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Smart City Traffic Flow Analysis

Abstract
The use of machine learning algorithms has become increasingly prevalent
in the loT environment, as they offer valuable services and applications by
analyzing and interpreting data generated within these networks. Smart
cities are among the most important applications of the Internet of Things,
which, in turn, contain a wide range of applications. Such as intelligent
transportation systems, parking management systems, weather and
pollution analyzing systems. Regression algorithms are used to predict
continuous values, and these algorithms are applied in many areas, such
as predicting exchange rates and house prices. In this research, we
analyzed the performance of different regression algorithms to predict smart
city traffic in order to enhance various services such as parking area
management, traffic signal coordination, and avoiding traffic congestion. We
analyze the traffic using attributes like traffic speed and pollution data
provided by citypulse project, we also study the effect of use previously
recorded values in prediction process, models based on previously recorded
values achieved higher accuracy. The study showed that both the gradient
boosting and random forest algorithms outperformed the other algorithms

and achieved good accuracy for the dataset studied.

KEYWORDS: traffic flow, predicting, smart cities, data analysis.
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(e Aedia a9 (Backward Fill) aasy 4. Al Jlagay) «(Forward Fill)
[25] (Linear Interpolation) aall JLSY) 4l ([18] pandas 4. Ji
Apall 5 5aal) 3 yall Aall A5 ABslual) l) (0 Bydad Dl 25mg o adiad s
Bl afl) G ke e ABDle 3ga o aaiad )y Spline diph bl Ll
Caday L Jumd) A8 plall aaa) A5l dagyhall &e e 53 sl dagsll 28Dl
Ge 33 Ly i) @l saa) aladiuly Ledlagiuly Adadll Ll aF (e
s oo bl Uadll Cliay i Jlaial) dglee e Aalil) bl Agdadl) i)
(3] JRA) s WS cilileall
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Aila slaall g Al sl 5 ASilSaal) dpanigl) o slal) Adeales oaen dzaly dlaa
Jadislanda ube ales 8B Al Yovo ale ¥ aml) £V alaal)

33 58kl adl) Jlaginl pe gl Uasl)

RMSE
0000 RrRRR
ONBOORLNBO

N N
Q Q O i~ K &
> > > A X >
& & NG EY 3 3
& & N Q Q
X < & \(Q \(Q
0 & L &
S & &
. (\Q‘ N <
S <

ARlad) (g hall Bagaiall adll Jladad o aalill Uadd) (3) Jsa
eyl dangl) o aldie Wl () lgany ae UL med duleny @lld 2y a i
a5l Al Aoy ghill iy aadiivin Cua ¢l dlaad L) e sana aga]
w=lsa om (correlation matrix) Laf il 48 e [4] JSE) meagy + 5 pall Ay
w5l alall = yadly Jaal)
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10
vehicleCount 047 0.05 0.04
08
avgspeed - D47 0.05 0.00
s
ozone - 0.05 005
04
particullate_matter - 0.07 002 0.03
-0z
bon_m i .05 0.04
-00
sulfure_dioxide - 0.02 .04
-=0.2
nitrogen,_dioxide - 0.04 000 .04
Y
H 3 4 $ H -
g & g ] H S
g S d £ H E] s
2 z & £ ¢ e
[ = g 2 3
2 £ a 2
- 8

(A alsig o gsal) A c bl Agieas (4) S
Faansse dgmg O Cum Ty oL 4D 32 pa3l) e s yall A8 a [5] S el
L Lo dmitiag Sletll colid DA Aaifipe s pall A (65 Cam Slill) AS5a
L s A

vehicle counts over time
25 4

204

15 4

101

# of vehicles

T T T T T T T
08-01 12 08-02 00 08-02 12 08-03 00 08-03 12 08-04 00 08-04 12
timestamp

GO e (lssall ax) guall ASpa (5) Jedd

fon yail) J\.\Q\‘J\ 3-8
Ae Y (@Sl sae) g pal) Ay 5l Aalany a4y 1Y) anail) Slacy)
Aaalll & el ad 06 Cun Le Ak daws A Galeall Al cle 13 e
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Lo gl Al g g A 1S0al) Al o siall Al

Jadislanda ube ales 8B Al
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Jsall g LS Lo il ahyall Aall o lSpall a2y g lsall JAS A4A)

A Al B 5l dasdiieial) clibadl (3) Jgaadl

3]

NO, | SO, | CO, | PM 0, avgSpeed | vehicleCount (output)
87 44 49 94 | 101 50 5
86 47 48 97 | 106 50
85 42 49 95 | 107 60 4
87 44 51 90 | 103 60 1

sl clelall Je alaieYh g pall A8y 5000l o83 addg 1 SBI wyaill slacy)
oalsall e abiady Leanads lehaad & Al Al Cile)jall AiLaYL uluall
Oo DLl Ao gane S5 [4] Jsaal) sy coraall 53U aas Cuay Lia Aliad
e hall e Ulias Ul sy AT jaety cJlall Qs e ) (glus 32801 dad Ja]
oelaand) e | 202 Liala Alaalll 038 s sal) A pmy 5l apyig (1) Lo ddasl 3

(1) 5l L AL Adaally sl o3 dlssal

A Ayl B il Akt clild) oo Gl (4) Jsaad

NO, | SO, | CO, | PM | O3 | avgSpeed | NO, | SO, | CO, | PM | O; | avgSpeed | vehicleCount
t=1 | t=1 | t=1 | t=1 ]| t-1 t-1 t t t t t t (output)

Ao | EY | EA | AY | Ve gy 87 | 44 | 49 | 94 | 101 50 5

87 | 44 | 49 | 94 | 101 50 86 | 47 | 48 | 97 | 106 50 6

86 | 47 | 48 | 97 | 106 60 85 | 42 | 49 | 95 | 107 60 4

85 | 42 | 49 | 95| 107 60 87 | 44 | 51 | 90 | 103 60 1
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tAfal) A dasiioal) andil) Jalge g ciliajlsddl 4-8

(e i (continuous values) 3jcivall adlly 5uill jlaai¥) Gilie) jlsd ardind
sklearn Al ol 4i€a acdi zpally JAdl pald o Ale alay) P
tlete SN Lgwaladinl Wiy Al il lsddl e 2221l [19] (Science toolkit)

:(Simple Linear Regression) lual) il jaaty) 1-4-8
0 e Al Jaall g by ) B (55 e Al e gl 1 o
ol A5n o S (Y) Aed oS5 Gua (1] Aolad) b LS aiss Tad Aslas
Sl 455al) Geju g and (X) 5 Lo 50l 35

y=mx-+p (D
Say i) Ay lsd oand Cam i il (M, P) il o8 iy
oIS At byl alasialy @iy Gald) Gseblll Baulidl adll Juadl
s S e i Bluall als dad (55 Cuay (gradient descent) | slsy|
J10] sl jlasiVl = 35as e Y [6] S

=

=

= —

%‘ Linear function

° ftx)
input (x)

[22] Jasl) k) aai¥) (6) Joi
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Aila slrall g Al gl 5 ASilSaal) dpunigl) o glad) Abulus aaa daala Al
Jadislanda ube ales 8B Al Yovo ale ¥ aml) £V alaal)

:[22] (Multiple Linear Regression) amial) bdll jaaty) 2-4-8
d};h) (X) Jdaal &_1\)}};3.4 % 4:—}4;4 Cm PEY P .J\.A.l;\ GA 3\_\4\))\};5\ VY e.lil»ﬁ
3l Gl 401 e [2] Aabaall i caiaity 5l ayall (y) A0

Y= myx;+ myX; + -+ p (2)
¥ Lae Jumdl J<G mall el sl dlee o Al cVatie dil) aals
Vil dila) dlee 4B o Gang S (Gl g5l e Judl gl Gle S
(Overfitting) s Acdlall e VAl Jpeasl) cuindl (ugyte JS Alslaal

A JSLaA (e ay

:[24] ridge regression 4. \s3 3-4-8

538 iy Al )andY) oo lsa Lgie il JSLe Jal Asa) sl 534 a3t
lle day5 Jaall Gl e Ak ABDay g A Joaie Fady gl 31S0) e IS
28 daxdiall & dlail) ol AgLd) AASEL) &igaa e o(multicollinearity) o e xig
oW (high variance) Jle cnls 73kl oda ol Jdlly 288y je &3l aad
Tad Al o Jaad lay il Gl 5355 zipall Gl o Ay Al
D A lsa pladinls laslay) s ) LSl A e Jliy G (1) Jalaa
il Gl g sana ich Jally 5latl il Alslae (685 JHial) Js e L Apadl
1[3] Aol (35 Ly oiial) milly Adadll o) oy

- n p 2 P
Fraage =argmin{zi=1<yi—ﬁo—zjzlﬁ,-xi,-) va) O

JAX Aaadivally A yaadl (alsdl) sae (P) edaall @las 23 e (M) sl Cas

ey leadl a2 U Al LSl (B, ) ¢ el Aglee B
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:[24] (Elastic Nets) 4iall ciluill 43 \93 4-4-8

ls 1asso regression 4 lsag Adball Ay lall e Apa)lsAll sda s
Ledlsin DA (e Lete JS L ety mAd) e il 3690 alsall waas b acls
Jalally 3 15l G Al bl &K Janmn b palisy (530 (01) Jalaal) Lo
ddee A aladin A 4Bl aldl) Woaasy sl (L1 ratio) o cayny 3 (B)
) () i [3] Alalaall s Ly oo Uiga 5l

fov=argmin(y. (n=po= Y fy) +a®Y. Bl+a-pY ;@

:[22] (Decision Trees) il jladl 4ua),lsa 5-4-8
Ae gane o 8yaill (g5ints 8 yainnalls Dygitll wlly 5ul) Loagl dua) ol o3a pasind
G gyl et Lgle HLEaY! el A Lo dpald o8 i Al 4dalal) diall e
Bl Lo it A Aaadyl) Aadll (geas Gl al ALY L Bpatll e 4Shuin
ve (splitter) bl Gub oo Woast dme Hulae Guh oo 38l jladl) a
Gl (random) (e Yy (Dest) dall araivs L sale s dpa )il (iad alasind
Daalls R e (e G AT (385 Raa bl Jexd Bpadl) skl Al Jud]
- 5ll Taliall Al ypaal Jaa e ST A e Laal 06 Cum Bl g5 o
il g i) Leaal Ul 3yas dal e ledasia oS0 S bl e 33al) a3
Dals (min_sample_split) Gys) amiil DU clinl) 222 ((Max depth)
Dby a5l AUl i) 28lS J8Y) 3 yaill saley axiiig (53l (@) e

() A o iy 2aS ST el Al 3yl
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:[22] (Random Forest) 4ulgdall wlilall 6-4-8
sl Alee A aadid N LA Hladl e sae e slaeWU Glal) o2 ol
JS 8yl IS (Bee s ey (n_estimators) i)l b e Laua ais
o Al all danigia 38T 5y Jledl) pall Glaalds DA Sl ey lsad 4ilia
e il 8 Aa))lsall o sl WAL o2 am Bad JS i (e g0 3l
(Ji palss e HlaiV) sda aldie) ae Alagy el oLy DA e 520050 4Dl
7] JSE a sy WS bl 3 mamadn 3535 e JSUe (g (Jlad o (Sags WS

Test Sample Input

"l'rcc 1 .'l'rcc 2 ) Tree i* "l'rcc N

C.)

Prediction 1 Prediction 2 Prediction®  Prediction N

Average of all ;;r:dlcuons

Random Forest
Prediction

[22] Asilgdal) cililad) aladiindy §paical) adlly 5uiil) (7) Joid)

:(Gradient Boosting Regression) _aaill jlasi¥l 4 lsa 7-4-8
Tassia (g5t JAN il aan o Lo WU ol 505 s hals Lua sl 020 Tas
by eliy o A0 55laally chae) lsall Alaaal) lill) (o JS) gpall Jsaie e
Caags Ll o yanil) o Uy s Al Gaalsdldl ans Jaall Qs ddys DA
{otiiall aidllg Aaladll assl) o (30 Jias 53 (loss function) 3)leall s dad Julss
Cuny Slgll Cataal) o lid s ye € Aailll i) pen 3y 2 Aage S gy
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301 [8] JSal) gy [22] Aailil) 5l Gad (et 3l Ciiadl) GISAL aay ol

r eIl Ayl dee

) v, 3=ry— 1
t t t
1 \ T
s s s
I ‘ ]
Tree | Tree 2 Tree 3 . Tree N
‘T\ sh N /r
‘ \
X, ») X, r) X, r;) X, rvy)

[23] o) JIaaiy) alsdiol; §paioad adlly a0 (8) Jedi
e Ll gsaty dlatiall G Gaa ol ailie (K Baa) Al o3a Lasia o
Al Ly asi s3I (leaming rate) alall JaseS (55891 el (an
Al daill e dae)lead) Lale Al ddiall Slaa) lsal)

:[22] support vector regression i 53 8-4-8

el (classification) caiaill Jilua Caia lealadinly Zaa) loall sda il
e A lsall o3 adiniy Byl il 525l A AS QLAY Gany b pasid
chall soaaidl aaang Al (kernel) 580 degddl Gl e degana
il G Jeadll edasal) aadiin Lad diaidio Clua 4K 54835 s (hyperplane)
obd oo 3)le sas (decision boundary) Il asaa sed CEN iahldl L
[9] U gy L ALl oill 215 A pall il 2ny (palsie

30



Aila slrall g Al gl 5 ASilSaal) dpunigl) o glad) Abulus aaa daala Al
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Decision +£

Boundary ~ ™~ {

+ 4
F\

Decision
Boundary

Output (y)

+ Hyperplane

Input (x)
[22] SVR alaiiul; §aicsall aiblly 35 (9) Sl

Lall a0 Cumy Ll e 230 581 (gong phan Jumdl e L lsall Cas
Jae B e diad S (@AY b lsall e o gl dlae (& padinl
«(predicted values) sl (e 43l adlls (actual values) ddedl) asl) (pu s
e Aaa)loall oda 2ty () Al dad aie Cond) el Tadll Golaty ¥ Camy
g 1sag de gl ) il s pe et L) gl 8 dle day5 (sl

[22] b

(Root Mean Squared S jyleall (iary aadivies ALl Gl sl o1af syl
(O1) 2utdal) asdll pur 39 8 Janigial 2n il H3al) e 8)he ga5 Error) (RMSE)
([S] Aalaally Jasyy (Py) 3aiill (o daslil) Al

1 n
RMSE = ;Z =1(0i - P) (5)

i

o Al Aodlly Aladll ) (o o) el ranl) 3l Ll leal) ey
Koy WS Lihadll il o 3l ge A Al G sde g Ml gl
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Fhall b gidl ey Al Mean Absolute Error (MAE) Jalas aladiul
il e Aadlll ally Addall adl) (35,8l dillaall daall

n

1
MAE = = |0, [’ 6)

i=1

A Aol Jaeys R2 Jalas aladind (Say sl

11(0; — P)?
?:1(01' - 0)2 ,

n
1
RZ=1- where 0 = ;z 0; (7)
i=1

==y (Coefficient of Determination) waaill A€ e Gl Hlaal) o

UL i B3sa 520 5l V) #dgall Ul daulie a0 Goladl Jalaall

Juadl )l Ja ST dadl colS LK Jaall Jsaie aladinls Lal 3 4asal)
3 9 J2e o 2 239

Ol Cplalaal) GSe e daa))lsall

Lo Lule Comy A b (e e gana e sl o3a el b LS5 LS
Gub oo sl o3 Joaeiy Auhall sda & Ly (7] @bl zdgally oSall JaY
Corgs Leie JS) Alainall ail Ao gana (e ALl i o Jundl e a
Jpeanll 5 Sl il [5] Jsaad) mazass ((RMSE) s Uad Jana Ji e Jgeaal
ALl ey sl liahl e JSI LSl all Juadl e Ciad) 3k oo lede

dgtall cilbajledd) e daddiviall cliahld) (5) Joad)

D lalaal) Laaj,lsal)
alpha=0.005 Ridge Regression
alpha=0.005, 11 ratio=0 ElasticNet Regression
random_state=42, max_depth=3 Decision Tree
min_samples_split=2
ccp_alpha = 0, splitter = 'best’
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random_state=42, max_depth=10

n_estimators=20

min_samples split=5

Random Forest

random_state=42, max_depth=2

n_estimators=20, min_samples split=2
learning_rate = 0.3

Gradient Boosting

kernel="'rbf', C=1

SVR

: 3250 Ldes o (Window Size) 538U aaa il 5-8

) Al clulaall Gleld aae e e Al 338U aaa 550 Ay V) a5k
Aoy Adlia] (o Ayl Cypelaly AiSan 53 Anis Jumdl (Biad Cumy Lgalatial ang
An a5l AU 50 aaan J 8 aals Cuglil) il aa gl AS)a
bl 3l [6] Jgaad) mas ale IS oz 3laill o1l G [5] Auball o g al)
Ngie JS0 Qi1 33800 aaa e iy lsad)

g paall claai edd) Jal (e AiSan 33U Ll (6) Jgaadl

(RMSE) Wt 2 | 538Ul dai Juadl da)lsall
4.104438 44 Linear Regression (LR)
£ EETVA £ Ridge Regression
4.175865 43 | ElasticNet Regression (EN)
¢,Yyvioed 99 Decision Tree
3.827373 104 Gradient Boosting (GB)
3.630251 115 Random Forest (RF)
YLAYVYVY 104 SVR
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a4l Can opall BSay sl Alee e 33U aan 86 [10] JSEN maay
(linear clulsall Jal (e cllyy gl ddae 8 S5yall Uadl) da 223 £ £ dagl

.regression, ridge, elasticNets)

Linear Regression evaluation with time dependency Ridge with time ¥ Elastic Net Regression evaluation with time dependency
1 1 .I
A [ » | 2] =1
/A J |
I 1 |
\ aal | |
| « \ .
| o E \ E |
| f | f |
\ / \ / |
I". .-/f I". .-/f | . _\'\
\ \ \ ,
- / _ 4 \ ’ ~
S V S A \ P
| S S/ AN _
L o~ . e T -
S e, S —
Py ) P w
of lags # oflags lags
a b c

(a): LR, (b): ridge, (c):(EN) : sl ciluaj i Ao 538U ana a0 [10] Jsi

G Cua A8y S A et s ST bl p U D 5ad daa)ha Ul
[11] O meamgns Alladl o sl (pa Tond 2101 a2 dpa) 58l 230 (o syl
e LDy WS LAl Bas daay s dal e il ke o 33U aas il
G Bagale J3 5ol ddee Cpuat b aalud asentl) il lsa of [12] J2a)
Gind (Al dea e Aen e Byl Ciliay lsall BL (e J81 3386 aaal zliag
Aeaiiveall i) 200 Al Tyl Aandiinal) (6 5AY ) Cilia)ylsa0l 5 lie (s Jasa 8
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Decision Tree Regressor evaluation with time dependency

4.4

mse

T T T T T T T
0 20 40 60 80 100 120
# of lags

- i v N -ty . ¥ P
DAY Jladl Aajled Ao 538U ana a3l [11] Jsdd
Random Forest Regressor evaluation with time dependency Gradient Boosting Regressor evaluation with time dependency
|

\ |

N,

o 20 40 60 80 100 120 o 20 40 60 80 100 120
# of lags # of lags

a b

(a): RF, (b): GB : 3.l ciluajled Ao 338U ana i3l [12] gl

Gl e sl 2l GEa3 ally SVR A lsa elal sl [13] Jall mamasyy
3 e S Uaall aan (80 J5 8380 aaa Jal e Tam 2100 Ginsy ey ylsal)
- Slaaylead)
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SVR Regressor evaluation with time dependency

5.6

5.4 4

mse

5.2 4

5.0

T T T T T T T
0 20 40 60 80 100 120
# of lags

SVR 4 lsa Ao 538U aaa 8l [13] g

5l Adas B AGLd) cule AN aladiia) 5l 6-8

Jare Jil e Janlly fag ia J8Y) e 44 5380 aaal il il alaes 7 ias
o siins AL e Dl alasiiad A0 A5lealy 13 gl Alee o)l cpuays Sae Uad
338U aaa e Gluluall Q5L cle )il alasin) e bl Uadll dasgie Gl
cosboall Ll e L) aladtind e Undll 305 455605 120 s 44

Linear e Jay du s yaall aniill Jalse Jal oo ol Uasl) [14] JSaN el
J<h il dade puat 44U ulal) @) 8 aladinl jelay &us Regression
Jaadl Agl) cle ) Aot (e bl 2 3sall (Y 12 SCOre dad 5 LS cdass

a3l Cua ElasticNets 5 ridge ise) s dal (e ol Uasd) [15] JSal) jeday,
Ay i (30 Lag . dadd (paluaall llad) cle DAl alasiin wie 3aLall il ylsadl ¢l
sanil) 8 AL (elual) Clel ) alasiud xie Juadl 514 ridge
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KVEY
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Linear Regression Performance (Time independent vs Time dependent) Data
6

B mse
B mae
L

4.4877

3.38436

Evaluation Metric values
w
L

0.248272

time independent

4.32636

3.25586

0.32493

time dependent

(LR) Laaj s s\ aui [14] Jel

} Data

F;lage R Per & (Time i vs Time ) Data Elanstlcuet Regression Performance (Time vs Time
- mse . e
- mae - mae
5| ==n g ==
4.32636 g7

Evaluation Metric values

time independent

125586

time dependent

3.38435

325814

Evaluation Metric values
w

0.248272

time independent time dependent

(a): ridge, (b): EN : i) lga £l i [15] Jedl
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4SW Gaal) ez 59 pall AS A Jalas

Onty Glly DDA Bl Auap sl phadind oo sl Wadd) [16] JSal sy Lad
Aalall eyl oall e s pasd 2101 2085 Lo ¢ bl Zaliad) e Ll olasind die lag)l

ol fiail dal o

Decision Tree Regressor Performance (Time independent vs Time dependent) Data
6

B mse
B mae
vl

4.46819

4.31013

3.29473
3.09281

Evaluation Metric values
w

0.254793

time independent time dependent

.(DT) daajlsd o)l aniii [16] Jsi
Gy Ea (RF, GB) e ylsd dal (e Aldl cdlabeall api [17] JSal el
Agllall e hall alasiud (e ST @bl pladiul die € IS8 RF 4l ¢l
21l ant ¥ ES) ey plsall LS GB A lsa elal uaty L cdad uluall
ple U8 RF Zuaj i (e Jumdl
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Random Forest Regressor Performance (Time independent vs Time dependent) Data  Gradient Boosting Regressor Performance (Time independent vs Time dependent) Data

. mse . mse
- mae - mae
- -

5 = 54 2

it 4.39500

402331

&
'

3.84228

328304

2.65817

Evaluation Metric values
w

~
~

Evaluation Metric values
w

0.415788

o
o

time independent time dependent time independent time dependent

(a): RF, (b): GB : /i lsa s)af ani [17] Jed

Tousl 2100 33 Ll W) el il SVR dpa i elal ai [18] JSl sglay s
Dsale JSG @bl (Sl e

Support Vector Regressor Performance (Time independent vs Time dependent) Data
6

E mse
B mae
[__Bivi

5.38761

3.6489

3.46923

Evaluation Metric values
w

time independent time dependent

((DT) Zpa g £1af i [18] Jeil

O gl iyl 0T ey ALl Sl A ool anii 5 [7] Jsaall s
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g ) ey i) £1af anis (7) Jaad)

Al 4y el S Ayl

daay gl
R2 MAE RMSE | R2 MAE RMSE el

0.3249 3.2558 | 4.3264 | 0.24827 | 3.3844 | 4.4877 | LR

0.3249 3.2558 | 4.3264 | 0.24827 | 3.3844 | 4.4877 | Ridge

0.32414 3.2582 | 4.3289 | 0.24827 | 3.3844 | 4.4877 | EN

0.3296 3.0928 | 4.3101 | 0.25479 | 3.2947 | 4.4682 | DT

0.46729 2.6582 | 3.8423 | 0.24025 | 3.283 4.5115 | RF

0.41578 2.8736 | 4.0233 | 0.27897 | 3.2182 | 4.3951 |GB

-0.001 3.6489 | 5.3876 | 0.03131 | 3.4692 | 5.0943 | SVR

dal e A8l ey lsal) elal A3jlae il [20]5 [19] culSall (e JS muiasy
Ot 2l (g il

Time independent Performance for all algorithms

N RMSE

. R2

Linear Regression  Ridge ElasticNets  Decision Tree Random Forest G- Boost SVR
Algerithms

coabeall lal) e LAl aladiad de A jaal) cilbaai lsadl o)l ands [19] Jsid)

40



e gl g Aol g g Aol Bpuntigh pslall Ades en Analy Al
Jadislanda ube ales 8B Al YoYe ale ¥ aml) £V alaall

Time dependent Performance for all algorithms

EmE RMSE
S MAE
5| . oR2
44
34
o
2
=]
&
24
14
0
T T T T T T T
Linear Regression  Ridge ElasticNets  Decision Tree Random Forest G- Boost SVR

couball A5Ludlg Adlal) e AN aladiad de dug jaal) cilsajledd) ool avis [20] Jsdl
L i) )l e S platinly sl e Aasll) dejl) ALl [21] JSaN maa sy
Gl bl laeY) gas 383 (g0 HLEAY) Glly ae apall laaiVls G el
sl dlee 8 Guluall 48,

Traffic Flow Prediction (Time Independent) using Random Forest & Gradient Boosting
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Improving Single —Controller Software-Defined Networks

Architecture Using Named Data Networks Architecture

Eng. Ali Mustafa’ Dr. Eng. Yaman Ghazi"
ABSTRACT

Recently, software—defined networking (SDN) and named data networking
(NDN) have merged into a new architecture that improves content
distribution in the next generation of network architectures. SDN provides
a centralized control plane that improves routing decisions, while features
within the NDN data plane, such as name-based delivery, in—network
caching and adaptive routing, facilitate data dissemination and access.
This study aims to implement the new single—controller SD-NDN
architecture in the ndnSIM simulator. We will do this by writing the
simulated source code and including it in the simulator. We will also
implement a similar IP-based architecture in the Mininet simulator to
compare the two architectures in an NDN-based and I[P-based
environment. This will be achieved by adding a unified topology to each
scenario and specifying appropriate experimental parameters. The
implementation will then be executed through a practical scenario on both

simulators. The final part of the study will evaluate the performance of the
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Informatics Engineering Faculty, Homs University.
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implemented architectures and compare each IP-based network with its
The results proved that the counterpart in an NDN-based environment.
outperformed the NDN environment in terms of several architectures
performance parameters, such as throughput, number of packets lost, and
delay, compared to the traditional IP-based environment, Bandwidth

utilization was higher in the NDN-based architectures.
Single—-Controller Software-Defined Keywords: Named Data Networking,
Networks, Information Centric Networks, Future Internet, SDN-NDN

Networks (SD—NDN).
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At lSy Jamy 2als alas Jaad dpal 581 sSLaall il e e D lajlly
e eSanll Clangs Y Aually Clipaall SlY b Lay ¢ jualinll o2 ¢ L3 iy ALl
Ll S an ) (Sl LSl olé dlls ey chardware e Yo el
[6] .Adxdll 33eaY) uliska 1
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shal oy Las (NS=3  Sadll e aciny jiadl z5iie Bl NANSIM i)
Jul&l) alal<iy NdNSIM - iy L ASLLSNy Sl clSeil) 4 NDN iy e cuylas
NDN Forwarding , ndn—cxx «lly i La ¢ sl allall 4 NDN z3li as
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i i ) ((Helpers) sacluall alsill (e dauls 4o sane NANSIM - i) LS
i Slaall aadiing NDN- 550 48 a (3835 ) A8l Ly ¢ (4380 JS sl Ul
Gllee daadly Glaal NFD cuila ) edgmyad Glaw i g CH+ 4845 ndN—CXX
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[8] - ols

58



il plaall g 43l gl 9 AuSailSaall o glad) Abeales e daala daa

Cary -

M Gy haa o Yoo ale ¥ amll £V alaal)
(Ml Hlasy) sa5) NANSIM 2.9 aladiuly s8laall Cila gyl (jlad 2as
aUas (e Ubuntu Desktop 20.04 LTS a5 Je NS-3 2y (jaca 40 2y
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AGlad) cluhal) LY
«SDN i€y NDN culSui (g JalSill g gum g gl ) byl (g ap3al) llia
NDN wl€us duh e alad) de 85 . golaill gllally lgie S0 audl
Jie o 1Y) slans aaady chluall Juadl lidl Jady lay olead apmsill il
CVE AB ) L 4l Gagy clpes deiall (oajes cclally ol
0% Ulgls @l SD-NDN 48l Jpa fluail ;leall aoldall il Lalaiay)
Chnasi (e 45l Lag Apapall SV ae (38155 Sl gyl Gt ) GlSaY)
vs Unngs Al
cignsill Adany Ala cld olang ) 130 cilagylisd) Calide 33)lie 21 L Glle
BISlaal) la splises 2aa3 wie dald ¢ ) daball 8 claadll amy ) sl Las
il 3 daatiall el
sasinly SDN-NDN iy Gabsiy [2] disdl Zy0 5 ofialdl o5 Sl
5[] aaball 4 paiiii 0 LS Southbound Interface i¢al<OpenFlow
i Aol d2plal) e Yy Al bl SATY &atial aladi) 5 Ua Gus (9]
A o 4850 o 8 adiain bl 4 8 Glieat e Jsuaall 23NDN
SDN Sl Ay po Aliinse Cilansgi (5F (i Bn Lealasind Jlatialy 4l o3
slhac) &5 o A0k JiS5igy A [10] Lhad) &8)0) 3 ¢ fald) - 8 Loy
Gpstiall e sadiadll A<l b oy Jelally 2 Lleudl (NDN-Fab auall LaadiS
48l 4l NDN-Fab e (Content-based) ssisally(Ip—based)
AauluY) A<l Koy Ly (NDN Jis « Content-basedcilyy alasiuly Jeally
IP-) Gasliadl o adini o) e Juai) z3sa Jass f(Core Network)
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(AS3aiall) Aol clipll A<l Wil (any 2365 ICN i) 35 O (g a2l
G5 Apanll @lld 8 Loy cilaatl) g ae I V) (TCP [ IP il 4 (e S
WS L laad) Al Jal e dadbeal ) dalag 15 Y cclly ) Loy 6)8Y) Japag
luall) A5l Sl (e 3adaill Alage NDN Jaad ) Cifiaall 7 55 150
Ciana i€ ()65 (S Clypally LA 038 aghy Ay sl o (S (ASual) )
.SDN @il e Jalall die Juinds apanai 5l (paua

dcgene 3aats (NDN 5 SDN cilSus Jal&s CaliSiad [5] duhyall (o o5 38 Laiy
s A 8 Bawyl) Jelptll aal Jidy inal) Al e psall 2l cibiaaill (e
sa50m0 lSes Wi (e Allal) 2 3lall aaese LAl 5 Cua (SD-NDN il
NDN e [l ddlall SDN aSa5 clasyg o G8lsl) Jiad cdlld o 30le i
Uanad deaans SDN o Al duaiadic oSal malys sk o3l Laa ¢S 4K
SD- cilyy dlle o oy Aty A lalied Al 40) muass .NDN i€yl
Jray 3 Les cbaydss ) NDN Cangs Al xldl) casd ye e ¢33 NDN
Capadl o 8% zisai o Gallh NDN 7z 35ah (e 4lad J81 SD-NDN 73548
s3my SD-NDN 23l (paca dy5l) oda & dajiill ) e eda ldicly aghi
Ay Aalall defsal) Al e Lo Cogu LS ¢ oSanidl)

sl il Uia s Ajal) ol€ail) Ay Ay [12] Afindl 48)50) 5 (ygiall L8
o3 (oY) CBalae o Alie Gk oo Gl e gl 8 ) JENY) (e
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STl Gail) Alee i Loa (pKaial) smg) 333 5el) 2l (lee s (gpkas

34015 Lelee 45 NDN €2l Ajlanad Ly [13] find) 33,50 3 o gimlil) 238
a3 4 g sale) Lagia duhy e blee LS ndNSIM SIal) alasiuly ¢ 1aY) sy
2337 2al NDN i) 3 dahisal) apa il sale) Sladiliiuls (Interest) alaay)
S Jlaial Al pe le8ils ggime L) o 35 ae bl S (ailas
Cagall oyl

Improved Cache replacement policy based-on Content Popularity
Slo ailly agd A Al oda Wae b .Cashing J) aseéar ddasiyall (ICCP)
NANSIM S aca laylidls Lgasas 401 NDN Gl 4yjlase

sae ) LS saa e SE NDN 5 SDN 3l ciludys 4l culupall s Wi
Aalia 5lSkak s Uausy d5ag ade ga SD-NDN saaall 4l da it Liaslgoshag 3l
G Wysn Gl Ay IS Gen Liad 281 1.8 anall 8 dal) alag) & ST L
[5] Aiayl) 485l (peim A gial) A aldic ] \ganl (IS5 Uiny 3 Lealasiind

Cann Aesall Al i) Lgnnn sty Liah ladayy oSaiall 52 Al Ll b s
1) CDlelas aal G A5l Lady WS (NDN-Based ; IP-based (il
G il led) aaay Aainll me Dlginls 35 olaids il el o
o825l 53m g SD-NDN 508l Wiy Gea NDN clSs Ll

5 Mininet (uSlall 8 aSatdl) 5aag SD-NDN 45 gdas LA
:ndnSIM

IP-Based (il e ewS;l‘d\ Blag u.\'.'\.\ﬂ\ Gasat eyl g Uais g past day PUSie
.(ndnSIM  Slaill le) NDN-Based 44udls (Mininet Skl o)

61



Blanial) i) cilSad A aladiiady a&adal) Saia g Uiaa s 48 adl) clSudd) 4 (paans

il elaug V,A

¢ Unas g3 A3 | Lt 3\SIail) (i) ¢ U (g raaly 58 Lo oyl (pania s ol

SDN-Based Internet2 syaall ol cilas e sdale Lndsar al i
NDN lSa 1o(2014+)

alal Aol ss L yyshai @ agdailly Cila DU Alas 4805 e 3)le & Internet 2 ()
i £33 ) 52858l LY e dnyy e dalaiz _ay cInternet2 consortium
Cidially daal&Y) cliwsall deagiall sl il Jads e

:NDN iy (3laty Lad 51SUazl) e Uangd Lndsail) il (V) Jsaal) lias)

Internet 2 (38 SLSadl) clau ol 4323 galll addl) (1) Joaa

Metric Description Typical Values
100s - 1000s
. . . The total duration of the (depends on the
Simulation Time . . .
simulation. network size and
objectives)
The round-trip time (RTT) for 30ms - 180ms
Average Latency packets to travel from (depends on
(Delay) consumer to producer and network scale and
back. path length)

The maximum number of

packets that can be stored in U EEREE

Queue Size , (varies with network
a router's queue before )
. load and traffic)
dropping.
The rate at which data is 100 Mbps - 10 Gbps
Data Rate transmitted over the (depending on link
network. speed and capacity)
The maximum number of
Conter_1t Store entries (packets/data ‘ 00 - ST e
Size chunks) that can be stored in

the Content Store (CS).

1 per second to 10
The frequency of Interest per second (depends
packets sent by consumers on consumer

to request data. behavior and
simulation setup)

Interest Request
Frequency
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:(Single Controller) sy Laik

SD-NDN Single Controller 4l 3slak sl (2) Jgea

100 (Sec) Y EOA S
1 ileSatiall aae
(Mesh) 3 NDN aa2l) sac
Jglif 2
! Producers/Consumers

10 (MB
(M) (Payload Size)
ms
(ms) (Delay)
Data ) bl Ja Jixa
1 (Gbps)

(Rate

2 dlia e Jill s

30 (packets) (Queue Size)

il Gan 8813 s

1000 (entries
( ) (Content Store)

10 s g Interest ) <Ll 2oy
pkt per secon
( ) (Request Frequency
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5 IS <l )< aae

e d dy S agease (il Y Mininet Saill es elaugll o3a aaad o
((7) Jall) : Slazll dgals

Link Details x

Bandwidth: 1000 Mbit
Delay: 30ms
Loss: %o
Max Queue size: |50
Jitter:
Speedup: |

oK | Cancel |

Mininet Skaall cpads SlSkaill slac g yaai (V) JSE)

paadll 5l e clUangl 038 ad Jaad e 23 Y NANSIM SWZ o L
((¢) Jsa) Ju s,

109 csma.SetChannelAttribute ("DataRate", DataRateValue (1000000000));
110
111 csma.SetChannelAttribute ("Delay”, TimeValue (MilliSeconds (30)));

155 /] Producer will reply to all requests starting wtth /example/data
156 producerHelper.SetPrefix( \\; e/ 2)s

157 producerHelper.SetAttribute(r , Stringvalue( )); // 16 MB - the unit is: KB
158 producerHelper. Install(producer) 1/ Anstall on the producer node

consumerHelper.SetPrefix("/exanple/dat
iconsumerHelper . SetAttribute("Frequenc StrtngValue( 8")); // Interest frequency within a second
auto apps =consumerHelper. Insta\l(tern\nals Get (1)); // Install on the consumer node

lapps . Stop(Seconds( )); |/ stop the consumer app at 10 seconds mark

Config::SetDefault("ns3::QueueBase: :MaxSize", Stringvalue("5 325
/| Create the nodes required by the topology:

// Install NDN stack
148 ndn: :StackHelper ndnHelper;

149 ndnHelper.SetDefaultRoutes(true);

150 ndnHelper.setCsSize(1000); // Set Content Store Size to 1000 Packets
151 ndnHelper.InstallAll();

NANSIM SWaall Gada BLSadl) slaw g Haak (£) JL&)
AN Laglgrshally alald) Calal o liyg 4l 350l (s Lid

https://github.com/Ali-Mustafa96/Single-SD-NDN.git
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Juyall dllgindll saie s (R1, R2, R3) NDN aie &3y (Controller 1) am
:(Producer 1) cbllall Jiiudl) i) saée 5 (Consumer 1) bkl

Controller 1

Consumer 1

plail) 33 g SD-NDN 4isll (papda 55 ki (0) JSall
Laglsshll Judiy (IP-Based 4iy) Mininet Skl eia 4l sda (Gias
e Uansy (pana ale GEEAI) aaall iy JLEN Y5 JlyY) Saie o Sl asaa Jlls
B NEGA|
Mininet Sl es daalil) oLl samg Laslsoshall J<3 (1) JSally lagl

TEICE

a ]\;‘u

Mininet Sl gada SDN IP-Based 4l (g4das (1) Jil)
sl Juiiy (NDN-Based 2iy) ndnSIM  Sadll cpaca 4l oda (3a8a5 &5 &5
JUEaY s JUoy) Sxie om @bl asad Jlol & Gas binlsashall ledals pacadl
S e Unuy Gana 4le () anall T
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Bsdl) e el s (gilly Limglsashally Galdd) fpatll alal) (7) S mlasl
2Ll I € Cpamnntly (e e Gl 13 (535 3ISIAR Clalael Lalsl) 1 jaadl
sty COlasll oLy b_»td\ el (y 5 X (5)5na ééé) lgadlse aaty sal)

BV paay il deju (e Lpaailias

25 | router
29 #node city y x mpi-partition
leaf-1 Na -80 -40 1
31 leaf-2 NA -80 20 2
32 rtr-3 NA -70 -10 0
33 rtr-1 NA -60 -20 1
rtr-2 NA -60 O 2
Contl NA -40 -10 0O

link
# from to capacity metric delay  queue
leaf-1 rtz—1 lGbps 1 30ms 1000
41 leaf-2 rtz—2 lGbps 1 30ms 1000
42 rtr-3 rtz—2 lGbps 1 30ms 1000
2 rtr-3 Contl 1Gbps 1 30ms 1000
rer-1 rtr—2  1Gbps 1 30ms 1000
rer-1 Contl 1Gbps 1 30ms 1000
rer-2 rtr-3  1Gbps 1 30ms 1000
rer-2 rtr—1 1Gbps 1 30ms 1000
rer-2 Contl  1Gbps 1  30ms 1000

NANSIM (St (s L 31 sl 4ol o) cilal A (V) JS2
224 pplisadl 8 sanly Rath 5288 Lpal) oSail i dlia) A4S (A) Al e
(1.8 mudl) (paa daia Gl
jie ¢ly alall) "LearningController' eyl Jsasall (o gyt Glal cua
sail) pe Gayall 138 Lilayys "OPENFIOW" rwlu) Jsisall (o )il (pKaal)
4y5lall Container Jl yaas ae La sl sashall Cale (g Lgie bty Liad ll5 oKaiall 26
RERTR RV | oA (I (Consumer, Producer and NDN nodes) 20030 asall
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f/ Creating nodes from topology text file
annotatedTepologyReader topologyReader( ', 1);
topologyReader . SetFileName( -
topologyReader .Read();

/f Cetting containers for the consumer/producer and controller Conti
PtreMode> consumer = Names::Find<Nodes( f-17):
Ptr<Node> producer = Names::Find<Nadex{ E
Ptr<Node> switchiode = MNames::Find<Node=( )i // The controller node

129 //Ptr<Node> switchNode = SwitchContainer.Get (8);

138 OpenFlowSwitchHelper swtch;

131

132  if (use_drop)

133 {

134 Ptrensi::ofi::DropController=> controller = Createdbject<ns3::ofi::DropController= ();

135 swtch.Install (switchNode, switchDevices, contreller);

136 1

137  else

138

139 Ptr<ns3::ofi::LearningContreller> controller = CreateObject<ns3::ofi::LearningController= ();
148 if (!timeout.IsZero ()) controller-=SetAttribute ( ©x ti , Timevalue (timeout));
141 swtch.Install {switchNode, switchDevices, contreller);

142 }

NANSIM (Sl & 45 a8 il e aSatal) ake Adla) (A) JSil)

NANSIM Sl (e daslll 2Samill 3oy Liaglgsshall JS3 (3) JSAIL alash

Consumer 1 Producer 1

.NdNSIM Saall caa SDN NDN-Based 4l (g:8a5 (4) Jsidl

NDN- 5 IP-Based (il (paa aladall bamg o) ¢laf jlad) .4
aaad) L4 A cliwadl) yaady Based
23 ity Ay LYl Gl Ly oY) Hlad) clas)liendl IS e i
(e s2e BISLaA Al 1S e Ayl il e Ulias) Ldjall (e SDigiadly
:NDN-Based s IP-Based i) (yaca LKaiall s 5 cpitail) el jLis) 1.9
:(Throughput) Laliy) Lal o -
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o) PIA mmas JS dalivdll ilill) 40 e b Throughput 4abisy! &)

RATA
o bl Jes aaa G AN elau (yaua L 231 IP-Based il Gaa
Al YoA Jalas L sl (10,240,000 Bytes) ) +<Yé+ KB (g5lis Y+ MB

0.473 )sia Throughput lual o (AL, culy 10ce s aany ICMP

Mbps
0.8 Zaluy) il sagiiall 25 30 cuw :NDN-Based il jeca laiy
.Mbps

:(Delays) aiil Juay Ao Juaalal) alll 4al e -

Al on (Rl L) 128.773 ms b i oS :IP-Based a4l g
N 99,0VA MS a3l aead bl Ll ol iy ¢ 04V, £AY MS il alacly
NALYOY mS alyg Jils Juadl sl S :NDN-Based i) (e Loy
:(Dropped Packets) aj)ll ¢Jaié Lali ga -

Gl (and Gilgagall 2 lial B2 gsia o)) 14 25a Liii) :|P-Based 4w o
@A) Gl BLaYL 3 Gan gl s Lee Katil) e lajall Jiios (S
Syl i) B NDN cilSad W el a3l cliswadl) 3aad aud (aca ladai

Ooa Apals Gl g 350 Glass gl Laals A :NDN-Based 4y o
dsas o9 Interest bkl 4t e 3 Sy NDN @lSus o il

:(Bandwidth) adiicall dajall e igiu) 4ali g -

:IP-Based 44y (pun

SDN éligius (Sl ccdlagll aa e 1 Gbps (AU dajall (aje paaty Lid
s 305 % (A ana s J1 5) 1% e syl Glasyplid) &
.0.52 Mbps sl dajall (mje laia &y 3, . IS Bandwidth J)
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LAl e 05Ky Aatin Al 330 gaen (05S5 <Dropped o35 s Y 4 L
28 (100 sec) s8ladll () PlA (Payload) ddupall clibudl aas 5o cllginll
- 0.8 Mbps L
Hlads alill Zal e lele slibas A i) Jesk (¥) Jsaad) (e Lnaay
Al 2

dalil) g a3 8 bud g Al (e BlSaL)) @il Jan (3) Jg>

. AVG DROP Throughput
IP-Based
| (Single Controller) 199.578 0478
NDN-Based
IP-Based
(Multi-Controller) 330141 |I| 0485
NDN-Based (Multiple 300.421 0.4
Controller)

e sl G e gl o8 (£) Jsaall el 5 LS
NDN-Based 3 IP-Based o) (i dajall (e Dlgiuly @3&\ (4) ds2>

|__Architecture ] Bandwidth(vibps) |

IP- Based Archltectures “

NDN- based
Architectures
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0.5
0.8
0.7
0.6

(7]
Qos
o)

20.4

0.3

<:1P-Based (Single Controller)

' NDN-Based (Single Controller)

0.2

01

0

Throughput(Mbps)

IP- (o) (ol Al (3,4 guida gy Jakada (1 +) JSl)
Based Single Controller

SD-NDN 4yl (peua NDN S Lgilal 3 colipuntl) o Ly e (iayas
(V) JSal b LS Jualad) sl ey Lo
:(Adaptive Forwarding) aSidl) 4 gill —)

A8 aeh bl alasyl s Ay chlusal) aaxie 4ga il sale) NDN A0 ac s
Clpalil) e NDN dSed JIE (b iblia e GE ) yall 4 4 5NDN
(SDN) &3 52y caliaas Uil 050 Ul lue Juzadl i) PIA
bty (B 33aak Ghlae e Sale [P e 4@l SDN 40 adia’ Lty
Juai dala ¥ 41 LS L chall s Les (oSl 3aay JAN 4nill 0le)
NDN cil€us 258 Eua ((End-to—-End Connectivity) dilgs ) dilgd
SV Aalal Al Les P gyslie e Yoy sginall sland e 3l cilild) asa sty
Q35 saie (gl (e bl g lagind dpalall 028 g .End-to-End <Vl

[14] . Jlay) cilalac by ddagipad) il pdlill (po JI8) Laa Bdga (g 5inal)
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dalled) il Qs Y NDN 4y cen TCP/IP 485 (e (aliill (g2
JsSsisp axaid P e Lalill SDN 4Sus JIy ¥ 483l slaf iy
2 Lee colhd¥) dallaky JLoy) salels ACK st iy Lee (TCP/IP

[15] . sl oy

# 1P-Based (Single Controller)

= NDN-Based (Single Controller)

175

Millisecond

170 =
Delay(ms)

Single Controller o) cada palilly (§,Al) g g Jakada (11) Jsi

o5 3 sAlly (VY) JSA 3 LS o530 oo als e Bagalal) el (555 LS
(In— A<il) Jals cdgall Sl oals U Glld gy Aaluy) b cledll )
dagmdly NDN cilus Jaly cisdl sl mi Eua (Network Caching)
(Aagussl) dial (ge il & s jin) (CCN) Content-Centric Network awl; Lay
La w30 ol Julis iy o e jaadd) e Jly¥ sale) ) dalall JI Les
sale) ) ((IP) cupyl JSsisn Jlo Al SDN cilud b o)) olais a5
Laas bl s G WS L palilly alaai¥) e i bee o Ll ol e Jlsyy!
aliball Jas Jlasg alaa¥) 8 oSail) 8 ae by Las cInterest J) o)) e Gllall xie

[15] o330 oo Q65 Y (g3 Lan (gygpmall
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* |P-Based (Single Controller)

ca

' NDN-Based (Single Controller)

Paogkets —

DROP(packets number)

Ol G 3500 Gl (3, guida g Jabada (1Y) Jed)
Single Controller
Mgl Gua (e 1P ) atieedd) SDN (e Juzadl Wila cand SD-NDN 28l o<1
AN LS (1Y) IS (e JaadU LS g3l (3l
(Cache Synchronization cadsall fphanll 3K dialie g pe 48 a Sllgius —)
:Ubla) Gaa g BUas Traffic)
On GLaY) e Laliall) NDN cilud b el il 3,803 dialhe culyl a6
zbas Y (IP-Based SDN cl€ud 4 Laiy WAgdlia) aSad ulily (4xa 51l g
Jaly Cge 3a% agag aaal Hlas cdgall ) 3813 Aialie ) ansil) 8]
LA,
Gaagi BUas NDN aSus 8 cpall opianl) 5,80 el ellgins @ jlaialy
[16] .iSubiall ddle il b Lals (il

: (Large Name Prefixes)iai)l aas (e 850S) ¢ laudl) cilials a5 =Y
@sind o (Sae 4l iy Las P Cpslie (e Yy gsinal) s lead NDN aasiy
bl pan I3 0S8 Agiall ) Lain ALk daaps slend o o330 Sl i
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Integrating and Improving Distributed Software—Defined

Networks Using Named Data Networks Architecture

Dr. Eng. Yaman Ghazi! Eng. Ali Mustafa?
ABSTRACT

In this research, we have addressed the integration of SDN and
NDN networks to obtain the new SD-NDN architecture in the
ndnSIM simulator. Here, we have customized and adopted the
distributed architecture by writing the source code that simulates
its operation and including it in the simulator. We have also
implemented the similar IP-Based architecture in the Mininet
simulator to compare the two architectures in the NDN-Based
environment and the IP-Based environment. This will be projected
by creating a unified topology and determining appropriate
experiment brokers. Then, we started the investigation by
implementing a practical scenario on both simulators. In the final
part of this research, we evaluated the performance of the
implemented architectures and compared the IP-Based network
with its counterpart in the NDN-Based environment. We
demonstrated that the NDN architecture outperforms the
traditional IP-based architecture in terms of throughput, packet
loss reduction, and latency, while bandwidth utilization was higher
in the NDN-based architecture.

! Assistant Professor, Department of Network Engineering and Computer Systems,
Informatics Engineering Faculty, Homs University.

2 postgraduate Student (M.A), Department of Network Engineering and Computer
Systems, Informatics Engineering Faculty, Homs University.
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Metric Description Typical Value |
Simulation Time The total duration of the simulation. 100s - 1000s (depends on the network

size and objectives)

Average Latency The round-trip time (RTT) for packets to travel 30ms - 180ms (depends on network

(Delay) from consumer to producer and back. scale and path length)

Queue Size The maximum number of packets that can be 50 - 200 packets (varies with network
stored in a router's queue before dropping. load and traffic)

Data Rate The rate at which data is transmitted over the 100 Gbps - 10 Gbps (depending on link
network. speed and capacity)

Content Store The maximum number of entries (packets/data 1000 - 5000 entries (based on network

Size chunks) that can be stored in the Content Store  caching strategy)
(CS).

Interest Requests ~ The frequency of Interest packets sent by 1 per second to 10 per second (depends

Frequency consumers to request data. on consumer behavior and simulation

setup)

SD-NDN 4l syl (e 3kl dalall slhavsl) (Y) Jpall mlns
:(Distributed Controllers) 4cyall

4o 554l SD-NDN 43l 3lslas slam g (2)d 52

dagdl) o gl)
Y ngaﬁ\ dac
. J G\Jj ARTS
Producers/Consumers

cSagl Je pabi

30 (ms) (Delay)

) dlie e gl ana
(Queue Size)

50 (packets)
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Link Details x

Bandwidth: 1000 Mbit
Delay: 30ms
Loss: %
Max Queue size: |50
Jitter:
Speedup: |
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109 csma.SetChannelAttribute ("DataRate”, DataRateValue (100¢ 00));
110
111 csma.SetChannelAttribute ("Delay’, Timevalue (MilliSeconds (30)));

155 /] Producer will reply to all requests starting with /example/data
156 producerHelper.SetPrefix("/exanple/data’);

157 producerHelper.SetAttribute( Fayloadsize”, Stringvalue( )); // 16 MB - the unit is: KB
158 producerHelper.Install(producer); // Install on the producer node

iconsumerHelper.SetPrefix( e/data
consumerHelper . SetAttribute(“Frequency”, Stringvalue("16")); // Interest frequency within a second
auto apps =consumerHelper.Install(terminals.Get (1)); // Install on the consumer node

apps . Stop(Seconds( )); // stop the consumer app at 10 seconds mark

Config::SetDefault("ns3::QueueBase: :MaxSize", Stringvalue("'50p"));
/] Create the nodes required by the topology:

// Install NDN stack
148 ndn: :StackHelper ndnHelper;

149 ndnHelper.SetDefaultRoutes(true);

150 ndnHelper.setCsSize( ! ); // Set Content Store Size to 1000 Packets
151 ndnHelper.InstallAll();

NDN SIM (Skail) cpaca BlSkaill slac g a3 (£) JSE)

Ll Glo cpali Bl Laglp ol paldll Cildlly £yaadll sl G e

solia

https://github.com/Ali-Mustafa96/Distributed SD-NDN.git
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.(Producer 1) clllall Jaiudl) ikl sa5e 5 (Consumer 1)

baslpohall Juiiy (IP-Based di) Mininet  Sadll feca duill s3a (3aas
Gldes o) 58 pem ddak s WS Jlaialy JlY) e Ga lly Jlls
NS PRA

Jaby Aailll (Aeisal) l&sidl samie Laglshll A (0) JSEL alash
.Mininet Sl
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Mininet (Sl (e 4 3 gall 418 SDN IP-Based 4l (gdas (0) Jeid)

(NDN-Based &l an f) NANSIM _Sadll (e 450 530 3y L &

Al badsashall (e s Ayl 3y0l) Jais
Ly B elf i gMlly Laglpshlly paldll faill Calal (1) JSAll mlash
o U5V dand (e caldl 13a gginy SN clalacy dyglall £ jaadl 5yl
sl G adll ggimy L (X, Y) leblaa) paaty el Ul Glegled Jsoa
e L Aalall clialsall aaaty asall o EBladll ol e Jazd clagded Jaa
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# topo-tree-Distribute.txt

* This scenario simulates a tree topology (using topology reader module)

router
fnode city y x mpi-partiticn
leaf-1 HA ~-50 -40 1
leaf-2 KA -50 100 2
rtr-5 WA -85 30 0
rtr-3  NA -70 -10 1
rtr-4 HA <70 20 3
rtr=6 HA <70 40 2
4
1
3
2
4
o
1
2

wom o m

rtr=8 HA =70 70
rtr=1 HA -60 =20
retr-2 HA -60 O

rtr-7 WA -60 60

O R

w

rtr-% WA -60 80

20 Contl HA -45 20
21 Cont0 HA -40 -10
22 Cont2 HA =40 70
24 link
26 # from to capacity metric delay gueues
27 leaf-1 rtx-1 1Gbpa 1 Ilma 1000
28 rtr-3 rtr-2 1Gbpa 1 30ma 1000
25 rtr=3 Cont0 1Gbps 1 30ms 1000
30 rtr=1 rtr=2 1Gbps 1 30ms 1000
31 rtr-1 Cont0 1Gbps 1 30ms 1000
3z rer-2 Cont0 1Gbpa 1 30ma 1000
33 Centl rex-7 1Gbps 1 Ilma 1000
34 rtr-2 Contl 1Gbpa 1 Ilma 1000
as rtr-2 rtx-7 1Gbpa 1 30ma 1000
1 rtr=2 rtr=4 1Gbpsa 1 30ms 1000
37 Contl rtr=4 1Gbps 1 30ms 1000
38 Contl rtr=5 1Gbps 1 30ms 1000
35 Contl rtr-6 1Gbps 1 30ms 1000
4 Contl rex-7 1Gbps 1 30ma 1000
rtr—4 rex—6€ 1Gkpa 1 30ma 1000
Etr-5 stx—-€  1Gbpa 1 30ma 1000
rtr-4 rtr-6 1Gbpa 1 30ms 1000
Cont2 rtr=7 1Gbps 1 30ms 1000
Cont2 rtr-8 1Gbps 1 30ms 1000
Cont2 rtr-9 1Gbps 1 30ms 1000
rer=7 rer-9 1Gbpa 1 30ma 1000
48 rtr-8 rex-9 1Gkpa 1 30ma 1000
49 Etr-9 leaf-2 1Gbpa 1 Ilma 1000

NANSIM (Staal) G 4 5 5all L o g2 shally Galdd) (paail) Cilal) 4 (1) Jeil

et blal Cum L (cilelats EDE W) a8 Ales) TS (V) JSall e
el addiuy (s zigad sag) "LearningController' e dll Jgasall (e oalel
ge oabeY) sda Layyis "OpenFlow’ ;uludl Jsmsal (e 2ysial) (lelandl)
Sle Zygiad) Container J) apsi ae Laglsishall Cale (o Lol L ) sl

.(Consumer, Producer and NDN nodes) w'ﬁy\ iz l)
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135  Ptr<Node> switchNodel = Names::Flnd<Node>{ Conti"); // The controller Contd node
136 Ptr<Node> switchNode2= Name Und<Node=( Yi // The controller Contl node
137 Ptr<Node> swltchNodel= Names::Flnd<Modex{ Cocnt2”); // The controller {ont2 node

139/} Create the switch netdevice, which will do the packet switching (Install OpenFlow )

141 OpenFlowSwitchHelper swtchi;
142 OpenFlowSwitchHelper swtch2;
OpenFlowSwitchHelper swtch3;

158 Ptrens3:iofi::LearningControllers> controllerl = Createobject-enﬁ rofi::LearningControllers ();
159 if (ltimeout.IsZero ()} controllerl->SetAttribute (C tme”, Timevalue {tilmeout));

160 swtehl. Install (switchNodel, switchDevices, cantrul\eri)

161

162 Ptrens3::ofi::LearningController> controller? = Createobjecuns.\ rofL::LearningControllers ();
163 if (ltimeout.IsZero ()} controller2->SetAttribute ( CxpirationTime”, TimeValue {timeout));

164 swtch2.Install (switchNode2, switchDevices, controller2);

165

166 Ptrens3::ofi::LearningController> controllerd = createohje:tms.\ :ofi::LearningController> ();
167 Af (!timeout.IsZero ()) controller3->SetAttribute ("fxpirationline”, TimeValue (timeout));
168 swtch2.Install [switchiode3, switchDevices, controllerd);

169

L J

NANSIM (Saill 8 45 jnaal) 3 jiudl) e lafatialf e 48U (V) Jsal

203 NANSIM - Sadl e A5l defall Laglpghll JSE (A) JSAL aingd
Mg Lalall L paaall 5,5l Qs

python

Zava '

Consumer 1 Producer 1

NANSIM Sladl) e de 5 gall SDN NDN-Based 4l (gidas (A) Jsil)

NDN-Based jIP-Based yiiull cpaa ds)gall 48 glai Lad) —v
Sagand) A} 3 NDN el Aty aa Jalsil) (gt any cilisal) aans
e Blgials a3 oy aalbilly Laliy) ulee Gy V) LG A
(Al il Jgumndl 2y e ae 5SIaLl Llee )<y Liad) A03all
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Loy cdad (o) (e sl JSG Lled dalidll lilyl) 4 (e Ll i
L cledens ) Ul Jlads Aallae o5 i 2SH Ziajl 550 Al Coay
syl DA (3258al1) dlagall 2350 2e el (Packets Drop) a5 ol

Gl Gladll Hlaie Camy A3y old SleeS A (mje oDlgiul leadin) WS
Jualéin el oy o 2luy lelee jafh i 4l 4 A<l o oslhadl)
.SD-NDN 4l a3adi) SDN 4y

G head e llas lolaely Ll sSAl e (el ppen ladly L
NDN- 45l 3 lalidaay il sa588al o530 A8 e (7) IS0 3 LS dalisy)
W a8 el Lo sie Glld =l sis Based

0.9
0.8
0.7

0.6
05 # |P-Based (Multi-Controller)

7
0.4 y )
NDN-Based (Multiple

0.3 Controller)

0.2

0.1 é

Throughput(Mbps)
LaliYl (3 A a6l Jalada (9) JSi)

IP-Based Multi- ol crana
Controller
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il e (Delay) bl dualall Guatll (V) JS8 Gaa (apes WS
:NDN-Based

325

“# IP-Based (Multi-Controller)

MDN-Based (Multiple
Controller)

285
AVG Delay[ms)

Ot Al A la g hhil (1 +) Jedl
Multi-Controller ¢l

AU LD 5l Aals e Gl 3 gay

scSi Cus (Adaptive Forwarding) cisiall 4smsill s 5,8 cuudl .
Slecbd gl G Jla by @hladl aaie 4agill sale] NDN <
Chlae e A I Ul 4 sale) A caial) o Jlall cdlag
Go Caantd Slaglan Joeay Ul g0 USwalin Jlae Juadl lasly dby
o Lae ol 3322 hlue e 3ale SDN 405 adiad iy SDN &ait
[10] . sl 850

&ua ((End-to-End Connectivity) 4l 1) 4l Jua 4ala ¥ b
Gosbiadl e Yy agill Lleny (gsinall sland e Talaiels NDN cilSus o6
.(End-to-End) i)l J Ll a¥lal ) dalall L le P dalid)
oo JE Lee (Bige ginall 335 saie gl e bl plagiu) Sy
[11] - Jlay) clalac by ddagi o) el pallal

Eua (TCP/IP gisalll Jia 48la) slef 4§ NDN cld Gad 22 ¥ .C

o)l Jls Y NDN 4y e TCP/IP JSsinll o caldill (oo
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L (TCP/IP JS5i5 5 axains il SDN il JI Y Lty cdalladl)
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[12] . saxills

J<a) 3 LS NDN-Based 45l (jem o)l olais 488 Loaf cojlailly Wlaa

Ayl gl Y1 13 G Wl (V)

7, IP-Based (Multi-Controller)

NDN-Based (Multiple
Controller)

\ﬁ
N

DROP(packets number)
Cubil) Ganda a 300 ()B4, (5 AN i gy Jaladh (11) JS&dI
Multi-Controller

oAl =) & ((In-Network Caching) 4uill Jals cdall ¢pjadll (@
dalall (e Jlgy (Al S8l (e bl g lajind CON culSus Jal cgall
[12] 2350 olais Qs Y 6350 s 5a¥) c aadd) (e Syl sale) )

Ay G caiill oy alag¥) e JIE Lgudd Interest/Data o350 47 (b
dnterest J) 23 Gk e dhll vie Jaé Gllall Jals NDN Gl€es e
SDN 4Sui (8 Lab . ay)l) olash Jliig (gyg el e culibal) Jis (e JIG) Las
OSYL 0& Al S s e ) cOlagll e @bl Jug i)
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cdsall il dalue Mi Y sam B lee g legngis lene Jalail
[11] o550 2 sl 4 ¢ Wsls (Buffers)
(Gatill) 1P Y atisdd) SDN (e ¢ susf i SD-NDN 430 () Jla 4 e
iy ylaill e Gl LilaaY, (Bandwidth) (sasgll laill eDlgiul dal g
D) g @l mlash A (1Y) JSa Ll

% IP-Based Architectures

2 NDN-based Architectures

Bandwidth({Mbps)

5 IP-Based Cniiad) G A Al Gl e gy (3 Al geia gy Jalada (1Y) Jsl)
NDN-Based

e NDN- e 32424l SDN dan eca Aajall (aje oDlginl A adiss

(Cache csall (paill 3505 Aae cililens &aldll jyje AS5a llgins LA
<l NDN @il o5 Eua ¢ 58T daA mye Synchronization Traffic)
(NDN a1l o (ssinally LAY e Lalial) cdzall (il 5,03 Al
Coadl S cilinad dllgid LAdla) W88 bl dagd ey ) )
Al @il & Lald dlal sid (e NDNASW 6 casd)

[13] .55l

&ua ((Large Name Prefixes) 4ajill asa (e 8S) clen) cilinly 3 .B
@sind of (Sea Jully P gaslie e Yy sgisd) slawl NDN st
0S5 Agial) AT et e Alish B Bed il o a3 iy 5
[13] .IP-Based dualyl & culi ana il
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CCN Content-Centric Network
CcCP Cache replacement policy based-on Content Popularity
CS Content Store
FIB Forward Information Base
ICN Information-Centric Network
NCP Network Control Protocol
NDN Named Data Network
PIT Pending Interest Table
SDN Software-Defined Network
SD-NDN Software-Defined Named Data Network
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Formulating PopScore: A Similarity-
Based Metric for Evaluating the Success
of Marketing Posts on Facebook

Eng. Rama Akram Yaseen
(Department of Software Engineering, Faculty of IT, Al-Baath University, Homs,
Syria - 2024)

Dr. Naser Abo Saleh - Dr. Wassim Ramadan

Abstract

Social media platforms are considered one of the most important
digital marketing tools in the current era, as they allow marketers to
reach a wide audience and interact with them in innovative and
effective ways. Despite this, there are not sufficient studies that
determine the factors affecting the effectiveness of the marketing
strategies used and their impact on user behavior on social media
platforms.

This study aims to develop a new metric, PopScore, to express the
expected score of spread and popularity of a new post before it is
published on Facebook. This metric provides marketers with an early
insight into the effectiveness and success of the post by integrating
several data analysis and text processing techniques to study and
analyze similar previously published posts and user interactions with
them. This approach applies the concept of Content Filtering to find

the best formula for calculating reach, which yields more accurate
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prediction results, thereby enabling the evaluation of the
effectiveness of digital marketing strategies on social media
platforms.

The focus was on Facebook due to its widespread use by companies
and marketers to promote their products and services. This study
fills the gap in understanding the success potential of a marketing
post before its launch, thus understand how to make the most of
social media platforms in electronic marketing operations and
advertising campaigns. The model's accuracy rate in prediction

reached (0.977.

Keywords: Content Filtering, Similarity, Digital Marketing, Social

Media, Facebook, Normalization, Classification.

106



il plaall g 43l gl g AnSailSaall o glad) Abides uaaa daala dlaa

Car -

Odaay pag,d glla gl pualin Gaady oS0 Ll Yove e ¥ amll £V alaall

-

Lasial) .
sl Gl b il dasla<ill jalhall ST e e ldia¥) Jualsil) ciliats o
Aol LA alily i) sl e Doy ¥ Teda compal il Cam ¢ opypially
Agase gt Wgenn oty Calidg ginally HIEY1 Jaliis )8l Jual il
e oalaSY) G dan dadd) daeldial @lSed Bl e 5l ciliaiall 23 Cijds
(Bsntll cJanll Jin Blall Culga Calide Jalill Carassi 5 (g5 e g iy Cilid
Ay caladl
Jiliss (yatiiong sl e 81% f [1] 2013 sle cupal 2l P e
) Ayt 31 Al e L) Jualsil
skl Wyl e cdalse sae ) el dualgill Jilusd gl HLIEY) (50
Usasll Jan Lae cAlsine Slanls cufi¥) Jalgss 43 Cailgell b gapull o slgisil
dle el duhy sy Cupl) exdiie ae i Cus ceaall laliog Mews L)
[2]. allall Jya adiinse cilyle D5 iga 2022
ASm Wi ) elld ool Lyt g Lig s e 8y 455V 8 Lpanall 23y5Y) Ll g
[3] coi¥) e Gusedll ) S e ad) angs QI Aaiiy eaaliiy GlonY)
adlasl 55 elia¥) dualsill claie o alasSU sl aalsll @l i
s osean G Jpeasl) Slaill sl Cun ¢ g SN Gasaiil lle b daulud 31alS
Jualsill DA (e Alady 3K 3yl 4xe Jelilly dhaally LnlKall 2g0all o,
Ay suil) Lilagl i) Gaeadl UL Jalats ¢ AL aa ol
gl b dlee bl COR) Gy DAT5 e S o Cilaaal) A iy
Lo (sh ) iy ol (S0 8558 Agds bl cilslae gt s Uil -l e silly
BYCR S P (R RERTSRCH N SN S N PRS- S PRSOY TS
Slo e bl Lal Laa¥) e QN V) aag Vs 486N Asiall LS e dailal)
3] e laa¥) Jualsill Jilass 3 Al LS L

107



5 Ay gudll) &) gdidal) plad il Alidl) Jilat e adiny (ubieS PopScore skl
& ganndl) Laia

o % Al SLball o V) D Las Lol agd 35 5D Gasnll of aas
Claie o areaill AL yie Leadlis Jaay Laa ¢l ST 5l adlse o cllad)
Ailaiall Calaatl) Jgm 55n Ll el Ly . Lgingads (A sy e LaiaY ) Jusl il
el dealsll dliaia e 4y il &y giliiall Allasd andly

i o Al Lol L1 e Tey Jols a2 kit 23 chgndll o2 dgalsal
Jaill e e hasd) adie) cdyladl 8 L &aad) (V) bl culyidi aladid s o)l
oalii) A gy (CTR) jselall 1) Ll Jaee Jio daiil) o181 Guplial ()
Jaas ¢ e laals ol aladL &jlie Pley) Sl Lbll e 1o ¢pll
shehdll Jie e haYl 15l ) (alail) dus sy (Conversion Rate) sl
S edld ) Alayl oo Pley) Al gae il Pleyl e il ey Jal
Jsn 0Slgiuall e il Glily geal AB chlialy ol cledainl alasi)
LAalia ) ¢ el Alled

VL sl e g3)d 5as0me 0580 38 Ll V] el oda dpaal e pe )l e
sl (bl (e At Sl iy asleSil) adEl ey L Alle Adyy Ll
Gl siall dallad anl Coags (a gaaill dallany DLl Jalad bl Gaadal (Saall (4
Clpaall 212 TF=IDF 4 slasid 2 of oS Sl A8y ST (a8 48,50
CSay XS oyl 8 sdiall ~lad (o 5l (8 ac by Lae Gi)sditall (0 dpail)
Slo 2l Glesenn ) @lysiall ol K-Means (e gl Gy axiind o
WAy gutl) il AT aeat s Je il bl Jadad Jeoy Lae ¢4S jidiall Lpailiad
ol Apanll dgnanll lSaally add) jlaady) Jie sl 23l 2 ey e 3dle
Jalaal )l lily e et z3lail) o L Agddiaall Ciysiiall #lad il 4,48
Slo Aiae bl s @l Hlaall oy lee o diia) o180 gl Jalady)
i dad il 5palls el e alaie ) e Yoy Ay cilily

108



il plaall g 43l gl g AnSailSaall o glad) Abides uaaa daala dlaa

Car -

Odaay pag,d glla gl pualin Gaady oS0 Ll Yove e ¥ amll £V alaall
Cun (35 S Gastdl) Jlava (3 i) 5l (po Teda Rl Jslal) o3a yiad
Ao guail) il i) Allad Cpunty Cpperdivedll sl Joa Bael (53 a8 g

eyl Jualsll claie e
G siall LA A pa a8 43S 2aa (ulie skl o S5 s Aol o2a (8
isall Jalsall agil (i pucil] Aallaa s il Jilat e Toldie) Loy (18 4yl
P e Al GlEll due g dilia) aldall Do Jiay - peadina) Jeln e
e delitll 3 Aldll Lalad) dalusindy clysiiall o 4plil) Judas clsal Cada g

Loyl dualsill claie e JiaY) A sl il i) Gt acy Laa
SV ALY el gl (e Apatll el 25y TF-IDF 4l sl 2
Ahsdiall o alill s wlél Cosine Similarity alall cua alis Jalas
G e Al Ghpdie ae legaldi Lo 2l Baaall Glgliall sl 2y L Adba])
Uy pdiall Ay e e Aalide 8 e lgieas Sy clgme (ppariind) el

Vsl Leagd)

Lugie ((MAE) Gsllaal) tadll Javgie Jie 5l (unlie aladin) & aiil) Jal o
L) Ay A8y il (RMSE) Wadll aype Jawsic da ((MSE) Uadl) ayye
.Popularity La) el capail F1 ulie ) 4Lyl PopScore 45l
oy siiall oty 505l 3 dafial) dmgriall 8508 (50 223 Gunliall o3 Chae L 3
e il aaans HLEEN) dayay 5l 48 Cus e Bacy @l Clia g LgBUa) (S8

) AUéa LY
) (S35 Gapniil) ganialse clglis Al Subal o panl) 39 G pll e
Slaie o Lol 418 Bl (K Vs At SV )l adlge e Ll 1S Lpalans
Dol adlse o Slosledl G35 Aaplay Ay IAY Ao elaall dealsil
Jladll 138 Ly 3 jpund Ll QY I o Liia¥) Jualsill cilatas 4t SN
A jlall gl as Hpnd daie Lo Yy eliin¥) Jualgill cilaia DA (0

109



5 Ay gudll) &) gdidal) plad il Alidl) Jilat e adiny (ubieS PopScore skl
& ganndl) Laia

b Bsad el Caadl 8 peadl s Audally Judaill LS il e Jpeanll

sl o Aabiaa) Lalyilis ccibiaiall sda (pe ol aail (3855 1K1 Grenl) agdl
adiall Cilagh i) Al s cellgiog)

[LICN | KT N

Gl i) Sl e Rgudl) siiiall Allad Gull) 3 Zppha sla) ) andl gy
pasaill dallees Gl Qs b dadinly Gl (D) JE e laaY)
OLEn) dapy (eldl PopScore e aaa (ulie (il PlA (e 3y skl
lad g 1S Gasust G3int ol (e Angial) il

Loy el g diaite o lysiiall (o Adlide 15l Jidas wia duhyal) o2 k)
Opeaaindl) @ shas ol Sians . Aail) )y pially ppail walis ¢ yseall gt Sl 3
cbysdiall 028 (e psi IS e lidailly ccBle Ll (S Lial) sre daylic PUA (1
sl dllad aiy (perdinsall Jelis e 35l Jolpal) ap3ad Chagy

) Lpaaf Lt

Gasmill Jlae & Al Cand) 35md a8 Lgiaalioe (g Lgnaal Ayl 038 (iSs
S Al 30 i panall i3 s e laial) Jualsill cilaie e 35 5y
Allas ol e it Aa el dmgiall o LS Wy U agil) sliie Allads 505l (ye
Ayl i @l Ll siall pe (peaiiiveal) Jelis Al Gacl agd 8 2ol Ladiie
Gladilin) paad o 53l e Lae (dify DUl o adied 48 g0 )l E A5
Al claall b Juadl il Gaiaty (3 sul

110



il plaall g 43l gl g AnSailSaall o glad) Abides uaaa daala dlaa

Car -

Odaay pag,d glla gl pualin Gaady oS0 Ll Yove e ¥ amll £V alaall

A gall clufal) Lo

Gl e dosie desenne (o Wirahe i ) cluhal)l cilosl (i
dualsill Cliaie o Jad 5 Sl Grsad (3a8a0 48 sl deadfinall iyl
Susi e daih) clebialdl st Ly clypl Jdad e ey e laa)
Eoasall maaaill jelal Cum ¢ [4] (me gaasal atlainly Hsganl) jelie Jilad)
slaw (pre Foase slad Galiall Cuglaty selie maad el &y cleliled
) e Jalaill Al ple gy Sl elaial ) (s

e VSIS A0 ellgiuall @l )y 8 K-means auweadll 4 aladial )
Allginal ol 5 e JalaS il alasind Jare dpaal @yl ) ¢ [5] & gundl)
Aleldg

il cilily alainl Jon oSlgiaall Hli cileas Jidas ()8l Ay il WS
Y 2 Aagiaal) e of cupelsly ¢ [6] Aisns Gl o laia¥) Jualil
il dlle O e asl) e 700 e ASG classall 35 0 (S Cum cillad
Al il (gl 2R (palise 15358 o

e O [7] lere G deliiy dplatll Alall AlSe <l Jilas Ay sy
oS gl oo Gady Je bl saly 8 ulad) Jalad) & lsinay <l sl
ahasily 4y gutl) ¢y siial aa o Dand) Jo i gl wd i Al py i3S cclld ) i)
Cufigis sy ditlua Jie chsiiall (ailad el o [8] V) aleill il
Aanl) ISAN Cyelal Auhall sda 3 el 30l b 4 53y sal) VLl ol
AL o Bl Glae ) G (e Je il @lgluy sl gl Juadl

Jeld o ) 9] llgiead) ey sl Je pabal cull il iy ax LS
Ala pos geiiall ] la o sl Calanll @l el il il anpig AT Greriiall
Cilaabally Ladlgll dpail) elad 4 dllgindl I e S ik Al bl s L
el W oo olag) JS8y 5 ML 485554

111



5 Ay gudll) &) gdidal) plad il Alidl) Jilat e adiny (ubieS PopScore skl
& ganndl) Laia

VD e de panal Sdati [10] Alols dunse Fdyd Caedf ¢ Baw La ) 2aLaY L
Sus o ekl G (el dualgll Jiluy Lo Caiaill el calls
degs €Y L) o K-means 4 oy cilild) 7 )iy Jeud! Laid) 58
Zhai) 8 Caal) Ul ae dzed die e Liall Jilat dylled Gl jall < jlal (Sl
PAad A sudi (55

3L L {sabias Lnilind (53) s o oSy a8 [11] 5891 b
Salsally ey sinally Adleiall Jalsad) il clgling . e laaaV) Jualgil) Jiluy dlled
Cyelaly L opeadindl Jels e claadly chlelicall culdials cdaiajlly ddbd)
s o ke 1Y Lag aaas ally sl sgiaad datial ¢ 1) of Al
Y adfy Bl sl ma S sy el Latdl) pais s 5 (Dle)
i U Akl cldlall 488 e il asent (S

112



il plaall g 43l gl g AnSailSaall o glad) Abides uaaa daala dlaa

Car -

Odaay pag,d glla gl pualin Gaady oS0 Ll Yove e ¥ amll £V alaall

O lgabane 81y (35 SIY) Bagusill gouage alylis Al Gluball o el 22y
Claie ge Gasedl) ) @b Leie QI s A SN sl adlse o Lals
Celiadl Jiat e ple culs legd Y1 clipkill o Gus elia¥) Jualsil
el Gl b asgll 2 Wla 4l e ae )l e cansil) Gl B e il
Lo o815 ofialdl 08 e alaial laglUae) aiy il maalglly ciliaiall o3a e (3ygull
K el aluhall e of WS ccluhall e ajall ) dalsg gl cllia Jl
orl) Gand) Al S 3y aag Vs le JSE ia Y Ganlls IS D51 e
s ) Al 35y Jugs daie o 585 ) ALaYl dals sl Al
Ll A lall @ i Jilie Leie bl e Jsasl)

Ll V) ¢ ST Gapuaill b e laia V] Juaal il Jiluss dpenl Aol coliahyall ey
e (B gl seanll paaty oeliad) Jias e T JS8 @S
oy pinal) dllad (uld) Baa Ak el A e Bemdll o3 an ) dulyall 038
OB ¢ b« a geaill dadles s Dllud) Jalad b ey @lldy oLl J 48, sudll
& Ldsudll CBlaall ~las e 55 ) Jalgall lagh (Bread 8 aalud Al 028
e laay) Jualsill bt

Gl gihhg cfgal .1
Gl degana 1,0
Jealsil) diaie (e Chsdie o Gl s 8 deadiall bkl de sane ggind
sl (pe Biaall dpiajll 85l ok <l giiall 38 (f Cam — Sgaund — e L)
2023 iy 2017
ralilyd) juaa
b ol Wgie Ao 355 a cdyiad) Caeatill SN A8 ) culilul) o3a agad
Ggalle Aglat Gldle saad JiS5 A5 Apsaad) illibladll i g il sac el L) s
«Facebook diaie; Lalall AP culipbaill daa y dgals alatinly )il pen o
113



5 Ay gudll) &) gdidal) plad il Alidl) Jilat e adiny (ubieS PopScore skl
& ganndl) Laia

Aaan deals G dyasl shaa dadis seally Sl e SN peal) dulee 2SIt
s (e lipdail)

aatally dualall Jag ylly )il T g o gaand (ge il Glily e Jpuanll
Aaduall by ) Jpa sl dindl Ciligaill o)< A8 2lse o Jgeanll o3 o 2y
Al cldatiul ol lealatinl aaes haih Gl 13a apadl Lealadind 25y o Ja
aadl 3a #)la

ralilbyl) (hag
cssinall JISET Calide Jaii G ¢Sl g sy Ll Ao gane 3 )y slitall a
i
e Glasleae ol JISE e i Q15 (g5t 8 gl Jiay 1palll e
Gloglan 5l jelia o S e e 406 Glaguy gl Jadi 1 jgpall o
(oard) Lgiany daiiyal sall (e de sana (g0 clasal) o sS tcilagdd) @
Stduiia Laje a3 5l dad (5959
o laslea o K et AS jaie E s Gl pandl) Jadi tcilagadll e
Alaas ASalis ddphay e lie
penlia ge agillial A8l (peaiinall Sl Cull iy bl Sl e
LD Do 1 3l Lee ¢ pilae JS
S et i) 3 bl Gl e Gaas e Jpl) iy
L ssutll gl

oe ble g (andl G daidl API e lgle Jpanlly L l Gla) eyl

o ke JAY) leanys leie il Zhatu dallas ) lias Alalsia jSON (il

@AY il (e el GBlEals 1AL S ) oda o aldie Wl il a8

e oS1 e Wl maad Gageaill dallaes (Slasy) ddaill clle PA e
114



Aia slrall g ity 1 5 A isall o slal) Aluades

Oluaa et 9,3 @Lm J,a\ pald 2

Oy 250 L

grmsally ssinal Cun o piall Jiat dlee 8 L S ) il

Jelal

Jiar Dsie IS i (1) o8 il b Aallaall Bl pliall Sise g 8
RERCIN PV T

Lalilbd) Asgana A Bagasall ) gdiiall 5aasY Ciuagi 1(1) a8y Jgaadl

3y i) Aagd olgina | G o sl Ac g 3genll aud
Gyl 81l Jiay
il . | object | )
Lad shy sdiall bl id
- string
Bayyd
i () Jia . | object |
T ] ] created_time
Jsdiall i datetime
. | object |
Jediall Sy Jia ol permalink_url
- string
aS)Hlie Gilpe 220 L
) o Int64 shares
Jgiiall (Json Js
iladaill dae
Jsdudl e dulld) =l | int64 comments_count
53l G
e lel@ll aae
. bl | int64 reactions_count
siall -
il gsinall iy ,
- object |
& JaKIL gl el message
- string
Gile il
=il sl iy _
- object |
s sdiall (Fda message_without_#
string
el il
i) gsinall Joha .
) message_without # le
u_j-\f ‘) £y n e |nt64
ngth
el il

115




S Ay atll) ) gdial) lad apdl) 4Ll Julad e aainy (ulilaS PopScore skl

& graidl) data
Ja
message_without
True | False (3iia | bool msg_is_ar
e gsin _#
Yool A Calae
Ayl Coylaall Jgha G | int64 msg_ar_len
Ja
message_without
True | False (i | bool msg_is_en
e e _#
Y ol Al Cajlae
Cojlaall Jola
i | int64 msg_en_len
450<8Y)
‘cover_photo'
'profile_media’
'photo’
‘album’
'share' O Fida
video inline' attachments
B e 5 ke
'video_direct_respons' u: e A
Jjson (= 2
‘text’ il & 58 object type
Dsliall g 55 P yp
‘native_templates' 33 92 sall Jailus o)
_ : i
'video autoplay' o -
- Gl by e
‘event’ sl g
‘video'
‘'scheduled_live_video_post
‘messenger_generic_templ:
sidl of s 8 o o int64 battachment t
sl & attachments | ™ subattachments_coun
psd g
il elgia) Jid
True | False Al Gl e (e | bool contains_main_topics
Y

116




4ila plaall 5 Ay gl g LSsilaal) o glad) Al
Qudaay ppg,d e gl palis Gauly aS) Ll

sl A0l Jia
[, (&b Basasall Ayl il distinct_emojis
il
Ayl jsaill dae G | int64 emoji_count
Ayl jsayll 2ae
B | int64 unique_emoji_count
By yal)

Sle e sy el clysdiall Cida 2 Jysdine 1819 alall chlilull de sana i
Clyptia i Ll il Bany 5 Ga chptia 1641 Ll rand piall iyl 35
attachmentsl) & Y, message 1 & 4.3 FHS ssx3 Y APIJ (e 33l
Dysiie 1632 Sl aaall e Lgida 25 GllA Cagyaa e lalgine o il
{ daaldll s json gme JKG e cull allad) s e of WS
A desld Ll Gl L) aae Biae il Gy gliiall aey ccoOunt:numeric_value }
2 A celSylie (of (gpmi ¥l Lgmpen o ) gy o) o2 Tl y 305
e e Baall o3¢] A8l all At

sAadleall da Aasdiiond) dilgdl) el o dde

YAEVA Y AAAA Y 3410072262653537
2022-11-29T14:54:07+0000

https: //www.facebook.com/1847807088880070/posts/3410072262653537/
14

399

207

v Ll e Ladla oS85 Sl oY

Opae# () oSl

Eighteeth# .« Black Friday 1l (ayes oSl 4S)5# (e (a)e
YOXY/IY)Y drand) ag Bylad (il 2a )l

:Fast—fill Jualss

/alkaramdent.com/product/fast-fill

:Fast-pack Jualsi

/alkaramdent.com/product/fast-pack

117

:id

:created_time
:permalink_url
:shares
:comments_count

:reactions_count

:message




S Ay atll) ) gdial) lad apdl) 4Ll Julad e aainy (ulilaS PopScore skl
& ganndl) Laia

:Ultra X Jualss

/nttps: //alkaramdent.com/product/ultra—x

HJt ]

https://instagram.com/alkaramdentalsupplies

YouDeserveTheBest #AlkaramDentalSupplies #Eighteeth#

Devices #materials #dental #treatment #dentistry #clinic #offers#
RO PR E JSVIV RN S RSN

Cayal) oSlilee . Ll e Ll oSy oSy oY N (ases (e sy Black
Friday Jualdi Yo YY/VY/Y daaall ag Al (g5le aayall (e Fast-ill:
alkaramdent.com/product/fastfill/ Juals: Fast-pack:
alkaramdent.com/product/fast-pack/ Juals Ultra X:

:message_without_#

https://alkaramdent.com/product/ultra—x/ ali.l:

https://instagram.com/alkaramdentalsupplies

344 :message_without_#_length

1 :msg_is_ar

107 :msg_ar_len

1 :msg_is_en

161 :msg_en_len

photo :type

0 :subattachments_count

0 :contains_main_topics

[' "é‘", 'fl\i-"] :distinct_emojis

:emoji_count

:unique_emoji_count

gl ey Apilgl) @) pdidall 545

14 :cover_photo
6 :profile_media
944 :photo
158 :album
22 :share
298 :video_inline
5 :video_direct_respons

118



il plaall g 43l gl g AnSailSaall o glad) Abides uaaa daala dlaa

Car -

Odaay pag,d glla gl pualin Gaady oS0 Ll Yove e ¥ amll £V alaall
9 :text

139 :native_templates

4 :video_autoplay

1 :event

30 :video

1 :scheduled_live_video_post

1 :messenger_generic_template
) clgal v, Y
Ol (e aell e il a8 Badine Ay 43S Python 4al aladiul &
Pyl SN edll Lexd) 2nll 5 cpes bl Aalles 8 <ol
Facebook SDK: .l
Facebook Graph ikl daay dgaly ae Jaladll 2o Lt 4584 e Ble &
c g ae Aabiad)) Gillee 2350 Al A3 A s Bae 2853 (e 835 3al) AP
[14]
Python Libraries: .ll
[13] -Asdailly clilall Blail 33Sa » :Pandas o
& [13] Anaiglls aglally clualll aiall (e degene e 5le :SCIPY o
hstack, ) Zieas A Jdisailly Glaall mad ddee 3 lewaladind
.(csr_matrix
il ghadl e Jalaill it Apalell Lpssall 3 3ld 43S a :Numpy e
[15] -Ascalyylly dahiall cililead) (o dpal) as sladY) 52220l
JSON Arpay 35580 (55<8 All UL ae Jalaill 4580 (e e 2 :JSON @
Gl gy CuilS Glpannd e 525l L) (Y Lealadind 55 [16]
coaall el ae Adlaall Gililany oLl 2ol 408 e Be 4 :Re @
Jal e dapally TS Coall Jaed ge ddlaall Ll 5 [16]
osdiall 3 e el Bh0e AdL)

119



5 Ay gudll) &) gdidal) plad il Alidl) Jilat e adiny (ubieS PopScore skl
& ganndl) Laia

Glladl Glegana e Jaladll e 3)08)) 234l o238 =5 :Collections e
[16] Loyt 5 ailsily Cpssel sl Lo Lay LISET Caliaay
D9l Al ae Jaladll e aelid sl 8 ASe oo 3)le oo :EMOJi o
[17] .40 )n=tll
Natural Language Toolkit (NLTK):  .Ill
Gl dallee 8 2ol 3130 50 e ST Als sl (e desens e Ble o
[18] .4kl
e Jaad ¥ A L€l ) caigl) bl Ay Waassiy cladSl) i ol 8 Ly
(Stop  Lpsiyll KU zlaiuly ppfiall (ai dallae b 4chadinl &5 Lo ldag
.words, Word tokenize and Word frequency)
Scikit-learn: .1V
Gllee s AV aled gl A Lgaladiind & Al Aledlly Lapad) Slsa¥) (e e sane
«StandardScaler «train_test_split sl <Y1 alasiu) 5 Eua [19] . sl
: ) ALyl (TfidfVectorizer «OneHotEncoder
Y3 X & el o alall cua 4l Glus :Cosine Similarity o
[19] - Legis 40L5 e Cans ) (ppgatial) i Y 5 X of g ¢ihas
K(X, Y) = <X, Y> [ (IIXI[*I[YT])
1
cal il sie ey :X
Tl 0 5 s st Jiay 1Y
cOpeaiall G SRl pall duals <X, Y>
A 3l sa5 X asiadl Euclidean norm gxul8y) )5l jlada o[ X]]
ALl Cum 40l Ciln  apsil) 138 aaii asiall jualic Cilagpe g sendl

120



il plaall g 43l gl g AnSailSaall o glad) Abides uaaa daala dlaa

Car -

Odaay pag,d glla gl pualin Gaady oS0 Ll Yove e ¥ amll £V alaall
Cilgatiall G Ashll s 8 3 Ly Los canial) bl Blh Lalia Jany 4y
A8y

.Y axidl Euclidean norm gauldy) ayall laia :f|Y]|
call siiall dgliall )y sdiall & hat) 8 ol 138 sl &
il unlia LV
A anliall DA e oY) s s Agleall Cojlatll S Jal e
PopScore sl Ll Gy daf G ¢ Uaddl bl Jaugidll :MAE @
Sl Al y; Aadgiall LY Aaag y; ddadl)

n
MAE =) |yi = ¥ |/n
=1

5

rol s
cosdiall HUEE] Aol Lgdal) dedll Jua 1y
sdinall Ll A yal dad gial) dadl) Jias 1y;

- SS @y sdnall axe in

Dsiiall Ll Aapy omoeUadY) Gl oluall Lugidl :MSE e
i Aadgiall HLay) dagas y; 4aledll PopScore

n
MSE = ) (i = ¥{)/n
i=1

Gl Gulidl) Zal el 3a) :RMSE o

121



5 Ay gudll) &) gdidal) plad il Alidl) Jilat e adiny (ubieS PopScore skl
& ganndl) Laia

RMSE = | » (yi— y;)?/n
2

223 POpScore aadgiall HLii) dad (g 43l ALl 2B anlial) aladin)
Ol Lasll s das e Geulial) o3a o Lags cled aladl) Gail oy Lo &y
el L] LB el
ol daed canal Aad e ulid) 1aa alaasil 2y :F1 Score e
adl Ly ¢ dnil) Capiaill aa a8 siall Capiaill (3l das sasl Popularity
1.0 b 4l B Al gl gl 8 lpeall 8y Jiay
TP

TP + FP;FN

F1 Score =

™

o JS et & Al @lygdid) sae : TP (True Positives)
Sl @il axe - FP | FN (False Positives | False Negatives)
csbla IS lgdad

alwa 43309 PopScore (ulia .V
Clysiisall (e 5208V POPSCOre (uliiall il 45y5ka = iy ansil) 12 8 a5k
gl e e piell Catist 2l TAS S Gy (et by dglidl
Allad sl PopScore @galudl (uliaall dad e slieYL Popularity oLl
celaay) dalgll By e Gaguill

122



il plaall g 43l gl g AnSailSaall o glad) Abides uaaa daala dlaa

Car -

Odaay pag,d glla gl pualin Gaady oS0 Ll Yove e ¥ amll £V alaall

clelil) sae @lly A Ly dgla) clsid) ol Jea lila) aasy dalaill Tay
Juzadl ciiia Al ginall )l apaat] bl sda Jilad (Sas S Lially ciliglall
Gllaia) agd DA e Lol seanll g Jelall lgd oIS Al cligY) sty o]
ST IS Leaa osle iy S (sginal )l aans adains ¢aeSsla dulaty seanl)
Olas) ey celld Y Al gy ) Cladialls eatiall cileluilel) Sl
2383 bl Eully Gaseailly il adaliag Hpall Jie gsinall (o dilida g s

oseend) pe Jeli Juadl 3aa3 Al g 1Y)

Gl Jilat L (e ida o adiad Ayl ks HISEY) o28 Auhs DA e Lich
A28 5l Jilaty pdiiall Bpunill iaall Z D35 (mgeaill Aallaay
s L Qs 1) ALY ctlpliiall (g el Ciliaall 745N TF-IDF i
ey & el cAdliaall )y pliall o bl sae ulidl Cosine Similarity alall
il ) ALYl (PopScore el ¢ jsdiall HLE) Aajn pasil apa ulida

-Popularity slied) ¢ jLa) das Je aldeYh jeliall dund o jumy (g5

e osdiall Ll Aan 1l aeas 2 (ulie oo 3l s PopScore (b
e dadi ccpiie e il 13 mey o 8 elaay) el (il
By s e (sl sl Leie IS AR O e cBlelially S Laally culiesl
syl dallaas Ll Jilat il cpe 3ali) DA e . il SLEY) e
a5 ) PopScore caagy ¢dgliall clysdiall aa peddivall EBe Ay

cptlging dAllady ~lad (50 a8 (i gusall aoliy (55 (wlie

$sd caial a5 Popularity caias 4dls) o3 PopScore b ) ddlsyL
Mips Ll 3 3l PopScore HLaiy) ded e alaie Yl siiall dpnd e

123



5 Ay gudll) &) gdidal) plad il Alidl) Jilat e adiny (ubieS PopScore skl

& ganndl) Laia

S Lee cale iy psiiall Jpams 8 aalis ) Jalgall 483 ST Lagh gl 138
ceelany) Jualsill Jilus e Gapaall c laal sl Jaylasl

& Axaage Glshall (e de gaaa e Popularity 5 PopScore clua oy

lghallaass ‘

: il Lkl

— > >
PopScore.l PopScore.|

\ 4

‘ e w .w. X

Sy
Popularity

clshally s L) Hsdiie JS Jal a) LS 20% 5 cayaill 80% liball apuds

(A
a..m fgg.'\ﬂ\ \ 4
Normalized PopSco Cysiiiall gl
A8 G i re & Popularity Al
DLEY) sl

land) LAY cifghd :(1) A8, Jeid

124




il plaall g 43l gl g AnSailSaall o glad) Abides uaaa daala dlaa

Car -

Odaay pag,d glla gl pualin Gaady oS0 Ll Yove e ¥ amll £V alaall

:Pseudo Code Ciifj 158 4US PR (e (i) Jabadal) il gin
Lgtallaag iy pdial) aan o1 3hadl) #
all_posts = collect_and_preprocess_posts|)
Wity ) peiall aan LS dayd ileas 12 Bghadl) #
for post in all_posts:
post['Normalized_Score'] = calculate_popscore(post)
A lad) el Gaony ey pial) e L Cigiaa 13 3hail) #
for post in all_posts:
post['Popularity’] = classify_popularity(post['Normalized_Score'])
LAy i ) Gy gdial) apudi :4 dekdl) #
training_posts, testing_posts = split_data(all_posts, train_ratio=0.8,
test_ratio=0.2)
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for test_post in testing posts:
similar_posts = extract_similar_posts(test_post,
training_posts)  test_post['Normalized_PopScore'] =
predict_normalized_popscore(test_post,
similar_posts)
test_post["Popularity"] =
predict_popularity(test_post['NormaIized_PopScore'])
£18Y) anli 16 bghadlift
mae = mean_absolute_error(true_scores, predicted_scores)
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PopScore = (0.33 * reactions) + (0.33 * shares) + .
(0.33 * comments)
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PopScore = (0.60 * reactions) + (0.10 * shares) + 3
(0.30 * comments)

PopScore = (0.80 * reactions) + (0.05 * shares) + 4
(0.15 * comments)

PopScore = (0.35 * reactions) + (0.05 * shares) + <
(0.60 * comments)

PopScore = (0.15 * reactions) + (0.05 * shares) + 6
(0.80 * comments)

PopScore = (0.05 * reactions) + (0.05 * shares) + .
(0.90 * comments)

PopScore = (0.0 * reactions) + (0.0 * shares) + (1.0 9
* comments)
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