ASHIS el dpsdiglh o slall Al
Ala slaall 5 400 yeSl

16 2axdl . 43 alall
a 2021 . » 1442




qubdl) hald) Lo | g 3y
Gl daalay Gy
Uaall g Jgipesall pal)

il ) PRUPINFIURIIN

Condl el Alsa €0 8500




letle 8 cpe U (s ) daadall gl i ) Aladll Cangs
t A lsilly Juaty)
Gl daaly Adaa upad usd
(77) @ - 02~ &Sl S . o) daala . aen . 4 gu
++ 963 31 2138071 : (us [/ il .

www.albaath-univ.edu.sy : i) adga.

magazine@ albaath-univ.edu.sy : (g ASM) &l .
ISSN: 1022-467X

@l cpad) il Jala oJ 100 taalsll aael) dag
@ssd) el Sl zls LSyl 1950 25
aseall (a0 J 1000 ¢ (sginad) G2y dad
OUally Ayl L) o Liacy o-Jd 500
@l el Lkl 7l LSl 1950 250
odlel sl (lsiad) ) sl 3 @y dalall ldll) 4
St Cingar 2eY) YAl DRl A e sthaal) Jliall Juss
) Aaals auly
Aa e ST AT 1Y %50 A il




sdggllaal) 354
CD / word + (Aaslall / 4080 / caalill ad (50 Candl (e dfys 3ui 2 @
Alad) by pS Gaun Busie Cinill (e
Opalee Ll gl + ale Giny ailla @
e clads il Gald) S 13 o
Al gay Copliall HgSAN (e QUS + yiivale [ o)Al Jiatt JIE (3] o
Aladl 8 Ll e
i A g Gald) S 1Y e
saldic) o Z8lpalls and 8 5l aadl Slasl gl Gulaall OE 3]
) G
b o) daaly )R (e L2l Al puae Galdl G811 o
lee Gy o5 Ayl Aiglly pme 4 Cafis 4lS Balae (ga GBS lias) Can
AR s
p 4l gl B lpdae Galdl S 1Y) e
oy e adly abea iy Lay ¢ Gl eha) ley 5 OlSe 4 2aay QS 3]
calee
Loy Auaniglly bl aghall) el Laailly AY) gadl) o Ead) i oy -
:(Asalaily
(omadld) 4l 8 dalite Gl ) (5 5 pe padle. . ) (lsie

iadie -]
Gl o -2

Gadll Bylag dlse -3
. l.g_m :JL.\.A) G_‘lt\.ﬂ‘ _4
» Gluagilly alatiway =5



- L) —alaiy) — Y ) cblst Aty Y sadl) o G i Aty -
P(Alay) astal) apang dfaagal) Al — dalyadl) — (5 ghal)
(omadlall Al 3 Aalise LK) 3 5 pe gadle.. ) Glie -

Aadie L]

RVERREN LN FLIA 1 )
a5 canll Galaal L3
g g Gl luap 4
AdhaY) ailiyys g Gl Glallaias W5
AL Gl 5 gl Uyl .6
el 5 Cndl mgia 7

Jilaily 2280a)) 5 Gl = .8
adl sl L9

aag o) Eaaall Gl i 10
abally soladl il 11

f el e il delda o A5V clilaeY) aldie) iy =7

.B5 25%17.5 sl ks i

o 2.5 L 2.5 Cpa — 2.54 Jid —2.54 el rdaiall Gl o

1.8 dsdall Juii / 1.6 dadall Ly -~

20 _ské Monotype Koufi. olgiall tanlds haall ¢ 8 —&
Simplified Arabic due &l (ysliall . sale 13 L Simplified Arabic (aill 4,U<.
coape 13 s

el 2 o ¥ Gl 8 A padl Jolanlls el uld 05S ol slebe i 2

52 Yy Jagras Cand) ol L) e Dl 25 Ll by indl o) pae Jla 3 -8
dala ) sl
i AT e T b opi pae o lhein Jay Alad) b il ey f i 9
(] Aae (g1 8oy pre Ciny Caadl Aaals Alae & pall i) Jod Jla

sl b Lan ) clesinsall 33l e i L s5ine ge Jgpae g L2l —10



alasind Jaiy dadeall a8 25 1] JU IS8 e gaill (o galyll ciSi —11
el a3y () @il ey Cum WORD 355 olai 8 4y Jandl (5 SN iagtl
bl Al 3y
t AN 3y (Anlagll Casal) 45Ky A3l aalal) asas QiiSs
tlial aagal) Gls 13T
Liajins Lgaiiy . il di. Alald 4aii 2V e J5¥) Cipall . 5508l CapaV L 35S0

Al ) dagdall . Alals lgagiiy il )y, Ak angiiy Lad 4ind wungyy QLS Gy (- )
A Lty QUSH Cilaiin 2 . Alals Lgaitis Ll aly. (4G,
relld e Qe Jb Leds

-MAVRODEANUS, R1986— Flame Spectroscopy. Willy, New York,

373p.
ialy) ARUY Ao (B Dpdida Uiay gaall S 13 . o

4al gy Alaall ol (Alald 4y Gl Glsie Caliay Sl A anlly A5SH 2ey.
Lalal) claiiall Hl) . Alals oy ((Ajide 4US ) 2aally aladl) . Alals 4xiiy lad
Aladl) G Gl
relly e b

BUSSE,E 1980 Organic Brain Diseases Clinical Psychiatry News |,
Vol. 4. 20 - 60

3 Ay GBI ) Adieat cund Aoad) Al Dy sudie ) i el QS 13 g
L8t

(In Arabic galyall ) :duall aalall Ll B iy (@ 9 1) a5idly




G| deals Ao 4 il ppuy

Gy J8 08 Ayyge Bl Bl g de Gad (20000) &5 auy ady .1
M\&Mhﬂa@gﬁmmj&ahdﬁ
JS&LJ‘WMM\‘JMUAJ(SOOOO))&@MJQAJ 2
GJ\AC).AQ,-,\:\AQ-“E‘;SQ)A; JYJJ&A(ZOO)ﬂJeMJéJ .3
- gl ad) phail)
e Liblga ans; 2y B YT A . (3000) idse g .4
Lol 818 e )



Laial) Gaalyl) anad Gl aul
o I Jediuy) AU A 4k ) 38)
30-11 Lz - , Lanaiial) G yal) ASudh g dusludll)
T Qua. R e ) g
6231 dana iy A i) Sl ) g8 Agllad g g A e
; gy Gk L (NoC) A8 ) fpasa clAL)
Ah *
90-63 JSMA\.A..L)S 3lSlaa jlgA.JMGJ}u aandl g dual yd
el e i‘da{ul.: 3\.,\3%2:1\ ijAS\ Q\Z\.Lhi’aﬁc d:.m
130-91 z 323 das Al g A ) il gSall Jalas 4a 153
Lgal) sl Ao il 2
sadl Jlia o Clwadl) 1) 43 8ag il
162-131 i T G A
A5 Guna Ll i i) (B jlail) Aga 3l 5







10



358 Gmaa A e 1Y 2021 sl 16 aaadl 43 Alaall ) daaly Alaa

dpaluull sladiciont] e il dind Gy a1y
gle dolunll gaaunil danioll 5luda soll da yiing
Gshll

i) daals — Lilaglaal) Lunaigh) A5 o LY pualal) A0

A9 (e 1y giSAl) ()il

tpaiddal)

S TS A Jall dakail cjela ASLOU cVLa) 5 Lol )l aa
Gl&us TS caedd Ladlad 5 daly AS) Al Jaa 5 @bl el Cppand ) Coags
bl GlaY) GLES DA Ga ol Jaill Ll ST d6as 4 s Lasy VANET
QI (JSlie bae e ilad VANET (S5 ca¥) el byl 5 @yl e
Ol ad Afind) A8y5ll o305 ((3ylall (gl cpuad 5 VANET IS (Jal
HSUN i< e Jpasll Jallyy VANET e WSN  ESLOUI il paiiindl
5 oS Jiley Al 5 Gl (agyla uwaty SENSOrS i) Mo a6 Cuay
tisal dsasll d ulidl Jlall Sladl ikl ey Lee Blall @l jall Lol
. shall

Al o)) il Gy s deai & 5 NS2.35 Sladdl PlA (e Al 3adas
Ll Qs g @yl el Cpeatl (055 da il

i< VANET @il TS a8 Jall dakail ¢ Gyl cadlga tialisal) cilaK))
NS2 _Sladl (HSVN i< (WSN

11




Gkl Lo Adludl awatl Laaiiall Gl jall ASud g Al jladiny) Al L 4, ) )

Proposing a hybrid architecture of the wireless sensor network
and the Vehicular Ad Hoc Network to improving road safety

abstract:
With the development of technology and wireless communications, ITS
systems have emerged that aim to improving road safety, and make the
trip more comfortable and effective. ITS provided VANET networks to
create a safer infrastructure for land transport. By detecting hazardous
events on the roads and spreading them to other vehicles, but VANET
suffers from several problems, so to solve VANET problems and improve
road safety, this article suggests integrating WSN with VANET and thus
obtaining a HSVN network so that the sensors nodes sense the road
conditions and generate warning messages and then transfer them to
the passing vehicles, ensuring that drivers make the appropriate decision
before reaching the danger site. proposed architecture was achieved
through the NS2.35 simulator, and was evaluated, the results indicated
that this architecture leads to improving road safety and reducing

accidents,

Key words: Road Accidents, ITS Intelligent Transportation Systems,

VANET Networks, WSN, HSVN, NS2 Simulator
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Comparison The Performance And Efficiency
Of Routing Algorithms In Network On Chip.

Eng: Zeinab Mohamad Dr: Mazen Yousef
Department Of Electronic And Telecommunication Engineering

Faculty Of Mechanic And Electricity Engineering — Albaath University
Abstract

Network on Chip (NoC) is a new paradigm to make
the interconnections inside a System on Chip (SoC). By the
developments achieved in integrated circuits (IC) manufacturing
there have been attempts to design vast amounts of network on
the chips in order to achieve more efficient and optimized chips.
A better routing algorithm can enhance the performance of NoC.
Every NoC should satisfy some performance requirements like low

latency, high throughput and low network power.

This article compares the performance of the various routing
algorithms in NoC, where chosen deterministic routing algorithm, The
XY routing algorithm was chosen due to its wide use and ease of
implementation, and partial adaptive algorithms such as those based
on turn model (Negative First, West First, North Last), In addition to
adaptive routing algorithms like OE, DyAD and DyXY. all of these

routing algorithms had deadlock—free ability.
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Keywords
Network on Chip, Router, XY routing algorithm, OE routing algorithm,
DyAD routing algorithm, Negative First routing algorithm, West First
routing algorithm, North Last routing algorithm, DyXY routing

algorithm, Performance metrics, Turn Model, NIRGAM.
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»3 Y5 .Odd-Even oilall e A8 s, .(distributed adaptive routing)
.(Deadlock) I e il JS& Ala eb JEY) 358 (e el a2 dpa)lsall
Jii .2D mesh damslgsh b dejd 5UE 4 zUas ¥ Odd-Even Turn Model
X 2xdl OIS 13) Aae) lsad o3¢d Ty o(X,Y) \g3lises 2D Mesh daslssh A saie S
e O Jla g ag) agele 9o dgalall oda iiay ladic (EVEN) ag) ad) 3aiall
owid adl e Capey (turn) Glaly! L asele Baie dsalall yiind 535 53l X
JS mie (i) cylEdl eyl 8 Ll i Gy a0 90 laiay JEY) bl
Oeolayl sl (6K Leie L (turn) Jlaml asf e Cajey ES Jlamy) Ll
058y Leaie Laai (turn) Jlal ail e ajey WS L(SOUTH) (agiall (EAST) (3l
i Aiphll iy (SOUTH) siall (WEST) ol (g slat¥l &yl
oAl e Jia NNSWE & .NW 3 EN, WN, SE, SW, NE, «yly)
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A il ¢ Lol iy OF apmgill e lsad Ty 3)al) 5 Copall ecusiall eJlasil
.[10] Deadlock ¢ugas caiail

EN oYyl L asii o aisll oS ¥ oas) dpaley Alidie baal) il 131 11 4 i)
as o Al (Say Y sy dsalay Aliaia saiall chilS 1) 5 (12) JSEN 8 e 58 LS
(13) Jsall b mals s L& NW Juny

ES V) Wi asii of aipll (Say ¥ sl dsaley Alicia saall cilS 131124 dadl)
a5 o Al ey Y s dselay Aliaie skl cilS 1) 5 (12) SN 8 e 2 LS
(13) sl b mals 4 LS SW Jayl

i
L= -

(OE 4l Aajlsd 6 Aung 3l Saee S Aiaal) Y)Y 1(12) Jedd)

r— r<
4 L

(OE agagil) Laaj 15 b Ll 5aeedU AiCaall iy Esy) :(13) Jeal

:(Adaptive Routing Algorithms) d&siall 436l ciliajlsd 6-3

aandil) s diad cignsll jamall o L aaly jlass Gajll Cilae oal) 3n i Y
Jliyy Aigye ST aagill Alee Jrny Lo 138 4Kl QIS Al liey) e 389 25
e ladY) pe STl gy UL 5 gyl e U g o

: DyAD 4Salial) duagill duaj lsa6-3-1

Sla) s e O pand Loy Asaliny a5 ASH 4l i) A s3n) o
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sl La)lsa ALY ksl e g gl JaS Al (gagiug L o ye A
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Glgasall J< alaai¥) dad Clua iy calad)V) b a5l jaiue JSyy 4500 8
Aadasy DYAD aage deny AY) ol oda e alaie) agagill L3 33 g 8)5laall
Dbl e e i Iy L Aaidie aladiV) 4 6 Ledie (22a) Culi 4age
CaSiall 4nsill Jaai 3 DYAD 43gall Janys Cilghsall (e goill 138 A (nisidll
Laadpall cDlagl Cuind e o Jeant UL 5L dle plad¥) g5 ()5S Lovie
G sese Jal sas AN 8 Adle el Lo 13 5 cngl) slae LIS e
o gl e Livelock 5 Deadlock cuiad sy (NOC I deadiiadl cliplal) 4
NoC & yaail) 5 o) aa

:Dynamic XYdaasill daj 153 4-6

praat Al e Sl sy L) saaaddl 4l Sl s of il L8l LS
XY 4l daa)lsa ol Sy Lah)ll s s Baly) die AaliY) dad 25005 45l
Jly el of e a5 . (Deadlock) e Lad 4l Lgiaglas alasdl 4850 il e
.lisSal ¢ Uasl Cuatis (Hotspot Node Formation) sl sie (566 cillee (ga
Al e S0y BEAY) Ghgiee A8l DA e 40481 8 okl Qlais) (Sayg
an 4Ll A e (Livelock-Free) 5 (Deadlock-Free) Jivald e Jsasll
Agaglly samall C seafY) Slaall L) Sl 4l e 358

el Caas

Sl dnsall Laslall Loyl (e Caagll alsall lgie 3ol 2 1

il andll plsie ae Chagd) ansall Olsie A3lae -2

a3sall alall local Jaall 3l e dayl Jla)) & egusbiall Gl Jla b
dnsall (Y dnall dad i f) X 85al Glsie il Al Cangll adsal plyie IS 1Y) Ll
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(X Aad ol 5l) y I dad s Al @A) slaall 4sall ) Aapl) Jusi ¢ Jad)
5 o all dasall 5y5laal Cileasall Stress I dad gasd x Vs - Cangl) 4l olaily
11T ) Al 53 anpall day l Jussi
LA 2amy Jiai Ally cangall & SaY) gyl Jie el & stress ) dad
Sle Talde] ¢ia stress 1 dad JS . J3al (Buffers) (s by 8 Alsaial
.Event-Driver 11|
:(XY—OE-DyAD) 4 sill cilaj i #1a) Julas — 7

s3lSlaall Ay jatl) cldaaal) 7-1
NoC Interconnect RoutinG and Applications ) JI aladiuly s8laall ¢lya) a3
Lagiall ¢ XY saasall 4mgll Gl o1l 4564l ¢ [12] NIRGAM (Modeling
Oo) Jare) o sadinall oY) uplis . DYAD legaed (e dalill dw,lall 5 OE
el ldarad) Jal e el (Aall KU A8l $Digiuly Lalo) Jare cdolain|
Gl S e A Badine Tl Clyie)l LS bl 2 slaie) 3. (1)dseally
NOC e 8 4saill laa) lsd ool ani

XY, OE, DYAD 432l cilsa)lsd 3lStaal Lol cibidanal) (1) Jgaad)

3 X 3 mesh (topology) A<.ill Laglgesha

CBR(Constant Bit Rate ) 12 Gbps (traffic generator) 4.8 all Al

a3e) J2 518 b (CDlasall) i) Gac

FIFO(first input first output) is 32
(Buffer depth of input channel) (<&l

Akl sligl) 8 Al YY) il gidl) s
4 (Number of virtual channels per

physical channel)

3 um(unit meter) (Link length ) gl Jsh
20 bytes (Packet size ) 4a),ll ana
2 clock cycles (flit interval) flith o 3l Jualdl
1 GHz (Clock frequency)iclull sa s
800 clock cycles (warm-up time) Zugill ()
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50000 clock cycles (Simulation time) z\Sladll (4a)

rBlSlaal) il 7-2
Jare Jal e elly ALl dypaill gyill e 5l slad) i o Jpasll &
(average throughput) Zalwy) Jums ((average latency) Zlaiay) ()
Al ae 45laally @l 5 (total network power) asuill 40K de Uain) ) 2Lyl
s Hgdiall A jall Jaad A A geall 4y il
Agawidly A5 \8a 3138 JSI ASuid) dgladia) Jaza

4 gaall 4y gl
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e ol 4g yelay XY, OE, DYAD 4asll cilwylsa dal (e (packet
& L) () Wi OE XY aasill i) )lsd (o dmiiiall cilseall 3 4l
Gaailsn 8 Ll dayy Alseall diaidid) il xie Juadl) oIS DyAD 4l
Llag)) J) cblaall sl e g aie Cay @l seal) 4 5005 g XY
didlally ddavsiall C¥seall 2 OE, DYAD (o i) ) ¥ aee o)ldn Loy
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% OF LOAD

XY ~Of mDyAD

Uganll 4 ghal) Ay L)l L liiy) Jara :(16) Jsad)

XY )yl Janll A pusg ddaliay 21su AN Vs JSI JiaY) LDy el
Allall N geall 3 OF de) )l Jond) dllad g dimiaial) ci¥senl)
Pl dad (1555 sl ] (a) Jame le dali)) Jone G o 1(P) £1) abie
ety 1Y)l A ylsall 1Y)

P = Performance Metrics (Per channel basis) = Average

Throughput/Average Latency.................... (3)

Jal 5 (XY,OF, DYAD) cilaaj sl dsaliif) Jina s Alaiefl) o) o (2) Jgoad
50% Ugas duus

Al da))lsa

Average Throughput

Average Latency

XY 8.198 13.5859
OE 9.2098 12.3141
DYAD 10.5469 11.9326
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tol LS (P) el iln ki (2) Jsaal) 8 Al silill (DA (g

XY Routing (50% Load) P = (8.198/13.5859) = 0.6034
OE Routing (50% Load) P = (9.2098/12.3141) = 0.7479
DyAD Routing (50% Load) P = (10.5469/11.9326) = 0.8836
ial ge sas @ el OE 5 XY amgll Jueld om el ol ass Jully,
bgys e 2l A8l alsad JidY) Plaaay) Jde Jead S Llainly dalbuy)
e sy

ol A e sSlaall o3y 8 lgle llas Al aoll jlie L
ahaxiuly slaall cud Gua OE 5 XY agagill il yled Cargins lly ([13] Jaall
S e(1)dsadl 8 dnd) 5 lealadinly Lad Al cliio)ldl s dal e NIRGAM
((17) dsall cadl) ) 5l g dame dal e Oy lsall elal (il
e ((19) Jall cpadl) Ayl Jae 5 ((18) JSAlL Aduall) Agiud) deUain)
(15)Jsall(17) 08 ae (14)0S8) 4ie DA oy cAlseall dows lpss Jal
lele Ulas Al claidl G adll o)l 2aad L (17) 5 (16)JSa) Leads ¢(18)as
ol aapall (8 lpage & Al adlly Ly 8

Overall Average
Latency [elx 201
cyclefpacket) 15

Oxy

101 moE

5-

0

10 30 50 70 90 100
% of Load
b Aganll 4 gial) Apeailly Aijlia 5LE (< Aylaiad) (1) Jama :(17) IS
131 Jandl

52



Chags oobe 8 daae iy 2021 els 16 2xad) 43 alaal) ) auleaiga

14+
12
10+
Total Network S
Power (mW) 64— D XY
4 B oE
2.
0
10 30 50 70 90 100
% of Load
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[13] Uganll Lgial) dpilly 45)lha aliiy) Jara :(19) Sl

:(XY,OE,WF,NL,NF,DyXY ) 4l il lsa sa) Jlas -8

ALYl 38l sl 4l Gyl Calide elol (L Cagus audll 134
sda 4 .(deadlock) (e laga Bha lpmny ae il Ally Sl dia Gl lsall
Turn ) OE 4w))lia 5 (a deterministic DOR routing) XY & cilw),lsall
West First, North Last, Negative First((model based adaptive routing
minimal ) DyXY 4.w),lsa 5 ¢(Turn model based partially adaptive routing)
Ll &yliay NIRGAM zaliy e lglSlaay asiiw lasys .(adaptive routing
Algenll L it Pla ally,
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sBlSlaall Ay il clidanal) 8-1
Glayled n aall sl s2a 8 adisall Glfiglll aass 5 (3) Jsasll
5aly) pe ol il plac ugyaal) A0l el 52l 3 L\l apiig ALl 4ga sl
Ngiilie 25 ) Sl i) 2ae

Gliajlsd o1a) andl Lgd oy AN SSLaall @lia)ly 1(3) Jeandl

. XY,OE,WF,NL,NF,DYXY
4x4 mesh
(topology) 4Sill Laglgha
CBR(Constant Bit Rate ) 32 Gbps (traffic generator) 4.8 all Al g
FIFO is 32

(chid) ae) Jaall 5l 6 i) es
(Buffer depth of input channel)

4 Akl laal) 8 dpal Y] il gisl) dae
(Number of virtual channels per

physical channel)

3 um (Link length ) sl Joha

20 bytes
- (Packet size ) da),l ana

2 clock cycles (flit interval) flith ¢ sl Jealal

1 GHz (Clock frequency)icludl 2353

800 clock cycles (warm-up time) &gl (o)

50000 clock cycles (Simulation time) sSladll ;)

Aggial) Aganl) Lo el iy slSladl) 555
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r3lSlaal) ilis 8-2

Lol s3ale Usaall st g 45l ZaL Clpia)ll) Gy sl chaly Lid
Ll il Gla)lsadl Llaiull ey daee o @dlly (20) JSA e A5l
el cmitiall Agaall s B XY daay)ld e Gt (o) Jaee (alidd)
s WF 5 OE ¢ DyXY aagll cilwylsa il Laay NF 5 NL a4l cib) s
XY 1) e yload dually 5a€ IS5 il aay Ageall i 50l ey LDl <Y
sl Laa)ylsa (55 Aangiall CNpeall 3 WF 3 NF 5 OF Lo [l i) saal
SSYI p 55881 (81 DYXY Lpeipln b LS Aaiul] (o) Jarey loes Gl NL
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A sie 8 alaaiV) Allal i

A8 a bad (38 Al gaald) Q) ads A jla ASLAN A0S A3
RANDOM UNIFORM

mW\J

OWER

TALNETWORK PC

10

W | I I

% OFLOAD

56



Chugy (b .d daaa i) 2021 ale 16 asadl 43 daadl  Gad) daaly Uya

A gal) Apeadl) iy Adjlie ASpadl S A8Ual) gl Slpl) bbdal) 1(22) JS

-

Al gaall

5 Leaddns Al gy A8l eDlgind & Sl L NL XY iae) lsa il Ly

lagad ansill HHE (sl

Glailedd Laliy) Jarag Llaial) (ra) Jana add (4) Jgaad)
50% {gas dpui Jal ¢a (XY,0E,DYXY.WF.NL.NF)

daagill dia))led Average Throughput Average Latency
XY 5.90696 66.4783
WF 7.311 68.5387
NL 7.9612 67.7663
NF 7.521 69.0121
OE 9.336 73.661
DyXY 10.186 67.2065

3lSkaall e B3 salall alill e Talaic) Gy jaall cilie) lsall (P) o)) Gulie (aluay
e B3l 9)) 24))

tan (4) dsaadl 4 Al

P = Performance Metrics (Per channel basis) = Average

Throughput/Average Latency........
For XY Routing (50% Load) P = (5.90696 / 66.4783) = 0.0885
For West First Routing (50% Load) P= (7.311 / 68.5387) = 0.1066
For North Last Routing (50% Load) P= (7.9612/67.7663) = 0.1174
For Negative First Routing (50% Load) P= (7.521 / 69.0121) =

0.1089

For OE Routing (50% Load) P = (9.336 / 73.661) = 0.1267
For DyXY Routing (50% Load) P = (10.186 / 67.2065) = 0.1515
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caly WS 5 lihlan e ela) daali (o DYXY Za€idl ana gl dua)jlsi (358 Jaadls
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PAlial) cilafydy) g daldl -9

«(DyAD (OE XY ciliaj 1538 agmsill il ylod (o 2aall Aualyay Liad A} 038 3
Lsla el L A< yidall 35l LDYXY « Negative Firstc North Last (West first
Uganll aall dual) yas oL Cilia) )sall o2 laf 45)liay Lid LS .Deadlock (4
G Al A8y Aaliyly Al e A Gl e il LlaaYy
nsill Laahylsas XY amsill L) )lsa o geall 5256 UlaaY Sadll o JoV1 adll
O 22Y) ae lgle Ulas all aolall lllasy @llyg DYAD dgelsall s e OF
Gl 18 JS 5 OF (XY L 4i)lie o2iti dygaany DYAD & a3sdll ooy 465 i)
Aixd L aodiuall laany Al elaY) lillie 5 Al 3 Jeall Jagpd 5 beasall CalaaYly
0sSis OE MS 50 Zla oBlgind ld byl laain gla ¥ AL cYseal)
et s el (s e L Jaial Loy Ll il XY 31 B
Gaagll (0)sSy Ladies LAEUAY D) Jil dlle dals) G@adl JadY) s DyAD
2 Obd s OF Lad wll Callss Jily dali) Zali e 3 ol o Jpeaal
Chaplsall (Al Ao DyXY daa)la 958 Loy slSlaall oSG acdll A (1
Shayla & elahs oo North Last due)la coaads Ageall s (alide i
leadil S Bl Dl Lad 5 daali)) 5 Llaiu) gy dali (e S dia
Uls 28 dalay il L€ 2wl Cum (e Bgaa Jib 5 A8 )60 il Janally
Claiylsa oo Tl 260 5 Jabe ol am LA 00 8 JUl 5 el A8
N Cun e ilia eall i liSay AUl $Dlgind Cua (e oSl ALK agagill
: LIS Juad)

Deterministic routing > Partial Adaptive routing > Adaptive
routing.
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"'Study and design a mini-model of solar
radiation simulator and analyze its
performance’

Samar Khrizaty* Karima Sukkar** Ahmad Sharam ***
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Abstract

Due to the great need to study photovoltaic energy and conduct
experiments on solar panels according to different laboratory working
conditions, we have researched and referenced solar simulators used
worldwide. Where different types of common lamps were studied and
compared, and accordingly a local laboratory model was designed at an
appropriate cost with all the basic and important equipment to obtain a
light source that simulates to a certain degree the natural sunlight. By
relying on this light source, we were able to conduct an experimental
study on a photoelectric model designed to study and test different work
cases, while analyzing the results and calculating the performance of the
photoelectric system for the presented model.

Keywords: Solar simulator, Light case, light radiation.
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Reducing the number of spectral image
bands using Principal Component
Analysis algorithm and its-application
In face recognition

Abstract

Nowadays, spectral imaging techniques are widely used.
Although the spectral images provide a lot of information about
the bands, their high dimensions and their large number of
bands greatly increase the computational burden. One of the
main tasks in spectral data processing is to reduce redundancy
in spectral and spatial information without losing any important
details. In this article, we present a technique to reduce the
number of spectral bands which is the Principal Component
Analysis algorithm (PCA) where the number of spectral bands
was reduced from 33 to 5 bands and the features were extracted
from each band using the Histogram of Oriented Gradient
Graph (HOG) algorithm. Gradients, which address many
challenges related to human face recognition such as lighting
changes, etc., and to verify conformance and classification, we
used the K (KNN) K-Nearest Neighbor classification algorithm.
Algorithms and performance evaluation were applied to the
UWA-HSFD database. The experimental results show that the
proposed algorithm is efficient in terms of accuracy and time
compared to other algorithms.

Keywords: Face recognition - Spectral imaging — PCA — HOG
- KNN classifier
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Evaluation and comparing the performance
of improvements to the loT Trickle algorithm

Eng.Manal Alomar Dr.Mohssen Abboud

Abstract
The Trickle algorithm introduced and standardized in RFC 6206 has gained
great popularity as it can ensure data inconsistency resolution in distributed
environments accurately and quickly with low maintenance cost and good
support for scaling and increasing network density. For these attractive features,
Trickle forms the basis of many Internet standards and is deployed in many
applications such as reliable broadcasting, service discovery, distributed
resources, as well as routing protocols, including the RPL protocol used in
Internet of Things networks. In this paper, we compared the most important
studies that improved the Trickle algorithm in order to reduce the cost required
to solve the discrepancy in routing information in the RPL protocol. We
compared them in terms of convergence time, number of control packets sent in
the network, amount of energy consumption, packet delivery rate and latency
time. We found that each algorithm improved a set of performance parameters,
and the algorithms that reduced the convergence time increased the number of
control packets and vice versa, and we also found that the Adaptive—k algorithm
is better than others as it reduces the number of control packets, their latency,

and the amount of energy used.

KEYWORDS: Trickle algorithm, Internet of Things, RPL protocol,

distributed system.
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RPL o ot 13a SleuTrickle ) s Gpady disd Jasy
olad) JS e bl Z)aY @il Cooja Slaw Jis WS Ll
leie lilall adaciad Lale Jeww Lo 138 W30 Lall QW Gty 32008 A gen
Gl Ll Perl apal aladiuly ls dall e dball o sull z s
SSlaall 138 jig @lly ) 28l g Gasepall o1V Gulia ) daalil)
Gy 4y galall 381G ey oyl Sy S cOllect view e sl
oIV Gl Alee 8 Bake cilaladiey Cilasles

13T )lEag £ 1Y) Al Aeriieial) Gunliall .2-9

Dl 3K i <d:The Convergence Time(setup time) o
Al 3 (b)) Can 000) Jsemsll AL el pren 4nling 3 i)
DAG ) sleca™

Convergence Time = Last DIO joined DAG - First DIO sent
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JS J8 e Dby el A8l @Blgin) lais:Energy Consumption e
LPM 38Ul 555 daais Jlay¥s g Ly gellaal sa
5 DIS 5 DIO (ilsy Jeiy 1y :Control Traffic Overhead o
e (S danly aglial 5 WIDAO
Control Traffic Overhead = )., _ DIO(k)+ Y.._ DIS(k)+ ).._ DAO(K)
Shane aly Al ey Gade dasall Al o) :Packet Latency e
S gl asmsl Sl ) Dol 53ial) (e dain 4By (g3 )
dial e (o A b il end Jpeasll ) Tasgie 525 Capeadll
Total Latency = ). :zl(:Recu Time(k) — Sent Time(k)).
aall e 4l e 4y 2y Packet Delivery Ratio( PDR) e
gl PDR Lugic 32l 4 dluyall ajal) e ) Copadl) 3 dadidl
cCipeaall 8 Loy Leadlind & A aal)
Average PDR= (Total Packets Received / Total Packets Sent) * 100

: [23]318laal) eDlalaa .3-9
& Al il €y Cuay 38l Jirdn sae paail A8Ka L) oaly Lid
oaS S8y i o A%l slae) iy o (e Sl s Wil ele Jsaanl)
2 ge Cnaul @l 7 saal laghal & ) chlaayl oY Bl gkl e
slSlaal)l 8 3y 7 Lpdl 2 (Aady 20 sad cual Al Gl dglis
33840 &5 20 Je Al Laglgpgha (geai CoOj@sSlas tllee apeal
Slea Glall (ol Aol 8 1 528l Jisi .o 100 X o 100 dilaie b Jaee
die a6 Sum Apghll (8 agaad) aag Slea g by gasaall 4l
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Sl S mamgy Lol 4 lea e bl Badatia Jluy) Gilibie I3
3Slaall 8 deodiiaal) AS0E) Laglgigh

o o (BH®) (@) o o
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@ (( fa; ) @ @ @
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L3alg iy Baie 40 ggad SlSaal) B Aardivwal) AED Laglgsh (3) JSal)

:Application Level gubil) v .4-9
'Hello ey UDP Contiki (gadai 7 3gad pladinly Bl calyladl) Jalal
Cuay Laaa Gy Juald (A "Gapa” Al Jaseall Gadaill 1 JuyWorld!'
Anpe iy g3l Al Sles ) "Ly’ Al duee sdie IS s
udp— calall aadid jedieall de away udpserver.c calall agaal)
Gl ylsa 4T Contiki 3 RPL I jaaall 3)a0d Jaaety Ll adl.client.c
Cooja 3ak ~adiuiu. rpl-timers.ccaldl e Jaadll 5 CuaTrickle
G gl) 2 3K Sl slSlaall cdy il Contiki Test Editor el
(COOJA.testlog) Jaws ale Uayl aclusad) zmalill 138 £ iy 2o2al
Talin pladiuly slSlaall A3lgs 8 Lebdaty o i ) 1SLal) chlajie aseal
i (SLOU) laugl) 8 g bl Jay) dal e Perl daly (isiSa o
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Sy led gluall a4y oAl (Cooja Unit Disk Graph Medium
O ¢ Ul Jsaall b minge s LS bl Jass & a8l Al calilually
Jlyll Jlsy) ead Gadaill I cadl 5al s start delay  cadl ks
ol A oyl cagdl s 1 V) ead) Gy LGl sie L))
G AN ) Ayl Aoial) (e pae W ey 1y . 01 400
L aluyall ajall daed s anli eha) e Gl LA Jlal) ai
5 DIO Min (s 23y . &adl 130 multipoint to point traffic alaaiul
Jlin! das Jici. ContikiRPL & 4yl V) 2l 1eDIO Doublings
DS o Apgial) canally diwd s gl Jassl) glaa s3(RX)
WY (s 052) 7100 e (TX) Jly¥) ds Guad SslSlaall el
»dlEny) oyl aie Jasd oK1y JlpY) Capla e plad Glaa) ) Gaags Y
2255 e Jalall Uiy 2 50 Je TX (3Uai dasa o

Blslaall @il (1)Jgaad)

Parameters Value
Start Delay 65 s
RPL MOP NO_DOWNWARD_ROUTE
OF ETX
DIO Min 12
DIO Doublings 8
RDC Chanel Check Rate 16
Send Interval 4s
RX Ratio 30-100%
TX Ratio 100%
TX Range 50m
Interference Range 55m
Simulation Time 7 min
Client Nodes 19-39
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ks che sde 2l salely Laplsn IS Jal ey Laigilillly quyladl
Cand 48 Laially 33LAN Al 2 lAdul ey Glldy Colaill e Al ol Langie
Aaill) el adll e prall saall o5l Grdaiy colaal)
dlaill ale AasulCOOJAtestlog aldl Jlas dal Ji o
Trickle du.),lsal ellyy PERL 4sly €, Wa g3 analysis.pl
TR

L C00JA. testlog

First DIO
1136934.000 1160

Total 1pm e %Radio Time
235430414 .286

NETWORK TRAFFIC

NETWORK LA

age Latency no of SendPackets Lost Packets
114 3

Trickle 4.4} l53 Ula COOJA . testlog g Al cile Julad daii (4) Jsid)
Sase 20 g iy

nt-contiki:~/contik /perls perl analysis.pl CO0JA.testlog

Total Time %Radlo ON Time
4983795 3.354

verage Latency(us) no of SendPackets Lost Packets
1196538 232

Trickle 4. )53 Ula COOJA testlog z Al cila Julas 4 (5) Jeil

Bade 40 gsiad Al
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: The Convergence Time (us)cyaill ¢pa) %
takiiie Sy dehge baie 20 (giad ASus V) A o
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Setup Time (us)

Trickle Trickle-F I-trickle Opt-trickle E-trickle Adaptive-k Trickle-pluse RD-trickle Elastic  FL-TRICKLE
18466754 17260865 7274411 9635959 7351746 8768046 61853419 11014344 10466754 61726613
16369081 18955983 5442737 9194282 7808196 13679747 9841182 9533161 13679746
9533161 10660428 8788513 13258077 13916589 6542192 20662655 9917260 8782110 20662654
8782110 12763070 5948167 16208975 11839528 15819565 3197414 8983927 8502929 3197413
8498822 2681074 9733645 12492738 9883203 22056277 4733141 7733258 9686831 4733148
85602929 8128507 11899815 8749572 13923068 15943608 13672640 13076755 7375552 13672639
9686831 6314797 5348359 9562640 15618232 16042928 74792083 7046437 61543051
7375552 7251512 8516019 9016738 2874613 11146087 14364353 18037163 9159267 14364352
14168756 13606881 11312996 15626168 11886852 11252043 4773877 11991922 16118982 4773976
9159267 5909226 5543032 6803483 6610987 9283698 4986705 12758695 4918154 4986704
18253526.3  10253234.3 7980769.4 108528266 18761830 12466264 21671613.4 18240885.5 B726193.3  203340828.8
10.2535 10.2532 7.980769 10.528 10.76183 12.466 21.671 10.240 B.726 20.334

aliiie JC8 Ao jge s 40 (ggiad A5 A Ala) o

Bake 40 g A Al cliay gl eaad QN (e Jagia (3)Jgaad)

Trickle Trickle-F I-trickle opt-trickle E-trickle Adaptive-k Trickle-pluse RD-trickle Elastic FL-TRICKLE
40855140 17416753 14648808 18690322 15697059 12159532 32735529 19773911 40855140 32238323
17349523 22843382 20303758 28176269 20042679 14385461 19246403 15118974 17349523 21370268
28357626 24867018 14207715 28031817 23203283 21856557 16944038 28357626 61855013
59416653 29786928 21170419 11496959 15649791 18098253 61974434 13375698 59416653 39973721
17475566 16936437 15724071 22290039 17908915 18992852 21185596 22608196 17475566 31624718
26880645 11190896 15718811 19386832 31734759 13953223 22931517 26880645 14365945
11891187 16466855 15857995 38599504 16033311 14633906 18371649 24178340 11891187 18371648
14534196 14365159 9630225 28842332 24203226 14806870 25333581 22413630 14534196 25085222
16111137 15625516 27390313 15698690 26818759 11460205 20880805 13377894 16111137 75608078
21510616 17989376 16870917 18965362 15469556 178536004 61260884 15523752 21510616 71885237
25438228.9 19588602.6 16699511.7 22651010.5 17121012.8 17732812.5 29679866.1 18624595 25438228.9 39177817.3
25.438 19.58 16.69 22.65 17.12 17.73 29.67 18.624 25.438 39.177
18.62

:(aSadl) a)a a3e)Traffic Overhead <
raliiie JS dege saie 20 gt 4505 V) Al @

Trickle ickle-F I-trickle opt-trickle E-trickle Adaptive-k Trickle-pluse RD-trickle Elastic FL-TRICKLE
306 300 364 359 388 283 187 364 359 199
332 324 478 456 311 171 374 411 177
291 366 358 336 505 285 188 448 377 264
312 314 391 T4 421 324 194 354 366 183
288 358 430 418 457 299 184 392 342 196
352 344 372 354 420 329 183 379 382 186
321 255 375 352 429 286 188 521 203
3|2 317 375 364 430 323 184 389 383 181
342 3086 418 366 436 323 177 358 353 192
383 333 438 337 512 288 168 441 382 177
338.9 325.7 399.9% 361.3 445.4 385.1 182.4 402 372.7 195.8

aliiia JS&) Acge s2ie 40 (ggiad A3 Al Al o
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Bdie 40 sad A% Ala cilaj sl gpand aSadll aja 33 hagia (5)Jd g2l

Traffic Overhead

Trickle Trickle-F I-trickle oOpt-trickle E-trickle Adaptive-k Trickle-pluse RD-trickle Elastic FL-TRICKLE
878 B56 1063 82 409 436
933 778 916 76T 1186 642 377 763 933 3i7e
755 T 871 766 796 366 946 775 389
971 B77 915 808 1886 635 575 831 971 458
728 819 829 832 873 666 438 910 7208 447
737 787 as55 856 697 347 853 737 415
931 932 921 1658 828 627 359 785 531 406
795 1035 815 842 843 701 405 823 795 458
BO6 728 800 870 874 662 360 B16 BOG 487
788 B29 803 730 210 624 407 959 788 406
B831.4 847.8 a7z 830.2 917.6 679.1 404.3 857.1 B33.4 427.8

:Network Latency(us) <
rakitie < dejge baie 20 (g8ad ASuE V) ALY o

348620 (a1 A5 Ula Sl sl goaad pjall 1l (o) gia (6)d 22

Trickle Trickle-F I[-trickle oOpt-trickle E-trickle Adaptive-k Trickle-pluse ROD-trickle Elast FL-TRICKLE
532308 442046 370629 489332 499127 588875 575570 766419 482273 502468
449327 503388 534989 626840 367911 673825 521314 508353 635499
493407 400281 303907 402351 366522 675857 1131990 427585 532000 885034
518666 674179 719615 6808470 699431 547679 778853 492048 447602 801023
311874 554524 449912 399541 454873 568725 625802 443054 245408 638368
457809 431064 553427 505348 581148 485115 578488 416755 4208112 776883
492193 269005 431669 368577 398143 524285 700942 363738 633860
420112 557565 634134 435154 611522 447170 782844 310658 423946 612907
372321 421862 726285 548738 558521 457499 672623 397087 613774 625362
423946 617363 352092 421967 429870 549314 618879 406686 683575 626840
447116.3 487127.7 507665.8 471487.5 514439.7 521243 713981.6 454526.4  484115.8 673824.4
0.447 8.4871 0.5076 0.4714 8.5144 0.5212 8.713 0.4545 0.4841 0.6738

Trickle Trickle-F I-trickle opt-trickle E-trickle Adaptive-k Trickle-pluse RD-trickle Elastic FL-TRICKLE
1454203 1080722 1161431 1135481 1460013 1034950 11B6B77 11790828 1454203 1063851
1582143 1198935 1141214 1083753 1631991 988334 1157598 1289462 1582143 1168330
1215329 1041179 1271024 1984798 927241 1468989 1781357 1215329 1686731
1364689 1127835 1479384 1153663 1189765 1034345 1657518 1473176 1364689 2083450
1215359 1271652 1248620 1249015 1840516 936491 1448297 1270388 1215359 1366655
1190538 1152059 1551966 1211083 2729894 2328783 1280337 1198538 1923897
1689353 1726095 959821 2187717 1080560 1159362 1728870 1598984 1609353 1515123
1366328 1209077 1633186 16640813 1926215 1250753 2358041 1582369 1366328 1855712
953284 968184 1492163 1482670 1619380 1083372 1620371 1143305 953284 1574257
881288 1431062 1139269 1160152 1206952 1313993 1809058 13545689 881288 1712824
1283251.4 1105474.1 1267817.1 1105474.1 1176648.1 1245873.5 1678840.2 1387309.5 1283251.4 1595003
1.283 1.105 1.267 1.105 1.176 1.245 1.678 1.387 1.283 1.595

:Packet delivery Ratio(%) «*
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raliiie JS5 dege saie 20 (gt 4505 V) Al @
653 A%8 Ala @ilaa lsdd) aend ajad) asled Jare Jaigia (8)J g2l
53820

Trickle Trickle-F I-trickle oOpt-trickle E-trickle Adaptive-k Trickle-pluse RD-trickle Elastic FL-TRICKLE
9.964 @.982 1 1 2.973 8.964 B9.956 8.955 8.973 8.973
8.991 1 8.973 0.973 8.991 8.991 0.964 0.991 0.973
©9.991 ©9.991 8.991 8.991 0.973 8.982 ©.938 9.991 8.973 8.929
1 8.964 8.956 9.964 9.991 8.991 8.964 8.991 9.991 8.956
B.982 e.982 8.982 1 8.973 6.982 B.982 8.991 8.991 8.982
6.982 8.982 6.982 0.582 0.982 6.573 6,964 1 0.991 0.947
2.982 9.991 1 B.964 0.982 9.956 9.964 8.956
8.991 8.973 8.964 1 1 1 8.973 1 8.964 8.991
8.947 1 8.982 9.991 8.956 8.982 9.991 8.991 8.956 8.991
9.964 9.991 0.991 1 0.973 @.982 9.973 1 8.991 8.991
.979 8.985 8.982 ©.988 0.977 @.980 29.969 0.988 0.980 8.969
97.9 98.5 98.2 98.8 ar.7 98.8 96.9 98.8 98.0 96.9

raliiie J< dese saie 40 gsiad 4S5 Al D) o

40 g5a3 ASut Ula el AN gpand ajall sl Jia Jacigia (9)J s2al)

. -
.08

rPacket delivery ratic (PDR)
Trickle Trickle-F I-trickle Opt-trickle E-trickle Adaptive-k Trickle-pluse RD-trickle Elastic FL-TRICKLE
0.858 8.952 0.965 0.935 0.918 ©.948 0.935 ©.897 @.858 0.948
©.883 9.926 8.913 0.931 ©.948 9.978 0.940 ©.918 8.883 8.939
©.944 8.957 0.944 0.790 ©8.927 0.863 ©8.892 6.944 8.863
8.867 8.923 9.833 0.961 8.944 8.939 0.883 8.871 9.867 8.
©.940 ©.948 6.944 0.944 ©.952 ©8.957 0.888 ©.905 8.940 8.
©.918 8.931 0.927 ©.931 8.755 0.819 ©.943 @.918 8.
6.832 0.840 6.974 0.837 0.952 0.931 0.880 0.901 @.832 6.
9.880 8.901 8.849 0.846 8.841 9.948 0.816 8.841 6.880 8.
©.952 ©.884 6.935 ©.853 ©.892 ©.935 0.940 ©.939 8.952 ]
©.961 . 8.965 ©.935 8.922 ©.893 0.841 ©.913 8.961 .
©8.903 ©8.918 0.925 0.895 08.922 9.920 0.88 9.902 8.903 0.878
20.3 91.8 92.5 89.5 92.2 92.0 88.0 90.2 90.3 B7.8

sl axdig Aallall eDlginl Glual :Energy Consumption 3
Sl Al xdle paaty o565 Al Contiki| 8 35 swlPowertrace
AUl Dlgin) a8 Cua A8Ual) daidie AL ISl AEY o
oda Jl)l Ay . oplaally el Jiis el dallaall sas; JE e
r AUl O e avayes all collect view Y1 ) e shell
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Node Control | Sensor Map | Network Graph | Sensors | Network | Power HNodeInfo | Serial Console |

Node[Rece..] Dups| Lost [ Hops| Rtmetric ETX__| Churn| Beacon Interval| Reboots|[EPU Power| LPM Power| Listen Power| Transmit Power| Power
1.0| 0] 0[0.000 0.000 0.000 0l 0.000 0,000 0,000 0.000{ 0,000
2.0] 6 0 01000 512.000]  16.000 05 min, 05 sec 0| 0.087 0.161] 0.375| 0.165] 0.788
3.0 6 0 01000 512,000  16.000 0 6min, 11 sec 9 0.093 0.161 0.556| 0,118 0,929
4,00 6 0 0]1,000 512,000 16.000] 0] 5 min, 27 sec a 0.166] 0,158 0.758] 0.251] 1,334
5.0] 6 0| 0/3.000 1024.000 48.000 a5 min, 16 sec 0| 0.144 0,159 0.569) 0,543 1.415
5.0/ 6 o 02000 768.000| 32.000] 0| 5 min, 27 sec 0| 0.098 0.161 0.583 0.307| 1.148
7.0 6 o 0[2000 768.000  32.000 05 min, 27 sec 0 0.227 0.157 0.847] 1.018 2.248)
8.0] &6 0]2.000 768.000]  32.000, 0] 5 min, 05 sec 9 0.456 0.150] 1.478] 2.418] 4.502
5.0| 6 0 04000 1280.000/ 64.000, 0 5min, 27 sec 9| 0.124 0.160] 0.550) 0.411] 1.245

10.0 6 0| 0[3.000] 1024.000 _48.000 0| _6min, 11 sec 0 0.292 0,155 1.164) 1.351| 2.962
11.0 b. 0] 0[3.000 1024.000 48.000 0] S min, 05 sec (JI 0.172 0.158 0.701 0.727] 1,758
12.0] [ 0/3.000[  1024.000/  48.000/ 0| 4 min, 54 sec| o 0.124] 0.160] 0.709| 0.413| 1.406,
13.0 6 0 0[4000 1280.000 64.000 0 5 min, 16 sec 0 0.123 0.160 0.522 0,388 1,193
14.0 6 0| 0/4000 1280.000  64.000 0 5min, 27 sec 0 0.226 0.157 0.833 0.058] 2.175
15.0 6 0| 05000 1536.000 80.000 0] 6min, 00 sec 0| 0.099 0.161] 0.501] 0.258) 1.018
16.0 6 0 0/4000] 1280.000 64.000 0 6min, 11 sec 0 0.122 0.160 0.525] 0.385] 1.181
17.0) 6 0 05000 1536.000 80.000 a5 min, 05 sec 0 0.130 0.160 0.583 0.443 1.315
18.0] 6 0] 04000 1280.000] 64.000 a6 min, 00 sec 0 0.058 0.161 0.459) 0.254] 0.972
19.0 6 0| 0/6.000] 1792.000 96.000 0| 6 min, 00 sec 0| 0.109 0.160, 0.489 0.383] 1.140
20.0] 6 o 05,000 1536.000 _ 80.000] 0|5 min, 05 sec 0l 0.086] 0,161 0.426| 0.243] 0,916
Avg| 6. non 0.000[0.0003.263 _ 1001.368  52.211 0.000 5min, 30 sec _ 0.000 0.157 0.150 0.665 0.581| 1.561

Ul 33k 20 iad ) AN & dBal) apand Jaly ually 48Ul el (8)Jsil)
ALY Trickle 4 lsa
20 sie 23ey 3805 Jal ey eyl S Jal (s 4l Gl ISl 8 LS
Sl Jeaall A ey Power 48Uall el 2 04028 2aay 35045

pase 20 ‘5354 4S.wa PRIPN c_\l.\-u)bﬂ\ c.ua.‘ 43 dﬁ.g.u.u‘ .hug.u (10)&34&3‘
.baic 40

Trickle  Trickle-F I-trickle  Opt-trickle E-trickle  Adaptive-k Trickle-pluse RD-trickle Elastic-trickle FL-trickle
20 node 1.6 16 2.3 1.7 1.8 14 1.8 15 1.6 1.7
40 node 2.3 23 2.2 23 2.2 2.1 19 26 23 25

) Aidlia.1-10

) e °

Setup Time(s)

45
39.18 0
29.67 3
30
25.44
22.65 25.44 2
334 18.62 19.58
17.73 1712 16.69 20
73 0.24 12.47 1076 1053 8 o 1025 1025 13
I I . I 3
1 [ :
0
N 3 & e N < \e
R o8 @ & e o &
<& S :@é* J}O & <& <8 o« & &&
B ra"}}b Qg ;\\&\ v.b’b R AL
& AS

W20 node M40 node

b A aras QS (e 4Gyl abda (9) Jeid)
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o OS Al il b L ASll aldll gaadl) bl ) st of o
() (b omead 1y ke ol RD-trickle 5 E-trickle sOpt-trickle 5 Trickle—F
sl e ClEl (o) e anydl gay Laiy 20 (addiall diell sxe die o)l
e e liadylsal) oda it diall dae ) LS adl JAT ey AN aaa
s axe die oylEl e o caaly Adaptive—K duela o) Jasdl Lol
o) e Ll el il dolia baydieie AN € s axe vie ailliy e
Omend gl lesii ¥ FL—trickle 5 Trickle—plus e JS aif Jaad Laiy . o)l
S5 e leghnli die @l ey Aoy oSall do e e
ALY Trickle 4yl (o)l ey et a6 Elastic-trickle Wi «(RPL
vie a3l 13 e clli Cua I-trickle oa )l () Juadl adi ) A )il
Dlie¥) gae 3l Y dllyy aaic 40 Sl saie 20 peal) ASE aaa

cael Jealdl) Ales S toail) (e Lo law iy S il

plaill ajaais e

Traffic Overhead
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5 RD-trickle sE—trickle ; Opt—trickle 5 I-trickle 4w & (e IS
pan O lage AN & Alujyell oSa3ll a3s 220 e u3 Elastic—trickle
S WS A 8 Aluyall aall sae e Trickle—F du) s Jadlas (A<
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