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Derivative-free optimization (DFO)

—

Minimize f using function values, not 1lst-order info., e.g., derivatives.

Example1: fis a black box given by simulations; no formula (yet).
@ Example?2: 1st-order info. of fis possible to get, but too expensive.

@ Even the evaluation of fis often expensive and noisy.



Derivative-free optimization (DFO)

—

Minimize f using function values, not 1lst-order info., e.g., derivatives.

Example1: fis a black box given by simulations; no formula (yet).
@ Example?2: 1st-order info. of fis possible to get, but too expensive.

@ Even the evaluation of fis often expensive and noisy.

Aim: Minimize/reduce f using as few function evaluations as possible.

We may also have constraints whose 1st-order info. is not accessible.

@ Examples of methods: Nelder-Mead, Powell’s algorithms, SOLNP+, ...



The late Professor M. J. D. Powell and DFO

| started to write computer programs in Fortran at Harwell in 1962. ... after
moving to Cambridge in 1976 ... | became a consultant for IMSL. One product
they received from me was the TOLMIN package for optimization ... which requires
first derivatives ... Their customers, however, prefer methods that are without
derivatives, so IMSL forced my software to employ difference approximations ... |
was not happy ... Thus there was strong motivation to try to construct some better
algorithms.

— M. J. D. Powell
A view of algorithms for optimization without derivatives, 2007



Professor Ya-xiang Yuan and DFO
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“Direct Methods for Nonlinear Programming”, more than 30 years ago, Ya-xiang
Yuan wrote down carefully the title for his NSFC early-career grant proposal. J

— China Science Daily, April 25, 2022
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Applications

Nuclear physics Circuit design Avrtificial intelligence

@ Wang et al., Zeroth-order federated fine-tuning for large Al models in
resource-constrained wireless networks, IEEE Trans. Wirel. Commun., 2026

@ Zeng, Liu, Zhang et al., BBGP-sDFO: Batch Bayesian and Gaussian Process
enhanced subspace Derivative Free Optimization for high-dimensional analog
circuit synthesis, IEEE TCAD, 2024

@ Chen et al., Enhancing zeroth-order fine-tuning for language models with
low-rank structures, arXiv:2410.07698, 2024

@ Eldred, Larson, Padidar, Stern, and Wild, Derivative-free optimization of a
rapid-cycling synchrotron, Optim. Eng., 2022
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Monographs and surveys

Roberts, Introduction to Model-Based Derivative-Free Optimization,
arXiv:2510.04473, 2025

Ragonneau, Model-Based Derivative-Free Optimization Methods and
Software, PhD thesis, The Hong Kong Polytechnic University, Hong Kong,
China, 2022

Larson, Menickelly, and Wild, Derivative-free optimization methods, Acta
Numer., 28:287-404, 2019

@ Audet and Hare, Derivative-Free and Blackbox Optimization, Springer, 2017

Custédio, Scheinberg, and Vicente, Methodologies and software for
derivative-free optimization, In: Advances and Trends in Optimization with
Engineering Applications, pages 495-506, SIAM, 2017

Rios and Sahinidis, Derivative-free optimization: a review of algorithms and
comparison of software implementations, J. Global Optim., 56:1247-1293,
2013.

Conn, Scheinberg, and Vicente, Introduction to Derivative-Free
Optimization, SIAM, 2009

Powell, A view of algorithms for optimization without derivatives, Technical
Report DAMTP2007/NA03, DAMTP, University of Cambridge, 2007
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Words of caution

@ The reason for not using derivatives is not nonsmoothness but rather
the unavailability of the first-order information.

@ It is most likely a bad idea to use derivative-free optimization
methods if any kind of first-order information is available.

@ A real problem is often a gray box instead of a black box. Any known
structure should be exploited.



© Powell

Powell 8



Powell's trust-region DFO solvers and software

@ COBYLA: trust-region method with linear models, nonlinearly
constrained problems, code released in 1992, paper published in 1994

o UOBYQA: trust-region method with quadratic models, unconstrained
problems, code released in 2000, paper published in 2002

o NEWUOA: trust-region method with quadratic models, unconstrained
problems, code released in 2004, paper published in 2006

o BOBYQA: trust-region method with quadratic models,
bound-constrained problems, code released and paper written in 2009

@ LINCOA: trust-region method with quadratic models, linearly
constrained problems, code released in 2013 but no paper written

Powell 9



Trust-region DFO methods based on interpolation models

&)

Tpr1 ~ T + arg min My(z + d)
<Ay

@ Mj is the trust-region model (surrogate)

o M(z) =~ f(x) around

e M interpolates fon a set A consisting of previous iterates
e |/d|| < Ay is the trust-region constraint

o If “things work well”, increase Ay
o Otherwise, decrease Ay,

Images by Dr. F. V. Berghen from http://www.applied-mathematics.net.


http://www.applied-mathematics.net

What do these algorithms look like?

The NEWUOA software 259

Pick the initial interpolation points, 1efting Ty be |
77| an initial point where F is least. Construct the first
BEGIN| quadratic model Q® F. Set p=ppes and A=pre. |

Subroutine TRSAPP calculates
d by minimizing Q{zep + )
approximately, subject to the |
bound I|d|| < A. If |l < A
then CRVMIN is set to the least
curvature of @ that is found.

lidll and F-@Q
are “small”.

If MOVE > 0, then @ s mod-
ified by subroutine UPDATE,
so that @ interpolates F at
Zop +d instead of at Tygyg-
1f F(Zop +d) < FZopy), then
Zop i85 overwritten by Loy td

Fiop ) o )
RATIO= IR o(i:,f +§3 Thus
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the index of the interpolation
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Reduce A by
a factor of 10
or to its lower

Zuove 15 going (o be replaced by Toptd,
where d is chosen here by subroutine
BIGLAG or BIGDEN, in a way that helps

[ the conditioning of the linear system | | o 00" Pao
| that defines Q. Set RATIO=1 RATIO= —1
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o
v -

interpolation point that
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DIST= | Zuove = Lo |

Let zuye be the current I

(max [||d], A] < p\ 10

N 5
\ and RATIOS0? J
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Reduce p by about a
factor of 10 subject to
p 2 penay and reduce
A to max{3poid; Prew]:

DIST>2A7

Termination, alter cal-
culating F(zop +d), if | END
this has not been done
due to ||d]|<3p.

NEWUOA



Implementation of these methods is HARD

The development of NEWUOA has taken nearly three years. The work was
very frustrating ... J

— M. J. D. Powell
The NEWUOA software for unconstrained optimization without derivatives, 2006

Powell 12



The intrinsic difficulty

@ Gradient-based methods: 1st order information is provided by an
oracle independent of the optimization process.

@ Model-based DFO methods: 1st order information is extracted from a

model constructed from past iterates.

) Often inhibit
Model 7/
management /
) each other

Optimization
process
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Powell's implementation

Powell implemented these five methods into publicly available solvers.

@ The solvers are widely used in science and engineering (e.g., Airbus).

They are often used as benchmarks when designing new algorithms.

However, the implementation was in Fortran 77, with plenty of
GOTOs: in total, 7939 lines of code with 249 GOTOs!

A modernized implementation is greatly needed. )

Powell 14



Why should T work on a modernized implementation

optimisation software (NEWUOA, BOBYQA and LINCOA). Also | would

It would be a relief to me if you would kindly continue to look after my
like you to add COBYLA and TOLMIN if you do not have them already. |

— Powell's email to me, April 6, 2015

- Powell . 15/47



A perfect project for an engineer, a student, or Al?

@ Where can | find a genius engineer who can learn all the 5 algorithms
from scratch and implement them in a reasonable amount of time?

@ How can | persuade a student to be fully devoted to a project for
3 years (as | did) without producing a single publication?

@ Al is a good tool to translate code from one language to another, but
this needs the original code to be structured and modularized, which
is exactly PRIMA endeavors to do. In 2020 (when | started PRIMA),
Al could do little on a maze of 249 GOTOs.

With a modernized reference implementation, all the above impossi-
bilities will become possible. This is exactly why we need PRIMA. J

Powell 16



https://www.libprima.net

PRIMA is an acronym for

“Reference Implementation for Powell's Methods
with Modernization and Amelioration”,

“P" for Powell.

@ Powell's classical implementation: Fortran 77 with GOTOs.
@ PRIMA: Fortran 2008, C, C++, Python, Julia, MATLAB ...
@ Number of lines: > 100,000.

@ The total time | spent on PRIMA:

> 3 years x 300 days per year x 10 hours per day = 9,000 hours.

Powell 17


https://www.libprima.net

@ Working on PRIMA, | have spotted more than 40 bugs in reputable
Fortran compilers and 4 bugs in MATLAB.

@ Each of them represents days of bitter debugging.
@ From an unusual angle, they reflect how intensive the coding is.

@ The bitterness behind this fun fact is exactly why | work on PRIMA:

| hope | am the last one in the world to decode a maze of
249 GOTOs in 7939 lines of Fortran 77 code — | did this for 3 years
and | do not want anyone else to do it again.

Powell 18



PRIMA integrated into SciPy

@ SciPy Installing @ User Guide AP reference Building from source Development Release notes

scipy.optimize improvements

Q Search  ctrl + K
* COBYLA was updated to use the new Python implementation from the PRIMA package (Z. Zhang,
Section Navigation Python implementation by N. Belakovski). As compared to the old Powell implementation, the
new one results in fewer function evaluations on average, but it depends on the problem and for
SciPy 1.16.0 Release Notes F - z % .
some problems it can result in more function evaluations or a less optimal result. For those cases
SciPy 1.15.2 Release Notes the user can try modifying the initial and final trust region radii given by rhobeg and tol
SciPy 1.15.1 Release Notes respectively. A larger rhobeg can help the algorithm take bigger steps initially, while a smaller tol

SciPy 1.15.0 Release Notes can help it for keep going and find a better solution.

SciPy 1.16.0: PRIMA replaces Powell’s Fortran 77 version of COBYLA.

Powell 19



SciPy: Number of downloads

‘packages/scipy ¥ * @ & ©

PyPI page
Home page

Author: None

License: Copyright (c) 2001-2002 Enthought, Inc. 2003-2024, SciPy Developers. All rights reserved. Redistribution and use in source and binary forms, with or without
modification, are permitted provided that

summary: Fundamental algorithms for scientific computing in Python
Latest version: 1.15.3

Required dependencies: ninja | numpy

Optional dependencies: array-api-strict | asv | cython | cython-lint | doit | gmpy2 | hypothesis | intersphin_registry | jupyterlite-pyodide-kernel | jupyterlite-sphinx |
jupytext | matplotlib | meson | mpmath | mypy | myst-nb | numpydoc | pooch | pycodestyle | pydata-sphinx-theme | pydevtool | pytest | pytest-cov | pytest-timeout |
pytest-xdist | rich-click | ruff | scikit-umfpack | sphinx | sphinx-copybutton | sphinx-design | threadpoolctl | types-psutil | typing_extensions

Downloads last day: 3,636,063
Downloads last week: 36,074,511
Downloads last month: 145,692,466

Daily Download Quantity of scipy package - Overall

304 60d 90d (1204 all

6,000,000/

A P\

4,000,000| == With_Mirrors
—o— Without_Mirrors

Downloads

2,000,000/
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SciPy: Number of downloads

packages/scipy % * @ &CO @D

scipy

PYPI page
Home page

Author: None

License: Copyright (c) 2001-2002 Enthought, Inc. 2003-2024, SciPy Developers. All rights reserved. Redistribution and use in source and binary forms, with or without
modification, are permitted provided that ...

Summary: Fundamental algorithms for scientific computing in Python

Latest version: 1.15.3

Required dependencies: ninja | numpy

Optional dependencies: array-api-strict | asv | cython | cython-lint | doit | gmpy2 | hypothesis | intersphinx_registry | jupyterlite-pyodide-kernel | jupyterlite-sphinx |
-sphinx-theme | pydevtool | pytest | pytest-cov | pytest-timeout |

jupytext | matplotlib | meson | mpmath | mypy | myst-nb | numpydoc | pooch | pycodestyle | pyda
pytest-xdist | rich-click | ruff | scikit-umfpack | sphinx | sphinx-copybutton | sphinx-design | threadpoolctl | types-psutil | typing_extensions

Downloads last day: 3,636,063
Downloads last week: 36,074,511
Downloads last month: 145,692,466

Daily Download Quantity of scipy package - Overall
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6,000,000
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Feedback from industry: IRT Saint Exupéry (Airbus)

W T EXUPERY

IRT Saint Exupéry
(Airbus)

e “Optimisation Based on Simulation is a key
technology in every field of science and engineering.”

e “Most open source packages are based on
unmaintained Fortran code from the 1980s ...
but your PRIMA package changes the game. ...
the PRIMA package now provides most reliable
implementations of these solvers.”

e “"PRIMA solvers work evidently more efficient
than the classical implementation by the late
Professor M.J.D. Powell, which is quite remarkable.”

e “PRIMA solvers are quite robust in the presence
of noise.”

Powell 21



COBYQA: A derivative-free trust-region SQP algorithm

We design a method named COBYQA for solving

min  f(x)

zeR™

s.t. g(x) <0, h(z}=T,

[ <z <u,

when derivatives of f, g, and h are unavailable.

- We omit the equality constraints for simplicity.
- COBYQA aims at being a successor to COBYLA (Powell 1994).
- We implement COBYQA into a Python solver.

+ The bound constraints are unrelaxable:

- they often represent inalienable restrictions; and
- f, g, or h may not be well-defined outside the bounds.

Powell 22



COBYQA: A derivative-free trust-region SQP algorithm

COBYQA iteratively solves the trust-region SQP subproblem

. 3 T 1 T—2 -~
Inin V fi(@k) s+ 5 Vi 2L (Th, Ak)s

st ge(zk) + Var(og)s <0,
Il <zp+s<u,
sl < A,

with £, (z,\) = fr(x) + AT (z), given some models fi and §y..

Powell 23



COBYQA: A highlight of SciPy 1.14.0

C 2 scpy.github.io/devdocs/release/1.14.0-notes.html * * 0 @ H

@' SciPy

Q_ Search ctrl + k

Section Navigation

SciPy 1.15.0 Release Notes
SciPy 1.14.0 Release Notes
SciPy 1.13.1 Release Notes
SciPy 1.13.0 Release Notes
SciPy 1.12.0 Release Notes
SciPy 1.11.4 Release Notes
SciPy 1.11.3 Release Notes
SciPy 1.11.2 Release Notes
SciPy 1.11.1 Release Notes
SciPy 1.11.0 Release Notes
SciPy 1.10.1 Release Notes
SciPy 1.10.0 Release Notes
SciPy 1.9.3 Release Notes
SciPy 1.9.2 Release Notes
SciPy 1.9.1 Release Notes
SciPy 1.9.0 Release Notes
SciPy 1.8.1 Release Notes

SciPy 1.8.0 Release Notes

Installing? User Guide API reference Building from source Development Release notes

SciPy 1.14.0 is the culmination of 3 months of hard work. It contains many new features, numerous
bug-fixes, improved test coverage and better documentation. There have been a number of
deprecations and API changes in this release, which are documented below. All users are
encouraged to upgrade to this release, as there are a large number of bug-fixes and optimizations.
Before upgrading, we recommend that users check that their own code does not use deprecated
SciPy functionality (to do so, run your code with python -wd and check for DeprecationWarning
s). Our development attention will now shift to bug-fix releases on the 1.14.x branch, and on adding

new features on the main branch.
This release requires Python 3.10+ and NumPy 1.23.5 or greater.

For running on PyPy, PyPy3 6.0+ is required.

Highlights of this release

* SciPy now supports the new Accelerate library introduced in macOS 13.3, and has wheels built
against Accelerate for macOS >=14 resulting in significant performance improvements for many
linear algebra operations.

* Anew method, cobyqga , has been added to scipy.optimize.minimize - this is an interface for
COBYQA (Constrained Optimization BY Quadratic Approximations), a derivative-free
optimization solver, designed to supersede COBYLA, developed by the Department of Applied
Mathematics, The Hong Kong Polytechnic University.

* scipy.sparse.linalg.spsolve_triangular is now more than an order of magnitude faster in

many cases.
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@ Thank the late Professor M. J. D. Powell FRS for the inspiration and
for the wealth he left to us.

@ Thank Professor Ya-xiang Yuan for his everlasting support.

© Thank my students Dr. Tom M. Ragonneau, Haitian Li, and Cunxin
Huang for working with me on software development, which is not an
easy choice for students (and professors).

During the years working on software development (especially PRIMA),
due to the gap in my publication record, | needed lots of support from the
research community. Thank you for your help, known or unknown to me,
explicit or implicit, without which | would not have survived.

Thank you very much!
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PRIMA is not the end, but the beginning

@ Powell's algorithms are masterpieces, but they are old.
@ PRIMA takes me a long time, but it does not represent my research.

@ PRIMA paves the way for developing new and better DFO methods
based on the treasure left by Powell.

@ The following is such an example.

Yuan—Stoer 27



“DFO algorithms cannot solve big problems”

“[...] the scale of the problems that can currently be efficiently solved by
derivative-free methods is still relatively small and does not exceed a few
hundred variables even in easy cases.”

— Conn, Scheinberg, and Vicente, 2009
Introduction to Derivative-free Optimization (2015 SIAM-MOS Lagrange Prize)

Since DFO algorithms cannot solve big problems, engineers tend to limit
the number of variables when designing models if they are to use DFO.

— Pauwels (Engineer and Researcher, IRT Saint Exupéry), 2024

Yuan—Stoer 28



“DFO algorithms cannot solve big problems”

“[...] the scale of the problems that can currently be efficiently solved by
derivative-free methods is still relatively small and does not exceed a few
hundred variables even in easy cases.”

— Conn, Scheinberg, and Vicente, 2009
Introduction to Derivative-free Optimization (2015 SIAM-MOS Lagrange Prize)

Since DFO algorithms cannot solve big problems, engineers tend to limit
the number of variables when designing models if they are to use DFO.

— Pauwels (Engineer and Researcher, IRT Saint Exupéry), 2024

“DFO algorithms cannot solve big problems”: myth or truth?J

Yuan—Stoer 28



Solving -dimensional problems using function values

NEWUOAs fminunc

Problem  f(z) Hztin) NF Atin) NF
ARWHEAD 2.99E+04 0.00E4+00 90331 2.99E+404 170017
BRYBND 3.60E+05 4.50E—15 370895 1.61E+04 270027
CHROSEN 1.99E+05 8.80E—14 851736 1.99E+4+05 140014
CRAGGLVY 5.49E4+06 3.40E+03 110483 b5.49E+06 140014
DIXMAANE 7.36E+04 1.02E400 170658 1.23E404 90018
ENGVAL1 5.89E+05 1.10E+04 230880 5.89E+05 140014
LIARWHD 5.85E+06 7.89E—14 130464 3.71E+05 240024
NONDIA 1.01E4+08 1.97E4+00 90242 1.01E4+08 90009
POWER 3.33E+11 1.64E406 270951 3.33E+4+11 20002
SPARSQUR 1.40E+07 1.12E—18 410989 3.98E4+06 90009
WOODS 4.79E+07 1.97E+04 90339 4.79E+07 120012

Zo: starting point; zfn,: final iterate; NF: number of function evaluations

N.B.: The function evaluations have only 3 correct digits in the experiment.
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NEWUOAs: an algorithm from

Bi& 5.18. (NEWUDAs)

F 1 BRERKFF {h} {pe} FoF e >0 BRI E 5y, 59 = 0;
k=1

& 2 BEH my € [n+ 1, (n+1)(n+2)/2], AR MODEL(zy, hy, my), 3R
R o RGEBIL G & b <e B ||gi]| <e, £k &

Sk = span{ g, Sk—1}- (5.59)
¥ 3. iX & RHOEND = py, 78 NEWUOA K #%-F 1914
1 5
min flap+d) (5.60)

2] dy.

T4 F flag+dy) < flag), W xp = ap+dp, sp = di; N 241 = 2,
Spi=Sp_1. ki=k+1. % 2.

NEWUOAs (screenshot taken from Sec. 5.3.3 of my PhD thesis, 2012)



A prototypical framework of subspace algorithms

Algorithm (Conn, Toint, Sartenaer, and Gould, 1996)
Step 1. Pick the starting point z. k:= 0.

Step 2. Pick a subspace Sy of R™.

Step 3. Solve the subspace subproblem

i d
mingaaind)

exactly or approximately, obtaining dy.
Step 4. 1341 := 23+ di and k:= k+ 1. Go to Step 2.

Yuan—Stoer 31



A simple convergence theorem

Suppose that
o dist(Vf(zx), Sk) is sufficiently small, and

@ dy is sufficiently exact,

then the subspace algorithm will converge (sufficiently fast).

How to satisfy the above-mentioned requirements on Sy and dj?
o Find a good model f; of faround 1z, and define

Sk > Vi),
e Call a good solver to solve (up to a sufficient extent)

f(.’Ek + d).

min
deSy,

We do not necessarily need derivatives.

Yuan—Stoer 32



The subspace: The Yuan—-Stoer method (

Josef Stoer Ya-xiang Yuan Stoer and Yuan, 1992
@ Conjugate gradient method:

Tpp1 = T + agdy,  dp = dg—1 — BV ().
@ Stoer—Yuan, 1992: From conjugate gradient to a subspace algorithm:
Sy, = span{Vf(ay), di—1}.
@ Yuan, Y.-x. and Stoer, J., 1995, A Subspace Study on Conjugate
Gradient Algorithms. Z. angew. Math. Mech., 75: 69-77.

@ See also Conn, Toint, Sartenaer, and Gould, 1996.
@ Recently studied in DRSOM (Zhang, Ge, Jiang, and Ye, 2022).
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Some details on the implementation of NEWUOAs

@ At iteration k, obtain a ‘sufficiently good model’ }}c around .
@ Define the subspace
S = span{V}”k(a:k), dj—1, other directions}.
@ Call a solver (e.g., NEWUOA) to minimize fon z;+ Sy, ‘up to an extent’.

‘Other directions’:
o V/fi(z) and/or dy_y with £ < k (Yuan, 2007, 2009, 2014). (cautious!)

o Directions reflecting second-order information (recall CG).

Z. Zhang, Scalable derivative-free optimization algorithms with (el
low-dimensional subspace techniques, arXiv:2501.04536, 2025 fa
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An implementable framework of subspace algorithms

Algorithm 3.1 Derivative-free OptimIST
Input: f:R" = R, 25 € R, § € (0,00), n € (0, 00).
For k=0,1,2,..., iterate the following.

1. Generate an approximate gradient g for f at xy.
2. Choose a subspace S, C R" with g, € S;.
3. Calculate 1 ~ argmin{f(x) : x € 2, + Sy} so that fr41 < fi and

ferr < max {fi —nd7. F(xr — 6di/llxl)} - (3.1)

4. If ||gr]] = nop and fryq < fi — ndZ, then dgyq = 20y ; otherwise, 61 = 6;/2.

The calculation of zp1:
o Let 2§ ~ argmin{f(z) : z € 1 + S} and zf = z; — 6x9x/||gx||. Then

z; if fla}) < fo — 1o},

Tk+1 = . s g .
argmin{f(z) : = x;, x;, or z'} otherwise.

@ 1; is obtained by a DFO solver on S; no requirement on its quality.

° x,f provides a safeguard when z7 fails to achieve a sufficient decrease.
3547
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Iteration complexity

Suppose that f is L-smooth and there exists a constant ¢ > 0 such that
lgr — VAxz)|| < (6  foreach k> 0.

Then the number of iterations needed to find an z. with ||V f(z.)| < € is

K. = O((L+¢)%e?).

Yuan—Stoer 36



Function evaluation complexity

If g, is obtained by forward finite differences with step size hy = O(6x/\/n),
then the number of function evaluations to find an z. as above is

Kl = O(ne?).

=

Comparison with other methods:
e Standard full-space trust-region DFO methods: O(n%e~2).
@ The subspace method RSDFO (Cartis and Roberts, 2023): O(n?e~2).

e Finite-difference gradient methods: O(ne~2); but our method can be
much more efficient in practice due to the subspace exploration.

Yuan—Stoer 37



Applications at Intel: Atom P5900

e “| was working on a content-addressable-memory
intel design, for one of Intel's now flagship products, our
5G base station chip, now called Atom P5900 .

e “The impact of the performance of NEWUOAs as
compared to prior methods was to massively
simplify our verification software flow.

e “The optimization that takes a couple of hours
with NEWUOAs would take weeks with NEWUOA."

e “| find myself reaching for NEWUOAs more often
than any other numerical algorithm, just to access
its parallel speedup.

Yuan—Stoer 38



NEWUOAs included in CM3 by Dr. M. Nystrom

NEWUOAs is included as a DFO solver in the open-source package cm3 at
Eg:lf-ff‘

https://github.com/modula3/cm3

« > C 25 github.com/modula3/cm3/blob/master/caltech-other/newuoa/src/NewUOAs.m3

= O 4» modula3 / cm3

<> Code (O Issues 81 19 Pullrequests 22 ) Discussions  (® Actions [0 Wiki 8
(D # master ~ cm3/ caltech-other / newuoa / src / NewUOAs.m3 (0
<% mikanystrom Update NewUOAs.m3

| code | Blame 784 lines (712 loc) - 20.1 k8

1 MODULE NewUOAS;
2
3 §
4 Derivative-free minimization algorithm based on:
Zhang, Zaikun: On derivative-free optimization methods (in Chinese)
Ph.D. thesis, Chinese Academy of Sciences, Beijing, CN (2012)

© -~ o o s

Algorithm 5.18 of the thesis
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Applications at State Key Laboratory of ASIC & System

@Az zaierinrotiet e “The team of Professor Xuan Zeng (&)
_*‘iﬁﬁ“’“‘wﬁﬁ”ﬂ“%éﬁ@ ... has successfully applied NEWUOAs to
- Analog Circuit Optimization ...

e “The new method is capable of solving
some large problems that were unsolvable or
even unimaginable”

e “ .. solved bottleneck problems with high
dimensions and expensive simulations, which
had been long-standing obstacles in Analog
Circuit Optimization ..."
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From unconstrained to constrained optimization

@ Penalty methods
@ Augmented Lagrangian

o Powell, A method for nonlinear constraints in minimization problems,
Optimization (edited by Fletcher), 1969

o Hestenes, Multiplier and gradient methods, J. Optim. Theory
Appl., 1969

@ Constraint dissolving

e Xiao, Liu, and Toh, Dissolving constraints for Riemannian optimization,
Math. Oper. Res., 2023

e Hu, Xiao, Liu, and Toh, A constraint dissolving approach for

nonsmooth optimization over the Stiefel manifold, IMA J. Numer.
Anal., 2024
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OptimIST: Optimization by Iterated Subspace Techniques

miy f(z)
Algorithm (OptimIST ~ Conn, Toint, Sartenaer, and Gould, 1996)
Step 1. Pick the starting point 2y. k:= 0.
Step 2. Pick a subspace S; of R"™.
Step 3. Solve the subspace subproblem

i +d
desgég*%) f(xk )

exactly or approximately, obtaining dj.
Step 4. 7341 = a2+ d, and k:=k+ 1. Go to Step 2.

N.B.: If X is “hard”, then we may replace it with X}, =~ X in Step 3.
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Beyond NEWUOAs: SPRIMA

@ SPRIMA aims at 1,000~ 10, 000-dimensional (constrained) problems:

SPRIMA = Subspace + PRIMA.

@ At each iteration,

@ SPRIMA defines a low-dimensional subspace;
© SPRIMA solves a low-dimensional DFO subproblem by PRIMA.
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@ Concluding remarks

Concluding remarks 45



Concluding remarks

@ DFO is an exciting research area with wide applications in industry,
engineering, and recently in machine learning & Al.

@ SPRIMA = Subspace + PRIMA can solve 10, 000-dimensional
problems using inaccurate function values.

@ To have real impact, DFO methods must be implemented into
reliable, efficient, and user-friendly software packages.

Thank you very much!
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Open-source software packages by my team
EESE S

oyl

i
[w]. v

SPRIMA COBYQA

(dates back to 2012) (highlight of SciPy 1.14.0)
Eﬂ: [=] Ok C1

KL Tl i

Blr L %!
E '-d E'h m}-

PRIMA BDS Opthrofller

(highlight of SciPy 1.16.0) (testing platform)

Users: State Key Lab of ASIC and System (Fudan), Airbus, Intel, NVIDIA J
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https://www.sprima.net
https://www.cobyqa.com
https://www.libprima.net
https://www.optprof.com
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