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khi.; irrlrt\~iucliorr ~ i t h  W ~ I G  

on 3 while Sccrion 3.1 
3ch uwd i n  OW muplc. 
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I~relrrmn~ary nunlrnc,iJ tcsc\ np 

~,irirw.s r;ew and known zeal-& i; \ee thur tht: 3p- 
p~r\dCh IS cmqwtrtivc In term.; ari' ccliini: and :'lac :rccur:lcy 

cerk;uki i t i d l y  cl~.~~Beil problerns. 



a d  A,, i =.: 1, . . . , m, are given symrnctric m~tricelr. To avoid trivi;aiitie.;, 
we astitime that p' i s  linitl: wlued, Thus  the ~ r w h k m  has :i botirrdrxl 
op:inlrr"ivlu*: and  a fcasi'blc ,olutior:. We aIho :.ansrme that Ihi: 
n,;ikrises { , . d l :  i .::. E .  . . . , ~ j  ;;re IIncasiy ~nrirt:per.rtien; 

- r h ~ s ) l . l l ; ( l ~ ~ I .  th is  p;~pe.:1., ~:.ij!ig~i'g?hy Ii*tkf-!i (A. s) d & " a l O t ~  6?pemtOYS, 
irppcfcaw ?...a!k icltca'~ ( X .  < k b 1 0 k  111iltrEi;~~ .id I O \ V ~ T Z ~ ~ S G  1..;iLin 
Fca.rc:r.; (h, f ; , )  dt:notcb vcctvrs. 

Proi>ir!r~ PS131' k1.s geiwmted K I I I I C ~  jnk.*rc~l. Cliae ri:;tl;ta:i as l h , ; ~  
thcrl;. arc r m c y  d i ~ w s e  applicarioirs: in  dkr:rctc opiirnrxatirrii scc P.!:,. 

I : < , : ? I , l Y j ;  in cnginceriril; sce ib.g. Sll,, 631; for matrix cmnpletitrr~.; we 
e.g. kLC9,  11. Anr>~il.ier re:l.sctri for the irtteresr 

e l m  of' the cr.ur.re:~t high lev4 oi' ttc.I-lvity c,an be foctnd in rhe recent 





r One inlwestirrg tiiikrmcicr i s  t i a : i i  dtrality gaps ~::rrr exist  fix 
the a::sc:rrtre of strictly fe:cs;ibic solutions i later's cotistr?rirrt 
ciitiorr). 'X'hrs means i h u t  i;?rong drmiity c;in Fd, i.,!.,  kc 

ixrtaiio;.-point xnerhotIs rrstraily ;cssurnt. strictly fcrtasibk soluti i ,ws: .;<a 





ee [4?, 59. ,341 for iicnv,itrrznct 41 l  nrrcrus eliiton d l ~ e ~ i l ~ l l s . )  
* " <  k nl: ~di.ioli"is;alrngc :jar not \nlrhdul e%ct on the resuiting diref:-.. 
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the syr?la?atir~/zrixi)n r r r  ihc crrrrt:ui practlcc whcrc a "q i ia tc" '  \yiicrl, rs 
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u k x x  ulw % roircnlcl, tuner pro t ~ i  IS uied ior elc~ncrita of 5' nerd !he 
s"luitl,ir t l  Cuclrdznrr rnric r p<rtliu,t ~s used t b r  clenwnts a*l' 4"' The 
cq?tirndl vaWrrc r" 11, cdlcil ~ f . w  iie4tltl;xl 

d~reclrrrn IS forla plnp the sceo:~d order 
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it rs enlaghrening t o  consrder tine imgmre,zner of the. dropped tcnm in 
our applica t~ora. 







c a!isurnc char t htk oper-:xtm onto, r . ~  % tklc malrjccb , 
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17) with right hand s d c  0. 
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atid ~ m $ e  tfiiat .I,, i s  ( f i  ,x i l ) ,  J ,  i s  ( t i  i: j j j ,  ,lk i s  ( Y  x E ) ,  A t s o  ie! rr.(A) 
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Ilte slrrgci:~ values. 





jbr ,~onlv t,rtizr.,;,orriil P. ,Y"hen thc vcrrtld i;cvior (Pd. 'Ftf,.r, P (A]' i ]  K:< .... ,-. 
ihr C~t~~~,r,v~-.?t'e~vtott direc ifon of r k w  itiwz/r* (XI  'F, % I  ,fbr tkc s d d  

prohlrva. 

,.. ...- .. ,.,, .- -, - .." - .- 
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*. I herdwe wc cnrr apply ( I .  E 9) and (2.20). 







411 the ~ c ~ T c J ~  &a.ccticmb of the h hang inmniy u\ed it1 
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crrrrro, S, and L'oxhw, , A ~ ~ r ~ ~ m ~ i - r i u a ~  intcrwr point d ~ ; o r i t l m  
r;i?rrmin{;. In: Mcpjdd N. Ed., j"irri;.rcw iri Aa*.thiwu~!ir~t/ I+,,+ 

.ytmrr9insy: t k w r h r  h n t  m d  fiduwd Mctiwd~, 13;) :?9 47. Springc~ \'~rI:jg, 
NCPV Yo&, 1989. 

jS:j Kojirni~, M., Shi~rduh, S. and Hi~ra, S, (10!17). Irltcrior-pi-5rii mctlmis lor tixc 
n:'oncrtont: szn~idi:linik lrtrcar con!pime~rtsrrry prohiern in svnrrnctric mitncc.;. 
SI.4 nf J. Optttri., 7(? ) . ,  -- 12.5. 

jl!j Kruk ,  5.. Scxkitieiirliit: programsxrlrq: ;ippiied l o  nonl i t~wr  projiri~rnrnir~g. kbur2t:r's 
'7heri.v, Unrversily of Walcrlocb, 19%. 

[MI l i ruk ,  S ,  A/luriarrii~t:~u.. M.. Flcr~dl, I:., Vancierhei, R .  J arid 'Wolkowlm, H.. Tltc 
C.kiuss-Newton direcrim in liiletr. awi t;eniideHnire prograrnrrihg. 'Techvircai Report 
Z B X R  9&16. L:niveis:ry of Waierioo, Walcritso, C;lx,ada, 199% 

t3.51 Meg~dd~?, N I%lhwity4 10 TIIC 0pLimi1 ?;c! in  lirvar progran.rrnxtril 
EX,, JS.ogxu.,rs in Muih~vrtoficrii P m g r m i n r i r ? ~ .  .L?~frvioi J'ob~t m d  
pp. 131 158, Springer Verlng, New k'ork. 1989. identical -xrsio 
clj the 6t!r &falhemrrrirai Pr~~~yran1rn111~ ,Yy~tzpo.si~m of' . I ~ ~ P I .  Nitjpja, J: ip: ln ,  
1 . 35> l<#(i. 

!34 Montciro, R .  13. C:. (1997). Priolal-dwii pair-fdo.il;iilgi olgirnthma Cot icrniiicilwte 
programming. ,SlA M J ,  Opiim . 7("vi, 6b.3- 678. 

071 Mon:circt, XI U. C. ;lnd Xtmjicomtr, I t  It (1199'3'7). A riots: irrr rbe cxir:cncc $11' the 
bcriy-Otrerron cilieciian lor szx~lidcfinitt: proyr;mtrninj:. Moih.  J9ro- 
( 3 ,  Six. A), 3N-- 7%. 
1)" C atid %hang. Y. 119!18). A ritlifrcd ::rra!ysic rbr a a:!aas of !onl;-s!cp 

lor-poror ;aigon?hars for sernidefiriite prw. 
p.rmurihp,. M..zth, f1r(j~ra)viniit~g, i3, Ser A), 28 i - 299. 

L'WI Mo:C, "1 J. ; ind Sort:nscn, J>. t..', #3). C:onipritirig a trust region stcp Sf4.bi J". 

,4;(i Statkc. & o m p i . ,  4 553 - 5 72. 
j..XO/ Nazareth. 1 ., Counyukr srrlu~ic~ii of lincwr progritrns: nirtr-krplex dgodiiimq I ! ,  

? " i : , ~ A n i d  R12yicirt, Dept. of t%nr.c i i ~ d  Applied M:ittwxndi.iw, WasiiiripTr.)n Stalc 
ti!siXri<it.y. PuIlmir>, iWk 

] .St(/ Nmierov. Y. E. arid Ncmirovskl, A.  S.. Irzfrrior P t h t  Yo~ynon~i(rI A&orirhnr~ in 
C ' O ~ W C  Pr-o~raaltnirxg. Sltlh4 I'ublic;a~rcm.;. SIAM, r"hil,xMphia. EW3. 

j4'21 Ncsxcrav.. Y .  1.:. and Todd, M .  .B (1C)W). Scif-scaicd h ~ r t k r h  :?.rid i~?tc f lor-poin t  
~rrogriin:rnirrg hh:/h. Oprr. Hta., l '31'i,  1 - 42. 
o!knruicz, 6.I. Et ls . .  T U ~ I I : Y  iri Sivnidr$riii(i m d  fntwIw-Potrti 

.c-st::rch in hlal.h~::siatical Scii:ncc:i, Comrnu- 
niea:ioxis Series Y~rrvrdenctr, RX. 1938. Arnernc:an M;ithernaricni 'iocrery 

[a] F:i?.aki* <i., Cone Prognmn.ii:lg arid Eiyotrvaioc Opriinizaticrn: Ciecmtlry aild 
hiyorirllrns. I %  D. Thmi'v, bl'ariicgic hfcilon I.ltliversity, Pi:tsburgh, PA, 1996. 

14fl  iF'"ata&i, i;, and 'kin$el, 2,. , On fhc gcijeric propcrtir:!; of convex optinriml~on 
pd"bixns ~n rorrie lonrl. 7 i i c h ~ u i  .lirpori CORR 97.46 Zkpia~lmi:xat of 
(L'oaiibiamfori.:~ ant i  Opl~mization, Warerloo, Oni, 19917. 

1461 P-'l)wcli, ,W. .l. TI., 'The wsc of lrand I I M ~ ~ ~ C C S  for stxwd Jeriv:~tive :~pptox$rn:it:oix 
i n  trust region nigoritknr. In: , ldv iu~wi  i n  Viiiihiwear f'r"uogrumrvrbl,y (Bei;hg, 1?1W), 
pp 3--2%. Kluwcr Asad. Publ., Oordrcclir. iQ9R. 

j4'7! lhnar tu ,  M. V., A n  Algc.ri?.iinric Ar!alysis O F  Wuiricj.;iad~'atic anti Seairdcfi~iile 
Pwprarr:r:,iiig TVirkli:nis S'iw.X>. 'Ihc.sk, Jolmr Plapkiris I l~~ivers i ry ,  .iMtin?or.c, MI?., 
1993. 

1481 l i~rn;t ta , i .  M. t'., Tu:\$i:l, i... am! Wi4kowicn, H. (1937). %rcr;rp ~ltd:rlit)' i . 0~  
~\eniidi:lirtir: pr rysan~mlng,  SdAM ,J. fIj?li??z ,, 'X?), 63 ! 662. 

1491 Kcird!; X" . ( 1  999). S r m i c M n i i t .  propmnrn:i!?g and w r n i r i m l o r i a !  opklrrrixihn AP$V. 



[52)] Ktntli, F., Vanderber, R, I .  i r x i  W ~ I k o w i e ~ ,  it. i1W5). %$ax.- !nin ejgenvo!itc 
probli-;rris, prhaLci'l:ai inicrroi pckrt aiyorilams. arrd t w s ~  region d ? p r : t h i . m  
Optirn. Rfc;?nml., ,Yc!j?ru , 4. ? - I6 

iji] Kcnd? F. a;ltl Wtriku.g;icr. 14. ( ;997).  A seiriideExnik: frs*nlw?r.k fcri i r w t  rcyha 
sal~prai2eri:s v;itli appiicari~n:~ tr, hrpe i c d c  minir??rz:iriLtxr. Marh, P r o g r w ~ n r n i ~ ~ ~ ,  
V(?, Sier B), 273 - 299. 

{i?j Si~apiro, !\. 119','"!). I%.;? ;ltid si:ccmd orilcs malysic id rton!incac serrrid::5irvit;: 
pnyr;:ms.  .Mriih. I'rrcri(nrrrrr~~h:g, 7'7,  '401 - 1 3 1 ~  

[33j S l ~ t p i r < ~ ~  A F ~ U ,  M K,  fl, ( I W 5 j ,  OJ? ~igt;n\i:iI!it: ~ , > p h i i ~ ; i ! . i ~ r i .  Kl'$,W 
.!. 0pr6n., 5.  5 5 5  - 569. 

154I Slicrrq. It.. arid h o r r , r .  I. h ,  Non~,y~nm:tric si:a:\:fi dircctiircis fbt .icr;ridei;:rgti: 
. , j?tof i~. i inr~~:>& *".d!r!ira[ Rcprw:. l irlr.vc;r h i i v  of' Iowr, lown b"iE..i, I.4, 199'7. 

E,'] S x c r t s c ~ i ,  Is i ' .  r?3P?j. W c c i x r : ~ " i  nii*rkicid wei :i n.~cx$c? :.iU+lc regrvr: mrriisksiiri?. 
SI,d .A tYmicr . Incii , 39, 40') 42tr 

[Shj Skim, .). I - . . ,  TXr(m,ii-IDmE Bilwfiw I ' t , ~ i x a i  A P ~ ~ ~ I A I "  I" Scnrnli!cii4!c E ? t ~ ~ r 2 ~ i : ~ n r l r a ~ .  
i'h D. 'FKc.six, E:nairiua X inic.srst?y R~xtlr.iti:m:, l W/, 

1571 Son, C'., I b u l m j ~  wirh ,Icn:;i: i irws ti, rhc soluiiii:> oi :,pi?rw I i r x i r  lo;iit. ,iclu:lrm 
;rrobicn:s. l i ~ k n  ~ o l  A r j w  i 7'RO.C. 19,?P. L)qt.,;,rtrawnt oi' Ccrrnpuwr Si:ii-rraq <"nniL:il 
I!nim:lsir).. l!hitca, &V. 199% 

IT'Q , . ) c s \  'i'v.dltky2 r. rt! + ltlt~!'i<tt !J&Z !!lcth(h!'; $1)' ??!d21$7t~l?211ti~'6!! f?flo~:?'62t?it?li~tg. Kli.ib';i:r 
Axdcmk l'uOh:;~ws, fh:rrdrecht, I1M. 

Y 'i'ocktl. h'i. .F. (l09P). h stutiy of search aircciions in priallnl-duo1 irrtehs.-poisir 
inelhodr; for serdcfini le  progrvrrimilrg. Ogfirn. Mt*rirol& h i i / i +~ .  I P anti 12, I -- .?h. 

;60] 'I'orid, M. J , '1 oh, ld.. C. a n d  i ' u t u o c ~ ,  R. H., A MATLA soi tvihrc package TW 
a;rnidch:~i!z prw:xnrnml:rg. 'tVwh>iir.rit iY~:r,ort.. liclrool trT IF?. ;lad I!.), C:uroc;!i 
Uniwrsil:;, itimca, NY, 11W6. 

:6J! 'i'odc, M. I., Tab, K .  C, arid Tulw~cu, R ,  kt. (19911). 
directlor; ill scnriieilnitt: prt.i~;raa~irn;iq. SiAM J (3ptki. ,  

1021 Toll, K. C ,  Search dmciiians lor. pr~rnnl-dw! inkrior poif? 
progrrrrnrning. 7 ' i ~ i h t k r ; i  K./;.nri. i3eparinienL of' Mailmwticu,  Piutinnai t h i \ ~ b i t y  
of Sing~por-e, Sixigspa.m, 199'1. 

[6.?4 i"axleril.:wgiz~:~ I,. itmi Boyrj. S :,l'irit;). Scmidsiinitc propxn:min;r,. SP.+,LP Rc,: , 
A%.n), 49 - 95" 

I641 Wi>1Lea!icz, i-i , Yai ip i i ,  R. and \;n:~der~hci.ghe: 1.. Et is . ,  iicdl?ook t f .Y~~i./ i~i/~:tZtt i f<, 

Progr~rrfirviirrg: Thwry ,  .Algoritirr~tr, nnd Appiicuticws. Kl~rwer Awicrriic P~abiisirers, 
12osion. %Ti\, :?OW. x v v i  i- 654 paye:,. 

1047 Wright. S., Prbiiai-P)w:l i ~ i r w i i ~ p . .  X\r,iqi M4>ihr!dv. SlA M. f%~i:li!g*!phl;i, Pa LB'i4. 
jlrhj Y r ,  Y . I!rit?r:rir I'ottrl A(q,withi.tt,s: Ihrorv i d  .Aniilv,~is. M'iiry..lnti:rsci~~t?t: d z s  ir3 

l i i s c r r l e  M;111xnrarxr a r t L  (Ipliri;mifii*rr. .Iohn Wilcy A S~n(liv, Nciw Y w k ,  lW'7. 
lO'J[ .7hx~g. Y . hsx c q t ~ i ~ i i ~ c ~  m d  i i x y x ~ l i ~ ~ s  111 pr i~nai- i id  l i ~ i u i o t  .p611! w ~ ~ h t ~ ~ ! ~ .  

for. scmidi.r'i:xte ]:v.ii!r.;m irrjr. ?i*i,hi?crr/ itqrairt, EDe~?,ts.rrn~!:rl (,f' M"l;ilhcn?.:tics, nrid 
Staiwtxy t ?t~ i*~"cwi t  y 3? i w y h m !  ~ ; i ! ! i ~ r ~ o r ~  Co:mtyu i'Y35" 

[OX/ 211:10. 0.. Si.miiiciirrii:. Prtqyiwirii;ip for ,l:,sigr~nrect :lnd I%riiilo~rx:tg Prohlc~:~~i. 
Ph I l  Th~:~i.\ ,  ~ ~ ~ ! ~ v e ~ ~ ~ i ~ y  01" W;! ~ c r k m ,  IWO 


