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Abstract
We extend the classical primal-dual interior point method from the Euclidean setting
to the Riemannian one. Our method, named the Riemannian interior point method,
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Wikipedia: Interior-point method

Interior-point method %A & languages

Article  Talk Read Edit View history Tools w

From Wikipedia, the free encyclopedia

Interior-point methods (also referred to as barrier methods or
IPMs) are algorithms for solving linear and non-linear convex mxr]+zzat 2y + 72 < p2 41, Wp € (00,04,
optimization problems. IPMs combine two advantages of

previously-known algorithms:

o Theoretically, their run-time is polynomial—in contrast to the
simplex method, which has exponential run-time in the worst “

case.

e Practically, they run as fast as the simplex method—i
contrast to the ellipsoid method, which has polynomif % K ﬁk
time in theory but is very slow in practice. 3 O 0) %E :F
In contrast to the simplex method which traverses the b S. Boyd an d L. Va N d en be r‘gh e (2004)
of the feasible region, and the ellipsoid method which bg
feasible region from outside, an IPM reaches a best solul M . H . an ht (2004)
traversing the interior of the feasible region—hence the .
F. Potra and S. J. Wright (2000)

History [edit; %__E t ':EEﬁ

An interior point method was discovered by Soviet mat
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S. Boyd and L. Vandenberghe (2004) p.621

Bibliography

The early history of the barrier method is described in detail by Fiacco and McCormlck
[FM90, §1. 2]. The '

TS ERnLTLTURLELTESLE

[LHGE]; see also

Interest declined I ;X ﬂ Ij\] ) 8 ,£ ' D L \ -t ‘j:

equations of the

The barrier meth Mehrotra(1992), Lustig, Marsten and
in, and Wright [ .
9  Shanno (1994), Wright (1997)% & &.

time projective alg
out the 1980s ren - -

ing in different variations of the basic interior-point methods, and improved worst-case
complexity results (see Gonzaga [GonY2]). Primal-dual methods emerged as the algo-
rithms of choice for practical implementations (see Mehrotra [Meh92], Lustig, Marsten,
and Shanno [LMS94], Wright [Wri07]).

G SR IMAGINE THE FUTURE.

University of Tiukuba



FERXARET—RRIZ
SinBAIN TLNA M ?

M.H. Wright (2004) p.50

4.4. New algorithms for old problems. Leading candidates for the most pop-
ular algorithms to emerge from the interior revolution belong to the primal-dual
family. Although there is no precise, uhliversa.lly accepted definition of a primal-
dual method, these methods are almost always based on applying Newton’s method
to nonlinear equations stated in terms of the original (“primal”) problem variables,
along with “dual” variables representing the Lagrange multipliers.

4.4.1. Primal-dual methods for linear programming. The optimal solution x of the
barrier subproblem (22) for a standard-form LP satisfies the condition ¢ = ATy +
pX 11 for some m-vector y (see (24)). Defining the n-vector z as pX ~11, we may
replace t

(29) EOERLTWWA7ZILTY X LIEERSEZH

AANCZITFANONDEZEIFTEL
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F. Potra and S.J. Wright (2000) p.282

In the first years after Karmarkar’s initial paper, work in linear programming focused on algo-
rithms that worked with the primal problem, but were more amenable to implementation than the
original method or that had better complexity bounds. A particularly notable contribution from this
period was Renegar’s algorithm [21], which used upper bounds on the optimal objective value to
form successively smaller subsets of the feasible set, each containing the solution, and used Newton’s
method to follow the analytic centers of these subsets to the primal optimum. A new era was inau-
gurated with Megiddo’s paper [13], originally presented in 1987, which described a framework for
primal-dual framework algorithms. The primal-dual viewpoint proved to be extremely productive. It
yielded ne

?1gorithms, W,'ﬁifo)%ﬁﬁ{%‘i, Iﬂﬂﬂ@*?%ﬂﬁ%ﬁbf:
e MeggidoDFHXIZL->THI=HEhT-.

IORCE 5121989 % [ZIEMehrotrah’ LPIZ 3t 9 % 5E B
e 7 )LD XLEREL, 1992F X ELTEED

RDZLDYINVIT7DEEZHEZTLND.
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S. Mehrotra (1992) p.576

The primal-dual algorithms have their roots in Megiddo [21]. These were further
developed and analyzed by Kojima, Mizuno, and Yoshise [15] and Monteiro and
Adler [27]. They showed that the central trajectory can be followed to the optimal
solution in O(v/nL) iterations by taking “short steps.” Kojima, Mizuno, and Yoshise
[16] showed that the primal-dual potential function [31], which is a variant of Kar-
markar’s potential function [13], can also be reduced by a constant amount at each
iteration and therefore, they developed a primal-dual large step potential reduction
algorithm.

McShane, Monma, and Shanno [20] were the first to develop an implementation
of this method. They found it to be a viable alternative to the then popular dual affine
scaling method [1], [26] for solving large sparse problems. They also found that this
method typically takes fewer iterations than the dual affine scaling method. However,
it was found to be only competitive with the dual affine scaling method because of
the additional computa

implementation created s AR T HIRBELIFIZELC

straints to the original problem) and maintained pr1mal and dual feasible solutions of
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A New Polynomial-Time Algorithm for Linear Programming

N. XKarmarkar

" AT&T AT&T Beil Laborziories  °
Musrzy Eiil. New Jersey 07974
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0.1 Wors:-case Bounds on Linear Progrzamming 7f)\7:‘5~ e =50 E ALY

The simpiex algonmm for linear programming has been ‘stown 1o require an exponcatial number
of stegs in the worst-case [11. A poiymemial-time algorithm for linear programming was publised
by Kzaclivan ﬁ 1579 [2]. The ccmgiexity of this algoritam is O (n®L?) where a is the dimension
of tbe probiem and L is toe aumber of bits in the input (31. In this paper we prsseat 2 aew

. . . . s . 182
poivniemizi-time 2igoritam or linesr progrzmming whoss rime-compiexity is O (n"~L-).

ﬁimxﬁ'zjﬁ IMAGINE THE FUTURE.



19844 Karmarkari&

4 A STOC '84
9 A Gina KolataESIZ &k ASciencestitE
10B BB RO LTTIIRERE N R

RAZARIKRFE IR TIIFmIXDIE—H
BIPFUEEIE)MIONK
SHEAMIDODEK (FMSRHSa—1o4)
SHFABADMHAHI K (FOSzohrybT—2)
> FFFBAD T #A (AL VRPTE ALELY)

IMAGINE THE FUTURE.




198545 AM1Eg:E  IGERE

JI#RE, TKarmarkar;E D FHLPEEE |
ARL—3 X )Y —F30(1985) 215-220,271-277

Karmarkar, N. “A new polynomial-time algorithm for linear
programming.” Combinatorica 4(1984), 373—-395
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Algorithmica (1986) 1: 395-407
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A Modification of [ Lol 1999@15&%?’(2446%@0) ive

Robert J. Vanderbei,' Marc S. Meketon,' and Barry A. Freedman'

Some recent papers on Karmarkar’s alg(;rithm are [2], [3], [8], [9], and [10].
This algorithm has been lndependently proposed in [2] and [3]. No convergence
proof was presented in [3]. Thanasiams

different from the one prese RXﬁFI:ﬁLluﬁ-d—%)Tj’f/ ?ﬁ)ﬁ (ZJIAdIer,
Karmarkar, Resende and Veiga 198655 A

An Implementation of Karmarkar’s Algorithm

[1] L. V. Atkinson and P. J. Harley, An Introc

Wesley, Reading, MA, 1983. for Linear Programming
[2] E.R. Barnes, A variation on Karmarkar's :
Manuscript, IBM T. J. Watson Research ( [lan Adler t
[3] T. M. Cavalier and A. L. Soyster, Some ¢ Mﬁiﬁ;‘l‘% I%“'a’:;::;:?
Karmarkar algorithm, ISME Working Pap. ' Geraldo Veiga
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MATHEMATICAL REVIEWS
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I Select alternative format VI

Publications results for "MR Number=(1097868)"
MR1097868 (92d:90046) Reviewed

Vanderbei, R. ). (1-BELL); Lagarias, J. C. (1-BELL)

programming (Brunswick, ME, 1988), 109-119

I. I. Dikin's convergence result for the affine-scaling algorithm. Mathematical developments arising from linear
Contemp. Math., 114, Amer. Math. Soc., Providence, Rl, 1990
90C05

paper by T. Tsuchiya ["Global convergence of the affine scaling methods for degenerate linear programming problems", Math. Program. Stud
allows only short steps.

T4 RHEDREMII LA TREDRX

This paper is impaortant for everybody who is interested in interior point methods. The best result in the area of affine scaling algorithms is a
i

to appear], where he proved the convergence of the affine scaling method without a nondegeneracy assumption. Unfortunately his proof

{For the collection containing this paper see MR1097861.}

Reviewed by Tamas Terlaky
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AN "ANALYTICAL CENTRE" FOR POLYHEDRONS AND NEW CLASSES OF GLOBAL
ALGORITHMS FOR LINEAR (SMOOTH, CONVEX) PROGRAMMING

Gy. SONNEVEND
Dept. of Numerical Analysis, Inst. of Mathematics
EStvos University, 1088. Budapest, Muzeum krt. 6-8B.
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Notes on Improvements of Karmarkar's Algorithm

Masakazu Kojima, Tokyo Institute of Technology

fundamental Ideas which
useful to improve the computational afficiency of Karmarkar's
algorithm for solving linear programs. They includs

a potential functiom dafined on R (the nonnegatica orthant
of the n—dimensional Euclidean space)l,

minimization of Lhe pgtant!al funetion using a projective
transformation frem R + onto the n-dlmensien simplex,

a formula for updating lower bounds of the objective funetijon
by Tedd—Burrell,

a2 numdrical test to determine basije variables of optimum
selutions and a raduction of tha size of the problem,

an efficient formulation of phase 1.
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Extensions of the Multiplicative Penalty Function Method
for Linear Programming

- Hiroshi IMAI
Department of Computer Science and Communication Engineering
Faculty of Engineering, Kyushu University, Fukuoka 812, Japan

ADbstract

We shall extend Iri’s multiplicative penalty function method for lincar programming
[4] so that it can handle the problem of unknown optimum value, without solving both

primal and dual programmes simultaneously, and genera.te convergent dual solutions. We

1 "

also give a sufficient condition for &

which can be checked in the extende e
 REEARAORIEE RS LA T
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Mathematical Programming 40 (1988} 59-93
North-Helland

Renegar (2001)

A MATHEMATICAL VIEW
A POLYNOMIAL-TIME ALGORITHM, = s lan s

NEWTON’S METHOD, FOR LINEAR | IN ConvEX OPTIMIZATION
James RENEGAR

School of Operations Research and Industrial Engineering,
USA

Received 4 September 1986
Revised manuscript received 15 June 1987

A new interior method for linear programming is prese
it is proven. The proof is substantially different from those
for Karmarkar’s algorithm. Also, the algorithm is conce
algorithms.
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Hiroshi Yamashita “A Polynomially and Quadratically Convergent

Method for Linear Programming”
Technical Report, Mathematical System Inc., Tokyo, Japan.
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¥ 581288 1-1  Nimrod Megiddo

“Patheway to the Optimal Set in Linear Ptogramming”

PROGRAM

THURSDAY, NOVEMBER 6, 10:00-12:00 A.M.

Opening Address

Masao IRI {(General Chairman)
SESSTION 1l: SPECTAL LECTURE "~

1-1 Pathways to the Optimal Set in Linear Programming ..ceesessses 1
Nimrod MEGIDDO {Almaden Research Center, IBM)

1-2 A Class of Algorithm for Sequential and Parallel Solution
of Algebraic Linear and Nonlinear SYSELEMS .sessasssavanansesns 37
Fmilio SPEDICATO (University of Bergamo, Italy)
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Progress in Mathematical Programming
@Asilomar Conference Center

The starting point of this volume was a conference entitled “Progress in
Mathematical Programming,” held at the Asilomar Conference Center in
Pacific Grove, California, March 1-4, 1987. The main topic of the conference
was developments in the theory and practice of linear programming since
Karmarkar’s algorithm. There were thirty presentations and approximately
fifty people attended. Presentations included new algorithms, new analyses of
algorithms, reports on computational experience, and some other topics
related to the practice of mathematical programming,

Interestingly, most of the progress reported at the conference was on the
theoretical side. Several new polynomial algorithms for linear program-
ming were presented (Barnes-Chopra-Jensen, Goldfarb-Mehrotra, Gonzaga,
Kojima-Mizuno-Yoshise, Renegar, Todd, Vaidya, and Ye). Other algorithms
presented were by Betke-Gritzmann, Blum, Gill-Murray-Saunders-Wright,
Mazareth, Vial, and Zikan-Cottle, Efforts in the theoretical analysis of algo-
rithms were also reported (Anstreicher, Bayer-Lagarias, Imai, Lagarias,
Megiddo-Shub, Lagarias, Smale, and Vanderbei). Computational experiences
were reported by Lustig, Tomlin, Todd, Tone, Ye, and Zikan-Cottle. Of
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