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63-65: Univ. of Texas, Visiting: Copenhagen (64), Princeton(65-66)
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was hnamed’ in 1935 and therefore existed

from the Lusitania Russian School of Mathematics (Naming Infinity)

Rochefeuille “... the mystical beauty of the mathematical universe,
Marquette U., Talacko the ability of humans to create mathematical
entities and concepts simply by identifying them
Ph.D. (Harvard) 1963 and naming them.”

63-65: Univ. of Texas, Visiting: Copenhagen (64), Princeton(65-66)

66-...: Univ. of Washington, 2003-..: Univ. of Florida (Adjunct)
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was hnamed’ in 1935 and therefore existed

from the Lusitania Russian School of Mathematics (Naming Infinity)

Rochefeuille “... the mystical beauty of the mathematical universe,
Marquette U., Talacko the ability of humans to create mathematical
entities and concepts simply by identifying them
Ph.D. (Harvard) 1963 and naming them.”

63-65: Univ. of Texas, Visiting: Copenhagen (64), Princeton(65-66)
66-...: Univ. of Washington, 2003-..: Univ. of Florida (Adjunct)

Visiting: Grenoble, Colorado, IIASA, Pisa, Paris-Dauphine, Pau
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for a testimonial confer this meeting

Convex Duality (infinite dimensions), existence of dual solutions

Normal Integrands: optimal control, stochastic programming, finance, mathematical statistics
Monotone Operators, maximal and cyclic properties,VlI’s

Augmented Lagrangians and Proximal Points: algorithmic analysis

Subdifferential Calculus: convex, Clarke’s, generalized subgradients

Implicit functions theorems

Risk measures, CVAR (conditional value at risk)

Optimal control theory and H|B-properties, mathematical economics, structure reliability

“Stochastic Variational Problems”



REC RARFEE AT BY § Bk INUMBERS

Convex Analysis, Princeton Univ. Presse, 1970 e BOOI(S

Analysis

Conjugate duality and optimization, SIAM Conference B., 1974

The theory of subgradients and its applications to problems of optimization.
Convex and nonconvex functions. Heldermann, 1981

[ ]
b Nyt ol

Network Flows and Monotropic Optimization.Wiley, 1984 = a2+

Implicit Functions
and Solution

Variational Analysis (with R.Wets). Springer, 1998 (3rd 2009). _ e

Implicit Functions and Solution Mappings (with A. Dontchev). Springer, 2009-14
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REC RARFEE AT BY § Bk INUMBERS

230+ articles ( and 6 books)

Google citations: at least 47,324 (V.A. * 5,000 counted twice)

Microsoft Academic Ranking of 401,704 mathematicians (# 4,017 = top 1%)
R.T. Rockafellar # 10! — at this meeting: only 3 in the top 100
... a grain of salt: John von Neumann # 350

# students (21+ ...), # outstanding in RTR-circle, # editorships (7) ... cf. CV

Honors: Dantzig Prize, von Neuman Prize, Lanchester Prize, Honoris Causa (4)
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T ERIE S COFRIERY PP

mountain backpacking, sea-kayaking and landscape gardening
music, ballet, reading, languages ... but not Seattle sailing
traveling extensively (at the 5 or 6 continents-level per year)
close interaction with family and friends

... and living in one of the most beautiful areas in the world
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Wikipedia page




ROGER |-BWETS




REOGER FBVWELS and TERRYT




ROGER EBVWEILS ano FERRY




ROGER EBVWEILS ano FERRY

)
,‘[u mek
R .




BRI & RO

a near miss 1962 Mathematical Programming Symposium

| 964: an introduction to conjugacy
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9/64 — Seattle

1965 Princeton: A.Williams 2 day-workshop on Stochastic Programming
1966 Seattle:Victor Klee (earlier Mr. Convexity)
U.W. = convexity Nirvana: R. Phelps, |. Namioka, B. Grunbaum
and steady visitors/lecturers: Ky Fan, E.Asplund, ... + optimizers
1966- 1970 Backpacking, Family Hiking

[1967 two duality theorems (Pacific . Mathematics & |[MAA)]
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’69-70 Stochastic programs with fixed recourse:

the equivalent deterministic problem. ¢ 2 p ..
'7/1 Roger = Chicago, Lexington
Nov. 71 Cologne to Univ. Bonn. (P.Vogel)

'74 results at “Control & Optimization”
Paris meeting (A. Bensoussan & J.-L. Lions)
mostly 2-stage recourse problem
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3 FOCHAS FIC PROGRAMS YWl RECEIURS

min (¢, z") + B {{g¢, 7¢)}
such that Az’ =05, z! >0,
Vf : ngg == dg T Tgﬂ?l, Qj‘g >0

decision z!, observe &, recourse :Eg




3 FOCHAS FIC PROGRAMS YWl RECEIURS

minic.x ) + P{<q 5’7§>}
such that A — b & (O
Vf:WgCﬁg:dg—Tgib 220

decision z!, observe &, recourse Zlig

a more comprehensive formulation:

min { f(&: xg)} such that
el goc Ol
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KHNKDS — C i B utaly

e an infinite dimensional optimization problem

e choice of ‘manageable’ spaces for y and dual variables, perturbations

e constraint qualification!

e induced constraints: Az = b,x > 0 does not imply 3 feasible recourse V&

e to be approximated to rely on finite-dimensional optimization
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‘81 1IASA,Vienna

X

=UINC HOINS

(E,4,P), G C A, (potentially G = {0,Z})
f:=2xR" — R, a convex random lsc function

Ef(z) =E{f(§ x)}; <ooon L3F(G)

dx € L2° : Ef(x) finite and norm-continuous
¢ — cldom f(&, ) is G-measurable

Vx € L2°(G), one has

OEY f(-,z(-)) = EYOf (-, z(-)) P-a.s.
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‘81 1IASA,Vienna

§E@

X

=UINC HOINS

(E,4,P), G C A, (potentially G = {0,Z})
f: =2 xR" — R, a convex random Isc function

Ef(z) =E{f(§ x)}; <ooon L3F(G)

dx € L2°: Ff(x) finite and norm-continuous
¢ — cldom f(&, ) is G-measurable

Vx € L2°(G), one has

oI 1 (,2()) =

E90f (-, z(-)) P-a.s.

Interchange of Minimization and Expectation

Interchange of Minimization and Subdifferentiation
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NONANTICIPATIVITY AS A CONSTRAINT

'/5 - Lexington Conference on Stochastic Optimization

min E{ f(&x', x)} min E{ f(&;x;,%7)}
se cR" pec LR
CECUEX), VEas, X ECUEX).VEas

r=Eix Wi bas

@ we L c™® fcns
= E{w.} =0



NONANTICIPATIVITY AS A CONSTRAINT

'/5 - Lexington Conference on Stochastic Optimization

min E{ f(&;x;,x7)}
min £ f 553, )= (%32} sercp
S e xé & C2(§;xé),‘v’§ a.s.
@ x: =E{x.} VCEE as.
VEEE: : @ w, L c* fens
min f(&;x',x%) - (W, %% ) — E{w.} =0
EC L e (= xl))




FINDING w.: Progressive Hedging Algorithm

‘86 Beijing, Academia Sinica

0. wg such that E{w{ | = 0, v = 0. Pick p>0
1. forall &:
(xé’v,xé’v) Eargmin (& x',x°) - (wy,x')
=0 R e (E ) R”
2.7 = E{x"}. Stopif

xé’v — x| =0 (approx.)

v+1 % 1,v ek A1

otherwise w; =w§+p[x§ - X ],returntol.withv=v+1



FINDING w.: Progressive Hedging Algorithm

‘86 Beijing, Academia Sinica

0. wg such that E{w{ | = 0, v = 0. Pick p>0
1. forall &:
(xé’v,xé’v) Eargmin (& x',x°) - (wy,x')
=0 R e (E ) R”
2. 7% = E{x" | Stop if

xé’v — x| =0 (approx.)

v+1 % Bl 72 ek A1

otherwise w™ =w{ + p[x;" - X ],returntol.withv=v+1

Convergence: add a proximal term

2

Exe ) v glxl i

linear rate in (x'”,w") ... eminently parallelizable
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‘05-’15(+?) Santiago, Whidbey Island, St Petersburg, Adelaide
(mostly with Alejandro Jofré)
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VARIATICIINAL BNALT SIS FRA

|979-1998 2001-2015, also via third parties
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convexity, duality
measurable & integration issues
thirst for an overarching theory

subdifferentiability 04
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BLASSICAL
ANALYSIS
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_,{ integral ftionals
N . $
" gradients, Hessians,

- d._’érivative functions
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Cbnt-inuity analysis

= approx. uniform
— A5t
w———  APProx. pointwise

pointwise limits
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BLASSICAL
ANALYSIS

VARIATIONAL
ANALYSIS

¥ Bk

-
normal integrands __.{ integral ftionals
. B . §

subgradients, 0“ f, ... " gradients, Hessians,
- derivative functions

B

2

subderivative functions
semi-continuous mappings continuity analysis

approx. uniform
approx. pomtwise

osraphical approx.
epigraphical approx.

set limits (one-sided). . ~ pointwise limits




Compactification of [R”

CL ISPl Pl B

C 2v+1
of(1) = (-co,00) /

00 g C 3
71 + o f(1) — (-00,c0) cl R.
G df(0) = 0 1 &:.
9 1(0) = [0,00) 2 o

F°f(-1) = (-00,00)

J liminf ® C
M e
i Cv >{0}=C
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EPI-CONVERGENCE

f¥ epi-convergence to f
implies convergence of minimizers (roughly)

+ the only convergence notion
with this property

e-liminf f¥ e-limsup f¥ e-lim f”



APPROXIMATION &
SUBDIFFERENTIATION

f:R"” <R, f(z) finite

A flriw) = f(a_jJrﬂﬁ)_f(j) for 7 > ()

subderivative of f at x,

dilz) = chmint ~ -\ fin)

regular subderivative ot f at ¥
df(r) := elimsup_\_, Y A fin)



APPROXIMATION &
SUBDIFFERENTIATION

f:R"” <R, f(z) finite

A flriw) = f(a_jJrﬂﬁ)_f(j) for 7 > ()

subderivative of f at x, epi-derivative (88 Rock.)
diile] —elmine A (5 e-lim; 0w AFE) W)

regular subderivative ot f at ¥
df(r) := elimsup_\_, Y A fin)
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’/3 Clarke: convexification, ..., Rubinoy, ...



A UNIOUE SUBGERALHEN]

Minsk! ’76-88
Mordukhovich
& Kruger

’/3 Clarke: convexification, ..., Rubinoy, ...



A CUNIOGE SUBCRG HEIG]

f:R*” - Rand f(z) e R
v is a reqular subgradient, v € 0f (&), if
o) o s o solls s 1)

' ' ’76-
v is a subgradient, v € 0f(x), if nmSk.kh76 .85
Jal e 0l et i o 0 ordukhovic
& Kruger

v is a horizon subgradient, v € 0 f(x), if
o g p e dfz Jwith vt o dinyer g =0

’/3 Clarke: convexification, ..., Rubinoy, ...



AN IOV TE L

epi/hypo-convergence (saddle points), lopsided convergence
much more about 2nd order differentiability
variational inequalities, equilibrium problems, MPEC

Fitzpatrick functions, ...



Stochastic Variational Analysis ?
Dec.’ 14, Santiago
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