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Semidefinite Programming (SDP) and and Second-order Cone Programming (SOCP)
are examples of linear programming (LP) over convex cones with many applications. We say a problem
is regular if it has interior-feasible solutions on both primal and dual side. Otherwise the problem

is called singular. While good algorithms exist for regular problems, it is harder to solve
singular problems. We studied singular problems to obtain three major results. First, we showed
that any LP over convex cones (LPC) can be solved completely by calling interior-point oracle
finitely many times, where interior-point oracle returns an optimal solution for a given regular
LPC. Second, we analyzed change of the optimal value when a singular SDP is perturbed to make it
regular. Third, as an application of the second result, we demonstrated that if the interior-point
algorithm is applied to a SDP with nonzero duality gap, it generates a sequence converging to a
value between primal and dual optimal values.



1947 J.B.Dantzig

20 21
2
2
2
: (A
2
(B) (C)von
Neumann ; (D)
Z0OM
@» O ®)
2
1
2
3
4
2 3
(P) minimize C-X subject to Ai-X = b;, i=1,...,n, X 0
C X ZCijXij X 0 X
® ®
(D) maximize b'y subject to C - T Ayi =S, S O
® O 4 (
) (
) (
)
4

) X (D S



. 0 X
€
[11
, /
. €
. €
® O
[1]
O
(i)
Gii)
) @
a
)
©
(i)
2
Gii) 4
« )

_Imn



[r1]
vp©, vd”
vp(n ), vd(e ) n
€ V(e .n)
(P(s >N ))’ (D(a N ))
(P ,ny) minimize (C+e 1)-X subject to Ai-X = bitn Ai- I, i=1,...,n, X O,

(D¢ .ny) maximize Z (bitn Ai-1)yi subject to (C+e I) - T Ayyi =S, S O.

vp(0), vd(0)
vp(0)=vd(0)=v(0,0) vp(0)>vd(0)
v(0,0) vp(0) vd(0) (e ,n)

(e .,n) 0,0) v(e ,n)
0,0) V(e ,n)

Tarski-Seidenberg

(O n -0 v@O,n)=vp(n) vd € -0 v(e ,0)=vd(e ) vp
(2) V(8 )=lim o v(tcosd , tsind ) V' 8 €[0,m /2] V' (0)=vd",
vi(Tt /2)= vp”
( v(e ,n) (e .n)
)

D).

3

( [T1D
¢ XS 0
@ X-S 0

+o0

®
@)

a [2DD




C A CnA X

(C+c) (At+a) s
X €(C+c)n (A+a) Cn A c a
minimize ||x - X || subject to X €Cn A ™
c a
ChA C
C C
c a ™
F C span(F) X dist(x,
F) «k dist(x,C) K
( [B1D), 2
( 4D LP Newton method (
3D (
[5] 2 3

[B1] Lourenco F. Bruno, Masakazu Muramatsu and Takashi Tsuchiya: Duality Theorem in
Semidefinite Programming Revisited: Most Primal-Dual Weakly Feasible Semidefinite
Programs Have Non-Zero Duality Gap. 31 (

No.420), pp-1-20.
[T1] Takashi Tsuchiya, Lourenco F. Bruno, Masakazu Muramatsu and Takayuki Okuno: A
Limiting Analysis on Regularization of Singular SDP and its Implication to Infeasible
Interior-point Algorithms. arXiv:19.09696, December 2019, Revised May 2021
(Mathematical Programming ).



5 4 0 1

Bruno F. Lourenco, Masakazu Muramatsu, Takashi Tsuchiya 36

Solving SDP completely with an interior point oracle 2021

Optimization Methods and Software 425-271
DOI

10.1080/10556788.2020.1850720

Bruno Figera Lourenco 168

Amenable cones: error bounds without constraint qualifications 2019

Mathematical Programming Series A 1-48
DOI

10.1007/s10107-019-01439-3

Noriyoshi Sukegawa and Tomonari Kitahara 81

A Simple Projection Algorithm for Linear Programming Problems 2019

Algorithmica 167-181
DOI

10.1007/s00453-018-0436-3

Ohara Atsumi 11712

Doubly Autoparallel Structure on Positive Definite Matrices and Its Applications 2019

Geometric Science of Information (Frank Nielsen and Frederic Barbaresco eds.) Springer Lecture 251-260

Notes in Computer Science

DOl
10.1007/978-3-030-26980-7_26




2022

20 10 , , 41-84

DOl

11 5 8

Takashi Tsuchiya

An extension of asymptotic duality in SDP and its implication to the convergence theory of infeasible interior-point
algorithms

Second Workshop on Numerical Algebra, Algorithms and Analysis

2021

Takashi Tsuchiya, Louenco Bruno and Masakazu Muramatsu

Duality theory of SDP revisited: most primal-dual weakly feasible SDPs have finite nonzero duality gaps

The Sixth International Conference on Continuous Optimization

2019

Takashi Tsuchiya

A limiting analysis of regularization of SDP and its implication to infeasible interior-point algorithms

Discrete Optimization and Machine Learning

2019




Takashi Tsuchiya

A Limiting Analysis on Regularization of SDP and its Implication to Infeasible Interior-point Algorithms

Workshop “ Recent Development in Optimization 111"

2019

2021

35

2021

Takashi Tsuchiya, Bruno F. Lourenco, Masakazu Muramatsu, Takayuki Okuno

A Limiting Analysis on Regularization of Il1l1-Conditioned SDP and Its Implication to Duality Theory

SIAM Conference on Optimization

2021




Takashi Tsuchiya, Bruno F. Lourenco, Masakazu Muramatsu, Takayuki Okuno

A Limiting Analysis on Regularization of Singular Semidefinite Programs and Its Implication to Infeasible Interior-point
Algorithms

1FORS2021

2021

Takashi Tsuchiya

A New Look at Duality Theory of Singular SDPs and its Implication to Convergence of Infeasible Interior Point Algorithms

Workshop on Continuous Optimization and Related Topics

2021

Lourenco Bruno, Masakazu Muramatsu, Takashi Tsuchiya

Completely solving general SDP

Workshop on Continuous Optimization and Related Topics

2021

Lourenco F. Bruno

Amenable Cones: Bridging Error Bounds and Facial Reduction

Amenable cones: bridging error bounds and facial reThe 23rd International Symposium on Mathematical Programming (ISMP),
Bordeaux, July, 2018.

2018




(Tomonari Kitahara)

(10551260) (17102)

(Genta Ueno)

(40370093) (62603)

(Maho Nakata)

(50469912) (82401)

(Lourenco Figuera Bruno)

(80778720) (62603)

(Atsumi Ohara)

(90221168) (13401)
1

Workshop “ Recent Development in Optimization 111" 2019 2019




