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Abstract

This paper aims to review the intellectual productivity related to the fields of Cognitive Computing
and Smart Cities. It provides a historical tracing to elucidate the emergence of the subject, its
theoretical and research interests, and their subsequent evolution. Furthermore, the study tracks the
subject’s terminology digitally across Arabic and international databases and search engines,
identifying the most frequently utilized terms and concepts associated with Cognitive Computing and
Smart Cities. The methodology relied on Google Scholar, IEEE Xplore, and Web of Science for
international literature, while utilizing the Saudi Digital Library (SDL), Dar Al-Mandoomah, and the
Arabic version of Google Scholar for Arabic intellectual output. Findings retrieved from these
databases indicate a significant scarcity of Arabic literature concerning Cognitive Computing and its
applications within Smart Cities. Conversely, international intellectual productivity began to emerge
between 2011 and 2017, specifically gaining momentum in 2016, where Cognitive Computing’s role
in developing Smart Cities was first addressed. Between 2018 and 2025, research shifted towards more
specialized applications of Cognitive Computing in Smart Cities, taking a more profound analytical
curve across several domains, namely: Smart City infrastructure management, Decision Support
Systems (DSS), and predictive systems. The results of these studies demonstrated the efficacy of
Cognitive Computing systems in managing Smart Cities and enhancing decision-making through their
ability to process both structured and unstructured Big Data. This is achieved by leveraging Artificial
Intelligence (Al) capabilities, Deep Learning models, Data Mining, Semantic Learning, and Internet

of Things (IoT) technologies.

Keywords: Cognitive Computing; Smart Cities; Cognitive Computing and Smart Cities; Artificial

Intelligence Technologies.
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(Harrison & Donnelly,2011)
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USA Huerta, J & ,.Salazar, Audit Process ISC2:2018 2018
P. Framework for Data International Smart Cities
Protection and Privacy Conference

Compliance Using
Artificial Intelligence
and Cognitive Services

in Smart Cities

Brazil | D’Onofrio, S., Miiller, Fuzzy Reasoning in FUZZ:2018 2018
S. M., Papageorgiou, E. | Cognitive Cities : An International Conference
I & ,.Portmann, E Exploratory Work on on Fuzzy Systems
Fuzzy Analogical
Reasoning Using Fuzzy
Cognitive Maps
Ecuador | Lima, S & ,.Teran, L. Cognitive Smart Cities ICEDEG 2019: 2019
and Deep Learning: A Sixth International
Classification Conference on
Framework eDemocracy &
eGovernment
Ecuador | Martinez-Mosquera, Building Cognitive ICEDEG:2023 2023
D., Recalde, L., & Cities in Developing Ninth International
Tipantuna, C Countries: Ecuador Case Conference on
Study eDemocracy &
eGovernment
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India Pradhan, R., Prathiba, Adaptive Neuro-Fuzzy ICISAA:2024 2024
C., Kholmukhamedov, Inference Systems for International Conference
T., Patil, B. N., Mary, Cognitive Sensor on Intelligent Systems
S.S.C.,&Raj, 1. 1 Communication in and Advanced
Smart Cities Applications
India | Murthi, P., Chavhan, J. Cognitive Computing ACCAI:2024 2024
J., Sarkar, P., for Smart City International Conference
Khandelwal, K., Infrastructure on Advances in
Chandini, S., & Management Computing,
Dhanraj, J. A. Communication and
Applied Informatics
India Singh, D., Singh, V., & | Unlocking the Potential IC3ECSBHI:2025 2025
Singh, S. A. of Time Series [oT International Conference

(Internet of Things) on Cognitive Computing

Data: The in Engineering,
Transformative Role of Communications,
Al and Machine Sciences and Biomedical
Learning in Smart Cities Health Informatics
India Gupta, S., & Vanteru, Neuro-Symbolic Al for ICOCT:2025 2025
K. Autonomous Urban International Conference
Decision-Making: A on Computing
Framework for Resilient Technologies
Smart Cities
Jandl (g Ll
Jaad) (s (2) By Jsa
e .
A3 gl o o R o) gie

/https://iwaisca.sciencesconf.org | -l August,2020 | International Workshop on Artificial

[AENE Intelligence and Smart City
Applications (IWAISCA)
https://n9.cl/oi3tn 5s8ais | February<2025 | Workshop on Smart Cities and Al
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haia¥) i)

Aaria¥) Apalal) cilsmanll (4) b J g

A9 ASN) 28 gall i ) il :::‘ Laaall anl
https://aaai.org/ ALYl - il 1979 Association for the Advancement of
S HaY) sasiall Artificial Intelligence
/https://www.acm.org Gl ) -l g 5 1947 Association for Computing Machinery
2S5 aY) sanial (ACM) — SIGART
/https://cis.ieee.org QLY gl e 5 2002 The IEEE Computational Intelligence
Baaidll (Society (IEEE-CIS

s gl A g £ gudn gal) il gl AN 4 i) o) Afiad) clalaiaY) L6

clabaa¥ s iy Ll L) Cile puim gl 5 a sl 3 5§ sm gl 8 a5l Al J 55 s Cagan ) snal) 138 & (e
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5 S YL 3la a5 oo pain sall Jlanall (8 syl GAl s g S8 Y il (5 el o] o il ) smal i
Lo sall J55 23 Cum 22016 ale b 2asillys (22025-2011) Ge s3iaall Ayt 3l 5l & il jall ) sela Ty ua)
s aat Gl jall @l 22025 Sin 522018 ple 8 a3 S Gaall sk il 535 (Cognitive Computing) 4 jaal
Yl e 220 IS (e liee ST iaie cadaly 483 Gadll 8 (Cognitive Computing) 38 yeall du sal) ciliykas
sl Bt ) 5 BT aes ala ASHI el Aial) Al 3503 g
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4 jaall (ad) & seie J 5l 3 5 "Towards Cognitive Cities " (Portmann & Finger,2016) <UiS 132016 ple 8
i ) Al 50 Ao 13S0 (Smart Cities) S gaall i) kil 4 Jliel e (Cognitive Cities)
ek cldlie 5 S sailly A jall clpasill QUSH by clgialainl g dadail) 5k 8 (Cognitive Computing)
(il g colally ¢ S e g oS3 (5 an (b allai Lesl e A jmall Al I Coye RS aal At Al
Cun A el el 5 83 Gaall G 8 sad) LA O 5 Sl 8 il laliia¥) s alail 5 Blinl JS& skl
Al aall aadid Laiy Al b sl 301Kl 304 3 (Real-time data) (=8l <6l & clitall e 4801 aal) S 5
oS S 8 caliinn )8 3Ty 5l 5aiaal) il Aallaal (CC) b yual dussall 5 (AT) oo lilaa¥) (1S
Aladl 331 5al) 3 )8) cpnt g ecila 3 5 03] 5 eciladdl) Cppaad IR (e ASA aall A jaall dadai) ) ohat o)) S
Cognitive architecture based " ( Pranaya,et.al,2017) s22aiall 8Uall <y § 48l 2l 55 dalas I sall yaisall i
(Internet of Things (IO T)sled¥) i yi) Jsla e 2318 483 40all Joe jUa) il 4l "smart grids for smart cities
e Blaall st Cargy (Information and Communication Technology (ICT)<Ylai¥l g il gleall L ol 635
A8k 3 )SIAN g oL Adyda g ) HaY) il 4 g liula SO (e 43 S me Ay e 3 saill 58y ¢ Jiandil] AIST (083 o 48U
Sl a3 A (paaatl] AL Aaliaall ¢ L) e i) g YLaty s e slaall L ol 55 J sl A8l cai LS ¢ ) dl)

(#2018-52025) 45 5 sdl)

Enabling Cognitive Smart Cities Using Big " (Mohammadi & Al-Fuqaha,2018) 4u )2 &1 ,552018 ale 4
L8N Gaall a5 Al sl aaf 4 )l il s "Data and Machine Learning: Approaches and Challenges
Y alall gl ey e Taild Tad sas Al all e AlSgeal) ye il La sead dlediall cilibull  sancal) JMaiuY! a5
ED e 73 sall asis dlie 8RN 5 Alga sad) L Aallae 73 sadl 13g] Sy il pal) 4nd Granll aal aledl 3
sl s sall ¢ ((Fog Computingasbaall/Aabial) dulaud) sl cdgadl) L) 5 oLV e 5 Ay a5 il sia
Gl ) ALYl (Deep Learning) caesd) aledll z3la 4 Ciula 58 a5 5 (5 siase e Jiay 5315 Cloud Computing)
¥l Calitg 8 =3 gaill Gulail (s ji8e Casd) a3y 5 o(Semantic Learning) YAV Alaill 5 (Data Mining) <ol ce

s el )35 doaaall dile Hll g colaall 3 51a) 1 Jie 4831 Gaall
(Baig,et.al,2018) dxle 43 ) 5 & 135 (ICOEI) 2018 4o slaall 5 il 5 ySIY) 3 lalad¥) Joa SN ol jaisall s
e A J e ) Jlall g 23184) &l g3 "Cognitive Architecture Based Smart Homes for Smart Cities "
Information and Communication <leslall a5l < 5 (Internet of Things(IoT La¥! < i) cila@ JMA
VLAY 5 e slaall Lun o 555 5 Lt i i) Jola e aainy SA J3aall Jue da] 48 ) 5l Caadd ¢( Technology(ICT
b5 Dl sine CO o 4l A jae iy ) 81 a3 caladiul) A gen s 3 sil) s ) Al g et s (3 5 3t Carg
DA Ak s ¢ Attention-Memory layer 8 S g oLyl Ak ¢ e 585 s Perception layer &) sy ddka

.Decision layer
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430 <l "Cognitive Systems Approach to Smart Cities " (Ayesh,2019) 4wl 3 & yis 2019 ple 85
(i) s 5 A yiall B el day y s ¢ ladtinl) CSuE i Aailall Lkl ok vie TS aall Lgal 55 ) cilpasl
O Can ccibaatl) Gl Agal gl Jlall 0alS 38 prall Zabas¥) A jall con )5 alain¥) 5 dedial) il & Jias s
DA a3l a5 G pall ol oy Akl o2 U i jeall alall s oelilaall clSA (G pand A peal) daaY)
o5 LS el 8 A jaal alaill s 1 el 48 ) ol canan g ¢ Sl g bl Y ASLaYL cJaal il 5 Jelaill cagladill

A 5 da geadll 5 ) (Jaal sl g cJeliill ¢ ) al LA 5 A jaall 35100 Jie A el ol aal)

2019 sty IV dasSally iy SSIY) Al el Guslid) 1ol Saigal b e A5y cpdh plall Gl 3 ol
Cognitive Smart Cities and Deep Learning: A Classification " (Lima& Teran,2019) (ICEDEG)
us ¢«(Cognitive Cities) 48 jzall (el 5 (Smart Cities) A8 el o sgda ¢ 43 )i 48 ) ) <l 5li5 "Framework
L) Cum 5 pally 13 1) A8La) 48 yall al) 5l 5 i)y 5005Y) JSA e Aalias) 5 el e 2830 pall S 3
5 cnnliall i Al MR 8 lld anlon Bakeall a5l liil) agdl Sl cilie 5 5 S sl Jadii g sl il ilas e aiad
313Y) ey 3l 5 (Deep Learning - DL) Gaead) alaill Jay i il Gilagl) Gy 4 Jiaie (gan3 i Gl Al jall Cania f
Aal il 3Ll a5 48 ) ) Lgioaa ) AN CalaalL 4 el aall 8 Agall e dediiall cililnd) dadleal duuliall
aleil) daalise Al Hall Canza gl 5 AN Calaall 5 Gaaadl alail) Gl (o day y Ua) Al all cuedd Gl e Ly &g all
(o8 Aoy LS ) aga gisale ) G ) i B o(3eliSI) )5 pall AS a (305 Cpnd DA (e CalaaY) 038 (3a3 L (Saes])
(el i) 8L o S5 5 30l Baly bl b B8N e bl 381 il ) 28l (3 5_yall) Catla g g8 5 Alls
Applications of Artificial Intelligence and Machine " (Ullah,et.al,2020 Yl 2 <&l 2020 ae (s
SASH ) 5 LS Al ) il g5 i jaall Fns sl 8 Aadiiinaall LD (e siad Sl "learning in smart cities
Leea! 5 il B all OIS Ja s ASA (aall sk 8 (DRL) Gaaerd) ) alaill s (ML) AV alaill 5 (A]) (oo lidaaY)
intelligent transportation A4S Jaill dakil Jie cilu@l) o Cada g o 4l cilindad dul il cuedd A8 Gadl)
energy-efficient SV Sl Ul j3sall aladiulls ccyber-security wd) (<Y 5 (systems (ITS
unmanned aerial vehicles bda (524 sall LS jall Jladll aladin¥) ) 48LaYU (utilization of smart grids (SGs
Lla 1) 99 i g byl 38 of e &l all ST 5 smart health care system oS3 oaall & )l olai s ((UAVS
ASA 2l o sgia g ghall Aliisall ol ) phaill b

A cloud-based cognitive computing solution with "4wl 2 & (Coccoli,et.al,2022) caislll Jos
cblall 586l e @l,eY) sas3 "interoperable applications to counteract illegal dumping in smart cities
a5y Hhall 36 US aae G 38 UG ol Al al) i sl 5 dalaadl 5 Sl sha s ga e Wl i ) g 4830 () 8
zhsad Jpshl G Al pall e Gy e 2Ly ¢ sl adalial 4 gall 481 ) 5f el sall U (e § 3L e saaiaall 5 4l
5 osall Jalail (Cognitive Computing) 4 yaall e sall Jola e Gl L sadina HIAY1 5 5 il Cojaill T aUail
pasll (pe AUl Ay ) sSH S Aipall 8 53 sa sall A el alS JMA a1 ey Leliaasd aiy il sl alalia
o sk & A 23 gaill e Al jall il Casa sl 5 (Allerting) JI3Y s (Classification) —wiaill s (Identification)
DAYV Bl g bl Gl 8 L 7 ) e llail) Caiat & TBM Watson Studio
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Cognitive Technologies in Smart City Services as the Future in " (Giela,2022) 4 )2 < il alall (s g
e Wi dalas 5 KA aall Glasd 4 jeall L) sadat AlSa) <l gl "Strategic Management of Cities
Ll (pana s RS Al (e o aS adall ULl B 1) B jaall bl e Al 5l ¢3S dlesd R Y1 50y
LD i) A a5 5 gl enll Jlatlly L 538 s G ¢ Y1 alaill 5 el aY) 1S3 G jaall
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Cognitive Analytics and Reinforcement " o) six: (Dave Mahadevprasad,et.al,2024) U 1352024 ale A
Cognitive Computing in Smart Cities " Suxé (;aai "Learning: Theories, Techniques and Applications
Machine ¥ a3l 5 (Artificial Intelligence (Al elika¥) ¢8I #ilaiy < 5ol Jliiy "and Healthcare
O o die) gl s dnall e Sl gl e Juadll S 55 ¢ pdall dalaill St @Bt o) ja) S Sl (Learning (ML
S ABLaYL a5 o IV Gzl 5 Al el jaY) s ladl (e e gy LD (pe Alia CeS i iy ecileUadll S
L alail) laia g ecpaall daDl g oo glill e g ABUl) 3oL g ¢ Jaill Cpuat SIS (e ASAN el ghat

Artificial and Cognitive Computing for Sustainable Healthcare " (Pradhan,et.al,2024) UiS i Sl
Al/Cognitive ) 48 mall dasall/ clla¥) ¢SA a5 4ypa OVlaw & J4 "Systems in Smart Cities
a3l QU 2 5 (Sustainable Healthcare) daliwal dsaall dle Il 5 ¢(Smart Cities) 483 sl 5 «(Computing
Sle 3 S () b Rl e 1 Aalal Aalinl g aga s BeliS 3y 5l A mall A sall il 8 Calh g A Jsla
Gy maall 3 ) gal) el il 8 ooy Lan il A 3lad ) Al e 3Lad (g Fmaall el Jygad il
Sl LAl acs dadail 4 g Golbiadl o2 JalSS (e dadll) ikl (e de sene QUSH a5 (WSl Al bl
Al Asall 5 cdaaall (531 el 83 5 )aY) 5 ¢(Clinical Decision Support Systems - CDSS)

" (Murthi,et.al,2024) dxale 48 5 < b Lol diila sbeall 5 YLV 5 Ao sall 3 &l shaill Jsa (Jsall paisall A
Ot 3 A el dansall 50 <4l "Cognitive Computing for Smart City Infrastructure Management.
4 jaa ) Al jall Cdaa dadcall il cldas gAY alad g ¢ e lidaal) LKA il prad (3 yha e ASA add) 4wy s i)
A Adlza) ) Al AlAS) aed dy sl Alpall Sl Glld Jady 4830 .l dailal) aadasyl & bl sda Cauls ¢il A28 giall Xi) gall
DY) Al Au pall JIA e g aldl (e yaial ASAN aall Agasl) Al (Audaall) 280 jall ) Axdl) Cd ) 3 38 )
o 3n8 lia ol Byl e 5 Cam ol Fams sl (el Va5 S b Ak padl B pall aalid
S 5 R Sl 21y i ynall A sl e 28 S ¢pnal) i) il 810 Jalih L)y ke ay Losh 48 yae
gl Ade Sl 5 el 5503 Jia s e Gk

(IC3ECSBHI) 4 s el fumcal Gila ol o hall g iYL 3 il (4 ol sl g (L5l il
Unlocking the Potential of Time Series IoT (Internet of Things) " (Singh,et.al,2025) 4ule 48 ), < 8

pae & Jidiall (gaadll il 4 "Data: The Transformative Role of Al and Machine Learning in Smart Cities
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