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1. IDuiali ty ivthls hI iiil ~vex o)ptI imiatio(ln,

The re(Sii't.s of' thle r(su.arch in 11is iiiea arv ((5(ilvd ini Ih i rlliwiiig il'q'' II
21, 17[1"li 111 we cevel J a general diialit v I henory For moinimizinig a convex object ive

Fiind ion over ali iniilie diiiesi-iial coilvex cone subJect 111 a finite inumber iifequalitvN
(-()list raiiit s. Hra wide (lass oir obhjet iv, Fiut lion we are able Io r)iroduce an ('X!)lic'if

duial p~ro blemi. This dual piroblem(1 is typically finite( dimensional and smnoothl. It canl
oftel e l5vedh cftlN'ciive and tlie ininiit e (liiwisii hal prinial solution can be simply

recoveredl. We apply our results lo ie problemi oh est irning a spectral density givenl

hin itely ii aiiv co rrel at i ms. The spec tral est imat ion probilemn is formulated ais a comi ve-x
Ipro graiiunmiig pirobllem ni(i Lp spaces with equal itv amid non-miegat ivi ty constraints. NWe
cii nsf rat e hoi w classical s[pecf ral est ina ma resi h" cani be den ved iii tis fianwork

and hoiw significant gencral resl ts S m be )t ai ned on ii in g general ized eit ropic

fiiict i uis.

F it ropyv opjt.ill n'at inn pm iIleniis which seek to naivilnize-lieSlianmoint orop Iunc-

ii ial o r to nmilinize thle RiillhackLiehier discriiniiiativn inroriflati-n measure bev-
tweeii twio probdabihit y illeasires 'iT~r liiiear ('(1 ialit v and] inequality constraints arise

ini varii us fields if ;Llpllicati mis. Se-veral ini rest iig proiblenms iii emginerilig adti 5-

cial Ouience, imichmij Ams i th licoinstrpaint set qiiadrat ic ineqiiality co~nst raint s. Ini 121
we den ii i lity r esrilts b cI lit-st proifloirs. Our a pproacli is a (lirec. ipplica tion i)f
Lagrauigiami (lilltv amid is extenidedh to a mio re general class of e'nt ropy optimlizat ion
pro blenis with comnpiosite conive\ c iist raiis. Tlhm results allow us to establish a sin-
ple and comipiltatinially ractibl hgrauigian (lial umleni with tm nly nnnegat-ivit v
conust raints.

Conist rainits qoalificati ins iii ininiiite diimenisional proigramunming prolem~rs arc oif

fuindamieintal imlportanice ti tiecive dimalit v results. Many see mingly un mrelat ed ( C(2

hiave been recently wpropised in thli lit erat mure. Ili a joinut, venutire with D)r . N1I. S.
G iwda. we hiave invest igat ed t he rea t O nshiips bet wen (A1( and new (C Q ini an effot
to1 proivide a un uilie ranmwk Wi dleimy thlese (CC?). This work is szinunarized ill 77
Using Robinson's refinement of thle duality result o(' itckafelier, we demonstrate that

te cinist rain t. qual ification propoised byv Hickafcller provides a s 'yst ernatic mechanism
for ci niparing many comnst raints quual ificat i, Otis as well as t, establish new results in
di ffereint t opoulogical en yin riieiit s () ii r resiilt s and( examplels denostrate t hat t hese

( CQ) seem t.( 1), tlId iluarpesl '. rhlind ~ih ilims t hat can be mused( in derinmg (Jialk 'v
results for the class 4f infinite diniemsiiiia )plimni;,ion mu rnihlons wve have considered

iniins propsal.
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2. A.p pli cation o)u )f geir ial 'ted enlt ropy

'l'll(, results () (III, researchl ini thIis area(i arc summiriarizedi ii 131, [l1). Ili [31 x p)roid~e

at svstciniitIc slirmt of applcat io fI geeralized eritrip functiouial to i dIiversity ('

pra blenis. Thlese applicat ions jinelifolu.' orast ic pro)grarririing. Iniformnat ion t heorv.
ga Il I I I(')r. s p ec I l e's I u i II 'l fii' ehraIcIizat I( )iif 4 ican at iiI (I clharalctI rizai I (i f

Ili 1 we inivest igate t ie( appflicablilitv 4 generalized entriopy ill tIt(e cmoitc.xt olF

('CIO iliCundrer irnrert aiit v. lOualit v id( exti-cemal prinicip~les f*i-r cert aintyV equivalent
in the sense )frexpevted ni H tv ) anud iiifrinalii measures are den ved. We est ai isli

Funudamental relin s bSetw~een Il1w riotii of divc;-;-nce DIV (generalized ent-ropy ) "f

(siszar andt( two) nbject s used ini t he sturdyv of unceert aintyv, namely E (ex pectat ion),
M 1 ( cert aintly eqiivalent), Each nieniher of the tripe (J, CE, DIV) ik thle otIial

valuie of an ext-renili i probleml in viii ing tilhe sir n ()I- dii fference of the other two. These

relat irns pro)vide at duralit v frainework Ii 'r econmories mnder uncertainty and cut ropy,

giving new%% ('ircret(' economuic itterpret at tons.

31. Se Cli -iifinlite fil-i arogril.S

Nh( st Iftlie e-Xistig" rnfiferical inetirods I'm, solving seuri-irifinite probflenis are based
()Ii iliscretizatiour arid appri xiura~t iIechiniqjues. Ili(I our proposal we have suggested

a necw Idea wich dmes rio)t at terIptI t() destroy thle C'oitirimr of lire const~rairits by
uiscret izati ri. Our't approach is esseut ialiv to look at at linear program iii infinite
dirmensioni with ii a h)('rt rurhd 'I) ivc y firrict ion [his allmv irs to derive at sequence of

dual probilemns in finite dlimnsioni having the( piroper'ty i)f penalizing tIre, corist~rairrtts of
at seunii-infirit e dual linrear prolemr ThIis I ivCn tire possibility of solving serciiinfinitc
linear pr )grams via uirci ost rained 1pt inn/at ioin technriqiues. A pliinaryV analysis is
summarized iii [I I

4. Nonsniouth Optiinimition

Ili the natutre of researchi, new resiults Wi aniticipat ed wheii writirng the proposal, have
lead tm investigate ( - ii i i niririatn 2 i prleris arid Meated non snooth probles
arid theirI forspnig duals. Riesult S I tris ar'ea are given iii 151, [8], 1101. Ini 15)
we provd tM Ia the solitin "F a least "tniares prindieir of air riv ermuirreul syst em
of linar eqnations is &i I be( ''i'O,x hull '> iF p)iits. earcr of' which is a soltit iol of' a

square sibsyst cii i4 thle whole sv'stv Flu- ho reslt reriarin I rlur a weigh' ( least

Sqjuares so)lli i, wilit aposit ye de-firlite eightig Irat rix arid form-iri iru11lirrirliiza-
four probulemus, I - 1) . [x, he algorIithlic irinilicatl"I 4 Owt f hr'e I'', h.

e)Iu'Illi tie C(IiitiXt o)I /Wii0111 pri titf'ris aiid of' linear pro grarmminrg. where fte



soilltit. i (i i )f a 1('astI sqiar('s pro dbleii is i n t Ii I eart of K armark ar's met Iod)(. Ini 181,
wve (cl(i a l'airix' general franiewviik f7r siiiiiit lung iii iriliffereitiahle o(ittiiizatioll

1 n)b le-In S. lThe riret ho)doogv ruses Ihle c-(ncept o-f recession luid win to coristruct, an
appri ixjiratc plertuirbied prolblem. A pr) ri i'r'riir niirl anrd ciirrespii ig p~er'turbed

dhuals an. Ii)bt airuei. :\ Iii t fr direct winl r rusarcr in t Ihis area was f apprly (lii resiults

torme plluiu in appliedl irichrarics. adis has lieeni arcomn1 )lsied ini a hunt work
xvit I i s. A. ei-T'al arid kV Yang. Ou)ir resuil ts are summarized in [61 WVe consider
here, I lie soluition of' a wide class of lm analysis problemis (asyruupt otic behravio r iof

(lastidasti i at erals) N at can be fi rinrlated as a p~ar of lrinauil(ral opt iriizatiori
pr~Icillers thre later being typ~icaliy a li-ri lrrn I rptirnizatwB n problem. To overdorire thle

Wrill di Ifereritiabi lit of tihe ojctive furnctin , we repulace thle O Wa problem by air
ap pci xi niate silmoothled i e, whri ch is oi Irled byv a smoothing parameter. A ew
Coumbinreud Sjinio(t hrirug Sriccessivye A pprox imatBin (CS SA) niethod is t hen developed
Q'i solvi rg thi-s pK' blem. 'Fie convergence of the USS A algorit hm is prorved and somne

apriori erriir 's tiime are obta-ined. lhe perfrman ce of the above algeiridthn hnas
Si ur(i renmarkable chiaracteristircs; in each 4 the nurmerical experirments a, practically
accewltable si in "moi s idtai ned ait er m ily few, it eratioris even friml very' badl stlarth

ig pi iint S , aird for)I ar widle range o)f t ie snio it hing parameter. Iii piart inn lar, thle first
it erat ion always iuriirces a sorit ionl vect'1 q uit e closeo to the final solurtiorI evenl With

raridirulv gernerat ed initial soitit.ii r. 'ILre sublsequtenrt it erat icrrs are less dramrat ic and

are oliser ed I" o e pmrgressi eel v sh 'or. 1'.xl Capola1.ii r air? thenr be used t ii a cceleratIe

co n vergenice . Ioi illuirst rate on r resurlt~s and give rumirerical evidence, two examples- of
rrrss annul at e sI rind tires are siilveil

Recen i v \ve Sturd ied arid dlevelop] a ge(neral franrexv rk for regul arizatott arid ap-

pr'uxiliatii i i rl msi iot Ii imnizat io rp nribleris 6~a pro)xirral-like nietiiids arid anug-

rirerit( Lagrangians. NrOtW~ resurlts are iiscrilued iii 1131, [t't

5. Stochastic Pi-ogramming

fir (6J , wvithL .1. Birge, nuew uipp~er honrds are giveni for thle expected value of a cnrvex

funrctionr. Tire oin rds em ploy sixugrad ierit iniform at ionr and tire corn irgate fri nd.ion.

Iii coiit rast to most it her bounds, explicit monierit inforinat iri is not needed. These
Ieuts are especiall 'x isefri w ~hren (1) tire integral is diiutih toIi evaluate; (2) thie

iruumeirm are irrkmnriwir or d' iot exist: (31 ti ire tiegrarid is rirburrirded over tine supp"Ot

i.)f the rand iii vector. Examples illunst rate thIe reril ts . ii pa r'tcuIa r, we consder
irnt egrals i'th Ii lgarit hrnic penralt ies ain( pract ic'al iasus withi rrrrbinded rruuir'it s.

WVe also shnow how Irec bound rax' lie lp' icilarkx rrsefril Fo it' inrtegratinug l'i(,'',Vis'

l inear cdiii vex frrrrctiiirs in n triIi1e dirr IVi IIrI S. rrC IrI as t I ' iip t in maI valIirecI' frIarnHt iln
o)f a stocliast ic lirirar pr'iigr'arrr. fIrl 1 I Ire p( it fi, 1ii iSele'ct wiii lprilellr xwit Ii ii1r(' sa-fe

armd ) iSI rr lisMi- s rs aruaiyvd v'a ;1 11, " (( .,iimi Iirir10 ic CIrit iiill , the tiecorrrse

('r.airtv 'lqrrix'alerrt (lR(hK), itrti-rilnced' biv I ii arrtluiis itr 1996(. I'i'rrrarrr('rtal results
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a1s sc parat if) I I icenremls, c( iII1ara I iNVQ st a Iic afla I sis, an I I I ~i rcs I i (f va I Ies P w i nIcus if )1
(Cr e'xclusioni )f' risky assvi W i thic (qi mal portPfIn), ar1C (1)aiiid, InI cCiiIrast t" thei
Lii iimll CCiI resuilts Or the HU li I.l iaxindziigi inivestor ( notji~~'~ls~r'.n:

"11I eithe thei I lC iility funtioin 1)1' th under~ilinig ldbCialilty laws.
A list (Cf' articles, w-itte(1 (Cr rcviscd andi~ in prepairat ion unde~lr the grant follows.
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