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Abstract

This thesis addresses the topic of improving crowd management
during the Hajj season, which represents a unique logistical and humanitarian
challenge. With the increasing number of pilgrims annually, traditional crowd
management methods have become insufficient to ensure their safety and
comfort. This study presents an integrated model for smart management
based on advanced digital technologies such as the Internet of Things (loT),
Artificial Intelligence (Al), and Big Data analytics to create a proactive and
effective system for managing crowd flow.

The proposed model consists of three core algorithms: a density
prediction algorithm, which uses deep learning models to predict potential
congestion areas; an anomaly detection algorithm, which identifies abnormal
patterns in crowd movement that may indicate emergencies; and a load
balancing algorithm, which suggests alternative routes and dynamically
distributes crowds to alleviate congestion. These algorithms are designed to
work in harmony within a central platform that provides a comprehensive
view for decision-makers.

The proposed model was evaluated through a series of computer
simulations using real data from previous Hajj seasons. The results showed
that the proposed model can contribute to reducing the average waiting time
by up to 35%, decreasing the probability of stampede incidents by 50%, and
increasing the capacity of critical areas by 20%. The study also showed that
the application of this model can improve the overall pilgrim experience by
providing accurate and timely information through smartphone applications.

The study recommends adopting this integrated model as part of a
comprehensive strategy for developing Hajj management, emphasizing the
importance of considering cultural and religious aspects when implementing
new technologies. The study also suggests conducting further research to
develop more accurate algorithms and expand the scope of the model’s
application to include all aspects of Hajj management.

Keywords: Crowd Management, Hajj, Internet of Things, Artificial
Intelligence, Big Data Analytics, Density Prediction, Anomaly Detection, Load
Balancing, Smart Cities.
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Clgll A Baxie jolias e bl aen 400 clLaY) cugm) jig (10T): eLd¥) i)
- 3SAN Canlsglly ¢ el DU ALY 5igal s cddia) adlsall b sydnial ledin) seal die o ladll
(Atzori et al., 2010).&ng 29dall Als o Ll Als 4ij) g UL s2a
z Dadals Baaal) bl st (e (€5 e llaal) oIS i AY) alailly o lilual) o1SHY)
Ll bl e alaill ei€a Y1 alaall il o Aulitiaall Ll ganlly Lol
(Russell & Norvig, 2016).cisll )50 ae cilgiill 385 (paniy




L e (Adliie jlian (e B2l giall Clilal) (pa Ailgl) LSl pat Aadiaal) i) eBlas
UL e Al callal 383l sl cilasbeall zhatY iy i dedal) Ul Jidas
(Chen et al., 2014)

réuadl) 41€8a 1.3
Al oy 1.3.1

) 8] Gaeanil L gaad) AagSAI I8 e Agduall 2ggally daniiall daal) ol glall o2
39ag ade A eS8 Daalal) Al (aly Jlad (S50 dgdall 5lal 8 5a€ cilaas Sllia JI5 Y
el Aiy 8 38al) 5aY saaeiall Clakadll e Jalaill e 50l S3 JelSia olss

o) eeal Bae (e Sl sl dadaiY)

Aol dug,l) ol Y 535 Lae ¢ eaiio (a0 Joand Ulls Ladiieall Zlai¥) alaea: JalS3l) ase
Yl Aty Adlad (e ang JalSall b Gaiil) 138, Zaliad) cilgall G Gaeiill 8 Ligray
(Al-Nabulsi et al., 2015).4aLall 3)lgall aladin) 5ol (0 Moy 45Ul

cLgigan amy (LA Jadll a53) o o€ (€0 aaies Al dadail ) GLiad) e S Jadl) g3,

Ji JSLaal il ) (s 385 Alaial) 8 il ) 525 el 130 Lgatas ey 3l (g Yoy
(Johansson et al., 2012).l

bl Glaliadl Gavadill e QIS Grine 5 Y Dllal) Ldal): Qameddl) b dygiaa
(Memish et al., 2012).zlaal) culid (aed il (e BB diyas )

zal B3 b Ll Jslial) Bkiia 1.2: (&)
Al ISl

Jolsill oo |—

Aaiic dalail|  f—

R

Gl Lugaa|  —

e g f—

Balie dad 39|  |—

sl o] p—

Kl | L—




Uavadil] Ly gass (E—

L) Gy Al Blehya oo f—
R sl bl —
B

rAlCial) Ao dyiall R 1.3.2
ol BT sae ) a5 ) (8 agdal) 5oy S35 JalKiae allai gag a2e ()
Jie ol hUA L s aladiVly adlail Galps g58s Adlaa) s ddbd o L)

idasiye CuilS gall 8 5l Clsall aaae o () e dadsll clibasl. Cilladlly Ciyaal
(Helbing et al., 2007).253al 8))3) ¢gem

S dsnagll & Digaas cdajie alasly ciligh Ul gl ) a5 glaad) dpad Ao JEY)
s oo zlaall Ly e dlig eall ol cailal) e e g 138, Guglladll cilasladl

(Shambour & Lu, 2012).
Oy cdpbadall CadlSl) 8 8akys cAaliall 3ylgall Jlad e aladial ) g5 daalai®y) EY)
2030 43, alaal s e A<kl 5538 e 55 LS. mall Lala®¥) 5ol cuuat] (a0

(2016 <2030 ASlaal) L5 ) cpainally z Laal) dlac 52l dabeiall

gl 5 Sl Ao Agiall JEY) 1.3: Jgaad)
Mg Gt Coasll  Bshadll (gis  Bykall all
il Ealgall ddlaial sal) s e Galall L6 e

padiuall dujas zlaadl Liay aledd) e g
L»SJL‘AE\ J_)‘}Aj\ ‘f Br ‘LM‘9:\A &L&
drau Al Bypum Ao il . S

(ki Gy akal) 5ol Lgia g




réiadd) Al 1.4
saalall dad) Al Ao AU Auhal) sda aud

tpusl) Qi) 1.4.1

Halie b dpdall 305 ClSialin Guatd LK 500 JalSia zagai okt (o &S
fiasiial) daad )l il lasiuly gl

dac dl) ALl11.4.2
el ddy B SU) 3pdal) B Al L) cilibaial) & L .1

flglede iny A o) A sadll pailadll & L -
€2t ) A8 Al hastl) o L —
Callaill Lugllaall elY) julaa L —

3534l ChiSy agdal) ABUS 5aill 43 Gl led araal (Sa LS
Casdall A<y gl Ll )l oleil Jmdl o L —
Cagdall @lglu 8 dumulal) ye Blady) aoas (Ko a8 -
Saggaall Ll 8 Clayyleal) sda 4 4 L —

agdall duagi salely Adgend) aaisil Allad cilal] gl (Sa S
Casdall el V) Gl pll a L —
Saisill o Allanlly 5eleCl cp O (3 (S S —
frlaall dpas o angllsile) ik o Lo —

szlaadl duadg gall 5y BeliS o 7 dall zigall Guda 530 58 L
o) Cpnl daelll lyiizall a L -
gl la) e zasaill jigy s —
ColYls Lokl (3 Sl o L -

Ligal) A5 Bz dgaill (el dalanl) ey liaadl) b Le
eagll Al Lad bl o L —
foaall clugill #laall Jod placa (S oS —

f ol Gulill clbaglhiul oL -




séaadl) Cilaaf 1.5

tpuisl) g 1.5.1

clulia A dgdall 300 Gl Guead ) caagy LKA 80U JalSia 3503 pghat
zlaall dujaty selaslly Aadbiad) et Cparay L cdeaiiall daad ) clumll aladi) S (e sl

rdge @l calaay) 1.5.2
gl (B agdal) B Al pdagl andiy Jalas ]
) clalaally daaly) dufyy =
Cazuallg 5gall Jalay wass
Aabial a jally cibaail) Julas
ol clahally clud) danlye  —
S Uil dlalSie dyjlara prasl
aldaill ol ) Ul daas -
Glagleally liball JSa aveas
Gl Sl o oKl calgaly aass
sasalls ¢l jules pung  —
daadia 483 Glajlgd gk
Gaandl alaill alaanuly A8GESIL ganl) dae))lsa -
Al Lalasl 8 35000 CRAS daa) ylod
LSalial) Ageall ahsi daa) s
Slapleall G pelally Jalsill oLl -
Cliudallly aadioial) Cilgaly gk
zlaall A€ Ciilgell Claads  —
Olgasally (pladiall oSaal) il gl
by g ananl) dalai
cOllailly plall clealy —
TRl ggalll dlad (ubiy




Aol duguls 5Slas o))l
G| o)) i yige ulid
glaall dnas o il Jidas
4ailly Aalaidy) (seanll v

dda) Cilaal) dayja 1.3: Jal)
4SAN 53U JalSia 3gait uath )l aagl)
N
sasagall Alaly) | p—
bl s p—
o) daale|  L—
Dlendl paans —

Lelad) cb&d| f—
Sl K| p—

dolsill cilgaly|  —

e lgal) gl f—

eI, gull|  p—

3aal cass|  p—

peal) wys|  —

cealgll gl f—

glasl) k| —
s ciag]

awill dalaf|  L—

oelilly pil L—

Lpsulall B f—
JN it f—

a8y (ggaal) L




rdal) Laaf 1.6

A i) eaad) 1.6.1

thaga ulsa Bae b ) 13g] el Auaa¥) (e

b als c258all Bl Jlae b Asalell bjeall o)) 5 ol 3 aa b dnalal) dbjaal) 6)3)
Lodiial) Slamll G aenn laas ol ladsas aain Auhall saeall Zaldly duall ol
alal) il b pdall CilSulin) liagh GUsi gug Lee el AN ClseYly

(Challenger et al., 2009)

Cipily el QA Glad Gulal 5S Glagie ak Gall Baas Glianga gkl
055 o (Sar iliagidll sda. Aally ZEEN Ciliagadll slele pa casdall 5l & cLaY)
(Yamin & Albugami, 2014).dglie < lae & Gfalill les je

Ll i) 8 agdall 5))y) Jolin ) Asalall cilud) A maly (i cllia: ddanl) §sadl) s
Lobagineal) caluahyall Lylas Lalid Sy o0 Bomil) o3a dus 3 s lis sl 13a. Eaal) coluiinl) aladiiul,
(Al-Kodmany, 2013)

rdalant) L0a8Y1 1.6.2

tlgioe Bae 3 At Ginll dplaal) ZaY)
gl (DA (e gdlailly Galgall e Julis ) Caagy 7 5all 7 3saills olally dadhal) (ppuan
zlaall pdle Adke e il il al s, 4865 cieha) Sanly dlaad) JSLadl Sl
(Helbing et al., 2007). L

QU] gl Qg ccalial) Cgl b dads Cileglan g DA et glaad) dual (el
ideally Longyl) zlaal) Ljad e aS IS8 Guas O ziseaill (Sa Al (385 Gl
(Shambour & Lu, 2012).

52U alaiall 2030 ASlaall Ay Cilaal (35 b Byl aaliy Cind) 2030: Aslaal) g, pes
S Gl i =l z3saill agl dasiall lasdll Baga ety oppainally zlaall olac
2016).c 20303Sadll &35 (dagalall alaaY) sda (3]




Guanlt Alant) Lad¥) clpéise 1.4: Jganl)
Sasadl Alall ded))  ddagiedl dedl) el du
Gl Jse 0.05% 0.02%  usi60%

OUsay) ey PEICRY ) 2830 wai33%
zlaall s 7.5/10 9.0/10  ua20%
i) gel2.4 Ol3.0 52L25%

rdaalaniy) LaaY) 1.6.3
Lalai®y ) 5ol 8 558 livnd ) 6350 of (K kel 7 3 gaill: ApabaiBY 5Ll paeal
Sl sy, Adsnl Cadlall Qi daliad) Slsall alatie) Gaesd DA e gall 33
(Al-Nabulsi et al., 2015).cadlSall i 5,8 clyshs A g3 o (Kar claadlly 3ilall
aalen of z3saill (o cAulagin) A8l 5alys zlaadl Aad Cpead DA Car i) B3l
ASledl) 8 Fagal) Aoba®¥) e Uadl) aal il (s1ly cByanlly mal) g b (e lalyY) 8ol b
(2016 2030 aSleall )
Al Jlae b chldial Qisy o) oS mall B3 desfie il ek clalind) Gla
"..A;AM 3\:\35;'\5\ tU:E ‘)3‘923‘5 L“g.l‘yu.d\ ALy @).\3 Lf (-;ALA..) Las c)ts:\-jy\‘g

1A blE g s LaiaY) daaaY) 1.6.4
B gaal) A jal) ASLeal) Dl (e a0 geall BlaY adie rigai pglan ASlaal) AllSa jujal
(Memish et (palidlly 2Slay) daxs 8 dediiall clugil) aladiolg cpiydll uenl) dead
al., 2012

Gl e Laliall 3 aalon Lee call dgally AN Culsall elyp 7 3saill: Gl Ao Blaal)
clidly ds s all Aalall dlulial elal lacay Sl

Pa e sageadl paind) o o) 5ib 4l mall 5] Gueatt adiaall Ao o) il
cAylianlly daal) cllasyl lagl) jadll 5alyg ASadll Al gal) 8yguall (prat




réuanl) duagia 1.7

rAagiag Gaal) 61 1.7.1
) G gen 531 (Mixed Methods Research) dabiaall zgiall dusdyall s34 o

S 8 5l Ll (e B it gial) 138, g pall (Baxins L agh (indl duc illy 21
(Creswell & Plano Clark, 2017). 4l <Al ddsad ST 05, jigig Cpagdl

el Clydise el cagdial) A n Aalaial) daad )l bl Jalad 8 dladiiad 2 (el gglal)
el 7 3gatll Aullad anil o Laale alad g egiall 1aa, dususlald) slSlall ¢)als

LA Zue Lia¥ g Asldy) Colpall agh 3 se by meid) 13a. Akl cibaatl

séuant) At 1.7.2
d> Al caag Al (Applied Research)  gukall Gl Lagliul Ao da)all adas

tdabye Bae Cpecati Lail i) oda. Gubill ALE Aus Jela gt DA (g Badna dolee A<da
Al yal) o3a. clallaial) anaai o Madl aasll Jabaiy el dealye Jadi CLESIY) Al je
Ahall aslly (i) Gale) i3

+ Golail] AL Dbee analeat ) Aolail) aaaleal) Joa Ala yall o3a
o2, Adg¥) LAY ehals Alg) il lig claa)slall Gaudas Jadti gghail) sy
lee Jsla ) aseliail) Jgat syl
Allad o Al el 038, Akl Jidats cela¥) Guly (ALalil) slSlaall cla) Cacai anidil) dda e
Byshall Jslal)

dagial) Gadl) duagia 1.4: J<i)
Lbiadl Ginll dungie

S il f—

L)l bl dabsi|  p—

Lusulall S| —




) Clydige wl:él |—
Slany) dbanli|  L—
= gl f—
SE Gl | —
glosl las dubss| f—
el ge G| p—
Al ddy|  L—
Jabaally Jalsay L—
bl zan
Cldall Jalaill
bl b
Gluagll adag

:Qm...\,m J.AL«A.A 1.7.3
:ddally ddgaddl Hlacal @lilull de giie jolian e du))all adian
ELaaly il bl — el Sladin) sigal (e agdal) A< bl Al cbibal)
A gulall BSlaall lily — dglaad) @hlaa¥ls colaall @by = Galssualls zlaall ae
ULl — Zald) clahally oyl — LaesSall cilgal) (e daans)l) calilasy: dgildll clibul)
Aol ilaaalsally subeal) = zall andsal duas,ul
g (3ohg clibl) jalaae 1.5: Jgaadl
Glibul) &6 Jladll el 4 il
dpdall ia  ledia¥) gal (M aea Llal dudas
glaal ol bl sl g Lol 4l

elyall elyf Olae T S NCH PV JPVT

L)l alily ey cind)) Al deale clalad¥) Qs




sdadadt) cigdl 1.7.4

p el Julal <l gaf
(SPSS, R) Alasy!) didaill zeal
(Python, TensorFlow) 1Y) alxill cilais
(SUMO, MATLAB) slSladl cfsal

(Hadoop, Spark)isizall clilull acls

P sl Jalatl) el

(NVivo, Atlas.ti) (sgisall Julad zal s
cladll Julas el
Alal) Ly Ciliagia

(Thematic Analysis)cile g gall Julas

:Ln\).ﬁ\ SPEES 18

3\5\.93*43.43\ J9aal) 1.8.1
il Hla) (e Baane ilsa Ao Ayl s K

clal]) — Al e liall ¢ Sl apall (Lusd )l Bhliall b giall Blaf — Jgadall 3Uall
padiedl Gilgaly — aSadlly gunnll M) @il leall (10T, Al, Big Data) — deagiall 4.4
il

Jill) = alalal) (Y] (Lnslll clasall 3] = Alaill 4] Culsalls — dadasal) Gl
daamitl) ApoLai®Yly L) il = cpaal o




:4ul€al) aganl) 1.8.2

(e ¢ gia (Audiall eliall) — acll cCillall (Chnydll Sal pall) ¢ Algadiall (el
Ol SUsal illana — dawad )l JUY) balis — ddlje

Ljlaill slalial) — lgally eyl — dundly 3< & A€l Ghalialls — Bardiesall glaliall
Gl G Ayl Gylall — daaadll

14}l agaal) 1.8.3

z5a )a 20232 1444zs avger cllall gan B 2020-2025 il Liajl) 55al)
(Aaall 53) 8-13 Zuwwt )Vl mal) ol <530 cligl 2024-2025 Laaly gl By ((suled

14083 agaa1) 1.8.4
bl eDldas = V) abelly e liha¥) oS3 (10T) = elusl) e il — Laddioal) culudil)
Auladd) uwsall — daal)
3lgall Ldgana = Y1y A gundll 358 — 83gagal) dranll Al Ao slaie¥l: — 4 3 g8
el Aadai) ae (3l — Aguslal)
dufyal) 3gaa (adla 1.6: Jgaall
aall g5 Jaalitl el
Eoase haih 3gdall ) Lwlu) ACE e S5
P COR W REW hliall sl diaal

W 2020-2025 claglly cblal) i

B Aaall el Llladlly (gganl)




rdpall clalbhias 1.9

4 clalbad 1.9.1

GlelaYly cbumlly badlpuay) (w desaas (Crowd Management) agdall 5y
i)y aidla Glaa Caagy Galdd) e 808 Clesana @glug ASn b oSl desdindl)
(Still, 2000). genll (0 59 yall CalaaY) 5t

i3 Al Al jial) Gkl 53] (e 4us (Internet of Things - 10T) sLualy) el
e AT Ladaily Heal pe bl dalig Jayy Cangs (31 g Slinayy sladind eal e
(Atzori et al., 2010). s jy)

L) ) g sulall adle 8 Jlas (Artificial Intelligence — Al) o lkaY) oS3
COKa dag YAy abeill Jie Lyl 21S3 sale i alga el e 5,06 Lol
(Russell & Norvig, 2016)

Sl lss ushi e Sy eliha¥) (SN s g% (Machine Learning) ¥ alail)
daipa daay O 5l DR e WG Gauaty Al e igalal) Beal (Ko il
(Mitchell, 1997).

Basll bl Clesans asi ddac (Big Data Analytics) daidll cilibull cdllas
GAY) Clasladly saiall Clalai¥lg ddg peall e il )y daaal) Llal) GlEkY saadls
(Chen et al., 2014).

S]] gﬁ daaiiall Glalhaall 1.9.2

Cig b lagadia dlalie dhY alall A cuy dad sag DY) OIS e Geeld) (Sl gal)
ALY cddlajay liey e Jediy cpall dlulia g o5 ) Ghliall: dusiall e lial)
il Sl sl )
Oo iinng oo mns Al LSl Joa Ghsalls paieall o zlad) 45 3 cluidl: Cilghal)
Byanlly mall clulic aaf




A9 (e a8y yally lall (s Alg el 5 il sainad) ol zlall g (o2 clcalls )
yanlly gall clulic o sl g3a

Aulie (o 6328 (Ball anl) Sheall zlanll g op A Lo 8 hlall clpal)
(Laal)) 5Slly acsslly (syruall ranll Jadiiy czall

rduall Al clalhiaal) 1.9.3
S RS o sy Losiial L (o pan Jald oUair M) B Jalkiall el
ipally D (sl slelye o ¢Allais ALl Ayl 358l

ahlie 8 agdall GBS gl IV abel) calad andied 4S5 Ay ylsa: ABUESIL 331 dsa) lod
sty dasll) bl e 2y cdalia cilagly daliae

e 38 Al agdall Aoluy A<)a & duandall e JaladY) aaat dae)jlsa 1o CRES duaj lsa
et e bl a5l e¥ls 5l JSlia )

Shlaally laleall Lo Oilsie JSa dpdall aysr ) Coags dae) st Agaal) aujs 4 lsd
Al (388 ety ala)l) uianl sl

L4y cAaliaad) cilaladl 8 agdal) Jeling A<)a oS Jalatg duhyr dgdall (3845 cliSualing
A sda e dabiadl Jalgall il

)l clalliaal) Gadle 1.7: Jgaad)
alhadl i) Cajal Jladll
3saall 53] 5l Cilesanall 35 b oSal
sl adid) Be2Y) A58

=iyl ) Grdall 1S 5lSlaa Aol
Lwdial) el ) dlalia elof 3halia

JalSaall - 3gail ASH) U el ol




:da g ) U< 1.10
Pl Cuilsa (e Laga Lils lady Jual S cdady Jpemd B (8 dngylaY) oda ailass
Gall alal) JUY) :JsY) Juadl) 1.10.1

A yal) Aoy Gand) Badld g Aadkall Gaualiy cAahl) Jle Alld ks Juadll 138 a2
g deadll 138, daulal) wilalhiany sagang Canall dungie 2 LS. Lgiaaly Ledloaly Leilind,
ng b Jyend B oagially (oaill GuldY)

KA aoLiual) )Y Al uedl) 1 AG Jaitl].10.2

ehn, LS clizllg 3 gdall 8ol Aabiall Aabud) b yally caluaY ) Jaadl) 138 (o yatiens
Gl ayliall 1) 7 ey cAandiiueall Aad )l ciluiilly casdal) 510Y Aala) bl Joadl)
el 138 eld) cogily elihal¥) oIS clinks il LS

Zall ually AU Gaudd) I Juaidl1.10.3

Ll g Al AnaaY) (Bl Ay L GaaS mall sadl) Cuilsal) e Jaadl] 138 355
G5 il 130, Ll o3 Lgaplat Al Aealad) cubasilly e laall (gsallly AU ¢ giilly ceall
kel el 4 Balase (AN Blaall agdl

Jaladlly Al dagia tal) Jadl) 1.10.4

Glehal Gl LS. Aol dalaill Calliady cclilad) aan clgaly il )l de s ainal laaas
DAY @lylieY )y Al

Gakailly 7 5i8al) 7 dgail) : pualdd) Juadll1.10.5

Ciley sally alaill dojlens Joadig cdpatily & iaall JalSidl) z3satll Jeaill 138 aby
lay gl WS byl ae LelelSs 4a€0 daeylsd U8 dae £0S Cuay Gawlad) U
sl ilasdaig aUadl) Culgaldl




Cilagilly @il : ualed) Juad 1.10.6

C syl sSladl DA e deiiy zall zigaill Gukd mil Jeaill 18 e
Gabill g ashy WS, Lgiliadg Labal) Cilaal pgun b \gidbliag ilinll Sonie Slad ey
Aliiad) claall i)l el

dag b aladl Uil 1.5: J<a)
Siwalal dag Ll

alall Yl IV il f—
Lalaly Lesd)|  p—
CilaYly dedl|  p—
paally dmgiall | L—
Ayl Geal: S Jeadl) |—
agaal) iy alpl|  p—
fpd )l gl | —

Ll cluh|  L—

SR Blaadl: ) Joadl) |—
) il —

A gsa|  f—

Lalal claaall|  b—
Lagidl: gl Jeadl) —
Sadl pesi| - —

Skl gen| - f—

il | b—

el zdgails ealall Jeaill f—
ALl dlana|  —

S cbay |
ardiaall Cilgaly|  L—
bl Gualadl Jeadl) L—
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Jgal)) o Jalil 1.10.7

tlaglaally SIS Gulod) 38000 (e Aahaie A ylay Aaljie J gandl)

Lahyall aladl HUaYls el igr J Y1 Jucadl

Lgailly doylail) Bae ) i (A Juadl)

pall ally BN el Carny GIBY Juadl

blee a)all 2i5 3k ramg gl Jual

G le o 2l il dall aaly Gualdd) Juadl

ilaa 5ilg 3l sy Jad) aity Gudbeal) ol
iCuliia dagyll 3lan Lee caid Ll dgary diaw Lo Ao i duad U 0 ey JSogd) 138
Aleld g Aungia daoylay L)) Caloal 3t ddayliag
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tdania 2.1

dastiall il Gn gand ) daad) Vs e BSA ajlial) 8o Jlae el
pal) B3 Bl A Dlle Dllady 5l aliad) Calaal 3aanl 5ySuall LylaY) Clagialls
Oo B Clegana 5 Lgapki Al saall lagall Tl Lald Al aalidl sda i
(Kerzner, 2017)sxia5 &Sy i 6 palad)

Z3ll 1) dadadl Aol 2 3l e ducalall agiall e ayliall Byla) culylai ol
poliall “asgie yseka N ol olaill 1a. dasiial) Al il (e died ) AudSillg 43l
(Svejvig & adll sl & cpaall Llaaa )y cailly alaill e Ighhnk e A7 484
Andersen, 2015)

zlaall e Bl bl Cus cigaaly Taias ST aalial) sda aa cpall Ly

oamian Jaadll 138, 520l dally LEN Cailgall sledye pe Cilingially bl Gaaal Guda

ol bl e S ae cagdall la) b Lgalialas A alia) glay dpkil Gl
(Al-Kodmany, 2013).5<ull = dlailly deatiall

Ol e aujlial) 31y zalad jehai: 2.1 Jgaadl
Laajl) 55dl)  z3sall)l  Apewd )l Gailadl) Laadiad) cladml) oS (oot
1950-1980 atidl  lubus  ha e gl aiiia
1980-2000 )l S (G o ipula Bsgia
2000-2010 B JelSic e Gl aelgh o ) e
2010-2020 S a5 cala Big Data. loT.Al s e

2020+ el JYxiul <ags  Edge ComputingDeep Learning e

(Kerzner, 2017; PMI, 2021) Ao 2l Gald) pshic jrad

apdal) By el 2.2

LSt bl 2.2.1

(Le Bon, (sl Cilige Jlecl an pie aalill Gyl Jalgl ) asdall lgle by Hoda g
Gsaty 3sdad) LAY o 258 Gaash ¢ palaall aidale agdl (ST Gl s 3 (1895
LUl bl e ddlide Ayl Cipeaty” elea Jie “On Tein Gnaaty L3l aging




Jie asdall ye pan GlSelally seliad) of ikl sda (mpi daslaial¥) Goud) Ak
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tdage dalee cilanay L"_il:\)ja.d\ 038 aa% ‘Céj‘ Bl Lé

e e (Eall &y A pial) Gl 55 (A agh b ol Bafaal) daliiY) ddat gadas
5308 51 Aalail aracail (5)5 jm agdll 138, asdall alall Wloludl o) cilaadll & il ol
(Helbing et al., 2007).4Su0tuall clagail) ae Jaladll e
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C'_tl:t.tﬁﬁ C\_ua'.'a GCAj\ 2\_‘1..3.1 @ dalid o )JLAA (e 5.35}3.«]\ &"_11.1\:1.\5\ (e :ﬂfﬂ.@j\ C'_\l:mﬁ\ &
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ElasticSearch  Jiaig sy & pna @lilall & Gl g el 3)lgall SDlgial

TensorFlow ) ales Laie Lguiill dadail Bl abaall e
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(Armbrust et al., 2010).
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20all 2 laall alei] dslasinl (Ko WS il = laall Ll 8yhlaal g0 dilide cilag i
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(Turner & Ash, 1975)
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(Gatrad & Sheikh, 2005). 4.
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(Raj & Morpeth, 2007). bl szl
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228 agh. gl Lalaily zlaall gl e € I8 55 pal) 8 Al il ladl)
(Clingingsmith et al., 2009). 4l 5))a) dakail avaiail (5)5 puia il jlaall
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(Ahmed, 2019).55,ally lall (u dadad AS5a Qllaiy 2l Lty Byainns Aoyl
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(Gatrad & Sheikh, 2005). Jxall alasiaylg
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(& Morpeth, 2007
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(Venkatesh dc siie dusid bt e zlan pe Jladll Jualsill e 5,06 (588 Gl Gang Gl
(et al., 2003

oAl g9l i Jaladl) biadlind
(Wu et al., 2016). el Gl & das pll 8y e 550

(Nielsen, 1993). bl ¢ Jeud)
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Rogers, 2003). b sieal) 2ien el Ladail avaat callan cplal) 13a. Tas 335050 53 agaal
- —— N Ly ) g By ago
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(Shneiderman & Plaisant, 2010).
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A ey Iaked ST duageadlly LY Lliad ol cpall Jio CBED saaie 43y b
(Solove, 2008). 4.8l Claslually clad gl

thaa ) claal)

B A 3 Vs ey L (Ol G Gl A geadl) asghe duagadl) aalie LS
(Westin, 1967).sal & Jssie e 05
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(Fukuyama, 1995). bl ses dakil Jod o

Clld) dles Jos Aibide ol ! Jod e Ol zlaalls daldal) cpuilgll) aa (38153
(Bygrave, 2014). juleall e} xo 3155 Lokl aveiai calliy s cduageadlly

{LBWEY Asy) b AuE cbaad) 3.5

r QB Batetia addial) Cilgaly et 3.5.1

Al A liee Lagh (bl zeal) Jio Ol Sadaie L) Allad addise Cilgaly prenad
(Hofstede, 2001). Lasly<ill an Jelinll

asanalll) b LAIE Jalgal)

Dbl e (a1 L ¢) A lally daapal) Sia (Sleadl ) Gmadl (e D cilall) ianst o)) ola)
(Nielsen, 1993).lgalgll Jashads e g s, Caall )
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(Ware, 2012). g3l 8 sl aally ClBEN (iany & laall Sa

C oAl BB A S ol degehe g 0sS 8 A B AL eell clighlly Ssal
(Horton, 1994).4aa 88 ile gane aa jgapll HLoa) cang
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Glal et Ladie Lald (Bakee 38 Gbaad -l Glalll Saaaie 2y A Ukl 5l
(Unicode Consortium, 2020).4ahi. 4,68 dalail,
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& QLAY slelie xe (el e acal Unicode juasi aladial 8)9 war pagaill jaas
(Gillam, 2002).a,t<1) E




ja_\]\j c-)-A}” J.C\jl;a SLC‘)A &= cdalida calald & Adledy Jaad Casn Q\:\A))b; ):\}LB aand) zuug)@é
(Manning et al., 2008). 42kl

lebe po dilite lily Gageai o duaulall GGl dallee Gl Guli: gagaill il
(Jurafsky & Martin, 2019).4x] J<I 503 Lgalll [ailasll
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Y anianll Cilaly olaald Tl Language-specific models g daugia

[RRERPY

1A Al e Jalsil) 3.5.3

Gl seds (i layek o3 2815 ekl & zall 55 8 desiiaall Zalal) e daall
(Brodie & asliy ish clbasi oly suosll Gl ee Lokl ol men dal
( Stonebraker, 1995

 Jall) esluans) il

G5 Bagasall Aalai¥) aa JalSulls e duas ) Ayl saad) Aadail) puglaic (Al gl
(Fowler, 2018).leadll Julaas

Aalleds Joalsily Aopailly s20n ) ZliS) et Cilinds dnay Cilgaly sk JalSHl) cilgals
(Hohpe & Woolf, 2003).
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(Kirkpatrick & Kirkpatrick, 2006).4eall dakal diyeall e
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:AuSAl) g Apaasal) euludil) 3.6.1
A Aalail DA (e al) 813 3 Al ol ae Jolaill 358500 Laji i3 duaal) bt
(Russell & Norvig, 2016).453,
pe B DAY pe ST gl o lilaal #1S3 dalail gl AU Lo lka) olS3Y)
(Nisbett, 2003). saamuall L8 480 e 2l WSsha Jaaas e 53l
il Gaadty andiall ZAEN Lala) o Lol Coyen Aol (SEGN B Qamaddl
(Hofstede, 2001). el Jalail I olsf1s 23l (o ol Taig
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(Castells, 2015).4aka0 cbala (e zlaall oy

daiall Cifjra

Blelye aa cddline el Ggianty cpdll zlaall u bl cilialaall 468 dan it 43 981 dan il
(Wu et al., 2016). -l Gl

(Appadurai, 1996).J-ladll
padi] dugall) o AL alad) e (e Bpall (god aaall 2 laad) daip Akl aadaadl acal)
(Putnam, 2000). aL&Y s acal)
CBLE fadia Jualsill daia Gl 3.6: Jgaad)

8yl Gl sslal Gkl (gsie AR
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2023).
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e U dpagiall Aalall sany s ¢ palell Gl 3 Gl as Jeadll 13a el
JalSie z3gai okt Blaw 8. dagylaall Conll Aliad o dlaY s dulall Calaal (3l Lge L)
O g Alels Dangie Aual) Qs czall dlulia 3 L)l dpdal) 305 SLSulinn Gaua]
Gl Qilaty pes (3 Eaall Ll e BN ae ¢ ukilly (glail) gl
(Creswell & Creswell, 2017)

Blaly casalall asle G aend s Glamdill Bl Wianlay duhll oda

3a xe dalail) o 5008 Alaliip 4y dfiny Langia callily Loa cAaially L8N cilahally oLl
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A fant) dduddt) 4.2.1

il (Pragmatic Research Philosophy) dilea)yll Gusnll daudd duf)al) sda i
heldl) L) e il ks cdabial) Gylall duadl plasnl ddead) cCA s Lo K5
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(Hair et al., cluajll jlodls clidlally blal) Galass) ) Caag dulaill 1aPython.
2019).
i ghuagll slasy)
ULl alal) gl agdl Ayl il puaial Jlsially Jases sllg Jaws siall Cileant 435S 5al) Ae3il) (unilia
(Gravetter & Wallnau, 2016).
Lasiall Joa clilal) ciin sae agdl cplally saally g)linall CalaiV) Glua: Cidll) uulia
(G el

A gY) Ll taaty Uyems bl aygs impad Al JISTy Jolan oLt dyplsall cilas gl
(Tukey, 1977).




Lariioal) Alaay) Jalaill cullud 4.5: Jgaad)

paieall Cigl) sl il zalipd) Uil il

Gl ((Hlaall Calay) colal) yulid SPSS, R
sl Lalull ague )l LYl e Python, R

YL slany)
Gl Hlas) t-test, ANOVA e ganall 43)lie SPSS
Lalayy) Pearson, Spearman G ld R, SPSS
Dlaasy) Qe ¢ Jad dadailly ganll Python, R
pdiiall Jalast)
Y alal Random Forest, SVM  sully Caieal) Python 5 by
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class CrowdDensityPredictor:

def __init__ (self, model_type='LSTM'):
self.model type = model type
self.model = None

self.scaler = StandardScaIer()

def prepare_data(self, historical_data):
LAl bl jucass #

features = ['time', 'location’, 'weather', 'events']
X = historical_data[features]

y = historical_data['crowd_density']

&M/M 7

X_scaled = self.scaler.fit_transform(X)

return X scaled, y

def train_model(self, X, y):

if self.model_type == 'LSTM":

self.model = self._build_Istm_model(X.shape[1])

elif self.model_type == 'RandomForest'":

self.model = RandomForestRegressor(n_estimators=100)

self.model.fit(X, y)

def predict_density(self, input_data):




input_scaled = self.scaler.transform(input_data)
prediction = self.model.predict(input_scaled)

return prediction

3gAa) CAES dua)lga.2 |

class AnomalyDetector:

def __init__ (self):

self.isolation_forest = IsolationForest(contamination=0.1)

self.threshold = (.95

def detect_anomalies(self, crowd_data):

el £ i) #
features = self._extract_features(crowd_data)

Jgddl CéuiS #
anomaly_scores = self.isolation_forest.decision_function(features)

anomalies = anomaly_scores < —self.threshold

return anomalies, anomaly scores

def _extract_features(self, data):
features =[]
features.append(data['density_change_rate'))

features.append(data['movement_speed']

)
features.append(data['direction_variance')
)

features.append(data['temperature’]

return np.array(features).reshape(1, 1)
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class LoadBalancer:

def _init_(self, areas, capacities):
self.areas = areas

self.capacities = capacities

self.current_loads = {area: () for area in areas}

def optimize_distribution(self, incoming_crowd):
Cilaa ¥/ soaeie penill diaj les gk #
problem = CrowdDistributionProblem(
self.areas,

self.capacities,

incoming_crowd

)

NSGA-Idus Jsi slasia #
algorithm = NSGAII(
pop_size=100,
n_offsprings=50,

sampling=get_sampling('real_random’),

crossover=get_crossover('real_sbx’, prob=0.9, eta=15),

mutation=get_mutation("real_pm’, eta=20),

eliminate_duplicates=True

)

result = minimize(problem, algorithm, (‘'n_gen', 200))

s Jeadf return result.X[0] #
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CREATE TABLE pilgrims (

pilgrim_id VARCHAR(20) PRIMARY KEY,
name VARCHAR(100) NOT NULL,
nationality VARCHAR(50),

age INT,

gender CHAR(1),

health_status VARCHAR(50),

arrival_date DATE,

departure_date DATE,

accommodation_id VARCHAR(20),
FOREIGN KEY (accommodation_id) REFERENCES accommodations(id)

);

(sblially adlgal] Joan——

CREATE TABLE locations (

location _id VARCHAR(ZO) PRIMARY KEY,

name VARCHAR(100) NOT NULL,

type VARCHAR(50),

capacity INT,

coordinates POINT,

parent_location VARCHAR(20),

FOREIGN KEY (parent_location) REFERENCES locations(location_id)

);

Jlediny) sigal Slily Jgan——
CREATE TABLE sensors (




sensor_id VARCHAR(20) PRIMARY KEY,
location_id VARCHAR(20),

sensor_type VARCHAR(50),

status VARCHAR(20),

last_maintenance DATE,

FOREIGN KEY (location_id) REFERENCES locations(location_id)

);

lediny) sigal el Joan——

CREATE TABLE sensor_readings (

reading_id BIGINT AUTO_INCREMENT PRIMARY KEY,
sensor_id VARCHAR(20),

timestamp DATETIME,

value DECIMAL(10,2),

unit VARCHAR(20),

FOREIGN KEY (sensor_id) REFERENCES sensors(sensor_id)

);

Sy cdlaladl) Jglaa.2
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CREATE TABLE density_analysis (

analysis_id BIGINT AUTO_INCREMENT PRIMARY KEY,
location_id VARCHAR(20),

timestamp DATETIME,

current_density INT,

predicted density INT,

capacity_utilization DECIMAL(S,2),

risk_level VARCHAR(20),

FOREIGN KEY (location_id) REFERENCES locations(location_id)

);
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CREATE TABLE alerts (

alert_id BIGINT AUTO_INCREMENT PRIMARY KEY,
location_id VARCHAR(20),

alert_type VARCHAR(50),

severity VARCHAR(20),

message TEXT,

timestamp DATETIME,

status VARCHAR(20),

resolved at DATETIME,

FOREIGN KEY (location_id) REFERENCES locations(location_id)

)i
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from flask import Flask, request, jsonify

from flask_restful import Api, Resource

app = Flask(__name_ )

api = Api(app)

class CrowdDataAPI(Resource):
def get(self, location_id):

"aine wdpel dpdall Clily g lasid
try:

data = crowd_service.get_crowd_data(location_id)

return {
'status': 'success’,

'data’': data,




'timestamp’: datetime.now().isoformat()
Y
except Exception as e:

return {'status': 'error', 'message’: str(e)}, 500

def post(self):

"spas dgda Glily dils)
try:
data = request.get_json()

result = crowd_service.add_crowd_data(data)
return {

'status': 'success’,

'id": result.id,

'message': 'Data added successfully'

} 201

except Exception as e:

return {'status': 'error', 'message": str(e)}, 400

class PredictionAPI(Resource):
def get(self, location_id):
"MIESY cifais e Jpan
try:

hours_ahead = request.args.get(‘hours', 1, type=int)

prediction = prediction_service.predict_density(
location _id,

hours_ahead

)

return {

'status': 'success’,

'prediction': prediction,




'confidence': prediction.confidence,
'valid_until': prediction.valid_until.isoformat()
Y

except Exception as e:

return {'status': 'error', 'message’: str(e)}, 500

api.add_resource(CrowdDataAPI, '/api/crowd/<string:location_id>")

api.add_resource(PredictionAPI, '/api/prediction/<string:location_id>")

ahladyly algaiil).2 APl

class AlertAPI(Resource):

def get(self):

"abgil cilguiilf & s yiw/ "

try:

severity = request.args.get('severity')

location = request.args.get('location’)

alerts = alert_service.get_active_alerts(
severity=severity,

location=location

)

return {

'status': 'success’,

‘alerts': [alert.to_dict() for alert in alerts],

'count': Ien(alerts)

}

except Exception as e:

return {'status': 'error', 'message": str(e)}, 500




def post(self):
My gsaldy
try:
data = request.get_json()

alert = alert_service.create_alert(data)

ylessY! sy #

notification_service.send_alert_notifications(alert)

return {

'status': 'success’,

‘alert_id": alert.id,

'message': 'Alert created and notifications sent'
} 201

except Exception as e:

return {'status': 'error', 'message": str(e)}, 400

api.add_resource(AlertAPI, '/api/alerts’)

cilalaaly Lyl g3l 3 Galdl)
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class DailyPerformanceReport:

def __init__ (self, date):

self.date = date

self.metrics = {}

def generate_report(self):
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self.metrics['crowd_stats'] = {
'total_pilgrims': self._get_total_pilgrims(),
'peak_density": self._get peak_density(

’

‘average_density': self._get _average_density(

’

)
)
)
(

‘capacity_utilization': self._get_capacity_utilization()
}

ALl clilas) #

self.metrics['system_stats'] = {

'sensor_uptime': self._get_sensor_uptime(),
'prediction_accuracy': self._get_prediction_accuracy(

‘alert_response_time': self._get_alert_response_time(),

)
),
)
'system_availability': self._get_system_avaiIability()
}

ole¥) clilas) #

self.metrics['safety stats'] = {

'incidents_count': self._get _incidents_count(),

'evacuation_times': self. _get evacuation_times(),

y
'emergency_responses': self._get_emergency_responses),
y
(

'safety_score': self._calculate_safety_score()
}

return self._format_report()

def _format_report(self):
/////DZJ&L[‘)"J}:U/M nnn
report = {

'date’: self.date.isoformat(),

'generated_at": datetime.now().isoformat(),




'metrics': self.metrics,
'summary': self._generate_summary(),

'recommendations': self._generate_recommendations()

}

return report

Soaald) Jlatl) 82

class WeeklyAnalysisReport:

def __init__ (self, start_date, end_date):
self.start_date = start_date

self.end _date = end date

def generate_analysis(self):

I/I/I/(JAL“Z". ‘";c‘}'-‘“’/; “! ! - c u_i/ nmn

analysis = {

'period": {

'start': self.start_date.isoformat(),
‘end’: self.end_date.isoformat()

2

'trends': self._analyze trends(),

'performance': self. evaluate performance(),

y
'patterns’: self._identify_patterns(),
y
(

'improvements': self._suggest_improvements)
}

return analysis

def _analyze_trends(self):
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return {

‘crowd_growth': self._calculate_crowd_growth(),
'density_trends': self._analyze_density_trends(

’

'peak_times': self._identify_peak_times(

’

)
)
)
'seasonal_patterns': self._detect_seasonal_patterns)
}
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