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1 Project Description

This grant is for research _or developing and testing eiTective global, and
robust xlgorithrns_orgeneral nonlinear programming problem_. The progress
of our re,e_rch this year hu been especially dizzying in the _rea of interior
point methods for handling inequality constraint,. This work h_ resulted
in publications for the linear programming problem so f_r, but we anticipate
developments in nonlinear progran_ming. In the general _re_, our research
has been steady and of excellent quLlity. This research can be divided into
£ve subareM which we will now list and briefly describe.

1. Interior-Polnt Methods for Linear Programming.

The research in this area was particularly successful. Much under-
standing was g_inecl a_d several very important open question were
answered, lt is s_.ttsfying that this research repre.ents contributions
across the entire spectrum of the a_gorithmic Aspects of interior point
methods.

Some of the reports listed below represent very theoretical issues while
others represent implementation or design issues.

(_)A.El-Bakry,R.A.TapiaandY.Zhang,"A studyo_Indicatorsfor
IdentifyingZeroVariablesinInterior-pointMethods,"RiceUni-
versity]3apartmentofMathernatlcelSciencesTechnicalReport
TR91-15,June1991.

(b)A.S.EI-Bakry,R.A.Tapi_and Y. Zhang,_NumericalCompar-
isonsofLocalConvergenceStrategiesforInterior-pointMethods

inLinea_Programming,"RiceUniversityDepartmentofMathe-
maticalSciencesTechnicalReportTR91-18,July1991.

(c)C.M. Samuelsenand R.A.Tapia,"TheDikin-KaxmaxkarPrinci-
pleforSteepestDescent:AvoidingShortSteps,"RiceUniversity
Dep_tmentofM_them_ticalSciencesTechnicalReportTR91-20,
July1991.

(d)Y. Ye,R.A.T_piaand Y. Zhang,"A SuperlineamlyConvergent
O(v/'JL).IterationAlgorithmforLinearProgramming,"RiceUni-
versityDepartmento_Mathem,_tlc_lSciencesTecl,nicalReport
TR91.22,July1991.
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(e) J. Ji, F. Potra, R,A, Tapia and Y. Zh_ng, "An Interior.Point
Method with Polynomial Complexity and Superlinear Conver-
gence for Linear Complementarity Problems," Rice University De_
partrnent of Mathematical Sciences Technical Report TR91-23,
July 1991.

(f) Y, Zhang, R.A. Tapia and Y. Ye, "On the Convergence of the
Iteration Sequence in Primal-Dual Interior-Point Methods," Rice
University Department of M_thematical Sciences Technical Re-
port TR91-24, August 1991.

(g) Y. Ye, O. Oilier, R.A. Tapia and Y, Zha_ug,"A Quadratically Con-
vergent 0(v_L)-Iter_tion Algorithm for Linear Programming,"
Rice University Department of Mathematical Sciences Technical
Report TR91-26, August 1991,

(h) R.A. Tapia and Y, Zhang, "Superlinea_ and Quadratic Conver-
gence of Prlmal.Dual Interior-Point Methods for Linear Program-
ming Revisited," Rice University Department of Mathematical
Sciences Technical Report TR91-27, August 1991,

(i) Y. 7_hang and R.A, T_pia, "On the Convergence of |nterior-point
Methods to the Center of the Solution Set in Linear Program-
ming," Rice University Department of Mathematical Sciences Tech-
nlcal Report TRgl-30, September 1991.

2. Trust.reglon SQP Newton's Method for General Nonlinear Program-
ruing Problems.
The main thrust of the work in this area continues the deve._opment
of rrus:-region algorithms for nonlinear progr_mrning along the lines
of the well.known Cells.Dennis-Tapla trust region-method, This latter

algorithm was developed and implemented under DOE sponsorship.
A new production type implementetion has been undertaken under
separate funding.

The second approach has been a new trust-region method for uncon-
strained pro'olems. The approach taken is that the Hessian is approxi-
mated by PTP r, where P is orthogonal and fixed for several iterations,
and 7' - T r is tridlagonal and is updated at each iteration by a spar,e
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symmetricBroydenmethod.The papercontainsa strongglobalcon.
vergenceanalysisand verygoodnumericalresults.

(s)(withN.Echebest,M,T,Guardarucci,J.M.Mart_nez,H.D.Scol-
nik,andC,Vacchino)A CurvilinearSearchUsingTridiagonalSe-
cantUpdatesforUnconstrainedOptimization,Siam Jo_al on
OptimizationI(1991),pp.333.357.

(b)'_AnAlgorithmBasedona ConvenientTrust-ReglonSubproblem
forNonlinearProgramming,"byJ.E.Dennis,J,M,Martlnez,R.A,
TapiaandK.A.Williarnson,indrMtform.

(c)"A RobustTrust-RegionAlgorithmforNonlinearProgramming.
by K.A.Williamson,"MathematicalScienceTR {}0-22.

(d)"Solutionof'a Trust-RelionSubproblemforNonlinearPrograxn-
ruing:MinimizingaNon-convexQuadraticSubjecttoTwo Quadratic
ConstraJnti,"by K.A.Williarnson,J.E.Dennis,a_-_dJ.M.Mar-
tinez,MathematicalScienceTR 90-23.

3,TrustRegionSQP Newton'sMethodfo_LargeSparseNonlinearPro-
gramrningProblemswithApplicationstoOilReservoirManagement.

The researchinthisareaiscurrentlybeingperformedby CristinaMa.
cielandDr.MichaelLewis.underthesupervisionofJ.E.Dennis.Last
yearinthiswork,theconcentrationwason thesolutionof'theSQP
subproblem.The novelideahereistocoupletheconjugatereduced
gradientmethodwiththeSteihau$-Tolntdog!egmethodasa means
ofsolvingthelargesparseSQP subproblem.The theoryseemsquite
interestingand promising,asdoesthealgorithm.Thisyearwe have
spentmostofourtimeincorporatln?_theprogressbeingmade inchoos-
ingthepenaltyterminthe_ugmentedLagrangianmeritfunctionand
indesigningmethodsthatwouldnotrequirefLctorizationmofanypiece
o:ftheconstraintJacobian,Thisisbecauseofourinterestinproblem8
whoseconstraint0arediscretizedequationsof'fluidflow.

4.A UnifiedApproachtoGlobalConvergenceofTrust-RegionMeth,_ds
forNonsmoothOptimization.

The researchinthisareawa_ thesubjectofShou-BaiLi'sPh.D.dls-
sertatlonunderthedirectionof.Dennisand Tapia.Thisworkunifies
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the convergence theory developed by various authors and isolates es-
aentially wh_t components or ingredients in the theory are neceasary
for convergence. This work was reported on last year, our progress
this year haz consisted of refining the work for publication. It haz
been provisionally accepted by Mathematical Programming with _n ex-
tremely complementary referee's report. This research Is deacribed in
the following report: "A Unified Approach to Global Convergence of
_1¥ugt-RegionMethods for Nonsmooth Optimization", by J.E. Dennis,
Shou-Bal Li and R.A. Tapia, to appear in Mathematical Programming

5. SQP Augmented Lagrangian BFGS Algorithm for Constrained Opti.
mization. The main effort this yearin this area has been to revise the
following paper which has been accepted for publication: "An SQP
Augmented Lagrangian BPG8 Algorithm for Constrained Optimiza-
tion," by R.H. Byrd, R.A. Tapia, and Yin Zhang, in press Siam Journal
on Optimization 2 (1992)

In this work the authors build an effective BFG$ secant method for
constrained optimization based on the BFG$ secant updates proposed
by Tapla in "On Secant Updates for Use in Genera] Constrained Optl.
mization," Math. Comp. 5i (1988) pp. 181-202,

This latter work was also developed under the sponsorship of DOE.
The BFGS secant method is globalized using a llne search strategy.
Impressive numerical resultsare obtained. In fact these result, sre
superior to those obtained for the Powell damped BFGS secant method
for constrained optimization-- the algorithm of choice for the test
10 years or so. A very ehgant convergence analysis is given. This
theory when specialized to unconstrained optimization gives a new and
important result for the BFG$ secant method.

2 Graduate Students Supported

The following graduate students received either full or partial support
from the DOE contract and were directed by either Dennis or Tapia,
or both:
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Nat_liaAlexandrov

Shou-BaiLi,Ph.D.received
Eva Lee
CristinaM_ciel

Amt ElBakry,Ph,D.received
CathySaznuelsen,Ph.D.thesisaccepted
MarcelsRosemblun

KurtOverley,Ph.D.received

3 Unexpended Balance

Therewillbenounexpendedfunds.

4 Modifications

We axepleased with the research progress made this year a_d do not
wishtomake anymodificationsinthescopeoftheresearch.






