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Family data, Education, Degrees

Born: March 18, 1947, Debrecen.
Died: March 24, 2008, Cuba.

He was married to Krisztina, they had two children.
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Family data, Education, Degrees

Born: March 18, 1947, Debrecen.
Died: March 24, 2008, Cuba.
He was married to Krisztina, they had two children.

Education, Degrees:

@ MSc in Mathematics, Lajos Kossuth University of Sciences,
Debrecen, 1965-70

@ PhD in Operations Research, Lajos Kossuth University of
Sciences, Debrecen, 1974

@ Candidate of Science, Hungarian Academy of Sciences, 1985

@ Habilitation in Applied Mathematics, Operations Research,
Technical University of Budapest, 1995

@ Doctor of Science, Operations Research and Decision Systems,D
Hungarian Academy of Sciences, 1998
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Positions

@ 1970—1976: Computer and Automation Research Institute,
Hungarian Academy of Sciences (MTA SZTAKI), Department of
Operations Research, Researcher

@ 1976: Electricité de France, Paris, Scholarship Fellow

@ 1976—1978: MTA SZTAKI, Department of Operations Research,
Researcher

@ 1978—1980: Computer Centre of the Ministry for the
Management of Water Supplies, Alger, Algeria, Expert

@ 1980—1989: MTA SZTAKI, Department of Operations Research,
Senior Researcher

@ 1989—1990: MTA SZTAKI, Department of Operations Research,
Head of Department of Operations Research, Senior Researcher

@ 1991—2008: MTA SZTAKI, Laboratory and Department of
Operations Research and Decision Systems, Head of Laboratoryl“;,
and Department Ip)

@ 1995—2008: Corvinus University of Budapest, Full Professor and

Head of Department of Decisions in Economy
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Committees, Societies

@ Vice-president, Hungarian Operational Research Society,
1991-1994

@ President, Hungarian Operational Research Society, 1994-1996

@ Member, Committee for Operations Research, Hungarian
Academy of Sciences, 1991-2008

@ Representative of the Hungarian Operational Research Society in
European Operational Research Society, 1991-2008

@ Member, Mathematical Programming Society

@ Vice-President, Committee for Operations Research, Hungarian
Academy of Sciences, 1996-1999

@ Member, Committee for Mathematics at Higher Education,
Accreditation Committee, 1997-2000

@ President, Hungarian Operational Research Society, 1998-2000 ; /

@ Member, Board for Hungarian Operatinal Research Society,
2006-2008
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Editorial Boards

@ Journal of Optimization Theory and Applications (JOTA)

@ Journal of Global Optimization (JoGO)

@ Central European Journal for Operations Research (CEJOR)
@ Pure Mathematics and Applications (PuMA)

@ Alkalmazott Matematikai Lapok (Applied Mathematics Letters)
@ Journal of ICT

@ Optimization Letters
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Awards

@ 1978: Gyula Farkas Prize

1978, 1986, 1992, 1996, 1999, 2001: Institute Award, MTA
SZTAKI

1996: ANBAR Citation of Highest Quality Rating

1997, 2000, 2006: Institute Publication Award, MTA SZTAKI
1999-2002: Széchenyi Professor Fellowship

2003: Gold Medal of Corvinus University of Budapest

2003: Bolyai Farkas Prize, Hungarian Academy of Sciences
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@ J. Balogh, T. Csendes, and T. Rapcsak, Some global optimization problems on
Stiefel manifolds, J. Global Optim. 30 (2004), no. 1, 91-101.

J. Balogh, T. Csendes, and T. Rapcsak, Global optimization on Stiefel
manifolds—an interesting result of discretization, Alkalmaz. Mat. Lapok 22
(2005), no. 1, 163-176.

T. Csendes and T. Rapcsak, Nonlinear coordinate transformations for
unconstrained optimization. I. Basic transformations, J. Global Optim. 3 (1993),
no. 2, 213-221.

J.-P. Crouzeix and T. Rapcsak, Integrability of pseudomonotone differentiable
maps and the revealed preference problem, J. Convex Anal. 12 (2005), no. 2,

431-446.
F. Giannessi and T. Rapcsék, Images, separation of sets and extremum

problems, Recent trends in optimization theory and applications, World Sci. Ser.
Appl. Anal., vol. 5, World Sci. Publ., River Edge, NJ, 1995, pp. 79-106.

S. |. Gass and T. Rapcsak, Singular value decomposition in AHP, European J.
Oper. Res. 154 (2004), no. 3, 573-584.

E. Halmos and T. Rapcsak, Minimum weight design of statistically indeterminate
trusses, Alkalmaz. Mat. Lapok 3 (1977), no. 1-2, 171-183.

G. Mastroeni and T. Rapcsak, On convex generalized systems, J. Optim. Theory
Appl. 104 (2000), no. 3, 605-627.

S. Marton and T. Rapcsak, Air pollution transmissions—case-studies, CEJOR D
Cent. Eur. J. Oper. Res. 13 (2005), no. 3, 271-287.
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@ Cs. Mészaros and T. Rapcsak, A remark on: ,Strict preference and sensitivity
analysis in additive utility functions with interval data” [CEJOR Cent. Eur. J. Oper.
Res. 12 (2004), no. 3, 233—-249; mr2085395] by R. Vetschera, CEJOR Cent. Eur.
J. Oper. Res. 13 (2005), no. 2, 209-210.

@ A. Prékopa, T. Rapcsék, and |. Zsuffa, A new method for serially linked reservoir

system design using stochastic programming, Tanulmanyok—MTA Szamitastech.

Automat. Kutat6 Int. Budapest (1985), no. 167, 75—97, Studies in applied

stochastic programming, I.

T. Rapcsak, An exterior-point algorithm for solution of convex nonlinear

programming problems, Alkalmaz. Mat. Lapok 1 (1975), no. 3—4, 357-364.

T. Rapcsak, A remark on the theory of logarithmically concave functions,

Kozlemények-MTA Szamitastechn. Automat. Kutaté Int. Budapest (1975), no. 14,

25-27.

T. Rapcsak, The SUMT method for solving nonconvex programming problems,

Alkalmaz. Mat. Lapok 2 (1976), no. 3—4, 427-437 (1977).

T. Rapcsak, The application of the sequential unconstrained minimization

technique to the solution of a nonlinear programming problem with logarithmically

concave constraint functions, Kézlemények—MTA Szamitastechn. Automat.

Kutaté Int. Budapest (1978), no. 19, 17-28.

@ T. Rapcsak, On second-order optimality conditions, Alkalmaz. Mat. Lapok 4
(1978), no. 1-2, 109-116 (1979). 2

@ T. Rapcsak, The optimal power transmission of mechanical speed gear, /

Alkalmaz. Mat. Lapok 4 (1978), no. 3-4, 229-243 (1979).
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@ T. Rapcsak, A decomposition method for minimum weight structural design,
Alkalmaz. Mat. Lapok 8 (1982), no. 3-4, 237-245.

T. Rapcsak, Global minimum weight optimization of trusses with a decomposition
method, Z. Angew. Math. Mech. 63 (1983), no. 5, T418-T419.

T. Rapcsak, On the second-order sufficiency conditions, J. Inform. Optim. Sci. 4
(1983), no. 2, 183—191.

T. Rapcsak, The optimality conditions of the nonlinear programming problems
and differential geometry, Alkalmaz. Mat. Lapok 9 (1983), no. 1-2, 73-84.

T. Rapcsak, Remarks on minimalization problems with inequality constraints,
Alkalmaz. Mat. Lapok 9 (1983), no. 3-4, 387-391.

T. Rapcsak, On the arcwise convexity, Alkalmaz. Mat. Lapok 10 (1984), no. 1-2,
115-123.

T. Rapcsak, Convex programming on Riemannian manifolds, System modelling
and optimization (Budapest, 1985), Lecture Notes in Control and Inform. Sci.,
vol. 84, Springer, Berlin, 1986, pp. 733-740.

T. Rapcsak, Arcwise-convex functions on surfaces, Publ. Math. Debrecen 34
(1987), no. 1-2, 35—41.

T. Rapcsak, On geodesically convex functions, 19. Jahrestagung ,Mathematische
Optimierung” (Sellin, 1987), Seminarberichte, vol. 90, Humboldt Univ. Berlin, {
1987, pp. 98-106.

T. Rapcsak, Geodesic convexity in nonlinear programming, Report, vol. 89, MTE)
Szamitastechnikai és Automatizalasi Kutat6 Intézete, Budapest, 1989.
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T. Rapcsak, Minimum problems on differentiable manifolds, Optimization 20
(1989), no. 1, 3-13.

T. Rapcsak, On a generalization of convex programming, Alkalmaz. Mat. Lapok
14 (1989), no. 3-4, 449-459.

T. Rapcsak, On geodesic convex programming problems, Differential geometry
and its applications (Dubrovnik, 1988), Univ. Novi Sad, Novi Sad, 1989,

pp. 315-322.

T. Rapcsak, On pseudolinear functions, Report, vol. 89, MTA Szamitastechnikai
és Automatizalasi Kutat6 Intézete, Budapest, 1989.

T. Rapcsak, Tensor optimization, Report, vol. 34, MTA Szamitastechnikai és
Automatizalasi Kutaté Intézete, Budapest, 1990.

T. Rapcsak, Geodesic convexity in nonlinear optimization, J. Optim. Theory Appl.
69 (1991), no. 1, 169—-183.

T. Rapcsak, Geodesic convexity on R", Generalized convexity (Pécs, 1992),
Lecture Notes in Econom. and Math. Systems, vol. 405, Springer, Berlin, 1994,
pp. 91—-103.

T. Rapcsak, On the connectedness of the solution set to linear complementarity
systems, J. Optim. Theory Appl. 80 (1994), no. 3, 501-512. s
T. Rapcsék, On the connectedness of the solution set to nonlinear
complementarity systems, J. Optim. Theory Appl. 81 (1994), no. 3, 619-631. [/
T. Rapcsak, Tensor approximations of smooth nonlinear complementarity D
systems, Variational inequalities and network equilibrium problems (Erice, 1994),
Plenum, New York, 1995, pp. 235—-249.
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T. Rapcsak, Geodesic convexity on R’., Optimization 37 (1996), no. 4, 341-355.

T. Rapcsak, Smooth nonlinear optimization in R", Nonconvex Optimization and
its Applications, vol. 19, Kluwer Academic Publishers, Dordrecht, 1997.

T. Rapcsak, An unsolved problem of Fenchel, J. Global Optim. 11 (1997), no. 2,
207-217.

T. Rapcsak, Variable metric methods along geodetics, New trends in
mathematical programming, Appl. Optim., vol. 13, Kluwer Acad. Publ., Boston,
MA, 1998, pp. 257-275.

T. Rapcsak, Global Lagrange multiplier rule and smooth exact penalty functions
for equality constraints, Nonlinear optimization and related topics (Erice, 1998),
Appl. Optim., vol. 36, Kluwer Acad. Publ., Dordrecht, 2000, pp. 351-368.

T. Rapcsak, On vector complementarity systems and vector variational
inequalities, Vector variational inequalities and vector equilibria, Nonconvex
Optim. Appl., vol. 38, Kluwer Acad. Publ., Dordrecht, 2000, pp. 371-380.

T. Rapcsak, Convexification of functions by nonlinear coordinate transformations,
Optimization theory (Matrahaza, 1999), Appl. Optim., vol. 59, Kluwer Acad. Publ.,
Dordrecht, 2001, pp. 179-189.

T. Rapcsak, On minimization of sums of heterogeneous quadratic functions on ;
Stiefel manifolds, From local to global optimization (Rimforsa, 1997), Nonconvex =
Optim. Appl., vol. 53, Kluwer Acad. Publ., Dordrecht, 2001, pp. 277—290. [,
T. Rapcsak, On minimization on Stiefel manifolds, European J. Oper. Res. 143D
(2002), no. 2, 365-376, Interior point methods (Budapest, 2000).
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T. Rapcsak, Mechanical equilibrium and equilibrium systems, Equilibrium
problems and variational models (Erice, 2000), Nonconvex Optim. Appl., vol. 68,
Kluwer Acad. Publ., Norwell, MA, 2003, pp. 379-399.

T. Rapcsak, Some optimization problems in multivariate statistics, J. Global
Optim. 28 (2004), no. 2, 217-228.

T. Rapcsak, Fenchel problem of level sets, J. Optim. Theory Appl. 127 (2005),

no. 1, 177-191.

T. Rapcsak, Local convexity on smooth manifolds, J. Optim. Theory Appl. 127
(2005), no. 1, 165—-176.

T. Rapcsak, Survey on the Fenchel problem of level sets, Variational analysis and
applications, Nonconvex Optim. Appl., vol. 79, Springer, New York, 2005,

pp. 935-951.

T. Rapcsak, Review on Béla Martos’ activity in the field of optimization
theory—on the occasion of his being awarded Egervary commemorative plaque,
Alkalmaz. Mat. Lapok 23 (2006), no. 1, 1-4.

T. Rapcsak, On the pseudolinearity of quadratic fractional functions, Optim. Lett.
1 (2007), no. 2, 193-200.

T. Rapcsak, Sectional curvatures in nonlinear optimization, J. Global Optim. 40
(2008), no. 1-3, 375-388.
T. Rapcsak and P. Borzsak, On the concavity set of the product functions, Uy
Alkalmaz. Mat. Lapok 11 (1985), no. 3-4, 311-318. 1D
T. Rapcsak and P. Borzsak, On separable product functions, Optimization 21
(1990), no. 6, 831-841.
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T. Rapcsak and P. Borzsak, On separable product functions, Report, vol. 90, MTA
Szamitastechnikai és Automatizalasi Kutat6 Intézete, Budapest, 1990.

T. Rapcsak and T. Csendes, Nonlinear coordinate transformations for
unconstrained optimization. Il. Theoretical background, J. Global Optim. 3 (1993),
no. 3, 359-375.

T. Rapcsak and J. Szenthe, On the connection between mechanical equilibrium
and nonlinear programming, Alkalmaz. Mat. Lapok 12 (1986), no. 1-2, 161-174.
T. Rapcsak and J. Szenthe, On the connection between mechanical force
equilibrium and nonlinear programming, Z. Angew. Math. Mech. 70 (1990),

no. 12, 557-564.

T. Rapcsak and T. T. Thang, Nonlinear coordinate representations of smooth
optimization problems, J. Optim. Theory Appl. 86 (1995), no. 2, 459-489.

T. Rapcsak and T. T. Thang, A class of polynomial variable metric algorithms for
linear optimization, Math. Programming 74 (1996), no. 3, Ser. A, 319-331.

T. Rapcsak and A. Véasarhelyi, On a relation between problems of calculus of
variations and mathematical programming, Stochastic programming methods
and technical applications (Neubiberg/Munich, 1996), Lecture Notes in Econom.
and Math. Systems, vol. 458, Springer, Berlin, 1998, pp. 238-248.
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Geodesically Convex Sets

Let M c R" denote a k-dimensional Riemannian C™-manifold.
Definition
A curve v : [0,1] — M is called geodesic if its tangent is parallel along

the curve. (Equivalently, the curve is the shorthest path between any
two close points of the curve.)
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Geodesically Convex Sets

Let M c R" denote a k-dimensional Riemannian C™-manifold.
Definition
A curve v : [0,1] — M is called geodesic if its tangent is parallel along

the curve. (Equivalently, the curve is the shorthest path between any
two close points of the curve.)

Definition

A set A C Mis called g-convex if any two points of A are joined by a
geodesic belonging to A, i.e., for all x, y € A, there exists a geodesic
curve «y : [0,1] — A such that v(0) = x and v(1) = y.
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Geodesically Convex Sets

Let M c R" denote a k-dimensional Riemannian C™-manifold.
Definition
A curve v : [0,1] — M is called geodesic if its tangent is parallel along

the curve. (Equivalently, the curve is the shorthest path between any
two close points of the curve.)

Definition

A set A C Mis called g-convex if any two points of A are joined by a
geodesic belonging to A, i.e., for all x, y € A, there exists a geodesic
curve «y : [0,1] — A such that v(0) = x and v(1) = y.

Examples

1. A connected, complete Riemannian manifold is always g-convex.

2. For every point p € M, there is a neighborhood U of p which is
g-convex; for any two points in U, there is a unique geodesic curve
joining the two points and staying in U.

Zs. Péales (University of Debrecen) Geodesic Convexity and Optimization Kaohsiung, July 15-19, 2008 11/20



Geodesically Convex Functions

Definition

Let A C M be a g-convex set. A function f : A — R is called g-convex
if, for any two points x, y € A and arc-length-parametrized geodesic
curve v : [0,¢] — Awith y(0) = x and v(¢) = y, we have

f(r(t0)) < tf((0)) + (1 = f(»(£))  (t<[0,1]).
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Geodesically Convex Functions

Definition
Let A C M be a g-convex set. A function f : A — R is called g-convex

if, for any two points x, y € A and arc-length-parametrized geodesic
curve v : [0,¢] — Awith y(0) = x and v(¢) = y, we have

f(r(t0)) < tf((0)) + (1 = f(»(£))  (t<[0,1]).

Lemma

Let A C M be a g-convex set and 7 : A — R be g-convex function.
Then, for all ¢ € R, the level set

{xe A|f(x)<c}

is also g-convex.
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Properties of Geodesically Convex Functions

Theorem

Let A C M be an open g-convex set. Then, a function f: A — R is

g-convex if and only if it is g-convex in a g-convex neighborhood of
every point of A.

0
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Properties of Geodesically Convex Functions

Theorem

Let A C M be an open g-convex set. Then, a function f: A — R is

g-convex if and only if it is g-convex in a g-convex neighborhood of
every point of A.

Theorem

Let A C Mbe an g-convex setand let f : A — R be a g-convex function.
Then, a local minimum point for f is also a global minimum point.

04
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1st-order Characterization of Geodesic Convexity

Theorem

Let A C M be an open g-convex set, and let f : A — R be C'-function.
Then, f is g-convex on A if and only if, for every pair of points x,y € A
and an arc-length-parametrized geodesic curve ~ : [0, ] — A such that
~v(0) = x and v(¢) = y, we have

fy) — f(x) = V(x)7(0)¢,

where V{(x) is the gradient of f at the point x.
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1st-order Characterization of Geodesic Convexity

Theorem

Let A C M be an open g-convex set, and let f : A — R be C'-function.
Then, f is g-convex on A if and only if, for every pair of points x,y € A
and an arc-length-parametrized geodesic curve ~ : [0, ] — A such that
~v(0) = x and v(¢) = y, we have

f(y) — f(x) = VI(x)7(0)¢,
where V{(x) is the gradient of f at the point x.

Corollary

Let A C M be an open g-convex set, and let f : A — R be g-convex
C'-function. If V£(x) is orthogonal to the tangent space TM(x) of M at
x, then x is a global minimum point of f on A. Furthermore, the set of
global minimum points is g-convex.
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2nd-order Characterization of Geodesic Convexity

Theorem

Let A C M be an open g-convex set, and let f : A — R be C?-function.
Then, f is g-convex on A if and only if, for every point x € A, the
following geodesic-Hessian matrix is positive semidefinite

HIf(x) == HF(X)|tmex) + [VIN(X) | Bey(x)s

where Hf(x)|ru(x) is the Hessian of f at the point x restricted to the
tangent space TM(x) of M at x, and By, (x) is the second fundamental
form of M in the normal direction of the vector Vf(x).

The matrix vaued function H9f determines a second-order

symmetrical tensor field on A. ]1)
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Constrained Optimization

Optimization Problem

Let f, hy,...,hp_x : R" — R be C™-functions (m > 1).
Consider the problem () described as:

Minimize f(x) withrespectto x e M,

where the equality constraint set M is defined by

M:={x eR"| h(x)=

- = k(%) = 0},
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Constrained Optimization

Optimization Problem

Let f, hy,...,hp_x : R" — R be C™-functions (m > 1).
Consider the problem () described as:

Minimize f(x) withrespectto x e M,
where the equality constraint set M is defined by
M:={x eR"| hi(x) =+ = hy_x(x) = 0}.

Proposition

If hy,..., hp_x : R" — R are C™-functions (m > 1) and the vectors
Vhi(x),...,Vh,_k(x) are independent for all x € M, then M is a

k-dimensional Riemannian C™-manifold with the metric structure

induced by the Euclidean metric.
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The Lagrange Principle, 1st Part

Lagrange Multiplier Theorem — Necessity

Let f,hy,...,h,_x : R" — R be C'-functions such that the vectors
Vhi(x),...,Vh,_x(x) are independent at x = xo € M. Assume that x
is a local minimum point for the problem (). Then there exist
multipliers w1, . .., ux € R such that

n—k
Vf(Xo) — ZMthj(Xo) =0.
j=1
If, in addition, f, hy,...,h,_x : R" — R are 02 functions then, for all
ve TM(xp) = {veR" | Vhi(x)v’ =--- = Vh,_x(X)v" = 0},
n—k
(Hf X0) = > pHh; xo)) v>0.
j=1
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The Lagrange Principle, 2nd Part

Lagrange Multiplier Theorem — Sufficiency

Let f, hy,...,h,_x : R” — R be C?-functions such that the vectors
Vhy(x),...,Vh,_k(x) are independent at x = xo € M. Assume that
there exist multipliers 1, .. ., ux € R such that

n—k

Vf(x0) = Y 1Vhi(x) =0

j=1
and, for all
0#veTM(x)={veR" Vhi(x)vT = =Vh_k(x)v" =0},

vT (Hi(x) ZM,Hh (x0))v > 0.
j=1

Then X is a local minimum point for the problem (P).
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Characterization of Geodesic Convexity
Definition

Let f,hy,...,hy_x : R" — R be C'-functions such that
Vhi(x),...,Vh,_k(x) are independent for all x € M. Define

n—k
L(x) = f(x) = Y wi(x)hi(x)  (x € M),
j=1

where

u(x)T = VEx)VhX)T (Vh) V)T (x € M).
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Characterization of Geodesic Convexity

Definition
Let f,hy,...,hy_x : R" — R be C'-functions such that
Vhi(x),...,Vh,_k(x) are independent for all x € M. Define

n—k
L(x) = 1(x) = > mh(x)  (x € M),
j=1

where

u(x)T = VEx)VhX)T (Vh) V)T (x € M).
Theorem
Let M be connected and f, hy, ..., h,_x : R — R be C?-functions such

that Vhy(x),..., Vh,_k(x) are independent for all x € M. Then f is
g-convex on M if and only if, for all x € M, the matrix HIL(x)| () is
positive semidefinite.
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Sufficient Condition of Global Optimality

Theorem

Let M be connected and f, hy, ..., h,_x : R" — R be C?-functions such
that Vhy(x), ..., Vh,_k(x) are independent for all x € M. Then f is
g-convex on M if and only if, for aII x € M and for all v e TM(x),

vT (Hf(x Zu, X)Hh(x))v = 0.
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Sufficient Condition of Global Optimality

Theorem

Let M be connected and f, hy, ..., h,_x : R" — R be C?-functions such
that Vhy(x), ..., Vh,_k(x) are independent for all x € M. Then f is
g-convex on M if and only if, for all x € M and for all v € TM(x),

n—k
VT(Hf(x) -3 uj(x)th(x)> v >0.
=1

Corollary

Assume that the conditions and the statement of the above theorem
hold. If, for some x5 € M,
n—k

Vf(x0) — 3 1j(%)Vhj(x0) = 0,
j=1

then xp is a global minimum point of problem (P).
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