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Introduction,.
[Mew portiolio-ophmizabion rmodels tmng the coneept of Secord-order Stochaste Dorminance:
—  SS5D-constrained model, Dentchewva, and Rusceyrski (2008),

-  Mulu-cbjective rmodel, bazed on notion of wriforte doemimance,
Rorpan, Darby-Dowroan, and Witra, [ 2008).

Theze rnodels lesd o polyhed ral convex prograrnming problents,
l1.e., cbjective [/ cornstraint funcbons sre plecewise hnear and oormvex.

Authors fomtnulate linear progranmmng problerms by Kffag the fessible mets into higher dirmensicns
1.e., by mtroducinge new wariables.

Soluticn approaches irmplemented by abowe anthors:

— Special duahy. Thal objects: unhgy firrnors.
Recularized Decormposibion adapted to dual problern.

—  Direct approach.
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Introduction continued,
Cuffrng-plane approech for special polyhedral comex problens
—  EKlein Haneveld and van der Vlerk (2008) for integrated chance constraints,
—-  EKinm-Bay and Mager (2006) for condidonsl-value-at-risk ob jectives.

Forroer experience with cukting-plane spproach:
proved I-£ owders of wagnifude taster than direct approach using Lifting reprezentation
(for large test problenms).

e propose handling Second-order Stochastic Dormnance through cubong-plare approsch.
WWe present algorithrme desciipbion, rnplernentanion detsils, best results of cubting- plane
approach for the rmilb-ob jective model of Rorman, Derby- Dowroan, Mitra
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Motation.

iz munber of assets into which we roay vest.
r=(ry, ..,m)° : reurnsof the different assets (randorm vector).
r=(xy, .. ,2.)7 : portiolic; capital irrested in different sseets (decision variahle).

Feamble porticlics: x & A.

w=v"x  yield of portfclio x.

(Randorm mirnber in case decsion is roade on portfolio.)

i benchroark vield (rendom munber). Possibly the wield of a benchrosark portfolio.

Alm:

=elect a feamible portfoho whose wield distribution 1= preferable to benclimark yield distributicn.
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w preferable to & formulation with Second-order Stochastic Dominance,
Motation: w =__, .

Boonorm=t's defimboon:

With any sufable Wity funcfon,
expected ufility of w is larger than or equsal o expected ufilify of .

Formally: E(U(w)) >E(U(@)) holds with any roonotonic srd concese utlity function IF,
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w preferable to & formulation with Second-order Stochastic Dominance,

Aszurne discrete finte distributions with equally probable cutecmes.
Let wy < ... = e denote the ondered ocubcormes of w.
Let oy < ... = tiic denote the ordered oubcormes of .

Roran, Derby- Dowroan, and Mitra,

2w = i izequvalent to wi4... 4w T 4. ..+
TEO . a p a
EELﬂ._[wj ’.'l-
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rlees__ @ lzequivalent to  tad,(vTax) > (i=1 a7

7+ 13

LIulti-ob jective model Roroan, Darby-Dowrnan, and Mioa,

g (e, 7))

where the rmilti-objective maxintzabon is considered with respect to the reference point ¥ = (11,...,7Ts ).

Mobwanorr uwriformly beffer s

Futhre mbo practice: Define and rmasarmnize achievernent functicn. Siaplest forrm:

e INESN where [(z) = llﬂ'ﬂajélg( tadl, (v7 ) — T )
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Coroputation of tails, using Roclkafellar and Uryazev (2000)

=
tail, (rTx) = X ét—;[t—rfﬂrm L_.

Liftmg representation as hnear progranmmnes probler:
5
tail: (772 = roex it— 3 d;
=1
ai1ch thak 1 d]_:,. .. Jdg E]B.:,

dizt—r T, d=0  (j=1,. ..

Using lifting representakion, rmilti-oh jective mmodel can be reprezented as LE having 5% new wariables,

It case of 10, 000 scenarios, # weans 100 wmallon new variables.
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Corputation of tails, using Rockafellar and Ut yazew (2000)

=
tail, (rTz) = X ét—;[t—rfﬂrm L_.

Cutting-plane representation using Kimz-Beay and Mayer (2008)

tail, (rT2) = min 3 ATz
JET

such ther 7 {1,...,5} |7|=1

Astroncrnical muober of cutsl

Suf in o cuffing-plane method, we oy need o few of them. [ FPogessive cuf generation)
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Cutting-plane representation of the mult-ob jective problem:

jga=hod ik

such that =R, =X

1

W4T, = Zr[ﬂ""m foreach % C{1,...,5} || =1,
FES
where 71 =1 5.

1+ 3

Specialized cutting-plane method:

& Imifalize.
Set the stopping twlerance € = 0.

‘The mpoal cutting-plane roodel problern conkbains the constraints x € A
ard a mingle cut thar we s=lect arbitranly. (Cut added to roale objective bownded. )
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1. Solve model problem.
Let (¢#*, %] be an optimal =olution of the current cutting- plane rmodel problern.

Let -w;-’l o= -w;-’: dencte the ordered cutcomes of w* = ¢' 2™,

Let 7 :={i, ..k} (i=1,. .5

g2 Check v opfirmaldy
It
5

1+ 1 1

4T, = ZTHTI* +¢ holdsforeach i=1
FEI
therl x* 1= an ¢-optimal =olubon: stop.
I[f =ome of the abowe mequalities are not san=led, then conzder the wolabions
O +F — 3 eWTer (=1, 5]
FES

Let ¢ (1= {=<5) denote the index that maxirnizes violation.

8. Append cufs
Append the following cuk o the cutbins-plane model problern:

O+ 2 ¥ ¢z
FJES

Repeat from sfep 1.
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Former computationsl study of multob jective model Rorman, Mitra sand Derby-Dowrnan

T 6 stocks frorn F'ISE 100 mdex,
weelly froonthly cb=ervabdons during the period Janusry 1933 - Decernber 20035,

Scenarno =k

132 ztorical monthly returts, conadered az equally probable scenances.
565 hzorical weekly returns, conmdered as equally probable scenarics.

Benchrnarl: distribution:

e [ distribubcn of the FTSE 100 mdex.
Benchroark dizribubon 1z not S5T-efficient.
Cptirnal ob peove value 15 positive.
Cptirnal porticlio remirn disribubion dormnakes benchroesrk distribubion.
Tie [1 : dizstribution of the stock wnth the highest expected return.
Benchroark dizribubcon 1z S5D-efficient.
Cptimal ob pcive value Is zero.
Cptirnal porticlio remirn dizribubon 15 the benchrnark distnbution.
Tie [ : ideal return distribubon’, composed of the individusl optitnal tails.
Benchroark dizribubcon 1= not sbtansable,
Cptimal ob pcove value 15 neganive,
Cptirnal porticlic remirn disribubon cormes wuformly close o berchroark.
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Former computationsl study of multiob jective model contirmed

Sclution spproech:
lifong representation,

resulong LE problern =olved by CFLEA.

Froblems with 5685 scenarios could wof be solved 1 malisfic Hme.
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Fresent computationsl study of mnltiobjective model

‘Te= problemns
Serne stocks sz umd by Rorpan, Mitra and Derby- Dosroan in formmer study.

Further scenarics generated usng Georretric Brommian rmotion (Ress 2002),
pararners =L on the bags of histonecal weekly returns.

Soenario sets of cardimality S000, TOOO, 10000.

Solubion approach:
cubbins-plane reprezentation,
resulong LE problern =olved by specialized cutting-plane rethod.

Lach woblem was solped W less Ehen 85 seconds,
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Implementation of cutting-plane approach for the mmlb-ob ective model

WWe ume relakive sopping tolerance,
ard orly add cuts where relative wclabions are mgnificast.

= of relanve tolerance 1= ustified frorm s decision rmeker’s point of view,
ard we found thus approach roore effecove.

Structure of soitware developed:

— Cuk generation rrplermented 1 C.
— Cuthing-plane raodel problerns forrmilated by

AMPL modelling systern (Fourer, Gay and Kernighan 15989),
1Eing AMEL COM Coraporent Library (Sadld 2005),

— Solver: FortM P (Ellizon, Hajan, Levhovite, Maros, MWitra 19997,
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Fresent computationsl study — test results
Type [ benchrmark distribution (distribution of the FTSE 100 index).

Murdbers of iterations required to aclueve different munbers of accurake digits i optinm

d 5 i T

s000 28 26 19 19
TO0o 22 23 24 1
10000 28 24 L) L)

Colurm hesders show the prescribed accuracy 1n digits
Rowr headers show the munbers of the enarcs.
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Fresent computationsl study — test results

Type [I benchroark distribution (distribution of the stock with the highest expected retirn,

Murdbers of iteranions required to aclueve different munbers of accurake digits i optirm

d ] 4] T
000 a 4] 4] A
Taoo a a a a
10000 4] 4] 4] A
Colurm headers show the prescribed accuracy 1n digits
Rowr headers show the munbers of the scenarios.
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Fresent computationsl study — test results
Type [II benchroark distribution (idesl return distribution’).

Murdbers of iteranions required to aclueve different munbers of accurake digits i optirm

d 5 G T

sO00 12 14 19 20

Tooo 12 14 16 1=

10000 14 16 19 21

Colurm headers show the prescribed accuracy 1n digits
Rowr headers show the mimbers of the =enancs.
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Future prospects:
Teclrucal iraprovernent. Regularizabion.
Warlance talien InMbo aocourk.

Two-stage gereralizalion.
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Resulanzation

Bundle-type method can be applied for the soluton of the rosster problern,
irstead of pure cutting- plane rmethod.

We propose to apply Level Method (Lernaréchal | Memirovaii, Mesteror 1995).

Farorable experience with wariants of Level Method sdaprted to stoch. proer.

— Fabian and Szoke (2007),
— Ellizon, Fahidn, Mitra, talk on Thureday HB2 (11:30).
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Vaorlance taleen 1into account

Tean-risk roodels 1ming teo sk rmeasures (Roroan, Mitre, Darby-Dowroan 20060

Fortfolio characterized with [erpectation, variance, CVahf) of vield.
Approxitoabcn of effelent frontier corstructed.
Ot of-zarmple analy=is: superior perfortoance of non-extrernal efficent porttclics.

FProposed extension of nmuilo-ob jective roodel:
Given portfolio x, consider I'( x) az efficiency messume of =

Izl = 11;::9&15 ( tail, (v z) — T ) (for roerly defined as achisvement funckion).

Chearacterize portfolio with [variance of gield, [ efficiency measure) |
Construct approxitnation of efbclent fronber u=mng cutbng-plane approach.
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Two-stage 5 50-models
2 Lirne perlods,
we can rebalance our porticlic ab the beginmng of each period,
let us corapare benchmark gield and porifolio yeeld ab the end of the =econd period.

Froposed solution methods

55 D-constrained rmodel
cutking-plane approach, dual decormposition scherpe, Fabian and Veszpréna (2007)

— WVarlance terrns ilended i ob jective,
following idess of Rorsan, Witra, Darby- Dowrgan (2008),
— Sricdy convex objective funcbion,
hence priroal molution can be obtamned through dual approach.

hulb-objective model
Under Constrickicr.

Brunel CARBEMA QptiRisk

WEST LONDON



