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1. Elcaywy

To AoYLOUKO Ttou avamtuxBnke amo tnv Kipla Epeuvntiky Opada tou EBvikol Metoofiou
MoAuteyveiou, adopd otic peBodoroyieg avaAuong euoTABELAG O TTPAYUOTIKA TTPoBANOTA
TLOAUOTOXLKOU TIPOYPAUUATIOHOU (TTOAUKPLTNPLOKOC LABNUOTIKOG TIPOYPOUUATIONAG). AUTEC
ol peBodoloyieg avaluong evotdbelag avantuxdnkav Katd th Slapkela tng Apaong A.10 Kot
aflohoynBnkav Melpapatik@ Katd tnv Texvikn EkBeon M.11. Téhog, xpnowlomnolnénkav oe
TIPAYHOTIKA TIPOBARUATO TTOAUCTOXLKOU TIPOYPOAUUATIOHOU HEYAANG KAIHAKOC KOTA TNV
vlormoinon tng Apdong A.12.

JTOX0G¢ TNG moapoucag Texvikng EkBeong eival n ouvomrtiki mapouciacn Twv HETPWV
afloAoynong tng evotabelag ota MPoPANUATA TTOAUGTOXLKOU TIPOYPAUUATIOMOU KOl KOTOTILY
N MaPoUCLaoN TOU GXETIKOU AOYLOULKOU Ttou avartuxonke. MapdAAnAa, e TV mapouaciaon
TOU AoylopikoU Kot Ttnv mapaBean 6Aou Tou mnyaiou Kwdika oto MapdpTnua TOU TTAPOVToC
MNapadotéou, Ba 60600V Kal 0dnyleg cwWoTAG Xprong Tou Ue tn popdn eyxelpLdiou.

O kwbwkog tou oavamtuxBevtog AoyloptkoU/alyopiOuwv eival ypoppévog oe yAwooo
HOVTEAOTIOLNGNC, KAL TILO GUYKEKPLUEVO oThV TAatdhOpua GAMS (General Algebraic Modeling
System). H mAatdpopuo GAMS amotelel éva TOAD oXUPO epyaleio mou e€eldikeVeTal O
npoPAnuata pabnuatikng BeAtiotonoinong 6Awv twv 8wy (Linear Programming, Integer
Programming, Non Linear Programming, Mixed Complementarity Problems, Quadratically
Constrained Programs, kAm.). H mAotdopua evowpotwvel GAoUG TouC avtiotowoug solvers
TIOU OTALTOUVTAL YL TNV ETAUON TWV CUYKEKPLUEVWYV 16 WV TipoBAnUATwy BeAtioTonoinong.

To MAoywoplkd GAMS umopel kavei¢ vo To katefdocsl Swpedv amd TNV LotooeAida
http://www.gams.com/ Kal vo KAVEL AMEPLOPLOTN XPron TOU, HLE TOV TIEPLOPLOUO OTL Ta
npoPAfuata mou Ba emlUel 8 Ba Eemepvolv oe péyeBog T 300 petaPAnTEG Ko
TEPLOPLOUOUC. Na TNV emiAucn peyaAltepwy ipoBANUATWY BeAtiotomoinong, sivat avaykaia
n ayopa tou, eite pe business | pe akadnuaikolg dpouc.

Inuewwvetol OtL n mAatdoppo GAMS amotedsl pla ek twv uvPnAd efelbikeupévwy oe
npoBAfuata BeATloTONOINONG, KOL TO YEYOVOG OTL EOTLALEL LOVO OTNV OVTLLETWITLON TETOLWV
MPOBANUATWY, TNV KAVEL Pl EK TWV LOXUPOTEPWY, CUUPWVA HE TOUG EUNELPOYVWLOVEG.
MapdAAnAa, n ektetapévn PBpAoypadia (manuals, documentations, tutorials, model
libraries, k.a.), mou €xeL avamntuxbei, BonBolv e€alpeTikd €va véo XprHotn TNG.
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2. Eyxepidio xpniong moAvotoxikoV A0YLOULKOU

To AOYLOUIKO TIoU avamtuxBnke amod to EMI, eival evowpotopévo oe tpla Stadopetika
oapxeloa GAMS. Autd elval Ta:

e  MOIP — MultiObjective Integer Programming,
e  MOLP - MultiObjective Linear Programming, kail
e  MOMIP — MultiObjective Mixed Integer Programing.

Ta tpla Stadopetika apyxela adopolv otnv avaAuaon Tng euotabslag ota TPLA TIo Baotkd
TPoPBANRHATA TOAUCTOXLIKOU HOBONUOTIKOU TIPOYPAUUATIOMOU Kal Ba e€eTaoToUV aVAAUTIKA
napakdtw. Ta Tpwrto opxeio Aoywopikou (MOIP) adopd otnv emloyn PBEATLIOTOU
xaptopulakiov £pywv, evw ta dMa Vo (MOLP kat MOMIP) otnv Behtiotomnoinon
xaptopulakiou petoxwv. Kot ota tplo Sivetal mapateiBetal pia mpaypatikny edappoyn,
OTIWC TTAPOUCLACTNKAV OTLG TeXVIKEG EkOEoelg M.11 kat M.12.

To MpwTto PAUa TOU TPEMEL va KAVEL O XProtng elval n AN Kal eykatdotaon Tng
mAatdoppag GAMS amod to site tng etaipeiag: http://www.gams.com/download/. Katomuy,
Kavovtag SUTAO KALK O€ €va €K TWV TPLWV apxeiwy, autd Ba avoifel kot Ba sival £ToLpo pog
aueon enefepyaoia. AladopeTikd, o XpNotng Unopsic va avoifel to mpoypappa GAMS, va
natnoet “File” kot katomw “Open” Kal va KAvel browse To apxeio, WoTe va To avoigel.

2.1 MOIP - Multi-Objective Integer Programming

To ouykekpluévo apxeio eotidlel otnv emiluon evog mpoPAnuatog PeAtiotonoinong
TIOAUCOTOXLKOU QKEPOLOU HABNUOTIKOU TPOYPAUMOTIONOU, KAl TILO OCUYKEKPLUEVA, OTNV
erhoyn PEAtiotou xoptodulakiov £pywv. MapEXEL TO TAPASELYUO TIOU QVADEPETAL OTIC
ONLOCLEVEVEG ETILOTNOVIKEG epyacieg Mavrotas et al. (2015a) kat Mavrotas et al. (2015b).

TNV apxn tou Kwdlka, o Xpnotng KaAeital va opiloel £€L SladopeTikd set MaPAPETPWV.
JuyKekplpéva, Ta SladopeTikd projects mou afloloyolvtal (i), Tn yewypadikn toug Béon
(geo), to €idog texvohoyiag mou adopolv (Tech) kat TI¢ avtikelpuevikeég cuvaptnoels (k). Ta
aMo 8Uo sets eicdayovtol pe t popdn mivoka kol gival: n avtiotoixnon épywv o€
vewypadLkn meployn (geo, i) KaL n avtlotoixnon Twv €pywv o texvoloyieg (tech, i). Ta set,
adopouv otnv ouacia toug Seikteg Mou SLadopomMoLoUV TIG MOPAUETPOUG UETOEU TOUG, Ko
amnatrtouvtal o KaBe apxeio GAMS. Ta €€l StadopeTikd sets, epdavilovral pe UITAE XpWHO
OTO ZXNMa 2.1 KAl OL TLIEG TIOU TOpVOUV E MPAOWVO. To XPWHATIOUEVA HE YKPL XPWHA Elval
OXOALOL KOl OXL EVTOAEG Ttou SlaBalovtal amno tov solver.

MeTd Tov oplopd OAWV Twv sets, ELCAYOVTAL OL TAPAUETPOL TOU HOVTEAOU (parameters) Kot
KAmoleg otaBepég (scalars) mou apopolv o€ TOGOTNTEG TOU LOVTEAOU OL OTIOLEG Elval YVWOTEC,
TL.X. To budg(i) mou dnAwvel To cuvoALko TpolTtoAoylopd KABe €pyou. OL TAPAPETPOL OTIWG
KOl Ta set, Yrmopouv va elcaxBouv f va dtapaoctolv kateuBelav amd apyeia .txt, xls f .csv,
oTav 0 0yKo¢ Twv SeSopévwy gival TIOAU peyaAog. O xpHoTnG MAPATIEUETOL OTO EKTEVEC KOl
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g€apeTIko tutorial tou GAMS, yila tnv ebpeon TwV KOATAAMNAWY oxXeTikwv evtoAwv (Rosenthal.

2010).

File Edit Search Windows Utilities Model Libraries  Help

o %y % 3 ol el

Ch\Users\Isiskos\Documents\Projects\©AANHI\Multiobjective software - GAMN
Imdpgms

STITLE calculation of robustness in the project selection problem
fontext

Project selection problem
Data from Makrivelios thesis

Sofftext

Sinlinecom [ ]
Seolcom //

=ets
i project /1*133/
geo districts /1%13/

Sontext
1 Eastern Macedonis Thrace
2 Attica
3 Northern Asgean
4 Western Greece
5 Festern Macedonia
& Epirus
7 Thessaly
&8 Ionian
g Central Macedonia
1o Crete
i1 Southern Asgean
iz P=loponness
i3z Sterea Ellads
Sofftext

tech type of technology / WIND, S5H, BPV/
k objective functions /1*5/

*3 02 avoidsd
*4 land use
*h IRR

pgeo (geo,i) mapping of projects to districts
/
. (10,22,48,90,108)
. (80)

(=]

IXpa 2.1: Tuypdtuno oB6vng Katd v apyn tou rnyaiov kwdwa MOIP

MEeTA TNV Eloaywyr TWV MAPAUETPWY, OELPA va eloaxBoUv £XoUV OL AYVWOTEC TTOCOTNTEC TOU
povtéhou, SnAadn ol petaBAntéc tou (variables), oL omolec Staywpilovtal oe OeTIKEG,
OPVNTIKEG, TIPOYHATIKEG, OKEPOLEG, SUASLKEC, KATT. 2TO CUYKEKPLUEVO UOVTENOD, OL HETORANTEG
Tou evladEpouv Tov avaAutr) Katd kUpLo Aoyo eival ot petaBAntég X(i), mou amotelolv Kat
TG petaPAntég anddaong tng BeAtiotonoinong. Mpokettal yia Suadikég petapAntég (0,1) mou
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gehéyxouv kal opilouv av to i project, Ba xpnuatodotnbel r OxL. ITNV MPWTIN TEPLMTWON
naipvouv tnv TN 1, otn 6evtepn tnv T 0.

YT cuVEXELa, opilovtal oL £ELOWOELC/AVIOWOELS TIOU EVOWUATWVOUV TIC HETABANTEG KL TIG
TIOPAUETPOUG, TIOU OTNV oucia TepLypAdouV TOUC TEPLOPLOLOUG TOU TIPOBARUOTOG, KoL TEAOC
SlveTal N QVTIKELWEVIK ouvdptnon mpog PBeAtotomnoinon. Ito mapdv mapdadelypa €xouv
€TUAEXOel 5 QVTIKELUEVIKEC oUVAPTNOELG, 00eC SnAadn ixav oplotel and to set “k”. Autég
gival, n nepipepelakn avantuén, n avepyla, n peiwon ekmopnwv dofeldiouv Tou avBpaka, n
XPNon ynG Kol 0 0lKOVOULKOG Seiktne IRR (ouvteAeoTrg ecwTtepLKn G amodoong).

BINARY VARTIABLES
(I binary wvariable indicating if project I is selected or not

Positive wvariables

TOTBUDE total budget (keuros)
TOTPROJ total projects

TOTMN total MW

Z [ K) objective function wvalues

3

FEEE VARTABLES

ZOBJ multicriteria score;

EQUATTIONS

objfunl objective function for regional development
objfun2 objective function for unemployment

objfun3 objective function for awvoided CO2

objfund objectiwve function for land use

objfuns objective function for economic performance IRE
=q_ totbudg equation for total budget

eq_ totproj equation for total projects

eq totMW equation for total MW

geal geagraphical constraint 1

geol geaographical constraint 2

gead geagraphical constraint 3

techla technological constraint la

techlb technological constraint lb

techzZa technological constraint 2Za

techzb technological constraint 2b

tech3a technological constraint 3a

tech3b technological constraint 3b

eqg_obj aggregate objective function

I3

IXAMA 2.2: ZTIYULOTUTIO 006VNG TWV HETABANTWV KOl TEPLOPLOKWVY TOU KWka MOIP

H ouvéxela tou kwdika adopd otnv avaluon Tng eVoTABELOC, HECW TTOAAATTAWY TPEELUATWY
Kol emAUCswWV TOU HOVTEAOU, Kdvovtag xprion tou oAyopiBpou Monte Carlo kat tng
rmoAuotoxkng nebddou Augmented Weighted Tchebyscheff (BA. Mavrotas et al. 2015b).

Exel mapayetal o Mivakag Kepdwv 5X5 TwV QVTIKELLEVIKWY CUVOPTACEWY Kot SnAwvovtal ot
TIAPAUETPOL N TIUA TWV omolwv eivat aBéBatn, aA\d akoAouBsl o cuvaptnon MUKVOTNTOC
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mBavotntac. To poviélo tpexel looped 6oeg popég SnAwBel amd to xprotn, Kol £tol
QTTOKTWVTOL OTOTIOTIKA OMOTEAECUATA TWV ANMOTEAECUATWY. AUuT N avaAucon SelyVveL TTOLEG
AUoelc kal rota €pya eudavilovral ouxvotepa oto BEATIOTO XapTodUAGKLO €pywy, TIpAYUA
TIOU OoNUaivel OTL eival kot o evotabeic.

O aAyoplBuog o OAn Tou TNV £KTAON TTAPEXEL TARPN OXOALACUO KoL 08NYieg yLo Tn owoTth Kat
QTOTEAEGUATLKI TOU Xprion, Xwplc obpaApata.

2.2 MOLP - Multi-Objective Linear Programming

To ouykekplUévo apxeilo eotalel otnv emiluon evog mpoPAnuatoc BeAtiotomnoinong
TLOAUGTOXLKOU YPOUULKOU TIPOYPAUUOATIOMOU, KOL TILO CUYKEKPLUEVA, OTNV eTTAoYr BEATIOTOU
xaptodpulakiou petoyxwv. Mapéxetl to mapadetypa mou avadépetal otnv Texvikr EkBeon M.11
Tou OAAH.

TNV apxn Tou KwLKa, o0 Xpnotng KaAeital vo oplostl evvéa SLadopeTikd set MapapéTpwy.
JUYKEKPLUEVQ, T SLadOPETIKA KPLTPLa/aVTIKELEVIKEG ouvaptioelg (K), TG mapatnprnosLg
(T), Tig petoxég umo afloddynaon (1), toug ekdoteg (IS), Tig ayopég (MRK), ToU 0TO CUYKEKPLUEVO
napadelypa eival povo pia, Toug topeic dpaotnprotntag (SCT), kabBwce Kal n xoptoypddnon
ekbotwv Kot petoxwv (IS, 1), n avriotoiyon topéwv Kat petoxwv (SCT, 1) kat n xoptoypadnon
HETOXWV Kal ayopwv (MRK, 1). Ta set evtog tng mhatdoppuag GAMS amelkovilovial oTo Ixnua
2.3, pali pe Tov 0pXLKO OXOALAOUO TOU KwOLKA.

Katomuy, elodystal pa mAnwpa MopapéTpwy Kol oTabepwy, OMWE N MOPELD TWV LETOXWVY T
teleutaia SU0 XPOVLO, KATIOLO AVW KOL KATW OPLOL TWV AVTLKELLEVLKWVY CUVAPTACEWY, Ta TEAN
0YOpWV KoL TTWANCEWV, K.a. MOAAEC MOPAUETPOL OTIWG paiveTal, SEV ELGAYOVTOL OE VOULEPLKN
popdn, aAAd kaAeital péow tng evtoAng “Sinclude” to avtiotowo apxeio GAMS oto omnoio
OLUTEC £XOUV OpPLOTEL.

JTN OUVEXElA €lOAyOVIAL KATA TO yvwotd oL HeTaBANTEG TOu  HOVTEAOU,
oupmep AU BAVOUEVWY Kal TWV HETABANTWVY amodacng ou gival To TooooTo KABe PETOXNG
oto BéAtoto yaptodulddkio (W(I)). TéAog, elodyovial oL TMEPLOPLOPOL UTO TN Hopdn
€€LOWOEWV KOL AVLOOTIKWY €ELOWOEWVY, KAL N AVTLKELUEVIKEG CUVAPTIOELG TNG EYLOTOTIOINGNG
Tou K€PSouG Kal ehaxLoTomnoinong tou plokou.

To HoVTENO ETUAUETAL LLE TN XPHON TN TOAUCTOXLKNG LeBOSOU €-constraint, KoL CUYKEKPLUEVA
pe TNV BeAtiwpévn tng €kdoon tnv AUGMECON. H avdAuon tng euotddelag Twv AVCEWV
T(POYLOTOTIOLETOL TIGAL LE TN XPron Tou aAyopiBuou Monte Carlo kal twv MoAAAmAwv
SelypatoAnPLwv Kot EMAUCEWY TOU HOVTEAOU, YLa TNV e€aywyr OTOTIOTIKWY OTMOTEAEGUATWVY.

210 IXNua 2.4 mapouolaletal n emiAuon tng moAuoToxkng ueBodou Tchebytcheff, kaBwce kat
0 KaBOPLOMOC OUVAPTHOEWY TIUKVOTNTAG TBAVOTNTOG yla Ta BAPN TWV OVTLKELUEVIKWVY
ocuvapthoswy. Mapouotdaletal emiong, o aAyoplBuog Monte Carlo, péow tou Ppoyxou
oA amAwy eTAUCEwWV Tou povtéhou (loop).

TeAkd, To amoteAéopata mou eEdyovtol amobnkevovtal os apxeio .txt oTo pakeAo mou opilst
0 XPNOTNC EVTOG TOU TINYQOU KWELKOL.
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File Edit Search Windows Utilities Model Libraries Help

2| B % ¥ | % 2 @&

Sontexrt
This 1s & model for the multiobjective portfolio optimization

In this example we consider an already existent porfolio
the weights in the existent portfolio are given 1n parameters

W= have:

50 stocks
104 weeks for past data (2 years)

1 market (EUR)

50 issusrs

first 15 stocks as high capitalization

Constraints

Portfolio's beta = 0.7-1.3

The share of the participating in the portfolio stocks 1s betw
The number of stocks 1n the porfolio 1s betwesn 10 and 20
F-10-40 rule

Zoffrext

finlinecom [ ]
Seolcom //
LR bR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R E R R R R

£5Title Example model definitions

SETS

K criteria /1#3/

*0OF descriptive attributes (not used as objective functions)

T observations /f1%104/

I stocks /1%50/

*NZW (I) stocks with nonzereo welght in existent portfolioc /2,3,

I5 issuers /1#50/

ISI(I5,I) mapping of issuers to stocks

/1.1, 2.2, 3.3, 4.4, 5.5, €., 7.7, 8.8, 9.9, 10.10,

11.11, 12,12, 13.13, 14.14, 15.15, 1s.16, 17.17, 18.18, 19.19,
21.21, 22,22, 23.23, 24.24, 25.25, 26.26, 27.27, 28.28, 2%9.29,
31.31, 32.32, 33.33, 34.34, 35.35, 36.36, 37.37, 38.38, 39.39,
41.41, 42,42, 43.43, 44.44, 45.45, 46.46, 47.47, 48.48, 49.49,

*markets

MEE markets /EUR/

MEKT (MR¥, I} mapping of markets to stocks EUR 1-50
/EUR.1*50/

*super sectors
SCT zectors /1*10/

3 objective functions (criteria) which are (1) retwrn, (£) MAD and (3) Liguidity

wi

een 0.03 and 0.1

e

A1*1/

6,9,11,14,15,16,17%,18

20.20,
30.30,
40.40,
50.50/

[ 50: 101 | [Insert

IxAHa 2.3: ZTyULoTtuno 006vng Katd Ttnv apxr Tou nyaiouv kwéwo MOLP.
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2.3 MOMIP - Multi-Objective Mixed Integer Programming

To apxeio kwbika MOMIP givat katd moAU peydAo mooooto avtiotolyo Tou MOLP mou poALg
nieplypadnke, pe tn Stadopd OtL autd sival eAadpwc o e€eAlypévo, KaBWG TEPLEXEL Kal
KATTOLEG ETUNIPOOBOETEC aképaleg HeTABANTEG, OwG TV Suadikn petaBAnth B(i), mou SnAwvel
™V UTapén ULoG UETOXNG i 0To PEATIOTO XAPTOPUAGKLO. O CUYKEKPLUEVOC OAYOPLOULKOG
Kwdwkag amattel cadwg PeyaAUTEPN UTIOAOYLOTIKN oYU oo TOV TPONYOUHEVO KaBwg

npoketal yto Combinatorial Optimization mpoBAnua (BA. Mavrotas et al. 2015a).

£5Title Tchebyscheff model

scalar

elapsed time elapsed time for payoff and e-constraint
start start time

finish finish time

iter counter for iterations

*r AUXIIIAFV I m
MCiter number of Monte Carlo iterations /10007

okflag flag to indicate if we sample weight coefficients correctly

totiter total number of MC iterations

.

Parameter
zideal (k) z#*% of Tchebysheff method
zdefn (k) definition point z with dash over
* epsilon (k) parameter for crestion of z#* Steusr p. 422 (1%-10% of z)
rho parameter in the objective function Steuer p. 429 (0.01-0.0001) 001
* initial weights 0.1, 0.2, 0.2, 0.1, 0.4
parameter wmin (K) weight coefficent interwvals - left edge
1 0.18
2 0.4
3 0.27
parameter wmax (K) weight coefficent interwvals - right edge
1 0.22
2 0.55
3 0.33

parameter wk(E) weight coefficient;

loop ik,
if (dir(k)=1,
zideal (k)=maxcbj (k) +1;
zdefn (k)=minckj (k) :
else
zideal (k)=mincobj (k) -1;
zdefn (k)=ma=xckj (k) :
)i
)i

Variables
LT.PHRL wvariable of tchebvychev method
TCH_CEBJ objective function of augmented Tchebysheff
Equnations
IxAua 2.4: ZTiypidtumno 006vng tng pebddou Tchebytcheff oto MOLP povtédo
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Mapaptnua

Sontext
This is a model for the multiobjective portfolio optimization

In this example we consider an already existent porfolio
the weights in the existent portfolio are given in parameters w0

We have:

3 objective functions (criteria) which are (1) return, (2) MAD and (3) Liquidity
50 stocks

104 weeks for past data (2 years)

1 market (EUR)

10 sectors

50 issuers

first 15 stocks as high capitalization

Constraints

Portfolio's beta =0.7-1.3

The share of the participating in the portfolio stocks is between 0.03 and 0.1
The number of stocks in the porfolio is between 10 and 20

5-10-40 rule

Sofftext

Sinlinecom [ ]

Seolcom //
3k 3k sk 3k sk 3k sk sk 3k sk 3k sk 3k sk 3k sk sk sk sk 3k sk sk 3k sk sk sk 3k sk 3k sk sk sk sk 3k sk 3k sk 3k sk sk 3k sk 3k sk sk sk sk sk sk 3k sk 3k sk 3k sk sk sk sk 3k sk ok sk sk sk skosk sk sk sk sk sk sk sk ki k

* k¥

SSTitle Example model definitions

SETS

K criteria /1*3/

*DK descriptive attributes (not used as objective functions) /1*1/

T observations /1*104/

| stocks /1*50/

*NZW(1) stocks with nonzero weight in existent portfolio
/2,3,6,9,11,14,15,16,17,18,20,21,24,26,27,28,29,32,34,37,39,40,43,44,46/

IS issuers /1*50/

ISI(1S,1) mapping of issuers to stocks
/1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9, 10.10,

11.11,12.12,13.13, 14.14, 15.15, 16.16, 17.17, 18.18, 19.19, 20.20,
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21.21, 22.22, 23.23, 24.24, 25.25, 26.26, 27.27, 28.28, 29.29, 30.30,
31.31, 32.32, 33.33, 34.34, 35.35, 36.36, 37.37, 38.38, 39.39, 40.40,
41.41,42.42,43.43,44.44, 4545, 46.46, 47.47, 48.48, 49.49, 50.50/

*markets

MRK markets /EUR/

MRKI(MRK,I) mapping of markets to stocks EUR 1-50
/EUR.1*50/

*super sectors

SCT sectors /1*10/

SCTI(SCT,l) mapping of sectors to stocks
/

1.(1,5,33),

2.(2,31,39,41,42,48,49),
3.(3,16,21,38,43,46),
4.(4,10,18,23,24,27,28,29,30,34,36,40,45,47,50),
5.(13,25),

6.(6,7,8,15,32,44),

7.(9,19,20,26,37),

8.(12),

9.(11,17,22,35),

10.(14)

/

*1 Energy

*2 Industrial

*3 Communications

*q Financial

*5 Consumer | Cyclical

*6 Consumer|Non-cyclical
*7 Utilities

*8 Diversified

*9 Basic Materials

*10 Technology

*blue chips
BLCHP(l) stocks that are considered blue chips /1*15/

’

TABLE dr(1,T) the T-th weekly deviation from 2-year mean of the I-th stock
Sinclude "c:\gams\eurostoxx50\dr_50_104_1.txt";

’

Parameter r(l) the 2- year mean of the return of the stocks

/
Sinclude "c:\gams\eurostoxx50\ret_50_1.txt";

/;

Parameter lig(l) the 2- year mean of the liquidity of the stocks in million euros
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/
Sinclude "c:\gams\eurostoxx50\liq_50_1.txt";
I/D;rameter beta(l) the 2- year beta of the stocks
éinclude "c:\gams\eurostoxx50\beta_50 1.txt";
ﬁ’;rameter divy(l) the 2- year beta of the stocks
ginclude "c:\gams\eurostoxx50\divy_50_1.txt";
é:i\rameter wO(l) the weights in the existent portfolio
ginclude "c:\gams\eurostoxx50\initial 50 1.txt";
/;

Parameter wOfixwis(IS) the weights of the non-equities of each issuer that remains constant
* we need it just for the 5-10-40 rule application that holds for all investments

* of the same issuer, not only for stocks

*/

*Sinclude "c:\gams\xOfixwis_167.txt" ;

*/;

loop (I, wOfixwis(IS)=0);

Parameter dir(K) direction of the objective functions

[EEN

~NWN P~
1
AN

Parameter ubobj(K) upper bound for the objective functions
/

1 INF

2 INF

3 INF

/;

Parameter Ibobj(K) lower bound for the objective functions
/

1 -inf

2 -INF

3 -INF

/;

Parameter bcom(MRK) buying commission

/
*ATH 0.5
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EUR 0.1
*LON 0.4
/

Parameter scom(MRK) selling commission
/

*ATH 0.8

EUR 0.15

*LON 0.6

/

Parameter mrktup(MRK) upper bound for markets
/

*ATH 0.75

EUR 1

*LON 0.25

/

Parameter mrktlo(MRK) lower bound for markets
/

*ATH 0.25

EUR O

*LON 0.1

/

Parameter sectup(SCT) upper bound for sectors

INF
INF
INF
INF
INF
INF
INF
INF
INF
10 INF

/

O oONOULEAE WN R

Parameter sectlo(SCT) lower bound for sectors

NoubhwNERE S
O OO OO0 OoOOo
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O

0
0
0

=

0

~

scalar

Ib lower bound for share in portfolio /0.03/

ub upper bound for share in portfolio /0.1/

minstocks lower bound for stocks in the portfolio /10/

maxstocks upper bound for stocks in the portfolio /20/

bclb lower bound for blue chips /0.0/

bcub upper bound for blue chips /1.0/

numstock number of stocks in the portfolio

earlyex number of early exits from the loops

elapsed_time elapsed time for payoff and e-sonstraint

pareto_num number of Pareto optimal solutions

start start time

finish finish time

numloop number of loops in e-constraint

betalb lower bound for portfolio'w beta /0.7/

betaub upper bound for portfolio's beta /1.3/

divylb lower bound for portfolio's dividend's yield /0/

d_abs allowable increase or decrease from current weight in portfolio (absolute) /0.1/
d_rel allowable increase or decrease from current weight in portfolio (relative) /1.0/
transact reduction of return due to transaction costs

7

POSITIVE VARIABLES

W(l) the share of stock | in the portfolio

Y(T) auxiliary variable for the MAD definition according to Konno and Yamazaki 1991
WAB(I) the share of stock NZJ that is bought

WS(I) the share of stock NZJ that is sold

OV5W(IS) The share of stock | over 5%

*AUX(IS) The share of stock |  //for stein's modelling

PORTFBETA portfolio's beta

PORTFLIQ portfolio's liquidity

free variables
Z(K) value of the objective functions
*DZ(DK) descriptive attributes (not objective functions)

’

BINARY VARIABLES
B(l) the existence of stock | in the portfolio
OV5B(IS) indicating if the stock J is over 5%

’
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EQUATIONS

*DECLARATION OF EQUATIONS

*definition of objective functions

EQ_OBJ1 objective function 1 (return)
EQ_OBJ2 objective function 2 (mad)
EQ_OBIJ3 objective function 3 (liquidity)
EQ_BETA calculation of portfolio's beta
EQ_LIQ calculation of portfolio's liquidity

*General constraints

EQ_LO(I) lower bound for share in portfolio for stock |

EQ_UP(I) upper bound for share in portfolio for stock |

EQ_BLCHPLO lower bound for share in portfolio for blue chips

EQ_BLCHPUP  upper bound for share in portfolio for blue chips

EQ_SUMBILO lower bound for number of stocks in the portfolio
EQ_SUMBIJUP  upper bound for number of stocks in the portfolio
*EQ_DEV_RELB(NZW) relative deviation from current portfolio shares - upper
*EQ_DEV_RELS(NZW) relative deviation from current portfolio shares - lower

*specific constraints

*EQ_MRKTLO(MRK) lower bound for share of Market's 1 stocks
*EQ_MRKTUP(MRK) upper bound for share of Market's 1 stocks
*EQ_SECTLO(SCT) lower bound for share of Sector's 3 stocks
*EQ_SECTUP(SCT) upper bound for share of Sector's 3 stocks

*auxiliary constraints

EQ_SUMXIJ sum of shares equals 1

EQ_BAL(l)  balance for stocks

EQ_MADI1(T) auxiliary equation for the definition of MAD
EQ_MAD2(T) auxiliary equation for the definition of MAD

* 5-10-40 rule constraints
EQ_OV5_1(IS) auxiliary constraint 1
EQ_OV5_2(IS) auxiliary constraint 2
*EQ_OV5_3(IS) auxiliary constraint 2
EQ_LINK_OV5(IS) auxiliary constraint 3
EQ_CONSTR_40 auxiliary constraint 4

’

*DESCRIPTION OF EQUATIONS
*definition of objective functionsand descriptive criteria
EQ_OBJ1.. sum(l,W(I)*r(1))
- SUM(MRK,SUM(MRKI{MRK,I),(WB(I)*bcom(MRK)+WS(I)*scom(MRK))))=e=Z('1');

EQ_OBJ2.. sum(T,Y(T))/card(T)=e=2('2");
EQ_OBJ3.. sum(l,W(I)*divy(l)) =e=Z('3");
EQ_BETA.. sum(l,W(l)*beta(l)) =e= PORTFBETA;
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EQ_LIQ.. sum(l,W(I)*lig(l)) =e= PORTFLIQ;
*EQ_EARNY.. sum(l,W(l)*divy(l)) =e= PORTFEY;

*General constraints

EQ_LO(I).. W(I) - Ib*B(1)=g=0;

EQ_UP(l).. W(I)-ub*B(l)=I=0;

EQ_BLCHPLO.. sum(BLCHP,W(BLCHP))=g= bclb ;
EQ_BLCHPUP.. sum(BLCHP,W(BLCHP))=I= bcub ;
EQ_SUMBILO.. sum(l,B(l))=g= minstocks ;
EQ_SUMBIJUP.. sum(l,B(l))=I= maxstocks ;
*EQ_DEV_RELB(NZW).. WB(NZW) =I= d_rel*wO(NZW);
*EQ_DEV_RELS(NZW).. WS(NZW) =I= d_rel*wO(NZW);

*specific constraints for markets
*EQ_MRKTLO(MRK).. sum(MRKI(MRK,I),W(l)) =g= mrktlo(MRK) ;
*EQ_MRKTUP(MRK).. sum(MRKI(MRK,I),W(l)) == mrktup(MRK) ;

*specific constraints for sectors
*EQ_SECTLO(SCT).. sum(SCTI(SCT,1),W(l)) =g= sectlo(SCT) ;
*EQ_SECTUP(SCT).. sum(SCTI(SCT,I),W(l)) =I= sectup(SCT) ;

*auxiliary constraints

EQ_SUMXJ.. sum(l, W(l))=e= 1-sum(IS,wOfixwis(IS)) ;
EQ_BAL(I).. W(1)-WB(1)+WS(l)=e=w0(l);
EQ_MADZ(T).. sum(l,W(1)*dr(1,T))+ Y(T) =g= 0;
EQ_MAD2(T).. sum(l,W(1)*dr(1,T))- Y(T) =I=0;

*5-10-40 rule constraints

*Sontext

EQ_OVS5_1(IS).. sum(ISI(IS,1), W(1))+wOfixwis(IS) - 0.05* OV5B(IS) =I= 0.05;
EQ_OV5_2(IS).. OV5W(IS) - 0.05*0V5B(IS) =L= 0;

EQ_LINK_OV5(IS).. sum(ISI(IS,I), W(I))+wOfixwis(IS)-0.05 =L= OV5W(IS);
EQ_CONSTR_40.. SUM(IS,0V5W(IS))+0.05*SUM(IS,0V5B(IS)) =I= 0.4;
*Sofftext

Sontext

*STEIN'S MODELLING

EQ_OV5_1(IS).. sum(ISI(IS,1), W(l))+wOfixwis(IS) - 0.05* OV5B(IS) =I= 0.05;
EQ_OV5_2(IS).. AUX(IS) - 0.1*OV5B(IS) =L=0;

EQ_OV5_3(IS).. AUX(IS) - sum(ISI(IS,1),W(1))-wOfixwis(IS) =L= 0;

EQ_LINK_OVS5(IS).. sum(ISI(IS,1),W(1)) +wOfixwis(IS)+ 0.1 *OV5B(IS) -AUX(IS) =L=0.1;
EQ_CONSTR_40.. SUM(IS,AUX(IS)) =I= 0.4;

Sofftext

*bounds on objective functions
Z.up(K)=ubobij(K);
Z.lo(K)=Ibobj(K);

*bounds on other attributes
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PORTFBETA.UP=betaub;
PORTFBETA.LO=betalb;
*PORTFDY.LO=divylb;

*pbounds due to maximum absolute deviation from current portfolio
*WB.up(NZW)=d_abs;

*WS.up(NZW)=d_abs;

model eur_50 /all/;

FILE fx /c:\gams\eur_50_results_tch.txt/;

fx.pw=2000;

put fx ;

start=jnow;

*

SSTitle payoff matrix
Set kk(k) active objective function in constraint allobj

Parameter

payoff(k,k) payoff tables entries

maxobj(k) maximum value from the payoff table
minobj(k) minimum value from the payoff table

Variables

obj auxiliary variable during the construction of the payoff table
Equations

allobj all the objective functions in one expression;

allobj.. sum(kk, dir(kk)*z(kk)) =e= obj;
Model mod_payoff /eur_50, allobj/;
Alias(k,kp);

option optcr=0.0;
option limrow=0, limcol=0, solprint=off ;

* Generate payoff table applying lexicographic optimization
loop(kp,
kk(kp)=yes;
repeat
solve mod_payoff using mip maximizing obj;
payoff(kp,kk) = z.I(kk);
z.fx(kk) = z.l(kk); // freeze the value of the last objective optimized
kk(k++1) = kk(k); // cycle through the objective functions
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until kk(kp); kk(kp) = no;
* release the fixed values of the objective functions for the new iteration
z.up(k) = inf; z.lo(k) =-inf;
);
if (mod_payoff.modelstat<>1 and mod_payoff.modelstat<>8, abort 'no optimal solution for
mod_payoff');

PUT fx ' PAYOFF TABLE'/ ;
loop (kp,
loop(k, put payoff(kp,k):12:2);
put /;
);
put fx /;

*display payoff;
minobj(k)=smin(kp,payoff(kp,k));
maxobj(k)=smax(kp,payoff(kp,k));

*

SSTitle Tchebyscheff model

scalar

elapsed_time elapsed time for payoff and e-constraint

start start time

finish finish time

iter counter for iterations

*r auxiliary parameter

MCiter number of Monte Carlo iterations /1000/

okflag flag to indicate if we sample weight coefficients correctly
totiter total number of MC iterations

’

Parameter
zideal(k) z** of Tchebysheff method
zdefn(k) definition point z with dash over
* epsilon(k) parameter for creation of z** Steuer p. 422 (1%-10% of z)
rho parameter in the objective function Steuer p. 429 (0.01-0.0001) /0.001/

* initial weights 0.1, 0.2,0.2,0.1,0.4
parameter wmin(K) weight coefficent intervals - left edge

/
0.18

0.45
0.27

1
2
3
/
parameter wmax(K) weight coefficent intervals - right edge
/
1

0.22

OAAHZ — Mavemotipto Nepatd — MeBoS0AOYIKEG TPOOEYYIOELG Lo TN LEAETN TNG ZeAiba 20 ano 22
evotdBelag og mpoPAfpata APng anoddcewyv pe MOANATAG KpLTrpLL



A14 - Avarmtuén aAyopiBpou euctaboug M14.1 — Texvikn EkBeon
ToAUKpLTARpLaG BEATIOTOMOLNONG M14.2 — YroAoyiotikn YAomoinon

2 055
3 033
/

parameter wk(K) weight coefficient;

loop(k,
if (dir(k)=1,
zideal(k)=maxobj(k)+1;
zdefn(k)=minobj(k);
else
zideal(k)=minobj(k)-1;
zdefn(k)=maxobij(k);
);
);

Variables

ALPHA  variable of tchebychev method

TCH_OBJ obijective function of augmented Tchebysheff
Equations

tch_objfun Tchebysheff's objective function

alphacon(k) constraints for ALPHA;

tch_objfun.. ALPHA + rho*sum(k, (zideal(k)-Z(k))/(zideal(k)-zdefn(k)))=e=TCH_OBJ;
alphacon(k).. ALPHA =g= wk(k)*(zideal(k)-Z(k))/(zideal(k)-zdefn(k));

Model augmtch /eur_50, tch_objfun, alphacon/;
option seed=5780;

*

wk(K)=(wmax(K)+wmin(K))/2;

solve augmtch using mip minimizing TCH_OBJ;

*put' * Zobj  Return MAD DIV BETA LIQ trans_cost Stck/Portf ';
put' * Zobj Return MAD DIV Stck/Portf ';

loop(l, put fx I.tl:6); put fx /;

put' *,

put fx ALPHA.L:12:3 ;

loop(k, put fx (Z.I(k)):12:4);

*put fx PORTFBETA.L:12:4, PORTFLIQ.L:12:4 ;

* putfx DZI('1'):12:4;

*transact= SUM(MRK,SUM(MRKI(MRK,!),(WB.L(I)*bcom(MRK)+WS.L(I)*scom(MRK))));
*put transact:12:4,' ';

numstock=sum(l,B.L(1));

put numstock:12:0," ';

loop(l, put W.I(1):6:3);

loop (K, put wk(K):8:4);

* loop(j,if (B.L(J)=1, put ord(J):4:0, ' ', X.1(J):6:3));
put /;
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A14 - Avarmtuén aAyopiBpou euctaboug M14.1 — Texvikn EkBeon
ToAUKpLTARpLaG BEATIOTOMOLNONG M14.2 — YroAoyiotikn YAomoinon

put 'Monte Carlo iterations' /;
*Sontext
totiter=0;
for(iter=1 to MCiter,
* random generation of project scores from uniform distribution
okflag=0;
while (okflag=0,
loop(KS(ord(K)<card(K)), wk(K)=uniform(wmin(K),wmax(K)));
totiter=totiter+1;
wk(K)$S(ord(K)=card(K))=1 - sum(KPS(ord(KP)<card(KP)),wk(KP));
if (sum(KS(ord(K)=card(K)), wk(K))<=sum(KS(ord(K)=card(K)),wmax(K)) and
sum(KS(ord(K)=card(K)),wk(K))>=sum(KS(ord(K)=card(K)),wmin(K)), okflag=1)
);
solve augmtch using mip minimizing TCH_OBJ;
put iter:5:0;
put fx ALPHA.L:12:3 ;
loop(k, put fx (Z.I(k)):12:4);
put fx PORTFBETA.L:12:4, PORTFLIQ.L:12:4 ;
put fx DZ.I('1"):12:4 ;
transact= SUM(MRK,SUM(MRKI(MRK, 1),(WB.L(l)*bcom(MRK)+WS.L(l)*scom(MRK))));
put transact:12:4,' ';
numstock=sum(l,B.L(l));
put numstock:12:0," ';
loop(l, put W.I(1):6:3);
loop (K, put wk(K):8:4);
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*

loop(j,if (B.L(J)=1, put ord(J):4:0, ' ', X.1(J):6:3));
put /;
);
*Sofftext

finish=jnow;

elapsed_time=(finish-start)*86400;

put fx 'Elapsed time: ',elapsed_time:12:2, ' seconds'/;
put fx 'Monte Carlo total iterations: ', totiter:8:0 /;
putclose fx;
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