DFO Symposium
Escaping unknown discontinuous regions in blackbox optimization

Soléne Kojtych
July, 19th 2022

Supervisors: Charles AUDET, Alain BATAILLY

POLYTECHNIQUE I G E RAD %S_I-\UA
MONTREAL LABORATOIRE
D'ANALYSE
TECHNOLOGICAL _ VIBRATOIRE ET
UNIVERSITY & I GROUP FOR RESEARCH ACOUSTIQUE
IN DECISION ANALYSIS
Fonds de recherche
g CRSNG ImM\ZONTA
Québec me NSERC INTERNATIONAL



Modeling

Basics on Mads

DiscoMads

Convergence

Results

Conclusion

Motivation : design of aircraft engines

» aircraft engine , adapted from 1.

LY, Colaitis. https://tel.archives-ouvertes.fr/tel-03318777. PhD thesis. Ecole Polytechnique de Montréal, 2021.

2/17



DFO
Symposium
+

Context

Modeling
Basics on Mads

DiscoMads

Convergence

Results

Conclusion

Motivation : design of aircraft engines

@ contact and friction interfaces

» nonlinear vibrations
» detrimental phenomena

» aircraft engine , adapted from 1.

LY, Colaitis. https://tel.archives-ouvertes.fr/tel-03318777. PhD thesis. Ecole Polytechnique de Montréal, 2021.

2/17



DFO
Symposium
+

Context

Modeling
Basics on Mads

DiscoMads

Convergence

Results

Conclusion

Motivation : design of aircraft engines

@ contact and friction interfaces

» nonlinear vibrations
» detrimental phenomena

o nonlinear phenomena in design cycle ?

—_— optimization _

» aircraft engine , adapted from 1.

LY, Colaitis. https://tel.archives-ouvertes.fr/tel-03318777. PhD thesis. Ecole Polytechnique de Montréal, 2021. 2/17



DFO
Symposium
+

Motivation : design of aircraft engines

Context

@ contact and friction interfaces

» nonlinear vibrations
» detrimental phenomena

Modeling
Basics on Mads

DiscoMads

Convergence

Results

Conclusion

o nonlinear phenomena in design cycle ?

i Ayt nonlinear
optimization > >
0 simulations

Thest

» aircraft engine , adapted from 1.

LY, Colaitis. https://tel.archives-ouvertes.fr/tel-03318777. PhD thesis. Ecole Polytechnique de Montréal, 2021. 2/17



DFO
Symposium
+

Motivation : design of aircraft engines

Context
Motivation
Fram:

P . . .

@ contact and friction interfaces
» nonlinear vibrations
» detrimental phenomena

Modeling
Basics on Mads

DiscoMads

Convergence

Results

Conclusion

o nonlinear phenomena in design cycle ?

i Ayt nonlinear
optimization > >
0 simulations

Thest

» aircraft engine , adapted from 1.

=—> Need to account for nonlinear simulations in the early stages of the design cycle

LY, Colaitis. https://tel.archives-ouvertes.fr/tel-03318777. PhD thesis. Ecole Polytechnique de Montréal, 2021. 2/17



DFO
Symposium
+

Mathematical framework

Context

Framework

Rlcdeline nonlinear

Basics on Mads simulations

DiscoMads
Convergence
Results

Conclusion

3/17



e Mathematical framework
-
+

Context

Framework

nonlinear
simulations

Modeling
Basics on Mads
DiscoMads
Convergence
Results

Conclusion

disp[aca"’em

3/17




e Mathematical framework
-
+

Context

Framework

nonlinear
simulations

Modeling
Basics on Mads
DiscoMads
Convergence
Results

Conclusion

disp[aca"’em

3/17




DFO
Symposium
+

Context
A

Framework

Modeling
Basics on Mads
DiscoMads
Convergence
Results

Conclusion

Mathematical framework

T

—_— blackbox

—_—

o blackbox optimization problem

W
N

~\‘\\\

Gsplacomen,

\
2 \
NN \

| N
IR \ M NP <o
£ AN A éa T
3 A N R \ e

" (otationspeed

3/17



DFO
Symposium
+

Context
A

Framework

Modeling
Basics on Mads
DiscoMads
Convergence
Results

Conclusion

Mathematical framework

T
—— blackbox —

—_—

o blackbox optimization problem

0
7 : f\“‘ \\§ §\\ \ /E
A ;\w R L\\\ | \ 5

\ \
" ‘ W é’éa -
A ' o
: e

o rotation speed

3/17



DFO
Symposium
+

Context
A

Framework

Modeling
Basics on Mads
DiscoMads
Convergence
Results

Conclusion

Mathematical framework

T
—— blackbox —

—_—

o blackbox optimization problem

1)

0
7 : f\“‘ \\§ §\\ \ /E
A ;\w R L\\\ | \ 5

\ \
" ‘ W é’éa -
A ' o
: e

o rotation speed

3/17



DFO
Symposium
+

Context
A

Framework

Modeling
Basics on Mads
DiscoMads
Convergence
Results

Conclusion

Mathematical framework

T
—— blackbox —

—_—

o blackbox optimization problem

1)

ERROR

0
7 : f\“‘ \\§ §\\ \ /E
A ;\w R L\\\ | \ 5

\ \
" ‘ W é’éa -
A ' o
: e

o rotation speed

3/17



DFO
Symposium
+

Context min f(il?)
rzeX

Blackbox optimization problem

Problem

Modeling

Basics on Mads

DiscoMads
@ notations

» x € X C R"™: vector of variables

» f:X — RU {oo}: objective function

Convergence
Results

Conclusion

4/17



DFO
Symposium
+

Blackbox optimization problem

Context min f (LE)
rzeX
Problem (1)
Modeling
Basics on Mads
DiscoMads X

@ notations

» x € X C R"™: vector of variables
» f:X — RU {oo}: objective function

Convergence

Results

Conclusion

4/17



DFO
Symposium
+

Context

Problem

Modeling

Basics on Mads
DiscoMads
Convergence
Results

Conclusion

Blackbox optimization problem

mi}r} f(x)

xTE
subject to  ¢(z) <0

@ notations
» x € X C R"™: vector of variables
» f:X — RU {oo}: objective function
» c: X — R™U {oco}"™: models m constraints
cj(z),j €{1,...,m}

4/17



DFO
Symposium
+

Context

Problem

Modeling

Basics on Mads
DiscoMads
Convergence
Results

Conclusion

Blackbox optimization problem

mi}r} f(x)

xTE
subject to  ¢(z) <0

@ notations
» x € X C R"™: vector of variables
» f:X — RU {oo}: objective function
» c: X — R™ U {oo0}™: models m constraints
cj(z),j €{1,...,m}

4/17



DFO
Symposium
+

Context

Problem

Modeling

Basics on Mads
DiscoMads
Convergence
Results

Conclusion

Blackbox optimization problem

mi}r} f(x)

xTE
subject to  ¢(z) <0

@ notations
» x € X C R"™: vector of variables
» f:X — RU {oo}: objective function
» c: X — R™ U {oo0}™: models m constraints
cj(z),j €{1,...,m}

4/17



oo Blackbox optimization problem

Symposium
+

Context min f (LE)
zeX
j 1
Problem subject to C(JJ) <0 ( )
Modeling and d(z) <0 <= z "far" from discontinuities of outputs j € J

Basics on Mads

DiscoMads
@ notations

» x € X C R"™: vector of variables

» f:X — RU {oo}: objective function
Conclusion » c: X — R™ U {oo0}™: models m constraints
cj(z),j €{1,...,m}
J C {0, 1, ..., m} user-defined indexes of outputs
d : X — R: remoteness constraint

Convergence

Results

4/17



DFO
Symposium
+

Context

Problem
Modeling
Basics on Mads

DiscoMads

Convergence

Results

Conclusion

Blackbox optimization problem

mi}r} f(x)

xTE
subject to  ¢(z) <0
and d(z) <0

1)

@ notations

» x € X C R"™: vector of variables

» f:X — RU {oo}: objective function

» c: X — R™ U {oo0}™: models m constraints
cj(z),j €{1,...,m}
J C {0, 1, ..., m} user-defined indexes of outputs
d : X — R: remoteness constraint

@ characteristics

» f and c: deterministic blackbox functions, possibly

discontinuous

4/17



oo Blackbox optimization problem

Symposium
+

Context min f (il?)
zeX
j 1
Problem subject to C(JJ) <0 ( )
Modeling and d(z) <0 <= z "far" from discontinuities of outputs j € J

Basics on Mads

DiscoMads
@ notations

» x € X C R"™: vector of variables

» f:X — RU {oo}: objective function
Conclusion » c: X — R™ U {oo0}™: models m constraints
cj(z),j €{1,...,m}
J C {0, 1, ..., m} user-defined indexes of outputs
d : X — R: remoteness constraint

Convergence

Results

@ characteristics

» f and c: deterministic blackbox functions, possibly
discontinuous
» d: infinite constraint

4/17



DFO
Symposium
+
Context
Motivatior
Fram

Problem
Modeling
Basics on Mads

DiscoMads

Convergence

Results

Conclusion

Blackbox optimization problem

min x
min  f(x)

subject to  ¢(z) <0 (1)
and d(z) <0 <= z "far" from discontinuities of outputs j € J

@ notations
» x € X CR"™: vector of variables
» f:X — RU {oo}: objective function
» c: X — R™ U {oo0}™: models m constraints
cj(z),j €{1,...,m}
» J C{0,1,...,m} user-defined indexes of outputs
» d: X — R: remoteness constraint

@ characteristics
» f and c: deterministic blackbox functions, possibly
discontinuous
» d: infinite constraint Q={z e X:c(zx) <0}

( Objective: a Mesh Adaptive Direct Search algorithm to solve problem (1) )

4/17



DFO
Symposium
+

Context

Modeling

Basics on Mads
DiscoMads
Convergence
Results

Conclusion

@ Context

® Modeling

© Basics on Mads

@ DiscoMads

@ Convergence analysis

® Numerical results

@ Conclusion

5/17



DFO
Symposium
+

Context

Modeling

Basics on Mads
DiscoMads
Convergence
Results

Conclusion

® Modeling

5/17



DFO
Symposium
+

Context

Modeling

Basics on Mads
DiscoMads
Convergence
Results

Conclusion

Modeling of discontinuities

min f(=x)
st c(z) <0
and d(z) <0

<= z "far" from discontinuities of outputs j € J

5/17



DFO
Symposium
+

Context

Modeling

Basics on Mads
DiscoMads
Convergence
Results

Conclusion

Modeling of discontinuities

min f(x)

reX
st c(z) <0
)<0

and d(x <= z "far" from discontinuities of outputs j € J

o region of weak discontinuities D (7):
rate of change of c;, j € J between
two points at distance at most 4
exceeds a limit rate 7

D={yeX :3jecJ, 3z2€ XNBr(y) lcjly) —ci(z)| > 7lly — 2|}

5/17



DFO
Symposium
+

Context

Modeling

Basics on Mads
DiscoMads
Convergence
Results

Conclusion

Modeling of discontinuities

min T
min - f(z)
st c(z) <0
and d(z) <0 <= z "far" from discontinuities of outputs j € J

o region of weak discontinuities D (7):
rate of change of c;, j € J between
two points at distance at most 4
exceeds a limit rate 7

o safety margin M (/U ): region of
radius re around D

D={yeX :3jecJ 3z2€ XNBr(y) lcj(y) —ci(z)| > 7 lly — z|I}
M = X N (Upep Br(x))

5/17



DFO
Symposium
+

Context

Modeling

Basics on Mads
DiscoMads
Convergence
Results

Conclusion

Modeling of discontinuities

min T
min - f(z)
st c(z) <0
and d(z) <0 <= z "far" from discontinuities of outputs j € J

o region of weak discontinuities D (7):
rate of change of c;, j € J between
two points at distance at most 4
exceeds a limit rate 7

o safety margin M (/U ): region of
radius re around D

D={yeX :3j€J 32€ XNBryy), lej(y) —c;(2)| > 7y — =}
M = X N (Uzep B (x))
¢ M < d(z) <0

5/17



DFO
Symposium
+

Context

Modeling

Basics on Mads
DiscoMads
Convergence
Results

Conclusion

Modeling of discontinuities

min T
min - f(z)
st c(z) <0
and d(z) <0 <= z "far" from discontinuities of outputs j € J

o region of weak discontinuities D (7):
rate of change of c;, j € J between
two points at distance at most 4
exceeds a limit rate 7

o safety margin M (/U ): region of
radius re around D

D={yeX :3j€J 32€ XNBryy), lej(y) —c;(2)| > 7y — =}
M = X N (Uzep B (x))
¢ M < d(z) <0

5/17



DFO
Symposium
+

Context

Modeling

Basics on Mads

DiscoMads
Convergence
Results

Conclusion

© Basics on Mads

6/17



e Mesh Adaptive Direct Search? (Mads) for unconstrained problems
+
Context i
min - f(x)

Modeling

Basics on Mads

DiscoMads
Convergence
Results

Conclusion

2C, Audet et al. SIAM Journal on Optimization (2006). por: 10.1137/040603371. 6/17


https://doi.org/10.1137/040603371

e Mesh Adaptive Direct Search? (Mads) for unconstrained problems
+

Context min  f(z)

. . reX
Modeling A Mads iteration
Basics on Mads

iteration k = 0
DiscoMads 50
—

Convergence

Results

Conclusion

2C, Audet et al. SIAM Journal on Optimization (2006). por: 10.1137/040603371. 6/17


https://doi.org/10.1137/040603371

gym[;“’ Mesh Adaptive Direct Search? (Mads) for unconstrained problems
+
Context min  f(z)
Modeling A Mads iteration e
sasics onlac o Aim: find a better solution than the current incumbent z* on the mesh of size %
iterationk = 0
DiscoMads ‘L

Convergence

Results

Conclusion

2C. Audet et al. SIAM Journal on Optimization (2006). por: 10.1137/040603371. 6/17


https://doi.org/10.1137/040603371

DFO
Symposium
+

Context

Modeling

Basics on Mads

DiscoMads
Convergence
Results

Conclusion

Mesh Adaptive Direct Search? (Mads) for unconstrained problems

min f(x)
. . reEX
A Mads iteration
o Aim : find a better solution than the current incumbent z* on the mesh of size §*
iterationk = 0
0
® search AN
» user-defined, optional
zlJ
81
2 52
el

@ search

2C. Audet et al. SIAM Journal on Optimization (2006). por: 10.1137/040603371. 6/17


https://doi.org/10.1137/040603371

°ro Mesh Adaptive Direct Search? (Mads) for unconstrained problems

Symposium

Contexl’r min  f(z)
Modeling A Mads iteration i
sasics onlac o Aim: find a better solution than the current incumbent z* on the mesh of size %
iteration k = 0
DiscoMads o search L
(e » user-defined, optional A0 t
Results
Conclusion ® poll oo

» poll directions in frame of size AR 5

€2
€1

@ search
@ poll
> F(@%) < f(EY)

2C. Audet et al. SIAM Journal on Optimization (2006). por: 10.1137/040603371. 6/17


https://doi.org/10.1137/040603371

DFO
Symposium
+

Context

Modeling

Basics on Mads

DiscoMads
Convergence
Results

Conclusion

Mesh Adaptive Direct Search? (Mads) for unconstrained problems

min f(x)
. . reEX
A Mads iteration
o Aim : find a better solution than the current incumbent z* on the mesh of size §*
iterationk = 0
® search .L
» user-defined, optional A0 2
® poll e
» poll directions in frame of size AR 5
€2
e1
@ search
@ poll
> f(m°) < FEY
F@%) < f(t?)

> f(.’l?o) > f(t*) = success

2C. Audet et al. SIAM Journal on Optimization (2006). por: 10.1137/040603371.

6/17


https://doi.org/10.1137/040603371

DFO
Symposium

+

Context
Modeling

Basics on Mads

DiscoMads
Convergence
Results

Conclusion

Mesh Adaptive Direct Search? (Mads) for unconstrained problems

min f(x)
. . reEX
A Mads iteration
o Aim : find a better solution than the current incumbent z* on the mesh of size §*
iterationk = 0

® search .L

» user-defined, optional A0 2
@ poll th o a®

» poll directions in frame of size AR

® update depending on success/failure

» computation of AP gktl ph+1

€2
€1

o search
@ poll
> f(m°) < F(Y
Fa®) < F(8%)
> f(.’l?o) > f(t*) = success

2C. Audet et al. SIAM Journal on Optimization (2006). por: 10.1137/040603371. 6/17


https://doi.org/10.1137/040603371

DFO
Symposium

+

Context
Modeling

Basics on Mads

DiscoMads
Convergence
Results

Conclusion

Mesh Adaptive Direct Search? (Mads) for unconstrained problems

A Mads iteration

o Aim : find a better solution than the current incumbent z* on the mesh of size §*

® search
» user-defined, optional

® poll

» poll directions in frame of size AR

® update depending on success/failure

» computation of AP gktl ph+1

2C. Audet et al. SIAM Journal on Optimization (2006). por: 10.1137/040603371.

min f(x)
reEX
iterationk =1
61
—
zlJ
1:1
€2
el
@ search
@ poll

6/17


https://doi.org/10.1137/040603371

°ro Mesh Adaptive Direct Search? (Mads) for unconstrained problems

Symposium

+

Context min  f(z)
. . reEX
Modeling A Mads iteration
sasics onlac o Aim : find a better solution than the current incumbent z* on the mesh of size §*
iterationk =1
DiscoMads @ search St
Convergence » user-defined, optional
Results 2
Conclusion ® poll a IA‘
» poll directions in frame of size AR a T
xT
® update depending on success/failure 7
» computation of AP gktl ph+1
€2
e

@ search
@ poll
> f(z! t*)

6/17

2C. Audet et al. SIAM Journal on Optimization (2006). por: 10.1137/040603371.


https://doi.org/10.1137/040603371

°ro Mesh Adaptive Direct Search? (Mads) for unconstrained problems

Symposium
+

min f(x)

zeX

Context

Modeling A Mads iteration

sasics onlac o Aim: find a better solution than the current incumbent z* on the mesh of size %
iteration k = 2

DiscoMads

® search
» user-defined, optional

Convergence

Results

Conclusion ® poll
» poll directions in frame of size AR

® update depending on success/failure
6k+1 .’l?k+1

» computation of AFT1

2C, Audet et al. SIAM Journal on Optimization (2006). por: 10.1137/040603371. 6/17


https://doi.org/10.1137/040603371

DFO
Symposium

+

Context
Modeling

Basics on Mads

Mads-PB
DiscoMads
Convergence
Results

Conclusion

Mads? for constrained problems

A Mads iteration

o Aim : find a better solution than the current incumbent z* on the mesh of size §*
® search

» user-defined, optional

® poll
» poll directions in frame of size AF

©® update depending on success/failure
» computation of Ak+1, 5k+1, Zhtt

3C. Audet et al. SIAM Journal on Optimization (2009). por: 10.1137/070692662.

7/17


https://doi.org/10.1137/070692662

DFO
Symposium
+

Context
Modeling

Basics on Mads
Ma

Mads-PB

DiscoMads

Convergence

Results

Conclusion

Mads? for constrained problems

A Mads iteration

o Aim : find a better solution than the current incumbent z* on the mesh of size §*

® search
» user-defined, optional

® poll

» poll directions in frame of size AF

® update depending on success/failure
» computation of Ak"'l, 5k+1, Zhtt

3C. Audet et al. SIAM Journal on Optimization (2009). por: 10.1137/070692662.

@ constraint violation function
(max(cj(z),0))? ifze X,
h(z) = Z !
j=1
e} otherwise
L J

7/17


https://doi.org/10.1137/070692662

DFO
Symposium
+

Context
Modeling

Basics on Mads
Ma

Mads-PB

DiscoMads

Convergence

Results

Conclusion

Mads? for constrained problems

A Mads iteration

o Aim : find a better solution than the current incumbent z* on the mesh of size §*

® search
» user-defined, optional

® poll

» poll directions in frame of size AF

® update depending on success/failure
» computation of Ak"'l, 5k+1, Zhtt

3C. Audet et al. SIAM Journal on Optimization (2009). por: 10.1137/070692662.

@ constraint violation function
m

E (max(cj(z),0))? ifze X,
j=1
0o otherwise

» threshold h*

max

h(z) =

to reject points

7/17


https://doi.org/10.1137/070692662

DFO
Symposium
+

Context
Modeling

Basics on Mads
Ma

Mads-PB

DiscoMads

Convergence

Results

Conclusion

Mads? for constrained problems

A Mads iteration

o Aim : find a better solution than the current incumbent z* on the mesh of size §*

® search
» user-defined, optional

® poll

» poll directions in frame of size AF

® update depending on success/failure
» computation of Ak"'l, 5k+1, Zhtt

3C. Audet et al. SIAM Journal on Optimization (2009). por: 10.1137/070692662.

@ constraint violation function
m

E (max(cj(z),0))? ifze X,
j=1
0o otherwise

» threshold h*

max

h(z) =

to reject points

o dominance relation based on f and h

L values y

7/17


https://doi.org/10.1137/070692662

DFO
Symposium
+

Context
Modeling

Basics on Mads
Ma

Mads-PB

DiscoMads

Convergence

Results

Conclusion

Mads? for constrained problems

A Mads iteration with the progressive barrier approach

o Aim : find a better solution than the current incumbent z* on the mesh of size §*

® search
» user-defined, optional

® poll

» poll directions in frame of size AF

® update depending on success/failure
» computation of Ak"'l, 5k+1, Zhtt

3C. Audet et al. SIAM Journal on Optimization (2009). por: 10.1137/070692662.

@ constraint violation function
m

E (max(cj(z),0))? ifze X,
j=1
0o otherwise

» threshold h*

max

h(z) =

to reject points

o dominance relation based on f and h

L values y

7/17


https://doi.org/10.1137/070692662

DFO
Symposium
+

Context
Modeling

Basics on Mads
Ma

Mads-PB

DiscoMads

Convergence

Results

Conclusion

Mads? for constrained problems

A Mads iteration with the progressive barrier approach

o Aim : find a better solution than the current incumbent z* on the mesh of size §*

® search
» user-defined, optional

® poll

» poll directions in frame of size AF

® update depending on success/failure
» computation of Ak"'l, 5k+1, Zhtt

3C. Audet et al. SIAM Journal on Optimization (2009). por: 10.1137/070692662.

@ constraint violation function
m

E (max(cj(z),0))? ifze X,
j=1
0o otherwise

» threshold h*

max

h(z) =

to reject points

o dominance relation based on f and h

L values y

7/17


https://doi.org/10.1137/070692662

DFO
Symposium
+

Context
Modeling

Basics on Mads
Ma

Mads-PB

DiscoMads

Convergence

Results

Conclusion

Mads? for constrained problems

A Mads iteration with the progressive barrier approach

o Aim : find a better solution than the current incumbent z* on the mesh of size §*

® search
» user-defined, optional

® poll

» poll directions in frame of size AF

® update depending on success/failure
» computation of AFT1, gh+1 phtl )kt

max

3C. Audet et al. SIAM Journal on Optimization (2009). por: 10.1137/070692662.

@ constraint violation function
m

E (max(cj(z),0))? ifze X,
j=1
0o otherwise

» threshold h*

max

h(z) =

to reject points

o dominance relation based on f and h

L values y

7/17


https://doi.org/10.1137/070692662

DFO
Symposium
+

Context

Modeling

Basics on Mads

DiscoMads

Convergence
Results

Conclusion

@ DiscoMads

8/17



DFO
Symposium
+

Proposed algorithm

Context

Modeling

Basics on Mads

DiscoMads

Principle

Convergence
Results

Conclusion

: DiscoMads

8/17



oo Proposed algorithm: DiscoMads

Symposium

+

Context

Modeling A DiscoMads iteration

Sasics oniiacs o Aim : find a better solution than the current incumbent z* on the mesh of size %
DiscoMads

Principle
® search

@ ) )
LGN » user-defined, optional

Results

Conclusion ® poll
» poll directions in frame of size AR

® update depending on success/failure

» computation of AFF1 gk+1 g+l pktl

8/17




DFO
Symposium

+

Context
Modeling
Basics on Mads

DiscoMads

Principle

Convergence
Results

Conclusion

Proposed algorithm: DiscoMads

A DiscoMads iteration
o Aim : find a better solution than the current incumbent z* on the mesh of size §*

® search
» user-defined, optional
» revelation after each evaluation
® poll
» poll directions in frame of size AR
» revelation after each evaluation

® update depending on success/failure

» computation of AT gk+1 phtl pktl

8/17



oo Proposed algorithm: DiscoMads

Symposium

+
Context
Modeling A DiscoMads iteration
Sasics oniiacs o Aim : find a better solution than the current incumbent z* on the mesh of size %
Plise Sl iterationk = 1
Principle
® search
Convergence » user-defined, optional
Results » revelation after each evaluation
Conclusion ® poll @
» poll directions in frame of size AR A .
» revelation after each evaluation ¢ z
® update depending on success/failure 25
. k41 sk+1 _k+1 phk+1 {
» computation of AFT1 gEHL ghHT pkt ~
(]
ey

o revelation

8/17




oo Proposed algorithm: DiscoMads

Symposium

+
Context
Modeling A DiscoMads iteration
Sasics oniiacs o Aim : find a better solution than the current incumbent z* on the mesh of size %
Plise Sl iterationk = 1
Principle
® search
Convergence » user-defined, optional
Results » revelation after each evaluation
Conclusion ® poll @
» poll directions in frame of size AR A .
» revelation after each evaluation ¢ T
® update depending on success/failure 25
. k41 sk+1 _k+1 phk+1 {
» computation of AFT1 gEHL ghHT pkt ~
(]
ey

@ revelation
) - FE <7 |0 - 2|

8/17




DFO
Symposium

Proposed algorithm: DiscoMads

+
Context
Modeling A DiscoMads iteration
Sasics oniiacs o Aim : find a better solution than the current incumbent z* on the mesh of size %
Plise Sl iterationk = 1
Principle
® search
Convergence » user-defined, optional
Results » revelation after each evaluation
Conclusion ® poll @
» poll directions in frame of size AR A .
» revelation after each evaluation ¢ z
® update depending on success/failure 25
T
» computation of Ak+1,6k+l,xk+l,hr’f‘:;1 W
[=>)
el

@ revelation
s = e < | - 2|
I = f@h) > 7|6 -t
= z!and¢® revealing points € D

8/17



DFO
Symposium

+

Context
Modeling
Basics on Mads

DiscoMads

Principle

Convergence
Results

Conclusion

Proposed algorithm: DiscoMads

A DiscoMads iteration

o Aim : find a better solution than the current incumbent z* on the mesh of size §*

® search

» user-defined, optional
» revelation after each evaluation

® poll
» poll directions in frame of size AR
» revelation after each evaluation

® update depending on success/failure

» computation of AT gk+1 phtl pktl

iterationk =1

o revelation

@ exclusion
» exclusion constraint around z! and t3

8/17



oo Proposed algorithm: DiscoMads

Symposium

+
Context
Modeling A DiscoMads iteration
Sasics oniiacs o Aim : find a better solution than the current incumbent z* on the mesh of size §*
Discolads iterationk = 1
Principle
® search
Convergence » user-defined, optional
Results » revelation after each evaluation e
Conclusion 2] po[[ 10, ‘ e Y
] -/ \
» poll directions in frame of size AR P AN
» revelation after each evaluation X x 4
0 o
(5} updatg depending on success/failure or T e |
revelation N N A
» computation of AT gk+1 g+l pktl e T—
e

o revelation

@ exclusion
» exclusion constraint around z! and t3

8/17




oo Proposed algorithm: DiscoMads

Symposium

+
Context
Modeling A DiscoMads iteration
Sasics oniiacs o Aim : find a better solution than the current incumbent z* on the mesh of size §%
Seconas iterationk = 1
Principle
® search
Convergence » user-defined, optional
Results » revelation after each evaluation e
Conclusion 2] po[[ 10, ‘ e Y
» revealing poll: random point(s) around z* o @
» poll directions in frame of size AR 4 z *I\
» revelation after each evaluation & N =
. . Voot y
©® update depending on success/failure or . o
revelation e R
» computation of A*¥F1 gkFL g+l pktl e

o revelation

@ exclusion
» exclusion constraint around z! and t3

8/17




DFO
Symposium
+

Revelation and exclusion

Context

Modeling

Basics on Mads

DiscoMads

Ingredients
Convergence
Results

Conclusion

9/17



DFO
Symposium
+

Revelation and exclusion

Context

Modeling

Basics on Mads

DiscoMads

Ingredients
Convergence
Results

Conclusion

9/17



DFO
Symposium
+

Context

Modeling

Basics on Mads

DiscoMads

Ingredients
Convergence
Results

Conclusion

Revelation and exclusion

@ set of revealing points D at iteration k

Dk = {ye VENX :32e VENX N Bry(y),35 € J,|ei(y) — ¢;(2)] >T||y—z||} €D

9/17



DFO
Symposium

Revelation and exclusion

= @ set of revealing points D* at iteration k

Context

Modeling D ={yeV*nX :32€VFNXNB(y),3 € Jlej(y) —¢;(2) > 7lly— 2|} € D

Basics on Mads

DiscoMads ® exclusion constraint d" at iteration k
; k
Ingredients . 1- dist(x,D") if DFA B, (CE) # 0,
Conver,; d (.'ZI) = Te N
gence .
0 otherwise

Results

Conclusion

9/17



DFO
Symposium

Revelation and exclusion

= @ set of revealing points D* at iteration k

Context

Modeling D ={yeV*nX :32€VFNXNB(y),3 € Jlej(y) —¢;(2) > 7lly— 2|} € D

Basics on Mads

DiscoMads ® exclusion constraint d" at iteration k
; k
Ingredients . 1- dist(x,D") if DFA B, (CE) # 0,
Conver,; d (.'13) = Te N
gence .
0 otherwise

Results

Conclusion

9/17



DFO
Symposium
+

Context

Modeling

Basics on Mads

DiscoMads

Ingredients
Convergence
Results

Conclusion

Revelation and exclusion

@ set of revealing points D at iteration k
Dk = {y eEVFNX :32e VPN XNBry(y),35 € Jlei(y) —¢i(2)] > 7y — z||} eD

® exclusion constraint d" at iteration k

_ dist(z,Dk) . k
d* (z) = 1— === if D*NB, (z)#0,
0 otherwise

@ progressive barrier approach
» constraint violation function h*

hk(aj) _ Zmax(cj(z),0)2 + Hlax(dk(g;)7 0)2 foe X
j=1

0o otherwise
9/17



DFO
Symposium
+

Context

Modeling

Basics on Mads

DiscoMads

Ingredients
Convergence
Results

Conclusion

Revealing iteration

® revealing point is found during iteration k = stop evaluations
» set R of new revealing points

10/ 17



DFO
Symposium
+

Context

Modeling

Basics on Mads

DiscoMads

Ingredients
Convergence
Results

Conclusion

Revealing iteration

® revealing point is found during iteration k = stop evaluations
» set R of new revealing points

® update set of revealing points

DRl DFUR

10/ 17



DFO
Symposium
+

Context

Modeling

Basics on Mads

DiscoMads

Ingredients
Convergence
Results

Conclusion

Revealing iteration

® revealing point is found during iteration k = stop evaluations
» set R of new revealing points

® update set of revealing points
DFl  DFUR
® update exclusion constraint and constraints violation function

dk+1 (z) > dF (z)

10/ 17



DFO
Symposium
+

Context

Modeling

Basics on Mads

DiscoMads

Ingredients
Convergence
Results

Conclusion

Revealing iteration

® revealing point is found during iteration k = stop evaluations
» set R of new revealing points

® update set of revealing points
DFl  DFUR
® update exclusion constraint and constraints violation function

() > d* () = AT () =P () may change the feasibility of points !

10/ 17



DFO
Symposium
+

Revealing iteration

Context

® revealing point is found during iteration k = stop evaluations
» set R of new revealing points

Modeling

Basics on Mads

RIS ® update set of revealing points

Ingredients
DFl « DFUR
Convergence
el ® update exclusion constraint and constraints violation function

Conclusion

d*tl(z) > d*(z) = BT > P () may change the feasibility of points !
© update barrier threshold adequately and Mads parameters

§MT1=6% and ARl =AF

10/ 17



DFO
Symposium
+

Context

Modeling

Basics on Mads

DiscoMads
F

Ingredients
Convergence
Results

Conclusion

Revealing iteration

® revealing point is found during iteration k = stop evaluations
» set R of new revealing points

® update set of revealing points

DFl « DFUR
® update exclusion constraint and constraints violation function

() > d* () = AT () =P () may change the feasibility of points !
© update barrier threshold adequately and Mads parameters

§Ft1 =6F and ARl = AF

Revealing poll

o unsuccessful iterations = poll size parameter A¥ \, = discontinuities may not be revealed

10/ 17



DFO
Symposium
+

Context

Modeling

Basics on Mads

DiscoMads
Princ

Ingredients
Convergence
Results

Conclusion

Revealing iteration

® revealing point is found during iteration k = stop evaluations
» set R of new revealing points

® update set of revealing points

DFl « DFUR
® update exclusion constraint and constraints violation function

() > d* () = AT () =P () may change the feasibility of points !
© update barrier threshold adequately and Mads parameters

§Ft1 =6F and ARl = AF

Revealing poll

o unsuccessful iterations = poll size parameter A¥ \, = discontinuities may not be revealed

o atleast 1 random point in By, (zk) with rm > rq + Te

10/ 17



DFO
Symposium
+

Context

Modeling

Basics on Mads
DiscoMads

Convergence

Results

Conclusion

@ Convergence analysis

11/17



DFO
Symposium
+

Context
Modeling
Basics on Mads

DiscoMads

Convergence

Objective

Results

Conclusion

Convergence analysis in brief

(

Draw optimality conditions related to the original problem (1)

min
zeX

(1) st

and

11/17



DFO
Symposium

Convergence analysis in brief

+
Context
Modeling ( Draw optimality conditions related to the original problem (1) )
Basics on Mads
DiscoMads
Convergence min f(.’l?) .
weX . . 1- @D e DB, (x)£0,

1) st c(z) <0 with remoteness constraint d(z) = Te
Reuite - = 0 otherwise
and d(x) <0

Conclusion

11/17



DFO
Symposium

Convergence analysis in brief

+
Context
Modeling ( Draw optimality conditions related to the original problem (1) )
Basics on Mads
DiscoMads
Convergence min f(.’l?) .
weX . . 1- @D e DB, (x)£0,

1) st c(z) <0 with remoteness constraint d(z) = Te
Reuite - = 0 otherwise
and d(x) <0

Conclusion

o "ideal" constraint violation function

i(2),0)2 + max(d(z),0)? ifz
h(z) = ;max(cﬂ( ),0)* +max(d(x),0)* ifz € X

00 otherwise

11/17



DFO
Symposium

Convergence analysis in brief

+
Context
Modeling ( Draw optimality conditions related to the original problem (1) )
Basics on Mads
DiscoMads
Convergence min f(.’l?) .
weX . . 1- @D e DB, (x)£0,

1) st c(z) <0 with remoteness constraint d(z) = Te
Reuite - = 0 otherwise
and d(x) <0

Conclusion

o "ideal" constraint violation function

N Z max(c;(z),0)? + max(d(z),0)? ifz € X
h(z) = § “=

Jj=1

o0 otherwise

» only d¥ and h* are accessible !

11/17



DFO
Symposium
+

Context

Modeling

Basics on Mads
DiscoMads

Convergence

Results

Conclusion

Convergence analysis in brief

12/17



DFO
Symposium
+

Convergence analysis in brief

Context

Modeling

© mesh gets infinitely fine : liminf §¥ = 0
k—o0

Basics on Mads
DiscoMads

Convergence

Results

Conclusion

12/17



DFO
Symposium
+

Convergence analysis in brief

Context

Modeling

© mesh gets infinitely fine : liminf §¥ = 0
k—o0

Basics on Mads
DiscoMads
Convereshce ® there exists at least one refining subsequence
{eF}her — &

Results

Conclusion

12/17



DFO
Symposium
+

Context

Modeling

Basics on Mads
DiscoMads

Convergence

Results

Conclusion

Convergence analysis in brief

© mesh gets infinitely fine : liminf §¥ = 0
k—o0

® there exists at least one refining subsequence
{Ik}keK —

© I satisfies some conditions

12/17



DFO
Symposium
+

Context

Modeling

Basics on Mads
DiscoMads

Convergence

Results

Conclusion

Convergence analysis in brief

© mesh gets infinitely fine : liminf §¥ = 0
k—o0

® there exists at least one refining subsequence
{Ik}keK —

© I satisfies some conditions
» caseA

12/17



DFO
Symposium
+

Context

Modeling

Basics on Mads
DiscoMads

Convergence

Results

Conclusion

Convergence analysis in brief

© mesh gets infinitely fine : liminf §¥ = 0
k—o0

® there exists at least one refining subsequence
{Ik}keK —

© I satisfies some conditions
» caseA = f°(&,p) > 0 (from Mads)

12/17



DFO
Symposium
+

Context

Modeling

Basics on Mads
DiscoMads

Convergence

Results

Conclusion

Convergence analysis in brief

© mesh gets infinitely fine : liminf §¥ = 0
k—o0

® there exists at least one refining subsequence
{Ik}keK —

© I satisfies some conditions
» caseA = f°(&,p) > 0 (from Mads)
» caseB

12/17



DFO
Symposium
+

Context

Modeling

Basics on Mads
DiscoMads

Convergence

Results

Conclusion

Convergence analysis in brief

© mesh gets infinitely fine : liminf §¥ = 0
k—o0

® there exists at least one refining subsequence
{Ik}keK —

© I satisfies some conditions
» caseA = f°(&,p) > 0 (from Mads)
» caseB = h°(&,p) > O (from Mads)

12/17



DFO
Symposium
+

Convergence analysis in brief

Context

Modeling

© mesh gets infinitely fine : liminf §¥ = 0
k—o0

Basics on Mads

DiscoMads

Convergence ® there exists at least one refining subsequence
{Ik}keK — &

Results

Conclusion ©® I satisfies some conditions

» caseA = f°(&,p) > 0 (from Mads)

» caseB = h°(&,p) > O (from Mads)

» caseC = % is a local minimizer of h on X
=> new result

12/17



DFO
Symposium
+

Convergence analysis in brief

Context

Modeling

© mesh gets infinitely fine : liminf §¥ = 0
k—o0

Basics on Mads

DiscoMads

Convergence ® there exists at least one refining subsequence
{Ik}keK — &

Results

Conclusion ©® I satisfies some conditions
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@ modeling of hidden constraints
» failed evaluation = f = 102 = weak discontinuity of f
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(H(Z,O‘) = #{y" € B,(),i € {1, ...,1000}, evaluation atyfails})

5C. Audet et al. J. Global Optim. (2008). por: 10.1007/s10898-007-9234- 1.
6hLLps://gi thub.com/bbopt/styrene
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» one of the best known solutions: f(z°) = —33 709 000
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( A DiscoMads algorithm to escape unknown discontinuous regions

@ major points

» inner approximations of the safety margin to treat infinite constraint d
» based on Mads = convergence properties preserved

» validated on analytical and engineering problems [

@ publication

» "Escaping unknown discontinuous regions in blackbox optimization’,
C. Audet, A. Batailly and S. Kojtych, SIAM Journal On Optimization
(recently accepted, preprint available”)

Perspectives

@ usages: discontinuities and hidden constraints
o short-term

» implementation in Nomad 4 = hidden constraint problems
@ others

» performance improvements = scaling of ¢ and dF, revealing poll, surrogates...
» comparison with other methods adapted to treat d ?
» other infinite constraints?
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Thank you for attention !



