P =M T e L R T2

Warsaw, 23.06.2020

Pawel Baranowsky, Ph.I)., T 5, Fng.

Institute of Mechanics and Compuatoenal Engineering
Faculty of Mechanical Engineering

Military University of Technology

2 pen. Sylwester Kaliski Street

(0908 Warsaw, Poland

Phone: +48 261 837 275

F-mail: pawel.baranowskifeat.edupl

Review
of docroral disscrmation

A COMPUTATIONAL INTELLIGENCE FRAMEWORK FOR PDE-
CONSTRAINED TOPOLOGY OPTIMIZATION

written by NIKIIL Tarir, M.Sc., Eng.

1. Legal basis of the review

The present review has been prepared on the basis of the letter No. RDITMe 512.1.2026 issued
by the Chair of the Sciendfic Discipline Council for Mechanical HEngineering at the Silesian
University of Technology, PhD, DSe, Eng. ALICJE PIASECKA-BELKHAYAT, prof. SUT, together
with the attached doctoral dissertation entded 1 Computational Infelipence Vramework for PDE-
Constrained Topology Optimisation” authored by M.Sc. Eng. NIKHIL TATKE. The dissertation
supervisor is PhD, DSc, Eng. JAROSEAW KACZMARCZYE, Prof. SUT.

2. General overview of the thesis and the candidate

The reviewed dissertation was presented in English language on 139 Ad-size ryped pages. The
dissertation consists of: Abstract in English and Polish, Tist of Figures, List of Tables, List of
Abbreviations, List of Notations, and 6 main chapters. At the end of the dissertadon, the Aurhor
included four Appendices (A through 1), along with a Bibliography consistung ot 134 literarure
items. The disserradon containg the following main chaplers:

(1) Introduction

(2} Literaimre Reveew

(3) Methodoiogy

(4) Numerical Lxcperimends

(5) Resadts and Disewsion

(6) Conclusion and Prture Work

Biuﬁ: Dziekana 1 l

efo dnia LEDE i Crinka,

Yo adH e gelstlaoe

______ B ?.ﬂ‘r P p—— 1]



Chapter (1) introduces the research background, motivation, objectives, and sclentific context
of the dissertation. The Author discusses the computadonal challenges associated wath PDE
constrained topology optimization, particularly in the caze of high fidelity and three dimensional
finite element models. The chapter clearly formulates the research problem, defines the rescarch
abiectves and questions, and oudines the principal scientfic contributions of the disscrtation.
Furthermore, the scope and limitations of the study are explicitly stated, providing a transparent
framewark for the subsequent methodological developments.

Chapter (2} prosents a review of the literature related to ropology optimizadon, multhdelity
computational strategies, and machine learning-assisted optimization methods. The Author
discusses also the histordeal developmenr of topology optimization merthods, including density-
based, level-set, phase-ficld, and evelutionary approaches, with particular emphasis on the SIMP
methodology adopred in the dissertation. The lireranure review concludes with the identuficanon of
exizfing rescarch gaps and the positioning of the proposed framework within the current state of
the art.

Chapter (3) constitutes the main methodological part of the dissertation. The Author presents
the marhemarical formulation of the minimum-compliance topology optimizadon problem under
a plobal volume constraint, together with the finite clement discretization and SIMP interpolation
scheme. Attention is devoted to the proposed Multifidelity Acceprance Safeguard (MEAS), which
introduces runtime verification into the multifidelity oprimization loop. The chapter additonally
describes the integration of a U-Net-based neural archilecture as a warm-start mechanisny within
the optimization framework,

Chapter (4) is devoted to nnumerical analyses and the adopred computational methodology.
I'he Author describes the benchmark problems considered in both two-dimensional and three-
dimensional settings, together with the corresponding discretzation strategies and numerical
parameters, ‘I'he chapter further discusses dataser generation procedures, experimental design,
abltion studies, and the evaluaton metrics togcther with the statistical reporting procedures
implemented 1n the experitnents.

Chapter {5) presents and discusses the results obained from the numcrical experiments. | he
Author analyzes the convergence behavior, compliance wvalues, design  quality, runtime
performance, and acceleration effects achieved by the investgated method varants. Separate
analyses are provided for two-dimensional and three-dimensional benchmark cases, including
extensive ablation studies examining the influence of venficaton frequency and acceptance
tolerances on the performance of the MEAS framework.

Chapter (6) conrains the final conclusions and summuarizes the scientific contributions of the
dissertarion. The Author provides answers to the formulated research questions and evaluates the
cxtent to which the stated research objectives have been achieved. The limitations of the proposed
approach are discussed in a critical manner, and sceveral divections for future research are idennhed.
including algorithmic extensions, scaling strategies, and broader applications of machine-learning

assisted ropology opomization.




The Author has taken up a very challenging problem of developing a runtime-verfied
multifidelity framework for minimum-compliance topology optimization under a global volume
constraint in linear elastciry. The Author has successfully implemented analytical tormulations,
computational experiments, and machine learning architectures to achieve the goals and abjectives
of the thesis, considering three main tasks: (1) Ashicoing a verified compatational acceleration relative o a
Jine-mest SIMP baseline, (2) Preventing wvilent sofuison degradafion and enviring refiabidity through an
accsplance] rejection mechanivm and (3) Cwantify the incremental benefit of integrating ML-based inifralization
inte the verified muitifidelity framework.,

The detailed subtasks consisted of the followang trems:

o Analysis of ropology optimizaden fundamentals, mulufidehty methods, and machine
learning integration, explicidy highlighting research gaps such as lack of systemalle
acceprance salepuards or imited eross-dimensional validation.

« Formulation of the fine and coarse discretzation alongside the strict 2 % refinement
mapping operatots {Restriction and Prolongaton).

s Development of the MFAS logic udlizing a trust-ratio in 2D and a relafve acceprance
tolerance in 313, embedding PRI residual-based verificarion direcdy into the oprimiza lion
loop.

o Training and injection of the U-Net architecture to predict inital density fields based on
boundary condidons and loads, while subjecting its output to the identical physical
acceprance criteria as coarse-only proposals,

» Execunon of numerical experiments including comprehensive ablation studies to evaluate
verification frequency and acceprance thresholds.

o Dietailed statstcal reporting of runtme speedups, compliance retention, and gray fraction

reduction using pﬂted-seed evaluatons and Wilcoxon Slglw.d rank lesLs.

Mr. NIKHIL TATEE, M.Sc. Eng., is a co-author of 2 journal publications indexed in SCOPUS
database and 2 book chapters, which together deserves a special emphasis and distinction.
Furthermore, the Author has preseoted his research results in 3 international conferences, This

achievement demnonstrates the high scientific value of the developed methodology and significantly

fulfills the requirements for the submission of a docloral dissertaion.

3, Detailed overview of the thesis

3.1  Structure and organization

The Dissertation is organized in a logical and generally transparent manner. [r= srructure
follows the smandard framework of an enpineering-orented doctoral dissertation, including
theoretical background, methodological development, numerical investigations, and  final

conclusions. In the opinion of the Reviewer, the orpanization of the dissertaion adequarely reflects
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the adopted research procedure and allows the reader to follow the successive stages of the
conducted investigatons. The individual chapters are arranged in a sequence cortesponding to the
progression from theorctical backpround through methodological development to cxpetimental

verification and analysis of resull.

3.2 Literature review

‘[he literarure review has been prepared wery reliably and covers the major topics related o

ropology optimizadon, multifidelity methods. and machine-learning assisted compurational design.
Ihe Author demonstrates a good understanding of the theorenical foundations of the field and
appropriately identifies the limitanons of existing approaches, particularly regarding the trade-off
berween compurational efficicncy and reliability.

A valuable aspect of the review is its critical character, as the Author does not merely
summatize previous work but also identifies a clear research gap motivating the proposed

methodology.

3.3 Objective and its implementation

The main objective of the dissertation has been formualated clearly and consistently

implcmtntf.;] throughout the wotl, The Author aims to develop a computational framework for

accelerating PDF-constrained topology optimizaton while preserving solution reliability. The

individual research rasks are logically connected with the principal objective and are adequarely
addressed in the subsequent chapters,

In the Reviewer's opinion, the stated objechive has been achieved wirhin the assumed scope of
the dissertadon. The proposed framework has been properly validated using representative
benchmatk problems and the achieved outcomes have been thoroughly discussed. The Reviewer

did not observe major shorlcomings or methodological errars in this scope.

34 Research methods

The Author emploved an appropriate and well-selected set of research methods, including

finite element analysis, multifidelity opdmization strategies, and machine-learning-assisted

initialization techniques. The major strength of the dissertation is the development of an original
verification-driven optimization methodology integrating runtime acceptance safeguards
with multfidelity topology optimization procedures. The proposcd framework demonstrates
a high level of methodological marurity and reflects a surong understanding of both computalional
mechanics and modern optimization strategies. The numerical experiments are extensive and
include both two-dimensional and three-dimensional benchmark cases, ablation studies, and

compatative analvses between different oprimization vanants.
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The adapted research merhods correspond well to contemporary scientific and engineering
standards in computational structural optimization, The Author also demonstrares  good
competence in the implementation and cvaluation of advanced computational procedures,
including the integraton of warm-start mechanisms based on ncural networks within the

optimizadon loop.

3.5  Results and their interpretation

The results arc presented in a gencrally clear and svstemaric manner usiog numerical
comparisons, figures, and benchmark analyses. The Author demonstrates the ability to interpret

the obrained findings correctly and discusses both the advantages and limitations of the proposed

methodology.

The analyses confirm the effectiveness of the proposed mulafideliry tramework n reducing
computational cost while maineaining acceptable solution quality. Particularly valuable are the
abladon studies examining the influence of verification parameters. On the other hand, some
figures and plots included in the dissertarion have worse guality and swle than others, Le. Figure
4.2 has vety large fonrs while characterisnics shown in Figures 5.5 and 3.6 are not sufficientdy

consistent with the soyle of arther ﬂgurtafplm:: wirhin the thesis.

3.6 Practical significance of the work

rtation has clear tical relevance and addresses an umpo t problem in

The
g.gmputaliunﬁl structural ggpﬁnﬁzﬂ.ﬁm]. The pr‘t‘:pr‘.-:u:d tramework  demonstrates Eignit_lt:ﬂﬂt

implementation potential, partcularly in applications requiring efficicnt large-scale topology

opimizadon with controlled reliability.

An important advantage of the work 1= rhe tntepration of accelerarion technlques with runtime
verification mechanisms, which increazes the pracocal credibility of the proposed methodology,
The pracncal discussion could nevertheless be extended by providing more detailed information

concerning implementation limitations and possible industrial deployment scenarios.

4. Strong points of the dissertation

The Reviewer would like to emphasize the strong points of the disserration, which

demonstrates a very high sclennfic quality ot the siudies conducred:

1. A derailed literature discussion on topology optimizadon, mulnfidelity strategies, and srare-
of-the-art machine learning implementations. This introduction demaonstrates that the
Aurthor has extensive knowledge of the present topic and properly identdies the crucial
gap within the investgated rescarch area.

2. The disserradon is well wrilten, and its structure creates a cause-and-cffect sequence

characterizing the successive stages of the proposed MEAS framework. The high qualcy
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of the graphical presentation and stvle, combined with clear and concise language, makes
the work highly readable. The logical structure and professional layout sigruficantly
facilitate following the methodaology and interpreting the results.

A clear and precise description of the objectives and research questions in Chapter 1. The
Author explicidy highlights the necessiry of achieving accelerated computarion withour
sacrificing the reliability of the high-fideluy PDE solutions.

Implementation of a highly rigorous evaluation protocol spanning both 21 (MBD beam,
dp cantilever, mid cantilever) and 30 cannlever, L-bracket) benchmarks,

The explicit decision to treat the U-Ner machine leaming model purely as an imrialization
(warm-start} tool rather than a replacement for physics-based opoimization. This preserves
the structural integrity of the final topologies and diminates the risk of silent soluron
degradation,

Comprehensive abladon studies testing the boundaries of the framewaork, particularly
regarding the verification frequency parameter and acceptance thresholds, which provides

strong practical guidance for future implementation.

8, Main questions, points for discussion and comments

After reviewing the content of the enfirc dissertation, the reviewer would like to point out the

following comiments and remarks:

Throughourt the thesis, the Author utilizes a strict 2 x sparial refinement rule, corresponding
tor a 4:1 element count reduction in 213 and an &1 reducton in 31D, The quesnon is: how
sensitve is the developed MEAS ta larger scale disparides (c.g., a 3x or 4x sparial refinement
raticr), and would such adaptive rellnement ratios require fundamental changes to the
adopted multifidelity {frameworks

The Author chose a simpler MSTL loss funcion for the 31 model to save computational
power, rather than the 551K used 1n 20 However, since MSE looks only at individuzal
pixels voxels, could this cause the 310 shapes o lose their continuity or strucrural integricy
compared to the 21 results? This is particularly evident in Figure 3.8 for the M1 method,
where visible disconrinuites occur. Does the proposed framework requre a post-
processing cleanup step to restore physical integrity, or is the subsequent PDE -constrained
optimization expected to resalve these topological gapse

The 301 L-bracket benehmark showed that Method M3 was slower than the baseline M1
at the default verification frequency setting due to the stress concentratons around the re-
entrant corner. While it is suggesred that reducing the verificarion frequency could recover
speedup for M3, is there a way ro make the algorithm smart enough to change this scting
by itself during the tests

The ohservation that Method M3 underperforms the bascline M1 duc to siress

concentratons at the re-entrant corner highlights a limiraton in the bxed verflecauon
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frequency strategy. Since the local convergence behavior in topology optimization 1s
strangly dependent on the gradient landscape, has the Auvthor considered implementing 4
“smarter’” algorithm, which automatically adjusts how often it checks for accuracy based
on the current complexity of the problen?

The efficicncy of multifidelity frameworks depends on the trade-off between the coarse
mesh speedup and the cost of high-ideliry venticadon. How does the curtent acceptance
logic (€pe = 0.01) perform under the mesh densities rypical for indusrrial FEA? Ts there a
risk that the rejection rate increases significantly with mesh scale, ctfecdvely negatng the

cﬂmpul.mic-nal savings achicved by the MIAS framework?

6. Minor questions, points for discussion and comments

Additional remarks are presented below, The reviewer outlines some elements of the work thar

could be improved, but have a minor impact on the scientific quality of the thesis:

The datasct generated for the 31 U-Ner training is relanvely small, comprising 360
cantlever and 160 L-bracket effective samples after augmentation. A brief discussion on
the risk of overfitting during the exrended 130 training epochs would strengthen the
methodology sechon.

In the 2D resules discussion, the Aurhor stares compliance values are deferministic across
a1l seeds and standard deviations are exactly zero due to the hash-based load perturbadon
and direct solver. While factually rrue for thi= specific serup, testing with genuinely
randomized initial noise might have provided a better picture of algorithmic robustness.
Assessing the sensitivity of the converged topology ro stochastic perturbations would be
particulatly valuable, as such robustuess is a prerequisite for reliable deplovment in
industrial scale FEA problems,

In Figures 5.4, 5.3, and 5.6, the plotted curves for relative compliance and relative gray

{raction utlize different colors ina lepend -::unlpar::.d rar the curves included in the chart

7. Editorial, grammar and stylistic errors

The Reviewer found only a few etrors, which, however, do not influence a very high scientfic

and application level of the dissertation submitted for evaluanon. Some selected remarks are as

follomars:

The Polish summary (Streszezenic) contains several stylistic imperfections, which result
from a direct Enghsh-to-Polish rransladon; as a consequence, SOMe SENLENCCs sound
unnatuaral.

In general, the doctoral thesis is written in high-quality academic Finglish, and only a few

MINOL tYpos or gramm:uica]l}-' awleward sentences were identified.




8. Final conclusion

seientiliic

The dissertation ides einal solulion to

high level of theoretical knowledge and the ability 10 conduct sophisticated optimization analyses.
‘T'he dissertation meets the requirements for doctoral theses specified in the relevant Acr [ Prawe o
srkolnicinne wydozym | nawee z dnia 20072018 rj, and falls within the scientific discipline of
Mechanical Engineering

Therefore. the Reviewer asks for admission to the final defense.
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