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Abstract

Artificial intelligence and emerging technologies are boosting research efficiency and global
competitiveness, transforming industries. They also raise important social and ethical governance
issues that require evidence-based policy decisions. This article presents a two-stage method for
identifying relevant research topics in a proof-of-concept format. The first stage involves analyzing
bibliometric records of preprints to identify key topics described by terms taken from abstracts. In
the second stage, examples of relevant peer-reviewed publications are identified based on these key
terms. This method provides a balance between a broad search for relevant topics and reliable
verification of scientific results. The data sources used are metadata from ArXiv preprints on
artificial intelligence (cs.Al 126,363 records) and emerging technologies (cs.ET 4,497 records) for
2021-2025. The study used 46,493 multi-word terms found in the annotations of cs.Al bibliometric
records. To identify relevant peer-reviewed publications, it is advisable to use artificial intelligence-
based search engines such as Semantic Scholar, Elicit, or ScienceOS to search for publications
using the terminology identified in the first stage. The study shows that the use of a controlled
lexicon allows for the identification of 4—5 groups of interpretable topics in text of abstracts,
emphasizing the importance of using terms consisting of 2—4 words to achieve optimal results.
Optimizing tasks using computing systems based on physical modeling principles supplemented
by artificial intelligence could be a promising area of research.
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AHHOTaNUA

HckyccTBEHHBIN UHTEIIICKT U IEPCIIEKTUBHBIC TEXHOJIOTUH MTOBBIIAIOT 3(h(hEKTUBHOCTh HAYYHBIX
WCCIIeIOBAaHUHN ¥ TII00ATBHYI0 KOHKYPEHTOCIIOCOOHOCTE, MTPe00pasys OTPaCcIi IPOMBIILIEHHOCTH.
OHU TarKke MOMHUMAIOT BAKHBIC COIHMAIBHBIE M ATUYCCKHE BOIPOCHI YIIPABICHHS, KOTOPHIC
TpeOYIOT TPUHATHS TIOJUTHYCCKUX pEIICHWH, OCHOBAaHHBIX Ha (aktax. B manHOW crathe
MPEJICTaBICH ABYXJTAIHBI METOJ| BBISBICHHS aKTyaJIbHBIX TeM HWCCIIEIOBaHUNH B ¢dopMmaTte
«JIOKa3aTeNIbCTBA KOHIeNIMuy. [lepBhIil 3Tan BKIIOYAET aHAIU3 OMOIMOMETPUYECKHX 3aIluceit
MPENPUHTOB C UEJIbI0 BBISBICHUS KIIOUYEBBIX TEM, OMNMCAHHBIX TEPMUHAMMU, B3SATHIMU U3
aHHoTanuii. Ha BTOpOM sTame Ha OCHOBE ATUX KIIIOUEBBIX TEPMHUHOB BBISBISIIOTCS MPUMEPHI
AKTyalIbHBIX PpElEH3UPYEeMbIX IyOnuKkanui. JlaHHBIE MeTon oOecrieynBaeT OallaHC MEXITY
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HIIMPOKHUM TIOMCKOM aKTYaJIbHBIX TEM M HaJIe)KHOH MPOBEPKOI HAyYHBIX Pe3ynbTaToB. B kauecTBe
WCTOYHUKOB JAHHBIX HCIONB3YIOTCS MeETalaHHBIE MPEeNpPHUHTOB ArXiv O HCKYCCTBEHHOMY
naTeIeKTy (cs.Al 126 363 3ammcu) u nepcnextuBHble TexHonorusaM (cs.ET 4497 3amuceit) 3a
2021-2025 ronpl. B uccnenoBanuu ucnoias30Banuch 46 493 MHOrOCIOBHBIX TEPMUHA, HAMICHHBIX
B aHHOTanWsAX OuOmmomerpmueckmx 3ammceil cs.Al. s BBISBIGHHS COOTBETCTBYIOIINX
pEeleH3UpPYEMBIX MyONMUKaMid PEeKOMEHIYETCS HCIOIh30BaTh MOWCKOBHIE CHCTEMBI HAa OCHOBE
HCKYCCTBCHHOTO MHTEJUIEKTa, Takue kKak Semantic Scholar, Elicit unu ScienceOS, 4ToObI HalTH
MyONMKaluK ¢ UCIIOJIb30BaHMEM TEPMHHOJIOTHH, ONPE/ICIICHHON Ha TIepBoM 3Tarne. MccnenoBanue
MTOKA3bIBAET, YTO MCIIOJIb30BAHUE KOHTPOIHUPYEMOTO JIEKCHKOHA TTO3BOJISET BRIICIUTE 4—5 Tpymnn
WHTEPIPETUPYEMBIX TEM B TEKCTaX aHHOTALWH, MOAYEPKHBAs BAXKHOCTh HCIOJIB30BaHHS
TEPMHUHOB, COCTOSIIINX U3 2—4 CJIOB, I JOCTHKECHHUS ONTHMAIBHBIX pe3yabTaToB. ONTUMHU3ALNS
3a/lad  C WCHOJB30BAHWEM BBIYNCIUTENFHBIE CHCTEMBI Ha NPUHIMNAX (HHU3HUECKOTO
MOJIETTUPOBAHMS, JOMOJHEHHBIX WMCKYCCTBEHHBIM WHTEIUIEKTOM, MOXKET CTaTh IMEPCIeKTHBHOM
TEMOH.

KuaroueBbie cioBa: OMOTMOMETPUYIECKUI aHATN3; UCKYCCTBEHHBIH MHTEIIIEKT; MEPCIIEKTHBHEIC
TEXHOJIOTHH;, METa/IaHHbIC IPETIPUHTOB; KITFOUEBHIE TEPMHUHEI; pEIIEH3UPYEMbIE TyOINKAIINN
dunancupoBanue: Pabora BeIonHeHa B pamkax rocyaapcrseHnoro 3aganus UITHI PAH (Tema
No 125021302095-2).

Jas uutupoBanus: Ynrapes b.H. KaptupoBanue mayunoro nanamadra: OHOIHOMETpHUYECKUIT
aHanu3 uccienosanuii UM u mepcneKTUBHBIX TEXHONOTHI Ha 6a3e ArXiv // HayuHslit pe3ynbTar.
Nudopmanmonnsie Texnonoruu. — T.11, Ne2, 2026. — C. 91-108. DOI: 10.18413/2518-1092-2026-
11-2-0-8

INTRODUCTION
Relevance of the topic Artificial Intelligence and Emerging Technologies

Artificial Intelligence (AI) and Emerging Technologies significantly influence scientific progress,
improving the efficiency of research and innovation in various disciplines. In economics, they are changing
the landscape of industries and global competitiveness [1]. From a scientific point of view, Al serves as a
mechanism for formulating and testing hypotheses, accelerating research [2]. The rapid development of
technology also raises pressing social, ethical, and governance issues that require sound, evidence-based
policies [3].

Importance of Bibliometric Analysis for AI & Emerging Technologies

Bibliometric analysis plays a key role in understanding contemporary challenges and trends in the
dynamic field of AI & Emerging Technologies. This method provides a systematic and quantitative basis
for evaluating the extensive literature published on the subject, in contrast to traditional qualitative reviews.
By conducting a quantitative analysis of publication metadata, including citations, keywords, authors, and
institutions, bibliometrics provides an objective picture of publication activity [4]. In addition, analyzing
the co-occurrence of keywords allows researchers to identify new “hot topics” and determine less-studied
areas or gaps in research that require further investigation [5, 6].

When conducting bibliometric analysis in the field of artificial intelligence and new technologies,
Scopus and Web of Science (WoS) are invariably the main and preferred sources of data, while Arxiv is
used much less frequently [7]. This is understandable, since Scopus and WoS are commercial, curated
databases that mainly index articles from authoritative peer-reviewed journals and conference proceedings.
The peer review process is important for ensuring the quality and reliability of academic analysis. Arxiv,
on the other hand, serves as a preprint server that allows for the rapid dissemination of research results but
does not guarantee their quality, making it less suitable for the final selection of publications. However, in
the preliminary stage of analyzing current topics, Arxiv provides a good overview of current research topics
and new algorithms, allowing researchers to quickly familiarize themselves with the full texts of new
publications. Moreover, industry R&D is often limited to preprints and does not publish articles in peer-
reviewed journals.
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ArXiv serves as an important source of preprints in the field of computer science, indexed by
significant bibliographic databases such as Scopus and Web of Science. They are of considerable value
because they provide insight into current research topics, as they are usually made publicly available 1-2
years before the corresponding peer-reviewed articles appear.

The current trajectory of AI R&D shows that private companies operating in the digital economy,
such as Google and Facebook, are playing an increasingly prominent role in fundamental research that was
previously the preserve of academia. For example, at the 2022 Neural Information Processing Systems
(NeurIPS) conference, the largest annual conference on AI/ML, Google (including DeepMind), Microsoft,
and Meta accounted for 12.60% (361) of all accepted papers (2,866), more than twice as many as the second
most represented institution, Stanford University [8]. The majority of R&D funding for Al originates from
the private sector. In 2022, just 100 companies funded 40% of all AI R&D. Large firms with over 250
employees perform 89% of private-sector Al R&D, indicating that industry has the capital and
infrastructure to lead the field.

This article proposes a two-stage approach to identifying relevant research topics in a proof-of-
concept format. The first stage involves analyzing numerous bibliometric records of preprints to identify
widely represented research topics. The phraseology used is identified from the abstracts of these same
data. In the second stage, based on the previously identified keywords, relevant implementations are found
in peer-reviewed publications. This approach provides an optimal combination of speed of information
retrieval and reliability of scientific results verification.

No direct analogues to the study were found in accessible publications.

ArXiv preprints related to the topics of Artificial Intelligence (cs.Al) and Emerging Technologies
(cs.ET) are used as examples.

MATERIALS AND METHODS

The study was based on bibliometric records exported from the arXiv database for 2021-2025 on the
topics of “Artificial Intelligence” (cs.Al) and “New Technologies” (cs.ET), relevant as of December 3,
2025. The export was performed using the arXiv OAI-PMH client. Without deduplication, 126,363 records
were downloaded from (cs.Al) and 4,497 from (cs.ET). No duplicates were found in the records. All records
had a completed “Abstract” field.

For (cs.ET), only two records with identical English abstracts but different titles were found:
ID 2404.11277; “Quantum-inspired Techniques in Tensor Networks for Industrial Contexts” and ID
2404.17645; “Técnicas Quantum-Inspired en Tensor Networks para Contextos Industriales.” The
difference between them was that the first preprint was in English, while the second was in Spanish.

For (cs.Al), the share of preprints over 5 years with subsequent peer-reviewed publications is 10.9%.
For (cs.ET), the share of preprints over 5 years with subsequent peer-reviewed publications is 25.6%.

Possible explanation: quite often, authors of Al algorithms and methods limit themselves to writing
preprints as a detailed explanation of their work and obtaining a DOI.

The study used 46,493 multi-word terms (lowercase letters, no hyphens, lemmatized, deduplicated)
found in the abstracts of cs.Al bibliometric records.

A regularly updated dictionary containing 256,000 replacement strings was used for lemmatization.

This dictionary was used for lemmatization of titles and abstracts, as well as a lexicon of multi-word
terms frequently found in the abstracts of records related to the topic cs.Al, which will further be referred
to as a controlled lexicon on the topic of Al

The VOSviewer program, version 1.6.20 [9], was used to construct graphs of the co-occurrence of
key terms and their clustering.

The occurrence of terms from the Al lexicon in the combined records of titles and abstracts was
performed using the ugrep utility.

Note: In this work, key terms and keywords are used interchangeably.
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RESULTS AND DISCUSSION

AI keyword analysis

The terms from the Al lexicon found in each of the combined title and abstract records were
deduplicated, resulting in the formation of a field of key terms, which was subsequently used in a similar
way to the “Index Keywords” field in Scopus bibliometric records. For brevity, this field will be referred
to as “Al Keywords”. Figure 1 shows the result of clustering “Al Keywords” using the VOSviewer
program.
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Fig. 1. Landscape of Al research based on Al Keywords co-occurrence according to ArXiv data
(2021-2025)
Puc. 1. JJangmadt uccnenoanuii B oo6mactu 1M Ha 0CHOBE COBMECTHOI BCTPEYaEMOCTH KJIFOUEBBIX CIIOB
o maHabpIM ArXiv (2021-2025 rr.)

When constructing the graph, 45,263 terms were identified, of which 8,165 occurred more than 5
times. The graph was constructed based on the 1,000 terms with the highest total link strength. Five clusters
were obtained. Cluster 1 — 284 terms; Cluster 2 — 254 terms; Cluster 3 — 228 terms; Cluster 4 — 195 terms;
Cluster 5 — 39 terms. Thus, the four primary clusters reflect the main topics of ArXiv publications. Summary
of the graph based on data from app.vosviewer.com: Items: 1000 | Links: 192,279 | Total link strength:
1,123,885 | Clusters: 5.

The most frequently occurring terms that reveal the general theme of all bibliometric records: large
language model, fine tune, reinforcement learning, machine learning, deep learning, neural network,

artificial intelligence, pre train, high quality, decision making. It should be noted that the figure shows
lemmatized terms.
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The use of a controlled lexicon on a large sample (126,363 entries) yielded a small number of clusters
with clearly interpretable themes.

The terms in all tables are presented after lemmatization, in the form in which they are used in the
prepared text of the title and abstracts, as well as in the lexicon used for searching.

Table 1 shows the 20 most frequently occurring terms in the first cluster (red) and their Total link
strength and Occurrences.

Table 1
The 20 most frequently used terms in the first cluster, revealing the theme of state-of-the-art approaches
used by Al
Tabauya 1

20 HanboJsee 4acTo UCMOIb3YEMBIX TEPMUHOB B IIEPBOM KJIACTEPE, PACKPHIBAIOIIEM TEMY
IIEPEAOBBIX MOJIX0I0B, ucnoyb3dyemerx MU

label Total link strength | Occurrences
state of the art 54054 12888
pre train 31378 6050
fine grain 17322 3961
base model 16432 3501
downstream task 15976 3116
generative model 11827 2764
computer vision 13433 2759
diffusion model 11545 2689
real world dataset 10028 2394
graph neural network | 9009 2377
attention mechanism | 10108 2242
multi modal 10010 2182
grind truth 8732 2105
supervise learn 10435 2083
representation learn 9498 2014
contrastive learn 8471 1732
achiefe state of the art | 7520 1702
latent space 7325 1686
data augmentation 8323 1677
transfer learn 8000 1517

Considering the terms pre train, fine grain, base model, downstream task, generative model, a
possible relevant topic could be formulated as the adaptation of a basic generative model to a specific
applied task.

Examples of publications that reveal the formulated task include:

The authors of [10] introduced GraphPrompt as a new framework that integrates pre-training and
prompting for graph neural networks, addressing the substantial supervision needed in supervised learning.
It standardizes the pre-training and downstream tasks within a common template and utilizes a learnable
prompt to effectively guide the downstream task in identifying relevant knowledge from the pre-trained
model in a task-specific way.

Transfer learning is essential for training deep neural networks on new tasks. This method involves
two stages: pseudo pre-training, which utilizes an artificially synthesized dataset from conditional source
generative models, and pseudo semi-supervised learning, which employs semi-supervised learning
algorithms on labeled target data and generated unlabeled pseudo samples created by combining the source
classifier with generative models [11].

Table 2 shows the 20 most frequently occurring terms in the second cluster (green) and their Total
link strength and Occurrences.
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Table 2
Top 20 terms in the second cluster, revealing the topic of large language models
Tabauya 2
20 naubosee 4aCTOTHBIX TEPMUHOB BO BTOPOM KJIACTEPE, PACKPHIBAIOLIUX TEMY OOJIBIINX
SI3BIKOBBIX MOJIEIEN

label Total link strength | Occurrences
large language model 69504 18639
fine tune 46408 9140
artificial intelligence 22312 6318
language model 24204 5889
high quality 26150 5692
open source 23114 5389
train data 24523 5294
natural language process 17340 3609
natural language 15692 3595
zero shoot 16989 3469
ai system 9136 2717
domain specific 12109 2341
knowledge graph 8852 2175
question answer 8688 1866
generative ai 5705 1735
evaluation metric 7315 1725
retrieval augment generation | 6517 1510
synthetic data 7235 1465
large model 6940 1450
code generation 5493 1271

This topic can be described using the following sequence of terms: large language model, fine-tuning,
high quality, open source, domain specificity are the main properties required for the model. To achieve
this, you will need: training data, natural language processing, synthetic data, knowledge graph,
evaluation metrics. Next are the areas of application: Al system, questions and answers, generative Al
retrieval augment generation, code generation.

Examples of publications that reveal the stated task include:

Fine-tuning entails further training a pretrained model, such as a Large Language Model (LLM), on
a custom dataset to tailor it for specific tasks. The review [12] discusses key methodological strategies for
fine-tuning LLMs, outlines general steps for the process, and presents specific use cases within medical
subspecialties to demonstrate these approaches.

The advancement of Large Language Models for specific applications in materials science and
engineering relies on fine-tuning strategies tailored for technical capabilities. The study [13] investigates
the impacts of Continued Pretraining, Supervised Fine-Tuning, and preference-based optimization methods
like Direct Preference Optimization and Odds Ratio Preference Optimization on LLM performance. Results
indicate that merging multiple fine-tuned models can produce capabilities beyond those of individual
models, highlighting model merging as a transformative process that fosters significant advancements
through nonlinear interactions between model parameters.

Table 3 shows the 20 most frequently occurring terms in the third cluster (blue) and their Total link
strength and Occurrences.
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Table 3
Top 20 terms in the third cluster, revealing the topic of machine learning
Tabauya 3
Tomn-20 TepMHUHOB B TPEThEM KJIacTepe, paCKphIBAIOIIEM TEMY MAIIMHHOTO O0y4eHuUs
label Total link strength | Occurrences
machine learn 32342 8109
deep learn 32200 7263
neural network 25772 6679
real time 20104 4786
deep neural network 13535 3276
model performance 14450 3052
deep learn model 13097 2763
black box 11796 2663
machine learn model 9644 2282
high accuracy 8932 2031
loss function 8623 1937
federate learn 7071 1893
convolutional neural network | 8456 1790
image classification 7721 1494
deep learn base 6253 1401
large numb 5227 1279
anoma detection 5299 1198
model architecture 5590 1193
feature extraction 5833 1181
train dataset 5285 1085

This topic can be described using the following sequence of terms: machine learning, deep learning,
deep neural network, deep learning model, machine learning model, federated learning, these terms reflect
the subject matter itself. To implement this, a train dataset and large numbers are required. Implementation
requires: real time, high accuracy, loss function, and feature extraction. The main applications are: image
classification and anomaly detection.

If train data is used for a large language model, then for machine learning — train dataset.

Examples of publications that reveal the task described by the terms machine learning, real time,
deep neural network, and model performance:

A computer vision approach for real-time object detection on low-power devices is both economically
appealing and technically challenging. The paper [14] presents benchmark results on popular deep neural
network models, offering insights into the trade-offs among accuracy, speed, and computational efficiency.

The paper [15] discusses benchmarks for popular deep neural network models, focusing on trade-offs
among accuracy, speed, and computational efficiency crucial for real-time operation in production. It
highlights the impact of inference latency, throughput, and resource utilization on user experience, service
reliability, and operational costs. The paper emphasizes the necessity of real-time monitoring to address
inconsistencies in input data and workload fluctuations, ensuring efficiency and integrity across various
deployment environments, including cloud-hosted services, data centers, and edge devices.

Table 4 shows the 20 most frequently occurring terms in the fourth cluster (khaki) and their Total
link strength and Occurrences.
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Table 4
Top 20 terms in the fourth cluster, revealing the topic of reinforcement learning
Tabruya 4
Ton-20 TepMUHOB B YETBEPTOM KJIACTEPE, PACKPBIBAIOIIEM TEMY OOYYECHHS C TOJIKPEIICHUEM

label Total link strength | Occurrences

reinforcement learn 33978 8374

decision make 22983 5526

high level 12572 2882

multi agent 10521 2581

deep reinforcement learn | 7986 2043

model base 8515 1940

autonomous drive 7448 1578

success rate 6232 1516

reward function 5853 1284

optimization problem 4476 1215

low level 5664 1214

prior knowledge 5333 1199

real world data 4255 987

learn algorithm 3592 969

autonomous vehicle 4078 968

multi agent system 3544 894

imitation learn 3538 858

human feedback 4353 843

reward model 3793 760

learn framework 3151 742

Deep reinforcement learning is a highly sought-after topic, especially in tasks such as decision
making, multi-agent systems, autonomous driving, and autonomous vehicles. To achieve this, it is necessary
to have: real-world data, prior knowledge, imitation learning, human feedback, and a learning framewortk.

Examples of publications that reveal the task described by the terms deep reinforcement learning,
decision making, and multi-agent system:

The article [16] aims to provide an overview of current multiagent deep reinforcement learning
(MDRL) literature, revisiting key components adapted from MAL and RL. It also offers guidelines for new
practitioners, discusses lessons learned, recent benchmarks, and outlines research opportunities.
Additionally, it critically addresses practical challenges associated with MDRL, such as implementation
and computational requirements.

The article [17] discusses the significance of multiagent deep reinforcement learning (MADRL) in
scenarios where multiple agents must communicate and collaborate to tackle complex tasks. It surveys
various approaches to addressing challenges in MADRL, including nonstationarity, partial observability,
continuous state and action spaces, multiagent training schemes, and transfer learning. The merits and
drawbacks of these methods are analyzed, along with their applications.

The fifth cluster is the smallest, so we will only provide a list of the main terms describing it:
foundation model, task specific, pre-train model, vision language model, multimodal large language model,
continual learning, catastrophic forgetting, vision language, visual question answering, mixture of experts,
image captioning, image and text, parameter efficient, parameter efficient fine-tuning, large vision
language model, low rank adaptation, vision model, vision and language, large multimodal model,
multimodal LLM. The most interesting topics seem to be vision language model, large vision language
model, image and text.

The use of a controlled thematic lexicon in combination with extensive bibliometric records leads to
the formation of a limited number of easily interpretable clusters. During text analysis, spelling errors or
new terms are inevitably identified, but since the lexicon is a regular text file, it is easy to make changes
to it.
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ArXiv has its own categorization of research topics, which is quite compact and uses few defining
terms. However, due to the large number of exported bibliometric records, it is possible to construct a
network reflecting the connection between publications on the topic cs.Al and other classes. The results are
shown in Figure 2.
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Here: cs.Al — Artificial Intelligence; cs.CV — Computer Vision and Pattern Recognition; c¢s.CL —
Computation and Language; cs.RO — Robotics; cs.HC — Human-Computer Interaction; cs.IR —
Information Retrieval; cs.CR — Cryptography and Security.

For more detailed information, visit: https://arxiv.org/category taxonomy

Summary of the graph based on data from app.vosviewer.com: Items: 145 | Links: 2944 | Total link
strength: 322443 | Clusters: 7

All variants of the VOSviewer layout algorithms were tested for best readability in network
visualization, and the LinLog method was chosen to improve the distinguishability of node clusters and
clarity between clusters.

ET keyword analysis

Terms from the AI lexicon found in each of the combined records of titles and abstracts of
bibliometric records belonging to the cs.ET class and formed as “ET Keywords.” Figure 3 shows the result
of clustering “ET Keywords” using the VOSviewer program.


https://arxiv.org/category_taxonomy

H.A.yLIHbIM Chigarev B.N. Mapping the Scholarly Landscape: A Bibliometric Analysis of Al and Emerging 100
PEBYJ-[E)T AT Technologies on ArXiv // Research result. Information technologies. - T.11, Ne2, 2026

R ESE AR C H 'RFEU[T

leaky integmate and fire

¢ domajp wall
n],agnetlct e ctioh
~alrtﬁ(l;ll‘pdneuron
g &
nonvola R oy splke‘*n twork @ reservdingomputer
high density® ~_@.@ neur compute®
®

remstlv!andor@caes emory

memafy array accumulate operanan 1| phyBicalgesapyoir Sompute
memor“mﬁutﬁ : ";paiauigmmodulamr
vola;n*emor ’ X \mtegr ‘?”"'t probabilistic compute
‘: V\ﬁﬂk 5 ize machine
# L@ time tosolution

@ field programmable gate array

% reversesanneal
boltzmann machine

photonic 'ﬁsor co atr
energw éw p
intelligeat system v A
analogue content a dressab *ﬁrn
artificia Ihg

® tensor process unit cOmbinatorial optimization pro
monte caklo figure of merit

5

® evolutionagy algerithm quantum anneal
state gffthe art ;

bite eqgor rate S ¢ mac €arNs e  quadratic unconstraine binary
molecular zwmunication kP hoNpOIeC f.:vard ¢ \ genetic algorithimp i e compute
. {
ign fautoho vehicle® ' A @ matrix praduct state vehicle route problem
signale molecule comﬁumcatw‘s technolagy n?' ® classical gounterpart
ecisign tree dot
. fmuen'?ytemw thing’ <@ Slgn e @  Classicaligomputer *
. t J® / lagge Ian%gemodd w oy - quantumbardya .
ccesg poin ’ 3
noisglyatio, gercgie s @ want mpute ™
channelgstat@information reinforc nt learn oy \
@ digitaltwin e Griocqgnt g antu mpter
recohflgurabWteIllgent sur @ computgscience. @
physical lager security. sManﬁ!:ommumcanon sivam gnd H Va”at'on.a’qﬁmum circuit = L A
user equipment Y v1rtuaj‘|;e'ahty, explainable ai = ;oﬁwar@ngineer ® quanwl‘ric.u't quantum utility
| J Qagewtlonw deep reinfoggement learn quantum federate learn ® ‘ @
2 augme[g reality distribute quaptum compute
m ey & - b > Cad bt L ] decisiongdiagram . 200

. Zitarnate gptimization , munich guaptum toolkit e
fVOSviewer G 1o

Fig. 3. Landscape of research topics in the field of Emerging Technologies based on the co-occurrence
of ET keywords according to ArXiv data (2021-2025)
Puc. 3. Jlanamadt uccieoBaTeNbCKUX TEM B 00JIaCTH MEPCHEKTUBHBIX TEXHOIOTHI HAa OCHOBE
COBMECTHOH BcTpeuaeMocTH KitoueBbiX ciioB ET o ganaeiM ArXiv (2021-2025 rr.)

Summary of the graph based on data from app.vosviewer.com: Items: 300 | Links: 4293 | Total link
strength: 10805 | Clusters: 5

A significant difference between Emerging Technologies and Al are clusters: #3 with terms: quantum
computing, quantum computer, quantum circuit, quantum hardware, quantum computation, quantum
machine learning; #4 with terms: quantum annealing, combinatorial optimization problem, Ising Machine,
quadratic unconstrained binary optimization, quantum annealers, combinatorial optimization, Monte
Carlo; and #1, in which the term energy efficiency appears among the terms machine learning, neural
network, artificial intelligence, deep learning, neuromorphic computing, and deep neural network. The
latter may indicate that the methods listed are important for energy efficiency and that energy is important
for implementing these methods.

Table 5 shows the 20 most frequently occurring terms in the first cluster (red) and their Total link
strength and Occurrences.
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Table 5
Top 20 terms in the first cluster (red) reflecting the current tasks of Emerging Technologies
Tabauya 5
20 HanboJee YacTo BCTPEUYAOIIUXCS TEPMUHOB B TIEPBOM KilacTepe (KPacHBIH I[BET), OTPAYKAFOIINX
TEKYIIHE 33/1a4M B 00JIACTU MIEPCIIEKTUBHBIX TEXHOJIOTHIA

label Total link strength | Occurrences
machine learn 1138 425
neural network 928 352
energy efficiency 720 288
artificial intelligence 583 268
deep learn 510 207
neuromorphic compute 399 165
deep neural network 366 150
memory compute 364 136
spike neural network 263 121
artificial neural network 252 90
reservoir compute 158 79
convolutional neural network | 219 78
neuromorphic hardware 181 71
matrix multiplication 173 60
optical neural network 159 59
volatile memory 126 58
photonic neural network 143 55
integrate circuit 95 52
magnetic tunnel junction 128 50
activation function 144 45

Energy efficiency is a crucial term within the context of machine learning, neural networks, and
artificial intelligence, highlighting the significant energy costs associated with these technologies.

This topic covers various aspects such as energy efficiency, optimizing energy networks, and data
center energy use for Al, supported by relevant publications.

The research [18] examines the application of Machine Learning and Al in enhancing energy
efficiency, predicting energy consumption trends, and optimizing energy systems in the USA. Utilizing
datasets related to household energy usage, electric vehicle trends, and smart grid analytics, the study
employs advanced techniques like deep learning, regression models, and ensemble learning to improve
forecasting accuracy for better resource allocation.

The integration of Artificial Intelligence into energy systems enhances smart grid infrastructures by
automating processes, improving demand forecasting, and optimizing grids. However, this combination
introduces significant challenges concerning safety and security. The paper [19] analyzes the cybersecurity
implications of Al in smart grids, focusing on the role of IoT systems and decentralized energy resources,
while evaluating existing cybersecurity frameworks to identify vulnerabilities within an Al-enabled grid
ecosystem.

Large language models (LLMs) are transforming technology and daily life, driven by extensive
training on vast datasets. However, the significant electricity demand for their training and inference
presents a critical challenge. The review paper [20] examines the LLM lifecycle, focusing on estimating
electricity consumption and carbon emissions using statistical data.

Table 6 shows the 20 most frequently occurring terms in the second cluster (green) and their Total
link strength and Occurrences.
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Table 6
Top 20 terms in the second cluster (green) reflecting the current tasks of Emerging Technologies
Tabauya 6
20 HanboJIee YacTO BCTPEUYANOIIUXCSI TS PMHUHOB BO BTOPOM KJ1acTepe (3€JICHBI I[BET), OTPAXKAFOIIUX
TEKYIIHE 33/1a4M B 00JIACTH MIEPCIIEKTUBHBIX TEXHOJIOTHIA

label Total link strength | Occurrences
molecular communication 96 90
internet of thing 135 87
reconfigurable intelligent surface 152 82
base station 90 35
unman aerial vehicle 77 32
deep reinforcement learn 92 30
noise ratio 76 30
communication technology 31 24
energy harvest 43 24
radio frequency 48 23
random forest 64 22
alternate optimization 56 21
user equipment 42 21
bite error rate 52 20
channel estimation 42 20
channel state information 38 20
integrate sense and communication | 42 20
intelligent reflect surface 40 20
spectral efficiency 48 19
chemical reaction network 20 18

The reconfigurable intelligent surface ranks third in frequency, but has the highest Total link strength,
as does the Internet of Things. The Internet of Things, reconfigurable intelligent surfaces, and base stations
are important in communication technology, involving energy harvesting, radio frequency, and channel
state information.

More details on this task can be found in [21], which offers a review and categorization of current
RIS positioning research, along with insights into future directions. Reconfigurable intelligent surfaces
(RIS) are proposed as a potential technology for 6G wireless communication, particularly in integration
with [oT for positioning applications.

Another topic worthy of attention may be the one described by the terms: molecular communication
and chemical reaction network.

Molecular communication aims to transmit information using molecules, while chemical reaction
networks offer models and methods for this.

Table 7 shows the 20 most frequently occurring terms in the third cluster (blue) and their Total link
strength and Occurrences.

Table 7

Top 20 terms in the third cluster (blue) reflecting the current tasks of Emerging Technologies

Tabnuya 7
20 Haubosee yacTo BCTPEUAIOUINXCS TEPMUHOB B TPEThEM KJIacTepe (CMHUI LBET), OTPaXaroIINX
TEKYIUE 3a/1a41 B 00JIACTH HOBBIX TEXHOJIOTUH

label Total link strength | Occurrences
quantum compute 1128 486

quantum computer 738 305

quantum circuit 653 303

quantum hardware 360 117

quantum computation 226 96
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quantum machine learn 296 86
reinforcement learn 172 76
classical computer 213 63
quantum approximate optimization algorithm | 134 59
state of the art 103 46
quantum neural network 151 39
computer science 65 38
quantum error correction 93 38
variational quantum algorithm 105 36
classical counterpart 117 35
search algorithm 52 27
quantum process unit 65 26
software engineer 51 25
parameterize quantum circuit 82 24
variational quantum eigensolv 60 23

The dominant theme of this cluster revolves around quantum computing and its application in
quantum reinforcement learning (QRL). Key concepts include quantum circuits, quantum hardware, and
quantum machine learning. QRL involves utilizing principles and algorithms from quantum computing to
improve the efficiency of classical reinforcement learning systems. The distinct feature of quantum
principles, like superposition, enables an reinforcement learning agent to simultaneously explore multiple
states and actions, thereby accelerating the learning process.

A good instance is the publication [22], which highlights Quantum Reinforcement Learning through
Variational Quantum Circuits, achieving a 90% reduction in trainable parameters and enhanced efficiency
in reinforcement learning tasks, emphasizing QRL's scalability and suitability for complex scenarios.

Table 8 presents the 20 most frequently occurring terms in the fourth cluster (khaki) and their Total
Link Strength and Occurrences.

Table 8
Top 20 terms in the fourth cluster (khaki) reflecting current tasks in Emerging Technologies
Tabnuya 8
20 Hauboee yacTo BCTPEUAIOIINXCS TEPMUHOB B YETBEPTOM KJIacTepe (XakH), OTpakaloluX TEKyIIHe
3a7a4¥ B 00JIACTH HOBBIX TEXHOJIOTHIA

label Total link strength | Occurrences
quantum anneal 269 110
combinatorial optimization problem 257 100
ize machine 155 76
quadratic unconstraine binary optimization | 175 64
quantum annealers 149 59
combinatorial optimization 126 43
monte carlo 98 37
simulate anneal 121 35
proof of concept 56 27
travel salesman problem 60 25
probabilistic compute 51 20
genetic algorithm 44 17
differential equation 34 14
random numb generator 40 14
coherent ize machine 31 13
full connect 35 13
boltzmann machine 45 12
stochastic magnetic tunnel junction 38 12
boolean satisfiability 24 11
random numb generation 26 11
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The main topic is devoted to solving complex combinatorial optimization problems using methods
inspired by quantum mechanics or statistical physics. Key concepts include Ising Machine, quantum
annealers and Quadratic Unconstrained Binary Optimization designed to efficiently solve problems in this
area.

Examples of peer-reviewed publications that explore this topic include:

Quantum annealing (QA) effectively addresses combinatorial optimization problems, showcasing its
practical use in contrast to classical simulated annealing methods through recent studies [23].

Quantum annealing demonstrates potential advantages over classical methods in addressing
combinatorial optimization problems, highlighted by a comparative analysis of its strengths and limitations.
The study [24] evaluates specific problems, such as the Traveling Salesman Problem and Quadratic
Assignment Problem, while discussing performance metrics and scalability.

The fifth cluster reflects the topic of large language models, which is well represented in Table 2. To
avoid overloading this article, it will not be discussed here.

Using exported bibliometric records related to the cs.ET class, a network was constructed reflecting
the relationship between cs.ET and other classes. The results are shown in Figure 4.
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Fig. 4. Network of co-occurrence of ArXiv classes to which records on the topic ¢s.ET
(Emerging Technologies) are assigned
Puc. 4. Cetb coBMECTHOI BCTpedaeMOCTH Ki1accoB ArXiv, K KOTOPbIM OTHECEHBI 3alHCH
o Teme ¢s.ET (IlepenoBrie TeXHOIOTHN)

Summary of the graph based on data from app.vosviewer.com: Items: 70 | Links: 884 | Total link
strength: 13430 | Clusters: 8.

In the graph, the red cluster cs.ET, associated with the quant-ph class, has 1015 occurrences, while
the green cluster cs.Al has 740 occurrences, indicating that cs.Al is not the most common class co-occurring
with cs.ET.
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Table 9 shows the main characteristics of the most common classes presented in Figure 4.

Table 9
Five most frequently occurring classes in records related to cs.ET
Tabauya 9
[1aTh HanboOEE YacTO BCTPEUYAIOIIMXCS KJIACCOB B 3aMKCsX, OTHOCSIUXCS K ¢S.ET
label Total link strength | Occurrences | Avg. pub. year
cs.et 7693 4497 2023.4505
quant-ph | 1768 1015 2022.8108
cs.lg 2130 794 2023.8275
cs.ai 2102 740 2024.2689
cs.ar 855 406 2023.4433

In the context of cs.ET, cs.Al topics rank only third after quant-ph and c¢s.LG (Machine Learning),
but they appear more frequently in new publications: Avg. pub. year =2024.2689. And Total Link Strength
for cs.Al is greater than that for quant-ph.

Note: quant-ph — Quantum Physics; ¢s.LG — Machine Learning; cs.AR — Hardware Architecture.

The intersection of cs.ET and cs.Al topics can be effectively defined through the use of preprint
metadata, which offers public and rapid access. For selecting trustworthy sources as research examples, it
is advisable to concentrate on publications found in highly ranked journals.

Data obtained can identify relevant publications in peer-reviewed journals. The sample includes
works related to ¢s.ET and cs.Al, with the ArXiv platform allowing retrieval of DOISs for publications where
preprint materials are posted.

As an example, let us consider the topic of decision-making and its implementation in the fields of
cs.ET and cs.Al Analysis of exported bibliometric data shows that such work could be the article [25], in
which "The authors developed Yodeai to enhance knowledge work processes, enabling information
professionals to explore and synthesize unstructured data, such as product reviews and customer interview
transcripts, through interactive widgets—customizable templates that convert unstructured data into
structured insights".

Experts in their field are well acquainted with publications on their subject, but less familiar with
research in related fields. A formalized approach to searching for relevant topics can facilitate the study of
issues beyond familiar boundaries, in particular by transferring knowledge from other fields facing similar
problems. However, experts rarely conduct comprehensive bibliometric analysis in related fields of
knowledge.

SEVERAL ASPECTS CONCERNING FURTHER WORK WITH THE LEXICON

This section highlights the need for further research on the compilation and editing of controlled
vocabularies. The VOSviewer program used in bibliometric analysis employs 1,000 terms by default to
construct a network of related terms. First, terms that appear 5 or more times are selected, and from these,
1,000 terms with the highest overall connection strength are picked. Analysis of the cs.Al sample shows
that of these 1,000 terms, 29 consist of 5 words, 43 consist of 4 words, 247 consist of 3 words, 659 consist
of 2 words, and indicates 22 terms that should be excluded from the lexicon, such as state of the art large
language model.

Given that there are only a few terms containing five words, it is advisable to manually save only
those that are relevant to the research being conducted, such as: pre train large language model, multi
modal large language model, fine tune large language model, cooperative multi agent reinforcement
learning, multi agent deep reinforcement learning. Such a change in the lexicon is largely subjective, but
subjectivity is unavoidable when analyzing text to identify relevant topics for research. The same applies
to terms consisting of 4 and fewer terms, but this is a more extensive task.

Further research should analyze the sequence of searching for multi-word terms. In this work, the
search for the longest substrings was implemented first, followed by shorter ones. However, a more accurate
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method should take into account the “shielding” effect of words in complex terms. For example, in a
situation where the phrase “supervise fine tune large language model” is present in the text, but there is no
corresponding long term in the lexicon, the term “fine tune large language model” may overshadow the
match for “supervise fine tune.”

Another issue not addressed by this research method is that repeated terms can be important,
especially when comparing abstracts using the weighted Jaccard similarity coefficient. In abstracts, the
abbreviation is often written with its full form the first time it appears, and then only as an abbreviation
thereafter. However, abbreviations can have different meanings in a set of texts, for example, A2A — agent
to agent; all-to-all; agriculture to agriculture; or AA — autonomous agent; authorship attribution; actuation
attacks; adversarial attacks; anomaly assumption; archetypal analysis. Therefore, abbreviations must be
replaced separately in each abstract.

CONCLUSIONS

The study shows that using a controlled lexicon of multi-word terms from titles and abstracts, as an
analogue to Scopus Index keywords, yields easily interpretable results. This highlights 45 clusters of co-
occurring terms that effectively describe understandable topics. This applies to both a large sample of
126,363 bibliometric records and an average sample of 4,497 records. The study results suggest focusing
on terms consisting of 2-4 words to achieve optimal results.

Updating and editing a controlled lexicon is the most time-consuming process, primarily because it
is difficult to formalize as it is quite subjective. This subjectivity affects the prioritization of relevant
research topics. The need to precisely define key terms arises from the absence of keywords in many
exported records from high-quality sources of bibliometric records, such as ArXiv, OnePetro, and
Dimensions.ai.

The proposed two-stage method for identifying promising research topics, which involves extracting
relevant terminology from a large sample of new open-access preprints and then conducting a targeted
search for related publications in highly cited journals, has shown its effectiveness. To identify relevant
peer-reviewed publications, both ArXiv metadata and artificial intelligence-based search engines such as
Semantic Scholar, Elicit, or ScienceOS can be used to find publications based on the terminology found in
the first stage.

Among promising research topics, it is worth highlighting one that lies at the intersection of cs.Al
and cs.ET: solving complex combinatorial optimization problems using physical systems inspired by
quantum mechanics or statistical physics and Al That is, the use of a hybrid algorithm in which a quantum
processor or its simulation solves combinatorially complex problems, while classical Al optimizes
parameters to find the global minimum. Al acts as a “parameter optimizer.” It tunes the quantum circuit to
obtain increasingly accurate results, learning at each stage.

Among the tasks that need to be continued as separate studies, we can highlight the expansion and
editing of the controlled lexicon for specific research purposes. Another task is to justify the choice of a
reasonable sequence for searching for multi-word terms in texts, taking into account that they may contain
the same words.

Explanation: Identifying relevant topics for research does not replace the work of experts, but it
reduces bias in selection and simplifies the search for resources for transferring knowledge from one field
to another.
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