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1 Overview

Today the interior-point: methods of choice for general linear programming are primM-

duM infeasible interior-point algorithms. These methods are computationMly superior

to other interior-point methods a.nd frequently outperform the simplex method in

solving large-scale problems, a.s have been demonstrated by _ number of numerical

studies. However, nt the time our proposal was written, there was eLbig gap between

theoretical algorithms a,nd practical algorithms. The ma.jor goMs of the project were

to narrow the gaps between theory and practice of primM-dua,1 interior-point methods.

It is extremely satisfying that these goals have been a,ccomplished and our project

has m_de substantiM contributions t,o the recent advances in this area.

The project has been highly productive a,nd fruitful. During the two-year project

period, the PI ha.s authored or co-authored a total of sixteen papers (including two

essays). Most of these works were the results of joint, efforts by the Pl a.nd his

collaborators. The most significant achievements are the following:

• The PI played a leading role in the joint work with Richard Tapia [1] _m con-

structing the first superlinear and polynomial primal-dua,1 algorith1_:. This work,

together with PI's another work with Richard Tapia and ,John Dennis. led I,o a

burst of intensive research activities which significantly adv_mce, l {;re ,dal.t'-ot'-

the-art in the field.

• The PI's recent work [11] on infea, sible interior-point m,"_t,:, Is ,:aat;i_,,!' l_tle

first polynomial result for today's interior-point methods ' ch_,i_e, lh:s work

again stimulated a new wave of research activities and a_:"_m_,,: ','_:: ti_'ld.

• More recently, the PI [1,,5]established polynomial compiexit!,,: ,_ t}_,' l_4.ehrotra-

; ,, "'.,':todety astype predictor-corrector methods which have been u_ide_'_, ', . ,

the most practically efficient methods. This work has laid a s.,,lid theoretical

foundation for these methods.
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2 Summary of Completed Work

The ma,jor theoretical a,nd computa, tiona, l advancements a,chieved during the project

period a.re sunmmrized below, In ea,ch of the following pa,rt, gra.phs the term "we"

refers to the a,uthor or co-a, uthors of the cited publication(s) in tha, t pa, ragra,ph.

Theoretical Results:

• We completed the construction of the first prima,l-du_l interior-point a,lgorithm

tha,t possesses both polynomial a,nd superlinea, r convergence [1].

• We established conditions under which the itera,tes of a prinla, l-dual a,lgorithm

converges, a,nd proved thi_t those conditions axe a,tta_ina,ble [6].

• We proved the the Mizuno-Todd-Ye predictor-corrector a.lgorithm, while pos-

sessing O(v/77L)-itera, tion complexity, is also 2-step quadra,tica, lly convergent,

without any extra, a.ssumptions on the problem or the itera, tion sequence [7, 9].

• We refined the theory for the superlinear a.nd quadra,tic convergence of prima, l-

dual interior-point a,lgorithms. The improved theory employs much weaker

_ssumptions tha.n the previous one does [8].

• We constructed the first primed-dual interior-point algorithm, to our best knowl-

edge, tha, t gua,ra,ntees to converge to the a,nalytic center of the solution set [10].

• We established the first polynomia,1 complexity result for infeasible interior-point

a,lgorithms applied to a, wide ra,nge of problems [11].

• We esta, blished one-step Q-superline_tr convergence rate a,rbitra,rily close to 2

for infea, sible interior-point algorithms for linea,r progra, mming [12].



• We formulated a primal-dual Newton interior-point rnethod for general nor'lin-

ear programming problems and established global and local convergence prop-

erties for this method [14].

• We established in [1.,5]tile first polynomial complexity resull;s for the Mehrotra,-

type predictor-corrector methods which have been widely rega,rded today as

the most pra.ctically efticient methods. This work has laid a solid theoretical

foundation for these methods.

Computational Results:

• We thoroughly studied the computational behavior of various indicators ill the

context of primal-dual interior-point algorithms a,nd concluded that Ta.pi_t's

indicator was the most effective one in the primal-dual framework [2], Indica.tors

play a key role in the finite terminations of interior-point algorithms for linear

programming.

• We performed extensive numerical experiments to study various strategies to

enforce fast local convergence of primal-dual interior point methods. A technical

report By E1-Bakry, Tapia and the PI is in preparation, describing our numerical

results,

• In collaboration with Tapia, Sorensen and E1-Bakry of Rice University, we have

devised an it,erative procedure [or solving linear systems resulted from primal-

dual infeasible interior-point algorithms for LP. This procedure is based on

applying a variant of Arnoldi's method to a properly scaled symmetric indefinite

system with a pre-conditioning scheme. Preliminary testing results have been

quite positive. A technical report is in preparation

• In collaboration with Tapia and EI-Bakry of Rice University, we have developed
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an experimental code and have been experimenting with general nonlinea.r pro-

grarnming problems. Considerable understanding and insight have been gained

from these experiments [14].

Graduate Education:

During the project period, the PI as a co-advisor directed a Ph.D. student, Mr.

Ming Chen, who was supported in part by this project as a Research Assistant dur-

ing the 1991-1992 academic year. Mr. Chen received his Ph.D. degree from the

Department of Mathematics and Statistics at UMBC in May 1992 and is currently

employed by B-K Dynamics, a computer software company specialized in decision-

support systems, as a senior system analyst. In the 1992-1993 academic year, the

project supported another doctoral student, Mr. Detong Zhang, through a Research

Assistantship. While under the support, of this project, he wrote two research papers

with the P I.

3 List of Publications
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