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

Crand S (B A gil) e ) ) g3 Allad g 213 45 LB
(NoC) 43,

gy (oba 1 giSal) iyl dana by tdadigal) dudlal)
Gaad) daaly — LAy Ay AV Aurigl) and — Al ety LilSal) daaigl) 4405

oaadlall

skl & misad (e Hle 4 Network on Chip (NoC) 436, e A< ()
(s -System on Chip (SoC) 43, aa delail) & iyl ¢ 15 Calide Jlusy
(Integrated Circuits (IC)) alal<iall @il delia Jlaw A usll skl s
Gl ) Jgasll clldg lEE) e Gl e oS S Slady OVl @l culs
Go AN A e pall 13 8 Alladll o320 333 Jal e JAniiye Agllad s Al
oan NOC Il 3ias o)) Camy ale JS sbam ilia @l 4n g ey yled alasid
5 Agllal) daliyl ¢ (Low Latency) uadll laial) (e) Jie el) (pad cilllaia
Al 8 48l jmisial) DY)

Oa) & Cua (NOC 8 deadiiusal) 4 gill il yled calise elal o)l Allaal) o34
A Gl ldd ALaYl XY 4w )< (Deterministic) saass amsi il
«(Negative First)¥si Ll a5 (Turn Model) 3 Jle 4l Sli€ Caill 485
Laial amgll 4yl (West First)yl jall ((North Last) hal Jled
sda lidl 23 . DyXY 5 DyAD ¢« Odd-Even I <iluwjjlsa ey ( Adaptive )
.(Deadlock) aseall e laslay i LY il ylsall

Aalidal) elalst)

wadll i)yl (West First 4agill 48 (Negative First aagill dau)))a

31



(NOC) &8l 5 ¢paa cSuatl) (b 4 sil) cibpa 3 5 Agllad g 1 45 ke

P oI Lalae ((Turn Model) (DyXY amgll dw)lsa «(North Last)
NIRGAM ,le s ¢adlall ¢Blgind iy dilaiuy)

32



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

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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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

N N
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XY ~ OE m DyAD

A ganll Ay giall Apudlly Adjlia 5UB JSU Alaie) o) Jina :(14) JS

clkeycle [ ) sl J A<l il ) Jaed Sl anpll (14) JEN
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
o clalayl SV chludl b OE due) s dee Joxi DYAD Zaoj s oV ellyy
Nelee el Gy L) Ge) Jaxe A DYAD 440 )loal sialy (388
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Sl A geall Zinidiall Zuall yic DYAD | XY aamgill i) yleal doally 305l
Jssie DG ol aa o XY Laajlsd 5 5a€ IS5 Dlgin) alagy Ll oda 533,
(o Anliall Doy leadl Lplaa HUSEY) Ga) (e JIE L sS DYAD apagill 400 )lsa

.(buffers) culadlS Jal e (455 3)sall eDlgiad  Jallys A Yl e Alls S

2\._._,.‘».«)\ Auuilly 1.3)\3.4 ‘—\.__;JS.H AS..5l) As et
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50%
% OF LOAD

XY ~ OFf mDyAD

Uganll 4 phal) Lpudlly 45l Apill <)) 48U g :(15)Jsid)
DYAD 5 OE (XY il sl (e JSI (Gbps) Al dalss) Jae (16) IS
Wl o OF 4l daa) i e goag el cilsaall ygiall doil) sy
el (il daagy 5l Jily LSl JS8 Jeal) 4 o Jaad L3S XY
Gl e mualy U i DYAD 4l daapla oS Adlad) 5 ddasgial
Aganll Cawi 32l e Lald 5 Aaliy) Jaee 3 XY OE 4l
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50°%
% 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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(NOC) &8l 5 ¢paa cSuatl) (b 4 sil) cibpa 3 5 Agllad g 1 45 ke

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
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14+
12
10+
Total Network S
Power (mW) 64— D XY
4 B oE
2.
0
10 30 50 70 90 100
% of Load
Jarll A gaall A pial) Lpuilly A5lia Al S ABUAY) aNgiud :(18)JSl
[13]
304
251
Overall Average
Latency (clk 201
cycle/packet)
154
Oxy
101 W OoE
5
D-

10 30 50 70 90 100

% of Load

[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
iassiall cVpeall & cliaplsdll b on (i) Ge) el Cus e Al
Al

4.8 ja bad (389 Al gand) @ puady A5 jl8a dglaiay) Jaza
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eIV 8 maly oyl 5 Algaal) daus 5oy Apalil) Ve 253 (21) JSA A o
OE 5 DyXY apasill cili))lsa )lisi ety JNF 5 WFe XY 4 gill Glas))ld o
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Aals) Jame 81 Laiy (NL &5 OF e Jumd) 4 DYXY ) )lea cuil€s cdaluy)

XY el il

43S bl (38 Al gand) Gl pady A jla ALY Jara
RANDOM UNIFORM

I i
1l W

% OFLOAD

4 gial) ) cfpiy A58 Laliiy) Jarad Al Jabadal) :(21) Joid)
& Al eDlginl Jae 06 Aunitiall Ugeal) u diey ail (22) IS8 s
ol e aaini LS DYXY daaplsd peli oY) s WF 5 OF 4l e lsa
A sie 8 alaaiV) Allal i

A8 a bad (38 Al gaald) Q) ads A jla ASLAN A0S A3
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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
(NL 5OE & L) daaylsall dllad ) WS el Casill Aoy

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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Aabiie e Gl (8 a5 Gla)lsall s3a GBS e WA L ekl
I8 LS Aahaa) lee sl amgll byl mas die oY) Guatl Lilaade P (e
ad die Gl all el 5 Asaall @l 5 AN Al A e ol DyAD
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