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Extended Summary

1. Description of the project

The main high level goal of the ALGOLINC project was to contribute to the ongoing interplay
between machine learning, optimization and algorithmic game theory.

1.1 Objectives

Our project focused on two broad and to some extent complementary research areas. The first
one concerns the interaction between learning, optimization, and equilibrium computation in
games and is centered on optimization problems that form the backbone of building efficient
learning (training) algorithms. The second one moves towards recent paradigms on learning-
oriented approaches in the design of algorithms for resource allocation or related game-theoretic
problems.

Optimization and learning in games

Over the years, there have been several fruitful connections between optimization questions in
multi-agent learning and game-theoretic solution concepts. A representative example is the
fundamental class of zero-sum games. Zero-sum games have played a central role in both game
theory and in optimization, as it is easily seen that their Nash equilibrium solutions correspond
to a min-max optimization problem. Despite the fact however that a single linear program
suffices to find an equilibrium of the game, there has been a surge of interest for faster algorithms,
motivated in part by applications in machine learning. One reason for this is that we may have
very large games to solve, corresponding to LPs with thousands of variables and constraints. A
second reason can be that e.g, in learning environments, the players may be using iterative
algorithms that can only observe limited information.

The main goal of ALGOLINC within this component of the project therefore was to work on the
theoretical foundations of these problems. Our focus was on the one hand to understand the
power and the limitations of current techniques and on the other hand to develop and analyze
new algorithms for solving zero-sum games. Although this is a basic research project and our
main focus was on the mathematical analysis of algorithmic techniques, we were also interested
in experimental comparisons and on the potential of actual future deployment.

Learning-oriented mechanism design

The second component of ALGOLINC involved mostly one of the main pillars of algorithmic game
theory. Auction mechanisms and other resource allocation mechanisms constitute by far the
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most common subject in mechanism design research and range from high-stake governmental
license auctions to procurement auctions for hiring sub-contractors in online marketplaces. The
main reason that learning-oriented approaches can naturally come into play is motivated by the
availability of past data or statistics, which make it possible for the algorithm designer to have
access to (possibly erroneous) predictions for various parameters of the problem. In auctions,
the predictions could involve the preferences of the competing bidders. In other algorithmic
problems where the input arrives in an online fashion, the prediction could involve parameters
of the future input. Since the prediction may not always be correct, the goal would be to attain
algorithms that have a good performance when the prediction is precise (known as consistency),
but also achieve an approximately optimal worst-case guarantee when the prediction fails
(known as robustness). During the last years, this is referred to as the “learning-augmented”
paradigm and has attracted significant attention.

Designing learning-augmented mechanisms is still a rather young research direction. Especially
in the context of strategic and/or fairness aspects, this has been a largely unexplored territory.
Therefore, the main objective of ALGOLINC within this domain was to understand the potential
of this paradigm towards obtaining improved guarantees. Our team was especially interested in
designing algorithms for auctions and fair division problems, given our expertise.

1.2 Key Activities

Our project started by conducting first a literature review over the relevant methodologies. This
was the main focus of WP3, which also identified the current research challenges and was
completed by Month 5. Shortly before that, we also started the 2 main activities of the project,
which are WP4 and WP5. In particular, our team split into two (overlapping) subteams and
started working on the 2 main areas that we already identified in Section 1.1. The first subteam
focused on WP4, which has to do with the design of algorithms for zero-sum games. This was an
effort that led to the analysis of 2 main faimilies of algorithms and was completed by Month 18.
Almost in parallel to WP4, WP5 focused on the design of learning-augmented algorithms for
problems related to procurement auctions, keyword auctions and fair division problems. Finally,
the other main activity concerned the experimental evaluation of the algorithms we analyzed for
zero-sum games. This was the focus of WP6 which was completed by the end of the project.

Throughout ALGOLINC, we also participated in dissemination activities and tried to foster
international collaborations. Members of our team participated in well known international
conferences (such as ICML 2025 and IJCAI 2025), where they had the opportunity to present our
work to the broader research community. We also organized two workshops in the premises of
AUEB, and attended other local workshops and events. Finally, our team collaborated with other
experts in this field from abroad, including researchers from the University of Amsterdam and
Sorbonne Université, which resulted in joint publications as listed in the next section.

1.3 Deliverables and Publications
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The project had a total of 12 deliverables. Among these, we list below the ones we consider as
the most important towards achieving the project’s objectives.

D.3.1: This was the survey that our team prepared with the goal that all members of the
team become aware of current methodologies and research challenges.

D.4.1: This was our initial deliverable for WP4, where the goal was to report on progress
made until halfway of WP4, by Month 12.

D.4.3: This is the main deliverable of WP4, finalized at its completion time. It contains a
summary of our research activities for WP4, along with two papers from our team that
were completed on these topics.

D.5.1: Similarly to D.4.1, this deliverable contains our initial findings for WP5, written
roughly in the middle of its time window.

D.5.2: This is the main deliverable of WP5. It contains a summary of our research activities
on learning-augmented algorithms, which is followed by three papers that we completed
on these topics.

D.6.2: This is among the last deliverables of the project. It contains information on our
experimental setup and the comparisons we performed for our algorithms.

The research we conducted for WP4 and WP5 resulted in the following completed papers, some
of which are already published in proceedings of international conferences, whereas the more
recent ones are under submission.

Publications in peer-reviewed conference proceedings

[C1]

[C2]

[C3]

[C4]

Michail Fasoulakis, Evangelos Markakis, Georgios Roussakis, Christodoulos Santorinaios. A Descent-
based Method on the Duality Gap for Solving Zero-sum Games. In Proceedings of the 34t International
Joint Conference on Artificial Intelligence, 1IJCAI 2025, Montreal, Canada, August 16-22, pages 3839-
3847, 2025.

Evripidis Bampis, Bruno Escoffier, Dimitris Fotakis, Panagiotis Patsilinakos, Michalis Xefteris.
Polynomial Time Learning Augmented Algorithms for NP-hard Permutation Problems. In Proceedings
of the 42nd [nternational Conference on Machine Learning, ICML 2025, Vancouver, BC, Canada, July 13-
19, 2025.

Georgios Amanatidis, Evangelos Markakis, Christodoulos Santorinaios, Guido Schaefer, Panagiotis
Tsamopoulos, Artem Tsikiridis. Online Budget-Feasible Mechanism Design with Predictions. In
Proceedings of the 18th International Symposium on Algorithmic Game Theory, SAGT 2025, pages 402-
421, Bath, UK, September 2-5, 2025

Alviona Mantso, Evangelos Markakis, Nikos Protopapas. Fairness Under Equal-Sized Bundles:
Impossibility Results and Approximation Guarantees. In Proceedings of the 18th International
Symposium on Algorithmic Game Theory, SAGT 2025, pages 191-208, Bath, UK, September 2-5, 2025.

Articles under submission

[S1]

Michail Fasoulakis, Evangelos Markakis, Georgios Roussakis, Christodoulos Santorinaios. Improved
Last Iterate Convergence Properties for the FLBR Dynamics. Under submission (version available in
Deliverable D.4.3), 2025.
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[S2]

Georgios Amanatidis, Alexandros Lolos, Evangelos Markakis, Victor Turmel. Online Fair Division for
Personalized 2-Value Instances. Submitted to the journal of Artificial Intelligence Research, JAIR,
2025. Available at https://arxiv.org/abs/2505.22174

Finally, our project also has a website at the url: https://auebtheorygroup.github.io/algolinc/

2. Conclusions:

We comment below on the results of the project and on its actual and expected impact.

2.1.Results
Our results are grouped into the two main research areas described in Section 1.
Concerning the first component of learning in games, we completed two papers, namely
[C1] and [S1], from the list of papers in Section 1.3. These papers are in line with the
objectives we had set out for this area, on the theoretical foundations and algorithms for
zero-sum games, with the following outcomes.

In [C1], we proposed and analyzed an optimization approach for finding approximate
Nash equilibria in zero-sum games. Our algorithm is a descent-based method but
what differs from other gradient descent approaches is that we apply descent steps
directly to the duality gap function, inspired by its convexity properties. In particular,
we move in each step towards the direction that minimises the directional derivative
of the duality gap. Our main result is that we have established mathematically that
this method achieves a geometric rate of decrease on the duality gap and thus we
converge quite fast to an approximate equilibrium. We exhibit that the method can
also be further customized and explore several variants attaining even improved
theoretical guarantees. At the same time, we have provided an experimental
evaluation that verifies the fast convergence of our algorithm and its competitive
performance against state of the art methods, such as Optimistic Gradient Descent-
Ascent (OGDA).

In [S1], we analyzed a very different method, which is a learning algorithm with
gradient feedback, referred to as FLBR dynamics, inspired by the classic extra
gradient method. The convergence properties of FLBR so far were poorly understood,
without any explicit rate. Our work answered an open question from the literature
and established concrete rates of convergence. Namely, we showed a geometric rate
of convergence for the duality gap. Furthermore, our proof highlights connections to
a neighboring field, as it utilizes ideas from the analysis of the Arimoto-Blahut
algorithm (for computing the Shannon'’s capacity of a discrete memoryless channel).
We also performed an experimental comparison against OGDA and other known
methods, revealing that FLBR is generally competitive against OGDA, and with
improved performance in more structured games.
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Moving on, we discuss below the papers we completed on the second research area of the
project.

In [C3], we focused on the class of procurement auctions, where the goal is to hire a
set of agents so as to maximize the valuation function of the auctioneer. We considered
the online version of the problem where the agents (i.e., bidders) arrive in a uniformly
random order. Further, the input of our mechanisms is augmented by a prediction for
the value of the optimal solution to the offline problem. Under the common
assumption of a submodular valuation function for the auctioneer, our main results
concern the design and the analysis of a family of truthful, budget-feasible
mechanisms, with provable approximation guarantees on their consistency and
robustness. These results form a significant improvement against the best known
approximation algorithms for these NP-hard problems. We also obtain analogous
results for non-monotone submodular objectives.

In [C2] we considered the design of learning-augmented algorithms for a class of so-
called permutation problems. These are problems where the feasible solutions
correspond to permutations of the input. Le,, if the input consists of n objects (like the
cities in a TSP instance), the set of feasible solutions correspond to all the
permutations of these objects (e.g., the possible tours in a TSP instance). In our work,
we introduced a novel learning-augmented framework designed to solve NP-hard
permutation problems by leveraging noisy, pairwise predictions about the optimal
ordering of elements. One prominent application is again related to auctions, and in
particular sponsored search auctions with the goal of maximizing the generated social
welfare.

In [S2], we considered predictions in the context of fair allocation problems. We
studied an online setting, where the goods arrive one at a time; once a good arrives, its
value for each agent is revealed and the algorithm has to allocate it to one of the agents
irrevocably. This is motivated by various scenarios, among others, in job scheduling
problems and food donation programs. The main outcome of our work is that it
provided an exploration of the type of fairness guarantees that are possible for online
fair division, when look-ahead predictions are possible on the future input.

2.2.Impacts and added value.

We discuss first the scientific impact of ALGOLINC. In the first component of our project,
our results apply to a fundamental class of optimization problems that arise in solving
zero-sum games. The two methods that we analyzed in our papers [C1] and [S1] already
exhibit promising outcomes. Both of them have running times comparable to state of the
art methodologies even with thousands of strategies per player. In fact our experimental
comparisons revealed classes of games, where our algorithms perform better than
current algorithms. We therefore conclude that these approaches deserve further
exploration, as there are also potential ways of accelerating the running times.
Furthermore, we expect that some ideas from the development of our methods can be
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useful for other classes of games, indicatively, convex-concave games or even more
general classes. Apart from the interest in learning applications, we also expect our
scientific outcome to contribute more generally to the toolkit of optimization theory, given
the fundamental nature of min-max optimization problems.

Coming to the second component of our project, our results covered a wide spectrum of
algorithmic and game-theoretic problems, including procurement auctions, job
scheduling, permutation problems and fair division, for which no such results were
known before. For most of these problems, the past literature had focused on more classic
approaches, without taking into account learning-related aspects. We therefore view our
results as a scientific advancement, that can contribute both to mechanism design itself
and to the theory of algorithms. Given also that the notion of learning-augmented
mechanisms is a relatively new paradigm (especially for auctions, where our results for
procurement auctions are the first of this type), we anticipate that our algorithms could
have wider applicability to other problems as well.

Regarding the societal or economic impact, we think that a longer period of time is needed
to be able to evaluate this type of impact, but we are confident that this can be realized in
the long run. Firstly, we expect that some ideas from our research in our first component
could have impact on the training of deep learning models (as some of these models
correspond to zero-sum games). Such a scenario would be bound to generate improved
quality for applications that rely on machine learning and consequently to improved
services towards their users. Secondly, regarding our research on learning-augmented
mechanisms, our results had a heavy focus on auctions. Auction mechanisms are being
run nowadays on a regular basis by both governmental and private organizations. They
form a particularly popular tool for outsourcing services to sub-contractors (ranging from
large scale projects to simple tasks). Hence, it becomes apparent that designing
mechanisms with good performance guarantees can lead to a better utilization of
resources, in more cost-effective ways, and with positive economic consequences.

" Funded by the
reece z European Union
NATIONAL RECOVERY AND RESILIENCE PLAN NextGenerat

EV

7|14



&) HERIL

Hellenic Foundation for
Research & Innovation

Ektetapévn Zuvoyn

1. MMeprypa@i) Tov £pyov

H yevikn embSiwén tov €pyov ALGOLINC ntav va ocvpfdAel otn ovvexl{Opevn €pELVNTIKN
aAAnAemiSpaon petadd TG PnYavikng padnong, g BeATioTomoinong Kol TG dAYopLlOpIKNG
Bewplag Tatyviwv.

1.1 KVploL Xtoxot

To €pyo pag emkevipwOnke o §Vo gvpels KaL, o€ kK&molo BaBUS, CUPTANPWHUATIKOVG TOUE(G
épevvag. O mMPwTOG aopd ™V aAAnAemiSpacn petadd pdbnomg, PeAtiotomoilnong Kot
UTIOAOYLOHOU LOOPPOTILWV OE TIXLYVLX KL ETILKEVIPWOVETAL 0€ TPOBANHATA BEATIOTOTIOMONG TTOV
amoTeAOUV TN fAon YLt TNV AVATITUEN ATTOTEAECUATIKWV 0AYopiBpwv pdbnong (ekmaidevong). O
Se0TEPOG KIVELTAL TTPOG TTPOCEATA VTIOSEYHATA AAYOPLOIIK®WVY TEXVIKWV (OTIw¢ To LTOSELypa
Twv learning-augmented aAyopiBpwv) pe Epgacn oto oxeSlaocpud adyoplBpwy ylo TNV KXTtavoun
TOPwV 1 cuvaPT TPoApata Bewplag Tatyviwv.

BeAtioTtomoinon koL padnon o€ matyvia

Me v Tdpodo Twv £TWV, £(0VV TPOKVPEL APKETEG YOVILEG OUVOEDELS HETAED TIPOPANUATWY
BeAtioTomomong ot punxavikny pabnon pe moAAATAOUG TPAKTOPEG KAl TWV TPOTELVOUEVWV
Aoewv NG Bewplag matyviwv. Eva xapaktnplotiko mapadetypa eivat ) BepeAtwdng otkoyévela
TV Ttatyviwv undevikol abpolopatog. Ta matyvia undeviko abpolopatog £xouvv Stadpapatioet
KEVTPLKO pOA0 TOOO 0T Bewpla Tatyviwv 660 kal oty feAtiotomoinon, kKabwg eivat e0KoAo va
SwamiotwBel 0Tl oL AVoelg ooppomiag Nash avtiotoyolv oe €va min-max TpORAnpa
BeAtiotomoimong. Iapa to yeyovog OTL Eva HOVO YPAUULIKO TIPOYpaUpUa apkel yia va Bpebel m
LooppoTila TOL TAYVISLOV, Ta TeEAsvTala Xpovia exel auvinbel To evdla@EPOV YLa TAXVTEPOUS
aAyOpLOHOUG, EV HEPEL EEALTIAG TWV EQAPLOYWV TOUG 0TI UNXOVIKT Ldbnon. Evag Adyog yiax autd
elval O0TL umopel va £(0VE TIOAD PeYAAN TTalyVia TIPOG EMIAVOT, IOV AVTLOTOLXOUV O YPUUUIKA
Tpoypappata pe xladeg petaffAnteg kat meploplopoVs. ‘Evag devtepog Adyog eival OtL o€
mepBdAdlovta pdbnong, oL Taikteg PTOpPEl va Xp1OLLOTTOLOVV ETAVOANTITIKOUG QAYOPLO OV TTOU
EVOEXOUEVWG £XOVV TIPOGBacT LOVO OE TIEPLOPLOUEVO EVPOG TIAT|POYOPLWV YLK TO TIALYVLO.

0 kVplog otoxog touv ALGOLINC og autni Tn ouvIoTWoA TOU £€PYOU TTAV VX EPYACTOVUE TIAVW
otV Bewpntikn BepeAdimwon avtwv Twv TpofAnudtwyv. EoTidoaue, a@evog, otnv TEPATEPW
KaTtavonon TG oxVog Kol TV TEPLOPLOUWY TWV TPEXOUVOWV TEXVIKWV KaAl, APETEPOV, GTNV
QVATITUEN KAl AVAAVOT VEWV QAYOPOUwWV Yl TV emiAvom Tatyviwv undevikov abpoiopatog. Av
KOl TTPOKELTAL YLIA €V £pY0 BAOCLKNG EPEVVAG KL TO KUPLO EVOLAPEPOV HAG TTAV 1) LOBNUATIKY)
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AVAAVOT) TV XAYOPLOUIKWV TEXVIKWY, LXG EVOLEQEPQAV ETIIONG OL TIELPAUATIKEG CUYKPIOELG KL OL
SUVATOTNTEG Yl LEAAOVTIKEG EQAPUOYES.

Ixedlaon pnxavicpwyv vrofonBovpevn ano tpoBAEPeLg

H 8e0tepn ovvictwoa touv ALGOLINC a@opovoe kuplwg évav amd Toug BactkoU§ TTUAWVES TNG
aAyoplOpkng Bewplag matyviwv. Ot unxaviopol SNHOTPACL®WV KAl AAAOL UNYXAVICHOL KATAVOUTG
TOPWV ATOTEAOVV HAKPAV TO TILO KOWO Bépa otnv €pevva oxXeSLAOHOV UNXOVIOHWV Kol
Kupaivovtal amd SnUoTpacieg KUBEPVNTIKWVY adelwV €wg SNUOTIpACieG TTPOoUnBeL®wY Yo TNV
TPOoANYM vepYoAdBwv o€ SLadIkTLaKEG ayopes. O kKUPLOG AGYOG YLa TOV 0Ttolo 1) LdBnomn umopel
va amofel ypriowun etvain StaBecpdTnTo SESOUEVWV 1) CTATIOTIKWV OTOLXELWV AT TO TTIAPeABOV,
Ta omola EMLTPEMOVY OTOV OXeSLAoT oAyoplBuwv va €xel mpdofaocn oe (evéexouévwg
E0QAANEVES) TIPOPBAEPELS Y SLAPOPEG TAPAUETPOUS TWV TIPOPBANUATWY. XTI SnUoTpACIiES, oL
TpofAEYELS utopel va ai@opoVV TIG TTPOTLUNOELS TWV AVTAYWVI{OLEVWY TTAELOSOTWV 1) TO KOGTOG
uag BEATIOTNG AVonG. Ze dAAx aAdyoplBpikd tpoBAnpata 0mov 1 l00d0G £pxeTAL OTASIHKE o€
Bruata, n mpoBAeY™ pmopel va apopa TTAHPAPETPOUG TNG LEAAOVTIKNG EL00S0V. AeSopévou OTLT
TPOLAeYN umopel va unv eival mavta cwotn, 0 0T0X0G Ba Tav va emitevyBolv adydplOpol Tov
Exouv Ko amddoon 6tav n tpoPAsdm elvat akppng, Yvwotn wg cuvETela (consistency), cAA&
Kol va emitevyOel pa TpooeyyloTikd BEATIOTN €yyUnoT Yo Tn XEPOTEPT TEPIMTWON OTAV 1)
TPOPAEYN amoTLYXAVEL YVWOoT WG avBektikdtnTta (robustness). Ta teAevtaia xpovia, auto
AVUPEPETAL WG TO VTOSELYHX QAYoplBUwV eVvIoXLUEVWY amd pdbnon 1N amd mpoBAEPelg
(learning-augmented algorithms) kal €xeL TpooeAkVoEL TNV TPOCOXN TNG EPEVVNTLKNG
KOLVOTNTAG.

O oxeSLAONOG UNXOVIOUWY EVIOXUUEVWV aTO pABnomn elval wg twpa €vag OXETIKA VEOG
EPEVVNTIKOG TOpENS. [Slaitepa o ox€om e (NTUATA CTPATNYLKIG CUUTIEPLPOPASG TWV TIALKTWV
Kat/M (Tpata StkaooNG, TTPOKELTAL Yix Eva Tedio ov dev £xel akoun SiepeuvnBel oe peydaio
Babuo. Q¢ ek ToVTOV, 0 KUpLOG 6TOX0G TOU ALGOLINC 08 uTOV TOV TOHEX TAV VO KATAVOT|COVE
TIG duvatotTNTeG auTov Tou vumodeilypatog. H opada pag evdia@épbnke WSlaitepa ya tov
oxedlaopd odyoplBpwv yux Snuompacies kat mpofAnpata Sikamg katavoung ayabwv,
SeSopEVNG KL TNG TIPOTEPTG EUTIELPIAG LA,

1.2 Baowkég SpaoctnplotTnTeg

To épyo pag Eekivnoe pe v mpoetopacio plag BBALOYPA@IKNG AVAOKOTNOTG TWV OXETIKWY
uebodoroylwv. Autd nTav to KUpLo avtikeipevo tov WP3, to omoio emiong mpoodioploe Tig
TPEXOVOEG EPEVVNTIKEG TIPOKANOELS Kal oAokAnpwOnke tov 50 pnva. Alyo mpwv amod auto,
Eekvnoape emiong TI§ 2 KUpLEGg SpactnplotnTeg TOL £€pyov, Tov eivat to WP4 xat to WP5.
Tuykekpluéva, n opdda pog xwplommke o 2 (EMKAAVTITOUEVEG) UTTOOUASEG Kol GPYLOE Vo
epyaletal oToug 2 KUPLOUG TOWELS TTov €yovpe 1O mpoodlopioel otnv evotnta 1.1. H mpwm
vmoopdda emikevTIpwONnke 0to WP4, to omolo apopd tov oxedlacpud aiyopiBuwy y maltyvia
undevikoV abpoiopatog. Autn 1 mpoomaBelx 061 yNce oTNV AVAALOT 2 KUPLWV OLKOYEVELWV
aAyopiBuwv kat oAokAnpwbnke tov 180 unva. Zxedov mapaAinia pe to WP4, to WP5
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EMKEVTPWONKE 0TOV OXESLAGUO aAYOpPOUWY evioxLHEVWY amd pudbnom yia mpofAnpata mov
oxetilovtal pe Onpompacieg mpounBewwv, Snpompacies emMSOTOVUEVNG avalnTnong Kot
mpofApata Sikang katavoung mopwv. TEAog, 1 GAAN KUpLA SPACTNPLOTNTA APOPOVCE TNV
TEPAUATIKY  a&loAdynon Twv oAyoplBpwv mov avaAVoape yux Tagvidia pndevikov
aBpolopatog. Avto ntav to emikevtpo tov WP6, 10 omolo oAokANpwONKe peEXPL TO TEAOG TOL
Epyou.

Kata ™ 8udpkela touv ALGOLINC, ocvppetelyape emiong oe Spaoctnplotteg Stayvong Kot
mpoomadnoapne va tpowbnoovpe Siebvelg cuvepyacieg. MeAN TG OUASAG PLAG CUPMETEXAV OE
yvwotd Siebvn) ouvédpla (0mwg to ICML 2025 kot to IJCAI 2025), dmov elxav tnVv gukalpia va
TIAPOVCLAGOUV TO £PYO0 MG OTNV EVPUTEPT EPEVUVNTIKN KOWVOTNTA. AlLOPYQAVWOANE eTiong V0
workshops otig eykataoctdoelg tov OwovoputkoU Iavemiotnuiov ABNVWV Kol cUPHETEXONE OE
dAAa toTtikd workshops otnv ABnva. TEAog, N opada oG CUVEPYAOTNKE e GAAOUG ELSIKOVG GTOV
TOHEQ aUTO aTd TO €EWTEPLKO, ovpmepAapfavopévwy gpeuvntwy amd to [avemoTno Tov
Apotepvtap kat to Mavemot)puo g ZopPdovvng, HE AMOTEAECUA TNV CULUYYPAEPT] KOW®V
ONUocLEVoEWY, OTIWG AVAPEPOVTAL 0TIV ETTOUEVT EVOTN T

1.3 Mapadotéa kat SNpUocLevoelg

To €pyo elxe ovvolikd 12 mapadotea. [TapakdTw ava@EPOVHE AUTA IOV BEWPOVUE WG TA TILO
OTNHAVTIKA YlO TNV ETTEVEN TWV GTOXWV TOU £PYOV.

e D.3.1: Auti tav n emwokomnon t™¢ BBAoypa@iag TTov TPOETOIHAOE 1 OUASA PG HE
oTOX0 v evnuepwBolv OAa Ta MEAN TNG OMASAG OXETIKA HE TIG TLO OUYXPOVES
nuebodoloyleg kal TIG TPEXOLOEG EPEUVNTIKEG TPOKANOELS oTa Bépuata ToOv pog
EVOLAPEPOLV.

e D.4.1: Autd ftav to apxiko Tapadotéo yia to WP4, 6Ttou 0 6TOX0G ) TAV VA AVAPEPOVE
™V TTP0060 £wG KElVO TO onpelo Yyl Toug otdyovg Tov WP4, cuykekpipeva €wg to Mijva
12.

e D.4.3: Auto elvat To kUpLo apadoteo Tov WP4, to omolo oAokAnpwbnke katd t™) Anén
Tov. [Tepiéxel pa ovToun TePANYPM TV EPEVVNTIKWVY PG SPACTNPLOTITWV KAL TIEPLEXEL
emiong Vo epyacieg TG opadag pag mov 0AOKANpwON KAV KATA TN SLApKELA TOV £PYOV.

e D.5.1: Opoiwg pe to D.4.1, auto TO TTAPASOTED TEPLYPAPEL TNV aPX KT TTPOOSO LAG Yl TO
WP5, wg ™ péom ™ ouvoAkng Sidpketag tov WPS.

e D.5.2: Auto elvat to kUplo mapadoteo tov WP5, to omolo oAokAnpwbnke katd ™ Anén
tov. [leplExel Pl oUvVoYn TWV EPEVVNTIKWOV HAG SPACTNPLOTITWY OXETIKA UE TOUG
aAyoplBpovg vmofonbovpevoug amd pudbnom, padi pe tpla dpbpa MOV OAOKANPWOANE
OXETIKA UE AVTA T BEpaTa.

e D.6.2: Auto sival éva amd ta TedevTtala mapadotea Tov £pyov. Ilepiéyxel mAnpo@opieg
OXETIKA [LE TNV TEPAUATIKN MG aELOAOYNON KAL TIG CUYKPIOELG TTOV TIPAYUATOTIOMCAUE
yla TouG aAyoplOpoug pag.

" Funded by the
Greece z n European Union
NATIONAL RECOVERY AND RESILIENCE PLAN NextGenerationEU
10 | 14



&) HERIL

Hellenic Foundation for
Research & Innovation

H épesuva mov Sienyape yia ta WP4 kat WP5 o8nynoe otnv oAokAnpwon twv akoAovBwv
EPYACLOV, OPLOUEVES ATIO TIG 0TIOLEG EYOVV 118N SMoCLEVTEL O€ TIPAKTIKA S1lEBVWV oLVESPLwY, EVWD
oL Tio TTpocPateS Bplokovtal og Stadikacio VTTOBOANG.

ApBpa o€ MPpaAKTIKA CUVESPLlWV ne SLadikacia kpiong (peer-reviewed)

[C1] Michail Fasoulakis, Evangelos Markakis, Georgios Roussakis, Christodoulos Santorinaios. A Descent-
based Method on the Duality Gap for Solving Zero-sum Games. In Proceedings of the 34th International
Joint Conference on Artificial Intelligence, 1IJCAI 2025, Montreal, Canada, August 16-22, pages 3839-
3847, 2025.

[C2]  Evripidis Bampis, Bruno Escoffier, Dimitris Fotakis, Panagiotis Patsilinakos, Michalis Xefteris.
Polynomial Time Learning Augmented Algorithms for NP-hard Permutation Problems. In Proceedings
of the 42nd [nternational Conference on Machine Learning, ICML 2025, Vancouver, BC, Canada, July 13-
19, 2025.

[C3] Georgios Amanatidis, Evangelos Markakis, Christodoulos Santorinaios, Guido Schaefer, Panagiotis
Tsamopoulos, Artem Tsikiridis. Online Budget-Feasible Mechanism Design with Predictions. In
Proceedings of the 18th International Symposium on Algorithmic Game Theory, SAGT 2025, pages 402-
421, Bath, UK, September 2-5, 2025

[C4] Alviona Mantso, Evangelos Markakis, Nikos Protopapas. Fairness Under Equal-Sized Bundles:
Impossibility Results and Approximation Guarantees. In Proceedings of the 18th International
Symposium on Algorithmic Game Theory, SAGT 2025, pages 191-208, Bath, UK, September 2-5, 2025.

ApBpa g vitoBoAir)

[S1] Michail Fasoulakis, Evangelos Markakis, Georgios Roussakis, Christodoulos Santorinaios.
Improved Last Iterate Convergence Properties for the FLBR Dynamics. Under submission (version
available in Deliverable D.4.3), 2025.

[S2] Georgios Amanatidis, Alexandros Lolos, Evangelos Markakis, Victor Turmel. Online Fair Division
for Personalized 2-Value Instances. Submitted to the Journal of Artificial Intelligence Research, JAIR,
2025. Available at https://arxiv.org/abs/2505.22174

TeAog, To £pyo pag €xeL eTioNG KAl P LoTOoEAISA 6TOV GUVSETO:
https://auebtheorygroup.github.io/algolinc/

2. TUUMEPACHATA

[TapakAdtw oXOALA{OVHE TA ATOTEAECUATA TOU £PYOV KL TOV TPAYHATIKO KAl XVOUEVOUEVO
QVTIKTUTIO TOV.

2.1.Attotedéopata
Ta amoteAéopata pag opadomolovvtal pe Bdorn TG SV0 CUVIOTWOEG £PEVVAG TIOV
meptypa@ovtat otnv Evotnta 1. ‘'0cov a@opd TV TPpwTn CLUVIOTWOOoN TNG LABnong ota
matyvia, odokAnpwoape dVo gpyacies, ovykekplpeva Tig [C1] kat [S1], amd Tov katdAoyo
epyactwv ™G Evotntag 1.3. Ot epyacieg auTtég elval CUUPWVEG LE TOUG GTOXOUS IOV
elyape B€oel ylx ouTOV TOV TOMEN, OXETIKA HE T BewpnTikd OepéAla Kal TOUG
aAyoplBpovg yia ta matyvia undevikov abpolopatog, pe ta akdAovba amoteAéopata.
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Yy [C1], mpoteivape kat avoadvoape pia pEBodo BeAtiotomolnong yla Ty eVpeon
TPOCEYYLIOTIKWV oNuUeElwV ooppoTiag Nash oe malyvia undevikoy abpoiopatog. O
aAyoplOpudg pag sival pla péBodog Baolopevn oty Katafoaon, aAAd autod OV TOV
SlaopoTtolel amod aAAeg mpooeyyioelg katdfaong kAlong sivat 0Tl e@appdlovpue
Bruata katdBaong anevBeiag ot cuvaptnon xacpatog (duality gap), epmvevopévol
and Tig WomTeg KLVPTOTTAS ™G To KUplo amotédeopa pag sivat OTL €govpue
amodelel pabnuatikd 6TL auT 1 HEBOSOG EMITUYXAVEL YEWUETPIKO puOUO pelwong
TOU XAopaTOoG OUIKOTNTAG Kol €TOL OUYKAIVOUUE QPKETA YypNyopa o€ X
TIPOCEYYLOTIKY) LlooppoTila. Asiyvoupe 0TL 1 peBodog umopel emiong va TpocapprooTel
TEPAULTEPW KAl OLEPEVVOUUE SLAPOPEG TIAPUAAXYEG TIOU ETLTUYXAVOUV QKON
KaAUTEPEG BewpPNTIKEG eyyunoelg. Tautdyxpova, £XOVUE TAPACTYEL LA TIELPOALATIKT
a&loAdynomn mov emaAnBevel T yp1yopn OVUYKALOT TOU QAyopiBpov pog Kot TNV
QVTAYWVLOTIKI TOU amod0oon o€ oxeon e oLYxpoveg pebddoug, 0Twg 1 Optimistic
Gradient Descent-Ascent (OGDA).

v [S1], avaivoape plax moAD Slx@opeTikn peBodo, mov eival Evag adyoplOpog
uabnong pe avatpo@oddtnon kAiong, yvwotds wg Suvaukn FLBR. Ot 8iotnteg
oVUykAlong touv FLBR pgxpt twpa ntav eAdyxlota katavontég, xwplg kaveva oo
puBuo. H epyaoia pag amavinoe o€ Eva avolyto epotnua and ™ BAoypapio kot
O OVYKEKPLUEVA, Oelfape Evav YEWUETPLKO puOUO OUYKALONG OE TPOCEYYLOTIKA
onpeia wooppotiag. EmmAgov, n amodeldn) pag vmoypappilel tTig¢ ouvdeoels pe éva
yelrtoviko medlo, kaBwg xpnoipomolel 8¢ amd TNV avaAvorn Tou aAyopiBuov
Arimoto-Blahut (ywx tov vmoAoylopo g xwpntikotntag Shannon evag Stakpltol
KavoALoU xwp(g pvrun). lpaypatomomoape emiong Ll TEPAUATIKY) CUYKPLOT) LLE TNV
uebodo OGDA kot aAAeg yvwoTéG peBddoug, amokaAUmtovtag 6tin FLBR eivatl yevikd
avtaywvloTikn evavtt g OGDA kat pe BeAtiwpévn amddoorn oe mo Sounuéva
oy visia.

[Mapakatw ovlntdape TI§ epyacieg mov mposkuPav amd tmv SeUTEPN CUVIOTWOA TOU

£py

ov.

Iy [C3], eotidoape otV KATnyopia Twv SNUOTPACLWV TTPOUNBELaG, OTIOV 0 0TOX0G
elval n pocAnyPm evog CUVOAOU TKTWV, WOTE va HeEYloToTOmBel 11 ocuvaptnon
amotiunong tov OSnpompdrtn. Efetdoape tmv ekdoyn tou TPOPANHATOG, OTIOU Ol
Taikteg (6nAadn ol MAE080TEG) PTAVOUV PE OHOLOPOPPT TUXaia oelpd. EmumAgoy, 1
€l0080¢ TwV aAyopiBuwv pag cuumAnpwvetal amo pa TPoAeyn ya v agia g
BéATIoTNG AVonG oto TPOPAnpa. YmO TNV Kowrn UTOBeon HIXG UTIOTPOTILKNG
(submodular) cuvaptnong amotTiunong y Tov SUOTPATY, TA KUPLA ATTOTEAETUATA
HaG a@opolv TOov oXeSlaAopd KAl TNV OoVAAUOYN HLKG OLKOYEVELXG @AXANBwV
UNXOVIO UV, PLE ATTOSESELYLEVES EYYUTOELS TIPOCEYYLONG WG TIPOG T CUVETIELX KAL TNV
aVOEKTIKOTNTA TOUG. AUTA T ATOTEAECUATA ATTOTEAOUV ONUAVTIKY PeAtiwon o€
OXEOM UE TOUG KAAVTEPOUS YVWOTOUG aAyopLlOpovs Tpocseyylong yia tetola NP-mAnpn
mpofApata. EmmAéov, kata@epapa va Selouvpe avdAoyo AmoTEAECUATA AKOUA KOl
Yl U1 LOVOTOVEG UTIOTPOTILKEG CUVAPTIOELG ATTOTIUNONG.
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o Yy [C2], e€etdoape To oXESLAONO aAYOplBUWY EVICXVUEVWY e TIPOPBAEPELS, VLo Lo
katnyopia mpoBAnuaTwyv mov ovopdlovtal poPAnuata avtipetabeong. Mpdkettat
Yl TPOBALATH OTIOU Ol EPLKTEG AVGELG AVTLOTOLXOUV O€ AVTILETAOETELS TNG ELGASOV.
AnAady), €dv n elocodog amoteleital amd n avtikeipeva (OTwG ol TOAELS o€ €va
mpofAnua TSP), to oUvodo Twv €@IKTWV AVCEWV aVTIOTOLXEL OE OAEG TIg
QVTIPETABECELS QUTWY TWV AVTIKEIUEVWVY (TL.X. Ol TIOAVEG KUKALKEG SLadpOUEG OTO
TSP). Ztn SovAeld pag, elonydyaps Eva Kavotopo aAyoplOuiké miaiolo, oxedlaopévo
ywa v emidlvon mpofAnpatwyv avtiuetdbeong, alomowwvtag BopuBwdelg,
TPOPAEYELG OYXETIKA PE TN BEATLOTN OEPA TWV OTOLXEIWV. ML ONUOVTIKY) EQAPUOYT)
OXETI(ETAL KAl TAAL PE TIG SNUOTIPACIEG, KOl OUYKEKPLUEVA UE TIG SNUOTIPACIES
eMS0TOVPEVNG AV TNOTG LLE OTOXO TN LEYLOTOTIOMNOT) TOU KOW®VIKOU 0QEAOUG.

o Xmv [S2], e€etdoape v xpnon mpofAéPewv oto mAaiclo mpoPfAnudtwy Sikaing
Katavoung moépwv 1 ayabwv. MeAetnoapue €va oevaplo 0mov ta ayaba @Tdavouv
oelplaka. Kata mv d@i&n evog ayabov, amokadvmtetaln agla tov yia kabe mpdxtopa
KOl 0 0AYOpLOOG TIPETIEL VX TO KATAVEILEL AUETAKAN T OE VAV ATIO TOUG TTPAKTOPES.
Avti n povtedomoinon TMPOKUTTEL ATO EQAPUOYES, HETAEY AAAwWV, o€ TpofAnpaTa
TPOYPAUUATIOUOU EPYACLWOV KAL TIPOYpappata Swpeds tpo@ipwy (food donation). To
KUPLO ATIOTEAEG LA TG EPYAOIAG HAG eVl OTL TTAPELXE HLX SLEPEVVION TWV EYYUT|CEWV
Yyl KpLtipla SikatooUvng mou elval EQIKTA, 0Tav eival Suvatég ol TPofALPELS yia
LEPOG TNG LEAAOVTLKIG EL0OSOV TOV TTPO AN LATOG.

2.2. AvtixTuTiog Kot mIpooTifEpev adia

Apxka, oulntdue tov emotnuovikd avtiktumo tou ALGOLINC. £to mpwto péPog Tov
EPYOV HOG, T QATOTEAEOUATH HOG €@APUOlOVTAL Ot pla BepeAlwdn katnyopla
TPOLANUATWY BEATIOTOTIOINONG TTOV TPOKVTITOVV KATA TNV £MAVON TAlyViwV PndeviKoy
aBpoilopatog. Ot dvo péBodol mov avaAloape ot epyacies pag [C1l] kot [S1]
Tapovoldlovv N61 MOAAG vmooydpeva amoteAéopata. Kot ot dvo €yxouv xpdvoug
EKTEAEONG OULYKPLOWWOUG pHE TIG oLYxpoveg peBododoyieg, akoun kat He YALASeg
oTPATNYIKEG ava Taiktn. EmmAéov, oL MEPANATIKEG OLUYKPIOELS paG amoKAALYav
Katnyopleg matyviwy, oTig omoieg oL aAyoplOpol pag £xovv KaAvutepn anddoon amd Toug
TpEXOovVoeg PEBOSOVG. ZUUTEPAIVOUIE ETOUEVWG, OTL Ol aAydplBpol mov avoaAvoapue
a&lfouv kat peAAovtikn Olepevvnon, kKabBwg evdexeTal va elval QKT N TEPATEPW
EMITAXVVON TWV XPOVWwV ekTéAeonG. ETmALoy, avapévoupe OTL 0pLOUEVES LOEEG ATTO TNV
AVATITUEN TWV PHEBOSWV pHag UTTopoVV va elval XprOLUES Yio AAAEG KATNYOPLEG ALY VIwY,
EVOEIKTIKA, TAlyviat HE KUPTN-KOIAN OLUVAPTNOT WEEAELAG 1] AKOUN KL TILO YEVIKEG
katnyopieg. EKTog amd to evila@Epov yia TIg e@apUoyES HaBnong, avapéVou e emiong 0Tl
TA EMOTNUOVIKA MG amoTeAEopata o oLUBAAOUVV YEVIKOTEPX OTNV @APETPA TNG
Bewplag PeAtiotomoinong, JSedopévng ™G BepeAiwdovg @LVONG TWV  min-max
TpofAnudtwv BeAtioTomoinomng.

‘Ocov agopd v Se0TEPT CLVIOTWOA TOV £PYOU HAG, TA ATIOTEAECUATA LAG KAAVP AV EVa
VPV EAOUA AAYOPLOUIKWV KAl ALY VLIO-0ewpnTIKWV TIPoANUETWY, OTIwG SnpoTpacies
TPOUNOELWV, XPOVO-TIPOYPUAUUATIOUO €pyaciwvy, TPOBANUATH aVTILETAOEcEWY Kal
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mpofApata Sikag kKatavoung mopwv, Y Ta omolo §ev NTAV YVWOoTd TapOpoLa
amoteAéopata oto TapeABov. Ta ta meploocdtepa amd autd Ta TPORANUATH, T
mponyovpevn BLBAoypa@ia eixe emikevtpwOel og O KAXOIKES Tipooeyyloels, xwpis va
AapBavel voYm TTLXEG TTov oxeTilovtal pe TPofALPeLS. ¢ ek ToUTOU, Bewpoue TA
ATOTEAEOUATA LAG WG ETLOTNHOVLIKT TIPO080, IOV UTopel va cupdAeL Tdo0 oTov (810 ToV
oXeSloPd TALYVIOBEWPNTIKWOV PNXAVIOU®WY 000 Kal otn Bewpia Twv adyoplBuwv.
AgSopévou emiong OTL M EVvoLa TWV UNXAVIOUWV TIOV eVIoYVOVTaL attd TIPpoBAEPELS elval
Eva OYETIKA VEO LVTTOSelypa (EL0IKE Yl TIG SIUOTIPACIEG, OTIOV TU ATIOTEAECUATA HAG VLo
TI§ SnuoTpacieg mpounBelwy eival Ta TPWTA AVTOV Tov €ldoug), TpofAEmoupe OTL oL
aAYyopLOIKES 1EeG pag Ba pmopovoav va eTeKTaBoUV KoL va £X0VV EVPUTEPT] EQAPUOYT)
Kol o€ AAAa TpofBAnpata.

‘Ocov a@opd TOV KOWVWVIKO 1] OLKOVOUIKO ovTIKTUTIO, TILOTEVOUUE OTL AMALTELTAL
UEYAAVTEPO XPOVIKO SLACTNUA YLX VX UTTOPECOVHE VA AELOAOYNICOVE QUTOV TOV TUTO
avTiKTuToL, aAA& elpoote BERatol OtL autd pmopel va emitevybel paxkpompobeopa.
[IpwTOV, AVAUEVOULE OTL OPLOUEVEG LEEEG ATIO TNV EPELVA LAG GTNV TIPWTT CUVIOTWON TOV
gpyov Ba pmopolVoav va £xouv avTiktuTo otV ekmaidevon povtédwyv Babdidg uabnong
(kaBwg oplopéva amd autd TA MOVTEAX QVTIOTOLXOUV o€ Tayvidia pndevikol
aBpolopatog). 'Eva tétolo oevaplo Ba odnyovoe avamo@evkta oe PeAtiwon Ttng
TOLOTNTAG TWV EQAPUOYWV TV BaciovTal oTn UNYavIK LaBnon Kal, KAt CUVETELN, O
BeATiwon TwV UTNPECLWV TTIPOG TOUG XPNIOTES TOUG. AEUTEPOV, OGOV APOPA TNV EPEVVH LA
OXETIKA HE TOUG UNXOVIOHOUG HE evioyvom amd TPORALYPELS, TA ATOTEAECUATA HAG
eotlaoav oe peydro Babuod otig Snuompacies. Ot unxaviopol SNUOTPACLWV AELTOUPYOUV
ONUEPA O€ TAKTIKY BAon 1600 amd KLBePVNTIKOUG 600 Kol ATO LOLWTIKOUG QOPEILS.
Amotedolv eva Swaitepa SnUo@AEG gpyadeio Y TV avdBeon ummpeclwv o€
uTEPYOAQBoug (amd pHeEyaAd Epya wG aTAEG Epyacies). (1G K TOUTOU, YIVETAL TTPOPAVES
OTL 0 OXESLAONOG UNYXAVICUWY ONUOTIPACLWV HE KAAEG EYYUNOELS amddoon pmopel va
o8nNynoeL oe KaAUTEPT a&lOTOMOT TWV TOPWV, LE TILO OLKOVOULIKAE ATTOS0TIKOUG TPOTIOUG
KOl UE OETIKEG OLKOVOULKEG CUVETIELEG.
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