2x , '-_ •• ' ) , 
10( / 9X , 12 , '-->' , 10( 21 , A4 ) ) I 

FCRPAT( 9x , ' ••• UNA[CDG~lZED IIlPUT; , , 
• 'PLE.~SE I.RIT£ -HfLF- OR REEI<TE? C~,REfULLY •• 0' ) 

FCR~AT( 9X , ,_ •• THE PROJECT I~ ALhEADY 5CHEOULE~; , , 
• 'INPUT 15 IGNORED -_.' ) 

fORHAT( 14X , ' •• - U"RECOG~lZEO FROJECT ~A~l; , , 
'PLEASE REE~JER ••• ' ) 

fCR~II1T( 14K, "" UI,r.f.CCGI\IZEO F~FlOi) tiM,r; PLEt-Sf 'RlEf,Tfr: _.*' 
fCRKAT( 1X , ' •• - THERf 15 1<0 PLAce TC SCH[DULF THC rWOJEC1; , , 

o 'PU,ASE REvH~ Tlif PERIOD **.' ) 

fCRMAT( 13x , ' ••• U~RrCCGNIZED DELETL CO~~~I\D; , , 
- 'PL[~,SE flEl'hTCR ... ' ) 

fCR!~AT( 11x , '-- Pl\vJFCT ' , ,'4 , , l~ ST1P.TlC ' , 
- 'AT THE ~rGI"IiII<G Cf ' , A~ , , --' ) 

fC~~AT( 7x , '-- PRDJLCT ' , .4 , , 15 DELfTfO ' , 
• 'Fel: Pr.RICO~ bfGHII\I"G Fr.o~' 14,' --' 

• 

• 

• 

Fe RI'i AT ( 14 X , '. •• U I'j • ~ C C G r, Z f D , 
'E F. ~ 0 R ••• ') 

FCR"'AT ( 24x , '-- tOll CHANGEO TilE SCflHf, --' 

fCRt~f,T( 13x , ''';- i'LEASI:. [fiTfR -CPT- , -Fr.S- OR -t.C~- , , 
'FCR OEVIATIONS .PEVI~W --' ) 

fCRMAT( 1X , '-- OPTINISTIC PEvlfW P~RFo~vrc, , , 
'-I\ExT- FOR ?RICE EL'SlICITY, -GC- TC RETuRh --' ) 
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911 
'112 
913 
'114 
915 
'11(; 
<;17 
'118 
919 
'120 
921 
922 
923 
<;24 
925 
926 
927 

1 
2 
:3 
4 
5 
6 
7 
2 
9 

1C 
11 
12 
13 
14 
15 
16 
17 
1C 
19 
2C 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

C 

c 

C 

C 

C 

le2 

7C3 

eco 

9IJe 

9Cl 

c 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 
19U 

* 

* 
* 

* 

* 

* 

Fe Ri',,\T ( lX , '-- r [S 51:'1 ~ TIC RfVIlw rLPf~F~lD, 
, , 

'-hf XT- FOR Pfl Ie r fUS Tl C1 TY, -GC- 10 FE TURI. 

fCRMAT ( lX , '-- C £iJ M~ 0 RCVIf.'.rD 
, , 

'ACCOROI~G TC THF PRICF. ~USTlC1n, , , 
'[HER -GO- TO RHURI. -- , ) 

fCRf',AT ( 4x , '-- yeu wILL CL tA it ALL Y(;U~ ~ CO., , , 
'PLEAS ~ tNTi.P -OK- fCR cell fl RI' ~lICr, --' 

FCRMAT( 5X , ,-- YOu wIlL STep THE Pii()(j~~r" 
, , 

'PLUS E HnCR -01<- FeR CCtHIill Allor, --' 
FCR~AT( '1 ' 11/11111/1/1/ 2(; ~ , ,-- YOU STePPED THE 

111111111111111 ) 

EIID 

* 
* 

T~E SCREEN SUEReUTIN~ 

S Li3ROUTI :,r 
C C.NHON 
CCf'~CN 
CC"lI1GN 
C~ARACHR*4 
CI1ARACTER-S 
HAL 
REAL 

$ CR EO 
ICHAkl 
IS , Jl 
UC , /i[JA 
PF(3iJ) , 
LlN«(,) 
TOt v (6) 

UC , I.[JA 

\./RITE(6,190) uC , 

pp , ~p , L1N 
, J 2 , TDEv , o Ev 
, LAr,o , PF , '?l L 
SP(H,30) 

, D[V (/,,30 
, LA~D , PF , RtL 

I S 

--' ) 

PROGR/i", 

* NDII , REL , L f.t, 0 , Ff , ( P F (J) , J = Jl,J2 ). , 
* LTti(I) , TDEV(l) , ( DE~(!,J) , = J1,J2 ) , 1,6 

* P F (J) , J = J 1, J Z ) , 
* I 

FeRMAT ( 

* /I 
* III 

* III 
* I 

* 
* /I 
* I 
• 

Ii .TU f\IJ 
[~D 

, ( SP( I,J) , J = J1, J 2 ) , 1 "lC ) 

'1' , I 
1x , 'UC:', f9.0 , 57x , '~:' , 11 , 
1x , '~OA :' , F13.U , ~,( , 'fif.L:' , f6.( , ~)( , 

'L1./\O:' , flC.C:, 5x, 'PF:' ,F12.C , 
1x, 'orvSF' ,2;( , 'TOT~L' , 1l\ , 1C( 2~ , .4 ) , 
lx , .~ •••• ** •••• , 1x , 10( ~x , '****' ) , 
e( 1x, AS , f2.~ , 1~F6.~ ) , 
1X , '5Ch. PADJ[CT~', 1G( ~x , ~4 ) , 
1x , 13( '-' ) , 1S( 2x , '.*.*' ) , 
lP( j 9x , 12 , '-->' , 1L( 2x , ~4 ) ) I 
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inp,lt ---- ____ _ 

&hedule the 
project 

(l1x1ule 5) 

r;eJ.ete the 
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(l1x1ule 6) 
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ihMthe 
screm before 

(MJdule 7) 

1- - - - - - - - - - - - - - - - - - - - -, 

I (M:dJle B) I 
1 1 
1 1 

(S::ree1 5) 1 

(Screen 6) I 

I I 1 L-------- __ 1 _________ J 
I 
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inl'Ut 
I 

1- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -, 
i (Module 11) I 
Ir------

1 cptimistic Pessimistic 
deVlat1Cl'lS deviatioos 

review 

7 

, 
1- __ _ 

(&:rem 7) 

(&:rem 8) 

''NEXT'' 

Review damnd 
according 

price elasticity 

"00" 

No 

.. __ I 
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riA I 1\1 F'F<OCn?'~I'1 110DUI.J::S AI'-ID l.Jonl< F'EF<FCmI1E:D 

1. Description of variables 

" E}(I)·ja.:in .... 10a.nin(_.15 of "".1'1 var·l··.I-,·I··'· ll-· ... · .lol-
l' <....... ",., t1 ::- l> t! 1./ 1 n \; II <[! P r' 0 g r' a m 

2. Variables Declaration 

• Describ0 nature of all variables excludinq integars 
Specify dimensions and common blocks -

" Open ofi 'li~S 

~3 .. Initla'll:.::ation 1"loo.1u'le 

• Present the program 
.' I nit i ;,}. 'j i Z t! ;iJ'I'j V ;,H' i a. b '1 ,:;. s ~ I"' f~ set; of i 1 f' s a, n d p r' ~1 p;a I~ e the 

p,.. (I (II" a 1'.1 'I' ,) r' i 1'1 P 1.1 I-; s t ;,1(1":: 

" Input ail files -
.. f/<::rt:or'f(( initi.:'l.'l cor"lp'.lt,:l,tions 

Read input, chetk input validity and assign the proper 
mo dl.!l e 

5" The Add 1~I()o;hllf.· 

C h e c I,,, 1.1.1 h f! the r' t h ~! P r' o.j e c t; i sal rea, d Usc h·,:! d 1.1 'I e d 
• Check 'l'or validity 0'1' project name and period 
.. !::;t;ore thv: a,ctl.l.:I.·1 scr'een for' BEFOn!:: conuil"-l,nd 
• Ch~H:~" 1.~11·1<':lth<::r l: he r<.i: is plaCe;) t:OI' scr'e~'ninfl the na.me 
• Schedule the project name on the schedl.lling al"'ea 

Adj'.lst IHH"iodic;:l'l and tota I d"::l)iat;ions fr·o .... 1 inv0st;r"10Iyt; 
budgets without exceeding th~ planning hOl"'izon 

.• For' I)p~lr·':.l.'I;ing per'ioo:! adjl.lst; oth<.:..·r· pii.·I'·iodio::,:.tl and total 
deviations as w0l1 as total electricity generating 
':051; and /;ot,3.'1 aC(;I,lml,I'I":lt~=:d o:Iii!pr·.~c:i.:.J.t;i')n 1.'.Iithol,lt 
exceeding the life time of the pl"'oject and the 
p1annif'l9 hor·izol'l 

n Computes non depr'~~o:ia,ted assets r·f:I)'(.3inin9 i'l,fter' th~", end 
or' ·th~· plannil'19 hOI··izon 

Computes unit cost of 'energy generation i used land, 
(:,,)1'1'.I"\;iO:OI"l f~lo::tor' .;).nd over'all 5yst\:~r"l r·eli;;J.bilit;y 
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6. The Delete Module 

• Check whether the stated project exist at the stated 
pc::r'icad 

• Store the actual screen for BEFORE command 
" Remove the pr'ojt"!cb narM:: f:r'Qm tht'! sclh=:du'ling "H'ea JHlshing 

up other names below 
" Adjust all deviations reversing work performed by the add 

module and recompute other variables 

7. The Last Screen Module 

• Show the screen before the last add or delete command 

• Show the meaning and use of all 
screen abbreviations excluding 
i nput r'eq~H~st5 

in put C 01"111 .. ,;:),1"1 d 5 

in t e r~.:l.(::"!; i ve 'I H 
and a'l'l 

e;':p'lain(i:d 

9. The Print Module 

Pr'int th\=? ;3ctua,'1 scr'~~en int.:. OUT f:i'le to b~~ 

printer or stored into magnetic media 
analysis or reference 

output via, 
ror' fl.lrther 

10. The Message Module 

to be 
""I\,=:d ia 

and 

• Proint; f!a,ch til'lH~ a, fu'lo, 1 ine IJlel;s<"Jge int(. OUT fi h: 
output via printer o~ stored into magnetic 
together with the printed screens for comments 
f!Npl''3,na t ions 

11. The Deviations Review Module 

Ask for nominal, optimistic or pessimistic 
• Adjust the actual deviations according 

pessimistic variances, show results, 
elasticity adjustment 

r' e II i Ii: 10 ,.1 

optir"list:ic or' 
;:151-\ 1:(.1" pl-ic.;;,· 

If nornin::l'1 r'<::vi\.=:I,I,1 ~!I ... I;c.::·r'l!!d 1)1" pr-ic..::o el.:lst:i.<::ity ~J.djl.lst"II\.'Hlt 
is r°\,Hluiroed t('gl2thI'H' 1,I,l:ith pf!S'S:i.I ... :istic oro c<pt:imistic 
r-E! 1/ :i (:! 1,'.1 ; C I') m pi_I t;(i! :i.I, C t 1.1 a 'I p r' i C (i! ''ill; eO:), c h P €OI" i 0 d ace I) r din ~I 
initial conditic<ns and projects sch~duled, then 
~evise the ener-gy demands according to the pr-eset 
pric~ elasticity. 

,. ~:;h OI,~1 ro<'!: S 'oll t 5 

• Reverse deviat:ion~ review adjustments to r-eturn to the 
curor-ent status" 
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.. 8'lid~! thf.' ~;Cr'f!~!n 1.'.Iindol, • .1 (o"~H' th~:· pl':'lnnin~~l h('I':i:':ol"l in 
m I,ll t; i P I <2 ''=; I:": t' i '/0 P (': r' i 0 0:1 s . 

j .-: • . --' .. 

14. Output Formats 

15. The Screen Subro~tine 

• Display the screens 
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" .... ,., " .............. " ....... ~:,:~,~:-~,~: :.~~ ... " ... ,.".,."., .. =l 
THI!. PRUGkl\!, IS PKEPAi<.fO Ir~ 1983 M,O R[VISlO Til l<Jb5 i 

! 
BY TI,HI\( ULUSOY 

AS A ?A~T OF HIS ~ASTER THfSIS : 

SuP!:P,VIS':() t1Y PI/LIF-DR. r3RAHrii K!>vR.,I<OGLU 

I:; THe: IIJliUSTKlt.L ENGIIILEKTilG O':Pi.RTl-UH GF R'JSPHLIRUS Ufl!vl-l.51T'l' 

Iil ISTANBUL 

~RUGRA~ IS I~ INITI~Lll~TlON SThGl 

-- PL~f.SE llJTEk -GU- Tu COiITl:IU f , --

-~j 
CJ 
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.... _--_._--- ._-._-.-. -.----~.--.--~--- ---- .---- .. - .. --, 

?LrAS~ kF~~~eE~ : 
YuU CI.t.: us£; i',c:SI,~V:::D .lflf:lJS -\1- U" -iH:LP·. 
TJ tl:,~r Trlc "f:4rHNGS OF ALL ?1:SU~VFiJ ,;OrtDS Mr;D i.llt"rV!!,fll:,S 
.\l AWl' n,t UJRli~G THE i'P'OGiI.~;1 I:XLCuTlOI. 

-- PL~~Sc t~TFk -GU- T~ CnMTINu= --

(-----------------

/JC: u. 

L ,',:~ lJ: r,. P F: 

Jt:vSF TJTAL l'ld't 19(1'> t 9Ut. 19 tl7 19(\1:.' 1 '1 i:l~ 199;. 19'ii l;'j~ 

... *,,~,... * ... ~ ... ,t "t;fJ:j.y.-y \LV"'·'" <t'iC * .... *~ ~;~I- )'! .. ~ ~J" *¥ ~~ iJ* .~~ ~.( *¥ !tit-it", 

i'D.lrk -~ 6d d. -:i L. -61. -72. -75. -7 -, • -8'>. -l)'). -1 (, '"). -li.. 5. 
i: 11= I!,G -0"01. -5b. -88. -97. -l~!\. - J 't!'. - J d '''. -2l'("'. -2~ to. -?3~). 

HI'fLd 06; 7. 13:'1. 1:' :1. 175. 2" '"I. 2L ". 1.35. ~br .• 27? F'-- . 
lllFCLl 1~6.L·~. '.3;j. 23-). 33" • .it i~) .. itd r ,. 5't ("'0. 6?. ..... 7:, , . 7:" ''' .. 
JI'lLb ~6c:2. ll. 31. 't 3. 55. b 5. 115-. 15". 10 fl, ~~( . 
J':f'C6 37(.2. 21. :;11. 52. (; 3. 70;. ti r,. 9:'\ • 12 .... \. ,. <-

.-::J •• 

:. CH. PRnJr:CT5 J '}<l't 190:' 1.'18l) 1'1 i17 '"gil J '1 09 1 <} '~', 1'191 lllG:: 
~¢","*.y.*Y*¥""yY!y * .. ,'«< *." .. 'h(:.f,t:.r (, ¥!&: ~1.. *,-;. ~ .. ".. *\~ *~. i"l,t.*"" ~; *~ ') ~ 'C. #0.' 

1--> 
?--> 
3--> 
4--> 
5--> 
6--> 
7--> 
8--> 
9--> 

1.11--> 

$:1 

1 'J 'I:' 
lI.,,,,:.-

-117. 
_~ jf . 

3J:'. 
lJ' . 
? d r' • 

~~ ..... -, 
1 'J '}j 
L",.,..\, 



,,/++++/----

<l LP. fit.: FuRl: 

J/++++/----

d uR ti2 LP 

r' UR ?~INT 

j llF.. STOP 

~ 

lle 
·10" 
.<El 
o..f·.r.D 
r'F 

UFVSF 
fOTAl 

r'O,If:k 
.;tJ.:RL 
HHld 
L ~I;: C tJ 
J'11 Lti 
JI-FCb 
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~DO ?~OJ~CT +++T TU YFAR ---- Tn ST'~T TH~ ~POJ~CT tT ----

CLi:"k All ~Crlr:DUl:-() PRCJcCTS ,·\:10 ".I:Ir!TTTI.Llli:: The: Pf<UG"\'i 

DELETE P~uJECT ++++ FAO~ YEA~ ---- TO RFTURN TJ Trll SThTc 6FFa~~ 

UISPl4Y THIS SCPiEH 

pP-.Ha THE: CURRen SCId:l NO;'; ?4PF'f.: 

:iLlut: TI1L SCKF[l1 

-- PLl ,Isr ,,'H~K -GO- F;IJ:< TIi,- I':FAT p, c: --

SCKtlN tW;~bFt~ 
utli r COST UF ('i,ji:I,GY LF:;1'.;,'1Iu:, Ill/K.:tj) 
r,CJN DF?~.t:Cl Hr:O t.SSi'TS (11","1; TLl 
I,V!:i{ilGE SY':;TL'I Pi Ll,\tlILITY 11.) 
L\NO U5[0 FOk lfIV'OSTdFt,T5 IK,I;» 
POlluTIU:I FI.CTDR IKi' CUi:H.S 51:?) 

()rVlilTIO!IS Fi<[l., l.!lillS Min Ti.f~GC.IS 

DFV 1.H 1 0:'1 5 TLlT •• L 

DEI/LITIan:> F;.;Oii P!],'Ci< TI\f:GLTS 11"';,'.,, 
LJ;.vl."TI,)~IS !"',;J,, Uld',GY T.:FG"TS lil', .. G\:H) 
Orl/l"TILlNS Fi\(]il 1.'JVf5T~,C,H Tl SlJUGi:T U"lTS III 81 
uFvli,TIiHlS F":f):, !'11/[5Tt,F:lT FliR. ell;;:. ;~uIJG"T lli,IT5 l'i .1 
Ur-vL\TIIH~5 H:O.l lIi'./rAIIITr.I\I.:ICE TL 8UilGI,'T lILITS III f,1 
O['VI;.TlU:.S F!{no'; (!,1./;I',)IITf'I'~"ICt: FOk,ClJi:., :luDGrT LI,ITS (. ' 

~CH.Pp,JJccrs: SCrlLLIUU:1I r'~uJ::CIS ST!dT"D q THL :1rGT:nj'IG (IF I:,,\:I; f':r:l,-,r~. 
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l ______ ._. __ .. ____ . __ .. ____ ....... ___ ._ ....... ___ ... __ ..... _ ....... __ ... . 

-- YUli I'ill STUi' 'frH_ ;>t'1Gi~i. 

--------- ,,_ .. _ ... -.--. 



CD 
CD 

® 
@ 

@ 

K lJ i'l N I '-! G 

R F h [l Y 

YOU CHl\tlGf:D Hil: ~CkEi..~1 

\.** Hit Pi~uJECT I'j ,\LR[ADY SCHEOUU:Dj l!,PUT 1<; JG!H.I~d) 

PKOJ~CT rii.,G5 IS DlLC:T£D FOR PLRlflDS !3cGINidilG Ff"l(, 1934 

@ -- RtTUfzNt.:[) Tf] Tt-il. CLJi-,F.:i..iH SCkr:t!/--

@) -- YOU CA:~ REENTER -H[:LP- TQ H,~Vc ',Gt..PI THF HELP SCREtN 

.@ -- TliE t,oO'l[ SCt<.;:i':N !~ PRI:lTfn (;11 THf ?;,PlR--

@ PLFI,5t: erHER YUu~ >!cSS~,Gr: UP TO 8 .... CH,c,R.';CTFt:S TV be: i>RltilUl 

@ -- Tii!: :,LSS':.Gc L TI~E IS pPl~nE[) UN THf P",Pf:R --

@ -- PUt\St: f:iH::!; -IJPT- , -Pt:<;- OR -I'W:- FO~ Q[Vlt,TlONS •. ['11:\.: 

80 

@-- OPTPISTlC RI:VU:.I PFRF'1k~EO, -t,;tXT- FuR Piuer- ~L.~STIC1TY, -GD- TO ~'::TUR .. ,j 

@-- PcSSIqISTlC F!l:'II[11 PERFURij:oU, -Nr-XT- fn" PRlC£: l:l;..STIClTY, -GC:- TLl ;{.\:TU"-'l --

@ Dt:r:AIJLJ Rr=Vld,'d) t..CCO~DI:~G TJ THi.: PRieL lL'ISTIClTY, c'lTl::!< -":;0- Ti..l )(FTLJk~, __ 

¥*~ lJNRFCGG:dlEU INPUT; PLt.f.Sf I-It;ITF -Hf:L?- LJI~ !\I::E'iTC:r:. C.!-.LF~LLY t'T~' 
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1 
2 
3 
4 
5 
6 
7 
a 
'7 

10 
11 
12 
13 
14 
15 
16 
17 
18 
1'7 
2C 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3G 
31 
32 
33 
34 
35 
36 
37 
3S 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

c 

c' 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

C 
1 

c 

C 

c 
1 CO" 
1 CL 

* 
PROGR'M HELF( INPUT I OUTPUT , T~fl5=1~PUT , TFFE6=CUTPUT , 

nUT ) 
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? 
? 

** ••• *******************.*.*****.*.*.***.*************---*--_._._--**-* 
---.*._*--------_ .... __ ._----_._ ... _--_ .. -.*-----*----*-_.*. __ ._.- ... _. 
• * 
*. 
** 
*. 
** 

PHIR ULUjOy fIL:': HfLF 

P~OGRAI'$ UHD FOR THL l':"~TCr- IH£ SIS 

vrrSICh: ~AY 1~~5 
* .. 
*. .­
•• 
** -- ••• **-_ ••• _. __ ._._*._ ... _-_ .. -.... __ ... _ ... __ .**._.- ****~************ 

.... _*----------_._--._-----_ .. -._ .. _--_._._---- ... -.. ---.*--***_._----

Ct-ARACTU< A 
OFEN( 8 , flV:='CUT') 
liE"l r;O i:! 

;.jRI Tl(6,1Cu) 
flRl H (c,,1 ('1) 
RCAO(S,ll;(1C) '\ 
1 f ( .\ • f;1 • ' 1 ') •• : ! 1 [ ( 6, 1 ;' ~ ) 
If(A.fQ.'1') ~RITr(Q,1C7) 
If(~.[~.'2') ~RITr(6,104) 

IfU.fQ.'2') "RIT~(6,1G5) 
IfO.F.C.';') liRnC:(c,1Lt) 
If(ft.EQ."') kRTTr(6,1G7) 
IF{'\.fc...'4') wRITf(6,1i;~) 

IF(A.fG.'5') Id~ITi:(6,1L'<;) 

1 FU. [".' 6' ). "R IT t (6,110 

lFU.f'..).'7') I.RITC('3,1u[) 
If(A.EC.'7') ~RIT[(2,1l1) 

IF(A.~c...'7') w~ITr(o.,10() 
IF(A.i?J.'7') hRITr('l,H:') 
If(~.EQ.'7') kRIT~(3,1U4) 
If(A.EO.'7') ~A!TE(3,1G5) 
If<A.EO.'7') IoRIT':(8,1CCl 
IF(A.EQ.'7') ~RrT[(8,1r7) 
If(A.[Q.'7') ;,RIT[(l,1lP'l 
I f ( A • r c.: • ' 7') .J R I T r, ( ,~, 1 iJ .; ) 
IF(,'.~''.'7') IiRIT:(?,1H) 
IfO.EO.'7') GO TO 

Heft.Ea.'t') qCp 
lfU.GT.'8') GO TO 
REAO(S,10G,,) A 
GO TO 1 

fORo'AT01) 
fi)Rt~"T< '1' ///1/ 

* I 3x , 'fj(LF FRCG~"" ~t~r.u:', 

• I 3X , ,------------------------------------', 
* I 3X, '1. LIST Of flU',S', 



56 
57 
58 
59 
6C 
61 
62 
63 
64 
65 
66 
67 
CIa 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
7'1 
3C 
81 
82 
8.3 
84 
85 
86 
87 
8e 
3'1 
9C 
91 
92 
93 
94 
95 
96 
97 
98 
99 

10e 
101 
102 
103 
lll4 
105 
106 
107 
10E 
10 '1 
11 G 
111 
112 

C 

1C1 

1 C2 

1(:3 

1 (;~ 

" 
" 
" • 
* 
* 
* 
" 

* 
" • 
* 
" 
* 
" 
" 
* 

I 3)( , 
I 3x , 
I 3)( , 
I 3)( , 
I 3x , 
I 3x , 
I 3)( , 
I 3)( , 
fOR"AT 
I 3)( , 
III 
I 3X , 
I 3x , 

I 3)( , 

I 3x , 
I 3)( , 

'2. rxECUTIO~ I~STnuCTIO~~', 

'3. ~AIN PROG~A~ INPUT CCMtAND~', 
'I,. 1'1.11\ P'IOG"~.· ~CR<dl ~!:cIHvlhllCI;S'; 

'5. PJ FILE rXPL~hATIONS' 

'c. INFO fILE fxrLAN~Tru~s' 
'7. TO PRINT ALL SCREChS', 
'I'. eXIT' 
,------------------------------------, ) 
( III 
'feR PRINTOUT 5NTlr IRCUTE,GUT,DC=FR ~FT[~ EXIT " 

'PLEASE REFER TO T~E THlSlS [~TITLtv', 
'"JUCGErENTAL FRCG~I.~~ING " 
'A~D A~ rXft~PL[ ro~ INV[ST~E\T PlA~NIhGu" 

'SUO"ITTE:l TC THE II1STITUH fOR " 
'G~ADUAT~ STUDIES IN SCIrhC~ fhD E~GINElRI~G', 
'OF eOSPHORUS UNIVERSITY l~ ISTA~ell', 
'n, 1985' /I ) 

f0"':',T( '1' II 
• I 3)( , '''At.l' EXPLlN~TJCI\ TYP[ SECURITY', 
• I 3X , ,-------- ---------------------- ------- --------" 
* I 

* I 

* I 

* I 
• I 

* I 

3)( , 
3)( , 
3x , 
3X , 
3x , 
3X , 

• ~~,co I ~ 
1M 
'(if< 
'PR 
'0 D 
'p 0 

* I 3)( , • 0 liT 
* I 3x , 'PJ 
* I 3)( , 'SeRT 
* I 3)( , '!: 

FORI'AT( 
* 3X, 'SORlIN 
* I 3x , 'SCRTOUT 
* I 3X , 'COt~Vf.RT 

* I 3x , 'C 
* I 3x , 'INFO 
* I 3X , 'HClPS 
* I 3X , 'HELP 
* JI 1111 I 

:~Alf; PRO(P.~;-. 

~AIN PROGR~~ CODE 
01 qf. CTCU FI LC 
PERICvS ~[viATIO~S 

CPTlt:ISTIC DEVII-.TIC/iS 
PESSIPISTIC DlVI~TIL~5 

OUTPUT flLf 
PRJHC1S FIt[ 
SORT Pr.UGR~" 

SOPT PROGR~~ CC~[ 

son I,",PUT F IlF 
SOH CuTPUT fIll 
CCNVfRT PPCGRA~ 

CONvERT FRCGPA~ CCOl 
COVERT OUTPUT fILL 
H(- LP PR()GR!~ 

HELP P~0G'~M CCO( 

fCr.TP.~ti 

CCDE 

C f. Tf. 
D~H 

Ht'FOR,..;;y 
C.aH 
r C F:T R.~ II 
CC[,[ 

T t~'PORARY 
Trf;POPARY 
FCR'TI<~~: 

C C()[ 
1 rr:POp.ARY 
r CRHAN 
CCDr 

* 1122)(, '-- PLEASE ENTO, -(,0- TO RETUk~j --' ) 
FeRrAT( '1' 

* I 3x , '1. TO G[T K~I~ FRCG~A~ FIles', 
* I 5x , '/GCT,N,UR,PR,PJ,OO,FD/UN=UlU~OY', 

* I 3X , '2. TO RUi, Trll /'C,'.I1>. FROGRA'- " 
* I 5)( , • II' • , 

* I 3x 
* I 5)( 

* I 3x 

* I 5x 

* I 5x 
• I 5)( 

* I 5)<. 

, 
, 
, 
, 
, 
, 
, 

'3. TO GET SCRrE~S ~~D ~(SSAGlS', 
'/RDUT~,CUT,CC=PP', 

'~. TO SGRT FILE PJ FlR CULu~hS' , 
'/GET,S,FJ/UN=ULUSCY', 
'/SAV£,PJ=SORT!~', 
'I S' , 
'/SAVE,SCRTOUT=rILr~~~E'i 

kG 0 
tXLCUT[ 
IU~ 

H~.C 

~U.D 

HAD 
USi:.P 
HAD 
Rue 
t X[CUl[ 

U SU; 

U Si R 
HJ.D 
£XI.CUTE. 
useR 
h ti. C 
LXECUH 

* I 3X , '5. TO CChvlRT fILf PJ I~TC CU~TFI[uTIrhS TO', 
, llNITS AhD T'RGETS', 

* I 5X , '/GfT,C,PJ/U~=ULUSCY', 

' , , , 
, , 
' , 
' , 
' , , , 
' , 
' , , ) 
, , 
' , 
' , 
' , 
' , 
' , . 



11 :: 
114 
115 
116 
117 
118· 
11'1 
12C 
121 
122 
123 
124 
125 
126 
127 
12c 
129 
13;; 
131 
132 
133 
134 
135 
136 
137 
138 
139 
141) 
141 
142 
143 
144 
145 
146 
147 
14 a 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
15'1 
160 
161 
102 
163 
164 
165 
166 
167 
165 
169 

1/:5 

C 
1<:7 

... I ~x , 'IC', 
* / SA , '/ZAV::,INFO=rIlU,J"[') 

fORt'A T ( 
* 3x, '6. TO seRT FILE IhfC PER (ClU"h!', 
* /5,( , '/([T,S,Irifo/url=UlI1SCY', 
* I S,< , '/SAV[,lNFI1=SORTIN', 
* / 5)( , 'IS', 
* I 5x , '/ SAV£,~Cf.;TOUT=f IlrNA/'I(', 
• / 3 x , , 7. TO (H AN G E COl, T ~ In S 0 F ft N Y r 1 L£ ' , 
* I 5X, '/GET,fIl(NAI'E', 
• /5.( , '/fS[,FlLUiA"'[.~S721', 
• / 3x , '2. TO PRINTOUT A\Y fIll', 
* / 5x , '/CoPYs!:r,fIl£I1Af<b(;', 
* / 5x , '/ROUT~,C,DC=PIl', 

*/1122", '-- PleASE [rnrp -GO- 10 "flUt:'" --' ) 
FCR;-;AT ( '1' /I 

* /1)(, 'II,PLT CO/<."Ar·;D~ :' , 
• I/lx , 'A/tHt/---- : ACD rr,OHCl tHt T(, YU,fI ---- , , 
* 'TO SPRT iHr: PReHCT q ----, , 
* Illx , '8 OR EEf0RE : SHOl THE SCFEE~ 2fFCRE THF lAST GhE' , 
* 111X , '( OR CLEAD : CLEAR All ~CHECUl[C PRCJECTS ~hD ' , 
* , R ( 11; I Tl n I z r T H ( PRO G R A ~, , 
• Illx , 'D/+ttt/---- : CElfT[ PRCJfCT t~tt fPC~ YE~R ---- , , 
• 'TC RETURN TO THE ST~TE BEFORE' , 
• 111 x , 'tl O~' HL.lP : 0 ISPl.'Y T ~lS SC P((t.' , 
* 111X , ,~ o~ ~ES5_Gr: PRI~T E~CH Tl~t ' , 
* 'A K[SSAGt Of 8C CHAR~CT[~S UN p~prH' , 
* 1/1X, 'p OR FRItH: PRI'iT THE CUP-Run SCREEN ell PAfH' , 
* /11x , 'p OR REVIEW: REVJEh CE~IAT!0~~ fP[~ , , 
* 'LlrilTS ~NO TARGETS' , 
* 1/1,< , 's OR STep STOP TH[ FRCGRI.~' , 
• 111X , 'l,2,!~4,S : SLIDE THl SCREEN' , 
.. /1/1 
* 1122x, '-- PLF/.Sc ['HfR -GO- TG f.:tTUh~, --' 

FeR I', A 1< '1' / 
.. 111 x , 'SCHEEr. MEHi.f.VI/,TlCI:'3 :' , 
* /11X , 'S ',tx,' SCPE~h NU~~lR ' , 
* I lx , 'uc ',6X,' UNIT CCST Cf EhE5GY GE~ERATICh (Tl/~~H)', 

* / 1x , 'NCA "tx,' hON DEP~ECIATED ASStTS (1GCLB Tl) , , 
* / lX , 'R[L ',eX,' 
.. I 1,( , 'l~ND ',6x, , 
* I lx , 'PF ',tx,' 
.. 111 x , 'DEVSF ',6x, , 
.. 111. , 'TCT/.l',eX, • 

AV(P',AG~ snT;:I; 1'~lIf.elLlTY co ' , 
l~hD USEe FC~ IhvtSirE~TS (K~2)', 

FOLlL 1 !O~ FAC10 •. (~t, Cu8ES S0;:) , , 
D£vI~TIOhS FRC~ lIrlTS AND TARGETS' , 
DEWI~TIO~S TClftl ') 

fOR"ATC I 
* 1 x , 'PChrR ',6x, , CEVI~TIQ~S fPG~ ~C~(R TARGETS (lrG~W)' , 

* / lX .. I 1 x 
* 
* / 1 x 
* .. / lX 
* .. I 1;( .. .. 111 x 

, 
, 
, 
, 
, 
, 

'It.':~G',6X,' DlvPTICI-S FRt;" EI<,,,GY TAkGETS (1C r,GI<H)', 
'II\Tl2',~X , , : CFvIATlCr·;S nct It>VrsT:·:r.r.T ' , 
'Tl llUCGrr L {I1ITS <Tl ,])' , 
'l~FCD', 61. " : DEVIATIC~~ FRCr IhV(ST0~hT ' , 
'FCR. CUR. BUDGET LI~lTS (1 ~)' , 
'OPTLD', 6X , , : DfvIPTIO~S FRC~ CP./~AI~T[~hNcr', 

, Tl GUDG(T LIMITS (Tl B)' , 
'O~fC9', bX , , : D~VIA1I~~~ fFL( GP./~A{~T[~~hCE', 

, FOG.CGR. OUDGlT LI~ITS (i f)' , 
'~CH.PR0JECTS: SCHrDUl[D P~CJl(TS ~T~RT[C ' , 
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17G 
171 
172 
173 
174 
175 
176 
177 
178 
179 
100 
181 
132 
183 
184 
185 
186 
187 
18c 
189 
19C 
191 
192 
193 
1Q4 
195 
196 
197 
199 
199 
zoe 
201 
202 
203 
204 
205 

H9 

111) 
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• '4T THE EEGINN!NG Of (~Ch r[R1C~' , 
• /II/I 
* 1122x , '-- Pl~~S~ ENTtH -GO- TO F~TUQ~ , ) 

fCR;I,AT< '1' III/II 
.. 13.( , 'CClU!O~ EXPL'f,I-TTOI. " 

• I 3x , '------ -------------------------------------', 
* I 3x, 1 PROJ~CT CC~( " 
* 1 3X, 2 FO~Ln G[~E~ATl~G CAP~CJTY (p~) " 

01 3x, 3 AVAlLABILl1Y r~CT()r: (ffFCU,T)', 
o I 3X, 4 LNIT COST Cf INVE5T~~~T (SIKW) " 
o I :3 X, 5 feR F. ! G 'I COS T 0 f It. Vt. , T !'[ r, T (FE fi C EN 1) , , 

* I 3x, 6 UNIT COST Of Grr/ERnrc .. <TLlKI'H) " 
* I 3x, 7 LOCAL PART Of GL~LFATIC~ CCST (PEhC[UT)', 
• I 3X, 8 PhCJ~CT CONSTRUCTICN DU~~TIOh (YEAFS)', 
• 1 3x, 9 LIFt Tl~E CF IhvEST~~"T (YFhFS)', 
• 1 3x, 1(' l~roj!) USED FOR THE pf<OJrCT (Kr3)', 
• I 3x, 11 ~"NU~l PClLUTION (1u~U~3 SC~)', 
* 11///1//1 
* 1122.( , '-- PltASE ~NT[R -GC- TC FETU~h ' ) 

fORI'AT( '1' 111111 
* 1 .3 x , 'C C L U I~ ~ £ X r L ~ r. "T lOT, 

* I 3x , ,------ -------------------------------------', 
* I 3X , PR~J rCT CODE " 
* 1 3x, 2 FOwER G[~[FA1IC~ (1Lr~~/YlAR)', 

* 1 3,(, 3 [r.(~GY GE~~~AT!OH (lrlG~h/YEfH)', 

* 1 3x, 4 l/iVlSr~[l1T r:U()G£T USfL (ETLIYUn', 
* I 3x, 5 HIV(~T~lLr-.T [;UOG£.T USED ("1IYfI.F) " 
.. I 3x, 6 CPERATION :;UDGET uSEO (i'll/YCAR) " 
* 1 3X, 7 CP(R~TION ~UDG<T USED (~:/Yl~r)', 
.. 1 3x, 8 CEPRECHTlCtl (ETl/YHkS) " 
.. I 3x, 9 llf~ Tl~[ cr IhVESTKr~T (Y[AP )', 
* 1 3x, 1C 'L. ... NO USED FOR Tfir- PRCJt:CT (Kt' )', 
* 1 3X, 11 ANIiU.~L PClLU1 lCi, (1l'l'1l'!'! .sc;:) , 
* ""1/1/1 
* 1122x , '-- PLLftSE ENTE~ -GC- TC ~~TUR~ , ) 

E~O 
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II) . y ,J II , , y V /, K r I dL ,. 

I'C t .It· 1,; . 1 C iJr :-'L 1)( y R, 
HP J ,,11, . .11 [' IJF ,) t{l! J ~. C1 

1)(' .1 I r t' t, J ( (1 ll " r; 

,> J l .'. 1 P~ldtCT 0 "1 I, T IlruT 
P J L 11-11 P \'.J J l n l lir '}K • :'. 

oJ 'l [ .. . til. ~ II r l. LI.'·' ll l~ •. 

I'll >, rc l ··4 r' (I!J, ( ... ~. ) 

r,t ' I~ L T .... I,~? l..1 11 , " y 
!:t. ' L. 

r IT r.. G. 

It' ( I~ 

II" I 

It 'l II l 1 J 

'r '~I I) 

" ; 1 ILl 

, ! 1 lI' ~ 1 

I ' Jl'.' I :. ( ' . .:' , 1 ~ 
Ij , J J 

'I ~t· II ' 
, r' J' ) 

' tJt" ) 

,. ,', ) ( 1 i. , '1 L . j uJ. '( 
I.; , 11 ( I J. t "l ... ) t- C 

.~ 
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.1' " 1 r' .-:,' J , ,~ I t 1 L ' 

,i( 1 ,'1 

, )( l , L; 

, ) 

1 J I 
IILl " y 
, ' '> J 

r 1 iH 

Tf 

1 I J\ °j , 1/1 
( P l. I, I r I 1 ) ,( t' J 1 '.1 ; ( r, J ) 

• • 1 .... I) T = 1 , 'J !' J 
" J l " r I ( 1 , 1 ) ,> J L· • , • ( 1 , .1 ) 

t' J j " 1 ( 1 , ~ ) P J ~I .) • ( I , 1 ) • 
" J • I, r . I ( I , -~ ) t' J II • 1 (I, J ) ~ 

, Fe 

.I. , i 

rJu'[-(l,» 
r-JlJU , (J, 3 ) 
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11 
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7 ') 
1 '1 
7 
I I') 
7 7 
7 J 

7'1 
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!.> 1 
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C 
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C 
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" 

1 j •• 

1 ' I 

4 I I 

Y 

j, 
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') 
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• - i-' J II T .. ( 1 , '1 I I I ( 1 _ r J [ J' " '" P J j f . T .... ( ! ,7 , 
I' J 1 ! H [) ( J , 't ) =- P J L' .. 1 f ( 1 , 1 , r' J L)" r ~ ( I , 3 » 

r' J tJ· T /, ( j , ,, ) I ( 1, " _ i J ~ i' J U f r b ( J , 7 ) 
P J 1 ~IF 1,1 ( I, .' ) "' ? J l)' 1 ~ ( J, 1 ) \ ? J l) f, T !.: ( J , Z , + 8 . 7 6" , 
?J)~l" (l' :;' ) .. P J D~,T;! ( J , b ) 11 './ I ,:. r"r I 1 .... ' 

P Ji l'FO (], n l ,.. ? J l,.'T' (I,ll \ r'JJf, r .. tr, ? ) ,. 0 .7 0 
' PJJ"L, (l, ~. ) t I 1~ '. - ,.>j :J", l"li,::J) ) I iv" I F(: 

1., ' 

I) J 1 I. F 'I ( T , 'I I " I) J L ,\', '. ( J , 7 ) 
? J d't-il (J, ,1) = PJl, \l : (l,l) , t' JUfrq f, ;q ... f-e I 

1 ~ '~. / ' I ,) J 'j , T j. ( I , (' ) 
r' JJ i d Il ( 1,1) :.. r' JU.'11 / (1, '-1) 

P Jl : ' f LI ( I , L I = P J ll., T .. ( 1 d ' ) 
eLln I ' ~ lit 

,'I J 1'1 ( IJ , ,n I ) 

I ~ .. 1 T: ( r"..:I' • ) 
: ~ 1 r: ( ,{ , 4 ' .J ) 

lll) I Y 
PJ 

( PC Ijl) - (I ),( r J l'~F n ( I, J , , J ..l , ~ ' ), 1 

" ·' 1 {; ( lJ , ~' , ) 

fll , ! ~ ,I ( 

F I , . I ( 

FLd. r , r ( 
FI"I ~, I { 

"1"' . \ ' " 

FIll . 'I 
FliI: .. :. r ( 

1., 
' ''I , .L ~ \ r c,' . 

~', ,J X , f ... · " 
.,:. I 

T'I ) 

~., , .L f ~I . • ) 

1111111111 l", .~.,.t~.-- Cll'! V 'r')U'j 11,\ 1 · ... LD ---'111111111/ 
) 
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CONVERT PROGRAM SAMPLE OUTPUT 
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111: 
ce01 2. 9. '7. 17. 3. 5. 4. 3. 1 c. 45. 
CC02 2. 10. '7. 15. 3. t. 5. 3. 12. 40. 
CCO:3 2. 11 • 11. 23. 4. 5. 4. 4. 12. t,6. 
CC04 2. 1U. 11. 25. 3. 5. t,. 4. 14. 55. 
eC05 2. 10. 7. 21. 3. c. 5. 4. 12. 62. 
ecet 2. 12. 11. 22. 4. c;. 5. 4. 1 2. 70. 
CC07 ? 13. '7. 2(1. 'I 7. o • 5. 14. w. ... ~. 

CC02 'I 
~. 2L. 13. 22. 4. 7. 7. 6. 13. £15. 

eeoc; t,. 22. 1 t. 34. 6. 15. 6. 8. 1.4 .• EG. 
e C1 Co t. 29. 21. 49. 9. 1 t • 6. 10. 15. S 5. 
e 011 6. .39. 2 c. 40. 11. 25. 8. 13. 1 2 • HC. 
e (12 7. 41 • 2 ~. 51 • 12. ?I: 

~.- . 7. 13. 14. 1C5. 
eC13 8. 5U. 22. 57. 16. 25. 8. 16. 13. 1(5. 
c e14 8. 49. 23. c4. 17. 30. 7. 14. 15. 1 2C. 
CC15 8. 50. 24. 54. 19. 36. 8. 14. 1 G. 110. 
eclC 9. 51 • 27. 42. 18. 33. 9. 16. 12. 13C. 
eC17 8. 50. 25. 5G. 19. 30. 8. 14. 11. 115. 
eCH 3. 47. 2 e. a. 15. -" '.I. E. 17. 14. 130. 
e Q1 9 9. 52. 26. 57. -,., 'w. 33. 9. 17. 12. 120. 
eC2C 9. 57. 31. 62. 19. 27. 9. 19. 15. 140. 
Fe01 2. 10. 6. 18. 2. 313. t,. 3. 5. 5. 
f CO 2 2. 12. 8. 21 • 3. 45. 4. 3. 6. 8. 
FCC3 2. 13. s. 22. 'I 49. 4. 4. 7. 4. ~. 

F COl, "I te. s. 27. 4 • 71. <: 4. 5. 2. .... ... 
Fees 3. 21 • H. 33. 5. 74. 4. 5. 6. 5. 
F C06 ~ 19. H. 28. 4. 75. 5. 5. 7. 7. -. 
f e(i 7 4. 23. 14. 42. 4. 75. 4. 5. 9. 7. 
FC08 4. 26. H. 45. 5. 95. 4. 7. 4. 8. 
F ce' '7 5. 30. 1'1. 51 • 5. '73. 4. 6. ~ 

~. 6. 
FC1G 5. 29. 1 5. 42. 7. 114. 5. 7. 9. 9. 
F C11 6. 36. 25. 57. 10. 1 5 C. 4. 9. 1 c. 1G. 
F C1 2 5. 34. 14. 36. 7. 117. 6. 7. 12. 8. 
FC13 6. 38. 2 E. 58. 3. 145. 4. 12. 11. 6. 
F e14 7. 42. 23. 51. '7. 1 SC. 5. 9. 14. 8. 
Fe 15 7. 42. 2C. 4" • 7. 127. 6. 9. 1 2. 7. 
F CH 7. 45. 'It: c6. 9. 143. 4. 13. 11. 9. ... '-. 
Fe17 8. 51. <.' 5. 48. 9. 174. 6. lG. 1 5. 6. 
FC1/: 8. 52. 24. 54. '7. HO. c. 11 • 12. 8. 
F C1'7 '1. 58. 25. 57. 10. 1 8 E. c. 11. 12. 9. 
FC2C 1 c. 63. 3C. 61 • 1(:. 1 '15. 6. 13. 15. 1C. 
Ge01 1. Ii . . t. 19. G. 1. 1. 2. 3. 1. 
Ge02 1. o. 7. -.., c. 'l 1. 2. 4. 

.., 
(., . ~. (.. 

GCG3 1. o. ~ 9. o. 1. ,. 1 • 6. 2. ~. 

G ce4 1. c. 4. 12. c. 5. 2. 2. 5. 1. 
Gces 1. 0. 4. 12. o. 3. 2. 1. 5. 2. 
GCOt 1. o. 'I 1 (j • G. 4. 2. 2. 4. 'l -. .... 
GeG7 1. o. 4. 12. c. 'l 2. 2 • 6. 2. .... 
G C(. 8 1. 1 • 5. 14. c. 7. 2. 3. 8. 1. 
GCG9 1. o. 4. 12. G. 5. 2. 1 • 5. 2. 
GeH 1. 1 • 5. 25. c. 7. .., 2 • 7. 'I .... -. 
G C 11 2. 1 • 4. 20. 1. 9. 1 4. 7. 3. ~. 

G C12 1. 1 • 4. 29. o. 7. 2. 4. 5. 2. 
GC13 1. 1 • c. 26. 1. 11. 2. 4. 7. 4. 
G C1 4 2. 2. E. ~<; -- . 1. 13. 2. 3. 5. 3. 
GC1 S 2. 1 • c. 39. 1. 10. 2. 4. E. 2. 
G 016 2. 2. 5. 25. 1. 15. 'I 5. 5. 4. ~. 

GC17 2. 2. c. 41 • 1. 14. 2. 4. 7. 3. 
G (]1 2 2. 2. 4 .. 26. 1. 12. 'I 4. - 5. 2. .... 
GelS 2. 3. '1. 39. 1. 17. 2. 5. 7. 4. 
GCZC 2. 2. 4. 28. 1. 11. "I 4. 4. 3 • .... 
GC21 2. 3. H. 4? • 1. 19. 2. 5. il. 2. 
G(22 , 3. E. 53. 1. 19. 2. 6. 6. 3. -. 
GC23 , 3. 7. 50. 1. 22. 2. s. 5. 4 • .... 
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GC2L, 2. 3. 1C. 4" .; . 1 • 19. 2. 7. E. 3 • 
GC25 "Ii 3. E. 55. 1. 19. 2. 6. 5. 2. J. 
G C2 6 3. 3. 5. 35. 1. 21. 3. 6. 7. 2. 
GC27 "t 4. 8. 58. 1. 24. 1 8. 9. "t -. ... _. 
GC2C 3. 3. t. 39. 1. 22. 3. 5. 10. 3. 
GC29 3. 4. 5. 38. 1. 25. "Ii 6. 8. 2. ~. 

GC30 '! 4. t. 39. 2. 26. 3. 6. H. 4. ~. 

HCC1 1. 5. 11. 17. 5. 1 
'-a 4. 2. 10. O. 

ti CO 2 2. 9. 19. 27. 9. 4. 4. 3. 20. O. 
HCC; 2. 11. 18. 23. 9. 4. 5. 3. 25. G. 
HC04 "Ii 13. 24. ~2 • 11. 5. 5. 4. 30. Q. ~. 

H CG 5 '! 14. 22. 30. 12. 4. 6. 4. 32. o. -. 
Heat '! 14. 2S. 43. 12. 5. 4. 4. 35. o. ~. 

HOD7 4. 15. 36. 51. 12. 5. 4. 5. 38. G. 
HCCE 4. 17. 26. 36. 13. 5. 6. 5. 40. o. 
HC09 5. 20. 2 S. 35. 11. 5. 7. 6.- 45. O. 
H (1 G 5. 19. 25. 31 • 12. 5. 7. 5. 48. G. 
He11 5. 19. 22. 2& • 15. 4. 8. 4. SQ. G. 
H C1 2 5. 22. 25. 33. 15. 5. 8. 5. 52. o. 
Hen 6. 24. 31. 37. 13. 7. 7. 6. 56. o. 
H 014 7. 24. 25. 32. 16. 7. 9. 6. 6r.. c. 
H C1 5 6. 26. 22. 27. 18. 5. 9. 5. 55. O. 
H GH. 7. 26. 21. 27. 1<;. e. 10. 5. 65. O. 
Hcn 8. 28. 17. 21 • 19. 7. 12. 5. 60. D. 
HQH 8. 27. 2 C. 24. 14. 4. 12. 5. 70. O. 
HCH 8. -c: C.;. 2C. 24. 16. 8. 11. 5. 75. o. 
HC2C 9. 25. 25. 27. 14. 6. 10. 5. 7Q. c. 
HG21 <t. 22. 2C. 23. 12. 5. 12. 5. 8C. O. 
H 02 2 H. 25. 2 C. 22. 16. 6. 13. 5. 75. G. 
Hr.?3 1 2. 25. 22. 2) • 17. 6. 12. 5. 35. o. 
HCZ1, 12. 24. 2 t. 30. 14. s. 11. 6. S 3. o. 
He25 14. 26. 32. 35. 17. 7. 10. 6. 85. o. 
/lO,-C 1 t. 27. 27. 32. 13. " J. 12. 6. 90. O. 
HC27 17. 25. 25. 27. 8. 3. 13. 5. 95. D. 
HC28 ?C. 26. 2 E. 33. 11. 4. 14. 6. 100. o. 
'" CO 1 3. 19. E. 62. 2. 4. 8. 16. 2G. c. 
Nce 2 4. 23. 7. 55. 3. 5. 1 c. 17. 3G. O. 
NCO:! 4. 23. E. (;7. 3. 7. 9. 16. 35. o. 
tlC04 5. 27. H. 93 •. ~ s. s. 18. 40. o. ~. 

Ie COS c. 33. 1C. 1C5. .3. 5. 8. 19. 35. G • 
NCC6 6. 34. 7. 74. "Ii 7. 11. 17. 4C. O. ~. 

N C07 7. 36. 12. S3. 4. 7. 10. 23. 45. O. 
NCCC 7. 38. 12. 1C7. 1,. 8. 9. ?1 .. ... 4 r;. C. 
I: CC9 7. 37. 1C. tp, • 4. 2. 13. 24. " 5. O. 
NC1C 9. 41 • 11. 97. 5. 9. 12. 25. Sr.. o. 
IC01 c. o. c. O. o. o. 1. o. " o. \I. 

E C01 c. u. c. -0. G. L. 1. -0. c. o. 
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1 c 

c 
c 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C 
(, 

C 
CH·"."". 
C 
C 
C 
C 
C 
C 
C,"~,,~ 

C 

c 

c 

C 
C*-';.Jj'Y"f 

C 

c 

c 

c 
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Pf:lJG/{!\I', Sm:TI SOKTl!~ , SURF/Ul , UUTPUT , T.u,rb=UUIPUl 
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UESCRIPTION uF VARIA8LLS 

[JU:~, \Y 
I/J 

DU';;,Y VAP.lld'Ll 
IIIPUT I':<.k •• Y 

r "'.f' 
t'li' J 

TL"'f':1(,,\11Y SlOf:.'GF ~kkAY 

NU~~~K JF ?FOJrCT 

CrII.IU,CTLk-.'2 UUr,I'Y 
Cril>,f,/d';T::~:T~; l!H J.5,1<:"), TEI',PI 15) 

UPI'll( 'J, I'IU' 
,WC:II L, • FILe' 

'sm:Tl'l'l 
'S(t~ HIIlT' ) 

~.! I ~ :: 1 I'll I lj 

RL '.111"iV !.,'! 

Ill!' U r lJ 1.1 ,\ HI b f: ~ U ~ 1 '" U 

i: I".!) I 'J, 9\~'iil. I Du:',:; 'r' 
t~C,.n( 9, 1.;f~ .. ) 1H' J 
ki:'i.(l(9.2~;JL.) [1I11,J). I 

snl,T TltF f)"T,. 

Llll 1. 11 " l • 15 
I F ( , 1'1 ( J I , 1 I • r:.J. 
ll':Jl!.IJv,.l,i,t) II 

U,' Il. 1 = 
J " I 
JJ = 1 T 1 

, ill-. 

1,1:' I , J 1,:;PJ ) 

(,U TO 



:>'1 
1 1 

11 
'1.' 
n 
l'f 
7" 
ltJ 
n 
76 
(9 

Jl 
.:L'l 

dl 
j'l 

1:; 

c 

c 

c 

c 

c 
1. 11,."\ 

~; 1,1' ~ 

L 
L -f + ". ~'-"" 
C 

C 

L'_' 
.~ :' " 
J:.' 
't )., 

lid > 1\ = J J , ;: P J 
r H !:-d ) i ,,, ) • G 1. Hd I I ,J ) 
(,"n r:"j[ 

0:, {, 
TL "1' IL) 
):dL'] ) 

r ,/ I L, J) 

(lil'T Ii:U,: 

L = 1, , \:.> 
It'lld) 

~ Iidl,J) 
Tl :;P IL) 

J K 

P'!I J, J I , j ;,tl5),J 

F'!J,< : ,II 14 
f :.Ii· :" 1'( I· '. , 1 '. ,'~) ) 
f lJi: .':,.~ T ( j·2 

, :;oIrT~" '.-HTIl "~:'r)"Cl HI CJLJ·:;, ' , 12 I 
, :~, ) I ) 

. ;:,!, '" r I ' 1 'I I>. 
flif ;:.TI l~jl 

Ftii.'-. T I III .;. :<,'--- FILl: S:li·'fl,1 ~ll,;FL: INIO FILe :>fH.TuUl ---'I 
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SOFa PF<OCiRAI1 ~;;('~I"IPI..E OUTPUT 



SCkTED kITH HESPECT TO CCLUMN 6 

C (2 C 

eCo15 

CC17 

H C1 6 

He17 

CClt 

HC13 

HC1 5 

C01 4 

HG25 

HG23 

can 

HC14 

HC22 

C01S 

HC12 

HG11 

H024 

HC2C 

HC18 

HDu e 

HC2 t 

con 

HOu 7 

HGU t 

HC10 

Hell5 

HD21 

C011 

HCO 9 

HG23 

HCO 4 

fC19 

F 02 C 

fell 

9. 

9. 

8. 

8. 

7. 

8. 

9. 

6. 

6. 

14. 

12. 

e. 

7. 

10. 

8. 

5. 

5. 

12. 

9. 

~. 

4. 

16. 

7. 

4. 

3. 

5. 

3. 

9. 

6. 

5. 

20. 

9. 

10. 

52. 

57. 

5 C .• 

5 c. 

2 t. 

28. 

51. 

2 t. 

49. 

26. 

25. 

5 C. 

24. 

25. 

25. 

47. 

22. 

24. 

25. 

27. 

17. 

27. 

41. 

15. 

14. 

22. 

2 C. 

26. 

1 3. 

58. 

63. 

3 t. 

2t. 

31. 

2~. 

21. 

17. 

27. 

31. 

.. --~. 

2;:. 

2:; • 

2(. 

2l. 

2 E. 

25. 

2". 
2C. 

2 ~. 

2C. 

2c. 

2i. 

23. 

3(:. 

2S. 

- < , -. 
.,­
~, . 
2C. 

2C. 

2 t. 

3C. 

57. 

(;; 2. 

54. 

SQ. 

? 7. 

21. 

" 2. 

37. 

27. 

35. 

25. 

57. 

32. 

24. 

22. 

67. 

33. 

30. 

27. 

24. 

. 3c. 

51. 

51. 

43. 

31. 

3C. 

23. 

35. 

33. 

57. 

61. 

57. 

2U. 

19. 

19. 

19. 

19. 

19. 

18. 

18. 

18. 

17. 

17. 

17. 

10. 

16. 

16. 

16. 

15. 

15. 

15. 

14. 

14. 

14. 

13 • 

13. 

12. 

12. 

12. 

12. 

12 • 

12. 

11 • 

11 • 

1'j • 

11 • 

10. 

10. 

10. 

31. 

27. 

36. 

30. 

.s. 
7. 

33. 

7. 

5. 

3". 
., , . 
6. 

25. 

7. 

8. 

6. 

25. 

5. 

4. 

5. 

6. 

4. 

5. 

25. 

5. 

5. 

5. 

4. 

5. 

2 ~. 

5. 

4. 

r 
J. 

188. 

195. 

15 G. 

9. 

9. 

8. 

10. 

12. 

9. 

7. 

9. 

7. 

10. 

12. 

8. 

9. 

11. 

13. 

8. 

6. 

11 • 

10. 

12. 

6. 

12. 

7. 

4. 

7. 

6. 

12. 

3. 

7. 

14. 

5. 

6. 

c. 

4. 

17. 

14. 

14. 

5. 

~. 

16. 

6. 

5. 

1 I •• 

6. 

5. 

16. 

6. 

5. 

5. 

17. 

5. 

4. 

5. 

5. 

5. 

6. 

13. 

5. 

5. 

4. 

5. 

13. 

6. 

6. 

11. 

13. 

96 

12. 12C. 

1~. 14C. 

1(;. nc. 

11. 115. 

65. r. 

tL. . C. 

12. nc. 

56. f. 

55. C. 

15. 12C. 

E5. C. 

e5. O. 

13. 105. 

to. c. 

75. C. 

75. C. 

14. 13C. 

52. C. 

50. C. 

ES. C. 

7LJ. C. 

7(;. f. 

4L. C. 

14. 1u5. 

38. C. 

35. C. 

4c. C. 

32. C. 

8(;. C. 

12. 10r. 

45. o. 

HL. C. 

30. C. 

12. 9. 

15. lC. 

1u. . H. 
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Data Ppoj0CtS 

('.Inits) H~Jdr") (:00£1'1 j\I'.lcl\::':lr· 0.:1.5 F'.le·1 

PC 
(11W) 

(-\F 
(7. ) 

IF 
(i. ) 

u 
(TL.n~t,..Jh ) 

LF 
(7.) 

CT 
( year's) 

LT 
(year's) 

L 
( ~\m2) 

p 
(km::::/ y ) 

1. (~)0-":;;:!Q)Q)(!1 1 !::i (~I-'''' (i.lli,1 

15· .. t.(!1 c,(!I .. ·75 

5!:i!lI·-1. 5!!)0 91!.)Q)····12(!)(,i) 

35-"4~i l.j.!::i·-60 

4-·12 !.:i·_ .. °7 II !:i 

:;-::Q)-9QI 4 (t) ... (11) 

4·· .. 14 4···9 

50· .. 1!!.)!!) 2~i''''':3Q) 

!;:i (£1'- 1 (!)(!) 1 (!) ... !.5(!) 

Q) 2(!1·_·14·(!1 

:::: (~) (i.)'" 1 5 (i.II?) !'.::i(!.)-·:;;:(!)I!) 1 5 (~ .... 1 (~)(2)(2) 

~5 ~~i '-7!!) .0:',_- .~ I::" _I 1 .... 7 ({l"'::;:I!1 

1 Q)!!')Q)·-2!!.11!H!1 !:,:i(~IQI"- (17)(2) 7 (!.H!I·-f::(!H!) 

'75'-"~::~:' 6 l!)'"g(!) 5<Z)"'6~i 

2· .... :::: .. 0:: 
.... 1 ::::~i"-I::.!5 1 ~i'''''L~5 

4~)'-55 ·:7····1 1 9· .. 1 1 

:;::'--1 It- :l·-:3 4,-(:' 

2(t'-"~::({,1 1 (t1'''15 2Q)"'3!!) 

2(!)·-·~iq) ::::-,1 (!) 5'-1!::; 

12) 1 .. ·4 2"-1 Q) 
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DATA FILe:;: 
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FILE: DR - DlkECTCRY FILE 
FCREIGN CU~R[hCY ~AT[ •••••••••••••••••••••••••• 53C. 
PROFIT KAREIN •••••••••••••••••••••••••••••••••• 1.C8 
PRICE ELASTICITy............................... C.5 
IIIIlIAl ENERGY GEl'IERA1l0N COST <Tl E) •••••••••• 1092.8CC 
IIlITIAl Av~IlA6lE El'IERGY (100GWH) ••••••••••••••• : 273.,0 

FIlE:PR- FERIODS NCI'IINAl CEVIAlICNS FILE 
2C POWER EN ERG INTl2 IN FCa CMTL8 eM FC E 

1'184 -51 -56 130 130 21 21 
1985 -61 -88 15 C ,30 31 31 
1986 -72 -92 175 330 43 52 
1987 -75 -120 ,OC 41C 55 63 
1982 -77 -14C 220 4EO /1.5 75 
1989 -85 -11:)C 235 540 115 8e 
199C -95 -2GO 260 c20 150 9C 
1991 -10C - 22Q . 275 7eo 18C 12C 
1992 -105 -235 350 710 22C 135 
1993 -117 -280 382 7~G 28e 151'; 
1994 -130 -350 385 750 322 165 
1995 -145 -410 39C 755 550 17G 
1996 -155 -55C 393 7(0 68Q 180 
1997 -165 -cao 397 7t5 72C 225 
1'998 -185 -65C 400 77C 8ce 26C 
1999 -19C -e5C 425 77S 9SC 29C 
2Cce -2uO -760 44 C 7EC 1 C60 31C 
2 C01 -215 -780 468 US 1 C8C 37C 
2C02 -22C -a20 48r: 790 1C9C 435 
ze03 ~24 5 -90C 51C dec nee soc 



100 

F I L [: OD - OPTlI"ISTIC DSVJ.ATIOrIS FILe 
'j ~ 
<.1 fO \\C R O;fRG INTLc It~FCa C,.:TL3 cr·; FC S 

1 '1P" 5 5 1 3 13 2 2 
1'185 C 'i 1 5 -~ 'J 1 3 
1'186 7 '1 12 33 " 5 J 

1SU 7 12 2C 41 ~ C 
1 He :: 1 /, 22 .;S 11 2 
1 He; <; 12 2.; '5" 15 H 
1 <;9 C 1C 20 26 t2 1 3 1 ;: 
1991 11 .,..., 

... c.. '27 iC 22 13 
1'192 1 2 24 3S 71 23 1 5 
1<i93 1 ~ 28 38 -"1 

I J 32 17 
1)94 1 S 35 39 75 55 17 
1'195 16 41 .;C i6 63 H 
1'196 17 55 41 i7 72 22 
1997 1<; bC 42 73 E6 26 
1998 2C 65 44 i9 98 29 
1'199 21 68 4C EO 1C6 31 
"CU 0 22 76 ' ':< ..... E2 1G:! 37 
2(1::1 2" 78 51 1:5 1(9 .;, 
2 ~G2 26 ,,-u, 53 sr. 1n 45 
2 CC<! 28 9(,; 55 'j) 12C 5C 

F IL E: PD - FlSSIMISlIC DEVIATIONS FILE 
2C FI)I.t:R £NEkG ItiTL2 It~FC'3 Cr'lLG C/", Fe E 

1'11'4 -5 -5 -13 -13 -c: -c: 
1<;c.5 -6 -9 -15 -,3 - , -3 
He 6 -7 -9 -18 -33 -5 -5 
lsn -7 -1;: . -21] -"1 -? -6 
1 <;f. c -8 -14 -22 - "3 -11 ' -8 
1 <;!'. <; -9 -18 -24 - 5" -15 -1C 
H9C -H -ZC -26 - t2 -1: -12 
1991 -11 -22 -"27 -ie: -22 -1 :: 
1 <;9 Z -,2 -2" -35 - i 1 - i,~ -15 
1'193 -13 -28 -' . -' ... -73 -32 -17 

199" -15 -35 -3 :; - i 5 -~5 -1 ? 

1 .;" 5 -16 -41 -4 f. -76 -6·5 -1i! 
1 <;9 c -17 -~5 -41 -i7 -72 -22 
1"i 9 j' -19 -6C -.; 2 - i8 -E6 -2t 
199 C -2G -65 -4 I, -i9 -9.~ -2<; 

1999 -21 -6 a -46 -Er, -1et -31 
2CCC -22 -76 -/,2 -F.2 -1 C:C -37 
2:JL 1 -24 -78 -51 -E5 -1(<; -42 
20(;:2 -26 ~ -

-b~ -53 -sn -118 -" 5 
2 cr 3 -~ ;3 -9 C -55 -<;5 -12C -sc 
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f I L (: PJ - FHOJEC1S F IL E 
11C 

C CL 1 15;) 7C 9C(1 5:1 t • (i 5C 4 25 10 45 
C C( 2 17lJ 6t 920 48 e.5 52 5 25 12 4(; 
CC03 1110 67 950 c ., 5 .. 8 55 4 2~ 12 4t .II.. 

cce I, 185 64 9EO 55 ~.4 51 4 2'i 14 55 
C CC 5 12~J 65 960 61 t..5 5[1 5 26 12 62 
ccrt 22U 6-, 97G 52 - ., 

I. '" 45 5 27 12 7C 
c (r)7 23·J 65 9EO 54 5.2 4a 6 26 14 8C 
CGOe 340 68 9to 4a 4.0 52 7 27 13 85 
CCC9 4 C\) 62 970 52 t.5 4~ 6 27 14 ~r. 
C C1C 550 612 975 55 t.O 52 6 28 15 95 
C (11 630 7C 985 51 t.4 4t 8 26 12 1LC 
C (12 68u 6~ no 54 t.2 48 7 '(1 

,"" 14 1(5 
C C13 3C;) 72 9S0 52 5.8 54 r 8 n 13 105 
CC11, 7611 74 985 to t..8 52 7 29 15 12C 
C £:1 5 820 7C 975 54 7.5 50 8 3C 1C 11r: 
c r.16 3St) 68 9 ell 45 7.(1 51 9 2d 12 nr: 
CC17 800 72 9t5 52 t.8 54 8 3C 11 115 
CCH 330 04 1150 56 t.O 52 8 3G 14 13C 
C C19 371J 6~ 11CO 54 7.2 53 9 ~r. 12 12C 
CC2e 900 72 12CO 52 5.8 57 9 30 15 14( 
FeU 150 75 8CO 6e 23 11 4 20 5 5 
F ((' 2 1 au 74 e20 58 23 11 4 25 6 C 
F Cu 3 20!) 75 785 57 22 1C 4 22 7 4 
Fe04 280 74 7S0 61 23 H 5 3r. 5 ;:: 
F(eS 32;] 75 ?EO 53 21 11 4 -26 () c 

~ 

feGf:. 3 C(J 73 ?E5 (. C 23 1 C c- o, .~ 7 7 J '-J 
FC07 360 74 7CO 61 19 10 4 28 9 7 
F(Cl3 4Cl} 75 7E5 57 21 S 4 24 4 E 
F C[lS 48U 72 730 53 13 1(' 4 3G 8 (; 

FC1 G 450 74 7 eu bG 23 1G 5 27 9 r, 
F (11 550 7~ HO 55 25 11 4 24 H! 1 r 
F (12 530 74 . 720 57 20 1C: () 30 12 1! 
Fen 6(,0 73 740 52 22 S 4 2[; 11 {; 

Fe14 6 5~J 74 730 !)4 21 1C 5 27 14 E 
Fe, 5 66U 72 720 53 18 1(' 6 2e 12 7 
fC16 7CO 73 750 5C 19 11 4 22 11 c; 
fen 78'1 74 730 51 2U 9 b 3r; 15 (; 

FC18 .'33G 7, 720 54 18 1" '. 6 30 12 8 
F C19 9 on 7:. oSO 55 19 S I.> 3C 12 r, 
FC2C 1000 72 7(Li 52 18 c; 0 23 15 1r. 
Gel'1 50 ~ 6 e(i 62 63 11 1 1 C 3 1 
GCG 2 6:) 5 6(0 02 f:.2 11 1 1G 4 ~ 

GCH 52 3 5 S5 01 61 1 r. 2 13 6 2 
G OC: 4 68 8 5S0 62 63 1C 2 18 5 1 
G CU 5 65 5 6CQ 61 62 11 2 14 5 t:. 
G CIJ ci 54 2 5 'i5 6? 61 1 :~ , 11 4 3 <-
Ge07 70 SEO 60 62 11: 

, 13 6 2 J <-

Geo 8 30 r; 5'10 61 62 S 2 1 ;} 8 1 
G Cl·9 ;:~ " , C 570 68 60 10 , 

'- 15 5 , 

G C1 C 1 2 () '1 sea 71 42 ,.-. 2 1 5 7 3 
(,(11 1511 H HG 70. 42 11 3 1 2 7 :3 
G [12 13J <j 570 79 1,0 1C 2 11 5 ;: 
G C1 3 140 12 540 70 42 9 2 11" 7 4 
G (14 175 1 (. StC 71 41 F " 2 1 5 5 'l 

G C1 :. H5 9 535 79 39 1 C 2 12 8 2 
G C 11:. 190 13 56L 71 'IC 11 3 11 ~ 4 J 

6cn 190 1 (. 540 79 41 9 2 14 7 ~ 
G (1 E 1'15 1C 5 "u 73 41 1C 3 14 5 Z 
G (19 210 14 5;5 7,1 39 9 2 13 7 4 
H2O 2 el) s 5.3LJ 7S 41 c; 'l 15 4 3 -' 

GG21 23U 1lt 520 7G 40 11 2 13 8 2 
6(22 25S 1 (. 530 7~ 41 1.1 .. 2 12 6 3 
G(23 250 1 5 510 79 39 9 2 1 5 5 4 
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Ge::?!' 2 't tJ 13 5311 78 41 1C 2 1 (J 13 1 

GC25 26:i 12 5.:5 79 40 1C 2 13 5 ? 
GC2c 265 13 510 73 41 11 "I 12 7 ;: ..J 

G02? 275 1 5 530 79 39 1C :2 1r. 9 :: 
GC2~ US 1 3 5 2G 72 40 11 3 15 1(; 3 
GC29 28lJ 15 510 79 'tll r, 3 12 S ;: 
coc 3(](j 1 5 5 C(i 73 39 H 3 14 1G 4 
H C(; 1 100 be 150(: 44 12 ~1 4 Sf; 10 C 
H (liZ 180 57 1420 43 12 131 4 :; :~ ..,. 

'-'- c 
Hell:: 20:) t1 1450 40 10 E 2 5 53 25 . ( 

HCU 280 53 13~G 41 11 8~ 5 54 3U C 
H CC 5 320 5C 133U 42 10 83 6 5.5 32 C 
HCel: 3ClJ 52 13 C() 44 11 C 2 4 59 35 r 
HC07 36'j 43 13 20 41 10 82 4 52 33 r 
HC(3 4cn 4CJ 1280 42 9 8/t (; 55 4(: C 
H CO 9 4ell 47 neG 39 7 c'" " 7 57 45 C 
HC1C 450 4~ 1220 4C 8 f-2 7 61] 48 C 
H C 11 5 C,) 43 11[0 4') 9 " . vC 8 69 50 r. 
H C1 2 538 47 12CU 41 e 84 8 64 52 C 
HG13 6CD 45 1120 39 9 1':3 7 63 56 /j 

H C1 4 65,) 43 11(0 4J 8 82 ? 60 6G C 
H (15 620 47 10CO 39 IS E.6 ? 6" 55 G 
HC16 no 42, 950 4:) 9 e2 10 70 65 ( 

Hen 780 41 82U 3CJ 8 84 12 75 6 i.: C 
He1d 800 3S 930 33 6 be 12 78 7i' C 
H ~19 830 3S no 3 1

:; R EtC 11 74 .,e- n ,-' 
H C2 (, 9CQ 32 820 37 7 r2 1fJ 76 7G C 
HC21 920 27 ?C;O 38 7 82 12 75 30 C 
HC22 10LlO 2i! He 37 3 f.3 13 eo 75 a 
H C2 3 115(; 25 7 CO 38 8 ? It 12 82 85 r: 
HC2<i 12CU 23 730 - ~ ,)0 7 8.5 11 8" 8E' C 
11(25 1400 21 62G 37 8 82 10 85 85 C 
HC2t 160l; 1CJ 620 39 6 8; 12 89 90 C 
HC27 1650 17 5eo 37 . 4 E6 13 95 95 C 
I1C28 2iH1u 15 6[0 33 5 E'~ 14 HC 100 C 
N C(' 1 310 7C 20W 8') ;:: . () S( S 20 211 C 
Il CC 2 3BIJ bE 19 CO 31 ,.5 c ~ J' 10 23 30 Q 

NeG:: "1Q b4 18CO 82 3.1 42 9 24 35 C 
Nee4 531; S 8 17CO 83 2.0 53 .3 26 4O {} 

NC05 600 02 1650 85 1.9 55 8 27 35 r: 
NOPe 610 .6" 157U 85 ,.1 48 11 3·.1 40 C 
NCC? 6 eo 6e 16eo 81 2.3 52 10 26 It 5 I: 
t; r. r. ~ 700 02 1650 83 ;: .1 45 9 23 4(. C 
N CC<; 720 5E 15 eo H ,.4 51 13 25 It 5 r. 
N C1 C 890 53 1bCC 82 2.5 52 12 3\1 5(' G 
1 C(11 1 1UC .50 we: c.o 0 1 1 0 11 
ECG1 1 luG -C.5 10C c.o C 1 1 C r: 
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SAMPLE RESULTS 



ur.: 

J! 'j t; r 

• 'IC :' u 
lId L!) 
.. tlr r \ 
J /. it r; 

j' t- r: ~ 

jel1. 
... "., y. 4 ' . ... ~ ,. 

uc: 

'.J ~ y <; t--

... " ... ;r .. 
p rl. ... f 
.... ·'I l ' \.J 

ItlIL~ 

L"FC::: 
J' Il l! 
J ,. f- l ..) 

! (, • 

-~ 't'fo .. 
. _J :; I • 

i""-'/ 
tJ 1ul. 
"t '-Iv d . 

l---) 
1-") 
1---> 
'1- . j . -_./ 
(,_ •• j 

"(--/ 

0- -> u __ > 
... 1\ --) 

10. 

T J 1 /, L 

.!. 'Jc' q. 

l ' r. 1. 
I ~ .... Ij . 

-""1? ' ., 

.) C 'I • f-',(, II J ' L T '-' 
..; :~ "f "' '..:!'t ~~.j. • "" .;. l.:~ "" 

\--) 

7--> 
'1 --> 
4--) 
,~--> 

(..--> 
7--'> 
~\ --/ 

'1--> 

u. 

-') 'J. 

() tJ. 

.... ~ .., . 
~ 1 • 

!...L . 

ri. , L: 

- t'l} • 

- 00 . . , 
L • • 

-,. j. 

.:)1. 
~ 70 

l')J, 

G -..'i ,-' l> .. )·) 
r,,-, 1 I h. il': 

':' , II. '3 
(;.' ,~.. II I' .I u 

"f 9 V." ~ 

1- J ' i 

r..J ~ 

\.) 3 
I, .. 4 

, 9b() 
oj.. .... '~. 

i. 2 t, 
I I. "7 

o. ,d.L : 

-I •• 
• "J 1 • 

, .L t. • 

1·1.!. • 

:'1 '1 .. 

-';l 'J. 

1 'i /'1 

'; LO. 

·t J:) . 
- :).j. -J. 

i. ) 'h 

l "ell, 

• t 
-.\')w 

1"11:1. 
fnl-I. 

'i~ J~ 

-"'1". 
,,) k 

-"11. 
- " J 1. -.,h. 

- -1 '\, 

" . 

~4 . 
., i. 

il ', 1'1 
(~I "? 't 
t= 1., 

1'1<.J7 

-'111. 
- "- j ~". 

: ~ '1 . 
"l<j 9. 
r)~? • 

l'J q 7 

1 'ido 
J t, ",..~. 

-~-,.it f 

-- 2 " . 

'.'l : 

-J !o)" 

-1 \. -; . 

">: <:; 

r'l' ? 
6'; !l .. 

_it 7 K . 

-l; 7. 
- I.: Z . 
-I n . 
- ... v. 

7 ' • 
1'1 .. 

lo.J .jIJ 

n .. " 
'i. 15 
;, r ~ 

H .. ' 'i 

H. 1."1 
F. 

3:> '" • 
6 Q 

"'. 

7bQ. 
_ 4:;, r, 0 

, 9 'J9 

*' v .. 

-7 i. 
-1 II • 

-17. 
-.1.1 • 
1 \ ~. 

L 1 . 

- 1-)1-) .. 

- ?:. 7. 
'7{'1tl . 
7 j"' . 
tI't" • 

- 414. 

P F : 

-77. -t' • 
-L? 5. 
- '.1" . 

- ':ih . 
127. 

;;\. ) I , it 

G ~ 1 
,i. 23 
Ii 2!.. 

2:;' '1 
..;- .... - '1' 
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c : 1 

)=ig3 
';' ... '(0-". 

-77. 
-., t" . 

:> ' • 

1..<;7. 
'" . ~ J • 

-i'''' • 

):3 

- b? -t • - ..,7. 
-267. 

4] ':1. 
73 7" 
OC> 1 . 

- 3~ , • 

-j", t;, • 

4~ h . 
7 .. -;:. 
'j 7' • 

- 2bl . 

- 1tJ? • 
<t :i ( • 

77i:1. 
Sot.. 

- 21"' . 
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